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Preface
 

The mungbean, Vigna radiata (L.) Wilczek is an excellent source of high-quality
vegetable protein in Asian diets. A native to the India-BUrna area. mungbean is grown
and used by people in South. Southeast and East Asian countries. 

The First International Mungbean SymposiumI held in the Philippines was organized
by AVRDC in 1977. SIrhstaotinal research progress Ihas been made in the past decade 
by national iii(l intLrnatloil pr ograi scientists dedicated to improving the mungbean.
Therefore. the; Second Iner ratIonl Mi lighean Syinposiurn was organized by AVRDC 
to brin]g together these I tscroo 2 theirt In chang( research results and plan for 
needed flture r,.,-tirch ic'tltw,,

The King(Iml ()f Thlriik Is t iisk! lit plt,(,d cer, ulser aind exp(lter . It was
fitting tlhatt tli-, S, inpsiri h (eldil Ti,iliiiri. TIe cospols rso -f tht Stiri)OSItLnII
riru: thre liil,mrdl (utrich Pi wr miii ,AVIRDC, KIwuetsirt LJivert" the Departnient of
Agriculture mi the Duportrit trl() r E ,tension ill Thaland. As the Hon.Aorictiltrira 
Deputv Minister ()t Apri l r: iliJ Co)pertiv-,. lr gdom of Thailanld. Mr. Prayut
Siripanict poiinted wit il the op(e:rr, r'rrrk , tIle Sxmposn l e,%as uniquie since the 
Government of Thalin- rcogniiz(v iiil)Orturic;: of niuiillians ill the people's diet,
In its farming sIst n ir(db , oi, ,oi )0i (toiiiindit', it) tlr. inte:rrnatior l market. 

AVRDC is prodl to hmfip: r')'o,11itr ,L! of lth, litest research informrlatrloi on 
rMlLingbean In this vo'OII1(. All tin pmi, oret td. audi a few paters not presentetd.
In the Symposi!uri Ilnve hefe'ri i i l(ti to coriplete the Iftormllatiol pool.

The proceedirgs have hefen orgainized into Sever, cCt;ons. Sectron I docilnrerits 
the origin, evoliti ri , tati-iori\a(nn geet ic rmir CeS. Section II deals with plaint
hreeding pro)runo,. i fogi(, i hrerlrng niuriphearis. hreedring methodologies and ' e 

wide lyhridiz'atim. Phvsiolngicail o]spects (if(, 
 presented II Section III. Plant protection 
papers are reported in Sectiun IV In Sectcn V papers relited to crop management
aspects are discussLt... Detalilied petatol ni1 the economics, marketing aid utili
zation aspects are described InSectior- VI For the first time various muorighean recipes 
are given from different countrltS Tnre i st sectcm. VII, deals with regionalicounItry
reports. Seventeen couLtri(s haie reported their current statLIs on various aspects
of muogheani prohlenis, researc:h progress, r.tilizator), marketing and fUture research 
thrusts. 

ASnu;mar, of rec rrmie.nrditjrors troni the S rposiltrr participa its and Outcome 
of panel dOScf!sorrS on fuItULr pelrms are,, mrcuedd for reference ard action. 

TIus S,mpo,u1nv, as r a le poslblhe h tihe foresiglt idr geloroeus financial 
support of the key do;);rs. istced il the welcort, iLdress )y the formler Director General 
of AVRDC. Mhich sUpuorted the travel arid per diem of rriost of the participants to the
meeting, pulhicatio- antd CJistrIhLitron of this proceedrings. We would like to express 
our sincere thanks and appreciation to all of the donors. 

We wouilcd ike to express our thanks to Drs. G.C.J. Fernandez. S.K. Green, G.C. 
Kuo. N.S. Talekar. A.T Tschiarz, S.C.S. Tsou and C.Y. Yang who were kind enough
to reviev., selected papers prior to presentation and publication.

Our appreciaton and gratitude Is dune to the former Director General. Dr. G.A.
Marlowe and the former Deputy Director General, Dr. P.M.H. Sun of AVRDC for their 
constant encouiragement and support. We are especially thankful for the aid in typing
to Ms. Teresa S.C. Liang. Ms. Macy Lo. Ms. Karen Lee Foen and Mrs. Margaret Y. Wang:
for editorial preparation to Ms. N.V. Llemit arid Mr. J.W. Soderlund: for typesetting to
Ms. Betty M.H. Wu* for computer assistance to Mr. H.Y. Tien arid Ms. Shirley Chen: 
for preparation of the artwork to Messrs. L.S. Cheng and M.H. Yang: and for assistance 
in the preparation of the author arid subject indexes to Mr. T.H. Hwang. 



xJi Preflace 

Finally we appreciate the cooperation of all of the authors for returning their 
approved papers which permitted the prompt publication of the proceedings. 

December 1988 S. Shanmugasundararn
Shanhua, Tainan and B.T. McLean. 
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Intr( ductions
 



Welcome Address
 
Sutharm Areekul 
Rector, Kasetsart University, Kingdom of Thailand 

Honorable Minister fo*i.r\icnltnr- and C,'t l,,.Liti,. tie Director General ofthe Asian Vecgetable 
Research and Dec.hpnecnt Center, disi-tllleniShed delcCr,s front around the world, ladies and 
-entlenien: 

e;, Ie aIt piasue \\ le \to i il', ld ,1.rl'l.tjitaS\ oil 
Mungharn. organui.ed b' die Asin\ ie RCarCh Lnd cilt cossotlMred 

It Li. e i,,llZ . .. tnI ll"o col I l rtp".oSirtlll 
l)e. eluDC% ('enter Midi 

by the .Kasetsartr:ni.ersit\, the I)cpartinent 0f Ae\.,ivtlture and the l)CpiartnCnt of Aicttltural 
Extension of the Minitr\ of ..\grieCtltnrc and Coopcrat, scof the KinLdohn ofT Hliailand. and 
the Tfhailand ( ntraC li atd Rcuional tranineg tPriu>rair otf AVRI)'. 

We are pnItd to hoist A\VRI .r", lhailand Regionallrainine adl ()ntreleh Prouratis. knos%, n 
as TOP. at the Kaniphaensacn (atnpu,, of Ka,,ersart I nis.eritv . in Its .sunu, life spal. TOP 
has alread, made sie'llit-icallt ContrihutiolN the desIchpilcit 0I ir+tt1f f. iot( oll% ill T htaiAlld. 

but aIsIo in the rCst t the A,ian rIiOti. 
ungheatn - ar ritiportait lCeutic elup iii halanl. In 1IOSf- vkc prodtlcd 2001.t))ittll 

432.000 ha. :\bont O(5' 0I f r iiinrchaiil output is e\porttod ind the rCst eo> tol ,ittCstic 
Consumtlption. 

M.\ost the1 111iC0f nl iducn ie" i C v,oMrld Ilre reprCeeltcdl0a tl-Ll ltC Illttthe it this 
S~vrpiisinn. This titeering tits tll,t a tretirnidu,, opportnrit. Iii all l)attiCipIrt, to,[ ain a. 
1ood understanditi if2 the r1i j p thleti, of tl1nbean. d s',hael' research retSults and1l anll 
experiences as ain inporratt Cteptomard rels inl'-' these prblei7is. Snch arl exreise ,.,ill UlrrqteS
tionrabls etha,. 1. the pligre,,sise develipirc Itf the nlurnbartC. inftlriniatiori pool. 

Oilrbehalf 4f the Kasctsart 'nixet'sit\ . I e\tCnd to %on ,r hafts ,. elcotte. Iln a+ddition ti) 
N1rticipatinlg in tIre iunIlbean 5. tnptiiSiuttr . I ntgC \ on ti e.,ploC ort Uir itv. onr tacilitieS 
rild oullr illit r's.re2 h ll if %% arC the ICld lur baC aractisitiC,. ThoC von L0 o~inriri v, ill 

excellent olppirtunrlt\ to s ,,it (ilI trcss callipts it KaLltph Clla'1e Lilld \iC'. tile reearch plots 
at AVRDC', Reci, ,,l Pto+rtiiani lields. 

MartV of Ituf staff ietbers at thre +,sit, Citus i. ,ssltill thi,, SvIIpiNitrllllbase been dti)ral 
and are at ur disposal. I al th:lt sOL ill ha'.. e a slICCCssfUl deliberation1. corll-deIlr at this SeCOlltd 
International S. ltiptsin on Nin.11i2gbeat tnd that ,Ill s. ill filnd Bngko k a pleasant place to\ isit. 

http:organui.ed


Opening Address
 
George A. Marlowe, Jr.
 
Director General
 
The Asian Vegetable Research and Development Center
 
Shanhua, Tainan, Chinia 

Honorable Minister fior i.iricultr and COoprtiveS. Rector of Kasetsart University, distill
guished pirticipants. ladle,, .111d Ce tlei en: 

On behallf the Asian V..eetahle Re..'selrCI and I)velopnient (Ient.1.I o.iSh to0 extend \01.1 
all a very wai II '.'.elco c to the Ilntdtllgtlerna;In llpoSilllSCColld t l ln1 NILehe.ll.
 

Reco,-ni,'ing the impt rtat1CC Of (ualit. 
 prttCin in hunan tntritiOn. AVRDC ,elected 
urigbeo.n;l egt tahle protein crop iltni\ e research it 1972. Nfh1g2oaiN In itimlpor'ta.tnt,

sho;rrt-duritoion l ,,2 .rop %th ea.il.h-dice,,tible prOteill. The rate ot incre , Ill ilil tcbatill
productioni in the Aiam 2 inCuilin the pat decide ha, eenIio1re rapid thaMn all othe.rp like 
crops. In 1977 AVRID Sp llOrCd the Fir-t Interiathinal i. ipIlli'.l onoi Nnbint in coOperation
with the Departcnt of .-\ericltirc and tllci iii1titn 0ti1,il the PiilippincN. I all nio,, pl Ce,d 

,to klo'.m that ;ii] t , \%xtl )Iticlplptted ill Il IIrl1lgb'11 ',%Ilipt rll'Chere todaxth ibl tll illill 

Coniderahle pr ierN, bc iil. ha, iade in illu, tile nutael,_ch~tll lid ill C\telilidineh inproxed
technohmy to the irN \Otn ill la! l p illdAll ol lie ti Mai Ithe illitlliiilmial Com1111nnit
 
are responitble iF iliilkille llti pr Ir c, pt,,INiNc
 

It is appropriiit l f'. in
that thoe in. olk d liit, pill0r1.s hiuld ha,.e alloppOrttini\ to iileet.
 
exchange vcr, criticall\ ro iC' pr r,,,,, , a_,re, , reCarcl 
 need,, and dtlerilninc prirl'itle, ilo
 
fulure research. 
 With the ,C _lilt in \ ic,\. VAVI)C tell lfhe niecd lot a NecOid beichinark
 
coni'rence. It Out(1tt1o
ti,, need thatihei\RIX initiatcd the Se_'coTnd Internaltilal S\1iiipoitlill 
oil Ni. un2 all. 

AVRD(C iN eraef.l1 t) the (lt, erllill Of 1hailkiPn. Ailld tIe NfiilstCr 101 A.\erictltLire nilld 
Cooperatixe,, INfor lickikllI\ acceptillg h tll c the h,t cttlnlt\ nild\illiiiu' to c"ospln in,lr this 
SVillpO. ,iuii. "hil, S\ il ,i i i, s () p.illOf aliOtlittii.,i prtllCo.ct ptiiOrcd bo tilt rliatolialDevelopiiment RCsearch (enlr of (faiiatlda.The prt ic.i i,, calledlhe lTpical \CeCtaie Iiifo1rliillton 
Servicc. 

A\"RD( i) prtid to h'i c ii ' ai [nilcatll _'OlllibnuiOil to Ihe iliproeimient ll ifHinlheAlls
 
in the world. i ,rcdil to of lh
Much the L.oe, all ,oti ariinNi ntiiial prtOgriilll, and tihe 
Other internatioial torn,'ai/tini. 'Our e\ccllenl coopCration %fill AVR)(" suchenl hed 

accoipli,,Imieni. WC _xrc abhl t 
 leiate ilx.. brCedinl.1, lniCiia l, 10on tel erLInplasni \onLl 
shared owih ii, We e\x\chanlgcd lic ccrniplasn xxhich \xa,, lliliuall\ henleficial. We exehalnd 
ideas and NciCnltifc Iiilll-Orilm, %hich helped to) ixd aiice the Within \ Otltate of thc aill. respective 
countiie,, each (11 Liax been rh&piiiihle for the pWttcrx\.e take pride that % .x 'crcable 
to Cole71ptCnicit aid NnipplcileNlt \ oll reCxeCarch clfotls to brinie abotl Luch reinarkahlc prtogie"s. 
We look lbrxald to ,tltll cmtlniidllt ti , ',upprt land coopcnlt!O it tiakc frlhCr pligulCSS.
Manly prohlesn, hai e been ,olved. kolher ,, reimaiti i ,ox Cd. We k ill 'bont thCini illbe ill our 
deliheraitin s durine the next ltir alli\,. I IpeflI\ each ole of \OLl \ ill retiJrll xxith af challene 
for your future recsearch. 

Kasetmart Universit\ ill Banekok. Thailand: the Departitient of Agricnlture the Departileit
of Agricultural lei sion: the .\linistr\ Of .\.ricnlture lnd ('tperaeilti,' ,. the 1Kin,:doni of 
Thailind; ianl the Thailand OLiltreach Proratti of .AVRI )( ha o all readil\ agreed to cosposo. 

http:prtllCo.ct
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xviii Opening Addiess 

this Symposium with AVRDC. W\e sineerely appreciate their cooperation. With,.lt their hard 
work and exceilent organization. this Sympi\' tut not ha,.,e possible.wovuld been 

Alloy me to e\press thc appreciation ol the entire SyVipo,51n1 attendance to those i lstitutios, 
who ha,'e so cenero u1,slv ,ULJported the travel. clternCt cost,, or-pbl:atio t, of theiproceedings: 

The Interomtional I)eelopilcnt R.Cearch (entre of Canada. 
The United St,'., 01e'ncIteritioal l)exelopment.. toit 
The Au.'Stralian CenteC lor International Agriiultural Rcsearch. 
Internatitnal S.minar Support ScIhCte of the \uitilian l-)celopnent Assistance Bureau. 
The Food & AeriC1ultUr' ()rai l/atioo ItIthe L'nited Nations. 
Ploi1eer k)'ersca', ('rpolrltilii 0 Japan. 
"aixNiln (;:"iiii- , Fel l), ,ehlDopimcnt -mindation. 
Minitis (t .. rituliur,. RIpulic I tI Philippieics.He 
CounL il oifAerie'uliu re'. Ilipel. 'l",iiJ1. . ( iin 
[-'oLl aid ['eleti r Tlc h .. ('enier. AIAC Rcion. Taipei, Taian, China 
Philippiic Coli.iil Ioi .\erhur. Foresti\ and Natural Resources Research and 

[}evclopm.nt.
 
N]ennomite Ceillal _'tomlniliitt C. \ictlanll. 
NaIturl Re-rceiC'C. Fnere\ & Scienlttific Aithlrii\. Sri lanka.
 
Internatinal Rice Rcsearch InstitIte.
 
IneCriaitiOnil t1ord,iic PltH Geci
10:, Re1orce.. 

United Nalion, ILSC'A I + ((P I4 (eictr. 
Jove Fnterpri, ('lpolratinm. lTaman. ('it1ia. 

, ,

japartil &. BCA,_lN, 1.I AndiP:C&'i M1,01011,iti~ii 

JalamP aelind mida andCS O)nI III 

We expre,, our hank thei iiiiniicere tr f NPP"t. 
,ht C\'teld ii CottiitteeWe wki 01-1r 1 CAt aippciati th1e Pr rwnani iheadcd b Dr. S. 

.Sha.inimtuimmidaritl x hich ha bci rI tp(imiiC for taiLiiilltail mutthe oI that be done 
to iake uch aII I'L ci. tC'ecC t,,ibd+lC. 

The Local (' nnillllltiec the ch11airmahllip tfl) Charles Y. Yang hasAIrrlneLm'ninitM nlldcl 
l)r ctlid :) Li, ldeepestdone~' anlottl, l uA.I Ya'n his [ht tllherparts.1He\pIc"ur tC 

.eratitud.I 

,Inhmtrilittlji icC BIrCeThe ()ffic t OlrS at AVf)I. hcaded b\ .I\r. I . elcan. hMS Nplit 
,lon11hour, in prepail the1plt1ic;miil r he S nipiulad deCsCex, ariuldtA pIrei-Cciation. 

I lookt .our liiliilie",. cItribti1u , Iona henchlliarkorx.,aid m the' pieteiitmi iUinl . \" tiLf \)oilr n t 
,and or tii <publication oilm netai Atlitimem tlpIlan reMsear+ifc.'h onil iiiptaitll crop1). 

Once acaail I \icit hertl t il!()I-o IItC'niiniiild ni \ \,'.elcI \to tis ScoInd S\il posiLutli 
on Muni-bean and WILL succ,,s tuII S\ 1t1pos,i llt.I xxish a 

http:evclopm.nt
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Opening Remarks
 
Prayut Siripanich 
Deputy Minister, Ministry of Agriculture and Cooperatives, Kingdom of Thailand 

Rector of K,setsart Lni, ersit,. Director General of the Asiai V!;etahlc Research and 
Devlcopinent Center .\VRI)C t. di',t1nti,,HISh.d cue,,t, Mnd LeteItRS l'l01mm trOLlld the world: 

The occasiol 10 he ,, ith 'n ti,, mlnill and to +articipatcill thIle opelin cerelilon otf 
this AVRDC's itnIpotat',nt Scolll lternitti'natl SIinpIOsinnlI ol Nilunthe:.n 'ie" le a u.niqle
pleIsCure nd hionr. ,in,.c thi,, i the first tun tht ttiniit tiiuti ,,he' cientits tout all over 
the wkorld hli cnHic to-cetlhr as A,"I;:,I i hal nd , cu,, thehere to arious as.lpects

of ttikiln hlaiC. +tfdLIrIithm i ti,tithl ()II hellt th Th.i (, the Nlinistr,
n t01Lt i t l ., 'r-ttn1r1t. of 
Agricuture Mnd Cooperat il, and it,,Cll. I ltC'irtil\ ,,elcottC \( ill here t lh'ailhnd." 

The vcsa, i, eial deiittatcd :a,, theI985 - sp lus, it hAs hen 'Viit Thaillnd Year, and. 
it is 'alio the %ear tr tihil tnt :cLiehrati s t (t)lt ,. oh hiIlla, the Kine hiithdat O lure. 
therefore. ,isitine '[ttailttd ,t 1 l t , Il !sp 0opo'tInie ti:et. AItItMiih sta,,d wour ill 
Ihllailaind %\illhe hriel. I hope it \kill i" ai ucilz,.'lthle anod tc'mitntul tIle. 

']'he Gos etitlen,'t i hiTlindL 'ol tI /elll.. the 1elnnt heIt.s Ill diet.!t1ipirtanc 1tWI it" [pCeopl's 
in it,, tainiet s p s iti a d ill lie illctlleiltliIa! iarket a itall iitill e ort 
cotniIdit. li llt ,I Thail.i ,d 1is C tI tle I itlI]'i- I;il- ,.\i ititl Iltie,,.,1i nii i , I Iltaila ld
has -,ood reasols. thtelcl rc. t he aAt ud, lit't IMi tillp, i u t S\ i lls, ll. We \kill caretulv 
lhllo,, the delimeriiti ii, thil, Ssiz i M,,IsnI helie,,tl tt p rt tiiiidc t1tiilletl ttl thisciettiti: 
~iNeiiiuC-1L s Iittt til 11'0111striii COUIttfies etl c.1operatessill e m)Ittit (ill lNsiII Wm With
\Ou inl \ riiu ', acti tie, that %sill he.t t!c p olC iIt -\,i a:td otlicr platt 

,, (t tile vs rld. 
c , 0 itheThe m 1t. S ItII ItaIll e aI. it ,i, s Ilt el t(o lle t iti ct'l li.lenIt tli.t 

if tt' C i Al Il t'C tlled. tile I.S.III ,tiil ,%kill h. C ;i;de. a: lasi,,t e ctitril, ti m tile 
imiprm etet t it mwiLthcmtn l dl.llt.'ti0il til it.liiitii/t i thiel;.!htlt the ,miii. l he realistic I 
dlio lit epect till, nic'tit, It il. e all ot the ian %n,%tillp l etus that are ll . Illtltn cheans. - . .c it lH -loseve I alilt lain that \kill 1la\ . IlIt AhttN,. cm ,Itlhli 1tiitll'10 the pI Ieltit slate oft.our 
kItolIdi! , nILlIt ,-+la an1d thatil l ( uslit \\ Ill A hr id. ti 'oitiot pool t this, crop
atler this .,.%tIIp Isiil . 

ALiilualn tiLlsC, a1td tteI ] , Itii l.' ii hti Ci k ll :11,0W , InisC interalt a coopat
IImorc \ic irm l,,\ ill r tltnum )I it hCII. t o tie ..entili, e.%x,..ehlan esC.that: , i the mIt 
,.,ill mcC_'ut -Jiiu il! pas,.,. 1,', pi lh,It l,\iin thi,, S\ IPI ,.%. the , C idea". promote tie ,svil-innness 
to ,kork timeeCthei n the iit cliII. Ic.ld to IIsCIndstaIIIll Of m11Unehciln.ati, ear a i 


. sI\iI'cIc.rt'uld 21.e, 
 t lli r . itie i tu ittce t Otli S ituo)s1,iLltti for accepting
the tte otI ll\ 0tr..' 11\ tm he I', !li"t I t1"tittat eac1 WU oliscoscrh otl(on ilI Ie\%chillenges
,tnd opportunitiCS him ou T \ik mill 1l1IIIthe;ill. In additionl to herCaldine2 (Ite succCs of' tlis 
Srtllposiui., I hIOpe that kill hick t 'it car. htotC ,ilh in plea,,salnt Illelltorics 0t Thailand, 
its peOple and its cuLlttre 

'kith sincere ple,.ure. I dobIerehs LicCIa. this, Secontd IntCrnltionai.l S\ in1pOsiLlln oil ,,ung.hean 
to he noss ofticiallr olen. 
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Taxonomy and Evolution of the Genus Vigna 
J.P. Baudoin and R. Marechal 
Chaire de Phytotechnie des Rdgions chaudes, Faculte des Sciences agronomiques 
de I'Etat, 5800 Gembloux, Belgium 

Abstract 

A brief historical account of the genus Vigna from its first denomination in 1824by Savi to the major study made by Marechal and his coworkers in 1978 is presented.
The latter's classification ;s based on a large sample of materials and supported bynumerous observations on organographical, cytological, palynological and seedling
characters. Vigna is divided into seven subgenera which are closely connected between
themselves in sequences showing evolutionary trends. Emphasis is placed on the very
homogeneous and specialized subgenus Ceratotropis of Asiatic origin. This group shows
all the typical Vigna characters, contains five cultigens, most wlith wild relatives, andother wild species, insufficiently known. It is hoped that further studies in the field of
biotaxonomy, chorology, cheemistry and hybridization will lead to a better comprehension
of the diversity and evolution of Vigna. Such investigations also require a better know
ledge of the present distribution of the wild ancestors and, therefore, the necessity 
to carry on collecting missions in centers of diversity. 

Taxonomic History of Vigna 

I, I N24 aML 10 

Domtenico \"i we. d ,ignated t\ pe -+l.i.. 


Szl ,i Created the IennNl, 11 S de,.hi.alCd it 'a IrOlcsNOr OthOttUlill PJia. 
, I Ui h Ohl .',I . ) lel1tlh. I),'Ii,h,. h1.'o/.u; 

Jacq. : [I''Ia I i tA,.sa .% 1. ni ,oi Il .).Sa\ I 
lnitiallh tle e'nt.II a it, onttin a IC,\ ,PcCi h.11iIl a il\ ',e'nt keel \\ ith the%\d',incAInt 


st Ie Ce.irr\in. l ,i-d tile IlIIM t ItM hcO,m tic thuIdttlrtltt~atin lrOtl
C MI 1i, iveCtI the
 
lienicillate ,t. I , t I),,h , ,, In IS42. fir, 1-S)
\\ in Mar.lchtl et al. tll ICe CLd ,the eOM ,.
front D+/ui+ l i nt ( ) ,, : I '.,,1Idla f I V 1II,.
 

"hIlc L .1tneati PeittlN
'b:Ali.o \ +ha.: Ic terciteo ,. It .ItAat01M tite ,.,\Lt\ Itl %%&,0MCeoved
in a mnellr Ito nelnde the qpccle ha\ inc1 th' t\ Ic ,.either ole)dd ofII c I-%rr e, I. eintr+rt o l)0/i/'i7.S
and I'i",, ,k Ninlpl ii r..h lt euit., t\ Il 1r,1 . Ci ItI r 112'0, a rItI I u ck. .LIh%C llSholtanit' 
couiiderCd thli,i,.ptloti InAiMt,.\ ed,pciC 5k,, l , - er. tr: INt'rrC, t10othe existitte 
or ne%\\ -crated ceitera 

- l.lliott I822 i tiCd the etil .Itr iJ. / . tt CeIMICtI. r;tnk. ssth the North -\inerican 
Pia.s I'litio.. I.'coh's 

K fr/ I IX7f in l Ucltah Ct .I I ,i f tra ,,1rr1d I'. /11 mL. Roh.. tile ,\ atic rice 
hea'. 1 .,/(i 
Baker f 187 Iooker Iok tran1 Cirred 1. (I/l( buid'tIt187 Ai,: Litenrd (il 97IIacr Pr 
created the 1etiMnNI )s ,/i t I) c (Iillta1 speci ' Prill.that and I).I,nmd 
Fa%.cet anod RIl IlC I )2 ) 1raIIlCrrel( t no ical ,\rn rI aI s. ccitn. til/iu.tri- e uIma LTr.and P. pcjwm'/:mlti.1.K. t I 1db 
Urhan I1928 rai,ed tile Ohi i Ala( rp/iio t' th e teric rank.
 

Al imtptrtantt ,tt+p ttv.a a lire tIti 
 i t CaLs' Littl i t' l I h1LcI/.h '1l1a Complex
,%%as made h% W ilc/.k t1954) v,ht tlrinl erred the (Phi.c'lll.s rlialloL .) to I"il i.ItllehCll 
Hc based his cllcepiln1 I,i tli[nrte presencC e ,of I distincri\ c characrs: stipules produced
under the insertion: and t -eak plot)nuincg the st.le ,\ oad tile sttigllt. 



Fa\illlillll lilt] killiti'll) (111l"'llil 3L % 

Ill prclilllillar suldics fol file 'FIOI-a ill I'l-01)IL-ill I ANI Al rica' . Vetdcourt 11970) C(oISidCI'Cd 
the Phirscolill,I,-()If it \kkorld \Nide hasis and lie took Into acCOUIll not Onl Chal'actel'S, 
11LItAsk) those oICi-i\ Cd 110111 I)al noky . cy My and Chemical mid, sev (lincenhing the 
distinction I)ct\\Ccfl and IIIS 1.011CIIIsiOnS Ll;(\C less 11111 Io file101-tance sI\Ic 

and led III ill] (IIII)ON11C COll"Cplioll hoill the initial onc: i c. le'll-icicd Mul's"(411'sit 

"CHLIN, %\fill tit c\cIui\ CI\ Nc\\ \'lol Id disn-II)IIHOll. aild it lilt k-'C IICICF02CIICoUS I k-CI LIis dis

trihuted all o\ cl. thc (I .opic, and .Il\ IkIckl Ill[() se\ k.1 :l NLII)LICIICI'd. 

In his lc\isloll (11111CIllhc Phoc,4(ac I aLk,' i I')--) conhimcd VerkLoun's C011CILIsiolls 
and -,it\ c III:\\ ill oulll- lll, !oI Phow''ho intO d I'Clall\ Cl NO \Cl' IntiCh more 

FFOIII his HIM I'll, )k 1 17'h.al NILIdIL's kill lCPiL"CIllJIl\o-, kit Phaw,,/w. 1'1 /w and '11(wroptililull. 

SLIhi'dillalliAll ( 11)71)) ,a\ - Ia;-jIjCf typi), I Ill file tIJIINICI kit (lie AsIdUC '1111111zo)Call k!I-OLIJ)' 11110 
I lie also al L'III'd Ili[ 10 o' 1clationsillp ill Ph(hCoho 'Idi'llo/11/11IN i.l: Me\ Cr ('section 

(1) [ILL' 'CIILII I 1 '!W 

I ',if 12 L'II I,' 111k-1111 h, I] CI al , 1 19 7S. I Q, If NI U L I I Cd and IcI) I CSC IIfall \ CIJ\k I110 111 )kIN. M, I I c, I L I I 
saill I)IC ( 1 -7 I kit 111C /1jjjN( 1'jq lilt' L11ollp, Inch olllallls%,k, . all Ilic Phow''111111C 1111-1111)(21-S Ili I \ I 11g 

file hCal-ded file 11111CI idc (Haullct and Maickhal 11)'0). NLIIIWI (ILINi )[)Net %atiolis \were 
Ollieclai on (q I'kal', lloI02lAi and sk!0111112 k.hala,,. let,,. I he results 
,11-'alll 1 11)jh'l IA! \ L'Idi.111111 . N 11'ld alloik.cd I IHOIC Pic, INC dclillinalloll ol, 

tf 111C -'L'lk'! 1, 111d 1, IC\ Ci. SOHIC L-11A1,1CIL-Is. liloll IN I1Ik.-NCIICC ol! 1111CIMUC 
hall I)Cl ']"fell( hll, 11 Alld AhIL'IkC I 'Ill file In 1101-Csl L-11k.'L:IACIIIN. dItICIVII(IdIc 

Pho, ''ho , Cl \ , ],-.I] " lloill I 111" -!Ill' 1 1, defined h (lie lcndcti,: ill acculllljlatin ,-, 
a CcItaill lulllll )Cl Ill 11,11 11 lCI N Illtt ll,' :11!1.\ , \pl, Svd 1!1 the adt,mICCd spCciall/col .Irollps such 
ill the 1LIh'-'CIlHN 

N11pulcs 

olllk lk,lCkl Ilk f Oll 11W llI1iilC1-A!I!l, ' Idl, 1111. 

sl IL' 1)1( 1lk1ll'-'CkI hl,' i 111d Ih ,

11 lj)0 IiIlC I)o l!".11 lild 

I)OIJi.11 ' '.111C 'A Hll 1,11 'C IL'U, 111,1110111 and 1111 IIIh*aIL:CttlIII stl LICILII'C. 
I he - CHHN IN kh, IdL"I 11110 IL", C11 NI\ sections I. Ph'( Iwropi.N, Ccrilloll-opis. 

',!-I 11,1\a, '111", and Ala, /11IN AIIIIOLILII 12\11-C11112 21'01.11)s of* PlantS 

llld ai'll"Cal I I Ill I I,'! L Ill Ill I . HICIC IN A k-Cl id:11 0 011()11 2110LII)IICNIOll file -Mltls hcCdIlSc 

of nitcrint--diaic !-i!ii- !mkiii,-, Ili,, Ifflci, w -,itikips 
xi'llild JIL'A 'L'IlCla %,hlJ1J'C "AllUctillic, Ili( ill, ll pic and 

CHLICIIII, I X'11(il. ?11,i. /)"/I( /wp\/N, 
and Ramof I hc% kk- "1111t,JlAIA'!cl, M :lcll lClaIC UICIII 1,11 hLlI JIL' oh\IoUSlt, 
Inoic disiallll Ilt'lli ''Ill. '111''Illkl lllcl Ilic I)CMCCH IhCIIIY.I\C'1. 'Illo 
fllx thus he k,111,11111c'i 't, ."it'd1lic 'CHL'ld alonlid I I 1 'llik. 

Sillatt! I ,I) III,- 'Clienic prcci-lick! h Marechai cl ill. 11978).
C\pI-CNCd the fcchng Iva 'Ald hnmd wnuTnon to 10"a cnuonyhwN too large I range tit' 
dl Ctsll and !L',IL', III, -'L'ljLl1 tl) he dlillk21lli)CiCd Ill [tic lWal 101111c. As an C\aIlIpIc. lie 
Inclilioll, [lie po-11-1111" (if 'Ilh-,L1101 IA11Cd ill ILIII 2'ClieliC IOCL 

Male'llal the Ill 111,11111alillil" 11111 hioad Loll,:,:ptiollol IYI 1111.The 
sillittill.12' III) of ilIC '--L'llLl1 'AMlid lallc \(-'I% (11111011t InoNclill: A I)LIMM/iltion into "Inall
%kouldlead Io 011111IL111% In111C and file Close I)IIOC11C AIIIIII(Ics [flat link its 
11112111I)CIS It%\al.IlklkC\CI . J1.11111iled that the Llh'-'CIILls Will O)IJI't1h 1110. HIOIC I'Clll()Icl\ I-claICLI 
10 file ollIcl' ,Ifh2 C11C I t. jHILIll ,kClI he ralsed to 111C'-!CIIcIlC lank mid rejoin tll, gencra.

Vall Wcl/en and DO! licnaNt 119851 tranArred We 02"u, thAVOwhi assigned to 
1)\ Wlldlililll h\ Nldll,' Ilal Cl .1; ( it) X) ha-A to I I' had 111'12%10IISI I)CCII J)I-0I)0ScLI li 
VC11,11.,kitlit I I ') '( h -1 lie I CINI Oll 101. \k, IIhCJI-d\\ Ill L [flat '11-11"ILMILIN, IiOlll 1))o \01,11)111111 al-C Con', illCill,-' 

hut its lenicl twil III!t l:,,1w In, I cases file hCtcI'02'CIICII\ of file 1-M ILIS. FUNIM' SlUdIC1, on I 

AIC !1CCLICd Ill dt:i- I& , ki.-OM 00/h 1101 1 11,1 NIIOLIILI Icillaill ill I 'llf/lil 01' he III(ACLI 10 ZI 

Nepal ilc Nincilitc 
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http:I)OIJi.11
http:alloik.cd


The Subgenera of Vigna 

C'ladistie ,elthid, ha\ L not \ Ctheln used filitire irt':lag icrie classificattion of' I ,i ,.
However. the scheme presrted h,Miarc'hal andliis collaiorators t1)78 riiht he considered. 
at the present State of kmII\,. l, . C tcOod t ,i,,ssi, a .orkie htu ,tltil' \,oOl, tir ar+io pathiays
inl the This schemeC. troml sililarities based on crcl,altioll oef!icittt, .''elll.s. deduucd cs 
the relations hIt\Ven',. rIuis 0I 1r WCpeci'e \V Fi1 i,, eath suh.euMS.ri\\ re'\ \s till emph,ais 
oil the *\siitic i lp.("(''lIl/hoi t s 

The Si II,'[ '/, sto-Iioph tt ()I t I %roup.il , c nu,Is\ nIittrpicalI.rItIN II lt a ell s It nieht 
hasle imri-ihatcd dio.'tl, twil tu' IIIC stIal ,t ,' . , hil. illitlatetd thC CIenI,. anl pothesis ,.spportCd,
b, the r ,ulthoill o i iNi iits,,, i cl I ii , No/,iiiillh and MacNell 1l)85). The t.pical

I l t airc ',par i nl,.itiibL r theI sIpecies,2 tinsC the stipules are
ie , g ItI IOf. lne\.er
 
[Wtidlue,.ed as ill the1t' her ,tl eetle'ral. hutll
[iic' t" Ietiioti l the 'st ICl nldt hfie si,61t1a , foun11rdtli is
illti sc ltiotlls ( "'I&ix St\is llldI /n ,' ,'/, " I'hli ttr sLcinciii llt;ut: ,sal'so species with
 
CiiittaCtCd IIIititI",.i.' IIlde"Ih. ,Jlii a sa
.'lienl c t i cIi:l\ iliicisl. t ho t)nsider
 
s\Iclheiteu t)li Ca i ltI n111kNtati
csl)il'lic ph\ diliilfernt ntemeiC1ate states are found
 
tIh. holl ll be, cci 'A'l,rh. i,. eit,, t\ pes: t;illl
. iLil01t i t th t ter[lpIcii lil pce'k is c lpi urate
 
has a tac.'+ txx leti ,i llli a t . ,.,,thl i at itra aer
i 'Atel i - id, c 5w'l tur, h , t ltu, 
and the I i' lla t\ pc \,li.h i, 'i.. h' r \,ii iiIilttJ.sil'li .C c 'e 's itli t.Ide icticulatioll, ald 
I IralltItiar ,1r.tIntii ';the tiItLIe'ttlil \LaN'I' 

"+
lI I111t h ',111lhi.lIII(),I l i I ,~l1in1ttx .1ll'10 1,111d Ill lI lll t+'l Ihc M / +/s .: ,I C",!1(fh l +b i,, 

AIld ('iiu ,i( a1 lu( %shclc lil tIIit',.ilii i. 11ii1l',1 1'! Cfitilllc , iiiIC M Ies, Ili lthx attIiel"t'I illCrtis.:tl1 1.,11Lt'I ICI NIq ,l ll!, I l IIIIAltul, * I t,()L 1 L dIIIt:~ 1ir' tillaIskt , \ tlxli ' IIi Iat'l i tie . Is I lNII+trili ,e 'IiI,I lli\ t I' j' ll lI
IF, MlIdIQS." rhc h mCI,,I Ili l it)3 qiid I\I IIIxC 

'Ur e Il i , l'fis+ (,'ti//,,'. t. ;.' ', ,,'I ,i, ' :ai l ' m ti ', tichltt , coiled in seCti l 
i.v +n. , ,i; i , ith 'I 1,S/)th 'i J'l s-p'"tN Is% II.' turn, ('hi IItiiiii0i ie tiLIllt, reported
 

are 2n 22 ,) ",.,'+ 111d il limr/11IN( \.I,.I) I.MI. & S.)a,
, I 

pred1tiina tlx, l 1und
a /P.i '/M i ,.t0 il. I',r11 llMttrti i I ) rp'ited the nuiiber 2n 

I-li,"a spc,, Ictl,I the L:it'I,l tlc lrIih ttd I. /ll,/ui ",ll I NI I. &:S.fThat nuntib'er
 
i',\ L\i ist ,il I ' i Alld Il :.. ,iiIt
t ' nliyt. n i' It ,. ifir otdI' a \ I'.Cllt
 
Illicn"isci)iL ',II;iIltlI'h I I
I llieIdt.' tll p , ttI)ictIl t 'li lI . ( Mh/,1/iiittodLiIoll IRti, u11r 
,tllcktiill: 011ii t e I li,ift, . exl I''hl l't i' iit usual 2ti 22 litit'i 'r.
 

tHi/.ui,,l)/ ,,t, .ii Is -tiiall ,1m, 
 ri'tt 1hiu,,tril,usib Itni I [i pical . It ,ho',s, Li ater
sitIkritils A tli )ll Id til i ii "ft',IC,.\\'i, Ajlxte tll:ht' 


"i'cilill thI\ r tind.I 1101,,h i i r uVde .. , c seb
,, ieclateId species 

1%,L SI'IiUl'r l(),W ), Ilil,+a.lld 11ltC'lIL.I~lI,c ',',+ ",lr1'I ,,t llnd ''h1't~tlhl'+t0lll Illumbe'r ill 

" /,,i'i j i i- 211 22 1 1:i,110111 ]Itas h'cll 1II!rttli LCd It .\t!niCa. 
I. lOSOIn,,i t,.'itli.1 \ Cide . lnltu1 }l,,tt IltC'tifin trd c ta. as'Cmhlcst .AHi 

.1dlte .hiiiIttdrlts" I I tl ba, tti.Ic k.ctlt rat Idtil 'es 'lies triporale 
I t li' thi' . l tl ia tII Cpollen ,,iii ',idt.', i IIIIIuauni. Il Ic 1t\IurI l illto OIe comlehteC]Ioot-tL' lI. I'l ic l ,, IL 
ittlhci is -2;1 2().
 

lilt' /ISii' ,', suhxt.'insi s stiM L 11iitrilimJlkiritsIC up sII 0)ld, ,ikint .\II-IrCiI antd the
W o'trldIl '~Itvi lllltaIf._"
'lil: fai,+to it',:" t t ll._L ' f[lIie sjplittll, l h,t ' l,11Ll,,. 

tlh P1h ,,1rl,/i,I ,iIs re '+ h- is l l~MIIi ,IIS. StIHpuls. IHt]('li cnseel:e.,,t\ Ic and pollen
charaCtWrSM all t piA"I ttheU )d \''ld ' l er v,I 1i,' itmnim,Itric tl,,, ith the keel cur,.edto th left atid , ihaLiiiliatCtal p ckct a ii cilt lip oI th st\ Ic. ilat- a \ er\ siIil:.ir CIitI.IcjiOll 
ti,the Asiatic I'.,,iI ,,ever. th lther'cha 
lhe clrotllosoniclt nuilbcr i',2n 22. 

tl'xx crA,litlr b\ teurs sllh as si/u and color. 

NllIi heJ :,its ''c if this ,uhgetl,i are vclul, l r 'ica ccept tle. I. i'.i//futuhich. kt\ 
has ai di.titributiiin %k tM.() llain cCnter,s oitLiv\ersitx one il aterrn ail Soulhernpartroipic:l ith 
Africa Zai-ineizJir district) and th ()tileill ."tuthi,aSt .. tlut .\,it Y1utrIalrl to IrtirMiCSi IlSOmell 
places. in hi rlotnrll lt,,th. tl ibertll'l/ otd al a,, food.I' ar' usled htmaLnIl;+ 
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S'Plectolropis~forms 'a link between the African and the Asiatic Vigna,
~ "yThe'subgenus'Vigna is a large ordtp of African sJpecies divided into six sections, The flowers
have a bilateralo&nearly bilateral s'mmetryiThe kel , i ycre-y hr yroe an-o. echromoso menum bes'2 10and 2n 722 have beei reported in many species
Two cultigens are located in 'this subgenus,mbara groundnut V. subrerranea(L,) Verdc. belongs to the section Vigna (Verd

~Y 98 1).:It was domesticated inwestern Africa and the wild forms are found inthe northern regions 
oE anleroon and Ngeria, south'of Lake Chad,he owpea V..~unguiculia is classified in the section Catiang which contains only oneohrspecies, V. hn'rosa"(Mark.). Its taxonomy has been refined by Mar~chal and coworkers(1978), The'cultivated forms belong to the'subspecies . inguiculaai, divided into four cultigroups
cv.-gr.): Unguiculata, Biflora, Sesquipedalis and Textilis. The very polyiorphic wild formsof V. unguiculataare subdivided as subspecies dekindtimia (Harms) Verde., subspecies ienis(E. Mey.) M. M. &'S. and subspecies stenolphllla (Harvey) M. M. & S. This' infraspecificclassification is still provisional and further biotaxonomic research is likely to reveal othcr

groupings. The wild forms are distributed all over tropical Africa and Madagascar but n'ot inAsia. Primary domestication of the cowpea must have occurred in two independent centers: 
one inthe Zambezian region and the other inwestern Africa (Ng and Mar'chal 1985). However,the very characteristic cultigroups Sesquipedalis and Biflora have obviously been elaboratedin southern and southeastern Asia where centers of diversity of those forms are found (Steele
and Mehra 1980).

The subgenus Ha' donia represents apparently a recent evolution arisen directly from subg.Vigna. The absence of the typical wide reticulations on the pollen exine is a constant featurethroughout this subgenus, The infratectal layer of the exine is grenate as in Vigna, but often 
arranged in nonoriented rows (Stainier and Horvat 1978). Although the general similarity withsubgenus'Vigna remains strong, the loss of-some typical Vigna characters and tle acquisitionof new ones (such as glands beneath the anthers) are found unequally distributed anong tile
species. The chromosome number (reported in only two species) is 2n = 22 (Lackey 1977).The subgenus is distributed exclusively in Africa and Madagascar.

The Ceraotropissubgenus is a clear-cut,honiogeneous and specialized group of Asiaticorigin. All the typical Vigna characters are represented vith a high' degree of expression: peltatestipules, inforescences with short contracted rachis, asymmetric flower, tile keel and style curved 
to the left side with their tip facing a shar pointed unilateral pocket of the keel, the style prolongedbeyond the internal stigma by a long straight beak, triporate pollen with deep-walled large

Sreticulations and with atgranulate infratectuijistructure. The flowers are always colored indifferentshades of yellow, but never in purple, violet, blue or white as is often found in other groups
of Vigna. The chromosome numbe'r is 2n = 22 (Marchal 1970, Sarbhoy 1977 and 1978).Distribution covers tropical and most of subtropical Asia, Australia and Oceania. The wild
form of VKradiata is found also in Madagascar (as V.perricrianciR. Vig.) and onl the Indian
Ocean~ shores of East Africa. ' ,The fact that the subgenus is a well defined, easily identified natural group, may incitetaxonomists to raise it to a generic level as predicted by Smartt (1980). 'Already in 1953 Ohwi, 
realizing that the section'Ceratotropiswas misplaced in Phaseolus, created a new genus Azkiafor the'threespecies represented in the flora of Japan. Later, however, Ohwi and Oliashi (969)abandoned Azukia in favor of Vigna for those spedies, inaccordance with the opinion of Verdcourt(1970) who transferred Ceratotropis to Vigna ata subgeneric evel.' Further support of thattreatment came fromt the taxonom ical study of Mar chal et al. (1978) and from serological 
evidence (Chrispeels and Baumgartner 1978). ''

i'Maekawva (1955) proposed the subdivisions of C'eratotropisinto twvo separate genera on the 
''basis of differences inseedling characters:'Azukia and Rudua. Such atconception has not been'supported by further studies. The taxonometric work ofrMar~chal et al, (1978) in the Phaseolus;Vigna complex demonstrated that the seedling characters have a discriminating value only betweenspecies, 'but certainly not between groups higher up in the hierarchy such as genera,' subgenera 

" 
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STaxonomy and Evolution of Vigna 

.glabrescens, M, M, &S.'The species was first described under thce name Phsonsga
'""1832 by, Roxbuirgh in '~Flora Indica' with the. mention "Thleseeds of thecspecies were received

S into 'the 'Botinical Garden_(Ciicutta) from the" Mauritius, where I aml info-rmledjibe-pan-i,cultivaced und~Fi name 7 ttl'de Cr~ole.'- Verdcourt (1970) consider's P."glaber Roxb,
tobea "glabrous variety of the mungbeaii and names it .radiatavar. glabra (Roxb) Verdc. 
In 1973 Swindell et al, made cytological observations on a plant from seeds received from tihePullman collection, P[ 207.655 which originated in the Philippine Islands. They discovered that 
iatsa 'natural: amphidiploid with' 4x = 44 chromosomes. They identified the taxonaS' 
beingprobably' Vradiata var. glaber. Mardchal, et ai.(1978) showed that the same taxon isa perfect match with the type spccimen of Roxburgh's P. glaberand named tle species Vigna
glabrescensMN1. M.& S. The same authors found severalother specimens tha~liatci with thespecies in the Pars herbarium: The'are mostiy from Vetnam ('Thiin,Aaii)-,w;hereithat 
species does not seem rare. " ' Dana (1964, 1966b) 'made interspecific hybridization experimentswith a'plant named lPheasolus sp. tetraploid' originating in Haringhata 2 ,West Bengal,; where
the plant is used 'as a forage. crop. The English description of the plant matches well with' K ' glabrescens. The results of' miotic chromosome pairing observations in hybrids between this
plant and other Asiatic. Vigna, showed that it has probably arisen from a natural cross between 

'-

V. radiata and 1K umbellata. This conclusion was later confirmed by' Krishnan and De (1968a and b), There is no doubt that V.glabrescens'is a spc es distinct from .'.radiamt, Its tetraploid
naturegives it a vigorous growth' and agreat potential for high yield of'good quality fodder.'
It was tested 'very successfully for that purpose in Burundi, Tle fact, however, that there is 

"a.i;;,only one unique accession known to be available in genebanks, renders it impossible to breed '''-".

for resistance to eventual diseases. This is; thus, a typical case of badly exploited plant resoures
becaise of a lack of knowledge conqrning its 'distribution-and local uses and also because o1 '
 
the 	absence of available genetic di,'rsity.

'The rice bean K umbellata (Thunb,) Ohwi & Ohashi (syn.: Phaseolus calcaratus Roxb.)
has a distribution centered in Southeast Asia: from easteri' India to soutihern China and toIndonesia, Prai (1897) recognized several botanical varieties: ajor Praivar. and var. 'rumbai'a
Prain amongst the cultivated forms and var. gracilis Prain as the wild ancestral form. Roxbu'rg
(1832) described P orosus Roxb, Whici 'is a form of rice bean cultivated in' Nepal and
characterized by'erect'stems, torulose pods and two or more racen-es per node.. No cdmplete
study of the total diyersity has yet been made but some evaluations of local diversity have been
achieved (Sastrapradja and SUtarno 1977, Arora et al, 1980). The wild form V.w;iellatavar.
gracilis (Prain) M. MI.& S.has an area of distribution which has not been well delimitated,but appears to be located in Southeast Asia and centered inthe Indo-Chinese peninsula.:Mardchal 
et al. (1978) mention twvo other species VKminimat (Roxb'.) Qhwi &'Qhashi and VKdaizelliana ' ~ (K.iuntzze) Verdc, presenting very high similarities with var. gracilisand between theiselvs,.The)y recommend further biotaxonbmical studies to determine whether they are distinct or-not.
Gopinathan and Babu (1986) consider V.minima as the wild relative of rice bean'. Inthe western.
Ghats of Kerala State,ttiley found some populations of that'specieswith subterranean cleistogamy
and geocarpy. It is worth mentioning that geocarpic (V. suberrana) and amphicarpic (V.hos.i
(Craib.) Baker):behavior are 	frequently found in many genera of Phaseolinae. V. umdbellata,V. inimirta and V'dalzelliana iare characterized by having seers with a protuberant riniaril.
Somispecimens, however, of similar plants have been recently collected (van der Maesen 2886,ICRISATy in Himachal Pradesh, which'do not 	have the rim aril (Gembloux collection NI 970 ,
& 971)..'

The 	'Azuki bean' V. angularis (Willd.) Ohwi '& Ohashi is'a popular crop in tileFar East, 
myJapan, Korea and Chi a It iswell adapted to subtropical countries and can be grown

atatiudehgh beaus ofitsrelatively short growing cycle wvhich nmakes it convenient as" acatch crop its taxononmic position has been discussed and revieved by Verdcourt (1970) Mar chal- ' '7; 

t al, (1978) and Ohash (1980). Two varieties are recognized within the species: angulaus
var. angulari, the cultigen and, V. angularis v'ar , onenis (Ohwi) O &Ohashi the only

''' ° w
 t; 4.known wild form.1 ;!TheT ftter is distributed in Nepal China, Korea andh Japan (Ohash 1979).i 	 P
 e~ 
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Examination of the pollen niorphology clearly suplprts the close relationShips betv,een the tmo
 
varieties fOhashi and Takahashi 1981). H,xve\cr. in ordcr toassess the c1cntic cSt urces aailable
 
for further ilipro\ eillent of dhc crop. it is nlecessal 1t collect iorc inaterialS Of hth \\ ild and
 
cultivated forms in (.hina. \allchuria, Korea, and iII the Ilndtchli pe.ninsula.
 

The *toth bean' or 'mat bean' I. i('omii6I (Jacq.) Nlatcchl is pl'ilial'lptkiOx. 11for
 
its drought res stance and is particu,larly suited to arid and scittiarid Condition. TIhe dlCstit.ation
 
is apparently lndin, Smalrltt ]t5)but cLter, ol di\crsitx tarealso found in)Sri I anla ld PAkit:in
 
(Marcial t ' iI197S). Thce mainitrcaS of prOiuctLitM arc illthc Indiat States Of (}lJarat and
 
Rajasthain (Silih ci al.1)74) but tlhcr loal areas Of CLlktiatil arlalso rcpol-tcd in the Far 
East. in rtll lranl li)onetl titli iii Afr'ica. illArania. to aind ( hilla. Northeast and evet 

Soulthv. c .t fro\l t- arioul lses: as a rcetl pod xetabl.
.\ lhc plnt ta\ heh ita' a pikc o 
as a ftIa ce or ,t a lanlc ip til. it lillated \ aill\. lell 11ccn l t)nolxx\% x ill Iort his nlt hcell dlnt0 

taonoiilist InIco.tipipnllo, tihc cx oltimoti of ,dl] C ru', 11% :ulticns. Silllitt I 1M )5Considers
tihe /q 


the crop as a priiiiti\c Ouc a ,-h I hairepnded to0 selection SCedilth ,t, , otit lrcer 

size, it hat.s retlined ai \\ tld-I\ pttorpltlo.'e',.e t xc \\l itl'o iI
a '.arclicrease -,rm klth 
\igor oi leaf arct. 

1111014111 (I.. I\'t.I: 1cN,, C'tIl[C ItItCp-.lted as a seltit h)IItestitcatCd species and conftlsed
 
\\ith I'. cofintiifoln . lmx ccer. the lack 01 111cr,:as i c 'd .,'Cpro \.ide1 a otl dist,.ti inhetmx coi
 
this taxn and the fxi\e ated NIctcc otI , ]t')S5). \x
opect+c", Illl'tt Sillilal(S' Altho.2h 
to the it'orpholo.\ oit I- 1,(d0u x\ r t /'/,l)(ii. I !I,)thlbw dimxx Nerl Jhstit+'ix chlacters 
of tloxxers. pods. lllc v'ttiCtI r'.it'dh.IC 1f1i centes di t,,i,,tsceds. l rM he co)\erl I.i 
the solth and the ' ell .\I) a ,icc, i I to tAI ] l IhIItIlthtlII IhIlt t,,i Nl It.',t lI t11tIe;".specie, iN, 

.I IS, I-I Ikil. ,. ct ideobser%ed illItdia SItll l IHtiil l!c 0ti' !11 ltditd C .i 'itx diI\ i 'tIIt\plait 
habit. Caf si., lcat dI n _ t ndel- lL IcaulIctiulati I hultolt tI.k)11)lI NIhCII.AA ora and a L . itit il 
of1 ll'Itt ( ienetic Reso ce_.Ncxx I)Alht , Ilt.I,i Ill hli,hI,,l data l. 

Apart Ir min the dithandx\il '1,11 oilercutilicit l ir relaitx e. ( r olltl ,as \ ild 
species. Ihor e\attiple there alc ktxx ,d litoi I ~o'ni hi/ltvott\.)little \it Np'ctc India.
SantalpaI Racglztiax &t \\adl\x a i,\ui. I[. 'uthA l+I)ali' & (hl, I \'eic i \mhlt ix ton(ted 

to be contllttiot In the (Ghatt: of tile .l .sltt,' .ltu'Sahvadri rines atd lited to Rcha,,an 
and \%adl,aI I a rathl I-trac aspec t the eslacloe tIe iptles.It ha ciaue o x.p IIc I ci 
arid hractlcts. 1.hiUt blc I'a ,.clittllh+er. e cti, crc iln(iaiif i,.tL TheIc Spjuiti \eC t.1nd 
Madras State. 

();Ille';,m"Cs ' deserth ) rcet-t [iititax ii l x\Ich are ptr. re Ite tall hclharia:
 
I' mka.shm tI t ltx i ( )h \ itI & {titlt lti id I ". rltkitit( ' , )h\, i)( )tx% & ( ),Isi in .pant.
 

.ro/l,. o-i, I T itln. I . palmtuoia Bitk 1. iii Nexx I. hIn ich i Ridlc, and
,'t ia.atai 1la a" iin+.a. 

Imillt/tix / Nalllx sia. heloi, (" i( mr )t.t muib adi
III ll to the s lltis it is hloped that recent 

biotaxottomical o,,er, ation, \\ill hrine, pieec, i"ti,tt) their tfinities. 

Conclusions and Prospects 

The pos .ibilit otf a .tLlntdLtalinteuratine lar'e ,tlim (1' ha l' TIIIitted the improvement of the 
classification l 2. 1c11.,til F:rt MlItel ical anal .,larclal andI'i i it', StIheicra. their ses. 
coworkers (1978) \cc abl, t) find \Crx h'Nc relations bet\cCi specteN and sections givirg 
quite a cohesion to the entirc e rs. 'IereIN, ito dHOubt that further studies. rurticularlx in the 
field of biotaxonoimi. cheiui,ttx and chioroloc%.%\IIIlead to ibetter c0t1nprehenotliH I the dix ersitv 
in the genus /andthis Sl(otlld lie extretiehr helipuhl for hth plailt breeder> iltd botatnists. 

In the same conte\t. hhridatiti and cO(nipaltihilitr studies also can pt-mide \crx solid 
argutiients to imilproe plant clasificattiotn,. The resLlt ot crossa;bi!tx eeilltilts are ole of 
the best a.\asassess taxt ;t!l. lled bto the ph.ilcic relations betxxecin t,',ulh. xere Harlan 
and de Wet (1911 to develop their Ceneputil C Icept. If x c aprl\ thiN, [Icept t) the I'i,lf 
cultigens, it can be stated that 1'i,'not,o nitu lo hoxs onlyt a eeCpoii ( includits+tt printa.,, 
both cultivated and v,ild cctitspecific firniis: am, efftrts to cru)ss the cuhtiCeIt xkith tither related 
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SPeCiCS L hCCbee. So tat'. Ull 4lCCeod ,ti Nc tiihl akl 19d60. FINir 1905 :111dLvan 11751. 
1". noriusa. the second~"peeiN Lit till ciL 'ii ( itiinm . lilal he the onk1 spocie, likel\ to hvnrliue 
Suceesstuliv ,with o pea bilt at pre.scllt till,, "pmle.es LOt Ill JIt\ hI\ ill!' LIC ltii 
Mid Mar& 11hai19 h1~lI,ll~M 1 1 hat "ililll.till iUlotheIC li: I mlli-mnnis 

11 \1 ii~ tIidOill 
5) l , a I i i h 

1714I '. tu l . TI i n kilOM\ ILg . illl atic pt. Iha\ -\CIer been CL tWjir \\tillCI O i L0'., it 
cether nilinlbicr., oI itN t\\ ii ccr ion uIu fI, lit) :iOiSLI\ IcLiil tiI V d 'elsI" thc illililtlU11Thl 

ha. nlo !ti ilel lk it: iFc m\r lji i)i\ cIheelIk lit % (lLlViiitil i 2 eulitlio ell the 1cot 

lIhe litilis "'.uilcs Iil:L Iilci11,1\F~lICLidli ci hwll: Ih.hL Cll1IcIII-MPF~, 

l~lt'lllllllb1'tl : mlttcrni lihci i, L' 1.11Flls ie c k IthiA Ill, tllsC1 l 1\ l\ ,CIicllt'c t) lin 
h\.. ti l iin 'h i ii. ; !iFF"il 2ctil'FI; M cFF li , IO F1 Cle Ii'tii,.tii. 1L 83 dil Slll tt I IQl 5ll 

11/17I)(1 i0t\i~ i i lldFFII itaF~ ' ~I ll OiW.ii ii FI FFFICCtlis \ iii C hiCi Ii C\ iI'c 

thil ICl'i 0!FIeF Illt ' Ili, hL' t :: F' l & 1 h11 I'I1, '11ii hLJII'Lt1lIL' \ tl 
A o oliii tiFs i . 1F ItFFFIltdl 1 'c ci I tiiiII FFhiltIlltl' )t 

.Fll() fkcscit i iin.l 
Fh leele 

liltc[ilt )II Alh\ t" c1l5 FI FI F ckltulc i II ck [it~'111c: spOe tlltIL.li tiiih111 

.\ni . ad R I ith l 10-. -1. ill lijll een\ILi),l 'i'i- Ai ltIOI' I tIIAO llluLnICbea II Ii'llO 

Fj un!, Set Ot 

Lilo 1 1 C~i T L tiuICrlFs i 111M~tI o OI HoC"lt Nat.1-1)16 

AI~l. S.. .\\ I cleFtm~jlit 1 1 1tili 1 I .11 1i)[ ld/ancestoI IC IFund aI'Viid (Iinuban 
FaI' il I FFFFF( .. \ l l .1.1 l it /AprI : liI/i/l I F \\mcI Flaill. . l I &. A51Wh IY5 . .S 

Iil I ! Sll i leI I s Iii\tc, 2Y 5 ) 
Chripls.. N I' 11 h 11 !- alir/rl H I 0 -1Slil li \ Lit\l~ cll Il~lI'Nih theN vilobnment 

Atila phoo .dI.K iIt ' F, clik rS~ F.1111 k'/ti(' I'Jt . 1.iI L ) r 1 I I tul he N- Fcn lr198 Iblc l s 

lBaa. S. I k. tiittrp 1 i Ills ell ItIraittI%lT I I i 111l ' 11. I'deiies 3L). I' ~ll S111/Uit 
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Vigna Genetic Resources: Current Status and Future
 
Plans
 
N. Murthi Anishetty and H. Moss 
International Board for Plant Genetic Resources (IBPGF), Plant Production and
 
Protection Division, FAO. Via delle Terme di Caracalla. 00100 Rome, Italy
 

Abstract 

The genus Vigna is pantropical and comprises seven cultivated species, two African
 
and five Asian. Rich diversity occurs for Vigna species in Africa and in the Indian
 
subcontinent. Although sizable germplasm collections exist for most of the seven culti
vated species there are a few gaps. especially with respect to wild relatives. With the
 
advancement of modern agriculture. genetic erosion and habitat destruction threaten
 
many of the Asiatic and African regions: hence, priority should be given to the collection
 
and conservation of not only the crops but also of their wild relatives and progenitor
 
species. The International Board for Plant Genetic Resources (IBPGR) is actively involved
 
in this endeavor and since 1986 a herbarium survey has been underway to determine
 
the distribution range of all of the wild African and Asiatic species and to investigate

their inter- and intraspecific relationships. Following this, action programs for explora
tion and collection of germplasm will be launched.
 

Introduction 

The ._'ncuaN I. iricl ltprit,cs ul 15() species. nulot of hich are foundil r.ld 

In .\trici and Ai 1Itari 14( ))II.I,k sc ell tpcclt> iI II'it are Culti\tttd &I IuleC crops. It
 

.
t ,crieraill I l h lldlhcc ItLc (l ..\lr tit 'IthlCr are, .tcitol t,I i:t iltl ,, lil'tt)',td ti\. 
.Asiatic (suh'L t (I l h,'//U 'H i ir,.l I lPl' L..Iit_ .\Itictll ',2roup) . t. '.t l i(/(tt

\VHip.) allid[Blllh~xil~t 111dt il~l SIt] 11WHl V Crd,,C. ihlC .+\sidti,.' or
1'.!l L t 11'. 1( (1 (LI..) I. 2ilt lpCo'tnsists 

1teCCH r 
Itlthlht .it it. u ,,I, '/ , t NI'ilt.C h . I/itki hcar r I'. ,t-tt/aWn \\illd. ) ()IM i & ()ha tsIi 

tltitll! C:0I z I '( ,izn; d. I\tlC/ck ).hllck cixtni I '1ttiI m rLtttt.,,I.. ) lc 'rIie). 
I:e..


tItI rIC'C zb /i'(lIltuiTh. I ()IM, I& ( tIhi , t an 1.,1 td p lItiCC
I),ll( I. ddititt p,, there
 
ir.a tJlc., , dt\,,)r, i\s,.(I,i,, i t ,.t ,: tAt I. orIidC,01
L' III h h ; titC a I , in*lude u ,(1 
(L ) Vcrd,.. 1'. i o L ..I.-,I/: . tr,,al. K S. and ,to.s'i/u .-.k ,., NI. I'. (Craih) 
tlB Sc', rtal of Ihe',c. ' c, . ledkl 1l0t .d \ rIccrop,cker ind site. utlici Id i ,Ctile fodder a asC 
ill ( SO lHit c', 'cticral shi\, acol.:ittltIC It h11and Siuthca it,\-,and Alrica. : pcic, in ,id 
dilstrihi1llut And "lll' JuC\ tO+ t\.il.YM) ,c toIa, icI l111t tn~iL', c,.1'I I IKkl)C~L I& .. 'ro+lditnalt 

ur,2,.,mthpoot \,11itu I,,partikulalrl,t0,+lition,, and~ their (),n l , ' ,,uli>cillntlu nitrooen 
Ak afl\ I+, It'rkiq~ L IitlC.ll'fCtMl". ill hs'isICIICJC 

nt plilscrop CeiM \clI iptltt1iLtrt eI ill 
ccrttl,. adilla,,,Icht. there isaLrCtl thtiiut 

At prc,,C ,. ,are heliM I.\ . cpeeizll\ ,iittip.nrisui to 
Cr ItC.Iir liltpt'(I\ CIlellt It these Croips+, h the utiliiatiut 

ot the (cnctic di, rit, that is \,tihie. 
\\ith the c\pat titt (i the area tinder cultt\ a tluv,, chlicictt lnd Utnitttrt1 culti, u,,itht htell 

alt I .anth N te s\ si,tet it ia and other parts Of the \ orld. there111(t1C.'d fr~ litii AitphiticaLI . 
h&, hcen ar inct-c',t,,in. c tllla ItI v.ell as the ',Ildrelatiesdiappiarai u t \ the landracc irtterialh as 
otthese .rops, In the case Itpulctop,. ItidCrn tariticlllthettd hasLC htOLght about their 

tIL'I" eliminuation Irit their traditiial areat,s,'Kcull i Ition. In the lndian suhcontinent the *Green 
Reoluttion" v hCt alld ric c.ultixar, are rcplacinlpulste ctops and thi, trend is contiLting. 



14 \rr, hittv ard \fos 

There is all trent riced ftr Cell.ectrit and 0n1Sil\ atonl of' pilsecrops and their associated wild 
and weedy rClatiVCs Hi,.lIdincl'it ,ui slC.'ic,. 

IBPGR Activities 
lhe linte[Ilatiiml Board fo0r Plant (,.',IC Rce0.trc1 fBl['GR ha, civen relativey hioh

f)riitv to 2CntiC cOrls,.AcJAijo IcMI iludildt1 plsc ,.pS. i the i)o speics. since 1970the IBPGR has supportd ,L-\ eral c\phration, and colth.etio missions IOr Iuse crops and some
assistance has been pr. ided ;' fhe International InsItnic I 'ticalAericuhurC IITA) for 
the collection of ctim pca ( I. 1111,, tt1[(haI01 Ill ,C\.eral Alriclll Cotlries.
 

In Septcn;lCr aIIll( 6roup onf
lQ' the cmentd an ad h' \Vorkiln! 1'i, 'lo species at
the National litrCau (it Plnt ;eiuticn t.'RNLtll'Ct. , NIP(GR). , l),'lhi. Indiat ,IIIPGR 1982).

The \\'oi kinc ( [LI! c 'cl .dcdlhir plritrit. tie pliced till the 10olho .\in : 

A',i ip'SPC .\ fri,.can Speciel 

r'.etn rail I'. :u, u/m: (Coipea)

1". l ac, 
 eak I . 101.i[a't tHr t"Mill I/)[ 'iu'I ili i1dn1t1t)
1'. too i/a: ri,, beail)
 
I'. 1.ri
1, tiki b artlli 

t'.io o /itil ii t t beu'. 

Collection 

BaseCL tl1)01 the iiforniratiorilon kn,\in existin, collecuti aiid their divcrSt\, the Working
Grot1.p ident ified lile fdh,i rle'-' C7 .. ill a.i-dCr o tpritori t ,i C\jtlhiati On and collctiol: 

Asian SpeccieN, 

gneu, radiata 1I u,,it 'lh//ta 
- Bturnia, China. Thaiiland Southern ('hina, K~i.lluch., Lairis,
 
- Afehanistarr idttnc,,ia. Irai. 
 'ietnai 

Philippine, -I hmic,,ia 
- Malai\ \a - limia ideh. Bhuitin.ipper IBurlia. Nepal,

East.'re A\lrIn .i, .fad. r. South Thailand 
Afric'+ - South Pacil e
 

- Caribbtan islands
 

ViiOa mloi' Not ittild Sout1h Korea
11a ('1hil1 


lhtitan. Nepal 

131.11l1 - a 

ci liti dnia 

- l]anelade.h - Pakisiart
 
- Afihanistan. Iran 
 - Arabiall pCninsula. Ethiopia. Iran, Somalia, 
- Malas:a. Philippines Sri ILanka 

African Species 

l't' tn ilir ut/ai'atta 
Africa: Fernando PO. MozambitLuc. Asia: - Southeast Asia and China
 

/i i-babl e
 
- Buts.ana. 
 [.cstho. So11th l'igi subterralnea
 

Africa. Swaziland 
 Fernando Po. Mozanibique. Zimbabwe 
- Central African ReuLublic. - Botwana l. lCsthto. South Africa. 

Zaire S\\a,iland 
- Alola, Conuo. (abton - West African SavaInIIa /one 
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Conservation 

The Workin, Group identified the tollowing centers for either hww' collections or for storing 
duplicate samples in long-termn seed stores. 

Species Centers 

Base Duplicate 

V. rodiato AVRDC. Taiwan. China" IPB-UPLB, Philippires'
 
V mungo NBPGR, Irdina
 

V umbellata NBPGR, India"
 
V, anigularis NIAR, Japan" ICGR, China 
V cconitifolia NBPGR, India 
V uneuiculato IITA. Nigeria NSSL. USA' 

NBPGR, India
 
V subterronea IITA, Nigeria
 
Wild species FSA, Belgium: NBPGR, India
 

Centers designated by the IBPGR 

Current Status 

nletltions.. c 
fir the collection of l'.,I ,'el111plasll ill 1,angladcsh. Lais. Nepl and Paki,,tan. )urin_'e the 
\'ariti ,s rttlticrop01 COllectin,' 1ti i,,,ins inl parts o Sninth .,Aia aid .\flriCt. s,mples,, of \ariois 
etltivated specie, vCVl area recenl\. h tile Il)CR to I'cis,+e inc+reVSd 

Flillowin, the Wirking Gro,u lern nll a lev, :eeific nt,+sin v,,.re tl'1llliZLt 

collected trit- n 
,tte itiiir IMr the collection til ,,lkid rClati,,,es n I '.n, inll . 

turntl liic iini,, \of niinslI r',' spclis is held in ,',.'rdl eCnchanl il hoth long.and ruedLi'llllcrll ,tiiaec lcilitces arotd tfle vivid. le I pm d s il irinxoin ohnthe numher+ l eh ,aiable in ",ain + 'eeraIo1" aecesm'ins o spcies (cenbaks. l here areC doplU)iat. rIlton 

theses ollectliis. 

Table I . Vigntr accessions in genebanks. 

Species Accessions Institution 

V angularis 125 Asian Vegetable Research and Development Center (AVRDC) 
ladzuki bean) Shanhua. Taiwan. China 

42 Southern Regiona! Plant Introduction Station. USDA iSRPIS-USDA), 
Experiment, Georgnr. USA 

V, acontifolia 1.100 National Bureau Of Plan.t Gene:+c Resources iNBPGR), New
 
omoth bean) Delhi, India
 

54 SRPIS-USDA. Experiment, Georgia, USA
 
28 AVRDC, Shannua. Taiwan, China
 

V mungo 339 Bangladesh Agricultural Research Institute (BARI), Joydebpur,
 
(black gram) Banglade.h
 

192 AVRDC. Shanhua. Taiwan, China
 
2,000 NBPGR. New Delhi. India
 

479 Genetic Rc;3urces Laboratory. Pakistan Agricultural Research
 
Council (GAL-PARC). Islamabad. Pakistan
 

277 SRPIS-USDA. Experiment. Georgia. USA
 

V. radiata 498 BARI, Joydebpur, Bangladesh
 
(mungbean!green 5.274 AVRDC. Shanhua. Taiwan. China
 
gram) 3.000 Institute of Crop Germplasm Resources (ICGR), CAAS, Beijing,
 

China 
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Table I.Continued. 

Species Accessions 	 Institution 

135 Instituto Colonbiano Agropecuario, (ICA), Palmira Valley, 
ColomDca 

3,000 Punjab Agricultural University 1PAU1, Ludhiana, India 
2,220 NBPGR, New Delhi, India 
2,172 Central Research Institute for Food Crops (CRIFC), Sukamandi, 

Indonesia 
867 Malang Research Institite for Food Crops (MARIF; Malang, 

Indonesia 
100 N:itional Biological Institute (NBI), Bogor, Indonesia 
124 Natoanal Insitute of Agricultural Research INIAR), FsukIba, Japan 
627 GRL-PARC. Islamabad, Pakistan 

5,736 Institute of Plant Breeding, University of the Philippines at Los 
Bafios (IPB-UPLB, Philippines 

3,800 SRPIS-USDA, Expcriment, Georgia. USA 
2,100 Un!versity of Missouri (Ul,Columbia. Missouri, USA 

V umbellata 72 AVRDC, Stanh:ii Taiwan. China
 
(rice bean) 451 NBPGR, Ncv Delhi. India
 

103 IP3-UPLB, Los Banos. Philippiues
 
34 SRPIS-USDA. Experiient, Georgia, USA
 

V. unguiculata 	 2.537 Centro Nacional de Recursos Genecticos ICENARGEN), Brasilia. 
Icowpea) 	 Brazil 

1,850 National Research Centre for Beans and Rice (CNPAF), Coias, 
Brazil 

234 Crop Research Institite (CRI), Bunso. Ghana 
1,794 NBPGR, lew Delhi, India 

600 Indian Gr':.ssland and Fodder Research Institute (IGFRI). Jhansi, India 
3,930 NBI. Bogor Indonesia 

12,500 International Institutc of Tropical Agriculture fIITA), Ibadan, 
Nigeria 

1.563 IPB-UPLB, Los Bahios. Philippines 
350 Serere Research Station iSRS), Soroti, Uganda 

1,050 N I Vavilov All-Union Institute of Plant Industry (VIR). Leningrad. 
USSR 

3,500 SRPIS-USDA, Experiment. Georgia. USA 
347 Centro Nacional de Investigaciones Agropecuarias (CENIAP), 

Maracay Venezuela , 
182 AVRDC, Shaithua, Taiwan, China 

V. subterronea 1.200 IITA. Ibadan. Nigeria
 
(Bambara 40 University of Ghana (UG, Legon. Ghana
 
groundnut)
 

Vigna spp. 894 Faculte des Sciences Agroncmiques de I'Etat (FSA), Gembloux, 
(mostly wild 	 Belgium 
relatives) 100 NBPGR, New Delhi, India 

21u IITA. Ibadan, Nigeria 
200 SRPIS-USDA. Experiment, Georgia. USA 

Source: IBPGR i982, Plucknett ct al 1987. Lawn ic al in these Proceedings, C S, Tay- personal comnmunication -
AVRDC 

Crop descriptor lists. agreed upon internationally, have been published for most of tile 
cultivated specie:, of Vign. These include l'in,oo ut,iculata (IIBPGR 1983). l.aconitijoliti 
and I.trilobata I IBPGR 1985), V. radiataand ".mloono (IB3PGR 19851. V,.umbellaa and V. 
Ol,gul(Wis ( IBPGR 1987) and 1".suht(1ranea (IBPGIR!IITA GTZ 1987). In addition to the 
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descriptor lists the IBIP(R also~ puhIi,,h,,d adit-CCt((r III.x '011piaMIn foletorfoo0d Ie22,1nteS
inl I98(Ava i dI AIrIi',lettI\ IQ)80) anld CiieilC InIIt IN h,VZL 1),l II-'LIud hedi re-cIto ries pro\ (IC1I 
inborniatitil (n tIle -olicillt Il ililil collectilIIs. [i-i'iiiiher ofi NIaliJlcs for Caiili Nf)ixiLN.
geographical reprIe~itltili. iiillfods (11Iihliiiiilllill]ic III NJlIII)ICI. ClLIMliIICIC1tiiLitlaiIIs 2)Cliiti
ewchaiigeof0111iiacilN. cilaracteji 'attion iind 25 ililnon ilIfl!i\IeCN. and tile ocieiuonS\ Iteills, 

Severa-;l insI(tiill i. \s itl ilinlioifc I IrinteNi~ R. has ~eIitiatedli'itpiainadLeoii
of' tile NiIipIICN, Ill ImNY ilOictioi. .Il1,11,1Ai/ ,IiIaao1n 1I'lkCI IIe 1iii'i 03saluationl (1? NaipleNCI Of
cmk5pea H.I )imiillItIIcail I )(RD IPB I. TIlhIlmidl 1 5ork flieet! ill he COtilIILd anld 
Com pleted. 

Research Activities 

;\part r 11-m12tie 01Ciltioliil Coicctioii. is alitli(ii and do tll tiiell at ill of, thle cuiilaed cropj
jIillitN and lilill-iCC~I I ileihc I )(II'(Nas rcnItl Stirted it lies. t\pc of researcli pj-o1giIIIalimed at ilICiit1tS 1112Im~iLIIICsIN (11 i Lul is cr51it thc ailo Ailti illaed Npcciesol III'. 
If3IGI \kiljl OWN21I)L IIlIJ 'il11l to1I itiiti1 ildIIoI tiJIII;Ite xUhII1iii diCOU MI Citst ill thlese 

'111C12 i* sCit II lLCI I" t1tiil A\ &ItMIiLIl llCII~IIha II[\':sill s i imc tidIeitakeui 
Midi t IN illltll ,[dllt I th '1111il! C 1'IIItlfIICL~l N87iii2. A\ CIi)IitII)HC /CI dtldihai 5NCtli 

I,, t o itlilili, I, h I -I ilide !tICS J5 iii Iit I i iitn
H I Li ii scaL1c li)IiNt( aii ILs~\C 

Mri tl1111 .CIICII11st11c" Ui" 2 i~lpII itl d N\iiINlt illl . hi ili NIc 1w,,,
-ort1151 j1uhtl ilic i i JtnaLh ' iihiti md rlCII1 'JL IIII ii tIr lI it) ltiliJll C m li lti l as, 

Of isNihIhn tCl I HIl IIINIII(t l~ti t IllC1 'ILI Mitl lI111.)cd
 
,\lL- fli, I 1 IVIu I
till t~ltCOf Hd tI Iillht. IilJII h'raia tSC ce 

ICLCNNCL.ltIlLC i,11112SPIlI" i S oiicc~] ~Ill l 1t h Ilili.st'lsrT l~bici. a-iis'1.1\cs iheise 
iIkSli d .i Alle IC i I Iitt it kI sNli li(I itI) 'i - cIn t tsI i l iiI 'A 'eI ii.i ,.1115 l ININCI ltilIt II(SC 

SlliltIsIIIN CisL1l11 I NI)COIilhIII tll i,' 5 illi ltlth II Iht slitli ,thIe til\0110I l ki (1111 Ol AtnA Iicaii 
.11 \iiti li1,1i , Is iClti11 1 NIm tC(LlIl N iA11.C 1,011 I I \ LIIIlCIilI iiXIIt)iti ll heeii satl jied ot
 
Mil kC\ ', Iil C I)LCC[ I)Ii IiCk 1 
 i [111Iisll I at l LN Id~p iii.LllIi lt\IiIsI flILI) 

Ii 'i ti' lINIL 1 ' IS tMiltllli-ttfilNS 1\0 01inLal Ii IllsWh itildtl', .Is hCIILliil I h Iii LI'Sil (ie
Litlahli ssac i'I' ~ i I ll, lie *\IItl. aWNd ")iisti" IN STIelI'as .'lCsiIllfilea 

liaSS %t'I\ 01li s'IIIC iC a i IL1iCN\ 1101111 Nitplc IIN hCCI I' c i skcnli "I poililil i ;ii ie 

Woirk InlI,thiec Iids. olU'dillatcd itldn)ISIIJ'II hs MIR S\IllHPIi theiiI sulementIII tile data fro
 
files inlitial I N 'iIJI prhitLi-


Flom tie resacfr IC~dilL iliiil Li) sCIUCaiLI iiIhC lopsicLs n sIehiiisf 

nI distrihl-utimi h ii2Ls d liaiilat I)I('ICI'txL' ill sasch specis's for ia\oil I:
 
Si atas (I I!INI spcl'5I loi tilw,]I dI~erNiis
 
v) prohabie :cniitr,,i d1ia1
(If~ dIINterit tile~ SAr-i0I CropetIji)sCjAC: anid

si) tIi.iet aireaNit tfieldl s \porioll i nd 
 'ciics ic' .'IciiCo~sullectioni (4 I'i".'oo ill A-frica 

anfd Asia. 
I INk N a i~lt SCI e Lil'p"iacI Wi elc I*'NlILIse iL-I-leChIAohil ilId 12011521aluml anld il*

successfl. it ilan he esp)CCted ds IMI() 1Ac a ro: iiiOdel ia projeets ()it other -I-'[inl legumeis
atid ui tiatels on)Iothier ciifN 
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Fro li the prelitninars resut', Of the I P(i R herbariul Irs, it appCars that ihe tM, areas 
of highet priorit. \,,itlh to 0I Of culilr aIre:regard di\erits \id rClati,,CeS I'1,,, s 


I)SOIther III al'li.I (he \\ IId ' I\ oI I
Iel ti,., ,tI'r1,rlc It 1.and 
iiII rido-China IoIIlithe ,,Ildre Iatki es 0 1f Ilj/uI. m,oh ii, ittiI pl 'rhaps I', c on i;jp/olhi.I.wtli'. i. 

Somewhat loss.er priorits is ers llo tile 1lt]i\, inlte: 
it West Atric" area northlernt "shere the supptsed protcitrla ismal lit ('arlrer"r. pci, 

' vi'i oeur. . l lldof I'.s 'r, ,,kl It t )\, I;.appeas t hle \5' Fer Meiet in di liUtlolnl, btl 

this 1ra\ oitl, be- lceaursc tle,)peCI, i, little knoit, and diltiCU it flld: aMd 
ii)India - 1s iah: 1 . . ,,,,,hr rte v,Id ,elt'1 eCt and per(taps ' ,Hptn losse.,er. si,ce 

India ha, hn, kno ,.it,, t 0I ti ot rodit o, v.ildbeln i lete ce'ter ,l t t:v: 1'. the 
relaties has.rlr,;id bencadkcollctcd t min e rtent. burt not ,\er titcir entire ralte. 

Itis e,:pcctd that the result of tht resei ;.,;rk , ilI he publi,,hed Ili 19S8. 
This resarc.:h tec 55 n ti on,thal [ l );rttAa 'a. tli', II I) 

Prtojet hasCd in SOuthaipton. 1'K. Aitlrotrh illat\alltlnil oll,'IIbOratroll is aimeud at. be..aLCu (of 
the diftereit r'LiLCts o datahas,. c'llaboration latt-aterim process 

iln InIternt .,uine drlnit tll Se," e 

illof the t,,IleIs ill tire acai 
has becnI Irlited lte S\rithei, ot the I '-,t data. hosses er. hould be dtic.rct uise to the ILI)IS 
p ritice+.,' 
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Genetic Resources of Mungbean (Vigna radiata (L.)
Wilczek) in India 
R.S. Paroda and T.A. Thomas 
National Bureau of Plant Genetic Resources, IARI Campus, New Delhi - 110012, 
India 

Abstract 

This paper deals with mungbean collection and evaluation activities done in India
by NBPGR from 1943 to date. The germplasri assembled comprises important cultivars,
old and primitive landraces, disease- and insect-resistant accessions and breeding lines,
as well as wild forms and related species. Germplasm evaluation carried out at theNBPGR centers in Amravati. Delhi and Shimla has revealed much diversity in plant type,habit, days to maturity, pod size. shape and color, pods per cluster, pods per plant andyield. Genotypic differences prevail in the cohections for photoperiod insensitivity also.
Attempts have been made to isolate a number of improved strains useful for different
traits. A list of varieties developed in India has been given. Sources of resistance toMYMV. Cercospora leaf spot, bacterial blight and lines showing multiple disease resis
tance and sources of resistance to ins2ct/pests were identified. Future needs for 
collection and conservation of germplasm are discussed. 

Introduction 

•\ llil-,ht ll.' illot It4, %N \,i,. 1 (!Ihl' lid itri.'\ sub,,h,wa ,,,,lh. I \'urdc , s\% I), h ,iw h,,o. Nlihh+Jb lI.
 

ROO\ . 1.N\hihII t \ 
 \ I\I InI ilIat ill l drii.'l CA!0t m I lcr'tIlI IhInIa. InLl(ncI a ,a d .l\ a.
at!d laiter tU), .'lI , LIIIIii. , A L.r I'lli tCl /, t Ir C 1lht I// a u011n,. I ,ndiat. 1l,\ I ,hI . ,, i,.,iiLctI,Ild t.,,pe,,. \ I/ I . , ,/*,11,+ ,11\ l,/,,/,,mAll itld I (0 11ill \ Alr. Ni'lli/,h )N+i t1 c'lidellill I I li 
fllhialavati trat,+t ii*I~\, ,cirn (;h.(,. rc,pcti\ Cl\ Ill tI Idi-t ( plaliN,,. s,'t,'\M./I, l tl)\,,

1.1h Il. ,,i 1,10 A d I '. 'rxiti,,. Ilh 1 It plIln has "II,\ [i n i cc ncc o I csNUd\ L 

cial el l icri~iicair ill Ilir.-
 I IM IN. Ihall l' xht1n'nCI IIa.ll i\I llh,11' LI l a(tt" 

'ia,lmHlt] 11nndcr .Ithi\if;, )II. 1 it. I ii 1II<I, Ianllditi.%C I . i , ll Idht.cctral I I111,, 
hl, llP.i I) Ct .'.cu. I ttc1 01h11.II ci, II'l il/ilj 

2 
d i rhcdI- I iL% Ill NLih trI'0pICtl h.n1LIl 

tn ctliicr~at I .'liiit n )i, 1 1i i,n II th I Lain', nd 'file hill. "I IIdi
 
\lull 
 n I( I ,,14: ;if' 11. 1 \\ 11, 4.1'. dtl , 10 M All1 kniivl A, iA,,, h Irsm.,.,' c I 

thf iI .\.\,lItti VrL'. a', InIIa .l+ t iit \'lic i Ill It IS rit)\%,n ltn 'th ll -. i-n ha itr, It pulh, 
t.-]I) ill [hl i r.. -i.'lClliallki and 1,,il+litllll IdCIIch i', tl In1dia. +LiMnll,, iwlt \ ,, it, h il-hal~ iici
/'Mncs It lkl,) r(0n , I+nr, l id tk,,I'M\ 'IIhIt a mIN. tl',t I0 Ihic,' iii nrh", hn ll hrc. It
I i2-l' cr;tll\ Culltl; iiCtI a, at/],,,il C,_i1 . l)i1 Alk kli c,, \k ci Ill',ur1ntlmcr Ncit",.aH J2ct. tkl 't' .

"lhc miajor ',tit .i l 1n'hc;.tn], arc -ndlhra I 'lchih. NlIlnah a ,hIrai. (iidI,, ill at. ( )r'.,aill.l
"lannil NaiL. x.hcrca, l lunah. l mlith.m ( Ilir[a M I a. I t ri lC ' h4. ,dhx ir lc'I. lBihar. \V',, lBk1 uIl 
and Karnatka cultil at, thi' ., i , di2 l,.-.u c",tmit %in'h c) Ii'j).


Althrin0.'h c.'lixt llimm 'Il Ilin J 
 hm+ ,li . n . d, xix I . iIIUlt. tIhl )I0,Ii h'lII0II hIldlCIIliI ,+Cd
al, ioq fhc Thi.111Ca c icli har, mi* ,, ,c Ir m ', kc ha m,'i c Ik)5.3-4 ILI 3-"2 kliha if 
1)71-74 and 4)1 Ki hatl iIi i a ' cd c p v,ith io l . 
pcar; n+ll.ic. cOlxpca. cIi:,tkrr bcanr. etc. 

http:1n'hc;.tn
http:Ncit",.aH
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Origin and Distribution 

Nl~nhcnihe1~b iaflc It I rIul anIjj ccnltr~I .sla. AccIin i a 126).'it, lm 
ol~lh' if) Iu l44"2rit-111ated4 Nn41111.Vdan rckali C. I. 4(4/4l(IIII 4 t %b4 /4 tRo\h.
 

Vecrde. (sxn. I'ha%ios41/bh11(l 
 l\b). I. Is said to o4c21inII l io.d,late III til bcu-Ifili1aII~ll
 
tract and14owoc~crIn (ih~lt. 11h-NSpecies42 Ir1.444 a" thie 
 t4 4 

IDamt ( IQ75 114 NO/'4Ul. ' ' 1111414Ilccic,, hill ai \l, I korn i111ill canl.
 

i (I12I1i111I(1h42.is~. and114 
,5 )1I&140 h~114I1' IIIIA l I I 1

11,41.1 ia i'. ;t li41 dI14 21'.114 III 4414 I~'/ l )242/2' I~tilIIIlCt11- .11.01:111.11-4 .41Ili th 's1llL!4l11
 
itl'I(44u/)I.ic 14-' tilt, AS1,111C 4jl44 ,utj,1
44 ln4'. I42 1 1I 44141\'I ckI\'.. .\IC4 arJiaihlc 1'.p42' tccIIi


II[iu o.ild I'I' 4.
 1'/ba %.rhu;'l mb/',dwla A Ial'-C 11111i1112 (111\ pCN lirC21*0\%II 
:n1lflk41j. *\i,i~ :r, Ia '43 cc 444I 7 pec'iu 11mIt 4(11w '.nh-1IL .ill.14a1.14 

11444.4l . 1 011 1114 (11 41 \111' I I. 'L III111.1 l lh l\ lI 0I'11C Il)LeM l 'l dk Y
IC11 1,.44A 4llot' ) !tf I' 1141411I IlI.1I1I I I 1L'aIlI 44 i10 11121111ILI C1441'.111I 1A I d CC 414ii~dll
 

141ki141'. , l Il~4'.1 11C o kccI12
NlIi oI 
 I4 4ii, Ill o ca4 l iw 124l.114 I114411 i 41114i1 I I C 1)2442411 
h4'1444 at4421fu44141424 in 41111w. 1414~4 k4'4K.seIn:::col.hen 1111114111c h ich 4 iI d1Ici"ce4'4'1nI1 .41141lto 

4441IvIlIl4 Al'III1 tile.11142. S~CC1-. aL' 1)441114,) 1 
The0\144 '2ll)I1142 ,1 Ill 11A kkI41. 'I141 41u1l4141424 ic mid4 1114 llCllI fi,4il4 1hit1,


441111411114,14w4 ]JR14211111I4'11'Hhll ) M CCe1\
4:41 111411I)cill a4114 1find hc'm1 IIhok cIr,ill I,'I'1irl441 
1)Ci4CIII I1larl 4)4*J4.11i1 1 Cl )Ik0 .a/lze 1041 1111ha1',0c11 . 124)14 14ch'c1Iu cell rcll 
\,IICCIC. 4144'. .litko \.1,44 that41I '11 4114' '14 1 lii 11111114, 1ll lii'. I)4241Il Cu24io.j.4124
ilIdia11, '111424 22(1(H HI itlid pll414h1\ MILlIe'.lC,112 IH142pllho, 4411a~l'.k ' 411 Ill IllILIa;.

dI.Iriluii LI% ne 4 Clie.e m1C,Id Iii'
1' C 11 :Intli\ d nneh11-"CJ 12(ILAlIHlI Ill llid a11,114 

r [,nmli 11I11i1kr,4I111 !1Il I ' I'h41 11'I to4' Iii,ll~ '1- .i I and 4241811 )4 ie4Ia Mc42 Il 

1KC141011dir1 ,II'.44 Iii4lllei. ,11 141144111'P II 1C a'l.j411242 4 4444(jf 11l114421 m)141114.ili
 
il['.4lt i1,4CI'.l1. fI*IIll 2'. [411111 4' ~I 4.1IW'.1)441 11111IL4'. I I I 411('.12 44i 
 ill 111 

11111111 


412I 4 1.'ICA 
Ill II l 11,144IC 4)I I1l-ti14 14.Ill i,lI it, I441 a.'41441i e'111I1'.11( 4i ll,1. 111c torn'4 I ll12i1 

42\ ttlIei.[414 1 e1'1CI1Ih1411r11'1IIIIIJl.411 111i:Iiil the [4,1'.! .1'. too44 r 1114 '.'.11 1111111 ,l 4,( 

do4114'i14.111411im (ChanilII 1():-4 1. 
l411'.te1l1I~ni~12 I'CLcu.11411 lor i1leIu'o41 Nildt,111:11llot14 1;1 '. 1214141' lllalliril 

Il111211,1bI'\ 42 P111o.1114 I l4 '.'J.1141 fill-\,IL 2IC lc c' 1 SLIt- Ili, 44 11'[42'C ' I f.il144 ()\ i4111112I FI~lCe 
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(lie
I-h'eropotot mid ,2-,etn''PU he larai recitll and tile Qu)tarvt pine fo'ests of tileerira in 


mid-Hiim~a,, aIi 
 itp',erlncrte reronl arid OCCLi as.forest tindcrgrosvtlh, predotinatitlv ont erodedaid eXposed 'shpcs. III the tnortherl parts of tle 5, esterln hity I.'. '-M/itIM %al.. At'IUIOI is end1IelliCaind overlaps ith I. ra:,/!ho ,o/i/illa1 <adother Species. 1'..t./obla edibits a synrrpatrictype of distrilbution iIN dille s aInd d \\, ide raniec of 'ariathoi has been obsersed. In tie eastern
Ghats.S. it is Sptradic. III tie \\eeteri -liiim;ila'. a \\ ide ranue ol,ariatiotl o'.stbloba ill,has beelnobscrs cd. In tile Irhhi-(ia/; r tit pIttinr-..nb/-t,/,a1: 05 l s ith 1. (1 ,iflil ia and 1'. trilobata.Recent sludies h le \.i. that crII,i\ at,d Ilniun.beain tirliginated from I ('lo/ialta5 ar. sulb/,htc,it
and Ildit iS the 'liln , e:itlrtriot'iti lI.e.t, ot dlersl\ t2: 01111Oi. 

The .ros\,sth habit irlunct 1-0,t'illJi hC s\%,;ll erCrC,. cItdteritiiatC aid nIonlblnlchin,_,. or
itdeteIrtI'll tIH ail' dI Ir'lIpII rIir; i tLli tcnIIL l a d pI!Inkel brnIIched. II ceneral telei t' f isIII),tl\ criti., lit (11,,,In,, i %pe' cL:r', pori caI,, I CIN le tt I .luite\ urable rainingI'I'1t 4 it 1I ) s irl ib bC ks,% i 1lie seCd ettit IintilitII ibits : %%in eaelt ll idC \triatioll 

lr ), ,.elhh ,. LICenII elh Iht ,re.ri , hl.,, erec i. dark crcen. dull reen. black, brovtlMottie (,mtiod tli t black ,h.uil l , .itrttii ,C.'Lii liIIIS eed t t pa tterts, alld 11ih1tn1 structureS.
.\lunube',i al,, "it,,\. hinh lulittph nit i tli t r pIIer;ttlitC sCnitiS it\. 

Collection and Evaluation 
NIl nrlr ceriniuplri C t.hlL\tin .til c ticgicaln Csd,.iIdktlii in I'ldi, ilt 1925. '.,her R.I). Hosecollected saitplc, IIttl Ji et Itepa t tildir 11di;I Iiuna t.lie ,\alua d certitire npllasillardislatedl Ilu d -()ili'iiiIt t.peS Lilt t ,iIn rl hii al1n,ard seed characters. Itt 1943 thelndian ('0turLil of .\cr iculturaI! R,',carIChit It" Ri initiated a clordintttCd pulse resCal s+chme.uder\, hlich locl pttr ti,,li, t\-, .' C .e-,,ciibled and useni staricti, %reC,S 'elected,t! fOr large-P 5 


.:ile IltitiotillI lditferet it [tI t Crire iLi

, 

ItirdIktld on I)isision oftihe lirdian :\uri:uitnralR ecCi,.I InstItutC I P ,II I Ilie
hIaled buildin., 1r, IurLtIb'hcat .,,rrtiplasirr collctions the carsn
INA, ItIrid collected abo0,ut I .25t) 1c,,,i,,.lhe ret1MCIal 5,as 'atllered trlnli the itraill trintheanl
tr55 uric areas tltIIrtIe titti arid s a, larcel., tine to te efforts Til.\ Thtor1Is. itial-doirtid

tracts~ it Raslhn ( iLIoat. \liiaittra. Madi.ia l'radcsh. Bihar and L'ttar PradeSi 1 .P.).aid '1,,' tire ill, lillu t tili,. d sit lliu ttaintiou, ucions t aid Ka.Slimir. Himaitchal Pradesh.r od Jaiit 

I P. IclituhiIil hil, the 
 v eterri (dht., arid tile 1rriielrSICr recrois 5l)c\rc SLrs es\edi and
zeirtl I hItcoLlece'd tilo, , inc theil 

olettt stl't hurlie .tt til 

t ,tII ra,,._ t itaritilleir ['lie areas Sn r2.rsid lfr Crl'tliplll
are shos\\i itt l:Iui/e I ie ceriIplas d.i elrit, of' tile IARIcollcton,, i, cripriAd olr irptirart ,ultis;r,. old arld prirtitis e Sarieties, resiitance sour'ces.

arid breCe . ll -',, k, . . , k. l li lln, ;taid Iltec 
 d Species. (ierrrtplrr ftii l ther cotiitriesi om i

,\as alst iiltr'( dil.cd.
 

'lIhc .trlpl itIllti, 0 IIl:itCl aId Illiltittlrid at I)Miliaid AIita\ ati.Tle proiltisin.i gmeriplasll
line ba\ 
 bccti supplied to dittcrert ,ce.vnters\ukiric ont IItincllhai iipi oser\ier lt. Currently,
i.:e.i-,: beilltc 


Plant Genetic NctiResourcs 


o ,ser2.200111) I ltaIn tiare iailainttillcd ill Alira\atia;t tire Natittnal Bureau Of 
BNiI R )I tllc I i.This ntieral has been evaluated lt Amravati. Oelhi


alid .Iodhpur statio,. I,e 'rcqLuei.. oI distribution oldiflierCnt chaMrIactrs OlrILIunche 
 man taiainedait NBPGR. Anras.at i, i'Ii nfTable 2. The naIMMrriri riurItuer otaccessionts fall inlreiquelcy
clss 32-3t) for das tt0 Itis ci.tic. -X.ho dalil to Ilhaurit\ . rIl tor plant height. I 1-2)\ , 41-51 
pods paint. 0-7 c pid let.tt. I 1-14 Sceds pud and 2-3 , for l11-seed ss.eight.Tle collections , crc evalutaloted tites'sttr:e to uner .clii,, Ill.icViruS,. Cerc sporalea! spot. cus\ pea litisale , i (ldpuss.dci' nitldes,,. Si',tc nilttable accessions. IC 39374 anldIC 39549 are hih % IC,clder,: 3L)457 has rltehiiOdcst seeds. and ritehirihest mher of seeds per poll sI Obset se\d Iitue (iuarat acce,,sit , IC 39562. IC 3'-60(0 aind IC 39677. Accession
IC 39369 has been ;iced as i go-t d pIdit0duCill,-' ts i)e. About 86 litres fror diflirent agrocliniatic
Zles \%.ere tested at Shirtila. The range it \a aori1 OCCUrLed is hIlih\iss: plant height 119.86-68.60
crl. iruber o- brainches per planti 1-31. tilal ruliber ot lea\es (5- 13 ). rlllber of' intclnodes
13-9). totill clUIsters per pail (2-X. pOdS perr CLiser (2-6). pur., per plant (2-25). pod length 

http:119.86-68.60
http:Anras.at
http:Nhunz-.in
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Figure I. NBPGR cntcers and areas of mungbean germplasm collections made by NBPGR. 

3.)-, 5 cm . ,ccd" per pI ld(5 13). 'iCl Pecr tplan! ' 2-0.5 . lll() cd \\ei ht (4-8 '-). days to 
urin-, a (12S8 -. cdlile1o\w 45 -(- ,dnd LIMa,to inhurit\ - 14 . PI- \,pclr)2 \,ci; \%ith regarld to plaint 

heL,ht (22.05 c i i. ral ch', l3)ad p)Odls rCfr plaini (1-1). Rlii lL l] 11-a ch[ hihsl t numbielor 
of pod" per plt 125). %khc'relc [*(' 2-11-1 ;r lound to he r l(k0-cecd \ (8ilitupcrlro tX 

17).PNI. -5 4 (45-47 i\ ndd carl' -Illlturii t\ p., IX -92I and lIl.l-4,7 ,, crc carl\ -1tN cii 
r ,ield dau\ Oranie/d . scientists 

working ol puilse cro IntitutLII lnLd ibtLit 11(0 pjir0r int 
da\ s ). In e l NB1'(;t ra iti staion i tile It 86 khil e ,aon. 

at dili'crctl ,li-iundcd selectCCeCL lines. 
including ab-t 15 (\o]i collc iOnms fr 11,C in their brCtdin,- progra s. 

Old priitlivC vairiCies laiidracCC Of I 'iiylh spcic ha \c occupied ihc farner's field for a 
considCrahlu period of flmC. ConsiderablC 2cItic diversiit \\ ;i ' Cd for plant t\pe, habit, 
days to ltmoerint, pod Si/c. SIhapC and color podsl per ch.ilcr, pods per plant. atd vield and 
maturity. Varialion also exist in the flarier'S Iield Ir hairineSS. pi' nnaltion., s\'nchrony of 
maturity and for photoinscnsili\It\. 
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Table I 

Ch aracter 

Plant height (cml 
Number of branches 
Days to first flowering 
Days to mean flowering 
Days to first maturity 
Days to Mean natIrity 

Days to complete naturt, 
Number of clusters per plant 
Number of pods per plant 
Pod length icm 
Number of seeds per pod 
Seed yreld per plant igr 
100-seed weight (l 

Nit, ngbe.a Gncrilic Re.,irn lsl India 23 

Variability in gerilplasrn held at Ariravati. 

Range 

7 8 - 92.4 
0.0 - 8 0 

23.0 -- 91,0 
33.0 

44.0 94,0 
57.0 930 

52.0 - 127.0 
1.3 - 300 
1.0 - 103.0 
1.4 - 67 
40 - 186 
10 - 21.0 
1 2 - 80 

Table 2. Frequency disti bution of SCile important characters of mungbean evaluated at Arnravati 
(NBPGR)
 

D!s to D: 

.0<,, r; m'+u t. C', 

C F C F C 

24-31f 52 5 "1llO- 0 
32-39 
40-.17 
48-55 
56-63 
6 - 71 

72-79 
80-87 

, 
328 60 67 199 210 30 
02 68 15 320310 ;09 

165 76 83 135 110-509 
41 84- 91 15151 0-s00 
62 92- 99 80610-709 
5 100-107 30710-809 
2 - - 81 0- 09 

i , - PoJ i.,,
,',7 [( l 

C F C F 

7 I S D 30 9 . 

345 10 227 - -1 
194 I 15 
390 16 20 
15- 21 25 
"45 26 30 
7 31-35 
2 36-40 

41 - is 
-.. .50 

32' 50 9145 S80 
322 s0 69639 90 
191 70 79 2- 100 
76 80 8Q 8;110I 
43 90 99 
710l-I09 
5 110-- 110 
I 120-- 129 

S 

.. 

sO 


70 

36 22 

S e , pnd 100- .cd.,,t
1ttDI li) 

C F C F 

b9 I 10-149 18 
79 3 1.5-199 135 
89 7 20 -20 376 
99 27 
109 102 
119 325 

129389 
1013 0-13 9 265 
3 1 0- c 2 
I 150- 15 1 

- 10 169 
17 0 17 
180 189 3 

Total 1,225 1.224 1,224 1,224 1,223 1.223 

Mean 

25-299 385 
30- 349 137 
35-399 
4;0-4'A9 

5-4 99 
5 0 5 ;r1i! 
55 -599 
60- 649 
65- 699 

Row yield 

C I 

10-- 20.9 26-4 
210- 40 2 385 
.110- 609 299 
610- 809 187 
81 0-100.0 64 

74101 0- 120.9 16 
'16121 0 -1100 I 
2J 1410-160 9 I 

11 0-1809 0 
10181,0-2009 0 

1201 0-2209 I 
2 

- -
1,223 1,223 

(Xl 41,74 7725 39.23 16s6 683 1233 2 86 41.12 
SD 
( , 809 9 53 1240 705 0 87 1.28 061 24.38 
CV. 18.C5 1234 31.60 42 31 1419 1039 28.50 59.16 

Class 'Frequency 

Boilth d,, nf. dcturniittte and tall, sin and tendh'ihs indetcritiinaTc typcs occur ill Indian 
ctllctin', F.lmerihcllrntls ftroml 34 t 9 ldkl,., ,lld the ;11stearly .cl\pcs \s.Icr collected 
from Nlahaiashtra. . P. and I)clhi. \.;ar,ilit\ uas, lh.'CtiOns r1m lBihar, Punjabcatcr ill thne c 
and Delhii arcas. PtOL Ic'ueth siricd it, 4 to 10 c111 and scd,,, per pod rangcd Ifrt 5 to 16 
it differcnt acesitri.. 1 he Nlihalr.hiia Mid IDelhi t'1.11io' 1s1,.ide'd hmtgi-pOkdd and hold-

Prainit A,pcs..An ShMLItithat the DClhi arCa posses d aintCrrecic,nal ,.otuparai',arkin ()I disersit\ 
hih populatioil mCan v hile Nihar Cehihiltd mcurIrrctlrC (l prolific pod-hCarin,2 t.,, pCs. A high
coeflticient l sariabilits sas umhsersed ill the (4uiukrat gcmnIplisIn indicatitte a pr pindlcrance 
of landraces. .\lthmgh a lois di, erst\ C\istcd I'1 graun s,ciLhl ratl6i1l2 troln I. I 1i)0.0) til 
merall mean ,a,, high iii the M\ahara htra erntplasni. The ecrmplastn v,as screened lir disease 
resista nc. r fi r IhMCe aeat "Isprit . Sc%Cal resista,,.c -.tU rccs (seven Itm M. ha rash tra. 
cight from Bihar. ,i\srin-l MP. three Irom Pnjiah anid tile cach fr'o11 7.1).and ~jularat) hase 
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been identified. Eleven accessions f'nmm Ra jatj han and(Oijaiat exhibited a hiigh degree of tolerance 
t0 CO'rCo.poruc'nr/ t ild SiX Off hC PLnjab !, .siorvs were ree front iningbean yellow miosaic 
virus. 

Utilization 
Selection.s were Iade. eithier di,'cti\ or- h\ irltcrcnming proinising gernipla.Mt. Characteristics 

0f sonc imIpiO%ed seletin,1, ,,ra'rit, otf IILtnehel 1ll:tdC in different staletN a.re civell in Table 3. 

Table 3 	 Mungbean v/arieties celecCed developed from gerrnplasm in different states. 

State 	 Variety name Selection, Days c Seed color Seed si. f'eld (t ha) Remarks' or number pedigree Tatdriy 

Andhra G.G 127 Local 80- 85 Green N 0 7-08 Dryland
 
Pradesh
 

G.G 525 Local 90 Green 02-0 3 
PDP 71- 7 70 - 75 Light yellow 0.8 Upland 

coastal region 
ML-I]I MIL-I x ML-23 65- 70 Light green S 0.8 Resistant to 

NYMV '.id 	 PM 
Assam 	 MG-SI Kohilmukh 0.4-0.5 Resistant to
 

MG-32 Kohilmukh 
 Cl.S
 
Bihar BR.I Bihgalpur Shining green 0.5 -0.6
 

B.R 2 Bhagalpur 110- 115 Green 10- 12 Kharif 
B.R3 Local Early 0.5-0.6 
B.F 4 Local Early Black 	 0.5-0.6 
B.R.S Local Late Yellow M 0.5-0.6 
B.R.6 Local Medium late Yellow 0.5-0.6 
N.P,23 Pusa 75 Shiny green 1.3 - 1.5 
N.P.28 Pusa ,0 - 85 Green .3- 1.5 
N.P31 Pusa 80 1.8-1.9 
N.P.35 Pusa 80 12- 1.4 
N P.36 Pusa 80 Gold.n yellow M 0.9- 10 
(Sona Mung) 
ST. 7 Local Yellow 0,4-05 
Sunaina China fung x 60 Shiny green 1.2 - 1.5 Tolerart to CLS 

T-I
 
Amrit Local 90 Mottled yellow 10- I.S Tolerant to 

INYMV 
Delhi 	 Pusa Baisakhi T 44 60-65 Dull green 1 1.0- 1.2 

Mohini (S-8) BR-2 x I-2 70- 75 Shny green 1.0- 12 Tolerant to CLS 
PS-7 P-492 67 Dull green 1.0- 1.2 Summer 
PS-10 P-469 
 1.0- 1.2 Summer 
PS-16 Introcncton 60-65 Shiny green 1.0 Tolerance to 

from Iran 	 MYMV. PM and 
TSUIec%
 

Gujarat 	 D-2-1S Local 80 0.5-0.6 
D-45-6 Deesa local Medium early M 0.5-0.6 
Gujarat I Local 85- 90 Dull green S 0.9 - 1.0 
Gujarat 2 Local 70- 75 Dull green 0.9- 1.2 
Sabai mati PIm 1066 x Early 0.8- 1.0 
(PIM-4i Puds. Baiakhi 

Himachal Shinning Moong Kulu Yellow 
Pradesh No. I 

Haryana Versha Hissar Shiny green 0.8- 1.0 
(H 70-16) 

http:gernipla.Mt
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Table 3. Continued 

Stale 
Variety nane 
or ubeor numnber 

Selccuol, 
Seleipedigree 

Das5 
1maturity Seed color Seed size' Yield (t/ha) Remarksr 

Madhya BilI green-16 Local 125 Deep green S 0.4-0.5 
Pradesh Eb 3 2nd EB6 Kooergamn 60-65 Shiny creen 0 4-0.6 

EB-16n Locl Late 
Gwahoi.3 Bh id local 110 Deep grcn 03- 04 
Kachrod, Local Lite 0.4-0 5 Northern 

Madhya 

Khargona- I 
Krishna II 

III f 5 
GaIJoI local 

65 
65 

Shiny green 
Lght green M 

0.6-0.8 
04-0 6 

Pradesh 
Double cropping 

Jaiwahar 45 r'!asra - UP Green N 12- I 5 Kharif 
local 

PDr. I I LM 595 60 70 Gre. M 10- 1 2 Sinrior 
Maharashtra China Hn, -9 Chn.i nmuno 60- 65 Shin gr een 0.5- 0 t) 

China Mui 
jalgaon- 17 
jalgaon-310 

78 Ch,na niun, 
Local 
Lool 

I-80 
80 
80 

Shiny green 
Shiny green S 

0 5-0 6 
0.5 
0.5-0 6 

Douhle cropping 

Summer and 

Kopergaicii Loc I 60 Shiny green 05-0.6 khorrf 

Shindkheda 23 Local 80 S 0.5 .0 6 
Orissa ling Mung 29 China nung early 

Uikal-2 Local 
Sel-932 Local Dark green 
Se! 855 Local Greenish 

Sel946 
Hyb 124 

Local 
yellow 

Shiry-mottled 
Shiny green 0.8-0.9 Rabi. tolerant to 

Hyb 4-3 Black i 0.6-0.8 
HYMV 

Tolerant to 

Punjab G-85 
Mung No 49 

Gurdaspur local 
China 

65 Dull green M 1.0 
1.0 

MYMV 
Sminer 

Mung No 5 90 Green M 0.4-08 Suitable for 

Mung No 305 85 Green M 0 4-0.8 
forage 

Dr,land 
ML-I Hb 4 x 90 Green i 06-0 8 

P23-67 
NL-5 No 54 x 80-85 Green M 1.0 Tolerant to 

Hyb 45 MYMV and CLS 
ML-267 ML- I x LM 987 72 Green S 1.0- 12 Multiple resis-

Rajasthan R 288-8 Local 70- i5 Shiny greer, 0.7-1.0 
tance 

D 66-26 
RS-.I 

Local 
Local 

4n  65 
60 - 65 

Shiny 
Green M 

0.4-0.6 
0.6-0.8 Udanpur. Kota 

Tanil Nadu CO I Local 130- 140 0.5-0.6 
region 

Drland 
CO 2 PLS3653 65 Dull green 0 5-0.1 
CO 3 
CO 4 

PLS367 
Mutant to CO 

70 
185 

Shiny green 
Green 

0.6-0 7 
09 Resistant to PM 

KM-I S-8 ) PS-16 65 Shiny green M 0.7 
and root rot 

Tolerant to 

ADT-I Aduturat 
MYMV 

Uttar Type-I Muzeffarpu 60 -65 Dull green M 0.6-0.8 
Pradesh 
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Table 3. Continued. 

State Variety narne Selection, Days to Seed color Seed size Yield (tiha) Rernarks or Mnmber pediree mAturlty 

lype-2 Kanpr ,5 Shiny gleen S 0 9 
Type-4 TI x T 49 Dull Preen M 0.8- 1.0 Summer 
Type. i 4465-4 ,. 80 Shiny green S 0.8- 1.0 

4471370 
K.851 4453 3 o0 - 65 6rccr 1.0 -1 2 Summer 

I I 
Pant Mun,. I Li 291 I x 65 - 70 Shiny green M 0.8 Resistant to MB 

(LIPM-79. II r 4.1 irobi k6hrrfl 
Pan: Mun.-2 Nwa:, of 60 - 65 Shiny green M 1.0- I. I Tolerant to 
IML-26 10-31 ML-26 Irctio MYMV 

PMt HrI 3 ML 2941 - 75 80 Shiny gokinen M 10 Multiple disase 
(ItPM 79 4-121 L80 resortaricc 

W Bengal SonaliB II Cl. , 0 - 65 Shiny golden 0.8- 10 
Type 10 Kufpt Green S 0.6 -0 /7 b.abi c. , 

Parma (B 1051 Lcil 55 - 0 Sliny green 0.8- 10 
z M edruni+ S - S11ial 'CLS -c .ia.lrl Ipot. MP - Maic, ophomm Mi:I MaV TurIbean yellow 

nmRO,c viruts. PM -- po, d(r, fiLd',, 

Sec eral \arie'ties la heeislntiflcd e'udharCLI ojI thir ",tiihilklndtatcc eCCI riIli ,Nnperiorit\ 

for \soriric triit r a,. \\ll It.icclhtnidtiiditihq on it thire ar lited iII [lble 4.
 

Conservation 

NBPGR has des.iloped tacil ilies for loru -trrmi storate and the 1tImngheans are conserved 
in the cenchank. 

Future Activities 

It is ncuessarv ti collect thi 'fhicall\-',iri:iilirrilt itl I'. t'iliat ,or. sM/obutm frolml 
the Tarai retion alt thelh(',.r cle..ir;ttio1 0t tile v Ir iilaas. ts of tIle castern tiats. 
the northeastern k idrnsIothn ;ilirt , tlut (i1IhC eterC, (lii,. IY , ,lisii \.il..t'I,imiileIt 
should he cd tlctd Iru01 the plteu sf ('hotiii ilit ciiler-l (ihats. the IBahif0audareiri hills 

il Karniatiaka St i lld the .ltinar ralic o1 IofKerala Sut.. AdditiOnal clection ,0Needs nidLeto il, 
from sites s here %,ke1 t? i c,tiur in the [ro\iiIit. 011Culti, it,.d t\ Ie,, a11,s &,llf lomdisturhed 
areas anl eroded pes \,(l)s,. collctio0i i,, qcsirCcl to ,_1nrich lurthri he \atiahilit\ ilt ile I 
liin gs' 1.- rss/ihds 1hi inI btechiire: iIt ._I,;i+, .ollect,+ rIIIpleC\ ltiLi/,til h htIIlai. , to 

Crlliplasin from iil.re , \%siCi clh, ectiss hlle Th,C 1t
kli, ). 1i ruIdC. areas nee212d he 

Cxpl'd oil a prim i,, tha.,is. 
[he evaluation and clilacteiatl il ll tirlsii is illIriportt conomi: characters 

is Itees.'sIar\ inl order to Iulentif> 2CriPl~llriil ,1ite1d it direci, utili/,ttori0 Or filrs.' hi!hediL, 
fori idC adtapahilit, ,. e.liie- ardvieldi- t\peS %% ,!lot dira.tiln. reistaince to1e0ts. 111dtl t 

tolerance. ,\sne.bhrhnIrtln itialtiiil. reatir Ilnbiotic cllficiclc, high protein and allilo acid 
cotnilt. etC. Thi, iintorsatili lel tr h clontCtionted. 

Consera lion of the ueriplasir ,houldlie i en toll prisrrit . Effective interaction with 
international scientitic oruani/ationS Such a the Asian \"euetahle Research and Development 
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Table 4. Superior suitable varieties landraces which have been identified or released. 

Suitability State region Varieties !andraces
 
Wide adaptability T-44, Pusa Baisakhi, T-85. Jawahar 45, S.H.8. PS-16, PS-7.
 

PS-10
 
Spring'summer Uttar Pradesh K-851. PS-16, Pusa Baisakhi, PS-7, PS-10. Pant Moong No I, 
cultivation T-44 

Delhi K-851 , PS-I 6. Pusa Baisakhi, PS-7, PS-10 
Madhya Pradesh K-8S I . PS-16, Pusa Baisakhi. 6-65. PLM- II 
Rajasthan PS-16, Pusa Baisakhi 
Bihar 12 333. Parma SLniana 
Haryana PS-7. K-851, PS-16. Pusa Baisakhi, G-65 
Punjab SML-32, PS-16, Pusa Baisakhi 
West Bengal Panna, PS- 16 
Karnataka PS-16, PS-7, PS-I0 
Gularat PS-16, Sabarmau (PIMS-4i
All areas K-85 I, PS-16. PS-7, PS-10, Pusa Baisakhi 

Popular varieties Pusa Baisalii. K-851. T-44. PS-16, ML-131, ML-5. P 510, 
PIMS-4 iSabarina:t, Hyb. 12-4, Pant Moong No. 2.ML-267. 
B-I, Pusa 105, KM-I, Jawahar 45, B-105, Sunaina, ADT-l, 
S-8, Pant Moong No 3. Kopergaon and Jalgaon-781.

Early-maturing T-44, K-8S I,PS-16. PS-7. PS-IO. Pusa Baisakhi, PIM- II (spring
varieties and sunnier- and G-65
 

Bold-seeded 
 SunaMa. PS-7. PS-I O. Panria. Khargoan and Jalgaon-78 1
 
varieties
 

Adapted to 
 T-I0 iWest BengalI, PS-16 and CO 4 (Tamil Nadu, Karnataka, 
nontraditional Andhra Pradesht
 
seasons
 

Disease 
 Pant Moong No I (MB. MYMV): Pant Mung-2 (MYMV)k Pant 
resistance' Moong No 3 iMYMV. MB, LC. anthracnose); Sunaina (LS); 

ML-131 tMYMV. MB, PM, CLS). CO 4 (Top blight, root rot, 
PMI ML-5 IMYMVJ, ML-267 MYMVt; ML-337 (MYMV, LS, 
PMI: Pusa 105 iMBi. Sabormati (PMI 

2LC = leaf curl. LS leaf spots, MB MacrophoMiri bght MYt-V IIIiigbeai yeiloN mosaic ,irus, PM = powdery
mildew 

Center, the Iterniatioal Piiard lI'i Plant Genetic Rcsources,. etc. will he helpful in achiev-ine
the ahovc-stated oh Icctvc. In order to hac prtopcr linkage \with all concerned institutions/ 
organ izations, it is pripii.,cd that a Niungehean .-\d. iOr, ('o111111ittChe ciitirtrted and svste11iatic 
efforts ieenerated to undertake the eplt-tiiin. 0 alUalion and ctitsCrvatioll nee+ded in n11111heall.
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Mungbean Germplasm Resources: Evaluation and 
Utilization 
T.S. Sandhu, Kuldip Singh and Bhupinder Singh
Punjab Agricultural University, Regional Research Station, Faridkot - 151203, 
Punjab, India 

Abstract 

A total of 2,719 mungbean (Vigna radiata (L.) Wilczek) germplasm accessioi:s wasevaluated at the Punjab Agricultural University, Ludhiana. Six hundred and ninety-one
lines from 14 countries were grown in replicated trials to assess variability 'or daysto flower and maturity, plant height, branch number, clusters and pods per plant, pod
length, seeds per pod, seed weight. grain yield, protein content and resistance to leafcrinkle virus. mungbean yellow mosaic virus and Cercospora leaf spot. A wide spectrum
of variability was observed for all the characters. Promising germplasm lines with
desirable agronamic characters and resistance to diseases were identified. Correlation
and multiple iegression analysis was done to formulate selection criteria. The use ofdesirable gerniplasm in the breeding phase resulted in the evolution and release of
mungbean varieties (ML 5, ML 131, ML 267 and ML 337) with high grain yield, disease
resistance and consumer acceptance. in Punjab State and at the national level in India.

An additional 2,028 mungbean germpiasni accessions received from AVRDC werescreened in the disease nursery for mungbean yellow mosaic virus, leaf crinkle virus
and Cercospora leaf spot diseases. Accessions V 3417 and V 4483 were found resistant 
to all three diseases. Another 43 and 17 accessions were resistant to leaf crinkle virus 
and Cercospora leaf spot, respectively. 

Introduction 

India isthe prniarI nirnehea i prolli l1n'Odl"Cer.contibhatiIe ahout 75 ";ol the kkorld production.

Munchean r.'. 1.an in India ,198485) I n ',
area f)I(.97(.00 lhduring the nornial kharifseason (sullllr 1olths) and oil755.(0(1( la in lhe rtl/,:season ('. inter lnonths with a production 
of 678. 0)(1 kha l scaon and 437.((1() 1 ill'1-t/o ctlson n\lloll.t ill ( 1986).

The Inai "2),l 01 ilI vIeIPICill llldilnlnellh2_ean1ll lill
i i,the deCClopurnC t 1 \%idClv-Nadal-ted. 
c. f)d t k trietie, reso Sive t improed cu1ltrl l practices

hi L'h-yieIlin di and insect p les-resiCsa, 
and i.'ossessIe t[o 'rllirer[A i!detrc 'Jvrlimatic -onlditions. liiproCd nutriional andi cooking
characteristics arc C(1UzlI., importnt. l inaeLId recCittCh has heen carri'iCd out oM sinultancos 
inpr 0 nICt 0 lrd teii fntin rIn Thel avfI ical d prItl ICIlt lneIeaI. Iailahilit\ o1 uefI'ul variability
in I gcerilplai collection iscssential hr ,,\, tic hreedintnCl . 

The present ink.Cst ilaion \as desi,_ned to c\,alut 2.719 niunLh.ean ,crniplain accessions
and to assess their \ariahilit,, for cerountic characters ald to iCdentify lines Ila\ine dcsirahle traits. 
The association 01 protein coltent \kith yiCld and it,._'(1ornonnts.5\a&, aisO Stndied. 

Material and Methods 

The 2,719 munghean germplasm acce.,ssion" .%eC divided into three sets. Sets I. II and Ill
had 435. 256 and 2.028 accessions. rcspec,.ively. Sets I and II consisted of material from 14 
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Countries and set III vas froli.\VRI)C'. 
Sets I and II \\cre -ro. n in leplicattd trials t Puit ab A,1i,'.iltralItis e LUrs l.dhtiaua. 

India. The site is nituated it30 ' north latitude and 75 52' cat lonitLde and lihe" 247 ilt 
above sea I,.c i. l-ach ss i l,i cll apart aIllnntr., \sia" 2' , th C 2 Il in2 t utterplant 
spacing of 20 emn. l)ata v.crc recorded to Ls n to Ios.erHi,. da\ tot) uattrit, plamt height. 

rlatnichIunhCr. Cu.,stre,and pod,, per plat. po(d lenoth n. pe.'r III<)-eCd s, iL.ht, ,tIallsee+d, potkd. 
+

\ield and protelill Cotet . M eSan O \M LI,chli icr' 5CIC LIued tO deteritic heiNOCtol1101) 

hetell \iarious"chtIerstcl". 

Set Ill s,ith2')2s 'Iccession ' s".'cc the d'Cae. IIrI".r\ Ithchcck, cis, licci ill sped.ILr 
,siseeptihi, e.cr5 s linets . The "predier rIos 

,also phulCIit ll lttil 1tttiC h r2 p ,II)L vIs Ss, c idtlI ,IIll aII \ ClIhI\ 
ross n ( llii\(tre lt 5 cicttlter 20)rossc eInt \\ lcc 

t te tCNt I . I , i, agai tuig2 

tncOsaic \',5u, ,IY , and r , (' . l)iseasCru MAV. cealc.rimkle II.V\ ('ercospict ialpil 
+IiteidenIi. e \5 l[\ heas\.,;5"as 


Results and Discussion 

Th'e tean. raIlge aid cefficnieit Mf s'arhiti1i for ditllertl clhiraci, of s'ets I and 11are 
given in Tahle I . The diftrences inloicc the ,tain s.,uc sigCil,.ant fr All the chtlracCtrs Studied. 
The phenotypic cot lic.ict 0f %;1c1111tc 'A, ' Ithe hli'h NItIltli'.titIc pet pln,t 10r Ilrancl cS. 
grain Sicd. cluNtCr and pods Ilhep teal colnut had the. los,.,t fih.n't,,pie ,'ftiLcient o 
\,arltiol (6.8) in I and Ili Ic u ' ctIc,.set ). ', 1 e+tI 1I h ei INCoi. :l llc 55 th th\\e of I 
atid Po" ( l72cn and ai II II,)7Schlnatn lo, 

Table I Estimates of variability in the evaluated mungbean germplasm 
t8+R'.iii. Phi.ioc~p codsf-

Chracter So:I S t I St of iri3to r.I. [ o .h 

So tI Setii 

Days to fiovernn 503 . 345 5123 - 2 380 68 0 330 73 0 1568 1776 
Days to maturtry 67 3 3 39 713t - 3 00 52 0 /95 5 5 '35 1 I0I :67 
Plantheiihtrnlcm 79 1 qI o50 5 409 1206 220 885 23 01 2 2 
Branches no I 56 1 • I a 122 2 9 13 5C c 37 70 
Clusters p,kat iri, 130 2 44 140 1 3 2 "31 29 8 40 2> 3o, 4.409C 
Pods piant is 319 •60 335;4 945 1I1 7! ( 1, , h)+7 4472 

Pod ientr Sin sO0 - s, •038 414,11 .0] ' 10 52 

Seeds, pod rv: I0 83 5 - I 24 14 6 I ' 1013 18 87 
lO0-seedicht 2 12_ '1 2 - C 188 40 I 38 . S1 12 83 I7 
Yieldiplant a I 500 . l 02 231 18 ; I 1I 3436 5506 
Proteinconten! I 2 52 067 2"10 I is G2DC 2-t0 1 -I 280 680 931 

Cerplatill as I[ilJttred 10t slCil \ariahilits . (Ittht(, acitc,,,0, 32 lilile\C 
been caltiated flc \i(d. 3-4hor hL't pr tit1. i ...2_', it l d eed st/c' i >3.2. 1)1) 

sCds). 16 fbr hcc1t pod 11 nther ,.I . t1tNhYl\V reitante acid 13 or (.._ristlice.Ol I 
,


The correlations, att1IL dillereCiIt tratn 1te 21\tt Ill al'shCN2I lItcd2h itill ei lIr pni,111( 

showed a posits. phet)I pi. ',,Nocitiot ith cluste.rs per ler plant, p)od, tC1t21h.\s, pkilt. poI 
seedh per pll ttd 10()-s.ed sseiht itt hth se.t I lid 11 tttd .tIIlaint hi,,ht lbe.'raid itM (0, 

hranchen in Net Ioh.. The asoctati,, flpo1,s pet lltt ald o cii s'sN5ti the' ,trti2,t 1.5127 

illset I and .8 T) ilt Nt I1. Such t itol,t iii 1ntu1titt1 an ha eIcI bl h\ (ilptaeen re+.kported 

and Sinlhi 107.3, (uiti) aicd \'ili", Knittat i')4),lbg). Singh aid Sinlh iu7th 
The pOsitixe Nigtificltt association htsCC plant height ;il Net the HIiuant, Ild Itt 1011i 

material (.3391 tnd the lack ot atssci;ttion ht\s cul plant iti.lit tsIt iIl Net I ildiClted thait 
taller plants may not al,, . the iuimli.r Iftisa'she hiuht ilderN. Oin the COntrar, fI loe]\,ring 

http:10()-s.ed
http:cluste.rs


31 Munghean Genetic ReSources 

Table 2a. Phenotypic correlations among different characters in the mungbean germplasm 
evaluated. 

. . . . .n.ma:urity 
Days to Plant 

height 
No. of 

branches 
Clusters 

plant 
Pods 
plant 

Days to flowering Seti 1 -. 8690 4405" .1912" 0519 .0458 

Days to maturity 
Set 11 
Set 1 

8980" .3700 
.4488-

.0360 
2062" " 

0550 
0764 

0510 
- 0615 

Plant height 

No. of branches 

Set 1I.4030" 
Set 1 
Set 11 
Set 1 

0380 
2057"' 
.3400" 

.0670 

.1206 

.3660" 

.1276" 

1580 • 

.1145" 

.4280" 

.0941" 

Clusters plant 
Set 114640" 
Set 1.6247" 

.3010" 

Set II 7300 . 
S,gnificant at5'-,level Sjgnificar,at I c level 

Table 2b. Phenotypic ccrrelations among different characters in mungbean germplasm evaluated. 

Pod Seeds 100-seed Grain Protein 
length pod weight yield :lant tool 

Days to flowering Set I -0469 0S74 -,0955" -.0230 0119
 
Set II 0190 -0210 
 2350' .0241 -.0530Days to maturity Set f 0309 0687 010"- -.0157 -.0010 
Set 11 0390 -0420 2080" .0280 -.0690Plant height 
 Set 1 1121" 1814' -0231 .0648 -.0152 
Set 13170" 2430"' -0640 .3390' -.1110
No of branches Set 1 0847-. 0523 - 0393 .0851 -.0130 
Set 11 1010 1760" 0121 
 2710" -.0670Clusters plant Set 1 1429' 1827" -,0231 .3880 • -.0090
Set 11 2380 .2840"" - 0460 6240 -.0390Pods plant Set 11844" 2105" .0046 
 5127" .0111 
Set II .2840" .3350" - 1I10 .8170" -.0560
Pod length Set I 
 .4987" 1428" 
 .2177"" -.0593
 
Set II 
 .5240' .1760" 
 .3420' .0090
Seeds pod Set I 
 .0510 .2524" .0390
 
Set II 
 .0070 .4820" .0760
100-seed weight Set I 
 .2119" -.
0017
 
Set II 
 .7920- .0350
Grain yield plant Set I 
 -.0685
 
Set II 
 -.0020
 

Significant at51 icvel Significant at I% level 

nodes and effzclivc tlo crs per nodC nia\ he real determinants to the yield potential of a plant.Plants with mediumn slature. erect 2rottlihabit. short inler'nodes and more effective Iloweringnodes may in faCt utiliC Solar encre,, more elfficientlv compared to the taller or viny trailingtyPes. Plant height slCt( ed a pI)Siti association, w\ith da\sSto flo er. days to maturity, number
of branches, clusters per plant. pods pe plant, pod e1,,tltland seeds per pod. thereby indicating
that early -110w critic and earlk -fl atnrinc lineS \kcre shorter and late-tiowerin,.,, late-maturin2 lines 
were taller. 

Apart from gra- ield. 1.(1)-seed scight srmshied a positive association with pod length anda negative association ssith das tt fllscritic aitd mlaturity. This indicates that earl-floweringand early-maturitig varieties 11ay possess holder seeds compared to the lat,'-lowerinc ones.Pods per plant had a positive association with plant height. number of branches, clusters 
per plant. pod length. seeds per pod and grain yield but no association with 100-seed weight. 
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IiitS 10 t111\\Crit"1i.! Mnd ddV, I Initi\ .n"NlisN 1that CarI\ -Illtu~tIrim., t\IpC', hai lug holr 

he~IC0\nluuutu( %kt N IIL %% L! IIIVI). Iiil t r 1-4cI 

Ii'lruitiel&l l lluil ,'u e r1ut ;NIUL1IIht110dl tilt- aI)I~l \ki eall III [I)IN 


See(IS C0\ ( 1111 f111 p11 1.1111C (o dIc'.i imlct III II'altai 
(l i h NIILIcIC~l. IIII Itat 

PrItCiII COI C11i IiC ltT III%I~ ) l h ia SitiiLcL 1 Am'p adl lINt 1 I~lIIi II1I ,11 I~\I IfIC..Irthat 

Null!V.2111.i~ ti 1--h~ .\ lhL-11ii I 3(It I u Iv ip aCI Iul .ILIOICI 'Ildli . 1 V.I . 11,1' \ d N irh 

I~uTIIle r hgesioIdCl~~l Itl~t 11101ILn pIt r1w1NIuIii?hc luli ~~I,Nt~inun TSI (c I 
1,' III'l CI CCiId%JIItiSII\ %hLAiICCIN m I.ll It. .Ll.Lt pN L~l JI I Cl.'tll . Pi P ~lld 

NeeIvd i I1I2 i I) 'l ll 0L Il!t I 1,1III 1. 1 I)11 N I II) t hilulNCi 1)iN, CI pu10I) V. L Iht 

t h!u2 ulIwlu u N,ih111 1 -)I[II t & V u,\ 

M i pl regpuNesson t. I\liet ch itt it t\ ii I Ilul ILICN It O H 411IN% lLOIVIl'e 

II\C I CIIII 1/ I 1,Ih I lulL.hI)ll 211111 Cli. I I~li I. uI\ ilL 1111 luit L jil 
%LI %', it Nil1%ICd )"Il 01 , h ul~ 

i Lul l 111IId k-1II20 I 

II, III Sa LIll%\ I ISII~ IIIIu ~)I 11111N2II1 
V.LiI~hlV.11! l (jit 2i)II M AIq2 :1ilN'C LI-!I I L" ;)5)Nluli' nI0l ~n t n 

(lillIItI\L.lu ~ 1,;uu~tuIl CILI[C~:IN I LI Ifil 1 ILI11 putIil111NeI III' CI iltit thlCC t(u 

tidliN, Pu~~lpNJIIhL ulei'IlCNNITI IIIW IN'C CA IIIV,11M L 1 li~ II- )LNIC 

CdLll IIllklC10 SC I ( \ lu-'ll (Il P t:I CutI JuI (,IJ ilt 1 ,,(t 1 \I) Iti~i IC ~L'ILNII 

Mi ,1:i CI N IluhVfCkt \w~ II4V. 445 a ANtANlL1tilt u NiIN 11 INtt uu\' I.I \ 

it .1112 1112 1L I I I.211her I [)I ' . p L:I,-, 

'I5hen [ L WtcIII'I L.- I Il I tt1cL i I Itr Itt 1ilut1t. I tOd \Cil i RL- c \katie.I'\1 1I0 c LIL 

ILlitlkit Iik N0 111 IH112 NCNN ~iCI l ie~ II IIC 121\tI 11(1(1 LL' I10% '_~tlI ,ldI I' )I I I aItJi 
L Iul I tl'C( 111 Il- L'I i).\t N1,11111llt L't .1tr1t 1 1 ii11121. 11 O F 1A lllti CrI~ 

lalIl~ 1 It IAL I ill1t tk 1it tIIt I- Id tin d 

%l I Icd II lI 11 1iIn,- it~l ll lICl,-,h di l iIItanll 11111i1L IhI Ikidj/%k iimil el It IC 

.l LkI .it JIIl 1 ittah ,nIIIk-L. I ilit %IL '~titlNd to l 

. 

NtraklN 11C~ 01' I i tLul hc LI1 ILIprCNN 111 III dul I, that r ti' c 1, I. 1C 1 drIll I l i INC M 

IrI IN i d )I'lh I Itlihe0 IIl 111) IICjrN IL IiC LtrNka1C.hiLIIC i U tutl:t 

i LA .IItiu1 '111 I t C 11 t 1111C,1 - i JimttQIi t~. i ItI:il INIIL . ttl t LCI; L21 pC. I lNIL.%I I I I. I N 
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Figure 1.	Screening of 2,028 mungbean germplasm accessions for resistance to various
 
diseases at P A U o io , h..h , . , ua I h.,Iflresystan
 

t pt ii i i,,'!lii Ilk iiPi C li'dl -l F I [Ii.r 3,, .iodtircni A 0 II-scept,ble 

ACCIiiiii l I m 11I II h lll I C0l l. 'I & i ii 73..'d 'iiiiiK'i c lis. jlldL' II c11.dd ttrIL1c Ic.Ir sudl ll 

Il llr\i tcI p l ln llc m nL it IhiII i. i'in i'h"IL'CIIll 1 thi Ciiiil tlhl l filles. gcasl l 

',\'..+!I1 I ss l ink,.l uN+Ik tc ~l i d ltltr ith nidl lii. \.qlI rkljN tlllCt hl Nl~ii, a t pit .l Indant,hCrCdmII , ilt ,ulcd illlt tt\ L.LI'Cl: ll i IIll l hlih.' C Ile.tr 
Cr 'liI Nit 111 0ccLI 

[I C ll tc'l 	 l luLlil e-\ .li2 l itll 
hM Yi V.,ILdotcI ,t - tC,. A NI U il . In l. 3i cI tkk) a I
 
itI111tCYlilt lllCh [l l l - I- IlIIC C 11N1I NIL \ I N lu. in
L 111iC (i[ 	 ,' iC[t.llc h r l llanldl 1 73 

I 5.I lIt, 	 ,,lcll s tjt 0JTld 	 l5l zs . 1t IC1';l l I ') ()haiiIlhl,,i i l-,u\SI.I 1, Indian 
..\,J A 	 . iii vc.l llMhlltl . t l ,uhlC i pm.icnl and lt l .h pl tit- ICll- li I /ol rlnin. 

SI h,,cCill .. _' i. i,,,o rc,,u i .9 lfL.uu h u1,,ducti ca.dlI i ICI ll1 sd 1111wiung lines. 
411di,Cr,,C j)dh:2rIC, IL'dt,i .,L',1ul~ , ,~H ' I n 3. Thi,, hm,c'a greater 

h I 5h t .tiClti 11,i l ,c l4ll aii I .These 
\5( IC tt1 ); K' hJcln i li n ol 

,l.C1 iid. lkiC - irtILI ) PM)VItTh.501 , t I'I d eld. 
IMO,1 l 9 t il lt lilc ,icll tilt2 lltl in ihedA t'ctLvri ars India 

\II Indio tI ttcn 	 2 , Asounthi . ii (. -,diilatcd thaihc., crl l l r ie l'., cI. d7 t 
i ,n11In . h I.tllt,. illPtI 1l11s dl(CIt IeSe 	 edia il Ili t i 	 d 

liT.eull l ,PLI\,, , Tinptt\Si ti-) eId r11 d itl mI' ll L. O.N 2 7. eila-iii l, d1il ... I.i ha 
CtTo .,. h.7 \I. 5 Ii-2. 31) lm 1980. h adatremenho sln 1.. I 1i Ill I i d .il. 
1ll1111.'1t OlI 1d~ ["lk)(L,.ti t,,Ill / 1I. a !m L'ci hit.l to1I:*Ccl lilt]lq'2,qa cIfir .lscd II'oml5.90(() i 19)75 

ldI -S+ u.t]+ r,,lU111 .1 .It InJt51.400(Ih~ 19 8h 1 0 L I (11 Ill 197.5 t,l 1"980'. Mid (1hC iCld peI 1W 
tll')lll 5()8 k , tIItL)(5k, 1 I,(1Ct l h ' 1,1 1- ll.jor n"nfan g tw.n l.te",of, India-,. tMil .he I Mallllg 

t+'lllH . I'- ). "h ,d.l , l ih u'le2at hih tlllll produICth In)l'1111 	O:Jt theli: I,, po(Ctlltlal 101r lll CZ 
t 


upltdm-ofpto
Iindltial h\ 2.LILILtl,.''t g, \ arctlhb,rcticnI , 1L i;ItOl0' Lt 101 practices, required to eXploit 
IIhC 1f111 t;;lich.d (I TheplC txe . M IL267. a potentlialj",Itc 	.. (t Il ,\ed ,Iv,CtcWS. ,11)'arict\ . has 

W.() \ 2 hiIa. 

http:lk)(L,.ti


- -  

34 Sandhu. Singh ard Singh 

Mun.bean can aSo be succssfilly crowvn in tWe sumnrnr Alpril -ithic) cason a- an additional 
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alilllot tree troni direascs and 'ct p',,ktc cI+ , tt.. bh i teUtripratle and ]to\, iurIIidit \. The 
crop0ha a remICarkablC .,aacit+\ to to0lirate hilih rctl'pCrature upSti 45 C x 0tout .1ll\ \iil.
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Research and Use of Mungbean Germplasm 
Resources in Hubei, China 
Xianghuai He, Tsoyuan He, Youneng Xiong and Chuenhai Jiao 
Hubei Academy of Agricultural Sciences, Wuhan, China 

Abstraci 

The area planted yearly to mungbean in Hubei fluctuates between 30,000 and 
68.000 ha. Hubei, an important mungbean production area of China is also rich and 
diverse in indigenous mungbean germplasm. More than 300 mungbean varieties have 
been collected from Hubei, the other provinces of China, and foreign countries. 
Comprehensive evaluation and correlation analyses were conducted or, the agronomic 
characters, quality and resistance to diseases and pests of the local mungbean varieties. 
Great variations were found in these collections for plant type, growth period, plant 
height, pod shape, seed-coat color and seed size. The variation in number of pods/plant 
ranged from 2.3 to 37.5; in seeds/pod from 6.5 to 15.8; and in 1000-seed weight from 
10 to 66.18 g. The coefficient of variation for most of the characters had a wide range. 
Correlation analysis indicated that only two methods are available to obtain high-yielding 
varieties. The first is to select short- and medium-stalked varieties with more branches, 
resulting in varieties with more pods per plant but with small seeds; and the second 
is to select the varieties with large pods and large seeds, having more seeds per pod 
but fewer branches. 

In a 1986 yield trial in Hubei, two outstanding mungbean lines, V 1381 and VC 
2778A from AVRDC yielded 1,878 and 2.234 kg/ha, respectively, or 17.8% to 32.5% 
higher titan the popular Hubei cultivar, E Lu No. 1. In large-scale production, they yielded 
3,495 and 3,000 kg/ha, respectively. These lines have large pods, early or medium 
maturity, tolerance to drought and flood, resistance to Cercospora leaf spot and wilt 
diseases, resistance to lodging, and large seed and very good commodity quality. They 
are being introduced in Hubei and another 19 mungbean-producing provinces or districts 
in China. 

To improve mungbean production and its transformation industries, we are focusing 
on the genetic evaluation of mungbean germplasm resources, on crossbreeding and 
trying to break the genetic linkage in.order to combine the copious pod producer with 
characters of both large pod and seed, and on selection of mungbean varieties with 
early and medium maturity, high-yield potential, good quality, disease resistance, and 
low input and high benefit. 

Mungbean (Vigna radiata) Production 

'Huhei Province is located in the middle reaches of the Yangtze River. from 29'05 to 
33'20"N latitude and fromn 108'30' to 116 10'F longitude. It is surrounded by mountains to 
the east. west and north. The central area is low and flat and it is an incomplete basin with 
an opening in the south. The altitude ranges fron] 17 to 3. 100 in above sea level. Hubei has 
a total area o1" 185.900 kil wkith a cultivated area ot 3.7 million ha. It has fertile soil, adequate 
sunlight, plentiful solar heat energy, abundant rainfa,ll and a lone frost-frec period. The average 
air temperature and hours of sunshinc per year arc 15' to 17'C and 1,2(X) to 2,200 1h,respectively. 



36 	 11C. 1112.N\inll Mid JiLa 

The aimall ra nal, ,ct\, ccii 80)) and I .7111ntn IrIin north to south. l-o',cr, ino, .lcal 
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+Iilhei h l ,a lhn ,t i\ l ItIii-iii ..,n clllti.t;,i i of mnore1 than 2.000)() ,cmas, It is oric of the 
iniportl Ill iiLili LhcA pi ichhtIiiii ,ca, it) Chilli. l)Iirii-i tile hIL [proo tiOiLtlti lriod. fIlrll rs 

uset aiL _ plm i iij I ItILi!(iiIthCt HARIldl C01,0llid))!Ii ],1 11[l lC
oi ii'~ci 	 IrIr) HC111 Ik LOUCi'uii N\ "tc[ii" of hmrlc\ . M5hat

tl i t. icr lop ;il[, -, lIII\ JI 1tlill'r (Id C[i ' il lLt, lI IIItti il)C\ \1'11 	 Itltl %ktl~il I ,,\ dll'c tMKt1;U'k_'. Ne "M lliriiliel' iI ILlnit) tuhi ii'n\ kitmf of naCig iic lh.' tL,11i , Illi 	 atUhaiCil. 

CC[i 'ta i l id ii I C ,,[ I _I' ,i ci .,tiI tItl JILit il Ill kiCC iii I lt hi ii, iltie : cd.uci 

IlM- tlen t n+ i iin. i~l allit dcil .iFr1r'iin iC i ti Ai11I \5 illMifl'.i) 1 ,Iiln htlllh. iicu,ic. 
,t( 	 iiiti t 11 1 ii ii, J lii ' i i, 1iic tin.1uc11d., l,d 	 !tn tidc r i i cni 11 l'1t, hlillt11c 

-C.ilLt L liL, iiiLL ih p It JliIil l'Ltl il i ii iA lptiLc l '111 L..'ell miutl'55I i ii,, l iX 11 l\ i tlticll 

nif 	 l uL Ihq ti i,. l 'UI~in , ,,tl tlliXh h ! ;itli t~itlt , Cii .IICIllIlC h ll .' iL',inC, l idh tllml 
th. 	 'iii ln'n ' . ,iit) liI_' trin ic ill ttl ut iih n\dun) il l 	 nlhi clliithLI ail) i111 ind . 

n ti ilCti il lti011'I l1 	Lulll I t1t,1 I l i tdl tih i iiult ' IF i hcthi tSI: I h ii X l. dlIu'ini 
IIhlti a il I 11 1 I lh C iilc ill tih I i'111 1k, . ) uIHIlI I'C iili l,'i 2ic nIL St irsC' utl%\ 

:) nlc(:is ciiil t e 101iti t)hpi 1 in h ll i, lI c\I ' tlh I5.1'll i ,ddliIIIII. tlr i ,_'hCt Illt 5 a \, , ill, 
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Iirtan'b l l i, t lnnI lL Iit'l)ti,,,n titliI , lli. iilh I t~u,_' IIi i'l tI ltlll i.tI itIll li.lciiiik )Iu ll iiC.itu iiiF'lilfi)I nS,IIC;ind, ii+Iltle t), (i iufl1 linl Iinll'CtIIt II iii m
I-ClIt ltl~.',I k c k c ' ,<<, tt11n l,t114 ,1111',tc%cd uildu l'r -' . . Ill p c CO IlkC . In.lct 1ill !',cit<% AIh 

Ofr IrLulC i. I he" L' l iCltl I, C,puI Ck1 . ! l l1re i itC dltIi17ti de uiCtIit i,1l tiCI)tI 1 1) lll ii cilt I t ' 

Lkt II it i il) iIll I .I a 

The PI ( ) T aI!le1 ,ll Mt, na tbcand p\Or th i on in_'I)C;l1 Poice In I,ihHb ,ll i!Cd ti)i i.lali\ Cl\'i:Id . ",Ill ill A111 ,i/C'. ...' tlll d IA1+ 1 idc w l+tlI,,llldll II hthI 1)(11 S,.c.'il l ,IIjI l+t l ll Mt~ I0%h MICl\,AihlIC 
Ill1 1,ill\ It).,Il tlI tih '_+ CAIt ll t l,l 111-, clC It! ,t l I lcl\C",t11 kit\ C. !,11thc_ l q dt.,,Iill Itll 1tCd;lII 

cuti I[ JI, . lL'Cd in;tlhitIl , llh I+ ilU I hIu 1 ,IIAl . ICO, ; I,tltl 112, 'itill) t'-"ii1Ill Itu!)CI hCd ()8 .000()hla 

190 1 %kilear, ,, . ' , - . I I liYiIIlIt, . ilt , ld t hc, M It) uckF % U II lh Tatilltd IL 1ti 
ttJ, 19(80. 11 t O ,l 8t \ , Al I l 1\ ind the6 i l \k.&s Il\,he i ,t 68 iMM _'11.,lll i 4 .15(20li3i

8,000l( t. i M L'', ''I. Iill ic.," ll! % %. lcI c	 ilfr\ I1co. l \ tiltlhO C, ili. ll tiltd pl kktLttc I +ioI 111 ,ilill HIv In. 
Colnkllin ,,,. Idjll ti IInl tit p!I)]tiill : ,il" i, 01:,l_ 11 1,. ,li I1h.TC.JSL+'k~ 11Mit <,cit 'I"C'l p[ Ic ., h riliern t.Ci,lm 

'hoptc Io t.;t,. Ilh),, 0.~lIlil~kdlt\ )',,0~dLiIllI~t I hIC,. kh~iliL'C 1,010 01011, 11, C r ilC1,1 lAill ,I l-'i"Ii l 
Illllca,c illt ;i,i .i -,m 01 1t h\ I ) -, tihC ;il'C.' i ctittl t %Ne l ~lkCIhIlt l,q o 1111, d he' 0[111)11 CI'lu 
30).000)( hIt . . IC'1j)_C tI%~C1', 11'lithk .tlld 1)()~ 	 I 

Table I 1"Ungbe,-n pr-oducIIor, ,n HUbei Pr-ovince, China. 

Year Are.a "Yeld Totatl production 

1 000 hja (kg thai ('000 t) 

1958 41 630 26
 
19,6, 68 520 37
 

1980 16 750 12 
1983 28 1.013 28 
1985 30 1,260 39 

In1order toincrca,,c \icld. inllpros\ c +Klliti ari iIn raeiC the c011onr1lic %alIc o1 inlunb*7call, 
the inaijor enmphaisk has been nll thc collectin. eOsalNt1itil. inprokellilnt. exploitationl and 
uilizatin ofl n hcIai e:ncftic rsnOUlnCS. 'hcsc clllts ha c helped to prollolte the production 
Of mn1h1 arli iii 1t1.011 ill pa.rticulLr, arid China. ill 'enciral. 
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Research on Mungbean Genetic Resources 

Collection 
The mungbea gerlllpiasm colle.'tion. evalahilr arld selection of hlc'al liiu te:.n varieties 

began illFLuhei in 194).9 A totll of 01) local Mlr.lnbeN \,llie.tiCs\\ Crc collcCled iand CvaluatCd

h\ the lid-I 950s. Throlrih evl IatiOn l OCl nrnuran \arictics. srllclh IsDuan1 Jia, I)O and

Yi Duo Yuln. 'e eleC u
aIIII'itll
tCl,.edaledsed lor n dLlctiul illtlubei. e er. soon 
Ltrlds cti\'ation1 and prd'tii nlted\,clrh1CC bc.allse nlneblan s'.is coHidered then 

a lnIs lllimIptirtallt alnd 1t \. -ltl'-'c101. Fli, rCuhltdl ita s s crCloss of the pro iiiuslv-collected 
Inltiunihegi ma/:.t1rial. BCee:nti'i1 iIllN)79 Al'ClIv 'lciTlo \k as rlihde to collect tirrIlltalllO-elal asllla.tll
 
on a prmincial scale illrde t kcp ti l.e illaictic resourtcs ill Irluhei frornr aniShin,.

.\tthat tim I95 r\aliticsl 1e' ti
ll-te Itu the1.1ir a t ddititollal Ones \%ieelildiee 	 reCCoCred 
from tileOriinal rounebeanc.'llct.on.-Il
 

Illorder to enrich tihe il1n,.ibLan ceneliC. ,hOck,. \caIdCil
thlhnbei .. of A..ericiltural SciclCes
1uL.AAS) ha,1., inItoduced I I ali.ties %\Ith Carl iittnrit\, lare pod. !alco seed, disease rCsistalce 
and hili%ield piitclltial ltor otheru pIo inces t,fChina I) \ ,(iietics.i arld foreCien countl'ies (31
 
varieties).
 

Comprehensive Evaluation 

Be,?ciii l ill 980 thre aIrOloi ic hlaraclters. qltLnlil\id resitalltce Of the ltiil 'beallvarieties
be e.\begl l too ahlIated...\ ( A if,,lw t'/uoI(,'rnlip snl ir qfhb'I rirnhce is he ingLirrilliled M tlC IllCiACadrllrl () Af.'icuiltural S :iCICC. \Irst of these \arieties \,illalso he

listed ihthe ('ufrh'/,,' oii}oj/l"'eunn (")v,(7/'ri0t,/,-.rqH '.' , rti ,,/(7m ii hich \\ill he compiled

h\ (.A.-A". ThC oerall eAU:itllu Iru',ulks
ol! I lubei iitlte:iri eclnruplasiri are ,iserr helm%. 

Morphology. Suhstaui,1 ,iriarlr 'ii inririrphod1lcs \\i, Ishcl\cd aisfhIrllS.: 
ItIBa.led OIlr ttl h it., the -erml-milas i sas ,-'lasitid Ito c..t -'S._'"r. ,eiritrailing(4.6'; lindf trailing, 1II0 t,. ,,
 

(ii f )asSto i:iturlt\ rIneCd t lil l 1 .5 d135s,. l l, SI . "* i s r oCl'ft ieditllI
OfIIt ar 'iCe i 8t 
riLattirit. Fai, ,d!attwi-rliurin, t pcs %erl 3.24'; and 14.82'; of' the ollection.tes
pectiv.,,

(iii) 	 \t-iatulrrl illthci l iii01i11" cha' aClters \ l al\, e',St.'d.. ,o i rl Pla t herelhi rlinicld 1'M m 51 
to 104 ciii. ssoh a 0fI1)5 cm,e C.I. TileIl rlI1it lt, iiodes4t' ti rIi(I stei l4so ha)ld alwide
ranl . hut ad\er",cd aNtlo I13 ItLdes. POls Cs I ldri.cl1. slicep-i roI-s1 apt d. oi fltl alidtrcC 

round. ThC 0.1i0 r of r1;pe poL, \% is
either black. k i % or o but InI:.inl\ \k

The seeds had three shapes: cOIlun. 11011 


() t h. as black. 
lole I slrt cIItrl ,11d clohuar. but Irainlv hric 

culhtrrrn. Most arictres had dull Seeds. bILta v pI'ssssed .,Closs seeds. 'eed coat colr
\was llltill\ .ereeCn . alltl.Iih a't ailieis ,hoed \Cllmi . Creer-bhle. Hlack or hriwnfA.i 

,eed coats. Pods 
 plant ranged from 2.3 to 37.5. sect's pird flrori 0.5 to 15.. 10)-seed 
\wei,,ht fltorll f to000.18 ,and , ,.:d plm tronll 1 34 to 13.24 ,,(i\.Ntltritionlal Ll:itlit\ corIsidi ibl . SeedalsO % ried prttei, Ictent raiedtri I(.99"
t 24.26 ,;ssitsa crtfficeit Of \ariatiTn I(C. . Of 5.0{5 " ,lie total seed stirch cOintelit
ranged froLt .(-1tu 45.56'; 'W27.15'' itha C. o,Of S.47', . hlie seed pl'Cir ar1d titatll starch 
Colntetit Of tist \arieties %'ere ca. 21 '; ind 41()'; . respecti\elv Tahle 2).
itn
order to determine the relatiols-iips,allnrnll ItaJol"characte1sl'S.aCorelatil allal\ sis from 

a sample if iore than 2f10 \arietic, ' as pertIiIiied 'lahle 3). lihe results indicated that high
yield is Iegative lrcorrelated with plant height hut positi el\, col'iclatCd \Vith podsplatit.
seeds:/pod. 10)1)-seed eight Marid p0d leingth. Theireticall\ . etiptasis should he placed On the 
selection ofsihort-stalked. lare-seCdCd V\arities \with a lar2Ce atlioLrt of' luin- poLs ea.rin, many 
IllUinghean seeds. 

http:ri0t,/,-.rq
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Table 2. Variability in the agronomic traits of mungbean collection in Hubei Province, China. 

Standard C.V.
 
Agronomic trat Mean Maximum Minimum Range deviation 00)
 

Days to maturity 95.0 135.0 80.0 55.0 9.97 10.47 

Plant height (cm) 97.7 164.0 51.0 113.0 19.18 19.64 
Nodes/main stern (no.) 12.6 19.7 8.8 10.9 2.88 22.93 
Branchesimain 2.1 7.5 0.1 7.4 1.58 75.24 

stem (no.) 
Pods/plant (no.) 10.6 37.5 2.3 35.2 4.4! 41.60 

Seeds/pod (no.) 11.5 15.8 6.5 6.9 1.41 12.20 

1000-grain wt (g) 41.7 66.2 10.0 56.2 10.65 25.57 

Yield/plant (g) 6.5 13.2 1.3 11.9 3.00 46.20 
Seed protein (00) 21.3 24.3 17.0 7.3 1.08 5.05 

Total starch (0o) 40.2 45.6 27.1 18.5 3.40 8.47 

Table 3. Correlation coefficients among major agronomic characters inthe Hubei mungbean 
collection. 

Agronomic Seeds 1000- Yield Pl:nt Bran- Pod Days to 
characters pod seed wt plant height ches length maturity 

Pods/plant -0.793 -0.570" 0.684" -0.428" 0.491" -0.372 0.175 
Seeds,pod -0.787" 0.524' -0.307 -0.201 0.814" 0.136
 

1000-seed wt 	 0.502" -0.106 -0.372 0531" .0.200
 

Yield 'plant 	 -0.494" 0.339 0.492 -0.175
 

Plant height 	 -0,060 -0.164 0.393
 

Branches 	 0,177 0.135
 

Pod 	length 0.203 

'p < 	 5o ,"" p < 1% 

Cultivars with good characters Many.cultivars already possessing good characters were 
identified in tilecollection, namely: 
(i)High-protein materials including Guani! Yan [)ota. Sui Nian Ben Di Dou. Chong Yang 

Qing Lu Dou. E Lu *1 and many ithers. High-starch varieties were 'WuDuo Iei. Da 

Mao Li Guang. H1an Jia 18 Seeder and others. Seeds of F Iu "I and WI Duo Mei 
were ,asily cooked and delicious. 

(ii) 	 Yingshlan Deng Qi [ao and Gu Cheng Man lsao Lu and others showed unitilrll lllatUli,v 

and could he completely harvested in one picking. 

(iii) 	Yi Charg Yel Xiao Doi, Yingshan L-u Doi and others had luxuriant foliage and can be 

used as ,reen nanure. 
(iv) 	 Varieties with droIught resistance, flood tolerance or high disease and insect resistance were 

Yingshan Che Lu Don, Han Chuan H lang Lu Dou. etc. 

(v) 	 E Lu *I.Waln QiuiLu Don and others were early maturing and high vielding. 

Mungbean germplasm storage. Three storagetmethods are heing used to properly preserve 

munghean seeds. One method uses a desiccator containing silica eel is the drving agent. This 

method is :asy and can preserve munghean ,secds for a lone time. Another method involves 

the use of big earthen vats with a sinall opening. One-third of the botton of the vat is filled 

with CaO as the drying agent. The CaO is replaced every two to three years. This method can 

preserve I large seed volume but is effective only for short-terin storage. A third method uses 

low-temperature storage. The temperature inthe storehouse for crop germplastn resources in 

Huhei can reach as low as l0C helow zero. At present itis the hest storehouse in Hubei Province. 

This storehouse is currently operating at a temperature of 0' to 5°C for meditmL-term storage. 

Seed samples are dried tinder low-tenperature condition, placed insealed aluminum boxes, or 
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packed in aluminum foil hags under vacuum condition, then kept in the storehouse. It is certain 
that Inungbean seeds call be preserved Iou more than 15 \cars tIsine this IItethod. Long-terni 
storage is undertaken at the CAAS nationmil,-operated storage facilities in Beijing. 

Exploitation and Utilization 

Local germplasm. Throueli sstetiatic eval1at6on and seleetioni. siX Sarieties lines have been 
brought into the pro\ incial-level nultihcational trial prt for one-vear testsI'lt prel tlinar, 
and ts,o-,.ear fortnatl reOnal tests at ei,,ht lo,.ations. The Csuhls indicated that tie viel o line 
8006%a signil'icantl\ higher 11 .21 than the check . hi' \rwas Vit DLuo Mei and ranked first 
almon. tileiaterials testcd Ilable -41.line Stt)) pttuced big p,.Ods. a,'e seeds and \%as only 

l erAlIlpot TSh. Odslightly infected Ih CC(ct',sj c (i' lhe a,.eraCe itbIIICr pds 11,11nt "Aas20.5. 
I I seeds pod. It,,
%kitll prd length vsa, S "7LI. HH)(0-e tan 5,'cieit ,as 48.20 and seed pri iteii 

content ,i.s23. 15'; . Lute 8)00 %\a"iatited 1, 1A" I hs, tite Crop V lar'tI\('tnltittee o folhbei 
Province. (',tlis ir t ) 15 also il outs i.ldcd the che k 8,42 ,'P) )151'. .ll (01 
produced Cls'r.-d h, poid, v.th lar e ,cd. Itspod length %\a,, Q.8 ciii. flh)tI-eriih v.ci.ht 
Y"Is 5.4 g and sol pricin contt ,.as 2- 0. . It ntattired tto ,lass earlier thait the ,lteck 

,%iictic 
the area and repl:ace the hiehl.\ • IiLJ cal s aricti,. ,hli ha.' t,, ,icld. poor disease resst.iitce 
and inferit il tji0l t\ 

The total cultsiiacd Xitca Of these Ist,' 55as S)) hi in 1986. lit 19087 v-se,".pect t ilti.rciis 

Table 4. Analyss of nmnbean y'eid in multlocatronal trials in HOube, 1984 to 1985. 

Variety Yiwl: Comparison' Rank CV. 
'Ikg hal it ) 10 

8006 1,128 a + II 29 I 37499
 
CO 15 1.097 ab 8.42 2 34 401
 
823267 1,064 bc 
 + 4.25 3 34.837
 
810066 1033 cd + 1.94 4 41 588
 
Wu Duo MCI Ick) 1,0! 3 cd 0 5 30.165 
CO 18 1.000 d -. 37 6 32.997 

Mear, of data 'rom eightwrions a meam foloed by thwsame 2t teris rot sigrifiuiatly diferent at t e I c evel 
arctor r g to DU ri rnult phV .urrO :.est 'Corlparvt A lthchect 

eat,_ the INAVRDC gernplasm. Inrcini ui Actdeilt iF1 .\ericultural Sciences introduced a lUtniber oflilltehk~eanl ,this,,, the .\\'R I)('-Thailaiid ( )utrea,'h Proerait.ar,,ro TFhese nttterials 

have beetr L', aled in the ,1,it.'it% ( iatefngat' Cit,. ltne ili the itportatiutheat production 
areas in I-thiei. b1ti ilt ,mall a d atrgC-sc:lC trial plitin-, ,it I 1),85. Varietie,, with 1c10od 
osrall characterS schI t, \'C 2,77,.\. V 1381 . VC"l5o2A. V'V !Q3A. VC 2- 19A and others 
,,erL selected tilr ise Or oru-nrter te,,titt. lhese line' .IeIdd timore than 2.2(0 ke la ilthe 

above tests. In I'6 '''2''X.-\. V 1381 aid %1'27-.A %.ei'C iNCItided illthe rceicnatl yield 
trials at cieht hOcatltns In I lubei to Iurtlier dCternitine their adilaptabiliit.\ iCIe I)IteItial. icldl 
stabilits and dist.ase-rcsistancC. li the nean titl.. six larec-scale pruIdtiO ti phlts s ere also 
established. 

Yield trials shiocd that Vt 27,8A prjioI..iCd a iican s iell ili 2.234 ke hat.32.5 ";higiher 
thian the F Lu I chIek. adl rnkd lirsq anhttoite the %,ritielCtCsted Tlahl, 5. Yield dif terences 
between VC 2778A andtther %arictieLs isted ,.crc all hiils iathP .)1,. VC 2778A 
also had stable ; eld across hr.atiitris. ,Rtiig respntse tlfrtilier aid liodging resistance.stlltl. 
Its groing period ",as long 84 dal s btt did nitad%. ersel\ ailect the ,i%%in,,i ofthe Crop skhich 
followed. Natural field intcctitii indicated that \ C 2778A was sistit to ('Cerco"pora leal spot, r 

and al unidentified r'iot tilt lisease. Its leas.Cs 5,c still fr-h'itil,1 er'en in the later stages. 
Therefore. it ,.,.as both green inniotre fhrposCs v.cinsitcred suitable 1*0ir food aitnd ith potential 
to iniprove the vieMlof stub>setlutt crops. Other itmportatnt traits . \ _-778.-\ are isfollows: 
24.6 pods, plant. 12.1 seeds pord. 17.9.0 g seed ,ieldplait. 11.3 O puOd length. 21.1 (' seed 
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Table 5. Mungbean yield and ;Ls stability. 

Mean yield Main 'Yield Compari- Mean 
effect o, ikg ha) son' square of C.V.Variety po 

(kg 1334 2) variety (_+H 00) interaction (0) 

VC 2778A 2.817 a 0.4-40 2,234 -32.54 +0.071 9.49 
VC 2719A 2.567 b 0.190 1,925 -' 20.76 +0.177 16.41 
V 1381 2.503 b 0 126 1,878 +17.78 +0.100 13.00 
E LuI41 ok) 2.125 c -0.252 1.595 *0.055 II 00 
51386 1873 d -0.504 1,406 -11.90 +0.125 2083 

ZMean of data from etyht Ioi.itaoris .1 me.in iollo'cted b) the same Inv; s not WRal'rlf.CantidMfererit at the I% level 
according to Duncan's muitpie ranre t:st 'Compar ed ,th chck 

protein Cotteit and [tItl ,tarcih ,- il 41. 12,i 1'\ ith ,11i loss\littlit I(1.();2 lo c). It ha,, a green 
seed coat ilh Ct", .goo >ced qCCIli\. In the r,',dl prtdtwiit,, plt,. V(' 2277Q,.\ "a" 
confirmiled ho ha\ a ignilicalit \ cliiad\ atie ci tt r arietiC. u, iie,. icll reached 
3.0001 kg hit. lHic prtdttlt ai ta ( 2778 \ v h,. et\-,Itidcd to 0..(() hit ili 1987. 

The awetage \told of V 1"I in the recgionl .ild trial .as I.,88 k,' ha. 17.8'K higher 
than that Of the check c.hti\ at ,( .1)11V 138 1 had ,tsdhIlC ,ied acros l.atitl. noderate 
fertilizer respoellC antid , ltl e e. liinIC tI aI, Ca',\ to htar\CIt of itse hc.C'd.C 

llChr'tllii/ d I)Od 11attb,li[ . It 1• catll1 lhtflrill ! (7 da I) anld. 111,C horel'. at oth. a',L-\ Ifo" 

the dirin l- tic. a titt inlceli lutPr t,tti t'i td tiastis. Natural field i midi,.,tCLd that V 13 
vatis tCsi,,tatt 10 ('.S nitil i nidCittliC d ltot rttdiICasC. It h1-d IrCeh. eteenI c,,iesin the tileC 

Ill'ti,sltaC , and is al'o " itiablc i ,t tilh tlid .cer mtn utitite pitpltt,+. It also hot the ptt t.iI 
t I incCe >ase c IIIII the uL cItti tc1t1. ( )th,: r itI, (d V 138 arIc ti Ikl I 23.1) too, platIl.the %I l 

11.4 Iced,, ptl. sced lI ofI I, ;' ptt. 1.! cm pod leng t-. U-Liim %\eight(A 71.4 
. ed pol tinc lient tit 21.9'; and total sItit ch cotitnt -1 44. 12', t\%ilt I5.1N', titti.e1\h ,t. 

It hts a glo' reeir ci. t t 'A+:, edi uitlin\ the large pict t 
1381 >h4,\.Cd ad\antns \ liii y icld rca,'hcd 3.495 kg ha. lhc 

d il itc art.';i tiOL plts:.. V 
tiil tt:tZ iiM. tihCt 

production area t 13'813 , ili e cnlar.ed iti 2.()0 Ila in 1)87. 
(hlincIc tr like lt pit \( 277..\ and V 1381. lie ttd p,"r, IitmI area, t' thsCe 

I',ti \.trictLi \,Ill ream h 8.l7e(achit I lhbei It) 7 Fronti Ilm ci e.i alltts ha\C oecinha il 
intrtduccd tt 1) othie pit iti,.c thrtyIttiti ('hina. li the ti ,o Ii, e \ et,.. V( 2778.\ ai V 
1381 ".ill platta unttptt':it itle in the ttuny'bhetin pItIlhcthit of Ilnuei atd titer parts., ofChina. 
These achi,+..c iti tt, indictite that the ctll: , ttii. Introducti , c aluti t. and iili/atiit of 
niungheatit genetic ,i, lr.es atile last tand eficth, ,.;xst 10 intertase Iilltighll pIttltCiitil. 

Future Research 

Clire 
general sur\'ey. Ctllection. evaluatit0i. catahiing tnd sti c h cnrich our unngbean genebank. 
We also plan to Clntilnlue the intrtilijitnt iii goid inungheatn titaterials l' in other pnintces 
of China and frot abroad. and toiCAtir\ out the ealtltiiti. screening tand indirect use of such 
inaterials. Furthertitre. s' stnCllatic esistItCC c\aluatitIi and hiticlicinicail anthlsis 11'fle 
accessions, whose positive agtoloitiic charactter. ht,\C alrelad ecen identified, willi be carried 
out. Proper tnaterials %%ill alsoi h s,,elected for gcetic research. Artn a brecdltg 

In order wi use tihe tiuuigheati genetic restourcees nit ecIti\elv . \Ac pilall to coIIduct a further 

iswandlpoint. 
criss-breeding uirnlgcal arietws attd r-nt', bitrttlhIce,.i itttrtils ,t,.. i,"ill he eipl\ because 
the local varieties are carl,, t.nd 1i.f0it1i tittrii2. hjt,, ilic potds per pl:ntt and are resistant 
toadverse en irotnitentl codi dioll s. 'Aherea, he intro du.ed Mt eile'iaIs ll\C haeigpIids. laige seeds, 
high yields. rCi-,tatiCe to die'ases, gl,SS sed coat texture and gtid,. seed qualitt. Selection 
of new varieties from these croses wAill he (or earlt or tnoliimn iatlurity. high yield, gi0d qtality. 

http:cnlar.ed
http:titti.e1
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LdiSCISC lCSiStaIlkCe. Io, -plrxduktinil ckI l 111211bmc-wflI. Ill order to Furlher promote nlumnebean 
IpR)LLiOn ill 1-Lubi ild 01lier I)MINo ( Cllilln. 

Collection and recar-cl of iiniicbcdaiiCici c'icl Inl s'ildCr t Lrtlic IL\ c IplILIILgheatll 
III-OCU~till,I ' -'A 11d ( ;-,)' ' Ill h inhlLLilt mIIIo I third lollilil ofi icc-iin aii iiiii - ul 

inl 19)88. F-1A] I. VC Idd!7..SAnI V I II I hc' \'hk IICd 10r lJar'2C A piiiihiiciiiL inl. NI Lun-1Chan 
prodthil ad cuimudKIal It\\ %,lIII K tIIndliIIticmAl\ I\ iIpr icd . With 111C\k idcsprICad uISeu 
ot go( )d %,iric iics., IlikCmICmc (i)ICL'l II Ilk:1. -IilcctI\ C d l 1 Pi0\ citlil it Ilimakct . tairiicrs \\ iI I caieriv 
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Abstract 

Indonesia's self-sufficiency for rice has led to increased attention for other food 
crops like maize, soybean, groundnut, mungbean. cassava and sweet potato. Intensi
fication, through distribution of a few new varieties, is leading to a rapid disappearance 
of traditional varieties. 

The data on mlagbean taken from the germplasm and selection program (1983-86)
of the Malang Research Institute for Food Crops illustrate that it is necessary to ensure 
that traditional varieties are adequately represented in international and national germ
plasm collections. This is true not only to avoid irreparable loss of genetic stock, but 
to strengthen, with a group of well-adapted farmers' varieties, the narrow basis of the 
present hybridization programs, 

Introduction 

Sincc lndtnCm,id Ira,licickd ,lll- irit ci \ foi rie. mot re, e;s.ch and dCvhplllent efforts 
are bcine dc\,,tcd to olici I1nih11rUtlill 1o0d cp.) inlpalticular llaizC. so\ ean. gr'oundnut, 
tI1nl1 an. dfld pt hit'.cav, I\I. \\L'ct 

Thi currI,._nt NAtioiAl I)c\ clopnicnt P"lan (Rcpelita 1984-8) has ani itiots targels foir these 
crop",. So\ c;tn h p1,11n,+ Mc a. l'Cre 01 out 2(1' llV..r, rktl airninl.l at prtd,.luctOnn n ' "C a nllln 
nraini\, thrnmuuhi I nir utct rtti t01C I 'iniret \ arietie\. 'I raCch the tareetsidclliL us, lor 

,1thc pri\*tlc il;. it 10tthOUt t l ,lc(cliilcnt ,td distrihutionnIai/e. the titamL1c lccotent1 
of illlpl'tm'cd c..'llptllte, '111d h\ hi'it.s 

The lare-sci l rokicl1t 0tida ilitiel nu1iber1 () alitics is Icadini 10 l';pid disap
\ tr,.'tc pt.. 

that the trtaditil ual ltnido c,,iarlarr ;rc represented in internauiottal and 
pearaicc oitra.itolk m -. 11Ill silic laudaublc c i ts. the authorls ;.lCstill conVilced 

\m nt \C1 talequatcl\ 
national ucrIpLisin an1d .,. ikr colicctlons. and that their merit, in the prevailing cropping
:+t,\ ha.I,.cti n. cn..t,lciLltl\l s.,tdlild.ln~ls ll 

\\,ill ilt£tratcd 
selection prot-raml ,I t1c %latat, Research Institute for Food Crops (MARlFI. East Java, 
Indnlle!Sil. 

"i he v Ilth dat, kinllt b an taken froi l the 1983-8f geriplasnil and 

MARIF 

The Malang Research InstitutLI fOr Fod Crops -- a \er,, Vou.n Institute - has been assigned 
a nationai resptnlibliit\ for nonrice fIood crops. 

To lax the hasi, for crop i proement activities gertnplastn work w.; initiated in 1983
with a strong enphasis on surxe\ inc the plInting materials which are currently used by the 
farmers. At present the collection nubers abouL accessions of iaize. soybean, groundnut.t 2 ,()L() 
nlungbcan, cassa a and ,,,,_et potato. .More than 9(11 have been characterized according to 
standardi/ed e,aluatit ptceiCdurcs and All recistration data and evahaiotih result.s, ha\ve been 
rep(,rted in gceriplasi catalogs. 
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Mungbean in Indonesia 

Since 1970 the mungbean hectarace in Indonesia has increased steadilV. It amounted to 
240.000 hIla in 1980 with a production of about 130.0(0 t. The main production centers are East 
Java (3) oil the national production). South StulaWesi (20' ). Central Java (15 7, ) and West
Nusa Tenggara ( I' ) 1(Socia io Brotoncgoro et ill. 1986: see also Sociarjo Brotonegoro et al.
in these Proceed ings). About 10 %arieticshave been olficiallv released in Indonesia since 1950. 
but their impact has been crs siall. 

Germplasm Collection 

In the period 1803-6,. MARIF hUilh up a collection of 930 gertuplasm entries, with the 
following cotmposition: 

La c al va rieties................................ ................................................ . 17 
Gelnlplak1, obtained fromn sister Indonesian institutes .............. ................. 160
 
Germ plasin obtained froin international sources ........................................ 314
Others Inmainl\ NIARIF ,clco itns, .................................................... 
2 39

While tile collection initiall. consisted rnainl\ of AVRI)C gernplasin. the share of traditional 
varieties gladualL.,, inCreaCd. In particular the island of *Niadura (1FiCure I has been intensively
sampled (9( 'arieties becau,,e it r ce, ablot 50'; o tile production in E',ast Java, which 
is 15 * Of 11be national productioln. 

The Madura itunebeaun hectairacamuillLnts to about 35.000 la annuall\. The mlunebean is
predominantly grown Hiscd \kith caly-tuaturine (7( daVs) rta:ze varieties on dr land during 
the rainy and poslrailn "sa',on. 

Figure I.
Map of East Java Province.
 

Germplasm Evaluation 

Of the total 930 entries. 907 underwent characterization and preliminary evaluation in 7
standard caluation trials. resulting in basic information on about 25 varietal characteristics 
(MARITF 1986 a.b). An indication of the intervarietal variation in the collection is presented
in Figure 2 for character data and in 'able I for numerical data. 

On the basis of qualitative traits like seed color and seed luster, it appeared immediately
that the local varieties were very heterogeneous populations. The occasional segregation in 
progeny of single-plant selections pointed to a certain amount of outcrossint. 

A comparison of the 90 local Madura varieties wvith the rest of the gerniplasm pool showed 
comparable variation patterns for most of the observed variables. except flowering date, and 
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Figure 2. 
900 Mungbean germplasm: frequencies character data 

800 (n = 907). 

700 

"600 BL~block YE=yellow GR=green BR=brown PU=purple
50 DU=dull GL=glossy MX=mixed 

Lt 400 

300 H 
200I 

BL YE MX ? GR BR YE BL MX ? DU GL MX T PU GR MX?
Pod Color Seed Color Seed Luster Hypocotyl Color 

Table I Mungbean gerrnplasm: statistics on nurerical data. 

Variable Seven trials X- _ s.c.:-. Range X 
Leaflet length .< width (sq cm) 70.2 28.66 25 - 215
 
Leaflet length width 1.21 0.066 0.9 - 1.5
 
Leaflet length petiole length 0.78 0.134 0.4 
 - 1.7 
Flowering date (DAS)' 43.6 5,91 32 - 68 
Plant height (cm) 74.3 ± 13.76 25 - 130 
Branches (no.) 4.1 0.92 0 - 9 
Inflorescences main stem (no.) 8.4 - 0.69 3 - 14 
Inflorescences branches mo.) 20.7 - 7.89 0 - 69 
Inflorescences per plant (no.) 29 2 ± 8.14 5 - 79 
Pods per plant no ) 30.9 ± 11.76 2 - I05
 
Pods per inflorescence ino 1.15 ± 0.261 
 0.1 - 4.2 
Pod weight (g) 0.61 ± 0.134 0.26 - 1.45 
Shelling percentage 59.9 ± 3.77 27 - 76 
Yield (g plant) 10.4 _ 2.92 0 - 21 
Seed weight (mg) 40.4 ± 4.06 21 - 77 
Seeds per plant (no.) 272.0 ± 84.25 0 - 915 
Seeds per pod (no.) 9.0 ± 1.33 0 -. 15 
Crop duration (weeks) 12.2 ± 1.14 8 - 15 
Yield (g plant week) 0.85 ± 0.201 0.0 - 1.7 

'DAS = days after sowing 

branching and plant height (Siemonsma 1985). The Madurd varieties are particularly late 
flowering. strongly branched and tall statured IFigure 3). 

Germplasm Utilization 

The testing of a large sample of the ge rmplasm collection in intercropping with Madura 
maize showed that gerniplasin eniries from olher than local sources were unable to compete 
with the maize. Their early flowering apparently leads to insufficient vegetative development 
(Van den Bosch 1985, Van den Bosch et al. 1985a).

The local varieties appeared to be the only suitable source for adaptation to this intercropping 
system. Their heterogeneity justi flied a line-selection program (extraction of pure lines from the 
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TRIAL I (n=78) 

30 Other germplasm(n12 =49) 
20 F Local varieties /

/ 

lo - / ,,:-.29). 

50 TRIAL 2 (n: 136 _..... .--

Li
40 L 
30 n,=~6120 n2=75 

,o I_ 
 ,
 
0 1-1- - - i. . _ LI_-f--L 


31- 35- 39- 43- 47- 51- 0 2 4 6 8 20 40 
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Flowering Date (DAS) No. Branches/Plant Plant Height (cm) 

Figure 3. Comparison of local mungbean varieties and gerrnplasm from other sources in two 
evaluation trials. 

landraces), which yielded a nunib,!r of inipros ed lines after three ,'e ars. One of these lines. MLG 
431. is presently being considered for official release. \Vhile mungbean varieties selected for 

imoncropping generally perlorm poorly in inter.ropping, this line. selected for intercropping
also performs relativel %ellin io nocropping (Van den Bo sch 1987. Van den Bosch etal. 1985b). 

Conclusions and Recommendations 

The above-mentioned example is illustrative of the great value of traditional varieties. In 
the case of mungbean, the Madlura genepool appeared to have sonic plant-type characteristics. 
hardly present in the rest of the MA RIF genepool. hut indispensable for adaptation to the prevailing 
intercropping system. 

Similar results - not reported here -- were obtained in the case of soybean. Excellent
 
performance of sev-ral local soybean varieties in on-farni situations 
- the result of' the long
 
process of adaptation to the en\ ironment in which they 
are operating - \w-as apparent.

Although NIARItF has built tip a considerable collection of East Javanese varieties in the 
past years. the number of accessions is not adequate nor representative for the annual cropped 
area at the national or provincial level (Table 2). 

Table 2. Area of major food crops under cultivation and germplasm held by MARIF. 

Crop Cropped area ('000 ha) MARIF localIndonesia 1980East Java varieties 

Rice 9,005 1,429
Maize 2,7il 1,086 155 
Cassava 1.412 438 60 
Soybean 732 
 373 178
 
Groundnut 
 506 140 107
 
Sweet Potato 276 41 I 12 
Mungbean 252 66 217
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It is difficuilt to deterineL 11o(militCIIbi\C the fllillL' tra(1difiiollal %diCtiC Shoild lie. 
It depends oni (lie nature of the crop (piopateauionlS ,t~elmi.iiistor\ of the crop iintroduiced or 
indigenouls). a1111un1t o1fbreediIWe ,%ork idisti'l)Ihutio Of Ile% %ArietIe11. decreeIV 0I 11oliOnl Of 
production reis c.C I-Io\\2ci.cs L if the collection of one WcI wr I ((U) ha cropped area 
kOiiIld he Considered su11ltICIent. flICre IS ',(111 111Cfloilliotis 1sk ;illjal.
 

I l~l~ii/dit ii fTLcali'ull S IL~'al %A1.i2612"In' hIpeiiipt
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Origin and Evolution of Seed Protein Genes in Vigna 
mungo and V. radiata 
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Abstract 

Sodium-dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) of vicilin,the major seed storage protein, frorn 86 accessions of V. mungo, four accessions ofV. radiata and three accessions of V.sublobata was examined. Vigna mungo and V.
radiata showed species-specific patterns with considerable homology. Four majorpolypeptides of 69, 59. 56 and 55 kd were observed in all the V. rnungo accessionsexcept U-196, a radiation-induced mutant from cultivar No. 55 which showed anadditional extra polypeptide of 50 kd. The protein pattern obtained from a single seedin the F2 of a cross between cultivar No. 55 and U-196 showed a codominantinheritance of the 50 kd polypeptide. The major polypeptides in V. radiata wereof 58, 54, 36 and 27 kd. Of the three accessions of V. sublobata examined, oneeach resembled a V. mungo, the radiation-induced mutant U-196, and a V. radiata
accession. The data support Smartt's contention that V. mungo and V. radiata mighthave evolved from two distinct forms of V. sublobata, namely var. silvestris and 
var. sublobata, respectively. 

Introduction 

I'igna subobtt
a 
 as tllunli to1be thestraj prorenitor t\ pc of both I'. radiata and V.
mtungo (Srnartt 9t). fiov e\c r. it %as,,tJoim.
It,ntl li. 
 frotl\tic he evidence o"rnorphologicaIdiversity of i".t/it/o di.tin 'oris\\,rc prestcll ill

1973. AlthoUh the. '..ercnot frcC\ 'r sCompatible v, 


lhl that mo t tle populatiotn (Ar ra et al. 
it each othr, one 10rt could he crossedeasily \with I. n it/ I and tile O th 1'. i,e,Arora et al. 1973). L.ater it .kill found 1laibased ol tle hiocihcllical. phi\ ,iohoic.ih and rcproducti\.. conipatihilit\ that 1'.mthlobm eexistsin MO,po 1pultion,.e. a Hltluean t pC'. hi.li prohd l\ ,.a'.e ric to I. radiat and a black,rani type. tie an,:c,,tral pro ertifor of I'. m t,) Mi'.,a/aki aind Ka'..aka'ni 1981. Miazaki ct 

al. 1984).
ihe ohicti\c f the present imCnvf t itn %%it, 'atostud the efectrophorctic pattern of sccproteins of t'. mnntto, I'. 1Wi' uW and I. ttbt)biul aces"ions in order it)corroborate the aboveoutlined h\ pothel rCardin e ori in andeil,i.S thi 
 6'. Of 1 U] olultion0 o\11 ' o alnd11'. 'dradiataha.,d (inseed protein gene,. We heicvcvehat tle genes criCdine, ,ced proteins are 12od markers fr thestudy of evolution of crlp planti becaIC of their spcie, speci aicit',aid stthility of expression.Ladizinsky and [\yinowitz '1979)ldvocated the uSe of Seed protein clectrophoresis lr resolving

specific taxotionlic and elCfut iitr, priohcni,. Recetl\ the metlhod has been used to establishthe phylogen.-tic relationships in PIh solto. h Gept, and co. orkers (1986) and in ..
lr'chi.s bY
Krishna and cov.workers ( 1986) and Krishnia and .lra (1988). 
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Materials and Methods 

Four 1'. raditoI. 86 I'. tu,Soandti hree I s 'lbalaccessii T \ rc anlyzaed (Table I). 

Table I . Accessions of I'ioa specieS anal\ /ed. 

Accessions of cultivars mutancs Source 

V. radiata
 
ML-5, PHLV-18, PIMS-I and S-8 Project Director
 

All India Coord'nated 
Pulses Improvement Project 
Kanpur. India 

V. mungo 
EC-168200 to EC-168242 Dr S Shanniugasundararn 

AVRDC. P 0 Box 42 
Shanhua. Tanan 74199 
Taiwan, China 

No 55, T-9, K-10. PU-19, PU-26. PU-30, RU-2, UG-135, Senior Research Scientist 
UG-201, UG-203. UG-218, COBG-10. PDU-I. PDU-3. ;Pulsesi 
JU- 1, JU-78-27, JU-/8-4 1, LBG- 17. Lan-9-296, AKU-I, PKV - 444104 
AKU-3, AKT-9-2, UH-80-7. UPU-80-3-13, UPU-80-5-6. Akola. India 
B-12-4-4, 253-82 and TAU-I 

Nuclear Agriculture Division 
BARC 
Bombay-400085 
India 

Induced mutants of CV No. 55 
U-196 (Large seedl. U-31, U-78. U-80, U-89. U-107, Nuclear Agrtculture Division 
U-128, U-138, U-148. U-156, U-158 and U-201 BARC 

Bombay-400085 
India 

V. sublobata 
WM-I Collection from Nagpur, India 

WM-2 Collection from Trombay, 
WM-3 Bombay. India 

Hybridization 

Crosses k'erc made betwen the %ariant t. pc, followine the standard procedures as reported 
by Boling and cow orkers (119611. The FI plants %ere raised in the field and the F, seeds were 
collected. 

Protein Extraction and Slectrophoresis 

Three seeds each of 1. .auhlohtaaccess ions and from one to three seeds each of the V. 
tiungo and V". -adiat access ions were extracted and underwent electrophores is on 12! SDS

polyacrylamide gels as described by Krishna and cow%,orkers (1986). The protein in the extract 
was estimated by the hiuret method using bovine serum albutini (fraction V) as the reference 
protein (Layne 1957). 
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Results 

The SI)S-IAGI[ patterns o the seed pt'oteCin (111'. 1a*aa. 1'. niungo and 1'. vu)lohihta are 
shOlwn ill Fi'ure I. /one,, 1. a2 3 Sto ., rC,,pCCti,e 1o)ivpeptidcS Of irrOleeLia1ir wci-ht 66-70..d 
50-00 and 20-3'S kd ,ikaI tOI . hS pri\ pct10 ic1,I IIides in 2 ,and 3 it the i:tiitr poIvlpeptides 
o, vicilill. Seed,t'lohlulin I;rtci.o i kt I mun,,. I'. Nil/o/' til arid I'. rtailuilh . The t.icilin 

,IpOl.,IpcptidcS c ifi Icri/Id in thc',c three Npcc are ,I,, niht,%s: I'. rul/i(I - 5 .54. 36 and 
27 1d . 5Q,I'.nuot' 0(111111Q0 5d. 55 and (0 ki and I'. \tiblds, • (). 50. 501 and 55. 50. 36 
Mnd 27 ,l (S.i. t d lUt r\. t IipII h ,.'iitdatat.. \Paitra. tl,, ihnrtt 

Electrophoretic Pattern of V. radiata 

The IOLir CUiti\ aiii\1id' crc idetCIcall ., ilh the tOilallir pniolypetides ot 58, 54, 36 
and 27 kL t, A.. 

Electtophoretic Pattern of V. mungo 

iori\ LCed 

L1I*ie.I B. allnd l :0i82( ( ont 


All Ot the X0 ,i,.' ,h idenntical' prteirn protiSCXCpClt tMO aIcCCSsior. U-196 
itie 2 82 13. lanc 3,. '1here arIe 10 Ip ViV\p tidcS of nltlecular 

C, lnein. 1 t1 211 L i) t2(. ,c.',, , L i. Ill. little,, I and 2 . The fouir nmajorerehts troti t).-
p ptcii , miill th,.",e aric ,,.eiI iii / c.N I arid. 2 arid hli.c oicir , i,_,ht, ofl ()Q. 50. 5( 
ind 55 L. 1lie 5- ki Ih tl Ilie iuCr, In aiLtiin to the hto l Iliajo'" poI]OpcptI illINd 1iCIt i. 
I 1r90. another 5(1 l ptilt pptilc iN . .i l i-12. 1B. Line 2 I M Ce., tire iitiCbit\ ot'55 

kL es Aeeikiii lI(' i$207I Ni ,, HNjttrn -irlilar it I'. I'f lih (ie.idrahi\ reduced .,:CC,, 
13.lanc 3 and Corimparei II. 1..\, litle I and Fiiy' Ill. ittle 3). 

58]~zone I - d h one I --- ]Zone I 
54-Wi* W _]Zone2 __=, ]Zone2 i ]Zone2 

3Zone3 1 Zone 3 Zone 3 

27-- -1 

1 2 3 4 1 2 3 1 2 3 
A B C 

Figure I. SDS-polyacrylamide gel electrophoresis of seed proteins from V. radiata 
(panel A), V. mungo (panel B) and V. sublobata (panel C) accessions. 
The different tracks under the panels are: 
A - (I) PHLV- 18; 12) ML-5: (3) S-8 and (4) PIMS-I 
B - (I) No. 55 (2) U-196 and (31 EC 168207; 
C - (Il WM- I (2) WM-3 and (31 WM-2. Numbers at the margin 
indicate the molecular weights in kilodaltons. 
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Electrophoretic Pattern of V. sublobata 

The tireC accessions ainalz\ed for protcin CLa1 he di.stiinguisIed IurpIlologicall\ on the lasis
 
of pod length, inl additiol to other ir.'ter> The accesiol \'- I has a lon. pod typical of
 
tmnbean while \VM-2 has a N101-t po0d charac'teriStic of hkaceL.-rani. \\\-3. liv.eer. has a
 

long pod. The electrophoretic pattern of the three accessions is lWtI identicAl ( -ie. I).WM-I
 
sho,+s a.patternil infilar to4IIIUIren b\ : l1kl5p I\eptidCeS o1' 58. 54. a3Id 27 kI
ha\iuM ilW 
(compare Fi. I . lane Iand FI. I. lane I . \Vl-2 h's a patiern similar to hlack erani (coplilare
lig. IC. lane 3 \ it ig. I .. in 1i. The pr,,tim pf ile detmontratcs po\peplde cotmtpontents
of6'9. 59. 56 ad 5 LI ,.hich arC t.iCal Of 1'.met:7+,. \\M-3 siht,.0, n identical pattern,almost 
with U- 19o inl ha\ in the 50 kd pill)Cpetide. ill Idditi-mi I0 otlelr lla.jOlp.1 petelides (compare 
Fi,. IC. ith H 2.lane 2 %% I H,3lale 

Inheritamce of U-196 Pattern 

The inheritance palnerti t I) 'as studiCd'I9 afte'r cssirn. it to the parent culthivar No. 
Mhich 

196 and cultivar No .55. . tcrc and analvc/d for protein pattern. 

55. Six seeds each of : pri \ . ",. \C;errbais,,dlolrl rciprC,+'ocal cross,,es het, ec U 
tiadc In tie 11Lellera.tlioll. 

50 WI .'- 19tile of is e\prcscd alone.i V,ith the other lorI 1l)0 pptilcdes of 09. 51).5 and 55 
kI (lWi. 2..\ . The ,ane v,a,oher, ed i rciprocal .es,,. as presentTle 510 LW pol\ peptlide %% 
ill90 (1 a absClt ill31 o lthe c ,t l\/cd. () the hand intcnsities 55 WI. 5(I- "cod', Ia-is of 
kd polpeptide), hoio/\ 3( Iher130 1 and lcro,./', e.tlcS (H ILlllCl'") couLld he f'tltrlh 
differentiated. lic 1:e rCat. ion0I patterncohuld he l'itted W;to ratio t I:':I (No. 5F5:1: 
pattern:1.7-I190 patteln). The s rc'l.t the prttCin pattern F:lill ()I in sottie seeds iS sht\xll ill 
Fie. 211. 

969 
Zone 2[ ___I _ -56 ... 55
 

50 

1 2 3 4 i 2 3 4 5 6 7 8 9 101 1 12 
A B 

Figure 2. SDS-polyacrylamide gel electrophoresis of seed proteins from V. mungo. The different 
tracks under the panels are: A - (I)No. 55; (2) F1 of No. 55 x U- 196; (3) U-I196 
and (4) F1 of U-196 x No. 55; B -(I to (12) single F2 seeds of a cross of No. 55 
x U- 96. Numbers at the right margin indicate the molecular weights in kilodaltons. 

Discussion 

Tie protein profile deniomnstrates differ ences betveen the three species. The basic 
difference hetween munubean and black gram protein pattern lies in fihe presence oftwo smaller 
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polypeptides iif 36 and 27 kd ill mUtybeUn P-ie IA. I'lt.- mljor ilvipeptidCS of 58 and 54 
kd have similarilie, \%ilt I'. IHIIIn,'Li piik pcptde', of 5 . and 55 WI. 

Ericson and (_'hripcelS ( 11)73 cxttd Inl i ,t or ioI\ peptides oIf 03. 5). 2 ,) and 24 kd 
for rlllighealn vicilinl. lhe 36 and 27 kd poI\l1pepticd, are tile result t poti!,t-tratislational 
endopotetl\ tic tc.SS;itI ill iier \ i.llill iihserved hppt\dI, pulSC-chaSC la,1in 
experiillentS I the dC\ liipmulIII Ihll l NI.-. I.; Ki iShiii and R. Mitria. this lahraitirv. 
unplublisled (IIS \,ttill Siittl\ theeilI nl ils,, ,shiA, anslatitnal iil lc.tiilil2111 t-tS 
of protilcol\tic cl Ai\c' 1l lirrCr \ICliINpI\pcptidlS it0 smaller 33 an1d 10 LW l\[.lltide,
 
(l cett t al. 1983. (,ttehomNsc C 1l. 19841 1h DN\ ,'A CI LC i;tta (ut lie pea \ icili! -,cflc
 
r'evealste,sites li pteil\ tie cl.a\,,iue i I .,e.tt c ). l9S31 Tlie abeClce t a itialler putipeptid
 
in I'. 1 n.+',,i Shum",,, the p it;ih d Lack AItI il 0, ,nes ite..'htli I)l',ieu li itt the pultats e i(tli: i
 

eClie a.nd il + 
ce1ssi,,,cL C i Is.Xi/\ iiilarl]\. . t'Al ()liothe,r liii le. ncodill repIeCCtil\ 

collIt /d!;,;,..,,A. ecasaIce,)I.illill t "o Cll .. l LIt) llhi\ C sIte 1'tic lk ,,. I\ii2' 
ill tlle )N \ASCtILCCcCS I l.\ Ciet atil I0S31. InI)this tI,,ect I' liildiall and I. lll'l.,o "'how .ei. llle 
diflIciVttaI.Ithlit thieiI sedO pro1teil peics, l-rit.irC tiucti sltIdies had ,estalishedstrtural 
dtffertlitioi ill l i rtie" i I ioiu ,inI . 1i0hii (s'el r iI 1i)

'he+.nrrear-ideiintt,I' riti iI I. il l<~t+t+ tesn :ht." narI~lt sn pa,ttdrli iil inrii/lIl;'ii atc.t.'sj+itls indca~ 

'filec b ratseii r , theit I ,'11/,',ui ,l tA.'CSS i atIN their apl ticllt snttlil it", \\ith 

lutt1iL i. ic n0l lliki k urinli. It.r. rllse ,III'.li reSti0C', itll the1 kll trie ntl . lt , 'ii the iItIeiSt i 
pt i thle i itI itndlll ' iliniri s. Il'iiItlee.i iti\It'lliti ( if Csik ll teit' in tInt I. 'iiCIjtIII'Ni 
The presenc.'L it a 50 k1I 1iil pulptil ill I sil, :ut.'cesio \\IM-3 indiCiates thait procesilltn, 
it thle pLiiti eIt. r peptit e i.ht has ltCid iin1 t I i /,bi i+i t.Ip 'Ahich lacked it. The"s, s 

+ItsiiCI.\ut icedsune I ol,I li) ilito a I50ki I1) cinpiasi/es
tIe ii At ,tlnidu MW A p±%pepidc IliL-
this point. The i ntical pittteils it ,I . lIdi,/ ii \\%I I Atid ini.il+,dcan slltusssa s parvttc alicestral 
t. e I . sl/ibub h ftl I r II n2i e,tIl \t hile the piattCrtn Atl I - )I is, t br id.2 Ibt\ccii tile WNI- Iand 

.WNI-2 plttcrnis. fhe pttllell Ai AtSs.t Iii \\NI 2 slI perc t h nlt h ,.itiliu, thel A-rtn, tIh ack 
pattern itidicitin the sepaatl :iit CS iI \ hil i la,.k n ii1tiC dilli is. 

Our p tetlli pi1 i It.:(itt thlree spcies [l-tecl\ nitt the ctit0ntioniiiil \tf iiraatd co\sonkrs 
19-731 that t',1 distinct thrl-Is (t) I'. mublobal alrc r,sponible lorfits ilc tiSC t) I'. reldia lr aid 

I'. mnn ,,+,, respect i\ li\ t sin IiLiL.'citt. t'n'beai -t\ ,cv. id tiriiS,. b'Ilack ura l pc \,-t\\ ild 
lirl .1n l hLati.db ,la ll Initl CI SSrlit jiLri iAt1tiliiIl teri ltnictilhe ICptiidtlti e is-ol LitO iii thell I'. 
,-wu:-i u cotnp,c~.\Nli\t/iaki and I the acstral ,peciest,lleult ,, celnutled thatl IS41. 

th I1'. o iIipii; ltt.'itI ill tilte present tnubll at.l. pte v, ld ftlt'll. Itid. tlhat 
ill the 1t1cStral .peC,. liltritiliiitn AI bla.k cramn t\ph. \'.llA h later bc ,mlics black -ratin 
h\ CLIlti\a.tt(itln hId 11.,.lled'". 

In 'll lt't'l+I H 011tl t-' C'[o I.t Il1ht1r,.:,, i,, l i,.e , cud ~rolte.lli dilla, if Illit\ 1ht_Stlted thatl I'. 

oniuii and I . N141ru110 tiliht ha esA:C ldil Irlti) I slibl ' io . iIlItls \11r. .ilivc r tild sl .
 
suiblobala. repcti lsS I I;ntltt I )sS5.i It I, rather h1rtuituIS thlt 'Aith a linlited IlUllibt 01
 
acel ,titnSll . ui/,D./ l itis this .'iltc.lsti a sur\ e 

o, acce.slolls utill lll 1 1 i e ilititl tile clio, I'.
 

o I . \%C ,.,i l. PCrha~ps 'Aith a lar.uc tlu bet" 
A shcd I'ult th i l and ill (t icili in the

wihdtlti-oiiiliti' 'thillilesd 
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Discussion
 

R.G. Thakare: It IHO%% ntIInI\\~Ild ',pCc:i;:, III mit tihcai and hiack ~aItd\Ccci Collccted
 
h% II1I1(,I? (2 it pwi' ihlc ti ~ C\\S~iL ,jCICI br ,
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varieties. (2) G(enerall. speaking. the vicd te oblained on experimental firits is front 15", 
to 25 1 higher than tihe pro\incial mean sild t3 n)a large-area produtCtiot lM. line V 1381
fron AVRI)C Lea\e a 5reId )t' 1.495 kg ha. It is tile highJest tield %\ehalveiohlaincd so lar. 

R.J. Lawn: I note thi in)recet s the. -ars.o \%l tos lUtnnIICcn iln ILibei has, decreased 
bUt viClds have, more112 i douledL. INthS 'Ils" C Lttl'eall prodLeiori ha. cotrlllaced iPto 
areas wlich are bettlr suited t0 tl.tIbid1,? 
Chuenhai Jiao: [min9I I to 18)) the plantetIl oval 1t nitunebtean deceased annUalkl Since
1980( the area has in:reased. 1he reasimis hr rIt,1.1t,crased IjeI are': It)ans high-vielding 
,ari.tit.es ha\ been des loped tld uted ill I)IduCtii ot tili2il-,,bci : (ii) cultivation practices
la, c inllplosed ainId iiii) , laitd iitItI t lititlt hlieh better Sl ited i toSc aivCa , %% Cre nunean.hCa. 

Suresh Chandra Babu: I,) 5.hat ,\trIt dtcs I luhci Po)incc re-creNl China and is there 
a ptiblislhdIIsonrce fm dtat oIIcIIIahciI aicJ. p odtictiol and nrices C hina.

Chuenhai Jiao: llulci represents trotl to I 
 tS' iletotalh inese area tinder illtullLbean.
\hile there iN IitI) \pliCit sourc OIL lIL.iiehemi+ t1C dIta aid rCutt.eIl issues aIre addressed ill a 
paper h\ Lin cl atl. il tlec>. lcrocccdiit,. 

D.P. Singh: I s ,Mld likc it icp\ t tuL-tin, toI IhlairR reardin the Cro : , lIe 
eotm patibilit, ot \v. Id relati\ c, ot I+.,,l,, Mo ,+ Aiti. I (Il I.I1-, mi \ ari. i/ , . Ihe 
\ hildflImi-r, i.ihr t,,i, MICHt I I.mi INC1 ,,i ,,,.liu s l,, s ,, lC. SIiiliIIs the \,, ilI IW)iiei.itti iI. 
'adiatol t i . /u'/mm IlILIII sIIi s ci'Oss C MM,lieIabl'CC c LI ises nilt,. TIhie k ild pr)LIellitots 
i. /O001 \;i sat.lhill tl',_l t,ttl 5at. MblI1 1i1t MVeot Ctissal'1e. We has e Used these 

%,,ildl p~iui-'eliitrs ill the ItictLItie pier1,11 Wi1liicicas %,iitm.
R.G. Thakare: \We has th silt " cpcricuncc. 

D.R. Satija: To duiti,, IIouihhtaIid lWICc \ 2o1C is Iiiisleamlint. Actuall, it is Simple
donlinalCC %khich s I ha. Coh,s ,CLd. ,Ue(stNioc s .r. bet..C tirsu hg .'odol)illala there is need 
to stud\ I'p CelCtcs. 
R.G. Thakare: It ole conider,, the ,LalitAtisc pttcuri. the prctcI )r ah,,ence o 50 kd 
IttYlpptide tf Lt1n9 dter uicncs t htile t the1-It s1the do;iI'tcC tIneenICOdin the 50 kit 
pi)dpeptid., losses ci, thCre is LLIAlitatisc dilttrenice s ith tiregard the potypcptides t 55kd and 5,) kd. ()it tl. hebasi, III lmd itu 'ite , the presenc It bothl the parental polpeptides 
can be ldeitilied ill the s ui F .l hre i, m) iccd to C\arlinlc F; prLoctlies. 

B.C. Imrie: S.ih.c the. clcitoltir)tic tIandaitttrrn ,% Hir sour mut.IIllt' L-I()O %%as tie Same as 
that il a I. ,,N/',/;oo itl otlultetcc.ss \\ Cs+'tt thie raIdiation I'teaulnrh'l has produced lito
 
Ines unique+ plli l Itenus
 
R.G. Thakare: First (1i 'll I s\smld like to, p)ittt out that the clectroplroretic pattern of U- 196

is not mtali\ identical %sit,thaI ,tI I u/01 ile poitit t Critplhasis iS that the propo)sed
1. ,Ul,,)(1,. 
processirte 2gert. IiScttItSttiiLiWlIv,,Cessil, of putative s icilit p.ilypeptidet could Ile presetnt
in I'V. uloli I. iheIuttImantIt I ,110',t, s Il+rCeNiri Of\sic ili p I)peptidC.e Induced mu11.1tation. 
ill tact, toes rot pri u alisll\eC\ J'ttii 

J.L. Tickoo: 1hu Nihntebean thtri %c ill tropical e ii t s hut maintrtance of c-ank s in tropical
parts othdevelpin OitllIl'ieS is a os-tlI\ alffir. I tedl. ruaybe, it would be luallitlul'tl to establish 
oenebatnks in cold desert regions like I.ch in iJtllllIL and Kashmir) places. (2) Secondly. wsith 
reference to R.G. Thakare's paper iias b\C could Use biocheirlical i,.thlS tor erad'ication
of'duplicates in gceneaniks. (3) ILastl . the easte1rn part of south China is a er> inportair region
for gerniplasn collection. We still (douthave coIllections from the:se parts In our rtain cnebank 
at A\"RDC. It %\ill be ,Crs usCIul to have thUese Iie,,s Or use b\ other workers. 
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The AVRDC Mungbean Improvement Program: The 
Past, Present and Future 
G.C.J. Fernandez and S. Shanmugasundaram 
Asian Vegetable Research and Development Center, P. 0. Box 205, Taipei 10099 

Abstract 

AVRDC has been actively involved in a coordinated, multidisciplinary effort to 
improve mungbean during the past 15 years. The world's largest mungbean base 
collection is maintained at AVRDC. A majority of the collection has been evaluated for 
agronomic characters, nutritional components, and resistance or tolerance to the major 
pests and diseases. A modified bulk-pedigree breeding method, witn usruptive seasonal 
selection, is commonly practiced to screen the segregating and advanced generations.
The seasonal diversity of pests, diseases, photoperiod and thermal variation at AVRDC 
allows the effective selection for resistance/tolerance to various biotic and abiotic 
stresses. Annually, the selected breeding lines undergo a series of replicated yield trials 
both at AVRDC and in many parts of the world. AVRDC's mungbean program has 
accomplished the following: increased the yield potential of mungbean to about 2.7 
t/ha from a low of 0.3 to 1 t/ha; developed resistance to Cercospora leaf spot and 
powdery mildew; bred new lines which are less photoperiod sensitive; synchronized 
maturity: improved plant-type with pods above the canopy; and improved tolerance to 
lodging and pod shattering. AVRDC lines have been officially released as new cultivars 
25 times in 15 countries and a number of AVRDC accessions and breeding lines are 
currently being used by national mungbean breeding programs. The present and future 
strategies of the AVRDC mungbean improvement program are discussed. 

Introduction 

Mungbean is an ancient and well-kno%%n crop in Asia. particularl\ in the Indian Subcontinent, 
and is now becomning popular in o,ther continents. It is an excellent source of easi!y-digestible 
protein oH lM Latlence. which complements the staple rice diet in Asia. Mungbean is consumed 
as ldah. bean sprouts. noodles. green beans, and hoiled dry beans. Since it is a short-duration 
legume (maturing in 55 to 70 da\ ). it fits ell into nalV crOppirII s.SICtms, including rice and 
si.ca l'Calle. I ider rainflcd and irrigated Conidititmns. illCteasCs si 11 i a r.Iers ilncomles and inmtproves 
soil condition,. 

The Asian Vegetahle Research and Dcvel\ pnent Center (AV RDC). the only international 
aericultural research center HIARCI Vworking intenivCly On riiung hcan. has played an important
role in rnungbean irrpro\mciCi duri1i2 the past dc:de. AVRDC scientists u:,e a coordinated, 
muhlidisciplinar. approach to solve the problems Iirniling mungbean production. Dluring the past
15 years. AVRDC has nade signi ficant progress toward achieving niaw of the goals in iungbean
improvement. "fhe objective.,, strategies. achievements and the future activities of tIe AVRDC 
mungbean improvement program art discuissed helow. 
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World Mungbean Production and Problems 

An estimated total of 2.2 million I ofi mungbean and black eram onllibilled arC produced 
annually from approxinmately 5.8 million ha. of wvhich a liargter area is devoted o niuni!hgean 
(Lawn and Ahn 1985). Annual \orh. mun .b+ean production iSestinmated it( 1.4 million I bar. ested 
fron about 3.4 million ha (Anon. 19 84a). India produces 70'; of this total sv,t1H output (Sllan
ntteasUn(daraln and PIOehlltin 1988). Thailantd. ss hich exports about 40', of it, total production. 
dominates the world 1t1mubhCat trade (See also R.B. Sinuh and Chavalut et all. inl these 
Proceedings). It has also itnorcased it', prtoductioll si +l over the past 20 \ears So that it nov. 
ranks as the second major prodlncer (<Las,\ n and Ahni 1985). The I 'nited StatCS annual nunnbean 
protduction lIr sproutsts estitnaCted to e 8.3 millot- kg (Liptoi ct :il 1). Since each kiloeram 
of sCCIs produces betsaes 0 and 7 k.e o usprou. j in the USAtotal 'dtiL'.l o1 bean SproutS 
proihably alloutlls to at least Mi iiiliom ku utmnuil\ (Liptoln t ,,1I. 1981 ). 

The loss yield potential. lack otl\ iel .tbilit\. ,uiceptibilit\ to maior diseaes and pest., 
narrmo, adaptabilit. duC to phttperiW and infiprature sensit is i\ . Susceptihihity to abiitic 
stresses: lo svichlmr'tntl s p.od iitluit\ . pod shattering and field eatherini_ are the ollotserious 
production CollstrMints o the local untigLheanl cultis.ars inl tile tropics. Ill addition. miltutiu 
llaliagelm illnt itpl.,s also r-,uli il Ios, \iclld. 

AVRDC Mungbean Improvement Program Goals 

The current gol I the junw,.ai imprio' cnient pt-ugral is to dcvelop stabl. hih-.rielding 
niungbeal lines .. ithl rC,istance to dieaN and pests. titoriltl nllnattirit\ and iniproved lualit\ 
suitable for the tropi,.s and subtropics. 

Under tile abs,.C bt ad 'oeals, the hflhm 11L, ,pecific objectle,s are deflined: 
i) to develop stable. hih-\ icldit,. I>2.1) ith. earl'\ And unifornl1r -lnmutu,'imt2. large

seeded culli\ a,: 
ii) to incolrporate Ieduced miiti\)' o ph0topfcriod and teltliperaturc ariatiot: 

iii) to de\elop ad,.anced lites that are resistant to Crcospora, eat st (L'I+S). podery 
mild. i NI). s tirest. b~eanI,. bruChid and d horer: 

iv) to develc p tolcrance to lodgting, pod shatter fild s cahderin. drought and other 
stresses: :111(1 

'. to impr \e ceed protCin ,.lualit%h ihcra'ine the icthiineCcontent thfotluhiniterspecific 
crosses. 

In acconltiplishing the abos.c olj.ctis,.s. ad\ ances h,,c heen iitdce usine vario s strategies 
and melhodoClocieN \1CIhih are desribeud bh.,.. 

Breeding Methodology 

The mung ean Is predOmlinantl\ a sClf-fCrtilizing species with about 4%; to 5,%natural 
outcrossing (Van Rheeneti 1964). As 'gerniplasin is the foundation of crop iniprtovenent. AVRDC 
has been actively involved inllmUngbeal Leiuplasm activities such as collection, conservation. 
characteriwation. utiliatiotn and distiuil n..AVRI)(" .\its identified in 1981 atid designated 
in 1983 h the Internatiold Board for Plant Genetic Resources IBP(;R) to0 ho0ld tile ,.orld 
munebea" base collection I Bf GR 19-182. 19-)4 

Identification od Superior pure line,. flrnt hocaill\s ail'able .germuplasm or frtt indliced 
variation h hy'hridization or mutation is the pritnar\ -hjccti\e ini breeding Self-pollnated crops. 
The superior lines are directl\ re.leasd as conuu,.crcial cultisars h\ the natiotnal prigills and ol" 
further used as parents in breeding progrns. Iiparental. double, and multiple crosses are 
lrequentl,, mado at AVRDC to obtaii a wide sIpectrum tfol ene reconibinations for quantitatively
inherited charcters. AVRDC's lmutmng.lhean progralnn has made i total of"4.437 crosses from 1973 
to 1986. The germplasm \hich %.ere frCquenLly used in the crosses are listed in Table I. 

http:junw,.ai
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Table I. Mungbean germplasm frequently used in hybridization at AVRDC.
 

AVRDC 
ace no. 

Name 
NaaSource 

No. of timCs 
used as 

0a 
Desirable 
haracterZ 

parent parent 

V 1301 
V 2010 
V 1104 
V 1586 
V 1969 
V 2272 
V 2273 

PI 298915 
PI 298915 
PI 164265 
I-I 15-75 (LM 56) 

PI 223711 
PI 378038 (ML-51 
PI 378039 (ML.-6) 

China 
China 
India 
India 
India 
India 
India 

0 
I 
I 
0 
2 

22 
8 

I 
I 
6 
2 
I 

15 
17 

0.23 
0.46 
1.60 
0.46 
0.69 
8.47 
5.72 

-
HY; MBCMV 
PM 

-

-

CLS; HY; PM 
CLS:PM;HY;MYMV

V 2278 PI 425254 (ML-I I) India I 0 0.23 -
V 2773 LM 689 (ML-3i India 40 34 16.93 CLS; PM
V 2777 PI 425446 IML-9) India I 0 0.23 -
V 3409 P 646 India I I 0.46 -
V 3726 Varsha (H 70-16) India I 0 0.23 HY; EM; PI
V 4718 PI 364100 India 0 0.462 CLS
V 5000 Shanhua I (from V 27731India 6 5 2.51 -
V 5200 15227 India 0 I 0.23 
V 2007 EC 1521Q (M 304) Korea, Rep. of 0 I 0.23 -
V 2984 Kyung-Ki Jaerae "5 Korea, Rep. of 0 I 0.23 HY; MBCMV; PDT 
V 1066 Ph.Coll.01 Philippines 4 4 1.83 -V 1067 Ph.Coll.02 Philippines 2 I 0.69 -
V 1377 EG-MG-12 Philippines 0 I 0.23 R
V 1378 CES-78 Philippines 0 4 0.92 -
V 1380 EG-MD-6D Philippines II 4 3.43 R; HY
V 1381 MG50-IOA (G) Philippines 4 6 2.29 HY; PI; UNI 
V 1387 CES-55 Philippines 5 0 1.14 HY; BS
V 1394 EG-MG-4 Philippines 6 12 4. II -
V 1400 EG-MG- 16 Philippines 7 I I 4.1 1 R 
V 1411 CES-59 Philippines 14 9 5.26 -
V 1418 EG-MG-13 Philippines I 0 0,23 R
V 1944 MGS0-IOA IYI Philippines 12 7 4.35 HY; PI; UNI
V 1945 BPI Glab. 3 Philippines 13 10 5.26 BS 
V 1947 CES-44 Philippines 15 10 5.72 PDT; BS
V 1948 CES-87-17 Philippines I 3 0.92 -
V 2184 PI 413539 (PHLV-18) Philippines 9 27 8.24 HY; UNI
V 3476 Pag-asa I (CES ID-21) Philippines 17 20 8.47 HY; MBCMV; 

UNI; EM; PI; 
ERNL; NSHV 6017 Pag-asa 2 Philippines I 0 0.23 -

V 1476 Ujlainc 116 Sri Lanka I 0 0 23 
V 2013 Tainan #I Taiwan. China I 0 0.23 HY 
V 2808 Local cultivar I Taiwan, China I 0 0.23 HY 
V 3686 MX3-I USA 3 8 2.51 MBCM' 

Total 212 225 1000 
'PM = resistant to powdery mildew; R = general resistance to diseases, HY = high yield; P1 photoperiod insansitive;
UNI = uniform maturity: PDT = possible drought tolerance; MBCMV = mungsean cucumber mosaic virus; CLS = 
Cercospora leaf spot; MYMV mungbean yellow mosaic virus, EM= = early maturity; ERNL = erect, nonlodging; NSH 
= nonshatterng tendency at maturity. BS big seeded 

Thousands ofi2 populations are annully screened fo(r desirable traits in the field during
three seasons. namely. spring (March-May. sunminer (July-SeptemherI and fall (September-
November). Stringent elimination of undesirable genotypes is practiced in this generation. The 

http:Ph.Coll.02
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61 AVRDC \.1u gtbean lii pr...'inernt Pg ran 

bulk population method is l'oll4 ed " i sel'ctiom fo agronomic traits up to the F5 generation.
Pure line selection is practiced thercaftuer. 

Plotoperiod and temipcraturc \,ar\ dislinctlv duri, the three season, allowing disruptive
seasonal selection to he practiced to identit hreeding line, that are adapted to di'.erse agroclinatic
conditions. The 'seasonll distrtibution o thIe rnnrrgbean pest',s anid diseases also allo,\s AVRDCscientists tw,creen effecti, cl'. for rcsitancC r tolerance to0 these pestsli and diseases through
natural and artificial diCase epiphytutes. 

Backcross hrccding ald hackcro,,,-inhred mlthlods (\\ehrhahn and .\llard 965) are alsocurrently being utili/ed t,,Introduce ,peclfie traits, such aS hig,her tietltioine le.Cloand tolCranlce
to seed ,eatlheringllitto desirable recurrent parents. The fcaSibilit\ of Irutatiot breeding isalsobeing investigated A.ith the tetraphlid accessIoi i'. t/obr'.rcn.s"V I 1,()1r P120755) andMR 51 iaruphidiph uid het.. ccin I. rn/iadi, i:ibn'I/nai1 nore .arratiir and provide\ I'. to geeerate
desirable rnant ich t then 

Urniversit o i -b.n dI,
, 

, Mu.', ia he iteris sed. licollaohration v,iththe ()le orn State
irhds ,tta,Clllhl I.cC hCt1arid, anthcr culturc are curtenl'.\ heingutilized t acc(Mrpish thle transfer 1 pcarand diseasc-rcsistance gers frorlr V I 00 into AVRI)C' 

lllUrrIbe.arC lli\ars. 
In the pedigree or bulk pirlatit breedinhw 4 iprniethlods r ikw i.., aurt1oga.rnIOLus crops, selfing.

fohllio\
ig the initial cross. leads t raipM ti\itio l of enrt\ pof. thtus precludin,l ree ee\ChIaige
ol aahle gene, restrictinu recorlhib1atiII,, ard. therteue. grcatl. lirnitirig the desirable eCie
crnihinatioris (Joshi 1971h. Folo'.', ig thediall. ,clctivc irati ,approach rJensnct 1970).interniainu ifselectedi F,prhei,e I _urrrcntl,, beilg practiced at AVRD)C to e.nable fileaCCUIriUIlttl of tfixable coarpoilnls t ge+..neric \,ariabilit\ additiC arid additie .additi CgCne
effectsr arid breakageof kittlla\ nrable repulsion phasc linka,, cffcr.
 

Selected brCCdIrrr line, arc c'.,aluat,-d in replicated pidlinttrar\ ,rId trials 
 PYI' duringtIle sprin. Uitrl"ietaidtfall ssiis ofIte \ear. Select ns tuir a r aluatd the following 
,,ear lim three Veasor, ill iitetrirlratc % iM trial, II'iY . Pr'Mi1,iZ7 entris mieii I YT are c\ alutatedtire Ib '.ing '\Car Ill ad\aIrcCd \ield tral IA i. \lr1rigbO)ral litres ,elgc,:end thetroli AY'I's
 are cded usinI L ',1cro,,s IutlibCr {e.g. \(. 1973A-\ (. .2,7..\ ard arc alt d duligndae 
three season-s inelite \iCId trials (iFYI.


The slcltted .-\VRI)C breediig and superior
lince llttnbe.n acce',ioi, ,:c ,vahluatedanruallk iithe internatiotal tniun he r nurser,, I I.NINI fIr adapahilit,, arid '.uitabilit\ ii iianvl\
countries. The first tour INN trials \.crc conducted b\ thle Lni'crsit .if.i,,orri with finauncialsupport frot t."S..\ll ) roi 19971-75 io.tti et al. 1982). AVRI)' has coordinated the IINsince 1976. The 151 oIchhIN.co iipriscs 17 breeding line, arid tihre IcceCions,. is curritI'.l'
 
being distributed '.'.'ld\' ide.
 

Improving Seed Yield and Stability 
The per hectarc as era.e \ eld of illurheai intile tropic, is deplorahl 1'\\ (only 0.4 t/ha,1.Anioln. 1984h). lndeterininitc gro wth hahit. photoperiid sensitivit\, late and nos,,nchronOus

nraturity . StoSCpihili. ) 1.d , pool ahttering, ite'(I pest and disease. are thearid hiSses 

najor ,auses lii te lho-dicM ptential of tile native itilubCari eultivars.


Soil and ensiroirrcntal frctor-, eer cosiderable inliuenc oCItIunighearn ,rowth and 
productiOnI ill tire tropics. Nlighean i,a vurni-seaoti crop rAVI)Cdiring the \taro 198h :rd shild be plantedS ,,O t full,' it,erploitc potential.
 

The allelopalic ef ..ol Clinese c
ts ai.bage residuC affect inuuebear.i gro\th wvh e plantedafter Chinese cabbage rKIo et al. P'8l I.iPt(nrgrmvth and reduced seed \ ieId 'ere also olserved 
iii those soils pre\iol., cropped w%ith so bean. tolliates arid rlLilhealls. Ho\%\ever. litubtean
ibllhMing paddy \kerlaind rice thrived arid prodtled high yiehild nVentUrra et al. 1984).

F3reediniglhr uMproved plant11,111[t \,,e C ip raized initially to iubtaiin high yield. The new%improved plamt type refers to a uore cotipact plant with a higher harve:,t index. i'euhced photo
period sersitivity, and riore detertirirate grow th habit than that of thre older and more traditional 

http:lllUrrIbe.ar
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varieties (ShanmlleSundairarr ani Pochliimn 1988). Ncv plant l. pcs art particulrl., ,titcd to 
croppin sVstesl ill Which lletACilil I ',tllli,.CL lctir Nhr1 J)crL iht,. hIct\\ ,+, il.'iir cereal crops. 

With the de\'eloplenltt iii irttietcd planlt tlpc. the \iil pOitnttaIt Oi AVIt)(' iturIea 
it, td 0 1i hCultivars \i,, cIIaC lto 110.3110 It to CA. .75 a unt ier I ich I it ItIa 1 tiorI t+lcliSit\ 

01'400.001 plants ha (.'\imn. 1i841)i. S011urccsl 101r 1.1it10r1ll tlirltI'I\ .ls \kcl it, i~c''stllcc I potd 
C 1'ShartO.,ine2 anl il.iein 11,1% iCettii ,ltiti s i I)' l Ito ,n liiC,,ht' ,1u11d ,,Llcccl, ,l p iti I) ,:1 i , 


M ;iajo clfo*rts, h icC h-cn ticl l tic ti cIIIIIC' llritl ItI ltd s tC'n\I
also H ,+c tocW h ni I ll\I I. c Iti ltIc'ill 01t.1, 

t ntitJ,..' ,, aiho I.illitnatil an:til Iti \ plaitt t',l+." ithnil 	 t hc latl c.a.t7 thIt t' 
harvcsin-,e (.\non. I S-4l. MLtiI'hI , c,.c ,sMin \s itli 1Ii0i.l lalIt, \V 277 rid itultI l iic 
lIctt1+t'., IV 5S2r i x,crc alo C' iitctl thc'ir pih. , ,litcal lirit,s A\'I)( 'S I .. \VlRDC 
1t 84 ). 

Yield Stability 

TO llm' ic mn 'it 101ti lo tleh ran ,.' Ot itdillaItlhilit\ id elkiii . L'e,.' irtlll nt;ll (G f".) 
interacti. , tile IM!N trials ar ct ,uinlucI altluisl\. AItt e il. l I -,85 u,.cl thle Fhcrhart and 

t,, lLdIta.Ihiits 1\ C,_ l;t1c1di hRus,,ll,', II ( 1906 1 H ), C\ ,. thc itntcI,,,I titt.t f 11 lue , i [le 9th 
antid 1lth IM N trial,. scparatcl\ . stliet-wt l qt, hilits ildc\cs crc ilIcli 40t, lcmt.c.ll tle 
9th .nd 1th l N and tilictr rclkti , ct I ctkcc II ci ptctuiid i.ilidand Nt u l it 	 nhip %i,, \ 
st',hbilits ilICX. M ich thdi hil- idlitII sitmes ct clt IicatC,' lire_" hclhI a cra sltihilit . 

T ile (i1! illilcizi.tiolil itildt Ai lt1h11 iil.1 the -Ili h(, 1 lih [MIN triil, t~crc , tuli,+ckl U,,lll l\ o

,, \ c ti"assultiatill atiks\ si ll i ithIt'i tls "1, I \ lllill taitti 1 ri,',,itt IcCti .lius 

lc S,I1\ir iattil 	 7attlll a i liia.all 1i.7 A 1,tte2 CI lt i l tiit , \5i llitli +5'atth1A Ihtt ,i 'CI10 ile 

ts I, '( )8t iicC, iltl C \ P 11 M ' C osst 'lt1l+c ll ill let'III, 5 I F l ll(1% iilltlC0 l[1iIhrit ii' li l t,'t ti' . tele 

a.i iocl;utitn. 	55lhih \ cit t ill i ill l t l I I hu h IN! N llti' 55 .'t t i t ,ttiedinI titjs 
ani. " , l I 	 ce _ni ', ti.rlccp'lll ii, tt, l hr\ ll "t t tI 1 dit-e! Ii1s, , iatiilll lit c r 

carls Minti sitcs. rtllc ()I, tile ,lettit clilIes ti l i ttr1i+ A I, Mi il,, ti u t s., tllIctclllr 
c\aihatirun le lc t'sr, ltatl\ c , isliIItC' itl tilt Pi l lii l I_ C'tltptI 11. tilt C11t- \ lltt 1Cir s, ctsil+ 

, tilte Ct tttctlltal cell\ . tilt iil ithe 
e rltuics ill ant ,IN a a rc lcc.,llla l c s,,il]c, i utel tttil'hcatt li tl. tlt s II HI.lt l \5Ai C0itllljtlCti 
fruit tilc i\cra c tit iat cist threc ININ :li C atialt Ill l rl caCM,III l l itll it tire 

can hc uctt as i i in cl \ o it t Itet, ,cckui ti cpt. ,i'Lllili, 

c %nllk 
SthSCctucut lairlt11 s,1,. 

.\ sc'c lic ru.Ct 'TC',,,lu l iti ll\, 1 ril\ c t Ctll il I(l- xI ;;t lit't ,thst'c ltti 1 I tit'toc 't 
i iclli1112_,. I h itf 'clntriu,, %khi, h1 iil h !C',',, ,,t.'l,lll%C ell\ 1l0Uil1lihldlI I[t !HI 4 tl1h11 i 1;ll Ile 

e'll\ hllnlllt1Clll ,, 	 t+,tlIliat C_the i~ilc.i1.% , I ic \ kl t'i I,:Iit lit\ ()I t ]ch cCIul flll llt. 'll] h IlI\ )lc. ie dl lli.Cdt 
,Ifrccliill7 iijlt ti ,ti t.UlU itCC ',t iiI' tIlil tilt 10 2th ININs \tCie cxaitlitctI liuit t11 

d \ irutrttcrtlt.all; <'~ t lt\ , i c.ttC2i ri/t'tI l i (11 ,-,ti i . . i ,tc utti t')ICturi IH ll.\ rahle 
ci', irtrtoultclt,, il\ i i itl l cti nd thl thiht lltti c utt s tli it ' cll\ I iltllctt: alil (iilt hctthr 

suitahilitv to, iS\ -\ IctiltC;, ell itl!lcli,. Th il1tt 1Ci lilt' ,cp, cs(ci the' titrcC ktiriilps archcat till 
,T!ahlc 2. lu . liiittlistcd h111 Ihcsc pitl tilt ill ii ttthl i l t11ulSti\aus suitahle 

I'r 1',il itl , :l tc'li ti t.' tc 1 'iit, 

Improved Environmental Adaptation 

Reduced Photoperiod and Temperature Sensitivity 

Phltopcrirritt ailt cl.llciattl.rt irt Illtp irtlll ell\ irilttcllial 'altct 's [lat illllceC'C tile 
t1iC I tll ti. r. ilct liillepllcilii al slteCliiuprticullt tl IlllintI~i ill ill it\ilh Sti c a d, thlrci t tihe 

adtaptahility of01'iltu.hcatn tuitiki, (()pcna et al. i'9871. ,ht .lhanis a shuurt-dtiaV ailt \arl
sasoln crop llti tuartlt)77 .. \huh tt 1A1,tl-1s1l lincs floss er in totitunchean 12 
13 h photopeiods. 1lhus crirte r,r t ai, ctlii\ats tilt phwtutpCt'iOtl is exitletI (Lawn 

http:i~ilc.i1
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Table 2. Mungbean lines suitable for diverse environments based on environmental sensitivity analysis
using segmented regression analysis. 

Group A: High yielding but suitable for favorable environments onlyz 

VC 1560D, VC 2565A, VC 2719A. VC 2755A, VC 2764A, VC 2768A, VC 2778A 

Group B: High yielding but stable tinder unfavorable environments' 

VC 1168B. VC 1209B, VC 1482C, VC 1562A, VC 1628A, VC 1973A, VC 1974A, VC 2523A, 
VC 2528A
 

Group C Better suited under low-yielding environments' 

VC 1089A, VC 1163A. VC 1168A, V 1381, V 1944 

Regression coefficientsbibl low-yielding eriv,ronment (Eli and b2 n high-yielding environment EI2 ) are greater than 
I 'bi = I in Elland b2 . I n E12 .bi - I n Elland b2 = I in E12 
and Ahn 1985, see alSo Summerfield and L. n In these Proceedings ).Generally. a hiher mean 
temperature hastens, flMl. rine. alld U los.er mean temperaturc dela,,s- it at all pholtoperiods.
Therefore. hieh-\ iclding cult i ,-swith reduccd Snsitivit\ to phitop,.riod and tenperature have
less variabilit, [or tittleto llo,.,crin in a range t environt ents. 

At AVRI)C nliunle,,.,an accSi i, and ad,M)CLd hreeding lines arc screened fir phooperiod
responses in the field and in the greenhu,,cse at a gis en temperature reginie. The dCla,, in tlowerine
between natural phitiporiod in the tall season (12 hi and the e\tended artificial phOtoperiod
(16 h)isattributed to the photiperiid sCnsitivit, t01the lines. PlhtopCriod-insensitivc accessions 
V 1400 (AVRDC 1979h. V 1944 IAVRDC 19851. V 3720 .AVRD(' 19861 and Catrl\- and 
uniform-naturin ,accessi niis V 6027. V 01137. V 61178. V 618( and V 61183 IA\VRDC 1984) 
were identified in the initial stalees and .crc. incorporated in the hlbridization program. Selected
high-yielding niullbean lines arc ,,aluated in di, crsc en irojments in .arvin photoperiod and 
temperature reginie,. AVRDC imnlecan lines VC 1973A. VC 1628A,. and VC 116813 possess
reduced phttoperiod ,ensiti it . as ssell aS high ,.ield and %\ide adaptabhilitk in diverse environ
ments IAVRDC 19881. 

Although reduncC phOiperiid-seii sit i\ C liiteS ha\se beenii devseloisped at AVRI)C. a 7- to 20-day
dit erence in lim,.crin sas obsercd in divcres cttis where temperature and photoperiod
ranged front 22 tii 30 C and I I h 45 tin to 13 h 30 tin. respectively.


The relationship betveen ,da,
s to Ilim crin (l)F. nean phtottperiod (P) and imean diurnal
 
temlperature (Irdurin tthee eeta 
 swing quadratic response

surface modcl
 

E(DF) = 36.3 - 1.51 t - 1.25 ---
p 0.37 t - 4.56 p" a-0.73 tp IR' - 0.63),where E (I)F) = the expected da,,s to flimwerin iti 22 to 30l C and II h 45 min to 13 h 30 
min temperature-phitoperiod regiiiies: t = T-Ttii: and p = P-Pin ('lm = 26:C and Pmn = 12.5 
hi are tileoverall temperature aind phtiperiod iieans. respectivclv.


The effect of mean temiperature 
 ,kas oire prmntonced than that of tie photoperiod in
influencing flowering date, 0i AVRIC lines ill these phtsthermal regines. Only the linear
effect and quadratic effects ut teilperature cuntrihuted to the variation in DF of reduced
photoperiod-sensitive lines. Tihe tiowerinu. was earliest at 34 days after planting when the tlteal
temperature and photoperiod \%ere 28.5 -C and 12 I 15 mit, respectively. Using this model.
the flowering dates of 'AVRDC ittiebean lines could be predicted within the specific range
of temperature and photoperiod. Cool tenperatures are generallv nut favorable for mungbeali
production. However. the tnungbean accessions V 1484. V 2013, V 2164. V 1950, V 1398
and V 1250 were reported to be cold toleran in the initial Screening IAVRDC 1979).


The mungbean. 
 a 60- to 70-da, crop, is iine of the promising candidates for crop diver
sification in rice-based agriculture. Therefore. maintaining the reduced photoperiod and temper
ature sensitivity in the newly-developed improved breeding lines is important. 



64 Ferriandei and SliIrnuliniasuridaraiiI 

Drought Tolerance 

Drought stress is considered as one of the nai rorlimiting lactors \%,lich CoitribuhIte to instability
and low producti\ it\ oItl 1uighean. Se\ rc dl'Oitgh rCducs vegcliativc ro%%. ll. tlo\er initiation 
and pod set (Morton el al. I982). The Closure Of ,lAOIt.t. due 1o lack tf nli,,tur,. , I'edluces 
photosynthesis, root e\teinsii ard llurrierit uptake. It also alters the Ic cl of' e .doelrnll.,plant 
hornores in stressced plants. w\,hich in) turn IrI\ lter iluptLL'tait ph\ SOhIOica; p,icLC5, (\Olln.
1984a). Therefore. screeninig eCItypeS tOr droLuht tolcrance arid inicorporatiuc the trait aito 
high-yieldini lific. vcsrc eriph'ai,'ed iritialls at AVRI)('. IL screen gcri t%pes I'0r drltL 
tolerance, Hitlunehea.nt ICCsIils .%crc "uhictCd to 75- () centillbats sil-rtLListure tension lot, 
eight dass fron,ltm5 erlIng iA\'RI, I97Q). acc 2013. V 121 arid V 3372.-hr Vsio,. 

were identified a, drLuifht tLOleraiIt and usd,0 iI tle brtCCediri pL'OraiMi.


In 1980 proruisir. AVIRUI hrCCdi 
 liles', ad ac,csiLr s,ere' astssed I61 drO'ht tolerance 
based olt several pararlicters, LIIder" Field and ,reenlnhosc ciilditt (LAVRI)('L,, Therce was 
a general agreunt heIs crn the gre',.CIIh Se sLud\ arid the field test. AVRD bredin12 linesVC 11631). \,(' 2751.A. \'(- 2754..\. and V( 27('S.\ v,cr. elect'd as drlulht tolantt based 
ilt Itlilliltttilil r cL ib l III \id , 1h11,1dri illatlC" and plalnt hiCiglt ill strelCs. relative to [lon

stressed, trecatr+ rit 

Flood Tolerance 

Mungbearr is nt suitd tl the vCt tropic , here [the annual prccipitillr Is a+bms e.000 
ru111. hcast.eI hied\\ raI ar d slt n idsd,, daniia . ile llatur' CrLp CtUsilI! s, c rC iCld loss. 
The reduced 0) coMtentI Ile ,,il atr11110sphI'I enIhances lo, dirnt dana.e (1.-\nLr. IL)84a). Based 
on the degree tl plant suns isal . gross th and sid altCr llLLLOdiIn. \llictal differences (or ttolerance 

2It floodillt hase CCen Illtled..-\c ssCit0s V 1iL61. V 2)84. V 3L) aid V 3372 sllss cd sar. illt 
levels of, tolerance tL floodingi.\VRI)( 17L .
 

A prohLrged rairix p111 d L lten resCults N Ltrse ialit- .,pr( uin
at IIaturatL I ii I due it' 
within the pLods. Such prCniaturC sprotirMi ISa erlus iprtEhleC ill the tipic, The a\ail:Ile
resistance source,, fo" field sscatherine are currentl.\ beir. cftlirmed it AVRI)DC. In a,dditint
AVRDC scientists are c\phring the inribtan Lcnrilplasril coLllecti m for additional sLarc s ftLr 
resistance to heldcatherine 

Improved Level of Pest and Disease Resistance 

Pest Resistance 

Insect pe,ts attack nubighean trLot the Seedline Sta12c tu aturits r,:ultin in sevee \ield 
loss in the tropics. The tst cotmiiill insects are agr'-rI\Zid bcarI lies, ()plrh"Vail phascoli
(Try'on), 0. (0'Liro.SC',nlii.d(L i i). , w(t , (ZL crc ,U1,'1anaQrL ' Iehti riin) pod borers and pod
feeders (Maruca tLe.ndafI.A IGccr) helioi/h Lrmi!,r lI , I:piercinig and sue:king insects (aphids
and thrips) and storage pests bru,.'hiu ( 11Ahrmh. ;lsO Sehgalltand-- ,.. iI+,n.\I.SI I.. I(>CC
Ujagir. Chhiahra ct al. in tlcsc Proccedirngs. Not all pests arCserious at all IcatitLL,: somle 
are consistently fOLuntLd ill large nutlnihers. hosskccr', ald are cLsidered miajotr pests. Although
mixed cropping and crop rotatioL reduce pest pOlatLits, 01 intle specic,. it is tLtpossible 
to obtain high yields, unless ComIbinCd %ith OtilCl pLttcili riteCasueI-, .hOt C all. 1982). A 
warm arid Iiun il cli mate "1OLLrsrapid insect iCLide de._'radat iomlrid ci ie>,lipCst ppultioLL buildup
(Talekar and Clien 1983). A realistic control incithlod is the integrated pest nitanaceHiii usilrg
insect-resistant \arieties in coinhiatiLr, t nitliitalinscCticihlal applicatiori and goLod cultural 
control methods. At AVRDC identifying rcsistant cr tLolerat source., arLI uitiliZilg them in the 
crop improvement prigrain has been etniphasied. 

The peak population of heanl\ in which there is up to 90)"; infesntation, occurs, in the late 
sumrrnier and fall seasLns in Tais. an. "l'hLUsands,iLf AVRI)C ni ungbean geruplasn accessions 
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have been screened kwi heani\ resistant, o toleraince. Mailn ,oIr.IIVCeS ilh lloderate levels of 
resitance were dentitied. irtelpor.,cd into the a t.'d breedm lines,, and are cnrrentlv heing
0,ahttd or iehl pt.ntial, The hleaill \, ,ict'eiteclianistni iti V 4281 was investigated and 
appears to be aitihio,1, I. Alln'unnnshluS(. i ,l slCCiCSVI(110., P1 207653).
I'. .cUbI''( C ,a, tound to he inlnllnc to eitlll] intestation (AVRI)C I9801 Gene tramster 
frot I'. ,,huwt, ( t ,l., to ,.iplOld tnunizheCAn is coni1pticated b' the tetraplOid IIatnrC <+,i - 44) 
01 .' 1/IN, In Idditioll 10 In r.'sp l c dLi fItrn.cs. ('ollahoratt e . Oreeonlesear.h lilt (tic)
State 1[t1i\ersit\ In the tS.\ ., tli l V,.\ ht ;ice iiiplihii hle tralslerl ot C,l re'ista lce ILttlll 1'.0 

C 'CC t/(I 1'. 4 lL titlil/iic! the v' t al\ ailsl hiotc,.hlloloe\ apploaches. 
Stink hu s. pod ,'L pl d tcdti Cau'sc direcCt toit ntne,.hean h\ tcedingL Ac, 1i, CII tlilinae' 


on11the dC 1' L'Ckdl lt'
yinll Ill l Jtkk. I I.cC 1lilCts li\, I tI lu t aI c and their dalluat 2C 
,at'is aniol' , thU, .\,:...,,u- \ 2 (IL . V .42-). V 2 It0 uld V 2135 (A\VRI)(' iL)8 I ,,.er
 
identilied as soucese (i t. 
 i.ic i po0d horel i. 1,'i at l//LI/io I. Ihe pod borer resistane 
neeh isllni is, bi.UluV cst iitc." it -\'l.)(' ;it .,i+,,'aii accessions. \ 2184 and V 1381. ,,ere 

also reported to hats,,' eicIvtuinc to cMk,pea aplnds ,.\VRl )( 1)77,
Bruchids alre ;Isuldss LiCp.,T UHiL i ai2,l heit, tl c pI liarsl il itistIAioi. Mhi.h causCS 

tOtu. l diiaii hcui.l -,  Ill the ti.'ct , lar\i ie._ di tl: p0d.itillr eC. 	 la .. 1i icalt lilsi Iced e.loping
,ceds. .- lars s htiu tteste'd Arl 

"Is,o,bick u:tin (I i ,'i,*c,, Ak+ \M 21)I1 ir I 2'14. %t .. 


\ter MC -cCtl t ie..,.. ieC Insect C'lI CCs 1l IICst otter seLls. 
i.c-.iLii. 	 d V Ildund Iob tilodcrattlv 

rcsit,ant t) hruchitd, ( B ,, c t,,,s,,cci blck ,_raiti ,tII I s,crL .\IA\RI) 1980).iiuL..bCJLI S, cc stIil 
' •Sc Itlli' IS 1ilhlU\e i \ 10 ]CLtCite'i ,taitI nIe.s 1t0i uatn. I'p pid tuns. .\ lli2lh level of 

re 	istaii5t., . a 111o t' ci it I'Unli ii i K'lh ',Ldll t i . i I id s,pecie,.. I iOCL' uib, p.. .I/iL .',r%,. 
Iu'ort, 1l1e un iLL II p, c i ", It ncltlHOt t ic acl litie,s.cl It, , Lilt.' ti powihc"d "mrle'din 

Disease Resistance 
l 1i hLi.t IL dl',I'LC ll l l~Hc rltiill atn. N 	 .i' ii',Iiii . it', tiiii t. 5 IiL1 AnHiltI i !li C', in tie+tri cie. 

Sc ural discse,, , Cpclall. (.'r s,,sprola ]catdsLI ('L.S) ( . Lit'\4 n. C( Lri(LhI1l). p sdr\iiitl's I'M I/P41 i . /h,, ' e ,, : tiiiniicbecn .5eiiLl5S liltiiuii 5 is, i N'iMV): irotl di,see eoaipie\ 

WI'ii/I\ jio pp IiiWL,,,l,, ' hIM,. I'1 iuioii spps ili 'eIC ioriii0ll nellaWloeIV Rtv',n /iu/: li 	 Wl ,
iii lr'l/i!/,44t Ii C .I I /LIf ' spp I caln calus'klILL ILC.'li IatIltL' ,e s rious eild ...u t ealll;C.I.:t."Iiutc 


IMorton 
 L ai. INX), . (C.l spt dlalCal spot Is Ilil it ,t' eC"0 rli , Iht \S.illti lhullSl s2isL n,,.n hile
 
I I thl'i sc.,I , I. dl, % .,tiei I hC rLot dli'.',C C0'lillt'\ iN la\ 't0I ll
Ct ttnllperatulrc.s
 
Mhich r ird ILtii ,cbili CL' tti. (t'rtI uln cl ps prwc"yi n ig bancliw a iic t l l l le
 
popu aiilin i ih ,Li t 	 Irc iiliiiic'aell.lL ai iL st', t''r'' tiJiiii it' to M Ihaii 20) ii!' rtt Siruses
ha\c been icp, h'dit iiilC.t iUHiiL'bCaIl. The lilt' C111'10ll , itl, Mtie'M YNIV. black leraim
 
ICIl crinkle l Monk I.\INIV I \ioni.
and iiili mIll is 1984 ai .MY.NIV is transniitted hy

whitcltics Ihcm Ni isAi(i. aiiid appellrs, IW 
e s Ccrc in th ldian Subcolinln. 

Potential siCld tosses aCisd b\ P. and (I S in iiunib'ain sZirI blitinl be hi,,her ha.in 
4N'7 and 58; , repectisvcl iSiiilunti,,undarauni and 'I SlhanII 1S7i. theeClidCtioloes of CLS
 
has beel tudied tuli th Ltdht ,s tILC1t ('T S \s ,astiiaCd t he Ill i resistant cultivars
 
IAnoin. 1984a i s iid cLltire n he prthpe , 1
ciit1l L nl itcuit u l f'Cit.C., ICl CII iil tultill 
aind thC tC'hnliRLiuc,, for ti uioltiu lll 55crkc dc chpedi ',\IL'et al. I)75). Resistant sources for 

ntititici rIlnliiCLS anti PN "ere hthmNms of4titiicbhei -crlnplasin accessiolins at AVRI)C.
atid cCcsu lllt) adsanccd breedii,, lines (l"alc 3). Sc\cral brcedine hlnes

,inCiiCd 
which are Illore r'sistant thill their reistill pareits ha\c been decloped. In 1978 the close 
asslciation olt PI rc,,istacet., 5 iti snuall seed iand ph ItOperiOi s lisiti\ its kas broken, leading 
to the develtopinillito .-\VRtI)' lbrLl'ine' ,esVC 15 IC ind VC' 1482A. Advanced breeding 
lines ssith hilh-s eld pottential, coltbitned %ith ('1.S and P,\ resistaince. have also been developed 
(Tabhle 4. 

MYNIV i5 n44 pres alet at A VRIDC'. lvser. ,es eral viruses have been isolated froni 
tlinnbea at V RaI)(and aIt PinctLnill "ai!,all. lTe cause titintlin. niosaic artd leaf crinkle 
s\yllin,s i.Anon. 19 84a). ()ne ofi these imuses in s el-transineitd and is scrologicallv related 
to cUCUllberIitinsaic \ iris W('MV). The host ewas lUnd to be largely confined to the legume 
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family. Resistant breeding lines (VC 2755A. VC 1973A) and accessions (V 2010, V 2984) have 
been identified (AVRDC 19871. Tne resistance may be duc tothypersensitivity as it seems to 
be associated with the appearance of necrotic local lesions on the inoculated leaves. 

Table 3. AVRDC mungbean accessions and breeding lines with high level of resistance to CLS 
and/or PM. 

Lines' Name Pedigree 

Cercospora leaf spot
V 2773' ML-3
 
V 47181 PLM 945
 
V 5000 Shanhua I
 
VC 
 1137A Tainan I ML-6 EG-MG-16 ML-3
 
VC 1560D BPI Glab 3 CES-44 ML-3
 
VC 2720A Shanhua I CES-59 ML-5
 
VC 3689A ML-3 Ph.Coll. I MG50-10A (Y) ML-5 PLM 945
 
VC 3543AI 
 VC 1089A VC 1177A VC 1168A VC 1089A
 
VC 3741A 
 VC 1209C x VC 2764A 

Powdery mildew 
V 2773 ML-3
 
V 4718 PLM 945
 
VC 1560A BPI Glab. 3 CES-44 ML-3
 
VC 1560C BPI Glab. 3 CES-44 ML-3
 
VC 1482A EG-MD-60 ML-3
 
VC 3528A 
 BPI Glab 3 VC 1301 ML-3 CES ID-21
 
VC 3543A VC 1089A VC 1177A VC 1168A VC 1089A
 

IThe VC lnes are products of the AVRDC mungbean improvemcnt program 'Resistan, to both diseases 

Table 4. New elite lines with high-yield potential and high levels of resistance to both CLS and PM. 

Line Yield (thal2 First harvest i f ) Days to maturity I000-seedy 
spring sumrner spring summer spring summmer weight (g) 

VC 3528A 24 1.7 43 84 66 
 59 62
 
VC 3543A 2 7 I1 41 71 69 
 60 61
 
VC 3741A 29 2.1 
 58 68 71 63 50 
VC 3689A 2.2 13 65 88 63
72 48
 
V 3476' 1.9 1.4 51 
 83 65 60 58
 

ZYield data from 1984 seasonYFall Susceptible check 

A new poty virus has recently heen isolated froim rungbean inTaiwan. The virus is 
serologically clSel related to hlackeve co\%pea llosaic virus lICMV . adzuki bean losaic 
virus (A:'NlV) and the NY-15 strain oif bean cou1r1ori mosaic virus (13CMV) (AVRDC 19861. 
The virus was found ti) A s,ienificant yield reduclio occLirred illhe aphid-transnritted. munch',ea 
when plants were infected at the early growth stice. Resistance \a\s nrot detected illelite breedine 
lines: however. immunitv \ais lound il the ftollol, ii accessions: V 182. V 1153 and V 1745 
(AVRDC 1987). On the basis of' the wide host range, seed transilissibilitv and absence t' 
resistance to this virus in tileadvanced breedin, lines, breeding for resistance to th1e albve viruses 
needs to be emphasized in the future. Resistance sourcCs to Other riunbcan diseases are presented 
in Table 5. 

Quality Improvement 
High-yielding cultivars rmay not always give the farmer the highest profit. Local preference. 

market price and rate of return to additional increments of nianagemnent input should be taken into 
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Table 5. Reported resistance sources to mungbean diseases. 

Disease Name AVRDC acc. Source 

Damping-off OB 24-1 V 4993 AVRDC 1977
 
(Rhizoctonia solani Kulh) STB-29 V 1446 
 AVRDC 1978
 
Charcoal rot Uthong I V 3404 
 AVRDC 1981
 
(Macrophornina phoseohneI Pag-asa I V 3476 AVRDC 1981
 
(Tasso) Goid 6601 V 3484 AVRDC 1981
 
Bacterial leaf spot CQ 30067 
 V 2165 AVRDC 1974
 
(Xanthornonas ctimpestris pv
 
phaseoi (Smith) Dye)
 
Root-knot nematode CES-07 V AVRDC1412 1979 
(Aleloidogyne incognit LM 170 V 1709 AVRDC 1979
 
(Kofoid & White) Chiiwood) P1 298915 V 2010 AVRDC 
 1979 

ML-3 V 2773 AVRDC 1979 
PI 180313 V 1133 AVRDC 1981 
PHLV- 13 V 2179 AVRDC 1981 
LM 517 V 2744 AVRDC 1981
 

Mungbean yellow mosaic virus 
 ML-3 V 2773 AVRDC 1978' 
ML-5 V 2272 AVRDC 1978 
6601 V 3484 AVRDC 1978 
PAK 22 V 3485 AVRDC 1978 
71-17 V 3486 AVRDC 1978 
No. 122 V 3417 AVRDC 1981' 
PLM 618 V 1483 AVRDC 1981' 
ML-I V 2772 AVRDC 1986" 
Type-I V 4800 AVRDC 1986 

Reported inSri Lanka 'Reported in Banroldesh Reported in Ind+a "Reported in Pakistan 

cIcoL'unt. LtOcaitioll-pcciiiC lcICtOrs "u:lih as Nccd 1i1C. NCCLIc mt c0ol1 ald l:Icr iiil]tcnlcc CO sllllr
 
preferences . places, !rcCn ,I'i\ L1r212 'CCI.'N arc
In llnaii. . ,,ald prclcrrCd 10 other t-i cs. The 
tL Ili(i\ Ch.aractcr itics ani cm pl.Cii n ctd:sI)tIic'i lC,. I01 i I11hti .l+. have [ccn m ,icrcd in 
the .\Vl'l " HIJ( iljrm n pr! ,ran and ii ,,Is clit lines. \ ilta wdl ran,. md seedMii1hCan ,i ItCi 

Cltarac(crisiit', has\CCMSCoCcucnl\ eCItI dcs lopC. 

"II' 1n.ii hL-JI) .Nt lllit ,ail , -tliI ttlhlC lrmOtICIi. h ti it latCks il Cscl tial slll u .: itiniti.! 
tillilI) I. HiInCthi rllini . Itliiili ! it', protein t lit,tld C\,ICitci IlcCh, qt I Tsou ct al. 1979). 
lhe ,.leh tical sctm.' ,, tnltm +cx Is ;tlont ._'3 i2, tllt0Ie21_c IlICiti, or 4()'1 ,'ihtllC FA) [mO\isiOnltl 
pattern and is his, crCI- than tin,l iM i lM.C20tttl,, (T,,tj ct :]. 1979) . It appears that the ntutritional 
qtIu it\ ItliiltIll',Ncail C n 'C :lIproCd h\ iitc Nillhaits aailh hle ill thihllitl.. Ct .lliciliWit lit 
a l'ctin,2 ils, di2Cc Iihl111 

The ,ti lts 1 ttli h t Cclimititnill n 11ttn1t.12an.1 iimllr liI tdles t10tlc'.Illl1C IC wn c Ictlias 
inicrohioho ical asas,, shii, Cd that there 5.as aI lnarrtm,, kariabhlit, fr a\,ilahle itllehitlitc' Cotntetnt 
([lSon CI al. , 1-0\ Cl\s , thr.i reIccI ., I'. ittt,),+ iIC StOr I'. m o1no,(197) c l(c,c, I, i c, ZtniiIits Wild 
,Iuhsp. .i/,.hiA ctatin sC[-%r, hich l\s t01aailale iicthioninc (,-\VRI)C 19871. Furthcr studies 
indicUted that InCthiitinC Content is cttscrnd hv pol,gtncs -\VRD(C 19871. Crosses between 
tt1ltl.ebea.tl atd 1'. 1MM,,) Ntthp. .silsp.m'.s tCc'sslmils IT 22)8. "C 22109, IC 2210. C 2211)

hasve hCn made anld the(shhlrctcnt den isetN\ shMtCd hi2hCr ICvelS of ftrcmcihionine and 
"-k-lutaiv-tiunmhine tiCan nt11 -A\\RII 1987 Cnrrcnt.IInhcan I)C . hackcross-ilnhred populatiOns.
are hcingi dcriv hve,cn thliCItill1bcIlan -.. i m,,is pmrccii v \%hi~h ,Will he a In.luatcd for dcsirable 
aW.ron0oiaic characteis anid Ic,.l of IIlethionijic Content. 

Achievements and Future Prospects 
The A\'RDCI nnghcant intliproMC.inIt program has made a signilicant contribution to 

worldw ide ittigh. healtl ill the patstdecadC. vi:chl ottial mfnu has beenpIndunetiot Ihe n 

http:tt1ltl.ebea.tl
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improved to ahout 2.7 t ha. and it the c,,l-ilnental field from 0.3 to I t 'ha. P1lar arfChitcturC 
has ben .han eed. reistil.c CI.S and I'M haS beIn,¢uto inlcorrateCld ito ad iNICed IihueS, pod
Imatrity has reached 80'( t tirst liars, ,t. and plants are n(m les sensili\ Cto photloperiod th1an1 
beforC. "hotusuIIS of 'seed SanIples from .\VRI' hase bheen di,tributed , ord',\ MiLe. S\of ()ctob..r
198S'7. 27 uhLIaI ha. hbeen\ offi,.cials ruler, d in) I5 contntr. , dir,CtIs or iidir,.ctl, IrVI the 
AVR)C inipo enflett pr'oeraint fitlalel 0.
 

In aiditi 
 , II h-, ielM pIt) ItIuII . h,t1t MItd ,ltthC , rl ,, t sr'staSt..c OF Ioler l,:e to 
Certain iajsr [+si ,. stl ca s 111t C1\ cilltd ,trc,,sC, 
tle reduced hpIII NI'tt t\ illd 11111110\11' li1t sci YIi'C ItIsI\its I ii \. 

am iri S, i1! ie lrthIMt C\phoI \..IaiItaIiI 2 
IiCiil Itl\i I WIh1CI t SCe ten 

Table 6. AVRDC mungbean officially released by cooperating nation, Nov. 1987. 

Local Name AVRDC ID Yeair Cointr y Remarks: 
VC I 560D' 1982 Austraha
 

King 
 V 138" 1982 ALIstrui HY. EM, PW. LD
 
XLi Yin No I VC 1973A 1985 China HY, WA
 
ASVEG 78 VC I 089A Iq7 8 Costa Rica HY
 
INIAP 451 VC 1163 
 1985 Ecuador PW. HY, TV, M MH 
Station 46 VC 1000-45-B 1982 Fiji HY
 
Station 25 VC 1007-14-1 -5-B 1984 Fi'"
 
Station 27 VC 1160-1-1-2-B 198-1 Fil'i
 
M 986 
 1981 Ind-a 
Pusa 101 V 3484' or VC 2125" - India' iCLS). MYMV. HY, WA, LS 
Pusa 105 VC 1137-2-B - India" ICLSI. MYMB. HY, WA. LS 
Manyar VC 1089A 1983 Indonesia HY. CLS. R
 
Nun V 2773 1983 Indonesia HY. iCLSI, R
 
Walet VC II 63A 1986 Indonesia HY, NS, CLS. RPM. TDO,
 

UM
Gelauk VC 1I160-22-2B- I-B 1986 Indonesia HY, NS. CLS. RPM. UM
 
Bangasa V 3476 
 1980 Korea, Rep of HY, UM. LD 
Seon Hwan Ogdu VC I973A 1982 Korea, Rep of HY. MMV, RPM, iCLSi.UM 

1983 Malaysia" " 
BPI Mg2 VC 1163 1984 Philippines HY. CLS. RPM. R
 
BPI Mg4 VC 27648 1986 Philippines HY. UM, LD, EM. ICLS).
 

(RPMType-77 VC 113 1-B-I 2-2-B 1982 Sn Lanka HY, MYMV, CR
 
Filsan VC 1168B 
 1987 Soiiaiia NS. EM
 
Tainan SelI-3 VC 1628A 1981 Taiwal HY, UM, LD
 
Imara V 1380 
 1983 lanzania
 
KPS No. I VC 1973A 1985 Thailand
 
KPS No.2 VC 2778A 1985 Thailand
 
Chai Nat 60 VC 1178 1987 Thailand EY. EM, RCS, UM
 
DX 102a VC 2768A 1986 Vietnam HY. SLS-R, RLD
 
DX 113 VC 2763A 1986 'Ii-iian, HY. TASS. RLD
 
DX 91 VC 1560D 1986 Vieti m''
 

'Adapted line bred from AVRDC p53ii:qt:[2CLS Resistant :c Cercospora ,ii spot 
stocks "R2ported 'elc., out no add,tonal Inforinatioi availableparnishesus CR Resistant to cliarcotl rot 

ind'catle iridorlt u i:,U1of r'C'stsince DR D rouight resistant 
HY High yiel EM 1Eriy sn.rfStIii] 
QCS Suita:le for r~ce-b.st..d croppin, systei FR Fiood resistant 
M MH = Maiuai Im1eChasical iiarestiie MMV= Resis'aint to mungbean mottle virus 
MYMV = Re-,strst to niunbean fellov mosac ',-us NS - Noshatterisg
PW Resistant to pod v.eatherin' R Rust resstant 
RLD Resistant to local dsease RPM RTM-- Resistant or to!uran, to powdery mildew 
SLS-R= Sandy loani soil after nce TASS = Tolerant to acidic and saline soils 
TDO = Tolerance to daniping-off WA Wide adiptability
TV = Toleran, to viruses UM :. Uii forll' naturing 

http:r~ce-b.st
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elite breeding lines "' I be vtntigiimmd; emiiiiailCd. Thy lrCiyltilin elite breedinl ilihes 
wvill l)C furthier C\jlttyd Inl IO~aitIii' "~here WlIgMh Tk IS ingily~11 hivtr. 'M'e 1100d 
tolerance ieclini'.ii needs~ I() h': ehiiidmied. Size1iiean llii \ ill dis~i eas an hreedilue 
at AVRIC relt Ed in iMe Wl\eltIvinent t IInh- lehunI 1q'. I 'S- and PN ~Ii-IreisldiilitlIi\r niIhe 
P~alt. Llmi 0 iv iipiiii(C eall rIld iiiirbiinIl iihliLrit\ Ill tlhe ahii\ e-iiie:ilIned line,, Heed I0~ 
be v'uui)haSited. [The Slhili mit ill Ni iimioredrlhaeijtmiincc %% Ili lie I NIN. 1[he inii iimicc 
and hbreedine_ for reCImnev111 (N,intoe nd 'JI poi tm 'Inl ill he eilipflai/id. Sounre:-' ol 
ii Si~taniv'v to lividI\%%calhIviiiiC .iiv \( vit 1Vi 0111'u11iiWd (rIt 1)[11l S'aloill iillIUCeN (,! 

ltvhrvhi,; Iui l uuivjtii'd i li(CiN viii 10i ki'' Llilhk l ivdIt'i,110111 lImIIeICII' u!ivaI~j'iii ei
 
urjll hffi\ffiuuiandh m 
 Iii '1iiibii Ciiiiii dui adi lvv'l vilIIl\ .ir~i~i1I I naiii L ICutrii~iii'0I~II ' \Ill 

' l \I *'vi.Itvm I1ii*Ili11vi Nokcdih iV n p1v :1 il [Iv lw lv'\ vi" ie"I'i~iiimie [[[m illnl iiiviiIpiii li .i 

li\hrdiatin.Moe tscotmtLipterature,,anCilt~ l f leid 
W\ill be cyl. o\,I . iviI . hc Iv'hiliaii I li'I ivy iN i Jihi.rJM,' I mnm lvai\ naii[v'tinal l i \ki lln 

('.8.. T~ ('hen 11111lin" I~i3hCt1l.111*11 Ill duho\ %tiillii~zvy Il l ivI ninhII 111 t 01 dnkithii1) 

IlI hI(IIoC IC,Lreieik %%~il im hiia 1CS pIIIIOLIltlc 

an " 7il)C *\kilhC~ l'IvIv'.'~k !0! ri I ')7 Of~i\v'ivi\ihlv R vivh Civ I )e ip nivud.It' 

C.. h aii H.K.Alinv' .1.11D. liitai 444,5 p!1111tlC IteiIIII('h ld C (9 3 

\I ) i. in C 'hI haiiiiii. 4 litlip. -o~II(C m c ha hl,' lil.S )

,\non. 198. Rvpuit11)5 -\'.iln 'secvablv' Revarli and Dcv' lipiiv'ttt
\Rh)( oPrLiIIrelnan 


Cvitvr. S\'hilta. Faluha. 40i5 l 47pp
 

AVRDC. 1PC" A.\ R[) Pr c)A.\iin \''Ctahv'erv% Reprt !Qi Re~carhl anld Ievlpi 
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Utilization of Mungbean Germplasm in Thailand 
Peerasak Srinives' and Charles Y. Yang"
'Department of Agronomy, Faculty of Agriculture, Kasetsart University,
Kamphaengsaen, Nakhon Fathom 73140, Thailand 2Thailand Regional Outreach 
Program/AVRDC, P.O. Box 9-1010, Bangkok 10903, Thailand 

Abstract 

U-thong 1, the first mungbean released by the Thai Department of Agriculture (DA)
In 1976, was probably introduc.4 into Thai;and from the International Mungbean Nursery
(IMN) of the University of Missouri Columbia, although its progenitor may be the CES
line of the Philippines. U-thong 2, the first recommended Thai black gram cultivar, was 
,,n AVRDC introduction throug[ the Thai DA into Thailand, but the origin of its progenitor, 
%ccession68/71, is unknown. 

Mungbean hybridizatio >iograms in Thailand began in 1978. Both the DA and
Kasetsart University have idc;.,ified several superior genotypes from AVRDC's improved
murgbean lines, segregating materid s, and elite lines of the IMNs coordinated by
AVRDC. Consequent to numerous testings in cooperation with the DA, the Thai 
Department of Agricultural Extension (DAE), technological and vocational colleges, and
the Northeast Agricultural Regional Center of Thailand, Kasetsart University released 
tc the Thil farmers in 1986 two m'ngbean varieties: Kamphaengsaen 1 (VC 1973A)
and Kamphaengsaen 2 (VC 2778A).

The versatility of AVRDC germplasm and newly developed breeding lines, and the
facility with which Thailand utilizes AVRDC germplasm through its membership
privileges, have generated numerous germplasm requests from AVRDC. The
establishment of the AVRDC/Thailand Outreach Program (TOP), helped to facilitate Thai
material requests even further. Thus over 90% of the elite materials currently used
in Thai mungbean breeding programs are either directly developed from AVRDC material 
or developed elsewhere but obtained through AVRDC. In order for Thailand to remain
ihe world's largest exporting country of mungbean and its products, AVRDC's precious
germplasm and superior breeding materials will continue to provide the important
genetic background necessary to accelerate the mungbean breeding and production 
programs of Thailand. 

Mungbean Production in Thailand 

Mun-bean was first introduced into Thailand hetween he third and the first century B.C..
perhaps parallel to the introduction of Buddhism and/or IIknuiSm into Suwanaphum. an area 
which is still largely a part "Th ailand. However. !he latest archaeological excavation at Thalim 
Pie. or Ghost Cave, in Mae Hong Son Province and vicinity revealed that there were mungbean
like leunies grown in that area from 8.000 to 10.000 years aco (Lekwanich 1984).

Mungbean and Sesame seeds have been used as synbols of prosperity in ceremonies such 
as entrance to the nonkh od. weddings and various celebrations in Thailand. Unlike rice. large
scale mungbean production has never been mentioned in any Thai historv book. Srinives and
Rojanaridpiched (1986) :ompiled records of mungbean production and breeding in Thailand 
and found that methods of mungbean growing in Thailand were first tnertioned in 1937. The
seeding rate of mungbean recommended at that time was 14-19 kg/ha compared to the rate of 
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35-45 kg/ha, currently adapted for broadcasting. The *Sri Samrong' cultivar used during that 
time, suggests a small-seeded type. probably less than half the size of the current cultivars which 
vary between 65 and 70 g/l 1.000 seeds. The cutivar was so sensiti%.e to photoperiods then that 
its planting dates were fixed from September 15 to 30 each year, and an early rainy season 
planting often delayed its flowering for several months. 

Four mungbean cultivars in Thailand were obscr. Cd and reported h\ Baimrungpol (1957) 
during the 1950s. Of these cultivars. the first three types belonged to I'ii'u radiati, while the 
fourth type was ;: member of 1. mingo. These culivars were all deScribed as 1*l1\ks: 

1*a snall-seeded type (the most popular type of Inungbean gross. durim-c that time): 
2. a golden gram (used f'or making dessert and +'ontanding the highest price in the past 

but close to extinction nm% because of lack Of market): 
3. a nungbean with shiny seed coat (actuall. there, .'re two culti ars, trne with black pods 

and the other with white pods. Both havC become Thai native cultikars and are grom! 
widely even today): and. 

4. a black gram (was mentioned as a high potential crop).
 
Ten years later. Thailand emerged as tile world's largest CtnMAbean-expotiu
country and 

remains so today . The area planted to this crop in Thailand has increased over 1)(.0()0 ha during 
the past decade, while the yield per hi has been stCady but loM (Table I . Each year about 75 , 
of the area cultivated is planted 10 t InIunhean variet\ \ ith shin\ sCCd coat. 20,; is planted 
to black grant. while the rest is planted to Other t. pes of iugbeans. ()ver 70,(; of the black 
grain is exported to Japan while slightly less than 5(; Of tile niunebean is exported to India. 
China (including Taiwan). the Republic of Korea,. the t SA ,and scvera; European ('oulmunitv 
countries. Tile export of processed 11tungbCan pridutcts, ill the fo)rm o dry tungl,3hCan noodles 
processed fron mungbean starch, is on the increase as well. 

Table I. Production and yield of mungbean in Thailand, 1977,78-1985 86. 

Planted Harvested Production Average yield
Crop year ('000 ha) ('000 ha) ('000 t) (t ha) 

1977/78 435 377.9 207 0.55
 
1978f79 422 374.4 259 0.69
 
1979180 424 354.6 251 0.71
 
1980/81 447 395.0 261 0.6u
 
1981/82 486 457.8 284 0.62
 
1982/83 485 444.0 281 0.63
 
1983/84 483 448.5 288 0.64
 
1984/85 525 482.7 352 0.73
 
1985/86 548 529.1 323 0.61
 

Source: Adapted from Center for Agricultural Statistics (Anon 1986) ZBegins in April each year. 

It was not until 1976 that tile Thai Department of Agriculture I)A' recommended nungbean 
cultivar U-thong I and made it available to Thai firiners. Thus. the mungbean seeds produced 
in Thailand from the 1976 '77 until the 1985/86 cnp years were primarily grown from the seeds 
of the two local cultivars. 'Maledman Phak Dam and 'Maledman Phak Khao'. in addition to 
the recommended U-thonc I variety. Besides the few local black gram cultivars which were 
introduced from Burn and India over two decades aco. tile DA released a black grain named 
U-thong 2 to Thai farmers in 1978. All the above cultivars have contributed sige nificantly to 
the expansion of' tiungbean and black gram production in Thailand. 

The annual mungbean production goals are set accordinc to tie Sixth National Economic 
and Social Development Plan of Thailand which covers the period bet. cen I987 and 1991 (Table 
2). Following this plan. mungbean production expansion it,Thailand w Ild be possible through 
area increase as well as through yield per unit area enhancement. Experiences in the past suggest 
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that increasing the yield per unit area alone would also stimiulate an increase in the area planted 
to that crop, as farners are receptive to a higher income crop based on a per hectare basis. 
A very high-yielding iInughean cutivar \wld atr.tct farmers to grow the crop and thus make 
it competitive with the other crops grown in the area. 

Table 2. Production goals of rnungbean and black gram. 

Year Muingbean Black grarn Total 
ft x 1,000) (tx 1,000) (t x 1,000) 

1987 241 74 315 
1988 252 77 329 
1989 262 80 342 
1990 262 80 342 
1991 273 83 356 

Scurce: Sixth National Economic and Social Development Plan of Thailand 

Mungbean Germplasm Introduced from Programs
 
Other Than AVRDC
 

Since LnunghCan i rionati1 ,:to i'hailand. cernplasin intr{oducCd frmln thrmUghout the world 
provides the prirnars source O1fgectic sariahilit\ fOr %arietal improrvemlent in the mungbean 
breeding prrerani, ill hlla~illd 

At lea: ise 1rrLibcall adritles \'ere \\idel crown b\ rriers in the 1950s. but no official 
record is ;aai lahle to Ocu.nku1,'t e\ilCl[\ hen and where rthc\%o wcre ilntroduccd to Thailand. Four 
Of then wer tCteId o0r-\ild perfmrnrArCC at Sri Saltnl'og ,.'\ricultura!E.perinnt .Sti}ou (now
Sri SalioneL Field (rops tFxperiltlnt Station) in 1900 (Anolln. 1962). The fifth sar;t was a 
back garto w\hich did ni0t tillract nIIll attlntion until 1903 when it was rcp,,:rotdlv gros',n at 
the Banukhen Airicuhtral Expcriricrt Station (Atnt. 1965). 

The oldct availaic rccord Of I1utllnebeallintroduced into Thailand for CxperinlCntal pu"rposes 
wkas in 1968. ltit the tiline,, carrIe fr+r Au,tralia. India and the Philippines. The first fornlal 
test, of these line,, %kcrcill seasi 1969 b\ the Central Arricuitural Center at Chaith1e drs of 
Nat (Anon. 1985j and h%tWe Field ('ropsl)ivision oflthc Department I'Agr; dture (Anon. 
t971 l)at latrim tle ,lh o:introduc'tion tests re\ caled that the Philippinc-type I.. ngbean could 
adapt \.Lc!l it)Thailand colndition- and thus ranked ariong the hettcr-vielding entries. Most of 
the Philippine LUnt1be.eoal lines arc coded illtheir setrial riatres Such as BPI. CES. CPI and MG. 
Hmwccr. the progeninor of U-hong I. which is belies ed to be derived frorm one of the Philippine 
cirltis ars (prilmbly front the ('ES scri s)entered ihailarid under the Missoturi code of M7A. 

M7A ul\ ieldCd rirari\ intr(oducCd ties, in ses eral trials conductCd at Banrai Sainrong, Chai 
Nat. Mae J0 li-thori Stations arid began trr draw the 'rtention of';]rtd Field Crop lx:.,perirnrnt 
researchers in 1971. C0 lrparc, to tothe iiurbcan ct ti vars. uniformICal M7A had a ruore 
Inaturity and lare seed Si/c. .-& 65 g 1.(}{0seeds. Another Philippine roungbean jiine that also 
impressed rcsearchir, during than tire v.as CES ID-21 (Pag-asa 1}.developed by the College
of Agriculture. L.nivcrsitv Of the Philippines at L.uos Blafims (UPLB). Although M7A and CES 
I)-21 had sirriklrr \ields. the larger-sceded M7A %%,as ultirnatelv released in Thailand in 1976 
by the DA as U-thrig I and has becoet1 Cry Pt)pirlar ever sice. 

During the acti\sc perioid of' searching lfor \ idely adaptable rnrunghean cutivars, the First 
Internatitral %i rigbCan Nurser, IN). conprisirrg 28 strainslines and cultivar,. was organized2nI , 
in 1972 by the Uoni ersity rf'Missi uri-COrlrlbia {Poelhinran et al. 1973). Thailand iwas included 
among the first test location,,. hlhe the first forur IMNs were rather diverse in theirraterials iin 

yielding abilit . riaturit. , plant type, ard geographic origins. They were assembled from 
Afghanistan. Canada, China (including Taivan), India. Iran. Peru. the Republic of Korea, the 
USA and Vietnam. None of the entries were utilized in any breeding work in Thailand due to 
the linlitatimn of resource personnel at that time. 
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Starting with the fifth ININ. the Asian VegetableI Research and Development Center
(AVRI)C) asSumltCd the role of'coordinator for this international rese',rch acrivx on iltlnehean
improvement. Prior to this undertaking h, AVR DC. Most of the nunhLcan germplaslt Ifron
Dr. Po hllan's program was also shipped to and deposited at .A\'RIC to he eValuated and
selected s,ith AVRIC's ow\n collections for functiOnal distrihution worldw\ide (Poehhinan et al. 
1976). 

In the llcant ite. an interilltional nii~ hn testine pri'ali'.L ,as iiiiplcneitted 1V tIe,'lercountries of1the Sotuthea,st AVial Relioina liC(C:nter (;raduatC "tndv and R:,ecaCh in A'ericuhtue
(SEARCA. Il 1973. ,Ct of! ujntheCail 11ie,.. lioiU SLARC \ 'ws tested cooperativelv inCalihodia, !ilodlc .ia. I ao. lla\ i. the PhilippineC, auLd Thiillid (Alon. 1975). Froili then 
on. a fes, a L-1eneCCi,ioill , introdnced tl 1tiland fron1nlniCeau: line, hItxc tile Philippines
thrOtlUln the I, tittC Of Plant lhrcdine. (.LB and IRRI', Ri:e [arlninu Ssqeiiis Prouratn. 
i''n ierh. the Croppine S,.stew. llroez;inl. NnIe.z'bean ceiripis,li introdtCe to 'hailad via 

piagr'llls othcl than AVRI )( iln table 3. 

Table 3. Mungbean germplasm introduced into Thailand from sources other than AVRDC. 

Year Germplasm rCported asYvailable or ntroduced Source 

1939-50 Sn.-:I-se, mn1;beai, Selected among many gcnotypes by
30-53 g ,000 sccds f- ners' preference

1951-60 -Ma'igbean (shiny /; dull Selected among many genotypes by
seed, black vs white farmers in -ather remote areas. 
mature pods) several years befc-e the govern
-Golden gramn ment became actively interested 
-Red-seeded mungbean in the crop
 
-Black gram


1961-60 -Shiny seed coat mungbean Selected by farmers and merchants
 
(two Cultivars, black-
 for local consumption and export,
podded or Maledman Phak called Thai local cultivars 
Dam' and white-podded or 
'Maledman Phak Khao'l 
-Dull seed coat 
-Golden gram
 
-Blac' gram


1968- Gerniplasm from Afghanistan, -Introduced into Thailand through
present Australia, Canada, 
 China personal contact and inter
(including Taiwan), India, nationai agencies
Iran, the Rep. of Korea. -From the Missouri and AVRDC In-
Peru, the Philippines. the ternational Mungbean Nursery
USA and Vietnam since 1972 

-From IPB of UPLB and Farming System 
Program of IRRI 
-Thai DA introduced 12 golden grams 
from IRRI and 36 black grams from the 
IPB of UPLB in 1980. however, none 
were subsequently utilized 

Germplasm Introduced from AVRDC 
Germplasm Introduced from AVRDC from 1974 to 1981 

The Thai Department of Agrictilture MA I requested tunrighean cultivars and lines fromAVRDC as early as 1974. A total of 2.082 inutgbean cultiVars plus Fi and Ft lines from 34 
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crosses were introduced from AVRDC to Thailan.d and tested in the country in tile dry and rainy 
,seasonsof that year (Anon. 1976). ThesC, and additional AVRDC breeding lines, have been 
systematically and consecutively tested and selected in Thailand for several years from then 
on. The AVRDC cultivars comprised both Iiq'1,r radiuta tmungbcan) and V. mullgo (black gram), 
collected frum all important iunubean-growing countries, with tilemajur'ity originating in India 
and the Philippines. 

In 1975 the Japan Bean Sprout Iniporter's Association fMiIed a research grant for the Thai 
DA to select the best black qram grov.n under f'hai conditions. Anzonm the miterials introduced 
from AVRIDC in 1974. 04 accessions had either black or verx dark seed coa.. However. only 
"8of these were black grams ald Si\ accesionls I'rom this material Itlerwere found to match 
with the importer's SpCcifications and thus \were further tested in both 197o all. 1977. The results 
revealed that Accession no. 68 71 perlitold best and it v as released by the DA in 1978 as 
U-thonc 2 which became the first recommended black -ram culuivar in Thailand (Anon. 1980). 

In 1977 onl\ si\ line, derived from the 34 AVRID(' crosses \ ere foulld resistant to the 
(ercospora ]eat spot l.s) 1Cll. Tucail( ,Iisea:,c of hese crosse. carried resistant genes fron 
the Indian NI. series such as those frormi NIL-3. lI.-6 o M1.-Il. However. none of these 
mu ng bean ilines rca lh cvhitled potential for atne\\ cultivar as their seeds aie much too small. 
In 1977 AV'Rl)C asiullV2d the important role of coordinatiU tileINM N on a massive scale. None 
of the entries includel in the fifth ININ was, lund to be superior to either M7A or CES 14, 
tile
twO highest- ielding check, Atthat timeIC (\'nichwattatna luInlk 1985), 

In the same vear Kasetsart t.1 but activities were. crsit, (K(i started its hreedinc pl'OLI am. 
limited de. to budctar\ constlatllst, 1t o1',\ e al.uationt 0ilmarerials from AVRI)C and the 
Philippine,, ()uanplo\ 1978j. 

Murigbcan tlvbridl/ilio prr;ur, carfied out b, both the Thai )A and KU began 
cimcurentl, inl1978. Both irisrirlutioris also reqc.Sied nmam breeding, as well as elite, lines fron 
AVRI)C lo'f tesiinc in Thaila,nd to select supCrior materials. It %\ias the first time that lines 
dev:h ped l\ AVRIC show~ed perforrarlices well above the average in Thailand. The AVRDC 
lines identified as superior b\ I)A \\cre VC 1103. VC 1189 and VC 1069 and those identified 
by KU ,kere VC 1137 and \C 1000. None oif these, howe, er, outvielded the best-vielding loca 
cultivars in these trials at this tirme (Dualngplo\ 1981 and Anon. 1975). 

Beginni nc in 1978. additiOnal rimurtgbean breeding lilnes from AVRI)C wvere identified as 
good to very god in eieral perormiance inThailand. Results from DA dry-season trials revealed 
that VC 1089. VC 1184 and VC 1009 out\ ielded U-thong I (Anon. 198 Ia). In the rainy season. 
the promising Miiungbean lines wCre identified as VC 1184. VC 1069 and VC 1163. VC 1178. 

Y! attention fromobtained from the NIG 51)-10AY i> Nil6erlls. ,.1"2',6., the DA breeders for 
its short matrity (about ()ne week earlier than U-thonc I). tileeven though vielding abilities 
of these two mungbeans \ ere not statistically different. In addition VC 1178 exhibited other 
desirable acronornic characters, such as good plant type. pod extrusion high abov,. the canopy, 
large seed size (almost as large as U-thong I ) and a high yield potential under a higher plant 
pOpulation density. Murigbearn researchers at Chai Nat Field Crops Research Center have released 
it in1987 as Chai Nat 60 in celebration of the Kin, of Thailand's sixtieth birthday. This makes 
a total of five offficially released varieties (Anon. 1987). 

Among the f'Cw hundred AVRI)C rnuincbean breedinc lines (Table 4) dispatched in 1980 
to the Thai Oil Crop Branch of the Field Crops I)ivision (presently renamed Thai Field Crops 
Institute). VC 1184 and VC 1063 were reported to have good performance in both early and 
late rainy seasons in Thaihmd. Althouch some AVR DC breeding lilnes exhibit( acceptable yield 
and disease resistance at the time. most oflthem unfortunately had ain unacceptably small seed 
size. Although large seed size has not been strongly emphasized by mungbean traders in other 
countries, it has been a necessit, for cood local and international markets for Thai mungbean 
traders. One would suspect that the disease-resistant materials from AVRDC might also carry 
genes for small seed size since the sources of resistance were usually obtained from the small
seeded Indian cullivars of the NIL series (AVRDC 1975. 1977. 1978). 

In 1981 eight performance trials of (th ninth IMN were conducted in Thailand. Six trials 
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were held in D.A stations of the vieid Crops D ivision 'Awhile the rest were comducteld in Chiang
Mai by the Northern Recional Cenelr of the l)epartiuent ofl oandl)evelopment Ahn et al. 1985).
Oin the averac,. the new VC Iine,, tave siChtl\ highCr vildd than the oldcr cultivars in the trials.
although no statistical test %kasPer1urnt,. \,as obSCrvCdIt \ that VC 15601) had resistance to
both po, dery midc,.W<PM) and CLS dizases. VC 1973A. wvhich has lar cseeds, was among
the bcst- ijeldine line,, and V.as rc'uLarvi, Ia\ orablv mentolietd togcether w,ith VC 1178 (Anon. 
198 1b).
 

Table 4. Mungbean germpkism accessions lines introduced from AVRDC, 1976-87. 
lInstitiite Year . .. .. . .. ..... 

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 Total 
ThalDepartncil 331 004 312 243 255 I20 793 208  03 148 - 3,219 
Agriculture

Kasecsart liver ,t, 30; 6b 67 188 2 5 221 - 48 - 26 983 
Chlat ital U)l'(rVl, in (0 10 - 62 - 30 -- - II - - 133Khoi Kaei Unl rJm.vr 4i , 20 20 - - - 114Tha-Australia Land 20 25 20 



- 20 - -  - 85 
Development Proicci
 

Nan Colleqe of 
 - - - 20 52 - - 72 
Agriculture
 

Northern Reiona: 
 - - 40 20 - - - - - 60 
Center
 

Royal Project .-.. 
 32 - - - - 10 42FAG - 33 - 5 - - - - 38 
Northeast AgricuLIra - - 34 - -  - - - 34 

Research Center 
Technological atd (0 t0 6  8 - - - - - 34 

Vocational Colleges

Prince of onikia 
 - - - - I - 31 - - - 32 
University


Bayer -ha:.. . ..  10 - - - 10 
Chirch World Serice - - 10 - - 10 

Karpuchea Project 
Thai Department of ... - 8 - - - 8 

AgriccItural Extension
 
AsanilnsttIIteC of --
 - I - - - I 

Teclnolo ,y
Pacific Seedj ... I -Compa y - I 
Total 90 1,380 4133 360 511 249 941 435 69 224 148 36 4,876 
Source:Dr Georve C i F rn ,'Iue AVRDC. 1987,personalcommun,cation 111pto April 1987. 

Germplasm Introduced since Esiablishment of TOP/AVRDC 

The AVRIX" Thailhud Outreich Procraim RI)PI beuan its activi-"; in Thailand in 1982.
In that Near nearl I.)())package+, of itunhean geriliplasi v,crc requested and obtained front 
AVRDC throul+ 101) (TITable of thc tenth ININ \erc Conductcd inl Thailand inl4). Four trials 
1982 Ahn et al. 1985). The results revealed that VC 2,778A ,hich wa included in the ININ
for the first time. eichdhd tile same 1973..\. Iimever, it had a hi eher level ofabout tsVC 
resistance to both PM and CLS diease, a shorter stulrc atid hluish green seed coat which 
was attractive to the inereliants a1nd conmatnded athih market price. Fl'he performance of VC
2778A and VC 197 3A inthe tenth INMN testCd inl 21 loeattins in 14 countries indicat,:d that
these two lines s,ere the highest and the second highest yielders. .'ilh an average grain vield
of I. 189 and 1.145 kg,ha. respccti\ely (Ahn et al. 1985). Ini Thailand. Srinives and coworkers 
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(1986) lound that, on the average. VC lines in tle tenth INN vie ldcd significantly higher than 
the check cultivars in the sane trial. This finding i'.in agreenient with the 1985 report of' Ahn 
and coworkers 11985), althouch tihey, did not have statislical anal,,ses at tt'attime as the later 
confhrnation lide by Srini es and co wrkers (I )80I). 

Although the outstanding p',ertlOrmances o1 these two lines had been noted b\ tileDA since 
1984 (Vanichwatlanalntlhok 1985). laljr efforts to launch their testinge progranl illThailand 
using U-thong I as the check becan oil[\ in t485. ,rinivcs (1)8( repolrts that besides the DA 
plaving the leadine role , .ih Ii , 1d 1".A\VI,). in coMductine the test',. other Thailone K 
institutions, such Istile o .\ricuhural lxtension ()ALF. technolo'.ical and \ocatiotnall)epar'tMIc1t 
colleces and tileNortheast Reto, (Cnter pAN te tine Data from' 'lsl rticipated in tile 2Iet,.ork. 
28 trials conducted in the e\pcrinct stations frnom 1982 to( 1984 in Thailand showed that VC 
1973A and \'C 27"/,.\ out\ iclIded I -thii1j2 I . 37'; lld 32'. respectiveh. Data obtained 
from the Iirnicr's fieldS revealed IC Ofperiorit. lie h. ablt 211 ' over U-thonueld of the \C 

line, ItCr 
1973A . 2 I \C 277A in hnllr Of tihe TOP site atd the ne\% callpus of" 

1.Althotgh these t'. , o Vl\V(" v,crc rcleasCd under tie name, of Kaunaetesaen I I" 
and Kantphaeingsacii 

Kasetsart Universit . all of*the a. rilut ned intiC'.Mtions, and their staff who participated itt 
the varietal testing and ,clection procc,,,, der-,. an equal credit in these iiungbean cultivar 
selection, in TIhailaud. 

Future Employment of AVRDC Mungbean Germplasm 

Through April 1N87. at least 4.8'6 ungh e1naniples, ha'.'e been dispatchCd fron AVRDC 
to Thailand IG.C.J. Fernandez, AVRI)C. perslnal ,co0iumunicatioin). The most ctiVe users of" 
AVRDC uInghcean matCrials in I h~ilauld \kill continue to he first the DA.and then KU. The 
other Thai institutes, Mhich are Aread actiel\ inakiig use of AVRI)C IUllng!".ai gertuplasln 
are the Prince ttf Sonekl.li ersit . ,hich has alad devcIoped several breeding lines fron 
AVRDC matcrials). Chiain- NMai Lini\ erit'.. Khon Kaen Universit\. variolut s agricultural colleues., 
techntological and vt cation a colteIges located thrn tightnLit Ilie Ltunitry ,aS \\ell as other international 
agricultural research i:.stitutioi, located in Thailad. 

As noted h\ mungbcan re, rclielS illThilid ad elsewhoere. the ne\ nIunez,bea lines 
RI) ar ,iclder,. havC large sced si/e and resistance to both PM anddeveloped front AVR , : \ 

CLS diseases. lhcse :,r,:all ntah'ior ObjcCtivC 'fmfL Iungbea.ln bieeding prtgranls illtnanv other 
countries. Thus. it wOIJJ be henliciitl to :acout1r. to cot0iuLe,. Or to start, a breeding., program 
by using this . ,.hlc,. ilprttved an readilyavailbhle ,-\\"RIC mteridl to reduce the research 
costs in both tine and cpellse. (\er (t0i, o1fthe mngCan erniipLsnIl currently utilized is 
either AVRI)C breedine lin,.ks Or Icce-,ssils C' . inc desirable characlers identified by AVRDC 
itself or by its, rail s. With over 5.)1 I C'C.'CcessitUtS be inge collected and ctOltServedCLttr., pl- i,,,, 
in its Genetic Rest)urce.,elnd Seed U nit. it has bectoll ilehase of (he wiorld iuntingbeaii collection 
to serve the nCCd 0lltfL Countries. AVRI)C has been desienated by the Internaiional Board I'r 
Plant Genetic Resources III3PGR, tt iaintaii, the ttrld's M.,,tungb.ean collection IIBPGR 1987). 
In trder for Thailand to renmai the wtrld's lt.g,est exporting CtrLUMN of mungbean and its 
processed products. AVRDC's piecitus gerniplasi and superior breeding materials will continue 
to provide the importanl genetic atackrLttiund nccessaiv tt accelerate, tie mIunghean breeding 
and productitn prtgranis t4 Thailand. 
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Introduction and Utilization of AVRDC Mungbeans in 
China 
Li-Fen Lin and Xu-Zhen Cheng 
Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences 
(CAAS), Beijing, China 

Abstract 

Mungbean (Vigna radiata) is cultivated and utilized throughout China. Since the 
establishment of the Institute of Crop Germplasni Resources of CAAS in 1978, more 
than 3,000 local varieties of mungbean accessions from 20 Chinese provinces have 
been collected. From this germplasm, entries with early maturity, good quality and high
yield potential were released to the farmers. We are also introducing mungbeans from
foreign countries. The advanced mungbean lines, such as VC 1973A, VC 2778A, V 3726 
and many others fron AVRDC are well-received by the farmers in China. VC 1973A was 
found to be the best, as it has early and uniform maturity with good quality, resistance 
to lodging and shattering, wide adaptability, stable and high yield. Generally, its yield
is from 30%0 to 100% higher than the local cultivars. The extension of the po!ntind 
area of VC 1973A, which began with less than 100 g of seeds in 1983, is expected 
to reach over 20,000 ha by 1987. 

Introduction 

(uhi\ ation arld utili,tito lof iritiiiicIi n I Ii ( it.a/iI i .. ilc/ek) is ,.OCLiieltllCd ill an iCillt 
(hiiese htrs . \ltin £hC iiI l- ritconls tCd Tr alos,.,t all araIc lind inl China (Cerell
Crop) Institute 1985. I)nu, and Ll I9S82. .i 1958. Lin amid (herig N83. \a12 and (lIen 1987). 

iol' ( rpril In II ide 
tolerance to lroll a por.o ald 

Because of it. Crl\ iialturli\ . ICnitrh,. sCCdlilC.A 1 I .ou to \. adaptation. 
itltl mil i I llt 1 ill 1ctlid illa\:ttlsa el. rinheallI h liti )ia ar ltle 

been :t raditionatl t:sorite urali ICncie crop1 %en utili/Cd h\all has, isdl\ ('hincse pe[ople 
for e\ ell thousn4llid \gielrs 

rl r1odt..t iitri,2l'ealn C\ l hillS if the 
Htuang a ll-Iuai ,. ri'cs olItChF -,hn:+ 

lihe li.lt. ir n ' 01 ill (1iiirra t l''orll tire plain illra 
Riser \ alie ,, c.iall\ ill the pro\s :+ itdoll'. llchei. Shanxi. 

A.\nhui and Schuri a .0 i I Lrrirr1 in 
prosint_'c,, Of Ilenr. Slhanldo..\nhtli. Siranxi. Sichuan aItL .IiiIl1 'nI/hcjianC .A\ericultural 
Collec e 19 1). flo\es. ill tileNIt1((I1+rircbeI icr'aiCdecrceasr,cd conSidCiabl LitrC to social 
disruption. Since I)79 01 ItCCht.trac plaInted noC haslll sCC 

. III 1 It .l1 i0i ll lo If lIr, IiCplatled onl\ the six 

loitinlce I, ,,ctdily increasine. A.cordiiI 
to inconmplete cstinatc. 47).000lliha i irtriean iracr tirreintly cros\\nn in China. 

C'rlri erciatlc uhi\, r,, I ro,,tl\ call i teri nli,,titre, arid lte \ ]Ild ill China is cenerallv, 
Ios llid
bM tHO rei.ll, tlliforll. Inel a el IrliC bea.in icld ili China s bclos, 0.75 t YieldsC lha. 
range from oni 0.37 t Iati 0t(1.95 1 ha, alld Lccatsioriall\ cep ir)al .yields .arcreported to 
he miorc than 3 1 haiill cleltlill I0C tiC',. 

In Chiia illo tlItiri'beaniitrciopped or crosL it2e.lf. It is often in tnarlinalt of rile is, iIby 
ar'eats such as, field ridge andan1al hits of unoupL iCd Ild... ()nlk abont 35 of'tie miuneblean 
is planted t, a si rigC Cr-p in tire su tirlr ard is t, ,lill\ 'otated with wheat on the sailic piece
of and \within the ,aiie seair. In recent \ ears the oe\crIicInt has imipillemienlted a mlicy of a lowvirg 
Firrers to obtain cash inicentives h\ rowinMruntbeal. Fartners plraisC nitMibCan as tile 'reen 
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pearl' of their income. and want to gro tile crop more than ever (Cereal Crop Institute 1985. 
Lill 1985, Wang and Chen 19871. It seerIm that the hec[araLc oft Iunhean crow,,n in China will 
increase consistenthl in tile fUtre. 

Research work oil the genetic resouices oIf nIlti0Chea.ll LermllplIasm CeaLvSellrI Iecellsl' illeCent 
China. After tile establishment in BciJinc ill I978 ofllthe Institute of'Crop (;ernlpasrn Pesources 
in the Chinese AcadCIs of gAricultural SciencesIC.-\S . tile collctitn. con,,rS, aion. C.a.luation 
and ltiliZation ofl'fod lCuc e. ,lplas rlliourtr, hase beenl ldlertalkCn ill val'ou1,s provilces 
thloiit1h.ot China. T[he contructioll of tite Naiionr Crop GCi'e Batk of ('AAS \\ as Completed 

01i 1st IIIuliihCtla 

\ill he stored in thl, tierlit\.
 
in 1986. Duri ng the ,c\tih IIIC- \ ear plail. ll n IN)S6 ih ItB9 t. of oui gerlllplaSll 

'Mor, than 3.(01 IInunicheil .ccsitt, ha\e been collected fro11 2 1 pr'os'il c. includil, 

tile altlollnious recitns of China. as \%,eltIt,, fs ll Illlmans foreiri countries lable I I. Alcrolomnlic 
traits of' nioSt fl the niuuleanm ciuhlt r' ', ,.e beCn es alutated and ,onic are prcented ill Table 
2. China is rich ill rnub,1ean gCcl ,rilarire,,ou rceC,, which ., reflected nt t nls the qtuaritit,
btll also ill the ceietic ,li\erit \. such is erect. trailing mnscritraiilirne: from entire, or ,li hitls 
to deepl.k-irhcd 0rins: 120-da\ ir1mturit\ 'ite: and 20-8(0 11 10(0--seedlealct 60-it) 0,cr 

,eicht.. In addititon seed cttlr II\ lie Lrcelh \Cllts brttlsn. black or dark 
.reen: and, there 

are .'ulisars addpted Ito ari)ts cettloical rc ml these lhcal .anld mian\ introdlccdll China.Iri 
culti\%arC. have selected are high sielding. \illl slhrt-'i'ro\ tI period and oodwe sortic that 

cortirnercral qualities. 'IheeC c1lts\u., ha\C ,,since bCCn release to IC IanlCrs.
Cd 

Table I. Accessions of local Mungbean cultivars collected in China. 

Location Lattude Lo (E Area: '000 2 AccessinsiN) 1 g'tuudC ckm 
collected (no.) 

Beijing 39 30-41 "00 115 30'-117 30' 17 50 
Tianjin 38 30'-40 20 116 50-118 '00' I 20 
Hebei 36'05'-42 50' 13-30'-120 00' 190 
 315
 
Shanxi 34 40'--0 40' 1(0:20-114-30' 150 423
Inner Mongolia 39"20'-52 40* 97 00'-126 00' 1.100 96
 
Liaoning 38 50-43 30' 1 8 50'-125 50' 
 150 38
 
Jilin 40 50'-46 20' 121r40'-131 1S' 180 144
 
Heilongliang 43- 30'-53 40' 121 00'- 135 00' 460 29
 
Anhui 29 35'-3,1 35 115 00'-1 19 30' 130 100 
Shandong 34 30'-38 20' 15 00'-122-30' 150 632
 
Fujian 23-40'-28 20 116 00'-120'30' 120 100

' Herin 31 20*-36-20 110-30'-I 16,30' 160 860
 
Hubei 29_00'-33 20' 108-30'-I 16 00' 180 169
 
Hunan 24 '50'-30'15' 109 00*-1 14 7S' 210 96
 
Guar -xi 21 -30'-26- 20' .04 30'-I 12-00' 230 90
 

' 
Yunnan 21 -00'-29300 97 30'-106 00' 380 
 13
 
Guizhou 24-40'-29-20' 104- 00'- 109' 30' 170 Is
 
Sichuan 26-00'-34 00' 98:00'-I 10-00' 560 100
 
Xinjiang 35 00'49r 00' 74-00'- 96-00' 1.600 72
 
Shaanxi 32 00'-39-30' 106 00'- I 1 00' 190 140 
Tota: 6,338 3,052 

'Approximate area 'Includes a numbter of duplicates 

Introduction and Utilization of AVRDC Mungbeans 

In order to enrich the munghean ye riiplasri resotuceC.S ard ss iden their use ill China. we 
have introduced niunibean fromf i reign cnrii ies and. inrrecent ears. ('rorr international 

http:thloiit1h.ot
http:nIlti0Chea.ll
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Table 2. Major agronomic characters of local mungbean varieties, China. 

Sowing Haivest Plant Pods/ Seeds/ Seed Seed 1000- Yield/ 
Varietal name Origin (month/ (month/ aysi habit height plant pod colosurface seed plant

day) day) (days) (cm) (no.) (no.) luster wt. (g) (g) 
Da keludou Shanxi 5/15 8123 100 T 65.8 32.6 13 Gy D' 60 19.0 
Xiao ludou 5/15 725 71 E 29.6 Y Sh 6313.8 II 10.0 
Ba iao qi 5i15 8!18 95 E 59.5 21,3 14 G Sh t0 18.6 
Chuan di long 515 8!07 84 T 45.6 19.2 II G Sh 66 14.1 
Ying ge lu 5:15 8/11 88 T 40.7 27.1 12 G Sh 74 16.8
 
Yang jao iaio S!15 9;01 109 T 64.9 35.1 15 G Sh 72 24.2 
Da ming lu Shandong 6'24 9/09 77 E 94.0 19.2 II G Sh 64 8.7 
Liu tiao qing 6i24 8.31 68 T 81.5 41.6 13 G D 55 25.9 
Zhai ming lu 6/23 8.28 66 E 72.0 18.6 12 G Sh 47 7.4 
Fang shan lu doe Beiliig 6;14 8 13 60 E 29.7 36.8 10 G Sh 45 13.2 
Ming lu No. 3 604 9'04 82 ST 56.8 23.3 13 G Sh 46 13.0 
Chuen 17 6,14 9.08 86 T 85.8 27.4 12 G Sh 42 20.0 
Gao yang xiao lu Hebei 6/25 9:07 74 ST dl.0 76.3 II G Sh 37 11.4 
Huang hua lu cou 6/25 9 01 68 ST 71.6 27.4 12 G Sh 39 10.8 
Ying ge lu-I 6/20 9.19 91 T 110.039.8 13 G Sh 48 18.4 
Sheqi da jiao Henan 6:05 8 10 66 E 60.0 140 14 G D 60 11.2
 

weng 
Lao yazuo 6/14 8115 e2 E 50.1 0.0 13 G D 55 14.5 
Da iao dou 6114 8:14 61 E 65.5 20.8 12 G D 61 12.5 
Lou shang lou 6/14 8/15 66 T 674 211 10 G Sh 38 7.1 
Ming guang lu Anhui 6.20 91f26 98 ST 970 15.8 11 G Sh 54 9.5 
dou
 

Ding liamao lu 6! 1- 9'04 82 E 46.0 23.1 I 1 G D 35 7.5
 
jin bang chui Shaanxi 6'23 10.08 107 E 70.2 20.1 I 1 
 G D 48 11,4

Pu cheng ludou 6/23 10'07 106 T 61.4 21.1 10 G Sh 
 51 11.2 
Yan rheng lu dou Sichuan 6124 9:02 70 E 77.0 177 12 G D 33 6.0 
IT = Tradlng. ST- Seitraiknp, E Erect 'G Green, y Ycllo,v. L = Dull, Sh= Shiny. 

agricultural research centers HI \RC), such as the Asian Vegetabl Research and Development 
Center (AVRDC) iho.se principal crops include linghenIs. Trial plantings in man, locations 
throughoui China demonstrated that AVRDC's mumghean lines VC 1973A. VC 2778A. V 3726,
VC 2768A and V 1381 performed well (Figure II.In particular. VC 1973A has performed 
extremely wkell and is popular among Chinese farulers. Beginning in 1983 we first introduced 
and tested 2(murhean lines included in the I lil International Mungbean Nut rsery (IMN),
coordinated by AVRDC. These AVRIDC lines were grown in Beijing in 1983 and their adaptation 
tests were conducted in se%eral major mInghean production regions of China in the following 
year. The trials revealed that VC 1973A possessed many desirable agrononic characters such 
as erect stem. compact plant type and resistance to lodging. Its pods set mainly at th upper
nodes. wxith an earl and uniform maturity, as well as possessing nonshattering characteristics. 
The seeds of VC 1973A are large with good appearance. This variely has wide adaptability
with stable and high-y ield potential, if planted under conditions of medium or above-average 
fertility and water Supply. 

In order to extend the area planted to \1C 1973A. %e ha\e to overcome many dilficulties, 
with the foremost being the insufficient seed supply which is necessary [or extension. In 1985 
the Agrotechnical Station of Sheoti County in Henan Province first successfully multiplied the 
seed of VC 1973A xith our support and assistance. Only 3.5 kg of seed \%as dibbled in an 
experimental field of 0.3 ha earh' in April and then %\aswvell-cove red with plastic filin to protect
against the cold temperature. This production field was carefully managed and the crop survived 
in spite of wind burn nlid a cold spell in the spring. A total of 650 kg of seeds were eventually
harvested. These harvested seeds were planted again in the summer of the same year. By 15 
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Figure I. Sites of mungbean trials. 

July 1985, the area planted lOr seed production of VC 1973A had expanded to nearly 12 ha. 
from which 12,150 kg. tor the equivalent of' 3,471 times the original amount of ,eeds wcre 
produced. 

"'heexperience of' Sheqi Count'III was e Cxtended to the Nanvang region of lenan Pro\ ince 
in )'86. 'File area of spring niultiplication. using tile plastic-film mnulch nICthod. tra, Crscd eight 
ciuntics in tile Nman,n recion anld coVCrCd 20.7 ha. A total of 70 t of nin,,hcan seeds \%ia 
produced in th1e sunimiCr and again 1.5I() t v. crc producCd frot t,82.4 ha in the autumnlr of 1986. 
The yield of VC 1973A avcraued I.5 t ha, from 30',' to 100 higher than that ,'f the local 
Mutigbean cultivars. 

While promoting VC 1973A. %\e orked cosel h togelher with Proi'essor Jisheng FLu of 
the Soils & Fertilizers Research lnst itute. C'AAS to screen for the most e:VcctivC inn ngbean 
Rhizohium strain in order to further etihancC the nIunglevan yield. We found tile tnmghean 
Rhizobilm race )08 to Ie tile Most Ct'tectiC in fixing nitrogen for VC 1973A prttduction in 
China. When it Wa, inoculated to VC 1973A 1unlgh1.ean plant, gros. I in th1e field. yield increased 
by 9% to 10, . Il Jul\' (if 1986. wke held an On-farm Nationa; Mungbean Information Exchange 
Meeting at Sheii County and decided to extend cultivsationl of VC 1973.\ throughout tile entire 
country. 

In 1987 tile hectarage planted with VC 1973A wa,, 20.000 ha in the Natang region of 
Henan Province alone. It is quite rare in tile history of our country to protmloite a mu ingbean 
variety in merely four years tine since its introduction. VC 1973A has spread so extensi,,ely 
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atl )and, Adaptability ohVC 1973A and Other AVRDC Varieties ::2 

Based onIthe trials of previous years, we identified the adaptability of 20 mungbea varieties
 
ini11 trial sites frmtroughout tile major mungbeati production areas in China in'1986. Fifteenr
 
of the mn.gbearni rieties selected were from AVRDC. Regr ession t :.
coefficien (b)an'coefficient 

of determination (r2 

) were ther lueters he aerai'
ken as yield stability paia (Fan 1977,1983). 
of varieties and environment index &eeach site are shown in Tab~le3. Analyses of variance showv! d 
that: (iemean yield of VC 1973A i the highest and significantly different fro 'that of tie other 
19 varieties; (i) the coefficient oTadeterminatio (r-) of all thevarieties, exe' stV D -984,D 
0317-1, D 0245-1, D 0287 and D 0492-1 are above 80%, whnich indicates that this stability 
estimation is reliable for most tested varieties; and (iii) 'the. regression. coefficient of 'V2010 
.sclose to I b 0.988) (Table 4). The difference of bvalue beiwen V1 20]J 0 and the other
 
varieties, how ever, was niot significant. .K
 

The averageyield ofVC 1973A from the I11test sites was"l.53 I.'Iui (102.5 k-/niu), and
 
ranked first among all varieties (Table ) Th~e yield of VC 1973A was the highest at Wenian,
 

'rale 3 Yield of 20mungbean crkivars and environment indices at II triJ sites, China; 

veifanhg Shecqi Average/ Beijing Dalian Wenan Jiashan Tanghe Dengxlan Mianyang Changshd Hengyang 

"allCultiv, r (kglha) locatons 

VC 1973A 1,122 672 1,098 1,6892,021 1, , 1,302 2,582 1,758 983 1.531 

VC 2778A 615 350 162' 1,22 142000 1,'33 2,142,' 1,254 2871 1,805 1,011 1.334
 
D 062S.i 1,241 921 V 434 1,0322,000 912 :2100 , 2,271 1,748 1,041 133
 
V 3726 1,011 ,638 10~4'1.1991,916 1.,3 2,001 1.065. 2,288 933 905 17
M''7 
V 2984 1,0318662 473 1,418 836 1,131, , 2,195 2,1441,22.1 1.3711;247 1248
 
~V1381' 653 620 .'563 1,140 .1,938 1,095 1',662 1,152 2,282 1,823 774 1.245 7 ~ 

- ~V 3092 " '947 674 '531 .1,370 1,707 1,016, 2,576' 407 2,094.' 965 1,36E '241 
VC 2768A 353 558~ " 3114 1,3701,6881,0552,409 848 2,234 1,3131I2 218 
D0317-1 1,295 887 1,376 2,231' 98-3 1,746'' 389 1,827 1,110 636 1.181 7'318 

VC 2719A 476 309 758 ,614, 1,770 822 1,731 1382:1,965 1,445 1,1l90 1,179
 
V 1968' 746 890 48 1373 1,751 94 1,799 788 2,148 1,191 887 1,172
 

.VC 2523A 297 548 332 1,6681,980 813 1,809 879 1,812 1,128 1,179 031
 
D~D0245-1 1,14i 1,070 497 1212 1665 957 115 480' 1,899 1,242 819 1.10,1
 
D 0492-1 1,229 815 456 08 2,022 957 1,319' 432 1,625 1.004 1,019 1,089
 
VC 2755A. 330 , 563 309 1 O 5 1,482 999 "2,033 770 1,731 1,296 :1136: 1l/164

D 02P7' 8 785 350 1,274 1,688 983 1,434 476 1,772 ,732 1:095 I,?61
 
VC 2764A : ,37 641 234 1,059 i.23 725 2,106 639 2105 1,3491068 IlD59
 
V2010, 413' '282 263 1,274 1,455 665' !.89' J840 -'1,857 1,283 1,049 11,006
 
VC 1628A 326 125 12 8 35 92~ l4 530 I1,959 933 837 l,004
 
V 34(6 191 5'55 371 r 53 1680 752 1,772 707 1,944 1,230 836 1,000
 

SErwironmnent '
 

indexy ' 736.2 648.3 449,2 I1,268,9 1,7374 983.2 1,909 790.3. 2,070.5 1,282.9 1,027.6
 
Standard ,
 

terror 3911 2057 210.9 2182 308.7 186.3 3642 2922 3007 311.2 168.7
 
CV. 53A1 1.I7 47.0 17,2 17.8 18.9 19.1 37.0 14.5 23 16.4
 
'Beiing (39*55'N, MAT"E); Dalian (38'54'N, I21938E); na 37 I2 'E),~
(3'56N 190E'Sei(34N 

Jiashan (32-46'N, II?,58'E); Tznghe (32*41 N.I I2*SE); Dengir,32*40'N. 11l205'E); Mianpa~g (3129'N, 104'40'E); Changsh a(28',12N '4i
1.12-01 YA'ergeyield 01'allvariules used in each location istaken asthe Environment Index-

7'"''lJ,Hengangfi606N Ir39 ~Aerac 

1 

http:was"l.53


85 A.\'.I)(" Mun'hean, in 'hin;i 

Table 4. Average yield and stability parameters of 20 mungbean cultivars. 

Cultivars Avi rage yield cv b r Regression equation 
t ha ;, 1fLu' {% 

VC 1973A 
VC 2778A 

1 531 
1.334 

10205 a 
88.92 ab 

A 38941 
AB 61 243 

1 041 ab 
I446a 

8788 
90 28 

Y =20641 1.041 X 
Y -24 168 -I 446 X 

D0625-1 1313 8753 abc AB 46753 ! 061 ab 8608 Y 4605 - ! 061 X 
V 3726 
V 2984 

1 2.7 
1 248 

85 12 
83 22 

bc 
bed 

AB 43 642 
AB 42 268 

0953 Tb 
0 795 ab 

U426 
62 43 

Y-= 
Y = 

10616 .}0953 X 
21 046 9,795 X 

V 1381 1245 83 03 uzd AB 47 739 I005 ab 82 34 Y = 4425 .005.X 
V 3092 I 241 82 72 ,c,IAB 53 998 I 137 i 82 97 Y . -6161 1 1.7 X 
VC 2768A 1 218 61 23 ecd AB 57 1258 -b 93 61 Y -17 098 I258 X 
D 0317 I 1 181 /8 76 bed B 50 15/ 0 94-4-ab 73 11 Y = 4 938 0944 X 
VC 2719A 1 179 7857 bed B 47819 0959 ab 9072 Y 3 571 0959 X 
V 1968 1 172 78 13 bcd B 45 638 0 975.aban 75 Y 1s1879 0 975 X 
VC 2523A 1 131 75-13 bec B 543OC, I 055n , 8494 Y -7056 I055 X 
D 0245-I 1 104 73 5 bc,al B 38 9:4 -1640 t 63 97 Y - 23 55' + 0 640 X 
D 0492-1 1 089 72>-7 c, B 48 752 j 692 n 63 71 Y 1.18 466 , 0692 X 
VC 2755A 1 064 70 92 bec B 52 084 0 978 p 89 78 Y -5 S59 - 0978 X 
D0287 1061 775 ,-' B 43413 0740 6 74 22 Y 12913 - 074 X 
VC 2764A I J59 70 b3 cd B s2 2"}2 1185 Tb 92 10 Y .2!991 - ! 185 X 
V 2010 1 006 6707 cd B 55!97 C 998 b 92 12 Y -10 964 - 0998 X 
VC 1628A 1 004 '6 92 d B 60 772 I 080 ab 90 32 Y - 17 525 ,I 08 X 
V 3476 1 000 66 64 d B S8 673 1039 ab 93 93 Y -16 14 1059 X 

Average I 173 78 19 
yield 

1 mu I 15 h.a CV - o , ,, of "f R , rr Co i nc of 
determlnat,o, 'M -,ins,,,r h,t, ci:re 'Otter,I0 c. 1* o r , drC'rnt .1 5 nd I leve 1 

Sheoi.. Weil~m-i. Lti .il)ecn\illi ,niiit ralked lroi i .ent to F'ilth plalce ..l iai\ d. 
Jishan. ('ia nh ahaild BeCiiln1 in i ChIL A 11 t 2.5,2 kk:ia,1"'2.1 k, 1111.1.li \an ri i, ', 
liable 3! "'C iiC'3..\ hV( , \i'Meld NtablilIlx and v,ide aaplt ili\ it-icurci I . C ,in:iMer. 
itI.tolr . that V("VU I')-..\ 1, t ,ti,lc adli hih-\ cuiT, ,.. ,,i u1 Cei.C llt 

Ott ict ll i ]aidi. 7 at\ perhoriitd i,,I!cr ,iti.-ic, x\ith hi_7et 
i 	 "lii t\ (jualit. 

h \ C 
ev.i-oIntlInII l ,.. burr evium plc. the \ Mclis li',o xariclie,. at cla g \ ic2.871ul tIhc,,c Nlat 

ai(;9,1.4 k, imui and 2.234 t hit( 148.5 k1i IttLH. rc.)c'ti,el\ .%%fii,. the xi.:i, at W Cnari 
\\cre 0. 162 I hi 8lsk1 11L);lld (21.') k2 }llIabie 3). I'h,:,C tii IuL'nti, iIL 0.314 1 ha II xan 
linsc, F1-icre 21 haiiii her re.re,,irin cc ic iti,-thtI, ' 1073..\ iidh,_lllte e hat icir ,.iM 

x irulItiCIV ,i ll Vxt xas u t,labic cu ,,,eMO \1C11. e.n,.}llpi!n " 1 T3..\. Iiivx cI. tle, arC ,.,IpCcialv 
adatpted to i.,.elh-itpu x ii'i titnt,, lhtir ,. ,is,_ 	 x ithreaeit,,d Llli,,ti tbh\,. 'i, ttLe.t itd't. 
VC 2778.A lpriducci i it',' 7(', i1lre tihj1th'eil,. inuiprcan.i l artictic', Irillt a trial site o 
ahottt 311 ha iti11C .beHthLet11h 	 hei PriV' N Lltehellnii1'd11tiIj1it1 dilel in the nu1'iCIler part'I Ot1i"t ince. 
varictis l"this t\p . flhe.-rc . -h i,.Oldhe c'ultix ied uIIIlrI tIeh-!pLt ln iitilt.,. V 372(- ranked 
lourth , a _ood x.ii pllciltnlidi. lh l,,rict\ Ikcued 1.402 1 ha (Q3.5 I t1:11.i anM%it d taikled 
lir,t itJi:tshan. ]i%i ,Iieil ).(i4 I ha 1it . ,k, IIti at \cltiil atild 2.288 t hait 1!. HIu 
at Mia'ivatn. bith sitc,,. ,a. ratnked third itble 31. ',2,h ,a, itot (lieand at it .\Ithk V 372( 
hti.,hit ,tidet. itxal, cart\ il i alltlrli\. eed',.. it(,d sleed anidhid ;aict'ac i/e. utli.It ,tahle 

tfeld. It als) ide aidlapabmiit,. Ihu,,. this \ ari,'tA, I.' e\teided t) certainhad %% i1i ,eieetiel
reeions. The characteri,,titcs ut V I 1 re. fiuu, I, be ,,tilar ii V 372II.but it clde.d less, 

atd 	 it took Ioneer to mnur,. 
The avera.ce yilds ari .,abtlit\ o the 21) tiunmehcan \ariclics tested are sh rinitFicure 

3. We believe that a crop. MrrI.branl itt this cat.:, cat do x\xlli,tl\ under appropriate cultiral 
,rac.cs ,. The incidental practice, and miacuiiicnlt itput, used it our perilelts Mavt:tttt 

hav'c possihly inlICnCtt'd te pCrloirrranmnc ofih_-sC intmheai \arttics. The ineractiorn between 
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the crop variety and its growing environmn.t is utLu, tJ.IiC complicated. Thet'l'Ore. when 
pronmoting a good InlIneheall varietv like VC 1973A. %Lc uk tud.v not onl its yild Stability, 
hot also the Optimum cultural practices in order to ohtiin it', mIXimUm11 VIC!. 
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1/.4' Environment Index 	 mungbean varieties tested in China. 
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Development of Mungbean Varieties from AVRDC 
Lines for the Philippines 
Elena M. Catipon, Benjamin M. Legaspi and Flora A. Jarilla 
Department of Agriculture, Region 4, AVRDC-POP, Economic Garden, Los Bafios, 
Laguna, Philippines 

Abstract 

From 1978 to 1986. the AVRDC-Philippine Outreach Program (POP) conducted four 
studies on mungbean as follows: (i) germplasm collection, evaluation and selection;
(ii) preliminary yield trial (PYT): (iii) general yield trial (GYT): and (iv) International 
Mungbean Nursery (IMN). Outstanding selections from these yield trials were entered 
in the regional yield trial (RYT) prior to release as Seedboard varieties. 

Under the germplasn collection. evaluatiun and selection. 1.111 early AVRDC 
segregating lines/accessions were evaluated. From this study 164 lines were finally
selected for PYT. Eleven lines selected previously for resistance to Cercospora leaf 
spot (CLS) and powdery mildew tPM) were evaluated at POP. Lines VC 1000B and VC 
2763-13-B-2-B consistently showed high resistance to CLS while VC 1560D and VC 
2719A were rated moderately resistant. Pag-asa 1 (check) was rated susceptible.

Entries in the PYT were evaluated under two environments: upland monoculture 
and partial shade conditions (401o to 501o light penetration). From the 284 entries
evaluated under the upland monoculture, 62 lines were selected for GYT and the four 
most promising lines (VC 2755. VC 2764, VC 2307. VC 2768) were immediately elevated 
to RYT. In the initial trial of 16 entries under partial shade condition, eight AVRDC lines 
with bean yields ranging from 0.66 to 0.97 t/ha outyielded the check, Pag-asa 1. 

In the GYT eight lines, out of 104 entries. consistently outyielded the checks by
70 to 370o. These lines were: VC 1163, VC 1241. VC 1177 (Y), VC 1188, VC 1240,
VC 1177 (G). VC 1131 and VC 1973. They were subsequently elevated to the RYT. 

From the 51 mungbean entries evaluated in eight trials Linder the IMN from 1978 
to 1985, one variety (V3484 from Pakistan) and six AVRDC lines outyielded the checks 
by 211o to 741o. Further, VC 1560D. VC 1000 Sel F and VC 1089 were consistently 
rated resistant to CLS. 

Due to their outstanding performances, two of the 12 AVRDC-POP mungbean lines
 
evaluated under the RYT were released by the Philippine Seedboard for commercial
 
production. These were VC 1163 released in 1984 as BPI-Mg2 and VC 2764 in 1986
 
as BPI-Mg5.

A total of 120 black gram accessions were evaluated at POP and five proved to 
be most adapted under Philippine agroclimatic conditions. 

Introduction 

.Mun'-'hcal i, I illipmrtant ho)dand iidustlial cropl in the PhililppiICs. In the La't decade 
(I977-80). the total a.reCa,,c plnltCd to the crop t Ltited troin 32.82( ha it)52. 190 ha %%ith 
total prodLction ran infron 2+5.16 to 34.27() I-C()N I,7 ).The nlational acra,c eield 
6)r the 'aii IcaCL ned frm .5; (. 7 .eld ofr I() it th. ]he 1()\ ilcan rtlhean In lhe 
C tiUlt Ii a\ l e due t the ul,-,I1 )0tradIt I Un11 - tk'ed ihl)LttSl. 111)l , laiCtIC, Mid h0\k lti t CIlett 
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by lll)st flarniers. For !ee reaon-.,tus. alIl hcl otr. ol the prioril reseach crops illtlI.lll 11,h 

the Philippines. 

Bureau of Plant Industry (BPI) Mungbean Variety Improvement Program 

The ,ariCtal c,.,t ot nitnch .t itltrlli le I-hilippncs \t.a,i%itiat.,cd h. th Ji ini1933.
 
The h.cctI\ c tle pc tattl ,,ttd lil',.tarictic, ,ith Lnllth1tttIll.rt
t r \\, \ chop hiLh \ icl I [ttrlt\ that 
,Oult fiti l di\ c:"itic l hIr inr\CIICc IPCARRI) INS.'). HIc Jicti\ IIC\ il\,l\ c tnLiIInk thc
 

LO'I]Ct:' ti1. ',LIcctiiit and pItIllicwti n II local \ ictlleN S',\ Itt1LITthcatll sn('llls \\Cfc klC\.I]pcle
 
alnd II1C..cIIccattC popnl.IrJI' alil tl ta11 l - Ntn" \ ,cc: (]",,\ (C1" .G ,ccn1iti sI Green.
llc h N N os11 S I. 

DuIIlGrecn _2-1. I.iLc h -10 YcIlh\, .[III San 1'aI hcII\(.
S ,.A.

thc a,., lctanoIInit I IMlIcuiimc hrccduit., prctitn ,., c,\i-,ii itctiiilct atth,. I'I hi,,an,.ii,.. ( if.Icll. IQ l itel u11',.h"tI Iw_, 
 ~ dn.tlillICHN fIk .Ithtlou,,hB IthlC >, ,1 f ,. II b.", ~I Ah. lit:lrtile BN,'],, 
(JaRICIt . If\ IstdiIMIll ' 'A ls I~tItC(I Uisii l.2th 'I\ t Icctl lis a', pal ental st(Icks. .\itliowcl 
IC\ Cross Ct)IIlllItI'll I' Itc .C ", I OLlci \ l c dII,, el'it itt turil \ariltics
 
'crc rclc'sed h.%tI h ilpitic tItI !0I ,) _'ICI'il I L tIIII lhIcc k,cc I (R5)- IA
l'I cctl' t I dII', .
 
ocaII\ knosst i ,i\\,tidcr N1 L,it_'n0iI NII) I .2 s,2SL)Cr N1intio rcc,.1d IlI ) : Ilka
d BPI
 

Glabrou s3 a, Nici. Nhiii, rclcsc,' l-1 _17 %as rcIc~i'cd in as a
i l.n_ I-)NIIY 1173 

stop ap atirctl'. it.1cct L Jci I ,a IC .-,ccdct S aitc
. It pti' . tl cilo_.' 


thC iTIILII Iles iC lL itIll II , il theI'
cI.iaII II %i IcNi&)C1h I,. li'l'I I I t i,, lliilip itcs
 
hlut i tl cr ,..'CO Cs. l.l \,,i\ ti l,  13I1 ( l ,,:,\k,,i tile Iiic S ldcr
al t I i d ,,cst 

tt Nlal sii,St.iii ..Ii hi ANti Bk ,ir t 11 1 -I 1. I \(I - Iclc:isj iiiAns.u.IliaI a S,istrict\ 
Kin.' dtic iW it, SCid ItI I H it) 2.1) 1 ha I -\\RI)(' 19831)). al lii ,iapcd Nl) 15 2 a-(,nc 

3t1 Its Sat \ VRI )( I)8 ,otllstalltdill t 

li IIiLIIt'th.:iI '1 hC I ltsS pat etta! 
Ms \.ario sittI ttiittits., ic c. Iii tlh.eir hrc+c.tl(I plit i.s\'AiI'c1t NI( I ,'i,Used 

I:ttrt ,I l.. 0II litIL's .1CiL"'[his"c L;A.' c. tIi/ s,t, sticks 

.S )- I).-\ a b\ 
thc IPB-LI.LB as t, of the palt cpI ccdIh ictic ([Iin Ie See aI I,a 5. ('I- 7 aId
 
Pac-asat I Pi'AIRI) .\lI)(' icd Wi5) l)\. IBl' (ilrtIts ,.I.IGi-12. FGNIG-
AV83 M 
oI). FGNI(i-4. GNI(ijl H NIG; IlI' ,rtscs 7_4.'ilnd 14 a, 1xCil'I cad\ .\VI)" 

AVRDC-Philippine Outreach Program (POP) 

In 1975 thi HIT s ninnchcitI hrccdini. pieraiM %\.IstIirtilcr ,stiintlcnicdth\ thl ctabhlisittcnit 
of..\\'RI)(-F i t. h tII (i11i( . lak 1-cuti.I! Ic t .;ardl. 3 s,.* SItIcc IhC hrccditc ljectisCes 
of the BPi ,i:,, in mist a,,liccts. tile rccarch ,wl% tilc,, of hil cr,cAVIM)C ic ,miiii nttcraled 
under ric P(W) polLl.t 

The teC I,0I AV )1 11Lillc C i t fe ' It ttiiI tll Iic',i ,tthe ' I , 1te.. i,)illttit ttIcI c 
',,itlhhil.h J1111 ,,thILc id. ,10t 1LcL . _ t,,';I ild tII tutit0SC11 klCsiA l i:,tci, Isu Cit 
Il;. 1t1" \ l tll' C_f12' t, ClC.. 0.11HI1h0 ,In it I s ,uI AnIl/t 1() l PC,t,, illd,,t, ' d I11 I V.'I1711'mllsDillu 

\,ititLl ttls..(C.
Thie. 10' 0IIi hl IM Ir Nkldiu.l ildtIA' . III 'I11I'IIIS l l c l l, .".Ik hll .itild 

lilies adapte.! t CM tr)l lit I[, 1I iaI ",hidtl'. sIp, I11Ikd\ Vic. etc.I 
n ACts. .'I


scl icth i stili ScidtcI ITIii'TI: I i mi uh al:iIn t)iprelin I Ill i ictiti-disit c illd trmti 

Mung.1'cat Nursct, fial IININ ). I tic ptliil,st Iliies s'].t.i in l i'Ltrils, scrc fuLrhet 
eCall.ttetd in tlic rc i naIl \,M,ld I ,tti IRY'I I II tlpth lit i ) otlect IittiMt . 

Methods and Procedures under AVRDC-POP 

The hreedingc aetiitics are condl.tc.'d at A\RI) take l ttoI ail atuc the c.tensive 
, (It tih ilar'--'rc.gernplasin attd technic: l rc,urc (centr. i nl P opulatios and selected 

unifl'Orni lines ind of ae .Ssioll', Me.,, t.naill\ sctll t P(O 10- clcction and lutlIn Utnderor 
Philippine auroclimatic condiions. The p omisinQ lines has,C hccti ,,elcCted through the bulk

http:IPB-LI.LB
http:hrc+c.tl
http:i,,an,.ii
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pedigree method. Geneti.allv-unifInl lines are entered in the PYT for two or more seasons. 
Those selected from the PYT are elevated to the GYT and finally to the RYT. The results from 
the RYT conducted in 8-12 location,, for four seasons serve as the basis for approval by the 
Philippine Seedboard for recommendation of regional or national release. 

The cultural management and data collections for the PYT. GYT and ININ are based oi 
the standard procedures described hy AVRDC 11978). The RYT is conducted according to the 
guidelinesof te Upland Crop, National Cooperative Test IUCNCT) of the Philippine Seedhoard 
(Anon. 1983). 

Results 

Germplasm Collection, Evaluation and Selection 

From 1978 to l980. a total of 1.111 lines were received from AVRDC (Table 1).A total 
of 347 were earlv-segregatin lines while the rest were accessions, varieties previously selected 
at AVRDC. 

Table I.AVRDC mungbean accessions breeding lines evaluated at POP, 1978-86. 

Year No. of breeding lines accessions Classification of materials: 

1978 256 F3 to F5
 
20 7th IMN
 

1979 80 AYT
 
20 8th IMN 
20 EYT 
40 IYT 
82 PYT 
39 Parental source 

1980 
 62 PYT
 

100 PYT 
1981 :0 F3 

20 9th IMN
 
1982 12 F3
 

20 1Oth IMN 
28 AYT 
II PYT 

1983 22 PYT
 
20 1Ith IMN
 

8 PYT
 
1984 20 12th IMN
 

40 F3 to Fs
 
1985 20 
 13th IMN 

20 F2 to F3 
1986 11 IYT 

44 PYT 
10 EYT 
15 AYT 
22 IYT 

Total 1.1 11 
zAYT = advanced yield trial. EYT elite yield trial; IMN = International Mungbean Nursery, IYT = intermediate yield 
trial; PYT = preliminary yield trial 
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Fronm the 347 ,.grtcaf i., [ ) 	 Crc tClt.dinc plntd ,ItL( . h 12 indi\ dual plat, v, I [ahl. 
2). The ScIccLh',n , crtV furihtcr rIrr\ick do, ii to 164 liIIC \\hic \\ 'cc clcvated [o the PYT. 
Sclccrio, s \c on INpe. 'J/C aIlld rltmbr tol po. oI Ned. id pCtuinladc batd plain (.IClor1 

;.lid cli,.',I.Cc cC.
a ,,iL1 

1In t)82-83 I ad',:inccd .-\VI)(" iInIohan bI ccdri l ne,, prcs iu,,i sclcctcd oLrrc,i,,lanec 
it ('cicospora cati 1pr(t (lS and poss dletr itil_'des I'\ s\ cic C\ alcd for e . ,oll,s al 

()W. In both , ,l\ti.,l-l ('.I o cid ilde r nIitLiil field Notldifior,,.the dica ,t\honih 
pIC\,It-e I,l \ breedinl liu C. VU dI3-\( 2i,3- I 13--'- cI I lst os\ cd I h!ha I( il aW( 
Iciialcc to ('A S \(" ,)iA I5iI) [Ck inidclafcls Pae-a;.shlie 2V( \( WO ihd ici,,l"int. 

sI hich had CCn pies i',u,,\] ,tie rlNeIC'd I0 il ICit ,1' IC u',,an,.'C i Ihe di ic ,,. s,a , Iald 
,,,,< prihl_. thc 1,p e)ilcI . V(' I 3 I - H-3.'Aioh 1 53 I hl i,_,niLeAnlu otsl\ icldcl thc 
hck. PAiL-dl',l 1. N0hi1h lr,duced I "I I 1J 

Table 2 	Number of segregaten Ines evaluated and number of selections elevated to the PYT, 
1978-86 

No of se'repatr- No of individual No of selections
 
Year hnes cc, fron plants selected elevated to the
 

AVRDC at POP PYT'
 
1978 265 (F to F 218 70
 
1981 10 F. 41 14
 
1983 12 F 58 48
 
1984 10 F 43 32
 

30 Fk 160 still Under evaluation
 
1985 I0 F 60 still tinder evaluation
 

10 F; 32 still Linder evaluation
 

Total 347 	 612 164 

Pi . l rI, 

Preliminary Yield Trial 

.lPrriinu .\VRI)(" ,c._irc Ilucy' AInCl clccklc accilny \ .cc c\a;iuiaIcdl hC I'f 
lit Irla)51 'Ilc+ ieIt<i (i) ip;i Iiuirirttl frctiili.: and (iit tLnndcr partial ,hadt i1c)irIII tr.c. ).\\iN tIuldCer 

Upland monoculture. I-i 11)7i' It,)5 a. ,l i, i 284 cnlric',, crc e.s6.aiiaic in It) riak 
dUlin..e the ' ct and Jr'. ,< i I aIlc . 1.ltic he'all ,. eli rauiecl Irirl 11.2i '( I-'4 2-18 211-2-1B 
tir 1. 7 i Ihla I\( I !-IS-23 'H I1 13-2) duirin' ti e drs yeao ana tI ltutui , 'o 2i-:\( fir 2.41 

MhaiVC 7i ..\i duli ,, the v, et ,el, ni. lie iiCaii \ liClii 1 nid irutial C\pciliICIIIt ri'aocd 
Irll 1154 toi 1.2- I hl! '1nd I) uw; hi 4 Ith hll the dr\ andtf sC.f eayi,,. iC,,:CICl\I . I he. 
I \ miCaii \icd (hltaillCl diurin the Ii)84 dl\ ,,2 1i,01 , a, uy , the ,es crc ,,ttrc src,tine ,,itl-lilt 
thai pre\ ailetllcd ilri, iht le cr1C p, ail ,: Cutir 

Table 3. 	Mean yield performance of the mungbean lines in the PYT during the vet and dry 
seasons. 1978-86 

Ye:ld , ha, 

No of No of No of lines elevated'Season 	 Range,rill, entries:"Iu 	 Mean of mndt- RYltil GYT RYT 
. dua! trals 

Dry 10 284 0 28-! 87 0 54-1 25 
Wet 9 284 0 37-2 41 0 65-1 84 

ZThe same entres e.cr 2 ',se. for bof'h ,,isis 1 n::,Vj.i anIj.., . cr seasons. GYT general yeld trial and RYT 

= regional -,elairma! 
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From the 284 enrie,, ,,ahiatRd. ,",2 S'Crc for the Along the top yielders,lcted YT!. 
were: VC 1147-05-13. VC 1185 '_4B. \'(' I IM 2131(I-B \'U 1241-21- B. , VC 1()89-13-29
313-2-21. VC 1135-B-4-5. VC I1H3220 211. \( 1148-23-213 1-B 2. VC 1131 Sel F and VC 
2720\. As a reult of hiyh and stable bean iwlds jie hritu, 14'; 1t 45; oter the check)
and uniforl iTorpltholop,ica] L'haitcis. four PYT lines. "C2755. V( 2704. VC"2307 and VC 
2768. mcrc Weated dirct Is the (I'1 O[able 4 

Table 4 Yteli and agrononic characters of four most promisig PYT lnes. 

YErd iasV oer CLS I00-seed 

W S DS' HMean check raiar, wt (gj
 
VC 2755' 2 21 I 37 I 77 114 
 I 5 6 7 
VC 276-4' 2 21 1 30 195 126 2 1 53
 
VC 2307' C93 1 33 1 13 145 I S 4.2
 
VC 2768" 0 80 I 23 102 131 30 6 6 

Ccrcospoa 'a ;;- "'it I c'.s'.i: .I'',c,:t 5 .'.r. i.. "t 5 .sccT!Z 'Pag-asa I Is 
uised as chec "P i. 3 , ,,. c- r D! , ', ', 

tUnder partial shade (coconut trees). In the yst. the IHl)I-A\VRI'-lI )[t >eected lines 
mCelr ilti lUattI 1r tiC lis , c cl. %kitll the plCresel thrLst of the1icld-c Cd Hi Iii! i li.'IIaceteIitwI I 
Lit, iltiie i t t L.I ",I h+111111lts111 ,I eintl\ , Lif) lCrIgiCt io n n, il, Ii . t is ( -lalltl stlit ti 
I'' t.he~ll p111111"+,11.. li .' ltchVI11 IIlI.L1 ".1) 11 t 11,llth1 11t lll . I ,- H A D C " W st r o 

Il't_'llllllil it (Iit , 0 't Itllt- line.',l\ '~ll 1111 A"\ VR" 1)([ )Clll pI)Illl(CL dl ler",+.' L}OH ll trees \ ith 

41)'; 1isht 
12) 7 A t)) I )- t ha hi \t --i.\ Thie pil d mnCan a' ).15 ha alll te le 1A.'ItIM . itt 
entries. ni,iilil. \ ( 2--(),\. V 113 IA. \( 1 47.\. V( 11'8 . \'( 2- .'\. VC) 270413. VC" 

-ibtut '; tiL'cIrttl "i,homtd eiIIcI h an \ I'lId Iall'2l 1l011 ).42 t hit h1 VtC 

,I tL' 
t 

it tt ,ienfi-'nt mean \iel 

2527..\ atd \( . 3. . ,tth , i,' II L' I ii '2 I ha. ttltS t:ddl tietLheLhk Iariet 
e-arIs I A 1i5 I h it. 1tt ci . le ,lic:elic S\m nI-rtltc . the Its'. 

III this Irhti .'ti. v',lll b;) tte.esc" phtttiN and hc",s Imnins that coincided "i the liattrit, 

sta,.:c ,of tile I.,11 lIost )I the citrics ,hikmcd ,ot cic intetiotl Iio (1 .S e\ccpt foriVC 1131IA.
 
VC' 2755\ and \ C SS lii.h stcrc rated Is titlert
 

General Yield Trial 

A tttal tt 11)4 o:n-tries ealitId ItI' tIrere% t1ir (iYT in 14 ti ls t L)7 i 11) 85. The 
restls !n lalc 5 shist that \icld itgcd rIrm () 51 t l fo V(C I2ThO-2-4-1 tt, 1.74 t ha 
lor V 1241-213-221H duriCthe drsteaso.I and.I 1).40 t la Itr \("I 1103-313-17-1 to 1.901 
t hat I"lli VC 1I --2111-2- '11 the C HCa t 
tron I.)) to 1.41() t Lij and ().77 tt 1.50 1 had. ine the dr\ andtv. ci scasotns. rcspecti cl, .The 
Iot', bea.tn \Ciid tbtilincd Ltinlllt2 te .cl t eason IIi ited 

l Ii) duri n S\Ctt It.II I I. ,,l ndiS, Idual C\pcritlientI, raI)'-'cl 

t ,,t it) pla tule I') Vt,1 Ie 1i treqtient 
typi tttt ,s that pre\'ailed Lttunlilk tile iiatirit\ stapC ItI tile crop. 

Sn 1) ,) ,ht ptuiisin lines. Sthch ctitiiuall% t1.tS icIlt the checks bs 7; t 37 
(Table (1). ha\t bCCn lcte-2td Ii iniclu.,itti In tile RVli. 

International Mungbean Nursery Trial 

A ttal ol 51 iinbcan cuutr'i, s'. rc CI alu,ited in citt 1I N trial,,'(u tile crtp r cars 1978 
to 1986 (TlahIc 71. -rtn the si\th fto the Lihth I1IN. notcntr touihtsilded the local checks. 
8(G5))- I(l-\ (V 13811 and P,--aa I V 3470i. 1ItoCILer. in the ninth IMN. V 3484 front Pakistan 
with .(M6 t ha sieniinl twiuticlted Wlitecheck \1(15()- 1)A ht 34' . I-roin tile 1(il t the 
2th IVIN. the si, ftp-.\ ichthn cuties "ere: Vi" 2764A. VC"2755A. V C 2768. VC 1973A. 

VC 2750A and VC 1778A. "\ ith iieai \ icls rlngin, fritom 1.201 to 1.74 t ha. These %,ields\kere 
21 ; tit) 74'; hither than itise io the local check,, (Table 8I. 
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Further, line,, VC I 5()I0). V( IV",C-\ V.C I 1Sl ..A alnd VC IX were consistently rated 
h~hl.' resistant "o (S under hiish-diiae pl,resure. 

Table 5. General yield trial performance of AVRDC mungbean lines accessions, 1979-86. 

Year season: No of Date Yield I hal Lines accessions 
evaluated entries planted range mean selected for RYT 

1979-80 DS 40 1-08-79 0 66-1 74 1 15 .v VC I63-2-3-2-B,
11-06-79 0 50-1 64 1 I i VC 1241-21-22-13 & 

VC 1171-9-6-3-B (Y)
WS 30' 6-19-79 0 46-0 97 0 77 

5-27-80 0 73-I 40 1 021981-82 DS 30 I-19-82 082-1 36 I 09 VC 1168-21-10-1-B. 
1 1-17-82 097-I 39 1 12 VC 1240-2B-5-B-2 & 

VC 1177-1I-25-I-B- 1G)
6-24-81 oIs6-I 45 I 08 
7-05-82 122-I 90 I 50

1982-84 DS 18 I 1-17-82 089-I 26 I II VC 1131 Sel E and 
12-20-83 0 96-1 66 1.40 VC 19Y3-3-B-3-B 

WS 6-27-83 0 58-I 40 0 95 
8-06-84 0 55-1 13 0 80 

1985-86 DS 17 1-31-85 0 94-1 -1- I 18 Still under evaluation 
WS 8-10-84 0 62-0 97 I 81 Still under evaluation 

:DS = dry season ,,A frIC2:,
and 'AS '.*: "Sesctv,1 sh-, -40c r -rzs pant ed ni 6 Novcemjber 197 Q 

Table 6 Mean yield and other characters of eiht promising GYT entries whicii wcre elevated 
to the RYTr, 1980.86" 

Line Bean Peld it hi1 1 over check 100-seed CLS 
DS' WS' Mean IPag-asa Ii wt (g) rating^
 

VC 1 163-2-3-4-2-B 
 50 I 05 128 127 3.0 1.95 
VC 1241-28-22-B I 64 0 94 I 29 128 4 1.95
VC I177-9-6-3-B 1 31 082 107 106 3 5 1.55
VC l168-2B-10-2-B I 31 I 56 143 116 5.2 1.00
VC 1240-2-5-B-2 29 I 38 1.33 108 49 1.30 
VC I 177-1 1-25-I-B-I 1 25 I 36 I 31 107 7 2 I 30 
VC 1131 
Se E 144 104 I 24 136 4 5 2.20
 
VC 1973-3-B-3-B 
 1 33 1 16 I 25 137 5 9 2.40 
ZGYT : icnerai , . R T
, rdt reoionai yeld tral 'DS = dry season WS wet= 

season Cerco spr - c-. ' m:.eo caleof to '.hcre I atng I 5. hinly resistantand 5 = highly susceptible 

Regional yield trial 

pr(,
The tno,,d t.,inls.ecntrie. "el..cted Irminl th11'PY" tld GYT arc finally evaluated in the
RYI. lhe R'I i,tinder the Nmtmal Ciiipcrati.e "le,,t (NCI of the Philippine Seedhoard. 
At preseltn, tie R Yl in fiCIl,.uc,,i cit l, lLIct Ci1ehtill to nine ree-itial Sites. The p111erfor-malce
ol the entrics iir at least,,1 IlI L ins Illthe RY'l st , the basi 101r rcnOlltendation to 
the Philippine scedhoad lt itlticiitl rcleaise. 

I-rl 1951tot,()'1I)CI b. 2 .- munheaui lines, \e.,e\ealuated illtileRYT.The meIlln 
jeclds of the lineic,ars, lIocatiiin, ran+ed lrotm 1.20 ti 1.48 t Ia lor the twti wet seasons 

ali from (.8 to I.13 lititor the tsmo dr\ ,., iTns ahle i,Most of' the AVRDt entries 
tiut,,ielded the checkS h\I as mIh a 24(; tile1tcliinle ,,Ct ald 22"7;urin. the d- s,a.isonlS. 

In 195 a;nd I19,. linC :(Ii.l l973 (V''I)73) perlriled we\,. tionalv %sellin all RYT sites. 
It railked firt amtim the 13 entIel, illi.e location, during tie \%.t scason and in two locations 
dlInne the d1i,\ ,eat,,0n. 
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Table 7. Fifty-one IMN entries evaluated at POP, 1978-86.
 

Trials 

6th 

7th 

8th 

9th 

I0th 

Ilth 


12th 

13th 

ZlMN = 

Accession/ 

selection no. 


V 1381 
V 1944 
V 1968 
V 2007 
V 2010 
V 2184 
V 2272 
V 2273 
V 2773 
V 2808 
V 2984 
V 3092 
V 3372 
V 3388 
V 3404 
V 3476 
V 3484 
V 5197 
V 1945 
V 3726 
V 6017 
VC 1000 Sel A 
VC 1006-40-1 
VC 1137-14-6.10 
VC 1089 Sel A 
VC 1163-2-2-6-2-B 

Table 8. Performance 

Date 
planted 

1-04-78 0 54 

6-22-78 0.52 

6-18-79 0.79 

6-24-81 0.54 

7-06-82 0 72 

1-09-84 0.48 

8-06-84 0.91 

10-30-85 0.43 

Accession
 
Origin selection no Origin
 

Philippirnes VC 
Philippines VC 
U.S.A. VC 
Korea, Pep of VC 
China VC 
Philippines VC 
India VC 
India VC 
India VC 
Taiwan VC 
Korea VC 
India VC 
India VC 
U.S.A. VC 
Thailand VC 
Philippines VC 
Pakistan VC 
India VC 
Philippines VC 
India VC 
Philippines VC 
AVRDC VC 
AVRDC VC 
AVRDC VC 
AVRDC VC 
AVRDC 

1168 Sel B AVRDC 
1177 Sel B AVRDC 
1209 Sel B AVRDC 
1627 Sel A AVRDC 
1628 Sul A AVRDC 
1482 Sel C AVRDC 
1560 Sel D AVRDC 
1562 Sel A AVRDC 
1628 Sel C AVRDC 
1647 Sel B AVRDC 
1973 Sel A AVRDC 
1974 Sol A AVRDC 
2528 Sel A AVRDC 
2565 Sel A AVRDC 
2523 Sel A AVRDC 
2764A AVRDC 
2778A AVRDC 
2719A AVRDC 
2755A AVRDC 
2768A AVRDC 
1482E AVRDC 
IOOOE AVRDC 
2307 AVRDC 
2750A AVRDC 
2786B AVRDC 

of the eight IMN trials conducted at POP, 1978.' 

Yield 
range 

t ha) 
mean' 

0 82 0.44 

I 17 0.74 

1.89 I 34 

1.06 0.77 

1.74 1.28 

1.43 0.98 

1.35 1.08 

0.31 0.17 

Internatiunal Mungbean Nursery. Y20 entries per trial 

Remarks 

No entry outyielded the check. 
variety, MG 50-10-A IV 13811 

V 3476 (Pag-asa II was the top 
yielder. 
V 1381 (MG 50-1OAi, a check 

variety. outyielded all the tested 
entries. 

V 3484 (Pakistan) with 106 t ha 
significantly outyielded the check 
variety. 

Only VC 2764B I1 74 t ha) 
outyielded the check variety, 
Pag-asa I 

VC 2755A I.43 L hat significantly 
outyielded Pag-asa I (check). 

Top performers -,vereVC 2768A 
VC 1973A. VC 2750A and VC 
2778A. 

Low yield was caused by frequent 
typhoons and heavy rain. 

http:1137-14-6.10
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Table 9. Performance of the AVRDC-POP mungbean entries in the NCT across locations for 
crop years 1980-86. 

Line Year 1 RYT Y Yield I,Iiai 0 over check' 
WS, IDS" Mean WS. DS' 

EGM 1163" 1980-84 1 34 106 1 20 104 103
 
EGM 1241 1980-84 1.22 I 03 1 13 93 97
 
EGM 1177 (Y 1980-84 122 098 1.10 92 95
 
EGM 1177 (G) 1983-84 !7 1 03 1.10 98 102
 
EGM 1168 1983-86 138 094 1.16 
 107 109
 
EGM 1240 1983-85 1 36 0 98 1.17 115 112
 
EGM 2755 1983-86 1 37 097 1 17 104 112
 
EGM 27641 1983-86 145 106 1.26 112 121
 
EGM 1131 1985-87 1.31 I 03 1.17 113 112
 
EGM 1973 1985-87 148 I 13 1 31 124 122
 
EGM 2307 1986-87 1.20 1.03
0 86 102 94
 
EGM 2768 1986-87 1 28 0 93 I1 109 102
 

NCT = National Cooperat,'e Test 'RYT .. ,:;..i treil WS wet "DS dryrI w season = 
season 'Check varet s . , Pa'z-a s. I 193i 32 r-GS0-10A 1I982.84i Pa.-3s.s 3 11984-86j and BPI-Mg5 
II986- "7Released if 1984 s S i j -iLt, BPI.Mi,;2 Iruel,-,cj in 1986 ,ssScedboa d 'rc e', BPI-MgS 

Until nio,, the blohssine ..\\,RI)( liillc mi lill,,, 1111t. I,.ti ilTh\ eI h\ the. Philippine 
S ..dh1o-ard fl nit,._rci proLdctioM : 11ne ;(N1( 1103") , re,.lCaed t I I I-M ,-., dl I I t 
in l1)84 dlid line I-(4\1,; 21114 ' 2T14 lPI-N'5 i lo.980 I3PI-M-\2 M0t\ ielded tie 1ihet
\ieldine ehcek. Pae-ai, i I h\ , iuiin lH sset ;li ,' tuineLeao,0,,r.thie dh\ \\,ile BPi-Mi5 
out\iiel d its high.,,t-,, e,.l ,, .hee.k. Il~ .. , .3 bI I '" to I)'; dulitil1 tite \, et 1-\ s asons.C d it i 

respecti, ,I% The,.t ,l Itl.' rIIl', l the \,,.rietie rldr (lMo.l ill Table 1I.
 

Black Gram 

Black .raii Iitsmufilnu,,m i', J highl\-lUiitritiiut cro0p w,ith a mCthitoinc content (f 1.5 to 
2.2 , 16 g N and proteili C()II.lI ( Ill 241' 1,i 2'; ('otttinlvH USd L beant sprotst and
 
kir (ther proce ,,ed 1udod-, it , all itmportatit cop ill "01ic Asi:an countries. partictularl\ India
 
and Japaii.
 

In the PhilippiIe, bl,..k ,.iledO Scale ,cLrHti i, .M, ll tdl l itlite ,12d II. .c, , beea'hc ol 
il' expot potential. there. has buenCIa ie ittlc,,t tof producC black Lram ont atcollilliercial 
Scale. To help de, elop thi,, iindu,,tr\ . ahout I211 .\VRDC black ,rattni icc,iot,, wCrC C\ealutIttcd 
at POP ttitC h di conliiiiiati, t loi plic"tcd tials. I'ti t ilte lsrt esalUationtc.iditionis it) 
trial. 70 acces,,,ion s.tcr ,eclCted fir PYI. The,,,ss ere !v,Irther rCdU.Cd tW 211 a'ceSiol, ter 
to seaolls In the PY]. lhc 2(i t.,.ij,, selo:ted sscre siiitlltalLtieot.,l\ C\aIltated Under the 
G) T at the 13PI i,.,nounic Gardenl atid t, ,atcllitc stattie. he Icld per'lrliance ot' ienc f';vc 
best accessions are h.,.n ti Table I1. 

hi the test. the potental Icld ofblack .tl \i , IlttinebCani.%asct)llipdable to Hoises cr. black 
cram yields fluctuated drasticall,, heis.eCti hnatitis,, hich ha\ be due to the enot\pC
environment interactioin. The ieldl, and beall ttlaiit\ ,c'c hiher durine the dr titnI durin 
tie wet season. H\ c er. tilo stii the a.e-',,ti I e 's ,C t.rCl. ilC,'tcd ith rust. espciallv 
during the drs season. Other coImon disse, ere Cci.oiSpOla lcat ',pit and povder.\ milde\. 

Future Outlook 

Since AVRDC-POP is part of the national pro'ral for ICumcs., Our research activities 
on mungbean wvill be continued. Howveir, our breeding 0bjectives inay have to be modified 
to meet the present needs of' the industrv. We will request more materials frorn AVRDC to 

http:C()II.lI
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Table 10. 	Description of the two AVRDC mungbean lines approved by the Philippine Seedboard 
for commercial prodution. 

Entry Year re- Varietal Yield (tha) Chem. aalysis (%) Special Lmitation 
leased name WS' DS' proten CHO characterstic 

EGM 1984 BPI- EGMG 4 137 1 13 13.3 61.1 Matures uniformly 60 Seeds 
1163 Mg2 xML 6 (12)' (15) DAE ' , 5 5 g 100 smaller 
(VC seeds, moderately resis- than 
1163) tant to CLS, PM and MG50

rust. upright growth 10A 
habit and resistant to 
lodging, inedium-glossy 
green seeds and resis 
tant to shatering 

EGM 1986 BPI- EGMD- 1.06 145 21.4 63.0 Matures uniformly 61 Seed size 
2764 MgS 6DIML (20) (22) DAE. 6 0 Fg100 seeds. relatively 
(VC 6!/Pag moderately resistant to smaller 
2764B) asa II CLS arid PM. upright than 

PHLV growth iabt and resis- MgSO
18 tant to lodging. 10A 

medium gloss) ,,reen 

seeds and resistan[ to 
shat I(ng 

ZWS = wet season YDS = dry season XNumber in parenthesis represents he number of trials 
conducted Days after emergence 

Table II .	 Field performance of the five promising black gram accessions at three locations, 
1978-80. 

Bean yield (t hal" 100-seed wt (g) Grovs'h habit Disease reaction' 
DS WS DS' WS' DS WS PM CLS rust 

VM 3082 1.44 0.85 3,95 4.22 Erect SImi- 3.8 3.5 5 
pro trate 

VM 3146 1 31 - 5.20 4.27 Erect Prosrate 1 3 1 8 5 
VM 3081 1 28 0.92 4.05 4.20 Erect Prostrate 4 5 3.8 5 
VM 3139 1.07 0.98 4.07 4 12 Erect Prostrate 4 5 3,8 5 
VM 3115 0.80 1.39 3,40 5.02 Erect Erect I 5 4.3 5 

'Data mean of two wet-season and two dry-season trials DS = dry season and WS wet season YData mean 
based on Economic Garden tral (DS. 19 8 0) 'Data nican based on Economic Garden trial (WS. 1978). .'Data 
mean based on Economic Garden 11978-80) usng ascale of I-5. where I = highly resistant and 5 = highly susceptible. 
PM = powdery mildew. CLS = Cercospora leaf spot 

increase our selection , for the different vield trials. We need to eva;uate promising lines under 
different crop management schemei,, particularl under partial :nade and after paddy rice. 

With the present thrust of the national program to produce regional varieties. AVRDC-
POP is working towards acloser relationship with the Regional hi,.zgrated Agriculture Research 
and Development Office (RIARI)S). Promising lines identified under the NCT will be further 
evaluated through the Technology Adaptation Trial (TA) in different locations in a reion 
conducted in farmers' fields. 

More coordinated and intensive introduced and evaluation of black gram accessions are 
needed to identify higher- and more stable-yielding varieties adapted to loacal agrocl imatic 
conditions. The market potential of the crop, especially in industry, has to be explored. The 
control of major diseases of black gram, especially leaf rut, needs to be studied. 
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Breeding Improved Mungbeans for the Philippines 
Ricardo M. Lantican and Rudy S. Navarro 
University of the Philippines at Los Bafios, College, Laguna 3720, Philippines 

Abstract 

In the seventies, the Philippines' contribution to world mungbean research was the 
development of plant types and varieties which were highly determinate, synchronously 
podding, early maturing and large seeded. Leaf area index (LAI) diminished from the 
usual 10 to 14 with land varieties to 5 to 8 and harvest index (HI) inci-eased from between 
10% and 15% to between 20% and 30%. Yield potentials reached new levels of more 
than 2 t/ha. With the addition of resistance to foliar diseases, a second flksh of flowering
could contribute a 20-251o increase in grain yield. 

In the eighties, breeding work has focused on disease resistance, pest resistance, 
tolerance to low pH, aluminum toxicity and moisture stress, nitrogen-fixing ability, and 
adaptation to rice-paddy conditions and Partial shade under coconut trees. We have 
identified the respective gene sources for each of the above characters through
collaborative work among the disciplines. We are at a stage of assembling combinations 
of these chari-ters into varietal entities that can match the requirements of the set 
envirotimeits of each of the farming situations. 

Introduction 

The pl:nt ilmprovetic.nt 'fftOrsi initiatd in the , centies in the Philippines 'ere successful 
in e,,lvin new, t1.0ghen plint t\pC,, that c ittra,,ted ,Oith the traditional varieties. 

The farnier,' cultivars are predoilninanti., indeterminate. tail and lealf. Leaf area index (LA) 
is high at 1) t) 14 and hr, est (ttlis lok at 15 Fl10.oering ocCLr'S over atwideOdfx 10'; to 
period otftime and cl , Irucntlothree to four handpickints. Susceptibilityarnetine rcqtlu nfm 
to leaf disca-cs is uuall, Ihigh. 

InitetIlsi c %aliiin studie, lcd ittile'obrs ation Of rl'ndom oCurrCneC.' ofcertain desirable 
character su,.'i dcetclleil C croMsl-thilh larCe seededness and ghossy seeda,cariilne,,s. habit. 
characteristic, I i Iw: diccnous 5 aricies. 

Deliheratlc ctl rt,",.cre then mnadC to restture the plarnt ild create the proper genetic
conmbination for ,upeiirit\ iIp urodlictifroIl klntMn parental soriCes. Such leflors culminated 
in the release %alrict,, that \werel rl,, in podnialturi1ii., tiorc colpact, determinaite. utnifo-tn 
llalUritv and laree scdcd. The hm-reru.nc:,s of' these Ine\pro totypes \arieties,,,ere CES 55, 
(ES 87. MG 50-ILA. .\II) I-? ,ind .iho"s o)f other gellot\ pc", % hich ,acre to spread itlsone 
countries of SutbIll e:ist Asia. 

Under %.cll-m anaiwced cros.s iil conditions. iCId p<tCntial nCrCased f'oun the tiaditiola Ilvel 
niore than 2 t ha. This incretaseis due in yieldof about I t hi to linaiill t the improvement 

comlponeits like eCCL si,,c plant types alsoand wCight and nuimbcr Of polds per plant. The new 
letit theniselves to high plant population dettsit\ plantinlrg. 

The early Philippine-bred varieties. hoosevcr, lacked resistance to important diseases like 
Cercospora leaf spot ati poedry inildco,%. A search %%asmade for genetic sources of resistance 
and it ,oas foind that a nuntber of introduc.tions front India were highly resistant to Cercospora 
leaftspot and, to sone extent. pow\ders mildew. The Indian :,ccessions were small-seeded, short
podded, indeterminate types but highl. prolific in poddin- . .rossing of these Indian accessions 
with the new.ly-bred varieties front the Philippines res.ul'.J in sone excellent combinations of 

http:ilmprovetic.nt


Imiiproed MinnheaInt orthe leIiiltpflleN 99 

ideal plan type. high ields and diseas resisilicC. The hrecdIng ITi0}rIS resulCd it) li' .elease 
of the Pag-sal scriciPa,-a a I. 2. 3 beinmning in imid-,ctcnltics (IPH lt)7-78. L.AI ias 
reduced to 5-8 IILId har\ est iiideC\ a. ilicrl,d frowi 201 wi t I1ag-awm I I as distributed 
in) Some cou tllri"III .\si . 

One unique Olfaraeter:stiIIC\ ari 1I., ftl tiI Ilower,,,Ith the ,ilit% lo Pr Iduec l.ew ,lics 
Once h'1\ 01tiigllltaI'nrt 1 10dp ihas KIn ciipletcd. I his I(,%e:il' ;hi it steiill troit the ladc 
that iihs\ Il ti pI hi ianld iipe_'nin,,:I nICHei+-tiinc al and \,ith ilie a,;iil\t aIthe il.lm 
of'th plant toit resistl e,, the miaci timiier lilt.Lit dis. lc,\C', rciliAli c i plall and phtmo
s,,iitlc ic'illl 01 21' it25' increas,,s ili\ ildaiti\c h0 C\II'deCd period. A, I rclht. tirnn 
fimlltl suc'ild flush 11 %C Ill'-' lld t"ddiiI ll l e ille icttp i-Cu ded .-\ ,ecOndIli\hi' b re 

iet hx t,10is c\pritiii 1.hLush %Ield ot1005 k2 hi, et h\) ( trek.thi Il, tiil0.1 -asaa 
- ti,\hich COT CPin dcd ti t 4 ; , l , 1 i; e l0i OW1 i -d ild e I ldi i l\ct 

Expanding the Scope of the Breeding Program 

Ihe ge.lla.'lL0hjiC'Lii' Of (tl h .iigl l ,t 'Iii i,i Ct-\t1ith t iC_ I'Il )dpitollol 
grain ICgutlltCS. -.0 0it1 OW 1p, -Il h ,i, piiii,ih) \ illdiitpning ,ituations Such 
as tlltse it. hti\tible ithilid iV -. !l .h t ihu , s'ist,i ild uindei plaiitittin crops. 
Io he hle it) a II!,h bei, WxC. ' .;hit I',lp1w di e'lirt.,l )copeeal adaptive 
Illl,2tMM:.ll it ' hc 1%c11ll',lll' ' 

A.',OtIIc',pcrici;,, It, it hkck.lh,;l , c'l l . 1- l \ellh Iw, tI1. 1 ml ;Ill, ic ,< l ld p~C11ho~lll 


niLttt , tdi\ eii\ irfili \\ c' ' all thirCiti ullW <iit,_,c'li l._' itiidcrtaithiilg_ 01 ' iii il talt. itli,,that 

) ,i i lll tt iniltclIC't-. d,l'isti tl i t"15,_11\PC ,t1 c. iftl cl5. Ihic !rcdcl.,.eiiit sL i ,s. lltl 
illdi lh~ w, ! ~l,_i. )J .O Nnd' vtrip, 1,,!ll,,.!l ,,l,, Ic.u .t, ,.I lCillil-, .2ut tic pling, 

il, !:I !t' Ii, CI 'lhtI, ii'e(licit. nta t,- t M hi ,c cli 1i t, IIl :1tt ttti hit ,ipc it1 r I, in 
I ,nI a c tic.\ I'L il , I% tliti eiCIn c.\,\ii nI it I rI .it ie,.:! , I 1 i Id 1 ;iI ld I s Ir I 1 pe aluation. 

InJvidual Components of the Breeding Program 

Breeding for Disease and Pest Resistance 

W e lia \c ,0 ,1 in l' .crc'lltt I "pot.ii L1 c ddk , 
ittisiL a ea,ctlspctat.c,.t;h: 

leaf itltlem \11u- Iid pv.iidcl ict,\\ tW I i O). bi it de ,hlt,eiet\\c how '\tel resisiantc2 
agaliis tithicr ,. Stt'L..,tiid ,il11tm i p ith,,ttlii, tnd tiiItttit gjits 1l\ e c0Iuliiu hl~dI 

.Ilcrtotiulin %klli. ic,il i,>idcl-,. l' h,)pjpci, w kl illhhk dillI II)S4). 

1iii siiui 
Sitli rhe Cticcriliit tl i tii iCttlheital ct iiJtun ,C. ic h.\[ttIC\ijli 1s in tileC se oil 

The iittc I iliihet) , hici-e resistaIce i) Li.ua!, e -.Ciis it bI lisaetellt. ,.h 

(crcwtpt t ',ii .fNcllini 1uid l:iiiiLic/ Ulit p ium i, i,1itle_difi 
itt iIlhrl:IItiC i -i- illtilC i -Vi, ili ,tiauii Of iS 

,:Il ti tS"L. Ilic I c.,,ie p ult 
e , a tC Mind I ,Lin ,'i- 1 htitAlcd. ttl ,itsiIiCte 

Cuin li si h4r it Ill itielude d ttl,. 11ita l( qiCnik.I inI te i' Ciltl tti ile rtt,,iiig fitiginili. 

Breeding for Adaptation to the Rice-based Farming System 

t2dIt ti1, ,i ill 
the hlar' esi )I the k m tiSptritn ,,.rIIiti iaracterities ass tct 

The pie. ailinie iiinln pirtdi i \ ,tCii te lhilipltiic, is tti rice' plddk flllo\ig 
rLc crttp t:'[ d ki.ith high yield 

under the ricc-ha,,cd * btcein .allicni and I iepote)rl.d,,,tcha. rept rted. CItdral r)77 that 
LAL. loil dr\ itiatter and plaitl heig_,ht trCUlcitlC \ield Under postricea-c pttsiti.elr %tith bea n 
conditions,. Likek ice. Pull II9S4 i +h',>erci' \ ig .iadirect Ind positive efcCtthat seedinju, r e,\ 
on yield. Other ralit at iitICedic\1l \\ic plant i i.tu. ptOd clusters per plant.nuLbCr (It 
number iseed' per pod. inniber t0 branches per pla.til and seW 'Aeight. The ahilit\ to t ilhsland 
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wateriogging, which is a problem at tile later stage )I prerice planting and early estabhlishment 
at postrice planting and water stress at pod filling stage are also important criteria. Superior
genotvpo&under these adverse conditions were identified and have been utilized inl our crossing
prograll. In the near fIutue. \%C expect to release a munghean variety which selectedwas 

specifically for paddy cultivation.
 

Screening for Partial Shade Tolerance 

We are in search of varieties that haxe the to tolerate partial shading. an important
factor in utiliing em pt\ space tinder cconut tree and intercropping with suarcane. Although. 
We haVe not \ ci developed a refined technique+, for evaluating shade tolerance, initial research
findins have sho, n that high harv.est index, grea.tter pod nLnumber per plant. slort.r root alndnIonelongated stem engrh, and resistance to ('ercospor a leaf spot are Charact,,ers associated with
shade tolerance -Abila.la-)l I. We hae al,, ohr 'ed that 1lie sCverit, Of leaf diseases such 
as powdery rilde,, is intensified under hadC. hence Ceneuic resistance is a rirajor factor. Anumber of rniunghean gcotp\ PCs that perform reasonahl, v,ell lldler partial shale htave beenl 
identified. 

Screening for Tolerance to High Soil Acidity 

About I million hectar-es of ulpland soils in the Philippines iae a pH value l less than
5.5 (Sauonte et al. 1984). These !'arI'IIS haivde to deote piart of their area to rair lIceure, in
order to replenish leached nutrients arid prt' ide a Sotlrv'e of nutrition for the 'faril\. Work is
underway at tile Institute of' Plnt 13reediriL to screen gernt plasinl for acid tolerance. HFigh Unetic
variability in response to pH hchko, 4.35/hs been obtained (1P13 1983). Out of a total of 1.792cutivars so f" screened. 17 liac dio'V ri tolerance to 1(,\% pH. Seven ha. e Kerr corIfirried to 
tolerate 55(1 tnin concentrationl Otl inl 4.5 1(G 

tolerant lines tLave been itilized in our Liossine x.ork.
 

lllilll hr soltion a.tt 4H i t18,'5). Sorie of these 

Screening Germplasm for High Nitrogen Fixation 

We are developing a Rhizobium-based technoloes for rirunighearn production and our
microbiologist., have isolated and evaluated several ef'lective strains of rhizohia. We are now
screening our gerrnplasr for high response to nitogen fixation. Usimie the acetylene reduction 
assay technique to detect high nitrogenase activ ir .) accessions out of' 356 arnd 22 advanced
lines from 228 genotpes hax e been found to be high nitroen fixers (Paterno et al. 1986). 

Breeding for High Seed Quality 

In mung'eCans. the objectionable seed qual it. is asociated ,xirli the presence of hard seeds
which are itrperx iOUS to %kvaterand remain hard exen after cook ng. Occurrence of hard seeds 
is a physiologic and genetic trait (Mendoza et al. 1987).

In the Philippines. consuimer seed color preference influencees the market price. Sue regions
prefer the glosw. xelloxx coloration of eds while other areas prefer the gloss. green color.
We are. therefO, .. breeding fur both color characteristics. 

As mentioned earlier, our success in raising the producti, it\ potent ral of niurigbears hasbeen brought about largely by the increase in seed size. Furthernmore. lar-cseededriess js preferred
bv the mungbean sprout industry. Large seededness is quantitatively inherited but fixation thuselection could be clone vith relatix.e case as the genetic effects are additix e )Firpig et al. 

h 
190. 

Singh and Jain 1971).
When we increased seed size and xweight in mungbeans. we wondered ahboiit its implication

on seed chemistry. It was observed that when \. e increased seed size. we c%ere getting more
starch than protein. Ong (1978) observed that protein content rantged frot 19'; to 25%: and 
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starch from 39c, to 48%. Seed size showed a positive relationship with starch content and anegative association with protein content. But with increased g1rain yield, w\e were getting totalincremental yields for both starch and protein content oin a ilectaire basis. 

Developing a Unified Breeding Strategy 
A breeditng program it, cmlprehensiVe ast,the onlirowvin sit e described to meet tileobjectives of tiledifferent l a iOlls e countr\ call le ,..'t\,,nil
l ational prograll1lS. ,LCh Isolr., do 

not have su11i.'icnt Wetinrce.\\ ith C',t redtMiIt iii 11nd ,Ch1a\ c desig,ned a muIltistage breeding
program. hich ,attle inlitilC tageuea Commollltn tritlltient illthe handlim and enerationadvance o) the segregating fpotlatitu,. ( lld. the haldling advancedh01 tile cenerations
foliosvs itdprergent apfmolch so that the 1enotps areV evaluatod under the specific conditionsof tie diferent en, il'toments. National \arictal tetin' programs have also been developed fore.ch o1' upland. ricC-based. p ,lhatde and acid ,il cmditions, which will be the basis for 
llilking latiolal recoilmclidatltIlls for lictalreleases 
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Utilization of the Genetic Variability from AVRDC 
Mungbean Germplasm 
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Abstract 
A total of 418 accessions and 130 breeding lines from the AVRDC mungbean

germplasm were evaluated for 14 characters in a replicated trial. The significant range
in variation which was observed for various characters is discussed. Under field condi
tions only four lines showed complete resistance to the damping-off disease syndrome,
15 lines were resistant ti p )wdery mildew and 28% of the lines were free from Cercos
pora leaf spot. Seeds per pod, seed weight, days to flowering, plant heignt and nodes 
per plant had high variability and high heritability and moderate-to-high expected genetic
advance. The majority of the characters showed a more-or-less normal distribution with
slight positive or negative skewness signifying that there is scope for selecting lineswith positive attributes. Varieties Pusa 105 and Pusa 101 have been developed at the
Indian Agricultural Research Institute (IARI) breeding program by using AVRDC
germplasrn and have been recently released for cultivation to farmers in India. 

Introduction 
.\lIl,rel Call , the l ,r Icl.J llnecrop th.it hIII ilk'lc't ,d IlcI ctltis ited. PI'dLction 

anid pr ducti\lit II di 111 I dl.'. c'2 )" tlL cilill i 1 & Ihe JI'L-I uil r ll 'lluL'elcn ti iln 
is three mitlliih .i . %klInch llhe ihiiii tile lljon tr'iiccI t cl'zil \\ll ith itt ICil' of,\ I 
0.37 1 la. This , .liin ;i IIn -sI, ti lh cilile Il Midea ilhoc.tetl to elin lecniiie *is tle: 

lahl I). (\\ ic~It is hi t ll ltx sc'iJ iid las h ic.JlIIlh-, cIIl'--'ti ldi '. iIlslie lcoidiions. 
llIIll-aln isl;,:Ct~ l-eICd i lln I:11!O IILNI ii tile 0IIjIIICiIl ,ltlPii~i -\-leIll. Thi CUlti ioiic 'h 

ds I IlllhilteLJOt I i IILIL. lIli II i.li l I l aIl t
cIIIIcL' ai 1112t Il \1 stII\CI h1C lit t(,ICA III 1 at o 
liIt1hcIli India...\sA riillli lo it I lp Ill [h LctI-i, Il .'li ,()I hIdi,. it 1I, ' 5 1 hC5t%\t \\i 

Table I Stgnifcance of rTungb an in India. 

Munbean Tot.al pulses Total food crops 
975-76 1985-86 1975-76 1985-86 1975-76 1985-86
 

Area cultivated 2 52 2 86 2. , 40 23 82 
 128 20 127 06
(million ha)
 

Production 080 1 05 13 04 
 1296 121 00 15047
 
(million ha)


Yield t ha) 
 0 32 0 37 0 53 0 54 0 94 I 18 
Source, personal com 1nicaticn .-'e rid iai Cotnc I of A I'rcUsttdra1 Research. Krish, Biaw n. Ne.v Deli 

Since its incepti( in .I Illthe .\-,iun \2cthIc Resear.h and l)selopnlIent Center AVRDCI)
has collectcd nore than 5.() unllean acc -i nIIstrtnll 43 countries territoties frot throl.hottt 
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the world (see al|o Fernandealld1/HId 2hiti 1lrmIrtlarari11 PIr0L'CdilIm 1Luchla . a itheSC .(uti'nrieS 
as India, Pakistan. l3anIl2IadCsl. Sri lartka. Nepal. Thilarl. the lhlpines. lieRep, of Korea. 
arnd mans othlir dc\ c illopaid Ot Al ocn de: celoped o.titlies as J4p1A. eltc. has' \ c c'ce.s
 
to the AVRDC ,cenchank andid,.e h.nliltcd hKU,,11,.ithe 'ertIII+,a.,r II their tCedi r ,1rar,s
has,. 

AVRDC \,,sa,idert.+lIeli, I )'12 1h,.e for 1I,11t (;,,K Resour.,ce, II(IPCRI
h% Irneritionlal BOaild 

as the deSir.'le re,'iCtor1 o th,+koriel , t tl]
\l.e Vlise'h;. n hei do,+,.:,hated ,as 
sich ill19,Y3 (1131'(R I )2. 1'84 

The varmahillt,. ,I,.,,r,lne t-ie-'\RIO) IIIIIIihrtI1 ,,2r7il1,11 ilid it', titllitatrtli Ilt the

& \6 o[ , ki.1lltI11 k,,II'Id lIl1'] SCI,,,..'Iilltill,, plLiperI
11[11111C11t lIII'tF0 llC;Il+ t "CIll t I',I)I' , 

Materials and Methods 

A tdirl 11 418 e,'rilplasin aion,, ,,tILf\, dr as, it fro(l the A\VRI )(" ase colle.ctiss ritl\ 

which Consists ot ,a.c .ta, I) atcesonlsl. Ii tt." of aIcce sions, dras, n lltll c,ach of, tie 43
 
Collectitons \,I",In proport;om to the'r is lllur "tiler
rpecl [. luI1to I' , IIIInallr cd it Iliehease
 
collection ['ale 2t li 'Ildiitl,,li I,1( elite A\RI)(" brCdInI litre, \%ere alo icilided. All of
 
these 54 cc i.'l liie,\ere 55 Ielitthe I ,,prin, iOL.. tiCLS
\VRI )(",,e.\perrnitttal 

It Tais, ai. 'hinl . .\ri 1 t %h-iki kerl i, tio %s.ts s clded
,t1,2n ,+l 101 threC vi;1l used I.-."- %k 

as5a chieek alther c ci I c iio.,1 1Iti i-C \5.i' lii trc I plit2 Il
1, 0 -1011 sOss ,IIl lon 

a1l1rd i kI re1d lsiith ltttt- it ',\ 'p i i I . It)fli,% .cI;. . 

Table 2 Orimn of er"mlplasi, ,sd in the present study 

SosIrc e +No S,,f ,r No af Source No of
 
",siC cICCs acccssiOns
 

Afghanistan 26 Gu t.<, : 4 Senegal I
 
AVRDC breedmn Honz Kon: 5 Somalia I
 
lines 130 I,cn,. Is South Africa 2
 

Australia 
 20 India 12 Sri Lank., 4
 
Bangladesh 
 3 hrin 40 Tanzania I
 
Brazil 
 2 Iraq 2 Thailand 45
 
Burma S Iory Coast 5 
 Tuck ey 6
 
Canada 2 Japan 
 2 USA 28
 
China t0 Kenya 
 I Vietnam 5 
China. Ta Na n t0 Ko+ea, Rep of 35
 
Cuba I Mada ,iscir 6
 
Congo 2 le> cCo 
 I 
Ecuaeor I Middle East 4
 
England 15 Netherlands t0
 
Etiopia 3 Nip-r a t0
 
France 7 Pakistan 19
 
Ghana I Pert 2
 

n
Guar 2 P!IIpp ns 42 

[irurteell chArte,rs s.iec e\ahatc. icliuhiliL ritirphitelr fllslt' selt a" plait lehtil[. 
d,\ s it)liosserirrl . , it . (i)iuen lltuir"t. tld.a. f ritir l . tI I- 1n Jl\is ',er'tl ttItrIt 'VI of 
first pird-hair iL ' l1 prrt-tit, ,.. Lriiilr.rrtertt, is rt ,.u prtlb-l irrin,e. sr,\a', IC,. .,ti,+.h i 
clusters per pla',.nt. nII re jrr,, per pllI., ruLti0r i Chl r er ird. I -sei.d ',ietht attdI 1 1 pellr p d. 
,itnu.lc-plti t rta1tt% Il. ()hr, lirit, .,ec taken ,iiie rd tils -seleetes ai! ta,2'ienh plants 
lror1 calh of .,The tie.i ' thee tis11%oiplants, -. til ',,the lit ;tall it e ,.r 'ed hr ti\t.I sis 
01"the diltererm .hart ThiC in,.i I pi,%,dr rI.(CIr, IIrs,.. ce,rC rtitlhedCv I or, edlit ) ([I-T ). 
Rhizoettnia root rot id im.llt lr ldisea ,tri,, lle ICItt ltslellll )s iti ti lt ti sr\1 Itic r,]d.seases
 
,,.re scored on a 0I fi () stale. to 1 1 te'ustartt. 2_ict1 IrideratL.M , resistant. 4 ht5
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is tolerant. 6 to 7 mode'ratcl\ ,tiSCptiblC and 8 to 91 ,*unttilIC. III Scorine) flr diSea.se incidence. 
visual ohservation of1,all plants, in a line \tcrc taken into account. Statistical analvi,,of the data 
was done a de's:ribCd b\ .\l-libIIn'l et al. I 

Results and Discussion 

Range of Variability and Mean Values 

There vas a sinmii ;it itie III \ ariabilit\ for all of the characters observed, except for 
the C'.. ini'ction .orc. For da\', to0 ih\,critlne ,tid to iilturivt, the ran e was 31 .0 to 88.6 
dI',a s. %itl a iilcan of 45 and 73 days, respectively (Fig

,,and 56.3 It 135.7 da\ c'pecti\ el%. . 
la. h . c ci. Nh.dhi Ct al. i Ot)01 did not find sulliciCentI ariabilhit il ni1unebe.-ai for dis 
to l]om crine and to luaturit>, .. *ltltoiui.ih ' ,iliabihit\ edb\ Nidhi and CMorkers,a1,sr1,,.lct 


hicouldc due of hiu, in 
PiLt h.ihl %itCd 110rot 12.. h1l)2 asr37.4 ciii (Fli,.Ie. [he uIliber 

hr other charac 1. i to the ,naill iiiiibcr i,uCL thci{r ,tud\. 
to 1Cti1 anld the ilican 

,Itnodes per plmiuit a ird ru ..- 14," \,, ot 7.5. The itltAb.1er tioihI mean l'irst pod-tearing 
nodc, rllLc troill . to -.)'. the alu',ii, 2.5. indiCatiig thit imollt,0lbt . i1\ itutnbe.an 

tp-bearuc i,the or third th IIIC I Id.lite", the ii,,( nodc se.'cond Irut eFiL. . 

2C0
 

60 150
 

'35 
uW 80)
 

3 5 339 43 47 51 5 59 63 -63 D 55606 5 O 7 60 85 90 95 ',5 C I1 2' 27 3339 45 51 57 63,>63 

Day's + F. ,ng Drays to M turlfy Plant Height (cm) 
240'° 307 

I, I
 

"
Nodes on Primar', At" NON t ' ' Noe; ) 

Figure I . Frequency distribution for mri.rity plant height and nodal characterm. 

The nlib rl 0t fd ,art. clu,,icrs tricd tli i I . I to 24.2 %.ith ft'a mean 5. I(Fi,. 2a). 
'le high coefficient ot ,ariabtlit\ 1-i t')(3.7' Ifor pod-eari- cluter u t , the1potential 
to select type" '. ith hilt intitber of cln ,tcrut r plat. 13a,al clustr, had le.r niiber of pods 
thaniupper .lusteis. Thi,,i,,prohak due to( a g-,reater 1t]i.r itt the baal cluLters bcaiselrollp


f ' o hit Ili- hucr :euTIpr-.ture and shaing11- if) thCof higher utlnidil\ hi, r lhur ,tsof the0 lant canIop. 
The number Of 'seed, pCr Iod \ are,2d 4-..)18.4 ith I! .f li.e. 211). Introut to %% a iltnii I 

,eneralItl0If-,,ecd ,.eiht \aried frot 1I.) to ,8.7 L %kittia mean of 43, IFi_. 2d. Poiids 
per plant is one 0 thelltl, itportat lF\en thlou1h sonLI enot. pes appear toicld coiponctits. c 
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Figure 2. Frequency distribution for yield components and single plant grain yield. 

haC a large , r plant I [g. 2c .:the', ha, n' be carefully evaluated in specificnumber OfipiidS 
enoVironlenl, mnd their tpic pticlial colitii le(] prior to their use illthe breeding proigram.

,.Ith,,h+%cid( comlponent" ar, 2cenerall , IIcati, el,coirrelated anionl thenselves. there ' 
wcrc line,, hich1 1ad a -,:niI titl t ll1gh nLnlber (0 pods per plant. larucr I 00-seed ,'eight
aild more ,ecds per pod ablc 3). (rain d per prlant \aridLi frll 1.0 to 28,2 - ith a mean[l l 
01f12.3 , and a C(V it45.5 ' F,. 2c I Since \ ield i,a comple, cdlaracter. iCld data based 
on a s.,inle plant ,culd b' nleadin 'lherefore, the ranc, mCant and CV should be viewed 
aloi. withtie _,.IIot\ pic a1.mrilcc. helit'llt\ and genetic ad.vance 'o.hich are discussed illthe 
later part of this paper. 

Table 3. The five best lines and their attributes. 

Line no Pods plant
(no i 

Seeds pod
(no. 

1000-seed wuight
(aig(g) 

Yield pint Days tO maturity 

1055 A 31 7 17 7 675 25.9 76.0 
1055 B 29 3 15 3 76 2 240 74.7 
1254 A 75 3 107 52 3 22.7 64.3 
1345 B 440 12 7 64.2 20.8 77.0 
1353 B 39 3 10,2 71.1 20.1 73.3 

Sandhu and colleasyues I19791 studied variahilits in435 strains of nIunelnhcan for IIcharacters. 
Thev found considerable variahilits for allthe character, studied. Grain vield per plant varied 
from 2.3 to 18.5 g (nean 8.5 ,i. The 100-seed w.;eieht varied from l.9to 4.0 t,(mean 2.7 Lo,
seeds per pod from 5.2 to14.5 (mean 10.8) and pods per plant from 16.1to 78.3 (mean 37.9).
Similarly Virmani and co,,orkers (1983) tested 713 niurebean lines for 12 characters and reported
similar variahilit, for all the characters. Similar results have also been obtained by Singh and 
Malhotra (1970. Giriraj 11973. Veeraswamv ct al.(19731 and Yolhe and Poehlrman (1972) who 
utilized 75 (both indilenoMu, and exotic). 55 (indigenous). 25 (1indigenoIs)and 321 samples Ifrom 
18 countries), respect iel% 
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Irherc Wa iIM51dilI.Ibdc %ariIIilit\diiJplI\ .d in ICaCtiiiI)N to ikCai'. .-\ilhllu! therc %Crc 
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mol OrusIN!i\ ) h 11111 dini %%[ihprirmParil miilL-CItii HiiCiCmIiimiarC.a ciiilxiaii\! ii,Ca1 
iNISx andlia(Cimiaiili1 lilame1 Ie "Ill Ih111CeC A 111ehi ( K.~enii (AS'd VI ' had 
azl 1N.\d mihm til'% mII'',J.ii& Ii, ININi\I\ Hi aIpl~kJ In lai\,IIm In All, Nem"Oum. 
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,i50 (d 
1 120 

1- 901 
00601 
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Rhizoctonio root rot score Mottled virus score 

riLmc 3 Frc qurcy distrbutn for wool doses score. 

Heritability and Genetic Advance 

iid'. an:. 1(,c IIIi c K lk! p)int. I14'PCT Iliit. il i'ie P plant. thcIletittihet (It firt [hid
hcarijie fliIcanitfI ln ii 101111 NI Nl\ khmNlt,-- 5tC all l'10 I t i CkIIr
 
like NCCLINp)Cl 1))(. 1(111 'ci! .AL1iII!1 kiItiti. . pl0i c1,111J1iti1 t."i [)tii
1 t l 1)111i1 hadi 
11elm hiCI-iIhIl ii and 11nch c LjHcctcl Jknl11lIi Iahic I 

'I2it wet~k [I. S itl it telA I(x d IeItili)%%tahL I iS2and mmene~t 

cXIpt'icd ilIL. iaCe It diN I( lit IAiILe 21 ,W;Iand It '\. t: pcetetl Imtca lc 
fir-Lho k) ItIaIJIFI 8 W; I\lihhnch iii YWI)I "VOW SINI1its AMtlhOWateiiritcM ii IfCN 
per plant. ilic ciAmtatet hlii hid;h hmeiahili (5()01i and 11 C\petCslCtit- IICJkantc 102. 1 

geati adlance. Nugewl that thc ale gecncei h diC that arc liliitl\ Jkldllo:Illt iatn.C 
.%iass SN.ion Call rin c LII1C1II In hICImCit SCCdN I)cr pI)OIcmi ikint appreciable t 

has hich licrilahilil. (50.2 ii> C Clii aIsiChut A COIIIJtiiorit %CN55 (C "cCtil ik 1 .i )ce- I ILtr 
has, a high gem, Mctpim ance I Il52 i as.Nusatd ". ith cr\ 11ich1 iicrirIajirl I 72.() and c\pcCrcii 
,eicci artellc I-4().9). huoh () rhc ,C CiaraecrN, arc ciiiiIIItprantield Illponeiscit.

(irainlICL kClt A hi)%t, 'sarincc t 27.0) Nit hlcrlabiit and C\p)CeciCi ecacueic'cit II -cnti is pit 
adsdICanc mrmtiicrate ntahic 4. (istcr pmr jlair arnd pid, pa phUr also hcrkmluua os W 

http:mII'',J.ii


108 Tickoo. A11.1nen and Shanllkalundarari
 

Table 4. Variance, heritability and genetic advance for the various characters.
 

Character VPz VG! PCV1 GCV' Heritability GA' 

Plant height 121.51 82.93 29 49 24 37 6825 41 46 
Days to flowering 27.12 24.74 1151 10.99 91 23 21 62 
Days to maturity 41.63 19 70 8.85 6.01 4733 8.63 
Nodes'plant 2.30 I 15 99.12 7009 5000 102.10 
No. Istpod-bearng nodes 0.77 0.18 35.43 17 II 23 38 17.04 
Clusters plant 4 19 0 64 39 83 15.57 15 28 12.54 
Seeds.'pod 3.17 1.78 15.41 1l 54 56 16 1781 
Pods,iplant 73.53 19.15 47 15 24 06 26 05 25.30 
1000-seed wt 146.20 105.24 27.61 23.43 71 99 40.94 
Grain yield 112.39 27 04 52 15 25.58 2406 25,85 
PM score 0.30 0 12 390 36 247.44 40 00 45 13 
MMV score I27 0.01 III 58 99 079 I 82 
Rhizocton -oot rot score 3 88 0.15 51 02 1004 3 67 4.07 
(damping-offi 

VP = plenotyplc v iance 'VG - -notyp,c ar~ance PCv rhenotypic coefficent of vafrnce 'GCV = 

genotypic coefficient of variance 'G4, sin !c ,1! rC.> . of 

Cstimatc, 15.3 and 2'. I Ilo\c, . ield aind \ ,ld x.repcti\ el\ the \ uponentu crc reported 
to be predollillanly dLLer the contrlIM ci xxilhaddlti\ eclic clcct (Morlon ct al, I1982). 

Resistnce to PM ha, high heritahilht 41 .0) tld c\pectcd eIeticiO:45. ce It. I lowex er. 
resistance to Rhitlctila root lot 'ind arc highlx inlilteiccd b n\ir ltelt and have 
low harniabi nd c\pccled ge' clic ad\anc. 

Utilization of AVRDC Germplasm in India 

breeders ltIICIrOt, 

and brcedine lines froum:\\VRDC duri:te last car,,. O,. inc to the dnemer 01' importing 
In India im kine illat ntlt',Lill, ha\C been .receikie hi l germplasinl 

hC 12 
n ill rt of seeds i, 

through the quarantine channek t the National Bure1Cauil PlI Genetic ,,s.nrcs NIPGRI 
only. The nungbcan Ceds imported throuh NBP(iR from 1964 until 1980 are listed in Table 5. 

The ta1 restricted atudielous Mid usc of ..\\VRI)C tuttbcan 

seed-bhorne virusC,. xxhich arc hitherto tullknlo India. imp carried Out CXCluSix cl\ 

1or contraint that hit, t11pt1) 
lines in the Indiar Suhconttnet is the select n of IYNIV-rcsista.ur lile,,iatAVRI)(. sice this 
virus doe1not oCCuF inl the Tais\ an arlchipelago..hot of the AVI)X 'matcrial,',xhich h'\ e bC 
imported are hiehl. sucptiblh t0 YMV ill India ill the raitt\ sesl.ol ltdaillost othii can 
be har ested Irtmi these lins. Fo\sc . thesc line, have uselul atributcs such isa thick, strollL, 
stein (Iod itt rc,,istance . late secncsccrc of lcac,,. bold ,cds.cl'atis clv higher thcro- and 
photoperiod in.,cnijt\ ity. ,\nchronOUs llatnrit\ . ieh harslCS index. e.rl\ \ , etc. 'hcrl'fo'e. 
the best AVRI)C materials. both getuplast and breeding line-. hasc e)en ued in tite IARI's 
crossing progrtta lor teie 12 lable 0).past Tas 

A number ol uelul %arictcs has c beert devoped xxhieh a1r1pie]etl. being inAlln tested 
India Coordinated Fria. Pusa 105. it\arict dcxeloped frotltti, prorati. htas been rclea,.ed 
or rain\ season cuIltiston itt the northcn and central /ontes of India bx the ('ctiral Varietal 

Release Committee of WAR. Other %arictic,. Pusa Il 105. s,uccesful fo1t 1 lld Pusa a C \ C 
rabi sieason rainfed culti',ation in tilerice-belt of the coastal regions inIndia and have been 
recommended fofr culti\atiI t b\ the Alidhra Pradesh State Department of Agricunltut re. These 
varieties, and manr other,,, have been developed at,:t result f'crossiig 1t2\iC line, %ith indicentMIs 
disease-resistant strain, that combine the useful traits of both tile groups. 

Pusa 101 and 105 are resistant to MYMV an1d PM. and fi,1d tolerant to CLS and other 
diseases. They have a higli biological and grai yield. They have late senescence and have at 
wider adaptability over different seasons Fig. 4 . 

http:rclea,.ed
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Table 5.The exotic mungbean germplasrn imported through the NBPGR, India, 1964-86. 

Year Source2 
Recipient institution No of No of ccnsignment

Source 
 state in India) lines w unknown no of lines 

1964-77 Pak'. USA". UK', " ARI PAU', Orissa', 203 2
 
Nigeria' Indonesia'. ICRISAT' NBPGR' Maha-

AVRDC rashtra'. T N
 

931978 AVRDC Thailand' IARI 
, PAU. T N I 5Il1 

tNigeria' USA Bafialoe. DPR .Oissa,
 
Panaga, NBPGR
 

1979 AVRDC5 . USSR'. USA iA, PAU' NBPGR 27 3
 
Indonesia T N Orissa Paritnagar'
 

W B DPR Hissar'
 
1981 AVRDC3 

T N " Jorhat 174 I
 
° 
 .1982 AVRDC' IARI T N 4.DPR-. PAU' 264 4 

DPR4 . 1983 AVRDC . Kenya USA IARI t Gularat" 47 7
 
A P T N Ralasthan'
 
WB
 

1984 AVRDC 7 , S Africa' NBPGR Gularat T N 118 3 
AP
 

1985 AVRDC5 
T N .PA U , D PR 146 2
 

1986 AVRDC 2 
T N IARI' 

-

31 1
 

'Superscript linuibers represent t'i - uier -Df corir receied by an stare in Indiarts Sf'lit ifistiiitinOr 
'Abbreliatons used A P iAndha Pr:ideshi AVRDC , Veetble Reseirch and Deyeiopment Center r DPR 
(Directorate of PulseReseaci , IARI i indMalAI,'C*LJI .-. l RQsr:'!Ch Istitutei, ICRISAT Intcriational Crops Research 
Institute for tie SenmiArd Tfopics. PAU iP~ab A, rCUltjir Iri, ts,T N Taini Nadu), W B West 
Bengali Source Natonal Bureau ofP '%, G-etc!c RQoUrce NBPC.R Nc.-. De ll IPersonal C ornulicatci)i (see 
also ,aroda and Thomas ,n these P,c ee., 

Table 6. Some of the promising varieties developed at IARI by crossing indigenous and exotic lines. 

Useful parental attributesVariety Pedigree .
 
Exotic Indigenous
 

Pusa 101 S-8 imuti x VC 348-1 Grain yield, seed size, Resistance to diseases,
 
Pusa 103 S-8 x CJ-4 seed quality. lodging e g MYMV,powdery
 
Pusa 104 PS-16 . V 3476 resistance, photoperiod mildew. CLS, root and
 
Pusa 105 (Tainan ML-61i and thermonnsenstivty, stem rot. Insect pests, e.g. 

iEG-MG-1 6 ML-3i synchronous maturity. thrips whitefly, pod borer: 
Pusa 109 76-2 CES 55 h':gh harest index. Desirable characteristics. 
Pusa 110 16-5 M 317 late senescence, thick e.g. high pod and seed no., 
Pusa II 76-16 V 3476 deep green leaves, deep root system, efficient 
Pusa I13 76-29 Ta nan-I early vigor nitrogen fixation, adapta-

Pusa 114 
 M 980 VC 3484 tion LOminimal input,
 
Pusa 113 K 851 '/2272 earliness etc.
 
Pusa 119 PS-16 P1 981
 

Sonie of OiW tIr Iitcs havc lecen ui, i, the hiwhest Nields,. both inspring and sutinler 
seasons. inthe All India (OOdinated Trials and a fw aIc liks tO be released. tnainl\ for then 
spring scaston. for cu Itisa titit in rca.s kacated b'. crops such as ti1arcanIe. brassicas. potato, etc. 
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Abstract 4 

Symbiotic nitrogen (N2) fixation inmungbean is a process whereby Bradyrhzoblumn
(Vigna), inwith plant, reduces N2 to a form usable by the plant 

Tevrocens.IEvrlyes a complex interaction among host,mmcrobial symbiont and
yefforts to Improve this symbiosis focused on the identification of

superior rhlzobial strains, while largely Ignoring the contribution of the mungbean plant
 

Substantial genetic variation exists not only among rhizobal strains but also amongmungbean gen~otypes for their N2 fixation potential. Genetic manipulation of the hostpiant offers. perhaps the greatest opportujitylvfor: Irn'proving levels of N2currentfixation. There are at least two distinctly-separate components which contribute tosuiccessful N2 fixation, namnely, nodulation or nodule Initiation and nodule effective
ness. Significant host genotype x 'strain interaction was observed In the rnungbean
cultivars for nitrogenase activity..Linear response to the effectiveness of the rhizobial

strain and the deviation from, the linear response are proposed 
as a measure of N2fixing ability in varietal screening. Path analysis on N2 fixation variables Indicated thatnodule~number per plant showed a significant direct effect on nitrogenase 'activity.Narrow sense heritability (h2) estimates for nitrogenase activityas high as 0.70Owith
rhizobilistrain.31Z3, indicated that significa nt progress Inbreeding for enhanced N2 

1 

fixation in mungbean is possible by a modified backcross Inbred method. consistingof alternating cycles of baclkcrosses and seifing for Introduclig superior N2-fixatlon
potential into adapted, high-yielding cultivars. 

Introduction 

The nmUngbean CVIj iia r-adjaic (L.) Wilezek) isan important short-duration annual leguminouspulse which is grown as a ionocrop, frquenzl in rotation with staple cereals Such as 
1 

>wheat and corn, ice'or as an initercrop with species such as s'igarcane. Mlungbcan isgrown. principally
for its edible dry seeds which are high in protein, casily:digested and precpared in num~erous
forms- for human consum~ption. It is also used 
as a oreen vegetable and for sprouts.. Another
 
oinrnioni 
 use is as foddecr for livestock or often it is incorporated into the soil for soil-buildiiigpurposes. Other attributes of the crop include its some1what diSputeC"d drought tolerance, high-Slysine content compardt, eel ris o production of' flatuilence ad~iea~~~blt


Colnrilpouto 
 custrilhb sa Australia, the West ndies, Souith Ame~rica,

tropcalandSubtropical> Africa and N6Ioh Aiiierica.Finally, te iunp6en's ability toi~ fix
>atnmospheric nitrogen (N2), in association with bacteria of thic genus Bradvrlnzolnun sp.(in

iol':extremec importance. 
>


~11f the uses for whichmiigbean is produced and consumed are carefully examined, it becomes
 
S*z obvious there is a n element around which both mnungbean production and utilization, focuses. 
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ObViOt lJV. the C1op caIltl"01 prIMdtCC 1d1qt. ic iC ht hc hIII aiom,, I sufficietl.ld or ,,cd, \without 
supply of N tIr gro\th. l.ikc\isc . \ hclhertihCe C101p i, uscd as a ,oil buildCr. \%hcre ChnlcllIlltell 
of tie levels otf soil N i, the tIdCCtI\C. or \\ hCIhCr the crop I'Or nilllal ori,, uNUsed hUl.Ianl 
,olsulliptiol, %\hereaitlinlo aciS Mid Il)i'tcins arc the iLesilid pr,'duct.. N i, tlh. critical elllie t 
associat I s,,ith the priducti l Iland ut iiathr. III thi, cr,'p 

Nitrogen Sources and Requirements for Plant Growth 
and Seed Development 

Tlhe N utli/kl 10r I)LU11 o-I(th 1,1 th,il M11,h ,tCCtiIILLII~Cs, III the seeds, Call Lno !11 11 

the soil. .crtlieCr atrd tIil I \itaIlII I Pie 'I;lltlnl 1CIi\ Cd tril l tilese 'li ccs dCe-cilt bol 

kill pla t l",lctor. or i '.enahlit\t\ t .i tiaccht and l /c \ ioie.iilc N . is oihll I , 
rcLoati,\C CaIltCIt% !kIIt\~lt~ .1:rd ill[ litClt0Y*, HI~itllm u ,tldt ahilb, ,,M++to\litC,, [ At\ l1t, 

of N . Su dies ill Qtuecitilin .\tt~ t~ 1I- n d %\tIth ic 1,.trl11\,l -VIII 11))-) .tr tier-kon shmi,c,. 

that ith eacht til lil\ 'clIeht I 'I , .'ed li,i CeNtCeL.4() t, -12 kL V ', to 5 k, 1). 12 t, 14 kL 
to 2.10 k,, Iii 

ll~l'i~ltluq~li ~ . [ OI IlI't.C1,tI'\ Ito iNtl M )u c I,' 111\ 1[cl l'oI't C HtOll. 
K. I .5 It S .mi NILu,. I ,1t1 1.3 k, ( . ' \ eci M A 11111 thc tiChi.L Additio''n l 

,I1lCll, t[,k' thC;Il ll ,illd 

iII slil.itiOll ',,M iC t hC . ',C li1tttc 1 ClW'1111111,d. ati 11101CIiL i tiIt1litie0lC"t \CL'tL hue LUliltilN 

Ititiutli'flta,I l Iillal\S ii\ 'C IId I th t li iw Ila \dM 1111t. ti itc., ilc ,.\ c .ii c ilclit ., that mte1t . 
HII)O'IHMl t s,',.Cs,1,I] ,rlj) j)II+oIUIthl,1 hkt , tCAI]. . \- the i~il+rlnt I)IIIrIItlHUo toIlkllII 

\icIld t' seed 1It1.d ili', P~l;Ititc IllII IU I.'',.; 

The ColltiI~ ttt(11 if N li\u titm iii tot~t It't N %,iiic., , idCl} m itg n [h,- ho,,t plantl.r111 oIp 

ri' i/ +Iial i101)[L11ti,+1,, Ck~~I tol t , t.t1111 ",\1 l o',I,,, eC . k C,iai file 1hc1.UIlt,,Ilo lto c l(_C',l1i1111tC,, 0 
,

of ," f'i\Cd h\ 1lltll1 2bcatll ;l tic f t.. . CM !' llts 1 J t; , l-,.i lotl', ll t ,tril Ill I,111ill nd 11:11t0ittcs1 

ci al. 19)73 sl\ cdi 5' ,t,I I K_ N ha,1 p r ro'p I ihcce'11,cli s arc peIihabl. hi tltc than \\ould 
bc C\p clcd Ill ;t IJI'IIICr'" Held \o hiC[ 1,.:Id', tiC IIl(tCll 1tktilei Citl 0!p'' \I.CIIC tlCitIlliit pests. 

IIiI, studl \. as cit iuILt L i k liI N cItiCit i ,,t . i,t .1 I kiII IkIIC I \i1IIIII ;In II I ;o -( .,,pical of 

earlier ln,-icriI stLId\ ill )kht ',101i. tS.A II I iC ! (ir 195- \k hich Indicated thatI IA 
lItIlnIt CaIiIi tlllCi lII&iCI I C II IiIiI LlIC ih. ICtIsCI I lt_ \I ClIi ILI J sLihs iCLhIIIIOo't 'iJl) h\ all 
amillol. iitCIjII\ ,CII Itt' tile ,idtiliti otl-() k'- N t ( )IhICr rcpiis IM ,rt ( Ct .i. 1982. ,itihaItIQ7 I 

alsi Cstitjatcd lI\l hi ClI I r;tIL C 11im ti ()) k, N li CI CIro). The \,;lii Ofl 
IIllltll hCd.In ;',, ;I N , hiIL L' L~lllnttIIlx .;*p II lIL0l0l1 ,', Ith 110l1lC21,1111C C1I]s' IM beenI 

LI0CLtIIliCIl[C& 

There 1, a. !Iced IMi dclwkl c IIihI lmIitioiii dIc cnht Inp tIII N Iroml mmnCtIi~~~ lhai\esed 

Nlol Illilollor ,,ccd. ] lll bC.Il I lld;ke net " olilhUtil. 11hc aIlhm N rcmIO otoc ill plantI matef rialI. 

for examtpl Seed.i 11111I bc l hss I j 1\ tilte ,r p. Ill Niit,I lsN ', lh rd ,Cod, arc hi'i dthall tlt 

\ s tl e ,0i 1101ttoil llaind c op residuC, JiIC C;lIIIisi .- d,.ltt.i1 III entIlthecr i C.tIlllil be 

expcctcd. hi pf+ i C , hI'. C' er. as, t(i v, Kltrl l Ihlt ltte al.tI.is i.iot'IIi ill riatl,iOn 
\ith other crop, i , uis li:\ ha C,.IitIII Cl it 1 tle in, ppi ,ne l lK d it', O iIIIIercial 

Itlc rCani,n 
1t1M I't'. Its 111t ,C lnCiCC 

valie iit that Ilcltioni r'ather tian ll Its N--I in,_' pitcuttial. 
W ith reearl to the ''lixed Crl ppilC sltlili t. t hcre it l ean is interctr ppcd.-ttig there Is little 

definitive C\idencc to0 ildicaile tilt the nliituili cIsip hcnCIts lfriii tilhe hiiihiical N, 

fixatiili asociatCd '.5ill tihe titIinuhcaiih tirOlhIEl N C\Crctiiit IrO11ln uili s. In ict. ii builh crops 
are planted at the sall(c1nic, both %'III colpttci hr whalitincal N i,, a\ ilable in the soil and. 
where N is lilitcd. iake bir ilih Cl)Ips, li he ICdICCI. ThlCrcllre. the 1la.lr id\nlta'gC is 

to the sunecedIne cr,'p 1 i e itcltcrilp 'A hich ill;itll's alter decciliisliiioill 0te cnittiliean 

plant has been initiated, 
As \with other legnntniinoc iNlp, tMiller et al. l 1982t. biological N, fi,\ation in ntungh.eall 

is suppressed h\ N tertili/ation. 'Aich indts t) suppress nodulatiin. and does iot increase seed 
yields except in the abst-.'i CI e fclike nlodulatiint IIrock\well !971i). M.inghan is regarded 
is svnlbioticallv prIlitisCLIOUS. ssItl nlCs prOducCd \when infective strains of'ite cowpea 
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cross inoculation crimp ot Brvrhiwbjium sp. (I'i,,il)arc plcsCll illIhc soil. ( )h%ioNs\ sIr lilns 
within thbis-ro)) diler i-i hit\ cltcCticl\ the\ nodtulaIc tiItMil)can. F}or al Introduccd straill
 
to bc ctlcctivc, [)'dilc,, a \oIdc
it should ptkidicc N,-ti\in )%,ci ran..Ic 01 soil ctiiditiOns and
 
i' COimpctiti\,' ill ttA.0 Nill.,vlt\ t+i\ailhtl
it)dulc Itriiati And ,Ai itindiecontS Or nati\c ,ttaitls 

alrcaiV fitc-,iit in the ,()I. 
Th1 neelecol iltli'LtIc i,d\tl\~\ suhjCtA10t LJituI lhl, c\C,- it stands it)[, Iso uli rllri/lhirl
 

inocll'atioin (d flulnuhc ti l C.Il.c 011rll I(i'
ltl. i tt inunlaltih0t ck\, cli .,,'(-Wul(1t3
 
Can Jilml1 I .\ It:1
lhC hll.ill,II . \ c \ lhIc tain .it)111 i :tlld thii/l,i Il is tl-,,I:i ia ,ilit\
 
0I hdictria illafil thti itiulat i
is illicicliilhtlt iHLlr( lIu: and (C) a ft\ora lc soil
 
Cii\ itiiiicnt C'.iIs It)[ Ill.tc l IW .,Ll\i\c tnlddi's hcij lIlC lth\ Itid)(.c, ( . 1it C.al,. 10
 S2).
 
Yici incrcascs l0 M')11 10 t3lh,\\, ill-'
1110CulWt Ili\ c hcci Irp)utell ill ilulbcan tNorton
 
Cl.tl.19)82. It unioi0,ula.tcd Iplants [L\u noitiiLi. \ct
c r10\\ mtl'-Mill' csp )ld to N fcrtilizer.
 
thcu 1li0iiilati0l Is iuall\ Ilcti. , . IhI C1 ciCi iln)iil[tcul pLi ias
c \ Il tt,, .ill(0n t \\ ell
 
as thilsc c tccu, iicr N. the tJiibiai a\ h iicftitcC. or tlerie
Itii ihfiii cithcr ,train s-,ilt cx 

ti11.1ht c\iSt ,t'1c ")ili iilitll (NI\ lui 
CtAl,I ')-i)J tht maliks 0thiliiulia intclIC.i\ c. I)ifficlticS
 
inl csta l ack (Iit ilipcItlu%ilcN Inlilai.t strains %k ildicciMiis Sualis ian AM)
ICitii/al i lil 

CILSCcl Lic (idi icspisc [i tio lti I InhvI QS I I
 

Variability 

Improving the Symbiosis 

plitIaLd BI',l,Irlii7olijni C0tlplc\.Incit tatls hct\\cciittI Ih()'It arc h11 intln.C'ncc (d 
c .ilitllillcaucl \ cnt,,.t iiIlll t ,LIMI his ilt titlonI. In c iisidcrill the s Inhi ,osi.
 
little ttll t)c,fCcolIlli'llhci l\ uicLC iiii11t\ h,icHIC' hi l la i
tl]+'! t lt .icilI ,i)\Ill t 10"cr1 irolilltlcnt
 
is iu,,st pll ttallt. ihc ri ltaic Iilmjll ttlc ol plant p ttls.i.c. ooit or shtit. is also a
iu L'\cll 

0I cttiCthnC ill iCtr i stiulcsh tIl I illurt \illll ha\cHIC r [Ilst.Ihllr C\ iiA,t cisc N.,I. 
ciIhai,ia icd itCnh.ti(i )l sllp)ClMi Ii/h)a'ltt str I'Imltt altml nati\ c )populatihms.

t..' I' +.C
p t+OCtl l t M ( I n C IIC,..t l C 1 11 0 CLtl t , tl dt ,,I<,%'~t )I i I Il[)l't0\LtJ .'L l ll t h i s:,C )I I I C II I ( it 1h )1 h 0 1 lll ,..' . 

1-1%\c\ ,21.tie Iicct~ IcIt0lIi'laninHC m0tlt.is.' IrIis hai'. hcii distp hitltll and ha'sIlllpi. cd ( tcn 

h+CCIlI tt llbLltt'td b,)tA id+ t ll il i ,s'(itthc. Ir11ll+.tl,..c+d l~ lldti'-CtltM",trl':Iof'
CIjc o+':I~ "-tI;t lth .. ill, 

suir\i\I th I",It, l ",1)tI ill pt 

The CcIIIi Iiic I... lit tI ll lil l
t i t ) i na\iiii/ii h.IcspInsi t)I ui\ ml t)i( -tas 1,crlolikCii
 

ntildI) M l i )lI dtl \ cii,i )\kkilo%k lhit I II.0 l hci
thatih Ili1,t pLi]lt I i t illd tu,. ii nH \k,.ttt.IItld 
straitn- IuLt,:t Iitollth. i1hl the Ip)tCitIIl 

Illlait the Ihst plalt l al ()I the ic SCt.tLnCnCc. thosc 

cel hich I . c clt ( Id ultH ,tMld hl N., I'iNutiatn. 
dlltrl lii,.'tp' ill \ lIhIt) iIIclltdiii 

,)Ciatci \ ithI)ICIII]c tIIIi. Iitic'tItInIn Il tulh tlic1*iullatill ,.tIl.d ntILuic tLIlnitI1 . ThuS. tile 
idCiti l ,iit i iii ,'nitli I inltliM ( tic host ilant is c'scnti'l it thc ttll p t cltial ot hiolo.ical 
N, ti\atioml Is tomhC Icii cd 

Intracultivar Variability 

A SItiuii .cictic o N, isoit ahilit tlr li\:tit1ll itlllrtant. hccasc rcsPllec to sclcction 
I,prilplrtilinal tA (tli ill it)Lllt 1 gcnciti \driahilit\ Iccllt the i)([Lilati n.in Studies on 
intraspccitic \ariahilitv tolr N- fidutioi in nmlunuihcant \\ crc initiatcd at cxas A & .MUniversity. 
USA ini 1976 This I,as an cxtclsion otl ' ,pcut ,rccnin -\/.a'ct -11. 1)78) where more 

pathill)2.0() Colv)ctt klt\)pc S ha'c hccn S'lCcicit to datc. Si ii r p'rtoccduhirc,, %%crc followed 
for inunuutbc!an, i.e. ailiniitial S.rCCt1inc la,.,co(nduLctcd in the c2cCIitloLlsc follv,cd I%,.1rcclhltsC 
and ficld vcri tication tials. With pi. (Ile tlh iildiiii ilitci,,tL ot I buildersthi\-lciiCiit 1crI.
sand: I clarSC %crtlliLlitc IV V). Ho)%ocici. \,itltnnhcan. i f)Lmd it ncccssar' ItoUse t 
medium1 cilutainiIu. aItporou)l mill\tlic o0t2 ,Md I \crinicLlitc: IpCat: I sOil (\' V \,iV). The 

http:Ir11ll+.tl


*Ilallh i 'd 1-111/0)1, 1l, , , iedi d%ilIlh cLt H OL 1,i 11111 c'Ill~l U cl~ > ,. ,i.!fc"h'l l a 

HIlicl \ cll ',,'I Ii'C !,;{ . illk'llllO ctli(i.LtI( w iltl ll C' u",~~Ill, I v,..ILICCIhdht] ilKi,il,'IK tc' h ]v ",'' hN''':\ ''1 I I 
+ 

"ia1' 231C 0 S CL"., d I._:'..Ihc i1 ) 77c,q501lli DAt.ll- , I 'klal)li,1St,(1,and,l t''In1 ,lid'lL~~'lNLl..'IU l'tt",:t ', '.C 2\,,, !,it o iohll. ltC 

,lTablW', EqtIIttats . oo lAi cr\h tl intiib". harsnplarlc' an','Jlllic. pvi'. fo 24L I tt~ l,I'i il-ci JlouaicHV iniiaplainrn C0laintk cia'iht'! 0tCI~ cnllpanTa *ilt. 1111st ias 1 v !:1, .n T~el/CilVl'lI ano ., :) , > y p!".%\ -'l p -cl planntuaio lat ed 

t 1 1 II 33,11L' 3 n a 3i a 2 a 

L'\.'l1''Hk:I\ AlhVR'DC' tld' l,- \, lihl sct\dJhr. ,I'''13'i'.\ ic:l il' 'AIcX rIh'i ll k\, drhi 'l <4 l C\ -C\CL L tic :.-j .kil; ,'1,,:11,h '1 " 1, 1 ,o pl I ll. ",l k IM.n 
I. I 63,11 IP87 atn11,11, 378 ,S1, 198 1cht- Ili 1a77 

TX72 V2184 4002 bc 099 abc 6and6 edn 171 Iab
 
TX53 vI 97 39 8 c I 17 abc2an 83-I ,bcd 2' .n 

TX2 i V1377 36M3 ,ic I180 ab .Ab 25 5 aQbc:
1208 C 

TX93 'V2837 36 2 C I 81 a 155I a 18 5 abc
 
TX62 V2092 352 c 094 abc 10 Pbi 16 4 anc
 
TX37 V4841 3318 I 21 ,bC 68 6 bC 23 0 am
 
TX74 V 6.1 32 c 0 31 b. 338 cD 206 abc
 
TX79 V1330 26 Inc 0 56 a 64 9 ci 1' 8 bC
 

TX53 V;I944 25 8cc 0 17 c 21 I cd 22 3 abc
 
TX54 947 24 bc I 14 abm 77 0 :boa 2. 5 A(bc
 
TX V2013 23 c 066 ac , 3 bc 7 8 abc
 

r×77 "02275 22 5 hc 099 atbc 57 6 bci 183 abe 
TX02 V1029 20 8 bc 0 45 abc 120 ci 350 a 
TX63 v2 l08 18 7 bc 149 .bc 89 6 cu 23 b abc
 
FX01-b "/0Y1 321c 0 31bc 39 cd 283 a c
 
TX 1 VI 316 16 6 c 0 66 abc 56 3 bd 22 5 abc
 
TX24 380 2: 053 bc .5 5 nA 28 5 ab
 
TX27 1394 162 c 031 bc 7 8 cM 22 5 abc
 
TX39 '1 542130 c 0 39 abec 65 ba 12 9 bc
 
FXI5 / 177 123 c 0 55 abc 516 Cd 4 bc
 

' T 2 s:,: < , , p , : 0 531, A 45; 5 bwl, i=t )- ,, 13801 c r,[ i,< Y t;28 5I a,''TX33 v247 6 4 c I 04 abc 61 8 ACA Ii 0 bc
 
TX52 C1946 2 c 0 06 c 53 c,:l 7 5 c
 

Diurnal and Seasonal Patterns of N2 Fixation 

Td 33 c'lIh ~ 'l i71' tlih , t4 6 1 t''I6, 4,',1'. ,'llr'li'.' i bc i0'" ,81 i i\0l tl It tl 

jl II~u'lv'c' tihc>, "t-lih". \LL'IL' ltilthO '1 Jac' Ihn hiitii ' l,IIt''H,- CilhlcJ h' ,lcIc'ltlt'lttO lhc' 

l] .,; plc, 0;t- , c la il 12(lit.l C IIit1 ,Itl I.. \ c'ic t~ik 'Lal N.iS,1.'Ili i' IlLS W1.0l11.lutl 
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The diunal pitterun 4 Nn ixAtum inuunpchcin hi qoth highIn luhi, gi\it.!ocitq p,. 
\\C1" \I21A sillilaI. .,&cCtI\l 'LC'cUrlct0ii 1l'itlindicatcd [ilie presnc I ('. peaks a nimajor 
peak at 120() h ard tlie other a' 04(1) liir TI\23 and +4((1 lFo IX3 . (citamhl, . he rapid decreasc 
Of rnitr0gC1a,,c aCtlk,it, l;our c\pcrimcnt Iim 12() to l1000)Ih could h'e attrihutd iii the rapid 
incre2ase ill h ih nld air tCilpcratirut,. \\hich pCakcd at I()() 1Fi". I . I)l. to th
 
n\C .lll~kf(Condition' this, CU pl .ill,- o~ptillitilI tilnit tior
lel~tlt; (,t ,.'micin lol ,au lplimr'llla\ilui~lll rate, 
oifnitiroiicnla,, att,. A,,ht,.unu I 100 and II3H) h. I he,,c re-uwt, dil cr froii thc oflDW-tt: 	 a 

ftundil it p h. Ial ,.'ci,tal\ heanid Kil) (1971)) \"lki l tW\ )\ 1i 20ik2-I(1 11 th[ni+ltdiar1 
,,tspecific. 

] tl'Ct- lll tilit t1111C-.'(,ti , C\ 11kII 	 1mttln 2'.l c a...ti\,u l 1T1 lilkdicatcl (hat llna\ latc" of iitl)t it, 
Oc ,tur,t,'tile 1 ,iIl recILaCh. lull Ihl,cr iundC it,) po.l fill. hcil Llclincs rapidl . 101ihrth 0I"thuC, 
N-,OtleI,hat inlctC nllinat c lt(i ar',..iutll : ' IhCjt,'21cc CloIit\ p illtlitro",u. ulitc'' 	 ,ll c 

03 and W ,: 2; ic ent 
f'iXing TX2?,cultiar %%asu>apptroilnlatcl 11)tt;Itc - tile In1X33 63 dax 
acti'it\ \crC , cint m 45, 5-4. 'h I i,_.. Llitnltio c actL\ it,t h'high

, 11 01,11tha '~,f,ait 

after plantinu. indiatirig 1X23 th inurc elliccit thtn TX33. In he Iuh-ligin cultix ar. TX23. 
thrce distinct pha.s. nau I\. ia.p a puCiti cubic plhac 'lddcI,.clininu phase. ,,krc ,lh.crSci. 
These rcnlt arc in No-ic a.r2cIClt \%ith sLhsC,.ltCrt dldiC, Pav aland G;hulc.'hulc I1981),C(hen 
and Sung 1982. Da.s 1982. lalckar and Ku, 1079. 1-hImtcr. suurce-ink tuatiipulatiotb canl 
adancc or dela, niodule scie,:n.'c and the decline ot N: lixaiti . deCttormtratitl that nodule 

ro0\,th and lfutctihn ant ,uppl l ,huitu-a.1i milate,, arc clhisels related C('hen an Sune 1982). 
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Figure 2. Seasonal variation in nitrogenase activity in mungbean cultivars TX23 (high-
N2 fixing) and TX33 (low-N 2 fixing), College Station, Texas, 1978. 

With diurnal and time-course pattern, of nitrogenase activity approximated and optinum sampling 
time identified, phenotypic selection for superior N:-fixing mungbean genotypes could then 
effectively take place. 

Nitrogen Fixation and Yield 

There is a tendency to assume that a high N_,-fixing mungbean genotype should also be 
high yielding, whether yield is in terms of biomass. seed or high-protein content. This is not 
always the case, and there are several explanations. First. mungbean genotypes have usually 
been indexed for their fixation potential bas,.:d on indirect measurements of variables associated 
with Fixation. Most common has been tho acetylene reduction asay ba ,ed on the fact that 
nitrogenase reduces acetylene to ethylene. Although this method is rapid, inexpensive and easily 
used for numerous samples. questions have been raised about the validity of the estimates because 
it is an indirect measure of N2 fixation. However. in mungbean, when cumulative nitrogenase 
activity was correlated to cumulative N (total N) content over the entire growing season, the 
correlation coefficient was +0.98 (Talekar and Kuo 1979). Additionally. con:,iderable plant-to
plant variability has been observed, in part due to difficultV in collecting or excavating the entire 
root system. Conventional use of the acetylene reduction assay involves destruction otf thc plant, 
making repeated observations impossible. However. a nondestructive, ill situ method (Walker 
and Miller 1986) can be used %hen it is desirable to measure environmental effects that elicit 
physiological changes over a period of time. 

Other indirect methods include nodule number and mass, leghaemoglobin concentration in 
;,odules, visual nodulation scores and ureide concentration in the xylem sap of various plant 
parts. All of these have been used to estimate N2-fixation potential. These methods are 
indicators of nodulation and active N2 fixation, and can be used with proper caution to provide 
ranking among genotypes evaluated for selection. However, mistakes in indexing can be made 
with all of these methods since they are indirect methods. 
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A second and p ohahIk mic likel\ "pIllilini ii 1ictlack of correlation \otlltiIuls ohIer'ed 
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Figure 3.
 
Percentage protein from pods and seeds
 

20 Illof munghean cultivars TX23 (high-N 2
fixing) and TX13 (low-N 2 fixing). 
Protein percenitage was calculated by
rnulu -plyin percentagse of N x 6.25. 

Remobilization of N from Vegetative Tissues to Pods 

There are Ie tndie" 'A.lielrept-I ctlti,,ar dittere in1i t~li t ,r,:eNc .1,1 SLIc o1' lxatiti. 
Usinue 'N technilue, tilei ii ihii/,itimi (t N Iriii \CLCtt tiaC-.LiC .%a nicaSurCdtJ, t0 It+Is 
during the reproductitc ph,uic fr,,th iil -flll culti,.4\1r lX33 anl the hich-1IxineII'Ithe 
c,:ultivar IT 13 V(i InM.ller 1001. It hLiN hCe'n h.\pitheSi/Ckl that th viedd 1fi n tilean\,.'%rJia 
mayv he limited ht. a1NIf-dectruct inc,.haiii,i durim the rpiodcti', e stae,. iif,'ri',th. hecAise 
the N reoiureunent fir pi) d',clopiieltcailnot he' net 1,% thel nppl\ ofN frot riots and nodules,. 
Transport ofi the \\ lem N inltuidUlatCd lllt'il2hcal is rincipall. inthe fori it' ureides (Sinha 
et al. l978. Pale ct al. 1980). 
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* ~f Nitrogenliation in rnngbearn is maintained during the early phases ofpod development " 

-Aclear understanding of thN nutritidn of mungbean plants is important in developing full 
yieldu l Te tgceermine the partitioning ofN in both 

the high-N- fixing cultivar arid the low-N2-fliing 'ctltivar in order to better understand N 
nutrition in mungbean, Deterinination of the time during plant development when vegetative
tN is rerobhzed topods was ofparticular interest, Remobilization of N from vegetative tissue 
to pods'occurred soonafter pods, began to develop. The quantity of the labeled N ultimately
remobilized to the pods amounted to 50% for the low-fixing cultivar TX33 at a high-N-soil
site and 70% at alw-N-soil site, In TX3,tihe high-fixing cultivar, the values were 25% and 
0%, respectively. The two Cultivars performed very differently with respect to partitioning

of Nlinto the pods and the rateof N2 fixation. Even though more N was accumulated in the
shoots of the high-N2-fixiL cultivar TXI3. less total N was contained in the pods. The two 
cultivars differed considerably 'in their ability to fix N2 and in their partitioning of N in
vegetative tissue. Thus, efforts to enhance seed yield of mungbean by increasing N2 fixation 
m.ust also include attention to high N partitioning into pods. 

Strain x Cultivar Interactions 

Cultivar X strain specificity describes the interaction between host genotypes and rhizobial 
strains within a species for the effectiveness of N2 fixation. A significaiit amount of cultivar 
x rhizobial strain interaction has been found for the degree of N., fixtion in broad bean (Vicia ' 
-aba L.) (Mytton el al. 1977), field pea (Pisum sativum) (Holl 1975), soybean (Gicine mxt"
 
(L.) Merr.) (Ayanaba and Lawson 1976), common bean (Phaseolus vulgaris(L.) (Westermann

and Kolar 1978) and cokwpea(Vint wgmguiculata (L.) Walp.) (Minchin et al. 1978). Ambiguous

results were obtained in inheritance studies of differential N2 fixation in cowpea ilnCulated with
 
mixed strain inoculum (Miller et al. 1986). Thus, use of single strain, as opposed. to mixed
 
strain inoculunm, has been recommended in inheritance studies. "
 
I7 A significant amaount ofcultivar x strain interaction Ior nitrogenase activity was also observed
 
in mungbean cultivars TX33, TX72 and TX39, when inoculated with live single strains (176A22,

I50B I, 32H I 41 Z2 and 32Z3) and the commercial mixed inoCulum ELG 63 which iscomprised:' ,

of these five strains (Fig. 4) (Fernandez and Miller 1987). Strains 321H 1,41Z2 and 31 Z3 were
 
generally more effective than the other two single strains or the mixed inoculum. Mungbcan

cultivars TX33 and TX72 were generally higher fixing than TX39. However, asignificant cultivar ''
 

x strain interaction was expressed in the TX7'2- x 41Z2 and TX33 x 41Z2 combinations.
 
In the presence of significant-cultivar x strain interaction, grouping genotypes based on 

N2-fixation potential is inaccurate, because the N2-fixation potential of a genotype isdependent 

72TX i 'i7! 
Host genotype 

1,.58 0. 30 1. 5.05 10.41 5.90 

0_0.5 0.2 0.37 / 0.07 0. 5' 0.39 ' 1.23 
TX 33/c 

0.0 3.64 23 .7 74 .2' 63 
CONTROL ELG63 176A22 150BI 32HI 41Z2 32Z3 

Legend: Host genotype TX 33 =TX 3 9 TX 722 <,' 

Rhizobil strains 

Figure 4. lst genotype x rhizobial strain interaction for nitrogenase activity (prnoles C21-4/
plant/h) in mungbean. 

,W44 

40.03 
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o n thle rhizobtal strain used. Evaluating host cultivars for averaige fixing ability (AFA), ie. linearr 
responseto the effectiveness ofthe rhizobial eStinu dstrain t be inifi z7T -'hFA)e;deitofroniAFA 'in termis of mafgnituide of thle error~variance is recommended 
to' screen ho cultivars for high-N-fixtion potential (Fernandez and Miller 1987). Theinteraction component can be partitioned into two statistics, a iand Xi,' which mecasure AFA 
and SFA Irespectively..' <
 

When the aei issignificantly greater than 0, then thle i'1' gcnotype responds greatly to the

change in effectiveness o~f the rhlizobial strain; therefore, the i'" genotype could be identified


N2-fixing genotype. When the a
as a highet i value is significantly less than 0, then the i' ' 
genotype responds less to chanigein effectiveness of the strain, and could be identified as alow-N2 fixing genotype. When X i is greater than I. the N2-fixing ability of a genotvpe is
unpiredictable and strain dependent. Thus, identification of host genotypes ,,ilh high and stable

N2 fixation over a wide range of variable rhizobial strains is an important and primary tep
 s

in initiating a breeding program for enhanced N2 fixation. 

Interrelationships Among N2-Fixation Variables 

Synbiotic N2-hxation is an extrenely complex process beginning with the successful 
establishment of effective rhizobial strains in the root system, followed by nodule initiation and

development, derepression ofthe unique CnzImres of N2 reduction. ammonia assimilation and

tile
synthesis of translocatable solutes of N. Thus, the complex N2 fixation process is influenced
by sequentially-occurring events Such as root development, nodule initiation and development,
I
a d.noduleactivity which are interrelated and interdependent. Quantifying the correlation between
 
N2-fixation variables might facilitate effective selection schemes in breeding for enhanced N2
fixation. Thus, to more effectively develop cultivars with enhanced N2-fixation potential, the

interrelationships between N2-fixation variables should. be studied and understood.
 

Phenotypic and genotypic correlations among various N2-fixation indices have 
 beenreported in the literature. Significant correlation coefficients (r) among nitrogenase activity ',(acetylene reduction), top dry weight and total N content were ieported for alfalfa cultivars .'(Duhigg et al. 1978). In cowpea, r values between top dry weight and 'othei N2-fixation
variables, nodule number, nodule weight and nitrogenase activity were not-significant, suggesting

that top dry weight per plant at flowering is not a good indicator of Nz-fixation potential as

determined by the acetylene reduction assay (Miller et al. 1986). However, positive and significant

r values were observed between nitrogenase activity and nodule weight (0.56) and nodule number
 
(0.39) (Miller et al.-1986). .
In a greenhouse study the interrelationship anmong N2-fixation variables was investigated

by path analysis with a segregating mungbean population derived by crossing TX33 
x TXI3
and inoculating with the effective rhizobial strain 31Z3. The path diagram consisted of directand indirect paths between N2-fixation variables s illustrated in Fig. 5. Based oil the path
analysis,,the' r value between two variables was partitioned into direct (D), indirect (I) and 
insignificant spurious effects. . .


Results of the path analysis are presentedin Table 2.Only nodule number ha'-a significant
direct effect on nitrogenase activity, while the direct effects 0f'nodule and root 
weilghts were
insignificant. The indirect effects of nodule weight and root weight on nitrogenase activity via
nodule number were larger than the direct 'effecis. Nodule Weight isdetermined by nodule ntimber
and average nodule size; therefore, the influence of nodule weight on nitrogenase, activiyis

indirect because it expresses the effect of nodule number at the later stages of nodule development.
These results suggested that in mungbean populations inocula I'ditheffcan 

nodule number directly influenced nitrogenase activity. Therefore; selection for hi'ghi

genotypes could be made using adaptive, effective and competitive rhizobial strains which induce
 
more and larger nodules at an early stage of development.
 



120 Miller and Fernandez 

P3
 

AW 	 P4 NA "-R 
1 

PNW

f 3 Figure 5.
 
...... I u Path coefficient analysis of N 2
01-1. fixation variables in mungbean. N N 

NN and p, , ' P "j P, P6NANA-I PP , P, -1 - P2 -= nodule number plant, NW = 
NWN i NA i2 P Pt 4 iN "P P6".'P
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1W and NA P3 5 ')P *'P2 P5-F4-, 	 nodule weight plant, RW = root 
weight plant, NA = nitrogenase 
activity (pimoles C.H., plant h). 

Table 2. Interrelationships among N2-fixation variables by path coefficient analysis for a hybrid 

mungbean population inoculated with rhizobial strain 31 Z3. 

Relationship Direct effect Indirect effect Correlation Partial correlation 

NN and NA 0-61 	 NW = 009 0.57 0.35
 
RW = 006
 
Mis] = -001
 

NW and NA -0 II NN = 0 52 0.49 -0.09
 
NN->RW = 0.05
 
MisI = 0.03
 

RW and NA 0.12 NN = 0.30 0.37 0.15
 
NW = 0.00
 
Misl = 0 05
 

NN = nodule number plant, NW = nodule weight plant. RW = root weight.plant, NA = nitrogenase activity 
(14moles C2H4plant hi. 

Inheritance of N2-Fixation Variables 
Knowled,,e of inheritance. uene action and heritahilil,, (Fernandez and Miller 1985) is 

essential for efficient selection and hreedine,. Estimation of heritahility in the narrow sense is 
important to the plant breeder, because the effectiveness of selection depends on tileadditive 
portion of gcentic variance in relation to [th total variance. Narrow sense heritability for 
N2-fixation variables was estimated using NC design I in mughean populations derived by
crossing TX33 x TX 13. which %%ere low- and liigh-N:-fixing lines, respectively. Two single
rhizobial strains. 31Z3 and 41Z2. were used. The results indicated significantly different h" 
estimates for the same trait with different rh izobial strains (Table 3). The h2 estimates were 
generally higher with 31Z3 than with 41Z2. Higher 11'estimates for nodule number, nodule 
weight and nitrogepe activity in mtungbean suggest that breediii for enhanced N2 fixation 
could he carried out using adaptive, effective and competitive rhizohial strains for a given target 
region. 
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Table 3. Narrow sense heritability estimates for N 2-fixation variables in mungbean inoculated
 
with two rhizobial strains. 

Rhizobial Nodule numbe: Nodule weight Nitrogenase activity Top dry weight 
strain (no. plant) ig plant) (moles C 2H 4 plant h) (g plant) 

31Z3 046 0.50 070 0.31 
41Z2 0.22 0.35 0.13 0.05 

Prospects for Improving N2 Fixation inMungbean 

Increasing N2-lixation potential ins for ifiprom rlenentill nunih.'ban lCs, breldirl of the 
host -Bradvrhij-objlu m Inibiosis. %hile m tots)> ii l'itnedosirablo a11'I0om01iC traits, such 
ispl.es resistance. Ill , ilttost Soutltt countriest and discase etc. the croppin tein of Asiall 
whcr'. iUncheanl i,., ,,', \.' fl\,ttion is inhibited duie to0 Itih residualcross 0 tllho,, nl rice. tubi1otic 
N. Isolation and or ideMification ofocflectise rht.,obial strains illtlcse ensirttlllents. iust be 
inintegral coMn1tcnl of a,bicCdin.,g, p)ogrmtl lito Ihaiced N fi,\ation. :\.ll C\pCriiCntal and 
screelninc studie, shotld be carried ou.it %,ith inoculattion raithcr thian leitili/ation vi5th N. It .. ould 
be preltuilellC ilthi, litle oIllitate iti aiicd o ls at the etihcii cient of N, fixation 
per se: therefru_. in de celoping coUtlrlisC,. all.an- tNUl;0Il itsiaunpros enelcll pror',till should bc built 

brI bs I !it-arotlnd Cstahlish,:d aniaddressed hlgheanlorniint0li1,, reachc teallS 
heseel soil Inicrolbiologisis. plant Irceders aInd platit p1h\>t log2sts. IdCntificatioti of lost 
emmotlpes shich expre eihainced N li\.attii 5cri a \idc ranLc of1'rhi/obial strains 
Iprot(,icuit,, i sho uld be alphrit. ill dc\ ,pin, coutillcs scre the lack of microbiological 
cxpertise is a Iiimiitin tact. 

Improving N.-lxaolitn ptiential o Ilihs%cl.inc and deirablcilsr 1. another but more 
specific approalich. Mhimi both Ctfecli\ aid ad&iplCd rhiollil ,trati, and hicht-N '-fixing donor
gLolotvpes are as ailahle. Thi,, :pprach is mtre teasile in ade,chlpCd cOun s here tilefacilities 
are asailabic to make cros.es and ClUtClua' l Continuouls . NIcFlerson t al. i 1821 Lt.sd 
an inbihed-baickro, bre cling procedure propolsed h \Vehrhahi aid Allard i1I105 to iniproste 
the NS-1ixatioi potelltial of c01iinu bCani. The> deCe Cd po0pulaitions \itti to initial 
'hackcros.,ing,, i.: i and three seiCluCti, se I IFoe sas,)L.I or. scrcc.iic for N, lfxation 
not carried Out tiitil the B(W: S; populatlionl %5re dcelopcd. F-ence. there sas ntoliartilCe 
that tiles UpeCriot N:-fi iiic ,h1eshCCn carriCd fora\,td to ite BC- Sz ptpu0 l ions, without 
selecting for the -,cile in' the Carls, crCl;tlion. Miller aticIdCliaind../ Il98 1 hasc propo.,Cd 
tnodified hackcro,,, inbred nictliod con,,imtinc of Alteiatin c\ C'es of BC atnd S. for- introdneucsuperior N:-fixation potential into adapted culti ats. Scrceninc tot tile quirittie'. 


trait b\ the efficient. but dtritCtisC, Jct cue re.dumion lssa is feasihlc hecaus thle Seiled
procenies of the kcro,,, tamilies roiii ile ecd, o! tn pod are C\ aluated inl each cscle while 
the other pod i'sa\ ed f0r ads iciuIIc to te\t 1cel1ii.t ill (+\I ind Fernandez 1985). Giventhe iller 


of condilio1,, unde'r hich I.
the rance s, nutinelbcan s ,,rt,,cspeciall., in dcloping countries. 
it ssnUld be desirable that promitiing host, rhi/,obial coitoimlitios also le tested for tolerance 
to factors such ts hii-hi teipcralur., dro0hith. soil N stlttus. acidic soil and lo\.-phosphoruls 
availability. lnprosiig N2 fixation ii I unclicati i,aidifficult but attainable coal. If successful, 
it can iipro\ve crop elds and prtetCin pilduclil itt the miareinal land , 0f dCVCIpi ng Countries. 
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Abs ....t 

The winter and summer mungbean cultivars of Bangladesh are low yielding. Breeding
goals have been to improve the yield potential through alterction of plant architecture 
and yield-contributing characters, iesistance to diseases and weather danage, and 
synchrony in pod maturity. Screening of 60 winter-type mutants and exotic and local 
collections resuited in the identification of the local Sitakundu line (MB-55) with 
resistance to CLS and MYMV. It has consistently produced about 150 higher yield than 
the recommended variety, Kishoregonj. Gamma ray-induced winter-type mutants (Ms), 
MB-56(102) and MB-56(94), are significantly higher yielding than the mother variety. 
Sodium azide-induced winter-type mutants (ME) are erect, synchronous in pod 
maturity and have higher yield potential. 

A year-round time-of-sowing experiment with 60 accessions resulted in the 
identification of 'real summer', 'modified summer' and 'winter' types. Lines are now 
available for sowing throughout the year. Some of these are early and fit well 
between major crops allowing further intensification of the cropping systems. A 
hybrid (MlB-246) of a cross between V 5197 of AVRDC and a mutant of BINA 
produced significantly higher yield in trials conducted in most locations and years.
MB-246 and the AVRDC entry, V 2272 are free from MYMV and have increased 
number of pods/plant, which results in increased yield. 

Introduction 

Munghean ( Iigna radiat (I..) is an iniportittit)a\Vilc/ck) Inc-nric in the suhcontitient. 
In Bangladesh it is prized for its ILt\or and easy dieestihilit%. It i.laditionallk gro\%ni throuighout 
most of the counltv durin late atitunin inter. hUt conSideraihle iIctarLc is ,(m ii ill\ the S1lllllner 
in the s)Llthcrr districts (BeLini ct il. 18)SIStltlner. tiunhinh, Cltiieti ilion hIs hccn encoura2cd 
illrecent \car,. for tm o reasons: it fit', %cl hct!v.CCl/ t\\ IM IJOr Cliops such ;11jltC and \,heat. 
or winter rice ::nd aLtumn rice. Ihcrch,, iUprovMn the uncreat.ingl intesive croppitli svstetit: 
alnd it can be introduced in the iotllmesten hi ihlAnllas a tC\ crop leplacing the ftllow phase 
now preceding autuil rice. 

Both the winter aud ,ulinitler inumhean vaZrictc., atrC hv.' ieldine. YieldC reduction is further 
aggravated in w\inter due to infe..'ctin 'kitli rlunghean ,elhm tnwaic ,.iUs (.NI\' and 
Cercospora leaf spot (C'IS)diseasc,. ,.iereas in t he sUtntlner N%Y IV 'dlltdca1tlilr daunae (poId 
shattering and spronutig ot secd i are serious. )ther disdtitaCe, of the presettlv plots.ti varieties 
are asvnchromy, late rn1atutit1 Metlsiti cectti,.e ero',s th under,phtOtperiod it, nd.d xsi;'ve 
abundant noisture recginlics. Tlie hreedinc c ,,l therl, 'c, ha, C beet :o develop varieties with 
shorter niaturitv period. toleraince to diseases atid v%.eatlicr daitnage. s\ ttlchrottv illpod tttaturitv. 
photoperiod inisensitivitv. ailted plant architectnre ald. at,\ all. high yield pOteti il. 
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Studies on Winter Types
 

Gamma Ray-Induced Mutants
 

SCCLI il'l, IlitlIl It l1E \ dI_!'.%1ki',ItnceL1r1Ijl i h 3w l 1 t ,! "o;clIIIIa1 R t S 01 I-d\ S ICeStIcd 
ill [Ile i" , 0iiol i1 5 2 IIIItlltii'. H INAI OlIi Ie fIt' III l.' IllI lie \I; uen2I;il . 42 , crcselected Iir a p re hiiairr.% %Lid ,11,1,1 l ssAhntIch 	%%,tis CetIu (iLV.din I, ei,';iinle ihl 
17 hte-I aIdI I I c\~oi, lilics .Shiaikh L-ial I l I j %IIhf clicilnti al ,illoll \%di tih h IiL'Cst

IIIll' lltIIIIl I 1'('I ,lild . ,kld 1l1,iltI 01 

t I\ 0I ONC, 11i1li:l , ini " Ll Ill 111CN t'SII r 1)lIitL' \\I ll t1ll5 C hIE[',Ie IC II. lh. l ", LlII!IiN ; .Lthae ,li.Cla i h :IIiI \ 1t .'I t) tt! 1i11C e i ,,I ', I j.I t .i 	 IIu .hitil'Ciii tlititNLi .II l ,s ,e. 

Toler nc .,lid .\ I), in wi it l p. hiLdId IIIIJil 1' L) IILIIIIL. l e1.-,L th ll Cctlectl ,t1 p
iIl II1.1 k lI'il Jala~ii~l~liluCI andl IIllt t " i " c l I ISiiil"ed llll IIC i, 1 '. t k,,1 !.h , lIS%I1 %%lu rIIsIi iIiI) I t a(Ii M~~lI13iIIt .1l td,',eRI ijii e ICN 

jatla Ilid,.I n ind ShA Ikh tIQ, , I IL'-.,Ju1 ..'1t 1 . tl I'-~ timl N.,.'d hM~uIle ];~h ~ t. i 
lt 1 . 1983),. t'qllk.' (if 1huCC III11.t111 1h,)\k.Cd ,1iICr*L'k I)LI1t Atr.1111 ,..tut . I.C. 1: :l)JUI .\I,1 (m duill._ 
,,nIchroj,.',. pod Illait.\ ti;,tii i1P-,. Sh.tikhl CtI 11 195 I 

Materials and Methods 

I iL, 011 Imli , _ 1L 1i lt'.iIC L' ilit:n ItiL'. . tl' l ul ILI., \,Ci IS. l't td 101 ,Ildlul, 	 It' " 
vintcr t fL," h,.i',.. I..' , ,t tI ,c i . c'l ,c I it-0it, it IYNIV Old ('I .SLil ,, Il HI' u ,s"V eur,.1',alu(M lCd I(Ir thr,.+C C C tl , 1" _-S -' . P)-') ' H ,1111.	 P) ' .," the. IC0 111HtHt "It+'lI t r'I ,,LI lltl ie 1(10 	 i11 I 

v, Ill L k ll,+u lIll liii ll cu. 11 0* .')i I 111 ',, I' K .I \b i IItil tliL ir+._'IL'l,t- 11VI tiI lll l 

Ii'Liek-l Il iC ,,'rL ,.; h liu ,I ll ]0-S - u. thre.' It ll,..,h. 't) SIjlli 	 i ts,, i ll )19I-5 I ahlI 1. -[ hIl' ll1 e L , uIL, c it.d11 	 i."[, i'lt I . 1.:1d ,,Ill /,...,.Ih,]t, 1A ,..I-l11 , 1111 .CL' 11 th ltill 1,1 ".1 '', i~ 


'I lir \,,IrI I i,,,, Ilt t \,
C'1. IIll i .thI 11) l diii I llI i - I iCC L Ll rt 5,,h i I LIi , 55,. e,,.C t3 
:1 IlI, 1 r11 c I I . ]ihI A, J eA "l (Iti .lldltzIIii llill ,iii , scl'.\ LCrI uzhi\% ll tiL d Illerlc nt 

Table I 	 Mean scel vield Ikg hai of three selected niunebeaut hno and one control line Ilndifferent
 
sites and years. wiVth tle coeft:hcCnts of reuression itb and correlatonI 
 (Ir of line means 
on experiment means 

Sites Ycr xi't2- 1p iit1 iin 


Si il ,uII ± Go-ouj it in L ,S~~L')i lut0
 

Kishoregonj 978-79 517 I 32.1 
 1 178 1.195 1.304
Ishurdi 197879 653 562 477 494 547 
Kishor'egonj 1979-80 830* 675' 609 706'- 564 
Ishurdi 	 979-80 433 279 342b- 362 354
 
Jamalpur 979-80 -
602! 761 518 413' 459

Kishoregon 1981-82 
 1,285 952' 1.082: 750: 1,017
Mymensingh 1981-82 986' 878- 8,15' 735 861 
Line mean 	 900 9 775 9 721 6 665 0
 

b 
 I I C89 091 077 
r 0 98" 0 93" 098"" 094" 

*M ans within each t'o, fol!or , ay ou'u itooe'[, e +s QreItt S!gi, Aitit1Y dlfereut i the 5 " Lve! of potb .ity

"Supnficaut at 
[he I e.e of or's ti Contro 

Results and Discussion 

Ihe resCultSh CLI that Ile line ich %as de ltip:l lhILuh MO \CICsl single-plant
,clC,.'itriS 01ll it the ite l ciile.tI., mi lrt1i SijtAkundL1u +.'aCCeitill-55) lige'ICst\I 'rwIducd the 
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,r5CC Id CulthSccd \ ic:I.J I 'LhC I ). Hihi)k s i-, litiCitIllt JiIICrC IICC 01)Ml-,Cd hCt,, Ccl \cM,ar vI\ s 
and till( ntcr:tAtCICt) lI ,. FiC> 1Ilk diflfccntao ltl ,.I l ,, ith C[able 2). can,, f0r th 

si t-\sr ClC riluC n:I. ,. _u. C\li,+iC J IrlC l td tilt++ \1 .h it 1te ([ahlC I).i ,. I.hs'C Ic Iih Cdil 

Th e I c,, differe'd ,,CI ,dIIICrLNIhl\ Ill tilC l t 01 t ,, IC ,,lWi \I.C.LICS' CtCI CICltl their _IIlICIll tile 

trial ilCal,,l (aila e I I. ,,)tll Cill, I i~lII\ rulhin.,l, L Ii iu hi t-\ ldiiic ,_t, ltollt,.ll,. uull other-, 

bh irl tlosC .,tthle lt ,, irIlll.' 1\ 11 . I t th the iJ 01 the iur ,,.11% ll. ht \ CL1, t \ l ,Iiilltli+l 

Ki,,ioiC ilj \,i, l, . l hta,. Cr thah ,t1tite ilk,1Sittkiundl ll .111thl ,+_,,I lt tu ,, 1,nluCtCI.mit ,tail 

The ,trail itak ll ! . lJk ,+,L ,.l the ,,t lli I . ,c edu , A'hd \,kid,,+ lit n ii dt thil ') N., -,4 n 

SIl",t, .1) t.Sliuikh > Sit tk ,,,++iiit, it,_iiettttI al. 11td Inu ._b ' i CI 1 iN IIA', 
i,,htr .,SCh-, , ,i,i e I \ " ittKKi,i i ctiCjill , d, .\tteinitt il- hini, id. i t ICC':tC 

,, I\ tsttls l, I,l il llsit L t'l 0t 
111-11hcr MlI+-55. 
thlisi lpIlt,, ,C, ill,L i l \,1 t 1, it- I1l h 11Cl l,CCI 1k,C,', itIn 

Il rAdLhKtill[, li A -,o:,1 hatt ill 55 :rid I %\fillSONIh 
,tt)9( KR 't It i t i'l lnsldM -_I . utIitLi1. L iitmtillt,' Ill th. \I _,IIL-tt t Ii .- M plant. 

()nl% ) (0 tict ,, Illlt llt' %kLIL ifL_ i II iltICstl NI, Jtld NI , II l l ', I -L .ct. Av tsrl. 
elect. "h1im' Itnd lar,L , ,,d hldk ,,,:Cdud. ,.,111211. utt n J+.lh ,' ] ,.Ielltnu (SqhA ih 

Ct al. N I . 

Table 2. Combined analysis of ,ar-incc in mwnihcart yield tiri:i expenmrents 

SOUrce Of vtlanio D2PiJe ke F t 
fe'usdom SqLa,1c 

Year 2 2167966 300 58'
 

Year - sites 4 1274761 176 74: 
Residual 23 7213 I 06 
CulItivrs, 3 236788 34 68-
Year- culIrvars 6 38668 5 66: 
Yte ",a sitLs culvtiar 12 41733 6 I1" 
Residual 69 6828 

eni+ rta , : :t5< 0 cce~i Of q'c ,acrh:, 

Table 3. Agronomic and seed yield data of threce wlntLer ungbean str-ains at two locations 

(1983-84). 

Sirr.lr-, P 'l P,: P, fm i , hfl P. : I,}O: ,.'1, ' 

Locations 
are c r~:1

i: plant 
110irir 

7art, 
:)iiwn 
'i p 

. ':. 
ii il 

,t . 
ii l ' , 

DSwS
CLS 

ruccon 
'IYF'IW 

BJR -' "M55 17 64 215 103 823 R RSub- 38 60 
Station (Saakundul 

Kishoregon i MB-60 32 1.8 7.5 19.6 6 3 9.2 552 b S S 
MB-63 27 1.1 56 14.4 5.7 8.8 771 1 Ms S 

(Cor troij 
RARS ohBARI' MB 55 51 , 2.8 7 5 18.6 7 0 127 319 , R R 

Ishurdl MB60 36L 3) 5.3 14.1 7 1 120 168 t S S 
NB63 39 b 3 5.9 17.2 6.7 115 288 b lS S 

!Conuol) 

Source Sh,lo 197 ;Iin,, ni <tir (2 i, rAn i it , D iii iiui cpr n~ge 

test 9 rip s', : ; tS LS ,scc t lt: jPI 9:,p 'u ,rlr 'is e "r'i , '.S Rein-a, k, ura',:;S icdnle!it, 

Research Statin , BARI F i ci fnt .R7 P ,:ro li it 

Sodium Azide (NaN3)-Induced Mutants 

\ scriCes of prClinilar\ cxperiiiicnt \%erc earricd out toi dCtCrIIItific teOlluCndhC 
+Cffctive. dosC o +thiS* .hCftliCul IllltaC1C(111 u u 'han or Illu.tu'aC u,1i0 sttlliCs. Tie r C v \u 
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tond L bc (.5(1 to 0.75 InNJ highcr frci.qunc.(it' ifnutatio I, tasObtaincd k)IIh)ving a higher
concentration of NaN. aind ihc llt AlcnCtlt vpC Of pUlati\C' l1tttaniJs \,,rc erect
sytlcht'01intous in pn.l iHilurii\ I(haikli 

and 
c al. I.I arc tTetdcr urtlhr sttud, and cvalhai)in. 

Studies on Summer Types 

Adaptability Studies 

llh t ill;ince h -duraln )lIt j Cl ltl)L-in uiliti'\ C %1iliN arc re'CJilircd lor litting in hctwccn 
llajor crops, a ,cric. of it il- stk\IN , ,\In lILil, ' ithi l local. cvttic adl li] tlltant strains 
at 15+d.a\ iIeir\ lN Ilin. I.Link 7to 15 Oi IF 78 \cre cl uticcldI. rhCC ,tuii helped in
i~cntif in~crcal ',ulril riclI.* . Mhich ItiirtLt jLiI'kl\ it +t \. nIl ..itl1 \, CrCd \ ti.N +u-Scptnihcr, ThcseItlljjl -W kl> ', <Lllt 1111'. '11,_'a +'1 I it,. L1LI MILHIHILTl" t\ l1 llh M+ d\\'h lth l 3(!-6()dit s 
afltert - i an) thl )lie tii\ im c , \ i .\ m"i, I uw uA o intci' t, e " Ix \ ,i'.Cue thrcd V ihiiu 
Illolti ll ,ii so%v I', \\ L i'iCL'\tIiLlI ;uiicl VLuucll . SoIIIC L'ti lltil iuIil. anti hiCIr-\ % ICdin trains
hit\ c hcin NeIcLILC lt 101 ilu-cI t-Senui\ n tihr at i-thctrN htr Ap\ril SA inL (BCgLI tilal.14W( and lt83j. 

Materials and Methods 

.S liic. prOl'll ili line" crc NcIeILI 1101 IC tAlii l Of ilc c\pI lIIII)Ilti L lC'crihCL .h0\c
,unl C t ial, I9 ainid I iC\ olhc,IirN il thc liiicniimii al MutIiic ii Nur,,cSrs ININ ) trials

,O, l ilcdt)l\ 1h11Ai.\Niai \ .'L'CLla lC ILC ,l.h ,nid I),tc cltiiciun ('cil1it1. lhe Nt.il., NI1-I inNIt3-N \LrC ,clcc' cJ I i l ti li inc I -int Ill' \ 'c' .lll,-. N11I-240 i, ,i h\hIriid dc chl2u +Clb
cri ,,Niln,_,V 5107 I ..\\l<I1)( \ ith at iiitt;i liil iN11ilii.m id VC 1OO \%as elI Lltd fron1t tle
ININ trilil,. I hi.,c Niliiil-1 %,CiL' tLl In 4 uin_n 11 Ntiia;ril , iccuiil\ rltlCINCLI \.flit.lS t iuc
Bal c"IliLtl Aeiiciultuliai CLC11re'hlii iIIHlCT i A\ 11. and I a lo-. ,led! ltitNclction ohla
Islanl a.silccit, LliccN. itill, i * Pods 

+ 
ICIC , plant. ptIc lic''th and ,eLd p It, r'laitic to

click iii nI 1 
.I) Ili n it\ +lruiii, NIB I ViU h O(h c''L 'ludC l itl tilC\1711'l'ilii1i1td~UC ito l I, ' -\Wu il.l d tinolhci A\V RO tl)"-ira i. \' 1-1+71. \'%<s iliuih ,_ 'Il.'lrrial xtetc 

Co c't edlcail ,,.il l,C. lIOLHl 

All Ilie L\llc:iiiic iN "\uI' Itiliilc I rill ilo lu/c! hiCtdiAcin, \\ tib leplications.rlpc
IPllit NI/c \\ iN 4 Ill - 7 In -tNW c S 'cd i ,L 1IiIi-N tlrc'd il \, ilc hu IN,. I)i.,lianeN hct\ cCII ro s
ilnd platli, \,cr -i cm iri, I ho 1 CiI. Ic,J)Cctic,! . l:Cltili/e r \\ t, applicL it, p r
rIc'OiuilIILIallitotl i ith c , i llci li ic ,. Nit lillI tliuI adillt ICiCLLI L c, %\as aipaliu d

+ 
i L lnrinie tile 

cinit-1ni\S ing t ' lill.bl .\pioiliiL Uhi0iii ri+, 5 Clc, iLcoiIdcd till 1 I laldli plant,, 11 cach plot

fiot' i ILitO II Hth I),4
h51 ln ild 11'5. 

Results and Discussion 

The scc..d i, ld (k,, flii i, prcciuncd ili l i 4.-l Ili ,encral. it as thait th entries
perfornicL Mtch hctlcr it l.hurLi ihan ai Kihorcz nj i (tie-r locations. H ke ci, c , the rc .rs
"as oh ,rs cL \i llb %'iltLir IIlLIl C it Ki,h uuciptiLalnd khurdi. ()n i'f ic main reasons
 
for the lio" %,i d of NnitiiciiL'r iii 
 can i Ki i IrecoriliVhe tile C\C",Si\C rainfall Lltirin.!, th
.lnnincl Ilt lllhN. hi lLtl. lillIi1' ii 1l11 Jlc'i IIl NntnIlulcr li all.
Soithern pirl of I lidlidLLl(flBiii.ll. [uIir ar1i, tile tam 'MUi 

i ot mY 'ne Altlnmch th 
ur1uunnchalln arcil. ourdata sltis poor pellornan I lic entrielsN ai Bari,illls %\d pCrIlap due io tihc ate sowing

in iat ar.c lrials ar lim h iii_ clunLindUie in thuC,C ac ttiIlllM inll the local so\%inu tillU.- pridicCdAccC"esiol n NI o4d ignificitiix hicr N-,ccd il'cl it ihist of ile lications arl
'Ci landl its, 'MCl utilial hcr;icrease! c iNttli Icriv at liL'ICr-.I ildin,, locations. lhe cntrv
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Table 4. Mean seed yield (kg ha) of selected mungbean in different sites and years. 

Strains 

Site Year MB-246 MB-8 MB-I VC 1000 VC 2272 Muibank MB-87 Experment
(control) (control) 

Kishoregonj 1984 50 9 " 403,7"- 309'8' 2039'' - 389.05 -- 160.21 328 26 

Ishurd 198,11,632.0' 1,138 0 917 3' 794.0 - 1.044.0t" 545 3e 1,011.77 
-
Kishoregonj 1985 5667 480 0' 231 7' 330 0t - 45,0 0 2e5.7' 387.35 

' 
Ishurdi 1985 1,655 0 1232.5' 729 2 864 4" - 1,252.5 6109' 1,057.42 
Kisheregon i 1986 740 0' 463 3' - 691 7' 341.7' 372.5' 434.87 
Ishurdi 1986 1,616 7' 983 3" - 1,4000' 958 3', 906 7' 977 50 
Faridpur 1986 1,2400' 963 3- - 1.191.7' 84.i.7 872 5 851 53 
Barisal 1986 911 71 386 7 - - 590.0' 195 O0 580.0: 477.2i 

Linemean 1,108.13 756.35 547.00 54807 968.35 709.03 539 23 

'Figures ina row with common :ettersdo not differ significantly at the I level of probability according to Duncan s 

multiple range tes: 

V 2272 also lI-rducCad cotsiderahlv higher yiheld than the control,. Moreo%er. %IB-246 and V 
2272 were almost free from MYNMV and produced a higher number of pods which resulted 
in higher seed yield. 
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Abstract 

Breediog research to overcome the problem of weather damage to mungbean (Vigna
radiata) seed is described. Weather damage. expressed as discoloration, cracking,
reduced vigor, increased pathoen infection, and ultimately seed death, is caused by
cyclic wetting and drying. Breeding activities aim to educe water uptake by seeds 
through increased hard-seedednes!s po. wall resistance to water absorption, and 
avoidance of wet weather through modification of phenology. Progress towards breeding
objectives is documented. 

Introduction 

\,ClthCl u 1;liait,2 C rllu'i'I1 l l .'c i ' c rIhCl ,t Oii ad\ llh\ l ndlldg rfc ia chcIlliLl
 
ch:unc that iill c d l0nllI\1tm it', \ lt I L' l and liji hlu
nl~ 'I(4. I'!aintIl 1 il\ I.\ndrC\ 
198 2).

Tlhu InH,,t L1InICI:JhI.' jl) Ihh.d III n'ujI' , %%11L1! t .I11'_v.1 LiC InM11llr-lhil , I ,, hCl%%,CCIl 1)1,. ,,i 
and har\1t.\luithi i , lirtici .\ \IMlMi,.ritl',c dLtC It, i i ",\ li I "iIIn llltrlt\, li 

Itcciql tl t , dccli\ ,t h Iir l) t\.IItlt tIj ClItd, in,,ll IV++Klltll puI M ilL litcr-lm in.,+ 

Ii II.I.II I 1 I , i)L\. l,I tdi t\ i ti ul,tI11tlIl tll I d,- utrltI,..c pr , lcx ,d 1r,1, ile' n1ui,,ixture 
ll i cIl ira!IiJx)fi, l tc1 ,iIixc.till*t lIr [, i i' l klillt , it Ifl ti l\ lij dh i crhuanlic 

bCt\HCCi. iinaICl+,t, t iilki ll C -ll, c' lII ck rI t L ,, IidC I )\ x il,, iI ll\ld L a ti,, xl.o. 
1 ,+.' LiC'N, if C I, Lil\ ,lllt ti i iL' ti",t diCi,.id iiiii tlli and it)cki .c, iin,

xl ijc, tlu. ,- \ +.CIIJ.I 

'ri+cl i,. hi n+l it. _,lt\ 'xx ilL I C aii ,'iC lla~ PHlclt.r,',hx .. l K huiuhtatnc.ri lu u ,cuanddii 

appro,,chlu>,. Tis,pi]u \l. ,, , Il~txtt 1hrCIIuu Hd~n . :tcd IVulc~ 'Ir'la, ,m.. 1~lttilwd at Ili.c p+roductiont 
tif \\L'ithCinIIC-. xitnI nill.lIl hcanu uhlI.1 (Ill,OitInI, , aifhl SI uittilic d11iP-le l % iniflltlitltiil 
Rtt.c'uarch ()F1U Sl0l l 'll\1ci.iliC ,Lulllll Pr lc.Iii. 

Breeding Requirements 
For a breedinu pru,caii ti hc ,ucc,,lul th hrcidIr nc'd t Ilax c1 clarlI deined otjeetv. 

gcrtic varibilii,, lhr tile character in %khici iillipM\ iucutl i, ru'iirlCl Mnd 'fllecive ',elctinni 
procCd Ui'r. 
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SOur starting point in breedin~g for resistance to weather damiage was to establish that there 
~ ~,wnsarlt~o ~p~ifie reainseed quality following a pei iod of rainfalldi1i tbih3 t

in the field. From a collection of 225',ccessions, soeic with less than 20% weatherdanmaged
seed were hybridized with cultivar Berken (>80% dama~ged). F2 and F3 generations derived
from these crosses were evaluated to determine whether simple selection, based on a visual
exanination of field-harvested seed,. provides an effective breeding procedure.

The conclusions were that this 'approach would be unsuccessful (Imrie 1983). A lack of
rainfall foloing' plant maturatioi would prevent selection in some years. Sprinkler irrigation 
was not al effective substitute for rainfall. When rainfall did occur its effects were variabledepentding on the stage of ontogeny of genotypes at the time of the rainfall event. A high level
of interaction between time of plant maturity and time of rainfall occurrence led to varying levels
of weather damage ingenotypes presumed to have similar levels of resistance, The resulting
low heritability (h2 = 0.04) of weather resistance severely limited the rate of advance dueto
selection. It wt~s apparent that acontrolled screening method, that would reduce G x E interaction
and increase heritability. was required. It was also concluded that a better understanding ofthe 
process of weathering could permit selection for characters contributing to resistance to weather
damage and lead to more rapid progress in variety improvement, . -

We, therefore, embarked on a program to identify which characters contributed most to 
. resistance to weather daimage; to quantify variation for those characters in our collection; and 

to develop a reliable, controlled selection procedure. 

Selection Objectives . 

With the knowledge that deterioration of seed quality results from the cyclic wetting anddrying of seed (lnirie et al. 1987), it follows that deterioration can be reduced or prevented
by inhibiting water uptake. This can be achieved by avoidance of conditions conducive to water
uptake, or by resistance to water uptake by pods and/or seeds. 

Avoidance is possible in areas 
'4 

which have distinct wet and dry seasons and is practiced
in parts of Asia where the main sowing time for mungbean is near the end of the wet season or during the dry season. Crops mature during the dry Season and ripening pods are not exposed
to rain. In northern Australia. where production is mechanized, a combination of low soil
trafficability and poor water-holding capacity of the soils limit opportunities for late wet season
sowing. Mungbeans are sown in this area during the early wet season and mature when there 
is a risk of weather damage. Longer duration cultivars are, therefore, required to extend the
growth period of the crop sufficiently to delay pod ripening until after the wet season ends.

Weather damage can also be limited by reducing the period of vulnerability in the field.
This can beachieved by improved synchrony of maturity which has been used as a selection
criterion in many breeding programs, The AVRDC breeding progran has produced lines in
which 80% of pods can be harvested at the first picking (Paik and Yang 1978). 

Reduction or prevention of water uptake by the pod wall or testa can provide resistanceto weather damage. Our program has initially concentrated on the testa rather than the pod wall 
as a barrier to water absorption as variation inresistance to water uptake byseeds appears to
be greater, and more effective, than variation in pod wall resistance to the passage of water,
Seeds which do not absorb water are usually referred to as hard seeds. 

Screening Methods 
Efficient'screening methoJs should be simple, easy to use, and effectiVely discriminatebetween levels of expressie' of the character being selected. The methods described belowv have

had their effectiveness confirmed in our program. 
S ,inceweather damage is cumulative (Williams et al. 1984), and since the same genotypesc dipresdifferent levels of damage depending on the timing of rainfall relative to the stage 

', 
 k':; : ", , ,> /
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Table I Data for- fourf Ch~raCtC!rS Of nit1ingbean linos ncluded ina weather resistance screening test, 

Pod vegQtht Har-d seed Seed death I000-seed 
Liesudnhce r ato Jinidex wt 

Berken 88 8 076 4 63 
King 163 2 0 37 0 72 
CP177230 104 7 97 319481 S 2 34 
CP127078 153 8 92 0 134 0 32 8 38
 
N63 127 0 0 
 8 0 66 
N19 1345S 0 24 1 72 
CP156227 96 6 0 8 0 48 
Q10596 96.4 0 12 2 33 
Pcrceiuugr, crc cacere cDreS *C ekl- 0 C*.tSd FijLr5- ir briclet -iirefr ,c, ,IiasO'ols V'roi seed 

01ur1 scItCCIII- prVOCedure tiil hho.isitrimlc ditteteite, m resistatieox sithc dattiave reiics 
0i! ~i toi.%x Li]I, It~lh LIttdctOn C\pusi-e ilttact i CtIItc'- is Itt,- cMiiditiiiti Iii C0ntr0led 

tentperaiurc attd huiMRiidut\ 
t.u1dania11t] pods at tilticit tic suhecctel 11)ItsCe eSdes iii 55ettinidLied ii tohear toie lieutnutehis 

and drs in,-, :t,(tie CtId ot the test. areChtie'shiced atc tested lilt' 2CHIIIItnacon.Poids id,theL'Ledks 

Our selct.:ion criterhion has heeti dCSIilCLte Sceed Indes !.Yft)iI ich Is Caicuiated h\skIlcath 
Stihtratint- thec ice'tttac it1 Lmciitahle seedks tCILniino1 harld 5CtAIls I'o 1)(Ii 
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Racemes used in the test are supported b%placing peduncles in plastic drinking strawms inseted 
in holes drilled in a hoard. This hoard is located on a bench within a plastic-sheeted enclosure 
of 2 Il XI 1 i \ I Indimensions supported hy a steel rod frae. Withinl the enclosure a sprinkler 
system and a huiiinidifier providc. respectivel\. simulaled rainfall and high humidity. The 
apparatus, \which is located in a constant temperature erov, th room run at 30 'C' and 50' RI,
is illustrated in Fig. I The test c\ele is c n ecutvel, 4 h of wettcing (sprinkler otn). 20 h at 
>90( relati',e hunmidit\ (huniither on) 4 h1\,cttilt. and .14 h drying (at 50"; RH). 

Clear plastic cover 

lit Sprinkler system "' 

clear plastic
 
cover Humidifier 
 Steel rod frame 

SRaceme 

Holes I 

Water Drinking straw Board 

Powe-r-- Clear plastic sheet 
Drain i 

Figure I. Schematic representation of apparatus for screening for resistance to weather damage. 

Breeding Progress 

Hard-seededness 

Variahilit, in hard-seededness can occur hoth o ithitn and between lines. Selection within 
lines has had onl, li mited Success. In cuti,.ars , here intraline genetic variation was minimal 
there ,was no response to selection, hut in hlteedi ine,, Mhich \ere more variable, the hard
seed level was incre.!sed h%14.3 'h th,t.o .!eniratiots of ,election. Hard-seed levels (38.7 after selection) \%c e ,till to) lo to prov,idc good prrtccuon against weather damage and genetic 
variatio in kas reduced t4)thec xtent that ,rther sigtlificantli responses to selection were not expected 
(inrie ct al. 1987). 

In a collectio n of 268 acccssm I 1'. t,aditm,. nine had greater than 90'; hard-seed levels 
(Williams et al. I984 . Since none (ifthese %kasaronot ticallv acceptable. Il. best ,acrc hybridized
with cultivar Berken (soft seeded) to provide populations for cenetic analvsis and selection. 
Inheritance of hard-scededness has diflered depending on the parental sou,ce (Imrie et al. 1987).
Dominance. partial dominance, and recessi, eness ot hard-seededness have all been found (Table
21. In two crosses heritahilittes %%ere calculated froti the recression of tV on F,. Heritabilities 
were low and this was reflected in the response to selection (1ahe 3). One problem in selecting
commercially acceptable hard-seeded lines within V. radiatw is the association between hard 
seed and stnall seed size (see for example Table I). Lines %.%ithin our collection which have 
produced greater than 90% hard seed have an average 1000-seed weight of 34 g. 
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Table 2. 	Percent hard seed after 72 h of agermination test of parcnts and progeny of four crosses 
between hard- and soft-seeded lines. 

Cross Pl P2 Fi F2 BCI BC2 

Berken x CP127078' 09 72 1 2 7 56 16 40 
Berken x CP1297'.8 0 S 86 7 67 2 59 I 16 0 95.5 
Berken x CP177230 I 5 56 5 47 7 24 7 29 5 82.7 
Berken x CP129920 0 3 95 6 - - 46 2 83,S 
IPIIS the Soft ceded Bult.A,B ke01. ! V0achcI OS 'CP Crnrmori,,ealth Plant:ntrodJrtion rIurnibcr 

Table 3. Percent hard seed of populations, and selected lines from those populations, of progeny 
of two mungbean crosses. 

Cross 	 F2 Selecred F3 Selected Heritabiliry 
Berken x CP129758 59 I 80 0 333 80 4 0 32 
Berken -<CP177230 24 7 53 7 9 .5 66 3 0.04 

Ce.1'" 
ei+uJII)l'5() to) 65 c a d hard ,ced uitcnt ,\ ce , 7din;)''iilhiatLn l:ast rttial reakin., 

flolu priiLen.fri nitl the cro,,c lited in lTahle 2 include ,.userc;int,with 1000-seed 
T . aitof the association hCts.e.l hArd scd aind ilscd s+,le.,illsI 


-\ seconid pJtIcIlltt it Of hard-seedeldnes, s ',thjLiCt ti)t'll\ l ilInh s.isd i 	 tl*iitiietttII Men 
'Ilvil'otuillental effet'."hat\e III elL id it.itlat.l le"earched ilt 1arCi[Lste+,rd h\ 11he esuItllts 11r 111 

.'ich % tc ,\C lC iti at II9S4) t,ltcaraitrial inl 33 lin .s, ,ross. Illl t.s r.. Il' rhe sl ,Il () 


I (1983) expliMcd 04.4'; n Itir-d-sCCtddn,..". In I.o)83 hard-seed Oc~intet
ttf', the %aiationj 
ranued firont W; to) 8S';8, \ns ilti.' I ilehh. s as.0' .,tltmIN84 the Ian.e t, ", 
atmean of' 25.3'; lurthr illtrMttn pt1s ldCL Is the hid se d l..t , l( 1T721 nd. A 1', .1()l 
CP127078 iTahlc \Vhe' eas if(of 1'23()Iit illI the field bothI i. satnles e l:ti'u'c and 
containL d clrtC than (1,lt:d seelds. ttlll" (l 'I'127 , the Cl,.lM'i i.lL78-ru nd the 
had qiuite different hatrd-,eed k+.'leint. 

A 'Ur'th1ct" 'soimre-"0o hard-,C s-,, .r. s ],/ ,f,;.the ssl d prIl +eittkit'i"dcdne is I .rlli/i 
ctllti\',,tcdtiunuhean. A cessicti , ,kith 1(01(; held secd ItS e1,, ,t.ben Tils, hesel Iha fhtind. 
hard-Seededne>s, should ':on, ,t.st. i-Is ,l'ride e\'xce'llent ]tlteu a|i 	 ,rids bess cct. 

, Mepec'ies fert 
I t)) ,hin\. hCC htilined. lhe C0tm0l it(Il, iSincleiiC dtilltlit 

the v,Ildand Cultis ated ate e.:miph.t. Ile tid ld,1-sC.:Cd secr,mt, ,,ith lalrtc (>50 
reen seeds e t-ait h\ 

gtene. ShMld , i ttd imtuhW ktieties h\ hacker,,Jinit.that it C.ll he rail\nei,, iC(rI cultivated 
tpro ratm that is Cnircu. 11h derttaken (Ilasmi ;il. 1987. stt il. ()I thtes,.tl11, 	u i emt il t l'ric dittc ,). 

Resistance to Weather Damage 

The devesrltmetnt of et et1itt rteJsItlll'e to \\C11' led se,.'tkMteltod lt we.tht" dtllllL' Is\ ided 
tilen.:illi:,relial, ,sreistant lines. Results tor atdski.nCCd lines iNIL) irtd N63). Mshichto idCnti 
had hecn selected for iodLaet.lI'Ultti ittluditi ild attd 'thrittOlloiftr'alitst .h'. Mid natrit 
arc shwmt. relaiti c toitultilarslcrkct atnd KinL. attd hard-seleded acil.,tsmi "tahle I , lhe 
have a lo. SDI hut arc soft seeded. It is likcls that their tolerance toivseather dtilmage inlthe 
field, shown fin exantmplc inan early v,ct s;son trialatChainat. Itailand it1986 s h\ere tltev 
prnlducecdseed with the Iihest 'erlli.aititll prccnt;tic (i95.7"; atd 4 .(; )of' 10 lines crown 
is partly duC to pod itttpttrchilit, ,inlcthey Ia. e thi..,her than as crae pod 'eigltt:arcaI ratio. 
The contributhitn of ptd itipemc,taihit%Ii tlcleit) 55ether da.tlag ha \''t to be 1.11,U111tid. 

Avoidance of Weather Damage 

In hreedin, for avuidance ifwealhler daniae. c\cle of select has p)IdUced linesone ttion 
that lower up to 8 das', later and itature up top4) days later iti s4,hort-dta1ttion commercial 
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CUlrik'arS inl AusrL-1i;I. Inl prcililiar icidtlt. ,Cel l,icids Ofi IC-IlitatUlrif"1 lines were lower 
thanl thos~e ()f commller-cial clillilff \\, sm ]I cal\k hltlmi~c1 \121 cm mm0kljV 	 lin MII lIC (Pulanld andIL 
[mic 	19871. 1-ilmeI I ,imic iw hC ill uidcmiakenii o1kI icrimmIcC ich h cCc-I li lineCS(InIiC 
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Abstract 

A survey of the wild Vigna spp. in Australia and adjacent islands has established 
that the wild mungbean, V. radiata subsp. sublobata, occurs naturally over a wide geo
graphical range, encompassing a diversity of climatic, edaphic and biotic conditions. 
Field observations supported by limited preliminary studies suggest that this population
comprises a diversity of ecotypes, which are a potentially rich source of traits of adaptive
significance. Of particular promise are those which appear to confer tolerance to various 
environmental stresses, such as weather damage, saline and calcareous soils, and cool 
temperatuies. The Australian forms of the subspecies hybridize readily with mungbean,
and can be considered part of the primary gene pool for the crop. Further research is 
needed to adequately document the extent of diversit,, within the wild mungbean
population, and to fully explore its potential utility for muIgbean improvement. 

Introduction 

The use of wild relatives to roaden the eefot ic t.1sc availahle for inlprovcnient of cultivated 
species has been widel,, can'. assed (e..IFrankel and Hawkes 1975. Harlan 1970. Sinart 19.,
Sntartt and Hvnlo'.it/ 1985 i. with agreeient on the need to investicate. describe and conserveresources ol 'ild geriplasin. This need has assumCd some ureLcv. with 

of natural habitat, throuch act iture. deforestation, livestock Lrainc and urban development. 
In this context, a program %.as.initiated in northern .\utralia to collect and describe wild Vigna
germplamm an ti in', estiutte its potential for genetic unprovement of related cuiti'ated species.

Despite the ci )nIIllsen ild rC he ConSCIluthat '. germnpla1.t res, ',111.ou1Id Cd. plant brceders 
have generally been reluctadt to ilcorpotlate wild geriopla,lt illto procranis for variousbrLicclL 
reasons (Harlan 1976). The most usua! problem is that the \%iid inaterial introduces undesirable 
attributes into the breeding populatiol, and for quantittive trlits in particular (e.2. somearooinic and qualit., attribute . and vield. progeny perfiaruces are substantial, below those 
of the cultivated parent ec. and 1985).11rtI Fehr 

Emphasis itt tile-resent program has thorelore been placed on the poitential of tie wild 
tuaterial as a source of traits of adapti. e significance. particularly. thosC which nicht confer 
tolerance to env ironm ental stresse,,. The rationale for this approch is t\.%ofold. Firstly. the 
persistent. long-term exposure of the wild material to challenge in particular environments is 
likely to have led to the accumulation of ces for tolerance to the stresses characteristic of 
those environments. Indeed. tile ild arc adapted stressfuloccurrence of \I ecot\,pes . hich to 
environments is itself evidence of enhiancted cenetic tolerance. 

http:Hvnlo'.it
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* Vigrna ra(.ita ssp. sblobat,i 

x V Ina I, xflata . " 

vVigna 1,mce(ata Umn, 

Timor .,Papua New GuI re,, i ,;;,lu . T m r. \. - \ " 

Northern 
. Western Territory
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Figure I Location of collection sites of indigenous V19gna species within Australia, 
Papua New Guinea and Timor. Indonesia 

Distribution of Wild Mungbean in Australia 

Vi-i.i'a rfdiutlmi".,l-p.Ild)hm i'., \k iMcl\ listriblut,..d thrmnI-h.!uLIt the trlpies and .Lhtropics
ol tnorthern and c ,crn.tltr\ii, eii ,IM :i11rtM dii i 11d). i. In1th,'tropics. its tllost inland 
penetratit .tinildle, ,%pim i\inile50\5 111]thrainti i ii i. there C..,\I the iC\tl'C 
i ist arciv 1, in ar[-s, illlmmnd > I XAt) nnl alnllual railall. It the atiern ,tubtrp1ics. lex\M.e- er. 
its diStributi s ]+re2,e\ coatal:sti,td I ladnI hiea 1,.1), C t Celd h.inli IiIIpCrIatuIC.
Its illiot inllnd pcltllratlwiil ..0inii ,aliprI\iIuIitlc]i I.I\ ,1 ICIaIntIIIcrat , inchliic lor lie coldest 
1tiloitlh (.1J1\) o "l14 (. liIt l,, ic1 it1 W tli as ,i tclilii cl\ omiii11imi c lliicill lie libicmtis[ii )Iiii liL,'ht]]l't til 1lnm1cicl+s,+.tiilli,,iciis lia Inlia vtimml '+,'fsdti~iuii;tc'ml \ r ,,i,.furi\th ins, tr'ees 

alld shr'ubs. bcc'Otjlil. rare Ill iiio C hC,.1i]\ Iiiierlcd alclt. ti ,llirpl. , 
distribution is plre alid di',lUn 

It occurs tiii ',a rai.!c i il t.l\,.lritil ]h(I 

Ill 1 It"PiC eint 

\\ ide l, l 2lltCr.sand Iimanis i',.'crlh hl\ ll :d rat.10 %, tom 
fertility (Cloimmnl\ thri fte'rtile. ',Cll-int [I . h,.reUfcct'lrs.ttrouch tiitCIIIII2 c arcl\ ).Ill arCa, it 
plartIs arC ltmund in rcti,.t ahidaiic i sites ol pat simil,tituranc sLuch ds Cl.SiO ll,.', 
earthen dami ,ils and.l ro adMi ,. It occutrs cimi nitlll,isa \\,CI' (t ilalldinks',n "'t:III. 1 r .h 
irrijatitmm teal such a the ()rd Ri.cr. Iurdckin and liierald ar-CaS. 



Characteristics of Wild Mungbean 

A\comtparison II' IIIt)l I I I) I'Cu I1I I~,hc I\~dI .11l t i',I ~.h')I,; I \\ ct:1ALl 1*011 . Alblhu! 111(1
theC CtLtIIO un ( Idhil 2) ICL C l.I, 10 1111 t Il d ti Iit[)

I'00d ILltlu , hl,11ltiki tfld f Ilfl~t ill Il I, liKIk ltll \\tIlk pr(t c 1tI 


iCI~ 'III t2 t )iC~dIOt* that (I* hloSt 
INtc %%Ii 1LI 111.71hudrI iS 

a thill-stcillied. lrccl hC~i~t 1I.lly '01clllk,-tL pjIiltu licthLacsilI !CtIC.5' 

asthoint'i\ iroilli~ltl~Jl] sc %Inc %isthi paIl l ll LIC~d liil lltIu Liiiiii c utlc 

Icavc" aic ii LwtI\inCulti 1%tIC, tit't100,J1 *tild i Ll1I'I LLIC.t0lC jtCi2Cc 0. I11dlLOtt1ti'1 

icatict' adiL'il li liul. A~FSnlof ILIohcd-. I ssu'. nIC 'InIKIIC thdill iitu CLii1iti2CII. 
\l''l r 1!. IIMid 111d' nc lc)- cckk tIC mill lk thu [iad (W~Cilard ScudI 'cLIIi11. 

W~be 2 Chanrsrustoc of Aucnittu lInSn of V Munntc subsp sbbaw Colun~r ed VAGh those 

Wne CYRl. AMOYin X4 Prunia StrCfl,, .11rrn~il
 
Stern habti Thu tii n .V,'j i9!C'1itt " iick- ctnnrr1ed (r-ct

Growth hait l~rn't 
 Most y dc turrolnutte
 
Leaflets U'utlis' Dbted, onalle; ind nxrrow along' gems WAoiiY 
 ovate 
Flowers Smalltnutid 710C mruT Large I10-15 ri1r1tl
 
POdN Stroui'r d~numt 1 3 pat pedircl %Nukkdehaicerr 3-6 per pedindce

Seeds Inall 0 5?2 S K 101 hard. dull, black Large 2-8 g' 100 

Mostly soft. shiiy gre-en or yellow 

hahit. :iliitit all mcc dsinku' I)cul aAlIIILaI l )I-tuii1titl iiiiii155MIC ill Ii~ Iasiot'
 
tiiilcr CoilldIiittIN l oflu 'ttllL. a icA 
 IlL,~l CIIIILIdlilLC 

Hybridization with Cultivated Species 

V. radiata subsp. radiata X subsp. sublobata 

I IShrids lidS L hccit ,uldthtIItICi [ciA CLullfItilthCdtiI utltis Mts Mdl ICCC-Sio0 l s~ hp
A5id/o/rt( "Akith ftcuslx(tII r ndrruIiaiiin Cnijttali I5th h ill%(s tie roses tlhino l %% 
the ctheun11LC.hI 1,11,iiasc Kutc CLI%k Illhru cdjlt! IrtCilit%\k lici (thu %%ildparent ssats LISed 
as1Cithtut [11C 1)poll 1,1ds 
ill\ O l ti sis\ 1il7lhCall CHIMl at> iIld I \t, Id dC~ tIl 

1111C t. Icut. Ill fit iIkoltIm'1C is1 sn1LdK-~i ( > 4H 1h lid ctiiithiliatioins 
Ilit> Iiic huuii allS iiidiuaiiiiir (I' recedC 

II\jttc"stIml III 'i .11 ittllmitpiloiiicai lalt>, IIill 1t 11 1, -cliclk 'iilr wi those ()I thle 
Ski(1 Itrilt Ft)I. C\ a IIIplIt. its htili' tic I VCcl hIlL 1111)2 plLII;i\ dl t ll liodes. with twinliri 

"ICIlls. tIlcttitl 11c1,11c ill habit dliii duICullt podsk. - rid plant-, ulsi u!%hihit lobed ioaflutts 
Msier, thwoc I 11t.il paireilt ar-c liibud. lii suecral traits. hnnssOCvur suLchI as' ftSiers. sCed 
%kciz-h dliii '(Ilt thiukiic.'. Iltilciljdatecu\rusioi iibLt ill (tic It1 11hd Typically F1I 
11kllk~t 111A\C buCtl %'2tat1%l' L \ )2 iz lls. Lisltall' llICthan eithiur paIent., Stlee'tine the eXistece1C
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V. mungo x V. radiata subsp. sublobata 

Hybrid seed has also been obtained, with substantially lower success rates, Irom crosses 
between black rmun and tile wild subspecies. using the wild parent as either pollen donor or 
receptor. Almost invariably, such seed has exhibited abnormal, and usually incomplete,
development resulting in distorted seed shape. ruptured testa and shriveled cotyledons. Attempts 
to germinate such seed have net . ith varicd success. InI sonic instances, seed has been nonviable. 
while in others, the hybrids have died as seedlings. Those hybrids which survived invaoriably 
(ucvelopedpartially distorted icaves and ultimately produced only it ftew pods containing only 
one or two incoipletclv deve loped seeds. In general, tile range of" resp,,ases observed was very 
similar to that obserred for niLtngbcanl :,l black grain hybrids. 

Adaptive Traits of Interest in Mungbean Improvement 

Based on observations made dui ring collection and in subsequent glasshouse studies, there 
are several traits ot adaptive significance. in varlious accessions ot wild mIngbean, which ma'y
be useful ill mungbean improvenent. These include hard-seededness, which may confer resistance 
to weather danlage: tolerance to saline soils: toleranice to alkaline. calcareous soils: tolerance 
to cool tellperature: and tolerance to ,e.sonal occurrence of fie. hi addition. there appears 
to be sti ng diffterentiation in phOtoperiodic rCSponse between accessions adapted to various 
latitudes. The collection has ct to be screened fori rectionll to the ,,2nge of mlunebean diseases 
connon in Australia. 

At this point, detailed studLes have vet to b," conducted on most o) these traits, and the genetic
basis of only one trait, hard -seededness. has been investigated in any detail. 

Hard Seed 

Hard-seededness may be useful in contributing to resistance to weather damage (see Inrie 
et al.. these Proceedings). Transient hard-seededness iscommon in miungbean, with levels usually 
in the range 0-70'r' . Hard seed percentage is usualls highest immediately following harvest. 
and declines with storage. Several difficulties exist, hoss ever, with tile use of the trait as it occurs 
in mungbean cIltivars. Firstly, levels of hard seed are variable, and incomplete even within 
plants. so that a proportion of yield remains vulnerable to weather danage. Secondly. inheritance 
appears to be complex. In contrast, hard-seededness in the %ild subspecies is both durable and 
near absolute. wvith levels of the order of 99 , to 100'; . For example, seed of one accession 
collected in Central Queensland in 1964. and stored in ambient laiN,'ator, conditions, showed 
99.9%C hard seed when tested more than 20 years later (R.J. La,.n. unpubli shed). The seed 
was also viable. 

Seed from wild subspecies x cultigen hybrids also shows high levels of hardness, suggesting 
dominant expression of the trait. For the cross cv. Celera x Accession 41, for example. a20-seed 
saniple from each of 290 F, plants revealed 178 plants for which all 20 seeds were h: d 
following 24 h immersion in water (Figure 2). and a further 42 plants which had 19 of 20 seeds 
hard. Given tile difficulties in measuring 'percentage of hard-seed' from finite samples of seed. 
and the almost continuous nature of the distribution shown in Figure 2, the classification of 
seedlots into 'hard' and 'soft' is somewhat subjective. However. if the criterion of 'hard' seed 
istaken as allowing, at most. for only I seed in 20 to be soft (and so allowing for the possibility
of minor mechanical damage in handling), the distribution shown in Figure 2 can be divided 
into two classes as follows: 

Hard (>95%) Soft (>95%) 
No. of progeny 220 70 
Phenotypic range for % hard seed 95-100% 35-94% 
Mean % hard seed 99.0% 74.1% 
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from the cross Vigna radiata subsp.
radiata cv. Celera x subsp, sublo-

Level of Hard Seed ('/') bata Accession 41. 

On this basis, the F-,progunm di%ide %CIA Ch()'c [0 3: 1. Nu2ge~ting that perhaps onl a single 
dominant major ,,ene, with me or more ttiodifiers. ia\ conler hardness. I:i studies with Indian 
forms o' ubsp. ublobata, Sineh et al. (I ,N3) concluded thalt a single gene conlerred hard seed 
in crosses w ith the cultiucn. althou helie level,, (I hard seed reported iti their study were 
substantially less than herein. 

Visual Seed Traits 

Visual appearance of seed is of inajor commercial importance in muIngbean. The heritability
of traits contributing to the appearance, and the presence of linkages with any undesirable traits 
are. therefore, of some ittportance to estahlishil hW easily advanlage might he taken of wild 
gerniplasn in tnungbean impro ement. There are at least four traits (Table 3) which contribute 
to visual appearance: base testa color. the presence or absence o a ridged surface texture layer
adpressed to the clsta cf. \Vatt ct al. 1977). the depth of this texture layer and \, hether it is 
clear or pigmented. 

Table 3. Contribution of seed coat traits to visual phenotype in hybrid progeny of Vigna radiata 
subsp. rodiata x V. radiata subsp. sublobata. 

Visual phenotype Seed coat traits 

Testa color Ridged texture Depth of Texture 
layer texture layer layer color 

Shiny green Green Abser-
Dull green Green Pi I-A-t Shallow Clear 
Waxy dull green Green Present Deep Clear 
Shiny khaki Green Present Shallow Brown 
Dull khaki Green Present Deep Brown 
Shiny speckled black Speckled black Absent 
Dull speckled black Speckled black Present Shallow Clear 
Waxy dull speckled black Speckled black Present Deep Clear 
Shiny khaki speckled black Speckled black Present Shallow Brown 
Dull brown/black Speckled black Present Deep Brown 

Wild-type seed typically has a spotted black, green or greenish yellow testa, with the black 
spots coverirg up to ca. 70 of the surface. An analogous trail, controlled by a single dominant 
gene. has been reported within the cultigen (Singh and Singh 1970). The testa in turn is overlain 
by a deeply ridged and pigmented texture layer. Rarely, wild plants without the texture layer 



are 	 found. The Cextui laver pi.cgnicrurnges fronm light tan to dark hrown/ l'fack. often oil the 
.
same seed. usuall, the texture laver i,nost hiCa\ if,liillnted ocr (lie black testa areas. 

sugeestillu som leakace of test+iaPh'li1ll int) tle te.tule lacr. 
In colltrasl. Illdern cilt i. irs Ilhst oflteni h \ e i r l esl a. usall,, with, it (,,iij',seed). 

l711t ocCasitlOal, v\ith dull Scld . t sIt,ucr,L\ttre ]d\ CF. Ilturit. the tC\tLIre ]l\er ilIa\ he Slallow, 
(dull )or dccli (,cr, dull I hil is utsUal', nInpic2nlCInICd I,J)icall . ill o,]IM substIpeciCs -:Ctiltil-Cnt 
crosses. the w.ildi,,pc seCd cot tiaits arel: dililllltt. aind are e\p 1d illthe sCCd 0fIi p;.lanlts. 

sith, 	.l.c'atiii tihe in,-' t I ilajur \ sliI, sCed phenut\t,in s.'od( F c'-'Is iIe I C pcs. d,.pendin 
' 


oil tile coilihiliti Iof t oi aili sl t T ahlic 3). 

Tlhe I scecru,itll 1r0ls) 1 ile c ' ,,. (t0'h.ri . A.'ccc,sion 41 suc,-st that each of 
the four traitl is ,uItrI l d Ih',\A ,iinL ,'ll,.,1u11ru1a1 ill (hle I ld rc'C'svc ill the culticeiland 
(R.J. Ils.. n t U lihCd dat'a). I'O ,';iLh 	 ci close11,i. il1 iiiiiili s Inicuch ph ntnicii ,,,,\ src 
1t expectiiit e.l :1. pulttit _'iti_'lh(s l to[ili se rel;atio shipls. ltr tlie tell.. 3' Ilie c %pcs. haIs,, 
plictitYpes listed i1lFale arc "Iimti l iL..1. Itremlins hes.enc acions to he confiriedI - m n l l th 

-
thro 	li,.h kerzac', indI" +_P t,.rt~ ,
 

Table 4. 	Putative genotypOs for seed coat phenotypes for hybrid progeny of Vigna radiatasubsp. 
radiato cv Celera V radiat sUbsp sublobota Accession 41,based or F2 segregation 
ratiOS. 

Seed coat trars 
Phenotype Tesa color lnd'ed texture Depth of Texture 

layer texture layer layer cclor 

Shiny green 
Dull green 

bsp bsp: 
bsp bsp 

tl tl' 
TI - dt dt Pt pt 

Waxy dull green bsp bsp TI Dt - pt pt 
Shiny khaki bsp bsp TI - dL dt Pt -
Dull khaki bsp bsp TI - Dt - Pt -
Shiny speckled black Bsp tl tl -

Dull speckled black 
Waxy dull speckled black 

Bsp 
Bsp 

TI 
TI 

-
-

dt 
Dt 

dt 
-

pt 
pt 

pt 
pC 

Shiny khaki speckled rolack Bsp TI - do: dt Pt -
Dull brown black wi" type) Bsp TI -- Dt - Pt -

Nomw rci trrO S,,' nI S:l 19709 b ynonyros .Vih C tor dull iFery 19801 

IPiisr isc 	ctiiilalisil lCies le )the seed traits Irt,,idCd little evidencebict'CCihcllu ailld 

for an linka ,., ,u e,'stI lhat rccOnhiunt, \,itl. tile dsCirCd \iSual traitso ' tl[e CUltiuel. hLu 
hard-,eededne, I )m( hIi,,Ll sh',pcies. shotld he rcCCtsCrd rclalively frCuentlly. Indeed. 
inl the abhsC cis,. -' tecu. lard-seded'd is diuals, src recos..red Irom the 2Q0 F,planlts. 
of v,	hich 7 v,cr, alsor '-hi\ .cLCLI 

.A backe)"s i
, culrll. tunderwa\ 1t itllser the hard CCed trait into a citltivar.1irlani 

so that tests lllashe undcrtalkC toodcIriinc its, cfficac\ inl presC\.entinc watCr uptake. and il 
tniiniiZin v,eathuCr dairIAc, Is,,s \\ill ialso he Undertaken to ascertain the ficilit, with which 
hardness 	can he hroken. 

Tolerance to Salinity 

Accession,,i f 4,171'b1s. hiave.iblo.,hi icen col..cc.ted Ifrom alkaline and deqraded. saline soils, 
sucgestine the possihilit. of enhanced tolerance to salinit\ inithis material. The survival and 
growth of these accessionuUnder trange ilcintr lled levels of salinity Iconductivities of saturated 
soil extracts ranginc frni .5 to 13.) (IS iti) have heen compared with those of' tnun.ybean. 
black gramn. ad a rance ofother culti%;atCd and w\ild l'igol spp. IKeatine et al.. in preparation). 



These ,tudies colJfi'IIlLr tl that s, c F ' liii IIlIIMeh..1I I.'C,.ioiI. surviv,..d hi h l ,cs, 
ol .s+init'v than the lt,,-pIr 1li 112 C,..uIIIand 1 hI% ,,Nu t IIiaiii rd u ,c hii-h'II. hIil 'u11C\ wII tI d.l1 

salinityl ,'. ICIIJI IoC.ti\ li,, > .0dS II IMl ,,th tI culti.',iltud iatl. latter
if1,d \ , i Illit th112 

pellr-,rledI heltcr n,._c "littL' Il
F',cL the r oI , i?t h clt IlItcrcd il ',iw.ri,.ulturid soils. 

Tolerance to Alkaline Calcareous Soils 

, 
 ,
i CI.Itl:IIl\tlllCeC r lhF ,iI. Flcd1110%k,jtqlL .FIk~ .I hsld,.fici c ,, M iel ix ,i lf .dK iII11C. .;Id.i+, , t, I 0h'I++ h\, IIIll,.+"0tlth 
Al titlt LIllt t i\L (1 HIm.tCLrItit, tlll-I1c\ n u 01 ,,I hI&, hC.+d %'d +I 

KaIIJ't ilNo. Mn.' ilh ln+inl,v,ith C\. ILSt,,w I In NA,11 S;,+,t Pmlhomc i ++,;tird. and %% ,.uhiva.rs 

,'ahih i Il~liSS I tIF hilwtolllL0It a Iti'i ii C alkalineIqll F lLL.Id Iifrom ' tIh I'ICI 
(pI1 > S.5 ). .'Il;L FlII, (', ,, h I.l IIIl hLoi: .LCcII c"c\FLF\' 5c td th tC ,iills and ,ver .l 
CtI1-tk ;II'1, l It Ilk q u h., + I IlC. HIL'i.lI11I'.1ll IL i +i. h+tisi >I'this, iIIII i.I-cilll}. r ximd itlil

eliCiciC K 

Tolerance to Cool Temperatures 

B rI'i 1IIi-II kAI.L.C IhI C, ,lIF',I' FF/ I his L??ll , 1dill ',il' lhI'lI Cxt itt / c.FI. I'.taol
I:ri,,I',IlI, .tC'r+ iiLr l ut i \!'rIII )L,.4",.r;l. Il I tiiIIltit .'roiF5S I+.'l[ Il.L~ltI ? FFFl~~t IFL .II iCntI\ 'IFIFI thl 
O t' C'ulti%,,ttu 111tll11.1!",C.AII (1, [ 1%1\11 " I + l I" Itl hIA l ~lL lildl ,,xl'ilclho'sI , "+ l ; n.i',, .' 

,
 ,dL CL'C I,.tll lH 11II[ ' 1h1\1li%',.LtII IlI 1+hdl ,1c " . %I\ L 11L' !l. C l . FFlhL1,hit IIlll 11 ,In \.Ich 

tLl[11 \l.I F FF'C I IItII 
1 

i'l.CI.\II !I',t1 l l 'iIL'I,F ]1 1L.1 l Lahl - iIIIII8IIS \ itkI.",Ill m II. 
LIlt LLL' Fi'ktC ., ,\iF t A11, 2, IHIIIIII.tIL .II-C lIF'I.i .I lFIIL L I.(tI l l-lIII2 I h_FF .\ ]+'IlI cItil II lIt111,C .III ,~il.\t<+C'I/IJ !C tlII ".FF1.l '. 2- F JlI 24 +(' luit ht .'rIu,.Iq lLl helLII uLe Ldi11tIClti;It ll 

CellCt e C iIIIk'rI IFFLII't hFll II IF? III."F1t LII\jLIIIIItL+ Liii lLh+l\ is l rFth Ri 551'h\IIl+tIic ic'kc,1iF 

ti~I~ l'.tal 11 1~iF.IItFt* II Ft L iF IllL [\WrFLL., 0I.i lIhl C ilittdeittlL'a )tI \JFi l l st 

Ittil-iltl S11 if,-W F mIt I Lclu 1 1111 )1)( 11IllI I IIJ? FF lk he: I5IIL
FJ 11 I k I II tIFIL. 

Table 5. Effect of temperature on leaf C Xp1flSFOf1 raieL FrfIP di for eilgt accessons of subsp. 
sublebati collected ata rangme of lautudes 

Acceitkon L.tut~d(-Laf expansion+ rates in) day) atAccession SF?:. J 
L. Fit UcafLpIiioFFj S F/Fdy a 

no 27 22 C 30 25-C 33 28'.C 
45 Bog'a. PNG -1 16' 4 5 88 9 3 
40 M'+' 9 "55 103 II 0It y is 5 8 

II Coo,' 15 29' 7 5 105 
 13.0 
3 Haonteic h, 18 12 3 8 93 I 5 
1 Slade PL 2 1 10' 60 65 70 

35 Emerald 23 29' 5.3 6.0 11.8 
'
72 BorFinba 26 31 7 0 9.8 6.8 

32 TabL]Iam 28' 53' 9.8 13 3 9.0 

'Site isfn Austrah ,.afl,'otF,er ,,F.,oteF 

Phenological Variation 

Thcr is clcar c,, IdCncc iilJh,IttipuriildiC iii i ~tIl,IC.essions. Alhmost invariably,alcrctiatiitn 
aCCessioills uollecled rtotm hiihcr latitlideis tit..e '.fiilC; '.allng I i tile iuhttrojip s than those 
from Ile.C ilatittd',. a respoill' culnitCnt F. ith ijuantitatii C Shuirt-da\ S lI.SitiVit,...\ partial
exception alpear,, 1t)OCeIr \k ith Ml ;IcceSIIn, collcctLd frOll1 trir. 1111ittd areats. These are 
earlier ll% crin.,, than niigiht hC CxjpCCtCI 2i\ el th latitude' oricin.(i It i' l)IlSsihe this iay 
relc] t aln ida ,iatii, Ill etlU UtIle. ea,-l' ill Icareas.the I 'all.,,llMrter it l s 

http:uhiva.rs
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Tolerance to Seasonal Occurrence of Fire 

Several accessions which exhihil an unuSual abihlit to regcenerate through tileprecocious 
deveh~plnent Of id\ cniliOI s l1001,i'i01ti toot tissue havc beCen collected in niortheastern Australia.
 
These accessions characlcristicailv devehIlo ll\, often Wheroll . shllowm roof s\Stellls. The
 
areas vhcre the acccssions haj\c bcelliciel:ted ha\ e a delined rai11
n Casoll front l)eccilber-

March. I'Ollomed h\ iprilhiieCd drr ,CasiOli durinic % hich lhefiner, distal paris of lilt plant

die back, lea iniL ,ill\ the thickcr basal pirlolns of the ,telm and branlches. The \ceclation I.
 
open sa\nna 'tlcai %widland bUllch spealLras,, Ucu'ripo,'io, i'Oi/hIiii :i tle
nplu' ttib 

domiinant ra ad 'C arc c0 l1l110l1 dnilh tile I[lne dr\ season
 

In the abscncc ,i lhc IcCnnaic ilirotlnh thc dc\ ipnC l ffront the
fie. plaiit' hli slrti't 

stlel l SLIIr\ ivine at tie bcennine iiiOf thch t cin \Vhci fire occursiil e\ c. all aerial shoots
 
includin lIiisc at1tlIe coit\ lCdonavi\ niidCS. as i a ii\ arc ntsalU
hicl thC clil abt2 eround. 
killed. In thes. circnCt anc, rcLecvrili iiccnrtlrr, tihlhe plcc i icii llolotde CelopritilLt s
 
ait varioLuS point il iii 1i ,al \ ,,LiI I'ts) liiel ha0,
Il tIc, It P,tliC It specCliiC thai ibillifrail 

arisen .as ispecific adaptiii Io he ! lic i 1In thle rc'oinr aIld thlt il (Urn. the
0 i0in. 

d linL' hisl'. Illwild Nilbila has, ha, a ilrth ril .\.iralrla. 
idaptaion., usu li' 


vitr1i/lionti i c1p) nsc lo Iri ,l i(lcliciit,, aid I.udliM 11,771. ild ,[ppli , their o b ervation
 

Th ,is Uai, l II e i,anlah.iel L, 10 tihat repirtcd IOr (''/f/ tnI 

that a gi\cen rl rphloelical idaptlliril iia, aisc it)icpoi,,C [1)l i nI tlnhci1 stvcssc,. Studies 
have b el initiated it CepliiC the iiplicatlon, i ilm i aitlfur Ilc Woi t,11, iinnilibeaniilculture (t 

tissue and planilci rcencrat iii.
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.'Div n o oDivisio i nd S titi c 

rAbstract 

~ ihe r g U"i':!'::/fn i re urd i " i!sis~otGene K-""' ' ), : i i 

A 

~A nal :Floerng im, Itoductionee were Erllant and seed yield, harvest Index, and seed size measured~l;

7'rin the parents, F1 and F2progeny of. 18 crosses between, six large-seeded, 'early-:, r
 
'i:iselcinflowering linesa-nd threesmalsr unelt-lwrngben0, ilzkLtate-Matreing lines of mungbean (vigna radiata).ansdao(. swthohrcosi;'iiDays to flower was controlled both by major genes with domiacfoerlns ainvoiesD.ose batweentfreuetl e ffe c t s wland line. anerenss eialetpspriuarywe,);by: additive gene , 


i; -iexceededitisitne,:.:: o itroiccactrands Pastuh sseres MatemaicsadSatissof 

! : Fo r all other characters additive genetic variance greatlyiistanc.Rvrnonadditive variance. It was concluded that the: use of late-flowering material'm - :.;. 
iii'iin breeding programs directed towards the poutnofsr-dainvrieties would 
! ' inot cause selection difficulties. i : . .. : . . 

Floeprign timeieatdse ilhretidx n edsz eemaue 

i n Southeast Asiaan Fn-groing areas, sherepreteene Im short-duratiis n vaieiesl
 
itable forrelay cropping (Na Lapang 1985).
(lIntroduction ltfo ringines o g involves hybridization

Sbetween fdapted shcrtduatir which can flower in 30to 35 oaure in70 tline daysiand 
i:iii:80 days, iand later.miatuinig ilines which may, also be deficientin oather desired clhractrs.;;::iJbTh s paper presents alts genetic variance cgmplnents and narrowsense heritabilityresti cf 


ofseveralplant attributes derived font analysiso f aett tf cusses betee 
 rar-aind ateilfloweing mungbenaccessionsThegenes. canalysesprovide abasis for selectionin segregating 

A hlst o pa r f en ta l heiande of ir characteris pnted in fficienfCeosnesninvoee coade between acilf he six e adleringirlines (PbIto.6 asrfeialhen
 
betweenngmowg.eFourcplotsoof.eThe genetw alyse selctio in,eregatning
an proid an bsis.ofothreei laer fil: lines !(P7/to P9a ialSand1 ;th iowei . Th nine :parents, 1:8 Fisirsointene ratenResear rstac Re150'52E) of I dis 8F2li98nefield a. ch Staien ,iaayd 

Trre prog is peiod oftheexperiment aqte forgrowt (Lw 19
i~~ ~ ~ man innu Mateial andl-,aoMethodsignwas auove 9'CingJanuar as, i ootrin ArieiFbruay and decreased 

wuitale formrelay cri a 3a an 1985). Inarl b erengin oes biniApril
 

betwn as hants r bt e anmasotlerow lie fw sin 5a n 70 to 
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Table I.Characteristics of parent lines used in crosses. 

No. Identity Days to Plant Seed Seed Harvest 
. .. . . . ... flower- yield Igl yield igI size g 1.000) Index 
PI CPl29641 41 3 27 3 154 77 5 56 
P2 CP129646z 46.9 45.5 25 5 73 2 56 
P3 EG Glabrous 36.3 26 3 15 0 99 7 57 
P4 MG-59-4-7 35 6 29 I 16 9 87 1 .58 
PS PHLV-18 350 22.6 13 5 86 3 60 
P6 Berken 385 26 6 16 2 75 3 61 
P7 Ujjain 16 54 7 30 0 12 8 29 3 .42 
P8 Kishore Jariz 68 1 40 1 10 2 28 3 .24 
P9 Baisakhi Mung 53 5 49 7 19 I 41 I 28
 

'CPI = Commonwealth Plant Int oductanD rnumbir--f tunn.iae acdl-c r om Tlaatdi ri fcc 

);tI, k 
superphlosphate aid 2 1 hi lri n herticice %\ecapplied -rcplantinu. Plots \crc sprinkler 
irrig ated fIlh in'. in-' n r'i tpid Allt 

The e.ep riment i t IICt ,-t,.\tulc,. ertcl'kiti 'Cl',,,oilto ,Iich 1()0),ha 

tm tocuto c cn c'riiititin and ccttl it', iaCquired 
it) prevCelt e\cL,,si%.c101i1tuic 'qlc"C.ALndIulhfan InItCI, ,. plicd flour tlinc,, ,qartin, ateteic ai 


elei c \%ith , at
thc cOiIin I 0I I]0ttiI.iil. ,,th,CL, lt -pra ti IIl-daso itItcr\a,. 
it %elC cOl lCt.d ft iiliiili\I tial pialI i,h the' l.ich.ti,liicd iii +lacII I . I)a\s ti

Ilt m eli I)~ %%it , ti leltlll €'t A\,,f lli U111l11_(ll 111,1 l i k M~C I 0I)C'tL I' in 'k1 1,1 ie' . Pkll %%(iC 

hil t p Cntlt l hmN iinlldlC el 
lea%'. \%csw iid the pI tlit drkitd il A delkldriti ' it410 (C. Seed %a,, ilL ICd ) hindI 

harc sted he ll Q'1 t10, i r Iilltl, h\ H :1t A\ rclltlnin! 

c re litl'.c 

and weCiUth.ed at,CCt ',leidt 6.I~i. The weCtehi ')Itiall itlie[ iflaint cco led ilr i_dpatlls %a it' plant 
WPY). Seed ',ide (ilIi a *a,llil 011Ill M ille c',t itll) 'A t,wa'itlea'tiret l d00\h'. lat tid', 

calculat,:d as SY IS) YI )'.
 

)urit. eIl c.\pcriniclnt it bccaic' app)lariitI hailillllt t;'''.C% reIc'sl 11 1
r l ,wa C'IC\ 
end Of thie d Iii ic i , thit \%etc not Identified. Thi, ct olile t\ c\ llc lc lt.I o I II 
plots) \was disca'ded. lhihiss of tiec plots Caticd (thiclec itl two( Ir it the allal , is. 
Variance Copllipo.lit, wereC.etimatcd h\ ;ircidual iiatllli likeliliod t! 1RLNl.i procCdLuC 
IPat lerSon adLhii ti lY)7I I applied toh li e Ici,, II idcl (if ('otitiek dildR(hilli
 
(Gardner 19031 Ltil the pritirtit Rl\ II.13.l.. R hili,tu.iiiptihli dlcliitiill.
 

Additi'C aritlianic :-A.\ i ast..
,,-ti tt.dhi\(S111 I).)I'i ec i(i%"l)i (r noiltdditi\'.
 
variance '.i, c ,titiateld h\ -I thehl I a t h\ 4 iltilil[tie F, .uitcr -1i1ait
ill llo 

ariattc i 'lll lclltiles., repcti'. l - tiiiale 
interactiont allatict fSthcrt I 
S'" are the 1,0I , int c l\Iali s"iLt is the eill! 

)7 1t lie ratio I a',iti'c iti d iittt eiICCatlaiteei '.s as eak t la It 
Io privide an indicattion t tihe l'. e itlpirttic ,11thoi~cs cilIIiptilcitl. 

Results and Discussion 

Maxiniuti likelihtid e4tiiatc ,,,Ia eii u, tipii tts hased tO ill l\ idual planl data in 
Fi and : eneration,,. are preseited iII -ahlc 2. Plat* .ield, seed icld. and the derived 
character. lar\et index, weC itlltd iIIC te reCdtiinll , ciuitroiled tlhe effcCts o 'additive 
genes. Similarly, seed suec texpressed asit) 0I I .()()I) seeds) wast'due Ittaitl'. to additi'. C 
tflects. Da,s to ih.\.er i mitrollk.d h\ hth atdditi' c jild doitiiliaill eiC ellects.i apparsep.irtil} 
the domtinance etlecls heine otire e\ dctlii the I'Fcicraliti. 

lExatninaiitiu ii indi'. idual ltotseta'.hr itlll'iILc e . L i1'aed 1dcrlsiniple sCLicatiOlln 
ratios and ttiecsiedll1erit lile '\t, rcth under ttiauor eTlietitthat 1C a iiinll Corl (Tahle 
3). Pro env oi laOf,-lhertitg P"' ald PL). %hich liwcred in 54.7 aid 5.15 das. 
respectively. Scr iecL in the ritii three carl'. I< 52 da'.,!: tic 'ate-.flowcritic i>52 days) 
plant. Howevr,. the proeti of P,8. wli:h had a mtean ol 68. I da., to li'.' er. seregated 15 
earl': I late. 

http:weCiUth.ed
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Table 2. Residual maximum likelihood estimates of components of variance of five plant characters 
based on Fi and F2 data. 

Variate Components of Ratio Heritability
generation Males variance females M x F (s2A 	 2D) 2A 2A+ D + 

(M) (F)_	 2e) 
DF 	 Fl 0.00 2.86' 1.88 1.52 0.19
 

F2 0.00 3.24 6.25" 0.13 0.04
 
PY 8712" 6969 0
F1 NC' 0.16
 

F2 2901 "' 4036" 0 NC 0.12
 
SY Fn 2327' I 1260 1.85 0.15
 

F2 1220" 369 160 2.50 0.12
 
SS F1 79.8'" 2.8 0.0 NC 
 0.81
 

F2 0.31
44.7" 1.2 70' 1.63 

HI Fl 219'" 2885'" 0 NC 055
 

F2 439' 1009"" 181 2.00 0.14
 

Significance level ' P<0 0S P.,0 01, P--0 00i :NC = riotcalculated 

Table 3. 	Segregation for earliness:lateness of days to flower in the F2 generation of 18 mung
bean crosses." 

Late parent
 
Early P7 P8 
 P9 
parent Ratio X 3 Ii Prob Ratio X 15 1) Prob Ratio X2i 3 I) Prob. 

PI 203' 1753' P I0 121 046 P > 80 203 1753 P > 10 
P2 10 5 556 P 30 17 1 015 P :, 90 117 1 852 P > .10 
P3 24:6 400 P >50 243 1089 P > 20 14:4 074 P > .70 
P4 21:4 I 080 P > 20 20 I 079 P .--70 8:2 1.333 P > .20 
P5 18:3 1286 P > 20 16.1 .004 P > 90 13:1 2381 P > .10 
P6 19:6 013 P > 90 28:1 389 P > 50 9:3 0.0 P > .99 

Total 112:27 2305 P . 10 -178 005 	 P > .90 75:20 789 P > .30 
'IEarly lines flowered < 52 rays. late ines *iowered .52 days 'Gb'ered ratio 'X2 value forthe segregation 
ratio tested 'Probability evel 

Heritabilit, estimates. calculated as the ratio s'.\ (.2.\-+ 2i) s-c 1. raniedl frot 0.04 
for DF in F,to (.81 for SS inl Fl. Estimates from] I., data ,,.erc alwas s less than those front 
Fl data Tahle 2). 

Tfhe level of htecrosis in 1 for both plant and seed yield wkas calculated (Tables 4 and 5,FI
respectively). -eterosis for plant \ield ranged Irom 7; to 184 K'iver the midparcnt and from 
-1514 to 167,7 of the hiigher-yielditn parent. Heterosis foriSeed vield \sas sligihtly higher: frot 
45 ('%to 192'7 above the midnarent and 2%; to 171 ' above the higher- ieldine parent. Differences 
between parent lines wkere also substantial with the aeral-e heterosis (over high er parent) for 
seed yield in the half-sib progerty of the early-floserinui P1 bein, 98("' while at the other 
extreme the hal f-sib progenv of P, averagcd onl\ 16'; abiie the hiigiher parent. Mean heterisis 
tor seed yield in the progeny offthe late-tilowering parents ranged from 43'7; to 117%; above 
the higher-vielding parent. 

While it mtust be recognized that the result, frot lllny genetic analysis. such as those presented
in this paper. are strictl\ applicable ol tio the populations analyzed (Stuber 1970), the 
accumulation of results front different sets of tttaterial provides a nicans of' identifving any 
consistent trettds or pattertts in those resilts. 

For the character. days to flower. 14 1tulies ssere revicsed by Feiv 11980). Earliness was 
found to be controlled tnostlv h\ loci with additise cene action in seven studies, whereas 
dotninance or partial dominance of earliness occurred in six studies. Onlh one paper reported 
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Table 4. 	 Plant dry matter yield of parents, F1 and F2 generations, and degree of heterosis in 
Fi of 18 mungbean crosses. 

Dry matter yield Fi heterosis 
Cross Parents Fi F2 Midparent Higher parent 

Early Late (g plant) 100) (00) 

PI x P7 2728 29.97 + 33.43 + + 
PI x P8 27 28 40 12 6638 2895 97 65 
PI x P9 27 28 4974 63 94 38 20 66 29
 
P2 x P7 45.54 29 97 
 4484 + +
 
P2 x P8 45.54 40 12 64.33 5517 
 50 41
 
P2 x P9 45 54 49 74 89.60 56.77 88 80
 
P3 x P7 26.29 2997 80.01 3601 184 
 i67
 
P3 x P8 26.29 10 !2 3989 3006 
 20 -1
 
P3 x P9 26.29 49 74 
 70 86 37 34 86 42
 
P4 x P7 29.09 29.97 6516 39 17 
 121 117
 
P4 x P8 29.09 40.12 55.64 30.56 61 39
 
P4 x P9 29.09 49.74 49 74 57.41 26 
 0
 
P5 x P7 22.55 29 97 54 68 42.66 
 108 82
 
P5 x P8 2255 40 12 34 25 40.23 9 -15 
P5 x P9 22.55 4974 68 484610 88 37
 
P6 x P7 26.57 2997 51 91 
 28.75 84 73
 
P6 x P8 2657 40.12 35.60 2906 7 
 -II
 
P6 x P9 26 57 4974 56 25 5032 
 47 13 

Data not available 

Table 5. 	 Seed yield of parents, FI and F2 generations and degree of heterosis in F, of 18 mung
bean crosses. 

Seed yield 	 FI heterosis 
Cross Parents (g plant) FI F. Midparent Higher parent 

Early Late (g plant) (0) (00) 

PI x P7 15.36 12.81 + 1612 + +
 
PI x P8 15.36 10 18 35.84 11.23 
 182 133
 
PI x P9 15.36 19.12 31.06 18.14 80 62
 
P2 x P7 25 49 12.81 + 17.61 + +
 
P2 x P8 25.49 10 18 25 96 24.47 46 2
 
P2 x P9 25.49 19.12 33.32 25.29 
 49 30
 
P3 x P7 14.98 12.81 40.63 18.60 192 171
 
P3 x P8 14.98 10.18 18.18 13.55 45 
 21
 
P3 x P9 14.98 19.12 3-1 37 19.18 
 102 80
 
P4 x P7 16.88 12.81 34.81 19.62 134 106
 
P4 x P8 16.88 10,18 26.39 14.73 
 95 56
 
P4 x P9 16.88 19.12 26.46 30.03 47 38
 
P5 x P7 13.45 12.81 29.64 19.95 126 
 120
 
P5 x P8 13.45 10,18 17.22 18.81 
 46 28
 
P5 x P9 13.45 19.12 36.60 25.54 125 91
 
P6 x P7 16.21 12.81 27.66 15.42 91 
 71
 
P6 x P8 16.21 10.18 19.51 1442 48 20
 
P6 x P9 16 21 19.12 32.46 25.97 84 70
 

simple genetic control of flowering time. In our study the variance analysis indicated that additive 
effects were significant in F, and dominance effects were significant in F2,. with earliness being
dominant to lateness. Further exanination of data for individual crosses revealed simple
segregation ratios. The idenificatiMn of distinct early and late classes can be attributed to major 
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Quality Improvement in Mungbean: A New Approach 
D.R. Satija, C.K. Bedi and V.P. Gupta
Department of Genetics, Punjab Agricultural University, Ludhiana - 141004, India 

Abstract 

The goal of quality improvement in mungbean should be to increase proqualityconstituents and reduce or eliminate toxic substances. The evaluation of available
germplasm under eight environments for protein, methionine and tryptophan contents,which all enhance quality, together with antitryptic and protease activity, which degradequality, suggests sufficient genetic variation exists for all of the constituents. Genotypeshave been identified which have high protein, methionine and tryptophan content along
with low antitryptic and protease activity. The nature of association and causal schemestowards crude protein contert were differential in different environments. All of thecorrelations were, however, nc nsignificant pooled over environments. Tryptophan hadsignificant direct effect unc.er low-nutrient conditions, whereas methionine hadsignificant effect under high-nutrient conditions. Dialiel cross analysis of 36 progenies
(28 F1 + 8 parents) revealed genetic variation over seed development stages. Additivegene effects were observed for crude protein, methionine and tryptophan with adifferential array of dominant genes for these attributes. Additive gene effects were
alsL present for soluble protein, protease activity and trypsin inhibitor at variousdevciopmental stages. This shows diffcrential gene action during seed development.
The available variation can be exploited by selecting parents at specific stages and
then isolating desirable plants in segregating generations. 

Introduction 

(,)u itl.+ iliprs enieiit in 1iinloe ,n ait,, it ihniproving, tIe content and qualit\ of the proteinwhile reduci n Awr li ninatiri to\ic conItittucit, iln the s.ed so as to, Improve its dieestihilitv
and hiolo ical a.;+lue.'he 2CnCti, rtipro0\ cilCnt 01 qualit\ . like ri.\ other trait. depend,, tpUonthl asailahilit, ofo t u li..int _,enctic %ariation. holl(, ed h\ the appropriate Choice of parents

which conmbine %ell to pnrducc desirahle ,gre ates. 
.. tteiipts ita++de in the past to iniprove proteincontent in isolation o aitiqualit, con.tituent , did not rcult in improsed quality. The presentstud\ i. undertaken to IndCrstalnd the lutLr, of \araition for pr0qtialnt\y cotsthiuents,, vJ++iS-+-visantiqulitit\ constituCnt, bcu>,Se it iStie rlCati, C balancC of pro- and antiiaLllit,, constituCnts which
ultimiatel determines tile ql.rlit.,, accordinl to it', dliee,,tibilit. Or hiol0 ical value. 

Materials and Methods 

Twenty-eieht diver.e uenot\pes s ere grmn in a randornized block desikn with threereplications under eight pertinent environments. The environments were created by varyingnutrient level. moistre level and sowing dates over i two-vear period (Table I). Anal'ses were
done for crude protein cuntent (ihckeniie and \Wallac.e 1954). rtcthionine (Horn et al. 1946)
and tryptophan (Opienska-Blilth et al. 1903). 
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Table I. Analysis of variance fcr quality traits.
 

Source df iMean squares forcrude pro.ein content 

Env. I' Env.2' Env.3' Env.4" Env 5' Env 6' Eisv.7' Env.8' 
Gcnotypes 27 9.175" 8.582" 7639" II . 7.888; 3959' 1.065" 5.843 -

Error 27 0.284 0.633 C57 C528 0279 0.188 0216 0.166 
Mean 19.85 20 22 1756 1918 27.28 28.94 2653 2485 
Range 16.40- 1575- 4.00- 144 2144 26.03- 2210- 22.31

24.70 24.95 2363 24 50 3194 3281 3260 29.53 

r-exi squares for methlonine content 

Env. I Env 2 En, 3 Eny 1 Enh 5 Env 6 Env 7 Env. 8 
Genotypes 27 0.457" 0 311" 0 172" 059" 0466" 1296" 1217'" 0488" 
Error 27 0.013 0009 0027 0001 00l 0004 0007 0.008
 
Mean 2.60 2 73 179 2,15 229 269 2 93 237 
Range 1.92- 1,92- 128. 54 1.79 154- 154. 1.54

3.58 3.71 2-13 3.84 358 384 4 10 3.58 

ssuares contentHe s!' for tryptcplhn 

Env. I Ems2 Ef,. 3 E 4i, Env S 6 Env 7 8Env Env 
Genotypes 27 0.232' 0263 0 1.;5'0238'' 0 24.1' 0 192'' 0 !61' 0U233" 
Error 27 0.001 0002 0017 0002 0002 0.002 0002
0001 

Mean 375 387 
 378 340 114 -132 .06 383
 
Range 328- 346- 96. 9t) 355 3.60 3.55 3.28

•42 4 82 q 5 01 4554 19 133 5.0 5 10 
"Sn1 fcant, t 10 !En, I H,,n nue untccno e t. icm, m Es. 2 Lon-snutrcent ccnds,,on.re hl idequate
rrorsture E O IJrrtn TIOrstS ,sC e NS n- 4 I. rtr1ee l 3 H~yn t I t "E , tretl-'mur -stress coed tons 'Efn5 Norsnal-so n.low'strness condcdtrons 'En,6 .ssis lih!1Or'e.i Crn ,,jj1. s Eir Lare %,O,, o. 
conditions SEn,8 Las-so,"n. (-n.55 

N.t n If r rutrent 

hi h 555:5.h12 

Eirht gnot Fes !nd28 co '.',1itttd triUh X x,.8 dialel cross cxctudin., reciprocals. 
were e\uatcd fo~r their L lit~V of' 36 progenies (28 F, 4- parents) wasC'onlstitu.ents,. A lot;.l
also studied for solble protein JLrwvrv et al. 19511. antitr. ptic actl ity (Kuniti 1947 and Soni 
et al. 1978) and protease activity I Yon ,rand Varner 1973) at four seed developing stages starting
from 10 day s aft,.r to scud at harvest. The standard biometrical 'enetic analysistertiliz.ation 
was carried out to estimate the martnitude of' _,enctic ariation. Graphical analysis was carried 
out tollowinI,Hayman (1954) tW dtlermfine IhC nature ot' gone action for different parameters. 

Results and Discussion 

The analysis ot \arianee for protein.i methionine and tryptophan contents for all the 
environments is presented in Table I.A signilficant variation among- genotypes was observed 
for protein, nmeth inmie and trVpti1ph,n Contents ilThe iean protein content was highest under
the nornmal-sowit. hich-nutrient condition enironment. This \kas also associated with having 
a maximum protein content of' 33 - The \ ider ranIe under h0% -nutrient conditions indicated
better variability. Genotypes NIl.-395 and NIL-393 showed a consistent superior performance
in seven environments. The tean methonine content %as hi hest (2.93 m1,2P of tissue) under 
the late-sown. Iov -nutrient conditions. ,.hereas trvptophan had the highest mean under the normal
sown, high-nutrient environment. Thus, both protein and tryptophan contcnts were highest under 
the normal-sown, hieli-nutrient condition,, while the methion ine content was hilhest in the late
sown, low-nutrient conditions. 

The pooled analysis of variance (Table 2) indicated highly signtficant dif'ferences among
environments as well as genotype x envirotmment interaction. A significant component of 
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Table 2. Pooled analysis of variance of 28 genotypes in 8 environments. 

Mean squares
Source df -- -Crude protein Methionine Tryptophan 

Genotypes 27 9.623 0,424 0.328' 
Environments 7 1.050 754" 6,587" 4.422" 
G x E 189 8.227" 0.656" 0.197" 
Pooled error 218 0,353 0.010 0.004 
Mean 23 050 2.480 3.890 
Range 21.87-25.18 2.04-2.82 3.66-4.19 

'Significant at 5 " Significant at I 

valriition. dtIle to ell virtolllllellts and gcntt\ pe ', ellvir lll ti I,re\ealed that both i ean per or lince 
and tile extent of \ariation are intluenced h; the enironment and this inl]uence is differentia. 
It is, therefore. necessary to screen enotypes over a large nuinher of environritents so is to 
identify genotypes Mshich arc least influnced b\ cn\ironmental variation. 

In order to assess the aturn of association, the correlation coefficients \\as calculated for 
quality traits anitong themseve,. as \ ell as for tile pooled data. The nature of v!r.,s(ciatiOln 0allon. 
different characters \ as mllostly insiicant. -iever. sificlicant cxccptions \ ere the positive 
a+sociitioll under hich-nutrietnt Coilditiol ' , \%ith Or \ itlout liioitle 1,tress, for crude protein and 
-rain yield: nIethionine and tItin \ ild IIinder hich-nttricit cimnditions tr\ ptoplian and grain 
yield under latc-so\ it. hich-nIutrient conditlons: and bet(\ cet iiiethioiine and tr\ ptophan under 
late-sown. loistur.-stres, aiid late-,\, [I. lo\\-itH .ilt Collditions. 

Ill the pooled aiial\ sis. none ol the correlation coefficients \was of1appreciable ilagnitude 
indicatillu independent genetic cotr'o1 it0 quality consituetnts,, \ is-1-\'is iidseed \ and seed \ight. 
.. Ithuch difficult, it is possible to idcntil\ hues \ ith high \ ed and good quality because both 

are under" sepIaitc ad inldlependelt genltic control. The causal schemes \\ere differential in 
various environtments Fi,. I). It is \ ident that the tr ptophan ColIIteiI had a significant direct 
effect under condition,.t hue under hiCh-nutrient conditions nethimoine had aIo\%-trLIient t 
neCatiVe effect ol crude protein content. Grain yield had I positive cuelC under tile los -nutrient. 
mo10isture-stress en\irtoInmentI bu t a lneCative effect under the late-sown conditions irrespective 
oI the nutrient le\el. 

CP= Crude protein GY=Grain yield SW=Seed wt. TRY=Tryptophan MET: Methionine 

9 GY R =Residual effect 

F, 2549 10 W CD -2722 10 W C -. 2958 GY-.3250 G 

TRY TRY TRY TRY.8307 .7712 .7961 .7911 
R R R R 

Low-Nutrient Normal-Sown Late-Sown Lote-Sown 
Moisture Stress Low-Nutrient Conditions Low-Nutrient Conditions , Higi,-Nutrient Conditions 

Figure I . Path diagrams for crude protein. 

Seed weight has a positive direct contrihitiont under moisture stress but a negative direct 
effect Under low-nutrient conditions. This suggests that the nature of association and cautsal 
schemes are so variable in relation to environment that no generalization can be made. This 
is further reflected in the pooled analysis where none of the direct effect is of appreciable 
magnitude. It is. theret'ire. suggested that the quality is highly inlluenced by stress and that 

http:3.66-4.19
http:2.04-2.82
http:21.87-25.18
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selection for quality should he based on a large numher of environments or specific selection 
criteria which may be developed for specific grow ing conditions as inheritance ofessential aiii no 
acids, i.e. methionine and tryptophan in relatiOn to protein content and seed yield.Twenty-eight Fis and eight parets r'Ceal d a sieniliC+ant \ariation l r all the quality 
parameters iTable 3). This indicates that the diesitx among parents is transiitted 10 the 

,progenies. The 1112an and ranc amnol thle crose %as Ol the sarlle order l0r crude p)otein and 
methioninre content, but 'tIr\ l ophal the llean1 perfor la.nce of the crosses wka, higlher than 
the parents \ith a sim ilar range. [his stu ,ta, directionl donllillant for) tl')ph ll content.,-Cc 


Table 3. Analysis of variance and mean performance for biochemical traits in diallel cross. 

Source 
 df ..... . ... Mean squares.. .... 
 .
 ... ... .
Crude protein .Methionine Tryptophan
 

Genotypes 35 3.75 0.28' 0.59
 
Error 35 0.29 
 0.008 0.004 
Parents
 
Mean 
 23 71 2.46 4.22
Crosses 24 10 2.42 4.48 
Parents 21.22-25.82 1.79-295 3.42-5.10 
Range 
Crosses 21 22-25.60 I 79-3.07 3.42-5.01 

*Significant at II; 

The nature of ,Lcncell' cts \k a,determ ined h\ a ,riaircc-,' , .':malt sis MhI1h is depictedaiair 

in Figre 2. '1he regression coCfficient ap+pro)I0 unrit 1 all the three pair'; ters, indicatine
'Is, .fMor 

the presence ot additi, gecne flects. Ihe decree f d- rinaiIc .I',partial or1all three qualit,,
 
traits %kith rn Innt or _
high genotype irn iItCractIM lo thet crude prittr and rCethion i'e Contents.
 
A m aximumn t t . t I ,Lldc pro incoten I ,pa rlnt.
numiber ofdoniF nl s .elllllnlll 1,lth 
,,1L-5, M I -65 and '[TAP-7: or), ethi, nine !n ,a- .N and - - I :andh\ I(). I -5 tI.PN T I i r
 
try ptop han by l us -I()I. NI l.-5 andil ..- 5. TI ,.Itis C idCnt that NIl.-65 -,sc ,s ,dom inan t
 
genes fo0r all three ILnallt\ paaincter, %N ', vork. The similar
hich can hc C\ploited in hridiatiom 

nature of genc eff'ct,, ,ggest that a common hreedi.gapprch i,pussihl- for iripros in crude
 
protein. methionine anrd trvpt ha::contents in nmnglca..
 

40 _Ce notyp e ... .. 0 2 0 . 
I PUSA-IO0 7 P i I4 
2 ML-5 8 S481 4432-3 ML-65 016
 
4TAP-7
 

P4
24 6 T-7-9-E t6047 0.120 

5 0.5
3t61 6 008- 5*03 1_. 3- 7 03 6000o
 

08 004 0.2
bz0660-0234 
 b )6150182.985
1 . 

1 - I O 

1 

08 16 2.1 204 08 016 O 02 0304 
0.210 100521 

'r,0 16 0,012 

-0.. -0-002 '
 Crude Protein Methione 'ryptopiron 

Figure 2. Variance (Vr), covariance (Wr) and analysis for the three chemical quality 
components. 

The nature of variation and gene c'fecis in relatiol tar seed developing stages for soluble 
protein, protease act ivity and trypsin inhibitor, calculated for the 28 IEs and ' parents at four 

http:3.42-5.01
http:22-25.60
http:3.42-5.10
http:21.22-25.82
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developmental stages. revealed sitrificatt v\ariation between progeies I(r all parameters at Ill 
developnen talsiages C'l'ahle 4). Th1,lCgnt xpCS havwe consistently higher! olublC protein with 
the progressive development of seed hut at pIoteacl activit the trend ,us exactlh the opposite. 
Th is is because protease .Icti\it\deraIde proteins. therehh.. leavin, litle protein t0 ,,Seed eser\e.
 
There %%ere certain crosses like PuLSa-il X Pant 2 NIL-2b I0 3) ad l X IPusa-101 Pati 

(UPNI-79-1-1 Ivhich 
l:d hIx, protas' acti\ it\(about 4()'( of tle min perortilaIc of all 
senotypes . 1Tr, pin inhihito,itr,hilch iitide ihahI. ahItincased x,ith i vent.Ised dcel Certain 
crosses were consi lcnt \ suerir, at all titIaM C 1IL-7Cr dC lopIIIC n sia ,uch asIl-- IAI Pt aid 
x Pant 2 fo0r solulic protein: Ptust- i I •allt 2. Pusa-IMI .. Pmvt I and Pant 2 , T-7-9-E 
Ior protease actix itx aid cro,,ses NII.-h l?5 alid NIl-5 - fot rIL-5 tIO ililihior. 
'[here are otlher Crosse hil ILx C lILICrIntil jI,.rlo rttatIcC xxI]ichkIlxx Is'deirablC atIspCciI]c stacs. 
For soluhle proteiv Itusa- It) I .-'-7 isdesirable ;tII) daxs. fter ftxurini I).:. T.-\F-7 
x Pant I and T..\P-7 . S-4S arc suprhir at 20 l)AF. and NIL-0S T"F-7-9L1 is de:sirablC 
at30 l)AF. [or P'tcdsC actix itx M Ml.-5 :,hd lusa1-l0)I T-7-(-+ are deirabl at%ul,',;i- 
210 DAF and MIL- Pant or inhibitor at It should.l he noted- I is d.iralel tI.,,p,,in 20 I).\F. 
that Pusa- 101 - T 7 - i Icsirahl at 2) I)..F fl-holtb psi itx.h tr, itiltiitor avid pliilcse acti 

Table 4. Analysis of variance for quality characters at four developmental stages in diallel cross. 

Mean squar-e s Genctypc Error Mean Range 
df 35 35
 
Soluble protein
 

10 DAF ,12 39" 223 865 2.50-17 50 
20 DAF 30 09' 292 22.53 1000-3000 
30 DAF 95.96' 0 96 38.23 30 00-5000 
Seed stage 39.68 0 88 61.74 52 50-67 50 

Protease activity 
10 DAF 007" 0001 0.89 0 45-1.23 
20 DAF 0 04' 0.001 0.70 0.45-0 96 
30 DAF 0 004" 0.001 0.47 0.22-0.73 
Seed stage 0 034" 00004 0.24 0,00-051
 

Trypsin inhibitors
 
10 DAF 0.035 00001 0.40 0.25-0.75 
20 DAF 007' 0.0003 1.37 108-1.75 
30 DAF 003" 00004 1.54 1.25-1.67
 

Seed at harvest 
 0 02" 0 u0Q4 167 1 46-1.83 
'Significarit at I - "[ .AF dys afterfertilizatton 

o2Cit. effects dCtllllitCd b 

in Fi,,ures 3. 4 and 5...\ rl'ulsi" slhat 

'eIClat.l'C t xias tie xariatce-coxariatc. anal\ sis depicd 
of tlhCsC fitr,..s sItox, the additixCecic ,leffects xxecr 

predsntt lillltt. the reC 0i'dltlllai,.. bciMil parti;al. The gcllot\ lpex eI iront entiiiltetactioliC.l 
xxa, ohscrxed to he ilih at s,ed liaturit fur o tei. s a I,20 DAFsoluleiinpfo lo tixitx 
and at () I) F fur it.psiti inilhitors. A tIIa\itiiuttlli iUttlbr otdotiintiait 2elies lisr soluble proteill
xxas cotitrihut,!d hx "-7--F it I0 l)AF. -7-9-L adi S-4 1 at 2)) )AF. Pusa- ill aid lAP-? 
it31) DAF ard MI.-S itseed maturit\. lor pri..;t,, actr itx iPtisi-MIIl atid l-7-- contitributed 

,,
tlhe I tv llXiiviltilher of dtilittanat cnc at 10 I).AI. xxhereasT,T-7- -1'contribuled tie lnaXilliIlt 
rlutihcr at 2(0 D..\F . Mhile itthe tluer txxi stage no paretit had dollilillatt g.elleFor ttr\psilis. 
inllblitors, a tia.\,initttt iuttiber of dtllltnatint Cltics x as cotributed hx Pusa- 1(1 at I) DAF. bx 
S-481 at 2) LuAF and h\ P>ant I at 3) DIAF and at seed tlaturit\ . ho' cxe\r. the arrax distilution 
varies xxith seed dexcloptlett , iich sug'cets, ditlerctitial .ctie exprc,.iii fIOr thesc traits. The 
patteril Of CItz'Cniatitv0'of difterCt parents and Crosses sucs that thi,, rate of activixt-sCM is 
also herilahle and cai b ltlanipulated. 

The pattern of aetix itx forISoluble protein. tr\ psin inihibitor and protcase activitv of'desirable 
crosses in relation to parents is preS.etitd in FilIre (. Alhough the protes activitx of parent
Pusa-i)10 is desirahle, it is undesirahle itt N1I-5. hut beutie, desirahle aaiti in Cross Pusa-101 

http:1.25-1.67
http:0.25-0.75
http:0.22-0.73
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30 S, :-10OAF 9020AS3 =30DAF3 
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Figure 4. Variance, covariance and analysis for protease activity at four 
different developmental stages (SI-S 4) in mungbean. 

0.06 S,:I0DAF S.:20DAF 0.04 S3 30DAF 0.03 eedatharvestb=1.025 b=0.947 b 0.65400.102 t 0.1192 0.03 ±0.329 b=Q9470.02 t0.148
0.04002 

2 23b0.01 
7P 0.01 

8 5 -4 

5 00 

001 002 003 0.01 0.02 0.03 0.04 001 0.02 0.03 004 0.0 .02-0.01 r Vr Vr -01 Vr0 0 

Vr 
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Figure 5. Variance, covariance and analysis for trypsin inhibitors at four different developmental 
stages (Si-S 4) in mungbean. 
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S0- :10OAF S2:20DAF S4:Seed at 20
18 0 S3:30 OAF harv.nst ,,- ' 

80 /I 	 I 1. 

60 1.2 E 
Qa_ 40 , 	 _,_. .\ / +I\ /-08 -' 

" 	 i 0 ,8" 

. i.f,20 ., ',- I " 10.4 0>" 

S1 S2 S3 S4S1 S2 S3 S4 S S2 S3 S4 S1 S2 S3 S4S1S2 S3 S4S1 S2 S3 41 52 S3 S4SIS2 S3 S4
 
PUSAI ML-5 PUSA-IOIxML-5 ML-65 PUSA401 xML-65 TAP-7 T-7-9-E TAP-7x T-7-9.E
 

Figure 6. 2,.havior of biochemical constituents for desirable crosses. 

x ML-5. This cross is also desirable for soluble protein. Pusa-101 x ML-65 is also desirable 
for protease activity and TAP 7 >,T-7-9-E for soluble protein content. For trypsin inhibitor 
Pusa-101 x ML-65 seems to have potential. Therefore, specific crosses with desirable combi
nations can he identified. The nature of variation with additive gene effects clearly suggest that 
improvement of seed quality can be made through progeny selection. The additive gene effects 
during the developmental stages, with differential expression of genes. suggests tha; the 
identification of specific stages can be helpful in selecting and developing desirable lines with 
high quality. 
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Development of Mungbean Varieties for Favorable 
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Abstract 

The recently-released mungbean varieties ML-5, ML-131 and ML-267 with 80-85
days maturity duration, have a potential yield of 2.0 t/ha and mature at the end of
September. Leaf area index and leaf area duration (LAI & LAD), the chief determinants
of dry matter and yield of early-maturing varieties are low. Wheat is sown in the first
fortnight of November. Thus,full-season mungbeans maturing in 105-115 days with highLAI and LAD and high yield in response to irrigation in the postmonsoon period are 
desirable. 

Plant breeders do not select plants from border rows, adjoining paths in the breedingnursery and plants growing without competition. Normally, mungbeans under such
conditions have good vegetative growth but much less podding. A few plants with anexceptionally large number of pods were noticed in the segregating material and were
selected on the premise that they had the genetik capacity to respond to better sunlight
and aeration and were able to develop large source and sink. Sunlight and aeration 
appear to be the limiting factors during the monsoon period (July to early September).
By selecting the best plants from the border rows for 2 to 3 years, selections with 155to 190 pods/plant, when grown at 45 x 15 cm spacing (14 plants/M 2 ), have been
developed. These selections appear to have a potential yield of 3.4 to 4.0 t/ha under
wider spacing. The concept of development of full-season mungbean varieties oy
following the proposed selection procedure is likely to prove very rewarding. 

Introduction 

In mungbean the major hreeding emphasis has heen the development of relatively early
inaturin varieties I80-90 daNs %%a hi toith h deCree 01' resistance einuhean yellw tnosaic
virus (MYMVI. Varieties sho'uuld be ,uitahlC for cultisatiot ill univ the main season September)
under rainfed conditions so that they can mnaturc ,%th tle residual tn Oisture at the end of the
mlonsoon (end of AUlLlst early Septembnen. To meet tihe above ohjectives. th1e Punjah Agricultural
University. liudhii ana. hi, s,LuccCssfulIldeveloped and rleacsed hi\h-vi'ldin arictie such asML-5. NiL-131 and .MI-267. These \ arieties ha e tpotential 'ieldof ronm 1.8 to 2.0 t/ha.
The success of these '.arieties is reflcted in the increase inarea anR pr )dtiit ivitv of mungbean
in Punjah. Itt 1979 8( he mungbean trea \oas 4.9)0 hIand the yield was 551 k,' 'ha. In 1986/87
the muntgbean airea. increased 51.400l hato and tie productivit\ Was 905 ke ha.

Whe'lt is swn in the first firtniglit of Novembcr in Puniah Thus. there is a need for full
season high-yielding kareties which mature in 105-115 days and will respond onirrigation in
the posttlnnS00on period. varieties have notSluc+.h vet been develoTpcd. 
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Environmental Limitations: the Theoretical Basis 

Mungbean is a short-day plant and its flowering time is photoperiod and temperature sensitive 
(Sirohi and Wasnik 1978. Rawson and Craven 1979). However. variation from completely 
photoperiod insensitive to strongly photoperiod sensitive types ,occurs. Similarly. varieties with 
differential response to temperaturC were reported by Rawson and Craven (1979) who noted 
that the yield per plant reached the maximum at 24°C (2.'°-27 CC) rather than at the lowest 
temperature of 180C ( 16-21 'C) or the highest temperature o;'330 C (31 '-36C) under controlled 
conditions. The most important determinant of' high yield was tile number of pods per plant. 
The rnean temperature of 24'C \as optimal for tile seven cultivars averaging 49. 62. 83. 40 
and 26 pxods per plant at 18 , 21 . 24 . 30 and 33 'C. respectively. 

However, the ranking of the cultU',ars did change with tile temperature. The mean maximun 
and mininmum temperatures recorded at Ludh iana during tile crop season for the eLrs, 1979 
to 1986 are presented in Fig. 1. File existing high-., ielding varieties IL-5. N 1- 131 and ML-267 
begin flowering in the second week of August wh,:n the mean temperature is in tile range of 
30'C. which is too high tor optimal pod set. Thus, the prevailing envirimniental conditions impose 
an upper limit to tile yield potential of the existing varieties. Temperatures tend to fall after 
August and the varieties that flower and pod in the second week of September are likely to set 
a high nulber (f p1tlS. 

32
 
30 

22 

20 22 24 26 
-- June .... 

28 30 32 34 36 38 40 42 44 
,July -- +-Aug -+--Sep.---,-- Oct.-

Figure I. 
Mean maximum and minimum temperatures
recorded at Ludhiana during crop seasons in 

Standard Weeks/Months of aYear 1979-86. 

One alternatike is to delay tile sowil: of tile existing recommended varieties so as to 
synchronize their flowkerine in early Septeihr. Hov.wcver. these varieties, when soss n later than 
the 15th of July. exhibit a drastic reduction ill their \ield potential due to reduction in their 
vegetative phase and consequent lim hioniass production. 

[t Punjab the exting varieties have ayield potential of 1.8-2.0 rha using a plant population 
density of 300.000 to 330.00(f plants /ha. Row spacing of 30 cm and plant spacing of 10 to 15 
cm are recommended at the national level (Singh and Yadav 1978). As plant population detnsitv 
increases, the number of flowcrs 'plant and pod setting decreases much more itl mungbean than 
in soybean (McKenzie et al. 1975). Mungbean sink capacity depends on th1e number of pods/ unit 
area, the nunbcr of seeds. pod and the individual seed size (AVRDC 1974). Top-ranking high
yielding varieties under any environment in the topmost nonsignificant ero.up generally differ 
in the relative magnitude of these yield components. Some varieties achieve high yield through 
high pod number. others through seed number or seed weilght and still others through a harmonious 
combination of these characters. This differential pattern isthe result of the past history of selection 
of these varieties. 

The analysis of improved high-vielding materials developed at AVRDC clearly suggests 
that the most important contribution to high yield was made by seed size (AVRDC 1976). 
However. similar analysis of variability at Missouri sugoests the role of pod number per plant 
in the development of high-vieldint varieties (Poehtnan 1978). Similar results were reported 
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bv RaiIIanUjain 1978 h)Ilo'0t if"! blillctrie-cal ailssis tit heterotic Fts attd the best-,ieldirlg
parent. The tna ,.ttres of the hititic [9. . crc their higher PodI number \with ,i slightly
higher tintbcr ol s,,cds per .odi , hih tna he staller It tI/ct and iaifthe\ \,erc either similar 
inI niaturit; to or later than the c,,t pa+uitt, 

Poehl:tiat (I 9l75 r poitcd tle higlest e\petiit l eld (f ti (10;.cltiil Itiiieb!Ca tif tlsraill
N 409 froth lCrut t NILkL Wrt in]lI'thpli . Adltc irrigatin, high light ittcnstv . ,,liihtly
Cooler ICtiperd'Inie, dLu tii htcicr ec\cta,1t and a nllttiutl oh diCaS ditttnaL v. crc identified
'is the factors ,lttrihut ,t helfe Icid, in ltliiipia ,d1, Iran. The hiCh ,tv\ dine varicties gress s goiusi, an tlstc, ltet. prduce'd an.te. lan And tnaittianed tlien- lho,, crhti andnill lttlh11ttlltitill"e1¢ jIIhd L.C(
pod slet osCr 1 l0112 pert iI, 

Olet 

Thcse cnott p lshtd h li tt,, ltt Lss InIttn ore a ,nthei,:llo\. criIc landPLid s 1 ,IurredIt 
Lnder rcl;iti\ e.\ los\ ttiltP.-ttIr .: nld theIr C a' lln tIII(nrti r "nsice the.\ \ crc. cI\ InI der
ir -icatCd C0tidLttIn,.. At ilter I.1tpitnl t tor theact [Ila tov. spaleltt.! . 901 nt liell prodnCe d
large pl It1t. a 01s1sc i tILeki pilatiotn, perd thet h.,'I ir miied bettr i) etl irolnlntc itptl P,
\I h t Cit .ItLJItIti t.ip latre ItItIrattti lnLt- . I,IuCl f te),tkC itI tan IsI here thesC indu ccd

p Ip 
earl o tcn I uiir-. theIL- ftetICll ll d I I It ncL11Cti is lititeCd h lhe oun eeUl-Crather 11a1 the
Sink. alil1o11l1 tHie V0l+ \ lIl 1s, li tctl\ dlrt l itied dulin2' the postait cSie, perodt LIktO Ct al. 
1978). 

SOitt li hi. Ltatr", ,. ich c:li -It. , itdl role ii tilatiCiHtILthe icld p ttiti,i t if HitnghCan
under ftaoitblc ens iitimtnt,, nIULdC: better light titer-cpti, tt ls . plat liptllatliti: afhoncer
eceClt\Ci iIC: 1t. erLit ald p0ddinef At has trablC temttperature,, s tehroni/d with the crowinc

sea.ol ssith alurCd isti'1thti 1 t lieI 'ICtld ftIIrrcatiiit c it[ of septe, t er at podding

tine. On the oiIer hltid. carl\ 11 , crs oI the curreLItItIpris Cd SatiCtiCS under relatielh high
erin 

temperatlre,. anlld htss liliht ltCitltis duleC Iti 
 cloudsd \\aher dtie ,,)AglIlSt atd sliadtlinder
high plant pipultiot+Is,en 3O(.0(0t platilts hi appeitII 1t0111t1 icd piitentiatl. Seed Nicld bears a close relatitit/hip it the durtihi adt the tile ot plit us\ nithesis afller atthesis ( KLi Ci al. 1978).

Shadmi durinu the ittCthes pehid rCdul.cd sICld subltaitialls . A %ers hihl correlation (0.86)

%%Las sila rldiatllll and Lrati
reportCd hcmesc llhl 

in breeditic IM 


ild. 'Ihev tilleucsisiolhgical approach 
iir 'h-er Ii'ld iIItt11t bait.+ tsiiIs, it' tiCen oS itht\ Ip iit t caIM tC. t ilZt only
belore but also 'alterant tl. ssIth tt[Ii C the de\ clh ipti t f1ot'pes \%I . loncer vcectative
o a!,

period a,, \ell a, the repi dlcltslC priit. cruskit Under fas orable tetmiperatute anid moisture
 
cotditionis. and 11tch ,ilt ;;idlatiit.
 

New Selection Methodology 

Invariabtk . breCCderS plat fie Segregating materials frotti the F, gcrieration onwards underCntrollld spacinl. i0 CU~ttittC CztCh aznd Ce\ plant for se\eral agronomic characters iii order
t0 selclt the desirable plants for the nextex cneratiot. This practice of' selecting desirable plants
under competiti is SOdeepl,, itlcainted in the breeders that plant, frott border ro\s adjoiting
paths in the brecdintitrsrrior 1tuss iM %kithtit COutpCtitiiun are alwats discarded, Normally.
mungbean plants under sConh cuutditionts ss iuld put up ratiik s c eruwth v, ith less podding_ctati, 
due to greater as.ailabilit iof thiiitur. atid IIrietills. 

We cre\ a larcc nutiber if sCrgCti2 brCditC, linc, itioin dis CrsC elite parentts spaceda-t 45 x 15 cm in the breediiin urscr\ . lhese panit, coibined afhigb degree of resistance 
to MYNIV and Other tiiar disetss sts, other acronoit. characters. We noticed somC,.\ell as 
plants., either in border ross s advjoinitig the paths or v. ithin the russs g.1iow10 tho itititm,itic cotupet
with an exceptiona lI high nub cr f pods ,:impared to the plant., growing under tmpetition, 
even thoug h the had a nauih \I ider spacing.

All such plants had Soic parameters ii co111miorn: vigolo's, growih. greater number of"
branches and later flowerirg (Carl\ September). These plants had the benefit of Ihigh moisture
and nutrient availability and less shtadilc from the adjoining plants There were also several
plants growiIig tinder these conditions btut they had put up rank vegetative growth without a 

http:rCdul.cd
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correspi-tridinti increas, i th POddi PotCntiil \\'Ceelcted plat, s hithalhigh pod iu iber 
ol the prernisc that these litdthe _,ucetic. alkup to1a) abI , repod to hi'h tltoisItLl.', hetter 
ultiliZationl ot ntrillnHts tilndL II Lrslllolpe'titI,.eCondlitiolln., arid to better aeratiOll aLid iproved 
light pencration dLuC to the benc ol ,hding frottiL.e dolirtirii plant". Incidertials, all these 
dletclnillatc plant" ,\5crc obsercd i onk it es, ross,,. The,, had lalruc sourlcc aid sink. 

I'lhcret, c.trIcad t discadinfk sue C\eCptioial ilttli'ta. tc ,,clcctul and planted
tuader spa.ilo 01 4'5 - t , I'l'toli ot il5, bIordC I'1k S dinirtin) paths15 Cl esel thti p0lnts 
atnd Irout plilill-litS i' allltost %%ilhoutl .otllip iloll. Ihtis proteduie ,'a,tildoptcd IM' i\\ to 

\e linic.l t Sthre. a,. l sortie pc Ill (Iic F !Mid F" lerti that air of1deterIllilate 
ispe 1 li h I',il llulltl pod" "itl,e I,.tilta ca. t) \ cl,\ hti ilt rSol plit 

Table I Performance of selected F4 F.progenies under wide spacing 10-! 2 plants in2) during 
klarif. 1986 

No ,of Ranc per plain Mean per plant Reacti~n to disease: 
Cross Prouven e/p P Is pods ,,eild pods yield YMV RLS CLS" 

Sa(1)p1Qu(j WnO i I 1 (n o I "O' 

LM 687 x 4047 10 130 390 21 02 190 5 39 9 3 2 4
 
ML-131 4048 10 
 134 311 22 7i1 1849 382 3 2 2 

4049 10 82-208 20 37 136 5 260 2 3 3 
4050 5 140.180 20 35 1518 28 0 2 5 4 
4051 10 114-261 24 65 157 5 400 2 6 5 

II 99 x 5021 5 160-203 35- 55 185 0 42 0 3 2 2
 
LM 687 5022 5 05-270 25. 55 188 2 380 3 2 3
 

5023 5 118-216 25- 45 163 4 34 0 3 2 
 4 
5024 5 115.147 20- 35 1324 280 2 2 3
 

It 99 x 5027 5 113-215 20 30 161 2 260 3 
 2 3 
MUG 144
 

'Diseases are scored cn ,aI ircci d 9 .pc,, i ' Mcr rMV M1niean yri ow mosaic wirus 'RLS = Red 
leaf spot 1CLS - Cercopoin c ,V pot 

So ic ol the tininst ,li l F.$5-1 sr,-t 1.iIit.Ft.lsgroce. ies trnided '-)ild per panl ' at,
t 5-I(0 plt tssIthi t_-Idaiirl ilt 2n t -2 platit sshe' l i s.i ss ith] 4 plants iw:.h4h-'utistanditte t\ idl \iIiliMit 1112 ti %lat beei pdenti ield.plit heailt, .1)1} pinds 

Norrnialls s itll pren idilttrii plodUtett0 lct.hilogo 31-33 plat!i, Il'calllsent ed sarieie., ai d 
be ir(sit . lh Ipi ICiil \ leld o I X i 2.01t Ira under ideil condition.. 1lii Carn be extrapolated 
i i proje.,cted pil iinoit it li) 211 t i till raill sield oi" 
341-41) ! ill \ ',CC ielIociLis's,,MIeti 

Ill-t int n ritai to r potential 
is rlildCer SpaCCd hulln1 . Sot0ie of thIcse iMaterials 

appcilr t ha\ i pitenitial ot 3.4 to 4.11l ihtotht ,,tie'h hs been \el.ha lito sicld iCoCd 
iour ssrk. hCI hich \dlriabillt\ o1 pod rtttrttbei ssiirt the Ci hieh could%is '-till r)s-,S 

be exploited. Ihe.se hoil-duratill Iittellitls 105-11W da s rtCCeeSSaiils require beter soils. 
unproved ntirt! s'Ippl. aidt ass,reld iricatout it the pstilllllli)Cot pe1riod ill orici 1o:iCiese 
thcir fulll pItl,/tital untder h(isplht inp tllthioniS liell enuires,, .tdquitC. light peutetratiorn.
Fuirthermore. sict ItatCl-alstl us.ttCessaril\ hli\taaleLqulate Ic"istance toitrportant local diseases. 
Foruicl\. thC 11riti1ii1tl, d'CSeritcd inTablC I it111nta itCdcree 0I r.iS;iCC to MNIYMV. 
Cereospira (ii hand, 
rangirg Iruil 27 to 3( c 1.{1(}I s hie.t its ilc 1,ve'rse pareInls. 

eIn11 1a01id rdIe sil (). ihC othe12r this ir'tenial lIn loss secd %s'eicht 
seeds ted, to be, tinprosil b\ 

particularl, IrC hth-seed-ssie.li elitei s trotit AVRI( {periial obselrvaItiin otIAVRDC 
lines grow t inIL udlhiarI 198)71
 

,Asirilar approach 2s C,,uetc b\ 
 R.i,sonr and (_raven i 1979. It s oiild bC prssilble tin 
do so by itohis lull-scason ritatcrials incrosss artd b tig trossthe seigati, material itl 
favorable em iroiielLnriii7 adeuatelC nutriints aid irrigation wih lo\v-plal dcnsiie. and 
high-disease pressu SLc.h a selecICtill prOCCdure' ha,s alread been initiated at the Puni.ab 
Agricultural Uniser,,it, . Ludhiana. 

http:hth-seed-ssie.li
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Mungbean Growth Pattern in Relation to Yield 
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Abstract 

There is disagreement between researchers regarding the desirability of indeter
minate growth. This investigation attempts to clarify the nature of the degree of
indetermination (DDh and DDd), harvest index (HI) and also their attributes in association 
with grain yield. In addition, the practical implications of these parameters to plant
breeding is discussed. It was concluded that: early vegetative growth has no direct
association with grain yield: DDh exerts a positive influence on grain yield; selection 
for high yield should be based on plant height increase after anthesis; HI does not per
se affect grain yield: luxurious and late reproductive growth encourages lodging and
lateness; and that yield assessments made in different seasons may tiot be stable due 
to environmental effects. 

Degree of Indetermination 

InI detertIinate-t\ peCIr1tmrrelernCI.\ C 't.ati\ C i\\ th leaatl+Ilhral litiatiOt. In c0ltas tihe 
indetertllrr ate +tern prolom'i it ',.cetatie elti\ it\ ltr 'i certtin period alter l' o\\frfnr. Wide
\ari.tioll thi l cha\ lor i,s oher\ed anottII_1 \'.liot rlnyheanl h 1tlpllatiOLn0 S..-\VlI)C 1976)
LCNcrihed thi \ i'i.It0oI aI the l)te'_re (l' Indeternijirator t( l))l ) iand quantified it , rClationshilp
h%ratio of' plant height alter fl ooerin.! I1-1, - 11) t) hlight at har ,,t Hi thus 

H:.+ II,
l)l)h = +- • t()

H: 

13\ ertiplh\ in,' tllI, Cquation It ', as olhserI" ed that the I))lr ill Ihe hllai r.1-rrplasnr collection 
rarecd from 2'; 50' \itvI meanto %. a of 2 7 

Morton ct al. I ,52 earred mt a conpreheni\ r iev\ of the literature to collate the relative 
adsaIrt.;+lll h 1,, pe ()no u ti Che , tIre atcrinCIter"l,, ti o. CI I.' i h d ct r i g rtro t.th pattern because
oliar ds clopirrerit alter anthi ma\ Iopet \ I'( + phoIt)Os\ nthatc and resllt ill yieldI5th ,eedils 

retduc.t i . l Iookpakdi I1)8(., stated that % c2olons lrs I II lotore llm rile is needed to CrlL'eolrlrIe 
alssirtil.tC podtLutinol Ill oLdCr to he tatmiotl',hcated into tile Seed after floscring. The Continuation 
ot \CICetatiC ,ro\thl \oLlld Lntil/c a certain alltou it of the otllce. th rh\ dtertir it front 
the ,iink. KlIO ald cos.orkers (I11978) SulportCd tis idea. 

Con, cr:elk. Poehllniatl and (1974 trIOted that 2errtvpc S\ it0 land ContliOUus 
.'-,,th after atthesi \\kere ofielln hihl .' ielde.rs. Sevcral Indian scientists Is cited h Morton 
et al. I982) Slp),ortcd thiS firdinc. 

Furtllr to thes, In\ eNtiatior,. the tuthl)rs hase inlu.Ldedl tirrre to flosser'ilg ( I). tirne after 
flos lcing (1)D - ) and tle to hars est (1)) to flurther the examination of" the degree of 
rdetcrriination (Dl)d) I thus 

DDd I) I) . 1)0
I)2 

http:ielde.rs
http:alssirtil.tC
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Harvest Index 

The lo gralin icd in Ieguines, includinfg munbl'ean, colmpared 1t cereals is indicated hytheir low harvest index (Jain 1974, 1975). Harvest index (-il) is the ratio ol CIOnlic ,'ield
to total biological yield ()onald 1905) or 

HI . I(0(1. 

Shere Y is "rain yield and Ti)NI is tal Plait dr, inaller.
HoweverA C( l76 rc pri..d that an increase in tle tunghm pulati i from IR(XX)to 500.000 plaOits ha tripled )icld tt 67 t N-7 g Plo, but harvest inde'x reiainei between

anrd 2825 r ' . /.ait all .tio\Ofker, ( t),8) detionstraldi in obah at ittIPtOVeniem in theelVironint etici )uraoCd plant d\ tnut ter atid .Zirtin IUti. 

declined.
 

tcltn ,t ht that hlr.tct inde\ shselqunitly 

AThe pret.,,t in, ,tithati§\ i it', ttPU-i 0,r1.Cthe ntur o01Oit e inleterlIlilatiOl. harvestindex and also their attriblute i asociatio, \ hn iMId. In addition the practical itIIplicatiOns
Of these p tI tIttrs to plAIt hteedin' i , iL ,,,cl 

Materials and Methods 

ThirtM-ses ci acc'ssioP. OI'lccted iniun1teatl, linte, aid cultuiars %cr planted at the ChainatFiheld Cro;p Research (enter. Thailand iAthree ueessi\e season,, i.e. early rain', late rain)and dry SCasons .\ rAtld'LtNii/,d cott,. Ilock ceSi-2 , ith t\,,O replications \\as LIsed. Dataon plant height (to top node) at n"t tminamtil at harvos oaid days Int riii, andmrla est weretikell frtoi a tandoitll satple of I0 pltitt llfro eac.hc acce,,sio in t\tA 2-ni ter ro\, ,. lhe totalplant dry \,,eight %\, deri.,d froitllill plant parts al tyc groudfl inClUdiiln odS and grain. Plantdry 1nattcr alil graill yield , c. obtained IromN a Sin'harvest .ateSiair dir ig for aboit oneWeek. U'ias are continnihig !o oht;tin inftinatiti over different seasons. Calculations were m.ade
froti tlea m of ilac Io) Plant , stiled. 

Results and Discussion 

Degree of Indetermination 

The correlatiol of 2tin il \Nith Plant height and degree of indetermination is givenin Tahle I. It isevident that there is rio inter-relationship betwcen plant height at flowering (Hi)and crai yield. Cortl ild and he'i.it at h.arvCst (1-I1)appear siglificallt. andare highlh significant for plant height1 hicreaSC after flowe\riing I-t1 - Ill) and degf'e of'indetermination )l)Dln). The r.sults are co1n,islnt in all three platitin e except in theCaSON,.case iF Dii aid\ i.Wld in the dry ,casoll. ,\CeoI-din to4thIeIse data, it could he deduced that earlyvegetativc growt hlIlaiN illirt.'t inpact oin grain produCtion. F1,urthliei'ilC. plant heiglht at andafter flt issein,i,, likely to receive prille atlllitli as a selection criterion. The de2ree Of'indcttrniiitri seem,,t he aill appropriate Criterion for estimation of grain \ icld, to i certainextetit. idings are he ianeontrar i)hcset the cotncept of cotmipetiitn Ur developmentitaiid rain. In pra, .Calteri, \ ic2rus ,0r1t.thI ile t.ilthesJ1IS iuild e eIcouragCd in Ordet-produce icreatcu- ,stiiC' tlltriatl in Order to be trallsIocated and stori in sink at 
to 

i later stage.Only dala of the Carl\ rail)\ and dr S.aSOtli \\etc Co llected aid anali\ed for degree ofindetermination oin grtwthi duratiotn (Table 2). The reults, ihbainid iroti 'thesetwo platingsiasOlls shot ineresttinc diferencces. In the earlv rainy scasoli, no time fictors. i.e. days tofliowerintg (D31)].da\s hoirn flowering to illaturity (1): - Do. and days to harvest (1)2) and the 
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Table I. Correlation between mungbean grain yield with selected plant height. 

Season (r valuCs) 

Plant height Early rainy Late rainy Dry season 
(April) (Sept.) (Feb.) 

At flowering (Hi) 0,0636 NS" 0.0107 NS 0.2999 NS 
At harvest (H21 0.4006 0.4020 0.4146 
From flowering to 0,4613 0.4934 0.4520 

maturity (H2 -HI) 
Degree of indetermination 0.4286 0.5285 0.2877 NS 

ZNS = not significant P = 005 -P 001 

Table 2. Correlation between mungbean grain yield with selected growth periods. 

Season irvalues) 

Growth period Early rainy Dry season 
(April) (Feb I 

To flowering (D) 00256 NSZ 0 1684 NS
 
To harvest (D2) -0.2031 NS 0.5307
 
After flowering (D2 - Di) -0 1650 NS 0,4284
 
Degree of indetermination -0.0298 NS 0 2304 NS
 

DDh DDd 0 0460 NS 0,4552 

INS = not significant P = 001 

decIcc olndeterination arc statisticall related i cram yield. lO ct. in the dry seaSOn. 
days from llowcrinc oImaturit\ M -DI and days to be hichly correlatedI)' to har\est (1)21 ,ecri 
with gram yild, w~hile the tother parameters. i.e. das,, to llo\ ciing I1 I) a rd degree of 
indetermination (DDhI). l(\, lit) ,rain yield. The shorter photoperiod and lowaissociation with 
temperaturC during the d" seai on plantin., ma\ be responsihle. for the different Lro\\ th patterns 
oI these to period, IPochhltan 1978). 

An attempt \dS, Made to Lllahtif\ the relationship ecn l)lDtei , andD)DlI and it s as flMnd 
tha tacto relation existed itl the dr',Sasol t .I n[ t apparent in the Carl\s rain',-s aon crop. 

The data indicated that the mcan plant height at larvest in the Carl'\ rain, scasoll wa highest 

(46.88 cm) and lo.,cst (34.47 cm) itithe dry season. Furthermore. liow.ring and pod setting 

iil the dry season were considerabh delayed due to lower temperatures in February (Table 3). 

Harvest Index 

The cor-reiation between total plant dry matter (TDM)and grain yield is hihyi' significant. 
while harvest index (HI) with grain yield shows no relation in either season 4). ThisITable 

is contrary to reports by Jain I1974. 1975) and Pookpakdi (1986). 
Furthertore. the coefficient of dctcrmination ( ol TDM toI-)shows that tihe contrihution 

grain yield is 67<7 in the late rainy season and 63 in the dry season. This findinc, would s.!ucst 
that in order to attain maxim un grain yield developruent. vigorous plant gros\ tihis a prerequlisite. 
Legumes. like munghean. may 'scllbehave dil'ferentI from cereals because of their origilal 

indeterminate crowth habit during evolution. .Munbeanis el'ficient in partitionitig totalit!, 


assimilates into all its designated portions. 
In addition. the materials under study arc not randomIlv chosen Irom the normal population. 

They are all selected hih-vieldincg lines and rectIrt uendled cuhltivars wvith a hiIl d.e-ree O tin iflornl 
flowering and pod-setting habit. It is admitted that this particular set of samples has a relatively 
narrow genetic base. however, neost mungbean breeders concentrate their wtork on such earlier 
and more determinate plant types. 
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The correlation between plantin Season., hascd on total Lr,Iatter I(TI). 	grain yield (Y)
and harvest index (HI) 1pears., to he t,nsenitlilfcant (Table 5). ('onsequCntl,,. it ise'ident that 
there is seasonal specificity it these three cliaacters. iltrlr. rtish, ol selection and/or
expeinltetlts cOildnctdc one12 areill seanl not al.u\, , Ipplicable it) the others. 

Table 3. Means of plant characters grown over three seasons. 

Season Imean)
 
Plant character 
 Early rainy L-te rany Dr' Grand 

means 
Height at flowering. Hi (cmi 19,60 20 63 22,15 20 78 
Height at harvesting. H2 tcrm 46 87 44.44 34.47 41.93
Days to tlowering. Di 33 90 . 38.70 36.20 
Days to har,,esting, D2 54 20 58.40 56 30 
Total plant dry matter (g plant) - 17.18 19.27 18.23 
Yield (g plant) 12 28 8 52 9.30 10.03 

Table 4. Correlation between MUngbean grain yield and its attributes. 

Season
 
Yield attribute 
 Late rainy 	iSept i Dry iFeb i 

r,
r 

Total plant dry matter 0 8203" 0 6728 0.7918" 0 6269 
Harvest indices 0 0248NS" -0 0983NS -

INS = not signfficant P 0 01 

Table 5. 	Correlation of harvest index and its attributes between 
the late rainy and dry seasons. 

Variable Correlation coefficient 
r of total 	plant dry inatter 0.0624 NS' 
r of grain 	yield 0. 1476 NS
 
r of harvest index 
 0 1589 NS 
INS =no sin n: 

Conclusion 
Olbservation l the ri,,.,ti ptattern ut theei: 3- seleted tiini.c,[ean lines over three planting 

SeiSonIS SIWed the I Iho,,,
 
Cet', ce
I Earlk egrnlth. as mtieasured platIt heihlt andi tiuee tOatithesis. hs no direct 

assmreiaitiii \. ithgraii . eld. 
2 The decre tititrtletertlilatiotm ,it i\C llitnCe OhiL'i rain yield. Plantprcsnt. L',,,rts a prsitse 


heichi Illeastireelitlls ar ni eoIu't:
nsisn.'tl ;and niealiljll thanm to andda\.,,1lomserin 
nlaturit\, illdeteriniing \ ed. 

3. High-	 ieldin' iC selclion atid 01rexpe'iltCnts lnllild be beased o111pllait hei,,ht increase 
after anthesis. I plractie. plant heighi is easils rect cniled and verilied inall environnlients. 

4. Harvest indc.\ per ,cdries not af.lect grai yield. It is total plant rLIT\llltter that p)sitiVelv 
determinescram pridLntiin

5. Caution should ali b, gi'. el ti Ils.lriutis and late reprodtvlCle ri,11Owth which enCOUrages
lodgimig and latenes,. It is further su!Cested that Unllirtnits infhiwerirte and pod settings 
are COllCtlrrentl\ applied a11iM12 seletion prIocedIres. 
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6. Due to environmental effects, yield assessments made in different seasons may not be 
stable. 
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Clustering of Isoresponsive Genotypes in Mungbean
(Vigna radiata (L.) Wilczek) Using Parametric and 
Nonparametric Approaches 
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Departmect of Agricultural Botany, Meerut University, Meerut, India
 

Abstract 

Forty genotypes Of r,.ungbean (Vigna radiata (L.) Wilczek) were grown in four envi
ronments: the summet nr,"-kharif seasons under narrow (10 cm x 20 cm) and wide 
(10 cm x 30 cm) spacings c,a randomized block design with three replications. Each 
plot had three rows oi 4 m length and yield data (g) was recorded on the middle row 
of each plot. The data on G x Einteraction was utilized fL. :!ecting desirable genotypes
with respect to their pattern of responses based on para,,,.i,ic (regression coefficients 
and deviations from regression) ond nonpararnetric approaches (standardized distance).

In the parametric approach, the linear regression of 26 genotypes was found 
significant. For seven genotypes regression coefficients deviated significantly from 
unity. ML 370 and MUM 3 had regression approaching unity with high mean performance
arid are, therefore, recommended for commercial cultivation. In the nonparametric
approach, standardized distances for similarity of responses were estimated among
780 pairs of genotypes. The genotypes were grouped into nine clusters. The divergent
genotypes of the same cluster are recommended for use in crossing programs to 
generate high-yielding genotypes showing responses similar to their parents. A 
quantitative mathemiatical characterization and qualitative description of genotypes 
as like or unlike other genotypes by adopting nonparametdc clustering procedures are 
suggested. 

Introduction 

Genotype-environment (G x E) interactions are known to interfere with the evaluation of 
genotypes and thus to reduce tle progress of selection in plant breeding programs. Therefore,
estimation of the nature and manitude of G x E interaction has been emphasized in a variety'
of crops. Joint regression analysis is commonly utilized for this purpose (Yates and Cochran 
1936). In different analyses, either only the rceression coefficient (Finlay and Wilkinson 1963), 
or the regression coefficient along ,aithdeviation from regression (Eberhart and Russell 1966), 
are used as parameters of stability. Freeman and Perkins (1971) and Freeman (1973). howvcer,
raised some obJections on tne basis of statistical analysis against the validity of stabili!y parameters
estimated through joint regression analysis. Other nonparanietric approaches have also been used 
(Abou-EI-Fittouch et al. 1969, Hanson 1970. Mungomery et al. 1974. L.in and Thompson 1975,
Johnson 1977. Fox and Rosielle 1982. Lin 1982), suggesting a shift from ranking stability by 
a quantitative measure to assigning genotypes into qualitatively homogeneous stability subsets 
(Lin et al. 1986).

In this communication a method issuggested for sc'l:cting desirable genotypes with respect 
to their pattern of responses based onl parametric (regression coefficients and deviations from 
regression) and nonparametric approaches (standardized distance) using data from mungbean. 
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Materials and Methods 
a randomited block design \% 

in four environments at the Agricultural Research Farm. Department of Agricultural Botany,
Meerut University. Meerut. India. The env ironnie nts \were repre':ented bh two seasons (stinitier 
and kharifin 1980): and two spacingS (narrimo I) cm x 20 cm. wNidc -- I cm x 30 cm).
Each piot had three rows per replication and each ro\\ haild The data on 

Forty nuingbean genotypes were grown ill 	 ih three replications 

40 Plants. plot yield 
(gI were recorded 1romn tileMiddle o'(\\ of Cach 1';ot. 

The Freeman and Perkins ( 971) IIIodel aS u,,ed f0r estinlaline, the rec'r!ssionl coefticients 
and dev iations Irol re.rcssion as ptalrleter, of Itabilii,, ()ut of three replications, one replication 
wa,, used for InCeSuriuc_, the en\ iroieicital inde\ and two replications, crc used for measuring
the perfn-mance of'ttlOtvpe ill For clnsttC'iltc sin rityeach ell\Ironlticlit. ot gem )I.vpes alsed o illi' 

of response. distances ,)
standardiicd idl;..\atlono all the 780) pair" of cnotvpCs were 
estimated tfollowm incg the method gi\cii h\ Fo\ and RosiCllc I1982 1. ('lusterinC of the genotypes 
was done Ltsine the TohCr Illethod lRao 1952). 

Results and Discussion 
At Ncerut grai 'ields differed bet\\ ccni arro\, and '. ide rm spaciug when crown in summer
 

and kharifl It general, grain c in itr'\rspacitg ill the Stllimer ajd in wide
.iclds, \\ere ighli 
spacing in ikharif.Pooled anal\ ', tl\ :ric sh+\ ed that gcnotvtyes and cn.itiitt s differed
 
nllldthl tile 1-F ,crc sicnificait. Partitionirc
( ilnteractions 	 of al'celt,i x F interactiondne to ( 


stlggCst, that ( 1 itlactChol, can be.suheSlaiiill,, ttributed to predictalC Coitpotllelts.
 
Ihe liiCar rcrsc,,,io, I 'ablc I) \\ere sicinificant for 26 ofI the 40 gCnotypes used while
 

deviation frit rocresin \\as not Sigllilicalit for amti of these .gentot,,pes. The distribution of
 
genotypes onl the basis of the ustillialC, of I), are prceented inl Table 2. (ienot\pes LI 182.
 
mUNm 2 and SR l0 had high nlcatn pcrOriiace \il it-.r'CSsiOn alues siniticantlv dCviatinU
 
front unit,,. Thc,.are. thereore. rCcOilltuentCded foI*rbCttCr Cn\viromlnCntal cotnditions.'(enotvpes
 

Ilean pcIftiltailicc with at 

of''b indicatine their Stitabilit\ itt por el\ironientS The etuntvpes \11- 376 and ,MUNI3
 
sh\,,,,d .ntit rere,,tion itli igh llcan tperhCrllance indicalin that their response to envirolnents
 
is linear. Ihese gHnt.ps shiom Cd time saell patttrn in cooidiiatcd varictal trials conducted at
 
several locations (\ r t\\o \cars. ThCrefore, these gCntvypcs arC recoittienided for commercial
 
cultivation.
 

8.PS 16 and NII.1 87 sho\c d abo\ c-a\ cri,.me 	 i(iiSillltCtllt value 

Table I.	Estimates of stability parameters for 40 genotypes of irungbean grown in four environ
ments. 

Genotype Mean plot yield ig) b 

MH 159 167.6 0,719 0.00 
LM 182 201.6 2.400" + + 0.00 
M 378 166.0 0.385 0.00 
M 8 208.8 0.1 16 0.00 
ML 131 181.6 1.947" + 0.00 
K 851 
 212.2 1.362" 0.00
 
ML 65 203.2 1.243 0.00
 
LM 302 171.2 1.002 0.00
 
K 141 177.2 0.593 0.772
 
PS 16 186.0 0.035 
 0.00 
ML 26 178.8 2.418" + + 1.22 
ML 370 183.2 0.977" 0.00
 
Pusa 105 174.0 2.767' + + 0.00
 
G 40 
 190.4 1.560" 0.00
 
MUM 3 
 202.4 0.949' 	 0.00
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Table I. Continued. 
Genotype Mean plot yield (g) b S 

SM 132 
ML 387 
ML 4 
MUM 4 
T 51 
ML 395 
Pusa 101 
ML 15 
MUM I 
MG 46 
ML 5 
MH 371 
Pusa Baisakhi 
Gulrati I 
ML I 
H,b 45 
G 27 
MUM 2 
Gujrati 2 
PS 6 
J 2 
SR 16 
ML 384 
ML 33 
LM 305 

165.6 
206.0 
150.8 
186.4 
177.6 
204.8 
187.6 
170.8 
172.0 
191.2 
174.4 
178.0 
161.6 
174.8 
173.6 
188.4 
190.0 
193.6 
171.2 
176.0 
177.6 
193.2 
194.4 
182.0 
1596 

-0.557 
0.268 
0.947* 
1.227" 
1.060' 
1.940" 
1.625" 
2.379" + 
1.307" 
1.885" 
1.451 * 
0.914' 
0.849 
-0.785 
0.083 
0.495 
0.672 
1.990" + 
0.797 
1.412" 
0.467 
1.956' + 
1.659" 
0.002 
0 985" 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.82 
2.95 
0.00 
0.00 
1.44 
0.00 
1.67 
1.99 
2.77 
0.00 
0.00 

Grand mean = 182.635 (g) 
'Significant at the 5 c and I 'r, level of probability, respectively, when tested against error mean square.
+ +Significantly dcevated from unity at+ the 5-o and I% level of probability, respectively 

Table 2. Distribution of the 40 genotypes on the basis of the estimates of b. 
Genotypes with Genotypes with significant b value b' deviating significantly 

nonsignificant V value (P = 0.05) (P = 0.01) from unity 
MH 159 K 851 G 40 LM 182 
ML 378 ML 65 ML 395 ML 131
M 8 LM 302 Pusa 101 ML 26
K 141 ML 370 MG 46 Pusa 105
PS 16 MUM 3 PS 6 ML 105
SM 132 ML 4 ML 384 MUM 2
ML 387 MUM 4 SR 16 
Gujrati I T 51 
Hyb 45 MUM I 
ML I ML 5 
G 27 MH 371 
Gujrati 2 Pusa Baisakhi 
J 2 LM 305 
ML 33 

d 2 (A),, (Standardized Distance) Analysis 
The d,(A),, values were computed for all possible 780 pairs of genotypes and ranged from

0.000 (between varieties LM 302 and ML 15) to 14.067 (between varieties LM 182 and ML 
1). Intra- and intercluster d(A),, values are presented in Table 2. 
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There were nine clusters. The genoltvpes included in dil'rent clusters are presented in Table 
3. Most of the genotypes were included in three clusters. Cluster I had 21 genotypes 'llowed 
b\ cluster Ill (8,enotypes, and cluster 115 genotvpesl. The remaining 6 clusters had I genotype
each. 

Average inter- and intragrot.p d(A ),,aiong the 40 genotypes in munchealn are presented
in Fable 4. The intraclster value %%aslox. cst in cluster I and liihest in cluster Ill. The intercluster 
value was minimum (2.322) hetween clusters Ill and VIII and InaX1iluum (11.806) between IV 
an11d indicating their id 1esenlanee, with respect to theirVIII diVergene,. respectively, 
response. Since the ieling ,hilit. and rCHpon,,e tWCn iroiuenta.l changes are the t\\o independent
attributes of a pc)nC nd .ihCe C llCl h\ C',tbpalatC OetigeneC '- steins (Finla\ and Wilkinson 
1963. .lucio-Ala i, ct -. 'Q. lt7,. Vcrma ct al. IL78. Singh and Gupta 1984), therefore.d. 19 9ai 0s 

munghean breeders '' ill hc inlCrCSted t0 Cutt\ I)N 	 WhichIcci c0 for their hrceding IVOUhgrams 
are isoresponsi\ e ,o that high eicdin,, gcn, pc,, %ih response similar to the parents Ionstly 
highly adapted) can be ccner.ated. 

Table 3. Distribution of 40 genotypes in different clusters formed by drSA),, (standardized dis
tance Inmungbean. 

I 	 il l IV V VI VII Vill Ix 
LM 302. MiL i5 M,L 131 Hyb -I M 378 M 8 CG40 MbM 3 GuIratii I ML 
ML 4. Pusa 101 G 27 SM 132 
LP1 305. ML 65 Pu', lOS 2 
ML 26. MH 371 T 51 M. 3iL7 
SR 16, K 851 ML 33 Guratl 2 
MUM I. MUM 2 MUM 4 
ML 370, PS 6 MH 159 
Pusa Baisakhi LM 182 
K 141, ML 395 
ML 384, ML 5 
PS 16, MG 46 

Table 4. 	Average inter- and intragroup d,(A):, (standardized distances) involving 40 genotypes 
in mungbean grown in four environments. 

I II Ill IV V VI VII VIII IX 

1 
II 

0.787 2692 
0369 

4.469 
3.864 

3489 
2.401 

7 635 
2.995 

3.504 
7.016 

11,524 
11.004 

/.012 
8.218 

7.708 
10.952 

W 
IV 
V 

0.964 9,190 
-

3.184 
6.367 

-

4 296 
8.802 
8.929 

8 730 
8 970 
4.778 

2.321 
11.806 
5.054 

10.836 
6.392 

10.746 
VI - 8.726 2.369 5.623 
VII - 4.491 2.507 
VIII 
IX - 6.720 

The parametric approach to stahility has the advantage of computational simplicity and 
provides the magnitude oI the response. -owvevcr. it does not provide (or the resolution of 
conflicting concepts of stabilit\ het een 'a gettotpe is considered to le stable if its environment 
variance 	issmall' ald 'a gcnotype is considered stable if its response to environments is parallel 
to the mean response of all genotypes in the trial'. It is. there fore, concluded that under these 
circumstances it is better to 1orego a qi antitti',C mathematical .haracterization (parametric
approach) and to describe genotypes qLual itativelv as like or unlike other genotypes by adopting 
nonparametric clustering procedures as sugcestCd b%Lin et al. I1986). 
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Use of Radiation in Mungbean Breeding 
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10900, Thailand 

Abstract 

The project aims at developing mIngbean lines with high yield and resistance/
tolerance to Cercospora leaf spot by selection after mutagen treatment of the recom
mended variety Uthong 1. Ten selected tnine lines from gamnma ray treatment 
and one from EMS treatment) were planted for yield trlai together with four check 
varieties, namely. Uthong 1, CES 1D-21, Khamphaeng Saen 1 and 2 from 1984 to 1986 
at the Suwan Farm. Pak Chong. From these experiments six mutant lines appeared
promising. Mutants 50K (26-1) and 50K (25) gave significantly higher yields than the 
standard varieties, and mutant 50K (69). with a significantly high 100-seed weight, 
gave a significantly higher yield than Uthong 1 and an insignific-ntly different yield
from checks Khamphaeng Saen 1 and 2. Three other mutants, i.e. 30K (30), 30K (1-4)
and 30K (1-32), w~ll be further yield tested together with the above three mutant lines 
and three standard varieties at different locations in Thailand. Resistance/tolerance 
to Cercospora leaf spot was not found in these mutant lincs. 

Introduction 

The LISuO indutCd lIl Ur1.itlill Hi1 1 ' IlIJPro\ CIl'III l hLCiI k idcl% accepted h\ plain hreeder
as an additional Itlicthl ot 1CCklilI.. JIh chtrllhIIN ni tI inluc.d litutaio in the ,.et\ Thoriintnl 
ot, co lr'iercill, rCla:,Iul \ati lC .I ,.1,,urli.c ltl\ 'Th2111,iti t I.\ +A I'72 \lickc and l)onini 
1981. ( ottscal k ,wd \ ,IIl Ihir.. imut1 r , , 1n rici Cl'l T1 irici l\. rulCt,,ll 'hailaund 

{Khal iha tiori llie iI\ )tI N l~'tL',.c:. irll.lIlliL 'L,\ hcalI \aric\( SI 4, a nii\ , ,ariei\'.
)oi Khini. %kit t Icr h,,ct r h l(i, ' c (n al. Niuri ehnCMn ,iICCl ,lJpC ,Ullkuit ct I'QINr . line,,

,with high . LI tid aII liltill\ %,CIL' 1 'inn 'd inn tiOlln hreelnuI', \ ir.I a+ . \ CIi llt 
al. IIL)75 i. li't,, kl i IQ-6+) Il l thl tld ;ll l.+,+ 

\ Iurt.l e)l,n lILC L Ilil," ;:v iC11 l-. l,, tlmlm I a rIItItrtithi r ull 1l11kI rnIhitlI ,ull' aitC (F .NIS) 
trLttll.llt I'IM l ikd . IlWilid :It Kl. 
illio tlhe pr, , \it,-., d'A, IIiLIItihe ll 1ie-. ', ith hi h ' LIii.l C 'I:.: ., IoI'lraitr ldi, a+ es 

ittt iatll \khi, 1.Ilu- tited ill IN "l) inl I'',rII Jib eri I \. The 
'IL, 

(lIr tiuihlrl , (%cc .l i iCt ",1110 II the rL ,rnueI,I+d \ ariet . L'thoi , 

Materials and Methods 

Gamma Radiation Treatment 

IILr',+ri +ILu'ar inc,SeSeCL' Of t l I I tht)1 I ,1;1\ \ I e'dIllcirnl (t1 10.5+;; \.,i'Cr treated 
with nan rI I llror ll C,- 137 (8 (1\ i tul ) it (). .1)() d 5(00) tir, s. The \l plants \, crc elrr , I 
a' Barnkhen Ca'lln, ill 197)9) aid NI , ".ee" IrnIll Cach NIi plant wer' hlarve.,tcd ,eparatIv. The 
M, se,ds wCre pliailed in tu laricir',, fieLl it Kimarrrhirni ,plict F'n, ince in 1980. v hrere SC\eere 

cCulrren ,.', ilit i tinri li l \ll, till '-aic\Iu, hd l.een repoirtLd ,tk \cars earlier. Thc 
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SCr'e llinc )r iiltIi 1MIe \ elh'\\ IIw'ao itc'., Ma lltm \ l lile' (III NI: plalnt \\a, itt f)NNiICl, hCaI.
 
the disease was nt~l pr.ailctitl at tillt, [l11tu, 1ille'. I h[FC _r. lie (.Iere 
 pora catf spai. unlike 
the v\ lo\, iln1,aie \ irIs. \\ [. 101uidi1lI, ,,e\ ful iuIti llle au itt. lhe NI l,l ti olI 

The ,,leCCeL NI; I mt " ciIe t nIk ,\nii It Stl\ ,ilu latin il tl I,l ' ieh.+' nt N.ll IF)tt 2\ C.t.,.'l',.l ._-,liltlF nl (,. thrllpF ,u l inh'ilt'I nFIIF\ F',Fli \l Ii IF ,F, durijlii thle IhIF\, Frmli.! :iil' . 

J)l- filill"2 eurit lll(.11101 iLt ,isdlil . 28,tiFF! set s suid suit lied. ( tlt 11t liles,. ,Il',\ 14 lines 
suL+ Ved and set seeds I\ pfFlnt, I(I Ck,.I slil\ I L'I,,,,et ,t,)te,oNp itC'u d l ull plFtdni, 

sIeeds,. 
t l(; ul l ( IIINI; ',.. , ,C'rIItl, i khA'W " inp 111 . I II IItI.l.l.', dial 111lttilullate lin lta s 

.oei, idC ttl-Ied i I.AIIIkljt,! I I \Iii itts \\ 111siill -lIuand l cci ,, , tI/eNIlali I l1)",F .-

I o. c. also) I tllild,
 

EMS Treatment 

III ] X2 -,.'o, Ft(IItllIIl_ akll \' lla\ ( tily, I \.eil ", kI"I i a 1 j Fh'hFtuiN.
 
The NI anid NI IFLIIII 't CI F\ A, t l .t'kho ll 


+ 
l I( ,ullpii ie NI . \ , ncedl Ilants C0 e.'Fc for
 

iesis",t l . h () e' l'. t lhH I;Featl 
 l'tl,.II 111'lt.. 11 I a111p11 tt %% [ il t au111111at tii eatlliu'IittslC 
,iti lM .~t i.' til Khia ljlllILI'1L' tsi, l ( lllJ)I II ktl . lil. i , , Il' ii ll l S FIIIA~lh lI 'ltin\ i -C. It 
\kas I Ijlld thut , I.lti .I I.tll t lFM\CtFI ' tIit. F I l\Is liC llI . ]lill ' +NIsd'i.iL i ("ti.CFNl',.
cit NjIFFI llu;ti tl IF~ll. I Il :hF. FItIIi HIll t1,1t Itt,L it'I 

Yield Testing of Selected Mutants 

Tl ,helected nltaltt line,. I C 111h +NIS 113 t1i1ll the NIIS IreatiulCIIt and liine lines.
inclndiHi e NI i-tIlFddFdIF IFI tiet'it( F tnall IIt 1o jI2tllIIa Irita al litt IIeaIIt .IIt. \\tlc .F \\tktlilitiall,


it t thcks IIF 1-( til1-FII(i IT) 21 Fl ie(t\ i_'.iNtailt to ( ieV.. F0r:,ar Itl ',[))I disease) and
 
later a (t v,ith ., \l )( ' l..d F lileie, khlllLpu al,l c I i KI.S saen 2
Sici I and l Kh'atiplianc

KPS 2" it Smuni l jill n) 5it, 1) o titn F ie itriils In each test a raidmi/tl/d ,FI"liplele

hF.k de ieln \, I1 three teplieate, 'A I, Il. lieu II ,t ,.,as ,F1lilt Ned ()I FF11 IF) ) N and 
 eaceh 

,lF)FA, oa. 4 Ii IFF1i . Sp ei'i.'l heCt n_'1 . l p .,I fi.t a mF) \\ ,I a() dI F\, N lhi ,nl lat I .'oa ndll 
25 oni respet,, e, " Itu thre plnts ler l1l. Staldard IClill/al; ,Iald irriiatii ,u ie applied

to all
Idt",. I)att \, re .,ll cted and . l l el ,alntitll,, ,£.,iC d -,Faija, I F .C .ANO At an dl nCtan,, I]LlltilC rfatn'C test I1)fNII l I tM I.oIi 

Results and Discusson 

Reslt, Fllaited 11ili the i,.i c', ulilicit, at Suo,:ii F Ifront F) arei 11ril1 198 I 
iid \,stllll tl'itarIoffr Ih2l Fk,_ haF. flpialt leuclit alirat tiac1,,ti uIIIIi and l'll-,ce d o,Ci.,ht 

u' 
g,,l 

in Tlahle I. 

Yield 

;\iimu,, the ttltldis ttIFd,w tiltant,. 50)K I2-II andt510K 25) c, tie li,icst itean , ields 
ill WOFland three e\periini,. repee,.tiel' (fiable I I lFm nitiltaiN,. 301K 00). 301K II-4'. 30K(1-32) and 5011K (09j. v cre mit sinitIuAntl'I dilteieuillrkn the htit check \arit.c thti.-h 
EMIS 113) \%as :-cstsait tF('clNpF rd eat,,pt. ii ,ae thI IF Ft ln c ,,Ame ,,estiucld dIue weeative
 

l) l. and late iattnrit',.
 

Height 

ENIS 13)had the desired plain hteight aid " as si.nif eant, shtter than allitther emrants 
(Table i. ('heck arictics KPS I am KPS 2 v'ere siunifi:anll i shrter than cheek Lhlioigc I. 
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Most mutants had anl insiunificantIV diffcrent he i hlit trout Uthone I except for muTtant 50K (26-1) 
which was the tallest entrant. 

100-seed weight 

Among the tested lincs and standlrd varieties, the mutant 50K (69) had a silnificanty high 
l00-seed \weieht iable I . NIutatIS 50K (26-1) and 50K 125) had the saMc 100-sced weight 
as the check varietic, ['thm I. KPS I atd KPS 2. Nlutant -NIS (13) atd 501K (30) had the 
smallest 	seed ,.,.ight. 

Table I. 	Yield, plant height at h-irvesting and I 00-seed w.Jight of selected mungbean mutants 
at Suwan Farm, 1985-86." 

YiiId ikg 	hal Plant height at harvest (cm) 100-seed weight (g)
Variet es 

A' B C A B C A B C 

Uthong I 297cd 1.108bcd 944c 68bcd 72b 67ab 4 9"g 7.02abc 5.95b 
KPS I I.379bcd 885c 73b 49c 6.72c 6.02b 
KPS 2' 1.221bcd 994bc 63c 4?c 6.91abc 6.02b 
CES ID-21' 613b 1.216bcd 54g 52d 4 1Si 5.48e 
TPM 282cd I .354bcd 68cd 77ab 5 78b 7.03abc 
30K (30) 745b 1.51 7ab 1.098abc 72bc 78ab 66ab 5 58c 6 85bc 6.85a 
30K (I-4) 176b I,479abc 943c 73bc 76ab 63b 5 22e 6.74c 6.86a 
30K (1-321 707b 1.42Sabc 9 58c 70bc 77ab 62b 5 12f 7.55ab 5.8 1b 
50K (26-I) 556b 1.833a 1,21 5a 86a 85a 75a 5.20ef 7.27abc 6.03b 
50K (26-3) 247d 988d - 83d,, 82ab - 5,48d 6 71c 
50K (25) 902a 1,513ab 1.253a 69bcd 72b 61b 5 28e 5 94de 5.65b 
50K (30) 590b I 496abc 63def 59 cd 3 571 4 74f 

50K (69) 632b I.388bcd i.193ab 75b 8lab 68ab 5.91a 7.61a 6 76a 
EMS (131 403c 967d - 56fg 62c - 4 52h 5.69e -

ZA mean followed by the same lerter is not significantly different at the 5 level according to DunraI's multiple range 
test. 'A = Sept -Nov 1985. B Feb -April 1986. C - Sept -Nov 1986 

In conclusiiit. the CxpcritrertsC.,rried ui at Su'art Farm r'ot I985 lo 1986 identified 
Six Itultatts. i.e. 30K (30). 30K ( 1-4). 3(iK (1-32,. 50K (26-1 1. 501K 1 5 : and 50K ( 9). sthich 
should be further tested a.t Other hcation., itt different pats Ofl tite cOUttr",' in sea-ch 0ola Iigh
yieldin mutant. m\ngtolthe tutants. 510K 1251 tnd 5)K (26- )appear ittost promtising iti terms 
ol hiLh yiel ith the sed v,cight as standard check Uthtom, I. Nlutatt 50K (69). with%% 	 same 
an averaue hilt .ield and the hcaviet scd ,.eliht al"o appears prolrising. Il an oltil 
experiment s,.e %%,ill reirradiate 50K (26-I) itl irdcr to develop a shorter phnt type with 
resistatte tolerartne to Cerc ispn ira leat spioit. 
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Abstract 

Induced mutation is a useful tool in plant breeding, and EMS (ethyl methane
sulfonate) is the most widely used chemical mutagen for mutation induction in crops.

In this research. mungbean seeds were treated with EMS of various concentrations and
 
soaking durations. LD50 (50°o lethal close) and GR50 (50% growth reduction) were
 
employed to estimate the optimum concentration and duration for mutation induction
 
in mungbean. The results indicate that the optimum EMS concentration was between
 
0.06 and 0.08 M. and soaking cluration. 6 to 10 h. M2 and M3 plants were grown and
 
data on leaf size, plant height, inflorescence length, pod length and seeds per pod, and
 
seed yield per plant were taken. Attempts were made to select tall plants with larger

leaf areas and higher seed yield from these plants, and to incorporate these desirable
 
characters into the leading commercial varieties through hybridization.
 

Introduction 

i,,. l 1l041 

HiNt til\U d e.. lc al ilitt i'l 1i1 Illilthkii iiiiictl'illl iII crops. It is Cll Cilio'e lic
 
to li iin 'n ,ii>, '. ,nirol CaLI' Cnu11 . Cl a 'nheriatii-i.cuc tlaunri 


lilcLi.'tInutl Ietti n P,,; 111 ')1liiu lt I ithinr-esull'nAt t liNIS) is tIhe 

el',' Ilitllr iliroiisiiieL ide in
 
pllnits..\ Cl.iliic ,l .II,IIJtL-,e I, 't pl i t 11 llie cocii trltioll ;ilid the 
 lir.itioll ot1'eatllunc .

ii ccicl;il Il',, cc ii .iiat~i ,shii In ,.r "- ,t, p l \ iidCl li,_i itittiill 'l'CLt kltInCies
arim, ,, Ii,i 
S.ithli ,l t ti,i \l llaiilt .,\ ii I l'minub 'Ct al. I l ie1. tVI', atotlrs ,il' ,.ilCes ribhed 

helm, 

Concentration 

Thu ultakc I a i i h.\, la\snICI nl tiinnacl i, sakd,.t , loolhiv , 'iilpic dlill,:.,iin as 
determi nedtliliitnch tic uptake ii]c i, tha iiiCtlhNii lli ,t' '-.l(CI.\IS)i WVall.- 19)67). This will 
hold trn a, is th: Concentratiion of the nntaecii ill o - l utiol is, "cl'.tCr" thal that in) theaslon, 
cell. It ha, leen i r,, tiat. 11 eiiC'itrl. ) tllilli pe icaked ,ccd a hit,er concentration aytna 
he CInp ,led i.,likLc,,.ci et il. lIt 8). \0I t,  ' . S. ill CI l. 19 lhI 'so tio sl a1111\ allsllouphl, 
i rf le. I.ar,. ',olCirnc', itIc tI,,d ti pri is i C h CC 11COporn tro uthle iitil\ tbsi SnllicieIi chClicals. 

Duration of Treatment 

Tratm PCi iIIist h li tocnnent d 1 0iiiiul perit i'il iratIItn aIIl thlot'hiriitn ilnsiotrlno Ol'lne 
Irtea.itd ti,,,n , th' inta i. Thl' ILi to, the rnIhlO\ inert oh l012 Period . of treatmilent ill the 
late 1950s. Ilmoss ser. ", it)l'lll'llts \ ith ('-.\,l.I S uptake ill ll", riCe 12rtrhrs,oW inldicae thatillthe 
Uptake saturatiOn OCCInIs "tl iti .3t nn to I In.althOnch for tIre ,, ho l v ith hull t cat.l lake 
LIp to 5 ln.DClnLllin,, al lc)ar,, ito acceleratC the ralte Of tnta" nIdill iull il thi.iu Hne'l 1hernh 
ce al. 196h . Fhe dnrarimtnrll I'illt illtr Ilia% he conliihls shotltieCL h\ using Presioaked sceds 
(Konzak et al. 1Wfn. Sain .it al l. It9 8), 
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'his res arch attemipts to1stitd\ the injtr'itLis cflct 01' FlNiS oil NI, Itinglhatn i 'iiuna 
racliatt, (L.) Wilcck) and Also to stud tle iClatiil,,hip hcLt, the F'NIS conccnlration andccn 
duraliottofl'soakin. Th optilhulil, (it I:NIS rit-1anon ni[IiLci titincin \. 
detertined bisCI on th1C 50"' lthaldLISCs (I DI)50h ai1d 501', tri\\ t rCduc.tion oI NI[ sccdlings 
(GR5t). Attempts \w'cre nIAcl tolScit'tall plant , %\ithlargur Icatrca anl high sced icld firot 

NI3 into tileIcadilw, c0illlullCljal 

.IOSCs ill \lcr. also 

M 2 and plants .,il to ilLcrp0lritc tlhcsc dsCirhlC c ara,.'tcltr 
varictis through hvridi/ation. 

Materials and Methods 

Sceds of leading Iocal iLil2cai)l \ liCt\ ( IHS- 5,.,upplied h, Ban I.cc -h.atVc!ctable 
Seed (_'li in.in Sine apoiic. allidI.NIS. iri lthe Sei'na ('licitical ('olnipain\ I tlie t'SA. were.used. ['niloi sccd, ,siti )',Ct I10 crintih \ crc l)c1e+aLd illiiicsll Cth+,cnc)hags 

vith aiOt 2(1) sCeds [PcI la\ Cr. IThe ,CedLas i\\ to ith I5 chloIo\Cc trAitet,.rrcd ittlailcrs %% 

and soakcd 1i0 15 []i ilt5 ( . C\C\thc hne "Cell \crC insCL thtelizhl\ thr'C (iles illdistilled
 

vwatcr to Icilli\e the chlor\. lhc\ \,ctC their tranIcrrecl into heakclr , it,distilled \\atcr and
 
prcsoaked lor 0 Itat 5 (.
 

Pre uaking \.Zt. mcdi Konia/ id N iIaaJnami H )01.
dohc 1\ ul,ie the clianr,_ i The distilled
 
\~t,.ih.'Clinicd atcCr cC (\ h (.) ,\iiiC A hlo. ici-iPciiUilC 115 C \.tiu1,cd tIlinhihit
w. 

th ilicitaldiCi6cti it\ _\clipulic'lll tit t ( n ci 0 08 lhie sCed,, %crc
iil stii t. h11clsl, lcr ml I 

l.tCl.U .tcaLd \\ith diflci.ill I IS ci+hcli ii , it ilt.c it liln1C iiic_\,il It 5 ( . Thc
 

used \\kcrc 0.)2 NI.04 

\\ ,nhjcctd it dillAtins i, -4. 1id 1 lhil'edlurailionu
 

c ictrulittn NI. ii- M. NI ;inlj i0i1 NI. IJLich itll Ciuccitr~iions 
Ill dilIlCee tn1c 2. I h. Illthe r 

trcatillI, t. tie t.NIS sollit ii ,.,itsctiiicd C l hi ti iilillli/c tdh.a,,iLic:ll dklainae ollm 
ticl \ iril\,,i, K in/ l li .\,,ti;hIId!,w I1 1I1c ratiok) iIlic 'cecd\ Iluillicpritllcl k cLi . .5. auil Q) .
 
hi tilc IM S ,ilutiiul i',as 1:2. Im I\\ tiicd ttlrll cF iii illI".IS
cuilicilitn ic Ito Iclticc (tihc 
ailldalsi titiniliIt I iiciath lc ,1.\ tl- 11l d ,la 0i1c_iild.'iital it the ,'ll,. Ihiri\ Needs, \,_rc 
trCa[cil il Cati tllI1iiclit. 

Thc scetis:\t, c th t ll l il\I l iii I\Ciii ii\ niriICs I)iC itil uiic'tltr ill-ahlciC nCd : u,.Lh 
rc-itlu l cllcct,,il h' ,C.chicuilica ,ti.ec'ihk Icti'(l -c'tCl ,Ii\ 11il , and kcptl ! lii1 l I \,CI'c i iart\ 

ill tile ceihiiiiisc hil nic l \,C J i i h
\01c .k. cie ,c'c iarn,,lliii OPH icli\,il 
riplicatii i 1lic Nalilii l I i i t siiiuiijiic loCated it N Ittiu , .N\ ii111lt['Ad.i iICiICLA 
Mtid soiw\n ailClr pir,,akirie lIarill , \.erCe \\,iCilC ilail\ ,iiid 20) 2(1120 llier., \2' applieL 
Iortliehtl\ . 'I hlhc in2 datlalt ti1 C1L. tii and c C )l I t' 1CAih'd M ! I:lains, \\ciciinit til 
taken: Sccdclciii ina iii p1cr-cn._tii c,,. ,cdlIn, lihi, ,lit i leic71 i l\. Llas S ItI is, Cific iittli 
dchisencec. pod tndi riltl hc, pci sli ral.e ald pI+ntattl set.ul;iiil atll id ll haLi 

M,1scds ,Icstd tie NI l)ltil . (0lie hiiidrctl NI, 5.,cc.'i \ n liu+ cach,,Crc liars. lrumii ,+ccd 
doc in l field Li',Iii ,i iiiinlii+]cb dsc l)ntii ICA e 1111icM. rcie.ht,rA hhdl-ok ii. l i atil pla, u 
seed si/c and ,ccd \i.ld _cic. 'ic aippuoprilc ltiic mid ats ,cdttiicalls . I)csirablctakeit .it 

I, and Ic'incir I ,lch s lection \,c'C Itlillutanl.ts %%lc sCILctd ili tie ;I itui,,.lc.'ritcri:rl 
ca arci (Ical niilliblr Ical ,i/Ci. pliit lC ii,dt',,, tot Ih criitic. sccd \ icld. aiLl sCed Nile. 

Leaf si/c was h\ irea Nhodcl ANI-. h\ Ilas ahli I)ciko & Co.iiic\a,trlCLd atlti. elietr ..
Itd.. Japalni. 

Results and Discussion 

Effects of EMS and Seed Germination 

ENIS trcaintsllnl,, siu,..iliuntals icldu i 11 Isc.d Lurltntinlinml itIiteb1cai 'Tahlc I). Such 
reduction \kaa itti oi 't ic'lllc lIc" li FIS. "hcsc r'ducctd the 
nuiber oki' idinvd eg collIctl\l ilc rlir.Pati n ratc itihce crlinalin seeds. 

duc i .'ciil I cflccts 
cclls a.ind dcCrciSCL 

This niicht. in turn. alIccthc lorintitui il cu/\ ic, nccdcd illSced Reduction 
in such cnz'lics lcd to( a dccrcasc ilIhc stedeeriinatiim 
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Table I. Effects of EMS treatments on M i mungbean. 

EMS SGR' SH" PH' BN' Days to Pods/ Survi-
Concen- Dura- Index %) (Cm (cm) (no.) flower- plant val rate 
tration lon iow (no.) (0) 

Control 0 0 13 6 47.8 is 9 58 1 380 715 
0.02 M 2h 4 5 0 131 464 15.2 657 336 63 5 

4 h 8 12.0 132 46,2 132 658 247 56.5 
6 h 12 20 5 102 .151 130 758 21 7 40.5 
8 h 16 23.0 9.4 42.4 128 81,2 170 350 
10h 20 40.0 8 8 36.9 110 85.5 15.0 25.0 
12 h 24 43 5 84 283 94 88.8 11.2 15.0 

0.04 M 2 h 8 7.0 12 9 48.6 52 75 1 22.4 58.0 
4 Ih 16 17.0 11 8 455 12.8 72.7 21 0 48.5 
6 h 24 260 10 2 439 125 81 3 18,9 35.0 
8 h 32 305 8.3 400 118 89.6 154 27.0 

10h1 40 -15.SOD' 7-1OD' 33 0 9 7 91 9 126 10.5 
12h 48 48.0OD 7 IOD 271 6.7 92- 9.3 11.5 

0.06 M 2 h 12 28.5 121 453 14.7 822 29.9 39.5 
4 h 4 34.5 108 43.8 125 835 17.7 31.5 
6 h 36 45.5OD 90 419 107 876 161 180 
8 h 48 53.OOD 730D 379 89 887 13,5 10.0 
10h 60 600 680D 28 5 6 3 96.1 103 7.0 
12h 72 660 6 1 22.5 5.8 95.9 6 3 7.0 

0.08 M 2 h 16 32 5 11 9 43," 128 86 2 28.5 35.0 
4 h 32 520OD 103 42 2 108 883 16.6 18.0 
6h 48 50 SOD 89 39.5 96 913 14.5 15.0 
8 h 64 57.5 6 9OD 353 7 6 91.4 10.9 8.5 
10h 80 64.5 58 268 5.8 956 6.5 7.0 
12 h 96 705 5 0 203 18 I0.3 4.8 7.0 

LSD I1' 1522 329 1096 085 10.79 2.18 13.10 
LCM I",' 1522 1031 36.84 is05 6889 35.82 58.40 

'EMS index - EMS concentration in M1 , isoaking duration n hours) 100 '0O - opumun dose xLSD I' 

least significant diference at ,= 0 01 between control and treated I LCM I , - hlmit of control mean at 
0 01 SGR - seed Fertnmnaon reduccton "SH - seedhng height !PH - plant hitght 'BN - branch number 

Reduction in -,Cdueerllillalll v,a ilt.C1 todkii it leierine Il optilllLlul iOScN, oh iItili1enl.t. 

For in,tance. a rednCejion of 510'; in scod eriinaliill Am.lter te nsta1cn reallll e ll i,, called lellal 
Lose 50 and %\ritten a,, I.)50. Il this ,"periisent. lethalC h ,, werec taken in a range between 
45 ; and 55' ; Of redu.tion il ,Cd 2erinnittis. lhiS, ,','a csiiiidrecd a, the 1ptimunmo dose of, 
EMS fIo iitatjiil ilIuctimi. lc ,nits, preeitted in fable I indicate that 1,1)5() of' nnhean 
varied \vilh concentratiotn,, itf F.IS and duriation tf soaking. Thcrefore. EIMS loSae index was 
used to cmtibine tie c(Iillscti"tlOll and 'ioakiig duratiil. It \\ a, caltnlatLd b\ (I NIS Concentration 
iit X (Ioakin' tll.lltiin ill h01 ) - 11). The indiccs wlil yield 1.1)51 arC '' Ilol : 

FNIS Siakimne I)o.,ae ildcx Seed 
cotncen tratioti duratiOtl (IC < 1)x I10) cermination 

0.04 NI 11h 40 45.5% 
0.04 N 12 h 48 48.(10 
0.06 N1 6 h 36 45.5 
0.06 N1 8 h 48 53.0 r 
0.08 NI 4 h 32 52.0 
0.08 NI 6 11 48 50.5
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Effects of EMS on Seedling Height 

EMS treatments caused a siginitiicant decrease in sCediling IhCigiht (Table 1). Conger C1al. 
(1977) suggested the use of GR50 (- 50";,' Lrowth reduction in h1eight o1 NI seedl ings) as an 
estimate of optlilum dose Of ganna ra\s. GIR50 ixemployed here to estimate tile optintn doses 
of EMS for nlutation induction in nungbaCn. The height of' untreated seedlins %ks13 , + 
1.4 cin. SeedIling height,, icttted h\ 5(0'1. therefore, ranged fromt o.2 to 7.5 cl. 'rhe 
conbinations of ENIS concentrations and soaking duration Vielding sLch seedlings are: 

EMS 
concentrations 

Soakinu 
lurltioll 

Dosage index 
C I,) x Io()) 

Seedling 
heigh! 

0 .04 %I 1 ) h 40 7.4 cm1 
0.04 NI 12 h 48 7.1 cm 
0.06 M 8 h 48 7.3 cm 
0.06 N1 10 h1 60 6.8 cm 
0.08 NI 8 1h 64 6.9 cml 

The GR50ldosage indices raneed from 40 to 64. They were snlmewhat higeher than LI)50. \which 
ranged fromt 32 to 48. 

Although Konzak et al. I 65 stated that los\ er tNIS concentration and lonur soaking
period yielded higher notation fiequencies \% ith higher rates of NI plant Sulvival. soaking
duration longer than 12 h was not practical in mungbean,. since its seeds s\\thou 'ldernlinate within 
15 h olsoakine. Therefore, ENIS concentrations, of0.t)2 M w\ere too low I'or mutation inductionl 

ill lunllbean11. aSliO found thatIt sUN tungbean seci, fceLCd at least 4 h to uptake sufficient 
EIMS solutionl and difLuse it Ihronoutlgh U the seed tissues mn5-C. Therefore, for mutation induction 
in mlunhCan, the rcommetnl/icndCd colncentralion \was between 0.00 ani 0.08. and soaking duration 
fromi 6 to 10 i. 

Effects of EMS on Plant Height 

Data on plant heiehts at harvest is iven in Table I. Higlhly significant differences were 
observed onl, at the higher IE,\S concentrations kith longer soakine time. These results indicate 
that EMS treatments had less effect on the Imature plants than oin the seedlings. After tie seedling 
stage, the Offect, ,raduall\ disappeared. and som NI plants could grow toinjurious of !NIS 
the normlal leiehl if the Lose Of F.MS %anit hih. This revealed that tile newito cell" of tihe 
M, nimngbean planits, had reltivCl little ,NIS content and. therefore, tile lala.,ine effects of 
EMS oin these cells %cre minimal. 11\ zts further pstulateud that tile NIi, mungbean plants might
have sonme so rt f repair il, .chaniniI1 w hich c0Il repair tie datna cc canused by the ENS treatments 
in germinating seeds and . ounig seedlillgs. 

Effects of EMS on Branch Number 

Alinost all the NI p l ants had less branches than those ofLuntreated plants. At shorter soaking 
duration, the difference in the nunmer of branches within each of the EMS concentrations was 
smiall. With longer soaking time, for example, at 6, 8, 10 or 12 11, there was a reduction in 
the number of branches within each of the concentrations. At 10 and 12 Ii of soaking, the reduction 
in the number of branches was more obvious fron a low to a high EMS concentration. The 
above results indicate that the EMS concentration was the primary factor in causing a re(!tiction
in branch numbers. while the soak ing duration was secondary as it influenced only the intensity 
of this lutaen's effects. 
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Effects of EMS on Time to .:tfwering 

1The tini cc' i ndid ll ri e illi ll' t-M.e t.ili 
indicated h u)nc.an', iniltiple rnllc iC4t. It \\,I" tlt tht tie FNIS trlcl ltion was lihe 

t. ,v. i 'l 	 ilte S treati , .,\as s-i'n ificalit ais 

priinir\ acltor d.ccidine' time. it) 	 ltLaliOll t tin CVcli,ilic OfI r lnri l1,0 inlucei)Cd thiS 
de\Clolic ntIItAl prOCe.. .t a I wter .ikin,! Imet. a lmo,iNAIS colCilita ll (0.0 1I)hprolIduce.d
a1Sinlihir dtek.t iL. lel.i~ l ih\\crlni . i h112, ,i.i-ll lit (1.(< NNi \, Il Nil oril. ,iakine
tinie' 

(h;+itll I 1 i hi111o Ii0ili 'll, &M eiletd l'mt ll\ c.c ll\) tll 	 :l d Iap p1:11 e 
,& i s %l'.Lklif I ki L t).C rI ' lltlik\Iiill t+ll1 \dn\IC H-t'I%kitiii ' iIC<.'lk' , ,tC , I .+,lh' it l lII v,11~li~hC tIl., .nilC, ll.li i!/ .-il+,i0 0 i thlc1 lll t C kLIC lht.'rLl~ -,. 

Effects of EMS on Pod Number 

I"I h,\,1 Tlliii eir:it 1 4 It . I I " s (I, 
to tile sllalic' , Ltl int ' Ii .lile'l ,il d. la\i ed lk, cr1n2. 1i \\v, t !id that tILe pod 

, 

All the i I l t,. Is- l ill ii IIihe l T. i dIu 

N ns' l IIumII I 0 
. 

01 NI i is l, - , li'tel 'AIth rirch r" d' ).09: d.l. 84). 
anidl cal ti\,l i e. .td 'Alli h<+.1wIlie utut+h I l \\etin,micIf iriI. . '1 - 4 ). 

Effects of EMS on Survival Rate 

'.\ sticle " s ill silt.I \ t ac i I s1eh Ir.ictal,i i l kIc( 	 \k, \ d. ill all tile ti'lllils. al'citu: :dI 
I 1i1I ilk li Ie iIIlnlls al e, c.' le,at: file iliclie. 

tile Iov,.r Ihi sli\ ',i.l lPil- . 11 'C iL'IAI h \' tker T'i Iu el 

v,,ith th1e onlrol01thcC*lelI .'ILL \a"1a o 	 tie 'Jojse. 
NI lauln, c' tAdi it] e. ' Ih.l 

,ul ti, le itlaI cl . ,C<t eUi\ i al kil,. dIcl 1id iilt1 i e inii ci.i hta ctC.. IIItUS a hi.'it.r liit • 

rat t )tthaliei ihiC wii , 

Selection in M 2 Generation 

TIhiila.s I , ltlilirli it Ni p iith Itautee', lilit. 741; il ' le\ tc C ,,'eii tls' 
Io\vr th:tii Ih , fi I. 'AhidlI 	 a ' Ctlls, idicJte that L \ IS still e\crledlIt t ,uttI 1\ erC1 d . ht+.i
its, residl et lii tile' 2.-'tlettU'l lLlee.'rt N,1 

flm\C r 	 Millhe lt im(a l Ci dirL', I h lrti,iimll. hue h A 'Cd ei d i/ciliutit\. \ . ci 
0i" the NI plait. ''/re 'L'e. <,d aiiC iiit+aC,i til thi 1 1t thCi o tici . ihi precisito. , ile 
sitIifl ic~in' Ile\.ci 1-<cd . , I ' I i . hl , iillic. :ilt.,l+\;+l! \d'as -.e t.'AI t tW ; ald 

+5';. lt.: t t _, l ilId Cl 2 ildicatL' 	thail mul\ the IrC tilii't i l t i l , l (I 0 . NI\ ". 0 
produ -.c l ntiiv th;ln Ni Hair ki ,ii , 1ilticanits\ larti ttia lea)tl aallJi .>3,I. It \',,s 

'hIi,'r\ee that Ih iefie , l t i lC'il Ci i A i ll li .lC i/C. it10itIh er. it \\ a, alsoi ohscl,, 
that these , %I plants .' t c i l iulrits aniti dll)( , iil halr\t., ilde\ le\ \i erC. 
thcriore. not h i ,:a ,i. l . ld, 

Selection in M3 Generation 

The I t ilst ih .i.her.'-,etahlih Ipil i tacs tha2n theC NI' pltnts . Titis sh,,toc that 
Il: resitual ef ect it LMS \,a, reduced i ili:, L.eratiOll. S(i'e Nl planitS aiso Iad dimliChearitly 
larrcr toual leat+' area. The\ . hu s t did it liitmy anv ,inihant inrreas in seCd \iCld. As 
it hais been repotel tha.t1 total leat mea .+as an inil-ltanint dt+ ri.inl ofdr% ltl'er piodcItiOn 
and seed ',iCld in iliunbeatinl fKIo Ct I. )"J77).rcal.rleaf .rom.ti hefo're altllesi shotild be 

flrt!, a 'r 	 llea desirable char;cter. Lr ne, ii l I.i& tiuCndrtindl ileteustlrtiess of lare, leaf 
iren i,.)that it can he trirt.irreIl it) c tltllieCi i arteres thirrmU2th hrbriditation r sel \ield 
increase.
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Table 2. Comparison of EMS-treated M2 plants and control.' 

M2 plants

EMS
EMS dose ndex Estab2 LLATC' EFTC" TTC' HSYTC LSSTC'( 	 do% (%) (%) _ (no.) (no.)(no). (no.) (no (0a) ('a) ( ) 

0.04 M x 10 h 40 78 0 0.0 I 13 I 1.3 I 1.3 2 2.6 
0.04 M x 8 h 32 82 12 1 12 0 0.0 I 1.2 0 0.0 
0.06 M x 8 1 18 74 2 2.7 3 41 I 1.4 2 2.7 3 4.1 
0.04 M x 6 h 36 82 3 3.7 0 0.0 1 12 I I. I 1.2 
0.08 M x 4 h 32 85 2 2.4 0 0 0 0 0.0 0 0 0 0 0.0 
008 M x 6 h 48 ;6 4 53 2 2.4 0 0.0 0 03 I 1.2 

Total 	 12 25 7 1.5 3 0.6 5 1.0 7 1.5 
Z(Control mean _ 2 58 SD ) was used for the abose comparison. YEsab. establishment XLLATC 
- larger leaf area than control. VEFTC - earmier flowering than control. ,TTC - taller than control.
UHSYTC - higher seed yield than contro!. tLSSTC - larger seed size than contro 
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Abstract 

Preharvest sprouting in mungbean is a major constraint in Peninsular India during
the monsoon season. It results in poor yields, reduction in quality and loss in germination.
A mutant, developed by treatment with 40 kR of gamma rays and resistant t preharvest 
sprouting, was isolated during the M3 generation in 1983-84 from the Pant Mung
2 variety. These lines are nondormant. True breeding lines for this trait are now 
available. The mechanism of resistance in terms of pod characters that exclude 
water from the seed such as cuticle wax, and moisture absorption rate are 
presented. The nature of inheritance of this trait is under study. 

Introduction 

N It hL' tiil t' ' /m L ..I \'1L'.'k1 1,JItl1ii lr [i-ll\-, t I)l, crop in Indial atill 

,'c\\rowLlndelf ralinled Condition,,. "I r' i" \,t)\\ Ju \ ith tlIe
titiu ll 11dinn,.'June \\ onSet Iof'
 
the ",tMtith\\1t ,tt 1l . i le Iiiti;taturilt\ diriin cpemi her. Ht +e\..r. Sp)tetblh lusal"l.i
hea\ \ l ie: lic llthe ptodeeei ves'g+ 11tt. t 'in111tLp,!l '.Lfflv,1* ar\,et ,prtintt1l1 e f ",,.i " 

of the ,tandi,'i ..r a,nn.iC ee ,1e\, t "id LjLialit\ lric.1r,_t.'oV il \ eid. to iiiipro\ e the 
productitn (it]imtzlh'cii:. inct '[ at1ittill I i-,t ti tI\o,,t s,iutiitI at ' It0-15n,+Ice , fi ,least 

,, h,-,llt'l 1W_' 'CL+,eiC '.*ii~ li+.ll ltkl.| of( Iralli I'+hi I ~ a, li[,ll \0hl,.h k is.i.ta.ntIto 

prehariu,,t ',Irlltt'. i L iilted iiill. ,t'tlid\ 

Materials and Methods 

T'ko iiuiiithcait %,rtilu,\.% I Ji 1i and Pant Nlune 2 (NIL 26-10-3K0IId,\C 11.(;(I2 were 
subjeeted to -,lia Irr1id jattin at .1 and -W k. lose..di9in I 882. The NIt Leuneration was 
studied in J prol' . the l\ tile tiete weret F\o tial durine I),' -"-14r scaoll. In NI; 207 

rti'A, ,. a i:tch tI\ lant, tttrCitiIentS. includinepro enr p ee' ,- ,i t 2()() 10ii1i All tItur 
the bulk. \0iehh ,ll. , n in , o I-v of I ICheneti ,paIeed t 3 -) 1 eill.lhe initaLilt line 
resistant t( prehav c.,t,pLI.tin_' \,.., i.,4 atcc I!n1 [Ilie NI; ratith aInd studiC until it reached 
the NI- CeneratoI, I I-.n 

()nce the \%IsH i, d Ille NI, ,hien tilecrop \us c\i.mscdresi,,tant line , iii pIltlti 
t natural ea\, rtintall 11 I983 S- 't! the itatilt%, the.lh. line C'11as tth"utlr ,creeed 
and tmaintained thr mlu . 11,11101.it l ritil!all h\ t \ater for 2 ill atil p.iidCLiCal sprinktiinc 
15-niin inter\a fior 1t per di, l1r 5day at the Ittllat.iit\ "i e (11,the CRnp to test the pllharvest 
sprouting a cluster..in. ,,,tcr 

The wax content I,tite pod 1l\:a,Ctittd uiItl the iprcetdire dC,ci'ited h Ehercan 
et al. 11977). 

The ahsor-ptionl it nltiIsluve h' 11tr.eiC pI-AlS s as iiIear',eild ,stiakiln the \ hole )oLds in 
distilled ,ater ior6 Ild 24 t. 
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The plant characters, such as plant height (cm), number of branches per plant. number of 
cluster; per plant. number of pods per plant. days to uaturitoi and yield per plant Ig) were taken 
and compared with the national check. K 85 1 u,inc the "t"test. 

Results and Discussion 

The M. generation of' varieties I G( 127 and NIL 20-10-3 v,aS studied during tle 1983 
rainy season. The crop recei, el hea\v rainfld! of 328 Inn in 13 rain, da\ Ncompared to normal 
rainfall of 140 oni in nine rain\ da,,s in Septctiher. None of the Leriplasm line,, w.ere found 
to be resistant to prchar\ cst ,proutine All 01 the Nl prMg;t., rim\\s. except NIL 2-,-10-3-40 
kR-36. also sprouted itl the staldilt clop itself. Ihe pods of NI.-2,-I(1-3-4() kR-30 sho\t ed 
discoloration, but the sceeds renaincd undatnicd 

Dortitnc\ is not dCired in nnbli-hean siince it is usualIl Consinilled ais sploutls. Iherel.C, 
the seeds of tlis preltare,,s! ,prltHlin-ieislant illutant AI toitttd toe',cIte2'std lir dohotLianOC\ and 
be nondorn nt. lhus the mechanisn of resisan,'c :ippcared to bc ill thc pod \\a ll. hieh prevented 
tile moisture frot reaching the sced. 

This mutant line \as ad\ anced fro [the NI tot(he %]- 1ceialioM \ 1ith selectIOll lide for 
the resistance to preliar\ est spr. ilhi,_ under I da\ , t sititulated cotllinuou,, rail. The progenies 
were also high Vielders . Two higih-x icldine ILtnit procuies. ii. PI11SR 85 ind fHSR 95 \ ere 
developed throLuih this selection prL '-llfotUlnacl\ , PI118 )5 \ aos,a tea talrll-r hiclh 
lodged at itaturit\ and \ as. hence, rIected. NlItanit PI RS5 ha, bcI uscd hitoi1drs,tand tlhe 
mechanism of resistalcc to plchar\cst spOltlhii. 

Three c.h;lrlCters, i.e. podL, ll cuticle \ i\ dund mINtUrel ahsorptll Iiate' s cl ilCtsed 
The ntittanl line k\as t(iniid It li, C d ,i2,cni ficain Ilhither cuLicuLiir \ac\ l oCnlthe pod %oall 
surfice than the check. K 851 aible I . Thtic toistUrc ib,soi Irae of the iUtint plds k\as 
also signiificantl. lo\\er colliparcd to tile chc-k it both ,hI aid alter 24 It ol cotlluous soakitne 
ofi tile pods in alter I Table I I. [he aht,. e characer, atC the tiaor featrce ol tihe lutant 

1n' PIISR 85 ,khich lead to rcsi,,tancc to prcliar\c,,sprOLutMi 
rhe it.t1tnt linc , as compared \ilth the ntatioinal chcc, \ariet\ K 851 for \ield and 

morphological trait,, iTable I . It \',s fllnd to he sLupCrior il icLd s l result of1the ereater 
numtiber of pods per plant. H \c\ er. it miatures latCr h\ 3-4 da',\. 

Table I. 	Characteristics of the preharvest sprouting-resistant rnutant at the M7 generation 
compared to K 851. 

K 851 
Character PHSR-85 (National check) t' value 

Mean SD Mean ± SD 

Plant height (cm) 35.40 _ 3 21 38.20 1 92 1.7028 
Branches (no.) 	 1.60 0.55 2 60 I 3-1 1.6719 
Clusters, plant (no.) 4 60 I 14 100 1,23 0.8006 
Podsplant (no.) 	 22.40 2 19 15.20 3 96 3.7021 
Pod length (cm) 	 732 0 13 7 76± 048 22809 
Days to maturity ino) 68 80 0 84 65 60 t 0.89 5.8488 
Yield (g plant) 	 580 = 048 456 ± 076 3.1581 
Wax content on the surface 

of the pods (tg cm 2 ) 12 60 ± 0.54 8.04 0.54 13.3515
 
Moisture absorption by pods
 

at 6 h after soaking (% 1 120,58 t I 17 124.30 _ 2.87 2.9117
 
Moisture absorption by pods
 

at 24 h after soaking O%) 187.50 ± 4.92 233.00 ± 5.81 13.4739
 

Significant at 5% level Significant at I c level 
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This mutant, by virtue of its greater number of pods. hilgher yield and greater cuticular 
wax content of the pod %all is potentiall. a valuable brecinLc material for developing high
yielding mungbean varieties with resistance to preharvest sprouting. This is the first report on 
resistance to preharvest sprouting in tmungbean and since the mechanism appears tt) be higher 
cuticular wax, attempts to understand the nature of inheritance of' this trait are being made by 
using cuticular wax as the screening inde\. 
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Breeding Behavior of Vigna radiata - V. mungo Hybrid 
Progenies for Crop Improvement in Mungbean 
S.R. Sree Rangasamy, V. Muralidharan and R. Rathnasamy 
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Abstyact 

Interspecific crosses between V. radiata x V. mungo were obtained. In F2 the 
percentage of aborted seed, incidence of plant death and sterile plants were high but 
gradually reduced from F2 to F4 . Wide variation was evident in F2 in plant height, 
number of branches, clusters and pods, pod length and seeds/pod. Seventy-nine percent 
of the F2, 241o of the F3 and 200o of the F4 segregants showed more black gram traits. 
Based on yield of the F11 to F13 generations, four progenies, CoGB.2. CoGB.1O, 
CoGB.11 and CoGB.17 were identified as stable genotypes and were carried over to 
the advanced yield trials. 

V. radiata and V. mungo can be regarded as highly-compatible species with gross 
genome homology. Hybrid sterility and breakdown largely work as isolation mechanisms. 
There is. however, evidence of a prefertilization barrier. The recombination of useful 
traits from both species is possible through interspecific hybridization. The characters 
that could be transferred from black gram to mungbean are large seed size, batter 
capacity, high HI and resistance to bruchids arid mungbean yellow mosaic virus. The 
interspecific derivatives offer scope for selection for high grain yield. 

Results of the isozyme variability existing between and within the species and in 
the F2 of the cross V. radiata x V. mungo are also reported. 

Interspecific crosses between Vigna species Vigna radiata var sublobara and V. 
trilobata were studied at TNAJ. It was found that the 100-seed weight of the species 
of Vigna could be doubled. The study suggests that success of the interspecific cross 
c~n lie increased by using many different genotypes rather than by crossing extensively 
one or two selected specific cultivars. 

Introduction 

.AlthO1ii.11 Iunlchca1),,ll( t I '(0 al (I. \ ,\V l/o ni hlLck .2iani (I i, ' fll,,,ini I..) [lpper) 
a.re ,+.xte.w i%', r n,'l i [l,,iit. the 1a,.1.1 11, %t l-+ih lll\ l i pm laill C t.'( llpoHlletlts 1',+,t~ ~ \"'.ck. (t . o.'H 

restrictcd. Inte'r Ictl hhh lidl/t, tIliii l ,. t l l)[ hCid ii , l, a hllt ,.., IIAl t ,. I ilCraic II \iClt. 
Ccd h-, Iu)iw2 c 'cI.d, r i' -lic;tetM fuln hcanlia', ,m.iall ti/c blt p,,.[ .i1i ll . ltilhc , .l p .dr 

1)-12) than hlack _'aim ,>l h ', ,1clv, Hmllatii b( d ,ccdN. ',cc .'. pid (0-X) andh I ,t lcv, pl 
Ila, ,h01t po),.L,. I',pC t .bctx\ . I % boC\ I irladc [he1111cI .LIIcci't%'cI. c I. ,,'l'. h ill 

past and h],brdl, '.ucr u .dic d IMi chti+cllctlcl biax hr i l itiai!Iii I9 (i. .Shallrr1tlii':Ill Ct 
al. 1983)...\ liphipliiid ,,t thc 10,iI/i , - hIa' a.ati)hchc. cn)cratcd itrc.,ttirc Icrtilit\ (Sinch' c...n 
Ct al. )980).In Jll tIL Ctrlicr rcpw irclt atClII . c,.cpt tl,icr,,taltdin]. thi cx t u, Lctic,' and ,,tud mgin 
tile F:s I Ia c.,trictc1l \ a\ . Ilt lL) ] llc.iIl\\ axl hi'.,'ci l iilC Ill tktd\ in llaid C\;+zILIiIii1t 
s,, rciatinrec iacicr iti irl. b ,i id I+.. lic phi,.ctlr,., t cccatc rciCOiibii it'.l Irollnl hbrid, 
hctxxccri raluotw. ' ,( IIcniiilnc,,and ti)I c\ hl, I Ilpil t \ cd lccdinii IiI ,, . ChCCnI ,tUhIlishlCd 
(ShannI iet.rnlti et til. I "4). In tlii' pa+tper. a " Sc llatic 'tp riiOachl i, ,rc'.crtCd flI' .- Cc'-,irng tIle 
interrelationship hctxx ccn (x ,,Ii (t li'tlt aIld the l r ill ilterspecifici pccicS brcedirng hCa,,im 
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derivatives/progenies untl the FI ;encration. The ,election ol high-yielding, progenies from 
the research since 1981 at Coiinhalore. India is als reported. 

Materials and Methods 

Interspecitic h\ hrid s' crc ohtaincd hctA cnci ;i'ICtic> of iuIIcUIhcn 'I Ui, Il..i, Ia \Vilc/ck)

and black gram 0" n1, )j H.l,.pper 1'u,,cul 1tion 'kia,, A',coiiplilIc prch\ in the 'Cl.
 
pet~dl s,ita n l anid rci 
 ,. alether.. 

flO% Ct',\%erc ta2CLed at il ,i,,C It the pcdiccl. In oIne. Nt the cLiItI, a . L I Oh I iunuan iand
 

II\II' It\,%lorl , ind lhcn r. ,ilm ti .. The pollinated 
uii 


brI atidi 

hive tnunghcaii cni ItC,>Ai,I 00. NiS 41. NIS 9'24. NA 10 and 17(i 4);l t 


CO 3 (hlack _rm ) v. c rc Lili/cd fIrI , I til ,ctailed ,tndi Inl.ant elr it crL>,,,. 

o bhack cram 
eittvpe.> 	 (('() 3 and ..l)l 2) ',cre u'cd for L',+IItc'nrati 1iLinii _'hca ilkblck Lraim pr,i,nlic,.

The bar\ Ctld ,Ccd, 'Acre 'ki in[I in ,'pacinc, 11 _ inand the F: plalit, 
',,,crc% 'Aid 

crown to llatuirit se>r'A.' rat'-,cthpid L, lhc F: . Cf.c,C Prc a (, pt Cf \ 11\', In the I, me fflllcti ithi
 
.a,pacinc of' 301 Sed', 01[ hdL l I.' )anIJlts'Acie ',' I' n_ r, , in
I0 	CIll. Ilhii I.
 
Similarlh. idividual ' priycuI e' A,crc e .atcd il)I:. troill the I, , .ration iitm ;ard,.
 
individual p :lant>,',cc ,cctcd on thc ol[prodctI it pkr
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1
.'iil.
In . F. and - pla;llit pi (i Iiiiiiclseaii lLk I I I]nii ll huiical c lnaiactcr's 
lhalt
ilC di"incl ctcctil PiarltC nt, ,,crc 'elcctecd ( [able I .\I lil ohi."i .tic Iiide\ t)
diseriiitiiiatc: ,' c.catt \kita> Lliqtiucted aid the iLtetlIl(ch it Lla,,itcaiii deltiled 
herCidCU r . lrl .,artiThre. La'ZI" ait.i	 hi c iiiliuebcian- like pliciit Pc if) score): 

a ha . c liadtc pe and IIli ,itti black ,rai
like pheiniit\ pci+,crc i 'Aeci torimd for[ eciCh Illticharacter> aiid r',cti Cl ,core,, v cre 
assi ic d. ihe ,c.rc > of tle I I clil:, -er, %,crC >Ulinicd aitil tlik-c ,ccc aiit, hchl loiobtained 
t Inmal ,corei l I) or 22 c. cla,,ilie., rpctis els. a,,t nii _nili lac crai-hike prlgt 

(ii) he kitinLs riiuc plc ti,.t,,:oiL_': 	 t hcr 

1ieHack 
(lIahle 2). In iadditiout. datlt u on iiqulit n itti CJharactei' crc ; O Iaorco Irded• ilndis idualor
 
"cLrecaits, lahle 3 

Table I . Comparison of characters in hybrids and parents 

Character Vigno radiato V rediat 'V mungo
V 	 mungo 

Stem color Green 	 Green with deep purple Green with deep purple 
pigmentation pgnentation

Stem hairiness Spa-se Moderate Profuse 
Leaf color Light green Dark green Dark green
Leaf shape Ovate Intermediate Lanceolate 
Calyx rolor Green with purple Green Green 

tinge 
Standard petal color Ashy yellow Dark yellow Dark yellow
Pod arrangement Radiating Reflexed Reflexed 
Pod hairiness Sparse Moderate Profuse
 
Mature pod color Light 	 Blackish brown Blackish brown 
Seed color Green 
 Black Black 
Cotyledon color Yellow Yellow 	 White 
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Table 2. Frequency in Percentage of segregants in F2, F3 and F4 generations based on morpho
logical score for II characters. 

Index score' F2 F3 F4 
0 - 13.33 
1 - 2.92 32.293 2.50 8.33 31.67 
5 - 18.75 12.50
7 8.33 31.46 10.21 
9  14.58 _

II 41.67 9.58 _ 
13 12.50 7.92 _ 
15 12.50 6.46 _ 
17 1250 _ 
19 -*
 

21
 
22 

.Index score for Vnungbean = 0 and black gram 2 

Table 3. Mean, range and coefficient of variation for quantitative characters of interspecific hybrids 
in the F2. F3 and F4 generations. 

Character Mean- Range CV (00,)
 
Plant height (cmi 33 33' 
 14 50 - 55 90 38 18 

4474' 1200 - 13440 35 24 
44 36 12 46 74 00 29,19Branches plant (no.) 2.20 I 00 500 72.27 
477' 000 13.00 4885 
3.18c 400 700- 4022Clusters plant (no.) 13.22' I 00 31.00 80.48 

1682' 200 - 4900 63.27
 
2254c 400 - 6400 53 19
Pods plant (no.) 44.67' 2 00 - 158 00 
 102 30 
73.18' 900 - 23800 63.24 
98.73c 1100 - 33700 50.13Pod length (cm) 3.25' 2.10 - 442 23.30 

4.50' 1.44 700- 41.30 
b.30c 360 - 8 20 18.18Seeds pod (no.) 2.46' I 10  4 30 57.82 
4.74 b 

100 - 1 20 52.73 
790 2.00 - 13.90 42.43Seed yield plant jg) 4 97' 0 10 - 17 70 88.48 

1084- 260 - 3930 72.33 
1784c 4 40 - 69.50 92.13 

'Superscripts a. b and c represen '.hc ,altrs r,. F: F3 and F4 segre.ants. respectivey 

Reis.tanc to the mun.chcan ,clhi 1vt, iaic \ IIU, NI )\'NI )diCaC v.;, ,coled in the field
b growing the dcri'ati\ e, trom I.,, inirt,, in di,,Caud pI)t, durin NIMarclI-Juonc when the
natural incidence t 1 MY VNIv%a, ,er, hiL,h . Suscc[)tihlc \'ariCiC, "CrC eUtr'sjn alon, with the
lines in alternate rnm,,. The re,,,t,lnce of ,ceds l t hruchids w.as c;lalatcd uinW the Caging
technique. 

The Seeds from111mUnghea.n.,' hack crami lines and parents were analIed for total protein
content and protein lractiims. The rcsu s of the protein analksis are .i'en in Table 4. 

A total ol'sen comhinatii 'ns of ller interspecific crosses cere studied. The. are: ,' munqo
(T-9) x, r. ,diatai var. suhlohatt Roxh.) Verde.: 1. mtno (TI-9) .: I'. trilohata (L. ) Verde.;1". ra,liata (CO 4) -: I. radiatavar.. su/(liata; V. radiam (KNI 2) X V. trilO)(ta; I". radian, 
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Table 4. Protein and protein fractions of parents and derivations of mungbean x black gram. 

Methionin Protein fractions (o) 
Derivative Protein 

mg 100 mg Water Salt Alcohol Alkali 
(0) protein soluble soluble soluble soluble 

CoGB 2 24.24 I 26 34.6 32.1 4 3 29.0 
CoGB 10 22.17 096 41 6 26.4 4.2 27.8 
CoGB II 23.60 157 38.7 29.2 5 1 27.0 
CoGB 17 23.78 1.26 35 2 36.6 4.8 23.4 
CO 3 BG {male) 2367 115 368 29.6 43 29.3 
LM 66 (female) 24 78 0,96 424 22.3 4.5 30.8 
CO 3 GG 2398 1 04 425 23.4 3.9 30.2 

Source Jeyapragasam 1986 

(CO 3) x I'. radiat \ ar.su/h/ioath : I'. aldiu a (PS 71 X- 1". r'Mijtwi \at. N'lbliata:l. and 1'. 

radiato (PS 7) x 1". i'ilobtita. Four -enot.,pe, int I'. rwiat (K.NI 2. PS 7. (if) 3 and CO 4) 

and one genotype in I'. mnumso (l-L) \wcrc used aI,OvulC parents (KH_.nrv Loui, 1986). 

Results 

Crossability 

The crossabilitv etween nnungbCan and black gran. ins olvine differcnt cenotypeS in each 

species, was 0.47 C to 3.88'*%in \',rious conbinations of crosses LNI 66 x CO 3. PLS 41 x 

CO 3. MS 9724 x ADT 2. NA 10 AI)T 2 and 179014 x AIDT 2. The survival rate of Fis 

under 6ield conditions ranged fromi 55.56 to 88.89"; . 
In the cross,e, il which lUtngicuan s is the ovule parent. tile pollen of black gram adhered 

to the stigmatic sLurti'+:ce. erinatCd and uained entry into the ovules. In tie reciprocal crosses 

in which black grain was the o\ ule piprent. lo er. the lunghean pollen grains did lot adhere 

and cerminate oil the ,t\ lar This indicties closstissues Crc-v.a.0p'atiilit%.
 

The intersrcciflc hybrids etmeen nunghean -, black gram %%
cre characteri/ed h\ moderate 

hairiness of sten. dl-rk Creen leaves., dark vellok stlaldird pctal Illld back seed tcoat which are. 

generally. leatures od black cram ITable I ). An analysis ()f variance of the quMtitative traits 

revealed tile pre,,ence ol ,significant variation betmseen the h\brid, Mid the parcnts for all tile 

observed characters. The d;ta were presented b\ ShaliMUam et al. 19841. The hybrids showed 

signclcant variatiors among thelels 1for all the chataicters cxcept for number ofl clusters and 

pod length. 
In the D- analysis, the hybrids occupied atdistinct cluster MMicli s\erc different fron tile 

, Cenetic divergenceclusters for munubean and black gram %hich establishes distinct difference, and 

betwe n 1iungbean and black gram. The intercluster differences in )- values between Fis and 

black gram was higher than that between muncbean and hybrids as given below (Shanmuganl 
et al. 1985). 

Cluster number Black cram I Hybrids II NMlungbean Ill 

1 200.85 88.741.66 8.849.73 

498.83 61.598.68II 

1.873.05III 

Among the traits analyzed by ranking techniques, the number of seeds per pod, 10-pod 

weight and plant height contributed more to the genetic divergence, followed by other pod-based 

characteristics. 

http:1.873.05
http:61.598.68
http:8.849.73
http:88.741.66
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Chromosome association. The chromosome association in meiosis in the Fs was studied
and the frequency of chromosome pairing was found to be 9 II + 4 1 or 10 II + 	2 1with a 
maximum of I I bivalents. The rest of the course of nietosis was almost regular. 

Seed Sterility 

Compared to the parents, germination and survival rates of the F, segreanits and their
growth and development %%,ere very low. %\hiletilepercentage of aborted seeds and sterile plants 
was higher. HOes er. the percentae of aborted seeds and sterile plants decreased whilegermination d i alimproved considerably in the subsequent generations as indicated in 

Table 5 (Shanmt,.carn et al.1985). 

Table 5. Rate of aborted seeds germtnation, survival and sterile plants in parents and progenies
of crosses between mungbean x black gram. 

Aborted Sterile
Generations seed Germination Survival plants 

Hybrid
F2 45.45 70,83 76.47 17.65
F3 20 13 90.23 9673 10.23
F4 8 62 96.37 98.00 6.72 

Parents

Mungbean 0.00 100 00 100.00 0.00
 
Black gram 0.00 100.00 100.00 0.90
 

Quantitative Characters 

The F, h\hrids \\ere late'r than their parents in attaining 50'.'( bloom. The hybrids were
taller, p.ad uced few\er hranches and more clusters thall the parents.

The pods per cluSter and pod length were drasticall reduced in the Fs. Due to sterility
and abortion, single-seeded p)ds were predominantly produced. A comparison of the data for 
the parents and hshrids On ihe nine quaLLtitative characters studied is given in Table 6. 

Table 6. 	Mean values for the quantitative characters in the F1 hybrid between mungbean x black 
gram. 

Parents Days to Plant Bran- CIlIs- Podsclus- Pod Pod Seeds IO-pod

Hybrid 50% 
 height ches tersHybordm ( m n ter length width pod weighto) ter (cr) (c m) (no.i (g)bloom cm) (no (no) (no) 

LM 66 3725 60.75 3.55 12.15 5.05 6.60 0.40 11.15 3.48

Fi 43.30 75.80 215 20.60 2.05 0.50
2.80 1.20 0.86
CO 3 38.00 55.90 2.40 10.25 3.75 5.15 0.60 	 7 15 5.40 

Segregation 

The phenotNvpic expression in the hybrids was intermediate 1)r hairiness on the stem andpod. It is inferred that the F, resembled the paternal parent (black gram) for most of the
quantitative characters. The F .,euregants showed wide variation in morphological characters. 
The stem color varied from green to red. Similarly. calyx. standard petal, mature pod, seed
and cotyledon also shov,ed variation in color. None of tihe se-,regants completelv resembled 
mungbean or black grani in tileF, generations. There was recombination for the mnorphological
characters of both the parents. With respect to leaf characters, the F2 plants resembled either 
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black gram or rnungbean. The flower features and color, however, showed more mungbcan
like features than black gram in the F3 and F4 generations. Among the F, scgregants, 79% 
showed more black gram expression. while in the F3. only 24"; of the population showed
pronounced black gram expression. Almosi all tie segregants i', the F4 generation were 

mun-'bean-like in their expression of quan 'itative characters (Figure I). 

.0 .Mungbean /A Block gram - 

40 Progenles 

Progenies30 F4 

U-
20 

F;Progenies0o 


0 L . - - - _ . . . .. ... - - 

0 2 4 6 8 10 12 14 16 18 20 22 
Index Score 

Figure I. Expressions of quantitative characters of mungbean x 
black gram derivatives. 

Quantitative Characters 

The F2 progenies sho\ed wide variation for most of the observed quantitative characters. 
In subsequent generations, the variation among the segregants for all the characters decreased 
to a considerable extent resulting in greater stabilization of the genotypes (Table 2). There was 
also a positive shift and increase in the mean expression of all the quantitative characters from 
the F: to the F.. generations (Table 3). In F. the progenies exhibited higher expression than 
that of the midparental value for all the characters except for pod length and seCdsC'pod. 

Since pod length and seeds/pod are the most distinct differentiating quantitative characters 
between mungbean and black cram. the relationship among iou ngbean. black gram and their 
derivatives was studied by plotting seeds/pod and pod length on X and Y axes. respectively 
(Figure 2). While some of the F2 segregants fell below the range of expression of FIs, the rest 
showed a higher expression than the FIs. although not equal in expression as that of black gram. 
Most of the F, progenies were found scattered between F, and black cram and a small 
percentage of them exhibited higher expression than black gram. These segregants showed positive 
deviation from the F, population. The bulk of the segrecants in F.: were intermediate between 
the parents and only a small percentage of them had a higher level ofexpression than tnungbean. 

Grain Yield 

Only eight der, atives of mungbean x black gram \k ere found to cive higher yields over 
the checks. After evaluating up to the Fi 3 generation. onl, four deri atives were selected for 
advanced yield trials b..sed on yield (Tables 7 and 8). 

Although the single plant yield showed very littl, difference between the cultivars and the 
derivatives, the gross yield recovery from the plot was very high in respect to the derivatives 
due to the high survival percentage of plants at the time of maturity'harvest. The seed coat 
color in the derivatives was generally green and dull but in CoGB 9 it was green and shiny. 
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Figure 2. Distribution of parents and Ft, F2 and pro-F3 

genies. 

Table 7. Seed yield per plant over generations. 

Derivatives ~Seed yield plant (g) 

F8 F Fl0 Fii F12 F13 Mean 

CoGB 2 46 III 10.3 11,3 9.6 7.6 10.8
 
CoGB 9 9 7 5.8 73 12.0 9.1 6,1 8.3
 
CoGB 10 8.6 10.0 11.8 12.0 11.5 6.0 10.0
 
CoGB 11 10.7 12.3 8.8 2.5 9.0 7.2 10.1
 
CoGB 17 10S 8.7 9.4 11.6 10.0 7.8 9.5 
CoGB 26 8.1 4.3 9.2 6.0 7.7 6.0 6.9
 
CO 3 GG 8.8 12.3 8.5 12.9 11.4 6.2 10.0
 
CO 4 GG 9.2 NS' 10,2 13.3 11.5 6.1 10.1
 
KM 2 GG 8 9 10.7 8.6 13.4 8.6 6.9 9.5
 
SE 1.35 1.90 1.43 1.41 1.10 1.39 
CD 3.92 5.51 4.09 4.11 3.29 4.10 
zNS = not studied. 

inportant yield components such as dry matter production and harvest index were found 
to be high in the selected derivatives (Table 9). 

The field scoring for MYMV disease and postharvest studies for screening bruchid resistance 
in the laboratory are given in Table 10. 

Other Interspecific Crosses 

None of the progenies of the other seven interspecific crosses between V. radiata x V. 
sublobata and V. raiata x V. trilobata exceeded the plant height registered by their respective 
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Table 8. 	 Expression of six quantitative characters over seasons in mungbean x black gram 
derivatives. 

Plant height Clusters Pods plant Pod length Seeds pod Shelling 
Derivatives (cm) plant (no.) (no.) (cm) (no I (°0) 

R' K R K R K R K R K R K 
CoGB 2 436 388 95 8.9 306 21(4 7.4 7 3 9,6 11,7 67.1 71 0 
CoGB (0 362 390 107 76 41 7 21 0 72 70 109 10 7 73 7 698 
CoGB II 40 2 36 4 9 4 63 34.4 187 72 73 11.6 113 61 2 76.6 
CoGB 17 369 396 84 59 31 7 20.8 7.0 74 11.8 11.3 67.1 70.0 
CO 3 GG 389 38.0 9 7 6 1 40 7 182 75 7.1 10.0 11.4 71.3 70.5 
CO 4 GG 47 3 58 2 8 9 10 7 34 5 16.3 7.4 7 9 18 114 65.7 70.9 
KM 2 GG 36.0 37 3 8 2 54 31 1 16.9 7 4 7 3 1 5 1 4 57.7 76.7 
CO 3 BG 20 8 - 6 8 155 - 48 - 7.1 - 50.1 
SE 1.9 4 8 0 9 1 3 3 5 5 6 0 1 0.3 03 02 - -
CD 5.5 141 NS 39 NS 16.6 03 NS 08 NS - -
CV 85 13 1 183 119 187 15.2 5.) 7.7 1.4 149 - -

'R  rebt season. K = kharif season 

Table 9. Harvest index and other related characte-rs of parent and derivations of mungbean x 
black gram.: 

Derivatives Dry matter Harvest Shelling Seed I00-seedD eefficiency Index t ..-- . . fertility 1 ..weight 0 

CoGB 2 045 33 7 72 8 71 2 3.37 
CoGB (0 0.52 390 73 2 72.3 3.50 
CoGB II 0.50 37.9 73.3 652 3.40 
CoGB 17 0.53 394 754 699 3.38 
CO 3 GG (ck) 0.53 39.4 74.4 67 2 3.85 
CO 3 BG (ck) 0.28 21 0 65.5 59.3 5.55 
LM 66 GG (cki 046 343 74.5 71.2 3.84 
ZF12 generation materials -nonrephcated trial Yck = check parents Source jayapragasam 1986 

Table 10. 	Reaction to MYMV and bruchids of parents and derivatives of mungbean x black gram. 

Lines 	 Resistance to MYMV Resistance to bruchids 
CoGB 2 	 R- S-
CoGB 9 R R 
CoGB 1 R S 
CoGB II R S 
CoGB 17 R S 

CoGB 26 R R 
CO 3 (ck)' S S 
CO 4 (ck) S S 
CO 3 (ck) S S 
LM 66 (ck) S S 

ZR = resistant YS = susceptble Xck check 

ovule parents. A maximum of seven clusters per plant was noticed in a few progenies of V. 
radiata (KM 2) X V. trilobata while itwas only 4.2 in KM 2. A distinct increase in the number 
of pods per plant was found to occur in the same progenies (Tablc l1. There was also an increase 
in length of pods and total number of mature seeds per pla:,t. A notable increase in the 100-seed 
weight occurred in certain progenies indifferent crosses. Weight reached up to 8.60 L while 
the range in parents of Vigna was only from 3.78 to 4.10 g (Figure 3). 
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Table II Performance of interspecific cross derivadves. 

Genera- Population Parents PH: CP PP PL SPO PWP SWP 100- SPL Shel 
tion studied ii ) n o tro 1 (no.)o) SW (g) no . 
F4 29 V radata (CO 3) x 18.1 26 57 7.2 9.4 2.70 226 6.54 346 837 

V radioata varsublobatct 
F4 32 	 V radlato (CO 31, 32 6 5.0 166 71 11.6 8.82 6.48 4 18 1544 73.5 

V radiato sr subiobato 
FS 61 COV. radiato 31, 22.8 27 83 7.1 9.6 4.15 3.32 6.33 S3 5 800 

V radiato .ar sublobat,
 
V rodiato (CO 3, 
 335 46 132 6.6 106 5.90 4.64 394 118,6 78.6 

F4 20 V. radiat iCO 41 167 2.2 56 7.1 8.8 2.50 2.00 640 32.9 80.0 
P sublobatus
 

F6 7 P sublobatus 
 16 1 4.6 8.7 4.5 59 2 64 1.82 5.03 364 68.9 
V, rad at (CO 41 53 1 4,5 163 75 11.3 6.41 4.54 4.10 124 1 70.8 

F4 27 V radato KM2, 12 1 3 9 9 2 3 9 5.5 2.08 166 4 52 3 6 798 
V tr'obcta
 

33 V. radiata K- 21 155
F4 	 72 194 4.5 64 687 4 45 174 94.9 64.8 
V trilobawc
 

F4 31 V radaita KH 2) 378 45 15.5 
 7.2 11.4 817 594 4.45 1339 72.7 
V trilobotc 
V radiata (KM 2i 25 ,4 4.2 9.8 6.7 9.0 450 3 50 5 80 63 6 77.8 

F2 16 	 V. rcdiata IPs7i • 170 26 77 6.5 10.0 251 208 394 533 82.9 
V radjao tor sb'boc : 
V tito -n 5.8F6 50 m ) 0 9 13.9 5.0 7.6 640 380 450 84 0 59.4 
V, rodiatc; ar subiobat 

F6 31 V mun o T-91 II) 43 109 44 59 331 216 470 460 653 
V radjoto ,.m s,blotbc, 

F6 12 V mungorI 9 . 112 45 !05 4.5 61 311 193 421 46.0 62.1 
V redotc .,,rstjloto
 
V iun~oT 91 87 64 
 164 46 6.2 677 4.67 3 22 89.4 69.0 
V ridou 89 32.0 (0.3 3.31 1.10 285.6 33.2st)lobvca 87 4.5 5.20 

ZPH = 'ustCe,- PP = pod iength. SFO seeds pod : pod weight
pant heght CP - pI:1s. : pods plant, PL PWP plant;


SWP seed ,CFw,plat I0Q-SV, 100-seed SPL seeds - shelling
W eivlght. - plant: Shel 

Isozyme Studies 
elc.trsph tec.t.\plicati, nti the .,,oresi,iqLue for d,.ntil'\ing ee' prite l, in three sets of 

crosse C()3CO IV . s)(GG (23 •TI V land A.C. )(0() y .IV I.rcspleclelv., of 
MIttnIebean "lck C l inrdic..ated that (he sct! prltciti priIilc ishiehi. ,tahl e and species
specific. The F: s i f a1(dI F I '. Iir ,aItd I '.1n11111140 pIM! 1nd parnit SpeciC seeds werestudied ht Rati.anac aki i HSI 

Globulin (G1 ) Banding Pattern 

1hw hatidin palttern itt .I)S-P.,\(IF clectrophorosmrati kas ,:een uniformly in the mo species 
for glohul in I(C.I Batsd,, 12 and 13 see seen in 1'.ruidiota and band 12 was thickly stained. 
The i t.OnItld .e-\ aintlv 1'.tulun, 'o (Figure 41.banLd hC seen r ill 

Salt-Soluble Protein Pattern 

Salt-soluble protein subunits of pcrents and hybrids i1".ratdat, , 1'. %eere anuin,,;irhitrarl. divided into group
A, B and C based t their mihiit, Parent, demiontratCd ahieher number of darkh-stained binds than the hhrids. 

Cross CO 3 x TMV 1. The unique biands in I. rasliata',\ci,- I. 2. 4. 6. 1 12, 15 and 16. 
whereas 3. 8.10 and 14 w.ere uniqI. I'.no Inthis hybrid,.in ,m(,. the seed protein pattern had 
a lesser number of bands but had uniquicie band, 115 and 16) specific to 1'.rdiatta i(Figure 4). 
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Since none of the hybrid seeds possessed the unique hands o1" V.mungo. it is evident that the 
protein patterr in this hybrid is more siniular to 1".radamt. 

9 

7 

w4 	 i 

cI-)II 
0 L 	 I I I 

Parents 	/ Progenies 

Figure 3.	Range and mean for I00-seed weight in different families and genera
tions of Vigna radiata x V. radiata var. sublobata derivatives. 

A 2!3
 
I
 

B 4I
 
7 

C 12I 
13 	 y joLdato presence
 

ofbonds 10and 14
(unc) absence 

of bonds 10,11end 

14
 

( -a 	 Figure 4. 
Interspecific variation in globulin of Vigna species. 
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Cross CoGG 123 x TMV 1. l. rtidiura had Lnique hanLdIS 1. 14. 15, 16 and 17. whereas 
2, 5, 8 and 13 wyre unique to I'. Mtiu1, The h\ hrid ,eec. colntainCd all of thle1 unique hands 
of IV'.rldiior and hald " of 1. icrn als o 

8 ofi'. nim ,,o. in addition to ai lccs han d II
 

'the second secd pae ,hoe\ed the unique hand 

Cross A.C.3000 x TMV 1. Bitid, 12. 15 1. 1 . 18 ZMd IN \%CcrU unique 10 1'. ,wdiot
Ll hatl 0, ) ind 14 %erC unLIquC to 1'. ,nz, IFicure 5). The h\hrid sCCd patterns had the 
unique Iai.! 601 1 1 IAI tiletheIanfou unique andtl oft lo. rdiiota. 16. 17. 18 and 19, could 
he SCeII 1.tir1l\ in all thic,: h. hid sCCds. It could he inlcrrcd that this hhrid ha iding pattern
is aLh ls more !o; IIlIl kII:lH' :l 

= 7

6 

oI1 3 

cl 6'Ii4-°
 

II8 

II 

1 2 3 4 5 1 2 3 4 5 2 3 4 5 
TMVI C03 Co GGl23 TMVI TMVI >.,. AC.300
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Figure 5. Soluble protein patterns in parn:- 'ngbean and black gram and their hybrids. 

Discussion 

In this lud\ no loerCace could he Ii utid 1.1-,cltii and ,,\ Litr mirpholog\ beten black 
cral atld mIiunnehel plant-.. 1ce.c. tile .crmVInatin aIilure of unneh.an pollen on black raim1 
stiumia ma'.1\ he dLC tI the sti:Mttie exudate ctilnpiItioll ofi the hlack raml plant 'hich initeracts 
\.'Ilh s:10,1e, r in the I)Ohll a d ',ltsnehean re' ill the 1litl4 e to stiulatC LclMllilatioll. 
Pollen eru1tl il ,:dure. :lter distant ers pollination. s,promhl rhelated to differences in
the stiLll lllt._ n , 1, :i. sc. de:'rCC if hriMChitme adldt pC if' papihtC Lind thee'Ironun ucl 
Ctlpo itt <I a TI) 
of iiurt1'all prohahl\ Ihad InhihiItOIr aetin i the eeilliluhttit thee hlack gra pollen
(ShiinUeaui l i a 9' -. th harrier aeaint ",u.'.'-ulf 

0 [1m()1 e\Udate I MhartI Ilme CllIticAlA IwrCds't Muthe StiinatiC CxudatC 

'h,,Iridi'ation bet, cn hack -ram and
 
munobeaii exil,, al the plrefd..rlilitation .tace ll lf.
 

PollenI fCrtilitr, in I'", rarued Itit 86. 
 to 92. ....\lasiri and Conc ( 19660). Cha',an
el al. 11966. Naraimhan 1lV'2 t. Suhr'ttia:mi I1 t) and Rl naua'. 1985) also ohlah"nCdaki 
fertile Fis ht't'.men 11iu.nhcain atnd black ,ram. li ct ral the Il rpn'h,,clled the black Lram
pollen parent. Since the itterpccflic cros,, priiduced pods ith att least one sCed ill each pod.' 
the tmo specics m,t\ he regarded i, conipatibe. lEarlier inter1ecitic hi.0ridization iICd f'r 
trans er I gecnes t resistautc to pod shattcrim- Siineh et al. 1975t..\ I' \' IGill et al. 1983). 

http:unneh.an
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powdery mildew (AVRDC 1974),"fercospora leaf spit and bruchids AVRDC 1077 and 1979) 
from black gc'at to mntghcan. 

The chronlosome pairing in pollen moIther cells in niciosis %oia nrmllal \k ith II i lcnts 
indicating the gross hon holaols nature cf the georties of I raldtiat and 1" ,Ii',. Il tile I"
generation. there i, t considerable degree lt tecoilbination despite seed serilit\ as C\ ident frol 
aborted seeds and sterile plants (segregants) (.antetic stcrilits and F: reakdMo It;ire tile chief 
isolation llechallisins amng the t"" l,'1l speciCes. This \ ., adeqaLltel\ dlllollntrated h\ tile 

index scores (Table 21 that cmsistently indicated the decreasing: freqnenc\ ,,Cf , cgrecants ssith 
higher scores o\'n tothe elinrination of black rawn fetulres.lie se t.gi plaia in F_ . 
F; and [ 1 evidenced the fcildual Climination of lNack ,crtari charAIcter-, in tile c'.[t plasiic landl 
genotypic backgroUnd of ni/1n bchean. The ir'abilits o' th to Cenoilies to coc\ist is thl, 0\ idenl. 
The hehavior of Iatlltl(a1.tiVe traits like pod length. seCds per pod and cluslci iiniiber also, IClt 
support to this \vewy. The cs tocenetical hcha\ i(!r oi the F: hems :en )lack ,iam - iniicai 
has been reported i l)ana and their arm1phitiplOid by Siligl; et <il. Ilhe coicltsions1966). IIWSN'O. 
drawn in this stud\ are ha,cd not onls ol data frin the F1-b1,. also froi 1: t, I !lable,, 2 
and 3i. 

The protein banding patlern in the three hybrid combination appeared ii be nore siilar 
to ovale parent (1'. radiami. besides relainii ne to three bands charactcri,,tic fIblack cramn 
(Rng.rlaaVki 1985). Thus. bioCeiical C\aiuation all, indicuted C idcCC Of ,lohulii bands 
and iso/vines in the hybrid dcri\atisC that are hacteilsties iii blck Llilll, aid 1iltlmieail. 

Resistance to MYNIV and bruchid, \kas prIesCni in fi\c oll tL: line, alihu,'h it ab,,nt 
in both parentlt. The inherilaice ' oIlhc,, trail, nCd to be Irlir,21 ,tudi'd. 

These bree'dir.c, ,f2 Sriand Sle,'tioM for s eld resulted in hicuh ekliic' plc.ilL' It miunce.n 
lack .ani delnsatis es ssith lncrea,'d \ Tl. iImiiber ;t clutrs xid r,'1111iuibc. anid to 

an exteri. seitchi. 'life brccdC e ia ofl ,, (f litiii, bcrai i hehi i H Ier si\ati\ tighcablack cr1amil 
indicated rec lnilhilloio f toe chil l"em c s. h1110tl (fl 1 1 C hlack traitl,it th pitr l , o .ra 

,lac'!lll ,.nies. tc o lack s.ere 

retained b\ tIle further rccollibilnlll B\ utili/lll dillcrclm ,elt\ pc, in bith black ''rall and 
rlligLheall tile gencic inlanipulati rcoinbinanon s call be ,ie\cd 

ha,. been lost in the later pll ai 0I the chliracter, (iI crall 

iml ot character ci iibiiia ci 
with the inurigbeanl ick camit in!crspecilic h\ brid,. 
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Abstract 

A wild species, Vign.:r glabrescens (M.M. and S.), (V 1160. PI 207655) possessing 
resistance to major mungbean pests and diseases is currently being utilized in the 
AVRDC rnungbean improvement program. However, introduction of these valuable 
resistance genes from the tetroploid (2n = 44) accessions via conventional breeding 
methods was unsuccessful due to the difference in ploidy level. Therefore, to clarify 
the genome constitution of V. ilabrescens, interspecific hybrids between this species 
and three diploicl species,2n = 22). V. radiata. V. mungo and V.umbellata were derived 
and the pattern of meiotic chromosome paiing of the hybrids was aiialyzed. 

Although hybrid seeds ceased to develop two or three weeks after pollination. hybrid 
p!ants were obtained by culturing embryos with cotyledons on Vhite's medium sup
plemented with 200 mg: I of yeast extract. These hyhrids grew vigorously and flowered 
profusely under artificial short-day conditions. 

Hybrids (2n = 33) from the cross V.glabrescens x V. umbe/lata showed meiotic 
chromosome pairing with 11 univalents and 11 bivalents, indicating that V.glabrescens 
has a homologous genome with V. umbellata. Judging from the morphology of V. 
glabrescens. the above-mentioned meiotic data, and the fact that hybrids between V. 
umbellata and V. angularis form 11 bivalents regularly, it is suggested that V. 
glabrescens has the genome of V. angularis. 

Hybrids (2n = 33) from cross V. glabrescens x V. radiata and V. Plabrescens x 
V. mungo showed irregular chromosome pairing with considerably lower frequency of 
bivalent formation indicating that the genomes of V. radiata and V. niungo are not 
included in l/. glabrescens. The candidate for a donor species of another genome, which 
is cross compatible with V.angularis. needs to be searched for from among other species 
not examined in the present study. 

Introduction 

.-\ llatural t(ctaphlI I iIt.. 1' , , .'n 1'I 207W55).I,*, .! iiti -44) (% I I(Ol, io" e. , 
1i,,c )(I Ilhi, .,pcic,,is c Irrcnl% ulii/cd1Leis atMcC to nta.ijor l1tn10 lcdl ),!,t, 'id Aci D.\C\I' ) 


in til..\V lnucan ipr lcill ,'r',nn ,L Iiirnindc,' ,:nd Sht.nlltJtu1d'<n'ni in
IlW!)C nJe\ 
theseC I++lo(:CeCdiIlL', ll++,. l h ' i t l Ithe',,. ,tlCl"I,.-l~ l,+' r tql hl', tetraplillt Iotkl l 110111." c 

1I'.C '1,/H I'C.L'LltLtr ,I t %tcl tIC i 111i Ill1 nn ihi.tl , J!t 11nCi ,I,'ll" ,11 I I [ 22 1 11 11 1111, 11d I,,t~ tl..tiideICc 

hl [ti~l Ilc c.to hc all anllplildiplI ld h tl iti alOuht IIl (i\% iidcll ct al. IQ73). tc CtllA rela
lioll liiphcttk ccn I'. /,Ar, .iId the .ld,1tt difphl~ d I ip, IrtpCCICS. !]h\C\ ff. ha, lit heen 
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analvzed \et. To cla tri' the e2n InII If I'. %,i I. betweenc ils it ti hihn'.j. ile rspecific h hride( 
this species and three diploid species (211 - 22). I'. ,mhiii. i'. and I'. umbelhi. wereau,'o 
derived and the pattern of mleiilic chromtlotIi+e pitilil!i tf the hvhrids were Itl/vId. 

Materials and Methods 

The materials used in the present iiterCspCitfi.C l hridi/"titt atC listed inl Table I 

Table I. The strains of Vigno species involved i interspecific hybridization. 
P1 ntumber or 

Species Parti desgnator AVRDC no. Origin 

V glabrescens PI 207655 V 1I160 Philippines 
V rodicta P1 377276 V 1856 India 
V niungo Pu-4 10 Tc 2210 IARI 

1-92' Nepal 
V urnbellato S-9 I 

1-275 Nepal 
Amphidiploid V 1856 , S-9 MRI 51 AVRDC 

betwec, V 
radiato ., V 
urn bellato 

l'i;,',iu k'I/,lri+'rP!\ ,ccd %%xis Ic til tihe PlantI ib)ltt tin1 I'hilIppincs thrulgh Rctiirnal 
ltitriidictIoI0 StlhII11 Jt lI\pcrlui c'i t. ( 1CitlIli It IIIll).\2() 7 55)i (Sv, iidcll cta. IkYT3 
51 is in .it pltinnph'ipd kdctc,1t1it Ilt :1 II I 1'(h/h(I IV 1 5I ) , I'. tli,,b/hlhthe I-

,'S-9I'll .A<tV I 2' ,idI nil/ l -2,cini IBPGR)( nr'-, , ( 275) vderc cllected I)\ 
iii Nepal. 

All t ( ns cli'\, pll , Ii IIsshiiilc ;tt illt Ntlo l Institute tft(, .c ,tccc., \, Ql' Ii iito .t i.
\eriiiifit~h- c,l tc.,,utc,. I I;it.iLt. I-:kif ',it c, fliiv ers \..' c.attlc d just belhire 
the hlttc, iipCI'd X111 rl PLdktcI\ luIllitcul ill c'iaIthtiuc fhtrcatttci. the l\\els Vcrc' hZxced 
Ill )rdC'l ItO fpi C, l "mo~llttll 1,tlh n. 

-el1111 d lh +','CI]h1W 110d,',,%%110 IL' dJ.h p ll t 1if1,t. h;ti It) de',L'h ) tw it,) thr,.ce %\uck, 
alltcr pit) lllCt l) C. V CI c 1 ' Is the tIic C'iii i\Ii I hC''h Ill It) l thC h1 b '., LIi't i\. litt iS

",\%,creC :i,,'cd fr1 ) tile' p,, ,,d t,) ,,lrlu \, c'k aILuc plh, llli ol+l AI;tllU tI'Cd (111W hllle's, Il itllin 

1'6.) ICI'tit, nih 10 \c't '\tt, r\ei.(\ hite ,ipll \ 2t)1 .) I,,t C file rCs ttie ,cedltis 
tranlslante.d I(, %,;n'"]p )ti, h klcd %,,0 \cl'1111,tllilc I ,Ittcl. Ilhct,\ , le' iln ' ll tlansll'l teLd t) .0' 
lite'r plasti". 1)1t. 'Aitlh JTnd t IdC IlhCsC h1 hrids.fliled 101If \klr t 1\,,n tile LlJ',h +tlsc. r 

~ll,}d Jtt.II,\%C) '(11l HC\ lC rillicl.i~~ ai ,it lI," I1r,)lu,,+.\ Ill IH.ihtl ft ,shol-t-daN'. ,Conditons 

(9 h da\. 
I:(mf [Ie1 ) lt ~ llld l~l W'tl,tlll _ mlitht.r, kk\L'Ic l\w ,d ill ikclUiIc il' L'ohol ( 1:31. 

('hrti11hmt)siuc t1112 \k ts ib', cd il11ic' tf1t Illtitphiitc I VI i o poillcn tilltother cells (PNICs) 
111n1 tht2 ),.;I "%ILliVl,h 11lL'Ih )d.[Ile II11 

Resultc wid Discussion 

Embryo Culture 

The results of emhr\ 0 culurC aid hybrid plint, ob!tainCd are stunmarized in Table 2. The 
success of enibrio rescue and interspecitic lvhridiatii n between V 1160 and other diploid Vi,,na 
was high ,. hen V 100 was used as the teiale parent. However, hetween tetraploid. V 1160 
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Table 2. 	 Results of embryo culture of interspecific hybrids among Vigna species. 

Embryos Embryos Seedlings Plants 
Cross combination cultured germinated obtained obtained 

(nto I Ino I(no no(10 1 
V 1160 x V r- 12 7 (58 -, I18 I 18,; 
Vr V 1160 31 4 113oi 0i0, 0(0CI 
V 1160 V m' 16 II 169L, 10 (63 9 (56: I 
MR 51 V i' 10 3 30: i I 110-i I 10 
V 1160 V t' 39 36 19 2--1 35 (89"I 25 64 j 
MR SI . V 1160 32 28 i88 28 (87 it,. 21 (66Mpi 

V 1160 MR 51 3 0(0 i', 010 O0 : 

V rad "ta.'r,.,' V ii PriipC A ( vs,iuPLr,!I, I 
par-i 

,nid NI R 51 I 1L' I,c ' rIC L nl Lcn ' I I Is t*, INc'I d, (hL I"'IIilcI u ICn!. I icNc riuLltS 
I Iinldicate.d If 'I Or'fiLiiiui(r i h lchis I . I'll ,i tlci diil]i id I I,' IitiiIIiCFn. ic, l h 11dI '.I ,//1 

sl ,,cs ir i 1tI1I 1111k 1,10 A N' llIiiiirICl'l h\ i ii 

Meiotic Chromosome Pairing of Hybrids 

'1l1i ,i\ria iLLrir11rliricr ,f rht . .... l l 11I Ii fl II 11N( 1 III Iii ,IljciIficl lhridds 
CVii1iiicLd ihVl, 11 [ lA ,'Nr.iICIIII llt' 3 

Table 3 	 Averaye frequency of chromosome pairing of tLk interspecific hybrids at the first 
illetaphase 

No of cells Cli .mosome pairing 
Cross combimaton 2n- observed I II II 

ring rod total 

V glabrescens .. V tiuucioio 
V 1160 . V 1856 33 41 18.6 1 8 48 66 04 

V glabrescens - murzg 
V 1160 Tc 2210 33 34 183 I I 58 6.9 03 
V 1160. 1-92 33 13 15 8 1.3 5 8 71 1,0 

V glabrescens • '* nbetlota 
V 1160 - 1-275 33 31 11.1 75 34 109 00 
(anmphicdip;i D)T1',,' V rdilato 

and V 
MR 51 

umbelln., 
- V 1B16 

, V glbrescens 
44 42 110 90 7.4 164 0 1 

amphlidiplod bu .', 
2 

r diol 
and V uti icdto 
MRSI 44 29 09 98 11 8 21 6 00 

lic tr'_Lr mnr'lilir _liiiiuinc jxinInI II1 I. ct/i"o n1 •. rahihhl I" I SO) h\hrid 
(2n _ Il",i,0( 1 isacICn I - 0r.h0 ii\il.'l i .Nl,I I -,lk 4 ., Id i 1) - iii[ lr'ii( . I'li'c.ti 

hllM IrcriC'lc \ AAI hi\ i'i l II lil Illi %Ldi i l'i Cc iid I I It 1 11C h' tIr'! l )'ui rlCd\A 'Cr' 
Ili)i A,-[),ri Ie r IAL p . l:ir I i UIL II Stir I c u II I I ld tlI l Il 'C'.- qilllII' 1 I '. IrIdi/ h I. 

'lot illCuidL eJd n111. 1 , ',i' , 
[lie a\cri r ilititiA: ClirIIlhIAAl li1' pailine A i h hrid ( 2n 33 h)r (s Ccll I 1 / ." . 

anld I it(\iiO1C 1 I., Ic 221W 'iia IS.." niisilcnl" - im ) isaltlc'll 'i1 I I. I rin,.' 
rods) - (.3 Iris ICi'[N. "lie' I A,llrCstIClLc il his *lcIN I ii hc h hdiii' !NcLI [ucIlosh1 )ililoe.'. ihe 

betlween 	ihc ec iliiri s of 1. C/i, fl',, ,dI rl d ssIh I p) (',II' /mn11'o thrirI\ h IL 21 1 ."(2 

C tt. pc AI oni0s nilc 
cintiwu ralin l i ti.aIll ii t . - 7 I II ;IlCr'IlIi I.' li!.!'. 5.S 10d') - 1.,11\i lr' (it I h' 

hectIll 	 I'. 1'/a/iiesut N ( il m1 i I l ".l:I !\d I 1'. 11,12 1i NhIii55CAI Ihe clhi 



a\'crau! ( iiOurc 2). TIcc I Lt ! ifhl,lit.'tL' (ha I . ' 1)/1ir)A n10l d I tI[OLILI. IA tlIOC. I'OSSCS,, 

lo tic Cotlmar\. trll0id h\t 1 . ,, 2n .',1) 1 1'. i,'h/lWc.N Icp, . I" tn )!M'/at/ Shw\, Cd 11n 
i\rI' . culiuu tu trati n I I. I uni\l. nts - 1 ).9 hi\ulclt.b, (7.5 rinm - i .,.4 ro l,. , otrc \ r. IIIt()" 

of th i\ untI, kIhCr\cd , cc, . cIh a cta,:,tCidtd (litutc 3). This rcsult indicates that 1". 
.'ItI]iri'.-fl., i1,1', ;.a hast L [ 'ut iutum . ith I'. l hll. 

Figure I
 
Meictic chromosome pairing in triploid (2n = 33)
 

"1""between 	 V. glabrescens x V. radiata (V 1856). 

I ,' ... "'. 

i .	 Figure 2. 
0 	 Meiotic chromosome configuration of triploid (2n

2 = 3 between V glabrescens x V. mungo (1-92). 

Figure 3 
Meciouc chromosome configuration of triploids 

.. .... (2n = 33) between V glabrescens x V. umbellata. 

Ihc .l'Wcr1zc. rcinlih ,l.mul'i ll1 I NIR 5kI1hich 4I* I' ,J uml I21 	 'Jpoita ii , 

a lipmh!".p d 	 II tuft1,, I/00 . I la cil, hk alcut1i;,!]] 	 ), NOW , tIi 21. ( t (9.8 riQ.L,
I II ,' It'll, I u ! [I]t[~111t , un11. ll 1112r\.I',C\i)ClCd 110111 'the ,un11h dilqtld. II\ ritls 

i'tA Lmi n < '',1d l'o, ll\.theI I'IIlL .L tt.IKl1 -1-4 1 IR ilI I i Ik t.lL ( I I I.A) tlm lll\j
P )' -4 hibl',,] ll', 0 ) 1I 1 II.' "1 I t P'; '.' t.,-11 OIC, ;I\ C~lkt '. r..C 
\m.ilh IlIL' i\ .L1,ili.Li u 'Ic ., ,I IL-i't:,. ,.lii'ilm ' .'ij iilm , in I. ,//n-ir', ei.,, I" Pilt/Iij(~I llld
Ik ,tith I, l, I~ ' ! !,11,'i t, p im ,111. a r(N i a h t n 

, 	 c 11211111, dit-C_.,01n,.i..,t.'n 

hi] I." I IdC lliI\ , 	 iuh i C I. h ll [l, ji C,._',1 p1,llhl 11111 llindii . "imi~i.'.. I. '.sc'll. 
rha" o II daI.c, 1 r lI I I I 'I H: ' Iha I 1111 III I Iq [ Ih ' (,ll]l tl I LI1 i e t il uIaro, Ahtu,,. .lhllll s t. 

-.\c,.,MIm_' I,, \ nIIIIn ILI;ll i ). I l 1'. amni/m 't. l . lih'aiutm -- u'I/t,//11h d h\hr0 tids 
llll i II ,l ,I1 ,llhanld'llpllcu , \k,i, c,,tinm a rclaitiILu . it\ 1n 	 -(', a.mu c\ hitdh dc 'rcc ot" 
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fertility. Chlet ct al. (1983) also reported rclali el\ hic i fertiitv of the hybrid betWleen I'. 
in1u'lris and 1". ian/h/h Thi cv ide rc,, ste1cst, 111'an 1'. wi/n/htlln and I '. inlt l /, i. sh'are 

a hoiolt ous geCfll, %I, ilh each other. 

Jttdghtl tromi the present lliclotic data (lahlc 3). tilt: Iollrphto . it I'. 1'/n'n"n. , and 
the act that chromi:osomiie pairi , risNl',r ", i I hI ,alent, in tle hhrid lt,.cen I'. urn/u//la
arid 1. i,'ngtrin (Ahn and Hlaltrinl IMA77. ,e c .ludne that eithcr I'. ,li ,,hlisor 1'. wumclaiw 
donatles one lx uehrr+,(cenOlne. o.f. It. Additional C%toloicIal llnatin of thet M,o ol \; 
hbrM,Ili t, I . ' 1''. (tI lI i, to the aht lc .lilt.tx.+ctl i'A.;'it. ri,\ (Wel.led SU[)II01rt o lsio l. 

I '. J , al,ilotlaploll of I'. Iltm,'ii' i, 01 air alli[n hidilfiI betv,cci i. f,,xdtt/ .,,O/ is, 

and I'. tIIt/,','/l/t . tile i.tll ti tlhl Il II lili alCllt, - I I h l nt, 1 e\l)C tCd to OCCLIu itn 
the triplid hluidl 122n 33 . I*. t' b ,'t I . -10litlaand I'. /1db I tcocil I mull,,' 
sIa resllt 01attltl , deitiLal chrtu10 SOHIn pCirte. I iu\Ve\ Cr. thIll', h, lrib dx ,hlo,,,cd . nsidCrahl 

.l , l'rl.lell,. Of h1-1alei t hltlthlo Hl ,edi ,l the prl -.neli itl .li'd ita. I I'l.\ is !l(;l 
l.'0Hitl,..u tl hI all ;tlteH l apt dti (tuI I .hlut ,i . n i ll aitiphidiphlud bct', it I+. t ',t i.i 

aind. 1'. u tu l l+ 

dlli l .M I I" 'Wl, I'/n hii'll thet N *cl'.'x t I .l' c ,Int,ii", *...'/11 I 11t \Li heCtll IdCltifi,.d. 
lhe calldidatl.' a". di o: .pc,lic. i ;inothlr el nii:. \\hloh i' ,tllclt ilt lI til I , ttl'I/rll or 
I. tit/1)4/1h bUt ,ls x u111ipatibl c h i proxiuc at hrhl that ,.in he doubled hi prodte.iu ac 
alfertile atphidiploid. nee, , be , rhte ;t ,i, the olierh,[ t ii illed ill thel ti eU 
pl.cxellt ,tll\. 
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Hybridization in the Genus Vigna 
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Abstract 

Restricted gene flow between the four speci>:. Vigna radiata, V. mungo, V. 
umbellata and V. angularis limits the potential for improved production and adaptation 
of these species in different agroecological systems. It had been reported earlier that 
restriction of gene flow between these species was partly due to hybrid inviability and 
partly due to chromosomal differentiation. 

The effect of increasing the range of parental genotypes used in the production
of hybrids was investigated at Southampton. A large number of crosses, both at inter
and intraspecific levels was made. Our results indicated that genotypic variation might 
be playing a greater role in the successful intei'specifit, nybridization between these 
species than generally appreciated. We were able to produce successful hybrids 
between species using conventional methods which had been obtained previously only
through embryo culture. Colchiploids were produced from several different interspecific 
hybrids and a range of poller, fertility (27% to 87% assessed from pollen stainability) 
was noted. The C2 produced from V. radiata and V. umbellata showed 63.2% pollen 
stainability indicating a probable high level of homologous ri;rornosome pairing in 
meiosis. 

Introduction 

Intsrspcific liv hrtdization hcivMccn1 Cortpatihle Spcice which prOducC at leas. partiatly-fertilc 
h\hrids call 2rCatl\ cnlarge thc Lcnctic hazc o indi\ Idual agricultural specic. Narrow genetic 
bases la\, Iiuiltcd iniprociicnt o( m food lciimrcs and atbroader genctic hasc la permit
sinificant inctcasc, 11 l'] ()JLtl\ it% 1t1l d l'2 1urC.,. llh'. cnlarecment of' tilegcnCpo)l and 
the llhaltClicil to r(wmifin to prodtcc ;a cura ran-'ce t dsirahlc Lcnotvpc, is of mreat 
m1.111~mcc 

Intrpc i'ic lh\l di/tailm h)c',ic I A i l C'l,,,11n.inC-iothe .2cinlu 17 d has.i,tcc 1 
altteiptcd and vain1 dccc t ,,cc, I.Al 1978. Chunk' t 1\ c bcn rCported anid ihatti an 
et al. 198.3. (.hlidhtimi- aid (h, dhir\ l(I77. LX3, )1i9 l)Ji. laclhado c ati. 108-1. Shail
mua. cilliC1 al.1983. 98.4 .n cornipatibilit\ hctmccn ic liul pcCis ,I ,'na iadiatol..I \;ilczek 
(m1ungheall). 1'. l. ii lclppcr 11,i1d l cra 1unithC 01uot', bW ,ck . 11 tirh-. \h i and ()hashi 
Irice )ean)and I'. amiu ari i\Villd. I (hM i ild ()l'l'i (adAiuki bcan i hampers tis translsr of 
genes and Iitits the potcntial Ihr iip\ cdiproductioni lld adaptation of lhcS spcciC> in ditTerent 
agroecotogical s im.T %. cOuld increase the a Lncpool for tci'brecdingc l .idC crosses ailablc 
of these fou r specic,,. 

An inVCstimatiOln \SalMade al So1thaillpllpo alcilipt t0 tlraliscr uScl'ti betweenin anil 1lCne 
these tour by nlntbinicr of 'crosss, both a ticl inilr'a- and intersp:Cific levels, byp cics a larlc's 
u.siine lar.e l)arcsltal ecncp00ls. 
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Materials and Methods 

,A total l.' 1 ) iie lines lfir l I 'l .;.t\i SpLL'icN , ohltamcn d flom the Asian Ve-etahl 
Research and lII,'\Lhm)IuIInt CLI~tlI T\IR)('"hL\ I . rl#'" I (10). "', m oio. (7), I.i. 

umbe/lata (3) and I' cilo(lh 'LI W' ). i \ I i nbc/1I i.l r 1'. r ailho ls)and three(\',ild t.p 
1lmltlo(\Wil t.pc,,) \ crc nitmI3htaIIL it.t .LRNll MILmclal. (ieillllhitl\ Ic-'ilim (Table 1). 

Table I Vigno spp inm,, osed in the experiment.' 

V radictrn ' ,' ,le/ t V angulari 
(munebcan i blkc!, prain, ,cc beanp tmdzuimbean) 

MB 1067 BG 30-12 RB 4003 AZ 5002 
MB I 25A BG 3061 RB 4050 AZ 5006 
MB 1955 BG 3083 RB .4072 AZ 5015 
MB 2105 BG 3115 RB 42" AZ 5017 
MB 2924 BG 31 18 RB 50' AZ 5045 
VC 1560D BF 3;19 RB 137' AZ 5046 
VC 1628A BG 3140 RB 204' AZ 5047 
VC 1973A BG 63 " RB 217' AZ 5056 
VC 2764A BG 968' RB 300' AZ 5063 
VC 2768A BG 969" AZ 5081 
M B 366 
MB 63-; 
M!B 867' 
MB 1012' 

A P' t"-1:I, c11I~Ci"I'.C 1 G r .Io j B ligl LIr11) 

The cf> \ Cic ,. 1I I , ,, !tt :. inn,. .h1 ih IHI. N . 2 cO )llt1 ,t ill -.ktJO,LIsC-, dt 
sinllhalliptoll I luI\t1.t\ hIm. ht l'i "' I':1[Iiri12 .i .Ittll l\. I 'iiLLi l oll tIll illtimttll 
\\e'e :JITI,ii ()LII I L' II\ 'i i I11,c 1[uc LIccri',cd bh\]0tl Al.' tcI.hnt+_ etL'I 
1611 111\\c, I l-, i h ri h/,ti In l' t ,,>.u I II ,nic,IhI ltLt lla-,Cr0 t1 1 \,,Cr,, poilinIttcd. 

,tIlecttltll i+ L I L' ,c! Ii. 't 1rh1 111C IlillII I + JIL lLl 1! llLL ti ticI )1 II l t, l a l oll 

Pte LmItii eidL' I Ii clc m rl1di ['L1ml>, 1-1. 

P"( Ie tn hL)llt \I\, L" [I hiLl 1 1)1h1It 1 1' thi I'LIC ItI l .Ili i I. l(k., iii he ( I() .1l]m11i1A . 
ThI CI, t,.h eUtI) I f( ( ,tl AcledB.1it'tIlI i l I %k1, It1c ll I II Ll !IH IV \ il li t 't i1 it %\ ll(-,111todifi ,,: 1t 11",. lill,- Cl l 11'd )1ultl~lrIc, L' C Ii llt Ik~ !Lcc 1 .;1 \ 11-%, I )I 1 1;'[L.' Ltf 'k" IL"', Ill A tCllpL'r' tll'C

Cmttl'ollc., n)i1111 '!l 2 (' miel'% tiell rCd ti J I -l l1,(\ li 1:Ih the a,,leCicc 't l,, (lli(Iml :11 
[CII~ CI';ILII''."l .tLt\[Cl',I t r !Ile C'llthIq \t)1 \\tIL'lc '111 ,1 'L'l'rkd III ] I'Sh llvLd ikl.1 

Results and Discussion 

Crossability Studies 

Crossability between V. radiata and V. mungo. Poid ,ct mmas32.3 2 ";and 27.08(; wheti 
V. w 1it and I'. mm%mnl,',cr' n,d a,, l*n'k' ptrlint, rcpc,.. iciI lahle 2 j. The best conilinatiin 
v,hich produced the highc,,t prci"ntl c 10(,.-' 1I ll ',t ma 1'. rm/iah; VC 156)10)) x I. 
mun., (BG 31 ,. I)itcrcnc,, Inl 11()et an priductiti 0tli'I pI ds \.ere considerahle 
whell dileret ,cuhti ats" I I'11/h I 'ild I , crc us c l 'ornst', ,Cl ied frot 

c I bIm :II ilI, sI-,, cell If13.3 to 6 . 7 tn) the I L II m e ,Mi%, es Ld it ccit t a rem\% te species 
used. The pd, that \, crc set dc\ chlm ,.d ,Irnl,!\ t, l.itritI but had I , (Iiltlereu t I\pes of 
cointcll,: ,ccds %\ith ,oli., pr ittl llitilled tctac ld ClId sed,,. Nonet aMture sCds \were"ccip tit le 
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Table 2. Results of interspecific hybridization of the genus Vigna Savi. 

Combination 
female x male 

Polliniatiui 
(nofI 

Fallen 
flowers 

no 1 

Pod 
set 
, ) 

Ma IurC 
pods 
(no I 

Mature 
pod ferti-

lized ovleCs 

Mature 
seeds (normal 

t shriveled 

Mature 
seeds polli

r.ation 

no1 (no.) (no.) 
V radiate x 755 511 3232 82 502 1411 0 186 

V. mungo 
V. mungo x 719 520 2768 85 248 68 0094 
, radiate 

V radiate x 648 469 27.62 32 250 30 0,046 
V umbellata 

V umbellate x 300 229 23.67 4 23 12 0.040 
V radiate 

V radirta x 72 71 1.39 0 0 0 0.000 
V anguloris 

V angularis ", 185 124 32.97 I I I 0.005 
V radiate 

V ruringo x 884 571 35.41 140 371 135 0.153 
V umbellata 

V unibellato x 271 189 30.26 3 19 5 0.018 
V mungo 

V mungo -. 82 69 15.85 2 3 2 0024 
V angularis 

V anrularis 177 113 36.16 I 4 2 0.011 
V nruingo 

V umbellate 54 38 2963 4 16 9 0.167 
V angularis 

V angularis < 133 66 50 38 24 86 20 0 150 
V. umbellate 

ni'rmial i.e. [ilnirpi. lhe\ sscre either cinkled or slinhfl\ shridCII a0d SOrirvlirue'. the SCed 
cili \5.?i split. 

In Inc recip',Cal :rosscs. the cnomhuiatins ,(.1 .- C -2164A. B • NIB 2924.\311 3183 
BG 31)42 NIB 210)5 arid H( 115 . NIB 29 24 produced the highest percCnta C) pod Se1. 

depclelil, the cinL*ihialirOn Of paellCtal I'aIl-CedPod set % i id il line.,, Used r rIll S.7 I; to 75 1; 
,Soiiti pod de\, coliliile ippcaled IWIirral C\ er liitug pd. sU.LIuntl, atolled. 
to devchip inrilalli to irattirits . I iCsC Illiturlle piOds ciitairred pillii t-filled aid einipt\ seeds 
()ne innraspccilic cOniimatiiion i HG((635 - W;H314)1 (I. MIB 1(67 • VU(" lll))c:i 
a l1xhrid which IisI 

,s ()ihle[rs C1oti1ued 

!rs 
sUhsItIheClC %%e'v. no10 itiAl. Initial harrier, 10r the crs,,, 1'. Olhi,;fil - 1' /n1 ,l\'o as the tes',Lltls 

shos a hi,.g'h nuuiihcr (i pod sel. lhe p oduction (itiailc and i', ihic ,Cols in this cross sggested 
that tile harriers pC-atCd ill the o>,urse Ol ,trrsuinersi,. HLII IC o' tertili/Cd ustiles in 
iature poLds ssas ttitr Iugh iL thIl, ,ros, ant this tdli,, c npati ilih!, ccirred hetss cernthat 

the bl\ ard Itsis supprt1%, ' i'ldisperii iild slspI',tensor. the rlcpr cal Crosses. otne 
viable seed s,a, oltainred. arlr. piatlti' '.".ere priodUled s lhen erilir, s,e+e Cactirr.,s cultured 
tht increasing the rangC 0f [,arental gCnot,, ujes lihche Itpful in tle Irepriuctiun itl tils i, hrid. 
Thus. tratslrrine useful -uiCs frotll il'ack rtnu Io uniirthea,i rihd lhe pssihlc. 

Cruss-ctllpaihrlit., stUdiCs of 1'. h'ditftl' - 1". nI iu., s1hiis Cd that v, h.n n 1imheart NIB 
21()5 was used is seed parct.lt the,: Liilher Of nature seed-, per plltllatiit was,, ,cter thair when 
black urarn G 3.42 11,'!tsusCd. [he beha, ior of li l'id pl'tis dit'lr-ed. cepeCndin, upon th
parental Cult iV'ar used. 1973A.-\ 3161 ivcost , i.irul'The FI plants of \C BG cress lint irt 
characteristics the. re,,enibled theinmaternal parents. VC 1560)D B10 30061 . MB 21(15 x BG 
3119 and .N1 21105 , HG 31401giress shuIA k liut died alter pro0ducitn a iess llM es. NIB 2105 
" BG 3)42 grc 111Mk but did iut die inlid mire flowering , ad occutred. The Fi plants wi'e 

http:parct.lt
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partially fertile and tloxkcted prolusel\ Mid onfliiLSl,\ hut p)d slt was \'U \ iow. Matu re podS 
harvested from el'-pollinated owers lisll\ conlaiiled one oir occasionally two ftullV-deeloped 
seeds. Many a0rted Pollen of Ihlles h\hrids vrvI)odS ,.xnlatureil\. fCrtility Fi \as low. 
ranging Iron 7.0) '" to 27. IX; ( 'rablc 3 1. But plollen fertiIit\ of the F,. ra.Ctio w\as, higherc1, 
than in tle h\ htid r II .0';FI ind lrol] to 40.)2',1 

Table 3. Pollen scainabihty of Vigna radiato x V mungo. 

Parcnts Count Mean S D Range 
stained t ), l IS11 

MB 2105 5042 5128 98 56 0 23 98 25 - 9888 
BG 3042 3347 3699 90 13 7 53 7829- 96.49 
F, jMB 2105 '- BG 30421 144 378 15 67 7.89 769- 27 18 
F, (MB 205 , BG 3042) 644 3047 27 15 16 74 II 60 -4602 
Colchicine-treated F t 12 402 27 86 27 86 from one 

(MB 2105 :, BG 30421 plant only 
Cl 381 (l0, 34.48 34.48 from one 

plant only 
:SD = I d! , 1 (',-t 

Soiic of tI., tliits of .MB 21(05 - hG 3(042 rsCenlthflCd tIle IteiaCle p',arCnt Il certain 
c.ha t erisltic, he iIel' pIrellit ill tilier iltact rltic,. or \\ elc ilntereilIdiatc h cc!) the parelts. 
CharactcrittI, oi tie 1nil ipntntc \ptrd,ci ll I., 1 bridl r ,.L'..I%either! d hiniiait, ot 
IlnitIplete tliiiiai m.k'Il rs \ tiLe ttlc o l rhohiMs (Chellciitr'eCtil titllk to rciil\ ;Lith'Ii \ 
ct al. 1 .- 4 'it ari IsrIL it t '.U ',,AcrC h lts,,Mn Pod. Ilti color. 
laI'I length \', itli 11 ,W i i1lI t. I'IkIir l, . lh.Id theiI11hi:il' pIIrent. it. e\ ture0 pod 

),.i. ,eul , ti''.' er p[ Ilila', 

lCn.a 
0 t11t. It, pl t)..1,0 III(itlI. IIllt I.l littII II a tht21N L 1lt 0 . aI 1 t\ I I, c il I.\V. '' IIIirger at.o I Ill 
hoth parents, \0hit, pod Il't a i e,L'Cdp.' odI ,. ee I,, el I alC 41 lhC tackcroses of till 
F, hs0b l tihI, h pol nli , ' 111m liat I ,,',,' I\ Ict lL i t v,\A, tile 11tot tili intersi 
of nillIbIh L0.I i ai 'e ',I".CCI;et pColliIatIItAilcc p) c le IC rtili/ed in absCiWLed pIods. \ liIL' 

\a-'. ,hi.iilted lic of rtr , Mhere 
drolpptd () %a\aIh_'e 1rolliiIIortr. I ho ' iIt sll sli %Ced'Ae -ites, and cecdlin death. None 
i thile phiiti, J'a, \ 1i2. 1ti'it th. I is id,. 

t Ile ast -trc<e", ' iroi aL.kei,,, 1'. i,,, I.; all tile ohsmers 

Crossability between V. radiata x V. umbellata. The cros I*. rtdioo - 1'. umh/l/lau 
\wIs etrLC',1,Il hen I'. ;,hul'iti i'u i s ille.tIC pirLlli. oldt set \A s 27.02(; on I*. tadiahl 
and 23.67'; )il 1'. iom/i'cl]a i'11t1l 2)b. Thle tnliiiber 4tialturC pood, \as 32 tt I'. '/iaha htll 
otl itur tit I'. ,,i r 'AIch plllillcd u, slri % CleklSeeds eiltalnil. %ilale eahIvto'. Pod 
set V,,as different htcci the paretnal .Leni\ pLes u,d. ('rosses tit %11i1L)5. , RH 4)0)3. MB 
2105 RH 247. NIH 2,)2- Rii 2 rird NIB 2S11 RB 41151 aivethe highest Ipod set. 
The Colbinatio NINI H I ) R1 40113 produced ilost vb,thl seed All tile h\'hrid seeds 
UCi MIhkiat l lld ptoliciit.d rIitIIrc 1lit, No!neo l0the 11rINCled sed produced otf I" 1m/,ll/at, 
cci lli nteh.d. 

of 'litits ' IItt C stnL' c hele'o'.. iii i 10.r\i nitialh itu \ Iit)iu,, tl ' sIC li ti. 
,cfrtinatioi lriabtt of h0 hrid scedlinie' Va', i intertiCdiate hetmcen the prarental species '.Ahih was 
epicual !ot I'. radal,,' ind ix. po Lrail 1 rmi/r//b o 51. The h tbrid plantn , 'Aere ;list)Ir i'late 

interntrcditc tur tihe petiole letr'th of lriiiiarx leascs. F; plaits, lltsercd ptllusiCl\ aId 
contIt)UoL.\ 1or a piohuin'Cd period hut ,et les\ pols hiit ahc,,:iscd aIle'r about tw1o e\',s. 
None of the tckcro,,se, producCd IllatLlrC poiMls Aho:ised pods shoted that cnirros ahorted. 
piohahl. due t) the incoitatihilitx of tile partii:il 'cInoncs.Attempts ,\.ere made to enhance 
retentiru (f pirds \ NAA theAre [nature. Bit tlhCse pods at inaIurit\ith kinctin. aId GA unliI tilet\ 
ColltailI''dshrIvel se'ds. 'hICmhr t,, lltntl',e podsh L';iI he rescued (Tahle 64. PoII en \iaihility 
ranged froinl 2. 17< to '4,64'; coihpared to o\Ci ti('; ill the parentr.al species (lahle 7). Fi 
plants \wcre apparentl detcrniinatc hiOr thle first fe\\ itiith,, htl hecaine itdeterininate after four 

http:parentr.al
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Table 4. Hybrid characteristics from crosses between Vigna radiata cv.
 
MB 2105 x V. mungo cv. BG 3042. 

Parents 	 F! 
C haracters 	 P.r... . . . ... . .
 

hybridMB 2105 BG 3042 

Nature of germination Epigeal Epigeal Epigeal
 
Pod length (cm) 5.22 437 2.10
 

S.D -0.65 	 0.44 0.20 
Pod color when mature Brown Black Dark brown 
Pollen fertility (0j 98.56 90.13 15.67 

S.D 0.23 7.53 7.89 
Seed color Green Black Blackish green 
Seed size (cm) 

(I) Length 	 0.413 0.516 0.582 
S.D. 	 0.035 0.041 0.094 

(2) Width 0.356 0.432 0419 
S.D, 0.012 0.023 0,005 

(3) Ratio (L W ) 1.160 1 194 1,389 
S.D 0.1 15 0.060 0.100 

Hypocotyl length jcm) 4.02 3.33 2.73 
S.D. 0.943 0503 1.210 

Primary leaf cm) 
(I) Length 	 3,09 3.02 4.85 

S.D. 	 0 729 0 535 0.698 
(2) W idth 	 0.98 I 16 1.78 

SD 0.244 0 232 0.190 
13i Ratio L Wi 3.15 260 272 

S.D 0.280 0 320 0 155 
Hars on pod Many Few Few 
Flower color Light yellow Deep yellow Deep ellow 

ZSD = standard de.,ation 

Table 5. Comparison of morphological characteristics of Vigna radiato x V. umbellata. 

Parents F1 Colchicine- C 
Character MB 1955 RB .4003 MB 1955 x treated Fi MB 1955 x 

RB 4003 hybrids RB 4003 

Nature of 
germination Epigeal Hypogeal Intermediate - Intermediate 

Hypocotyl 
length (crn 3.72 0 2.2 - 1.07 
SD.Z 1.12 0 0.32 - 0.23 

Petiole cf 
primary leaves Sessile Long Short - Short 

Pod !ength (cm) 5 43 8.38 5.60 4.32 
S.D. 0 9! 1.21 - 0.76 0.78 

Pod color Blackish - Blackish Blackish 
when mature green Brown green green 

Hairs on pod Many Glabrous Glabrous Glabrous Glabrous 
Seeds per pod 7.64 7.15 - 4.30 2.40 

SD. 2 21 1.98 - 1.16 0.99 
100-seed weight (g) 3.44 7.44 - 7.59 6.28 

S.D. 0.62 I 15 - 0.33 0.17 
Seed shape 	 Small. Obong - Oblong Oblong 

globular 
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Table 5. Continued. 

Parents Fi Colchicine- C1
Character MB 1955 RB 4003 MB 1955 x treated FI MB 1955 x 

RB 4003 hybrids RB 4003 

Polien fertility i2) 95,53 97.87 14.72 73.39 82.38 
S.D. 288 I55 1044 10 18 3 99 

Pollen grain size
 
{x 10 cm) 4 54 4.43 3 21 5.76 5.92
 
S.D 007 008 079 0.17 0.74
 

Flower color Light yellow Deep yellowv Dcep yellow Deep yellow Deep yellow
 
Seed color Green Brown - Greenish Greenish
 

brown brown
 
Seed size (cm)
 
(I1Length 0 42 0.68 - 071 0.62
 

SD 0 92 0 04 - 0.02 0.04
 
(2)Width 0 33 0.39 - 0.43 0.44
 

SD. 002 0.03 - 0.01 0.04
 
(3)Ratio iLWI 127 1.74 - 1.65 1.41 

S.D. 0.09 0.40 - 0.50 0.14 
Primary 	 leaf (cm)
 
(IlLength 3 14 4 50 5.85 - 4.85
 

S.D. 072 1 22 2.55 - 1.15 
(2)Width 092 1.25 1.93 - 1.83 

S.D 023 0.30 074 - 0.44
 
13) Ratio IL W) 3.41 3.60 3.03 - 2.65
 

S.D 0.25 I 28 0.36 - 0 12 

SD =standard devation 

montls \%hen the\ produced mllall\ki\t, 	 of failure to set pod>S.eras a cotsCquence Sterility of 
the F1 could be due to lack of chrmosoial hoimisoe and resultant meiotic irregularities, IAhn 
and Hartmnn 1978. Machadii ct al. 1983. Chen et :d. 1983). 

Ciilchipliids cre produced frim cuttings of the cot upletel\ -sterile FI plants treated with 
colchicinsc. Coichicinc-trcated plants priidced pods and their mean pollen ,mnabilit\ s.oas 73.39"1 
Iraned lrim 0,4.6"; to 88. io'" ).The C 1lant, ,hvoed the 1>pical gita phenotype olf 
polyplhids inl ,cgetative and floral chartactCristiC. Seed color \ as intrCmedi,tc hut SCd ntmuher 
per pod vas onl,, 2.4 (Tablc 5). 10ll1n ,,t:inSAhilltt w~as inprded and was in ftlerange frm 
77.411; to 87.85 . N1unseriOus backcrii,,es ti the parental c ere made. (n)\ the crosses 
C, - RB 41)51) and RB 301 x C1 produced one and tv o Mature pods. rCsp,.cCliveh. Each pod 
contained onl it ilture sceds. Backcriisses of Ci to I'.radiato+ and their reciprocal 
backcrosses tailed ti produce all\ lmature pod, (Table 81. Pollen stainabilit, oI1C' ratnged fromil 
62.30 to 03.21 ';indicating prisbable hihIleels ofl n1ho1OIgus chromosomte pairing inl meiosis 
lTable 61. 

Crossability between V. radiata x V. angularis. When [". radito \as used as seed parent. 
pod set was very lo% 11.39 7 hut \cr\ high Mhen I. aflt'u1lriA v'as used (32.97" ThisU So 1). 
high percentage of pod set resulted its pods of 0.7 to 2.5 ctilength hut these abscised one to 
three weeks after pollination. Abscised pods contained no seeds and ouf1\ two to three ovules 
were fertilized belore the\ %.\erc aborted. Normall\ such pods on 1'.m ,uloris remained until 
they dried up ,ithouit dropping off. No nnturc pods x\ere obtained its the cross V.rdliato x 
V. aiguhwri.v, and otil , otetnature pod contaititng one ssature seed w\as obstained fros the crossV.agularis x I. radiuta.This seed germinated but the plant died before flowering. Diffrences 

inpod set between tl- cult ivars ratmed from 25'; to 83( . 
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Table 6. Results from application of grow,h regulators on fruit development. 

GA3 (100mg I)+ NAA GA3 (100 mg 1) + NAA 
Parents or i40 mg 1) i KIN (5 mig li 25 mg 1)+ KIN (5mg I) 
combination 
female x male Pods still present :ifter no of weeks Pods still present after no. of weeks 

I 2 3 5"5 6 I 2 ? 4 5 6 

Mungbean (MB) x x x x x x
 

Black gram (BG) x x x x x x
 
Rioc bean (RB) X x x x x x x x
 
Adzuki bean (AZ) x x x x x x
 
MB x BG x x x x x x x x
 
BG ( MB x x x x x
 
MB x RB x x x x x x x
 
RB x MB x x
 
MB x AZ x x x
 
AZ x MB x x x x
 
BG x RB x x x x x x
 

RB x BG x x x x x x
 

BG X AZ x x
 
AZ x BG x x x
 
RB x AZ x x x x x x
 

AZ x RB x x x x x
 
Fi BGBG x MB x x x x x x
 
FiBGBG RB x x x x x
 
FtRBRB MB x x
 
FiBGBG / FiRBRB x x
 
F,RBRB FiMBMB x x x x
 
FiRBRB : Fi BGBG x
 
RB x Fi BGBG x x
 
FiBGBG x Fi MBMB x
 

4. 5 o, 6 = poos matured and harvested 

Table 7. Pollen stainability of Vigno radiata x V. umbellata. 

Count Mean S.D Range
Parent stained total II 

MB 1955 6.974 7,261 9553 288 91 13 - 98,61 
RB 4003 4.850 4,975 97 37 155 9448 - 9929 

Fj (MB 1955 x RB 4003) 118 785 1472 1044 2.17 - 24.65 

Cichicine-treated Fj IMB 1955 x 3,863 5.251 73 39 10 18 64.60 - 88.19 

RB 4003) 

Ci 3.293 4,042 82 38 3.99 77.41 - 87.85 
C2 981 1,562 62 76 124 62.30 - 63.21 
C3 1,870 2,890 65 90 8 43 58.15 - 78.32 

'S.D. = standard deviation 

Chen et al. (19,83) and Ahn and Hartmiiiann ,1978 rcportcd hs hrids froimcrosses ol I'.radiata 
:'.V. (n l, uhtriA obtained h\ ellbrvo cuthur.. The\ v.crc unatle tiiproduce an F: generaltion 

because of hvbrid stcrilits,. iChr H'ntoonztl irrcLulritiCs and J loM re'IrlCuenc\ ofl"pairing for this 
species cross %kcrealso reported i..\lin and tlartnin 1978). 

Crossability between V. mungo x V. umbellata. Pid set w.as 35.4','; when V. man1tgo 
was used as seed parent. Whilc pi ,e .a 301(.2('; lien 1'.mnbellaia vas the seed parent.ISet 
OfnIv on Imture pol w.as ohtaillCd coredilrCL t,,1411 iitlained on I',onogo ITable 2). 01 tihe 
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Table 8. Results from reciprocal backcrosses of colchiploid Vignv radiata (MB) x V. umbellata 
(RB) (Ci gencraticn) to both parents,' 

CombinationColmbal PollinationPlnaon Pou set -crilized ovilesin abscised pods Fertilized ovulesin mature pods Matureseedspod 
female x male no. no.) 

C1 x Ci 47 36 17 77 15 215 
C1 x MB 9S 36.84 219 .. 
MB x Ci 44 6.94 71 - -
Cl x RB 228 47.81 807 2 20 
RB x Ci 127 3071 263 ,4 2.0 

ZMB = munghean; R. = 'ce bean 

135 nalture seeds obtained inthe cro,,s I'. tnmiw,o *:1'.tiuhli/t',. only tmso \ere normal and 
the rest were shriveled and crinkled or xer\ snilland immllaure. The tMw norml1.1 [nature seeds 
(combination of BG 311 ItB 204) cre MM n. r'ek \er slowlh, and died just hefore 
flowering. The shrivCled and CrinlkCLeeds ec erninated. 'hereSO s'MA n but none o'thei 
were differences inpod set hetcseen CnItil used iMhoth species. The hig2hes t Percentage of 
pod set was froln the BG 303 : R1 204 and 13G 3042oibilnatin ill' Rh 42. BG 31-10 
x RB 4050. Inreciprocal cri,sc,, the highcst pcrcicnlagc of pod Set 'slroin RB 42 x G 
3140 165't I. 

Crossability between V. mungo x V. angtilaris. PoLd set W:s 15.85'; Mien I'.iungo 
was used as seed pal'n and 36. (';\%[hen I'. 11"i'Iar.s \kas Ised. ()ie [nature pod \\as oltained 
from the cross I*.;m*.ri's .:m, onl\15Ik Hllnrc pods %\crc olailled when I'.n 
lillltl,'owas used asas eed p lhesc llaurc pod" eCrgeiien:lll elpty Isonls three oitllesTe. .

had produced partiall\-filled and s Isle C! t theeCer, small seed. .,ol combinaions gas e 
rise to nllV ililti seel The pod that %% set dnormal . ere t1121is',1 llttppud ot) ll\\ trthree weeks 
after pollination. Thi', \as pro,bath duC (0 the falltlic ill' CIIlW dchC opiemit (or abortion helrC 
the pod reached LInaturit\ . 

The comihinations B- 31411 * .. 51117. Wi; 311 I . A/ 5(1056. 1i 3042 : A/ 50115 and 
BG 3083 AZ 5002 ga\ e the hiLhest Ierteelu,cS ,, ,d set ,,i'o \sas Used as seedif %hen I' 


to 71'; i. Pod Sel l
parent (ranging from O'; rnilui f, il (11'; ti S3.3"' in thc reciprocal crosS 
colbiialits Z 5(047 ,,B(i 31142. A/ 5(12 (;311). \ 5A047 3(i 3140 and AZ 5045 
x BG 3140. '[he diffcrcnces in pid Set bfiCt. theC shs tileceln colasars lhdt incr'etasinLg rallge 
of parents in the crosse cani iniprile the pr1dutieun of h\ brids. h\ dtelctmi,, the inote compatible
parental oenotrl ,,pc. is possible that pamentl collbiainsmnight foundIt genotsLpc be which 
could producC Sioe eutltllabhl Ciitbrvo. Zi lIn lint obser\ alis thit iitaItlrCd podsaS it appears 
contained shri',eled seeds i itli viable cnbrs\s. 

Crossability between V. uinbellata x V. angularis. Pod set ' a 2).6'' s\hen I'.tutlltt, 
was used as 51..3 '; w hen I*. t'.' dat' \kl.,ss Used. Ilttseed parent anid i The t1otaliii her (if iatuire 
pods ohtained was (nll\four ill OtI'. - I*.(ocl/olnl l line [nature seedstile CrOSS UlO/WuN/In lAith 
obtained. Twenty shriscled sceds were otliained :i tIL tluSS Of I'. ill'a/11ari. >' 1'. umbo/huu,. 
These 20 seeds \\erecs(ili l illlie of theinl 2erlllillatcd. All IllatlUreplods \kcr either small 
or shriveled when I'.atig,'lri.s was used as secd plrt. TIlese jitIs dCelop-ed normiallI up 
to three weeks then aborted \ i1hiOviable seeds. PoIds onI1'.IMI/W110 deveIoped slo\ I,bull 

hat
abscised one to two' \weeks aher pillinatiom wiibout seed. This is pr h dbILuto fiilre of tlir'l1O 
development even though in sonic Cases peods lalured \\hiCh Contained shrivCled seeds. 

Anong the I'. uiinhb(/a cultisars used. the coi hiatihns RB 403 . .\Z 5017 and RB 
4003 x AZ 5063 gave the hiolle,,t percentage of pod set. Inthi ic'lp'iical crosses, the highest 
pod set was found inthe cimoibi;lation AZ 5046 , RB 247. Ahn and Hartniann i1978) reported 
that the hybrid of' 1'. u/helli , I". a11,'uar'i.x had regular meiosis with IIhi\'alents and a 
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high degree of chromosonle homology. It %%as also reported that the principal lactor that was 
involved in the evolution of isolation mechanisms hetmscen these two species is cytoplasmic 
differeniiation. Ahn and Hartmann (1978) and Chon et al. (1983) suggested that the effective 
isolating harrier between these species produced emhryo abortion which can be overcome by 
in vitro embryo culture. and thi technique ha., been uSCd to raie successful hybrids. 

Culture of Hybrid Embryos 

Tile responses of' enihr 'os clbe red \,tried in different crosses. The h\brid embryos were 
cultured on MurashiLce and Skooo inedinil (Table 91 and their growth responses are shown in 
Table 10. The best rowth response ws,, obsersed in 1".1adiato : V. inungo with 83.3, of 
entbrvos developing into plantlets. In the cross of 1".mllo x V".radiata,only 2 of I I embryos 
de'eloped into pl:nt!et, ,cendla,after pollination IMAP). But these enmhrvOs died after two 
wvceks. Others did not sJho, am ,igLof ,ros th. The percentage of el"iys developing into 
ph tlelts cross 1,53. Iin this %% 

Table 9. Culture medium used for Vigna Savi. 

Medium Per liter 

Murashige and Skoog salL mixture 4.7 g 
Sucrose 30.0 g 
Agar 8.0 g 
IAA 1.0 mg 
Kinetin 0.2 mg 
Casein hydrolysate 500.0 mg 

Table 10. In vitro growth response of hybrid embryos cultured (5-15 DAP' on MS -1 3 0 sucrose 
+ IAA (I mg, ) + kinetin (0.2 mg I) + :asein hydrolysate (500 mg.'l). 

Combination Embryos Plantlets Embryos which developed 

cultured (no.) formed no.) plantlets (0o) 

V. radinto x V mungo 6 5 83.3 
V. mungo x V rodiata 32 17 53.) 
V. radiata x V. umbellata 4 0 0 
V. mungo x V umbe!'ata 22 5 22.7 
V. angularis x V mungo 28 0 0 
V. ongularis x V radiata 19 0 0
 
V umbellato x V angulars 30 1 3.3
 
V. cngularis x V umbellata 33 0 0 

ZDAP : days after politnauon 

Emnbryo ulture itf' hhrid etbryos from the cross if V mungo x V. tnb/'llata was 
attempted. A total of 22 hybrid enihryos taken front 5 to 15 )AP were cultured. Only 3 of 
4 from 10 DAI (leveOped into plantlets. Fight from" seven I)AP formed callus but died after 
two weeks. These FI plantlets ,.ore vcr, wcak and died after three weeks in culture. 

In other comnhin tions such as V".ngitlarix F'. mlm,o) '. ang',lari.sx' I". tadiwa and 
V. anulari.s >, 1'. umbellata, attempts wer: also made to culture embryos. hut none of the 
embryros grew even though some of the hybrid embr\ os remained green and f'iesh in culture media. 

Rescue of hybrids bv means of embryo culture has heen carried out in man, interspecific 
crosses. These hy'brids werc normal in vegetative growl but completely sterile indicating that 
besides embryo failure. there are additional mechanisms that produce reproductive isolation (Ahn 
and Hartmaru 1978, Gosal and BaJaj 1983, Ladizinsky et al. 1985). The hybrids from the cross 
V. radiwta X V. munigo were normal in vegetative growth and were partially fertile indicating 
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that despite tile c.stahislilicni of an CI'*Cti\ C FIcprOdnCni\ c harrier he.iwcn these two spciecs.
thi McrOncUha\11C cw[lot differeniatedI frOni one another it, a great nientt. [The cidlire of hyhrid
clinb-r\) htas Cn~abcd IttI'CiSlNonl oI2nc~ \ arialhilllt to OCCnr1 inl alnuitiher of Crops whiichl 
are othicrmit: iiicoiiipalihic I(o. anld Bial~i 19 1."). lituN. CIltbr\o C1n11- McnlinrcicttIdsha'C IM\1cd 
tic w,\ ivto ohtainl Ilaint friii OiLc'r\\ IMi \ Fi', %kilI ItiJcttll\ he useful ill tiltiiatcl\aIh 1101iLI. 
hircakinc, nnta"'.1 l~iIL InaLc andI L'Liiic mM_ iiio~r%\ pL'liol)!lemi hkrid hicakdomv. The use of 
OFOrII\ii rcUnLatMI il~t 1h.IpI) IIal', hlrit d LiHilto onl dhc plant ito a Ntac-c wrc coihivim. 
L01111.1heL L\L'LI aI iltiCL "&~,I]lul 11,ii,1 IQ 

Conclusion 

t ntIh llNcCO It ',I citcdt lanc I1plmlultal Ill IWe[ iC h\h-idli/a!iOIIi hcvCMIi 
li~~lIIH .ai Li\ C 'a iiiiII)al-iiic iijLiill hlt culciipaliilit\ hctwccii Species. 

iiccuiu paetLa Lll(it'. ad h\' tisilli! SeIClecdMi 
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Discussion
 

.mxt ,i.,d
V.P. Singh: Ini the of ch: plMt ty pc in miitiObcL- . W 1Ivc hen Ibenti! rTa 
plant which is charactcri/,c \ d\,arl-compact cnitnop\. Sall lC',\CN. carl\ mlatuil.ity and iat.C 
SCeIds. Did 'on Collic acrs line inl your ori.uch coll cciFoi hrcditle litic.' 
G.C.J. Fernandez: \\' lu\c ,rcdimc limis \\itWe,.'art-cot ,caim1 ,.iopyrl,mat.,rit\ armd
 
large sccds Ibnt t l icatI i/C is llm)INsll v \1+mc
I h F.,c Il\ 	 .1 inlclh't\ ct cl ck l aill c bct1nilal 
aCCCl i S otis theise ChLl+,iCt. oimll'Il.1I11011. 

1aC WtI 

illiLLum i thCall. lherc polt I lpiu tt. llc]
 

Ilyas Ahmad Malik: hLIcN a W:OY 1111C1,'lin i'toCCii Need si/c and Ilt si,' 
I, aiM\ Imt iC It 2 ',. Pc" hs it la .ccr sccd hut ':itmi 


lIa f ,i,, li .it m tIt ,itmmm iMl1llt t
C I i IlliA H kalm l i l mimi l cam 1y It" ihlct Il plain , ., p,its 
liMi, ,ifiCilh It +, Isn i ll Ihe kCC Im2mIn \ I hik' ''c.CIIC tAt, iM cl_in c iti illIm,.;il 
and Ncctl s,/t 
G.C.J. Fernandez: )',.'.c \c 	 0 1clan.tc, i o)s %elf IIc piiac t lccnl sccd si/c

and.l lcat i i mmtain ii i'aii, ilL I .c[iic.ipl 1hw i., ,l,,.l andC
icctm,," iaspcc',+tS 

lac c.t si/c it' lrtC 01 mfccl 

a hrccdiii Iiq. mmm oi l L1
 

of anI 1i uc ,i :c s.uhit. ither L.,needwi'\CNImtmi. tciitipiiI 

S.K . Bhadra: 1I I.,c t ll,,tm0i",1m tll t1011 ,.CS sc l0h.I ',,, 111t"0 llt 1iIt Clki. I ]lI ,I,I plaist,
 
)id sin Imiml A , il I t i t ill\ i tm x1112 c uL I s, i,1,
i, ',111111 l sl l i I t.ll 1m I i,.).It i l, 1111111011
 
it)us \ar, atim l mmmlh cilliIC Il iimm , lu laLl.,+Cm12 \ IitlilC of
his m L mm. 'illi hl lh IItAl' 

h tC'rosis hit cli ha' ;iCCimL ihC.,I mt
milumii'h. i I) , hilIA\Cal:Ill oitg riiiim ilth c.pltuitatih l
 
of l i, lii ll
Ilhlutc :mtc 
G.C.J. 	 Fernandez: ih +N. %w lii' not .idili His aspect ill tin ll'c.t If ther iN
 

ii~l~tic'itl cs h lcii.c tis .iM IcImitl ccs N'ee liIt \C \c Imtlmkl"Itill
thatm ,i' l,.c irlt , Ci i.l tiIf
 
itplt \ cmllictt tmoiritll. 2 o... .sc 
 'mc cmiphim ,i/ ll\thi p lils I it practicl+iw liu' tC.Jistlls. 

e.l
Rllben L. Viliarm al: li., lhcu l JlP- -tilimiLI'd ctlhutMI s I11i1111111/c. t1t11)(1Itt alls C lii itc. 
1ti)l',.r IhICfile11I (11 dulpJl,AItC, Ill .A\Vk l)(.llll+,hca:ll il.,".di lo'++h 


G.C.J. Fernandez: I hc c n;lr, .miiti collcc, in has, hccii .hiit.rI.,,d rcccitls hascd 
tillml t'lhtliciiI .itmdHltiHlitiiiiiil )cci\. killc ailmilt dlai.i,.and passport,lJ Iht i HIc 	 ta 
inlori latIlr. dipicaIC CN.ccs IV mic iil. l l,\kIll imliliI clliiim ilttCd iii ihe tLiitIlc. 

V.K. Sehgal: ) i ml i, id,illcd 1\i clc \\CII\ eim itch tlcranillt Icstlit tohCaillicN. 
Miy I kInts\ till, ka. doeh ,iii\11 s, tic ilmtlhlho)ical chlaritcr of th c linesif lcsisaim .as 

iii i c t Jm ttileIto heriamcr 
G.C.J. Fernandez: Ih resiticltni u'i€hiamtn ii V 4281 Isas ilnscstigatcd and appcars to he 

Tateng Sutarman: In imy ,urn;iiii for dIrui t rci staicc c\ criiiciIIl. I ftund thilt hard 
Nccd ais cic'icd in (he Iri i m rc'ii ic.llct:iipacd htilch.lp',. ,.\plc. (1' \tin li\h' ? 
G.C.J. Fernandez: I ndcr dhnti~t c"ilitinmi, nard Nccd coat is inducd hccasc it priihahli 

r\ al lllcc'hiillilncr la blc cn\1irti liciltacts a a it s 	 nlldlthc LilnliI 

S.I. Sree Rangasamy: .lcntin hias hc imitdc ol the nusof hiotcchnolo.y illCrop 
inprom ement in inunhcan. (Jur c\pricncc i la01il Nadu ..\,-iculturil Lii\yr it.Coinhiatore 
is that InUlin ihan respond,, foi calltiin,, ci\ s .ll:hut rcm,,cnimmtiiiof plmnficts could not bc 
olmaincd in .spite tt it dificatioins In ctlitoisitui. Nlnlchcall is highly rccalcilrint. lissuc cell 
culrn r,.enrtio is a dcsircd prerequisite. What i youn c\pcr'inc'c or the effirts of AVRDC 
in this linc of roaich! 

.C.J. Fernandez: Rcc'lcii t plamlltcIS froti iluimhca.ill cllS has it hentltried at 
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.A\'fIMC. D~r. E,,awa t'roin Jpanl hias t!\peritetlct ill tscuet oll'nterspci ic hybrids andtCtlhI-re 

\'OLll 1\ learn illo from is Iurc presentatiln 

J.L. Tickoo: iiiteen \ears alco \,,c had 1t')C %%il lbiIci N0i licial \iicid and liml grain vieid 
retsitin, Ii lm% iiar%est illtd![1Ii). Niml\%%c ha\~ c 1taiiiredtitci lt, iit biiioiiicai \ cii nd 
hlig -,i'l r'CSLIilt! Ill ilit~h ' 2craillCIdI. I licr' \It'id ICItlti[i l\%\\t! 111115seiect Ivptes\ [Or 

\ NtiiltiihiihCi,ii \ CIdk it lc rildlc Ill \ich \%l iiirsult in c~cn hmihcr crai icitid. 

R.G. Thakare: IMiACk cnIi)litLltliI\ 0l Ill IiiJiiid 'NCtIIIN WiOt!iii\ktill11,Mlipin iiitinbCdci.10 

Peerasak Srinives: 1111', IN ulUC JICI\ tit tit, hintied mmakct *.Ic hi p~l it) til e1at 
hlack gtram . So ,III prodltitil ilts- oictl im Ift iliiti.oitail iiwirkt. tspttiii\I lt Japantst 

til l t ,tli D iC i (( IiO I Lic (111 1t' iQ IwiiiIICS 10i11 1111C LIi-M II)C 

PeerChasa Irivs \m Lic lc i IIC isItIIIIjIll l it s l1(itl lkiFLMiltCs ulilili )8 - 84. 

ii01L %ilit I-JINit (iiIMIllll1 Fi-l ~ . 0CIsatC 0hI and hc iCIt'ircIll hc.11 1711dittrsd 

I IIll WLt iptc WaI ldItiiIItrlla'( t iII\ Id i i Io~iiiintbtanc lCi \ CI NLII piN iX sIull lit 

hICd JC,L110C I- ll IIIcand h tt lilultii 1 i[i12 tlM i
 

Peerasak Srinives: VICtltt (lli NCt~li~i liltCIn tI an IIiC 1i982-84.
% LI~i~tII ~a i 1tII1 cruIItll'iii 

II Cat! )QC 'I IlCI eillC . ilt \ clil tat lit IiMsOitliC oiI'II. (ats (1Iiiuiiii ii Il thi"Ia a l 
H ~im C% l itu In irtlhi d I> t~1 I11 lkI (C 1 111r. CLlIt Is IIhIC(ill t!- 1)1' 1hu(ild t\ I'S IiUII tilC 
WhitAl iIr\C't!N It d atliumCIIM!~,I iis kths carlttl ('iill l 't lislllll\ ii('1Is lt dts )li\ 

J.L\t. ickoo )i i t \()0 i p nt t cll C s ant11dCiII- pILI~IdLICIll ( Ip lIll Ill 0itikS 

Rube . L1 llIII r Iea I i IIa ll I \h 1Ciill it! It 1,1i 11it ilith t\11I t!\1a i n .tiYaOU'Ai ti h Ill lI at I 

t.MlIll I n. .\ Lr rti I~ I IiAl -3 dliltIdar ri~tI I~ iin,,h a t srltritiI1 J i tIII 2 11). 1 I,-I ditt \ Ih 

Iiop hat li Iiu~ llmc[t lB.C. ri rie \ t '\tIIllIIp CiInIC~ltcla lt Icta \I iti.% ( OC-c illr 

it) ddtil N istt it I, i ti l smc ii fllimitoa- tition il-35 tLkl\tlt't iltik i till, mill hc ii ttat ~ -hatI iri 

ItL i-n L Initirdtc llrt l iat ttll%Cailltl Ic it ll(ll.siA1111 t! alitCIlt tO'ilat- Cll! ~-irh IC 

tit11a lu i tr~ I t ll il OiOiltti A) ilitil- % II~ \ tilt, \% l I o -,iL't\ la 111.11 IiA' 
2.25(1 Cr t! It lwio oi Ncla d p o~d l 1(II.11%Cd 
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H.V.A. Bushby: Was toleratnce t0 lcidit dule to plant or Rhi/ohium factor., or hoth 
R.M. Lantlcan: Tolerance \ &sdue to plant factor. N o illocutltill \ion, Illande. 

K.T. Mackay: HIM. Lit\0,o C lIt hih nitro,,.1Cn fixaliin. ) 

R.M. Lantican. rhe earl ,clection s ork for N-tvation sas hased on tileatcil\lene reduction 
.
lssi\ technique ' an indirec,.t mealsAur"e oflntrtuii,.a We \o, proral,eacti it. ill launch a hreedin 

"
for hiigh N-fiItion usiniL N inthe oil. amls.c for total N illthe pllt and dete'mnine wvhat
 
percenltue of I,, atmosphere.
N fi\d from the 

K.S. Chhabra: Illthe hredinlg bjkc:ti..., unitInbaln, have ttoP fIeilr \o.n gi\C priority 

resistance to and
ldiseasC iii"Co.t pestS. 'tou has c slown the lmatrial resiltant tolerant to CLS
 
hut there Islito P'' :!tk, .0 , i DO ;t, p,
'. I),' t,i O lk'L'i o probiClem on 1tunleL'aln
 
, r could son 'r I111ta L n
U \ Iloiut find l', i al r Illto ptS I'?l [, nt iulxect 

R.M. Lantican: Insect pcst prohlems 1,nIunL'hean are ipllotntll but etllmnllolcgixix ha\lnot
 
Rauls Contirmed the e\IsutIce IllCIIrIIL s fl'0lma
'aceIlllC ;11l\oII'CC. Ther, no Mentioni 

JIM the\%'a, ill apler We ha snc indiaiMnS ICisltan,+c ollW ha, ld Of it ll naterial, bin, 
.
tested ad lthough L ciilllatitn be maIC \k C hl C airCad LsCl themill in the cropping11 h.Is 

pr(12 raii. 

D.P. Singh: Whlich siciesi,1 (l piedklllimlint s haltC,,,V,)otl a1rc in thei'hilipplines1 ald at 

"slta.e i tc dl~imacet'
dl"e, c'e',+ set.' 


R.M. Lantican: it the c lmii pi,c e ot CIr(mporIF on,.,c, em but I doitnot klii \.\s hich
 
'sUbstrai llitipitani. er i\/iO'i occtlrs \erCearlr durin Ile SCCdling to lter 5egttise staie
 

oli h-s cic'.t it 
small bhlocc, hei ' ttheln',Cl tithe ta. .The lelsce 'tild 

bt aflcls tI.e r c". It beg,_ins lead aitlie tlppC la\ l of the Icalatcallop in 
ill li ei os Illoel\'l PO,later coa1c 

b\ tle elid ifthe. hiar \eI pci Iod. thei c' aie lost, defliated. 

H.V.A. Bushby: .\cteii I ucioti fits, \\s'Ik ll os.lltitdistdaiiL" iIilliASlrin 1itocell
 
faainln. Io-. \oi eumiurt l1111r sitm1iplt tchitiIluc", such ax, urCiLIClelscl
 
J.C. Miller, Jr.: As indicated kc.. tsed acetl rdiclitin .i' abslte nicasureha\c neser nc a, an 
of nitrocen iixed but raither , irclatc ildicator of lrllienei ativitC aittongllcllleriotnpe s. We 
h1:\C 1)(1 ureiudCe It lilces merit,. Ilos\ocsr. like acet letientlCL lte nethod, Craiillk has C it, 
Ieduction it las is liutitaitios for lare'cafe field ste lin.e. 

R. Senaratne: oitr.iciind s'i ei "iI Wha :ietlhoid could ll. TCmas'l'sofiuni1'beatn for 
ligh N.-fi\alioi pleiti. 12i Ila' ot ideitified alloapproprialt r'fere.cL Crops Ior

determitini N, tisalltillof ilunec'ati tme !<N itethodofoes . I 1a1\c u ed art infLrtil somil 
pros ided ssihi all nlcessat mmintiit bul N flr prelitlinary scrceni of-,llaree ntll Ilinesllfo 

fOr N, li\ation. A %isLil ',rl'CtIIn'e a initialls Conducted i ealtlitc s s off'l( th al.nd t'o"tle 
fine,. Would Ln carle to OIintll on the uiabilit\ of this pruLcdure for eliniinat screcnint'? 
J.C. Miller, Jr.: I %%omld r'tefr hithe full teXt of the paper 5 h\%'ere \c tac discused the suhiect. 
W e have not idtCtified a.IMnoulnldulaittne, utlliebeVIian huIe', and, therlef'oru. %%CIs C utilizcd 
nitiniidulatini ,os bean sshen iccesat" .'ioIi ha\ C mill_rd thle Lntion 'i\i Irnin.i \\uld 
refer tothe fl.ll elicrethe brC'dine inCth,HlioL i tliie ilte rference' sk,te\t anid Iich propose, 
the tdhodoloes\ . 

P.K. Ganguli: The plant v,cestro\ed sh ile selecieI ent pes for ituproved biological N2
ixilion. What tcCtniquxh av, \olI ec ofl, g2enotypes for increased bioloiilsoi f el foll 'lctioll 

N 2 fixation? 
J.C. Miller, Jr.: ittour proposed baAkroix-inrCd iteihod \oll wuld knoW thai the ial\' 
is:rull OumSe d Irot oIe pod \hile the secnud po)di, retained for further bickcrossirre, if the 
nced is indicated. I mig.ht also add thait libo'iou Ctlttines ctalneltaken SimultaneOisly while 

ctOtLutine acevllene reduction. 
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Question: it is .ln ex.cellent apiproatcn to iipie\ tile host plai l1" N:-liliiton abilt. 
Perhaps it lintitation to this approach. himc,. r. i,, the declinte iii N ti,.lioi at l1morine. when 
N1 istiost nLCeL the plant. th li Cl of thc ei I lJel]ml. 1teth\ )oe, h elli hcielic l;ihs rilie) 
traslaiZted inlt it' , hiher c'VP. trion into repodhcti. ' : dhr' 
J.C. Miller, Jr.: It citnl he. ho'c.e.'ro ei tii,., retniunir tha;ilthou h rlatcd NV-tviiion 
e iceticv arnd rIelIciiil liti eT iciic'. ()I N roin leil, '. t p &tl,si r , \ dif.ie r llii d distinct 
ll io[L l t " 'il lullOCtte't l". I ,lt I IA ll I I IIIt c"t[I'-a inlhl ' "I t'i.N-Itiv i .i' l \~tIIIIe ; loll Il "titell 

muttit' lictn e t i I lt .'ltsl'.,tii i'Idditlo '.5 iI\lll ,l \t.-12.ii, tite or dela ed! iso tie 
ICAt sCiteICeCIC p~hIItIIittiillII i~t l chtI III V tlilltil and \W'. . 

Ilyas Ahmad Malik: NI to. i, eco l] t itd I()e\pIc", C\c'sNl\ veetati'.e ,ro_.r.\th 
.'l0p do L tilc toode 'In thle 	 %\C ,,C'iti ai dC1 lII tlllrt tAI all'.ll i elid eClop et .'.t)p ohich are 

tati l', tI l -rowth.,h tl ldod e11o I i ittIIr\ htII . C.I lI litehe prol le \Ces is\e \ .2etlati\ c 

It, de elopiite.L .2eul,;t. , \ilh hIn her N. I ol<Uic' ;ia litl\ '.s' il \ c timtit '.rse rlv,ll oreslllcl 
,the l CIl ot ce'l',',Ilc' e . IiII 	 tllteli) (1 	 i 2s0t.' i i lt o t ,lttidi.e \k.C hi \C' le l Se,'I.I l SC c lilts', 

titLiltlts \ Itlio,LltJI.t ti: d,LI 7iL I ItIiLliiti h1 ti lC Cr\ ,h\ Jilrititlino tileC llittI 1 iii 
p~holtos,,)i1litic", h(M 11L, -'11111 h rll)l0 1 ) ! l ,Cli"C'OlllllllC'l 

J.C . M iller. Jr.: (IcL lli\ \%'c ,il' h,tsur.cI the rCllti ihips, thit ll iii dCs rihed. This 
ti 	 tle, th e Oili C'ALlti ,id:V. Ii\,ttlLit LI IIui'\ Mid I)i rtiiIIilitcL. ti thle pods-seed 
Sild. 

\\hli , t ,ml tie p!it i milti '.li iiltC Iii 
ll i I hc ' ill wt l h~tlii "c ci"Iiltl 

M.M.	 Verlria: it Lp, kt ihic l i 'i Fll',' 0I. Itiil 
111111the'I. ld .%Iicitl I)C I !L~I II ic IcuI, I I ;),I IICll l1 11 I~ty i I Ic Ihc",c e'"
iht.hic i hiLit plit l It 	 thi t ;tiij.0 i II I" t I.cte.,Cii. hkilt HiCIIillI I.' t P , lit -t l . 111 

Plitit'iiIII. II %th' the t t t ti 20) %itllpet plit v.ll pildliL (00[li 111 Ll 12I 1t1 V 0 

tldl tIII CIUtIl to tit Lb Iild ' Ica1C cIit)IentWI.
 

J.1. Tickoo: YL' . spi,,'ii '1t) i . liIcil atil L i I,teslltl t \ iCild l llitiii il ;1 2 
Ill il\, pttt iiis ,. Iltil ihir trtiL \1.' i: , tcLtitiitl tl]iteetU phts in illth Ite lil,litiits teLs tee'd 
In rle tleteritiiil' "li L \ILCii(filt .*% ,l, c ilflcl tlll t 1 ill1 I 11tii i101t t ht1l .Lte edCLlef 


SltLCeS. lherlet-ir . the il l eld di'\ ', c c h th2in d Ct c. Ield .lie eI) 

Ilyas Ahmad Malik: It i, -tienI ill or'C.\Cd that KhII' 'C-sLedCd SllitillSk tlniteblt 

l li.'. iiItioh lo III l i ed'eCCdtil" AIL 11\IC 'L Lil ICI pl tliItICl t l ilI d . ihCiC 1 t1 p."I)ClS 
lt' iil criaiitc t t till i t i l4 1':thil li , tiih tt iett\itii", riltl ii-sel' L'I Il ldl h hi hidi/i ti 

etIcd ,LI t ialrkel "il/d\itlhi ',Iii,ilI-I, 2'll pc" u ilhtll: ill.\ lcllCl, III seed . 
J.L. Tickoo: I aorcc' Ihiit the JI)1l ltiiibCr aiid scell ei/c treC c' t'.l k currelated. Ill there 
is ',c' e tu ifl us etiteui h\ ht\ I'.It , it) ii ae cu ss lul d l'L thtle desiredidid/aIu i10e:e"',i. 

hbet tpc', il I.' thein tte the12siee h 11lsr -O- CC', liip icIlttie arel e'\pe)Ccte:d 
In thle re.'stillill i eenic , h]' 'i-cl i t; i Iohe. iillplo\ ed. \W iliti iou plit",ll there'r'ettil 
aie inies that hdi ,c dtiilt itCed fill\ ot l1 il ltlll Mieit. lI hbeSt selectiCuil 1 t'old is iitap!pinicOCI 

the ittdi ilidl 'elecCed plla[Wit it a,I%'\, %kit\tablc AIiklIt 5 I\ lldicti tlt ,i littie. lhe best plainl, 
,IIr b 	 then ,Cleh l ctini :i third lld ic cu. 

V.P. Singh: ) uiit %lilt ht\a c LliCI, iit l iill,il iit Lhit c1illi,,.ititlitiott ill il ulaesht' 
DOtC',, tile 'LNtM III,- till ,t1 tile. %Ci",l * !%I i11i.i lit 1111 ii\ lililIC dinill-' tile i I' 0111 4l)vl~FC; 	 \Ci 

ia specitic tinie., 
M .A.Q. Shaikh: Ihee I, :,lit\cnLioiil ",el', i .d C tlln aill,desh.It i"itil\ Ui l c1112hll Iuliiittl11 I 

SnULIIlter illtitllb di1 i, 'sI',nin tilt S Ithethe'll i belltdirii Jll).l i IiCh. it: ptd0d) ind lt tr\ested 

dhtireli t t '.i clsotil. ActtIill' there i ill ile lrot h S i I)C.' r iodiidthlli:.C 

'.5 ithiti .0 

are clitlpaiil' i\C.I\ hsm . 
Slt lliii \llI" 0-hild', d lC i"I I '-. iii lll' litite l (lie Selr bit their ViClLs 

C. Y. Yang: )oes .\ .att er havle a' relation \o.jil the ocenllreice ol li illieall \¢ lhmo, itiosaic 
silU (MYN'V I1'it does, then itt %hat ar\'. -- i.e. particuliarl tettipelralril'C and humidity. 

http:t.-12.ii


Discussion 	 219 

M.A.Q. Shaikh: 	 of r\ much related'he occurrence IYV i \,'i \\ii\ .wthchr.csp'ciall\
 
in the winotor Season. tCmpCratuC huInLdit\ rise., the, hitcl\
1l" and then Ili.zimm :abo it
 
Ipop latio,n lalt'Ie cinr tl'icc.enl., thel .pie (,I ._ ,
increaeSC, ndlli. 	 ,.alence ilhc i ncea~" . 

M.A.Q. Shaikh: The ('SItR() I srisb)ae ,,roup i,v.orli n n0[1 Ile\.\r, ot ntnnc-hC.i
 
\tihPlIelentslll;.hich L,\ 'ille not Saline lkAic ullitt'o,.
ollll l'alol'.. can ..Ill.ord 

,seather dnal. !. f.St tome ,tinerak.drou,.tuCOL,, t Ollk. flln
ot i tI,. Ilt I, il\ loh
 

Australia allonec. Group', lke thliN "no0aelo tK'r. bea0l1t lonuc
one Should [it mat hCaitI 

e\ c pill,..lit
.
 

M .A.Q. Shaikh: 'lou ittt ncitittl 01ill ;11illWc , ,llNeed ,.'itl. LIte21 Ilthatt I),l \t,11! . tile Mtile
 
effect ,eahtri \\Att utl ake ti1th t eielIii \(tiil think 1t0t i ,uItlck
',t r toi Oo tcthtid of
 
eCcI'iilnc fr tIertithablS Need'u,2 canl I lrtclil III.,,ll ill' the,ceed :oat thickne,,'
I cN , at bed nc,111C 


htetIad of' hard eCi, coat . calc%\tiliic alo t01 -ciltik N'ced dit llc\
can ,let-t 
B.C. Imrie: Vater ltir112d1,1tiOl\ it twe ,tropltiol'. It wkould he llecc.'.,lr\ t tA a it;aitt+\ r e 
ItliC 	 Ittiel Ne+e01'tlti0 An i lbheddued ,Ced to Oh, \ 'tlhl)1liiLl" atiIIl\ ..\,itplcel.'Itill itlt
 

rt n iott LI k anm ci t-l. lie do tltalt'\ . okc.ll een
illlet tt ;' i.e;i i" ill ceCINk. lai tlt bIc ll 
ud+l+,cr m F~':,,, \c t l111lll1h1C(11\ 1111t-' '%Il tIhIM'\ t01 1)i1\10-, 11,1,'in n 	 c.'L 1( \t~ iI .HL' I l 0:Il-6i.
 

lhi,,dol-illalc\ 1", )1%nqt,d L1-+t,, It11.-,CLIlIC C 1\110t111,llk,.'
1 ait tilk Lnt11 hu,, d1 l inhIL'tio,lanit 	 th dt'. 

J.L. Tickoo: 	 ,i ll( hI O\,'I pe's llla l,,c,-d lnN,,, crLae'. Ott piihel l1Niktil. . itill 
.
Nt.LtlUnett N,,.ti'l.. li\ -. Llilalit\ ,' I It Nl l ttl itt 1 ;1I all aid'tiltN. ai,,ct l. tld h it t 


that it\,,ill i NL.'l. ulel.. t1 ' k'Nt0 lto hIlIic l.N
mtak ic 1 U Jllchil t Itke 

Ri. Lawn: \\ C lta\, iii ,'\li, t ;nitui hll, it\ cen Need h!i\dntNN aMnd Ni,,,:cetibllit\
 

il We ar\ 1e\ lilal pw Iilll all"IllIrotm
ti ;1ta,.h\ hr ti n.-'tN. M tuecriicd, h\ ei . h\ I\,.pi , 

the tliNtid ll Ih11 el[It , nie.I
d ,c.CLIChIl.'NN. ili Ii t 01Cut. iA Iltit 'dL lrlthe 'i Mid\\lu11l tether 
'AC r1c ,,\ ' i ,Llc ic,t.' i,, L t . t lch Liltic topio lciii it ll ikinc tIltt 
tat \c ,'LIihl'lii'\,pti i \khi1hoo % ci\ l i te l I ie nu llllthi tiLci li httc toiititO1t 

I tir Uh,It (I ',pl()W 1/,t.' IIII+ql (I\t.dtI) ,JALtI I11I~th ',id\ d.IIl2Cd'.. I\. )1.h1111ii\ 1,. C,-.CIllII ;IIII+\lldI')1li/t-'t 

i lt.]\. hlt '\;it I' iiA1ittiiiCIit t) kill io.'Ie1 u.l1-i the ,. d!.Nci tiL.' 	 hioll, . nI 1 i 'ee l.IC"tl. 

S. Chandra: \\ itIIlcr Li,. i,cIN itt i lit t iit i01tii '.' i ic il t 11ttIliil
 
it i1 1CMiii lr,'ll ,,N\1,1i11t IL 1n1" ihCIL'1 Lthr iti ,.'CLI'N.Itt li id
l hiN i.l.i i, lclh diL i.t N, JLiiu ii 

o'ft\iO iilthethe r+U'.lI eitci lilu e ihiie\ +.l tIl le t e.il, e l\ cx,,l' itIi i it\ . 'ic+,"c.I' 

c lt IlCt-lllll 	 '-".,+k
w axI\ andt ltlI ct j.hd 'l\e. ] 1dt,th1;t(th 10 \\HI+l IV IM'll0lal[1 WIt ILt' . 

M .P.Bharati: l)(ic', d.ilt1iac' rt1t xx1th'li tin' iir ' ti lu te , it+ ,i '\,-tti HLu tt)lect
 
iiiitlritiiiil(l il+\ \1lh].. c Illt
% tolttI ,II \ ,"+,I ll ,N,.i. It N Nee.tI ' ir ha r 'e2 c. at

illtIxItutlii,' c'tI . c ti i ilt.e')I,. ttl;i ce'd c ue t) ',cithtciitt I lcaI cii',tIeit-lt.
IutrItiitilH iiL i..,. 


ti 	 l
B.C. Imrie: No,tittih ll nii , ulhhl ontiitinutitiilula tt .\n\ iice..%hhichI iicc.ireilC
%uitld heLuc ti ltl ii:il ltuChhil .. ri,Lllitliiti Need r,,1l0iitilt ln1d01' 10Y (iil ttst olh\ inl. 
rtuI ttlIXIillLTll+. tICC x, tihil iMiarial\ ie iitt lti t.d \Nt, , inlJh,l,\1 'I illtib\ il 611 , ix attl It . 

J.L. Tickoo: fli\ \iti uiidrI:ukctin .it1 ciCl Itdi,,cN Ilie C.L'.inhteuihaitnct clltactcrN. 
'hlt1lseCeL iCIhlte aii, it'l t are iibirx ;iiiill x it theSO ,.N 

hR\uultN 'tlt rilld\ ll i 
paper. lardeededncsN Intt-ll1i.,uooliiu: x in. iUnbhbiuu ap th(l be pred, niiltl\ under 
the cOltrill ill i StILCle do.tuit li allclc, llcritat;c ui hiard ,c'dcddncss 1r1-0tt 

B.C. Imrie: be iIIL inCdhli I piersetttnaitil are' included in Ihe \kritten 

1'.iuduimoh s0ilicS 
isvariable. l idLl-eLeLhdd ,(tUitlt Lilllillanl bu ill i it I, rec,,xhe.n',,ill le,I,, hC 


B. Rerkasem: Is the dihmcr rate of k'.al'r Uptakcah\ . CV.Rc'ur Illall lurken cotnon to 
otlher I'. ,muin and 1. I+tham,'ii. 
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B.C. Imrie: \within each species there is a:iriation inthe level of hartLSCedednCss and rate or 
water uptake. 'Fhle average hardsLedns is hiher and helrate,,o1 water uptake is lower in 
1. ,'m(ith,,tan if 1'. roldol.; , 

iudi.:ete it' fr hich :a rot prts 
will lsO l lluit that str'.' hut it le 
S. Chandra: PIe'I.sC the specie, . high salinity ,tress does Ifta;il 

or1' at level 0 .Apparentlyv it is tIore tolerant icall 
considered a able to strv I \ c dt that .tress it' it doe,, not ,et sed. 
R.J. Lawn: The \ ild Muneli tldoes low'r aIndl Set sCCd illthOSC are.is .h,'re it ocCUr On 

soils. but a sii 	 rellsmiall aindhiehlv saline. d 'radcol li in the slide,. plant IpLa)irtC. "+'he 
ke% point, lhlo\cs Is thal acce.ions dlatetCd than ise. etols tOf sonIC ot* the \,Id is thit 

henl eir\ of Nitlnit%\of' nlUnblan. s, i1ll c cl,, likclh to he coIuLnl.t ill .iricultutal situations. 

N. Haq: lia\c, tn tilteipted itihers'peCic clros"C, using inldigeonts \%ild specic"'
 
R.J, Lawrt: 'Ye,. .\S itdiudtd ill Vl iLr. \\C e sUc"cs't'll\ h\ bridi/t.d sutbsp. *UN714o
thle ia, 
with 1'.on,:o, ugthouh s Slos.Cd \.irioU', levels, O' ,trilit \\ ethe hri h;a\e tt'ied atI'anLCe 
otother cros.,.. hut to kile, the olil\ ,titcc,,s )eIeelachiecd has I)Cen \w ith iinterspecitic crosses 
Australian ,I -Atric,tn ftuiis o'I I /al"I. 

S. Chandra: 	 )sc,, lc\el of tihe sed cOat rit ('. t andthe oa\ on ilietCe tle of atter uptake. 
so af'ect \\,atherine ,u,,cltibilit. 
R.J. Lawn: \W'e lt !lot hlieCs 	 ).tru;ip ile ,trophiole. atd it' this',0. Initial OcLt'r, \fit 
area Is ,caled 1,101 soelt-s.cale'd. it 'har '.uing IL drop ob' Cp)\. rsti. een ai ,liu. Uc1t ICCt lIles 
In other \\titl. ot e\v a\l gLelllc,s is Vite,the testa 	 i h)iperonsto itI.t~l ill UntlltacilM d 

S. Jayaraj: r Ita,, I.1\oi iiniticaul 	 Iutalitpttphan hcen ihot :a direct elect otltile ob 
IIUtighean undelo n0\\ il1utriCllt i'Olditions,. '[his, aino110 aiit',, hC iitliated in pli IstainceC 
to 1oi ppct's .Luld aphisl', il Inil\ crops h\ Cilhincint- tprttclu,'titii ob IAA ilplaits. SiUlllhl 
of' plants due to LlCeap,pilg iICCt' ild reliits ilof ai \11ti, is1ollst to soe11%these 	 lleC\nl 

the higher pr'dtukiL'tiolt ot' IAA. It .,oil. ltircre. be pt'tuthle to look lot' pest e"istace itl 
t'pes hal. Itr cltcull,.rvphophiin 

'S. Chandra: \We .obts Cd tilltcuci:Le i ceitict , Of IofLtitbeaI rate ob'h. e iotiU I'othe 
acctnultiotiiu ot' trtlti it seeds dlliit l tLrtit tillit,. stll\.. ll M I .-267 theret.i, a slo\ initial 
acti.unIulaIiorii it i F pid .'1tttl klt\ I. C")isers , the.re a rt uiloi'ti1t raIL i, uliIioil IAlCu 211 l is ivcl 
rie of' aCcLLtitlati it rlirCseil I\s ditllrent cUnttti.' t slItlIs. couil 
reconihinted toIs',i rlii coittL'etit dCuisd -t\tot. 

1it lhC 	 ttlit. Th'ie\ he 
hit tI)tiO Ill p. 

S. 	 Jayaraj: It i,,intuc-etitt tot ititl the hih t,.si,,ttlce of tut-itueant arictics tin Inuntigheall 
iru. the outld be USet1tlvello\, tilt, ai ' Ill 'lcltioI iiicthdtdtlo_'\, it to kno\ wheher the 

resisltante , to %IRIS or tilesctor. Bti.tii 11u(i.tI or hoth. InI re.cCent ears resrlience ob' the 
stlittlv ptpulaitn due I reported frot ially Countries.1t xces'iuse of pesticides has been 
Hence., he ICis(atice t0 it virus ,ltil t thle \ctor shottld he cotsidered. Close Spacing has 
fIvored rma pests and disea ttd. hetnce. c'CIIt\Ip sIdap'ttCl htr hilth plant detisit\ should 
have at least nioderate resistatnce t.o th kt. t atiLl disc"e.I-


G.C.J. Fernandez: lit \our sitl\ \tin hvi\C slht,\il that yield itipro etent call lie ,hiee\'d 
through in.ieaSiti 90LiS pll alll1ndlotiger dh'intnl uttider baVoraible elirol\ilellnt. Call we 
SIulIltan Iouslh ,Cs r Inaturit\' i nt I'C with tit inCr aSeinprt-, W .Lii..uiti ilt ttddiSCaser istaIicC a0itt 

in yield'? 
M.M. Verma: The protising iaeiiit ils dcloped tolhin rg thisll, t hmhodtlhg have a vecry 

high pod lUiher per unit area ili'c We have not lost seed weightvhlen 12- 15 pIlin s, t" raised. 
ii this nmaterial. Howkever, tin pre.sentlx recommended saricthics like ML- 131 and MI.-267 are 

http:11u(i.tI
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No hand picking is done. Regarding tea si'tstalce. thee n.ttrI ialS hl\ e thle de\sirab les els
 
ot rc ist~tnce. l:lrtheil0ti1, l1+n nit\ \\ill ilt 


small seeded (2.-3.A) Id J seds. In this setst (kIair'f). \ do not have aly shatterin.,, prole)tlu. 

tHe I\\ lt 1tt he la\ olta icl e fhliar dis cases
 
like Cee -pota leal spot.
 

podsV.P. Singh: 1lo. es" the Ittr oitl(d ini \ii\ ith the plant dcinsit\ ' ) i't\i Ihtltik 
thail tlhe.r is ntetC ld i t\. plln potll tlitll thplaillrisk 0tlitto111iit at due loss. 
M.M.Vcrma: Th iiiihcr it pods in k leie c, \IlI\ ltiL'all tbCelli lcdda Ill llil. ct in11e %ih 
,tlbeai.
\'C lctIn t0i " hein uittv. n under denitt\ cmittiitC\ iLs \\ hIch t" ts cait e\plt itihetll l1t1l0 i h ,+tCil Wi+l'allk'll .111dl11 1h I')CHCll'l;ih V 110dl'Itt Illthain tilelrilulo 1 iand 'A11 l %\tliltd ',et11 " 

iictiCs h dC['st\ il pl, ltl 

1ltr1e spiace tItliL btter itid. lhcic tlic. IllitrC thill ct lipei si' the plait lotss. Sncf l ttlpe"

\will, hovh\\ ", It' t nlder re"c 


jtlCseut \ lILeCr a li 0ti .() JIli1ts Suc.'h t i\C the Calai'lt\ ttt Ltihi/ 

r. 
.. 
hiC t1 y. it 'htreC 

+ 
ii'. ii. tlent' tlltlrl their dCsired

Ipl'luti t~ioll The'llc\\' selcL'tt llml itd l ,, hais + h) ',utahI tile'CtlctthlL1,dl idC'litil\ iflanls Ill 


scryu at in ttacriil. 

tJ.L. Tickoo: .\ ieais tihuri'. hCst in -- 4C) ( ,id dI veiluL ti( .45 C. .- no\' theis. ,'a% 
,at 47 C. there is treiliiittisol tlv\r Itll Ihw ll,It 'iti'.t 10r Ier tall ec1s ol 

higher tCi cratllrC is \'he btii.l,lopm ilnto ll\t..cl, 
MM. oVerma: Yes. iti+,iii-l ttUlcr.ictInch thiipcriti.. Iov.,C cir., thicd \ erilltiil, hit'.e 
Sh l that i ect,, i\C't lL-. i he lie C it t1c liltIdlirable' iclill.r ti hlh p0d >let nid
 
hielth iciI ,atint 24 , .
 ( .I hCC lc s*iiietil ditteeic s, ttii1C \arietiC , set.a iAI1i\1ilULi
 
nutblI1tr ttt p ils; ,!ightl\ hiih0Cir 0i ,liuhttl\ IhtvC tln ueti'JtlrnCs.
 

G.C.J. Fernandecz: \t \\RI t1e iuCbetii \ic ltiillrtt'.niitCI hass ti ,stc0iate0AaCd \,ith
 
increatsed+l Ill iti ptaii1n.lctI\ 1 iilaittti deii,,it' ttl .
lii itilcli hih pt . "lhicl tinitl this sp :cihc
 
Ctintd liiti l1 hi tlllltliHet t.d tItIIN'l .cl\ ',cCd ' Cl (I L ttu ttIOlllililitlthis.'
Ci ti 

Arwooth Na La rpang: I still beclicsc, lit iicr, in III has iitt direct c ttil icld
ticcthle 
as illthe case f tttll lait di titte 1w At a it0 Itesi tiliid iliei \ e.LI t0C n'('1piCtl 
pliiat It p is idinin \ lU 'i tC oe itt t 14 ilci Ir\ ain L'\Cl'lieit illoplilil. tIta;\ilialP01' &i 
aiid e .o e 5 tulilit ii. bUl nill\ tlldtti,.,i. iilit Ill 'Aill IV<t,1 lCh. \iWll s ill cpltalinit t t . 

J.L. Tickoo: \Vhit selcin t l %li lillpoill\I, .lail is ,.luetiot.iiltrii t c, in 5 tile 

e.\,_'ltill 

Ganguli: it.\"'in\I, piinccd llcona 


iflllilt'.'Fi r I Cllic 51l ,llttutI lit\L'i rtd sch1CLtiti iin\1;. hit' in I. 
P. G. Sclhcitin .is t'iilsttidie ii ldled pttpitlaiito. 
Selc titti ' ,, ised ttln tld.lii. tl )Ipttl , diid itl0iii t1 e..Cl.c tions ltlti . itit,. itit a ct 

i ntiit'.5, s tbt i5'i,[ i ie I S.(1-tr1;itcd ptiiilatitti ,.sLelcIttl (i i 5\r Hitsi .tatedin I.
 

Gurdip P. Singh: t h i \liil I) 5e'isllit ttil in c ni l i\ttdl,ciass. nalltie' . ii b.eallt i 1 

ellhts. l0itosaic' %IS 
 and tc spta heti Nptt. \ lt tc is thiin \ in, and ht"'' is it lintitiilI.' 

spe ,, ( ,, ti are(2) \ hli ,t tttl lt ltltntd in lltial'Ca.' 
rhe % mls is t-,iiiiiitcd ie It :(i 

\ h saIi ltt \Lt I i deiitill ,L'l ii t o Is the t.iios i 

I. Lam seejan: i 1, thi Itel].tU'l , b it( bitt thUte Of 
1 (' Ctfl l ort 1it. 

M.A.Q. Shaikh: rl s'.irk. rhttel tltb, lack tltiethher ittisl\ stnic latest decslopinents in
 
illtatiio tel i tili't t lt 'll. Iltatittnlie pritilpies Ii'i be ' . tili/edl it:, :
h blediln

shoutild be retiC'ted Ittil\ %%hellt 'clic ,itall chaln.,Cs ale iClcnir'd in it tlther.'.l i t)tllltl 
atidaitpCtd culti,irite, dsLals I''istice. Ca1rh1\ erineed. tc. )The Nlene-Il. 'eCu. 
ratittmi shtild he its latrii as ptssi ic. \1 plaints slttld ihe 2i'\ ii tdlll t'l,, cnr ilput l ditions 
and al suppre' branltitig. Reprtiltti i et.ct'. NI platnt iil te \I_ genit-CIise sptttstiiQ 

t]il Should he elltilrCd hetllc tine s. seeds froll each NI; plait litil the h\\los r"ibrac-hes 
ttf legues i .ri\'iti the N.NI l,eds shiuld e spice-phinted and aipproptriitte selection 
)re,',suie should be ipplied i selctiL ilteilltiits. Alhe pir'lltalcultiVars should b 'erwnaltr 
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,elected. oflcver\ 10) lines ot!so, for casier ccliipaili \%illi [ie Iiiutialls Adolptioni these~1piniciples. 

S.C. Quah: I I N I kmtl\ mir lLedmlt Orl uinp(a imc %aiiL'lOwn v arL hiLpho11- i1.init(lit 

vHf-iCIICS \\IIit I'CLL dJt\ - i il0 t i i ro.,tllli ') 3.; JI \ tc rc:\ iti lol IltiplimLcilcvill. 

(2) I \mtir \ariL\ phitocil odL N" IliiL~ ar2 call ~\mt ! 1LL1 tuI] iiIll,.,iname Il tile \:itllct tli'Li.
 

RI-I. dhowv: II \)NVCILI tiNll \arlt 1h~L-llll h hitgh , WW.itt(. I12l deILiCe i C11112-in"a,
 

tile1011 I,'1 ittlp 11 Lt: I\C\\c, to ( M th' a 1 t1111 tlIItItt LII H kIll C I L Ofi'lipI h tittLL t10ii1i ti 

Ranasr:L I hl,,I l 'hl~c la \ pnCil2NSR.11:01 [110 ed.it ' ) tv:'. Hlllcl Clli'mtt It l 2L'ittid)ti 

'.2cii12.- llit ilL'il " QIIII\ CII liledI t e 0ICI ild11111 7 l [ lllNL'',11il!Ill C 1111 

iii I , 1 :in la t i )Illtm l ilL'-lt, lc tcNL' h aLC (ll! \l dIIICii l l t.C 12Nii 1I\\ in L C 111 1 'iIljC (2 1it' 

W e di11 itI. il' it tM'~tt Ofi ll i K ILl %. CHt~l 1Ii~j HanltL NNL'N Owit al .. I1 C ii'd (IFIiLI1. 1ti 

Yshinob Er-agaa g I It~~i tt I iii:i NIill, m1 litidillci. ilIl 0 %%iIt\ht;1i. attpIIlIIpkll 

aond obuIIHIE C~' 1w0 IftL'IN W~l''111121.1tL'i l) ) 1pMtIiit/1ilLd NC11INIIIII(i 1!tIll:lliand Isc 

prteinI~ tub (11 ,' ILiC lllIt 1 CI fl lleI11/l 111"12' l k[ Kii12 OlL 0l/lthtti Ia I 1212) 2Ill Is\h'ktW12C12 t 


av chh ill]c i ll It I 11 

ou'lrhr nd'pcl\ilc tj/lltl t andW \ChiltCdttt.tin 


siaceisido Ic ~t We aILd I. .Vt//I J IA.IIi~ljtl aItd I'. trj I L'itlOn 

IllOIni 12\aCldw fi i 
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trs ~ harrier dffren pdce sonaRiGove ~rcoing e n&atibiity s in theVigna.ehaetidoqiiy71 ~ f i7Thhfs i 7 iT7
 

1 prm lstcutv u ners tpisusyt n at Trn+,7hepinoerocnne btnupgbean<he wreran ]f7of'pothropsn is mroadoueculture technique vaieie of ......ar1metho rn'e ither diult~ 
arnolteposs i n D irble inprvetoamuthdsuib'sddrcy oee~teduced rmsn 

Thflit" fS' ihaeve >! techn ME'" >'<iNait " :a be)gn usednvarge&ae oe: hybrsztovrliab:I prdculiso'nrbeiuineatedswhich fil ';Thisyahribiliyfusion7~7 .;ei~f;t:!a sworke7 i""'.......d'
Mutnt tecniquiI t anyexampl~~i7ilit3 i 7prtpt .7; ique.........h, 17
intermutantcrossesbewen K revelopan 

Kin110 inecudingn l barcros winthconvntio ina ehiu irdithe cpib We have2 p oduceda 
hyrd(eepodcdfo,, peerosf floweringS yis rdmaXKingbelaad VinTpoinvoeing w heFplasthaSuccessful~~~~~~~~ ~~ ntrpclccose ~p p. aVd has inrossuest fse o f<,: 

protpucea ooa no dprd.. e neabtriy o begnbto .Pers ear an tto 'heelfare,vr a lpsibittons ndrc zui abtleina erosit. ItSol'eapidol o hs 
th em rorecetechnique Coul not beutliedre anaiwoker te podceines rse n 

eSinghhybmieueseisuiicemro'n~vli dit 

MritM hc ot vihav eii ewenV'ai 
ofohrlo opwnond f thbnterspecitinutnforr improvigta grainii~icropse~sficutkeVignaci 

p ihiegpousN1inpodedit y evn afte ngoth ulat rll tosivbtdtoear l an;t hes.oe 

followed. 

an ehave l tto theseriseaseprbeisc andhavest ccsshfulybecpoappl ednyfresithose'
rit which are, not svalae tintother seies, ' i ' 

.. bSati:e giv pro'per ti to N 1 si. ad poper screening High selectiont... V...att 

iV.dip.Singh : inesf crossing in Vanggreii'ans ikenVigmy oero ci o 

fooewidsra y eilk ie ma iz ngbean aintrrin adualdne eev 

in seec tnd S huld eant Haymowe attention tsbadin or elding varietmpn'eot 
that Suemosregan Ayo b sit hard to breed cro ss b ewi recrnteeescesuGuitrdl lg dvuay ncrossing'alV. radiaurpandV. o inthe mid-seventies 

andwehiae teste aio fo(iesrreraains n s O e eflly iscorpors.Tereisac 
D cR We muot ser in itercropp vree selection 

attentinBet inethesevmaed. avetinesxHnceperienceandav uc dis 
Stija: ero isactoril pnger H oreSenaratnee Shuld e not pay'm t r tooreat te isueeding o selestin viee for 

InecLpig 
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biological yield. If certain lines have high yield with high biologic l yield resulting in low HI, 
we mIa give more emphasis to \ield ratiler than HI. 

S.C. Quah: (I I ,,,ould like to add that ne'.er AVRDC line,, tend to have a bette.r harvest 
index (HI) of' around 40'; comparCrd to older \arietiCs which showed from 2' to 30 HI. 
In our Studies the III tced, to \ ar ll ,rontson oith leaf\ arietie haVil tile lowestf to "Cason. 
HI. (2) Ill our studie, onl the CffCct of plant density on ran yield. \c found that less densely 
planted llnniig-bt_Can1, (60 .000)p(lats ha) tend to he ,troncr. shorter, w\ith karee lc ves and a lower 
grain yield of around 35( ku ha and lower HI, M.hercs at a higher plant densit\ of 400,000 
plantsiha tile plat-, ,c,.re t.illcr \kithI less and ,nialler beans but with a hiher rain yield of 
around 800 k hIa ald heiettr Ill. [hC \'(C I805 slection \', s more sensiivc to plant density 
than V 1414. 

S. Chandra: While e' aluating and se.clecting r highfIl. it should not be o, erlooked that 
plant parts other than grain hl\Ce, lse, like Iced or green manure. This additional use could 
perhaps determine sustenance or increase in the arca of the tiunghcan crop. High yield with 
high biological yield. s,,peciall\ \\ ith a more favo'rable use of tile remaining plant parts, should 
he all important ohjectie in breeding inLhcan,. 
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Measurement and Prediction of Flowering in 
Mungbean
 
R.J. Summerfield' and R.J. Lawn 2 

1University of Reading, Department of Agriculture, Plant Environment Laboratory,
Shinfield Grange, Cutbush Lane, Shinfield, Reading RG2 9AD, United Kingdom2CSIRO Division of Tropical Crops and Pastures, The Cunningham Laboratory, 306 
Carmody Road, St. Lucia, Queensland 4067, Australia 

Abstract 

Genotypes of mungbean flower at very different times after sowing depending on 
date and location, but relatively little is known about the modulation of flowering by
environmental factors. Previous and frequently cited conclusions have been that: (a)
both short- and long-day cultivars are found in India; (b) genotype, photoperiod and 
temperature all interact to determine relative earliness (clays from sowing) to flower,
and that (c) the genetic control of these (rather imprecisely quantified) photothermal 
responses is seemingly complex. However, our reanalyses of original data in terms of 
rates of progress towards flowering, 1/f, rather than clays from sowing to flowering,
f, show that the first conclusion is incorrect, and that the photothermal modulation 
of flowering in mungbean can be described accurately by a series of simple, linear 
models in which interaction terms involving photoperiod and temperature are often 
insignificant. The merits and implications of these alternative analyses and interpre
tations of original data are discussed. 

Introductiun 

+N'1Ulgha.ntlI 1'1,i0 'W/io1t1a (.. \Vilc/,ck i,,C,.rlppcd thrigLhIeo td \k idc ran eC01* latitideS 
,
Iroill the ctiuatOr to -4 N lIi S)in]thor,cuiln xxhcrc ziecIagc diurnal tcnipcriturc, dtl'uc 

the ero ,ine-canarc ,., C i la,, n and Aliii 19,8'5). O)atc, .. ldarucr [than ahut 2) ol Slltn 

therftore ;lso tile cut rouincmal cOuditioi', t0 \hicl \c'etati\c k ' icd
crLA,,a.i1 %I,I'V 
al)preciabl\ %% alld hit'.Cen ruCiOn,thill and lriin ,,,\"cI,. l-ach f tlicsc actor, ha" inportant
Cn,.c.quelicc , l0or plant pien- ntloi\ alldand ioipholiex Incc tl 't)ltli, tiiaineitenil.ICln Of 
Crops I[+axx.ii ItJ7t).)+Full ac nu.,t he fIl plasftic phlicnultIe\ arc tthe1n takcn tli, if'rop,
sii n ;.t itie,, it)llia',lll/c pOtcntial l ntl . ilit ,iipir-lpri:aitc ,ldcl \ iclId. (' ,uisC a.a1a1 to quanlif' 
ndIpredict plicnlI.ic 1arespoll',CN idklixl rscl ectnix IIIiic iti eiln,irIOIIIteII ,i,tif tpical

, 
6s l \ 

concern itohtth llatlollll Ic. . lrie and lutIlcr I9821 and Iilterllati(Illaliltltlt hreeVhCaI+l ditI 
toi2rains (c. . PanIrk and Yane 1'-,1,
 

i li, nc th anLlIll scrpc,clkl I" an it piclt i e itile
ill,, u t.t dical illb lif0tl elM1111-~llgb..a1).T i,,,+pcciz,+l, ,,0 Ill "Ihit-kIl'Y;ttioll.1410112d\_l.,,.+'r e:"
tht>),Cu detICurnl~it l t).1'+'PV 


in hich the 'lorIllatian ol ne\. .t C. clfcctx
ll ecl,,ccenscs xxhcn flx.[[c:r
ppcar and stein apices
 
become reproIductix. (Ia',i 19)78) i &t',, U , 
l B , hc'inC cx ikct inrine a rC.ic, e pfirtinent literature 
(SunimerliCld and Rohcrts IQ littletJ5+hi. rclatix clx i,knx',n aboult tle n 1iidulatiilnOf fliWering 
in nctnbean h% emirittnentl factors. 

The traditional i.exp t. ithannual grain leCunes. includine innnghlean (C.2. MacKenzie\%it ib 
et al. 1975). ISthat phiOtopcriOdic Mclt lf ril' ha.x1 icnllt M n all-iiiipirtant in the dissentination 
of crops to e\trciie latiudeS. and in their phiuihiical adaptaltion toplantin, dales antlldM roving 
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seasons (SununerldCHl and Roherts I985a). But, s found for allspel icS of naturalized floras 
or crops fbr which sufficient data arc available (Salishury 1982). plhotoperiodic responses in 

Llngbnean can sUbiall\t hlicteMv ttc.raturC (Suinmerfield ,.dRoberts I9851). Thus,u he id .ld 
it isthe analysis and interlpreta ttion of previmsly pubiished phototttherial responscs of flowering 
on w\hich we Concerate.t here. 

Flowering Responses to Photoperiod in Short-Day Plants 

1iO' I n2unelbcan. 

[+urnta (Jam and NIelira IXt I, 


[he Asiatic 0pccic Ih,'ldi have their putative origins in India and/or 
. lakC other tropical and subtropical c'rops IRohberts aMl Sunmerfield 

1987). they respond to ph:,topcriod inlthe iianNcr t\ pical of q.luantitative shortt-day plants (SDPs).
An etensis citeratur,. provides an epiricl des'ilti otllthe form tthe response to photoperiod 
characteristic It .Sl)P,. IhC\C,+ci. ,I.c there is l1olcomplete unanitit\ in the definitions of 
terms Used to dcL'rlbC )lioopel-lodk relspolsC, it is llecessary to spccif.\ those aldoptud here. 

Short-d\ plant, \%ill flo\se\r iii issidc ratiC fpllhtopCriods, P buth ,ill diso0most rapidly 
in daylCinths equal to or shrter than tilecritical photoperiod. 1),(thatt photo0period. ita given 

, er is illtiill aitndnot sierificantlyv affected b'tempcratrC. at or ,elhs\k hih the time tto,Cl.
\aratiit1s ill,i tlunlth1 photope h0 thai l lhit e ibeibitedIlli l litd, eer _ ine h 

cottpletel \ a ualitttis e rlsplneC) or d.lised ter le'ser \,,.tent ol theto o.r ... dcpending2 
!itotpe la iuatItittis leAM . Il11,1itatL"o the dLls\ infloserine 0 er the rane P >tle [lI 
P1.is Litnde\ of the relative sensitivity ofI_ttot\pLs toopholtoperiod (i.e. the delay in 

trall u..ttureC tlit ChalC ill pIloto)leritod ovCr tlte q.Ualitative range).lo\ering,.a itis en .. . plr 
The -ecelrali/,cd trnmt ohis ellirical rlelatioti be)ts-.n P and I (daVs frotm s oin. to first 
loss\,.erin ,)issliosh it li, Lt.t 

It is riot als\sass reali,d that the"e t picll 1ou1is of ltIle.rit)idiC resp)nse curs c reflect 
linear relations wtot .lcatis\slopes ill t SI()I'S he,)Its Crid and rate of' pro'cresSt thc caSe ,ccI p ollto 
to\ards lo,\erinm i the recipilrocl of t1 tiimeCta to floss Ift. sshich areer. iliustrated in Fie. 
Il.Here. relatis e "Csit t\ to P is ,ttpll 'atd unaiiibguousl\ de fiad h\ the slope of the linear 
respionc of I I' to P)Mhein P > 1P_.Ihis exanttplf is one ot HiM% alldvanta's., of' analVZing 
flo\ cring respses iNiterltl ol If(,C 1987). And so0.as at alternativeseeRobrt, and Sunlnti.erfield 
aplproacl toIthe qtLlantitatle criptio o eff1c.'ts l 0onflowrin ill lilbeianthel. of p~llt.cri 

nal\,Ie pre\ ioul,\ i termIlisof riatit' .iiIl t) htliecl' eqluCllCCs of I/ftr nittfotii IhCilnto 
can lbeinsesticated 

Photoperiod, Temperature and Flowering in Mungbean:

An Historical Perspective
 

'The f.t,that informttion on th- niodULatio0 olos,,eri- illlUnbealln is te'. cer Lawn 
anll Alm 1985) ha, led to a sitliatiti where COIclusiti ,.doll relatively few data are olcn 
cited to illustrate the importance of photothCrnIl cotditios (Sumnmerfield and Roberts 1985.. 
We have selected three of those "eCtsotdata ftr rcanalv'sis here. Taken together. thv ha\e rrobably 
been cited morc than :mi,others in tile7tui21bean literature during the last decade. 

Photoperiodic Responses of Two Genotypes 

Sen Gupta and .Iukherfii (I 1149) -- hereafter referred to as SUM -- undertook three 
experiments in Calcutta. India 12218X'N). The\ investigated the effects of sowving date, 
vernalization and tsso artificial photop eriods on the grom,th and development of two genotypes 
of inungbean. Both gemnot. pe,,s I5-day intervals between 15 Augustwere s. it into replicate pots at 
and 29.October 1945 i.e. si. sowines,. In additiot. gentype IlP 28 was sown on six occasions at 
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Figure I. 

(a)Generalized form of the empirical relation 
t Pc between time to flowering (f) and photoperiod 

(P) in SDPs, and (b) the same data transformed 
into rates of progress towards flowering (I f).
Broken and dotted lines show the respective 

responses of qualitative and quantitatve SDPs 
.. when P > Pc. Critical photoperiod and photo

1 '. period sensitivity are defin-.d in the text. Pb is 
Pce the base photoperiod at which, if exceeded, 

*1 progress towards flowering iszero (qualitative 
o 	 PC Pb • response), and P, is the ceiling photoperiod at 

"L b ..... and above which the greatest delay in flowering 
o 	 I' occurs (quantitative response). The 'nominal' 

.,*, base photoperiod for quantitative SDPs is at 
Photoporiod 	 Pbn (see Roberts and Summerfield 1987,. 

30-day intervals between 26 Octoher 1944 and 25 March 1945. Various details of plant 
morphology and phenologyv were recorded. together with daily valuCS of maxiMnum and minimum 
temperatures ( F and "length of day". Successive 15-day average values of each of these climatic 
lactors were then related to plant growl and reproductive development. 

After discus,in! their findings. the authors concluded that: " The pho0topCriodic results clearly 
show that the two varieties are entirely different a, regard s their optlmimum light requirement... 
the IP 28 variety hehaved as a 'long day" plant and Sona ung as, a "short day plant. the nature 
of photoperiodic response is therefore reverse in the tmvo varieties." 

This conclusion, the subject if attention here. has been uncriticall\ perpetuated now for 
close to 40 years. c. e,. "Both short- and lon,-titV cultivars are found in India" (Purseglove 1968) 
and "Both short-day and low-da cultivars are found in India" (Duke 1981). 

Photothermal Responses within Mungbean Germplasm 

J.M. Poehlnan (University of Missouri) pioneered research directed towards a better 
understanding and exploitation of phenologv in adapting mungbean genotypes to both traditional 
and novel farming situations. Initiall\, several International Mulghean Nurseries (IMN) were 
widely distributed around the world (e.g. Poehhnan et al. 1973) and these were complemented 
by observations on a large number of accessions at Columbia. Missouri <Yohe and Poehlman 
1972). Later. in experiments in growth chambers, diverse accessions were grown in different 
photoperiods (Bashandi and Poehlnan 1974) or in a range ofphotothernal conditions (Aggarwal 
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Table I. Relations between rates of progress towards flowering I f)in supposedly long- lIP 28) 
and short-day (Sona Mung) genotypes of mungbean and average preflowering values of 
photoperiod (P)and mean diurnal temperature (-). 

Relation fitted Proportion (: )of Sgnificance of 
fitted regression:variability explained(e. I f 

IP28
 
a + bP 27 2 NS
 

...
71 7a + bT 
+bT+ CP 728 

a - bT + cP, d P x TI 751
 
Sona Mung
 

,a bP 31 4 NS
 
a bT 67 4
 
a - bT -,-cP 862
 

_ bT cP(iP TT) 86 2 

:S2gifnAcance ncioted b P 0 0011 iP 0 01,. (P 0 051 o- nns s:gnfcait iNSi 

0.0275
 
r .40 

o 04 ' 1/f-a-bT• 
0.02251 O.025L " F 25.32- (P 0.01) 

050
 

ai 0.01 75 0 

* 65 
o F 3.75 (NS) ]80 .0.125 80 G 

o 10 11 12 13 14 20 22 24 26 28 30 

. .. Mung 3
'' 0 .0 275 ,- •. . . . ...uog .. - d 

01 * 40 Ci 

0.22 - F2.75 (NS) 5 0~~0.02251 
- 1/f-a-bT 50 

0.0175- i F 12.43(P0.05) " 

0 -, 65 

0.0125 L 80 

10 11 12 13 14 25 26 27 28 29 30
 

Mean preflowering photoperiod (h) Me3npreflowering diurnal temperature (C) 

Figure 2. Relations between rates of progress, towards f!%vcring (I )in (a.b)supposedly long
lIP 28) and ic. d) short-day iSona MungI genotypes of mungbean and (a,c)mean 
preflowering photoperiod (h) and (b.dl mean preflowering average diurnal temperature 

( CI The fitted Ines correspond to respecuve linear regression models as described 
by eqns I ibi and 2 idi 

.-\',cr; c1 \,Jiin,,ot p fhv.eri1 ph operlod. I a', til ,cc.independent ,arial'l. had no 
l,, 2S) I + iniI 'pZ ."i~rilicaI t1 lCI, , I 1 11 C th1r t uN+p eCdhm - (I1' r I,rilt-da, I1Sim ,.t 

\W tlh 11 28. turtlierm,r,. the addition or either 1). i1.- both P atid -iin intctactiim term IP . TI). 

to the niodel v,ith I It, ItL ,nl\ indlpendent '.aiahlC utridelu 0 ,iLritllcant improvettent to the 
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g1odness of fit'i either case I he iot apr)lopriatC model Ibr wa,:this genotpe 

l/t = -0.00057 a 0.001)05 [ ii.e. I I' --a - h) (i )
and. Clearly. v,.arnicr mean diurnal 'sCI'pra 20\er the rae1 -30':C hastened progress
towards to\\erin2 I , 2' . h. 

Vith Sola Miuni- ILie2. ..d.1, s. ICs C\ln,,,i\c datla are available iSGM . afor hich 
rIe.sOnSbl V ucc'2slL IClepCratur,.." Model iC rl2) %,IN ill[rOsd h\ tile
addilioll 
of 1 as a Seconld indepCndcnt .alelC i Fatie I .No hlat: 

I f= S12,,.).[8x-, T. - ()(l 
and I I .145 .()1(5280.0 T - lJ(2222 P 3 

It iSclCar tro0i tl1 i1tC IC,-epe'rature contantN il,.qlls 2 and 3 (and Fie. 2d that mean 
d-irnal telnileraittre, \,,irnr than 25 C %ke ra ptiiniil 1t1"10l0,,erine iln. maNung - a 
iarkedl\ diffeCrenlt reposlc It, hlt ,li, h\ [) 'X !.IL 2h. .AL'.aill,tern the inclusion oiall interactionLiI i iialil t cads il 3IP \T)had n ip u the a ,..',1cCCNNt lable I ).The markedly 

ctt lt,siitl plitttlI li"e.esIICN Ile.sCitIlAl Iept 'I t tt 1t,ltl'.'s.toss ards, ilos.,\e irine in these tMo
gellotNpes are .htts 'eSpIls. lrtceL, ht..Ntild I a.id 0ii as ) h Cn s fr IP 28 and Sona iung.
rCspecCli\ l..n FL . nId CCeSnn,I'cld ,lndILass II t)8T.lII 
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Figure 3. Phototherma response surfaces for rate of progress towards flowering I f)in two 
mungbean genotypes (a) IP28 1based on eqn I)and (b)Sona Mung (based on eqn 3).
The transformed original data of SGM are shown as S (a) and A (b). 

Photoperiodic Responses of Five Accessions 

"imes t lN ,t\\oillt-) it '2it did not dilfer Sieniticaitl, within alns of1" the accessions
InI the 8 and 12 h1photttperitdS. 0ir ttCr the ctMpletC ran.2n of phuitoperiods (8to 16 h)in each 
of PI 31290 and 308291 (BP74i.Thee facts. ttLiethr %%ith Clhse inspection of the original data 
and knovl::dee of the tolill of respinsive.cs, to ph0tto[ritd show n hNy qua ntitativc SDPs (Fig.
la). suggest that the range of phtithperiods i,'ed BP74 ,,ome2tines tran,,cr'essed the criticalh\ 
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photoperiod (P1). But. only imprecise estimates of P, can be mad, when data are presented in 
terms of f (see Sumnmerfield and Lawn 1987b for a inore detailed discussion of these difficulties): 
it seems that P, varies from _<12 I in each (f PI 180311 and 27 1401, to between 13 and 14 
h for PI 374 150. and ->16 I for each of PI 31290 and 368291. Making these assumptions, 
linear regression models as described by eqn 4 were fitted to those ranges of photoperiod longer 
than the putativ, value of P" in each case w%,here that vale Was < 16 11 (Figs. 4b-d): 

If A it + P (4) 

.r " 	 P1180311 
0.020 	 A A
 

\\ . A .................
 

0.015 	 .. 

0\01 'M 	 0 

0.010 	 "" 
0101

1 I I _ _ -- L_ _ _ __ __"_ _' 

CO0 

P1271401 	 P345 
0.020 - ......... 	 A....................... ...
 

..
..............
..
•
 .
.............
..............
•
o 
 ....
, 

F15.0F-14.8* A 	 FCLA 

0 0.015 	 F 

0.010

0.005 	 I 

8 10 12 14 16 8 10 12 14 16 

Photoperiod (h) 

Figure 4. Relations between rates of progress towards flowering (I f) and photoperiod (h) in: 
(a) each of five accessions of mungbean (PI 18031 1); PI 271401; PI 374 150; 

PI 31290; and PI 36829 1), and (b-d) in those three accessions where the 
range of P investigated (BP74) transgressed the critical photoperiod, Pc (see text). Solid 
lines in (b)-(d) are fitted linear regressions (eqn 4); broken lines in (b) and (c) are extra
polations beyond the range of P values used to calculate regression lines; and dotted 
horizontal and vertical lines relate I f at P= 8 h to those 'critical' values (Ps) predicted 
from regression (see text). F (fitted regression) values are significant at P _<0.05 ('). 

Given that the maximum range in Vvwhen P = 8 11was 51 to 59 d. and our calculated linear 
relations between l/t and P for photoperiods longer than close-to-optimum values (i.e. those 
values from the six photoperiods used by BF174 in which flowering was most rapid). then estimates 
of the maximum range of P, can be made, as shown by the dotted lines in each of Figs. 4b-d. 



Measuremeit and Prediction uit Flicirng 233 

Th,, regression line,, slm, ii Fig . 4b-d *e.,,plmicd i a \erage of 8"'1 (ratiue SX-)9f; of' 
the variabilit, in I f il relation to P.
 

,
In those circuntt.tatice s,h 1r I'. aiidl Cill 4 applies it', discussed in detail v Roberts 
:aind Sutiituerfied l987) then,. tot Lilnaititatie SI)'s. alues of both a ltoilllal base photoperiod 
lP_, that photoperiod at or ab u,c , hic.h proegrC, to, ards tl, erile is. tleorcticalls. /ero, i.e. 
s,here plantS , oid reiiair pcrtnanentlx ",eretatisc: lis. b)and of the photoperiodic time (I) 
\k i.h need s to be aC, IInILiaiCd I hLId below the nominal ba,c phottueriod l.r f1,m crim to occur. 
Cati be calcnlated u,ir- ckrd 52(1- (). rCspCCieI\l
 

P,, : -a b 15)
 
aid - i1F.In n 
Iand ,iliiilar i irilnlIuLtll, kt eII I 'Iersestli iatC, tit the base te T!, . and thermal: perature. 
tifii1 (('dI tot ii',01.r-n . Rbert,, a.tid StiuimctiIcl ld,987). 

And so. lab ", dta based iHot on I" Nit I 1 precnt a more:i, 2 Sh\s. the rea11',L sof tatr 
prCcisC. inlhritnati,,C and plan:i-Ie ,interpretat Ion ellCi these limited data -- as we discuss itn 
detail elCS, herC (SnIit t anod )ellCfd v,ni I 

Table 2. Attributes of photopeniodic responsiveness In each of five accessions of mungbean. 

Estimated Nomma! Photoperiodit Phoroperiod
 
Accession critical base otoe seiod
 

PIll photoperiod pisotopeiod tie ssv
 
1t, r do 1', 1IIl i
 

2714t) 113 tf 2., 7 -5I1 -0(.00185
1803 11 1t1 12 1 1- )- -1.; -II,( if 

37415i3 t 1 1 l.32 2 3 -).00it38i 
3h,2t I. 16 ND ND ND 
31290 16 ND ND ND 

US Department . Ayr itore P li t htrc u one'. iumber 'As cefp'< imthe text Reg-essi on coefflicentLJ1[ n 
tphotoperodc cirotant ,' ,m ,especti, v eqn 4 PF -er.optimum photoperod as definid in the text usce Discussion 
for the r'iterp'etaisos of I;,s sz:stl.t Ne'.,iu , .lJ s In', -,ach oi photopeitod sunsatixty and photoperodic time are 

a inevitOIC cmif1cquLe'iC4: C1 ... ,:at i- lh t, '. r response tsee text and Fig. II ND denotes that these 
parimeters c.-iriiit c m , aine "alji , ti,-l ldabo 

Photothermal Responses of 40 Accessions 

lIrs 25 accc Ml:hich hlimserCd ili all I phtiIlertImal recgilncs ssithin the duration 
It the cperimcIn (15,I dl i, crc di, :dcd Ih\ \1'77 into ltour srttps (I to 4) onl tie basis of their 

O\Crall as c"'tc. tite ti liss cr atcross all tciicc.+hlosetit,,ssas ptitgressivel. and sienificantlv 
later in each 2ronp 0 dilferClit nmiiber, it accessions. \i/: Gp I (51.1 d: 3 accessions. Gp 
2 i(0.) d: 9). (ip 3 16.( dI II aid (Gp 4 I(S0.4 LI: 2). Iisce. "within-grottp mancart squar,:s" 
calculatCd I)s .\P77 res ealed that Mshcrc'is (1p) 2 and 3 sere htoutgisieiots. (ips I and 4 were 
not. We have. rh',C1rtC, coricenitrttCd i111 the 'ati l sring dIta presented hv AP77 for their 
sconrd anld third (Ilt)rs. i.e. (in a sitigle accesn in C,.h -a"e. 

A.gain. photsthernalll rcpli1n,i CneC, %a, reanalk/ed in terms of rates isf progress towards 
tlowerine. 1 I: here. ii relation it) mean tein(pratittr IcqnIi. to phuttperiod (cqn 4). and to 
both LI'cti, either ssitmL t Icqn 7) i' r sith intra1ctioi i1c1, 8): 

1/f = a - b T - c P t7i 
I' = i_ b T - ,. ) - d ) , ,,1 Ti (8 

The outeottic o( these ser iCs of re,.rcssion anal,,ses applied to the aecessiorts PI 381150 Gp 
2: frum the USA) and PI 36827-) (Gp 3: tronr Tai,.,an ) is Surmmarized in T"ahle 3. 

Despite the tact that "tatistical analk sis of the tomscritig data i) froni Gps I to 4 indicated 
a signilicatit photoperiod ." tctnperature interaction" IAP77 i a linear model ofthe form described 
b eqn 7 was not impri\ ed significantly hr the addition of an interaction term (P x T as in 
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Table 3. Effects of photoperiod (P)and mean temperature (T) on rate of progress towards flower
ing (1fI) in each of two mungbean accessions as predicted by various linear models. 

Linear relation 
fitted (i.e. I f 

Proportion of variability 
explained (R x I00)' 

Significance of 
relationy 

PI 38110 Gp 2) 
a + bP 14.7 NS 
a + b? 56.7 ... 

a + bP +cT 77A ... 

a + bP cT,- d Px T 79.4 

a + b.P 
PI 368279 (Gp 3)60.3 ... 

a + bT 23.2 
a+ bP + cT 90.5 "' 
a+ bP i- cT + d x,T 91 9 "" 

'Coefficient of dete-manltion 7 P 0 001 " . 0 05 1oi not sig lftcant tNSi 

eCIn 8. Aid so, 1,'I'A1i, \. ith , Otlher pesl' - both quailIilti\ C ,1h rt- ald long,-da, plants
(Roberts and Sllllurnelrfield 19, )7- ,,pr.e illtCtioll elfct + Of P . I tn IllaV not exist 
when data are ItlrIio..ed into ratc,. ", hen aLtin. I, Fic. 5 ,,hm,,,, s the Cotiplete response surlaces 
for lio\weriluc of both In,. I o\ .'hean'-id ophotilerm" CirctllllstaIlOc's i'eccel i , 'A 0I 
best represeitCd 1. .o tll,.ti' ,,- &N il h.\, uHn I . t1 th.I'r h\ ALli 7. aind %hich intersect 
at the critical photperi.od. P.. 

It is clear WIig. 5a) that Pil 3S115(. v, hich \&, obtained 1in the I'SA. has a re'lativel\ 
lng critical fht,tipclit'd licl- c'hanc, ittle.. i t all., ', ith mean tetIlrera.ture o er the ra.tnce 

18 to 28C( I3 h 47 Olin tot 13 11,43 fin. ).Ipccii coitrast. ', ith PI 368279 fro Taissan. 
not only is P, shiorter att 18 C 113 h 13 Mn1) but it itI, decreaTes, ts telpleriture incre.ases 
b\ .about 10tmil l . " at C the duration pho}Itoperiod IIsC that 2,'; I the critical iN just h 
36 uni (Fic. Sh. Remarkatl simihlr chans in P o, ith lan tem1pea't'ulrle h,\c been iund 
with 1'ii7no unIt,'ulot liLdle\ cI il . 1983). 

An important eonsl eration in the de ehopucnt l rcreiot-bad phcnohov tdt.lels should 
he how, ,%ell a ci, e,n todel kco1i1,rtnis 'A ith the stan.ld, asumptions f regre.,ion allisis (ec 
Draper ind Sit;o 1981 . Stevens et al. 1986). Tis L0frtitits calnnot be .. ,,.d here frot 
the data asl ilhle ir rautih si,. urltherlore, thos1e ;.,ccessiol selctol h\ .. ,P77 to represent
their response Groups 5 t 8 'lilet to0 tlo\ker ', ithiit the duration Of the experiment ill sonle 
(i.e. bet\eell 3 and 1(10of the 15 plhttthu rni l com hi+,atiots te,.sted. W ith these tMo lilltitatiolls 
in Mind, We sLnlltlii/e in icble 4 the1outco1e o fittin liIcar nodels+ Of the 1'l' described 
b" eqits I, 4. 7 or 8 to the transiformallltiols iloricital data. The success of this exercise suggests 
that, as iil other annual ctops. nUCh call be lained fIoll a1ail\s'S offlo\wering data ill mlltillgbeat 
based not on i but o)n I i - as, e discuss helo,. 

Discussion 

With grain legume crops in general. the traditional emphasis on variations in f within and 
between genotypes grown in a wide range of photothernial conditions in both artificial and field 
environments has led to the development of pigressivel] more complex mathematical descriptions 
often involving quadratic terms and usualh including, statisticalh' siunificant interaction effects 
of photoperiod with temperature (Roberts and Snumnterfield 19,87I. But tile challenge ill studies 
of the effects of climatic factors on the growth and development of crops is not to describe those 
effects in mathematical terms of ever-increasing complexity but to explain them quantitatively 
in a manner which not only "fits* the data available hut which is also plausible in biological 
and evolutionary terms (Bunting 1975. Monteith 1977). 

http:photperi.od
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Figure 5. 	Photothermal response surfaces for rates of progress towards flowering (I f) and days 
to flowering (f) - left and r'ight hand ordinates, respectively - in two accessions of 
mungbean: ja) PI 381150 (from the USA) and (b) PI 368279 (from Taiwan). Solid circles 
denote the experimental mean values (AP77) in each of 15 environments. The critical 
photoperiod, P.. is represented by the line of intersection of the two planes in each 
case. The dotted lines in IbI indicate extrapolation of the range of photoperiods from 
12 to II 	h. 

Table 4. 	 Relative success of fitting various linear models which relate rate of progress towards 
flowering I f) to photoperiod (F) and mean temperature (T) in diverse accessions of 
mingbean. 

Accessioni Propo rt or of ,rir, , ini I :plhi ond b' nmod.' Contribution of Ex T) co varabil,'t in 1'f' 
(Pill P < P P< P, P h1 Siorrricarce Variability (%) explained 

31287 (I) 971 (1 90 1 17) 7 - 12 9 NS 
381150 2) 91I Il 902 (7) 133 - 138 NS 
258179 (31 972 1I 791 71 1 6 - 132 NS 
378020 (4) - 30 7 17i I2 0" NS 
180313 (5) - 92 3 181 < 1 0 76.6 (9) to 92.3 (10) 
201868 (61 - 634 171 : 2.0 - 13-1) NS 
371814 (7) - 70 5 1.) 120 -- (13.1.1) NS 
378022 (8) - 914 18) < 120 -	 ,14" 74.2 (9)to 91.4 (10) 

US Department cf Agriculture Plant IntroducCion number and, in parentheses. the response Group assigned by
AP77 rWhen P < Pf and eqn I applies, or vien P -, PL and .qns 4, 7 or 8 apply Pc determined as in Fig 5 or. 
where data are insufficient iGps 5 to 8), cannot be precisely est.rnatcd or calculated). the regression model used in each 
case is shown in parentheses ithe range given for -P is for durations (ht at 28-C arid 18'C, respectively). xSignificance 

0 0 1. 'P NS.of interaction term denoted by IP " " 0.0S1 or not significant. "The response of accession 
P; 378020. from Peru is remarkably inconsistent within and between photoperiods and temperature regimes; such atypical 
responses merit reevaluation The acccssiorn. for exarple, might be a heterogeirous landrace 
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.I t C to iltr.,teC ths ,nera 

The appromch hased on if 4 and Table 2) n(t providel inforrmation the
 

Our reainalse ofthe data f ar el111-s eISr'I\ ',e liiatiOrrS and pLrioriti' s. 
Fie. otr, 1oure0" on 

paratetcl'e tOfphotop+riodic response (i.e. precise estilites of' tle nominal base arid .ritical 
photoperiods. of' photoperiodic timeI and o1 phtoperioldic SCntSiti,,it, I but also suggesuItS thosC 
charact,ers which lllahas I=,en changed nItOrCLttsl\ h\ hrCeding cftort's inlthe Mst. and 
whic,; might be Cp!oied morc deliberat .! in the lntnre. 

For exaimple. the .ahles ol tile ,lope Constants (Iegression cL'elficlents) Ileach otf Cll" I. 
4 and pr trlaurs of the attiI ellsis of ) IpoZ1lCrss aids7 ie direct r 1c Cln wl-of Iales 

IhIterin in ittLr.it t olt\ pC- t0H,mcii.'ti t. p1L aVtuiL (CLin I ). to pihotoperit l (il 4). aind to
 
ilcal tcitle)ra'titl.iiC A inI~ht o 101 1 . i:'I. thet o.'tlstants relate to of the
tlj)C .'oinu reciprocals ' 

tinealet. to htse\ tnC\ i leatnimn. e. aill losseril
flosse. ,ci\\. ieed CaInIltItl ioi esivll earls 

, a Ill1) O 1 I+i e to, d orcllotsp ss i rclari cLtIit e Let !iC e sst piItii\ iortipermtMreari 
' tellpt.-patture ini rt,'Is Oft"cllii eCs nnti hl oli i i 1 t, 'ln IpeIUnit chailleI 1 illthe lo iin eithe.r 

erltiloillrerill ltc11 If tl til fIIss n I C \aitl.tit t utr linLe L ii ] pc \ t a Iat el " sIn I or Ihis 

I,Ibcdausc a [rtilchanlI'c in i1i ,a.\ltilth:Il iCttli i11 i the Cr tile I' J It . lar Initial vdluC. 
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on., tire dati ailhbl. in difierent ct.tii t toliii~iral ua.,. \ ahl, I 'n. rcesi nni 0 c.,r t aid .
T t,.(t'.l Hl,+tC' l+l .+.t, d (CIljl'at"itli, +.IC llt..Cill.Ile,. ~tt I 1+ OfI I',hM +il o. 


l'hit~C5 u X' 'qih,_' "L ahlmt,+i, 1 t-rsh dw, th mfte'itl. llnqtn dwiso: tl~ilolrwi,.d data (i.tc, 1) 

ilunlil,,hCa -.ilil!-,1L-ki. ISO I!I. 1l0111 lilt. 1;',)t PI 37-4 15t. frontl Ko 'cca.li,A s\ AllM C. iH1,,PI lu1 andi 

IllM lic h le tlllll i of dht\s I1 INt'lI' - ,.' ,Il\_ [ tlth l 'lt !, ct. • Itoml sotlllt,i l lll ''l
 

14 andt 0h hfdlirltliql I lcq 21. FUllhe.'li cIllc ct In uCIC1 lkI e\i .'u 10u [IheIll\athuI 01' 

pl op~ llllo![ j,',; 381X19hll tc 1 'A. i o..mpyl AI<'tcildc'o. 1,I illt, in !qI dw~ll ii hd\til Iq1 M t (frl'own 
r t llc llalliil si~ _ i[ .l .i. li lis li.lw .",l file .o anl , Ill thi',ls't i. ilcn im~l\ < l d \
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ill Ihe dis,,cl i fltittIlul c i' Irpi _al !0 nM olec C'\II Clra.liL d .. . 
,mli__l 5) retlMran hIlll- 1iiC of l ,d i I 
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dtr tcU nual .uoli. ip lillla n c itii thse IM !Ji7 s asol.i ,,iL. u li tIici' rid n i l1). litirlli a 

OFt ph ,ttiltsrit-id li (itr 

I ariIcipalip It tle s iol i] -iLL'i I ndiiir 

\VhC 'h rtt liLil _ itp5 tmtcl \ fill il e s ci piilrtdcnl %t ialdh.s 

rttlin.ce 2ola tiinof riiict l' LLtrL, er', l ! Citlin a 4), 
OrtitiliL thieL lee hIo L5t) torl ite:,t(.'C8. sC liil . nLiittill ii i, lii tl1 ) , 1.iL'si ,clllri at)aio 
leiav lbeen . in l"illC'O tt th ihtth nt -tit t alln rOI tSeltta etiW i ptiairt l Andtil )iic 
t1dSun it]li The h it ith iL .iild plL ihL 'i L. Iist'iilteas t l 0I linealI l1i LI87 I slo An Ii)liLn itii, 

Ilat truing, spet e'CathIdetl)illl. ,l ditst a lt'c ili tn.-Ih ltt' CL Clc MilCI-Cc . t ht iL ' a C it I tliCh 

\t( I Iti'ithI tI i'l. teI, trI Ilkl StiLII it l i 'II lnt_ t 

\VhiiC lnuLCh IC'lm l,,It,Ihe lC'aline.dAiL:uIth liIM hll'4iiiuiht,entin Llo!St!1,fbl rlir 1ulllental i
 
m erl L e t SilttttiLlt lL li,,hIin Ill p tltnhoi s Mob hCCii tih d 'IC l)l lin t' lt5lC': 

la i) cnhrerlahi . rcilassiitr rl\d l t'ilLttirr i tllh till talil th ilielitulnil lha Cit ll 
prii:p l tttpoit, tIlL r -ritri oii h s I/i . I idl)ntuLL'lc itih phiitehtihiti andioii t i eite Lti 
or0nak Csti Litt ~.i"idtL r "fhiltactorsid SIlil\ i a(ttiitiL's [tLLntt .tntil lnearpha 

, 
't its" t 

-tlL ha ' ll' i ir e ilnIl 'liiCd s to lile honts (.)il't . Intal'iiCiitl, L I llllil ie a\ IRoCeCrts 
ati1 l ttlCtt-r cli l ti -iU IIrli tI sti l conitili tCitll treado I05 lt I tll I il o t flht'l n hf 

Itoralitml.ili/Clcte ,Cul60th hoCati~un', lot d,_ of anid tile1 0I nacq siCl'CC'nin,_C'\0llC 2C'11i~ill
relhaUtios hts hrdi/ati' l. o )th.tt llh' C'\alldrs i Iield elf tfoiLii n,LkiO ,ittilie \s ithii h th it 

p \\rtiph it t t ocli all ti t s m itci. (d itotitrC\eutlrlian itilL',tiii 7. LIIIS itfLtii.ti0ll h serirIc 
Ihot l Ldi ii tiLtca src1 blenI r i l e fdt'eri.dic ccls on I rarei .tlLa .rid il prhth in\iik intt ' t i' 

tahe ld t in lftllh.ilial LttIlll ,tai el.lui IhiL' ipi leappiihg Iedlcrl riralicss o blah LI -epo i 
in ie pil and )there i .lri eIiL C L'tL it L\Cttit;iLli aliaihlAP77 Lit ot nd thtiati at 

Acknowledgments. Fittanctitl C411 ii tiittiOiralerdrik MLcIt l'ioriu t.r 

parcuh Fel hip (teoRs ) treseiviontf Irl.iic; Cris IndLPtUll.. Sirt. ibimn slee: 

http:rttlin.ce
http:CIljl'at"itli,+.IC
http:ittLr.it


M.\ejsiirciicnil Md l'rCdic'tnMIt uierin 237 

Table 5. Times (d) to first flower (a at. a mean emperature of 23 °C combined with photoperiods
 
of either 14 or 16 h (calculated from eon 41 r, thrvc accessions of rnungbean (BP74):
 
and (b). as in (a) at mean tempf:ratures of 18 and 28°C combined with photoperiods
 
of either 12 or 16 1h calculated flom cjn 7) in two accessions of mtungbean (AP77),
 
and the resuItant ranking according to sensitivity to temperature and or photoperiod
 

I, Acccson .. Tme to flowerng ldi Delay iinlonger days Rank'
 
IPi 14 h 16 i, Actual idi Relative (-ci
 

180311 855 1724 86 9 101 6 1
 
374150 60,9 113 6 52 / 86 5 2
 
271401 77 3 108 2 30 9 400 3
 
(b, Accessions Time o flowerinrg td it- Mean relative delay 

(PI) 18"C 28 C 18 C 28-C in1flowering in: 

12 h 12 h I6 lr 16 h t8 C 16 h 

381150 62 7 .r 9 81 5 56 1 1 43 1 29
 
(frort USA
 
368279 58 8 46 2 103 ? 69 9 1 39 165
 
1frori T Ii'[ r IIW 


:From I. roSt str1s ,.rt.c . .i, i ' :o 0 r : i!4h,- lo s, O monu rlc v. t owerilng, 

Ill, .0 cco o , ':. c eni, c-nq 0i.1 ' -i rc .- I. .:rr r-rrd(ll Ic'rrsrspirv 
t I thd t''kIIC h~ M :,,Od % 1 ,' 1 I ,' 2, In ll C II] 1, ti:,' or., lv,l' tl~ I ilk ti I[,' II cl t [ ct. ku Ient rectl veIoaLILr~~ii1nti ill~c..lu~t ind~ ilic.I, I~c iiicii irin t th uine01-C211I ciia ).- cl Admklui ilitm it l 

\Licl(ii iris .Ii. L':I I iah.cl niI c lii.. r I(o [ Jl La nnl
lcIl )I lQ ll, lki lcdn'c'd .\u litmil('cLL i Lill i 

\",. lhank N r. .\ \\ ilkinim nii h0 1 iInl)ljlil, a ,iNLmc NIk. l\ fi tileand Lil \V:1nd (J)ill" 
Illlalll u'cl i p! , 
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Seasonal Distribution of Flowering and Pod Set of 
Mungbean in Different Seasons in Bangladesh 
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Abstract 

The seasonal distribution of flowering and pod set of mungbean (Vigna radiata (L.)
Wilczek cv. Mubarik) was monitored on pot-grown plants in the monsoon, autumn and 
summer seasons in Bangladesh, The mungbean plants flowered for one or more months,
but the flowering was interrupted from four to nine days during the period in all three 
seasons. Pod set was depressed in the late flowering period due to more active 
flowering. From our observations improving pod set during the late flowering period
might be important to improve the yield potential of mungbean. 

Introduction 

.lttlnW2C.In {I 'i'll11 tnhitf(l (L.) \Vil/ck) 11,\Cr .t &ndathtlbutl.a Ilarle proportion of flowers 
and pods Ih~k.iNe. Ptd \ reported to he atout 5W'; (AVRDC 1974).el ill Npmc plalit dcn.sit\ ias 
Sa.ithri ci ad. I19781rCportcd that iCSs IthZn 25 0l the lowL budS hcCalC pods. \CBentile 
pronlisilIL, ,ier.t\pc in tlidia hail old\ 23'; 10 34" pod Net (Kunlari and Vlarna It983). Besides 
the lox, pod Set. ltlttitebeatis usll xlI\\ er til tItoli ol"illole u'Vat el al. I979. MacKenzie 
ct al. 1 75i. Il ,c', ci. little ilt,rlltitiOIn i,, blco(t1iti rcpodu..tiepZlttCrndu,titng tie long
IioetuCilh.' p)CriWd. lhe ojeCCti\ e 0l thi sttud'. , asito elt.]M\ the seasonal dstribution 01 lowering
aInd pod set o i thle themls il sc'tms ilun1c -mnmn ,ilercllt BIatllIldttlh. 

Materials and Methods 

The eperilti..le xxN atl the ,) PoSiotradatc Studies ill Agriculture ataCondutcted 1nstitu1C 
Salna. Gaiipur. P ,c lles lt huedIl pots o'f26-Cti dIilnetcr x crc Iilled x. di pieces of bricks 
at tile hotto r ,rl x,,ith 6 3 ke of ,I tcrrtcc oill. I'tea I In. triplC-stiperplosphate (2.5 g)
and potssiumH c..hloviieC (2 L) %xCrC 1tii\Ctl xxith tie ,oil. 2 cm hel\x the m cc oiltithe soil bcfo e 
platiI. [lie seed 1tc \Ilubtrik \CrC plt Ceditl the pots lurin- three sCasons liUble I).
Uipotnecrece the ,CCdlirts ,. crc thitrcdil to tliC platit per pot bclore the first trilOliolate stage.
Plants[ , xere 210%, ii il a 1il1\ Iliouse ill tite ll slllooll season Mtid OlII(o rs it tlie other seasons. 
ffo,,ever. ill tile "ttnl!el seatoll the pllllls \ cel' inlele d \%ilh t \itruts disease. Five plants ill 
the Illollsooll se ol nild se% el itt suIllt % re 
hCeinninu of flocrtnc. The lox,.crs \%erec 

tlte aIttl attd LIIIIIICr setaons motnitored froi the 
Utced daily with lillerC t colored threads and the 

lertile l]ox1xcrs x\Crc .outtld aftcr the l .ers delpeCd to ma;.turc pIdtLs. 

Results 

The lunulber of flox.verS atld Ina.turC p d.S per plantt xxIaIlite different in tile three seasons 
('hle 21. Atnotn the three scasoln the higdhest ritmiber ot flowers and mature pods was produced 
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Table I. Planting and first flowering dates and weather conditions after flowering during three 
seasons.
 

Observations Season 

Monsoon Autumn Summer 
Planting date 17 June 1986 14 October 1986 29 March 1987 
First flowering date 26 July 1986 19 November 1986 2 May 1987 
Mean temperature ('C) 

max 36.2 26.8 34 0 
min 25.4 16.7 25.8 

Rainfall (mm) - 0.0 395.9 

Table 2. Total number of flowers and mature pods, and pod set during three seasons. 

Season

O bs e rvat io n s .. 

Monsoon 
--.... ...... . ..... ...... -........ .. . . 

Autumn y Summery 
. .. 

Flowers (no.) 222.0 t 43.8 424 ± 8.5 81.8 t 20.3 
Mature pods (ro.) 89.5 ! 6.4 36.0 ± 8 7 24.0 ± 3.5 
Pod set (o) 40.8 t 5 2 849 ± 6.0 299 ± '.9 

ZMean of two plants YMean of five plants. 

inthe monsoo Siseason, allthosuch 61; of'the Iloie rs abscised. Converse]\ . in tileatltn llseason 
the number of flowers produced as tilelowest, bill tIle rate was higliest. In thepod-set tile 
sunmer season tIlepercentae of ll(M ers and mature pods was onl\ 37 7 and 27 ";. respectively, 
of those in the monsoon season, and pod set %as the lowest anhnig the three seasons. 

Seasonal distribution of flowers and IlatUorC p)ds is shown inFigs. 1.2 and 3. There was 
a brief'interruption froiu four to nine d,,s in tile all Ihre seasons.llowering ill In the l nonsoon 
season, the peak of flowering was observed in the middle and late Hwereng phases of each 
flush of flowerin,. while the peak sif mature pod number \sas Observed only in the middle phase 
of each flush of flowering (IFig. I) Manylimr x ers ahscised in the late phase of the first, and 
especially tilesecond. flushes of flowerine. 

In the autunn season, the number of fVlwers produeed L,aUS the nlonsoonmllUch less than that ill 
season. However, similar to the nlonsoon season, a large proportion of flowers could not develop
into pods ilthe late phase of the second lLush Of flowering (Fig. 2). 

In the sumnler season, there were three flushes of 1flo\erin,. but pod set was stronglyN
depressed in the second and third flushes Of I)\Vfering. 

The determinants of' mature pod numLber are shown in Table 3. The greatest number of 
racemes was produced illthe monsoon scalon because this season also produced the greatest
number of vegetative nodes and the highest percentage of racetne-preducing nodes. The highest
pod-set rate (85 ,")was observed in the autumn season, hut the absolute number of mature pods 
was no!high (Table 2). It is clear that the lowest flowering activitv on a raceme (2.94) resulted 
in the highest pod set (Table 3). In the summer ,eason, [lie flowering activity on a raceme was 
the highest among the three seasons. although the other characters were inferior to those of 
the other seasons. 

Discussion 

In this experiment we found from four to nine days of interruption in flowering and depression 
of pod set during the late flowering periods in all three seasons. In the sumter season, both 
rapid yellowing of plants and severe depression of pod set were observed during the late flowering
period due to infection by the lungbean yellow ntosaic virus (MYMV) disease. Therefore, one 
of the reasons for the decrease in sink activity during the late flowering period in the summer 
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Figure I. Seasonal distribution of flowers (solid line) and mature pods (broken line) in the mon
soon season. Note: mature pods are from the flowers which bloomed on the same 
day. Mean of two plants. 
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Figure 2. Seasonal distribution of flowers (solid line) and mature pods (broken line) in the autumn 

season. Note: mature pods are from the flowers which bloomed on the same day. 
Mean of five plants. 

season might be due to abnormal senescence of" leaves. hn contrast to pod set, there was continued 
active flowering during the late flowering period, even on the MYMV-infected plants (Figs.
1, 2, 3). Therefore, it could be concluded that the source activity influences pod set more than 
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Figure 3. Seasonal distribution of flowers (solid line) and mature pods (broken line) in the 
summer season. Note: mature pods are from the flowers which bloomed on the same 

day. Mean of five plants. 

Table 3,Determinants of mature pod number during three seasons. 

Summer 
Determinants - - - -- - -- ... ..


Monsoon' Autumn' Summer'
 
Flowers raceme (no) 
 60-± 03 2.9 0.8 6.4 ± 1.3
 
Pods/raceme (no.) 2.4 t 02 2.5 07 1,9 t 0.2
 
Racemes'plant (no.) 37.0 = 5.6 144  28 12.8 = 3.3
 
Nodesplant (no ) 47 5 = 50 31.8 t 4.2 284 5.3
 
Raceme-producing nodes (%) 74.7 a.9 3.5
__. 45.3 = 45.1 = 8 2
 
Mean of two plants Means of five plants
 

fI,.vering. Hos cx cr. low temperature riuhr aflect tihe fliiwerins! actiilv. since only the plants 
grown in the autumn SCason shoxed Ilow 1loe.Crill activity on a.raceIIC('ahles I anId 3).
From our ohserx:itions inlprOin the pod Set during the IatC ltiOwcrin.e period might be 
important to impro,,e the yield piitential of' inoehCan. 
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Abstract 
The cultivar ML-5 matures in about 65 days after sowing (DAS) has a leaf area index
 

(LAI) of 2.27 and mean C0 2 assimilation rate of 16.1 mg C02dm' 2h1 . During the limited
 
period of about 20 days of pod and seed development, ML-5 was estimated to provide
 
189.4 kg of photosynthate/ha/day, after subtracting the requirement for maintenance 
respiration. The estimated seed productivity and nitrogen (N) requirement for seed 
biomass production were 0.65 g and 27.86 mg/g photosynthate, respectively. The rate 
of seed biomass production was computed as 123.12 kg/ha/day. Therefore, maximum 
seed yield depends upon the duration of seed-filling which, in turn, depends upon the 
availability of nitrogen. In order to fully utilize the available photosynthate for grain 
formation, it was estimated that 7.6 kg/ha/day of N was required. However, the 
maximum possible availability from soil is about 3 kg/ha/day, leaving a demand of 4.6 
kg/ha/day to be met by mobilizing N from the foliage. This results in leaf senescence 
and abscission. Spraying the crop with 1.500 urea solution one week before flowering
and during the period of pod development retarded the loss of chlorophyll and leaf N. 
It increased photosynthetic ability as measured by 14C0 2 fixation. Seed yield was 
enhanced in three out of four cultivars and for ML-5 in all three experiments. 14C from 
14C urea and 15N from 15N urea were traced in pods and seeds. The results support 
our contention, based on theoretical estimates, that mungbean yield is limited by the 
N supply. 

Introduction 
Mu hean IIii,0, , i/i't,( I.. , \Vilc/ck is, a idl -r-ot, n. short-duraliol .,,rai lIcuueC 

crop in Southeast A,,a. lito.ever. the incatn \ iclds ili the Ifariiniers' fields are I', and rangc hc ween 
500 and 600 kg hat. F.%en itt the e\perinmental firm,. grain icld rarcl\ CxcCds 2.000 kg/ha 
(Singh and Yald.L lt'1 . The ,1os.IIC titt r Mditter a1ccuniLultioti during the preflo\ 'ring 
phase.ro se[ Of leaf' ,sln .CCIICduring the period tf pod deseloptmient ,ind hv, partitioninig
efficiene.s. ot ,assitlilaitso ,raiin \kcrc identltifiCt ill the prio\ 1u., ,ILt(lic,, (PtdieIr arnd lihatia 1980. 
Thakarc ct al. 198-1 1as the inait ph3 ,sioheical contraints for inticai.ieW iLld. 

Protein concentration iii IIehai 2crn11-in 24'; 26'; ol a drs.ll ,,CL Ise1ed t' sCigh1 hasis 
and hence the N requiretment I r sced deC. hlIiMi iS high . It s a Ls, to be 2(0 ntg Ni;stilniteCI 
of photosynthate h,. Sinclair id Lie Wit 175). le also indicatcd that, at best. onl 2(1 ig 
N/g photosynthate call lie a\aitahle to the dc\Cl0pin "ced Irott the soil. lh str.oi0l their datl 
it was apparent that iutbghean is tnot able to incet the N dCmlalld ot it, seeds, lh\ uptake frotn 
the soil or fixation. It hcen .\ so can that the nitrogcn re,.luiretnnt ol thehv hias sho Ii r , 
developing secd i, tmet h\ iiob-ilitation from lfoliac s hiCh. il tuttt. iLidu.'c, leaf SCnCsCncC 
and ahscission iSinclair and Lie Wit IT97). lhiS phenlltCntietm has hbeen lCCribed asl, sell'
desirucum.'e and \was attributCd i, a caisc for the I \ \ ield of ,o\ heant and perhaps of other 

ehetonmenon 
in munighean w.a pointed ouit h\ lihagat c al. (I 979). 
grain legumes (Sinclair and de Wit 19761. The likel,, occurrence penm ef-destructis. 
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The ttbjecties of' tIle prCstent in\es'l atiiil .'rCI 10 ,.+ .etllill: (11the photott1 nllth;tte a.nld 
nitrogen requir-'Cents filot Need prullftltIIl ,, a itnnl'ean ctltiva +, NI.15: and (ill whlether an 
\0'CfI LtI.S of !l. ill the n"l. V,otld, retIrd lCilf ,CeeSCce duriglh. podsupIpl., llitroe. ,011 llO 


developient aLd cotributh. to illcreaCited seed \ itld.
 

Materials and Methods 

oilln ilt.',il Nccd i it l i ,I iltie r, tICLI in the ,tul\ \ as ti• li d t'10111 the late Prt'. S. 
]6a.1ianUjlat. Indian .\',rucuItiuil ko2escaichi lntiitttc. N\v l)elhi NIl-5. K-851 . J-781 I and Dr. 

Rsc,,earh .l D 

chemicals '.\\rc oit iinaltical u'adc. Soditini bicurhilt: (',p. act. 46.8 ii('i nm0), u'eaI,
 

Isp. aci. 37.) tn(i innlil ini urca 'N +) N ah,lil C\,.Ss, \\,.r, obtaoied. especti\el\
 
ftrot thle Iotolc and ('ellciel"l ineI 'i, ()1I the 1hialblla \titliC Re2Search ('etitre.
 
The C\1Cr1tlcl'21 C ',d ill i pIhII 


II.G. Park. tile A\ian \ cL'ctal I)I clopii,-nt ('Centuer IPIIV I8). ['rca and other 

\%CC .lI IL iiominicl lNock dc,. i,iii. l',. I t .II tIItId of Ci2l11
 
5 -in-lon w,rom ". .,t) . ,ullr . See , \,, . c d 1paita ,ittail,c () 1 5i ci ITIl .. ii \\.rc Iui\\ il
 

Photosynthate and Nitrogen Requirements for Seed Biomass Productior 
T11CNIL. 5 %.lrIlc \ %\,I,,!!l\\ l ;I I)IlIIl 1t)( 11ULOl,)l ICI_',lt\ Of .3. 1.00( h1AIt \ a ,, ,,.d 10 

ti seletll N~ld'l Ai .\ ,lclIital,s\t pIt ll i i , ','l.'it 1 i C \ I lI I a n 1 ,.it I110102MV) .II'lln 

, , (.It21dl'll111l11w, Itlpi,.. pt otchn and it', lCl t,. , t'l l'hw lll',"n, ['+t')dtI I1\ t\ \ 'I 'l l~ td + d ,c i '. 
h i l,. Fil .I k' , cill'ilair and dc W,,it IU 5 Ih)u ( ), a l rate-inn \,. l b d (Ill •iul-l , i l]ilt ;,iol 

liht •,It itl l t, illid flttt%I,Cn a\'ailahilit\!p,)I,.+n lt I111ca.'.I urcd ;it I l P'it. • (:ll I)Ih ,+.\11111,11 
for •,ccd hiliim ,• \kC u hi,,,cd (11tilt :11AhAd-. dC,\L'I1),: d h SuIlulit 1 ld c Vi11 19") . "[h. dlittrnall 

ds,,itnilatiot l \%;Is Cil.'u ltd Ilt a l11-li dh,\ IC11lh Mhil. u u'itlll\ pll\ailed tinder tile T litnba\ 
,e.' l il l l t l thll'illl, tilt, !_\IICI l I I.'tt 

Solution for Spraying 

1 ea 5' \ I ,'t I Hi1t1tat.t ).i)+ - ,dl I\ \ I ill Il 1tille1. ti,a oIliil spl' ill2.I' , ' 2) \L te l 
It plii- litlalr .\ c-,pctIIIltC s c(I I,lkLIc t ,IChtrIlitlC tie s4uitable oc l2IltNi.t iin. there were ilo 
signs of leaf billiuiu Tict lWi1 1.5'; \ViCn sprat.,d \%h leaf burlingspl \\ ith lraCi. 2'; urea. 

\, ts ber\ Cl.
 

Design and Schedule for Spraying 

In .nIt.'tiI t riie,, •s1tlted it itiluid 4) d.\ ate'r ,,t il l)iS . [I silntiitt \, spraled 
three titmtes at 4(1. 47 lnd53 IO\S ",pt. 1): 3. 43 and 47 ).AS I [,pt. It) ',ttd 36. 43 and 49 
I)AS (E\pt III. ()1 the eight r,, phl',. ,I\ ceitrial im" \Crc uci flrt, treatment. lea\ mu two 
border t i,s. lircc i, • \ tc ,piua\ cd \\ till rie and tIle other threC rills woith 0.05 " TWeell 
20. The total SOilutlon spra1 'it tile three r , as 4.5 liters. The crop was haltrecsted at ,(0 DAS. 

Yield and Yield Components 

-clo l\ Ctt 

i0lhlv%ing par.iiit cs I',..ciideLI: Il). if Illatut- pod1.. seed , eli]. I0O0-SeeLl and total
 

At Illallrit\ . ") t)hOt platits %% h dlat rA1'llotll 'iltl 3 tii 5 replica.ted plots. The 
1eig1ht. 

aecrial plant \,.eight. it-'lulIn ei., scClnt ICa Cs still atr,tahed to tile plants. Seed vield,n: was 
obtained front bulk plot larvests. 

Incorporation of 4 C from Urea 

Telt second lea\,. tir11 the top \vere Collected at ratdom 35. 42 and 49 l)AS. Tern leaf 
discs Irill the,, ICiaCh disc 3.8 ctilt v,ere int,ubated in pCtri diheItC,, ColtithtC a 10 nl solution 
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2of 0.01 M 4C-urea (2.5 14i'ml in 50 mM Tris-FICI, pHi 7.5 at 25'C for 3 h in I1,000 1lxm.
 
Three I2-day -old pods \\ ere cut into I-c-lo-ng pieces ind tie samne manner
\\were incu!lted ill 

a,tte leaf dis. :fter inution, t,-,issue were rapidly washIed with 25(0 il ol 0. I M cohl urea
 
I l1omcd by distilled %,ater. 'Ihc v,cr, killed in ;thot 80'; ethanol solution of 1 ml and extracted.
 
An aliluoti'01t'e c\t ICt \t dtuIt l \Vhatnan ('GE 'C glass tiber filter discs in a Millipore
 
Iilter se.tup. v,rhLd ,',cial t utime, S( dried and counted in tIS-I00 Becknan
\\Ill C Mtho,. 
lklhIdS,.'h .
111iti01| SI,+:.,trtInucr 


Incorporation of '5N from Urea 

Three plait , v,,c."pri\,d .Itt250 tldol IP; N-ta cotnarin, ((5"; 'Teen at 35. 
42 aIlld'4) I) ,. c \\,IL" .1rc,ted h l\ IN \ ilthe1 Seed Sa.lllt)le.s)Cai 1p4l c ,I it t. idtcrtiltlld 

at IheciL It ,d the IutII t \t)IIt hk ln..,\ .',. a. Lnision
I CI I i,t ,\ ',I ,tti l ne \H ri lWtill1 

Incorporation of t"C from Sodium Bicarbonate and Estimation of Chlorophyll 
and Leaf Nitrogen 

l , in ti u i r h+'01Ls t ill ic,,\ thLtop c.h ),I the .,pracd and titspra.cid control
 
qL~l~t Ill \cc It SO. 0l and (i5 ftu0i \,lich lh'hi dis, (43.8
il :\pt ,I Lc :rt+iili al ).AS
trII \.k'crcs d 

14C0 2Assimilation 

\ CI C i art ii l L chintinimi,, 5 tl of miNI 

Ill fII Nl I I(I. .51 1it1l raiot, l \ (i and 11.(0()0l t]m illurntintaiotin
 

li\Cc eitdri,,. i hl I) 1C Na-bicarhonate 
ri,, 1 t11 it,4 nilat 3(0 


Ir911)u1it. The unaILt,,Iiiil(( ilhclacia! acetic acid. Leaf
iC , .r rclciiscd h% trcittllilt k% 
dicSC , c. piniiL',d ilttA boilm1t i ; 'thiol solutitt aid extracted. Al aliquot of tie extract 
\as,,drid 3 CI'I mltei a \\ liriti paper diL'aid Contted. 

Chlorophyll Content 

hhtglit'p
I ,t c\trILtCd Irun ti\c let discs ii IWtil (0 X()'" ethatnol ina water bath 
-tiltred 

ethanol. The atlmount c.iirtili> detcri icd h\ Arnon's nethoid (Arion 1949). 
at 1(00-(C or IH)ai. HIhiextract \s I ahrd the filtrate v,as tMade to 10 ml with 80, 

t)I v, 


Replications and Statistical Methods 

All tild c'pe,llilln, h;ad three to I,C repliacits Chlorophl II and N content and 1
4C'2 

incorporatiot v.tc iltlhreel- F aiiecnts ,itll "u'LreCuaand 15N-urearetiimatcd ceplication, 
were condIcLd uIlc. le s'IIIIIce'IfC 01 the diflftcrnce bctv,eci treatnment Irmeans was estimated 
b te t test hirI, , ld i.dIpo+ari d iCM t t, 

Results 

Seed Biomass Productivity 

The conpositiomn of NIL-5 eed. scd hionass productivity and nitrogen requirement per 
unit of' photisytnthlatc are giveni in Table 1. 

Photosynthate and Nitrogen Requirement 

Tlie ph\ siohgical chtairtcristics. photosyntlate and nitrogen availability of tie seed biomass 
productitn inNlI tre,i\en in [able 2. An LAI oif2.27 was achieved around 40 DAS. Under1-5 




247 Nitrogen: the Major Factor nlitine Yield 

Table I. Composition of muingbean seed. 

Components 	 g 100 ,dry seed 
Carbohydrate 67.86 
Protein 26 79 .N " 6 25) 
Lipid 145 
Ash 3 91 
Energy 1,56i kJ 100 P seed 
Itrogen reqUirerment 27 86 mg N g photosynthate 
Production value iSeed productrvrtyl 0 65 g seed biomass g photosynzhate 

Table 2. 	Estimates For photosynthare and nitrogen requirement for seed bionass production 
in ML-5 

At tributes Values 
Leaf area ndex LAIh 2 27 
Specific leaf 'iu'irt SLW, 
Mean CO2 assimilat lolrate 
Haintenance respirat ion . 

Total arouint hexose ilphotos nthmate iavailable for 

744 kg ha 
16 I mg CO2 dmn I 
20 mg glucose g d w 
189 42 kg ha day 

day 

seed biornass prodrir oil 
Nitrceii demrand for the seed production iassUining N 76 1 kg Ira day 

content of seed 4 0 19 1 18) 4":kv Ira - 0 040191 (Ai 
Nitrogen content in crop ifohayeiBi 89 41 kg ha 
Soil nitrove supply rate 'C 
Absolute requirlu rt for riti,.en i A C. 7 61 3 0 

3 0 kg ha day 
4.61 kg ha day 

kg ha day (D) 
Duration of seed t:rowvtlh iB Ai (89 41 7 61 kg ha dayi 1I1.8days 
Duration of seed ,rcvth if soil N avvarlable i-B 19.4 days 
(89 41 --4 61 k+ Ia dai 

Rate of seed bioniass proiuction (189 42 !g ha dayi 123 12 kg ha day 
x t0 65-PV cf seed) 

Maxinum seed yield 123 I 2 ky ha day I I A days) 1,428 2 kg 

"I'tttbI\ cirtoditihon, pord udl "CLd lriuIIatihm /s eCrCstliCted to1 it \iil if ,( ,iaI tltMI 20i I\ r 
Zan1d Ihalthat 19i)). "Ihe Cl11fet1\ e ",d-'lilinll'rild %%as Ititnl tol be' run Ihed ,0lfls,.It'COseident 
rot1 the data that t0 ,Lli1a0llt the sccd trussth. ;thiliehr nitro.cen dlcind ha, to be filet h\ 

1niihili/at litll ()I1 i y,_ tliloe,,,,hilh inuILIeC , arls, eCA',CnCeCCCC. 

Effect of Foliar Application of Urea 

Ii Exp.rtimetit 1.ufca,apllicllatl n enhanced the hili:,l %ieMd and the seed \ied it the 
Celltisars, J-78 I and MI.-5 [leu 3,."T'heeinhaned sed %ield %\I,adleC to the inl.creae, illltt1u'12 
ldSt lll-,el ,.,.i-ht. In lxlpCr 11nt 1hic M, ,e included.hplant and the II. in three Cultiar, 

urea application ,ignilicanthCul enIt d the h 1 rid. ee.d yiC 100-,,ed \eht ill.,ei,. ei and 
PHLV- I. the sed id and 101)-sd %keie2ht it M.-5 an; onl thle biolojical yield in K-,51. 
The hihrer be rut natsre 1)id , and I l)(l-seCe weieht ContiiutCd to a li1Ier yield. In 
lExperimCnt III. both sCed \lcdand MWSC)-s\eeieht \Cre siefifie'attls inereased In IL-5 and 
PHLV- I 	 lhollss in., n o In thtse,,louliar applaicati llre.'. cperinent,s. the seed \ield increase ranced 
t'rolti 15'; to (6'; M, erhe u trea.te,'d ,.ttul,. 

Chlorophyll and Nitrogen Contents and Capacity of 1 4C0 2 Incorporation 

Ch jhir)fl\i and nitro.mun Co11,ts and )"CO,J1iCtloortion, aS a measure oi" photosvnthetic 
capaCith of' 1hC ,Cotd arld third lea\es from it top. \\ere estimated ;it56. 61 and 65 DAS 
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Table 3. Effect of foliar application of urea on seed yield in mungbean. 

Cultivar/treatment Biological yield Seed yield Mature pod I00-seed
(g: plant) (g plant) (no. plant) weight (g) 

Experiment I' 
J-781 

Control 10.5 3.7 8.8 5.16
 
Urea 12.2' 4.4' 10.3 5.72"
 

ML-5 
Control 11.5 4.1 13.5 3.02 
Urea 13.3" 4.8' 16.5" 3.23" 

Experiment III 
ML-5 

Control 15.5 9.7 33.9 2.91 
Urea 16.7 11.2' 40.0' 3.15' 

PHLV- 18 
Control 8.8 5.3 14.4 4.40 
Urea 13.8" 8.8" 21.6" 4.71 

K-851 
Control 10.5 8.1 23.8 3.77
 
Urea 13.2" 8.5 24.6 3.90
 

Experiment Il' 2 
ML-5 (gim2 

Control 234.5 3.26
 
Urea 3000" 3.42'
 

PHLV-18 
Control 239.5 5.70 
Urea 2785' 6.13" 

'Experiment I Urea sprayed at 40. 47 and 53 DAS Harvested at 61 DAS. Each datum is mean of 60 individual plants 

collected from four replications Experinment II Urea sprayed at 36, 43 and 47 DAS. Harvested at 82 DAS. Each 
datum is mean of 20 individual plants , Experiment Ill. Urea sprayed at 36, 43 and 49 DAS. Harvested at 80 DAS. 
Data are mean of 12 replications of I m plots . Mean significantly different at 0.05 and D.C I levels, respectively. 
as determined by it test 

in M L-5 and at 56 and 61 1)AS in PHI.V-IS. The results for the second leaf are given in Table 
4: similar trends kkcrc ohtained uIlSi n the third fcal. In the control plants. the chlorophyll and 
nitrogen contents decrea;sed at 61 and 65 DAS in comqpariso i to 56 I)AS. Following the urea 
spraying. chhlotoph\ I1and Ilitrogen ctCnts werC not reduced to the same extent: at 61 and 65 
DAS, both werr si nilicat tlv iihier than tile contr)ls. Urca application retarded leaf senescelce 
as .judged h\ the retention ,of chlorophyll aind lea'f nitrogen. The capacity to assimilate '4CO2 
declined a,, the leaves lost chlorophyll and nitrogen. Howoever, the decline in 4CO-: assimilation 
was slow alterttcrea application (Table 4). 

Metabolism of 1'4 C- and 15N-Urea 

When Spra\ed on the foliage of' intact plants in the field, ts well as on incubation of leaf 
discs and developing fruits in petri dishes, labeled urca was taken up (Tables 5 and 6) and 15N 
was traced in the seeds. Over 97 ; of seed nilrouen was found in TCA (Trichloroacetic acid) 
insoluble fraction (data not shown). It is inferred that ', was incorporated into the seed proteins 
(Table 5). 

When leaf discs and pod slices were incubated with '4C-labeled urea, radioactivity was 
detected in an ethanol-insoluble fraction which broadly represents polvsaccharides, proteins and 
nucleic acids (Table 6). The extent of incorporatiot into this fraction ranged between 20% and 
33 ; of the total activity taken up by the leaf discs. The pod tissue partitioned a greater proportion 
of the total activity into an ethanol-insoluble fraction. 
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Table 4. Effect of foliar appiicaliol of'urea on the chlorophyll a. Initrogen contents and 14CO2 
assimilation of,munt-beat leaves 

Variety Leaf age Leaf no Treat- jig Chlorophyll '0 N dry 14C-incorporation 

(DAS) from top ment 20 cm -SD weight ±SD cpm g fresh tissue 
Sxl0 6 SD) 

PHLV-18 56 2 Control 489 9.7 3 08 0.34 2.35 0.1) 
56 2 Urea 668 I 8 3 38 - 0 19 340 0 15 
61 2 Control 34 I ± 5,0 2.30 - 0 20 1 73 0.31 
61 2 Urea 624 0 4 3.20 - 0.18 226 0.57 

ML-5 56 2 Control 73.6 L 0.7 3.48 0.15 1,64 0.15 
56 2 Urea 808 i 0 5 3.45 0.21 1.83 ± 0.28 
61 2 Control 543 z: 27 2,46 0.47 1 71 ± 0.30 
61 2 Urea 88.8 ± 0.7 336 0.05 1.96 0.46 
65 2 Control 36 I 1.0 2.43 0.02 0.83 0.09 
65 2 Urea 598 ± 1 8 2.75 :-0.09 1 81 0.22 

Table 5. Incorporation of '5 N from labeled urea into seed nitrogen of mungbean. 

Plant age when urea 00 seed N " isN atom excessVariety was sprayed (DASI at harvest in seed at harvest 

PHLV-18 35 0.79 
42 0.54 
49 4.48 0.68 

ML-5 35 0 57 
42 0.44 
49 4.23 065 

Table 6. Metabolism of ' 4C-urea by leaves and developing pods of mungbean. 

Variety organ Age of plant IDASI' Total uptake opm g f w. o radio-activity in 
x 10- ethanol-insoluble fraction 

PHLV-18 35 3,43 19.9 
Leaf 42 2.94 22.9 

49 3.22 21.3 
Pod 12' 0.51 46.7 

ML-5 

Leaf 35 5.36 22,5 
42 3.60 33.6 
49 3.13 27.7 

Pod 12' 1.02 31.5 
0
DAS = days after sowing. Da/s after anhc,,. 

Discussion 

Photosynthate and Nitrogen Requirement 

The major constraint to realize a higher yiu:J inmungbean is the reduced availability of 
photosynthates during seed formation becatusc oi"limited source strength (Kuo et al. 1978, Cliflbrd 
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The Rationale lor Using Urea 

N-itt i in L 101111 t.t, tltLtrhi t ',il d tl t Anditith h l,,tie i+hi is,_ h lema s 
is ItW I\ ,.Iit) (' i) \tili h. itCl l rS tlitcise.. lhitiIk l i tit'ca iitlitl lisiilIllttstis 
ctllillillti t i plaints, ik iditt, I ctt .',s<Iiin,,ark ,ial. 1053) . I hL rel',sed ( 'tulttll lt 
can alsot ti \,,l ut i si-h tuk li',ital.. lilltonlaI , tili/ed ill the 
(.e it(in i t il. I'ilcsu tit le d ai, ot 1i to h( h ,')iu' i'i-n 

he fl, i 0, aI ,\ilth sis tof 
sicmIidset ttihitol" l iitrocni 

INt't.C.(hristens.en'l c'I11. 19-) I t It 'A',pt .1121 iltuliallt'1n 1!;(,( li,\;ttiontIro i +-I ",;.l1c111ILd theftl ), 
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The Present Experiments 
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,,eed.,I,, Iit ttirhliitiitl,' pod dc\clo at late 
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(lClllt l Ia tlt.Cd Onl IC.;t\L'k (11t11i ltill'-l~till).CS lhNil ,~ ilt. !" iit l llcCLIid 11 -Illc' LId inllH 
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1:olir CItili/ititti1 L l. ddti tklit ills. -Lilitll In Calsed sO\biIsi iile ii 1it to I ltiL iCI a llSeeL 
yield (au'Cii anid Ilail a\ I7 . 'tooue Ci al.1031t 

Conclusion 

U rca alppIieau in tLCla CtlIlal >. e.Al'Ctleii ldn d 1sel d \iId ini it beaii. "lheseSI sI 
support our contetition, based t iichoretical anld expetiniental estiliitions that sed yield in 
nunubean is !imited h\ nitrotten suppI. 
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Influence of Water Deficits on Morpho-Physiological 
and Yield Behavior of Mungbean (Vigna radiata (L.) 
Wilczek) 
R.K. Pannu and D.P. Singh 
Department of Agronomy, Haryana Agricultural University, Hissar - 125004, India 

Abstract 

Mungbean (Vigna radiata (L.) Wilczek cv. T 44) was subjected to four irrigation 
treatments after the vegetative stage of crop development (30 days after seeding [DAS):
(i) unirrigated (D); (ii) irrigated until full bloom (42 DAS) and unirrigated thereafter (WFD);
(iii) unirrigated until pod setting (52 DAS) and irrigated thereafter (DPW); and (iv) irrigated
throughout (W). Changes in leaf-water potential (TL), canopy minus air temperature (Tc-
Ta), evapotranspiration rate (ET), net canopy photosynthetic rates (PN), growth 
parameters (green leaves, plant height and dry weight), and other yield components
(flowers, pods and yield) were recorded for rnungbean grown in a monsoon season. The 
unirrigated plants (D) had lower TL, ET, PN, growth and seed yield as compared to 
irrigated plants (W), but had increased Tc-Ta. The k'L was correlated to PN and Tc-Ta. 
Seed yield was also linea,-ly related to ,, PN, pod density and total biomass. Water 
deficit primarily affected the number of pods per plant followed by seed size and grain
number per pod. Seed yield recorded was maximum in W followed by WFD (77% ), DPW 
(56% ) and D (34% ). The study revealed that restoration of water supply to a moisture
stressed crop late in the season (52 DAS) does not compensate for losses of yield in 
mungbean. 

Introduction 

Munghean is one of the important grain lcguncS ofl tlC arid and ScHiOMid tropics. In India, 
it is generally urmo n in the monsoon season either as raiillfed or under limited available irriuiaon 
water. Therefore, the crop invariabhl suflfers fron miisture stress of dificrent derece and duration 
dependiuc upOn the pattern of rainfall distribution or supply of irrigation %ater. It is nom well 
documented that plant watcr deficit affects practically cecry aspect otf plant growth and yildd
hx nodikfvine anatom . niorpholog . physiolop,, biochcniistrv and hinall\ the productivity of 
a crop (Turner and lBcee 1981 ). Such studies,. howcver. hav been priinaril. confined to cereal 
crops and ,.r\ little research work is reported on munebCan (Phocat et al. 1984ab. Muchow 
1985). This paper report, the itrpho-physiolocical and vicld bCriavior Of nnunghCan under 
different moisture-stress conditions. 

Materials and Methods 

Plant Culture 

The study was conducted during the monsoon season of 1980 at Harvana Agricultural
University, Hissar. Haryana State. India. Hissar is situated in the semiarid subtropics at 29' 10' 
N latitude and 75'46' E longitude at an elevation o1"215 in above mean sea level. Thirty-six
containers (50 x 50 x 50 cmi). with drainage holes at the hottom. \kcre buried in the field 
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and filled wit loan\' soil. The containers ere watercd several times before sowin, and allowed 
to drain to field capacity. The -,oil contained ab)out 0l 111m of available witter between 0. I and
15 bar tensions at sr)v 3C. urea M Cqtliv\alent of 25 kc N 'ha arId Si',le supereCfore seCdir. at 
phosphate at 17.4 k2 Phh \Cl-C 11orouOghl., itixed in the soil of' each container. Ficht secds
of tiunghean cv. I 44 ,, crc ,)'%\in 17 .ul I'.() in each container. Ihinninc was done to 
retain tour uniorm plant,, in chl ci.mitaitler. 

Ai irrigation 0' 30 nlt was ajpliCid ui.rforrrl,, t ill conitajners .30 dit\ safter mm)v DAS).in
Thereafter, the crop i',, 1lsobIeted t1o) It-pOSMts 2tit;rriatirt treatirCeIt,:l (i1 il'riiriated
throughout (I): (ii) irri.attCd until f1ill bh001t1 (42 ).AS and LilirtiattCd tlhCrC;tetur (\V l)i: (iii)
tinrria ted Until po1d sCttire (52 I),AS andi irriLattCd thereatrier (I)PW): anid (i\) irricated 
throrihrot (W).

During the pCri)ds, 01 Irrr,-ti()n.It at1erI ',,Is, apiplied at 7 t( l()-dt\ inter\als. The depth
of irr:atioll at .. ach s..tcrrin ,,' .about l;hm if, e\p ()rirtifirn lrirmrr S\\'B .", A Pan 
cvaporinicter. Plist, ,',crc [jritCILd from ra+tin, b) sheltrs. At niturit\ the plants were
individualhl cut Off at cLoutlld IC"cl. the p10d ruIrbers, per rilir arid seCd ILtirirbr per p(id onted. 
and the ovei-dr\ ,,ciiht i urairl and rlirllarider olfthe: 1)1;11[S d,.ternilired. The .rO) \oiAs hrv cstcd 
on 27 Septeniber 19X0 72 )AS) it ) and \FI). \\ hile it took 79 I)AS and 88 I)AS to rlittLre 
inl tile NN'and DPW tratIerts,, respecti,,clv. 

Measurement Technique 
NM SUrirrnets i)! pI0rrtl \ terIa ela ,ilirsI illl)p CasX.chritlCe %\eletrlae-C c'IItLIrrrClItl\ 

ron clear daystr., e lrdda\ (1(0)0)t 12(fl) )n l iC t)ccaios, utr I(l-da,, intcr,.ills frirn 30 l)AS.
The leal-water pt)tentili 'l'i of t' .w r u)IreeI ll \ cepairidid trilifliate lea\ e \ as riteis,r,.d '.Aith 
t Pressure Chiulmr Appirlatus," (1Nl- Ilisourirent ('o.. ()re iS.\A). 

F li tie rrteasrCrrrcrr l c\it)()ifr , iriattri atd cirlp, Cl \c ill _'c. p urtille ir-trr2ht
chairhers (55 -: 5, tcmi. tied ,. iih a trispi-,irt pi)lCth\ l erc incoenad fant ir circulkitilu 
tie air 'ithin the chitriher. ',re ,cd. lie C\ptna)tlirlptri tuate%%r detenIrrined frOlltI tile 
incr,.ase in absolute vater content inside tie Clrrrer at tle ltiri ittervll ut) ()re nill h\ tisill
 
a hygrormeter %k
ith terirperature anrd huriiridit, SerSi)r, (I.\rrericain 1,IrtNrrunt Col.. Sil, cr Springs.

Maryland. USA). 
 lihe net plht,' ithletic rate (PN) \kits determined Irmtin the decrease in COI 
c rnceentratin i\ er ,)rc in itlteri tl ,ISilc ain Infrared Gas, A i l /er (.A ralh tical l)c,,. Co..
Hoddensdon. Iers.. UKi. Care thtrattaker c.cettlrttof' tulthe10 ensure lie CO,)l atirbient 
air inside tire ch;,lrber did iot dllete itore tiri, 20 1pp1. The prcedlre hits heenl described 
n detail h, P1lt)icttLial i 198411,. The r;rie,, olbrit lN aind l1t arc C\lrCCd lii attriLrnd-ar,,e;a

batsis. 
Tlhe pintius,,,nth,..trcatll\' - t5ctJ, ratdiatiitrn rPA.\R 1 ri eltter+ab')ue tire cro)p carriip[\+ ' a:r,Itreas:,ured 

with a Quantuir Sensor (ILi-Cur. Inc.. l.incilIn. Nchraska. [S.S\ ). tie+air telIperatlure (Ia) One 
rieter above tire canop,\ 'A ih a"ele-tlrtrrtirirter (Thonrs Scientific Appliance Co.. Philadelphia.
Penn:,ylvania. USA) :rnd tire canop. teitcrureraue r'IO v iithrn Infrared Thernitnteter (Bl]arnes.
Staitrrd, C(onncctiCff. USA). Diurnal stuldies, oti 'T1. CO. Cxchirre. FT ard Cvapot rairSpi
rational coilirre Ic-T'a) v\ere IrudC irt the ptod-filli.e sta.2 it Z1110biu iItervals to strdyt t'" .(-irutr
the recover\ in dilfferent aint prt:es.,,e, just al'icr the application oi irrigantn. The plant height.
number uf green cu cs and treen pods were rec trdld at 5- ti i()-dirv intervals after the 
superimposition tt diflereint irriati nr treirtt,.nts. 

The imretetrolog'ical pirnittClrs reordCd itt the tbs,,etvirurv of Haryaina AgriCultUall
University Rc,,erch Farm, IFissar arca iven in Fiure I 

Results and Discussion 

Leaf Water Potential (TI.) 
An increase in the stil water supply*N maintaiied higher 'Pr during the crop season. The

irrigated control (W) had higher 'IP.than tire unirrigated rreatnrent (D) (Fig. 2a). Withholding 
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Figure 2. 	Effects of different irrigation treatments on 'I' (a) and PN (b) in 
mungbean. Absolute values of irrigated control, W (inbrackets) along 
with relative values (W = 100) of other treatments are given. Arrows 
indicate the date of restoration of irrigation in DPW. 

of irrigation in VID on 28 August 1980 caused redIuc tion in 'i from -5.5 bar to -8.6 bar on 
12 September 1980. while restoration otfwater supply in DPW on 12 September 1980 increased 
'i. from -19.5 bar to -8.5 bar on 17 September 1980. The'iT reduced to about 50( of W at 
peak flowering in 1). It recovered from -19.5 ba l-t tlowering to -13.3 bar at maturity in I) 
even without any supplemental irrigation. A similar rec ivery was recorded in WFD in the season. 
This could have probably been due to the decrease in stonatal conductance, leaf area and 
transpiration in response to soil- moisture stress in D and WID treatments. During this period. 
the increase in soil-moisture stress of mungbean decreased the ET fFig. 3b) and Tc in D. A 
similar lack otfresponse in \Pi to soil-moisture stress has been reported in cowpea by Wien et 
al. (1979) and in tnungbean by Phogat et al. (1984a) and Muchow (1985). 

Also, a higher Ti was recorded diurnally in W than 1)(Fig. 3a). The Ti reovered from 
-19.5 bar to -10.0 bar within one hour and up to -6.0 bar after eight hours of watering, in DPW. 
After one weck of watering, the recovery in Ti. was: ,.7 ',higher in DPW than in W. The TL 
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Time (hrs of 19Sec80) 
showed a 5.75 bar and 6.5 bar recovery fl'ii flooln to eve'ning in W%and DPW treatnments, 
respectively,. T'his could have been duec to a decrease in evaporative denmand froml thle noo)n to 
evening hours of the day as repor'ted by Lawn I 1982), Phogat et al. (1984a), and Muchow (1985). 
However, the 'l' recovered little in the D and WED treatments frm the noon to evening hours. 
This was probably due to the presence of almajority of the roots in relatively dry soils in D 
(Davies et al . 1986t. 

Evapotranspiration (ET) and Transpirational Cooling (Tc-Ta) 

The differences in the rates of ET'among different treatments were more pronounced at 
midday (Fig. 3b). It was recorded mlaximnum in W and mninimlum in D. ET was affected by, 
plant-moisture stress and PAR intensity in various irrigation treatments. ET increased at higher 
PAR inW and DPW, but decreased at midday in WED and D. The recovery inET in the afternoon 
in WED and D might be due to a recovery in stomnatal conductance in response to an imuprovenment 
in '' under low evaporation demand in stressed mungbean plants (Phogat et al. 1984a). 

A similar response w\as recorded fir Tc-Tla during the course of the day' under different 
irrigation treatments (data not shown. The canopy in the irrigated treatment was recorded to 
be cooler than the ambient air temlperature (Ta) throughout the crop season (data not shown). 
There was, however, no consistency in the Tc in D and WED treatmlents, and on a few occasions 
Tc exceeded the Ta by 1 to 4<:C. In the recently-irrigated treatment, the Tc remained 5 to 6°C 
'wer than the Ta. Based on the average ;;,r Tc-Ta was ''the season. linearly related to the 

(Fig. 4c). i.e. the plants with higher 4'i. 'iad a cooler crop canopy. Blum ci al. (1982) also 
reported a significant correlation betweenm 'I' andi Tc in wheat genotypes. 
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C0 2 Exchange 

The rates of net photsynthesis (IPN) during the CrOp season and during the coirse of the 
day w,ere afftected h%, the mni tude and duration " isture ,stressIFois. 2 and 3c). A maximum 
PN was recorded inl the W. followed by the XVFI). DPW and I) treatnents. Restoration of the 
water supply inl DPW resulted in i sit)\\ rccivr_\ oil' PN is comipared to Ti (Fius. 2a, b). 
Although the reju enation Of tll, crop .anop\ helped inl equa.ilitattoti of PN in l)PW to that of" 
W on 25 Septenlber ItL)8. it retiaiJied Oil;\ 66.7 ! of that recorded at the flowvCrinlg and pod
develhpolient StIC in W. -\lo VI) re.corded hi,,her PN for i ]t1l2er period than IF\V. File 
severe reduction of' PN in I) \olUd have\ Occurred Lile to the deterioration in the plant water 
supply, il increaSe in the Tc due 1t ',4nitialclosure, 1ind1a reduction in the leaf area and sink 
capacity (OlFoole et al. I)77, Plioatg et il. 1I)84a. h. These facts are sltown in Figure 4a. 
h. in which PN shoed a linear re'duction \vith ccreaC it ''1 and trallspiratiotllal cooling (Te-
Ta). it the irricate.1d \V and XVI) treatmctits, PN \ as relatCd to i;uinttkir 1Itux densit', biut PN 
declined al a higher phtt flu\ dt.n,it in .c' eru \ stresstd 1) and partiall\ -stressed [)\V (Fig. 
30. 	 It itdiCates that ',t.t deficit iluhiencetC litt PN per Unit area. 

Ill ahsolItte tertlS tile rate Of dirk respiration at the riilg-llhcte was lelated to tihe 
let suhstrate suppl\ oe , btut ill r'lati\e cerm it \kiallnot true iTable I ffor example.
the sevvrely,-stressed plalnts (D) v ith lightl\ lss than ott-third of dark respiration in absolute 
terms had i tv. otold highe.,r peret.ttge ofl dairk perid respiration tharn V. This indicates [hal
the severely'-stresed plants I)) notl orl\ hiid hlo, er .arbon fixation durien the' ti\ but alsol ere 
losine relativel\ moitre plhtosy ithate , itt the dark peruid respiration at niit. hiihirl results were 
reporrted b\' hoa e0dt ( l)84b rti \1 itl eIleCi ill. iil rounebeart Sutier drV seasoll (Aprrt-.t11. 

Table I .	 Effect of different irrigation treatments on respiration and photosynthetic rates of mung
bean (recorded on 27 September 1980). 

Treatment Dark period respiration Net photosynthetic Percent respirationrate 	iR) (mg din 2 hi rate 	(PN) inig dm2 h) (R PN x 100) 
W 2.68 17.54 15.28
 
WFD 1.45 14.25 10.18
 
DPW 2.26 17.54 12,88

D 0.78 2.50 20.12
 
LSD (P =0 05) 0.79 6.57 -


Growth Characters 

The changes in plant height and tile number of green leaves and gre en pods recorded between 
3(J and 70 D.,.S are ci' en irl Fig-ure 5a. h. c. The plant height recorded was rita xilliull inl W. 
followed by WFD. DPW and D. A siiilar pattern was recorded for other growth characters, 
except the rnunber t' 2reeCnl leaves v, hich were higher at tile end of' the season in DPW over 
WFD. This ,l tlld l ylc been due to the de'eIprient of new green leaves after irrigation in 
DPW at 52 DAS. The two peaks of reen pod,, recorded ill the season were related to the two 
peak rates of flo\kering. which vCerc recorded al arotrund 45 anrd 60 .\S fdata iit shown) itt 
this 	muiugeani cult ivar. 

Yield 

The total dry matter, as well as crairn yields. were afTected by moisture stress in iunghean 
('fable 2). The reduction in harvest inlex with tile tmoisture stress indicates that tile 	severity
of moisture stress affected the Lrain yield relati velx more than the straw yield. The straw and 
grain yields recorded were maximuM in XV fbllowed hy the WFI). DPW and 1) treatments. 
The grain yield constituted oil\ 33.8 ', 56.4Y and 77.()7 , respectively in 1), DPW and WFD 
of that recorded in the irrikated cntrol XV). Althot-h withholding irrigation after flowering 
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for curve fitting. of green leaves (b) and green pods per 
plant (c) in mungbean. 

Table 2. Effect of different irrigation treatments on yield components of mungbean. 

Treat- Pod length Pods Seed, 1000-seed Grain yield Biomass Harvest 
ments (cm) (no, plant) (no. pod) weight (g) (g'plantl yield (g/plant) index ('b 

W 5.89 32.75 7.80 37.71 6.79 19.23 35.31 
WFD 5.65 24.19 7.45 33.44 5.23 15.30 34.18 
DPW 4.63 21/0 6.49 28.09 3.83 12.63 30.32 
D 4.76 11.44 5.96 26.91 2.30 8.32 27.64 
LSD 0.43 5.35 1.38 0,47 0.87 2 24 2.08 
(P = 0.05) 

in WFD caused a 20% reduction in total dry matter, it caused a loss of 33% in grain yield as 
compared to the regularly irrigated plants (W). Restoration of irrigation at the reproductive phase 
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Response of Mungbean Cultivars to Soil-Moisture 
Stress at Different Growth Phases 
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and S.R. Sree Rangasamy 
Department of Crop Physiology and School of Genetics, Tamil Nadu Agricultural 
University, Coimbatore - 641003, India 

Abstract 

Field experiments were conducted at Tamil Nadu Agricultural University, Coim
batore, India during early surirmer (Jan.-Mar.) to understand the response of mungbean 
to water stress at different growth phases. rwenty-seven mungbean cultivars were used. 
Soil-moisture stress was imposed at either the vegetative, flowering or pod development 
stage. Stress was imposed by allowing the available soil moisture to deplete to 8.0% 
(near the permanent wilting point) at any one of the growth stages and then irrigated 
to field capacity. The control plants received adequate irrigation at 60% depletion )f 
available soil moisture. 

Moisture stress at all growth stages reduces growth and yield in rnungbean. 
However. stress during the vegetative phase causes the maximum reduction in yield
(21.6% ) as compared to the irrigated crop. Stress during this phase irreversibly reduces 
plant height, -oot growth, leaf area, number of clusters, number of pods and dry matter 
accumulation. The number of seeds per pod and 100-seed weight are unaffected by 
stress treatments. Some possible physiological mechanisms operating in mungbean 
under moisture limitation are discussed in relation to growth before anthesis. 

Introduction 

Munehean I1ma ra,/iala (."ih, IWilczek) i, r)Irilll'iV> culivatCl aS a dryland crop in India. 
In dryland agriuhLure. Oxk Soil ritoisture is the prillar,, icl-lirnilin factor (Chokev Sin h 
and Yadal\ 197S). Munghean sufler, from a 4W; to 00'; reducLion in crain ield due o water 
stres, ,,compa.CL 10 f-I'irrigated Cnl ,. The lO\,,,il I11SI'C. i h iurnal hit.t l),eraturCS anld 

,
greater c\ aporation prexailing' illthe dr\ Lind situatthI reducelCC r th Ind xiCld f rlLtghean. 
Three adequate irrigation,. one each at cer'. (0'; dcpletilon o ax alahlC Soil mnloiSture IDASM) 
are reco mnended hr mounHLah during the enIIe cro0p griOky Illduration of ahout 70-80 days 
to obtain optiunir ,icld Wlitch,nlrtha clal.l986. scarcity during sumuter[l-o\e\cr. \\alaer 
limit', the frLequent I irricaliorn threCC t orlor t\ 0 tirlneS. The effect oflwater stress1rn-011 tilnes 
on gr\th anild \icor ill nillhearll % -tieStae t crop rowtll durirng whichComponent, \arieS Vith 
stress occur.S (Sionit and Kranter 1977). Efficient xxatcr rrlalLen 2r illrelation to critical periods 
01 Str.ssi.sCSeltial to Optirlli/e icld with a\ alahle moistlrC. The present study was conducted 
to asess the response to1\xater strCS, at Speitic growvth staces. 

Materials and Methods 

Field experirnctis \,,ere conducted at Tamil Nadu Acricultural University at Coirnbatore, 
India during early summer (.an.-Mar.) \%,hen there was no rainfiall. The riean maximun 
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temperature ranged friom 28.7 :o 35.3 C and the mnimunm Iemperature romn 19.0 to 21.3 0C. 
Twentyv-seven muncan cultivarla nati,,ite ipes)t of ,innilr durattionl (00-701 das) wIer used.%o 
Moisture stress ,%as imposed at citl'lr the \Cctatlse, t1o\mcriik.!- or pod decelopmellt stlac ill 
order to uiderstald the C\tellt t red1uton Ill IIIne-eA)I Oaid dLu to IsInre, stes', at theseC; 
specific cro',\th ,,taces. 

,,oisture strIs ,s,,a inpoNed ,\ ailohs hin die isailaiel' sol notul.' to deplee to iar file 
perllanlett wihilting Point it am ol of thle 1cro s\ , th ,taue's lltlolled at e IKrllal I ). The 
soil was red loams and had th li o,.,, pmprtoprti,-. hulk den,,it, 1.57 Zm field eAIpakit,

S1559"'. perntuit k1411112 po;i A'- c tlcti,.c rontmi' /one - m.n) Afttr allos, inc 
lie soil , nt ,ttn to deplete to ni', the l alient ,\ iltin., point (7.41)'; ), i I field \,.as irit.ate'l 

back it)IeIdL ltmcI".t'flIeCInIt I-,,l iII I,-,n Iplats iet.c+i, CLI thC threeIl ' ' . IItinde d irTi2Atitnls. 
The total alt onnit I CtC C iminet :I-( d sastt t l l. \ C. La%h tr itl dhril ll,- tMtil ICi tt -cols tit Ie 
I1S.(, j I .6 8I. 7nd 5.(r I in lr contr, at ( .t.ce. at the fl(s erii tace.t l a the cethiti\e 


antd M the pod de\lop1unt ,,tape. i0r,,* Ct >LA',lh "L l\tItiimit s5,as .omidu'td tslt 
 a Ilpi 
plot desica itli ,tre,,iatiielti', a thu 1ia;ii pi0t and Luiti\a, as the suboIdIt. 

Results and Discussion 

Ill c erI llititu. strc,s. IcesCpleis ' (01 ile L'rotilM sta..'C ,tinrii \ himlIII ct IiCI.rd cId 
the -.raim vield in iuuiobean. I . iutnc'hean , 1thotN sinsiti L t,.i iitrL sti'ss durihtu, 

,,the Cetatie plhase Stre ,, diiu ,i,till, ph', rt,..duced thle Uoaii id It, 21.W ; it', itrIpaLla 

to the L) ct oprttlItale, I It It ulutedliIIl \1t1ihim Ckltltit
I il II il t 1lCilhI. It)tt ,c 11ttsh. 
]laf a1rea. dis 111;1tL ILi Il r tIlId, ,,  u.tr.,. i inbe.h iti l i t,iis.'L+ itILiC\. 
Interet mmol, i oea im ild l,t ld \!Cii l iin 11iIiiLo. IlIt, Itli '5' tIliiii 1il S i, ,,. t t dtiitlil 
fluiweri.uMCphas,.>tiCSs, Jtuiiiicll tsliii iefih ethlie d h% tl I%1.3, . SlINitre.siress,,dnrinu 
pud ( IsCltpiimeimt ed,.ucedI time iitiimui21L'mtil Si ld 1' I-o 1<i 1 c I,I I I IttI i t.b',11 NeedN perF 
poL ILl lll1-sCud 5,,liih tl mUint1 .CI h% the sitC, tiCa'tth it. 

Table I . Effect of soil-moisture stress at three different stages growth and yield of mungon 

bean.
 

Soil tfMiSOTstr stress dutrrigC a
 
Charactozr Control CD at
 

rio stressi Vegetative Flowering Pod develop- S- P
 
phase phase meint phase
 

Plant height icmi 36 9 34 4 
 35 7 37 5 2 1
 
Root length (cm) 126 
 II 3 129 12 1 0,8

Branches plant ino i 1 5 I 0 1 3 I 2 
 0.3
 
Total dry matter ig ori 192 0 202 0
159 0 164.0 26. 1
Leaf dry wetght i rn-l 35.0 27 0 30,0

2 
29.0 6.3"
 

Leaf area cm n 1 8.750.0 6.7500 7,500,0 7,250.0 1,306.0

Root dry weight (g ron 13.0 
 70 It 0 10.0 4.5
 
Root shoot ratio 0 49 0 44 0.50


2 
0 S1 0.03" 

Clusters m no I 80 63 69 64 II
 
Pods in2 to 1 278 213 255 220 
 19 
Pod yield it hat I 192 0 967 1 190 0.981 0.213" 
Grain yield It ha) 0.792 0.621 0 782 0.653 0.152"
 
Seeds pod (no.) 10.0 9 7 10 I 9 6 NS
 
100-seed weight (g) 3.7 3,7 3,7 
 3 6 NS
Harvest index (101 41 1 38 6 36.7 396 2.1" 

zMean of 27 cultIvars "Statisically significant at 5 " "Statistically significantI .at 
Th %,iCI in imnchean is 'Ccieiallv Lecidd hy it.I C.p it\ to1rtsM msl,, WCC1iltt1C'il0 Mnd 

ais much dr, matter as poNssihlebtte anthesis IKtio ct al. 1978). Ihe rapid grtmth tduring2 the 
basic segetative phase (BVP) itmrie. was fould to be esSeltial to obtain optinmuni leaf a're- index 
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and early ground coverage (Yoshida 1981 ).Hence, preandiesis moisture deficit is highly
 
detrimental to mungbean. Unlike in soybeans and cowpeas, the phenomenal of osmotiC adjustment
 
and developmental plasticity' are poor in mungbean (Lawn 1982). The lack of these two phenomena
 
makes the crop unable to withstand wvater stress. Moreover, the water extraction capacityv in
 
mungbean is very low during tile
vegetative period since the working depth in which abundant 
lateral roots of rungbean occur is only from 3 to 12 cm from the soil surf,tce at this early stage 
(Chiang and Hubbell 1978). Pandev et al. (1984) also confirmled that greater root densities ill 
four grain legumcs are seen sutrface soil layers. particularl\ in low moistureusually in tile 
conditions. This dehvdrat o Ioidac IleChalnisll vhich operates illunghea.n .hen \ater
 
stress was imposcd during the carl\ stages of gro\th, leads to stolatal closure aLd a low
 
pholtosynthetic rate ,'Ahich rcsuLts in irrcersible loss of leaf Lo\lh (Suininrfield et a!. 1976)

and assifilatot 3\capact\ NILudch\M\ 1985). This source limitation results in low pod set which
 
reduces greatly the number of podsl pe plant (Chiane and Htubbell 1978).
 

Stress during tile rcdu:ed thie a1 ount of foliage. There is a linear
vegetative stage greatly 

increase in vield ,ith tile water applied before anthesis. Chickpea is also
auouiit of irrigation 
found to he Most senSiti to0 stress during preanthesis and it responded favorably to irrigation 
at the prcflowering stage (Singh 1984). AdelUte \atCr during the vegetative phase isessential 
for Illunebeal to bear the lm.Ximumllll 1uiLniber of pUoLs. 
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Response of Mungbean-Black Gram Hybrids under 
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Abstract 

Field experiments conducted for threewere consecutive monsoon seasons on
different amphidiploids between mungbean and black gram under rainfed conditions 
in drought plots at Haryana Agricultural University, Hisar, India. Some of the promising
hybrids with foliage mcrphology similar to mungbean (T1-16, T1-18 and T1-22) and to
black gram (T2-22, T2-36 and T2-39) were selected and evaluated along with standard
mungbean checks (cv. K 851) and black gram (cv. T 9). The genotypes were evaluated
in detail for changes inroot zone depth, soil moisture use, root and shoot growth and 
partitioning of dry matter in different plant parts from seeding through maturity. Among
different plant spacings. 30 x 10 cii was optinmm for obtaining higher seed yield per
hectare. In general, the seed yield of mungbearr-type amphidiploids was higher than
black gram-type amphidiploids. MUngbean types Tt-18 and T1-22 and black gram type
T2-36 outyielded their respective standard cultivars. Hybrids T1-18 and T2-36 were
shorter in maturity duration than Tt-22 and the standard cultivars. Hybrids T1-18 and
T2-36 had higher plant population at harvest, rapid rate of root extension and growth,
higher daily water use and greater allocation of dry matter from vegetative plant parts
to grains.On the basis of seed yield, the water use efficiency was also higher in hybrids
T1-18, TI-22 and T2-36. The correlations of plant stand, dry weight of different plant
parts, yield components, harvest index and water use to seed yield have also been
 
discussed.
 

Introduction 
,',tin
I rpr \e vichil potcntial of Cral, uch ,.,hCat. and sorghum has heen achieved, ric+.,


primarily through the inlipro ttCient in the allocation of, ssinilatcs to the reproductive otItS
(Sinha and Kianna 1975. l)onald Iand l-lanhlin l1970). I'lhcr'fo+rc. it isoftcn ste-cteCdL that similar 
irrprovemncts in pul,,e,,'4h01hd bC an iIpttint Ohcctivc in bcdn ric-d of these crops.

he i tnghean and hlack ran arc pritnaril\ ro. oi lieht-tc,,turcd Soil" as rainfed crops duin,
the Monsoon SCltl ldiin tthe ,1,,otillO •icnt. 

In rail ed areas,. aI IIloC C\tC iIsi looC c al IC 0 i I' V ofIst c .n prosl id aCCCs to ecr sCI 
stored soil molitur and thus bcttcr aipt to droIeih ,.ildiion,(IIuck Ct ai.I t)S ).HFo ever. 
an ex esstvelv hieh rate iofrtoolt it. lecauiIcIos thl ia%rduC0oCvrall priducti b phtO s\ ntha.IteS
diverted to the roOt 55 tIein iot cali bIevaILiC fr additioMal erowth 01' seed devoCIpmCnt
(Schulze et l. 1983).

Although sonic inborination on thn Miad tlquaility ascts of irri.atede ,,cCI, ultphidiphrids
of munhean < hlack cram has becn rccentl, reported (Sinuh et al. 1980). data onil tnorpho
physiological helliMr and car partitioning lon ofdry tnatter betecin root and shoot are not
available. The present study iM.stigates the water use. routitig pattern and partitioting of dr' 
matter indifferent plant ol2ans of the ttltunlghan hilack grain aniphidiphoids \%hen grown oil 
light-textured soils as rained Crops. 

http:grains.On
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Materials and Methods 

The experiments were conducted during tile monsoon seasons of 1984, 1985 and 1986 at 
the Research Farm of Haryana Agricultural University, -lisar, India (20' 10'N latitude and 
75°45'E longitude). A large nu,mber of amphidiploid progenies of nimighean x black gram 
hybrids were tested by the Department of Genetici. Haryana Agricultural University. 

For the -resent study, six promising hybrids with different Ibliage morphology. three each 
resembling either muntlbean (Ti- 16, Ti-18. T -22) or black grain (J:-22.T2-36. 1'2-39) along 
with their respective standard cultivars K 851 Imungbean) and T 9 (black gram) were planted 
in drought plots (cement plots filled with illihtextured soil) on 15 JyIIi 198-1. 19 July 1985 and 
23 July 1986 during the first, second and th ird ionsool seasons, respectively. The experiment 
was laid out in t randomized block desigen with three replicates. The plant spacing was 45 x 
25 cm and 30 x 10 cm1during 1984 and 1985, respectivel\. Whereas, during 1986. three plant 
spacings (30 x 5 cm, 30 X 10 cm. and 30 < 15 cm) were tested. lowe\er, heavy rains (40 
nml) received just after seeding during 1986 11ainpetred the establishment of proper crop stand 
in all of the crop geometries. 

The crop stand in one of the replications in30 :< 10 cm geometrywas found to be satisfactory 
in all crop cultivars. except in cvs. T 9 and T-22. A ca reful sampling for assessing the grain 
yield was done fron the other spacings here part ofib e plots had normal plant population.The 
above sampling wa used only to assess ti effects of different plamit spacing on grain yield per 
plant. These data were not used for the assessment of graiin yield perIha due to the genetic 
differences observed in the survival 41f ftmCtiona! plants at harvest. 

Plant samples were taken fromti each plot for growth studies. Plant heihi. leaf area, root 
,and shoot weight and total dr weight plant \ cre iecorded at 15-da intcr\al, froll 15 lays 

after seeding until crop maturit\. 
The soil of the experimental plots retained 11.5 cia; and 1.5 cm water at ). I bar and 15 

bar tensions, respectively. The drought plots contained 8.5 ± I cm of available water at the 
time of seeding in different seasons. Soil moisture , cre conducted at fortnightly intervalsNtUdic.N , 
to calculate the consutinptive use of"water, moisture extraction pattern and water-Ie e fficiency. 
The soil moisture content was determined from 0-30. 30-6(( and 60-90 cut soil depths hv a neutron 
moisture meter. A total of 255 nmm. 29- mit and 115 im of rainfall was rccei\cd during the 
1984. 1985 and 1986 crop seasons, respectivel\. 

Results 

Growth Pattern 

Out of the eight genotypes of mungbean and black gram, the growth pattern results of four 
contrasting cultivars (one amphidipluid and one standard cultivar) in each mingbean (Ti-18, 
K 851) and black gran (1T2-36. T 9), respectively, are depicted in Figures I and 2. Because 
of the shorter maturity duration of amphidiploids. the growth measurements were terminated 
two weeks earlier in amphidiploids CT -18. T1" than in the standard umungbean (K 851) and -301 
black gram (T 9) cultivars. 

In general, the rool-zone depth and plant height of' amphidiploids and standard cultivars 
increased at a faster rate from seeding until 30 days after seeding (DAS ).The rates of downward 
root growth in the soil profile, plant height and leaf area, however, started to decline 30 I)AS 
in amphidiploids. At 50 DAS the plants of both amtphidiploids had generally longer shoots and 
roots than their respective standard cultivars. In K 85 1both plant height and leaf area continued 
to increase at a faster rata from 50 DAS through maturity. 

Dry matter accumulation in roots and shoots also increased at it rapid rate from 15 DAS 
to 30 DAS in all the cultivars, except in cv. K 851 in which the dry weight of both shoot and 
root increased at a faster rate 3(. DAS onwards (Figure 2). Higher initial root than shoot growth 
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Figure I. Seasonal changes in root weight, stem weight, root:shoot ratio and leaf 
area of contrasting genotypes of mungbean and black gram. 

rates maintained higher root:shoot ratios in cvs. K 851. T-36 and Ti-18, and vice versa from 
30 DAS to maturity. ..i the case ofcv. T 9. however, arelatively higher allocation of dry matter 
to roots increased the root:shoot to about 0.9 at the end of the crop season.The plants of cv. 
T 9 were smaller and had much less dry weight of roots and shoots compared to the otier cultivars. 
Interestingly, despite the short maturity duration of amphidiploids, their great depth of root 
penetration in soil with less root weight indicates that the amphidiploids probably had finer and 
longer roots than cvs. T 9 and K 851. 
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Figure 2. Seasonal changes in soil moisture use, root depth and stem height of con
trasting genotypes of 	mungbean and black gram. 

Partitioning of Dry Matter 

The data Oildry mnatter allocation to roots, stenis and leaves recorded at crop maturity ill 
dA"l'rent gecnot. PC-, are gyiven in Table I. Oin ,n average (mean across all tile genotypes), tile 
roots. ,SWIMs,ICd\C gr1ails shared 16.4 g.20.95i(. 29.8% and 32.97( of total plan! dry' weight,111ad ( 
respectivelyv. This indicates thait about one-third of' tle total dry inatter was diverted to grains 
and the other tmot-thir-ds regnwined in vegetative plant part,file Under and above ground. 

There was a significant genetic variability for tile dr\' matter allocation Itothe roots. Genotypes 
such as T2-36, T2-39 and 'I"1- ). cvs. "T'-22. T,'-22,18 had a minifmumi (7.5(*i -12.5' 5;; K 851 and 
Ti-16 a mo)derate ( 14.6c,'- 17.8(("). and cv. TI9 it relatively higher proportion (37.5%) of' total 
dry matter diversion 'to roo(ts. Ill ah'Olute ternms, howver,)' T 9 had the minimium and Ti-16 
the maximumi dry weight of' roots anmong diff'erent gcnotvpes. 'Fie dry' matter allocation to the 
sterns was nimum~.11 in T 9 and nlaXimumll in T,- 16. hoth in relative terms (percentage of total
allocation), as well is in absolute ter s(weight/plant).
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Table I. Variation in yield components and dry weight -f different amphidiploids of black gram
and mungbean at harvest (field experiment, 1985). 

-YieldGeno- components Dry weight (g)' 	 Total 
types Pods/ Grains 1000-seed Root Stem Leaf Grain dry wt. 

plant 	 pod wt. (g) (g/plant) 
(no.) (no.) 

T 9 7.2 4.5 16.5 1.8 (37.5) 0.7(146) 1.3 (27.1) 1.0 (20 A) 48

T2-22 14.2 8.1 48.0 2.0 (16.8) 2.9 (24.41 3.6 (30.3) 3.4 (28.5) i .9
T2-36 18.7 8.6 56.0 1.3 (12.5) 1.9 (18.3) 3.2 (30.7) 4.0 (38.51 10.4

T2-39 16.2 5.7 460 0.5 { 7.5) 1.4 (21.2) 16 (24.2) 3.1 (47.0) 6.6

K 851 18.5 8.9 54.0 2.3 (14 6) 4.0 (25.3) 5.5 (34.8) 4.0 (25.3) 15.8

TI-16 6.7 9.3 35.0 4.2 (16.0) 7.9 (30.0) 11.4 (43.3) 2.8 (10.7) 26.3
 
"1"-18 	 20.0 93 90.5 10 8.3) 1.9 (15 8) 2.6 (21.7) 6.5 (54.2) 12.0Tr-22 	 21.5 9.7 73.0 2.5 ) 7.8) 2.5 (17.9) 3.7 (26.4) 5.3 (37.9) 14.0
LSD 3.7 1.4 298 	 1.83.9 2.8 2.2 5.5 
(P = 0.05) 

'Figures in parenthesis represent percentage of total plant dry weight of individual plant parts. 

Among 	different ,'enotvpcs the leaves shared front a itminimun of' 21.7('; (T1 -18) 	 to a
tuaxiMLuI of 43.3Y; 0),l total plant dry matter. The diversion of drv matter to the grains
ranged froot I0.7, 'CI (-101 to 54.2"; (T[-18) of' total plant dry weight. The other genotypes.
which had a higher than averageo (32.)(; l proportion of dry matter allocation to the grains, were 

+,
T-36. T'-39 and T-22. Ingeneral the diversion of dry matter in all of the mungbean and black 
grain anphidiploids was substantially higher than their respective standard cultivars. except in 
Ti- 6,a nmung-tvpe aniphidiphoid. )espite its significantly higher total plant dry w,'eight. cv. 
T-16 diverted a cerylow proportion of assitnilates to the grains. 

Yield 

Although an increase in spacing resutted in an increased per plant grain yield, differences
in mean seed yield per hectare (mean across the cultivars) %%ere statistically nonsignificant. At
wide spacing (45 x 25 cm). the cvs. T,-36, K 851 and I-22 were higher yielders, while TI-18
failed to show its supremacy for grain yield at this spacing (Table 2). TI-18. however, recovered

such yield losses at closer spacing (Tables 2 and 3). At 30 x 10 cm spacing. cvs. Ti-18. Ti-22
 

Table 2. 	 Effect of spacing on seed yield of different amphidiploids of black gram and mungbean
 
(field experiments. 1984 and 1986).
 

______Spacing between and within rows (cm) 
45 x 25 30 x 5 30 x 10types (yield kg ha in 1984) 	 (yield g plant in 1986) 

30 x 15 

T-9 	 500 0.4 NA' 1.6
T2-22 	 NI' 0.3 NA 1.6
T2-36 1,590 2.5 4.9 6.9
T2-39 	 540 0.3 1.0 2.4

K 851 1,520 2.5 2.7 
 5.0
TI-16 1,345 0.9 1.7 3.1
Ti-18 1,120 2.6 3.9 5.1
Ti-22 1,490 1.5 3.7 5.1
L.S.D. 	 204 0.9 - 1.8
 
(P = 0.05)
 

'NI = not included in the study. 'NA = not available, 
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and T-3. had substanltialxl, higher Nri.,d than their respective standard Cuiltivars. Thus, 
the 30 × 10 clii Spacing seeme. optimtlul for exploitug the yield potltial of anplidiploids, 
both for irriated (Sinch cta!. I )XO). as well a>sfor nonirrigatd, environmiiens.Therefore, reSltls 
on various aspects of 30 :. I ) cm spacing of 1985 alone will he presented. 

Yield per hectare is a function of plAnt population and vield per plant. In rainfed areas of 
licght-tC\ttured soils X.hCrC raitisate.r gnerall, penetrates the soil at a faster rate. seXveral plant 
species with sh,. rate,, o trootl pentratioll Iia\ not track the foX inc .iiL,1\\to lowerIati 1 ataer1 
soil laer, elficientl\ Xid. tlis. ta\ ha\ lo\k sedlie sor\i\Al alnd plant stand at ha\ est. This 

,occlrCd \\ith ,sL . I ilit \0ich oni lsa :ut it C-third of the ',Ce,.ilintc stiris\ed to I'ach ilatllritl 
Table 3). The tIr i\11ll,.+.llte in diffle'rCnt ,.lti ,r was iiodCrate and rangced ht,, c 66' 
'I.-22) and 78'%" -3).T -16. K ,'s5I).The miia\iiti crai.,eld \aas recorded in I-18, 

fo'llowCd h\ ' -22 atnd ,..as, Iliiiiiit iH.,\.T ). Inl cleral. the mngbcai-typc ofilarphi
diphoid' \\crc niet prodtiutts,. than the back graim tI\pc'.lie lho\C-ntild hioiilass and total 
biotlla, inlusis,e ol, l eicht ice rded \\eic iliti.tlc w hiclier in '11- I 0. *folhos ed hy K 
851. i-22 ;and 'I IS thmi in I () tlldIl' .. I h htt Cs iidex sit.d at'.rs 55ide \ariahilitv 
niioiig,, dirtreit crop 10' o CI roots.Ittitsars.Itran3d tm I t S95 (Ii- 18) c\lidiilt,2 
ald froIll II "; (Il 10) 54', (J: 18) inl, tidingu r ots> in the top \seight of shoots. The other 
. ... sith relis Idier sscrc _I aid T-36. On the basis ofw ls hstdices I 
total bioillia',s shoot .- tt plt,.hljttO t. ,+C\ . .s' td a titarkedl hl .riliar\ Ct inde\ thll 
ther g tr\pCs. ecept "I I, 1(1. 1ts\ c5 Ioo d herc1(0. dcspite \lci"I\ XX tliti anllhil r.el 

ph itsty',.ith,.tiC s llacc' hble I ). 161Ji1ted a %C.\ p(+i iar\.st itde . 

Table 3. Variations itplant density, yielo and harvest index of different anphidiploids of black 
gram and mitngbean (field experiment. 1985). 

Harvest index based on. 
Geno-
types 

Plant 
density 

Seed 
yield 

Aboveground
biological 

Total 
biological 

............ 
Aboveground Total 

Ino ha lg ha. yield ikg hat yield' (kg ha) biomass biomass 

T 9 110,000 ,33 01 333 1.000 1,600 0.33 0.21 
T2-22 220,000 (66 0l 1.133 3,300 3,967 0.34 0.29 
T2-36 250.000 75 0i 1,333 3,033 3,467 0.44 0.38 
T2*39 260.000 178 0 1.033 2,033 2,200 0 51 0.47 
K 851 260.000 t78 01 1.333 4.500 5,266 0.30 0.25 
TI-16 260,000 (7801 933 7.366 8.766 0.13 0. 1: 
Ti-18 
Ti-22 

2.40,000 172 01 
240.000 172 01 

2.167 
1,767 

3,666 
3,833 

+1,000 
4,666 

0.59 
0.46 

0.54 
0.38 

LS.D 42,164 461 1,570 774 0.12 0.14 
(P = 0051 

:SUrvival perc.ntkI,;in parenthesis 'Root veight Included 

Water Use and Efficiency 

('Cop ,.\atcruse dillere signili ntl\ aimng vari1us gLnotypes tTable 41. Wateor use during 
the crop seasom rco-elcd ,.a,signiflcatlls licher in cv. Ti-22 and lo %ci inl cv. T-39. Cultivars 
T-22. T,-36. '[-16. Ti-I8 and K 85 1 sserc statisticalv at par as modCerate water users during 
the crop seasoll. Daill\ t.lterse. hi wvcr. recorded >i-nificantls higher in short-duration 
genotypes Such as T-36 and Ti -1S. AliiuiliL ling-itaturig genotovpes. C\S. T 9 and T2-39 had 
,ignificantlv lower rate, of s\ater use e . T-22. Despite its extensive root system.lailk than '; 
highest leaf area and itaxituinl ti+p 5 eight. ,\."I-16 \\a not the hichC>t imoisture user either 
onl a seasonal or onla Claiy hasis. 

Water-use efficient, has hcen c\prcssed ott the hasis of grain yield, top weight and total 
bioniass (root + ioot). On a rain-.iCI ha:.is s,."II-18 had a sienificantlv higher, and T 
9 a significantly lower, water u., efficiencv. The tither gcnotvpes which attained a moderately 
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Table 4. 	Variation in soil moisture use and water-use efficiency of different amphidiploids of black 
gram and mungbean (field experiment, 1985). 

Seasonal Daily Water-use efficiency 'kg/ha-cm) on the basis of: 
Genotypes moisture moisture Seed Aboveground Total 

use (cm) use (mm day) yie!d biological biological 
yield yield' 

T 9 24.1 3.7 13.8 41.5 66.4
 
T2-22 27.1 4 2 41 8 121.8 146.4
 
T2-36 27.4 5.5 48.7 110.7 126.5
 
T2-39 22.9 3.5 45.1 88.8 96.1
 
K 851 26.7 4.1 49.9 168.5 197.2
 
TI-16 27.4 4.2 34.1 268.8 319.9
 
Tr-l8 26.6 5.3 81.4 137.8 150.4
 
Ti-22 30.1 4.6 58.7 127.3 155.0
 
L.S.D. 1.8 0.6 16.2 55.4 64.1
 
(P = 0.05)
 

'Root weight included 

high water-use Lfficiencv at higher levels of grain yields were T,-22. K 851 and "I"-36. On 
the other hand. cv . T1 -In recordled a significant Ifl axiniIin vat er-uSC efficiency on both a shoot 
dry weight and total bioniass basis. Regardless o1 different plant components, cv. T 9 used the 
soil water least efficiently. 

Discussion 

A substantial genetic variability was observed fIr fhe survival of seedlings at harvest, growth 
pattern, harvest index and '.ater-usc efficiency aiong the different at phidiploids of nungbean 
and black gram. 'Ih genotypes with initial rapid development of deep roots were able to maintain 
a satisfactorv number of functional plants at harvest. Among: the different genotypes. cv. T 9 
failed to attain satisfactory plant stand at harvest, probably due to the initial slow rate of root 
extension in the soil profile. For the saume reason cv. T 9 was also Unable to bear vigorous shoots 
with a large photosynthetic area (Table I and Figires I and 2). Thus. an early and rapid 
establishment of deep roots in the soil seems to be an important character for the establishment 
of satisfactory plant stand, partIcularly on light-lextUred soils in which water moves at a fast 
rate together with the soluble nutrients in the lower layers of the soil irnfile. The genotypes 
with a slow rate of root extension were probably deprived of both water and :,oluble nutrients 
on light-textured ,oils (Turner and Begg 1981 . 

Genotypes also differed niarkedly with regard to pheriological de,.vlopment and nlatuity' 
duration. Early genotypes with a rapid phenological development were a'ailable both in Mnungbean 
(TI-18) and black grain (T2-36) aruphidiploids. Their maturity duration matched suitably well 
with the period of high probability of rainfall (July and August) of the northwestern parts of 
India. These two genotypes (TI-18, T-36) accumulated the dry' tiatte.r at a very rapid rate in 
the vegetative plant parts (root. shoot. leafl) at the beginning of the season and started to divert 
to the grains a greater proportion of assimilates from 30 DAS to maturity. Rapid phenological 
development and developmental plasticity have been reported to provide some yield in very 
dry years and abundant seed yield in wet years (Turner and Begg 1981). On the other hand, 
cv. TI-16 continued to spend a greater proportion of assimilates in the expansion of roots, sterns 
and leaf area consistently front seeding through maturity. In this respect a similar tendency was 
observed for stem and leaf growth during the crop season in K 85 1, but this genotype has some 
economy in the diversion of assimilates 50 DAS onwards to roots. This could be the probable 
reason for a higher allocation of assimilates from shoots to grains in K 851 over TI-16 (Schulze 
et at. 1983, Passioura 1986). 
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Genotypes differed to a great e\tent ill the al lOCatiton of dry matter to diflerent plant parts. 
CtLltiv'ars with lo, allocation oIfdrv matter to roots Ti-I8 and T-36 were able to sustain not 
olI' eooL shoot h (Cstem. lea\ CS. l 11ttllO\. hirab also e.\traIcted a sbstantialitit10LInt of water 
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Thes,1u ltt. l " cd ia itfrcarttl. I iher uillunt ol+plotosvnthatc, iroill shoots to 
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IIIt lir 97 '.lurnrtr and lice, !98I. K tiuutr e. al. I ',1
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-
plant ( R -- I,995 ) ilr ltlmbcr if triits Iperpod - "ei ue (R 0 ).997tiwards raiti 
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grain eicld piliit IR 0).45). Theucltu'. tilte ini 'yield Ic-leguIesper -- iariatiOrts eraut t ites ean 
irnl\ l+;.irti (4>i; lii' ta \ egetati ior. a rid ia r;ta 11be e\p+laittet tilt ii e plattt lt.urr 65% ) 

c M )iiatl i ilcit Oi 1nite1-
G;rain iclt Iptr ltcnrc Ilalc 21 S',as p+ti a2s i piipUlatiOl atharvest 

is exerted h\ like]s tiuc ar tin th ui)t r to ,rain<s. 
%%,iatWd plail 

(R --0.34). (irairt \ ild per h, hll cdt. hi\,'' er. '. er\ pil)lr asociaiiltin to top \kcsuht (stelli 
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all amphidiploids were higher yielding than cv. T9: cv. T2-36 had an edge over other 
aniphidiploids. The superiority of Ti- 18. T,-22 and T2-36 was attributed to greater survival of 
seedlings at harvest, rapid phenological development, maintenance of higher daily tranr.piration 
and greater allocation of dry matter from vegetative plant parts to grains. 
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Drought Response of Mungbean Genotypes under a 
Sprinkler Irrigation Gradient System 
R.K. Pandey, W.T. Herrera and A.N. Villegas
International Rice Research Institute, P.O. Box 933, Manila, Philippines 

Abstract 

Mungbean (Vigna radiata (L.) Wilczek) is one of the grain legumes grown in ricebased cropping systems in Asia. When grown after rainfed rice, it often encounters water
deficit. invariably resulting in reduced yields. Ten mungbean genotypes were compared
for their drought tolerance using a line-source sprinkler system which applied a
decreasing amount of water with increasing distance from the sprinkler.

Among the entries EGMG 174-3 and M 350 produced significantly higher grain yilIds 
at the dry end of the gradient in 1983. Between these two genotypes, M 350 responded
better to increasing water applications. Although IPB M79-13-29 and CES 1D-21produced higher seed yield at the dry end of the gradient in 1984, the greatest response
to water application was observed in IPB M79-17-29 and IPB M79-13-29. Water stress
greatly reduced plant height, leaf area, pods!plant, and seeds/pod in both years. Plants
at the wet end of the gradient maintained higher leaf water potential and cooler canopy
compared to the dry end of the gradient. The genotypic differences in leaf water

potential and canopy temperature observed 
were probably due to the extensive and
 
deeper root system and water use.
 

Introduction 

In the rainfed areas ol, the tropics. nlunlhean is normally grown in the postrfonsoon
environment, under erratic at,' rapidly dirinishing rainfall and residual soil moisture. Under 
Such situation, inltlhe.anl Cicounters \ar, iln egrICees ol "ell)iStlrCstress. particularly during the
reproductive and ulatutation stacs. l' deficits influence various pllysiological processes
associated with crokp grmwh. dcvelopictt a result, econonic yield (Hsiaoand. as tile 1973.
 
Begg and Turner 1976).


Cmparcd [,.11peanut and c \%,pea. ii nnghCea1 IN
irClati \elv nore .uscCptible t drought (PandeV
et al. 1984). Ahoch the effc.ts of %,atrstre,,s iuring specilic grmth stages on seed yield
Of mlIngbean have heen stuJied I.\ramal et at.1976. rihialu and HLutNbell 1977), genotipic

+,
differenreS Ller dlclre;: .1.eiCe ,of sltCr stis hWv not heC'I elucidated. An understanding
ot'genotypic dilferences to .,ait tres, clan did in identifying cultivars that cart tolerate drought
and produce reasonahly high seed %icI Further, their reslse to watcr application will assist 
in planning niunghCan cultivation in the partially irrigated environment. 

This study was. therefore. conducted toasses, the perforniince of' 10 niurighean genotypes
to water stress using a line source sprinkler s',stem and determine their response to water 
application gradient. 

Materials and Methods 

The experiments were planted on a fully recharged soil profile on 10 January 1983 and
16 February 1984 at the Experiment Farm of the International Rice Research Institute, Los Bafios, 
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Philippines. A strip plot design with four replications was used. Each plot measured 5. I x 15 
in in 1983 and 5.1 x 18 in in 1984 and %,Ias suhdi ided into subplots (5. I x 2.5 i) in 1983 
and 5.1 x 3.6 in in 1984. The plot closest to !he sprinkler line reprCSCntecd the \%cc regilne,
while the farthest from the sprinklcr line as the dry irCeinC. TCn Mnunshean genotypes were 
randomized within each replication \ h mmoisture recinics remained fixed. The \ atlier data 
were recorded in the aeromctcorol-. siaion located 20(in ron tlihe research plot (Fig. I). 
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Figure I . Total weekly rainfall, average daily pan evaporation, solar radiation, 
minimum and maximum temperature from I Jan. to 30 April , 1983 
and i 984. 

A preceding crop ol c rn was. ro%%n with no nitrogcen and harvested to make the field tmore 
uniform. The field was then plowcd once and rototilled twice. The nungean seeds were 
inoculated with Rhizohiun and treatcd %ich carboxin capcan and planted in 50 cin rows parallel 
to the sprinkl,, mlie. The entire experimental field was given an irrigation of 15 cn after planting 
to ensure a 1.lmnlturin crop emergence. The crop was cinned to 300,000 plantsl',ha at 12 days 
after emergence (PAL). 
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The line source irrigation treatments started 15 DAF and were repeated at different intervals 
thereafter. The amount of water applied each time was recorded using catch cans placed at canopy 
height in the center of each plot. The aonIUlt ot" vater applied in tie wet regime \%as of 0.6 
and 0.9 standard pan evaporation class A front emirergence to finlal harvest measured at the 
experimental site in 19483 and 1984. respectively. Irrigation was applied in the early morning
when there was little \ ind. Figure 2 Shows the pattern of water01pplicdtion. Weeds were controlled 
with a preemergence spray of hutachlor fol lo%%edi h\ hand weeding. Insects %kcrccontrolled b, 
the use of nmonocrorophos and decanethrin. 

500 

1984 
400 -* #Or Y=566 -30 I2x
 

Q7774
 

E 
E 

3 0 0  V 6 

* Figure 2. 
<j The relationship between water o applied and distance from line source 

sprinkler irrigation. 

100 9
 
Y7 293-20 37x
\ 
r
2 = 098, 

0 I 
0 2 6 10 14 18
 

Distance from Line Source Sprinkler System (m)
 

Soil moisture content at depths of 20. 4(. 6(1. 80. and 100 cm was deteinifned betbre and 
after each irrigation using a neutron scattering device (Hydroprobe Model 503) in aluminum 
access tunes the center of each et and dry regime plot in two replications.installed it, rows 
Crop water use as Caun puted hased on applied irrigation water . rainfall and the change in stored 
soil miioistur and h% assuriiiig no deep drainage (Turk and Hall 1980). L.ealf ''ater potential 
was -leaSUred usinl a pressure chaniher hetween 130)-1400 hours. Canopy terip..ratures were 
measured on 14 Fehruar and M March using an illfrarCd theruornieter (lelctemp Model AG41).i 


All nMeasuremrients water status alrnd 
were taken from the same row and on plants close to tie access tubes. 

Root-length density %as determined at 50 DA. in the wet and dry regimcs using the soil 
core sampling techniqucLlof Ne, niann 1966. is uoLdifled h Burch et al. (19781. The leaf area 
was ieasured with an aU tlliaic leaf area nieter at 51 DAE.Plai heigirt at ritat nritv was recorded 
from the center of each moisture regime. Seed vieId %kasexpressed at 14' " moisture content. 
From each water regime. one meter row was harvested for yield coirmponent deterrnmination. 

positioned 4 aho%e canopy. of leaf calilp, temperatures 

Results and Discussion 

Seed Yield 

Anong the genotypes. FGMG 174-3 and MI 350 produIced higher grain yields than the other 
genotypes in both moisture regimes in 1983 (Fig. 3). Between these two genotypes M 350 
responded better to increasing water application. CFS IF-5 produced the lowest yield in the 
dry regime in 1983. CES ID-21 I. a comnmonly grown cultivar, also had low yield in the water 



Drought Response under Sprinkler Irrigation 275 

2000 
2 

-M350 
A
Y=230+2.91X r 2 =0.86** -CES IT-2 =196+2.4X r =0.94** --- EG M174-3 =366+214X r2=0. 9 6 kt CES J-2Y =97**2 =0r

1500 -- CES 3N-1 Y=148+3.01X r2 =093'* -- MG50-10A( )y=89+ 2.78Xr 2 =0,97* * 

2 = 0 .*  2 
-- CES ID-21 Y 81+3.06X r .95 CES 55 Y=194 + 2.58X r =0.95**' 

A A 2CES IF-5 = 54+2 38X r 2 =097 * . CES 2G-4 Y = 54 + 2.58X r =0.96* 

1000 - .--

S500 
1983 

. I I I
 
75 150 225 200 75 150 225 300 

> 2000 A 

- M350 Y =164 42 48X r2 
=0.62 " 

- CES IT-2 Y=422 +165X r 2 
=0401 

A A-- EG MG174-3 Y 366+214X CES2C-1 Y=231 +270X 
2 = 2a) r 075 r =071J1500 -- CES 3N-1 p=148+ - PB M79-17-79 ,-10 , 

23.01X r 0. Y567 =O5+29X .
2=0 a1I '.-'_ . "_ ' 

1000 

1984 
A

500-- 2 IPB 2M79-22-11 Y=430+138XCES 10-21 Y 814 306X r 0.41-' r = 0 39* 
2 :::CES IF-S Y= 380 + 1.99X r =0.67 ''. .PB M79-13-292 Y=375 + 2.07X 

r =0 53*0 11 I I I I tl 1I I I 

0 150 300 450 600 150 300 450 600 
Water Applied (Irrigation +Rainfall) (mm) 

Figure 3 The relationship between seed yield and total water applied (irrigation + rainfall) in 
983 and 1984. 

stressed plots but responded favorably to irrigation. In 1984, IPB M79-13-29 produced higher 
yield as compared to other genotypes in the dry regine. However. the greatest response to water 
application was observed in CES ID-21. CES 3N-I, and IPB M79-17-79. In 1984, there was 
more rainfall than in the 1983 crop season. In spite of rainfiall variation, the technique identified 
genotypes which wkrere superior in the dry regime. Variation in the result was probably due to 
different genotypes and the almount of rainlall in two years. There was no consistent genotype 
and year interaction. In identifying cultivars. selection should be based on high yield under dry 
environment, but these must also perfbrm well under favorable environment. 

Yield Components 

Water stress significantly reduced pods/ :in both years (Table 1).Among the cultivars, 
M 350 had a significantly higher number of pods/ni than other cultivars at the dry end of the 
gradient in 1983. Although genotvpic diflrences for pods/nv were observed in 1984. the 
magnitude of reduction between the wet and dry recime was less that that observed in 1983. 
Water stress significantly reduced seeds pod in all the cultivars in both years, but reduction 
was higher in 1983 than 1984. Although in the dry regime. 100-seed weight was higher than 
in the wet regime in some cases, it was not statistically significant. 
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Table I. Effect of water stress on growth and seed yield of mungbean.
 

Cultivars 
Plant hr-ight 

(cin) 
Leaf area 

index Pods'm 2 
Seeds/pod 

(no.) 
100-seed wt. 

(g) 
W' D' W' D W' D' W' D' W' DY 

1983 
EGMG 174-3 37.5 18.0 1.5 0.4 336 178 II 7 5.9 6.2 
M 350 35.5 22.0 1.2 0.3 361 269 II 7 4.4 4.3 
CES ID-21 28.7 18.2 1.0 02 297 59 II 5 4.9 5.0 
CES IF-5 23.5 13.0 0.8 0.2 229 114 10 5 5.9 5.3 
MG 50-1OA(G) 33.0 15.0 I. I 03 273 102 II 5 5.4 6.0 
CES 2G-4 28.2 13T) 1.5 0.2 286 81 II 5 3.9 4.1 
CES 3N-I 29.0 15.9 1,2 0.2 312 172 10 7 5.3 5.5 
CES J-2Y 31.0 165 1.4 0.2 285 130 10 7 5.3 5.1 
CES 55 365 !3.5 1.6 0.4 285 149 10 6 6.6 6.4 
CES IT-2 34.2 16.2 1.5 04 381 152 II 7 4.6 4.1 
Mean 32 16 1.3 0.3 304 141 10 6 5.1 5.3 
Moisture LSD 5% 2.65 .16 57.7 .84 .51 
Cultivar LSD 50o 1.96 .15 45.3 .80 .53 
Moisture x Cultivar 
LSD 50o 4.59 .34 82.3 1.96 1.19 

1984 
EGMG 174-3 48.8 26.2 1.0 0.4 368 195 II 9 5.9 6.8 
M 350 45.7 22.2 0.8 0.3 412 165 II 9 4.5 5.0 
CES ID-21 49.5 26.0 0.8 0.5 350 190 II 9 5.5 4.9 
CES IF-5 48.1 23.3 0.8 0.4 360 248 10 9 6.1 5.2 
CES IT-2 47.4 30.2 I I 0.6 442 232 I 9 4.7 4.1 
CES 3N-I 45.5 24.7 0.8 0.4 375 150 I1 8 6.4 5.4 
CES 2C-I 47.8 26.7 II 0.4 442 188 I 9 5.5 6.2 
IPB M79-22-11 47.3 27.8 0.7 0.5 382 218 I 9 5.1 5.5 
IPB M79-13-29 54.6 25.6 10 0.4 382 158 I1 9 5.7 6.3 
IP, M79-17-79 55.0 2 .7 1.0 0.6 322 195 I 9 6.1 6.7 
Mean 48.9 25.8 0.91 0.45 383 193 I I 9 5.5 5.6 
Moisture LSD 50o 2.75 .12 251 .40 .50 
Cultivar LSD 50 2.41 .15 49.0 .49 .31 
Moisture x Cultivar 
LSD 50o 5.91 .37 89,7 1.21 .77 

'Wet regime. 'Dry regime 

Plant Growth 

Plant height was significantly reduced to almost 50% by water stress in all genotypes in 
both years (Table I). M 350 was one of the highest yielders in the dry regime and had a height 
reduction of only 38% in 1983. Similarly. IPB M79-22-1 I had a height reduction of 41. 1% 
in 1983. 

The leaf area indices of all genotypes decreased sharply with increased water stress (Table 
I). The leaf area index in the dry end was, on the average, only 22% of those in the wet end 
of the gradient in 1983 while it was 50% in 1984. Leaf area expansion is adversely affected 
by water stress (Begg and Turner 1976). The reducion in leaf area decreases transpiration and 
conserves water loss. however, the plant's normal photosynthetic rate declines sharply. The 
shortage of photosynthates adversely affects the pod setting and seeds/pod and ultimately seed 
yield is reduced (Pandey et al. 19841. Genotypic differences in leaf area vere also observed 
at both ends of the moisture gradient. 
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Plant Water Status and Canopy Temperature 

The genotypic diflercnces in leaf %ater potential and caniopy temperatures are shown in 
Table 2. EGMG 174-3. N1 350 and MG 50-IOA (G)had higher leaf potenltial than the other 
cultivars in tiledrv regittie. In gttra.l leaf" water pottIctial declciSed and tanopy temperature
incrcIscd for all gcn OrpCS isthe crops progressed into the growing season. The leaf'\ater 
potential was higher in the wet regitne cotmptared to the dry regime. All genotypes also maintained 
a cooler can.opy tetupetature close toth, !:Inc sour-c'e than'at tie drV etd Of the' Moisture oradient. 

Table 2. Effect of water stress on leaf water potential and canopy temperature. 
Lear water potential Canopy temperature (°C) 

C ultiv ars.. .. . . .. .. .. .. .... .February 14' March 10 February . . .. .10 March 13 
1983 W D W DD' W7 D' 

EGMG 174-3 21 3.6 2t, 3 5 31.9 32 7 30.8 32.1 
M 350 1.8 3 9 2 3 3,2 31.0 32.0 31.6 31.5 
CES ID-21 19 4 2 23 52 28.8 33 9 335 32.7 
CES IF-5 1,8 50 2.2 5.5 29.4 35 7 34 I 35.4
CES IT-2 1.7 45 2 5 4 9 27 1 34.8 33.4 33.8 
MG 50-1OA(G) 1 8 3.8 23 3 5 32.0 343 32.8 32.9 
CES 2G-4 1.9 4 7 2.6 58 315 35.6 327 34.4 
CES 3N-1 2.6 4.5 2 7 4 5 32 0 33.6 32.3 34.9 
CES J-2Y 1.7 4 7 3.2 61 30 1 34.2 32.1 32.4 
CES 55 2 5 3 9 2 2 43 28.3 33.3 33.9 35.3 
Mean 198 4 3 2 49 465 30.3 34.0 32.7 33.5 
Cultivar LSD 51c .35 50 90 3.08 539 2.68 2.32 

March 22' April 9 March 22 April 91984 W; D" W D W D' W: D'
 
EGMG 174-3 18 32 16 3 9 283 
 35 6 24.7 40.0 
M 350 2.0 3.4 17 2 2 286 38 9 32.5 40.0 
CES ID-21 1.9 3.2 1.7 2.8 292 37.0 330 41.1 
CES IF-5 12 3.1 14 29 287 35.6 29.2 40.9 
CES IT-2 1.6 3.2 1.6 2.6 28 2 35.8 33.8 38.4
 
CES 3N.I 
 1.8 3.2 17 30 28.5 34.9 330 40.2
 
CES 2C-l1 
 6 32 1 7 3.0 28.5 34.9 33.0 40.2
 
IPB M79-22-1 1 1 8 3.4 1.6 
 3 7 28.7 370 34.9 40.7 
IPB M79-13-29 1.7 3.8 1 7 3.1 286 36.3 30.5 38.7
 
IPB M79-17-79 1.7 
 3.2 1.8 2.8 29.3 36.9 32.8 40.3
 
Mean 17 3.2 
 1.65 30 29.0 36.4 32.6 40.4 
Cultivar LSD 51o .53 .37 .08 1.2 2.88 3.34 2.51 

'Wet regime 'Dry regime '1983 1984. 

Root-length Density 

Root-length density for all genotypes was high in the top 20 cm in the dry regimc (Fig.
4). The high-yielding ki 350 and EGMG 174-3 had a higher root-length density up to the 60-80 
cm soil layer than the low-yielding CES 2G-4 and CES IF-5 in 1983. The differences in root
length density were probably responsible for their differences in seed yield and leaf water status. 
and canopy temupratture. Thair greater root density enabled N1 350 and EGMG 174-3 to absorb 
more stored water fron the deeper soil profile in the dry regime than CES 2G-4 and CES 21-5. 
Similarly in 1984 IPB M79-13-29 and IPB N179-17-79 had higher root-length density in the 
50-100 cm depth. 
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Discussion 

R. Senaratne: I %,ish t)kno\, +itto what ctc\nt is photopcriod a constrtinit iillncrcasing
 
procLction Of iil1,11tCcil in lIii.rtr nlnu1th-an ptroducinrI cluntll'iCS? .SCCldl.. I wish to know.
 

Cxltlt e\1an.,ini"I \tihin , conStrainiICd t 

phottpcriod.
 

is t(o \ hal tIe of 1 lwhiill ,c.'tllti i' title un'WoahClc 

R.J. Lawn: PhOtOptperi atlc't, tlne t CicrIn' aId thtts the ailptatllo ofla cnlotypc toltd 

its cll\'itrttllclt tllt,rticular.l\ ittltic AII tullep inIrelatito t t, it I "t',in-' hIleniiajor Colnstraint 
imiosed is that the I.Iuc it lich hlcciIIIn .l' \ l 10Ci)iI e(.c.'iOll C.in he c p ited ,..'~ciMcss 
is LCla,,d. That ,I. CC se tesOfphMtoti ur \ liettc,, are trul ili,+,c.Iliti\ c , it icall \\c call
 
ltili/C pa'ticlIr + -Cit()t\lI)C,p I ia o llce irti.i.is linic t otlicrt be
C' ii Is.ci utl\ than 


p[ossihi . ()i thle the kc\ iilit stl ichittc, I)t lie t0 aijust
;u lloill.' le c\CL tl,,itrlililt InCCkI 
',
IllL i cill illt (m m\ill../t1Ill,LICInit\ Ik I Ct(1,1tldIc' Jl',tu,+h l I~cll 1l1;111(11il;itit)lI l t,. IilI0I- htI h10 _'


arisingo froml p+htoscili,,ii , Mt+
 

M.M. Verma: Ii \IhaIt ,acrc le pIrental aic.tie tlitluvinhe ankl la .ck _,ramii if the
 
anphiploiM,.s (2)K 851 and 1 ) uscd tschcck,, ,iCn,t the le,,t tlfr
chiccks ICOIIIHICinlc thC 
arca. It i,p uisil, hat the Il,,tit bridS mi[] l t b in iir to thefc hhet checks. ifth1 werincudcd iinthe eipci nut. 

Phool Sing'., tI) Ilhe parental ,.ariCtiCsut titiiL.'beal and black Lrail arc listIcl in the paper
 
h "Sinuh C. . 198(. Indian .1. A\ric. SciclIcc 5:3()-.3)2'. 12) It can hc ctnfirclled only
 
alIcr C.\pCrinuCntatiitIi b\ inclndine thc otthcr chcck,,.
 

R.J. Lawn: I citnIratulate I)r. atsunaita i an iitrc,,tin,-te and iask him sslhctherpircsntatii. 

Ii-, dila \s,,s run mI loi plants Liit ,Ii illcaltiipcs.
.rc cillcc.d spaced plants 
R. Matsunaga: \\c grc'\ thc plants iinthe istlarld conditio ,. 

Abdul Hamid: Fonm \onr prscntaion it i,,clcii • that iliar application otfN inci'asced 
nLnghean yiclland sild altribnlcS. IBut di \on tinik that split application. in stcad of fIoliar 

applicatin., of' nitecrin %\01.1ld incrcasc nnIuInii cli.,r 
R.G. Thakare: ,luri'bcaii tlocs nit rcsptinl N ;ipplication ill Oit',crcLd clalnt wiil tcrCIll, 

icId. sLille, N Icsp0t c in cc'ils. I-lM C\ci',.nlitrgcl icsponsc illtcrii',Of iIICrC,,d hil, -ical 
\icld is colillnlln althomc1,h thc ltol to inc'reascd crl'milsinrc i tranislatcd pIroductint . t is I 
impor1t1ltanlt -Iqlcsronl1. MIt\ tinlc.bCatt LtCs no)t rc spid to N application bcs\OIl 20f kc! Ila? This 
could Ke due par.\ to thc ilnhibitioll of noLdulation ald nitrtoLcn lixatiol. Thi tlthcr ICIsoII could 
he thc a\V",ilablc ,2cntt.0 Ths couIhld Wt that of il !i'a ricc hclorc theIlic, situition Sinilar 
intrioductionit elscld,\k arltii cuc,. Earlier. Oil/i, ricc did itlt ,cspoild to N lcvcls bcsotrnd 
40 kiha. 

K.R. Dhingra: ihrcc %car'srcsults o thc cxpcrilrcrtt conducLcd at P. .i . I udhiana. Putnjab. 
Ildia, do 1tl Show an' rcsponsc to1Split application of nitre o "iiilfiat ;ipplicaltio at flowering 

stage. 
R.G. Thakare: As incntioncd itour reply to )r. Hant's qucstiotn, nitroicn pollsc is oltel,re, 
not rcflected in incrcascd crain icld. Ilitis contncction it nls.tbc intcrcstinm to nlction Ihat 
in trials with TAP-7 rlufinbhcan conductcd hy Zua.ri ALrochctiaL. Ltd.. illNal!onlda District. 
Andhra Pradesh. thcs hae rcportcd a 50+, iicrcascd yicid from 0.5 acrc plots receiving 61 
k isbasal dose 1. spray twice comnlpared to 41 k,, as hasal dose.alid 2 lrea 
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Current Status of Mungbean Yellow Mosaic Virus 
Resistance Breeding 
D.P. Singh 
Department of Genetics and Plant Breeding, N.D. University of Agriculture and 
Technology, Kumarganj - 224229, District Faizabad (U.P.), India 

Abstract 

Mungbean is a host for a number of diseases. Of these MYMV, transmitted 
through whitefly, (Bemisia tabaci Genn.) is of considerable importance. The sources 
of resistance, both cultivated and wild types. are presented. The inheritance studies 
conducted both in varietal and in the wide crosses are discussed. The breeding 
methodology crnployed in handling the segregating generations is also discussed 
indetail.
 

Introduction 

cx I L\,,I India. l,ik l,. ,1, . Il l IIh,IiiiI (d. I b. ,,. lx IIIpLIi.lICA.% ,t l, I S ,I-h.. \'iCIIIatn . 

LlX,[ 'I \I,IIi, "ia. ' IthI 'III ('ill I. .IlII\ IIII tI I 'ilt . .II\ ,t i xII'tt' I .la"a, llain 'lit \k hra 

I nI 11 ei clitL pa' t 1I 1,1'I i li,.,II . t Lh . and Cl \tclll lL I iCI ii IIcI[,) 0K, l t (11JI .A lr ica. 

V \r ,, ,,It 11'k.I:.h ll',i pIal. ,u 
i i , L Id'SIIi II III I il,' i LLaM 1 11 . \, ;e'I r 

,he\ ,t i. L I, .II IL .I lt ilc1c I ,m a,'I.[Ikl I C\lcsIa. 
ll n I I , I. a nd 

, ;ILILU!IIICl Ia c, tl ,I "L'c\ I,! III IIIII! i \ ,I'I I \ cII'.I\ I l l Iil '.Id ',i' hir ,cIll A lia . 

:, ct 1,* \ clit It '. , I'1't lV/I",tlI hli ' '. ll i- i ' hI :i icfc I ' Ill th , IIIAn :in I thc.r 
",tls',.Cplli hlI'. h + ,I'' , , 

l1,HI1cIi III ! LII \dI 111,ariali I tl, h,,I t Ii , I ,I II.I II. ,t,.2c 1 nIIl\ II'. h I.X l I. 
A IIl _11l,-,L C. II' i*lI,' , cci: I lIk 'tlll.L,i , \II ", it,II\lI\ 1 \,iCI..I\di l ,,li ,II ill Ill 

i I' llP I) Ilic -,) Hiht' I II I l> a II idc 10 ii."III,'C , IiCll I; I %r 

MYMV and Its Vector 

Ill a+ddit ut 4tIM!,'III I'.' C II I X \ ,., ~ ' ,nd.u d ,:h ',,." Il ",,\','C;.J I nI I M ac.k 
IIlll Jl l l i\ ',lhtt,' .r ilIT \,.'lt I L'..iC..'IIIci'. I i'.Il. ~ '.',tt Lic I" c l . "i'..I .cc '.c'ILIU Ill"grainll (N aIIia.I i 19(l. \ - I,. ' I)- \ illjlIt k-1 AL I1)-3. (;il\o ,al 11)- ' I l R .Iha Il n .l N ','!.c t !9 ,}4) 

li lh t , rll. l tn , 1'u I' l , .. ; 't t,.1,l , } ~ lg t 'Ih.lillliic, IC U lll),l' 

Co'qllpo) Jtac andi ]~ illl 

.Xariali ( I9001 ]hnlk"'H hv . '11 ,;1IIwl'.h_'lw 1 N\,u u,.t p., \kih at uul. nuC(1908X) 
Ha;.ired,. it M .\ 'Ik, Ih l.,,' l - ~ l d h i hu,11nl)I, lk, 11111112 ur uz I.\ m~H .,h i, C 

a.nd+. Hatlr w odt~ 1")-.3, \ irl,i ,.-I il ] +t, 

The firs, .} l~ ,u , lI.tt Il ul b ! .':,c ', t- L'lh(M, I,. 'ks, 
ii lHi iet', cac i ncr.il g 

Ron.d| the aN \', .,Ow"' , hi.2h, ) ,.'!! Inv pmuh.,, ite irv.r',,,."' ith pi-cel aire.as'. In1 No ere casesc' theret 
it, (ttllll)lctc .,,.li ,', it\' ,,! t(h,- ii:,\,,.., andl inIl' .t'd p+J~lnts'. lC sItlnICiI. TII h,,", I - It:%v,( Cl"t,utanld 
ptOILISandll 1 att~lrC. late. 
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Ile yicl kawsC in natunly inkctcd suNLiN~cI LLul\In a%m v iii We urnc of mnacwtri
 
(Sinch crtlA lAr HamI, hadJ 11111
1982 In-u-In~cr Nc\ crC [\i;FNhaltlaItC-1nlCcLLI one',. 

fresh shotl\ ciuit(. cId plain ald NCC(I \ u i l I l (0 38. 2', 2:,.5'. olii' i andi 25.7'; 
i pI'VCti\ L2I\ (61LnI andII!II\'il. IA 183 1['Il '.Iia)C. NI/C arid dIpjt

oI pIii~ anld NICC&N (11eiIHCC 

Ic \ ii. k ran"111lnLI h\ \,I hlltli\ Bcwnu Nia taba, (icil. NIInII 1900(. \ciic I ) hut 

ntil 0\ 11 L rIi Nat 1000 '011 II ICl INruN ,a rai f.ICC(1i H \ I I ti' IC I .III1 andL I LIII a III,

[Il 1-1 ll' nCC [i ll II 2 '~I I 111111 :: 1C I I I I1 11111III1n I I I I tI, \C NCI I)tI a I Ii Lat I c Fe L )
 
100 ' IiS[c "IIL:II~ cI I~Iu~\Ln~iII
IIlu ILtI~l~ eIN~I iL,~ Ca l~ \iL) 

lil t ecc iare Ilk uInI c I I IIIII CHn it )1111 L 1111 Ca [hil i "I Il(IN tIclI c I )IIIH~IICh .

Screening for Resistance 

N~l~i~i~aI '&ILCIL'dCCiII)faIIIC:I \~II'NIV\l h plalnIila_ Ni'~CCptlhlc 'prcadcr
IicIIal dlLe !I-ro~N c\ \CnII Al 1 P)_2 the, UsCed1INNrck \\v Ili\ C
 

hecll LIiIILJ a; sfccdl hlI~k 1
C ci 21AII; IIm 2 al 'pIcadCr alter tI\C Ol 'I\ Ill s (If tIli
 
tc'l Ili~Ctil (silucil 
 'I)N )i IL1lC I lj- ' 1C A iCh) WWI, 0It theIIc C I I plAtltN ShOtt 
IlNca\c N IIJiplol li', ~ 11,1% Lfi'IL I ilL r1clI~Cd ILIIIll) It', I11I1CIal IIIttI~L.It,0ttII h\ 01lL 

'III'lu~~lliN~cCI ~ II 'itII tIC 1' 1 ,ii:!nIllI I,\clc ct al 11)7-' 
lii'~CC~ind 11kllti lN V'k1L 'nc ILCCIC 11' 11 ICCI)iIoll) t~l',INaICIIt plai~tc 

fCNIIihct ICd111,i ptlL l t\n ci% III~tlmm i ~ 111d "I, I' ) Nil. 11I uL ILC iI Ia ct1,11 
ai t11 SL IC ak ai ll III t cI cC'i1; 1 pL l 'I III. 111C'11 11! ACL1ltIC llill11iC III10ClILtio! 

NICIII ' CII tCtl~jtI MCH\Ll\~ Ifltl I Nn11mL[!- iic 

Sources of Resistance 

Resistance within Species 

The \aiai~llI II CItll.II ItI ll)hc C\ 01 CAd h\ Silh- I1(iS . I982a. ..I\lec

\\hich are pI~cNCIltLtI ill 'I hic 1 0! thiluL. lne 15221) NH. ). \If. 1. NIL 5. V 4852. PNI 7 55. 
LANI /X4 and( SNIP I ilar IINI ipl~lkI i he raimilt i, Cico:pora eal 'pitt ([ISt LiINCLNC 
Singh 1981. 811121 IqX 51 iq iNsidoml ti 11 ndNIP aW roIli I it " and 15224 hi INLIILridI 

hii"It (8111Tl !W)8' I I IIC C IntII L lak I1.t Ir 1V.t Ihe C ti l I CNIiIcC Lial 1i ( o ll(' r chml1' 'c 

il Ihilll li 1, rt e M ~ I c lltfl lle l fiil[l rokI I d a 

NIB[ 5?. NIB 5X. NIB 5') JakiitIn and Shaikh I9 I I allt! Pa~IiI NIOllc -2 t IL98 1i~~ha\ c 
hCcll tubtainc(A 11i1lwhu 'allulla Ia\ hIccilIIC aldliI 1cr III](N lIC ClfICI LOlIL'Iliof' Ii II Ililtlilil! 
variatioln orI arc l1IipliL Cm! I) C' diiClop! thllollici IC hl idl/LItiolI
 

"itriniaiIeci ! 
 I 'I i-CIN11mm! Iliii (11C% IFLi \IIpt111)1tIN oln NfNI\-mlclailI Iline, aippear 
liC. INIONI (IithC t(tICMli11M C W 411CIII Lit 10I) N)HWWI >i~~irt lii i1ti,1 had! It 'CtiiiCl-CCI \i l\ 21lII~ti 
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Table I.Sources of resistance to mungbean yellow mosaic virus and its vector in mungbean. 

Line Reference 

Mungbean Yellow Mosaic Virus
 
LM 214 Nene et al (1972)
 
Moong No. 54 Varma e a1 11973)
 
P 364-68, P 366-68 Dey and Singh 11973)
 
15229, ML I, L 24-2. ML 5 Gill et al. (1975)
 
6601, 6602. Mn I,Mg I,rM1g588, Mg 589 Ahmad (1975)
 
LM 168, LM 170, LM 214, LM 356, LM 392 Virmani et al (1976)
 
LM 404, LM 171. ML 6, 15225, 15227
 
ML ;,ML 3, ML 5.ML 9 Singh et al. (1977)
 
Tarai local Pandya et al ( 1977)
 
Vigna rudiata var sublobato type A Singh and Ahuja (1977)
 
Tarai local, L 80, LM 214, LM 294-1 Shukla et al. (1978)
 
106b, 2779 Legaspi e: al, 1978)
 
Hyb, 12-4, Hyb 4-3 Mishra et al. (1978)
 
L 24-2-1, 15227 Grewal (1978)
 
ML I,ML 3,ML 5. LM 170 Chhabra and Kooner (1980b)
 
LM 87, LM 96, KM 198, LM 170, 15225, Sandhu 11980)
 
15227. 15229. 15176. L 24-2, ML 161. ML 109,
 
ML 65
 
L 80, II 99. 11 395, '6-303, 20-3-8 Singh and Sharma (19811
 
MB 5, MB 59, MB 57, MB 58. MB 133. Jalaluddin and Shaikh (1981)
 
MB 142, MB 132, MB 60
 
P20, P68, P82, P84. P86. P94. P332, Chaudhary CL al. (1981)
 
P367. P369, P453. P670, P679. EC 103127,
 
1-70-6, LM 150, LM 172, LM 290. No 525,
 
China selection
 
15176. 15225, Green Mung, ML 6. Virmani et al. (1983)
 
L 24-2, ML I. Ph 419, P441-B-2,
 
Bulk sample Orrsa, I5!27, 15227, 15229, 1 044
 
SML 70, V 4852, LM 784, LM 248, Ramana (1985)
 
LM 755. LM 687. Pant Moong-2
 
LM 191, LM 438, LM 185, LM 182, Singh et al. (1986)
 
V 4852. LM 12. L1 2,8. LM I j66. LM 784.
 
LM 755, V 4116, LM 626, PIMSI, LM 220,
 
SML 70
 
Pim 1066, L 24-2, P 353-A, 1122. NBPGR (1987)
 
L 294-I
 

Vector, whitefly
 
ML I, MI'.3, ML 5. LM 170, ML 15 Chhabra and Kooner (1980a,b)
 
ML 24, LM 711
 

habit. Sin h et a!. (1986) evaluated 842 iunthCan lines for days to Ilower and MNIYMV. Days
to flower ranged from 35 ti 71 and \I)Y.I V reaction rianeed from 1.6 to 3.0 scores. These lines 

took 42 to 71 days to first lower. O these, line,, [.M 185. SNIL 70. LM 182. PINS I and 
LM 438 took only 42 to 48 days to llo. er. which suggests that earliness can he combined with 
MYMV resistance. 

Resistance from Related Species 

The wild species of rnungbean, Uitna radiato var. sublobta (Roxb.) Verd. is reported to 
possess considerable variation fir MYMV resistance. A MYMV-resistant strain of this species 
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has been reported by Singh and AhtUja ( 1977). Rao 1983) c\aluatcd the variation in the \ ild 
taxon of V. radiito var. .suld)ilta ltr the tirst timLe. The Needs of individual platnts v,crc ctllectLd 
and progenies v,ctc e\ luateCd in the fheld u,,i ir the ',piCader tI,% tcCIrIiqu "I, enteil\ -Ii\e Ites 
out of' 32 showed all imune reaCtion a +,l ,corc I .0. jf lines. PINall+disease t ()ne the 
15 had a very Iigh nunbcr of' pod, plant and a mean iMYNIV ,corc of 2.0. \C ,ire usine it 
to transfer NIYN\. reistance and to incrcise vartiation kor \ Meldciuliint,. 

The resistant fe, to nineeali ca.n also be tranllerred fromn hack 21"ii1 I 1tihir MYNIV 
1t1111i4(o (L. flepperlI (Gill et al. 19S3. Vernia 1985) and rice tean I i mehal'uhb'l Thunh. I
()hwi and It . ()lrashi 

Genetics of Resistance 

Yield and its comiponents, sscrc. nc.atis el\ clreliICd \s ith the d.eCe of MYNIV iifection. 
Pltlh-coefficiet. anal,,,i, osMsCd thait MYN\ infectionCe\ct-, a ih indirlect eff1ct On iCield 
via decreased sed clu Sin2h et al. IQJ, ' 

StudiCs oil th" inheritancC of resiItanc i the ilntras,,pecific, &,,a\.li a, in the intcrspecific. 
crossc,, ImlnchanCll is, Ilmalt, and I. nnlihIIIu Jri oub/i ',, atld black crallil , liuale) ha e ien
 
conducteCd (Tablh, 2). [lie sucptiilit 
 i,, dunnti\c resistance. Tolranc to MYMV is 
coverleld hs i Snih_ c rei stahce bi rces.s,:rcess cene ,l ho.cn,lI ino he arie'tal crosses 
of ltiurunebcan. Ill i. ide crosses il'tu mie-' bean culti ars 144. (IS( ando I-M 293 and I. 
'tditi '>.at oublbot t, pc A. thle restisteilCc a dLIC to \5 pa0r of Cen'lls dl di 0 uri i1iiil and 
rcccssi e pisasis i Sinh and Sharma I1)5 S11,r1 11980,ii'la.r rlts repteld b,, Rcdd\ 

Inl the idC c_' l o t iLuneball. It appelarsI rut'l thee ,tudil thait lal itnI f telle
 
flo t rcsititnc to Ni)YI\\' in the ilonors I I. l'adhi i, diffCre l It-1o thai oI I . r(h/1 hd iit.
 
\1ub o11. 1:urther s,1tudie:,, ir s, e cuiu lutd i ,l the allle rCliiislip in IIhCse species.
 

Table 2. Inheritance of resistance to MYMV in the intraspecific and interspecific crosses in 
mungbean. 

Cross or Resistance tolerance 
acc. line no due to no of genes Based on Reference 

type of gene action 

V raditoo V rodirta 
24-2 Single recessive (vi F2 Singh and Patel 1977
 
P 646 x 24-2 Two recessive genes with Thakus et al 1977
F2 

(-89. -2-I. with ML I i epistatLic effect
 
Tarai local, LM 214 Two recessive genes F2. Shukla et al
F3 1978
 
L 80. LM 294-1
 
Tarai local x T44 Two recessive genes F2. F3 Verma 1985
 
and reciprocal 

V radiata x V radiara var sublobato 
Type A and PLN I5 Two pairs of genes with dominant Singh and SharmaF2 

and recessise epistasis 1983, Reddy 1986 

V radiau -, V mungo 
T44 x UPU 2, Pant U 84 Two recessive genes Verma 1985F2 
(mungbean) (black gram) 

The Fl, involving T44. a -u,,ccptible inunchcan cuhtivar to 'NIV. Pant 1 84 and.MY and 
LP.. 2. the of back ,%.iic 0f' suscCptitilitAThc Fresistant lines ra ed the dhiniinancC 
segrecation of the t s crossC s esIl a dicenic illd r'ceSsie iature of, inlhetriltce. This 
experiment ilso ,,uee.ted the piusibilitv of succe4ssful trafili,,f the NIYNIV resistance fron 
black grai to niullbean e\rnra 19851. 
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Breeding Methods 

Selection 

The selection hum landraces has been used as t illthod of be'Cdine in lmlUnebe2han. SCevelal 
Narietics of nllntiean ill India. andii also in ()ther co ii ntr eS have ben deVCII peil IZI-ruhselet iim 
Some of these hac resistance tolerance to MNIYMV (Singh 1l821l. Sinth l'9 ),. 

Intraspecific Hybridization 

dec.IdC. ha' 
intrilaspccihi h', bridi!ttii As dis\,ussed iln Whe prceding sectioms. severad stm es of rcistance 
to MYNIV arc as,,lb 111thin species I [bthle: I i.Ilhrtore, MYNIV-r sstalt lines tas 

I)urine,' the laSI.,t C.1ttiasi , bcenr ,ot the des elopttet]t osupCrior varietie tlh 

the 
be crosscd ,ss\ilh suscCptil,. ,',it In cLte\ eldinILe'. \,alens. Most brccers arc lollos illy, a pc,ligrce 
mnCthod oF handling tCh sgr,.-fitg nncroinlns. I liohi; suscptilc lines tiia, be plaittI. ill tIL 
early secrectiti cmenertis A- F , ohrc\ ers ISe or Yi\ Nm5 or tes ittaerals. No inscticideC 
'should be Spr;asCd. to .acilititce ll titrllual buildtp of \%hslntcfliCS. Indi\ idnJf p),llt,, . itha ImLIerat,att 
to hich dcr, of rc.,itanc to I)NI\ long v, irt ova gros Ih habits,, prmu, poddinsg. 10-I 
-cds, pod and I g lU)-see.'cd s'. t'i,t. et. nts be sClcetd In the F". I': en'rattiolls. The plant 

to prilcenics tit be is itt F". ete: tiowtis.. A pltittt'. .\ ildtriail t"ther s ith checks 
could be cot ItLIC in I- Il'ILte I tie, ltes na\ bnt'eIt ltipli.. land ,.lIli;ItCd Ill Illtil liat oll 

icM trials. 
'Illrotugh .itch a ptic pcaliotit i, itlilig.l lutes.. shi, ir.c nt ,Itlsolet'int Ic

sistan to Y1NrN bitt tehn,V 1ugl uCliIg. IIts' CbcItdcsChlpd. ltt NI, ig I i lsi 294- 1 
,t ntl NI iha 

cultivaition. 
T44) (Sinch It1)821 ad etc I I1 I4 I. 8 ' b'cI i re.Cleascd htlr cotti .rcial 

Lines ca.itr ig riul2tP lc ialric,, t utu\ e tilti/. thettiiit Its i p glatlli andiiiiidni/ 
se 'c aitnle, uc lttelattl , lila be tlt_ed to ,ct ciiiig it l illsC disICiC esil,.'l.rcmc.v ri to 
segregants s ith itultiple diseac tttcc. Ihllkur c, :tl. 1I9771 it\c reported that thle lees 
for resistanttet Ito ,ateial Ileal s, it X.\ u+/,ti Il61i S)(Mith1/) I) so . i cr-O,,ls r;i Ical 

MPoIt 1s1st% \I YI itlit clcs110t ( /i o lis itnd +lartili and it V tl c %\ itherited ilidepel
dentlr. 

Interspecific Hybridization 

,Generalls inters irictal hs bridi/aitr has betseL tl r lh ipst nt iif ttutc.ea.. The 
wide crosses. %ill itelre.islhC I_'ce ieO l as ailablC in brCCdiIU, liltu t1b.'at (Siit 1981 and also 
C.1tet.lds the sclp or .oniiic tie desirable attlibtets. 

Black .rani has ire dura: le sistallce to I'NIV attd ht s5 i'lroiou, tttillrit\. Mhile 
munebean has ri ore seeds p lie desirable iiibLianltl .thecl.tetcIrsbe selctedits 
Iront the se re tling 'ner:i[olltis. ( o ,ssbts ,ct tiuLrtb.aI and black LrIaill. ulslng tie folttIllel 
its femiale partit. 5, c titIo.le Ib c%ral . orkcrs. Ilie resistili Ic, hfor YNIV hiiba \C eell 
ttleti1r~el tit+betili ti t lakciti bs (iill ct il. I11)8. NetVini 9 5t and Nice Riueasaii 
et Al. t1hese Procced'inesi The cusscs insIs ii black it- , i iciniale and irttigcan .s i 
rial, throug.h cltlr\o cUltiiC scrc ", c. sltll r his (Ilrsal Anid liaitai 1)83. Veillia and 
Sinh 1980 lit itied Ii ited success \%hett tes QdInii d Iiti," sitrs i1s ndi rtiuicel iLor0nal 
fertile latits. his su 'cests that the %or-k ottl ttese litre, lla\ be citlittleCd IuriheCr. 

'ttsa\-,,uic i aiitibaueltisThe crosses etsit NI'tIV-l cp+iitbale t a ,NI td Y Vl\-rcsistait 
types of I'. o ,to.st lobiaw hic )ecti iadc t latic ar Inis ersit,,IAt and Sichngh 
1977. Singh and Sharma I83. Parda and SineW 185. Redd, I 9W5.The desirable segregants 
have eeln sclected llhii , inc th ttlethICd1li es2dise, ,C itt iitrispecific hstbridi/ation. Soille 

http:titIo.le
http:tiuLrtb.aI
http:ttutc.ea
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of' the segregaint.- alrc 11,0 to NIllaiLmr FF2 l woev iLIallLIFtil. It IS. thIIClCIFrL SLI'2LjC.ICL 
that restriCte~l h!IckcrosiF\NF1 %611 111hLCCICFi~lt 1 'FC 0hL* C IL' LIN iFllo hcFFNLICIf 

ic'.itlcc i22FlC"it,IIF1IHl-hC,I1l HvL cILtI 

Of' L')\Vt1i Ii1liiIFF0iIL-N12,IaC ICL NFFCCC" ill[11,k 111 cIi.'" hct\ICMAlI IiLhL'LI andL~ iw CC 

The Ni'!Ni\ 1,1
11 hC. IIFt IIINI'FLFIt0~ hCIL 

an 

I' Ito 

A(81, T~I44. llhF' 451F a, iciFFaLI *mli wcC banIF I, iFFIIc II''\\C\CI OK IL'L'C, Ii FhlljII 

hr ridl fILnFLI adL dtc" HINC F,,Li' 1111li loF 'htFI nidieFC in,t 1 w 11,LLL , 

tI I 1970. Bakcr cI al11-S F\c% IIF\C I)CLFl ahL, maIL 11CFFc '""hh\CHI~~~~ 

Ikiduced Mutations 

alld, I')--) 
"m kFiFF a i ltF A"FCF and1 20 \' I 

Sin11211 ad FF~\ NIFLIFdjd IoJ inFFIIf fl ill~IiCCJF IIC FIFFL I0CFLIN FF140) andi 
510 kR hmrc IF' K CFm to F' "FC 4-; N11 A.* "picadcl lLinlItF 

LIIICI. (:CF'F IF'C F'F' n F M I l alFFI F\ 10\t' Il N .LI IIFFF'dUll %k'F -' CICLI[12d ini iwN 'tIi M ifl.II(v 

M ,~ 'L'FIcialF'Fll I'laIIP" andF~ ('F l F2C L \IF' Li Ill . 11C2 F' "ILL!- ['Ill." CCr i NI I L L [FF11 

CllIlIpIll 'li',1% toFI lc )FLF [FIFI ' kId IFSlilFIl I1CNlILL,'vI ILF' i 'FI [LIF 0F1y .'CF ~ I (1S I F"I iFFF.C 

LIIFFI12 "'F[(11P ' 1 FIna n 1 :. i F ll C II1FFF LI Wi f'I , fLFPLiiCJFIL I FLII\ alF' \FCFL' C\ i Ii i 1 IL 

F'FIld)UICII~ 11C'ICLIFI' KF FFl(l0 HUFLIFIIII LFLL I )LF 01 111[ iiLF '.CF pFl Cd 10 itFI ' . iiFCIiC 

N11l. 20 It) 3'. ,IcFlo,tl FIFF 26l at I(, kI< IFFC. [haI FIFF'iICFtIIC FNIFFC I'' NYNI\'. 
N1Ilil'Cali1Ik hC'111l i andI FIC.I' l 1(1Fl aLIFI INl, w IF F FFL %arinL ", C d oAL Ill N1FFFFL' 

ini1982 i naCI i ),", 
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Abstract 

In India the major diseases of mungbean (Vigna radlata (L.) Wilczek) are mungbean
yellow mosaic virus (MYMV), Cercospora leaf spot and bacterial leaf spot. From 1978 
to 1986, 4,347 germplasm and advanced breeding lines were tested under epiphytotic
conditions to identify multiple disease resistance, Special emphasis was given to MYMVresistance. The following 28 lines were found to be resistant to all three diseases: ML 
nos.234, 268, 269,272, 274, 338, 360, 369,371; LM nos. 113, 687, 695, 696,744; 

132, 133, 134, 135, 136, 138, 139, 145, 170, 173, M 13 and
Tarai local. Anumber of lines showed combined resistance to two of the three diseases. 
AVRDC lines V 2182 and V 2294 were resistant to leaf crinkle virus and moderately
resistant to MYMV. 

ML 266, ML 267, ML 337, ML 375 and Hybrid 4-3A gave consistent, stable resistant 
reaction to MYMV for six to seven years. Eight lines, MLnos. 73, 315, 322, 369; MUG 
nos. 124, 126, M 13 and Hybrid 12-4 gave consistent MYMV resistant reactions for
five years. Additional totals of 7, 21 and 6 lines showed consistent r.,sistant reactions 
for four, three and two years, respectively. 

Introduction 

In India mungbean (Vigna radiata (L.) Wilczek) isgrown throughout the year in three crop
seasons: kharif(July-Octobcr), rabi (September-December)and summer/spring (March-Junc).
The major k/iarifmungbeain-gro ing states of'Idia are Maharashitra, Andhra Pradesh, Rajasthan,
Orissa, Gujarat, Tamil Nadu, Karnataka, Punjab and Madhya Pradesh. Rabi mungbcan is :
Cultivated in Orissa, Bihar, Andhra Pradesh, West Bengal and Karnataka States, During 1984-85 
tie kharif season nmun1gbean area was 1,970,000 ha and production was 678,500 t. The rabi 
season mungbean area was 755,000 ha and production was 437,000 L Summer/spring mungbangb
isgrown in the states of Uttar Pradesh, Bihar, Punjab, Haryana,.Madhya Pradesh, Rajasthan
and West Bengal and the area under cultivation during this season is consistently increasing.
InPunjab alone summer mungbean isgrown on 14,000 iamiti aproduction of 10,000 t (Anon.
1985a).

The summer/spring mungbean crop normally does not suffer from serious disease problems
due to the prevalence of hot, dry weather during the crop season. The kharif mungbean crop
is prone to many diseases, the major ones being mungbean yellow mosaic Virus (MYiv), 
Cercospora leaf spot (CLS) (Cercosporacanescens Eliipp Martin, C.crenita Sacc.) and bacterial
leaf spot (BLS) (Xamthomonasphaseofl(Smith) Dowson)" In addition to these diseases powdery
mildew (Er ,siphepolygoni DC.) is another major diseatse in the rali season, Occurrenceof
leaf crinkle virus (LCV) in certain crop seasons is also common. 

Of these diseases MYMV is the most serious and iswidely distributed in India. It also has
.awidehost range(Nene 197 1, Rathi and Nene 1974) and is transmitted by whitefly(Bemisia 
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tabaci Genn.). MYMV~can cause up to 100%damageto crops (Naraini 1960, Nene 1972).
-Crcospora161-sotrid-BLS lFjii&Tos d tiFTiih liidr7 
epiphytotic conditions (Patel and Jindal 1972, Rath and Grewal 1973, Pandher 1979).

Since these diseases are the main constraints in increasing mungbean production. some 
workers started research work to identify resistant sources to these diseases (Nene 1972, Patel 
etal '1972, Grewal 1977, Sandhu 1977, Viraiii et al. 1976, Chhabra et al. 1979, Pandher 
1979, Singh et al. 1980). 'However, most of the lines identified earlier did not maintain the same 
level of resistance over time. Moreover, earlier efforts were mainly directed to identify resistance 
for individual diseases. It was, therefore, considered desirable to develop stable and multiple
disease-resistant genotypes. This study reports efforts to identify multiple disease resistance 
sources to important diseases to be utilized in the resistance breeding program . 

Materials and Methods 

In Punjab the mungbean improvement program was initiated in the 1930s by making pure
line selections from local varieties, More emphasis was given to mungbean research in 1967 
at the Punjab Agricultural University (PAU), Ludhiana. In 1975 the All India Coordinated Pulse 
Improvement Project came into operation at PAU to further strengthen research work on 
mungbean improvenent,, particularly on disease resistance through a multidisciplinary team 
approach. The main objective was to improve yield and incorporate resistance particularly to 
MYlVIMV and other diseases. From 1978 onward work was further intensified on systematic
screening of available world germplasni for identification of resistance sources, incorporation
of resistance and screening of already-generated breeding materials at PAU and the Regional
Research Station, Gurdaspur. Breeding materials from F2 to all segregating generations and 
advanced breeding lines were screened under epiphytotic conditions for resistance to MYMV,
CLS and BLS. In screening breeding materials, varieties highly susceptible to MYMV, CLS 
and BLS were planted as source rows after every progeny.

In addition to breeding materials, 4,347 germplasm accessions, including AVRDC lines 
and advanced breeding lines of PAU were tested under epiphytotic conditions to identify resistance 
to MYMV, CLS and BLS. Among them 1,418 were screened together for resistance to LCV 
and MYMV. The test lilies were planted in the first week of July each year in 3- to 5-in-long,
single/paired rows spaced 40-45 cm apart. The experiment was randomized block design with 
two replications. To provide heavy inoculum pressure, highly-susceptible varieties were planted 
as source rows after every two test rows. A mixture of highly-susceptible mungbean varieties 
Jalgaon 781, No. 54 and G 65 and urd bean varieties Krishna, COBG 10, Mash Iocal, UL I,
JU I and TAU I for MYMV; ML 62, PIMS I and Hybrid 12-4 for CLS; and ML 5 forBLS 
was used. To distinguish multiple disease resistance, a mixture of varieties highly susceptible
to MYMV, CLS and BLS was used as source rows. During all the years of testing, there was 
100% mortality in susceptible checks (source rows).

Disease intensity was recorded by observing percentage of foliage affected by the respective
diseases and assigning a rating scale. The rating was done in the second and third week of 
September each year (Table 1). 

Results and Discussion 

Multiple Disease Resistance 

Of the 4,347 mungbean lines .tested for mult;ple disease resistance, 28 lines, viz. ML line 
nos. 234, 268. 269, 272, 274, 338, 360, 369, 371; LM line nos. 113, 687, 695, '696, 744;
MUG line nos. 125, 130, 132, 133, 134, 135, 136, 138, 139, 145' 170,1 73, M 13 and Tarai 
local were found to be resistant to MYMV, CLS and BLS. MUG 124 and MUG 126 were resistant 

-
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Table I. Rating scale for MYMV, CLS and BLS.z 

Rating Plants foliage affected Reaction 

Rating scale for MYMV 
0. 1-5 %cmottling of leaves on less than I o plants. Resistant 

3 5. I- 10-c mottling of leaves on I I- 10' plants Moderately 
resistant

5 10 1-25 - mottLhr and yellov, discolo,-ion of leaves on 10. 1-251o Moderately
plants susceptible

7 25 1-50- motth, and 'ellov, discoloration of leaves on 20. 1-5010 Susceptible 
plants 

9 50 1-100K- se'+ere yellow mottlrig on over 503c, plants Stunting of Highly 
plants and failure of flowering and fruit setting susceptible 

Rating scale for CLS and BLS 

Rating Percentage of foliage affected Reaction 

S 0, 1-5 , foliage is affected by small pinhead-sized brown lesions Resistant 
3 5,1- 10 - foliage js covered with round, brown spots bacterial Moderately 

leaf spots resistant 
5 10 1-25': folia c is covered Aith bigger leaf spots Moderately 

susceptible
7 25 1-50- toliagc is covered with enlarging leaf spots Susceptible 
9 50 1-100 . fojiae is covered with ver-y large. coalescing spots. Highly

susceptible 
ZMYMV mnungbeir' l . ' . .ri.,c CtS C-ecospora leif spot. BLS - bacterial leaf spot 

to MYI V. (lS and itidcratCi rC',,isl tin 1,ts.%a.Nlans)otlcr iles vcrc rcsistant to NIYNIV 
and rtCi tlant or Oidcr'itcls rciv,,talt ti (LS and B1S. There v,,c'rc .a tnui,,,cr otf lines vOhicl 
shoo,,cd rcsistance to ndii dual licac>. 

NI 13. LNI ON- and lat+Ai local had coIlnbintcd rcu,tancc ho NY.NIV\. CLS and 13lS. NI. 
73. MUG 124 and NIiG 120 v,scrc rc'll-.tn to MIYNIV and Cl. sshilC Hsrid 4-3A. MIt 315. 
NIL 322. MIL 3"09. NIL. 298 and Nl., 382 ,acrC rCsls:,I ti ,IYNIV and BLS Tahle 2). 

.Anon011 thc .\VRI)' line,,. V 2182 an \'V 24 , INt ti lf\' and inodcrAtCs resistant 
to MYNIV. % 395l and V 41)85 \%crc tiodcrlcl\ rc itant tin Il(V anld ntilcr;ttcl.\ susccptihlc 
to NYNIV. V 41 1) vka., tidcratcl\ rnistant to MYNIV and I.\'V. littic inhonation is a\ailahlc 
on the multiple di,,casc rcsitmcc in 111.tInheal hnnssct C. . Sandit (It )77 rcpintcd lIs c I,\ linc. 
nos. 113. 10,1\. 1-0(. 1-1 and 4114) to hac re,,istance tio .,NIV and tolcrancc to BILS and C.LS. 

Reccntl\ . P.\L ha dcrntitIcd sontc nuniuhcant linc ha,, inc cothintcd rcsistance to M\YNIV, CLS 
and 13[S 1Ano0n. 1I 5h. 108,(9y). 

Mungbean Yellow Mosaic Virus Resistance 

A total o,172. lin, 1f.7' ) of tlt,c total lines scrccned) and 268 lines (0.2'' ) had a NIYNIV 
rating of' I and 2. rcspctivcl,., and v, crc coisniCrcd rCsiStani. MLdcratte r-csiStanCc \was 
dcmtnstratcd ho 666 115.3' I and 424 '9. ' 1 line,, tith discasc ratinvs otf3 and 4. respecti\'ely. 
A total o1"743 1. 1' I and 259 (6.0J,) lines \,crc rated 5 and 6. rCspCtiVel. and \cre modcratclv 
suscptihlc. Ilhe rctain n,, litics \vrc stsccptihlc to highlV sisc:ptihc ITalbIc 3j. 

The h),.lli in.c lincs slovCd stable resistancc iratine I or 2) to MYNIV for six to scs'en 
\ears: NIL 266. NIl. 267. ML 337. MI. 375 and Hshrd 4-3A. Eiuht lines. NIL nos. 73. 315. 
322, 369 and NIUG nos. 124. 126. M 13 and Hsbrid 12-4. cxhihitcd a resistant reaction 
consistently for fivc scars. NIL linc nos. 282. 288. 298. 376. 382. LNI 687 and Tara local 
gave a rcpeatcdly-rc sistant rcaction for fOstr scars. A total of'21 lines, viz. NIL nos. 192. 237, 
238. 285. 286. 306. 336. 393. 409. 418. 422. NIH 31). and LNI nos. 96. 310, 316. 438. 459. 
531. 686. V 3492 and 12 '333 were resistant for three scars: another 69 lines showcd a resistant 
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Table 2. Reaction of mungbean yellow mosaic virus resistant lines to Cercospora and bacterial 
leaf spots. 

Line no. No. of Maximum disease rating' 
years tested MYMV CLS BLS 

ML 266 7 2.5 4.5 3.0 
ML 267 7 2.5 60 3.0
Hybrid 4-3A 7 2.5 5.0 1.5 
ML 337 6 2.0 30 5.0
ML 375 6 5.02.0 5.0 
ML 73 5 20 1.5 8.0
ML 315 5 2.0 5.0 1.0 
ML 322 5 2.0 3.0 1.0 
ML 369 5 2.0 3.0 2.0
MUG 124 5 20 1,5 4.0 
MUG 126 5 2.0 2.0 3.0
M 13 5 2.0 1.0 1.0
Hybrid 12-4 5 2.0 9.0 6.0
ML 282 4 1.5 4.0 3.0 
ML 288 4 1.5 4.0 5.0
ML 298 4 1.5 4.0 1.0 
ML 376 4 I 5 5.0 5.0 
ML 382 4 1.5 3.0 1.0
LM 687 4 I 5 1.0 1.0 
Tarai local 4 1.5 1.0 1.0 

ZFor disease rating scale see table . MYMV mungbean yellow mosaic viris. CLS Cercospora leaf spot BLS 
bacterial leaf spot 

Table 3. Resistance to mungbean yellow mosaic virus (MYMV). 

isease .. . .eactOnMYM. Total Total 
rating 1978 1979 1980 1981 1982 1983 1984 1985 1986 lines lines 

(no.) (1o0 
1 31 200 6 101 107 147 12 108 13 725 16.68 
2 4 25 4 14 76 73 33 26 13 268 6.16 
3 36 201 132 81 83 23 64 22 24 666 15.32
4 9 281 41 59 42 15 411 6 30 424 9.755 118 279 172 15 42 3 66 9 39 743 17.09 
6 17 87 28 33 6 8 57 4 19 259 5.96
7 93 277 55 20 87 8 27 I 8 526 12.10 
8 12 264 I 54 57 8 2 5 6 409 9.42
9 25 115 40 65 50 0 20 4 8 327 7.52 

345 1.779 479 442 550 285 322 185 160 4,347 100,00 
ZSee Table I for disease rat-ng scale 

reaction consistently for t\%)\cars (Table 4). Some of the lines consistentix 2ae'j a resistant 
reaction for a numher of' vear, despite their CXpOure to an environment fa orahle to MYM V.
These lines mav have durable resistance, as durable diseae resistance is a resistance that has 
remained effective ina culivar during its widespread cultivation for a long sequence of generations 
or period of' time, in an environment favorable to a disease (Johnson and Lzm . 1973. Johnson 
1979. 198 la). Johnson (1981 h gave sonic parameters of durable resistance: Ii inherent durability
of resistance, lii) inherent variability in pathogenicity of the pathogen. (iai) life cycle of the host 
and the pathogen, and liv) epidemiological Iact trs such as size of population of paihogen. climate 
and weather, and cultivar susceptibility. Singh Ii1987) reported three desirable parameters of 
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Table 4. Mungbean lines consistently showing resistant reaction to nlungbean yellow mosaic virus 
(MYMV), 1978-86. 

No. of years Line no MYMV1 rating 

7 ML 266, ML 267 Hybrid 4-3A I to 2 
6 ML 337. ML 375 1 to 2 
5 ML 73. ML 315, ML 322. ML 369. MUG 1.4, MUG 126, M 13, 1 to 2 

Hybrid 12-4 
4 ML 282, ML 288. ML 298, ML 376. ML 382, LM 687, Tarai local I to 1,5 
3 ML 192. ML 237, ML 238, 1L 28S. ML 286, ML 306, ML 336, 1 to 2,5 

ML 393. ML 409, ML -118. ML -;22, MH 309, LM 96. LM31C, 
LM 316. LM 438. LM 459. LM 531, LM 686, V 3492,12 333 

2 ML 26-10 3. ML 131-1. ML 234. ML 267-1-8-. ML 268, ML269. I to 2.5 
ML 272, ML 274. ML 278. ML 284. ML 289. ML 290, ML 296. 
ML 302, ML 304. ML 307. ML 313. ML 314. ML 315, ML 359. 
ML 360, ML 368, ML 372, ML 375. ML 376. ML 388, ML 390, 
ML 394, LM 143, LM 182, LM 191, LM 243. LM 252, LM 289. 
LM 298. LM 355. LM 383 LM 492, LM 529, LM 542, LM 630, 
LM 662, LM 695. LM 744 LM 873. LM 1101. LM 1114, MUG 
122. MUG 130 MUG i31. MUG 132, MUG 133, MUG 135. 
MUG 137 MJG 139, MUG 140. MUG 144, MUG 145, MUG 
169, MUG 170, MUG 173. MUG 17S, V 4403. V 3498. No 20. 
PUM 79-4-12. PD,1-1 73 II 395, MH 83-20 

'See Table I for discas ramst cal( 

durable resistance for ..\cclh, (a hlih 1.-1 ,, I. r .,I'l. C.cc PC resistanceThe, 

of all or tian\ race.,,. (iII oPtIsItlnc\ III ,hi"'!;I, lt.'i talIce leactiorli A)\cr .1 lilnlber of \cars 

,
and Iiii) a slO ,,prires ,,tdiseae() alter lln1ttetin. !Ib,,e la.tors limi tlo be ',perating for 
providing dlurahle resistaice to MYNIV iII presenlt resistant \arleti,,. 

The basis of stahilit, ield re,,i,,tance : h i/ntal ri,,itance) is not , it, it PCl-son et 

al. 19SI . There arc e\atllples, in .ih durahle ri,,tanc i, ritiis contriilled b, a polyence 

IDrivcr I962. RohinsonIt)70. \'alderplank 196,%). ( )n the ith,r hmd. eaillplcs are ,also asailable 
where durable re,,i,,tance i,controlled h\ a sinil: cene in the case oI mclo disease of sorehumi, 
where isinge ohttn2nt ripartiall,.-don0inant gene i" responsihl i Ru',sell I978). Another single 

gene was said ti ht\ pri idcd :esiallce to nli/c eat "pot (//I/mintl/o/iirim 'orb/o'1n) fnr 
\cari ,('i dl tNOS).
more than 25 ef 

\"erv little intI tation at,.ilablc on it resistanc to NI YNIV. C. and B.SI,, inhertni.anec 
of nlunebean. -lo,..VCL. Shttkla ci al. (I1)78) ,tdC sludiC, ott the ihe tnCe o'Iresitance t0 
NlM V uing ths Ilent,: Tarai hcal (re,,istant. I. SI i tiideratel , re,,istant). 1,294-1 and 
LNI 214 (tolerant)i lass\ahar 45 and (0 IilCCptibhle. [he. rfiund resistance fOr MYNIV 
,as under dicenlic ,.tttr l,andI rc.,,,i\ e. SiiILh Ind ltett I7I reportedlttat MY.\V tolerance 

in CU 24-2 ,\as, ,o erned bs, a ,.inelece._tt. ph~toliv,lieras rsistCance ti X,i:to,,i,1t1sc iI parents 

P 476. PI. 646. PlI.% 5111 and JlLaun 7 \1Liacoiitrolledi b% AisintlC diLntnaitt Cle. Thakur 
et al. i197,8) found that resistariLe ti (' / r O -l,it ( 27087-2 and 1( 272,1-3i'lll 

was no)LeniCti and diiitiItant . hiC ihIritane- l ildrlrCCnLI I'"Isata liies reported in this 
paper has not been liCe. sii the naturC Of es"istanc ipratillg IlltheC linesC, tanot be speculated. 

Information recarding pedigree. rc,,sitt Iartits for each diseasIe.. eteratilot and \car of 
bulking of :stable aid niultipld lutsi I, en ill Table 5.Ill the brec ding piigralll 
emphasis has ben 2ieI to iIncorporateIC MYNIV resistance atd illthe crossing prigralll, one 
parent having MYNIV resistance has alhas bcn used. 

Of the 5 I7 ?.\R)C tiln.Ibean lines tested o CV. 5 V lines.tor resttanrie tiN YNV and 
3492, 3907. 440'). 4433 ard 4852. ,.ere resitant to NI YlN V. Iv ents -t%\,V littes ere tioderatClv 
resistant and 36 were modcratel ,usceptible to NIYNIV. The rest of the lines w,ere susceptible 
to highly susceptible (Table 6). 
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Table 5 Pedigree, resistant parents, generation and year of bulking of stable and multiple disease
resistan, lines. 

Line no. Pedigreu 
Donor for
resistance 

Generatien
of bulking 

Year of no.
bulking 

ML 73 G 65 ML 2 ML 2 MYMV, CLS F6 1974 
ML 266 T 44 x H 70-16 H 76-16 MYMV, BLS F5 1977 
ML 267 ML I L No 987 ML I MYMV. BLS F5 1977 

L No 987 MY MV. CLS, BLS 
ML 282 ML I ML 13 ML I MYMV, BLS F6 1977 
ML 288 G 65 . (ST 7) : SML 32 ST 7 MYMV F6 1977 
ML 298 ML I ML 79 ML I MYMV, BLS 

ML 79 MYMV F6 1977 
ML 315 G 65 ML 8 ML 8 MYMV, CLS F6 1977 
ML 322 ML 5 x P 23-67 ML 5 MYMV, CLS 

P 23-67 PLS FS 1978 
ML 337 ML I .. L No 987 ML I MYMV, BLS 

L.No 987 MYMV, CLS, BLS F6 1978 
ML 369 LM 1069 x LM 624 LM 1069 MYMV, CLS. BLS 

LM 624 MYMV, CLS F5 1980 
ML 375 ML 37 x T 44 ML 37 MYMV. CLS F6 1980 
ML 376 ML 37 x T 44 ML 37 MYMV. CLS F6 ;980 
ML 382 FS 7 x ML 4 ML 4 MYMV F6 1980 
MUG 124 ML 37 x G 31 G 3ItUdbean) MYMV F6 1978 
MUG 126 M_ 37 ., 6 i G 31Urdbcani MYMV F6 1978 

Table 6. Mungbean veilow mosaic virus reaction ci AVRDC lines. 

Line no Rating Reaction 

V 3492, V 3907. V 4405, V 4433 V 4852 I Resistant 

V 1269. V 2182. V 2228, V 2194. V 2297. V 2330. V 3119. V 3466. 
V 3471. V 3472. V 3493, V 3498. V 3828. V 3962, V 3963, V 4075, 3 Moderately 
V 4084, V 4152. V 4232, V 4366, V 4409, V 4542 resistant 

V 2!70, V 2176. V 2223. '/ 2296, V 2321, V 3089, V 3418, V 3465, 5 Moderately 
V 3467. V 3473, V 3474, V 3475, V 3710, V 3726. V 3908, V 3917, susceptible 
V 3950, V 3956, V 3961. V 3981, V 4085, V 4115. V 4132, V 4143,
 
V 4151, V 4158, V 4189 V 4227, / 4416, V 4417. V 4444, V 4486. 
V 4523, V 4800. V 4843, V 4846
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Incorporation of Tolerance to Mungbean Yellow 
Mosaic Virus from Local Germplasm into Exotic 
Large-Seeded Mungbean 
Ilyas Ahmad Malik, Yousaf Ali and Mohammad Saleem 
Division of Mutation Breeding, Nuclear Institute for Agriculture and Biology, Jhang
Road, P.O. Box 128, Faisalabad, Pakistan 

Abstract 

In order to develop high-yielding varieties of Mungbean with a large seed size and 
tolerance to mungbean yellow mosaic virus (MYMV). a local small-seeded cultivar. 6601 
which is tolerant to MYMV. was crossed reciprocally with exotic, large-seeded type VC 
1973A which is highly susceptible to M11YMV The Ft generation and parents were raised 
in the spring of 1981. At the same time hybrid seeds were treated with 10 Krad gamma 
rays and were grown to raise an F, MI generation. The F2 was raised in the following 
surnmer. 

Heterosis was observed in the F, for grain yield, cluster number, pod number and 
plant height while negative heterosis was noted for seed weight and pod length. 
Tolerance to MYMV was expressed as monogenic control, the F1 being intermediate 
in reaction. The small seed size was partially dominant over la,-ge seed size: gene action 
was predominantly additive and more than seven pairs cf genes seemed to control this 
trait. Selection tor seed size was highly effective in the F2 to F3 generations. There 
was a transgressive segregation for small seed size, but no plant with seeds as large 
as the large-seeded parent could be recovered in the F2 or subsequent generations. 
However, it was possible to select several segregants with significantly-larger seed size 
than the small-seeded parent. They also demonstrated tolerance to MYMV and higher 
yield potential. Superior lines in the F- generation were evaluated in macro-plot yield 
triais in the spring and summer crop seasons of 1984 and advanced to the F1 2 
generatio: dri,-ing 1986. The 1000-seed weight in most of the summer selectiors ranged 
from 50 to 56 L,as compared to the only 30 g of the local parent. The exotic parent 
failed to surve in summer due to severe MYMV attack. The seed size was considerably 
influenced by environmental variation, The promising lines are being evaluated in 
national and multilocational yield trials. The ear!y-maturing ones were found to fit well 
in rotation with cotton. The possible use of small-seeded mungbean for the improvement 
of large-seeded types is also discussed. 

Introduction 

N ultnlhcan I'tiiii uh'ila (I.. \\ril/Ck I ' .1 i pI) nIM h'0'i duratioll ptl e crop iII nian, 
.\AiSr c,)untri ,,. inCl0din ll;ki,,arr. In l'alI ,,t', Iunc h,can i,, .rt,,n ont ahirt 1 15.000)ha withZn an1m Ilducp 'Ihut5N.l)l t liL aI'rac cid h' 5)03 kur ha is Qr\ iow. The poor,l pr n ()l 

,I LdtCC1irIIite C,,i, U \ Lc2t roi,Ild is large l,, duC It th,.e cultit r ii ',C\ ti\c ,th. It loharC.,t index. 
dc fctiI plant t1 pc. I;iek I ,\ nc hron+ in p;Od IlIalurit\ . ,Nail ,,ccd ,i/C Md ,-uCCptihility to0 
',arit wu, d isc, cl,,l, 

I ar.c -ecd Il/C ill nh i 1.0() sce ) ,> imlpoitantp-t5 ioth fromi the .n mler. 
i,, vel as the ,nInInI r,.i,I l'Iimi t1 I I.k ..\l1htuh lhC heal 1iuiiiii hCanl CUllivir,, are im ariablv 
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small seeded (30-40 1,/1.000 seeds), the%,' are well-adapted to both spring and summer crop 
seasons. The exotic larue-seeded ,.arities,tested so tar tail to thrive in the stIuner season, which 
is the major crop seaon. larel, due to the munlhean yellow nosaic virus (NIVI disease. 
When gr'ro n illItle Spring season. ilost of"Ihlm suTler f'Olil pod shattering Ar IlatUri which 
necessitares three to fou: hand ickings. This is not econoicaill\ feasible. 

Munchean breedin mipro\einent in Pakistan has been maiinl, confined to tile collection 
and evaluation of local and e\otie tcinipln and \Cr little ifiormation is as ailable recarding 
the genetic responc oifdilIcicnt plant character in the local culti,.ars. With the ohjcct of col, in.c 
larce-seeded. ithl-h\ ildin, aiCC,', hieI cuUld be 1CucC,1,ullk ,rOv ne,,both spring alld Sulmerill 

seisonrs. a local smllll-sCeded \ariet\ . tolerant to MYM\'. %ka crossed \%ith an exotic lar,,e
seeded Varl-irei disea,. lie di\%rsit, in nlrorpht l_,,ill char',cteristies of thesuscCptible t thi 
arietics used Ili the crosssC also prtt\ rded an1oppoltlnrritr to e2inr iifoitlnaliol aboul their Cenetic 

beha\ ior. Thi, piper repots, the stu.diCs on hclrosis. inieritanee of tolerance to fNYMV, 
inheritance of seed sile and pet 'uMmancc l:ilc-,eeded setrearts tolerant to MNAIV or yield 
and othCr a rOlloic chlaracers slcte.d lin1h1 th tcros 

Materials and Methods 

Characteristics of Crossed Varieties 

T"W 11itlnrrnCeila I uiiu, Wil./ek ctic,,. 1973A 0601, hairtr,/ti/,i I. %ill V'C amid 

,, 
contrastling plant charactr c-c ucd. V"ric't V( 1973.\ de. eloped altIhe Asian Vecetable 

Research anid I)c\clopimicnt Cener t.\\RIX'. ha, fLrc ,eed Sie (70 L 1,0(0 seeds). larce 
foliagc. earl% tiatmurit, lireT sIlUitteirn_ pods. h ich sirscCprrhililt i\YIV artd thrives onl, 
in the Spring season. Varlet\ 6,hI0 . Alocal culti; ar. 11a-a silall seed ,i/c 0(0-4() , .000 seeds). 
itnediui-siize 'Iulial..ateui'attiritr. 'rirall irorsliatterruc pod". is iniodcratekl toleiaint to MYMV. 
and thric,, ill both1,rir nand sUlllllCr seasos. 

The \ariol, eC'priinntial proce'r.', lollo'\ cd in bridi/at ion arti 'ldv h\ rid \12othi\d of 
in F . inheritance of tolerance 1to IYMl.\'. illelririlcellk of seed l/c arid e ailaiori of ,elected 
segrecgarit arc brie. dc,,'ribcd bclt(tx 

Hybridization. eci prica i c r bte fi t lie \tieere Ligspririg.s ,c,hLT1 illitar made dirri 1980 
il tre 1]eld-erx described lolinr1e i .' In pllnsuline the 1cchni. 1 uC bs 1 l . 

Iihs hrid, cu tilh le lnm\it the spring I- ecoind 
week of \lailC. in hhtck desNirn \%itl three replications. Each 

Hybrid vigor. tire rltceher \ ith parents. \\ crc i 
tJL81 at randomrized comnplcic 

ier plot had 10) plant, spiced The spacing bc ,cu r-ss x a-, 3illri. ( )bscrvationsIll cL apari. rim 
were recorded on five coiperiti\ C plat',s Of Ihe :F2ecrilioil cct replicationh and pirenls iIn 
lOr II) characters. i.e.. dr st llt'criIln and llatUrit\. plint fheight. branch nIuniber. cluster 
nuLber. ptl iunirbcr, pOd lenth ,seeds per pod. l()()i-sCed xcichit and Seed \iCld. Days to 
flomuring ,as '... fios, criric And das\, , It rrratUlilvrcorded hen 5 '; of the plants started was 
recorded w.hen ); ittle tod" Itirplant had ripened. Pliit heigi xl isr iued incentimeters 
at lraturitv. Seed \icld and Iil)()(-,CCd ,_iClIt \xccrecturded in Ile libOrator\ alle about tihee 
%seeksof air dr% c12. 

Inheritance of tolerance to MYMV. Tht.1c: pOpuLlalion, altirg2 \%itih Fis and parents. was 
grown in the sunirner Isccond xxeck it The 't0\%ine, crc inlJuly ) 1981 . %% made ill io\s 4 lone. 
The row to ro,\ irnd plant to plant s,,pacings%were 31) crr aind 1()ciii. respectivel%. Variety Kabuli 
(highly susceptible tto MYMVi xx replicated alter ever\ s as a ,preader to intensil'yas four rtt\. 
MYMV infection frui naturall stiurcCs. No insecticide %xas applied in order itomairntain high 
population of th' \ector, the whitefll rBemisia taba/ti (tin. i.( )bsers aiirs ol MYNIV inil'ection 
were taken lien 10);7 oflth plants in the Spreader line \crc itifected xxith MYMV fthe plants 
were 4-5 weeks old). 
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Reaction tt) briht to Complete ine o I the leavesI NIV appearcki it,, elhv, patchi ,li m,, 

and other plant parts. [he Jisas c iIt. n at0) it\i,'al ',Illpti
ic\ \%as "Cored sCailc ha ,cd ill,. 
where 0 1ii:ri 0r Ietricted \ i e.. . t ,, 7ILtc. lIh0, MI[,tCh erlit31 -40', leal area: 

patch,_s C.0\Cilt OW('titlanh I".and 1) - ,. t! , -l0()('',l+\ 41 tI-i'l \elhk v motlttle NI ilf 

plant pats ti cinie dili ,iiti) ut 1i 1 %N.ulti\ oit eli'\. tl'Ii lh anld 

plants \v._ere'+ itei t,Ideate.'\ +Ce FI ,, t, I ,_ P7)-.

.. t t ,tate; I.: :, t0eticratiol 
i > Itiletraitt > i. ttlde1,IrteIM ih,+ ISCt ald
 

>,LscCptil)lC <,,re t9 since the ti0derel.'. tillratnt an .l,.,, tthie [ai+tte nd the hetCii,+',eOns
 
pllaint',,hi'\\Cc t ilti<t,,t'i . ,co c , t (i. anld 0. rc.,t,.ti' elF. [lthough the pI)Cl\', aitd Fl
 
hilhri,.,e\h tilt+\'.'. i .dteri te,. iiitheir! reacw.tionitii' a1'.' NIYN \'.the rate itiillctiin oll
. 

e, t,I'll 

Jhit ilitiIlI: \ iht:ih tAtd,MItitU ietl+iattC ki+,Ci-, r,.Cactiiii \\.i' ,elted. ThIe l~ulked
 
,lits \'.. thin p llli tthliill Mt l l. liIitt i Ii[ I'iHi tiue sItidic ,,40) iietCiv'._ ils 

dIi'liitr 
, Itl .' I '. I [ li iII "iiiiL 1 id l,C. '.i' ' - till t, t l i IIIlI tIc 2 aN corktlt dicast reaction. 

Inheritance of seed size and evaluation of selected segregants. Iit enhance the gcnetic 
el iii/c tilt . d 'h[ '\crC treatedati l'll.i ti ' - tIld' Ill11111 ,it 'ht lAACt'r 1. 01t 2t0tti]\ ce[l>, 


\\]oh (0KIII( ilti. tie\I ic to pl' the dtllh i) liiitetliailc]\
itl, i ''' ,.e', \t'.,tie'll c It 'ced>. 
,!ttc t.:lil t th ' \'. , ril I Ih !1,Id tnl I- e era iti uil , ,' : i . l t Atl e, rling the spring
 
Itl08I-At ittlrit+ i N1 I)I l . .itClti rehiieC it 1ulk,. In the ,LIIt1t
ti\11c. I I lt'iA,.'t t, d 1r 

,,,tiet .11, in 4 in 3() ut,t'11,] tite I .it..i 1!1,t1p.Lc 0111.n Itl i %%lt'i, ) cillplant 
irici .it! tl t\ ', tti, \ d i iiJ ic',l tc'i 

il l iu: titIt . nthit 11 ,it , ttilt .1>'.'. citttlllot llcthe 
\'I .'I\ iiiitt "id,.'It t h,L , t ..t.''.i,tI'. l ttitille<t ti c ,.. it t t'i+'d I+ \ ItL l 'r t . 

' ett-,,' i' ti t tull itiCt I I', lt i ,e' tiI 
ltd tii!>t,+ id i. t i, uLnt, at Id ";tcI a tt,.' tite - ii ,..itatctuca ,PnI r

..ICI lNiLC12I* til[' .']\ e , , ",.',i Jt i in tot -Cluruid 
JI 't u Il , 

•-il \it kIt'iilr , i t htI, et til aloe,_l ll '.,"'ltil , r ' ll. \wI ilitileI l[ut> 2i'i ctiaCll 
". i'.i I]Lt C ll i, t hell piti 'ci.ltiurid v,t i illti , I" ' t i hI tit.,lllitt I I, i ,Co.+t din te 
cltura I l M I II t 't, .'' .111ct a rcitil ti, l i1 lci ' l d %e + td\,IItckI d tI'cl 'Crd.f tli .i'd. 

a)tici Iti [It, 1i1,+.o -I t Il ',i ; t
,, toitCI lc titllt :t .. i lt put 'it Nttl li t m'+.rtl-

II I iiit. h 1 itl l illii l it Sted ill I' ito t a t ii ltti dil It'- d dtlItrt ll:o,ie LtCre and 
I fliit, Vac\'I i 't Ii ,Mli/iI NL' '% iterhCid',.litttltn,.bea hI I' nnedill eC 111"IItu , "i.-ll 

lll . Ir t +-tI t ti e' allA till Id C1eitt.> !"iluit \ 'llA ,ut,, 111.1 tI t %% ll lilc i t adt1c 

ti.;tlt rktittit <i%i1tltic.- d, l i tIitli)nt ;I ChC, 'ttoItd alsllll ,, I).IllttIlilill li iei. dprtinl .0 

(ct ,Ctiiedl bi,,.!i ll\ ii t \ 1i !iti nei eI ttine.'N' Pii: ttc ic itit0 p c ae
 

0 o ilti 'it , ir' b 1e ie C. ill ' 
tiMe l Jiii iltit di l e11'iCI .u CAi fri i s h 

i.iriitp tI l li t L iti . p i cI ll attip, II p h ilcreC 
licc'ill i l til h LJti + 1iie ll tue ii''f d1 ( iic., t IlltIt\ CC( l C jnu11C tentcih \+.llil -,\\<.'re1, 111; l,' %.t: +_ C' 11~lUlhu) UltLL (1 ccn'd',,+lk h .tillln 

111141_Ah , . 1110uid itl e[ii l ill itl1AAIiti O k 11hi!1I iIiU l n<X i Ii)CII[ 11o n til 
tdilk , i1,.- I.l t<' LC,I l'Ji l ,+\ICr i l
a [IC. , t l_i It.i ,_. T+ il. t , I I l~l ' liliclld'tl hOlitar 

ofP .man11cekii -ttlTs till[Pe1r t ,<+.,,r+,n, ilndI'HybiI'l W.- m id 

fParets and briIerfman mc F Hi ecd ac are preted 

in Table 1.1-l-to is \ali'.)Ier\'. et i' e11rriitCipircn f1r eed ifld. pla nheiht. n ibeCrI f pods. 

http:rc.,t,.ti
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seeds per pod. lImllber of hranches atnd nun11iber of cILIsts. H-eterosis over hetter parent was 
notecdfr e yield.,t ib r fIp+,ods., ntrLbl,'r olcIusteCrs and plant height (Table I).The l(XX)-seed
weight and pod let-lth C\hihited negative hcterosis of-23.0 '" and -0.24"( . respectivel, over 
midparent and -41.48('; and -7.52"'. rcpcctivel., o,,er hetter parent. 

Table I . Mean performance of parents and F1for seed size and other characters, spring 198 1
 

ed [xpression of
S i,1llse .de:d Lir.,L:see 


character pruent
Plant local CX1o:,cparent FI Parents n Eheterosis

6601 VC I93A sean ritdparent Better parent 

Days toflower ino 5200 051 4700 033 1800 033 4950 303 769 
Days to mature (no 1 83 00 0 5; 7700 0 33 19 00 0 66 80 00 125 4 81 
Height (cm) 5220o 1 -1 3807 1 05 5412 0; .151; -2020 .3 95Podsplant oIo 2 I _ 081 33On 074 24.17 083 Il .310 .1581 
Pod length (cm) 183 012 917. 012 848 009 80 024 752 
Seeds pod (no 1287 023 1107 . 24 c1227 0 2 II'7 .251 -466 
Branches pl rt(no1 133 .018 0 3 020 '33 018 1 3 .1770 -
Clusters (noi 520.
plant .;0 033 
 0 31 747 •02 50 .20 19 -1671 
1000 seed ,k',ht A 7a 3 28 . 1 48
lol 02 4 3 0 • ;i, 2306 

z 
 ,
Seed ieId,
'1 
 o8 02 , 42 • 03.0 18S .Yed .2!17 

lie Ilicreasc In ,'Cd the its-hit II tle I 'tC,[ilk nat1\ dii' 1 llt I\l+orI ) 'lll l .t icreaeC,,s 
In cliici and po d ntllber11clat 1 1r1c .'ictc,1,1)2 lk' tt(41 in\ Icid v a,,tILt ,,vlri!s, aIsocliated
with Other CharatICr,,. INV .'iSlini, and Siti-h ,,sko ohlc,, n'.2ris c hctrostl for cd sei'ht 
anid iNd Il1121h i'alll dIttin hlit.k .- but ilcIuhCr nistit bCb t'Ir lc'ep'tcil Itoh' tir Il toMt illiportant 
,:haracter,, for p vttic hitCr Il, In , Cid. The tsuhsr F ICli0\ 'r th Ilxi utCSo,erscid in the 
preClit Illretr. 11itiit\ ,i e toaIII- d CLWs llincre ,C illthe Mi i 'clIpl:l,.lt,cntt diI Crsit', allioltle 
parents iriiht h.,\ c pll cot ill iliiport.it tic in lit n ihtilc,,tathnl hr isi, Sinlhh arnd Sinh
 
I)74j. The t. .liai to[
ictcioit.,sed i/c ainidptd li,th m d plsiti, c htcrioi, fo other .icld
coltriltir e cllthalacters,. / het'r ,'UtsI,. Ced', lir
\ us11 o1lps.l,,. j,,d ;lld hIIIcs o scrvcd. 
\kc irclli cllrL.'lrtc \iith tile Sml t 
1974) and Nlihutryd i It)g.,iiui.irlwan.l I 1 '. , i I\hmrl', ,ernunlher of 

pr," I rlrIt r q, Siti th nd lainI I )'ti ,l ild Sin1h ( 1972. 
hiht iic tr a h i 

pods \kith the sitmiliselois III.I.,C Ill ,Ct'l ,le O tic'ilsnadl-,ede'1Cl INareu toise.xpected 

have superior seer c, )\lti le '11t1,li-,ceiicd~ lair'clit.
, o 


Inheritance of Tolerance/Susceptibility to MYMV 

The resUlht d ,isca:Ircacti n (itpare tlls.1. 1- lld FIpoplulationis _,rostin illtIre Sln ler 
olf 1981 and 1982 arc pres,,iteid in lahlc 2.

A ll issileratc] i- .'lll dthe plant ,,  l r. (1100 1 h( .. IsI(hl',, i n the ir lea vCs 
coverine ahMt 35'; (fIthe lcal ara ,and tended t)rcoCr close to iaturit\r. Il,the sUsceptihlC 
parent VC 197,3A. tile \I,\Y1 V appcared c.arlxand rapiil. 1.irCad ct,,i11r ,c\Crrinfection o\er 
80 ; to 100 ,o t tof \c an J partS iurl12 the firt Ik% threetic ,urface area the leaI Itl1.alrrl o to 
weeks of their cross il. The plant, rilitanCI sn.nr1cd aid 1itot OI thet v,it'd acl'Ore 1m,crin,. 
All the F1 plant. es'qhiitd r1oilerate susccptilailit, toIIM YMV.The s\ pti ntis appeared as large
yellt patches co. crih aout 60; of theleatf arca. ,,trnand other pla,rt organs with marked 
reduction In !1m \cr11u2 and seed forratioi. TiC F: I)aIpuIlatiisrl ,erccatCd into nalc susceptible, 
two moderatelk-suseptihl. and Osne inLICraIel, -tolcrant classe,,, irdicatin that t lralnce/
susceptibility ti MI"YIMV \ ,IScrilled I\a 'inele enretic fictor. Proieni s of the 40 ratndonalv
selected. selfed F: letersI-0zgtssus phitnts, I(tn)deratelv suscltIlale) dhi"-m.ed sesrcatim lfor this 

http:dhi"-m.ed
http:iliiport.it
http:Ipl:l,.lt
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Table 2. Reaction of parents, Fi. F2 and F3 populations to MYMV infection during the summers
 
of 1981 and 1982
 

Parent No of F- plants
 

Moderately Fi MT: MS' S' Total i 2 IP
 
tolerant Susceptible
 

6601 VC 1973A MlS 117 246 122 485 0 204 0 903 

Behavior of selfed F. plar! MS 198 405 216 819 0 890 0 653
 
n F3
 

MT = rhoderately toIh.rrl3 e'd cO', - 1o, p.ichrcs c-),cr1, i 4 0 'a, ca scote 6, YMS f Doderacely
 
susceprbl, y,2fio,- pt(chus c 2. 41 ro60 f p I ! xir i 
 , 7, " orc.pubibT C 0o.o.rifttieco erirg
 
1 to CO of pkort pi r .' .i t'7 : .. c..': th'- ' . It" , t h. .i' , ..t h 9.
 

Chllra'I-'r Iinthe' I-. y lk11 ' IIIt,. lt h) I 1 1 ,1110 10111Hit lIIl'.L' l lil~l ile F.,lhiC rt'-, Sh', In1 

Icci iip tii i 'I.. i IC lkr,,,,,',,C Ic c Irt'll\,, Ced lht-r11Cc. [h t- rL .'l~r,:al . b ', u 'n l ll~d 'i~ i'l\I flcrUc Il , ll l ",u,,i.I.il!5 'liM Cllrt. ,,h, 

i .I .,iit t kI\Ch ,i'.. c .. cctr .lI. 11c.'- tiil t tl\ i ",it.'c + L' - i liici th tlilt Ili. l ri' i ' 1',11 

l h it, (11c,.iti i ill1 tl. 


JL.iit' ll1 h' l\tckic' ll 2\ l, tcil r l clctl.i
 

h(l tlaluic'U cr l ,IVllidC'l fl is. c1J'i0lc i I Il lincs'llh. 

iC I.'tIl u \ fltt I 111c siccll ",tu h,11 i I~k)M tii 

lc t1. I I " i il11d shltl i, cIl itl l I t ,, t"ki l l I ill lkCi inl
lhlc ,c-C.ri . '' ,,Ailc ll \ (i I 


tit i i li. fillilliihI' l<,ii1,,l l\ ii ' S it.. c
I\%0ltlt . 1 sI" i scit si/i .l ilc i Io cchh. 

Inheritance of Seed Size
 

" c'l11VAI I Ih1,1l midu \cf.'\il 1fl)A).C''c\kt-' 1h1 i'lOWe \\,t-, IL.,, tile lfldp'lcil ,il t tk Close',,
 
tIIIt11' ,uL dCLI ( l,ilIlc' I ' 11hC' li IMII) l,,.d i ll . alid F , iLmu lie,,
,,In,ill ,!f)lAiCII IIIC. k'l ht' F , I , 


\ .;,t, tMICt-l It,', C'C'lCd IM IC'll I I O Jlt( \k
ht l. l cli11W. , !)ill ItheC ,ilil (I I~L',IlC" Ihe I",-C'Ltti,,-dht 
.ill F' ,~w , IMI-C'lt.. e t lW ",h1,1Ili %~ Il l! ,ill. "F rkLC'1ut- ,.114 'Ailth ilt-All'. t, Ide Iilit Ik\l%'-'cd
 

altcs t LtIAI\l\ i' .iltri F A icu ullilF
lhrmit l,' iliiiitcrite sprII .I';ilId 't1I llt.',,Cli,lllC 2' ) HIul IC . 111Miii2.3i.l .'i '11.1, 111111, 1,21i\t-'IlIll I, O)I.. 3 1t)LiCt-'O leicCIIhIl 
,
pr-',,,,iIIrIII1,11 IC C'r,'t'i i 0h1- ~l pioLcililc', .,hlI1ccd h,1.. thIC.. 1~,'.lllI 1C ]LIf-'C-,,t't-dt-' 

,1I1.1 , 1',,', CI,.*' It'..'IIi li-' , ' 1!,, P l~illt ' C'\L'll aJ l ll ',ii '' l l/ 1)[1l l-.llh.C.Cd , di,lirlc , l htie 
I~tt-c'lcd,.c. l i L ,ild cd lI IOlk' ''I j,i c' . 'l 'l lh 10.'0ihiO.._ i1C ic',It ,c' I l' <C',,-l\ i, I hII ,t-dtildi 

\kilh It-ile ill '.Ih 1 Cl2 1 ;lilt! Nlal,,11li'lI11).S'3 I t t 1,61 CJlu'l/t I" pai llN'rt ,if i , ' ,In 

t(,1l1 ll11 lKIIIt- lC ct'lIIlit.''C~I Atnd N\LIll\ NI 111C- %\,I'tdo llillilllt - C [tl01)ICI) 11h:, 1 (tlhii "C'C'd 

() ,Cll i .111 Ow~t uL l L -C'<d I%[)e'0 't il ~ i_] i-m'.-,,'.c.t , t" PCl -d ll ,_- 'd IlitLIIIL!'C,Ill ' 0 \t'l 0111 

lt-C~ded IPl, 1h11lhit..',Ic_'tillitill~l~ t-",IC it-'k\ JlltlI\t.',11t.11( ,ltC 'l \\ C'lIC.l', 

()mi(0 lillJ\ 1 (!l lf llt,. k 11l1 ,'.'C! 1 le r,,', t' t' rt. Ll ddtti1 _ l IitI- IhM ICh_ Al, ilu.!', ht.fi 

tht-rF' \. it-clll,,,wi ._,C.,lI, llll.t tiaill [hC. h \ ,C\C'rithaitlillil ' Il flhi, 1Il11\ t. I lilti+illcdc lt-i ,, 

fil 11LI i i lt iW ' 1111 ,C, _ ,.,,)upled \\th,,111LL:Ilich tl ',,i . 12 ... 1 ; 
101 ,C'Cd %IC t-' iht- pi ,i( ill d 11h lrialtlI,, l_' hk ddili\.l Alh,c-r\ed ill lt I~t t,l~tI 1 itlhl, til>licIC, 

,,clckllm l lil 1P (t~t ill Ll ' l .l.i tl,. 

K htalid cldl 19t'X-41 "(11 h-: ildllht\ L:,tllill.I,, ll' ct'l-tlt.11LCLA.._ l~',ct 

i-,.'1C'aitll1illmiid 1,ill \ ci lll% h~-.'l-Cll . Ill tiC' Nt',2ie',_';iI 

i1: ).11211.< ' ,uld ('1 .I Id\ ' 

Hiu,, ht.' ckll, ill ,i. .li;,
ill hh l l, .J -u ~ ~rt'ul c .k 'll,'Il._t',t'.d-d I;l ' 

Cmlld niql he-'','t-'I c ,illl itkkal,. ,t'ICl ct'l,\Ciril\ Cl i i l i l t.. ,,c i1\ cll, i;llm , hm"\,' C. p ),,l., t 

F:,,,k.ii.T lit, sl l llicaitl%\ kt-, - .onilparcd Ill s,,,_, hILhCI.r HHHt)tl,t.t.d ~114 - ,I t,il all-'Ceded~c 

paremn 1) .) ca.'liml pa~renti luli\cti lech1)1in life. summerli.' \%he. the lmr,2c-+,scc.dc.d 111ltCLI to MlYMVl 

dic'exse. a.i~tt'CIh11d.0~t,1 tl .l.'CIlt t.Ctd ,hi_
1,d tlhait
. illcli-I l IM'r li1C. %,tiWh.11 l Lll'eC'tikC. 
ill tile I.-, a<nd F ; t'l.'a lll, 
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20 2 Summer crop 0 Spring crop 

16 -0-1 f0-1 

\-Parent- \Parent 0 	 Parent 
6601 6601 	 VC 1973A 

- 12 summer spring 	 spring
CL 

0 0 
8 	 ,0 000 

000 
4 0 0 004-.
 

0 0 0
 
• 	 0

*000 0000 0 0 0 
0 __ .... _ __ - . . I- - l i .

28 32 36 40 44 48 52 56 60 64 68 

I 000-Seed Weight (g) 
Figure I. Distribution pattern of mungbean. selected F: and F3 progenies (6601 x VC I973A 

deriativcsi for seed weight III summer and spring seasons, respectively, in 1981 and 
1982 as compared to parents 

Table 3 	 Genetic varibility for seed weight in the F and successive generfations of a cross 
between local small-seeded and exotic large-seeded vaneties of mungbean grown ir 
spring and summer seasons fiom i981 to 1986. 

H,.1000 ,l,:i 	 1: ll ... .. Geneuc000 S(:Le Co,_fic Genetic 

Ye r l . . v , , . !v rS . SD P n,3 , rrity t f IS , o f 
6 1 ,C l13A 521JLdII . ,,:Ar~riOl4Cean 

Stimlrlir crop 
198 292 39 4 3 - 39 F: 10] -10 499 300- 20 1108 9782 5108 2233 
1982 29 5 0 1 F, 103 45 6 5 11 30 0 52 5 1121 
1983 -98 0 - F. 72 -153 -17 30 7 52 5 qq6 
1984 300 - ' F, 72 4178 t17 322950 10 03
 
1985 288-0 7 F 4 4 5S 82 38052 5S
 
1986 30 0% 705 53 F 44 488 '% ;0S0 9 8 11 Q)4.1 28.49 1497
 

Sprin crop 
1982 35 0 80 D 5 606 F 103 49 2 4 78 3 7 1 94 40 43 83 18.89
 
1983 360 075 680 140 F 72 S0 7 503 00S 06% 992
 
984 4040% 2 , 72 84 472 5-t60 809
 

1985 400 0 S,2 72 S I F. 44 .72 27 438 707 921
 
1986 363 70 1 S4 ,. 68 3
0 49 3 570 450- 901 

Var VC 1973A fail ,cs r,, . ' r ".2 rI !-1' tic- ,Aj h , b ty ,rid other geneuc parameters 
the datn from i trot ,'r-r' ,t ,,,,sprfcc. 1981 1986 r 

The "k-d %\.CIL,1ht ()I piireni, di the' prw,-ciiic, i11il tie ,prtng criop vl :i, co lIentkl higher 
thn the UI)TI)CI DTl'p. This 111;\ the , olnunelllIl diliIsttrirtcl I tl11C cniit1i etis iel ll coni 
availahle ton(he p ku,.duriuC the itd-fillini ,,taic. 

Evaluation of Selected Segregants 

The 	 In)O1)-Need(I) (Iie lIcn the sUImer raiged fr-imti compared1'il 47 to 50 
to onl, 3( , il the paeni \ a; ict\ (i(s() I . Ihe C\n) ic pariieCnt VC 1973A faihed to thrive due to 
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severe attack of' MYMNV. lhe seed if of ie liue, \\s similarly higher than Var. 6() in 
spring and wa.S iier above or beltl iiidpar-nt valueC \ itliii a iarr]'0 rane, ... \ nnn1her of 
ilnes not only expressed their SUiperiorit. in sCd ,u ui also \Neddl Si,4nificantly hieher thall 
their parental tpes in bhth (,',Con,, 2 and 3 mndsee-mare, ahle -). 

0 =TrriEjI o - Tr i"r 
A 3 Trc'4 ,,renls 66 C!,C975 ' 

9, 

0 A A AA 

o5AA A!0 

A A •CA 
00 

C 
A 

A•Figure 2. 

A 00 

Relationship between d and 
seed weight of F7 true breeding 

A
Z lines (6601 x VC 1973A deriva

9 .... 
40 

. . ........ ...... 
45 50 5; 6c 6 0 

I 000-Seed Weight (g) 

. _J
75 80 

tives) compared to parents in 
four sets of macro-plot trials 
conducted during spring 1984. 

7 e lrial o :Trio_ ofI. ne, ecC"3i n ol 7I 

1.51 A 3 Trial jrentsTrial A 4 6601, ,C1973A 
A 

1 51 A 0 
-6O ,' 1973A 

1. 1 A• 11 1lej IC!rrqe due 

A-. A o ye0lchmosal0 iritus 

0A to IN,11 

A A 'Figure 3. 
07 o' 0 Relationship between yield and 

C seed weight of Fs true breedinglines 16601 x VC 1973Aderiva
05 A tivesi compared to parents in 

A four sets of macro-plot trials 
30 35 41D 4. 5 5 . 6 70 conducted during summer 

I000-Seed Weght (g) 1984. 

The recition to MYNIV ininost of the lines, \%ts more or les intilar to the tolprart icnt 
except for line,, such a,,13. 20. 33. 34.37 and 45 v,hich exhibited a reater de,,ree oh tolCran-c. 
Most of the line, s\ er short ,tatured and mal,.turld earlier 1 about I Ito 23 do\ S. Their seed
protein Clte, also, COipared lt,.ralh\ With the paetlital t pc,. 

From i el data Of ,lcid line,, t both lrotnl the prin and t (Tahle 4). it'aiild elllllllr 
was evident that spint \ il,, iar.,dl her thanir that of sutilner: ho.ver, insole linessp ka hi 
the depression ill tiiiier elJ vit, iiuch etiler than in otlers IIuilrC 4 1. For example, line, 
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Table 4. Yield and agronomic characters of true-breeding mungbean lines (6601 x VC I973A 
derivatives)" in macro-plot trials at NIAB during spring and summer, 1984. 

Days to Height I000-seed Seed MYMV Yield 
Progeny maturity . c..) weight (g) protein ifecton (kg ha) 
parent Sp.' Sn Sp. Su Sp SI content I I Su. SU Sp 

exotic large-seeded parent highly 

Trial I 
5 9 
S 19 
S 32 
S 36 

78 
78 
81 
71 

77 
75 
75 
68 

50 
50 
47 
40 

55 
51 
60 
54 

60 0 
51.8 
60 4 
64 2 

56 0 
53 0 
510 
48 5 

25 2 
251 
25 . 
250 

34 
40 
33 
19 

2,059 
1.677 
1,740 
1.587 

988 
1,334 
1.438 
1.242 

S 37 78 76 52 66 64 8 545 2.15 24 1.936 1.293 
S 38 78 74 52 52 66 0 54 5 24 5 46 1,892 967 
S 40 
S 42 
S 45 

78 
77 
74 

75 
76 
70 

45 
58 
38 

53 
56 
46 

57 6 
60 2 
655 

50 
48 0 
47 5 

25 1 
23 
25 3 

43 
37 
25 

1,774 
1.625 
1.660 

665 
1,182 

998 
S 46 
S 48 

77 
74 

77 
76 

55 
50 

65 
)6 

55.8 
59 0 

.140 
50 

25 1 
24 7 

35 
38 

1,858 1,050 
1740 965 

S 51 
S 53 

71 
77 

69 
75 

41 
55 

49 
60 

57 0 
59 0 

54 5 
46 5 

241 
235 

33 
45 

1,761 
1.695 

904 
1,046 

S 54 73 73 42 51 64 8 6l 0 24 2 38 1664 1,071 
S 59 74 75 54 56 59 4 41?0 23 7 45 1.802 1.057 
S 60 
51 00 

74 
75 

75 
78 

51 
.19 

56 
65 

606 
54.2 

51 0 
45 0 

239 
24 0 

48 
30 

1.74 
1.768 

915 
991 

S101 
6601: 

78 
82 

78 
91 

50 
54 

50 
77 

50.8 
42.8 

47 5 
30.4 

24 4 
24 3 

38 
38 

1,733 
1.633 

901 
998 

VC 1973A' 80 - 50 - 775 24 0 95 1.750 -

CD 5; NS 120 
I 161 

Trial 2 
S 7 76 78 44 54 58 5 50 1 25,3 50 1.440 606 
51 0 71 76 42 53 60 6 470 25 0 50 1,532 703 
S 13 74 77 41 48 610 460 24 5 20 1,109 769 
S 14 74 75 40 49 64 0 52 0 24 4 28 t.178 842 
5 26 77 i6 53 61 60 0 500 24 5 21 1,109 1.026 
S 27 
5 31 

77 
77 

74 
75 

44 
49 

61 
48 

60 5 
56 5 

50.0 
52 5 

24 0 
24 0 

13 
55 

1.456 
1.580 

1.071 
9,17 

S 33 
S34 

75 
76 

77 
75 

40 
40 

65 
49 

60.0 
56.8 

165 
55 0 

N 4 
24 6 

, 
2 

1595 
1,469 

1,196 
582 

5 44 
S 52 

76 
74 

76 
74 

50 
46 

53 
55 

53 5 
57.5 

50 
48 5 

2410 
24 5 

47 
43 

1.227 
1.733 

842 
603 

S S 76 76 52 55 56.2 515 25 2 43 1.622 700 
5 61 75 74 441 50 56.4 53 5 24 5 58 1.352 832 
S 62 74 74 37 53 565 54 0 24 3 43 1.525 838 
S 70 76 75 41 57 59 0 50 5 24 3 50 1.372 887 
574 
S 81 

77 
77 

72 
74 

41 
49 

51 
52 

545 
57 5 

520 
52 0 

24.2 
243 

41 
45 

1.,435 
1.368 

873 
852 

S 96 
6601 
VC 1973A 

76 
80 
76 

73 
92 
-

47 
57 
52 

53 
85 
-

53.5 
42.6 
775 

510 
30 0 
-

24 3 
24.1 
24.1 

48 
35 
97 

1.518 
1,543 
1,615 

79] 
797 
-

CD 5% 148 116 
1% 198 -

ZVar 6601 local small-seeded parent tolerant to MYMV 'Vir VC 1973A 
susceptible to MYMV XSp = spring crop, Su = summer crop 
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2.1 
. 0 Spring crop, F7 generation 

0 

1.9 41 Summer crop, Fpgeneration o 0 

1.7 0 0 '0 0 0 0 0 

1.5 

13 

Spring 0 

0 0 

0 
0 

0 
0 0 0 

0 

0O 0 

0 

Spring
9 

-tl I I 

• il ' 0 0 

0.9 
o
 

O
 

00
0.7 -- iSummer 

050 

i 0 

0.3 
0 iSummer 

Parent 12 24 7 5r, 77 82 87 59 54 68 42 51 I8 55 32 ParentVC1973A 63 52 40 98 i03 22 38 26 86 16 33 36 37 19 102 6601 
Parents and Lines 

Figure 4. Yield performance and stability of advanced lines (6601 x VC 1973A 
derivatives) compared to parents in the spring and summner seasons 1984. 

12 and 52 cave the iaximui iclds ofI 1.0)) an,. I.)) kg ha. r'spect, .!e. in thfe spring hut 
%ketedrasticallk reduced tn 400 and 6)() ke ha. resplc'iu clv. in the suiL;trjer. Contrarils. lines
18 and 37 wkvhich , eled about 1.80) and 1.9(1) kg ha. respec.ti, eI%. in the sprin, declined only 
to 1.250 and 1.310) kg ha. respecti ,el\, in the stunitcr. The inference Itn these results is thlt
there are t%ko diflerent set, ol geie s,,st ntsIISper.tting Ibr %icl expression in the spring and 
SuImllmer 'rop seasoibl. This reaction cant1 be attlilutCd to the reater Cenetic dI, ersitv beteCen 
parents inols ed in the ,rosN. lite,, su,'h as I. l). 32. 3 . 37, 51. 58 and 102 exhihited a 
higher yield potential than )ocal pja.tit 6,1.ast',s ell as g.2reat|fer icld stabilit o, er seasons igure 
4). 

Elite lines performance inyield trials. Foul lare-seeded elite lities. i.e. FINI: 36. 37. 
51 and 54. ,'ere included it the national nurLbeatt uniflortin icld trials orattied h\ the Pakistan 
Agriculural Research Council during the sutler o' 1985. The dlata ontt ield i)oten1tial and other 
tnpo~rtant agrototutic pat anreter-, is presented it 1 able 5. These linesNot onl\ surpassed in sic ld 

potential fI. 143-1.5)) kg ha) the rest of the entries (648-1. 1(17 k, hat). but aiso %\ere superior 
in their seed siue. Their l()(-sed weight ranged frot 48.5 to 54.4 compatI L)onlV 27.7 
to 32.0 , of the other entries. 

Six protnising line,,. i.e. N [INI: 18. 30. 37. 45. 51. 54 and 74 along \%ith paretits a.nd st:anda.rd 
variet\ NIAB Nlunl 121-25 ,,CrC esalitd I ot-I Iuld other important aeronotnlic trailts in 
multilocatiotml trials .irranged through, the I)epartnent o -\ricuture extCtsion during the spring
and suntner crop scasons of 1986 The ob cctisc ol thle spring planting ,wist( Understand the 
suitabil itX of these gert.t,0e to fit in ctttol-tllun'b'ctn -cottott rotation in the cotton belt. The 
results presented itt Tahle 6 %ill elicit the supeit s)h.ol thl ,C gem t.pcs over parents ;and stanldard 
checks with regard to ield. sced size and earls tatutrits in both the spritng artd ,tuner seasons. 
In the spring season mOst of the lines matured LjtuL itt Is ICvinC SIttflCienit time for cotton sOviim. 
B, virtue of their higher ield potential. large seed size. nonishatterin- pods. uni fortn tnaturitV 

http:st:anda.rd
http:respec.ti
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Table 5. Yield performance and mean values of specific plant attributes of large-seeded elite rnung
bean lines in the National Uniform Yield Trials organized by the Pakistan Agricultural 
Research Council at Faisalabad, summer 1985. 

Days to Pian Pot> Pod Seeds I000- iYMV Yield 
Entry Ih planlt length pod seed21 is~t 	 wt. infectionflowering maturity cm (cmi Igi -c I nC I (no 1 Og Ila 

NHM 54' 45 7i 705 359 10 1 138 544 8.8 1,503 4
 
NHM 37' 46 /5 /2 3 31 5 109 1-43 528 108 1.377.9
 
NHM 51 40 67 52 6 33 3 10 5 13 3 52.6 12.3 1,210 3
 
NHM 36: 44 66 52 2 30 5 10 3 13 5 48.5 13.3 1.143 6
 
BRM 114 .19 80 b3 5 32 5 7- 12,5 28.3 1/5 1,106 6
 
NCr1 5 45 74 61 3-1 9 / 0 10.5 297 85 1,069 5
 
BRM 91 46 78 58 7 31 .1 7 2 12.3 29 3 9 2 926 0
 
NCM 81 45 73 59 3 35 7 64 10 5 32 0 9 0 907 5
 
NCM 68 47 73 65 3 35 2 6 9 9.8 28 7 6 3 898 2
 
NCM 7 47 74 54 8 33 1 7.0 10 7 33 3 10.2 833 4
 
NCM 69 47 7-1 62 4 35 8 6 1 10.6 27 7 80 648.2
 
NARI-I Failed to produce crop du to high incidence of MYMV attack 100 -


CD 5 184.4 
I. 251.4 

'Der, at es of Icai I97.vrt S • lO.-;c. *. "/o A F 

Table 6. 	 Yield performance and mean values of specific plant attibut S of ungbean large
seeded elite lines tvar 6601 .. var VC 1973A derivatives III multilocational trials 
during spring and siummer seasons of 1986 

r,,S Ir;r: 	 S .iii'IrltI Crop 

1000 Sre'it A, . 1070 r
 
Entry Dos D1J " Y i ,Ijt D , imh
Flint 

0 (Oni NIAt ,Bociitocs iici.hi H H ,qli -1' vs(''h Picvi. t N tr0 *ohvhc,.cht a'YMV 	 Rt 

liltur 0 	 Wicl:i K iii K, rniitui t fci (corel NIAB 

NHM 18 75 46 60 24 7 1,877 l..86 74 65 56 1.424 
NHM 36 68 53 65 250 1588 65 S1 55 6 1,597 
NHH 37 80 55 5 24 9 1.036 1307 80 6.1 55 5 1.301 
NHM 45 70 19 58 29 3 1.660 307 65 57 45 5 1,451 
NHM 51 72 SI 60 2.;4 17i1 'u02 s8 53 56 4 1.382 
NHM 54 76 55 65 242 iK3, 73 59 55 5 1,376 
NHM 74 79 54 )s 241 1J91 79 73 40 5 1,319 
660F13 57 40 233 1Oq 8.4,7 90 72 30 6 986 
VC 1973-A ' 80 49 73 22 3 9%9 xiW d i,. r due to MYHV 9 -

NM 121.25 68 7 13 23 9 1382 1278 68 61 37 5 1,298 
IStandard) CD S i82 7.1 CD 5% 198.89 

I 250 32 1% 274.03 
x ,Local pirent 'Exotc c:reru' Mwlvcean r',. , . u ( I:sC r,t cales 

Inim une No nfcc ,ti' 0 1-,( .laDt 21 30 , I.uro 5 

Highly resistant 1.5 - rfcctor' I r17), :' 31 .10 wn.u.cion 6
 
Resistant 6 10 i.C'ccIO 2 r-lcuit 4I 60 : 1feecon 7
 
Mod resistant I I 20 ,e o .1 O0 f k2cC tI 8 - 9
A-	 IGsO.e inecnou; 

ahili,, lo tinr, riIIhth .irr aidl 1ummnwcr *rncl i ,inlaltIj, tm a ,inrele hatI.tIfing iperl[\io. 
s1inm oi h,. line ,, ire11C'lserm e , n II, ,,ariCsttlc l .irlrrJrit'alMlc,V, l1'1. 

TIhe reuti! titl lvr,.:e,.rn tiis e+tiu,,liti m iriatc lhal tilizationr srf sniall-s,.'ded cuhtiva's 
hrr lttrt ll t+i fir_'-uthtl I c < l r-ltlu sl+ccim ir Ptl ,. t.pllncntl The+	 .r tiiih desn c 

http:lvr,.:e,.rn


MYMV Tolerane 	 307 

ive adC le I" ar c -, eded v i i ( ilat l \\11 
eessivelv thee co ibtiondd pI1arent ..\ \ \ n,,,all x 
breeder InstL quateC Ireq nc\ C ateu I.Iu I lt it0ItrdcdIii nI 

pi t 
arertS &s reported here.l,.ic-.,,eCed nrd 	 \k III he ueful ol', ,+hen the dICreCd seed ,ilc is si,ilar 

to that oInridparent le. Io ''t \6 	 tIi theotalinwtill vith eed si/u eual ihat tof larger piarlnt, 
Seleetud )toLe to I th Iiree-,,seeLd parent to1ett2eed he liCke,i'r,,,,d or lUtatel third plarcnt 
\0ith1 lar.c ,cd si e. It ,. howe,. er. po,,,,ibe Ito c e i )p eldic nlt). 2 bi-\',Nite'e.singc 
the eed 'ite. , ithont er,.e,,ectina thre pod tute',r v hbhei.,1olntidcredid/ hin certain lt.. 
ito be the 111A),,[ i ottlt'llt . eiult Lin i iitIbeai_ i Nilik, et aL!. 11)1'7) 

Acknowledgments. Te ILI anthIot r cI,itdiul tI I)r. S II.Ni. Nait',i. i)ireetor. NuLear InstitutC 
I( )Y crnALor e andIt:11(1131 1 
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Abstract 

Field screening of 29 promising cultivars of mungbean (Vigna radlata (L) WIlczek), 
grown during the rainy season (kharlf)was conducted from 1984 to 1987 against the 
major insect pests: whitefly (Bemisia tabacl Genn.)JJassids (Empoasca spp.), pod borers 
(Lampides boeticus L,, Maruca testulalls Gey., and Heliothis armilgera Hb.) and the 
mungbean yellow mosaic virus disease. Cultivars ML 337, ML 423 and ML 428 were 
identified to be least susceptible to the pest complex and virus in comparison to the 
recommended varieties ML 5 and ML 131 and the 'Infestor'. Preliminary studies on the 
mechanism of resistance revealed that resistant genotypes posses a higher percentage
of reducing and nonreducing sugars, total phenols and free amino acids, compared to 
the recommended varieties and the 'Infestor', 

Introduction 

fMungbean, l'igna radiata (L.) Wilczek is One of the inportant grain legumes of India. 
Mungbean is grown in almost every state of the country. From 2,073,400 ha of land under 
mungbean cultivation an estinmated 707,200 tare produced with an average yield of 341 kg/ha.
In the northern states, including Punjab State. the mungbean. crop is grown during the rain, 
season (June to October). In Punjab State alone, from about 51,500 hiaunder cultiVation, total 
production is estimated at 46.500 t with an average yield of 905 kg/ha (Anonymous 1987).
However. under improved nanagement technology, mungbean has a potential to yield more 
than 1.5 t/ha. Of ihe improved practices, pest control isone of the mostimportant to obtain 
higher yields.

Mungbean is attacked by about 30 insect pests (0oi 1973, Nair 1975, Nayar et ai.1976,
Chhabra and Kooneir 1980. Among them, whitelly (Bemiisia tabaci Geni.) is the nost serious 
and also acts as the vector .ofmungbean yellow mosaic Virus (MYMV) (Naraini 1960, Chhabra 
and Kooner 1981. Chhabra et al. 1979. Jassids (Emnpoasca moti Pruthi and E. terminalis Distant) 
are next in order of seriousness (Chhabra et al. 1981a). Hairy caterpillars (Diacrisia obliqua
Walk. and Amnsaca noorei But].) and ,reen semiloopers (Anoiisfiava F.), which are sporadic

in behavior, occasionally pose a serious problem at the vegetative stage. At the floral stage,

pod borers (Lanipides boeticus L., Miaruca testudalis Gey. and Heliothis armigera Hb.) damage

the crop by attacking the buds, flowers and green pods. Although the mungbean crop is attacked
 
by a number of insect pests throughout its growth period, due to the uncertainty of the return,

producers have taken few measures to combat them. Identification of sources of resistance in 
mungbean against the major insect pests and MYMV would be ineconomical solution to tite 
problemn.

Plant bioconponents significantly influence the incidence of insect pests and MYMV. A 
review of the literature on this aspect reveals that investigations carried ott by (1943), .nd
Diener and Dlekkar (1954), Bawden (1956), Selinan et all (1961), Bizarth and Diener (1963),
Chhabra et al. (1981b, 1982, i984a, 1984b), on peach, tonlto, tobacco, un-bean and urd 
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ean, recorled ,gniicant diiferences in rducittg and itonfrducing sugar, total phenols and
 
tfree anino acid contents betweel the virh,-inf-CCtedl and \ir'I-frCc plants. -lCIeCe,illthe present

investigations Some promising ycmotvpe 
 v.hich v.crc tbulkd for small-s.alC NialS. W'c tested
 
ill the field for their hehavior to\',ards the miajor in,,ect nests and viruS.
 

Material and Methods 

Twenrtv-nitic high-yieldiiig L'Cllt . c,,rUC the field alon.1 v,ith tie Standard varietiestested ill 
NIL 5 and NIL 131 Ifr their hcha,,ior to(V.,arI B. uborianinuo.sca spp.. .. hoctictu. 11. testilalis. 

'
 H. arwi.iraand NI) .\i.Thw trial \.as, mm nion 5 JInk 1)84 at the experintental field of the
 
l)epartmcnt 
ot 'lalt lPrecdme. P Arbth. IUrIltttrl lll\ crit. ltldhianlla India. The Imitcrial 
w.as O. i\l In 3 in -lolng paired li s.
 

rhe in-i nCi10I B. 1/41. V 21 r tile
\at ic.'w ed tIn tebt I),'4. \".heCl +,'"tpO lation
 
kas at it', peak. Iopulation t', 1 the 
 lie', ert t:ke \.ith the help oI the split -\lilidrical
 
cage (0(0 ci till and 45 cm dwlint_i \ ich ' iiad 4 "Md
A itL and OnCoT1 twhblak clthre 

oIt all side' , except , \\ I :t,itted \ ith A .la'.,. panc ti takil l'e,,r\ ltion'.. \\hile taking
olie 


Ibsrit the pal Va'. kepttileo i'.l )'. ',ide Mc'iet fein. ,' that he..,liitellic,,.b-ine 
pI; 0i:lA,:iC, the L'-ltss th . Id,-h' l mpll t.llill.atl 10 S cren. . h', and adliidlil", \r. 
alsk) reeo ded.
 

.\lIr( l\Vijwiilcn,. i'",.d %idili_'.t.ll\ lie intl.'ults of he \ iiu,,ilthe irii u,
\ Al,J,.'t , to 
tc' t Cllu 1 as'. tollM., I liee. I ',. 1ill1. Ill ',C\Ct.'. a IVies and le ritc II lnd 

. .'. c'r+, at
 
the tillc toflii e' . 't 

'oid h[ ,r.laniec \Va le!ih, c\,ainIin, 210 pods (I each entr\ pet replicition 
aCn it d lalli p'_'C, data V C..IN, " and i lHtt' C litc.'(1 l d,. (OillpleCt )i,iled 

Ioll pt0niili,, ntrin". oat ot \",,.re
the 2') yeirtx pe', 1ted durin the tirsit gear. pltiuulted 
I. Af1r1the id e-r (,ct fiheld testin,-, a alni'.t 1. f(l/,/I. [i/i ,,U7 N,',pp.. (ic'li 7 .1.t('Ntdla/i.s.',i
I/.:+nijco and+MY'. [he niazteria.l V. ai',.t\ S .InI'. v,ith the-'.an'1n on I )5 totlieihc srw'tanldar~d 

\ariteu', N.H 5 and Nil. 131 in 3-n-hlg plud ro.v lach te'st ent\r v."as intercepted v. it the
 
lnfe'oitl niaterial V.)hich ishiul\ N ,as.cptible to i\htie.lus. iaids and NIYNI\'. ()b +er
.ations
 

ol Il lau/ha. il,/iuui ,,pp. antd NI YI\V 
cie taken onI I Scptcner I 85 a(c:ording to the
 
mtodllh dt aclhe',til. i',. relold
ibo' I)alla _'ti: (0 pod h %lois d atlthe tile ')Iho ct. Thefl 

data .lCrpiled Ild ",tatl',ticaIl\ ui li, ,.
 

I (tll Cltrie..1 ii.NIL 37,. Ni 422. NIL 423 and 
 NIL 42S. Vlliich had ei\en co tet
 
reSltilS agaili, 
 ilein,,s'. Ipe.t' , and MI',NIV diril,, t tr 1 '. \ eair'. of fild teStile_. . ere retested 
alo'e with the ',allic ,,.The trial W I I .1I\ 1986. Th itiaetandard \iitiCU .\as NOV. i Il trial V.as 
NiV. a il3-ni -lo e paired roy N. -acli lt c' ". V.\ iN,tiUitlil hh. all,IIIetol'" noV ,. ()t Clvation . 
oll iniect pests andnMY.IV incidence 'C rc takel i t 10 Se-ptebieIICr IP)8 accordine to the 
procedure descrihcd i. daitta.eialh Pod hone Wa"\ ro,'OrdCd at the tiitle oIhl'ar.et. The data 
were once ag"ail lfaild alld statisti+,ilI. aIni'a .d. 

I otr 2iI t\ pC testel dlii i I1'( VI crc[ for hitClieS. SlSid',.. irtevalattd I, JI pod h orrS atd 
MYNIV luling the 1987 crmp sea's'i,. [he trial V.as NOV.1l till7 .Iul' 1987 ill replicatio t along
with the standard \arietie', NI 5 ind NiI. 131. The n1iitCriil V.a'. iltCrcepted 'A ith til f'esl1C'to'" 
roV\. ()hscrvatiotns i(itire insect N Andpt,, N\I'MV \ inidCC \t.Cerl cIwld ol 14 Septeilber
1987. Pod horer d nac ',\ 'C.SeSdaSi' at har\st, ho, CaUltiniue 21( pods pcr replication. The 
data were finally pooled alnd'tatiticall\ ,lla Cd. 

To assess tWrebiochetilical ctlulptonenl,. Nuch a', reCdciLne and uio10inrie.ducinle Sugials. total 
phenols and free amnino acids. green lheat sairpl.s V.cre collected whel the NI '-NIV incidcncc 
was at its peak on the hnfestoir' plant,. These ',alplCS V.cc dried at 801to 95 C overni.ht. 
The dried sanrplcs V.crc .riitnd saratclr in an electric :rindr ICvctltic" Till TcCatorI UDY 
Swedeni and passed thr u aha I(-m ieve. achl satlple alto three parts andi jch \as di' ided 
each part was Used as a replication. Toal phnols V ere cstirnated by the nthod of Swain and 

http:overni.ht
http:hl'ar.et
http:the-'.an
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Hills (1959) and free a, ino acids by the nethods described ')y Moore and Stein (I )54). Estimation 
of sugar was according to the Method of" Hlulnte and Nalain 11931 ). The data w,,ere statistically 
analyzed. 

Results and Discussion 

Bemisia tabaci G. 

The population of B. Wburi in the test material \aried hetweven 2.75 anld 9.25 per cae against 
5.67. 8.50 and 22.75 per ca,.e in the ,tandard respectively (Infestirvarieties and the Table 
Ia). The least tmeher of , hitelflis v,,+crc on entr,\ Nil. 423 and the most ol IAI 432. Entry 
NIL. 423 had I siunirit,til. pulation ol Ilies in coilialmisonl \\ it .i, 43 1. I.ipoIo%% I M 432. 
434. MiL 422. NIl. 424. NH. 420. NIL 430, 11,437 and Nil. 438. IlosseCI. this 2tp was
 
ait par kiti II 427. [AI 435. [-M 43. Mil 421 NIL 425. 1l1.428 tnd NIL 4.3 In ant)hCr
 
trial. althowT h .\11, 322 ,.i'. the IC~l-t ,IisC I)ihC tO B. tabomi. MI. 337 \ .elled in ocrall
 
performlance I laiA Ihi.
 

Table Ia. Incidence of whiteflies. jassids, pod borers and MYMV in some promising breeding lines, 
1984. 

Entry Average population per cage MYMV Pods darnaged byWhitefly Jassid scot U pod bomers 

LM 427 5 50 (2 52)' I 75 I 3.5 
LM 431 675 (2 781 0.75 III 85 
LM 432 9 25 13 20) 1.25 IV 5.0 
LM 434 5 75 (260 1.00 II 2.5 
LM 435 5 25 1250) 0.75 I 5.5 
LM 436 4.75 2 391 1.25 I 7.0 
ML 421 5 25 (2.50) 0.75 0 8.0 
ML 422 6.00 (2.621 0.75 I 3.0 
ML 423 275 1.93) 0.50 0 1.5 
ML 424 6.50 (2 74) 1.25 II 7.0 
ML 425 5.25 (2.50) 1.25 II 4.5 
ML 426 575 (2 59) 075 II 9.5 
ML 428 3.25 (2.06) 0.25 0 2,5 
ML 430 5.75 (2.60) 0 75 III 4.0 
ML 433 5.00 (2.45i 1 50 II 5.0 
ML 437 6.50 (272) 0.75 I 0.0 
ML 438 8.75 (3.12) 0.50 I 6.0 
ML S(check) 5.67 (2 .SBi 1.50 II 4.3 
ML 131 (check) 8.50 i3 .08) 1.25 II 5.0 
'Infestor' 23 75 (4.95) 2.50 IV 7.0 

C.D. at 5°0 (0.61) 0.82 - N.S. 
C,V (10) (10.82) 38.09 

zMYMV score 0 = free. I traces. II = mild. III severe. and IV = very severe. YFigures in parentheses are 
the transformed n - Ii v ues 

Although the population of B. oha'i ,.',as generally Iok during the second year of testing. 
there were significant differences hetween the test materials. The population of flies m the test 
entries fluctuated betvecnI . ( and 2.0) per cage. compared to Nil. 5 and MI, 131 checks and 

" the "lnfestor . ,.,here it ,.,as 4.17. 3.83 and 7.17 per cage. respecticl% (Table 2). 
In the third and fourth year of testirt. the population of B. aba'i ranged from 1.67 to 3.83 

and from 2.0 to 3.5. respectively. per case on the test material comipared to 3.5, 7.0 and 16.33 
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Table Ib. Incidence of whiteflies, jassids, pod borers and MYMV insorne promising breeding lines, 
1984. 

Av-age .cpulatiori per cageEntry.. . . . .. . . . .. . . MYMV Pods damaged byWhitefly jassid score: pod borers (%c 

DM I 6.1? (2.67)' 1.50 III 3.6 
K 851 8.33 (3.051 1 33 IV 2 3 
ML 267 5 50 (2,55 0.67 1 2.6 
ML 322 350 (2,111 033 II 2.6 
ML 326 400 i2 23) 0.33 I 1.0 
ML 337 400 12.23) 0.50 I 3.6 
MUG 125 5.67 (2 57 1,17 II 5.3 
ODM 14 6 17 2689 1.33 III 2.6 
PD1 54 7 00 2 821 0.67 II 2.0 
PDM 62 5 50 251, 117 II 4.6 
PLISa 109 7 67 2 91 1 33 III 3.0 
TT 2E 583 2.61, 1.17 III 3.0 
ML 5 (check) 5.67 (2 581 1.50 II 4.3 
ML 131 (check) 7.00 (281 1.00 III 3.3 
Infestor' 20 00 4 581 2 83 IV 5.0 

CD ac% 048) 063 N.S.
 
CV I S056) 33.35
 

'MYMV score 0 1ee.I :ce5s 1HI i mId III severe. and IV very severe Frgures i parentheses are 
ansfortied i leesthe , i-n I a u 

Table 2. Incidence of white'es, iassids, pod borers and MYMV ir some promising rnungbean 
breeding lines, 1985. 

. Average population per cage Pods damaged byEntry. ... MYMV 
Whtcfly Jassid score, pod boers Ilo 

ML 337 1.17 (1.46)' 067 124, 0 7 1 
ML 421 200 (1 70) 1.17 (.461 0 6.3 
ML 422 1.50 (1.58) 083 1 33, 0 104 
ML 423 1.67 1 571 083 ,1 341 0 9.9 
ML 427 150 (1 53, 100 11 411 I 8.4 
ML 428 1 00 4.1 0.67 11271 0 10 2 
ML 435 1 50 ((.57) 2.6711 90) II 9.9 
ML 436 133 1.521 1.67 (1.55) I 11.4 
ML 437 .50 I1.53i 1.001 1 39) I 4.8 
ML 438 133 (1 52) 2.33 (180) 0 8.5 
ML 5 (check) 4 17 (2.23) 3.33 (2.07) I 11.9 
ML 131 (check) 383 (2 15) 2.33 (1.78) I 12.3 
'Infestor' 7 17 (2.86) 3.67 (2.16) II -

C.D. at 50o 0 60) (0.52) - N.S. 
C.V. (°0 ( (20 55) (19.40) -

ZMYMV score: 0 = free. I = traces. I ,'ri'd, III = severe, and IV = very severe Figures n Parentheses are 
the transformed (, r + values 

and 6.17. 7.17 and 8.33 per cage on the checks NIL 5. ML 131, and the Infestor". respectively 
(Table 3a). Entry NIL 337 had the least incidence ol whitel', and was si.niflicantl\ better than 
NIL 131 and "Infestor during the third ,ear. whereas in the final Year I. 423 was least susceptible 

.to the whitell y and siniicantlyk better than th , rest of the test entries. standards and the "In lcs'tor 
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Table 3a. 	 Influence of biochemical contents on the incidence of Bemisia tabaci, Empoasca spp., 
MYMV and pod borer complex on some promising genotypes of Vigna radiata, 
1984-1987. 

A, e,:c popul:,on per cakL MYMV score" PoJ damaged by 
Entry Wettp jasld', 198419851986 1987 pod borer, (', 

198, 1 19S198b % 1984 1986 1984 19861 I8 1987 1985 1987 
rIL 337 400 17 I 67 3I1 0 50 06 363 I 00 0 0 I 36 l I 183 07 

(2 2> I 4, I 2 I1 Il2 2 131 I1.1 17 72)'
ml. 422 600 1I : I7 350 0OK 083 511 083 I 0 I 0 3.0 104 300 2.3 

(2 621 1 I 1 I 8-h 133p 2 ;7 1 1 32 (9 95)
ML4.3 275 1 7 2 00 UaO 083 750 067 0 0 I I 1.5 9.9 2.17 1.7 

iI '3I 5 I I 371 2 81 I127 19.361 
rL 428 3 25 2'50 7 j7 1SO 0 0 0 I 2.5 102 1 33 2 0 

12Ot: 1 ;; 2 I 1 671 I 7 12901 1I 5H1 16 531 
'lL 5 5t7 I7 35C ,, V11 I01 3 { 3 67 I; I II I 43 119 200 10 
(Chtcd 1 (2 8 2 3, 200 13171 12 I.: 18,13)

3o 7P1. i l350 383 '00 11 1 
P 

33 1050 II I III II 5.0 123 2.50 13 
)c(Ck I 1 081 2 IS' 2 76, 12K. ,I78, ,3371 2 161 19.06) 
Ihpestop 2375 7 1o)33 833 2 1, 3 o7 .167 400 IV II III IV 7 0 - 4.17 2.7 

4.195,2 86 ,;1i1 2 8o i2 161 1237 12231 11160) 
CD at 5: ,0611 0 60 (0791 p0 41 082 pG52i G67; (0391 N S N$ 1247) N.S 

Empoasca spp. 

'I l'optlatitn sipl l lirst (,1"tin.e l,+t\I/I.ot,,,+ it durin the ",,ar 0f lIluctMted en 0.25 
l.7.5 [l tli thet, tetrial. ,taiist 1.5). 1.15 and 2.50 pr cae on the clhot_,t.2'' .ks NIl. 

. Nl. 131 'atd tile "hilcst" . rC c l\ . It -. , lea-t onttile -ctlj pC NI. -,_ ' ahlc Ial).octt, 

hh \ric, NIl. 	 t Tahh.In inh,.r trial e Nit, 322 ald 326 otained tile Cast ilcctitt; lh. 

In th ,n \ car 01 testitg a',sil ppulatii,n, oilt tie ttItatcrial ra''ed hct, Cen I .1) !tl 
2.0 per caec. ;a' t-a:nt 4.17. 3.83. l . IT i ll MI 5. \II. 131 and tile "Itlstt1or. 
rcspccti\ cl plTable 21. 

i)urit1 tile11third d fturtth \ ar. til a s I Ilatiot om tile test etttrics rangcd Iromn 3.83 
t v.67 anld (t?7 t, 1. 1. lespCti\cI\ . per cage. , IMic\as siglilicanitl\ ]ou Cr in comtarison 
v,ith thle ttd Ic 3I . T1w pcst p),tptlltttn %\I Calt \trIit il. 337 during the third 
and NIi 423 Luthti11 tie tth \Cot. 

Mungbean Yellow Mosaic Virus 

The ittctdenic (it MYNiV o the test ittaterial daring the firl ,,ear varied heteCen tree (0) 
to \eru se',crc P1\t. i-tries . NIl. 423 and NIL. 428 I.crc fiec fromtN MYNIV TableNIL 421. 
la). Dlrin,_. the 'co.'tid car. tile abte three entries,. and NI. 337. NIL 422 and NI. 428 uuere 
tree Irotn NIY.V (Tahlc 2t. In the third ear. Ni. 337 and NIl. 428 rema.,ined Irec ft10t11 \IYN'IV 
Tahle Eat. turinletl01ou- ,cats ol testing hoth the rccimttiennded \arietics. .I\i 5 and Nil 

131 had scoies ,of trot I to Il1 for MYNIV: hoever, the 'Inln.tor" v.,as raied rttll Ill 1o IV. 

Pod Borer Complex 

Datage dtIC to pod ittrer.s dhtring the firl t. o eats ofrtesting rnLged from (.0' to 9.5/
(first ear) and 4.8'" to 12.3' (second e:tr hiw'cv r.during hoth \ear:.,, the daman;.tgC levels 
were insignificant Ia. Ib a.ind 2). turth years of testing. damlage dueaTab,., Iti the third atnd 
to the pod borer ciimplcx ratged betv, een 1.331K.and 3.0); and ().7 K and 2.3"K in the 
experimental matcrial aainst 2.(. 2.5' and 4. 13 ' and l()% . 1.3'K and 2.7', for the checks 
NIL 5 and Nil. 131 tIld the inft', " 

. respectivelu t'ahle 3at Him evet. during tile final year 
the difference. were not ,igui la t. 
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Influences of Biochemical Contents on Insect Pests and MYMV 

Atay\'sis f6r hiocicnical Con tents in the tCt enMOt% pel rV%eleIlltat pceCnn1c of reducing
aind lnolreLII'il"11- Stl-'iiS, (()fill] 111 110], ilnd free' itl l i tc ( il1 e I~ ~llLlii ih "[tllti

anil ~~~ ~ ~otlpeosai~noriieti~ ~~1hars ~ reaio iaeids, inl thle test n1i(triall arid Stanildard 
vrieties wyere signiieant1 higher in comparison with the "lnf'ett' r . 'Ihe peleet.''an,,. of Iducille 
ugars ill 1 1notvp,.unde r',nleed Iont -."t ain 2the test 	 1 . 

1.48; ial tihe Stanlds MIL 5 aid MIl. 131 and the. nleslor'. respecti,,cl. Tlhle 31)). Anong 
the test material .i I. 42 had. the. hig.hCt percentnc Or rdcing.,.,ugaS. 0llo,\\ ed h\ NIL 422 
Taible' 3h}. Nu~nreducin.! .,Luc.atr', in the tst materril r~miicd !'roin 3.42 '. to 3.05"Y. It v, as 3.51 

3.43' , in checks NI , MI3I.l"f,,tor'. the rpectivel,.and 

Table 3b. 	 Influence of bochemical contents on the incidence of B. tobaci, Empoosco spp., MYMV 
and pod borer complex on some promising genotypes of V. radiaot 

B,oclhemicl content in percent 

Genotype Reducing rJom-rducwM Total Free airno 
sugars ,usFar s phenols acid 

ML 337 283 19 69 1 3 60 10 931 051 (4.08 0.65 (4.62) 
ML 422 286 19 -/3 3 65 1II02) 0.45 13.84) 0.67 (4.701 
ML 423 2 79 19.61 1 3 12 1I 661 0 52 4 121 060{443) 
ML 428 291 i9821 3 52 110 81 047 (394) 073 (491) 
ML 5 (check, 2 80 (9 63) 3 51 110 801 0.43 13 641 063 (456) 
ML 131 i(.heck) 2 75 19 541 3 43 (10 67) 0 41 (3.67) 061 4491 
'Infestor 1 48 16 981 2 75 109 541 0 29 3 07, 0,49 4,03) 

CD at 5-% 10 III ,00 15 10 17) 10 II 
Fiures n parertleses i# o ,c 'w.o' , tT 

TIhe ,112M nIC re.,ults ohlIihe i. te Ins estialiius ale ill a,"reclueit \%ilh the lhndin:
of W%,di 19431). den1 1950, and (lahrat el al. lbS11). 184a. I984h). Thee \ orkerslIaC 	 I 1912. 
CCOldd hIt phit i11.thei acti%It\ . coupled ih increaeCd relnriltor\ rates, lead to dle'set'Cd 

coricentrition of asiniilate, i. iarhoi'h draits ii discased plat,,. Reduecd levels ofcitilollydrates 
are charactelti,,tic It' msallc dl ate. 

There 5 as s sthalli rnLelin0] Ill tile thiltl pheneol coll.lltet ill liet ca.se dt the hllfestol' 
collpired tilte ret eeotl.\ Pe 1it checks. S/Cni-(Qorci and \'ittori,. I[,)3 I proipisCd that 
a phenol-. pol \pheil-idosC ,s\,ten crtrihutes a,delfense Mechaui o[rn WCinlrautr plantsl. 
andi Reuotli (1 )It) %\r. ,e able tn dte.Lct phiCniilic sLlhslilres inl tihe ile.ritiC lcsion. CalCeI M 
tob ,.C:O r n,,aic ,.un, NII n tire lcacs if Ni\t,,ltn111a JIii ol.sa 1.. (I hahra t al. f l I).
1982. It4a. l)84h i l \irui,-rU i.,taun dlallritiC vi S l ' nol, u aid I '. muluti.' \%ith hieh levels, of' 
phenols. Result, hlialied ill thc present ,inds iicate ht the eit types \\t a virt,us rating
o '11i1d I hild.,I high phenol c1i Ctnt s s1') , ainl -i,-ilict l l.s1 t eit in the "I'*It ih,, phltil 	 '.i 

The plhcnol oeI in teict ln Itpe, trld Slitidirl'l, tIlctutil bet, eer 1.41 ' arnd 0.52'; 
cn .iparolh} the Irle,,Itr \kith 0}.21)'; Iabl 3h. 

The lcch f tere airinli aciils ini the test malterial r'itlcd lI'rorn 1.61)'; to 1.73'; aLair st 
0.63"'; and (}.O1 '; in tile stllndilrs an1d 0,49'; ill the 'llestor' ITahle 3hi. RCults tbtained 
it the present stUtiCs C01i1rII1 the liidini Of Chhlilatraeil. ( 198lb. 1982. 1984it. 1984h} in 
the case of 1r.rot/iou anid 1. lm'io Plrhap,, the h1i1h aininlitWild colltCnt miht lt' e contributed 
towards the dfensive rolC 12ainst B. mulzmui. lnlPol.%V spp. aid NIYNI'. 
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Abstract 

The mungbean crop in India is damaged by 44 species of major and potential insect 
pests, consisting of stemflies, defoliators, sucking pests, flower and pod feeders, and 
bruchids both during the summer and rainy seasons. The relative importance of different 
pests vary greatly between the two crop seasons. Seedling mortality due to stemflies. 
flower drop and pod damage due to thrips and sucking bugs are the major pest problems
during the summer season: whereas sucking pests. defojiators, and flower and pod
feeders are the major pest problems during the rainy season. Cultivars showing resis
tance to whiteflies and jassids have been identified: screening for resistance to stemflies 
and pod borers is in the initial stages. Field studies at Pantnagar (29 2 N. 79+ E)during
the summer seasons from 1984 to 1986 show that presowing soil application of Carbo
furan 3G/aldicarb lOGiphora.e lOG 1,,1kg a.i./ha gave significant control of stemflies:
 
foliar application at flower initiation with endosulfan (0.071o). Dimethoate (0. 0 30 o),

phosphamidon (0.03%,. methyl-o-demeton (0.0250.). monocrotophos (0.0406).

Decamethrin (0.01",) or fenvalerate (0.0040o) gave significant control of flower and
 
pod damage. Field demonstrations with presowing application of phorate and toliar appli
cation at flower initiation with endosulfan, as above, using 600 I of spray solution/ha
 
gave 1380o mean increase in yield and a benefit/cost ratio of 4.9.
 

Introduction 

N.1hm.,h1 In. 1r,1 ck. i1 _rain lci crop in Indhi.} 1 ,ti IL. I \\WIL 1 ,,nVIn1t 1nmC culItiVltld
in',Mpr,,\iiu1111> %~l,, ln\ , 1*01r,M id rc c t\ Ill ilhtLtl2 h, 1,A,t', ,CAN1t,, 0).0 M illion hIla 

i1, ;i',lfIIclI Ll " 1 II 1ih II li ti1cd l , oi iiiklia. Ilic nIat1i 1lalac e aI iCld of 
o.32 I IpI\ 11,i i I potentIl .5 I hi IAnln. l98 l.II A CI L, II CIL pod I 

Sim h l I)98)1 c1Ci t j I IL[ I 11L! iI:0 INl,liimiil11L the (p1tlnitltI t h\ L'.I I 'dO 'n1a r c l
piltcniti'l l m~ .u.' !11, VIJ,t lliu,, imld l. (l iltraol], Iildilt.w,, I).11rL l,. 1Il)I11dS,, v l t 

rLt_,l',ibv n .\I) nlicl crinkle.c.l), ,,, \1H',(U- \I\ i I [.('VI. further rcdu,.c,, thue,iil.H 
Althiol.t,_,h 
 _' vt -tie. MUCh lai'ci 
al)l. t , 

t1 iC 1,11 A l pc t coiml,,c\ than the reprOdneti,,C, 
tilI til;it Hl , L Iw I the e.l. ril i,.,x ,tix .eito .i cii lie.t al i.1 ,Cktl M I h I,''cedof)l , n. ,d,, I I' kkHirllc~,'ih 111C1 Ai 1 t C ' l ltI \ IC_'.111ICr o p 
I1 lt ,,tiid , ~ Il LII Ct.., il 1C d(,HLldi 'nl 

or N , iitht - aPI 1 hir iii i lt 111Iniliai. 

Crop Phenology 

The recent itrtttnlctitti (I c rl -ilwli i clti'. a- h, Il,ladcit po "ille h tlili t I elol 
dl~irin. the , liire Neati' . in aKlliilMOT) tI heii taditional e lti a oit aIt lili\ -,'.mitll Cit . 
l ili iet al lathi" aIlle,_1nLp tlieiiit tLl."++Llt. itkell is the nlatil. in,,ect, inliht'll-111t 
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pest prIoHbellhs.I rIlatI c C i pI."ll,, nl l Iirt'ncL. IrhlCI LIII iIS 2CLII)li\'shtl the stllillifl'
m. idiln\ 	 CIops-s;I'tll 

! 1rall \i,)\ *iMrc1 ul'NI Ii I,. 11 

h\ [l'101tl rItlh ,,'tiler ! kI l\ 


'hc stlIricrl &Ii 	1I.,101) % tIlre hIiirInrlht N ,ld lar'C.,ICLi 
.111I1C.he te 011 i, r rIiicillis I ill re',,';.hr ;.x lrtrthcill India. Ill this 

NC,1,i [ilk'1 r tlul\ iii re'I tirlhutle it h1\\ pi'Ccipeirtatrimrd IIlIIrllliliti[i\ . .II IliIr , l%.C, lNre ,l k Icr 
ill. I. !IrIt.\i 111III1ICIlIIC 	 t L-,N rlrCr tIrC. IeeCCIC ,.r.c.ll, I i'I\ ticet:lrltr Itis. CI-O\\ lilsturl P' tlll 


kItl r l ss l , l\s ItLs ( 'H11, Iel!'h
[hi,,, , skli. ,.'tj Il1kt Ii 	 r;tiSrdllIll lhC SUr 1lCI' s l1IS I'stIrI.te1d 
tIl(it.' "ltrn ls sLt\ ,.\I/ IIat ir 'i\st.I iiii '1 tcd . clc, I nIc, )b. 1I all anud Tlrii 
N it,.1.1 	 !c.\,,. .,;.11 v 111,.,1.Al\ 1s, 1111 .1, Ill.RI..'l,.'1,, '1 , i,. t,k 	 IJ'II hll, d % .,%.'AtlhCr. tl-C;.C.'l\C
 

inihcl srrrrcrr.' ,,.''l c 'mrdikfi 11,;,.t, srL'lllcjI ciiit'l 11ri01)._'111C 1. Mill 	 i thCrip0, 
,1111. iil ' il 1111' '..I; ,,csler hl llrltll'sL't cIl ssr,,,r,r10 p'd i ild 01 .thkil i 	 i -IMcl 1 

Ilhr r\m'e,'r.,.c,, !ci. Iis ,,',rtarnl isr~ e i1 l ' sIIF. it.' I 	 l' - [tr v, k .lui',t ? \,'ek 

\r L'Us.r. irsil 1s lt. I ''u 	 ,tlll\ sCe .i .lh,. ,lc e .lI'I'Cl ,, rll i)ill1 11,;ItCsI h\ iiC ClIi 1 
i)~t~~r.s~i tlt, Ic, l'rr'1 '! f1r) rIllr tIkili.s Irr\r1rr i L~)1r 1r. t.r L5 illt\ C 

IIIh h12.1-\ki ' " it ll,,tiLl,.. ,!ihlb,. tI C h . rrtirr. ad I IC\(C I k lllhiC ItI'Iti I' ' i .hI'l tr1 stillc i 
J ii011 ,i1 YiII ':c11IL X I L1111Y .~IIt 1 lf 11Itic'I . tII)'rL'I 11 I" fICiili'
 

IIC 0lh 1Ir L I rl irsI 
 r :ciIll,'.'IA,l ll h Jitlll'c'lckslil --'1 stIiI. d 111 ",t'A...2",5is i 
i r I"CIsl l c , I I, 1ririir. Ik'thr..'nsIIC,.'I i rlT' e1c1,% , c\d l '1r luid r1, ,I NL',I li* (rhsCIe.", dthatl111Cdll .111 IL.'1111,[ A1111.' _' ( , h !d;'I ll l l \ , . lil m.'l L 'I 	 - h " 5 ' 

-c ( ,r, I!rI,ir1c _'I2IceIII' r IIIII ,.11;'I L'cc!rr1it It :s 
hI, hIi',1,11 c .1,1I.. ,l' ilM, i,..I c,'- \\ hlrir..s. and s. iho rsI'd I til lt 	 lsrid s.' si[p,

lk'rIhc M,11] -d ,.'.. ,i,,I 11 cllI t l l 11 u' ! ,',', . 11 

Major Insect Pests 

I-tIi'.i ise l. In hk L, Ilk In , pe-'I, %\ihlc0 , ttrlllhre ',,c. eci , i I,. c.spiilsiN fio Illost 
iiitire ,1ip h ,.. h' rir lti" I iI ,l -4 cr plC, i,!111 Iii , ltd. p 'tciliuil (Ii caisiiie 

Il ari1'ircelllIh A; I- 'il kIlln ilt M2 'I( i i "i.. . 2l) ,s 1-"ILI\ L te iV1h,.C ed 
al i)llltill ll h lld'Ill 10HCll 

Table I Nancr and potential Inser,'. pests of fnrugbear in India, 

Nature o daag, 	 Reference
Order fcr,!" li sc ~c-< rc part attacked 

ORTHOPTEP 
Pyirgoinorphdi., 

* Chrolagonlus ,rc:Ctl, [(rcS Deforator 	 Fletcher 119141 
Blanchardi 
C0lenrrnira Jprcnarr,)des Boivar Defoliator Srivastava and Singh I19761 

Acnd idcic 
* Oxya elo,FabrICIuc Defoliator 	 Srivastava and Singh 11976), 

Singh and Singh 119 17 
HEMIPTERA HOMOPTERA 
A )hididae 

Aphis cracco,.ora Koch Sucking pest, tender shoots Srivastava and Singi 1976c, 
Ralu and Panda 1983 1 

Aleyrodtdat 
* Bernisin tabaci Gennad!usi Sucking pest, leaves Nene I19 7 2 1. Srivastava and 

Sigh I 19761 
Coreidae 

Anoplocnerms ptcsiono i Fabriciusi Sucking pest, leaves and pods Fletcher i 9 14. Nair 1986)
 
" Clavrgralla aibbose iSpinolar Sucking pest, leaves and pods Nayar et al 11976
 



Insect 

Table !.Continued 

Order, family and scientific name 

Riptortus fuscus (Fabricius) 

Riptortus hnearis ilFabricius i 

* Riptorrus pedestris iFabricius) 

Lygaecldae 
* Chauhops fallaScott 

Pentatomiidae 
* Nezoro wridulo Linnaeusl 

Plataspid ae 
Coor:osoma crbria IFabriciusl 

Cicadelhcidae 
* Empuosca kern Pruthi 

Emnpoasca nioti Pr'uthr 
Empoasca terninmhs Dtstant 

THYSANOPTERA 
Thripidai
 

Cohichrps indicus Bagnall 


MMegolurothrips distalis (Karny 

COLEOPTERA 
Coccinelidae
 

. Epiclchna sp 


Meloidae 
. Mylobris pustulato fThunberg) 

Cerambycidr e
 
Oberia b,evis iSwderbordli 


Bruchidac 
* Cullosobruchus clriensis 

jLiniaCus I 
* Collosobruchus mculatus 

(Fabricius) 
Chrysomelicdae 

. Madurosia obscurella Jacoby 

Curcu/ion idae 
Cyrptozeia -iognatoMar shall 
Myllocerus ,ndecimpustultus 

,ar inacuoses Desbrocher 
DIPTERA 
Agromyzidae 

* Melanagrornyzo soj0e Zehncner) 

* Ophiomyia centrosernauls (de 
Meijerel 
Ophiomyio phoseoh ITryon) 

(=Melanagromyza phas, i 
Tryon) 

PIetS and Their Manaement in India 1317
 

Nature of damage, Rpfantc
 
N art aaked Reference
 

part attacked 

Sucking pest, pods ind nflo- Fletcher 19141
 
resceunce
 

Sucking pest, pods and inflo- Fletcher (1914
 
rescence
 

Sucking pest. pods and inflo- Fletcher 19141
 
rescence
 

Suck:ng pest, leaves. 1itflores- Rawat and Sahu i1968), La
 
cence and pods 19741, Nair 11986)
 

leaves andSuckirg pe,,t, Fletcher 1914), Nair 11986) 
pods 

Sucking pest, leaves and Fletcher 119141, Nair 11986)
 
pods
 

Sucking pest, leaves Srivastava .nd Sirgh (11976), 

Chaudliary et al ( 1980)

SU Ic'Mg leaves Chhabra et al fI 98 1
pest, 

Srrc1ITrrg pest, lerves Chhabra et al 
 (1981 

Sucking pest, buds and Li (l19851 
flovwers
 

Sucking pest. buds and Chhabra ind Kooner (19 85a).
 
flo wver s La ( 965) 

Foliage feeder La et al. 19801 

Flower feeder Nayer et al 11976) 

Stem borer Odak and Thakur (I 978b) 

Pod and seed freeder Gu)ar and Yadava 11978) 

Pod and seed freeder Gujar and Yadava 11978) 

Foliage feeder Menon and Saxena (1970) 

Foliage feeder Kushwaha and Pal 1978) 
Foliage feeder Srivastava et al. 1977) 

Stem borer Spencer '1973), Sehgal et al. 

(1977-1980)
Stem miner Spencer 11973), Sehgal et al. 

( 1977-1980) 
Stem miner Spenc 1973), Sehgal et at. 

1977-1980) 
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Table I.Continued 

Order, family and scientific namei Nature of damage, plant Referencepart attacked 

LEPIDOPTERA
 
Tortricidae
 

Cydia ptychoro (Meyrlckl Leaves and tender pods Lal et al.19801, Nair 1986)
 
Gracillarridac
 

* Acrocercops phoseosporo Leaf miner 	 Lal (1985) 
Meyrick 

Pyralidae
 
Hedylepto indicato iFabricius Leaf folder Fletcher 1914), Nair 11986)
 
(= Lomproserno indicate
 
IFabricius)! 

* Meruca restulohs Geyer) Web flowers, feeds on Fletcher l 9141, Nair t1986)
 
pods
 

Lycaenidae 
* Euchrysops cnie~ius Fabnrclusl Pod borer Banerlee and Pranianik (1964)
 

SLcrnipides boeticus 1Linnac.us1 Pod borer Nair I1 986)
 
Sphingidae
 

Agrius 	corniolur;ei e Defoliator Nair- 19861
 
= Herse coro',uh LinnaeusI
 

Arctidac
 

Amsocro lactineo Crameri Defoliator Subba Rao et al 11974)
 
SAtrsacto mnoorei BLitleri Defoliator Parihar (1979), Verma 11983)
 
* 	Spdlosomo obique Valkeri Defoliator Sinha et al. I 975a
 

h= Docrisi oblique iWall'eril
 
Noctuidae
 

Agrotis sp Cuts ste-nis Anonymous 119761
 

* Diachrysla or cholceo Defoliator 	 Babu et al 11978 
(Fabricius I 
( = Plusia onchltcea Fabricl i 

* Hehothis ;wi!"'era (Hubileri Pod borer 	 Chaudhary and Snarma 1981) 
* Spodopterc; s.ue I Hubneri Defoliator 	 Verma et al t1974) 

: 	 Defoliator* Spodopter i.u,iFabrcius i 	 Babu et al 11978) 

Speclcs - Pi , U , P adestsar . Ind,,: 

Insect Pests of Vegetative Stage 
)urillL, th \ CLetaie l\.iih h LisHl,lll 41 i 45 & ILtlh.'Illl is thitII-Ced,IaLC Mt lch t\ s. 

h, Ctlm\ ilt'. 't ifiic', ,lld ;i tiin leC\ 011LIlIl'ilhr\ IItL slc'kil.2 pC ,,. 

h vCetI teii0'Itr l\Stem flies. S claI, 10ii iutihe ,il\I C I14 ( )h4uj1 l.\'i t'eJs('i.ilsCII!l\ieet2' 	 kid 1 
,
Iuxld r ui )tu.,nI\Ceilt litd StUdiS
 

itll ;.1t"11 1.t c'nlik i t iA hJ\e 'Ith ,o t ICA" tie i i iMs Silc
 
Il'irnitl L.-\ea l\ , Ptiise IQO.,i\de!,ljl:i Wi71"s )78. 19S5). 

/iil :illli,.u;.li tn ll lea'. c( SPCls ilCllv\ed 
lenC ilL d tl )III% !tICi(IS 0 11. ICe tl i reporls 

an nctiitt II irn All i-c u te 
A'1.inll rlic li lt\ l,1Cil'ltCeine 11n il ri il l di-

re'tntsot be l an'. clular l rciet'ih~ t Ie a, .iili a lt feedersnl 
leItlekI~ leCutne111hiok hes cropy tine!. rItIinii'.I Oi~aete tlisr a', a sIC))) \\ ie heI luisisel 
iniidc thie l etll (11 i a sit l illtiltcl. itn11 it iillIhll t.ell theliill)cL the ,,tlric. hleii ejtiderlnis. 

lhe stletn-Il)ijA M peciCA.h )2H)1t.,i 	 l I. hasiM. it. c\ linLrit2 l Jitlpillittlll.1 /,i, u/.:(Illl 	 \ Clli,5.i 

ill 	 itiac'l2. It'liinl 0lI.s ilhst black horn theccn i ltie 	 Its tiiti cCus ole. 1itltithl]\ 

111Cbase 	 The sletn-ttsiniltg spcies. ( l4 iiIlettlr if the lCens, belre puptil. 	 Op')t t fl '.5 ntllS 

Ide iijeet'l nd ().plhto'/ ITls ntt. ha\CerCLdikl hiS,,S iputpuiun sM'ih is n1,0,osettllyIv 

con1tp.ressed. luki, conlsplic11ous itt ctnir ltieepinCtee 7ltittChrn the it pteniiit 1itd ncfar 

,% he:id pihinins1s Ultpssutld,. eulthe h;lte if the ,tlii ills h' dono miake atn\s hole (Sii1 and 
IBeri 1971. Spetttr I)73. Sclhluml ctA. I977-198l)l. Al Ilaittt!aur in lorlhern Indiat. st nilll' 
daimagei is nsIl'.CS,\Ce,,duritn2 the taits\ ,ei,0 its 'alm etilll 1C SlitIlcr-scastrn crop. So cr 

http:illli,.u;.li


.it tile sLe yiifli 1~il IIl\ cI ll'y' l lNC rrr011I M :il Ilk"AOy\yC . Iif ILy iL'CN 1)1:n11 C"ll1,1121l'Nj tilt, 

tiest. A L'\l'Il Il Io 'm "i lii,% rrl il%lSt ;IIg Sri'krrry It \y 111.S101 1Lt) C11(11112d 111111 A!yll 

" .IyICCI Illrl Lr' IrIjrrN r It'r S.I i lly ,. i, lQ7r lJ1Id k I)ll W iltI* 'Cl I' S uI cit 1 i lI il\\C\ ! elnii. 

Sui ng pests.~ll'i u i lyre iik.' 111CiIIIA11 'II C -,S Hj~iIIILIIh11185 II l Injaiii c k t Lj11 I~ 111 r 

Nh% i Mvd J(H:IIA C AN'iuiricir irrhIiII li 51 ; I I , lt)~ii~i l cr y tli:il ~CdrkiIrIu i 51).dI 

Iouui it. i I ca ( ifrr Iry citri I cl.inK,cd( C , irrl l'l'r CM Ii ilOL' lil.IhIy-Iirh %%~ut ll IlC II'
 
01' SUClIlI rr.I h C1C trl'li If 'i Wil LMII- JIL'r ItIMJiC l l i y ll'hiL liy liiIlhNl
 

~~ kyNlr1 i 1,1 t
. ,_ t I 1 !r 

allIrCIry ,'I I I I )I I1 1 I l II It rI rk . I I rL 'IIkICII I l L'Ii~ n Ir II 1,i~lIIIlI I .,II S I Ii Ir. II Ir~icr
 
11114h \I al Ki r 1 I ) 1,l 1I Ci~ II CIII I II r, t.y 111C yI
I 1 rkIL(L t , ~I lxi I, ii I ' ItL ,) I Iyy,%e 

01111)"y~ Ii Iy1w yI kiy 1(1LAIIr ' I lII,_ rtyy'I 1) 1'l IM~ICI I:ilK. )I"IJh 1. hiliiy' ~dlCI
 
lICPIhtllll It, dO Ill tlyr IItirirr rit rn lr Ii tn I 198r ,1ryrlrI\ ') iyli) 1. 1 IRI ty the1 

ifihol
i KNitt. 

( /ll yull . r[It t 1 Irr)i AliiC i y i (If.\ it I!i, li kIrr ir0 I N ' HI 11

.
r irrr IfA C 1 k2illd 1ci 

)Iy.dal!ll liii 1,iiyl~~~,h i Iy1l i L' tlt1nr I ix r1!1yl rr 1 I );IlI I I I .1CiriiII Ih )(~IS, 

JrifL )c 'Mlirri i! ''I Ilrrr IAll ,L HNC lri ii rri1,l ic. i I'lilll ILIiJfl'01d liPh IihLC 

IIHL rl 

I) \llrlIl u~ irlj Ill Irlliiudl ii W1r~i~r Itm Niyi i 11rf 


lil [y l i I i ffiy I I/ii i1C kiirlrl 1 1ir. :. iiu i'rrrtirr'I I 11111,ht+1211.1112 
llliii 'II t'k, Irlc 

eidr Itk1~ 'r I 'I yt : IIL11 ,i'I C in rIllIt irdll lI k,CL Ii. Ih1k l yiiryiy ; kllc t )( iii tmnII l 
ill I r olutc 1,l (iilu I I l 111i 1)1d lix ryuul I ri h\ tire I\ 2iCII 1[1illjrlj I N111A 

1(1/1(1 i Iii I' I'trrtiN )ltL.*IICI).yiy rrt rI r fIL Il !f) f'I x [tIlld\ IIl\l P[yiadh~sllk k \rlu Ai 1 

oth Iyi l _.ItIIy (i lulLlk 1''Iifri lilirJill 'Irr1iri~ dH -0 1 l'dim d1 \li"ly irCSlfS 
h ckyL hty~ I uirrC.I*( ryi ( y. 

Iiokchllll In n i.,11 Iyit i kS. 11144Ijny rlICAlyC i ~lyxidIt) Lull." I tII I'I0 \I,: I tlilel 

198). ccl i t_, \u junlrrhL.L [ I ilt) L 111rCiz I 11 (U hi/n (IS jI'ClInIIJliuj. 

'11I'll yry2 llllyl I' I ICI i [ \ , . iy'0ir y' LIP tlI . 1y y'i cIN L i ll iixj/cI' in1irnV/ 111 i jlloliK, 

DLiISU11.M Li kiilllin 1 r rII 111I Cil tryji!t lclci'i W11,ix 11'lIil) Iilily(L ri i.!yHIC Ill II Sl I iiy tL 
thl c 4(v ir I r1 k 1, ) l ir '1 \l lltrylI\u l C ilI O IL ) I I i ifitl, '' rrr l l n I in VIIJI Il t 

Hicli I ryni ihl Kt if~il l . ( 1/i 1nQiS II aNICK~ IM ririils I... ~Il,n iL.rr lwil llilliffe 

1ILIy illg ()rr't S(ml (IrIl I(i l1iiiiii I 1 Si'w l~I I) 1 , \ )(p lm IINat 

sM-ednlillniI(y Illlil~Fiage- andl~l IiiAlM Coloptra0111 111Cyy bt thc ccd 

Iil N 1111c pyl i ll I Il ru l 111111 r ip xClf lfiyll dr lali'y lbMY \hy 1ll lkI l.tni d cily crllh.1p 
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[illI ct ill. ( 198)8U Iliti I-CIl)lick dail.icL hi, til, Ivs~t Irin)~ KiItjIII t ill I 'ill. P[d~C~1 The Lrbs
 

uiiiktLIRUi Lt. ll tilL I 11-lt iii E iLOtieIi\C hi iikm '10 100 .H CLdId'C 

Iild Ci lili i It)(. SI PA ' I 'Il, I t.- ri L 9 I 0 S c ,~ka i d Ili i I 978aiSii-l 

ipIc , io i l d ii l I 
1 
IIC illIN~!H !i ilitil-'_'( til Wii1il Li1tilt u 1t "tli I Ia r tifc 

th ti k CI iild .Cutworm.!i tfi ll Cit It .111 11,[ l q I o i iiIIIIl ttl ,lti\ 1! ')ltitte i tt' I'll 1)t111 ') 

1l,1 iibci ill t'ik I It; I cI I LL I fIIIll ti)ll IIlttl tt i-) t.cacl h2ItIit LI O IlU tI 

it CI I L 11 L tI f L h ~,C f' ,Iil(IINt Iiiti Is l )11) I IIO 

Grasshoppers.'d11 \1,111 Ihc 'hI i IiSkIil pi1t k , l LIrdIlit f L1rN\1 1r 1il I li iLl il 11 thectiiI12C 
mAc LIitd. ( ii OlIt .III1 11 1dii~iUI' nhl I'I2tilItii1C ct, i ic siihcu tlc 
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(Fkwkchr IUW Nair IQ1) " hieI h. ri mot specie". ( alala /rh /fmll lanca~rdCUt 
MII ill a I/Fah:Ilicjii' ItUac('11a1Hilai III (11C11011iiI' t(, a andj SeaIjj!jgIJIiiS Sl\ ;iqj(a\ 
and SimaW 197)7 (raxIaappc iIlac (kiaCI 1111aaa2laediI II Wlhlall\ villialaled illaaiil\ wa [lie 

Pod borers. .- h liapcaa~ pa~~~.a'at hm-cr, Iablei I )kml.e tile 
do ckplafii2 ali-, tl p.arh\ ltll d p(J- dlii l d ht)[ (1IL IIIIIlII1dl li 1,1111\% a l I ectfic- :014. 

5jia90-t t(4 \jNa lS( j IIIk i' III i, I(1.alal ( iL", LI \\al' 11Il ltci'"mcIf feed. 
a~l lajai'. l l ,]' I lIC.h.ai l Wllaiila i tlld )\ the /Iia/ill ai/li lila ()I 

Ii I da ri I I '1hl i'u t' I 411111il dIiilt H ,a'j[ Ill ;Idut~ arik
111"t ii ant i I 11 1Irf;Iarr 


n i Iit,1iadBIcll an%Jll I'.II.,01 I. I .III il IVl 10>, Iali \ IIIaIi 1 ' t 

.ara aaaaahaaai'I IL' l Ill. a na~ ~ ~ ~ l 111,i i. 'IS',Il 1),, (hIiiilaia ' l,! >IiTilta.i fl 

[Ia hail.ac .!Ia.aIalla'aI a::l I''. tI'tAIIX Hliiill l lalWa lIi\2 tP't 

10I uIh;I1s. cialJ-ii~ 1/a a~ Ill aa llil\aljli '/al Ij Mliacl 
iI,allilIl I dnna1),"I III Il a 'aln Il iI V,\ " ll Il IlIkl' CiI i1. m t YiIii1aa t 1 1' pai) 

paajanliaraaa afd' ' rtillItcle .'aakn aI.laln i' 11,10iai. t i .' ll I tl\ kIlure l aal aac 

iil(lia e~ al ij"01 I'llNaIIL' ll r n ehal' la, i'ii elIll III~ i."' Ie" la.- I'L J:a!m adiia Ak.arn (III 
al ainII11jaaai~ ,iaaaa C,,Nna.t~aa ataIIIIIc al C I II I II( 10 I l a I I t la I, I [ ii II.Ia a' l I lIid ,iv lt.(a 

Host-Plant Resistance 

Sitiaia.' al i1 -;iaa Ila.,l'ln~ic.C ill iitini Icaiia ll :ajah iliqca.i c ! alt ~itillI n thle initial 
'ian a ccllt lan'lf I la '\]Ill ia .c 'laW .cpaihili\ (11 Ialcanlcc. iiax' iia ii i~ac 'INC. exeeptl 

"Iicaihna , arc aa liaa II11I and' acli Ilapicc ( a \ C i alt lec! i a d hwatsIt, nd~ %ria. 

iiInlinA. "'iaCCIlIIld MILaIaaccdIlaac Ii l'll ilaa (1) 
 LmIIai~l,, J)I.'1 l', i';a(IIaci aiiic 

';iaCl~l''raina~ CllIn li I lln Illca \011el~lt Jaald jW''aII 1)aa1Itill" hasa hKer 
in pitaancqs at .Inhdlhaaan ('Iaiia ind, 1K aracII h9SO) 1980) :aaa, lii' ia.ceiai ealed11 ill fie 
ideuiintiiiai Maiil',a cafai laj.iilialall III 1\II.- Naiepllal ii/ ~ \11.-_'7 NII-325. 
NIL-32h. NI.-31T. NOl M' WI. NIL-41m. W(IS. -2.\1 32. N\IL N\il NII 2: WAD'\l \lIL-428. 
NIL-433. NI.-434). NII~LeAW .\IV(I 2. I'aaa-32(a and KIAl'P 12I llw~c cuahitnar. 

carried (I taaP'aira 1a.ISRlai. 'aaclnkktaai. Lam nara.CtaiIIahaaI'C Underer AllI IndiaItl 
C001aaihInnICLI I'WaIeCI far IaaaaiaiaI'n-Hel fI.ISC 1AIKTII) a.Snaalinli 19,). AhInnach 198 . 1,l 1987).

t
OIn]\ Aaht lli' a-hdl C ci ichefaaiaIICC Ma1Nallaleal 10.Iaa1taaa I n axcepo~2(ihIC Sieriihled[ III 
1111Lh [al0d hai) .dL dl I1983j (it nar Irail ( )ri-a State- . IIIal lill'I. reflaa'!CLI a e Ianhx 



which are iioiicratIic resistaiI nt11) i racciiora. Ili Bihlar Stale. Sinha cr a!. (1975h) reported
 
O'lc CiIlivar as~ leasi muscepliihi ito Spjirin.i I4lil/1l et ill at repoil
'/l ai/id Si il.vaia 1975) that
 
MI -2 Wis leat Nns'CCp)IlhlC io 11,010-Ollil . 1ir/Ii. It shiould he nloted. him\ eer. 1ihat these
 
atre 0lnv11\ i c I/l21Siltii) i \I 5.I IiC i/i/I&i011 Miiid -CLli/li fllmk'~- lIP tcinl
cj)//rb baCe/ 01 	 to 

c'//ilil tile ohb \ cdi IL\Istliicc. 

Biological Control 

I"ii4lIII i/i\ C 	 IIJ pclilsNIO , 1 	 lil/IL C hL.-il lilM I 10 till, ItiiltiliCi~li I Ofe,1,"tc.iaic. 

/Iopt niii icijIi/ LUl . 1
1
Il1L IlditIlI (11111i): W/LI11ot. tI 

1
'. jhl/\ Il iiCm/ Il/Ic ill imIprolving 

IIaI /ca,1l.1I 01. I Us _+'li T uLL t\I~L 11II~I/ hLhl N:1 iIkU iIn 

iia\.. \Iar t lPI_' C/4LL11 )IIIILII,' Il I/LI ic knhiI ?h /e\ it/ii //iltAdc I/Iibl.I 	 JMuiii ll. AII 

(allil~ll L'01LII01 H, I t\ L III!~i/lI 	 icLuliI ILcl/ I 'hi' l, /l I /'ll iI/11pli ,ppii. in Ld1 al111thA 

Cultura Control 

U1.'v 11,l . 1)IJfhIA Li/ \ ' I I I:Il /1// IL iI\/LL//%kI 'l lilllllo /pa/IN U) Lill . I l 

il LNlL I/ l/ La L il' IUNLII0 1ClLO 2( IlIl 2UV. I L'\ Ii~d l/icIl K lilk / 1 I I IhIL/l0IIIINI 

10) l //\II///III// 11I /e/Nhl lcl \\/I, Nf/Ia\S/lfl1L ')"/I llt\IIlICihe orte.Ilcl 1112//h 1. I iII 

IncidenceII:IiIIlI Icl ll A a /l f/l/I aplM~llh %/1 l/ hhll I L ild/. Prc 'lllI I l d N 

/11C,irs 11~ Iile ci OCjI l/1 

been tIlCr IIC ,t\ I> LI7 ,hA l I,1 1iliIII 1Il d .\II, PI ' S/cl/a ll 11 kL1;Ci .I a l ( 1t11 /ll/I101klliait 

41,1witplilrte I G bIl\ cil\as/I\\ i / IlIt L/pIL da /LI-:.1i, cavei'I 3(1A e IJ~ll eiiective 
LCfltrllldI, hHO HI il %\ h1i LI 111C h//i I 'II , ilI11. ~l //c I I/M A 11)%i I 2 0 h 

s11hoI'il'ical 	 - IpI. ll l lil o0111 .pli l 
1, ImethoIL I l i-/I\ll/crl/11il H I L .. t I4 lI Iie)I L I pp I cIIt IIIiivct I /him l I1'I; d borertc IN/\&II 	 Itilk\Il 

l l 04(.Ircailic 	 alIt) IIl/ciiiaocc. t 	 iall:/ L i ().MiIl ciltlic~~/pmlw I )ilc ai.iaatin i
 
ellill~~~~~~~sn~~~lan~~ r KI/c b 11-11c CIontro(ila
LI/Iill/ 	 ,iil l~ Iiiial 



rin.,eCPC' t, and ThC i ar ri.len,.rn Indl1 	 323i i 

Table 2. 	Efficacy of different insecticides for control of insect pests of summer mungbean at 
Pantnagar, India. 

Stemfiy damage Pod borer damage Grain yield 

Treatments 1984 1985 1984 1985 1984 1985 Mean 
C~i C~) It ha) 

Aldicarb 	 10G 23 3 - 08 - 0.611 - 0611 
( I kg ai. ha 

Carbofuran 3G 29,1 45.8 1.2 67 0.504 	 0,600 0,552 
(i I kg a.i. ha
 

Phorate lOG - 52 1 7.2 - 0.600 0.600 
0, I kg a.i. ha 

Phosphamidon 100EC 31.6 82.8 1.1 4.4 	 0.485 0.600 0.542 
u,0 03%c 

Endosulfan 35EC 40 8 78.1 0.8 3.3 0..h32 0 600 0.566 
C' 0 07'a 

Monocroophos 40EC 39.2 82.8 1.5 3.4 0.904 0.600 0.752 
i 0.04' 

Methyl-o-demeton - 90.6 - 3.7 - 0.480 0.480 
25EC 'i 0.025% 

Dimethoate 30EC -	 80.7 - 4.7 - 0.680 0.680 
0, 0.03 

Fenvalerate 20EC 46.7 - 1.8 - 0.578 - 0.578 
q1 0.0040o 

Decamethrin 2 8EC - 81.2 - 2.9 - 0.600 0.600 
,,t 0.01% 

Controi 50 0 89.0 2.0 10.4 0.426 0.400 0.413 
LSD(P 	 0005) 168 	 135 NS 1.2 0.075 0.069 

S., ,ral e',rliCr \tIudi, 01) the chemical cotrIl oltO bIl ahCall I2Sts , hla\ C stl( ,1 that preso. ing 
soil lldicatb.ipplicatiol ll.pi lr It,, Or Ca',rbuulrt.rl I to 2 ke a.i. ha:, (l ditiulhit eratules, it 

or seetd t'. tiIICIII t ,',rbt ir . 1h itC or tlisull'tlr and i',. 0f
oa\,dicrtotophos.
 
l)iniethoate. milrc-oplho, 
 lettltiotn and Furitorthiol. dicl1Or\0, or plIlsphIanlidOn were
 
efl.eCti\ in re'ducin ' \hit:ll\ and jai,,id pOpll utilikll, Ij'S\CIi t al . 1975. 'ada\ 
 1t1t. 1979. 

.Sinchi 	 .etal. hr I 8 \'\as .itl198U. ('hult cLal. . Si\,ui' I ). . lfcti\ e' j olde1lit8or
 
(laitl;.!eC l1\ .Sn'Aiom 
 hiiuhac.n I'0-tpitd .ith sOfat aplications of riuuer'ophols
 
tjuijnalphuis,, euds lt,,,ui, ftl,,ithi m . (.l'hhrrlLnr inlhs,. lFCuit uilliiur. le tiluj u,. lj raliionr.
 
[riCIIIhrt hil,,, dichlhri \ ,. liu Ilhoitw. 1tl1it1lo hiii. diiin/t i 0U Cilllau I i ',.\ith 11I ic1 IChroids
 
(Sini.h\i ct ill. 197 .
 Y d\ e al. I1)7,8. I.] aild Vllli I( ). Prasi,d and P"reurluchalld 1981h1).
Singh and (.upta I19841 udiCd field lt'ic.c 0 ,a'ilallir insecticide, ;iaillsl .1lMI(ltA.i( 0b).on'r/l/
and reported that ipplication, of phoratc. inctiehotflan., diullioln. ,.arholran and aldicarh at 
the tilic0 suii,i w and 30) day", a.tet(r MM in reduced the inmber llde,, pu Ieatl well asmil as 
the percentage Ofl leave, dailliId h\ til, pest. The llmlmilllll rain )i dd its obtaiined with 
one application iia 2 ke a..i. ha. 

Avoidable Losses 

Avoidable losses generall. refer to the difference between the \ ield of plot. that are left 
unprotected and ,.)ose that are protected with appropriate insecticides. 

At Pantniar field demonsirations werC-e conducted during the 1985 and 1986 smllllllel Seasons 
with presowing. application of' phorate I iG at I 1:,_a.i. ha and one sprai of endosul fn 35EC 
at 0.07 '"(at fl(wer initiation in protected plots: an unprotected plot Served as control. Effective 
control of stenflv and pod borer danu1iac \\as,achieved and this resulted in i 138 '7 niean increase 

http:Ca',rbuulrt.rl
http:ri.len,.rn
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in -rain yield. o\er the unprotetccled Coltltrol. Linu, a linelit 'cost ratio of 4.9 (al'ahIe 4). At 
Ludhiana a 32.3 ". increase in -ram \ icld was reported for the 980 raink season. \k ith basal 
application of aldicarh and one sp'a, tlendosul fan. Th ieincrease in e was I 20'i in the 1982 
summer season. ith hasal application of, aldica;.rb one spray o1 if onocrotophos (lhhlabra. antLd 
and Kooner 1985b. 1986. \doption ot pc,t-control tcchnologp b\ small fa'rncis %kill. thus. 
result inlar greater real1atin ol the opthnumn yield potetlitl frotl thecurrentls-grovn artelmes. 

Table 3. Benefit cost ratio with different insectides for the control of insect pests of summer 
mungbean at Pantnagar, India (based on data in Table 2), 

Increase in Cost of Cost of 

Treatments 
g-ain yield 

over control 
increased 
-rain yield 

insecticide 
appicatior 

Net 
profit 

Benefit 
cost 

1kg ha) USS : per Ila <USSi rUSS ratio 

Aldicarb lOG 198 I 81 25 20 00 61 D5 4.06 
I kg a i ha 

Carbofuran 3G 139 I 57 03 59 30 -2 26 0.96 
I kg ai ha 

Phorate lOG 187 0 7672 19 22 5750 3.99 
(w I kg ai, ha 

Phosphamidon 
(d 0.03: 

IOOEC 129 7 53 20 13 59 39.61 3.91 

Endosulfan 35EC 153 I 62 81 1203 50.78 5.22 
(i 0 07cr 

Monocrotophos 40EC 3394 139.22 10.31 128.91 13.50 
4il0 04'.. 

Methyl-o-demeton 25EC 67,0 27.50 8.44 19.06 3.25 
-1 0 025K 

Dimethoate 30EC 267 0 109.53 7,73 101.80 14.16 

(a 0 03 Kr 
Fenvalerate 20EC 165.5 67.89 8.51 59.37 7.9 

0: 0 001-: 
Decamethrin 28EC (87.0 76 72 10.00 66.72 7.67 

4 0.01. 
Control - - -

'Based on market pr ce of Iungbean ii USSO. d ig 

Table 4. 	Field demonstration of insect pest control with comparison of protected and unprotected 
plots of summet mungbean at Pantnagar, India. 

Sternfly damagec Pod borer damage Grain yield Increase n mean 

I Tat maturity i1 (kgha, yield overTreatm ents . . . . . ... . . .. . . . .. . . . . . . 

1985 1986 Mcln 1985 1986 Meai 1985 1986 Mlean unprotected plot 
(kg /ha) 

Protected 494 20 5 350 . 32 20 26 440.6 850 645 3 374.5 

Unprotected: 84 4 88 2 86A 107 8 5 96 76.6 465 270.8 -

Market cost of increased grain yield ' USS0 41;kg USS153 60 
Cost of inseticide apphc tion USS]I 25 
Net profit: USS122 34 
Benefit cost ratio 4 91 

ZInsecticioe protection consisted of presowing soil :pplhcauon of phorate IOG a I kg ai ha. and one spray of endosulfan 
35EC r-.0 07: at floser initation 

http:aldica;.rb
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Conclusion 
A\ Wye2L flhdnlhoI kne NlecI leajL eIIcllijI)i U Mcpa fCI.Ic\II 

pI-hhIcII %ar\
ill different areas ad~ NLXI.)il. FIILd II\ ad! J\N ,iIcll tit' li\~Cs in Iaiuuic ' I'iclds arc 

ncsavto kItCr(l HIIlICf\Id~d theI)C II Stata\ N . A\ 5~i MY IL'nl0i2\ , Mcallng IiiicduiIt1 tillof' held pipunit I i ll Ldilicc al ' ili 11 II l dijLI iCS ~'%kA l Il k Safe and 1)1r0111,011 Still needLto Ile dwaCiCIjIlid CHiNa jllp tI1';. ili 11iltiLl 1IlICI p1~i)1110- wlth I101i'II fl~patit
1 111.1%l~ld 
it11111111111CJI) ttli ieed 10 he iii!'ItidiIC I l del Wo11IIIiIij/V iIIn CIjljid-C LIS. FA LII Ial-iau 
reistIadllco Wi Ill'l 1I [iLiI lIClilii!J ii Il itLiellt !CSI \difiCy, SIi'L1IIle MLIaLIc INc 01' ill 
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Biology, Damage and Control of Bruchid Pests of 
Mungbean
 
N.S. Talekar 
The Asian Vegetable Research and Development Center, P.O. Box 205, Taipei 10099 

Abstract 

Three bruchid species - Callosobruchus chinensis (L.i, C.maculatus (F.) and C.analis
(F.) - infest mungbean in the field and during storage. Major damage, however, results 
from the insect infestation during storage. Bruchid larvae bore into seeds and feed on 
the cotyledons inwhich they pupate. Insect feeding reduces the quality and quantity
of rnungbean seeds. Drying of seeds briefly at 55- to 60'C kills the bruchids inside
the seeds. Drying seeds to moisture contents of below 9.5o before storage reduces 
bruchid infestation considerably. Coating seeds with 5 to 10 ml of vegetable oils per
kg of seeds, fumigation with phostoxin. or mixing seeds with insecticides of low mani
malian toxicity such as malathion, DDVP or pyrethrins protect stored seeds from bruchid 
infestation. Sex pheromones have a potential to monitor pest incidence, thereby
enabling control measures to be taken in time to reduce further losses. One black gram
and one Vigna glabrescens accessions are highly resistant to C. chinensis; however,
utility of these resistance sources in breeiing bruchid-resistant mungbean cultivars
by conventional breeding techniques is limited due to genetic barriers. A new mungbean
accession with a moderate level of bruchid resistance is now available. This is expected 
to hasten the breeding of bruchid-resistant mungbean cultivars. 

Introduction 

llriachhidac - ftnc,,l I.Lci',c t<i,.,, thirLLhait hitiil Ilich i ("+dlh,;<,/uu-i c .,... .xiJhl#1c/l.\j% 

1 . C. ,n i ulhat 1',1l li/h;0 i. ntInIL:n' I 7.'lu lUiihil 1I[.. W ilck/ in0I ( 1 inlic,, I 
tIh,icI urinc ;I,.i_,lihI tlllil,.l\ttIi '.l)L I't.' l l iA' -\ILhA. n..'11 ,ntd IL ,ilI "iI ,I ll \ltL N1 i l+. 

dicl fi[..f t h iio m lLc I) \'li 'i.: I1, 11i..t: ht iiii(i malI . ll "liii ilI i lhc'.iCI lldI1,111\C Mht)he' I1c"Ittl _ , .t ., III \ 11 1 . t l h1,k:. I , 1 4,t II1 1 1 C m me cll' I) il t IIlrlltI . - I I ll t l l \li < L.C 

illl~tk Iiit~ L ,t.tr: ii I lic licl 'l,ic.. HIM l iric-l ' ' rh.' i lsrl at I mti diicLh t ra_,tlt1 


Illthe 2r1'2i.Ih In pAhlcr. fmc!cii.. .,JIM , ill Il,,.l,,,i (1itt hcr11 11 ctlill ald 

,u',IncurlIIC l I", hc'lih %kill hL' 1ll ilCul 

Identification 

l)Ic l 1 Iica k Il alcqutalc puthliicd rcpirt" in Ihc ",,\l.ll., of lil-tiruchidac. there hIlac 
hc l ltn1tCIOU ll r,5 ulhc hruch ,,tpcc1ic,,Ill ,idcntiLic,:i iI 11 ,I t at. I.Ihd"cCr. t\I I\ uhlic allui

(1958 iilc c' C.il.h' SOLuth atcl., Anl hi, c 1.iilicaicI)5 iha .'I-.nllj\C'lc nucI ut' the 

li 
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confusion. Since certain old irnic,, il,,e still leCin- used(. in the literature, the snon' ni, of'each 
of (he thilcc ,pecies that attack Iilt1tlI'1unhien is "uintiarieCd ill "'ahlC I (Va/il';lli l9 7(l'. Certain 
striking morpholouic.;l charatcrers Muhh diffLr in theCC SpciS. aind eI,hich are usCl'ul in hruchid 
identification. are descriled+I hl'hi\os 

Table I Synonymy of three brsIchid species thit infest mungbean. 

Callosobruclius Cullosobruchius Collosobruchuf 
chmentsis iL -marul tuLs iF i OJOIs IF 

Curcuho chinemsis L 1758 Brtchus traculatus t- 1775 Bruchus rtrialis F 1781 
Bruchus pectlniorus L 1767 Bruchus ladjrltiCU.:us F 1792 Bruchus jekelh All 1847 
Bruchus rufus De Gecr 1775 Bructlls Lrrititus Bohi 1829 Bructhus glober All 1847 
Brchius scutollcrs F I 7q2 Br.chu .,'.(!,s G Hef 1833 Cllh+sobrichtus (malis ,outhgate, 

Hov'. et Brett 1957
 
Bruclius bistrutus F 1801 Bruc:s int)wt.,us ., ,I 1833
 
Biuchus urbicorVII F 8101 CIIoiutiruC~iis ndchl,;rtiS Pc 19 13
 
Bruchus elegruis S[Llr ! I 1826
 
Bruchus cthmiii,icr Sch 1833
 
Brucus adustus Mit . 1874
 
Cal/osobruclius chiefisis
 

MuI'erup & Chluiscrll 1951 

.. ", 0l1i 1tC llciiiii i O.I that al'. 

Cilr.iI\ lt',ti .ticiilih th' t11Cr l+,rtio.hlid ,fi.ttc. Ii ( i1,11t1, iialc",, tihe tutl 1 through aplial
 
\cu iitc' illt', i ti hl..'hl", ai.' s.ht+r l,iin , tI."C L'Ccttii 


[le -hi , IIIIIC,titl 1iiii tic c, llii ll c ll il...llc'" use'd it 

C lllh1,1.. + t h lc'IIIilC " -IItMrC s 'rril. Ill 
i 1 ._ l iC. 1 1 t li' ,(iii CItlL t.clhl, iiihti.. I iat c,ttith,..h icrth tc i i l i t .. and Il 

t 1.u'l } C(C.. 1111(1//S' +ii ll( I Al I t.' %0 101,,1hll hC. '. l ++ll , +ild h 1t[ IlCu I 111.' ll ull M II . t'l/l'/ICHL Sl i, 

\C'lltl-iIII\ Ihl'i- i .'% l A +I'l 1 11 ' 1 'L II' .Jl11:ll i'll" 111C ;+i'l \.. -I he. t( tle' hloo h isil+fil hi IC k C tlt.,, 

ti pIj\ , l_.1d I11d t, 

'ititat 1'i', t IC . tt1i e lt lt Old 


ufrittIt tl~ iI r-iti ,,t1tt-d lii d i : the 1i1. Ili C' m'I' imi, thu hind 
l frl+" itI,_ l 11 I ' .l l 10ill ~th ti i 0 " i l\ liil d I . lh Ir lot l 

S ili rcl,/ t' i)PtitC Illl ,. c11,t. sH i1 t. ll) IlCl ccfli t i .11 li , I t It clI t . tile hil+I 

Itur Pi, u % ' I i
iuL\"i . 2i " dcl'll poteinted 11i 1th1(1t 111C()Lltbr,:ucoIt llilcI tIll. t th 
M:I la,ith it ,... l'tut ie'"I lli t1t pcI(t iC t it'nii'c 

.] .l t 't 111(1 M I)" C tl ,tIIIJ - ,+.h l',I ll lLt' I 11CL il,\ ;I . t11,1III IC.. M IL t.I,., t hrtl] .hlt ] *i.] V i~ail, 1 19 74 ) 

t ill H Iit \ )Il. lh ,t l
,pJ)LIC,,. W 1i,2ht011all ,tild Si lh.12+.1t_+ Iu , I 1r,+,, IfL'c '.,'i'%U(,CIII Ifilh mli l l till tile Ldi~tiihlutli,hiiL'

)hs.ir tui, .. iC tii l ttic1 lt111t, tt ' IliI tile cijlic',t ilf.Iii 

,..h a t l e t,..LrV ll ,z 
L ,,  

11 1 1CI . -, + , m- lll '. ]L' r l II i' ..'I + tlt. ( S E M. ) slIud C ". CI: i l I L II~ i 1.. t ",' c ali l if 
,t Ir Itll (t In 'I d l., i l-r tlc eil ,.+ '( ih M the I) ')h0t -_I ch ' ir-i[CICI. t ile. adult>, ,idt" ,t 1't l '1o 

ideiutili thiIt .. Suth,_'atc of. i tO It)' anl S ithitit iI t55X ,hl ,.il ',c r rlri-ed to ill order to 
COititi l the Iuiti"t\ (d ,I CI.i ", 

d i' cctd Ill I tl)cl 

Biology 

SLveral studis, nmainl\ ill the Indian suotnltilellt. report ol the hiolo ,y of Co //.4nt'im/
onl various pllsC, 1161hnM) Ct al. 1N43..\r i and Pai'l 1957. 1959. Rajak and Pandc\ 1965. 
Raina 1970). Il gencral. tlle life cicle Ilistor\ of'all three species bllots tt pical colcopterouis 
insect. There is \er\ little difference at1nn2 the threC pcieC',. Raina 11970) macic a detailed 
comparative stu, of thl c of ' the three spCcic.s reared tI nitinchCan at 30'C' and 701hioloi 
relative hunmidit, ilRI. ' ,, lior thle LceCltuent of the threc hruchida roicit tcoiCir-el idCill 
species. The lfllii\s, in inlmation , .traC'tel larC l.\ from his results. 
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Mating- and-Oviposition 

Adults mate within an hour afteremergcnce from the seed Mating lasts 5 to 8 m.inin C. 
cinnsis, 3 to 8 mm in C. mactilatus and 3 to 6 min C analis Although the insects mated 
several times, only one mating issufficient to ensure egg laying, Eggs are covered with a sticky
substance which fastens the eggs to the seed surface (Southgate 1979). At the time of oviposition,
C. chinewts and C.maculatus deposit achemical 'oviposition marker on the seed surface whichhas an ovicidal and arrestant action (Oshina et al, 1973, Yamamoto and Honda 1977, Honda 
et al. 1978).This chemical, a mixture of fatty acids, triglycerides and hydrocarbons, prevents
the hatching of more than one or two eggs per seed and helps regulate the pest population and 
maximize use of the food. Yaniamoto (1976) suggests that this chemical can be used as apossible
oviposition inlhibitor to control the bruchids. Certain edible oils (see discussion under Control 
Measures) give a similar ovicidal effect. 

(allosobruclnusJijensis laid an average of 78 eggs over aperiod of eight days; C.Inaculatu s 
laid 128 eggs and C.analis96 eggs over anine-day period. Howe and Currie (1964) reported 
a slightly"different fecundity data of the three species but this could be due to the selection Of' 
different host, cowpea, in their study., 

Usually one to three eggs are laid over an individual seed although as iany as five eggs
Sin a:studyit AVRDC (unpublished) and seven in Raina's (1970) study weie found ona single
nllungbean seed, when some seeds were still without eggs. The number of eggs laid was 
significantly correlated to the seed size (r.= +0.95) in one study at AVRDC (unpublished).
The average incubation period was 3.5, 4and 5days, respectively, for the eggs of C chinensis,
C niacuIatsand C.analis. Egg hatching for all three species ranged between 94% and 99%. 

Larval Stage 

Soon after hatching the larva makes a hole in the seed coat, just underneath the spot where 
the egg is laid, and enters the kernal where it feeds concealed inside the seed. When the eggs 
are laid on the pods, as in the case of insect infestation in the field, the newly hatched larva 
makes a hole through the pod cover, enters the developing seed and feeds and pupates inside 
the developing seed. Before pupation bruchid larva gnaws acircular hole until only athin layer 

b or 'window' of seed coat is left intact. The combined larval and pupal period was 18.8, 20 and 
23.5 days for C. chinensis, C. maculatus, and C. analis, respectively (Raina 1970). 

Adult Stage 
Adults of all three bruchid species emerge by cutting open the 'window, in the seed testa. 

The entire development from egg to the adult stage takes an averagerof 22.3, 24 and 28.5, days
respectively, for C chinensiis, C.mactiltits and C awalis at 30",C and,70% RH (Raina 1970),
A similar developmental time was observed by Atwal et al. (1968) in C.analis on mungbean
under similar environmental conditions. There was no difference in developmental time and 
life span between male and female in all three species and the sex ratio was 6:5, 7:6 and 1:1 
, males to females, respectively, for C. chinensis, C.maculats and C.analis. Callosobruchus 
cilinensis males and females lived an average of 7.6 and 7.4 days,C. maculatus, 8.2 and 7.6 
days. and C. analis, 6.8 and 8.0 days, respectively. Developmental mortality from egg to the 
adult stage was 23% in C.chinensis, and only 9%for the remaining two species. Most of the 
mortality observed was in the egg and early larval instars. * : 

* Nature and Extent of Damage *" 

Damage In the Field 

Although bruchids attack mungbean in the field, damage to seeds per se is only minor. 
Howevr, when infested seeds are stored, the adults emerge and lay eggs on' the neighboring 
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seeds. This scondaillx infesttillll ik mlluch nl10l-e da.illtltlaillc. 13an1to ;nd Sanclez. (1972) report 
mnm 7.8V to 9.9: sce(i ilfestatitt i b\ C. chil/ilsi. at tile tin ieo harvcst. Inftested seeds harbored 

bruchid larl.vaC 0l" varying stages of developlenl. 

Damage during Storage 

Three a,,pt,,t)t ;It u.chid dainalce ;ire td' particular iniportaince: (i) the tverall \\eight hm),s:
(ii) CIlncS in nutrltittn,l .Luiialitt. and presence f tflf-InlClli'- b -products of insect inlestation: 
alld (iii) lIOS i) ,CCd %tahilit\. 

Seed weight loss. Weicht Iis,, can he a d rr.l t lequenl oftlbruch feed ing on tile Seed.hid 

It 
 tN si' ccurl sa result o a t ed loss tt lltilsi.l duY t pecrlorati;inl h\ brulch,I ol 
thle ttutcheai ,,ced. %\iVtlaand In ,haPmina II ,'S.'itl found that the letel I .insect infestation. 
is 'ls1Cs1ek inellct cLIllt. kernal +mtCe. trs ':,tltlntaidl(] i ostits,inicreas'di with the 
period tt stotrac Lip Ii, 0ne ceJr. I1e peirccntri.,c tof kernals data ldin nunLcan increased
troll ).53" at the heciiiriliti (i 'to"ach tL cr La si-orm'c 

froi 0.32 ':; t) 7.22 '; durin tile ci:,respidinc prod. ( ijar and \'atiLa 


I(V+ lter one Cir ot allld \LCicht los, 
(l '78 rcpIor t a ,-cihit

ltoss of55.W; to 73'i in indi 1d1,1idnal l, ltUCd 11.Asinl (C. ma IUltd and 3 .2'; to 55.7;
1w C. ihilic'si.i it tmi mc1ration. Hanttti .ind .'lc,/ 1)7' reiortcd total dtrtl'titil se.'d, ,\.Cl nl\\ llarl cIcd. intl'ted wIliat21the ,cck (9.0', seds datlaell' Ll\\Cc streil ilt- th"e 
llillth'. lirite,,tce hk,.Ll 5L %, r,. titit l li h mitit ,kl istii ptit101. 

Seed quality changes. I itmi,,dicnttiiatitli t Irtttln,,1 :i1i itAlitit tellrcuo, the ntiiitihiiiil 
qualit> if pluJses. In ,ditii. the )resncC 1 I IIiIct C\tIltllt. cast Iaral skin,,. piee,s (tt itl.-Clc.hitinl orI de..ad insc.ts. c;it hLe~ an~ airassuiL e ,.te,.ci in t[he lhumandl alitia~r\ can~l."itll a and Puslhparnina (It,)S3ai liUti u p tii 45 deal alit. c IIIchil per IOti( cN tuhil en 

seeds al'ter one \cer sit trace '\ lien practicill. ni n c -..t,, .re pr"eellat the ilitianlt 'l "'stiae.
 
Mul.nhcan eLe t irom.ii h,
ds alitetId ( .41' ttr line \ cr stti'r(1
ntt1, Cei'sted a,t tile iti itiintt stitra,,e. Nit ,iL'nilicaInt chain,,c,, ,CentrCd ill tile rain itloiisture 
,ciirt L. tric acid,. mctabolic b(\-product i insect L'.\ich prce.nt i itllCtA 

.)1; tras '.1.h,.ii pr:icticallh 

t is ' \Clei'lIit.
increased frin barel dCtectable lc\ els' at th initiaitt up to i ,toraie t, 31.5 0 1(( L inunbeau
 
swed". Theutliors repiircd a sip nitIicant piisniL e ctirrel',itrt bet\L cul the lnuriber tt iCscts ;itnd

the uric acid coultetlit. tt nUltlCin seedsTle uri,: ac'id cllutlet 
 reached abL eisat.IILL\ Ic\i ater 
cichi nlioths tt s.itraLc and ,till relntliiled abli e that C, Ci alter title ,a.r ittsir'Ce. Sillilarl\. 
Sirich el al. (IN82t; ,hsecr ed that lice- Lim acids,. reducitt. ucat, ',d Miand d ct)nIents, itncreas'ed 
with the incrcic it iricstationtf CI( . 1i. duritncC11i1/h a iikLe-tlttnth pCrio)d ill three triunebK'2ear 
cultikar,., The uric acid citrit \\il' citttiderCibl\ L"cale itl rimutbcan thall ill black LIll a.s 
was the bruchid ine,,taitin. 1olharc\ ct il. ( N83) altlbrscrt\cd ain increase ill fte fittl\ acids 
and alcithIolic acidit\ ill iLtl c',tn dturili 120 daLI ",f si+l-IC dIC to0C. ihiuin.+ atd C. nu /c.lai
inestatiil. Tihe\ also repiorted that C. 'hinen',i. intestatitn increased irotein content frtn 22. 15('
to 47. 147. and C. Iat .1 iite'statioti inctreased frit)il 22. 15; it) 57.55'; . \ hercas in the 
check it ul\ itncreaeCd it) 32.34'; Nit eplanatit IMothis Chintic ill prtitncitrtll e1nt is Offtred
hy tile authors . FilMC\Leer. this analt,,tl app'S 10 be due t te Use i'l ittapprt)priatc allal*ytical
lleitlLI to determine tile protein concentratiorl. Dih',ire\ ct al. 119831 esctim:itcd proteit bv 
analvzinc tottal nitriLen rather than protein nitrt)+cri seC (uijiir id ';tola 1)78).

Vinlala a1d PuLIpatnia ( 1983b) iutid 1thitt ihe stirch ctnit.t if n.uttbeain Las decreased
b\ 6. 19(' after tie L.ear (f stiUrace ird certain chalncs \were. tbh(,rtC d ilt tile reducinc and 
nonreducinig sugars and dicestibilitt.\ (" ,ttrCd niuncbelan se.ds. BLilt MLh,ther this is due to bruchiid 
inlestation or it niornal change during stoirage is unknownri.F'iniale et ;l . 1956) touid a reduced
concentratitui of' thiamine in stored nttunlcheat sCed inlested \.ith C. 'hinn.if.s. The reduCtiiti 
was roughly iin pni trtiitrt tolthe artount (I ilSCCet daitoie tt the seed. In atldition. insect damage
increased l.tt aciditL and causeud slight denaturatitn (4 proteini. 
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Seed viability loss. Fvet sliglt danitio Iili to Ihe Cnri'vtO inpa.irs 2eno by bruc-hids 

rniitii. Such fl-difl! o litotled\ lnd vill
', not affect-'ietillinatioin but the \it' of,tle \(11iti

seedlinit2 will he reduced. a,, in comwpe;. 
 due to similar darllace hw ..l('itr/i e. ,b!ttb (Say
(hlln1980). Ill stdo vith thre'C Httutia-i tnd to black ,eriii cIltiViats. Si,.,h Mnd Sharniat

t1982I ohored 
 tteessioe. ',eCd daitlliaoc 

2C[rnn tin durin a fi\--1\ t"r%perit d. I III 


la prr iIrCIsC ill ald IpI'tqtotioiial dC."Ca'sC in seed 
ttl 'tll , In iIIU 'IiithaiI. c ttf', d \ Iti'/(iUftldliia , ( . /
viidltoi 4-2.53 to 57.77 ind los ', InWced 
 frlininiiom to Theretni 47.5.; 7"().(i)(. 

, I itiII I ,cC'd dtiI c lilt] i Ii licklc s,, l,,,, rdiictht a I:itbilit r.tIn SCI- . Sieniliilt

diflleretices eetor s d 
it!cd ihiniae iuid \ abilits ,1tiitonL bothittuebeaniid ul'ackiti
cultix at,. A." ihe lcx\cl ot ,,ntt'bolll1 uLnneeIaCli ,eed kernal, increased frimA iilc,,tit1t1 to 
4.3 3'; to 10.0 7 ". tle 10s, (11 ,ldhilik ILruit'ced froml 10.23'; ) 28.90", (Vianii anid
 
Illslpiriltita I0 83c).
 

Control Measures 

The aid .itur.e\tet tI l'ruitd dit:l Ltoi des,,cribed abos. Mtitails slond c'troil rac-ticesIICO,
itl order Itt prtect tile hlal" i1C,est tI tm the+' ,.of Iteltid,,. especi~illk dutitie SttttaIL.e. Bcuse

of' tileprliti'.e 1ttutitrc oithe ,ItrIf l teIliICs
+,I l it, of lit: \ illa,-C IIC ,iti0of titut1. ill\. it th li 
crop is Lov. n (ti ,mall IIis. the 'il'llt \ lile t plt-dtlc . an!I the al urlins"itrccl thit (lie
Ir'clIuII1tl., uc.d 10otco nui 0ti .1Cheuse (d1 I t t ll oiO111tcr itcc 'd s i iii cticil. For
bruchid Ct,1ti0.titir. thceclr. ltatCii pitre. c,roldsto liciliti . couplcd -,ih

nti:iclt tic'lt C0l Hiii \
l i ' ,llt,.it.ito.t, lt.c;l-dticmles titlhtti0 tle\ f,t lt i 5"L'(It, lC0lt'e
 
5tt'i t o.lsttt Ixit fil e's,,i,tt t tulisi,. ((lt1th k sc
k\c hetllicil as \'c tablCe til,. w \thu'li itiiies,, iitlt ictl Ltrtiit!. ild t! ,iIlst tictli the, use sletiseli, ci,,I al iLhcliit';.ls,. 

A\t III 
 sc rl, 1lI tt(tItI ,,t I tiii ts,liilles h bci Crte-irlcd it hid,,illattack biit the CeI .
 
iitl itl l sll e
1llidth ih(iri ilxict ttti ptoptiltit itsis tisietili 'int " tt si, tl tteicill coiftiol
 
tO biticitid,, shiin, 
 s1i c i, Iittlirtetical 

Drying of Seeds 

\ 0,d mlittltui t(ttIllcllt ( htlim 1U ipalts0"tt 110tl1ti;l aisitV inI d" eh )lttiO
, 

ie t o sloratce 
itiIS dd tiit k Lk hI 1" ca il it Itc \ itI 1rofitit dot t 'cciiell ptsit i ioft ptccIslo.,, ti 

1983i lcsils. il ,t ,tis,,die %% IiW tmtill
ithit to 201 tlilitltiit_, oltfom 55 ( 6) 'C'. The

tropical i',lI tl i itillicill
it nti dr seeds of IniuchLlidi ti l-i ra t. thti, itt thue infe'aiitiotii
Y oshida tid (lichiiki i 1tJN1 Imlind tliat %hOwn aI/tiki bCaI ',Cedsat [ild inlthe Still inicad, i lilv're 
Ofi 3 Ciii delp 55 ( % Iie .chLd iltI.. I il iiitditiiicd fot 4 i iid 4(1 itii. \With a li er
 
ol1 1.5 ciii delp. 
 sxa t 30 nilid 

.railis be-lore IttirjC, s ill thiu, it , reli- ri,,k ill 


55 %k recihCd hiit ititi iilintallitd 1or- 4 hi.Stilldr ii t t[he 
ttl the t sect, iroiti piila.r\ iifestatioi intie field beii,, cairried ilt ,i iC0. I ' CtlCtiti iii seed Imoisture \\ill iilliii c reiti ltliolil 

frotm secttiir ttUc.-. .5 ,c .'to-e :llso prtlik() s 1C tlcts-'tikcss of secetable oilind insictCicide• tre.ittitsii, 
te 

s loch tiuli+ht b- isCd toprte(die seeds holln stora- , ilitls I )titev 
el al.1984. lTalekir tid .",hlt 969) .ittkl 

Resistant Cultivars 

Culti\ilr, rCesistant ItIbruchid, ae \etI t be deelhCd,i C ti its l ost and ease'o, ill us,
citupledI'.i\% It (lilittd uLtilit\ ti tietoitelitd,. cslpeciall\ chemicil conrol. the lSC ol brutchid
resistant nlltleati cultifir ,a ,rs i ctltsiderille ptetiial. Sitnce bruehiCs .cilinfest i ungbeain
pids in the field. ia e llas seeds ie,,stitace. resiStaice either' in(lie ptod. s ed or"hth is desirible. 

Resistance inthe field. I)t ria a diRairto 19731 Scettied (6 inLtilei ctulti.arorl'f"rcsistance
to C ch ,inctsdaniac t the pods. Ntiei lite etitries N iaresistailit to oviposion hUll resistmice 

http:ctulti.ar
http:hcliit';.ls
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to lar, al survival ,,,as evident in [I.(;labrous. l'(; N1 -I. and i.; NI( 7. \ln h ,iaacc,.ssi ns 
UPCA 23. 25 and 325 hlad the east Xi cg, and \"I,.,tnmuill Ijix al ,ir\ "\ al
 

At AVRI)C 525 I ivl,' iaC.'e",ii1ir Inl I(li1e
\kC ,rsFCeCICd the field blaCk ilrn al 'cceSiOn. 
i. found it l.inVNI 201 ta, he resistant hli ('.tihifii (laikar and 108I A ,oilrmator\ 

test Sh \',.d that ihScts laid sinrtie'ai tl\. te\,Cr C.'',ti llhe p,,ds (it VM 201 1 than; ,iithose 
of 'VN 2164. all accsi on"\.InhI'Is "istaiill toIi rrcliI ill tie seed. 0I V 2184. til, Ir.:lptile 
check (li . les,, cnIl',d the 11dt ,thier.I I. Sinilarl\. adults 1rorun \VNI 2)1 I thal tIre (arclnl 
obSe1"\ationill ) iprn,-. J i pods ol I tl-\ ,tCId ile IprenCe. 0lthe dc\ '\\C1it ldittnl. VN ' ,)I 

mry hii trichli e ,w lie hl.il\ iiilldwh..' till i ilii,.tilt and
t\ ,on ie. pu,. h i tii,..utiik' llt 

Ov\ill tS.,,itit .. lrt-, ICetit .',i r thi bCtitlc,'!,',ut1 lti ']luldIi ,.i.cvs l i ,i Ic kttl' l illi t , llll 

laid till tle p d'.Siiic HillLb,' llI'stilllar\ ,sCd )\ hand til tlost smll 'lills. ,..la hi.li triclli 

lctsiti i 11 al+lie a,+I lei._. ti,, I l source lltiutilied
OH tile i I, iN 1nlI hara tLr N,,Is .'mcc \,is 

ini tile .'Cic,..dil ,t i,nr ita tI'M)(iCsisnt , 

30r 
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0 Figure I. 
VM 2011 VM 2164 V 2184 C. chinensis oviposition and adult 

Mungbean accessions emergence from pods of three Vigno 
accssions,
 

Resistance during storage. In a prelunmr\ ,rwctnim t wed, t 525 1Vowur accessons. 
tlte black cram accesion. \y 2c2l0"I4. \a, .'last dainlae'd. Illa oilirinatoia lolati\l.,,test 
Mith seeds itI 4. \A! N)1 Iand 1 +,h'mmlaid rliti\ci\ ,.',rc,s in the2 %21I4. C 
seeds ut VNI 20-1 than ti tlwti(I \NI 2'l 1 r V 2 184. \\ len i leicsd Need samples ,\I' 
stored hr up to Ni\ nilitt .,cd,, lI s,iceptiil.: V 21,4 vere irhtali\ detri\ ed b the bruchid. 
The numlber tf rhnid adults cncrecd Iron 50 ,",l-- v\.i. 1.21)). I I))and 54 in \'M 2164. 

.
V 218-4 and VM 21)11. r,.,pcct\el,. Iie 2 , \,a ihi, test shi \od I,.r W)1 e_,crnina ti 
in VNI 214 as aaln s -,ppr',ue , l); .ird inni .e /eti yerlidrnamlim \NI Ali 1 and V 2184. 
respectiCei, lalCkar and I1 I] Brichid e'- lid till the seeds ilt VNI 21 (i4 do hatch but 
the first insatr la\a makcs (itii\ aA Ntlll',sialt Iteed..C C i aLt' ar'indtiles 

In a p It)ll (' lsll iL isti. t., o rNI iittih cedin ntel'alll uiai n 210h4 ",tpvritit 

munebean eutI \ ars., the iiCti straz,'.. ,,h)\,Cda liLh c\,CI lcilallc . Iii\t\mCeOi .t1,.,, ,,I r. 
when backclt ,C ,%',e1 to et MoriIllllLcb llcharacter,,. the .. ,alkti,,ithr llade 

higher le\CIS (d rlirn2bearIc haracters sii\,.mc. hu.,elr susc,,,tilhit; A\RI (. Ultu1,lrslCd dtila). 
Hence the resistance b"r.,lin p lraln based kill \i tsliitir ..VM 21(04 

Ini rene\,,ed c itrs Wti tt tl.\ so Uces (t IC"istalcc. prcfcrrihl. illI i eCritiplaslll. so 
that the resisance cali be Cas,il:iiicu rpoiterl w impi,\cd i cCdin tiiiiv., slce ti.ig iileieht beallf, 
(O1hio+niio j aiu'ou.i 11,o1) resistant".",I+a c iNl ,dIn1the 1 ti, I[dui t',.t i tilicaiut11ii On 

http:sii\,.mc
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Figure 2. Callosobruchus chrnensis ovipositiot and adult emergence from seeds 
of three 	 Vigna accessions 

,l'abresc,'ns accession. V 11001. thatt shmed a hi'h Ie iiiofiresistane tor C. c!io svt.,.lBruchi:s 
laid CI..., ol the seeds of tins accessio hut tile ilrstnsar hr a",, in I irsI cases, died altcr horing
it short distance inside the cot\ ledollS. ilCe 1'. ,', . - 1 a,tetraplOid. it, use ill a tresistance 
breeding pirL! rar \o,ill ecoun0tet.'r a r nlli.' harrier in tratiserrin lie resaitarce into mull'bean 
h%Conventional hriCClil,, mChod,. Plan, rC unrdCrv, a\ at11AVRC to traisfer tie hruchid and 
Ieanfll]\ rCsistantlCC 1n'01l1 ,-icesr110 h litio i Illtill, at.L'c m n II lIr r.ll \ tllc(lr, a te.chniques. tile 

reantinrc screerrirrg i additiona rlliIrreh:mn acesiots',estLied ill tire identiFicatiAV'i2802. 
which \kias least haiacedC. t ,.l1 t\o tests. 'llrrrator\test, tileh\ h iii prClihinrai% I ita Co 

llUllberl adults 1 ird oie_,ilairth..
eruerted seell'ds d e \ ere1 lv less in V 2802 thall in the 
susceptible Aheck. 1973A te(w lahle 2). the insect eirereierce and\' ill Tcnrlriis In fact, 
secd dailaC inll ,taitisticilihV ats nrr dilLerCnt frolli V I 2 104. the most rei .stantblack 

V 12+ rrtin resinarrnce ill rrulrehea ll "ernlplasllal'illl a.ccessiti. ' 802 lu iepreeitS anr adilitonal 
itself to C. /hi'n. i. This accession, however. has Mield The nechanisill ofa iarx potential. 

resistanrce is cha.uicteri/Cd pi'or Iiiltirr i hreCdin2 peel n.
aetinL to 

Table 2. Infestation of selected mungbean accessic, s by Collosobruchus chirrensis. 

No. insects 10 g seed Damaged seeds 1o)

Accession no. - . . .. .. 
 . . . . .. .

Ist generation 2nd generation Ist generation 2nd generation 

V 2802 7. 2b 3.3b 2.88b 0.88b
 
VM 2164 00b 
 0.Ob 0.00b 0.00b
 
VC 1973A 156.5a 9 2.Oa 78.38a 12.60a
 

Data are mesns of four replicates Means in each vertical column followed by the same letter are not significantly different 
at the 5% level according to Duricans mliple raiige test 

RaJapakse et al. 11983) screcned I I irruneearr CuItivars for resisla.rce to C. chim',is. 
Cultivars Uthiong . ]111 ailld C'FiS 87 were relativel\ resistani its the ntiber of irsects etilergig 
fron the seeds of' these ditutivars ,.'ere the least arId C'. r'h. ,11.sLrequired a longer period to 
develop fron eeg tm adult i these cuhIiivars. E-iin and Moralm-Rejesuts (1982) screened 60 
tnungbean accessions for resistance toiC. hil,i+si in seeds. Based rir tire first generation bruchids 
that emerged. UPCA accessions II and 30 sh)ed Lriderate to high levels of resistance. The 
seeds of resistant accessions adversely aflected tile surv ival. increased developrental tione and 
reduced growth inrdex and hod\ wvecilt. 



Use of Vegetable Oils and Plant Products 

ile LISC iii CdihlC OliN (0i 1 110lcc NJIR tian C'NI)CCt'iii IMtSCN.i ilHS! fISCOt [pct durI:Aage 
iI a i111CCTit' IIICli'IIIO pcI COMI'0i II]tiia. IIn ailiii 10 CdihiC its. e\Ilracts and plant parts"rIin 

ot"cerll readil i\ ai~ihic pihil~. tiI' ic.i OhOil IAdi'. .JUSS.) ila\ C tiiSi IVCIl'u ICI t:ifiinhI/il 

h hl 10(0 L, 

"CadL\c 11IiitIii c~i oliit'iciiilt N-riiciiii piotcliiil [lip l'l\iill) iomiltliN. Neither lrcalnlcn 

alclctcti Seed LCcl-iill illtoll 1)[11 pIOiIIiii ili CLIOMiiiill o)it IltlliCl 10 11\12 1lliiillii rCtlILCCtI ScdI 

InsL](iiic 11 A \Ri)(. 111l\11LC ill 1,\ i'c ,I\ i ill C LIuIIdIoUI oil ill111 IC (it' 2 Ill 3 tilt 

\\ hilli oili nl LiI' AiilVlN\tC N '(). l trl it11 ' '2C ,t \ i' ulijti lil lllklt' Ii NtC ii / cn 

Oi'9I4' cdtCO li 11Lti \p~ d L'iM1 ildt' oil licd llt 111.11icl i \' l l\, otilt' ) 1i 'IiaCI i ti led 

,,,lillcnc m ii tdll il t' (liuliij, i'lle C \ ICl \C k10ti\- 1dkill 11Iii C 'Ci lt i',CL lirvacl 

Other( iiit' l aCIH~ . Di(C4111\t'dI;2~I o2illtieJILI ',)Iilh'II \tt'il 'tl ' l i101 11 i i ui~cant11C11o'1 

scds atie\i bhic\ (1 1CcicdlilI t tiala ttt' IIO 0/illli~ GI L011 (llllt \i.t't,1" c1ra10IuiliCt! t iic cnd~~e. 
t h%Ii iiiia i.N tihiii\l )5lk ' C ii il' \c LC ', CIt'lt I( ONlCilI H C.l 111 i)01' i) I C d I-ic braii 

0.5d flCt fl th ercatiit'lt \ViiCrd ll l 1.it ill1i: ,0 Oi f (J- it i,, i [Cllt'I b\ hri Ill'II . i a'C'oIi 

III up i I piiAllptreenit' il 1i AIthe i Ihk tilt'ln Iit n ii nfC N2.5 ci isit li~ot tt't (~ill 
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(Pongamiaghba Pbt.),nd neem were coated on IIInLnebeauiseed at the rate of 0.61, v/v and
0.8% wI'.respectively. Ina crics ollahoratorv tests in India. Qadri (1985) shoved that neem 
extract synergized tile Oul'toxicity o tlstard apple (.-lltl,,,m . )extract, and garlic extract syIergized
the toxicity of oleoresin otlined from chrysanthCnIu. to C. Chillns. .

IlIIa series of, experillielnts,, scientists at VSDA's Stored Products Insects Research and 
Developlent Laborator, tound that oils ot s.,Cveral citrus fruits, extracts of black pepper (Piper
tlii,'rum1 L.. ), dill iknio ' [..(.llethtltlltm ,t'i. ). Chinesc cinllalloll (Ctltm otHin C'l.s.iaNees ex 
Blume) are toxic to ses eral is.ect pests including C. PMii'hwA. (Sn et al. 1972. Su 1978. 1985a,
1985bh. Similarly. Chander and Ahned (1983) olbtained good protection of tiungbean aairist
(. machuatu. by luixinig the posv ders Of rili/oilcs 01 ,.corits calamosI,. (I I and Cmtima 
cedoatia (Christ no. Risu 15 num) and seeds of ( ,r'mn n irglbuln' /it BeIh. Pranata (1984)
found ttrmeric (Crcmah,,,a L..)ps\.der Ctract to be toxic to the adults of'C. maculaits 
v,,hen the extracl as IllixCd \0,ith tUnnbe.ai secds. In o case apors of ,-fu'rus ca/moS extraet 
showred chelllosicrilant effect ol ( . cilt'IIAj.i LpOsNre Otadult feiales to the \apors reduced 
fecunIIditv and caused r'eieCsion ill the teiiinal folicle at the vitellariun (Blhaskar et al. 1976). 

Sex Pheromones 

Utili/ation of' sex pheromonle chemical, represents the ,afest formn of pest control. Although
this approach ha, not buell used illthe control of' an t tle three 1-uchid species which attack
munbean. recent "-ucldies hawe pointed ot th ecistec 01l'sc\ pheromone illbruchids and their 
piotoiliiial. especial lfor pest monitoring purpuqse, In a laboror\ studs at AVRI)C (197) which 
utilized \ irgin fCimales and Ullnalcd Ilia','s. bhlo\ in, Of air MCr sirg.2in ICnales placed ill an 
oltalctonlcter attlracted large niuber iL)loifle s ,ards 1iL \irein females. One- to t\so-das'-old 
femles attracted agreater numbcr Of i alcs than the older nties. he iiles showed characte'istic 
cxcitat r, ehClas includin,.e ralpid anitCnal mo \mcncnt and extCnsio 01 wine2s. Similarioral respouse 

bservations werC iltade for C. macii'tlh by Rup and Sharina (1978) and Qi and Burkholder 
1982). The chemical pr)pcrtics Of ( . hiii,.NiA sex phcrOiOIIc ht\ C bCCi isolated and described 

(Honda and Yarmranoto 1977. Tanaka ct a].1982). The pheromone consists of' a mixture of 
callosohruchIsic acid [E 3. 7 -ditncth\l-2-octiediiic acidl and several h\drocarbols. Neither 
the acid nor the hs drocarbons are acti\e alone. their elfect is ssneristic. 

Burkholder and Ma 1985) gisc dCCil, Of tihe use Of phcro01ito0cs IOr iitoHitoring various 
storage pests. The presence of a sing.!le bruchid illa trap indicates initiatioti of infestation and 
at such time suitable treatmients can be utilized to reduce further loss. lBruchid pheromone.s can 
be utilized illthe field in a sinlilar fashion to inoitor printlarv ilnfeStation O)bruclids. The presence
ofIbruchids in tilepheromnume-aited traps ksill indicate initiation itf infestation of pids. At this 
time time whole crop can lhe sprayed " ith a suitable chemical to pre\ent lurther spread of the 
pest or the seeds froiii the inlecstd field can Ile dried thwoolhlv to reduce crain moisture tohelosv 9% . The heat of' time drv in will also kill the larw.ac. pupac and possil\ adults inside 
the seeds aitd a reduced grain moiisture les el will cuinsidPrabl\ reduce tilesecontdary infestation 
daring stwir,ge. 

Chemical Controt 

File appropriate insecticide wlhcn used properly gisCs assured and immediate control of insect 
pest during storace as it dhoes in the field. However. the use Of' insecticides to protect muiingbean
in storage has serious limitations on snmiall farms. Firstly. the crains are stored for short duration,
in most cases friii seasotn t)season. During this period tle seeds are oftei used for farnily
coItsumptioit. Under such conditioits imixig graiis xvith insectic'des, even of relatively low 
persistence, is riot advisaile. Secondly. tile use of lrilligalls is ltpractical hcaiuse of the small
sized produce and special precaution aind training required it,itidle fimigants. Also in most 
cases rnungbeans, along vith other grairis. are stored in Iiving qurters where the use of fumigants 
poses hazards. Thirdly. mnungbean is still a km priced low input crop and use of insecticides 
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may be unecononuical. Under such circunListancCs alternative llelhOds, such its use of vegetable 
oils, clean cultivation. storiilg seds after thorouhll drVineg ill a clean Sl-C space, will assuIe 
protection fron hruchid attack. 

Inl tIe11111t1 storage and larue-seale c)llintercial lotrage facililiCs, inlsectiCideS can be applied 
by lixing with Seeds. sp'an ill- the SurItace ot bulk stor',e oi- stacks antd btI'lilli'atioll to protect 
il ngbea,atn foin bruchidS. 

Insecticide dusts or sprays. Initiall\ tile StNorg SpaCe Call he diSi nlcsLted b Spraying the 
area with suitable chetniclls Suchtis fenitrothion or chlorp\ rifos nlethl I at tie tate of , a.i. ,"Il-n 
(COPR 1981). SuthSeqlIcmll risk ot rcinfcsl.ttitl cAn he reduced by spr, ill'g the Surfaccs ofhooselv 
stored _raitns or hag,, ,tt interi tilk of ithout Cilit \%cc!s \\ith the sallC chemicals. Ill tie past 
mixitg seeds with iindI2e Or p', rcthrit lLN stectcd to CoItIrol IIruchids. [los, ever, duedt I. 
to the avaihilit, Of ch ttic tlsS ,ts iItiIttlit). I)I )\II. feitrothioII. piriIIiphos Inlethvl.,such which 
are less tox.ic to illili/llills itll es p rtl- itil htl liilll h t more1lt Itilep rtel',11 cheaper

+ thall 

pyrcthruin. uSe o) lindane aditlIp? rethlruti :ire itO h0o1cr iecoitnlIenided. These cnlicical, can 
be mixed itt the rttc of 5 pptlil ,i ith Lrrin, illtCttli 1l IOttt stil'l2 . Alinit: the s\ lithetic p[ rethtroids 
Duguet :ttdt\\'i (1980) applicd delitilucthritn ,it the 1te of ().75 aid I .()() pptl to artificiallv infested 

,cowpea it sttaitgC. This trc ttiituicit prle,'ted tlie -taills t:iu,St C. ,mtau'ulat for t)p tit si\ tIlotths, 
when piritltiphos): ttih,,I dttst iztpltdiCdi the rte pp ,f, t,,\ ,dlv three imtonths.iC It p itltecti" e"for 
Ill China spra\ ill oftO1Itehettl seeds , it Icit'llltCit hitHi pitt[, i)ICrtn. I huto)'ide 1ttthe rate tf 

.25. 0.50 and I .)0 pptn protected the ScdS tititSt (C. ItIi.IALS lotr uip to 228 tl%', (DI)ueuet 
and WiU 1980) . Sr th tiC \ eti tid., \, Ii.'h tliC it', SelLi, for their ICSs lt',ic AfIet ott tt in als 
but hilher tOxicit\ to p\ rethrins. httt \k hich are itire p rsi.,teni t htlt he naturalinsects, it, ilittFr' til 
pyrethrins. ha\ c protlise in pr)IcCtiue ftlLtlnhe~lt ",eCds ill S-t~It . Itii, Cf..r. their ,.tta5 should 
he carefully Choenit) , ptrotelto0tiu orttn ilte inteided letngth (ofstortlLe st that it will not 
leave exceSSi,.e residue:. 

Recenttl . l)sis e l ]. ( 1)84t IMutld Iltt expisurc i)1 ;dults itC(. t']titt.s.and C. m ttttatis 
ti the dust Of tilCiuitt Itsph . .ittttll/ttils'ttsed] Lertiii.'er. cY.titsCesCttl plete lntutrtalitv in 
6 to 8 ht. When iiiscts sscrc expt)sCd toI the cttIpt)utId fIliXCd \' itl sn:tlpheaul (Plhas ,oll. tlut, .ris 
L.) seeds zta(.) I "' to (1.25/ coCetr titin, the nttther of FIl adults 01 C. chiu,'siA tlat 
elcrtcd was gremttl,, reduced. Sitilar results ss.crc ohtaitted ,>.ie C'. tuthtituttt.S adi:s were 
exposed to cus pOeiseeLs treated s. ith tricalcitunl plitSphate and. in ftt. at dioses Of 0. I'('aid 
above nt 1 diIs etIlerged. TricAlciulll phtSpiltC is readily avuilabhC and r-Clati\ely inex
pensive. Hitwever. it, iIttidC tf action atnd ptt.Sible leztltll haztrds atssotciated with3 \with tltixiiw 
grain neCd further stutd heftre thi, traCeticnt cttn he stegcsLed t siall-scAle prttliuccr,. 

Fumigation. Like the tiho\e-decribCd ilsect icidC treC:ttettts. Iut;Liit.ttitll i1' tlin.ughe;.tn is 
practical Onl, illiiIa-e-scale sItIrage facilitiCs. The ereiteS ,adlttuzeOf iMiatill is tile propelty 
01' the ftiilitaitlt tt pentCtritte thrit0tth the lt ers itf crust . rd.C'tCh the tilreet insect. FUltitiants 
also penetrate thrituih tile fCCdill hitleII, lnd t iputsiliIt ',Ailldhi,S in the Seed and kill the larvae 
and pupae which are noit reached h, Ctti.cti(titil iniccticide applicatittn. Itl addition fuiciants 
are capable of penetrating cracks antd crevices which niiiht harbor insects fron tile previously 
infested grains. Futuiigation treattmelt does not let\ e persistent toxic residueS atid treated grains 
call be utilized ttter tIne ft) wit dMtVs it aeratitin. 

Several tutnittint>S hite hcCIt tested for their ettectivletess teitlst bruchids intesting various 
legunes and it f'\ hi.l e pilised it) be iloe cttcCti\ Ctlin the Oithers (SingUth and Srivastava, 1980. 
1983. Mundhe ,tiLd PIlnIdev 1980. El Saved antid Kaniel 1978. T".urutt and ladaLChi 1983. Abu 
and Muthu 1985, S.idtllo\ 1984). The adult sttle is the []lolst Stsceptible and the pupal the 
most resistant to fUnligant actiiin. The species 0tf the hitst food leutrlIle dIcts atffect the susceptibility 
but such intluence is tf tninttr significance. A1tin11 the tihliutlalts tested. phisphine is the illost 
effective and ctnvenietnt tt use. especially for sittall-scale st()raue. The ,:henlical is available 
in convenient pellet tr tablet fOrtitis. (,uutititiCs of tnlutngLbean can be packed into jute hags with 
polyethylene liners into which pellets or tablets are pltcedL. The hags are then sealed and left 
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for four to live daVs during which the phosphilie gas penetrates through the layers of grains
and kills the bruchids. Usually I to 1.5 g tablet pcr cubic meter space is a suitable dose to achieve
compiete disnll'estatim. If kept sealed, the phosphine treatment will also pre .ent insect 
reinlestation. 
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Abstract 

A linear programning model to optimize integrated pest management (IPM) 
decisions in mungbean (Viona raciata (L.) Wilczek is developed combining yield data 
from field studies on multiple pests of mungbean ind economic production criteria for 
1986 in the mungbean-rice cropping svstum of coastal Tamil Nadu State, India. 
Biological coefficients are based on the inci(lence of pests in the mungbean stands. 
The economic coefficients icIuirled !abor. capital and pesticide requirements of each 
set of available control nethods that are conimonlv employed and each set of newly
introduced lPM strategies for inlividual and joint occurrences of mungbean )ests. Eleven 
solutions are calcuIIlated. one for each set of joint occurrence of mungbean pests. Net 
returns per hectaire for optimal control strategies and expected net return from pest
control decisions bAsed oil the joint occurrence of pests are also calculated. Income 
penalties to the producers for choosing the suboptirnal control methods are presented 
and discussed. Results of the model Suggest that IPM strategies have potential benefits. 
both in terms of increasing iunlhean yield and net returns to the farmers. Results 
also indicate that as the damage potential of the pest increases, the relative importance 
of pest management increases compared to other production activities. Finally. future 
research needs are discussed with emphasis on the role of risk management within IPM. 

Introduction 

[Intc'..,ri, lcd I)C,, Illil''2 IicIIllI 1l1M o 1,(c ,li l,+ l t i 111cll]IC\Cidl tiriopical
,,?t)P . Ii C. U Hind ,tht 'l IN",.I,,'0 11h1l0 1lui u'lltill tl,..dllc ]! 't..h'll211+II t he ,,100 12.'%. dir1uC¢lI 

h\ iCeLticin,, tile , ,id Hili\,IlkI) I ,111C' iri inhlild h.\ ICdtl IL ie ieI he 111d l\ the polltinin 
III the emI\ IIl .. IiClll. ( l II.tn &'Jl 'i h i h\H1 IIII edl )i tI l IIlIlLIlt. -1till J'IC ii.'I eilh)ilt)hI ijINI ef( ii' l);' I ('ilK rlitirlnle ih.' ,II lk.l]Lt.' I. . I hLL,'i!lg' L' anld. e!II. ',I l'", lti .[i) rii her.iii 

ll lIu'l]lli')"l-,-, I , "O I. m', '11o ,,:C~ 
anH d p' ,-t.' ] ",1i C' I)IIII)II1,1110H1) -'*\L'r,11 NLthh% i, 1lll l lll 11 'C1110d,, 1r, ill 

Culkt ll -',~cl h'11 ,u1 , Illh l l ot lal Jl:c,,I , 

[ w ill lcIc 111\,16 C. d III 

'H11',\ (;I l:ld (ICjul k:/cle,";2, , ' .,ud rC.,nII) M)II111\ ,.'t Id [ II'M ' I tIItie 

ill .. Thi', regln:- ,, pie delte \ hich , ,l -, tile Li.', I iiiiitCd dlti that could 
ihe dir:I l\ ,:llechd Ini i tlhc tri111cl,, nld eiu h I] ,I()i H. ilate irid predict the 0iterl ic' 0f 
C\ elndl pc r teeL'i."- ",IrId 

Thi', p: p r .IIdrL,,,,c,,tle I,,.ue 'I ii./in,, the hCiil,, ,I IPI1' "IritcL'.Ic ill inuit Leall to 
tile i tauncr, anid the lerit,- tha Vtl tld he IncuirAd Il r , I cr Ici e duCLI ,,uhlu'ltilial 
p'.t-conitr II'.tratLe ic. 

A\ lille.'lr IIL I' l ll it) t.'l I~' [I,,Ill,- ModeJul ++,t. lld i'C,, Ili'llult'Cllit.ill dICCI,,I Ill II)llll-'IIh !t.ln 

is, d ,elopLd --')iiitiliiiiiLc tie icild 1(-. dtLi IuOW Il d ,,tdie.,ii,0 11i.Iii . pc.,t', III uuun.hCan 
mnii 1986and Llata On 12con cIturia lhr in tile ricc-inniheai crjlOlfinl ',\ ti ('hiinl21pattu 
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lDistri,+.'+Ta+m ltNadu. India. Thi,, 1'llilr I,,of
 de." icd tIoat-hic%\t- tiult okv,it,.,ohb u lCtN.+:
 

.optilhil \I To choi.,ti lldlia ( ~itliit-, elfic'it II I ,tritCu',i.. IIIh1thr tiltllIIc' fl llhillli/C
tilenet ru'ttlllill k..oinrd (ttile. l'rp,+"t fai 


tile illktl-011 (1) tht- lPr101C.,.rM2. TO'C Il Wcult rIM+dli,.,, AW~ t.'IMM Yll,thW MuM11,OWl~l lef-'ht-Milll
 

Illolfid,,
 

4. lTO LIutu[rlllil Lt- t i.L,,ilt't - I ifl\ iil .'1C'I it-tlit.)C iti',., lLtr , itl+l ,ii lrit nl utiol 

lit ielli 't~ +, t
4. T (ltht-' tt-, H lt-tIC,(Ile \ a i ltt\ t.Ilth a Ill ,iCu; L.,l+ (1 IiLII,'hll,. 

Description of Study Area, Data, Mungbean Pests and
 
Control Strategies
 

Study Area
 

I[h 'lbel o.t[]i.. thi t ,11CtllclC N %,.kihl \,lt-oed 11111 iult lltlll11121"C llla"i 1 n tI .t'i'd1t121.'I 


Jrt. 1KM It ,,.I . , t h( I ) 2 eIi l)It I l 1d lil!N at ullil.I'. lllll'll l Nil ilt' Poo idallialli. 

V fi4t.' "firt i.11lIIit ti i i' 'it.'i',,lil tt- ,. till f in i fI ,I. ) I. " L l]Ci 21iia._Ml, 5 h .'.oi 
(h ia oc \ ll,-i.,Wi . h: it l \' tI \ 2al C\1t." t.inl k an.dl \'4hcc 10 .llu i Ii l ilal llCt lllillH '_,
,,t)tile t.and lltltthl-1 O. lil l IItI' , ,'d inlilIhu+ttit\
 

,SO %iHL'(11 ltil b ':l l t %illarL'C", ll~l f
I [h Itl tilll Ia t + [IlI C'uCO~ild'cck()I .!,rii, anldt 

\al f Ihe Itill il cle 1iI I1 1 )ldlll Il, i l , lllllslt.' t.llcn [hei i ll / ilI' , lk t . lc' 
rt.'II .K \ 12. 2. (' I S 1 .idL.\1I - iI1i a lih Clcifoltihle M . %C . t 1 i h t Int ll' N ltliC\sC' re ,C'lC''CICl
lelt',f''tll\ . . 'Nc IL'klilt' 1,illllL'I,,(,1,'rt\, +N I. M 111ha'l dt,1,Hlaplii
 

' 
\icld )I15(l k_ hal 

Data
 

III l"Ilhedam~ Llivedt tie ,tl~ik ONi [+aaIt+.i MI litmlwhnntWt-ntt y1ltm Ily- w,-mli. M\com le.I.d 

l, %Ilt ill lt+in% 1 ;.cd' 'i,'Illu' .lhc' ctipl h ,liclirc ihuii + fclLt-'u,ll , C l\ ul.'i L I attac' thlt"!c<)L'lrlf'ctir llr -i\lt-, i i. tll)lc I iit).t-cfu hc lcIlc ii Ii1 iru'ciIl .. ~iljd'uii i -r inlac llat tile. h Ilic.I .Icl 'i i ,C'l Ch\"olll rll - IIl1 htL:.c.01,titl. uL llii rll. 11 lll cIll litncl
Llu+ildrllll L' id andl~ k ~it.tileOL.I01)INI+e'ltl,:l.",t'IL't tl',e'(\k wtil t! iui \ i cldIoNNN Infortll~aI l) . LN iCl ionll I\k 0 ailnd ~ 01nfIe (iltIIHllCCO+'tdA plot1,lIIdLIC t-'ON',II-
I+-t-",tti d 'lll.'C +'C, lilt111lki.lIl(lt lllill , <io 

',,
-Hl' lhe t)frIu't- ail tILll)l~tile~-d Illtlhl', 
NLtltlareI 111("c' ~ ut ilt._ InlIhL' ,Ihld\ ,irC'id t ilt' l _litd t ,ill Ihe iMl-iM titilliCS',
\ ' 11l,,, 

scu tIci l\I (I I (~~;IIIi IIW.11,1.'ill, :, I,I 11 lilt' IN
dt Il,i 1 Intill !ht.'11 1L. lt' II Ic,le i,' Hlt+'ilIit pIM, It \L';i 

InlII li :L11' l IJ h 


' 
l.. 

, 
l111,ir1if HCk.I e ,I fC)_ I) 'I iIIIHCllh'l , :\ 1 L 'lhl u 

m~ungbean Pests 

+Inlthelq uid
t, 

therec. hiutlll1-Alli It-Call L- l'.tANsd;1104t hl-Ci.l,%lart. arec IIItlllW I)lCNIl ItC-Ctll+itt, It.'lii ho
 
thttie 
 llfileill
Crop h+ thu ilette I)tC')Jl (11 .\- lCtt i Th.IIC lit.lt:I L-I.ICC, I l bLhiller l/11C/i,,IIISN tlrl i1,1Trl 
t|fihne.r) f -I..+LiidJ~C, l Iurlll,' n i. lli l.. t-,li_ fle -I()[) anld .MllSC d,1 i'IC l1, ill"o~s .3)V; 
tll40'; () tlt:upl~h.iiliatli-'cl Ill ith ca'lll,\'ll\ Ililticls 1 5I.dai\N atller+,(%\itm,. IlhNhtLt-. 
incidence (i~t caltt-rlilla I~iri c_'al-c.lnlllii7 i.h+<+ 
 W epr w.,iD/ \\ali]r)t 
W rah~ildaw.'u %h'l na§'t. I Wll 11 

an1,id Icl etli. f,+nu/.si./lk 

tw tl
%,+ l hliil 0111c. V; tt MV;)' [Ille I'ltliH l\W.ld. The' IitC~ideMtlit.' el.,, 

I7 l/ lltls itIll-ill/s t-. -hkll_L.)Ii,,lhet..r\t I 
 cL: %il all.n 

,( (he.rete't.r the m n ioned aN.l 


I [ l k:h lpset'.l', esl+UCttI.d it'cldlo 
pCiNu%k1!t icill tfI. P2+.P3lanid P4-.irc , I,ecti\cl 

Control Strategies 

Bai't-ctih,'Iiile 1iL .'f ,
()It Ct-'k ,0itht t, their ho'tll lattanitdthe-' iilodet atta.ck. \\e horm~lulatecd 
itse'tIlIPM\ ',liatzh. iie -'l" l ik. lL IFItLCL liHU tlk'tolitl tlNed h\ th
t h'il t l i,'d ila lilel'ais 
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recoirnended A, t tate I)eponrmient of Ariultu r and sluleted these fOr use to the flrlners. 
The loh-ing treatnlents wee c! sidered in our stud dejiendillu On the incidncC of pests in 
the Stud, villa-

I. No chemical coitrolI (,,.introl plitsi:
2. C henical control oti plt eitilc tt c\ lfolm,,cd h the larilers., cmnstituting all 

application it' carhaux]I 10,; oy 21) kg, ha for the pod hirCr and aii application of1 
chlorpri os-, (q 21) k, ha lor te leatt-CitLi_' +'aterpillar :thd leaf feeder. at intCri als of 
15 da\ s frnt ll , . attel NV. nrc. and ,an1 a[pi,.atiiui if .ittlio ji 25() il ha iii.cliatcll 
alter 1int-MCiCe Ofillies-. 

3. Chemical uintld OiltnIlc1 tht tit OW " t the aho\ C-l,'illllldndudChetUnlals and 
setling tip Of a light imap h aliiapld of 30 dax , alter soxtii-e: and 

4. Chenical COntrol CiliirtitlnM tincU,,e 5)'; (1 t1 , C-reintioned Cldi itCal', coit0lilledri1 hox en,with the usot liqht tt ] u/i 'sp. lri theill hih ar, r'cedilqe[c hnds v a 

site for tHInadult ihth0', hnl ti \ lll of1 l1 ip.
 
l-erealter, the.: ,controcl strateenes v, reterr
IIlhe111 d ti ato ('I. (2. IPMI and 11.\12. resp-cti\el\. 

Von+ ctiitatiii, of the ihto c- l n tlll ed strteci', \i 1or nllatd. baed oi1 the' e-\,cted 
iiiit OiC-'i1llClir 1,,ii-sit nlli ii- ll pests. 

+Thi ek-'llilllk ,'kt i i+ts, calcUlat-d tri 1r the ti,.I data t the >aiile. falar11ers lt these 
stratcn! ls ire pre' leted in lahl- I The, cc liCicits,, depend ill Mie nLtrter it pest Occurrce1' 
and their sexerit, ince ,Iie II ard lli+ 2' h2Id th,' Samue pattern Ioint ofet o cutrn¢ce 

peats PIl . 2. i. at. t l \ illa' kl-nl
the .aLe iit hese ' , %\s ii]ld to0 otain per-hectIare 
abuLre l iiii- ll lltsand e a uc ppital (pCstic-1de ald -,LIHIPHIItI) -. ilir-,llcill , fu the ilae.
 
The aduilt,, (i t '<-'td
PI. 2 and P .0i be -'d lle lof il\ l,i ,tire thit\ la\ tlir Cue, oin tIe
 
nrrutlbat +roip uslin the 
 lgh: trap. thcrebx red-cine trhunu0it of appl.atiinl, of pestiCides
In the crop lied. A tnrluthrcr r-dit+i, ii the aIn111CpplicatiOn (It pe+sticide", iS possi, le ifthe'll ff-sasin 
brediri, site t theec pts. nianei, . the hnud il the lduM. are k'alcdlusin,, nnal labor ,, hich 
is -clati el, inr-e\ptr, e-,criparcU C.i. ill the Casei 

had a joint iltcidente,of PI and P4. the br-edlnteite otrol niht utl 


i to cheiical collrl. I lov , t \ illa,,- 3 , hich 
e been efhe-cti, Ce-nouh
 

aid the taricis had to relx tilu .heinical 
 coUitll. l , illin,,c 4. dn I th i Ci nrhirecl incidence 
ofall four Cts, tre 0i,.i t) ,cutrcil fol all strategies as the highest arnirng the illa e ,ampled. 

Table I Economic coeficients for pest-control strategies in mungbean. 

Pest-ccntrol Villages I & 2 Village 3 Village 4 
strategies Labor2 Capital' Labor Caputal Labor Capital
ih hat USS hai ih hai rUSS haw h hal USS ha)
 

No control iCtI 
 000 000 000 0.00 000 0.00
Chemical control iC2i 400 2353 4 00 20.31 6,00 32.77
 
Chemical control with 7 00 14.12 
 700 12 31 9.00 19.66 

tight trap IIPM I
 
Chemical control with 10 00 
 I1 76 I000 10.16 9.00 16 39 

light trap and breeding
site control (IPM2u
 

"At a wage rate of USSO 12 h IUSS Rs 12 4i Capai iudes pestcides and equpment 

The data indicate that the aerage icld has. die ti ntt contrlling tie pets. wao 28(1keiha.
263 k2 ha and 314 ku ha lr \ illages I and 2. ,itlag 3 and \ illae 4. respectively. In order 
to choise the iptinial peLnti ril de .isiii fur the lIlilel " of the stlly area,. wc utilized the 
ahoVe-lienliUlrd inrifilnatiUil iii a lincar prur nning iil l. x\hich discused belo\. 

The Model 
Recently . several sophisticated pri-durCS. rIa.iCl . dl naiic prureranrnnin,, (Tayhr and Burt 

1984. Zacharias and Grube 1986). sticha.tic dlli;ininace analsis tCochrin Ct al. 1985. ,IcGuckin 
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1983. Musser et a. 1981 )and the t-	 rI1tCInent-Cneratin, filnttioli a)pproach ( YZ.',oI et al.1981. 
' ,Moffitt et ,l.1984 hh e ell dlii the alcicultur;iil ,cnoliic litera+utieC to c~ahute 

,,  alternate airi'ultu r 	 litm L., li,'kel dClilCdital .gicnilnt pritic.c \ l\ the COI) liit"t, 01 dlate 
and adequate p[roitllllintc anid coullitmttl, laciliti.'. It I,[tit t ,ilIIeCtl iNe. Nuci 1pitted lreN 
to maLke practical lc tdat t'Il erlil (1rtttle p"t-:tltl'r la dcittiiiien it l ite l IlIthe ' Ie'. eliipiii 
COtltrtti sitat1it iiiall' V ill'.n ceCC. a lileit +l a, ill tiniichL iil- cttu tri., H \\c d,:\ eltIICl ,Ilt1I)I. 

p)t'traili illic (i f lottulel itili/itic the tItli ',.1' 'ltticieltn ci\ ci illFable fite
c I.Ltibiitin-

t tl 1 1tiil c Ctl l lll,()I\1L L ti
\iCI l.it iti,hl l at1tlltt the t(,I L1' f l tt lk inl t.i tci il ,ls it .oillt 

i'clrii cn c ll Iil h. all til lul ill L.eM t ,\,+t._. tti latt,c iIesi P 11 11i0NIaJCt t. i \\eM l ill 

'OS't-1116ll1l1llillV,+'klbl~ !+t, "1 11-,t!h" 1)(11 ",tLi.l\ CLthe2101111tl011
1111"Ht l IPI' lu"Ill .Alld 10 C0111III' 

ofthI 0ICL I ld 1110I', t.0111tl;ll \\ 111tL I+ r I 1 1OUThthLIC' \ ,11 tAlcC ', I I'l L' ' AIltld - u,- CL,..I'ck 

It!!l101 llttI'IUF11Ih) liltd H ' ,IH Lto tile ;l1,,~II H )n l .)I co{!I,N ,dle 1IL! ;/e N t ll 1 N I,'Xil 011C\, 
ttoLIClCI-1l11t,.' u1,,' M 1,+ ,+. lu "']t~il 

+,0 (11C I L l v uhaml', -d.tile t',t'A 111111 !liltit't\\h 1c tilt..'Ih+ 1'ctI 

h..' ., ,, h(+'H .mt\\ +,laltu ' ." !'his, l.\ ill L-nlith fiterc,L , " . I ll', illk;,uI t t Il1 i10 ~11t.1 o.. ll Iltto)I 

Sed Ofltil the Ilet I tl i ' tt l ti llt; 

Tl hei llltitl ht F ill [11 i r Illtile I11Ul[Wh 'allcIIliti'tI [1 eltile[IP tIt,1t /L\ l t L Itt 

,Maklinh/ .I P'- c \ F 
1'Subjectl(dit:1 

I * .. al . "f hi. liipot Ie'stiitcu ctils+tlilllts. 

Y \ 	 " (X)1ill lItllt, Ir tt.\, tuIr lt l lIl.l dilill, the Crop seasoll. 

V + -	 declkd l,_l, 1,i l;:L )o1 tll c(111114,1 -Iv" ti',ed+ 

- I .... . t i .
 

Where.
 
J llet 1 InLI l )itllL'tlthi I Y .
I'tIIInII iCHl 	 )IP - iiiuiiibai price. I S',k,
 
q 1,1, h,11\ ( k2-, i Il
llll~ L t .~ ;fIll ',lL'kt
} 


C, pe t-tliitr l ot't Is hit.
 
X, C11-0 ,Ile'
'[[rd 

i: CUltiIItl01 ktqll,+.r L1111r,,1
COt;+,. then1 [)el (L'Sii it). 

il; LIt~l.itit\ tl Ii r ,titlrCl, d lri.l , orrLeqLuirl hlHiI Icit Stl-ttec tuOLlrs 

b.NS hi. 

YI H II i Lall) -,iclkl\\ith m o niku L. I Lht. Mtt'l~l ill, um.,txtc .
 

- %Y k mlbei ie lit ctnltt:LiIIncksureIt ic .ritli c.alil 	t,, s.tl'atcc.+ ha).\ i e i tduelL cl I{iOi ' Ike a 

The modll tha tile ibtctl ti il I tarilier, s Ii lla\iIlli/C tei dillerence hetveetn 
ihe total retLIrS ald tilL ctt tI ' Citis tit0i. iiiciLduiil tile cti iii ptC,,etintt .The fariller while 

alllx. the nlet tIle a aahbilit\ ot tIleIlput illClhootisin the optinal/izelli ret!Ils',. Is ctiiitraiilcd b\ ', 

pemt-CoIltrl strIitCL\ 
L'siilt lLi il i\ L iitt10 Lel. x\xt t,li L hlId Netilcte I t ,i t ttiiliil \-eltlit.ilt tlet It ii tlateC.\ 

tit.,.,lelL,, T he I ) IIHm lIC1 dtli. (t ",S{l01t1illu11' 01IIO iL CoUldunderCI 	 , I ll ItLII'L'. 1 I C 0 ,t'.t 

be t'alcIiltLd baCet l tilteIlitid Ire itIt [it:lil.\pcc , 	 lettill tit thl pC"t-..tlltrItol strateces 
,
,tiuld also be 	 calcilIatled LHIlH tilt'litbbilitic ,tt te Il .t.li 'lt uCUI lelI ce OifL, , 

itll tile titill tiL Ii leaII- iil.cderived la.d ht it.i Iltt ttLCIITlIeIi.+ 0 t.I ,IS llc Irt lelin. 

Results and Discussion 
Table 2 repie-Nellts, tlit'il del rcsuhiL, ftltill ItIhlt titIeet WliO tulreneiii pests. Tle 

income pellalic, fr ither Sibhoptilial pct-cmlltrtol strae it.a O .tdalclatedllr 	 aild I)rel'l nted. 
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I all three ca.SS the IodeL rcIults. clcarl\ slim that tili IPM strlateuics arc more econoilticall 
than1 cheincal cmitrol. The possiilit\ .",sts to ncrtaes thc per-hectaic net rClurnItof t11111.heatl 
up to 05 sillc Iand 2. t.SS44 LS$2X f'Or \ illawc 4 h\ adopnilleUS for 	 Ior \ illiulac 3 and 

,tie HPM snat.ic+ s ,ci the clicinli:al control. 

Table 2. Optimal pest-control strategies and income penalties for suboptimal control. 

lcre penalties rUSS hatSudy village Optimal et Optimal
return (US$ hal strategy CI C IPM I IPM2 

Villages I & 2 176 30 IPM2 102 63 51 32 25 69 0.00 
Village 3 177 i IPM I 155 12 44 28 0 00 26,57 
Village 4 154 62 IPM2 85 04 27 87 20.10 0 00 

"l'his IIncrcl',C III lie ic re'turlI eLII i PNI I,, aMlflew\ I h\ l i, ,ctio0n,. i.e. C, tiiil e 1Ccit 
ld hullof C0 0\till'A iti reltcel usc i l i Ici h n\ eaile te ' iClI Ofit i uehall h\ ClIctis.Ccoitmtiil ilf theLpcts. l t~plilui tel eturnttrl lillc 3 u the tid-est 1tN$177.11. and 'S\..s 

f0lhiu5eld cloci\ M\ Sillwuic I alld 2 t lhcur loss LI of, P2 and asthcinsc incidence P3 as 5 cll 
I tf con ltile iuilni lltlt )co .'i ll l l ti tItcr s + ill;lee, tlable I. The hI ', ct optill nleIIC[ 'Ctrtl' l 

lih ll;e 4 aild relcct. the tact thai tiP, iL'clull the i t cost Of controt0l because 
*ut t iat ickell Ir ,i', rest, .' ller+'el I iilt I ,tthii 

'.tiI the' 01.1 Ikl cti..'l d'lI I l the l liiit%C:il,. \ ra\l\i.e Uilll'l t, 5 lilate t icstillt
pi l iw~td ll ht Ithe \ Jllitltt )(Mlll l'' 01Ull~1ILHL-tlt pc',t, 1970 ,'; 1 Ihc niltleel1)CMt l'lloll. 
iLsL.lt, liil lhL ,'tl.1 5 ilhl ac it '1islii iiillle 9 [lie ,tasL I tlIIllthl IltiL it L sCtsuslalcuilatedl 

InitclulriLriii' illii :Yls lii L t'r, II-',,+-,i.;()andIti8 I liLt' 5 ihe'c,.IM thL 	 I1 5 hutl tislilthmlllimtll ;ulhd 111L. IL.%l, 	 . P-, 251f '102t1;.;201110hlliilltll.\ o'cach pest (111l 20),; :: . 113 
14 ,5'; . ssc I IL chan e it1 lie iiii CIe 1'elik'iits \ ili IIJXIHprics lli[ piesLt tile 1tioLel 
I' lll, " Otillt eIL l ' it0l strateilc 

Table 3 No returns for int occurrences of mungbean posts. 1976-85. 

Study Occurrence of pests t i Net returns USS ha
 
village P1 P2 P3 
 P4 C I C2 IPM I 1PM2 

Village I 
1976-80 36 9 28 2 31.6 3,3 72 45 123.00 142 61 161 75 
1981-85 383 223 262 l.3 75.13 11907 137 28 155.92 

Village 	 2
 
i976-80 35 3 27 1 303 7.3 72.45 123.00 142.61 
 161.75 
1981-85 39 I 24 3 28 9 7.7 75. 13 119.07 137 28 155.92
 

Village 3
 
1976-80 38 I 22 3 15,0 24.6 53 98 131.75 18-4.83 153 75
 
1981-85 35 2 26.4 15 2 33.2 52 71 135 91 186 62 15558
 

Village 	 4
 
1976-80 260 298 264 
 173 6845 9902 121 53 147.15 
1981-85 33 2 30 7 21 7 14 4 66 77 10277 123 44 15235 

We Culld mtt ct Il iti-ilt thi Itl C C iil cLs id\ of OI tid'Lk I)C'ts ll. IIllk I lil 2 their n1udL(el 
result,. This ,,uppt t, t1L i-t iutticit thIt if all uii' htcultii itlluti his e "inikil', p tttfiilof*pest 

LCCtItretLCC. latut1LrsIilci l tIe aIlse hdsc tihe decCisilons ohtainCd tltith aI pet-Luthtl'tol 
Modilell ,. itll tilL 'lliic . icttlicilit ho tilL' rciolt. [llt Ltestitll2l\ . '\c thltaillcd at sitilatr iptilllill 
cOimtrui l tll sillaics liiA li pptt tie results utl the uficitli.l intidel.fitcuthe 

Practical Application 

The atali ., : pselllC d s{I taI ' a,'t'LoLictel 1I-0111(rctobCr 1t I)c II CI 1986...t tile same 
time \\e used thL C\pected prices Of ipu.ts and output for [ile I987 seasotn and constructed 

http:N$177.11
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an ex-ante model br the ftur \'illaec,. Based on the mode! rclit,, \k',Ul CStictd to the. ilrinlerS 
the tlptimal pest-Cotroll .trat.i et %",,,LoIlid choe. Th"Ftr,, plaited the santie %ariet 
of mnunhean (KM II i; 1987 i,, in 108 .\e prcew a ..',np1,1il ,, the :t\It:era'c \ icid with 
coeflicients ol" \aria!iotn for tile I19S5. 1t8J) andl ,I7 .caton, in Tale 4. l all of theIn t)S6 
villge.s shlm~cd it ret'arkahlc increat:+e, in \ iclk. de to tih eo\I\ -intirOLdCd IIPM stratcics. 
When sililar rccenicrtdations \.crc ladC Ior I1)87. \ ilac,, 2.3 and 4 rec:,rdCd aI IfurIher 
inicrease in ninnel1Can \ ild , heileih I Nlto\\cd a,',liht deine. ('tt pared ito 15 tle fanrmer, 
Of the Studs \ illatu>, r le Ito ,ulhttall\ ii.ei,,u their in il ean top eiud u,,ing 1P.M 
stratc.ielc,. 

Table 4. A comparison of niungbean yields isample average in kg ha with coefficient of variation). 

Study villige 1985 1986 1987 
Village I 593 23 715 30 68843 

(0 22) 1 It 08)
 
VillagQe 2 618 44 705.24 726 30
 

(0.30, (0.12) 10 09)
Villagu 3 583 38 691.66 713 78 

(025) t0 I1i100))

Village 4 576 56 553 81 
 673 2 

0,24, (0095) 10 08) 

IPM and Yield Variability 

It i s tItltl.t i , Iit.' le tl chatlI , Ill 111,e )'CIfiliicllt,of \. atinll lii tl e %illauc' .
 
Atteiliptt t1 ilil, I tho e ,C .lil t ,.aiil p,,ti)
il of hi..-, ,hIillld i,SO ait at rtieil tile \'iahilit
 
Off Clip eld), ((I ls, tt I .;B . Ihil Ield ',,ariai i lt tditi td I'. the ,.ii lliCl,t t , \ari'itil+
 

IiivM a ,uhtIttid redutiiItI \%ith (ite u, of IPM il all tie \ illce,, ,tUdied. "h , ,t
ruit, ,une 

tile po,,i h iIit\ 1ii 
 sin,,ilt l ,optiit Ia ,PMpacka e toi. aichie o it is cnI of ,ta lc , i, l .ll)toll
 
f;-l'll,+.'r thatt \\tlul Itn Iiiti/C prIVtcit .Ile tri tt, eSOLo
th,+: o n Ot IO,.ll llce". 

Conclusion 

A simple [P iodel1.1) for pest-control dcice m mtkine is eIIhIII\ Cd usine tle diata ciOlic'ICld 
froni the learitr,," tielih. frCttttrii ,,tratcie,. inehtdine tv,MiO [PM strat.eis". vkcre 
CValuated Ilir the.ir eeuitiilltie l teCiC1.. The Mo~dlel retiults, .'el',M,, ilii'at:c the poISihilit\ of 
illcrea.lsil tllie lIt rettit'i itin S\ tn chcticil c'll tcoo,! caii [\ itchinu, lr trol 1PMH tI ate.ics. 
IP) slratecil, al,, appear tfi itercLe,the; t,.il ,it tiuncat. The utilt\ iLIP in pest -citiotrl 
decision Inaki \ in imultiple pest, ald 01iiiiibiatiiinspe'Iteilttoi has he.ni stlaeoti. 
dL'll1oll',lrI+l
tcd,
 

It ,t+iLld he noti.el theit 111 tl,_luii t 1, llKii . ill this papcr t,, itu) ,r l tit lirtll' ofi ris"kc t 
iit uil\ in )Illdnle12 .ti I ,t iiolidil t tittlllt\ Ill till jiint 11lidcnc Ii plstS andlf cli ciics ,Ll 

of the controil Mithd , l:,der I T)). W hile it i, p le. . st lt ,antc I1,i hle l'11irjilatlii£ cIctlCi.. 
lior this stud,,, ti ixtel il+ \iieS riutl, , ,til, k. ill .till tilue/the pes-t-,,itrl t iihill\ti u i 
Such iillpt(iScdill il ore',..' rcitlidc eehnuln." l titili hol ld hll citCI. the part Ofihec 
res-archcrs in ,.,ciuiit ,tluiltre,. ti le ith'e'CLI' i o e',Lllt, Il.1 .'cd I ilti ".h Ittodel ', 1.l( 
thle Cotold c t Itlputt thcitt. 

Acknowledgments. The anuthiir,, \, i,,h to thank Pcter Ilaicll. S. Shlnt11ILI a.lndarain aIwI S. 
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Farmer Perceptions of Mungbean Pests and Their 
Control Practices in Field and Storage in Cagayan, 
Philippines, A High-Risk Environment 
B.L. Canapi and J.A. Litsinger 
International Rice Research Institute, P.O. Box 933, Manila, Philippines 

Abstract 

Farmers in Cagayan, Philippines grow two mungbean crops each year. The early 
monsoon crop planted before wetland rice yields less than 0.2 t/ha even under good 
management mainly because of waterlogging. There is little hope to improve yields until 
a flood-tolerant variety is identified. fhe second mungbean crop is grown at the end 
of the rainy season after dryland maize. Here weather is less of a factor but farmers 
still obtain yields of 0.2 tna because of low seeding rates. low seed viability, insects 
and powdery mildew. 

Better seed-storage practices are needed to obtain viable eed up to 10 months. 
Most farmers recognized m-ajor insect pests except beanfly. thi.ps, and flea beetle but 
few farmers knew plant diseases. No indigenous or introduced insect- and disease
control technology exists, aside from pesticides. Insecticide and fungicide practices, 
however, need to be taught. 

Introduction 
R',mlfcl laitiN, in .+;i;.lt. (ac\.tg; tt l,., cr \utllc,,. niri,,.iit ltt n. tic.- itl a hi.lh-ri,,k ,..itvirlii-

Ittni (lI- RR , I . I J',21, I .,,1w l(i4c lh\ \, atcrl.c, I a,, Ictn dcnucd I1, cx'c+,>i,,ct2 an;,,=,;l
Il,,. [rt.',.jtlC'lltl>[ C~tl C aL l,,l n ,k..'IIII LICLI',LhIg ltCC 

anl lih ilte [itrl) tI)II Illt.,...1 i I lood 

h cl[z lg.. *1m,l h i Ul=~sIII", 'd C \h, l' , 
ln. inl t Ii v ,. the h t t IIllm Nca"h tt( h \ atirs 

lcln i t"ItldaiC 1)n(t,, l li i c liCait, i ti ,'i'it lilatd t.lt ti ht ,til ,Ilh' i 11 ltL" a 
i11cri'lCi' itlTkA:c Iu ii MILIC ilcii 11011uc'Illdcm c (1)tcI cNkCCI) 01tM ii apc (Ilc %wursl 
lltoltwutc l)CM Cc l I I. ill. tlihc ltt l v, d iwidl lt1 11 1,. lt=itC\ ithi le rcIir= i lil 1i= o,,, l0tll L'-IVCscti 

hitmUt hI~ bthu t u ict ..c v,...,.ic SS3S lir il,.c ,.tinck pciioihl r li.)'.t)>- I r+IlRRI I .)S2 I l u \ \ \,icl,.l,
itd liill ri'.k Ic 1 lUii c1tilk I1i iiI,th . 1 hI \,o t 

oo rd.t ,' , t Ihtci ,Ih ip I tli ir. htrlt' IlLh\ thic r taitt lic\.Lil 11,*tl'55 1 Iled 

,.. l I l (45"' 1 i,., Ill lilt. + 11..1trI +nle,.,,, 0a.. I i n ,_ I V..i+. d m ,n.,t o, their tintu iprepa.rlin,' 

lu tilL ltlai/c Cti[ l ntl t'. c% t1 Ill li \ctlatI [tattttct '\\ aill 
in April 01',dct oI 1\,ltclcuttt prur cd 

Oi dIt+ 1c.1.I-, icll-, ,IC III.Il 

v ilh th 1:titt. Ni'hr .Ct :-,t titt W(11h1\ tllICi ,0il hatiI,6 
hV c.at Mit,. hlrCI .',t .lt~l . till ",ll 11, IIldled I'01 a riC o. Lt I lu,,i.!-drta l\ ' .-\Iicr it 

the t.,plhoot t ,cAIt, .\ ,,. COIld c1t0p I it lCtthcr l li cld an1di., i.. MAi/N pi)tLtil' I)c in d.I hlA 
,I lic ttt;tt/L I ~C t "tttt.tt 

ttlIK licId, .1,iLd.t I 1 cltp. L, ,'t,tlat icth arcill drmtC 

ltarvcic in M atrch. l Itt\ hcciltCtttltl'l %ilt l=a "ll, all [t)Jtit.Nl

il) lt id .01lL ILUt -c lh LI tl ltL . 
inscct and disease Ip to\ . inild ) Im I ,cc'.lint, (l k2 les,cr\ ', iN. aitd , ti.LC 1-I-1. hai than lluc
hall tl hc ucct'tt ittt ctt .hIdcd heL MLd t1)iCtti, ittll )ith %\,ctland 1il", i , ItlickT l dr\ latd and hi 

t(t\.lc I t la as dclIlrtittcd lrinll r,. .c ,h tria l t it ~it,cr i tl. ill t h cc.diit~l. 
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The averac ) idld of mnnebim in We s.etlknd 1r dIv land area1hClser, around 0).2 tha.In the wetlands I0%%., et ti,, , ACltel to saItclh.zinic. ce +.t0l%\tlit, loss se Jiurates atd in,,C.tdan tcu.. veItherIIe.ItWIsmcrSIad \I(\ iInLal'tCi IHA S e.i IK carI\s,al2 \ idh-s mer t r \cailsIIs 

in the less fli Itll
id-prime scp.tc \kcir1_27 t hiaJtId ill(le \settr lAIIdsC.,plC %erc ). 13"t ha(IRRI 1983 I. There iNi ,pn to tertili/CI aidkl utrllCie sel on01e.IhLoh, lptosit all;itinllto maiintain soil tertili\ I:!,Cct .Uiiiisc cctr, in tihe id il il 1.0s, s N d albilitk
I'rom storage pests ma1 he -ca llI'orlts pl;ilt "llid .

The dr\land arct Isi ,toiC iNulhiC Ieiiti1 'f isk if Cr0lailitre tloI s'Iaher. l)iOtuht
ill the I 'dIrlInd ;lFe s d 1itlUC_ iiillIo5loilliclsl1 1 h l l h in

e\ 3)*1i1\ iMid30tirs iLt [tiritU-N ,i~l ltu,tl .INiiiiltt tk ii i Iti182 iih i l-n I lari1erskn le\ d .t itn clittlt,* prac.tice-0t1 itu-cL',- li, itll I held aldll iteit. "Ilit',tarietrSwCi- ral+oill il\ch ,li i ;lt ,.i 0) lhrt.'' i Ititl.\ilof,,, illltNl Ram.iiita' aidt ia,crIi.'All l iersinter\ ie\s d Ies-.linilebt_ i It \sclilili , trdIdil'.Ildcumi iIillci ls.'. to d (0 thh,' ol the larillersoress the tililioiil .\iaiaIA %icI 5hitCh h ,,c Caied 101ib Ce llt ti1C 1ha 41i I.ell inSolana.Oiil'\ 12'; plintcd the inpisted i r;t.\lri ituced Ii11)0; (lie rteinainine 124 pil.ned
either Kul )spOf ,\iialdo, both ilditoiiil \iiillct ,. 

Storage Pests 

The seed til it it,ctllt-If i esliul- lltti ts,stored illtile ht usehold (5(l', I or trom
ihe local market -4l',;.lFdr1t-ri' ilut. ed NCCd i 
 the\ rcCiitl\ -\l)Criclced croI-filuisC, orIlos sieldI. bIIItIr,I's Ittitni tbetit ttinll s iIIJt N siti c rop. i I Ctc s i\ i l,,'Msde fel II [(olantin2 
dil,C.liff]- N iiplisUaIll\ 


More hitil9l' o the Ihtlell-u,tr d "NCOi Illtiilltitic,I I ratiii l ho1 13 k,, lir les'8 [(uthai; lis e Iil iN wed, s, 0ort-, Ntorcdl hM pWri, tN bc.'", t 0 t).Mciiittniul rollare enerall.l\\is.ach \c elr.i bcn mltciit'iiite t ile ,.tldiltand drsl ind. St-,is,N 5et. NttCil.l in litili/erstck s )); .iit-l hi,'t ll,1 10'; ). httl , IN '; ). pllsti- Irrs Ct.iiN(W ; ).or1cla\potls. cloh h N in l ) ,,tlui 
 hieiN 03'; c h. ()lit. il-Ci.r dbeliC\s IhIl tile ce t.l.leodor"
 
coniiitiled It iii j


1-atslrt tllittal 5, I Ceiie d 10 1
i i t iti ttp piwkiiig its rauc of threei ss ile theaii-a 5'_t picked m siN iitis ici. -, lcic-'i lt ie\e pi.uctil (d tit, I , +Nttiiic sa\.d theirseed tt touic t Lkii,ri t he tii,t tii remnidlc -I rict\ hcit"lusc 111c\ ,id se frouiilater

pickitgts loNi hhlit . Seect iI-cirlicst-i tlllll,i'CiiL. Neds \ uld iiliil/ ilestiittn in thefield b\ situ- ,<Cin tic llNIitil hrcl id 1ci. .

Stcetl iNstiotcl [ithe e lc. [tthi li\in,_'i (.8"ii i itIlusil,o' i d ii N l,,\hich
\%t, t.'tl til t I I ',' i1 hCi ' Cd l r 
killed tie intsecN. 

All of tlietarle, dried their Nticl bhefor Nuiitr'LN.' tuie p o Ni\ times uittlmist (83: 1only t'.so or three 1t-1cN. Fiach Irs inic 

i,a d Il_ *it 'Itit,ttiNudit)uiiVl 111Cs Itod seeds 

ListCd ; ltit 5 Ii in tie ii idda\ Nitiil.)ri' titIc 11th C 111ikilled insects inlthe .ed it all lite t;,on . A t s lr ,e mls 37 Q' thMI W i driedth ui 
seed a.imi either onceo tI\,ice. Thli IIlltirits l the fiit belies d tlt tiN addhtiinal eu1i1 

Storet seed 'Ais Ntllplcd rilte imies ()I the 1ari1r 'I)seesper 30) farniers). TheCedhad been stored fr nit i 14 uiillis. Seed %%a,s0Ce-d Ior insect datitae" I(l/(uouitr sc/htflleni. and ( motth1Wuu. iid tteti held 1fr hr-Chitl SiriceCCed i \i\tstl'Cd Iti iithls\US hilhl s abl ' nI eCsenialli dllt;ini,tcdb? ec ll.The learicrs' stotrae tactice, pttectedthe seed for this periuod.li h. d six,tsLs\U bes iullh," ,ttlle (le seed ec.llica ,e pigressi-elless Viable a.id ti01re infested bh\\ee is t Fi,. I ind 21. There \Saa direct positi\e relationship
between loss 0if \ abilits and iiucu1iiid inlestatimn. 

i 
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Damaged seeds (%W 

ma Figure I. (left) 

Mungbean seeds stored in farmers' homes become more 
damaged in a linear fashion by an exponentially-increasing 
bruchid weevil population causing seed viability to progres

5 - sively decline also linearly, Solana, Cagayan, 1982. 
Y=-5 24. 90X 
2 
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Seed viability (%) 
1 .Y=:159 -10 41 X 0 11Of _ 6 .., I I , 
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50Damaged seeds(/) 

10 ,_ Figure 2. (above) Stored mungbean seed viability 

7 8 9 10 1 12 13 14 declines with increased levels of damage from 
Monthsofstorage (no.) bruchid weevils, Solana, Cagayan, 1982. 

Field Pests 

Concerning field pests farmers ranked pod LIhrers as their greatest insect. disease and 
vertebrate pest problem (9.9 inportancc value on a scale of 0-10). followel by aphids (8.6) 
and defoliators i8.5) (Table 1).S'orae wveeI' .,Cre not higehly roriIs reCarded as pests (4.6). 
were seed hugs (4.0). The onl\ orthet insect pests rllentiined w\'ere field crickets (0.3). Farmers 
lriled to mention heanll ., as pest, though they were observed in thethrips ortilea heetc:,l even 
field. 

T"W diseases - danlping-ff ( Scleroliurn Iitdiii. Rhi:,ctoniu loiini and 
Jy-thi0 aizha)i e t:r./ihc -k\l.\,',onIere mentioned by less 

i,)tih11(= 


idtrmloulu and pi;tery l ildes, 
than 7 ' of the fIrners. Rats had an iniportarIce aluC of trl]\ 1.1). 

\VhCl showII actual spec iilenus, all fl('rne rs recoIgnized pod horers, aphids and del'oliators 
(97 i'. the storage hruIchid 607'' )and tilegreen stink hue (47 1, .None of the alrmers could 
identify beanliv. thrips or lieaihctle damage. 

Control Practices 

Most larn:rs interviewed (81 r said the' used insecticide it) control insect pests in the 
field. However, the economics farm record-keeping data showed ino farnier applied any insecticide 
during the past three years 11980-821. Tihis was interpreted t)mean that the I'armers perceived 
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Table I. 	 Ilocano and Ibanag names and relative importance of mungbean pests recalled by 30 
farmers in Solana, Cagayan, 1983. 

Pest Farmers Importance 
English term Local term responding (00) value' 
I. Pod borer Igges7 100 9.9
 

Maruca testulals Tuggi'
 
Heliothis armigera 

2. Aphid Aplaty 97 

Aphis craccivora Amfufunot'
 

3. Defoliators 
Cutworm 	Spodoptera litura Igges0 97 8.5 
Hornworm Agrmus convolvuli Tuggix 
Corn earworm Heliothis armigera 

4. Bruchid weevil 	 BukbukV 67 4.6 
Vuvvuv 

5. Green 	stink bug Dangaw 47 4.0 
Nezara viiduli

6. Rat 	 Ba'oy 13 1.0 
Balakag"

7. Damping-off 7 0.6 
8. Powdery mildew 	 3 0.3 
9. Field cricket Kuryat' 3 0.3
 

Lo;coblemmus haani Kurya' 3 
 0.3 

'Farmers were asked to rank pests and a score of 10 was given to the most important and 0 if not mentioned. Values 
presented are overall averages 1llocano name .Ibanag name 

the question t(ak if they had used inS.:cticidC at sMle time in the past. but did not do so as 
a normal practice. 

The most freCLuentl -mentioned insecticides, all emulsilahle concentrates. were endosulfin] 
(38"+). methyl parathion (33 ;). azinphos-ethvl (261 ). and nmonocrotopho,, (3Y;I. All are effctive 
insecticides hut nlonocrotophos has the highest efficacy as determinlyh field trials ILitsinger 
et al. 1980)a). The farmers named no other control methods, not even magical or superstitious 
imnature. This absence of indigenius pest-control technolo,, wa, surprising :s other Filipino 
groups can produce lon lists of control practices (Litsinger et al. 19801)). 

Farmers ranked flooding. drought, insect, and wveeds as tihe maior constraints to high 
mun."anbCall yield oVer all elnvironlllcnI1. Research has showk n that in the wetland, %% areeeds lore 
important than insct., in reducie %ld ut reverse is truebI the in the drvlands (Herrera et al. 
1978). By ranking insects ahead Of wecds. farmers alsoIma%not realize the importance of weeds 
in reducing yield. Farmers perhaps rank in.sects higher than weeds because they know how to 
control weeds hut do niot kno% ho\ to control insect pests. 

Discussion 

With large farms and the hich risk of \.eatlher-related crop failure. farmers spread their 
resources to maize, neglecting iungbean. But, as population increases, farn size will decrease 
and farmer.,. will be forced to increase their level of nanagement, whicI Will include better weed
and insect-control measures on mungbean. 

Farmers grow two mnungbean crops per year alternating between wetland and dryland sites. 
The risk of crop failure in the wetlands from waterlogging and drought is high. Farmers are 
dependent on rainfall to grow their crops but gamble that the rainlall will be moderate in intensity 
to prevent waterlogging and regular in occurrence to prevent drought. As these ideal conditions 
rarely occur. Niel'Is remain low in spite (f whatever management practices they may employ. 
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Abstract 
The arthropod food web on mungbean in the Philippines consists of 117 herbivores,

57 predators and 47 parasites. Yield losses averaged 2290 (0.22 t/ha) and 65% (0.83

t/ha) in four sites for early and late monsoon crops, respectively. Higher losses in the

late monsoon were from higher pest incidence and a synergistic effect with drought

stress. Major pest species were beanfly (Optliomyia phaseoli), pod borers (Maruca
testulalis, Heliothis armigera). aphid (Aphis craccivora) and defoliators - cutworm

(Spodoptera litura), katydids (Phaneroptera spp.) and scarab beetles (Anomala spp.).

Control can be attained by insecticide seed treatment and two to three postflowering
 
sprays.
 

Introduction 

.\Iungchcani is i,hl2\adapc l([dpuvd],'d riCc ,oil, in l10l11,o)l .\sia. It Imlost oten,optroical

l)llo\ s \.ctl:nI ildticc and. l I,-, carl\ I I I ri[I \ iclI 10[1 'S oil nIi Ho
cllI S l oiSturc. ever.
hcavy rainflall oinpndd1cd Icc sois 10r[)()Of-hich1cI a.,to poor rnccall 1rOWh. 
Rainfed ltl.n r1t.ICall 1h11 ,i cl tl netc,in Ccn ill rMllincnrt. 'kiihdi,,in drs ,llt S dl11a Lcllltl 

tII/,n. Ihilit)t~i,
 cr011ill ('critlra 1 ,.ItAlSO, a helc ri\ tti .i'al e'i rl\ 11101100 (, cin\ irl-oillcillt",
ladnlt l rinill.With a oni,,t ll , L iiet rii i ot i 1 cau,,c"",aterlo ciri hutlthi ls,icast ,kics


ccC1tlijlani inll rin reduc ite 
a lioillilll(1ot ,tl lrradKiithinl \hicl i',M)Iiccc' \,al", Io"hi-'hiiclclS.
 
Plicldilcd ,oils ll(tIil\ relail so l Iilloisti p11 to\in,dl c(itilil\. Nlan.i/1,_rhit hillc Ch . <illto0lc ra t
 

fii.acid soils. th sIloi1",r\\ell in nslltlJLilla l .tit.kll
r,1 M I ichll\LI c ,Oil)lIlcs, than 5.5. 
tin c .ilk arc li'lnl\ InllnCicnLpc"i 
 tIhc ph\rcll ell' 

neilatodcs arc perCnniall\ controlled trolnl 
hr ItIldCl'd 'soils alild si\ ilolilliclt. Root 

eCll ,hont-rcrni tl ine "durin th(Ictilti\ ation "01 
it siigle rainlc ricc chop ('aiillo _'al. 11)7( . \V'ccLdS tionril oII\ i\ri inlall lc dCuric,
Intlll'hcarn c lh ll Carl\ ilillollsooll ild St controlledlr\,UC a,etilh ;ill iprcricC clopI I ci uISiil 
a ',tale sc dld Inci< d (i ki l prepitri , ,ilk nccssir\ tir the stalc sccdhcd iethod.l c 
a 1erltCS and o\id i/ ,te soil icu'ifn ulc.'cr Lnnhcln rit cii inl aid htihi.r \ iclds i 'soil 
inOisturic can1 he ililnitincdL (S anrniLuttin aidl /ainds rI, XII. 

Rainfall inILuence,, plant ulica ic.I)iiniin_-o diC SCS arct. ii 11 soilc tC Needs wll 
in %et soils or I hcav\ rain occurssu alc );Ift inc. cMrc62. rCal ,l) is prc\.lcil during 
rc il intlhCr\ IJi dcLC ccts dCUlring Ldl \tcItlci. Insc ,illcid lalMal i' r-nllild t icirtin.c 


infLuCnICuCd h\ I.tlst rlinlflall. ,nsectpipulatioin a1C li t dlurirr lr\ \%.atlhcr inCdIt unlihilr d

ellect uf drouight and id .illla.ce iecld los,,alrn lcad t0 %crv hiLh (l-,rrcra lc il.l 1978). Rain 
weather reccLuCCs the n1unher of inscct'. prohahlr h\ p\ sicall, %aSiineI the inSctS of hCihliac,,e.
Thliecrop arca isais lcss d thc sc',eson,. t.ic'rch rcduciT M cN> 111[Ir ain r(l p al1undance. 

The arthropod Ilt of'leuninluI iithellaun cri ic ililfiiiirc d0curnLcrilCdi, \cll (Ca)Co
1957. Gahriel 1974) htll spcciicallhu bca.i l.istS o ! lictS if r'aillIC-r111eS haven Iui 
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been generated since 1()8 \whln tie Collece of Ag iculture ol the Lniversity of the Philippines 
was founded at Los Bafios. There are no kn'Mn records front the Spalni-,h Cr, prior to 1898. 
The i1ost complete list 'a.settibled b\ Gahricl (1974) cataloged 07 iisects and 2 mite pests of 
legumes. 'Ihe list is highly biased to the localit\ of* Los Bafios where rCsearchtrials and collectionS 
concentrated at the Central ExAperiient Station.
 

,
The associated nat.uLlral Cllell\ i';fula Ic 1or or Lrline is leJss known IliulllbeIarl. ICtLleneS 
ill UenlI. l.iSts ot'llatural cnetmliCs haC becii compiled I'rot oil. a fe' pest species on I limited 
nllirber of' sites Mid .,CiasOls iIitSiulcr ct al. 19 7Na. 

The impact o! the pest taut l oIld los ,as,, deritircd inl [lt-e p'o\inces fron 1975 
to 1970 (litsingcr ct al. 197SI. Io,,Ss raricd frotn 32'; to 74'; with an at'VCrai1e of 52';. 

Control Fract;ccs ha, c .,trong,.cnilplicdied insecticides i Pablo and Pancga 107i. Sanchez 
and Roales l(71. ICARI N-Q77. RCeicsu, and l1aaSjlr>tIM 178. I.itsincr ct itl. 198(a-c. 1981 

l-hr ecolloliri reCturns, resulted i''o piCt]s\ 'b.,ing (IiIolltocoliophoj) alid t.o postflo erinlg 
tcarbar Ii I i t;inr 92 be spta\ cd arc superiorra.\s1 ]IM". ,RRI )I Im..lcticidCs 'A hich citl 
to eratlar s for control of ircfo\\ cririg inectCt,, il puddled soils, t IR,RI 1978. 1979). The lihl. 

'Meerceated I e-duce'CSoil coitact 'A ith the granIle:s hinderirne,oil rC\tLufC tilled pidled ,,it0 
uptake b\ tire root ,%Sstelll t die ilt,. 

('ulLur;al control practices hac Ilit ',.,.d plantinmg dlles arid pl',iting rmethods. Planting 
Muriebear after rice in t ictober. Nmc-eibr ort I)c.cnitrcr resulted il high icld losss each ittornth 
s,.arraritiig the sate Ic cI t high tscti,.'idc pIrttcCioi t IRRI 198 I . SIM il'rg TnIgbCaI ill plow 
trro, s opened ill stat,.litt rice stubblC rCsulted ill IedlctitslH of SoItIL' irctlo\,+,rin siect pests 

illttte Sarvre studs . Ihe reasos (orthef ltor rc ilrfestatioti are civei iii Il.iticl cr and Ruhiendie insect 
,(1984). lloc\cr. it 'Aa Still ccoirotic~il to ;ippl i\so pretiuksefritig ' . ig, to cotrtul the 

fetllilllg pest ,pecies. igaLtMiri 2lr(ICi Al the IbCerticial ettect. 
The contrfl tactics ol hrost plin resistance iii blocical control practices are lacking for 

Research inoh..ctinim \ icfd losse ,, !ron insect pets,,t,+ Of I1tibali has fIocusCd itt the pst 
decade if1970-86 ott laie s rields ill Cro0pjin S.'-tents ProWgra il sites operated b\ the 
Ilternatiotnal Rice Research Instituite (IRRI). !nl the Philippine I)CpartinIcnt of Agriculture. The 
Ca,,aart Vaile,. Site tested inrurtebeil behorC ,. ctlaind rice IIRRI 1982at) while sites ill Patlgeasiial 
(Morris ci al. 1982,. Nue, a Fciiiti IRRI 198 5a n. aid SoLuth (.'obaitl IRIRI 1985h, evaluated 
runelbealri after ,' erlarid rice. 

The total l ss '.sasitte1asilredas the sicld diffelrncC betw Cen tle crt11pletelv-pr'otected trid 
turtrCdted plots. ('ornpl-:rcl prteclted plots consistcd of three IIotocrotophs spravs dtrriig the 
pirelfl,,eriig stagc aid three deftaittirtirNitsspr aduring postlo'.ering. Plots \'erc 50- - lot)Ir. 
A niesh barrier \.asiheld bets, eCnl plots ilring p-,ira\in to prevertI drift. Yield loss coUld be 
partMioMried bcle, eci prefltweririg arid po'stil'Acritic ill tire third and fiurth treattirtnts 'Ahich 

,lcti,.elv onitted spra s 'om Cach Stagc ,. htile prttecting the other. 
A tIod wkejb ;ts (fetcrtined frorrr lid oCbserations at the sites arid other Pltilippine locatiots. 

I-rbivo'ous bhliMior ,\a, critied b\ rearirngs. not just presence ott tilhe pla1nt. PrdatiOll aid 
parasitisnil .erc also detcrn ied 1romt laboratory cage studieS arid reairigs. Field plots were 
established Iii fartiners' fields as tlitCd ill litsirine. et all. if 980)(. Fohatuc- aind steii-borine 
in:sect nests '.'..ere sairpled frtm 35 plants per plot. Pod borer incidence 'A is determined front 
satrples of 50 green pods. Yield cuts were frnom 20 t( 25 tli arid seeds were suit-dried to 14'7 
rrtoiSttlie content. 

Food Web 
The imunghean arthropod lI'od web in the Philippines consists of 221 species comprising 

117 herbivores. 57 predators and 47 parasites. SeCeri pest guilds w\ere evident: hIl soil pests.
21 species: Oit dcloliators. 52 species: Iiiil sap feeders. 23 species: (iv) stem borers. 3 species:
(v pod borers, 7 species: (vi) seed pests. 12 species: aid (\it) stored grain pests. 3 species. 
Only those stored grain species '\hicli iiinfested the crop iii the filid wsere listed (Fig 1). 
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environmen w pilanduddled rice is not grown.
 
Ants removed sown seed from the soil. Whi!e grubs, a termite fiid crickets and a mole cricket
 

£c4on the§rot. ydnid__bugs _relovc root Sap.
 
The fir tdefoliators to attack the young, seedlings were most often the 'chrysomelid flea
 

beetles. 	cUtworms and armyworms were followed by a number ofrother polyphagous iilacodids, 

iarctiidsi lyiantriids, a psychid, a sphingid and a languriid: Grasshoppers and katydids were
 
also defoliators as were pyralid and tortricid leaffolders and tle gelechiid leafiiner, Sap feeders
 
were aphids, -vhitetlies, mites, thrips, leaflioppers, aniealybug, plati spids, mirids and a rhopalid.
 
Somne thrips also fed on the pollen in flowers. Stem borers were the oriental iaize borer Osirinia
 
fimacalis, Eublemma sp. and the beanfly. Pod borers were pyralids (Maruca and Eiella),
 
lycaenids and chrysomelid (Aulacophora, and Monolepta) beetles. Seed pests were alydids,
 
coreids, lygacids and pentatomids. Stored pests were bruchids.


The biologically important natural enemies parasitizing pod borers and leaffolders were 

the tachinid flies - Peirbaea, Pahexorista, Argy6dphykhy and Zygoboihria; the braconids -


Cotesia and Sndwlenius; :he ichneumonids - Temeucha, Trichomnta, Eriborus and Xanthopimpla;
 
the encyrtids - Copidosomopsis and Litomastiv; the chalcid - Brachvneria; the scelionid -


Telenomus; and the trichogrammatids - Trichogramina.
 
The eulophidg -- Henipiarsenusand Tetrastichus - are relatively important parasites of' 

beanflies. Equally effective are Gomnoccerus and Oligosita on Amrasca eggs and the spiecids 
- Scolia and Caimpsomieris - on white grubs. . 

With respect to predators, the lynx spider Oxyopesjavanus is most efficient against beanfly
 
adults and nymphs and adults of Amirasca. Likewise, Atpena, Chrysso and Coleosoma are
 
effective against nymphs of leafhoppers and thrips.
 

A predatory leoloth rips was found feeding on Tetranylmius kanzawai. The nitidulid -t 

Cybocephahus,sp. and the lacewings C,,ysopa spp. are good predators of whitefly nymphs. 
Conoceplilthslongipennishas the greatest biological control potential against aphids. Both 

niphs and adults are voracious feeders at night. Prey consumption is higher than coccinellids. 
No important parasite or predator has so far been found against flca beetles. 

iln 


Yield Loss 

Yield losses, determined by the insecticide check method, were probably underestimated 
because, in spite of frequent sprays, insect abundance was not totally eliminated (Table 1). 

; / Averaged over sites, control was 65 % ranging from 46% to 78 %. The poorest control occurred 
with thrips and the best was with postflowseriig (late) defoliators, Tihe least control was evident (%! 
in the early monsoon site of Cagayan (50%) because of frequent rains. The late monsoon crops 
seldom received eain. ... 

The lowest yield loss of 22% (0.22 tf ha) occurred in niungbean before rice in Solana. 
Cagayan where protected fields averaged 1.07 t/ha and untreated fields averaged 0.85 t/ha from 4 
1981 to 1982 (Table 2). About three quarters (77%) of the yield loss was attributed to pod borers i 
and postflowering defoliators. The relatively low preflowering yield loss was due to low pest 
incidence. 

IMungbean planted after rice in three provinces was under severe attack by the same pest
 
complex and averaged 65% (0.83 t/ha) yield loss, iwo-thirds (64%) of,,hich was due to pod
 
borers and defoliators. Yield losses inihe pre- and postflowering growth stages were remarkably.
 
similar aniong the three provinces. Yields in the protected fields were high (1.27 t/ha).
 

Pests.Major 

.....	 )i(:Although the food web identifies 117 herbivores, only 15 species became sufficiently abundant . 
at the four sites to even warrant sampling Only nine of these were abundant inall four sites. 

'! ;'''!:>: :' y'3' ''i ' ¢ 4: •

t k ¢ , .' g :, .. . , ,, :j ',,. 	 ';~f 'T>7:."
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Table I. 	Degree of control of nd;cr rnungbean insect pests using insecticides (measured as the 
difference between protected and unprotected plots) in the Philippines, 1976-86. 

Control I . ... . . . . ... .-- .
Insec t p e s t . . . . . . .. -..-- ---.
South Cotabato Nueva Ecila Pangasinan Cagayan X 

Beanfly 76 93 75 38 71 
Flea beetles 77 64 73 33 62 
Thrips 29 31 54 68 46 
Aphid 38 - 97 46 60 
Leafhopper - 85 40 63 
Early defoliators 79 88 54 64 71 
Late defoliators 74 - 93 67 78 
Pod borers 94 82 53 43 68 

X =67 72 73 50 65
 

Table 2. Yield losses from insect pests on mungbean in the Philippines. 1976-86. 

Yield it hap 	 Yield loss 

Province Year Fields Protected Untreated Total Relative 
no t h1 ip Preflow Postflow 

Cagayan 1981 5 1 22 
Early monsoon 

108 0 1 II 0 100 
1982 4 091 0 61 0 30 33 15 55 

107 085 0 22 22 23 77 

Late monsoon 
South 1985 5 1.38 0 52 086 62 27 73 
Cotabato 1986 4 1,31 020 I II 85 43 57 

Xr 135 0.36 0.99 74 35 65 
Nueva Eclia 1984 5 1.36 057 0 79 58 56 44 

1986 5 I II 0 67 044 ,10 17 83 

X 1.24 062 062 49 37 63 
Pangasinan 1976 6 0.69 019 0.50 72 23 7 

1977 7 1.37 008 1.29 94 17 83 
1978 4 1.41 032 109 77 62 38 
1979 4 1.22 0.48 0.7,4 61 41 59 
1980 4 1.25 0.43 0.82 66 31 69 
1982 6 1.31 0 51 080 61 43 57 

X 1.21 0.34 0.87 72 36 64 

Late monsoon average X 1 27 0 44 0.83 65 36 64 

The nost prevalen \k ere hcatill Ol m,.sia .s'u/i.aphid ..tvhis ru 'i'ivra and hean 
pod borer Marnca tig.shili..,i ht-fccdin Ilc bectles ,. crc present in all sites Rhvniridri sp. 
occurred nl\ in Ca ta;ain. .Uue'dsthia mrn'ah(.s I- Lon,fhlr u.s Inati/n.si.s of variotS anthors) 
was a late monsollon Ilea hectic spcCics in South (.'irtabatto Neta Lcil; and Pangasinau. hut 
was absent in Cagaman. liril). pu/mi \\as ncs Ilk-introducCd pOlVpharlgus pest rccorded ill 1977 
(Calilung IW7)Nynphs and adult, fced on des eliIpin lea huds. Prellow\ering earls )deloliators 
were mainly .Sjun/o)traTIitirru which occurred in all sites. Additional early defdliators were 
the adult scarab (Anmuntl spp. ). kaLtvdids (I'h on r SPp. ). SetiiOpcr IA"'iltsia clltl)h' Pt 
= Chr-sol(iLi.s /h'lciUe') and H'oihi.aanisra.These species are particularly actiVc at night 
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and often go unnoticed dluring ile l\. The Carl\ taL deloliating ,pecie, arrie-d o,,ter to thet
postfloweringi late) pe.riod. AnothCr groupto dfCtlitMO, %,\at(lthdhr, Ih'Ivhcjn I= 
Laimprosl'u;) indit-i'ttl and tlbmion c'fi'wrill. The\ s crc ti,,t pre.vllent in Callavanl and 
Pill'ailan. Lealblopper b1iu)It'lIll;lno u . il (tihee - Is.opl05, lice,,.i/s'irlo i xa also ik' llidaIlll 

IY ll(' / rsd\ illConcerning pod hit ru tth.IA 5\i, a, C1l d iiiLangasiCta \irIhl'lIi'It. omIl 
it 1t end of tile IllollOll and hs I:tmlhi :jik(o'1/i dring Ill, dr11"ea'o. (Othecr site,, \\ere 
dominated h\ .ltirctI fc.Sl(lol.
 

luiltiple-t rsion ,11nal\ .. as 01 L't, ll th111e ite Tr'ltitig
,is p.I-elttIeCd Ile' dilall th ourl c 
fld loss \\ ill]it pest ahunI)AnLe. WheII pMitll", 01 loslt p't cor-lClate'dldC te Ci11110 \%C'c 

hN ahundce there. \iJ, las.noc0nsistent iit'rti1 either positi el\ rlln.eti\ .cross sites ahle 
3). TherelOre. there a o hC nothiologiCil or ph\ ,ical hai, tflr slpecic to occul cotertllinltlvl\ 
either svner i,,ticallk or . ()f)Itt,ttlticall\10) ',.2inili.illt re.littiolship,. 5 %kcre ,ythe rftitic 
and 5 aIttalottistic thlosese. , ltr datla swt Illl,% prokducC IHtIC Setniica1tt lclatiotmShips. 

Table 3. Correlauo,, matrix amung pairs of major insect pests of mungbean in terms of abundance
 
in foulr provinces of the Philippines, 1976-86.
 

Coefficients of deter-finatioll (C)

Pest pair-


SoLh Corabato Nueva Ecija Pagasuran Cagayan
 

BF x ED 0639" 0517 0 275 -0450
 
BF x TH 0205 0 392 0 059 -0 180
 
BF x FB 0.242 0 416 -0 687 --


BF x LD 0463 - 0027 -0 143
 
BF x AP 0 165 -- -0 311 0.839"
 
BF x PB 0.543 -0471 0617 0.346
 
ED x TH 0.129 0.612 - -0.195
 
ED x FB 0,727" -0.1 10 -0.884
 
ED x LD 0.388 - -0043 -0.184
 
ED x AP -0.523 - -0.900" 0.338
 
ED x PB 0.440 U. 183 0.190 -0.470
 
TH x FB -0.028 -0.051 -0.152 -

TH x LD -0.013 - -0413 0.218
 
TH x AP -0.221 - 0218 0.192
 
TI- x PB -0.126 .0,095 0.483 -0.117
 
FB x LD 0.595 - -0.203 -

FB x AP .0.690 - 0.323
 
FB x PB 0498 -0230 -0.182 -

LD x AP -0.061 - 0.128 0.630"
 
LD x PB 0.895" - 0.463 0.455
 
AP , PB 0.055 - -0.270 -0.122
 
SF x LH - - -0.289 -0.087
 
BF x LF - - -0.364 0.669'
 
ED x LH - - -0 146 -0.197
 
ED x LF - - -0.396 -0.454
 
TH x LH - - -0,023 0 493
 
TH x LF - - -0.259
 
LD x LF - - 0.907" 0.600
 
LH x AP - - 0,058 0.405
 
AP x LF - - -0,220 -0,855"
 
LH x PB - - -0.492 -0.148
 
LH x LF - - 0,593 -0.214
 
PB x LF - - -0.143 0.223
 

'BF = beanfly. TH thrips. ED early defoliators. LD late defolators. FB = flea beetle. PB = pod borer, AP 
= aphids. LF = leaf folder, LH = leafhopper. 
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Insect ibLIndanCe for each site \,iscorrlte d h0 \ield loss, ciller prellowe,,rin or post
flowering. dependin ont ile e-Cflred r sh t., ' 1n11all on ttl \ield loss. 

III Soilh C'oIabaIh. [elanlv\ I hIIr- -1 718! ) itda lce \das p iti\el. corurelatcl With 
prellosverin,, and lotal \icld loss (Tlc 4). lEarl, detlialors (H:)) (- I).7_3 an p)Id borerpod 
(113) ( -=0.462 * I5 crcach orrl',Ilcd s itlh tt, \ id l0oS, hrFc pesi inlteactiois 1IF' I!:1)' 


:= re hi(hl correlatedto total(r-(.,"7,J'". I ' PB '- 0.77 ,g....anuldI) B - .8).i3..il loss. lhc ripest in:tcractIn 131 ) "P - x. )V)7 . 5 as also)1hihhs 

,
silificani. .\ cncil lliCil i1i)d ,Id l\s rar c\pl.ilICd Q' of the IelIiM tlc'c p iItIC Iser 

Table 4. Correlation coefficients of preflowering, postflowerilg and totali yield loss to insect 
pest abundance in four proviIces of the Philippies, 1976-86. 

lIs,.,ct pest .tb,+i,daiice correlated (r2 with yield loss 
Insect SoUth1 By gro',ch st.we Total
 
Pest- C o [ab to
 Nue.:i Parltas:,1u1 Cagaya 1 South NLC-V] Parrgastian Cagayan 

EC a Cotabato Ecila 

Preflowering 
BF 0 461 0 161 0 065 0548" 0 708" 0 087 0 000 0 253
 
ED 0 073 0 566" 0 034 0 222 0 723 0 -100' 0 001 0 327
 
TH 0095 0041 0 15.4 0000 0006 - 0002
 
FB 0005 0053 
 0048 - 0397 0012 0008 -

Postflowering 
LD 0002 0 71-1'" 0564 0310 - 06S5" 0228
 
AP 0286 0 189" 0035 
 0014 0032 0.047
 
PB 0017 0,477' 0 437' 0418 0 462" 0365 0 196 0358
 
LH  0003 0025 0462 0.009
 
LF 0 025 0 094  0 265 0 000
 

'BF = beanfly. ED earlydefoiato, s,TH ti, ps FB -- fli beetle LD latedefolators AP , aphid, PB - pod
 
borer. LH = efhopper, LF - peaffold
i 

In Nluceva li)) i ).D land i (I. ().477 ser'c correlat.d to prefltlI:cila. r- i P ering 
ind pi.stflihs ,rin.L eld hisses and ."asL, tile hichlest correlation (ir= ().045') s henI cOllbined 

,(L)) P31. licanlls v.A, init cirrclatd to \iClh p)nlahtiiiti 5'CiC e.CIne'rald\ lowk. In theloss as 

lilear lr ,.',,,,iot 05,; h,,,, s as C\plaind h\ lles, i' pest c1"r1imps (r
mlwdcl. of lhc 'icld 

0.6 55. 
I-him \s cr in 'ilainaii I %k 1as 1ihl.and1a;nt but 1o cowrClted to sic l his. Raither 

aphids (IAP) i- I l'tJ I. late defoliators II ) I1 II.714- - I and PB ir . 1.437 \ cre 
each snccIrrelatId ichd Ios'. 1 1.) : PB I - .7114.. and I-1)API I 1 interctIio(1n,, 

(.720, :.scrc alii cor'lacd hi ield los. [he intcractiim h1ss cn .-\1 Pi. ho\'ser. 
a itnsignificant. A )r (.788 ttriple inicraction 1I) * .-%P ':P, oCCurre2d. Thetnifiei (1' 

coefficienti dethrin.ti fir th hl,,ls II70)ilcpI jitCd 57 , oft tic yieldihrcc insec I F 

loss. 
7
hi Cacavan Ili: - (.548" aid I.) (r ) .504 1\\cic sniticaintlk correlated sin'lv. 

No interactioUn was anl boCr slsie icl +lld 10dpi as not correlated to sield lss. lhe coeflicienlt 
o1 determination C\plained 55? Of the yield hiss. 

Chemical Control 

The standard practice of'Mo prellosseritic and vo postflowering insecticide applications
has beti refined over ihe ipast dc.ade;as exCllil'ied b two trials conducted ol fllrniers fields 
in 1986. Seed treatlient was eluZ\lIated a,. reit ellclnt for two monocrotophos foliar spravs 
All four seed -treatm ent chencals tested at 0. 15 and 0.3 ku<a.i. ihldosaf es cave higher yields 

http:dethrin.ti


362 Litsinger. Balrrion, Bandont. CruI/, C.tnMpi an1d ApoSlol 

than tile untreated (Table 5). Ornethoate %\,IssIjlilhtl\ plivtotoxic at the higher dosage. A water 
slurry was compared to pelIletinu with 'cassa\aIfour nide into atpaste. Pelleting ga'e superior 
control of beanfl"\, particularl.\ v ith CearbouthL1in. Fleal bectlc w\'s not controlled Well by any 
chemical anod none of the cic, tCted controJlld thrips. The highest yield (1.83 t/ha) was 
obtained with isolenlshts as a sotrvn. "l0 ri0s ei emeil is.c aIm idant Oi treated plots probably 
becalse they are attracted to riorc vigorously-growing plants. 

Table 5. Evaluation of insecticide seed treatments on mungbean in Koronadal. South Cotabato. 
1986 dry season. 

Flea ,cetlc' Bcaltfly ahrae 
Dosa4 iLo( edi hoies and plIpa' Thrips' 

Insectiode (kg a pla)nl (no 35 plants) ino 35 plints) Yield 
ha) 14DE 21DE 21DE (i/In) 

" Slurry' Pc ilnl r7 Pelhlti: SiUr) Pelletng Slurry Pelleurig 

Bendiocarb 50WP 015 12a 16 ib 21, II bcl 20 a 1 124 bc 091 bcd 
030 13a 14 j 22, 6 ibcd 21.s 20 a 1.54ab 1.48a 

Carbosulfan -10SF 0 15 21b 13 ab 1Sa .1,bc 17 a 16 1 112 bc 0.85 bcd 
030 13,i 15 ib 131 2 1 22 a 12a 1.30 bc 1.03 bc 

Omlehoate 50 EC 0 15 186 12 I ,a 7 ,bed II a H a 121be 1.23 ab 
0 30 17 ab I bc 12.1 9 abe 191 13.s 109 C 0,81 bcd 

Isoleriphos 40 SD 0 I5 121 15 lib 25,I 16cd 12 9 ,a 127 bc 0 78 cd 
0 30 12a 14 ib 11,a 7 ,abut 33 .a 9 1 1 83 1 119 abc 

Utreated 19 b 27 231s 17d 15a 13, 0 66 d 0 59 d 
of tltree rep catioris - emergenc Meaus in i folloe d by a letter areA 	 DE days after columntir comrmrrron riot 

slgrfcantly dilfferet iP - 0 05i by Dunncanis nutIOUple 1ante es Bendiocarb jFncam 50 WP iL carbostilfan IMarshal 40 
STi, omethoate tFohrit 50 EC) sofeiphos tOftanil 40 SDi Postflowerng spray with 15 g a deltamiethr'in EC ha 
IDecs 2 5 EC 30, 40 50 DE was applied to ill tieatments incluindg the untreated Medythio suturhls 35 plants 
were sampled .Ophnitmrc ,hatseoh 35 plantts teresaipled "Tlrips p Ilrr 35 leaf bud terminals were 
sampled " Seeds eater arid isectiendes ,gtated m a plastic bag and air ,dr'ed before sowing "Seeds. water and 
insecticide, agitated in a plastc bag and coated Nith cassava paste folio vead by a1 outer coting of dry cassava flour 

Il a scurud tield trial. pellCtimn 01.01l kLi;a.i. c'arlir,,tfaji \P haIMcrliiieelCd cqual to two 
lllncroltt1h)s ,,p1.5 , ITalc (). lBth tr'atllCtt, 'icllCd (L0.97I ha atnd h1ad at sillillr 
purstfl ering, prstecltirll. In additior ,ed treatnient rqu'tLliresl, less lahor than spruyi In.Pelleting

rntsrs1 sus5 	 c'1 sas Iiflotlr Ontiis sat.i thal t r 11.h " IM0hand.:\ lil rat ii.2 (1' cls\ 
the sCCd-pastC 1,ti\IurC pr tct, tie filCi-s" hand,s [t insecticide. ('a[sa a 0 1urpdstC is male 

1) line fIour inl Untilh\ hCZtin. M 1ro 9111lI \ al'. Heat the iixtsure turns translucent. Allow 
tht. paste tsrcoroul bclrC adding tsr a s\katCr Slurt\ inl;plaic ba,. 

Deltaiiiethrin prurs ides the Ibct corntrol lor pordI bort1-,. Carhar I anod Cndursulfaun, alhou,1,h 
less cxpcnsi\ e. cannot it latch dcltmlnethrin tor clicac\ II.itsinger ct mll.I ))Ob). LJo\wer (losageCs 
ot deltamiethrin utnld he niore acceptable to Cost-consciLts ftarmers, . rs n trials tested two alld 
three sprasine at dosages of 30. 15. II) and 5 a.i. ha. 

In the first trial in NuC\a Fcija three spravings at 1) g a.i. ha falternatise practice I) was 
equal to three applications at 31) ! a.i. ha wcompletc cottrol) "lahle6). Reducing the number 
o applications to twutr I recinminetdCd practice) rcsultCd in a 'iCld redluctiot. Three applications 
at 	 5 a.i. Aha (alternative practice 2) also 'a\c a lo\wcr yield.

Thc second trial in South COUtabtot shirwcd ignificant vs 0.8 t/ha)k eicld rcduction 11.31 
froml howeritig the dCltiMCthrin dosWgCs f'rm1 .1) to 15 a.i. ha ITable 71. There was no yield 
difference hetweccn three spra\ ines frtm 15 tor5 o a.i. ha. 

Discussion 

Yield loss to insects was lower (22' and 0.22 t/ha) for tile earlv-monsoon crop than the 
late-monsootn crop (65% atid 0.83 /hat. Low crop yield loss at the beginning of the rainy season 
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Table 6. Chemical insect control technology for Pag-asa I mungbean planted after wetland rice, 
Guimba, Nueva Ecija, March-June 1986 dry season.: 

Flea beetley 
14 DE pa) 

Beanfly"
larvae +- oupae
no 35 plainsl 

Defoliation' 
tK damaged

eafits) 

Thrips" 
(no. 50 leaf
bud terminals) 

Damaged 
green
pods" 

Yield
(t ha) 

21 DE 28 DE 1 

Complete contrl: preflowering stage 0 5 kga ; monocrotophos EC ha + 30 g a.i. deltamethrin EC ha 
2, 9 and 16 DE, postflowering: 30 g a i delhaniethr-in EC ha during flowering (50% flower set) 10 and 
20 days later 

1.9 	 a 0a 10a IS0 ab 1 2 a HI a 
Untreated check 

7 . 40 b 61 d 21 8 b 50 b 067 c 
Recommended 	practice preflowerig stage 0 25 kga i monocrtoplos EC ha 2. 12 DE: postflowering 

stage - 10 g a i deltamethri EC ha 30. 40 DE 
3.6 	abc 0 2 a 31 b 13 2 a 20,s 088 b 

Alternative practice I pretlow ering stage 0 25 kg a i monocrotophos EC ha 2 and 12 DE. postflower
ing stage -- 10 g a i deltainetirm EC ha 30, 10. 50 DE 

5.2 cde 1 2 a 45 ecd 15 4 ab 2 4 a 0.97 ab 
Alternative practice 2 prefloweting stage 0 25 kg a i nonocrotophos EC ha 2 and 12 DE, postflower

ing stage .-- 5 g a i deitarnethrin EC ha 30. 40, 50 DE 
4 7 bcde 0 6 a 32 bc 16 -1 ab 3 4 ab 0.84 bc 

Alternative practice 3: preflowerimg stage seed treatment 10 g a i carbosulfan WP ha (pelleting with 
cassava 	 flour): po~tflowerlng stage 10 g a deltaiiethrin EC ha 30. 40. 50 DE 

40 abcd 0 6 a 51 d 13 -1 a 14 a 097 ab 

:Average of ftiv ephcatinon EA Ii,, ,fi-. ifekli - , 'in. -F .1 COIlu l f(ollo.ed Dv a common letterMc 	 i are 

nlot signfifcantl Itferunt (P - 0 051by Drnrim. , .r/ii i e ti -r mtophos Azrm 202.R 30 ECi deltaniethtinr 	 xrit t,,i 

(Decis 2 S EC) '1,leActl i sut oi.hs 35 pxim'. san peud "Ophj nyio phoseol; 3S plants were 

sarmpied "Spodopter hittra and Hehi0ths ori'rm o , ert- he most doinant defoliators A total of 100 leaves were 
sampled 'Thrips pdlrtml 50 leaf DLd trrio .s s -,en , sampledi Alrtca testuholls 50 flower clusters arid 100 pods 
were sarmpled Yield 5 iii ,eld CWlt 

is plil dutie lo tle Proltged dr\ 	 citld o111\ t i\c tll i tttnnial,casiitl..Nliinehn pe.sts 1 l 
leulllit[toll lost" sich a (''oltltiria/or pllpC;I o i1 i''igalted hotllc gZlrden plots. Whereas 
],Letllliio lt h i sts. either cloP, of' sscl,. ,. oUld hC PLitted ill Lit\Illd a.ll.t iitg the lllolsoton 
SCalsoll Cntll4ill! L t ltlali, el -high illitiJl Plopltion lbr the lt-in11,0011 Clip. 'e rCsulting .yield 

loss is als i'oreCI till Iasl'0tlLilt-stl'"s'Cd clop (IL llollsiill)lhI all crop s\ichl Cai\ -Scasiill 
Iornl hallrecci\Cd ttIfillt1t 'ainlil"'ll. Yield loss %%as hieh ti ill ItC-11ill',oln aild s\as prOhahl11\ 
dLuC to the illtCactiCll t drOUht s l and illiCCt d NiiiL.i.\ltln1CpllhaillCd altel te hconiesll" 
s,tuntCd Ilii ptClliicrirgu inscot attUck and the s calllot keep Pace s%ith the decliningiiiit ,\tl .ill 

rCsidtia i si)itllC. ()lten the criip rtsI,', cltnirlC s,itli0iut rainlLll. Ra:illatl is IrcLicrt onlt the 
1C,.lheInl sOkl ieal']-Il inuttlll anlld thC LcLraC.cd s arat o oli nludslIltS ill lkw\el" 

ields than after the rain Casiill. I.,ss,a l l ei\ " t oF nItineeln.tic llso hecalsC CMa llinaturits 

Plants It\c little lCCii.Cr datlllac il the\ are rapidl\ dcclopinu.tite tt liil 
F+sCi at 22 siCld los0S. i licot Pests hcC0llC a iiajoi cn1strailt to hiuh \ Cld.s. With Iosses 

ol 05'; insect control [cluiekc'\ s,,iitispPlrtino hich \ ilds.h the
The p s species Imo"t Correlated \ ith \ ield lo"s \, Cl'c de'i'at'or, pod horerS.heailliCs Ztnd 

aphids. It %s t aurpre that lCfliators, \crc so co.,sistently iltnplicalCdL ith \iCld Iloss. BtuI 
sinCe regression alll',iS diCs 1lt P1-o\C CalusC and eff'ct. lurthiCr stuldiCs IlCCd hi he calriCd 
ut 1t Coiiilt thi, rsult. Pod hor'r. 1 cter e\pected iClnllies an aphid, t rClltCd to sicld 
loss. Although thr'ills as also C\pcclCd it) he colclatcd \ith sield loss, it \55as 1ot0. perhaps 
because it was seldotm o trolled in the clumplItc Piitcction plits. An a\ erace ( it,l- than half 
of the population was C\cn controlled. Thrips can he controlled if the crop is PlantCd into ldense 
rice stuhhlc ir thick rice stra\ itUlch (I.it,,ieCr titd RuhCndi 1984) otherwise no insecticide 
yet tested has pro\idCd control. Since this cultural control method is not pratlcal tbr all 

http:lCCii.Cr
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Table 7. Chemical insect control for Pag-asa I mungbean planted after wetland rice in Koronadal,
 
South Cotabato, February-May 1986 dry season."
 

Defoliation ()odamaged leaflets) 45 DE Damaged green pods' ('o) Grain yield' (t ha) 
Complete 	control: preflowering --0 5 kg :, monocrotophos EC ha 2. 9, 16 DE: postflowering 30 g 

a.i. 	 deltamethann EC ha 30,40,50 DE
 
17 a 3 a 1,31 a
 

Untreated 
88 c 55 e 020 c
 

Recommended practice preflowering -- 0.25 kg a i. mnocrotophos EC ha 2, 12 DE. postflowering 
15 g a.i. deltamethrin EC ha 30.40.50 DE
 

35 ab 10 abc 0.80 b
 
Potential practice I preflowering 0.25 kg a.'. inonocrotophos EC ha 2.12 DE: postflowering - 10
 
g a i deltamethrin EC ha 40,50 DE
 

41 b I bc 0 98 b
 
Potential practice 2 preflowering . 0 25 kg a i monocrotophos EC ha 2, 12 DE, postflowering - 5
 
g a i deltamethrmi EC ha 40,50 DE
 

42 b 20 cd 0.79 b
 
Potential practice 3 preflowering . 0 25 kg a.i monocrotophos EC ha 2, 12 DE, postflowering -- IS
 
g a i. deltanethrin EC ia 40 DE
 

26 ab 6 ab 091 b
 
'Average of four ICID1C.1rors fki dsi DE - days ,ftercnc rrc,c M:ain m ac oltn follo,'ved by a o-ornniO letter" 
are not significantry ,P 0 S Mri 1plI :svst iAzodrm 202-R EC).differcn[ . 051 by DuIca! Wcevc rc'hocrotopos 30 

deltarnethrn (Deos 2 5 EC 'Spodoptera htura .is c lefolat, 35 Maruca testalols
,hc do m.[nrst heaes plot 


50 flowers or Iods (.u?sxi rpid Y 25 m i, cuw
 

lllUnle1hean cI III'-' ai'tCiars. electi eeCCh.'itr h 101,11d.1 
, 

IOFrlr C Ce, tHeed h e ('Ir CIIl . insccticide 

protCCICioi he reduced 10 a ,,cl rIrrertt flosIIIl It \ti or thr IpIIN IiOS1 Critic ,prass. 
It ik sell d culv cil oii iIh criCrtihat rc-,I,h cc \ ill le\ chopIl itSectijide, arC relied 

upon as thiLptleia+. pC't-control letlhlod. Il ir. host pliallt reisltaicc Ilced, 10 be ',ISs.d 
to offer an alternati eitliOd if ci11t01. Natural lcCilieC, I' fastiabl\ ifcttlllt belanipulatCd 
the crop is under an inScticidC hlnket. It %\illhe kiffic liir pfor,ics and predatlor." to build 
u1pniatUrlliin slt aL clip aI ttic01n \\iihtl lMs,prritlucLinlld release. TheL:hort-telrII 
CCOltlirIC', arId hi,,C,of sujli prOtarns need toCbe eareulls, assessed. In11eCt pattlgeis uitiliZed 
as nicrobial i,,CCtiikcCS dhreeCd 1aiI',I defuiI'iltor,, aild pod hocr, \Would he a \rths bile tactic 
and should al,o he itctiCated. 
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Nonchemical Management Methods of Some Key 
Mungbean Pests 
S. Jayaraj 
Centre for Plant Protection Studies, Tamil Ntdu Agricultural University, Coimbatore 
- 641003, !ndia 

Abstract 

Mungbean is afffecte( by a number of insect pests anK diseases. It was found
 
feasible to manage thern thiough noichemical methoas, viz. use of resistant varieties,
 
cultural practices, phyfical icants, plant products and biological control agents. In
 
this paper the efficacy of the o'uve methods is discussed and suggestions have been 
made for future lines of reseat ch to increase the yield of m;'ogbean through a low-cost 
pest-managernenc syst rr 

Introduction 

NlLlnehnC~l I Y',i ra/ioai L..i Wilc/ck) i onc of tileshort-duration urain leenllies 'hich
 
lits \,cll In 'irion, in.2 ,ittation, ,,s lt.sinirll)India. ulluhcall is exposed to a w,ide arrav
 
of insect p ndit ,%i s ,i S, ,,traltvn itteld 1-1ccrtin; ,uckin,- pests. The niaiir pc st',
that affeet 

2alrucid hectic (Alohoou Ohrt.wt 

'rira r (II 


the crop Cre: la'/l/tacohlltY 'Can lB\(()plhiomvia f)has.oli
lr\on ):hean tap hiiiI,,' t ('r0 Koch: lc::thtlp '1t,a A rri PI'uthiu: \ litell\ (Bemoi.si 
tahaci (iclnn.): leat (Sii /itutl'ra, ."pod/o/tt,./ F.): pod horers (lcljodt.s tnm1i,,ra [lb.. 
Cat -hrvo/)o.s lAmIlcih,%/)('ti(I.. and0( jtls. in 11a1tca tv.su/ali G\ cr1 pi hug Ripi~ortus 
pfdc'.tri.s Fh. i ,, pulse hectic ('GtIHO(IlIi h (h-i'fljA L.). StUdic>, 1la\c cen nlu.de on
tlolChCtliCai lC1'tl,,(1 oncll thc kce\ pc',stocntrol of o alld \cctors. and the results arc presented
 
in this paper.
 

Varietal Resistance to Pests 

AntonL! the 31 ut11ulebcal cntriC, tested at the Tatmil Nadlu A..\rictIhiral University. seven. 
viz. CoGG 407. 4)8 md 412. PI-N. 54. PIM 703. AIDT-2 and CO 4. recorded no hearly, datiace 
whilC maxintu in d;in.ac o1 \ a hs rvCd in )NNI 76-34 i(Anon. 19851. 1lt the studies37'; '., 


conductcd at the Natiotnal PuIss Rescarch 'cntirc. 'udukkotta . inltlecan varietv IL-322 was 
found to have the liat incidence (1.5-'';1 hf lll]as a'eainst 23 .18 for A VRDC 3840. ()
the 88 mnuiehcanCntriCs tCted 33 had no hanllv intidenc. The pod horer incidence rLall-tL 
from+ I %i in CO 3;to 33.3% in I_% 313. No cntrv vkas lceefr1'n pod horer infestatit (Anor. 
19861. 

Cultural Control 

Various cultural imethods. sucht as ,rowiie a trap crop. adptine clean cultivation and crop
rotation, and earthing up and destro in,! alternate hosts like Solanut ini,'rint. were recommended 
by Raniakrishnan (19861 to tininitii i andy damage. Closer spacing of 20 x 10 cm in the 
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clse of cultivar C(- 3 not )onl\,recorded skiglicantlvy1less hea l\incidence than tle wvider 30 
Y 10 ciii spInlg but iso gaveC I I<' increlsed Vild...\ :ain, potash application at 50 k, /la 
sitInificantlv reduced pod borer inlestatioil d also inc.reased the yild by 36.6*' ver Ilitroien 
and phospShorus applic;itoil civi i net eFtur ra1tio Ot 4.8: 1 at an illvement level of LS$7.X() hha 
(Ramnakrishinan 1980). 

('() 4 unttlbzM) intereropliVlp x,ith NR(T. 10 cotto recorded a miimilu incidence of' 
lealliopper (Floil/,,- and thrips p.,Ic,"i) 1111i/.%SI + aIiuld rciSteItd the hihestCIc ild eiiixlVcd.tt 
ratio (1.32) Iulide.r aillcd lCCp xctiso condiitiots ii Itmil NaLiI (.la; iIajin I987). 

\ stitalc crop lo titll ill Iic u, al lhst platit. or Iess suiseeptil ht.,t plant such aS 
sO'icluttioriOr ill Snlut|lr. hLis b9ei1 found to be useful t tiimiic the utlilst ol.s.lllii/ fitriai 
Oll cOttOll and g2llill icunleCS. Furtlth. citor, ilul tIle imst piretlered hot plat.t, canl he raiseCI 
a,S.i trlp crOpI lo reduncting dlatitiage b'\ S. litItr i L.I Il IItHcL Ir I ) 1.Vi Saiti I 

lRtiitidrau l tii 11)1'7 1 ,,tlIj iCi ;, sniit hillt\ of il.l/,. Sotgiillii ot pe rl 1t1il lt is harrier 
c l',ps ojr illti. b-, ill to li1ii11/c Ilie ju riijL,i tlol '. hitel]\ (BU.iMibok i)ti its tsliilillissiotll of 
ilitiiall \ elloslioic %iS I i)AIV) ill the nohi in ,iimicu scisois of' l985-SO. H obServCd 

,1lai the xlhitel\ pt(1pulatioii xix,a Isuiciicaiitlll r'ducCd 1romlll tile 141h to 42Id da,, alter soin. 
and that;1there i, t ias ill (11 .fNI' V diseasreuUCliol IC 1lc'idenec' h\ all thre barrier crops 
ald ilolCd tha hi-her . IClds rcsulied. 

Physical Control 

Activited k:itoll ill I';t ,, lastild to elf..ctisIxo' cotillol the c'l riciiin.1 h'ctic. C. Ch/ic',.SiA
lliappait.ll ct . (tIill Storage (S ad. It)7(u Tli itii ds of piodtution itse of actikatcd kaolii 

hi\ 'L highlighteid h\ RaiAkaria i 19,1i.liSiila,,x xecetable oil at I '; also 'tfectiveI\ 
reducdlheC taialleL b ihi% pe"lt. 

Ji.lara et '1il 119). I )Sfo)hi\ C IC' iilCltuisCfe sCttitte Up . llo pain triils or \elhx >tick\ 
iraps tilI15 hi as etlicietit tools to iiiltr the aitit\it\ of' \Nhitel~l (B. Ui/kn I). thc 5cttor tf 
MfYNIV", Zas ,Cll ts to reduce' thC fIx. c iduli poltultlhlll. 

Spreadiui bllu or ceti'Cll cotlltol Cloth iciee.-Cs of1) crill- i., thC Ct.'lillc ho0Ur", \'s ltiUlld 1t 
niil 3ax o thex 


of' the cloth piece' , ii the carl uioriucalill i. er ec htlccdi,, i I)halda)aiii et Al 1982)h The
 
,i b\ 


attract I. !iac' .0'. liit+o'. rICSpctil.\ as ttied 1t hide belticath the dark surlace 

attraction %% htien.ced ililptclgaIitllg the Cloth pieces wvith ctudel u.air otOiitolasss. 

Use of Plant Products 

Plint proLdclts tLa t itl urtllt role in C\ otlvig a.tit cll ,cicll.-. tlid alid tiviroitnentally
acceptable eest-illatni ec tult s tii tised pant Stemu.Indian rilt.r-, linit Lb stacllc.s toicn tl ( insects evxe ll 
bef re the inxcntioti ol chemiical pesticides. But there \\ia,, less attetioin give tio this aspect
and sVs[teiniltiC studies aid detailed kno%. IdC areC lakilc. (iriinLa1c, Ct al. 95) in their reportI X 
ol plant species hich phossess pes[-uiCltol properties included 1.015 sptis of plants lxix inc 
insecticidal prioulcrties. 384 atilifeldant species. 2Q7 repellent Species. _27 attractatit Species arid 
31 species with rosxlti iiibitioi propertie,,. This inidic'tes that the plant kiii_,dot is a vast 
storehoulse of chctiiil,, that an ,heck t insect popuiation. Since, llan\ of the' ciueiilicall haxe 

'morthan tx of a~tix itx . there' is, little chlaice oruthe'tic eloptitu0ll1Of i'tiic b\ insects. 
Mloremxer. the plill WOLCti ll' Side to lltitltiatli,,lls. 

,Anioro tihe plant pillictIs. the tict_'llerix.itix s x crc futll to be effective c ointx.atious 
pests. Neeill is the tli rc oit anmtildint plriiCipls illd the seeds cotliltlil a tiuuiber Of' 
toxic terpei-id,. Tshe CRudC e\licts aind actixe principles isolated frimi a nuube, o lother plants
haiV anlifcCd.illt, illSectiCidal. hor ontnal atud repellcnt prol-erties. EtelisiCve stulies have been 
carried Oit llt the lamil NA.i .\eiiculturail I. tiix'tSitv 1t evaluateCthileac of di¢iffereit plant
prodicts agaiist varioi s 2iriiic TlheILeLIt, pests. rCLlts tilestilltlliriezd in Table, I . 
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Table I. Effect of plant products against grain legume pests.
 

Plant Extract Pest Activity References 

Azadirachta indicc Aqueous extract Pod borers Antifeedant Abdul Kareen (I 978) 
from kernels 

Azadirachta indica Aqueous extract Callosobruchus Insecticidal Ralasekaran and Kuniara
from kernels chinensis swami (1985a) 

Azodirachta mndica Aqueous extract Spodoptero Antiteedant Raiendran and Abdul 
from kernels + htura Kareem (1978) 
nee1n oil 

Datura straroniun Acetone extract S. htura Insecticidal Ralendran and Gopalan 

from leaves (1979) 

Oclun snc tirn 

Swietenmn mnohogon Acetone extract S litura Antifeedant Raiasekaran and Kumnara
from seeds swami (1985b) 

Andrographis Acetone extract S litura Antifeedant Rajasekaran and Kurnara
pariculato from whole plant swami (I 985b) 

Tribulus terrestris Petroleum ether S litura Juverile Gunasekaran and Chelliah 
extract from Hehothis hormonal ( 1985) 
whole plant artnipera iCtivIty 

Pongania glabra Acetone extract C chmnensis Insecticidal Rajasekaran and Kumnira
from seeds swami II 985a) 

Is+ spras sl ne\tin ed kernel e I\tr:tt 5 soa Ip I'' 112. 5 kg NSK - 2.5 kl: solap in 
25(0 I s.ater per 1.4 ha). the lir"t at 5(1( l]lJrils2 and the seond a lirtni.eht later, have been 
bllund to he tlfelti, e aint p hod ol puls, 0rop,. is USS7.X0!hahorCr, The cost ofl the treatment 

with l [Ia et'radC rettrn Ilcl o ti'SSt..1. 0.3) :11dIIL .$1.00 Or sci,l.$().() invested for 
tnuneblecan. urd )Can 'and p~iLOIIpeal. rSpCCti elh (Rabindra and .la\.araj 1986). 

Riaasekaran and Knnar', ini I I 9 Iso ers d the proeen\ de hIentt Ofl IplsC heeLie 

(C. hinvul.,i.s ) alter 're;;ting the rain, s, ith plant ,\ttlCts h nTeen cXtract ellectiel. Sulpprcssed 
the hcctlCd\ l(iihClmnt at 0.8 a I.1) ' does,. The e\trCt Of P011QlMolil m'hl'rl L. theand at 
liceItratio 1 utl ()..I ; to I as I in checking the de eClopInlt of C. C/Ifl')tiVl. 

At concentration,, il(1.0,; to I (i it Ceonpletel.,, atrested the betle'), deLop0I)ment IIg. 1). 
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Neem extract 

Figure I. 
0 02 04 06 0 [0 Effect of neem and karanj extracts on 

Concentration of Extrct %) Callosobruchus chinensis L. on mungbean. 
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In the studies conduct %iby Rajasekaran and Ktulmraswamli I1985b), the extracts obtained 
front six plants. % oz. m/hit,'f Jacit.. An rog1rol/hi, pi(i.alat Nees.. S I.ivieria,ivciia hi 

margilIlta. Sohalnan sp.. .hacia dalhata Link and Po 'o.;u'ol,, sF,. and 
 the oil of Pu ,gabinia
glabra L. exhibited feeding deterrcnt aCtivitN t va'.vin.e levels in S. litura. The extracts from 
the seeds of S. 'naha,'oni. tile %thole plait o'f A. palicItaII alld lrhiolllies of1" .'. IIr',' . is 
well as tile oil ot P. glabra. were observed to lbe effectihe at 3Y; concentrtiotj to rCdutce leaf 
consulption to an extent of*48.7'; ' 70.8(' . 18.41 '' ind 33' . respectikel. . The efficacy of' 
extracts increased ,sith their inct'ease ill the concll llat lii. E\tractN !11111 tile frlits tfl.. d',1lb itu 
and tie lea\Cs of /'uel oIo?11n .Sp. e\hibited better Actis it at ',6'cl.entl;tiOll. The tuaXilltullm 
alltil.Cedill activity \ov,asnte.d al 2'; to (' ioli:n't!lIl ionl 't'C e\trIatCt frmr les\es of thC Suhlatiln 
Sp. 

The ether extract tol 7iibudiws ornasnti I.. had jMl\ eilisitln- Cffects nlS. H n 1i.It.lall it,'r. 
The .uvcnilisine inlde\ ' S5. 1Il \o1,aliihier than tl. armiv'r.a at 501) g. The itortalit\ rate 
of the larvae raieed Iloil ' to 21' atd I '; to 20' inl S. li.I'a ald 11. an1ieena. respectively.
Normal adult eelreece antd at - I.n '.\\'d , 42.1 I' 40.7'7 I f t i S. atdlitana-

reSpectji\el. ((tnItasekarau and (hellialt I985.
 

Biological Control 

[heI' f01,tth iI>,ar of the lelaf caterpillar IS. l a t. with tht poilyhedral.'Alt, ed oralls 
IcluSion hodiCs P11It01 Anclear piElhedrost 5 miSINPV) at I , l0 PI3 ml. shoed a 

53.3 ",7uiortalit\ on iutngbean (1.dfia, ik mnar and a'naraj 1987a). It \\ds increased to 65 '7; when
 
tile third instar lar\aC \ ere ahitiIr.I.'tered v, ;'h NPV thrOnhlhe contatninatCd leMf-feedine method
 
a.tnd to 72.' throwndh the !ea ,pot-f4cdin method. The I+'1,, of' NPV at 1 × ItI Pl1, nil fr
 
tie third in>,tar i:ir \vaas 132 It Ms tile method on ntunebean.
Ma-feedine 

IChe eIi-llr\ al parasite. ('lhc/on. bakba'iri ('amn. paasiti,ed S.h n on iut'e;en to an 
extent of, 1(.85; . OiE o)ne adult parasi, te elneroed roit'in a single parasitiied lIava and ii\ed 
for ucarhl ninIe da\,. The ilean perceitage parasitism b., tile larval parauite [lra'tco i e(''tor 
(Say als 10.59'; and 3().()5' adUlt par'asites ettCredL lrout athost. The a.dult cmereencC of 
the pupal parasite liraic'hit iara/i (IM. & Kt.sas, Mnai1n.n '011nS. lirin pupae, reared 
on nIunebean i i54.0 pupa alnd loto, co pea (67 pupaI aLncastor, 178.8 plpalIELdhavakulIar 
and Ja'araJ Il9X7b(. 

The tnreda tou cccinelld 1 h'li,,]hil,. .u.vnh/'alnlt (.) was preseti in all stages of its 
delo\'phment on uinni2bean pre\ing pritiaril\ on sucking pest.s. The population, of coccinellids
 
1l..s lat, .u. M' meu'-in LtpiudaSC'VInthA \.cre found be 2.47 and
cl/a 1-. and sIp. to 4.71 
individttal,, per phatt in control plots a1ndlfuneicide-treated plots.IrCSpelively, a, against 1.84 
in phrate '.nd 1.37 in carbofLiurain- treateCd pilits ISankarara' 1987). The his\. p putlatiot of predattOrs 
\wits a.ttrtibtted to) a 2reatl ,likitinilhed level f tile aphid pre\ . . ( 'r '(' no int the cranular
insecticide applied phlts and t. l certain dec'eC b\ their to\icity to predatirs. 

Recommevidations 
The cxploitablc viel> (sofinungbean could he incrCas'ed v nlinimi/i n,, tile cotnstraints created 

by key pests. Frotm the result ani expl-criencCs cained thus far itll ttnngbean arid other grain 
lecutllnles. the ftIllhs in thIlrut areas afre uCes,.2eted. 

I) Dekelplolel t of 'geneticutiatcrial, k',ith mnlhiple resistance. or' at least moderale r'esistalice. 
IfOr key pests sLuch as the b-eanl\. v,hiteflh aid pod b-,orer to ttttinimi/e crop losses. 

2) Effctive Seed trCatmetIt pelletin,. \\ith no ph.\ totOxcit\ at ail0\\ cost. lititilti/, tihe datlIae 
hb the italr Carl\--sea.on pests, such asN1hC alerr.. Id beetle beanl., and sLucking pests 
Which are the \ ectOr, of virus disCasC. 

3) The fishmeal trap has been ohsrved to be effective ill atitracting the S01"2'hut1il shoottlh 
(Atherigona varia soc ta Rond. I. SItch sinlltc atttrae tarts need ti be idelitified for the 
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illinll;elliient ofIillIiilar dipilcra p vi/. tIle lIluILIhCan v% S,lCSS,, I)CIN,On hI h i r pSI)Ons1,ihle 
for redhl ni. tile pttpnlatitm andMilL.laiMit \ 

4) Iaisirne harrier SltIcd lltl'huii. Ieall iilhCt olr illiiiili/C tile)OLipolaltt)nc:I IhaiIC tt 
of, whitefl,, h .1" te a lead tt l.li\ illnV other cotlilpatihle crtops. ltit tll\ to reduce 
the il,.cidelcc arid d nili 'c th uc'tS,diSeatS2', hIt to ilipI)roIve the CCointv1l\ of"drvlAatli d 
fauer>,. 

5) AlthOnUe certjin jO,.t0nittI aetnt,, h eelecn idntjificd for use ilthe ,ttlttl tl "oillic 
ilIItlII,2h.III+jC I . he ,Ctpc Ioi, lt kkiblc hitotottr'tl agect,hucrC apllcr, Ito \ more ill 
the i''tn Lbhc;+t.Ctt',\"Ctlii. 

6) The Cltil'lt t ti'a C t1 +Ole ,c\ ph,++rolnitilc 1t the lltittlii 1 .iti ,coinrtol fS. litlril and 
w,'I It-:tlk 0Ct tuli Sit phit llachH. "'an p r .lIaIctW Illi\ l.'/c icle\l +tlt.. t' , lllol le 

in _,' th iU ticict it I e, ltleC t ill ICuit_ll7 l iiii ' l,_ i i I uhl I la+iit ettI.r it tleJ 11 
h'.La1c I ill t lCc el t,,. rII| iie ic',; l l llhle,lt.l) la ,. 
lla'.u
to, he 11tlui',lici.
 

8) The applalicta t l I lcl, Ni. (al1-) tt Ci\ CptttectitillI.,o l nciih.\.lbl Ct ',1. ,i 

f-lrl) tile. lloot h- ' 

O,I lt+IC ' of '.',lliotic' oil sts+tciae
+',"'U il tll\ . lt,, hllit\ lt1k ilw -tra+in:, lit 

N-fixiiiL Ill iiitil I11" hich ,\\ttuld tult tn l\ i Nut al',tt iiilt t2 tSi--IcltieO Otlt ii hi ki,, 
' 
lI .ccti ' , t,, tl' lA \1.t1L tn'tI, itt rd., . e . li,, Ii l -,clictlc i tl,i ItaI+,+ n' t.. 

) l iiie i11t li ',eit i i ,, i . Ii i ttIcit\ ( ittr l i Illd ther "id,. 
CIIa'Ctp.n.Ic,.h ',ccL+l.. lait. allderic '41 til.it", iLtirltc ic itiil htveI .M Wa n1 " haLc10 

,

10))(,vl';. ill" h wt he+L'. il10 Ilil1'C ' 01 1t'll,l i cCltldil¢ I+ c '+ l r ,,.ll ++I11a, t c,. % 111, ltL'CtltOll 10 iIlle 

,

', ticiti dtic ll ,itR rii. aitIth r 0. Iii i .CIhu.aad\+ h tc -O aliix AIc(I R SI iM ciila 

Ill-' li:r-1t10+ ,..U 11i tlh al r >k r,, ti%,IIC HILill',Ihc 111illi
t.1 h+iolo ic.'al 

in hii iaiCt.<il ", tti ',~iiti t.'i+',u ,t'aii,t r~ ini~>,uih~e,,tt ,,'.ilc ii c't.! l lti ttStie .i appeciht 
Acknowledgments. The ,C\,:ru,,> I l I ,,.ICIC Ofl ICt10lthtlr ,.ISi,C,,t10 I I.ratit DIr. V. 
Rl, palap.ll. +A\ L'li, lfor tile elIC0.'tr1.CHIt tV'ice.-Chaice]h).Tairil NM ,IlI 1ri,.:lhlral erit li ,,C1 
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Discussion
 

K.S. Chhabra: While conductin .youritidiCS did \on pIpplVplnt protection measures a atiainst 
insect pests and disCeS,?
Ilyas Ahmad Malik: No plat prottiol mea-sures \'rer adapted in order to maintain high
population ol the ctor vshiteol\. Variets K.thuli. hi stusceptible to MYMV,v s repl eatCd 
al'tcr t. \ II hCI0 Ir I .F(. t\ I NsPrI-Cat.Ie.r to intltlf\ M 'NI V infe.'ti,)n rI'lOt natLral sources. 

ilt esceClletitH.G. Park: I leans cit ratulolls Of 011 \5 bredu site,,iCs. SiticC it is I phrtcd
that rcsistance I M YIV Cells 10 hc .oliirllhcd tulo_iticils illtsecd si/c ilcni.lls.
 
\%t dOtll't \OLi [-\ im, t1,11 teL
o hackcios hIrec ,cccd (lie its A tctrrcC l p rarent 
Ilyas Ahmad Malik: Ihiik,, cr, iticti I )r 1.irk fil the complimnis. As aimiattel of tact 
\sC had alrCi r ltr l'd t,h c- roIssn, n i o i i1i,IIoth c CCdC dl )lIr hltl l 11,0 \,i.f ullie 
oth1r nlritislin IItc-,ecld ,,' .c,,io ,I cccuc'Cl touii A\ RI )(. \ \ .15.c micntioted this ill 
oinr paper. \\'C \k ih 1t fiIrthcn itlnCca tCib. cs,s .l iet15tiI]L ith IthtiilPc ICSItancIc 1,1dliScstC 
sucIa,t, IS ald P.M. In idiliirttol hIYllMV. 

M.A.S.K. Ra iasingie: l)id \(in scis inslhlc in lhc I)c haior 0I thc' pet"s cLue to 
Chat..lcs in C ct iUt,the- hi hcniical 
K.S. Chhabra: liwL-. itncl 0:Cil 'il, iIIsPlh, tci'd As i Lhtltis\C iiccL.h iiSiI,tt l l IntiuS 
influenced the pill'thilit lels cis It ll ittlls indi ,,llkid ts ll i hc I NIV scotI . 

S. Jayaraj: YtOUthaii,,Clhs CLsdIhtil the tIalla c .lininacid cetlit is on ll tltheICtors 
Ctnriuihnttt it)ouuneheIut ItsislttCeC t0 ilneci pCi,. Thc e;trlier it-'i , iidiC;tC thait lh,-r free;ittinrtt atcid in 11int1, could (Inll reislice t1C popluatiotn t iise pe'sts like aphids. le;idltoppers. 

ciltirptllarS. tciC ( ld tIll pLICis ittrilhlC, the e1C'ehattini l lrcsiqtiatte iS ililucnc'-\d by ailnO 
acid content? 
K.S. Chhabra: A, I a, II hase t-t,u fhc lit-eratture. thrc is, n icpol'rt Oil the suIsceplibility
rclltcL to hie_hcr trce alintIo ;lcid collClts. Ill our StiLlicS s\; It(. ..xd higher Contents allinl
 
acids in th-e iC.ihnt cultis at's.
 

K.S. Chhabra: 1 YoI ha \c sholss itLaoit haltla docr; ,,..llci:t ,lidesofiCnl'V :11explaiin
thai it is the l.ita ,r unrl er Itiun.han pestl. 'Ahal, tire darllac, lvel olsleflll ill cOllpariY,ln 
to 2l1ip,\VhilC 2i\ ill', the2, ) 

lUtseC pest pfrhtIeit, dUline the teular sea.tlllultlttean. \'oi
hCan1 \', th erashoppe-. hu,s. etc. l)oD\o think these are the ual.r l'st, lr'in 11the ICeular 
seaso'ln inUt L;hat It ,o shat is, the dal1teC lesci due t tholse pests'.'
V.K. Sehgal: i I I think sIttilldanraie i, aiiit its seio,is ltt h\ thrips. () .\S i tSCsd 
in Ilt prlSeCttitioti. the lirct d-aitl hs 'Inld h\ pod hoetCS is Most seVere iueaC foIhiaCe feedeCrs 

ile r.iiI)\ ,eas,,L,)cop. 
 It ,is il this ctxtc\ that I shooss ed the slide, ofi -'eras,,YOppelS and other

dellia.tor, aild poLd hOiers. likill.L dilirdairac dtil 10o V.hitethisas, aector tot \lYMV is als) i 
Iniaor prohletih.for hich. fortunitels. ie"isa( tiietirc tisl,s ailtblai\ . 

R.H.S. Rajapakse: \What ite Ile specili: pest itattieetit lictlics \Oil lsd aia illst ntilletlant 
pes[t'.' 
V.K. Sehgal: Thei tlajtr pest prohleuls alC tCtl\ datill ICat se 'lliri2 st Ce. tiowver drop 
due to thrips aid sl'ukine, hus id l pod horer datth12c at pod rt;tt titr ltle. At present the 
specil-ic lTCeeonlllCiltitiotns for their Iltnatelleeitlt tlle: I I 1se of hich seed rate to Collipelisatefrri loss Ot Plan11t staltd iL li t ste tl\ rtie)!arlI Ilin I etier;o t laiCliCi l'CSi.,tantOf is 
to MYOV: 3 lreo i.12 Sts pliatior of )Ilrt,ltittcL. AI StCritfnl-iCla.ltCd plit morlaiity

'LrIsL in the si ZIt.l (4)tnIis ,lkh, partia. I: sOIm: aid tiseticidC spra it Ii we r initiation to prevent
fiower drop and priec developinye ptds. 



)iscussion 373 

M.A.S.K. Ranasinghe: \What is thl mechanis n of resistance of the resistant variety? 
N.S. Talekar: In \'NI 2);I the hielt klcnsit of trichotmes on pods interferes w ith hrochid 
o\vipo,,itittn. In\'NI 2 104 inseCt lar\ a i,, nablic seedtopeetrale tile coat to enter tlte sced and 
feCCd insilC. In V 1i6) lar\ aC enter the seed holtafter inakin,, short tunnels mllost larvae ., 
pothl,\ tin to an atttibiotic fa'ctor' \,ithil tlie seed. 

S. Jayaraj: Wer \ it tle. to, attract dil. t1,ap) the lruc.'hids. hs linh the phCronlton ill 
the fild lnd sitra,.. 
N.S. Talekar: \\ hadt1(deIiti,,triatCd the e,.sn,., I eC\plhiCrottoe ill laholat r\ studies. 
()ir SttCles \\Cie o)I Iei to hI ilkils inl tolIte. 

V.K. Sehgal: Yon i., rec,,.. iitied t\,.ot retlh\\,erint! mfid t\\o postflo rinlM Spa'
applicatio)n., l'Or ,.: liltr( I+ llt11 _+tilt i ,,tl(, \\ 111tl he th ht p+roflit?.+Cd vk tul,. lt, c colt rlttlt) or ne~t 

IoU l it ) j l Ci, ti r ,,tlo I ts e r t \\ t(Cotu l ) I',,.' 't th s, . 

J.A. Litsinge: \ cd :ritninlt rptcC thi\\ s\pr lo\\ e..rin. , prlt.\s. tf,tlh\,.cri ,sprays 
for odIlt s 21' ) tlllti 1),)tt \\ MtItliC, ltc'itlt+ ti rat,es ttitro Wtwith0lIr t i tj - .tStlds"j l 
t\\st itiplitti, llt, l iiis ltac inc nrc ,. li i .ci\,,., \s ill ,,pr1t' fitre' tittle ;at possttlmtt\\leitn . 

Ruben L. Villa(eal: lI,' \,.,, the rtnkin. ot the dilferent insect pcsts Iotne ill \(t)t Sttltdv\? 
Ile tnser t onlnlhean tHIshs'l, ill le lt hilippineS \t.ies t1it1 pM nice to provirce 
dth,.)einig oti the ilhsiorttiice (11 the crop. F)l e\tiiipl' in (lt prss\ iitce tI llat asittao \,itere 

lmlL eislll" -,rom attttur cIp). is ltr than in atnotheri - lick thte trai,,tcr oft tc.hIns)hl\ 2etceral\ 
ilr s\+illc \\hLlte il lll II i I 1 tt 2 \t10. 

I.A. Litsinger: .\IttI ttiiirsu, t tCt1 lllt r \,.e thlem rilk thettCi rIiii L ini m tst,. i,,k,.l to it 
tcI'lls tl ittl)rt;i i-ccsi st\ etit\ .\ \ ,itc t It)) \J a , i'P-Ci t lilttttsst ill til t;+t l)e ,t ll Ietltit)tteL 
h\ the tarier. a'\ ttie ts I tt th +e,,e ittI titssst iii Iillta tl ,s aitd 's I )Ith. \ p ',t l)1t liCIltitlled 
\\ta 1i\eII it \;ihLlC of I). l's AtaltiC, \\elr J\ Ci',t!etI tM\C.I iftiil . 

J.S. Sierrtonsma: So\ be'an in)llthnsi, ,,t,.rs trsllat Cast thtree tliftferCnt heaIIr species.
Ill11l.12th ill I ILI\ C kill hlald Ottfil' I uetrencC to ()hism.iv. ltm is the ,ittatitnl o tllUtt[h.aII? 
J.A. Litsinger: We h \C 011 t IOttsll ()/i/is, ,M-itl/5/it, st'/s o titlleat 

K.S. Chhabra: ( II YOU t l, \ella)\\ ,,c traps mtonitoringhal\ el n traipr i o\Cstick fot 
tle whitell\ pplltlatiit I-lo\m did it inlltinnc, the NIYNIV iCitCCe.' 12) What i, the SUoitahilitv 
of tlte inen,_'lheatll 10. hn1iat (3) ailctiittl cl \-treated oC 11r ,.ntshittittt)n. Is there hcanll\ 

prt lCttt ()I \ ol stllttitll ttIlltltei i o tl" ti'it the Citl' tastill lill i-,ar atll tot)o 
S. Jayaraj: Ii \Vhitmtlic, tlo10t tratsttit iroses to tttottClM in the Philippine , nor do theN 
catlireC t \iteld 10ss..YNI V ts, t00t 1.1rill th IthiliintsiI,. 12) .AttiI at,tl cM has rtot 
ICC Ustld tor'd HIl1ttnnbeatlls rlllc ekc\ il dalltlaC. )ifterent cla\ ,shltUl he triedt)[rttett tsls' 

tlts as, \ottIld +-, te te toaic to ttt.tt. Clacascl ds tot cat,, ranitd seeti tlss \ eietle sils

Scent tosof er i Cat ad\aIt,ace o)\ er IthCr uiCtllsd,,. 13) Iulcanilic, ate CoCrall\ lels atlunLatt 
atld LIt, l daiil't' dhriLethe rt1i\ se,,n. I)r\ c\eathlir fa\tr, (Irst Ilri\ i\a ttl drtsueht acts 
sVt,,cri tticall \with bcanf]\ tl liae,cc,\ ith rel ct tss \ iCLd hss. 

K.S. Chhabra: What IMrttrut osf1tiiiLinbCXtii orssc\ ers Ill \t)It CttIit r\ adtlapt itinl pro)tection
cllllo't)\ "I 

J.A. Litsinger: Mlt tliit.ihai ,c-) n itlli Philippinc,, recci\Cs lit tilliallielit other than 
Crop estahlislillill Aftr ho Illi rice. Ili mtic piots int,,. istlal) Pala farmers overapply;+sinart. 
insecticide hout.ct . iCld, IpptitCllinl! I t h. 

Suresh Chandra Babu: Itli ttiuthtain pest interaciiton \e ca have tilefollowineg risks: 
prtILItction risk. pCt inCiLCice rilk. cffica\ risk. susceplihilit\ risk. and resulreCnce risk. Which 
are the llost imposrtant? las there tien atllattitpt titadc to incorporate these risks in pest 

tlanagt letltt decisitmn? 
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J.A. Litsinger: Since n ca1'n, is1, a eals IMat.tinlt cro. tle inICidLn'ice risk is hichlv 
imoritant. The rik oflnot clicitticils is also cirv high. With respect to ci\roiiilt. 
iiunclhean is not tolcrahiito \latr o102"i212. This AlSO ,,hould Ihe cotidLricd ill p~cst llinc utlit 

decisions. 

I, still)\ of 
belsecitl (lie tilliiial pcs,, C0i nti l ini iitlc.L i'.,, c I atael,_ui icuilt I AI) d clicnicai 'l l ii0tiiil+. 
Suresh Chandra Babu: hcit ,lud, that atti'Illpts to Chltse lic iictl' s,,,ilcil, 

J.A. Litsinger: \\,'. Heeld su1c1 ',itLieC thlit cillctititltic on (lie hiiadir 'cisiAIcc t the hos'l 
, ,Ilinli t ',sila irttc itiuinthci' atitck iiiitiiii t t ics,

I I I \\Ih \Wi lhcitc iiIll' shcn 
rice Stu bl1C.' (2) I ) Ci . lieI titicill ci'it c ,111111.\c tl \ cuts, Of 1 li III .I . 

H.V.A. Bushby: Li thiik \ i', itpitectiimn i l i ,,is il \t Inl 
01 \ ,,t fiIls ' I l 

J.A. Litsinger: ( kIc c\,l),i I c C', c,iclc nIi to 1i ii'..l Cil il iic ili lilntiii+cin mi 
it stlaiilii 1 ' , tillLhiC 1, ti iil t bit, 1 ,0cckiiic lsehi,,i i l i'e,,oii ,,ic tl ci.1i p st i I i.cl ,iCNI 

,lHecaitfii', al.llhi (ii IL, tops ,it c+ilii c I h i,.in. \,i ', itIIIH chA,011.1 tll 2 '+ii.li I iIclii 
tlhc l hl ICI c'i h llti 11ct +tilui' is, cl.iic, th. u'icici1 hctlt iieict I fect. B t li ii dici , til 
the stiull'i ssill ii aI acilit ,C h l., P10ti0ttiit i\ the sitilllc.i It i1i Ile\li . tle fh 

hio isci'. ilss 1,1, thInt 'r ill ell', in,,c.ic,ilct. l11'ips. Mid
s I liiii ffe \ c c -\lihid,. leAfliopper)us 


hitCi. S. i.c. 0i0c iii'cl, iarC attrc tdto 11a. i s
*l', ti\tic iicri' ln slli \Chs Mcri 
ititll 'Ie'ins, ich i , itiiclic.l Im 'rI i iitcki',iiIstuluh as. i cl,,ll 1lie',,e,cci'u uiitf. ili,. ct lsts 
fit iit, ' . ops (i ) iI s 'ii'kci'liiitil itile rc'a(dils (hiiiifthc ariil l i c \ l- I \ ec.t tiiti,, Hill 

,ii'jiiti itiu l lcs', i2 "Yes. \lutil'~c',iii. l'ii'iui [hi\sl~liid 'i.c. 55hlien fiulii\5 iit ilihu the ' ,,il 'icts' 

,IccIu[%Ci '.it'M '1 iri Tlier, at\t_2r\asr,a lll I i. diII t h C . . are utll1\ I5s ,hIti tl 

.'L;I a i ic ccralll, 

in thc, Int-,hcllttclp u in clia lli ' cihiii/c ftIh ce ci ip t, ,1c .
 

illtis\, lill,,. uilili l pcr, e ,_'_lad ll iplitaill ILI ricc. Soi ticprcdators 

K.K. Paliwal: t c.tidiuilt ICtlos lattb t\\ 1lt iS [ie lilc Iofli,,er oftcc froi fIre"s 
-field .itil s lc'cc, it its ldol iiit h\ fariitr.' 

J.A. Litsinger: lti'ihcaii tccli1ths i, ti'anier' 'I, fartiers in ihc RIARS rilitili sshich 
cs,.litc, clt' ii)piLc in tilc hilillintes. Thi. '.'!.illl exists ill all provinces. I hake lopattcrls P1


i i ri tiii it ii ' ics i ;iadioip uii.
 

R .J. Lawn: \Vcic Ili', dilcreuiccs in pcst icitpJC.,s dn10n1 -sites pritcit er sa' I1fso. 
S ino arc res~potliiblwshtat factur I o thinik for these, diff'cuces'. 

J.A. Litsinger: NliittLciall I',,. s' iih lesl c.,\ccti . oct.curlhrouighotu ic Pltiliiti) ',. li 
each liicitii . ii l ,CL..iCS liinit.lcth icld Ioss re'hlliotis illd . Ia ' tl c rsts sIoed 
,aried Irotti site I site. Th'lrc is _,rcatcr \ 'tlli;it l thmci sitcs thia hemlctll \ cals at all site. 
Pest itilintiilts arc litlttilC ra'lt.r consisititti\s t% il,, ito \'ar: prohahl\ inure frntni lcs c 
thle cui1iitp -situii ol L'Ictl f1ur'i iitICtIlc(iII Cli pp1t1112 Iaicllru s tha oilt0her Cal es ,icl as \i ealher 
or nlatural .llcillic., 

S. Jayaraj: 'I \ nuu1,', i.stcciucc o flan, o", is inc the tso ,ri. iaiilI )id 11i"i t i s iiflel itr 

s m,, (1 2 li, I- sLt c prl oft andtiill [ihe, ctl teh piic.' If hs tile eiti 'uslitcf'll ii h it ill \ui)1-titosaic Itilu>,C, ita tre lIin. ' 1t %%hll.il Ilethlils titanai l1iMi 1i cullcult practicesI 
J.A. Litsinger: iI RsLuicc fis ntil bc diuciiuILttttc ias, alr a, n ItI klitos, 01)tlnlgbhea.ll. 
is rt a,, likels to) ,ctIr it iinls l,, oti three postf,]tcsrintc appllicatitns are applied pei cilop 
a1sitlk uileTc1p[ Is s it pir \ cii'. Rcst ciCc occurS ill hc Philippiitcs otl crucilc's ottoin
ai ll ito si h fiilers app!l'1\ 5-10ff applications pci crop. 12t NI I\ dues nt occur in 

tile llilippitnes. 

H.G. Park: ('t11d ',0i fcll LtS slat sltOuld he the Miotist ilnilptrian t ohIecti\ in a l1utin.bean 
hrcdin lrolgl'raN t ii the Philippines'. 

http:01)tlnlgbhea.ll
http:liinit.lc
http:in,,c.ic
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J.A. Litsinger: Pod~ horcrNr 1:acii life1J(\ C0111 1IO t~ NNI . C tIlL II~IN C\p)Cfli\ c I0i 
Conitrol %% insecticides.ithi Iui a INthe prlIII.-ip l INad h0tuCI Iii IICIICC %%tit IL he tIle ljiIiest
Iprltv. Il1)\\L\ . II1iIIIIcl hiLkL I oh11112 he~l110~hLCA ]I zlc II\ inIIL ' I hF0ILIL'r-bki~L'L
 
resis~tanlce m t(oIlrllLL III 
 ILLSCI I)C .~ I \khIc . lallici l.t u thl i. hii spcific ')cic". 

Suresh Chandra BabIL: 1 1 L.l 1. pi)IJI IpIidrrcl1, LNLJdA 0)1(0 ILI\ c leCt hcI~ClCLilidLLiHI, 

S 1Nrac I CL \ i li ii 1ay ,tll i' Itl II~tI liIi u u l Iil I I' t ~ L i 

'tilt thImp imLI M [l 

S. Jayaraj: I \II Cll 'lrl 11 11t I \IIC 'cI Il~.%IM \ tilL III lI) iliI'l'dt1s ill I ~t - I I-

Addtiolil h >;CII Il UtI H 1,1 Il d . I ii LIIII\hll1,0 II) II( l W eILL I I ()II II~eilL 

Ticko itIfi \\Ii It , [ I I ' I l1 itH ,00 1 III, ILII1A .S. a\ ll,-e I tQI Ihi I I I I\kHiitli O II[fill 

S. Jayaraj: IK t ipp,il(iI Illi0111% 1)t'lIlItiI Inl ii ti ji N01,11 '~L' l d1Llit~ih Clt.-l iit I\LI 
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Agronomic Management for High Productivity of 
Mungbean in Different Seasons, Punjab, India 
K.K. Dhingral and H.S. Sekhon2 

'Department of Agronomy and 2Department of Plant Breeding, Punjab Agricul
tural University, Ludhiana - 141004, India 

Abstract 

Extensive studies were conducted at the Punjab Agricultural University, Ludhiana 
to develop sound production technology for mungbean cultivation in two different 
(summer and monsoon) seasons in Pun ;Lb State, India. In the summer season, mid-
March- to early April-sown crops produced the highest yield and matured well before 
the onset of monsoon rains. The risk of failure increases with the delay in sowing as 
the crop is likely to bc inundated in the rains. In addition, irrigation scheduling was 
anothcr critical factor for successful raising of the crop in this season. A first irrigation 
at 25 days after sowing produced the highest yield. 

In the monsoon season (kharif), the crop sown between the last week of June to 
the first week of July produced the highesi yield. A drasLic reduction in yield was incurred 
with delay in sowing. Weed control was another critical factor for high yields in this 
season. A 30% to 40% loss in yield was recorded due to no weeding. Preplant soil 
incorporation of Fluchloralir, at 0.72 kg/ha gave effective control of annual weeds and 
produced yield equivalent to two hand hoeings. The effect of seed rate, Rhizobium 
inoculation and fertilizer use are also discussed. 

Introduction 

NMuiehCani is reputed for it, e\cClnt ql.tlit\ and high dige,.Stibilit\ \hich helps to overcome 
protein malnutrition. palrticUlarl\ of the \eetarian nasses ol India. In Pun.jah State. munghean 
is .iro\\ n in two ,Casons. Iroiln tid-,arch to June ,LInsniter) nk.tto October (llonsoont and frontl 
or kh ril. 'he latter scason iS the minltld tr'aditioral ilt1l2hbCan-li'\\ iltl SeasitN ill 'unlah. 
DLIe to the release Of \ ar~tetes r',istatlt to tlttneIgeail \ clio\\ titosaic \ irLis (NI Y I\V and the 
development of' inipro\ ed production tWchito1lo+\, the ra' ontunbeI'anol in the tMtonsoon seasoIl 
has increased fromtI 3,1()) )ha in I9)65-00 to 45.3)) ha in I985-8b. rl'oldctioln during,1 this 20-year 
pCriod increasCed hrot1 1.5)) t to 40).3))) t rCpresCntil a 150-ld increase in area and 26-fold 
icreasc in productin ..\ ra,,e ild dhiil- the SantelC period increased by ahout 540 keha 
'Iable I i 

Table I. Area, production and productivity of monsoon season mungbean in PLinjab, India. 

Area Production Productivity 
r000 ha) '000 t) (kg ha) 

1965-66 3 1.5 350 
1970-71 6.9 3.9 570 
1975-76 5.9 3.0 508 
1980-81 15.1 12.6 735 
1984-85 35.1 30.8 849 
1985-86 45.3 40.3 890 
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In recent y'ears thehpopularity of ntlnheall in tile slIIIlIICr SCadsOll has also inCreaNLed \.ith 
tile deveophment of shrt-ciratti \laretin , hIch nuir in 05 ti 75 la\ s,. In2hCn I CLnliatd 
in about 14.0() ha Lurin! th nnlnr +,c Ihrc Is a i! poitntial to furthcr increase,.asol. 


u rnn a, l"
the aIea. tnder s r scasoll production , muuch tile +.i:ca 'iilai l" h ',lltafterharl .cstth 

of rui %inter s oll)I
copS. 

Thre isa" Kde ,,arilii'n in cIm atic co;A iol, in te t0 tSliNu' ll ,CIIsandclthw cIf el ireIh 
difftercnt problcns. Ii th rlillcr \ lcisl . ,I[*C,,,s, a ptOhct lIn 1 lo;ilio .i il, nlaiOl duC te Cl\ 

rchativc uInmidit\ II Clyi rclaii fr
hFiH. uInnc ;,, free rot the NIY.\V l,,CaNC %Ohich 
is . lailajor+ pli IO I i tIlile'l l' .,i 
is hi,,h. I-'okti\ c \ c 'lIlc elivA h hccIiC,,s a proh cillillhLcarl -,t n ll t'l "Cas cll 

tiuN ll -, 1 s'1LI L il lullS tic iCCCkL d 111dli C,hunlidit\ 

drop 
as telllpcrattrcs , niI' n .oip iqll rtil.\ h icr.Il tilld draiLltion 1i, 

l'xtcn,,iC\ L ,,td¢I.C,h,:i',\ kCJHLIChILd MIat h I :lnilah .\Iruhtt l [ ni', c I ll N)78hILI 
it)1986 tode+Itclhp sound p lrthith101 tIChIl1loLt,, \Ito ohr,inlimgh lllt1nJL'Jctlli ill the 1lllloonl.+% 
a ,\w l a.1, tile 'LltllliIC The+. ,.:till1) imrduuthIn 2CnItIIn ,i uh'l ,, "I' , IIs~l lr tl\,,,C I t ohJ l aillhll'-

in the ( 5 . .,I d in thino N UIii i U,,N5 stud'. 

-.. . .. . . .. .. .-5. ... . . . .. . . . ... .. 

E Summer season Rainy season
 
E 40 Mox temp A80
 

R30 .... 0 
0 -0. 

L, .20 ..............a'........... 
 .40 '
 

" 
10i o Min temp Evop nfl I--20
 
°.a..+ • -.. -_j- _
 

Mar Apr May June July Aug. Sept Oct 
Figure I . Temperature, rainfall, evaporacion and relative humidicy in summer and rainy seasons. 

Time of Sowing 

T llL 01 s.,1',,.i i Nll ei.lit'.! Ilipi tI l IIoIIIIII II'\ factor i potLntial .iL dohl;lillillhj of
 
a Narict\ silL.C it CiInLIL, ihL LOIIIlCIL liIrtnl i ,,I)CtcnCItile ttCLI(ICand icpriidIL'tion phas. 
Ol the tillc We li'Ahlth ,,thor.hly. ,,e t aids iii Wtlhirinehand. andhccinai', MmlLo. i ill- illI', 

IlIla\iiiinll rLtulrl, Iron thL apllLd ilpu.)tN. hui tWL c IhLLrim, Il'a\ n thelWe'% L,..'of Mt 

N i 

\'arict\ G 65. v,itlt i ,.h atioll i ll5-70 I l .. , r,..It.a 


tinlI itf" g.11'..aN iw Whe ca o '.'.d h sIIlIICr IlltI .LIhCaIl illPuIjal, Stl.L 
,Iin 9 1 l r ,l',iC aftLr til 

",lllllliCr %,k hellscaSINI hia . CLII\ Mliiill did nots , lii'. C'. L',I\it,, hcoiut C ipiulalJir ',.ICC thl CrlII 
',asso. n h. lht' CInd t Aprl altLr tIe voluit har'cst and v"til h lheRlucntl, iundatL'd h. 

ullnsootin iIn 1ll11tlit',,hilc pl''llkL,, NCI'' I, , ,at , iI h 

I:\pLrinlcnt ,, ha'.1C ',h,,n that li.itlchcaLl 
\khell .O\',11hC 'ACell 21 March a ld20.April -'a\o 

thlhichct \lLd IIahk 2 K..Ahhmgh a ilsin ILILIp t 201 ,\pril \\ crc inicnifiCant. theariat% 
crilical a or SUCCCcctor . ,tIll IillIIlihcal production ill fiil, " I'.,aIn is lil onsetol Illonsool rails 
which norinlall hcgin laifrontl JlIIC [t CarI\ .Iul'.The CrIp st.'.m i 21 April lnatLIred hbt', Cell 
28 JunC and 3(1 Jin Ilahl 2 1. 'hu thicrop in' o.,Cs a high risk tithcinu caUch'lt illt'- laills 
towardS natuint..-A criop should h ,IlAn 10 April as it %killiniaturC OnsetLp to 'ACll hLfolrC tile 
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of the rainy ,season and \ ill producc an assu:Cd high \ield (;reater year to \oar variation in 
data was nain due to different soil t,.pes on v,hich e.,p,.i,.. ',ts ,.,.rc conducted. The area 
under the Ulot1le: itnghean 11Ilnial state started ilileasille onl\ M.hen the optilllin date 
of sowine was ads anced hetweca 20 March and 10 April ii1')80. The date of ,',S,in is thus 
tile most critical lacttor 1'or . .,-!,sful itunchean Il :e sullllllel' season ih Pun jab. 

in the lonsollon ',easoll thle bet lte ltr s\ ill- il1unlcheanll aOsllld to he tro1t he end\\ZIN
of Junle Ito thle first seek of j,..l+I~ of the ,.al ietics eha,.ed siiiilarl,, i thlese trials. There 

was a drastic redu~tion inseld el m. inc ,ksas ,ela,.ed to) the end of I.il\ Table 3). \VI._'n 
it',aceatl, ieduh.d dlaesownl tl ,li " '.s, ofhlotoseitie, tte atlle of Ih,. ,ltpes. 

Tile nutnber 01I+pods i.it 111osl pilltt , e'tc alsok reduced,sldid Ii oider to obtain hich yield. 
timelh sos in 1 -insured.should he 

Table 2. Effect of date of sowing on grain yield and maturity of summrner mungbean. 

1978 1979 1980

Date of .Date of 
sowng G 65 SML 32 "365 SML 32 65 maturity 

t hai 

20-23 March - 125 I 1 060 0 55 2- 5 June 
1-5 April 0 81 130 126 ) 57 049 10-12 June 

18-20 April 0 61 1 31 I 22 0 S3 0 54 28-30 June 
30 A ril 0 53 0,69 0 55 

Source Dhingra es ii 1 82 

Table 3 Effect of date of sowing o grain yield of too'isoon season mungbean. 

Date of sowing ML 5 ML 131 !L 267 PS 105 Mean 

(t haf 

28 June I 20 135 1.31 0 5 1 20 
II July 0.77 I 16 0.95 0 91 0.95 
25 July 0 62 0 . - 0 59 0.87 0.61 
4 August 0 56 0 C 56 0.66 0 56 

Mean 0 79 0.89 0 85 0.85 

Source: P A.U 1983 'C D iP 005i Dates of so',in,' 0 144.ari ties. riot significant: and dates . varieties, 0 168 

Method of Sowing 
Optinu1 1),at population densit\ , aiithcr important tactor toohlain high vield. Plant 

population ard spatial requirntletsof ituuhem. htoo cir. 'ars uider different seasons. In 
the summer season, plant th iimute, due tohigh temperatures.os,,s\ loo, hum idit\ and shorter 
-rowth duration. It is. tous. poiSilile to ,ross hi,_hcr plant ptuptlatins ill tilc sutmmer than in 
the lonsotn,l seasi., Seed-rate studes has e,sliis 1 that llealn \iChld inrcraSed Cinsilentl in 
the su1m1er season ith incre.,e in edte oin 1,; k, hl to 25 ku, ha.,ITable 4). ios\ever. 
in both the sUnI;incr and r:in seasns. ,cd rai,; did iot ,iilicantl. :nfluence the ield lTable 
4). Intraris, spacine oif 212.5 ciii woith intraplant ,,piciu it S ci priiducCd the hichCSt iCld. 
In the rains-semon criip a lowe, sCd ratliC (' 17.5 kg 1a.i produced the hihest .ield ("Table .-) 
and a ros spacing of 30 cm. w.lth plan, spa.cing il I) Cm 55,asthe best spacing. 

The hidirectionlal nethiid ,o\in onc-hal di'ectiol(it' tile seed ill in11C and the other halt 
ill another direction ill ro.s at riht angles to each other) tot 5,m,,inc provided a 15,.: to 20i7% 
increase in yield liver tile uaidirectiinal soko in. both in the nornmal. as \sell as late date of, 
sowim- (Table 5). Sossin in:the north-souith direction also shom, ed a higher yield tI an sowing 
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Table 4. Grain yield of variety SML 32 in summer and monsoon season mungbean with varying 
seed rates. 

Summer mungbean Monsoon season roungbear 

Yield Yteid
 
Seed rate 1982 1983 
 Seed rate 1985 1986

(kg hi) (t ha) It haI (kg ha it hat (t ha) 
15 60 0.57 12.5 090 0.76
20 1,79 0 73 15.0 0.91 0.8625 I 96 0 0I 17.5 103 0.9230 1 78 0 75 200 1.01 099 
C D, NS - N.S NS 

Source PA U 1983 N S no sign,flcit P . 0051 

Table 5. Grain yield of monsoon seasoi mungbean (ML I 31 ) under different methods of sowing. 

Nor-tal date of so,,wir Late date of sowing
 
Plant geometry 0984 1985 1986 1984 1985 1986 Mean
 

"leid ha Yield it hl.j 
Unidirection I 2 103 1 06 0 5,4 0 63 0 68 0.86 

east-west 30 cm
 
Unidirection 1 27 
 1 08 I 2 0.56 0 74 0 73 0,92
 

north-south 30 cmi
 
Bidirection 30 
 x 30 ( 35 19 123 0 59 083 083 100
 
CD. 
 ,74 087 .097 033 1, 048 
Source Kier anid DImnr.i 1986 ' F - 0 05, 

inl the eaq.t-s s'. directm , lidirectional ',(%\iln ellstlrcs Ullinirm disr ihtrlil otf plant.- and higher

interc-:pticn olf phoms. nltleticalk -actiVe radiatti ,.h Is ,. (hnl,. 
 C%idCtt 111M \%iOtit iM additional 
cxpCnIitutc. tmthtcti,, it\ (l n1n1hcan ill tilL 1tlnmn11il s."LS't Lat he cImiderah', increased. 

Irrigation 
Irrigation s.'als i4 nd tO he itpolt1atIll III ohtatl tmt ,rtcreaed !hcan i ld in the SLImlileI" 

seaol. lJ\peritClilll, sere etrdclcd three \cd"It1,0 on the li,ht Stki\ loal soil', )i Ludiliana 
and the heas, , ,lls( urdioptl to dtertvine the shchedtlitn,' ! i:Tletlmm in S.Intlller ntll l21heCtt.The maxiutAi l rar i tid s.,a, oh tiedl v, ith four ",i\\ rrl ,ons. Ta, (hlatiu at hoth locations 0).
Tle %Jehd euductuti in lrJatric Ulio',, a,, Ut 3X'; C0t lpr7,ud ) ,,i, i\rmatot.. The diflerence. 
duc' to ,lime of1 first irrmaitwn. %\as ktinlfit'.ttin ( tt,WS\ . first irriLation at 25tll!, -eat 
days after M ll'-incIi,A.,1\C cm,msi,tllth htcher ilds, than zt 20 )AS 'Tahle 6).


Ill the nllon11ot eIsC', . \\a rLuhlirv'illll' the H', et
CI 01' ltitlttC .In itenera i [;.ll S the
llmolsootn mRin . Irri tlion ill this scason hec(ttis crtiti,-tl l\oil\ h,, t%, k i'CIims Cest- d 01.1211t. 
In sonic vyars th.rC i s a prohble tI C\CCssi\ C %ecu tl c \ '' It delC [o hca.l \ raill In tle 1it11o11,oo 
sedsOln. 

Rhizobium Inoculation and Nitrogen 

Experiments v.cr conlducteCd ilt the SLmlllle'r CalSon1 antlld lie 11tnmwoon "a 'on to determine 
the response of nifnghean I, itro .n application an1d Rhi/OhiurN inkCulation. Rhizobium 
inoculation Ientedto tiiceasthe (*ld dUril,4)"slullllllCr ItmIttIaCal hoth tle \ciIr h',ut the 

http:ktinlfit'.tt
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Table 6. Grain yield of summer minLbear by number and time of irrigation. 

Gurdaspur Ludhiana 

Treatments 1982 1982 1983 1984 Mean 

Yield (tha) 

Number of irrigations 
- Two 1.21 0.35 047 0.64 0.49 
-Four 1.52 062 066 1.07 0.78 
-Six 1.81 0,75 0.81 1.21 0.92 

C.D.' 0.34 0 25 0.08 0.23 -
First irrigation 
-20 DAS 1.46 0.51 0.58 0.89 0.66 
-25 DAS 1.56 0.67 067 1.05 0.80 
-30 DAS I..12 0 69 0.69 0.99 0.79 

C.D" N.S N.S 0.08 N.S. -

Source Sekhon er al 1986 'N S = not significant 1P 0 05) 

differences sserc simnificant inl in ollC \ctl I 'Tlc T). \ ,i2ilicanlt increase in ,ickl over the 
control , as obtailld pll Li during t \ ear" I 'alc 7. The tieult, iced ontirledtO 3(1 k ihc 

iila fltirther stiid\,
 

u e, 'Cll Ill All eIl, eal svitlh 

inoCul'ation, a %%ell a,niotrcn ]cs ek rii011()ti 45 k, li. %ckre ltlt ,,iefllicant i'kl'[C 81 indicating 
are critical Lcunipc, 

Inl the olltitlnl~oM . lie ditlcrencC, Il threC Rlizohiua 

that these not tactlu-N l'l; the t eNsa lated. 

Table 7. Grain yield of summer season MUngbean with Rhizobium inoculation and nitrogen levels.* 

1985 1986 Mean 
.
..
Treatments 

Yield it ha) 

Rhizobium 
- Inoculation 1.22 1.01 1.12 
-N ,inoculation I. 13 0.87 1.00 

Nitrogen rates 
- Control 1.03 0.62 0.83 
- 15 kg N ha 1.15 0.93 1.04 

- 30 kg N ha 1.26 1.10 1.1 
-45 kg N ha 1.25 1.11 1.18 

Rhizobium N. S. 0.085 
Nitrogen 0.158 0.066 
C.D.' 11.S.I N .S. 

Source P A U 1986 ZN.S = not significant. '(P = 0,05). 

Weed Control 

s s. a cn. cr. TritimherntIn tiletllllll.erin. d, are tot er\ severe pri'ib Ihowe 
porltuhwtriou'L [. i, the okni\ pr1ithll Ced in tli,eA1,son \ lhich can he controlled with 01lC 
or two hocings depending oln the intCnsitv Singh and Virnani 1968). 

Weedi pose a nialior prohlent in the iitlllStt11 ,seasOn inallid Ct i se substantial redlctotln illVield. 
lTh, magni tude t Iiise . howeer. sar\ with the intensit\ and t~pC of sseeds. Weed control. 
therefore, is one of the important factors for o taitirtg high nttungheani yiCld ill the monsoon 
scason IKolar and l)hingra 1986). 

http:tllllll.er


383 A,ronllllliC MMMalncint in Punjahf,. India 

Table 8. Grain yield of monsoon-season mnngbean with Rhizobium inoculation and nitrogen rates. 

19P0 1981 1982 Mean
 
Treatments
 Yield (t hal 

Rhizobiurn
 
-Inocuiation 0.81 0.51 0.53 0.62
 
* No inoculation 0.72 0 47 0.58 0.59 
- CD, (P : 0.051 N.S N S. N.S. 

Niirogen 	rates
 
- Control 0.70 0.46 
 0.54 0.57 
- 5kg N ha 0.85 0 54 0.58 0.66 

30 kg N ha 0.81 0.71 0.64 0.72 
- 45 kg N ha 0 76 0 34 0.50 0,53 
SC.D. (P = 0.05) 	 N.S N S N S 

So.ircc PA U 1982 :N S not1 101 ICant 

F\l)CriIInltl v,"Csfltv 1,ll .cd :t rCduti t il(l ,ver 4"; in ,iiC helt ie ln\,.C,..ded check 
compared to minc atl \.S h. ; 4310" iectioC , in \ ield l icr>*hcil; -'1I). (lhl 9). .\ W in 
lIctn . i i hO..tau 1ir \t c,.,d fl'ti 1in i include' (".. .%l\ 'Coih sIIA.._'VQ0Iurill Clh. Ih 

Ould I-ibltt I... Alichhl h. l 1m *ci at1.-ini'i,r ,it 2.5 Ku ld 1 1im .25 ku li hoill applied 
U. 	 fi~ul)l Cti l cr anluidlui'l ii 11 I. -2 -L' t 1iJ llu luah.ld &1,picf'Plat L,1\ C 'o)d cotlllol of 
liual \ etl and podItce iCd ct,ui\ alcnt ri lu01ld h0lcrIe 1"lAlc QI. 

Table 9. Effect of herbicide ci grain yield and weed control in monsoon-season Mungbean. 

Treatments 	 Herbicide rate i kig Iai Seed yield it halp Weed control efficiency'

:11d I mne of applicailon 1977 1978 1979 1977 1978 1979
 

Unweeded check -- 0 58 0 48 0 43 - - -
Alachlor 2 5 pre Em 0 92 102 1 08 69,7 78.0 90.4 
Nitrofen 125 pre-Em 90 0 92 1 08 67.7 933 68.8 
Fluchloraln 0 48 preplant 0.95 0 95 0 82 79.1 84.5 81.3 
Fluchloraln 0 72 preplant 1 02 i 10 1 09 81 3 88.1 84.3 
Hand hoeing 20 DAS: 0 99 0 91 0 97 844 884 78.8 
C.D. IP = 005) - 0 185 0 242 0 422 	 -

Source Dhiriyra ut ,iI 1984 D,,SA -Jars fte iw i controi of.. so.,' %(. 'Percent e.eeds it thc treatment 
with reference to tin,-ccded It ,i1 -5 ,ht. r i r, pr:sent dry e elght of Aeeds inch ccl is c . S 00 x and 

Uii1weeded check ana ..eed conzint- trc,atmrrt. ifspc , ly 

Conclusion 
Ill Cr lIcluiiiii. it appear,, I )rIIlloh: ,jn toahi'c dli-c that express tih lull genctic. potential

of, tle varictie,. Il nimiuly tnt )il\). i, hiul. sc',m .pecilc. !inthe ,umilctr gaoll datetlt echn 
0l' s1, inc ald ilricaltiu arc mil alll l"icl r inlullin cin, \ield hut in the inolnsoo tiseasoll, hesides 
date of mm inu. 'ccd cntr,I i,, ai) ani ii(tatllt Ichu, - ,sn t) Rhi/Ohi1niui and nitrogen 
au-e nedigih-ie in hi th -.easrirt 
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Effect of Tillage, Plant Population and Weed Control 
in Mungbean Following Lowland Rice 
Budi Santoso Radjit and T. Adisarwanto 
Malang Research Institute for Food Crops, P.O. Box 66, Malang, Indonesia 

Abstract 

Field experiments conducted determine the effectwere to 	 of tillage, plant
population and weed control on yield and its components in mungbean (Vigna radiata 
(L.) 	 Wilczek). The seed yield increased with conventional tillage from 0.84 to 1.01 t/ha
compared to no tillage. Plant population had no significant effect on plant height,
number of pods/plant and number of branches/plant. Weed control significantly affected
the yield, number of pods/plant and plant height. Continuous hand weeding, two hand
weedings and one hand weeding increased yield by 76%, 60% and 36%, respectively, 
over the unweeded. 

Introduction 

In Indonesia. nuneean iI 'ian radiata(L.) 	 1rown\Wi'cek) is usually durin the dr\, season 
after lowland rice (Orv:X"(tivo I... epeciall it' ilater requiremnents for a second rice crop
cannot he met. Most larmners cro\'. 1 v ithout fertilizer pesticides :ind the\ rarel\munChealn or 
till before planting. .Iungheaj seiC i usuail brlitdc.a: ,1 practice . hich oftCll results in poor
gcernination and estahlilhnrCIt. aid inadcquatC \cCd. pest alld dtiscaC Coltlol. This in tulrnl leads 
to poor seed ttualit\ and Io\\ yields ().5 to1 .7 t ha . Studies at IRRI durin,, the I982 late \vet 

.arl\ seasoin 	 \kcii cht decreased 
w.ceding increased IRRI 1984). ('omentional tillace ,inilicantl\ increased , ciL b about 50(:
whell coipard to /cro tillage (IRRI 19851. In atsttid from I)090. plant spacing ol4(1cin het een 
rows with three plants hill t450.1(0) plants, ha pLOducCd the ilics ieanl\ ield of 1.88 t'lii 
for cv. Bhakti IHiiLa,,;tt I Q I 

In the present stuil\. fieldIe.xpcrimIIents \%crc conductIed to (iCteriltinC if iiimproved planting
practices invol%in,-, %Cicontrol. high plant populatit 

season and 1983 dr-. hllo,ded that %c h "iiiicantsl as level of 

nilld better tillaCe s.vsteni, %ould increase 
yields. 

Materials and Methods 

The experiments were conducted during 1985 following low.,,u rice in the dry season at 
the Mojosari substation of East Ja\a 1S meanillIabove sea level, max/ nin temperature 32/29°C.
1.624 	mm annual rainfall. Tropohunnid soil t\ pet.


In the first experiment cv. Merak %%as crown froin September in
July to a randonized
complete block design with three replications. Plot size was 4 x 5 ill. Basal fertilizers were
applied at 22.5 kg N ha. 20 kc P ha and 42 k, K 'ha. Plant population treatments consisted 
of 250.000 (40 x 20 cm). 400.0)00 (25 ;< 20 ciii). 50(0.000 (4( x 10 cm) and 666.666 (30
x 10 cm) per ha. Twko seeds kcre sown per hill Ior each population. Weed control treatments 
were unweeded. hand weed inc at tmo weeks after sowin,. hand weeding at two and four weeks 
after sowing and cotitinimOus hand \ecding. 
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Inl the second experiment ~Isplit plot design with three replications %as used The main ~ lots received both tlic~ ulk 1n~lae.ssenocs hkidsbloswz~ln~ 
'~l Merak,Betet and No. 129. Subplot size was3 5"i p tspacingwas 40 x 20cm withplind 

two plants/hill. Basal ertilizersvei-e appled-at 22.5 kg N/ha 20 kg P/Ia and 42 Kg K/ha
There were two irrigations at sowing and 8 days after sow ingl All plants were sprayed fiv,
tines (every seven days) with Lebaycid (3methyl-4 'ethylthiophenyl dimithyl
phosphorothionate) and Sevin (I-naphthyl netlycarbaiate) The yield components.,ere,

=-,,:calculated from 20 plants sampled at harvest and seed yield was derived frioma-'2 X2 ill
area, 

Results and Discussion 

Plant 	Population Effect 

Mungbean yields increased significantly as plant population density increased from 250,000
to 666,666 plant/ha (Table I). Hoever, ,ield/plant decreascd(,2)om 48.9 g/plant to 36,4 g/plant 
as population increascd.,,Plant population had no effect ton the umber of' pods, the number of: 
branches oi plant helght. 

Table I. Effect of plant population on yield and its components. -
Plant Yield Pods! Branches,/ Plant Yield 

population (ha) (t/ha) plant (no.) plant (no.) height'(cm) (g/planL) 

250,000 0.77 6.73 3.92 53.25 48.9 
400,000 0,83 6.83 3.67 53.39 43.5 
500,000 0.92 6.04 3:20 52,79 39.1 

,6,666 0.92 6.03 3.20 55,52 36.4 -

LSD (0.05) 0.06 n.s.' n.s. -n.s. 2,34 
: , " ' n.s, = not significant. 

Weeding Methods Effect 
The Weeding, treatments signifi;antly affected yield, number of branches/plant and plant

height (Table 2). Yield was greate in the continuous hand wceding and mininimum in the
unweeded. Yield increased by 36%, 60% and 76% compared to the control (unweeded) in one 
hand weeding, two hand weeding and continuous weeding treatment, respectivelv. Similar resultswere observed at IRRI: Yield from the twke-wecedcd plot was significantly highertlan, those 
from the plots that Were not weeded (IRRI 1983). Yadav etal. (1983) Concluded that for iaxiuitun 
seed yield, weeding should be done at about 20 days after sowing. There were no significant 

, 	 differences in number of pods/plant between two hand weeding and continuous wceding, It is 
probable that continuous hand weeding had a deleterious effect on tie crop especially duringthe flowering stage and tillsmight have reduced the number of flowers that developed pods.
Dominant weed species observed were C7)perus rotumidus(86.4%), Cvnodon dkcictvlon (5.4%) 
and Amaaranhus sp. (5.1I %). 

Table 2. 	The effect of weeding on yield and its components, 

T 	 Yield Pods/. Branches! PlantT.reatments (t.) plant (no.) plant (no.) height (cm) 

No weeding 0.60 5.92 3.64 . 47,5
Hand weeding (once) -, 0.82 5.07 3.32 52.7 
Hand weeding (twice) "0,97 6.59 3.64 54.8 
Continuous hand weeding . 1.05 6,47 3.55 59.8. 
LSD (005) - - 0.07 0,53 n.s. 1.98 

n.s not significan . -
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~ ~ Tillage~Effect 

When averaged over all cultivars, yield increased with tillage (0.84 vs 1.01 t/ha without

and with tillage-, respectively) (Table-3),.This was probably due to a rcduction in bulk density,
 
an increase in aeration porosity and a reduction in weed growth (IRRI 1985). With zero tiliage,

-iants were more susceptible to drought and flood damage-\'ed competition was greater and
r 

crop yields were lower (IRRI 1983). Tillage affected the following yield cnifonents: the nuniber,,
of pods/plant, number of branches and plant height which were higher with tillage than without
 
tillage., Howeverall variables except seed size, responded to tillage systems.


The highest yield of 1.18 t/ha was obtained with cv. Bhakti which was significantly different
 
between-cvs. Betet and No. cv.129 but not, from Merak. Similar results were also obtained
 
with plant height. There were no significant differences in the number of pods/plant or the number
of' branches/plant amongthe cultivars. Cv. Betet showed the smallest seed size compared to

the other cultivars but there were no differences between cvs. Bhakti, Meiak ad No. 129. It
 
seems that the different responses to tillage between the cultivars might be due to differences

in phenotypes and genoty)"es, We suggest that soil moisture at sowing time was the important

factor which affected the establishment and yield of plants.
 

Table 3. Effect of tillage on yield and its component. 

Yield Pods/ Branches/ Plant Seed sizeTreat-ents Cultivar (ha) plant (no.) plan' (no.) height (cm) (100 seed/g)
 

No tillage 0.84 6.5 4.1 
 39.4 7.2

Tillage 1.01 7.5 5.1 43.8 7,2 

LSD. (0.05) 0.12 0,7 1 0.8 3,6 n.s. 
"Bhakti 1.18 8.0 49.24.8 7.8
 
Merak 0.98 7.0 44.94.9 7.7 

/ Betet 0.78 7.0 4 ,2 36.5 6.3 
No. 129 , 0.78 6.0 4.6 35.8 7,2 
LSD (0.05) 0.31 n.s. n,s. 9.6 0.6 

Zn"s n ot5ignif'zant.. .. . . ,' ... .. 
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Effect of Different Cultural Practices on Mungbean 
Production in Zamboanga del Sur, Philippines 
E.M. Decena, F.F. Bongolan and E.T. Molina 
Betinan Research Station, Department of Agriculture, Betinan, San Miguel, 
Zamboanga del Sur 7828. Philippines 

Abstract 

Mungbeans were grown in an upland area using different cultural practices. Land 
preparation and cultural methods included the use of two herbicides, two plowings and 
a harrowing, and no treatment. Seed was sown through a seed and fertilizer drill 
developed at Betinan Research Station and compared with the traditional hand-sowing 
technique. 

The drill was just as effective at sowing directly into undisturbed soil as into plowed 
and harrowed areas. Off-barring and hilling-up weeding techniques prove', effective in 
mungbeans, grown in rows spaced at 75 cm, only when the land was prepared properly 
or when the weeds were initially sprayed with herbicides. A description of the modified 
seed and fertilizer drill is given. 

Introduction 

111 rIAilin iI ,I L lihild ',L'\ tle",, h llIr-,C ha .d\CLIIIi L1 ,.0d Ckt (ti plainiin inl ,Oil 
c'iw ollIIIthe tIIjii.Ii .il , t'.i i l i l , IC, St l. I. ,td tln l l+ Ct.'rCal,i l Lr I In titlllti Ct u 'l'Itliintt 

' ,delluitLl iliti r,i , idr d ,l C Ot LIICill 
IN-)SIi. l ICIC 1. IIICIdIC. ,i llli..'I CilCl) 1d)LItI\i+ iCi.it I In IIl ri C-d un-hci,,2d ,crTOI)IfIl. 

lhi, N1111 l,_'.i Ci , ck!-Ii'0 i ,1d CI I \ iuhiNkdl,itlt ile 4l)cnniin 

' 

',\xt,.'Il,tt~ill .I['hm.I nnd ll,.'~l'+,HII.' IIJl~lJ' pOLIl, thudIiIItlC lINtlrFl)M t
I.'ll Ol 1th
 

p ,I )IInCh . I i. t.I cIIi(IIth t,,II , Btti .di' I Iitt) i,hrIItI It . IIh 11 I(Ct J lki]i Ictiih ci 

IIIBLJh II i1i lk If u k 111d0 I CCIIld ['rInIlIN 9 Clii l., Itbt l 1 I .,I ,d.iii ,,n'iic1 . Chitl
drill ,J ,;, C%,it .lI tle lhl +k', tllII~lIlII s, kdk hurI 1,111%, 1111,L ,dtcI hl'i \()k I',.',,urhud CI,,u,,I, 
IN+Otl~ CtJI l Ct 11. NtS_+2 A nuI(IIICtI iim" ClnCOUntutrd v th tileN k'll[.(d ff'Au ..\ p l ,ct<c 
kitill hardlk nlli th1C \k'+t',IeCII1'ilCCl'Cd Ill .Tlhe ChL1112 ,,MtC\kIhun u,,kI ,)It L'In0.1n,.d ,+.,ILIII+HnClHI N N l 

,elCcihL'Ld h1lohv. ,ild a dcscrktIi+,t1 1.,.'Ni\ tlld tl-i dilICIcriut cultlur d thalI tell i \ cllin practio.lc 
V,,Li' ip.l ,CL Ii i cu,Ii\ in l,.Ii'chca 

Materials and Methods 

Fifteeni trcaticnt , dLCriihcd iIll ] hiC I. Lirc LIiLutCL ind ritdLlml'd C tCpllck 
fil 0iu relicates. The C\lpcriIICiit v ; LIn uLictc illI I . V itl th crOpping alltil, 

13RS ol . rdchrt\ n , ii ,cri\,cd lromiha,+aht i/I)SI)P 1980). All plots , ere 5 - 3 fi ,rith
either a Of-I75 cI l itcrrl V Itcu-ne. tpOli rc hc Pa.c-a,a I varietydClpcndil (he tn t. 

vkai,"()\\n Mid n1iuIitiiitICIi at 20) plait,' linii I lB 'll upplication I allllh ni1ll pht(,1phat 
fertilizur k. I\-I)I)hiLiCd at tilelttt ' . 2-401-0l k NPK ha. 

Pior (II pl) ntin. I + i h LihcIlh i % t+,C Cii ithpala(I at IpMtIl,rit,II c ,Li ,ta. tikI V v uat 3 
(Graino\oiici at 'liie %\cc hC'iiiccii sii\ , ind OnL \cck hclllrC N I n a iiii1CC it iii atia/iIC 
ait3 k2 a.lSI); .i. a at tt C,.k, hlOrc i.tlle. 

http:practio.lc
http:tIIjii.Ii
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Table I.Effect of different cultural practices on mungbean.' 

Land Row Weed Yield Pods Plant Seeds 
Treatment preparation" spacing control itha) plant height pod 
. .... ... cm) method' (no I (cm) (no 

I Traditional 12 P.H.F) 50 HW 1 20 11.35 75 95 11.59 
2 Traditional (2 P.HDi 50 HW I.12 10 90 8203 11,73
3 Traditional 12 PH Fi 75 HW 0 86 II 88 74 53 11,52
4 Traditional l2 P.H.D 75 HW 0 94 14 95 81 73 1 355 Paraquat tF onlyi 50 HW 1 21 10.13 8683 12,23
6 Paraquat D 50 HW I 56 1283 88.70 1 75
7 Paraquat (F only) 75 HW 0.95 1165 81 15 11.35 
8 Paraqual iDi 75 HW 0 99 13 33 78 75 I 48 
9 Traditional (2 P.HF) 75 OB-HU 0 79 I 53 73 23 I 54 
10 Traditional 12 P.H.Di 75 OB-HU 0 93 12 63 74 98 12 40 
II Paraquat iFonlyi 75 OB-HU 0 87 13 53 79 35 II 32 
12 Paraquat iD, 75 OB-HU 0 90 13 98 78.88 11 94
13 Atrazine iDi 50 HW 0 93 13 15 76 95 11 23 
14 Atrazine IDi 75 OB-HU 0 71 13 05 71 93 12.14 
15 Zero tillage iF onlyl 75 OB-HU 0 74 I 58 76 38 12.24 

LSD jP 005 0.16 148 N S NS 
CV 1<)1 53 835 13 12 1210 

'CondUcted dumrmin tlh ftrt croppiri bsu ons r B# tri . . pl1981 z Pr! c i to, "P' ,.H - harrow F 
furrow (hand so mnt,and -D mld iW .drii, il )rrmn (, baud.iws.J lnd+,and O B HU - offbar indhiIp 

u'.,s hi', C\,riI 
work finoi l tall. (iimil l1982) IlIc c uhter I 

the ,,cddiill d tn inlr \,\A, mn(1tlilicaio t q UI nrt Ueti. inI an e.,lier 
1)8 t al . ,. I ) v,hich did not eflecti, clv 

cLit ,as 221throcl.h trash rphic,..d ,a snallinn diard piv 'I.l..A .inic handle al,,ireplaced
the douhlC-hadhld ntri)imlline nimchanimit niakmnm it ai,,cr hor the ip'eratir to u',-. 

The crop %,askept pest- and dis ase-tre \%ii thc ipplicItion id nonllocrotopho. , I liter hal.
Dccaniethrin I k.Lha) and hcnnrvI I liter ha I. lar.et 1anide 63 dIs After ,o',sinc. 

Handle. -:Z Removable 

Seed Metering Roller & 
Guide Kit, 3-line, -

Detachable " 

..-Seed 8 Fertilizer Hopper 

-Land Wheel 

Rolling Colter Furrow Opener 

Seed Covering Chain.-

Figure I Modified planter. 
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G op er 

Seed&8 Fertilizer 

Seed Metering 

Seed Covering Chinl 

Figure 2. Betinan Research Station seed drill. 

Results and Discussion 

The results of this cexperimlent confirml that nian\ of thle problems previously encountered 
with the seed drill had been overcome. A ctiliiparistuvii tr'eatments 2 and 6 with treatments
10 and 12 (Table t indicated that thc rcplaccmint of thle coulter with a inoidhoard plow allowed 

a more even distribution of seed and sos. ing depth and o~perated just as s,elI in cultivated ground 
as in undisturbed soil. Howvert. the metering deSice needed lrther adjusting as the plant 
populations ss ere lower in the drilled than in the hand-s v, plots hire thing to a population 
of 4(01.1XX) plants hR.Despite tis tle reatients ss the I ss pattion had an increasedith er plant pt 1

number of pudl ant and there was little difference inyield etr,ccn thhe drilled and hand-so n 

treatments. 
Weedin tiTie ina reducce h using nioldbo11 rd ,plow to off-bar and hill-up but it was 

necessary to increase tme di.ance ietcren ss.hich resulted in a decreaseriosvs. in the plant 
population and a reductiln in cop yields icOnlp-are treatnments1 and 2 with 3 and 1l.However. 
there was no ,inificant difference in iCls between the hand-weeded and off bar hill-tfp 
techniques ssith a row ,pacig of75 c.ii 3and 4with This resul(compare treatments t) and l(). 
confirms the ett.ect iseness of tie off bar hill-up operations when cnducted duiiring the correct 

+
stage ofcrop avid sseed cross tlco~upled swith good sseed elinuina.tion a.tsowing.
Reduced ti lCe and tilese Ifraquat proed to be asery succes.sful techrnique i thle 

cultivation o nun eans. At imilar ros spacings. the iels of these treatments were equalin 
to or reater than thoC that 5. eecutltivated inthe traditional manner. In(act the tobi highest
tielding treatments erte nt Ilosed ori harrosed see treatents 5 aiildtl). 

Conv'ersely. sshen atra/ine s'.,s applied at 3 kg at 80)' a. !ha. ageneral r'eductitii. itt yield 
was obsersed. The residual actit of atra/ive appears to adersely affect nungean crrthti 
as many f the seedlings inthese treatments withered and died. Application of I kg at 8 

a.i. /ha of atraine proved to+be ini/,ufficient in a previous experimenlt ( holina et al. 19X I)and 
more work needs nductedt on apqiato f atraz ineto determine ato be c e suitable rate 
tor use with nmunebeats i the ZdS entirontment. 

Intone treatmet io herbicides sere used andtuntibean seed svas sn. directly into lurros 
wsithoutt initial cultivation Itreatment I5). Some farmers in ZdS resott to this svhenfthe\ are behind 
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'a 75>clnn sywi\\ 4)1a% amn2llkiii~J.i LAN iliill all i ldlii'TiN Npiri-cditdl ) ciii I Ccp
thoise 11rcilcd %i.til aIa/licl I ,i N cim IM'. Npcic1 ItIN [I)ON1iC 1 l nC the 1111 \\ CCi1iplIM', fill 
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Research on Mungbean as Intercrop with Young 
Rubber and as Sequential Crop with Rice 
Paisan Laosuwan, Piti Sripana and Autapol Thongsomsri 
Faculty of Natural Resources, Prince of Songkhla University, Hat Yai, Songkhla 
90110, Thailand 

Abstract 

In southern Thailand, mungbear, is planted as an intercrop with young rubber plants 
and as a sequential crop with rice. In 1985-86 the mungbean project, Faculty of Natural 
Resources, conducted yield trials of mungbean between rows of young rubber plants 
and in the paddy field after rice. The average yield of mungbeans planted between rows 
of young rubber plants and in the paddy field were 1.311 and 1,400 kg/ha, respectively. 
Either AVRDC mungbean line VC 2768A or VC 2755A gave the highest average yield 
during the four trials. The effects of levels of different management inputs including 
weeding, application of fungicide, insecticide, fertilizers, etc., were also studied. There 
was a very high response to weeding and fertilizer application but low response to other 
management inputs including fungicide and insecticide applications. 

Introduction 

The production area 01' 1 ine121ii in NOuthcrl Thailand \aries betv cen 5.(0()0 to 10.000 
ha and is concentrated .. lee pro\ inces il the cast coast: Nakhlon Si 'hainiart. Plhlattlalull.
and Pattani. Since most , the uland and loss lalnd atreas ill the soluth are c\ Otd to first 'lbber 
and next rice prolition. i1iunebean is Usutal\ plLnted a , al intercrop ssith 'wtoun rubber plants 
and is a SCLuential crop s,ith rice. Liostntli et al, ( 1987a) tound thlt n1unetbehal per formtance 
heteen r15,s Il"\oln 'Uh CrI plats \as not alsi 'OOI I p'eitn t. upl d rice and corn. This 
Was dIL pti'iiril tI tho l)t ilor adlitation ot tile iltiuealilcrop)t "oill tiahliit\ inl these ness Iks 
opened arcas. 

A series e.per lits %f55as c l si)st t tibhbr lntt nd ill pladd\l1ictd ill betss Cc1i s 
fields alter rice to ksaluate inl l'Cl line', Or culi. h r, ,uitaleIC for sluch Lross itie cotditiols. 
A Studt\ Oil input and nianaqcenilIt a :0 ctrriCd out ti dCtClnillC their suitable leels for 
ni.nehen) production in soutitlhern Thailand. 

Materials and Methods 

Yield Trials 

Yield trial between rows of young rubber plants. One experiment each was conducted 
in Hat Yai and Phatthiallllne in 1985 to e,aluatC I0 iiut,,hcin lines in beteen rows of \'tlin2 

rubber plant, (Table 1). At Hat Yai, the\ sserc Ptlartt'd tt, een rl o\\ ftl21-iltth-ild rubber 
plants at Ban Na -saan oil 26 April I985 usine aifrandoniied cottplete lhock design %\ith three 
replications.,. At this location. the rubhh plalnctsp_'luICCl tCe12l rs aidll. Ill be\teCewe 7 Ill 
plant. within the rowk. Prior to planting it1iingblean. all 11t \ ere treated s ith 625. 47. 20 and 
38 k fhl litme [Ca (OH)21. N. P) and K. respcctiel,. Each plot had I'obu.r ) rn ro\ss spaced 
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50 cin apart. c itl tie ,M a. -2)k IIiiiWh hl Alli daa. .iiu,,rc;pacinL %% hIt c20 II, IpCi i t 
,
llentS '.icadc lt01 M Fih lIhI i tliIi Ili'eC',pcI;mnil[ w Lit: V,hctcIItic iv,cC.InhIC , ,. III Phitt ito Idtuccd b .

rows otfotlc-, Ca,'-old IlNCr at Ban Kokc ('ha- nii+i I Au II L;8"5 I 12 1CainuI proccdurc,,t Ii.IN 

atsao C. 

Yield trial ini the paddy field. I-,,Ci 11.L'hClI linc %Cl,icsicd tt W0 lotiariiicrs" p,Id. ticIldS 
at PhlltthThm ,Ilahlc . lhc plaint ,,d1ihIS , lAL Coirin'iuttriaicril , i iLi't crc sciccc tio tIlcir 

,
II '\['Lil .1t4t \ ititiOII o \ci-c 
plantid l .\pI1I I ) IS() icp\1C+ pint,., tm . i 

lOd [c 1t0inin ilC ItPI C\) .It rc"ctarch Siatitio ,. ,oih ptc.riillctlls 
III il v.it0 lld fl e ICthir %\ith nitlcriilh,,icr,. Fach 

plt co 1Iiisci.tt1 rI ,: -ok I t\Sc II is,,ii.l hl cei hill", \crc 5t1d : and 2) CIII. 
tc'spcclki Cc \. %\I h Iss 1 t, p cI hiLl. 

of !,0anb 
plants at Hat Yai and Phatthalun 

Table I Mean yield and other charcies t planted between rows of young rubber 

I ,:OA -seed Pods Seeds Plant Cercospora 

Variety P H -P ,.,eight plant pod height leafspot' 
k ,i ,HP,t IHP ino ilHP, no iHP i crn j P) (scoreI 

VC 2755A 1.813 1.463 .638 74 4 17 483 20 
13-7-1 1.675 I 300 1 486 585 12 577 20 
Du mo 1425 1 338 382 6 8 17 13 57 7 3 0 
Uthong 1.650 1038 34- 6 3 15 13 62 3 3 5 
8-50-16 1544 969 1 257 5 6 16 I 50 0 20 
VC 2768A I369 1I 19 1244 72 14 12 420 2.0 
VC 1560D 1.700 744 222 6 7 15 I 44 7 10 
PSU 324-61 1.450 96, 1 210 6 1 16 12 60 3 3 5 
PSU 42-4.61 1.606 744 1.175 64 19 II 567 3.5 
PSU 324-64 1,569 725 1 147 5 8 14 H 45 5 35 
Mean 1 580 t04 i 
F-test FLS ns 
Cv :. 75 2.229 

H H t Yi,. P 'l :., ,f -oth" Li ci tPboth -ocrt'cns'Cercospora leafspot I no discaseobserved, 
- plants (.r FL .i0-rla, .0 ;2d 

Table 2 Yield of mongbeans planced in two farmers' fields Koke Cha-ngai and Cha-muang) at 
Phattha u nc 

Kok - Cha-ngai Cha-rnuang 

V.riety F" NF Mean F NF Mean 

kg h,. kg ha 

VC 2768A 1.525 631 1.078 2.388 1.852 2,120 
VC 2755A 1.439 560 1.000 2,294 1.519 1,907 
PSU 424.61 I438 663 1.051 1.719 1,144 1.432 
Uthong I 1575 844 .210 1,500 1,419 1,460
Dau mo 1.675 1084 I 380 1.481 1,256 1.369 
Mean I530 756 1 14- 1,876 1,438 1,658 

F NF plots .,.th :.J ,Ot- . f-i ' e -1i..,zcru , 

Management Input Trials 

.%Iiiisthcanpr rdti.tili in 'oIihrii lhtila d dcl hu'I,.'l.re,,idua l .Weeding.ciid i c',,rtilit, 
ir1,,cctlcidC 'anhi lur2CIdc aipplicittinll hl',ndl\ tihe1lauicr bcliccs that thearc practiccd -,,iIco 
I,.tulrs11'10111 14ih llani cin t input, l' kcrA h ,. 

F.\pcrincnt,, ,,crc ,.'nductcd hct, ccii ross,, Of ruhhcr Na-,saan. Hat 'l,andotiLtl itBan 
in the )Add, lid at Ban Kkc Cha-nLai. lhalitthah)Lr to siudM tile clIcc,,uf differcint liiIileiicnt 



input', Ul,; tunbcanl ,a i' t tlhmli . ,-\t Liltl a thre level aCI;IChof k,eudine. luntiCMe 
Mtttd i apjllipi v,,etC W idr, ll .i taIt AlncCtikidC tion, artral cd iill s and SIt1LI it Ili "titiplete
block ,ci~ n v,ith thttU r\plicitiI'ns hetIlet hitlI. C i(s CediteI lIuneI.idC and ir.+cCtiJ'LiC;ifplieithon arc ,cscliecd ii lei . Ibhe e\pL,.rilnt 5 a,, lilatitd tn "2 .\p1il iiIt)85 betv,.'n 

st,'+ol 2 -titll-ithlH rtnhliir 'l~ilt,, li' il],it tadIl uri5in rti\.'.,,spaced 511)clli ht., 'cii h'. ,
iial 21) u J w'Ieetn (t{ils v.itt+ iS,,, lte,.in V iC"L~t l l d pi~t, Jkr till .\lIJ,I t ttitt \',.'. iitudc Itiulli".~l~.,+., ,ifi Ci 1 'ttllt.'lt,,s 
t\,,.ivet+ncr ilS'. s ~ tI, sh.ccts '.',.rCi.: l+].ci,.t_',. ul' [ t ,v he.n :'.h.,-C lI 'h Ult .ti~ andl lui i ,,ecrc5', 


.\t llatlt:titr , t''+i ek','i, ,t ', \\;Ii I ; aiApr amlcn. ',u iiie.I tLII i ItIMI'eCtLif cat11985 

r
ol 2(1 -t',I ii .iiiici v i I 'iI' e.i cIl l Ci A iIliS I , i I. ti,,il .I I+0\t, iht ',i/c t\Lr, 25 . 

eI r+tiS1,'>
]"able 3 YieldJ anrd otlhcr charlctersl ri'ai.l , it dirferent levels of weeding, applied 
fins'clde Ard *nIseCnnd
 

,1\0.CHI P:t 102-seed PliI W ld" D, tse 

Treaimven t, iscore toc(reh ,t.' S1I. p ~ .th Ileilit V~ehs Dse 

Weeding, appie 

0 790 10 7 32 41 96 500 233 
1r234 14 7 51 7043 I 92 2 73 

2 1,481 5 751 45 30 135 2 92
 
Fungicide"
 

C 1002 II 733 43 22 2.74 400 
I 1,195 14 7.43 43 67 2.85 I 90 
2 1.307 14 7.58 44 07 269 202 

Insecticide' 
0 1.033 12 7,51 45 11 272 2.70 
I 1,163 !4 7.43 42.93 2 75 270 
2 1,310 15 7.40 42,93 2 79 252
 

LSD 1 05i 130 
 - - - 0 (9 0 32 
1011 175 .- - 0 26 0 43 

CV ci 20 49 
 7 38 16 31 12 72 22 34
 
V'eedpw 0 - IC -,-rjjr)nyi aud c.1orceC an 25 as,.: pii 2jf - ,Jrv2,',e. i''' de
 
egui-i,' 0 spryed :o vsr' ,',s
'h -dc u-no I i . c< i 40 .mc 55 s.i m 2 ,ryv .. Sp,1, t:.c 

two .,,e from 15day. :iftcr planurly Fii,,lr rS ,p on .
 ksstarrry e -0 ser ,, e ,,35 aid 50 days
 
after pian irF.2 spr,'ed e er , ' sa i 
 ,-i IS5 1.5 :itSl. :2lt! "5,',: i rn. .r ds 5 
very weedy eamspot I ni ufil,ivS. Obirs .' Iu.,e . , . 1 ! , eCercosir 

i 


Results and Discussion 

Yield Trials 
Re.ulS of .l i 1'\nrl",tI,, ,
l pCt cwi.wCtaeIiliehi ti l iis.ii in ltotLheiltetri ' , l't 1hher 

jilant" i, ,,shn,,,,; raphi.all, il I l "a', ll' cI 1 l)1-- l"'hi" in' sticatiotil s '.,ed that 
up t 5)'' Sunlieht i,atsailahlcI iM nIj uccan1Lip h) 4) i1 1th',ItII'llintL ol1ne r-ulber plants. 

1Th seld trial l+Cr.,ult, IltICtIrC 'Aith.ot itnnelb;diall lipI,..l lll,rIubCr la ts,are .,1lln ill
Table I.N i atti .litlt' .C IlihLI ilnine lIne IC eIL intic, at citl,.:r i' e Zilc.ttin. . 

titte'beati ',el 1t1,tthYl a0nd n1 1.5 k.kYIi t tat ,,,.,l nl I1.)41 h hla.rcpedtii l .. \\' lRI)C
line \'C 275 .\ eC.e the hiheCt . l M ouh( 1t h.IcatiII Inhlii, line 1,i had relati\ c;i' lartre seed 
,i.e and shl'. d , id tistanc III ( rciLoiporal (cit .piit. )lheC Illh\ ar itHits lli'.tich (CIded 
to ',ield hieher thant the check \trict\ . I thtIiti: Iv.k Cr 1-' I ,and I )at11ii. A..),,mher AVRI)"
line. \C 1500l), had ihe iihet ('L'Iis,I n lea tl+ r itaice.IC 


The in tc rlt en a ilh liit1e lnt, '.\it,nll\ ia il[the seric tk trial".
rubte as (art l, M 
The tCeultl , hi ,cd that tile line,, ' lihit ,.ell inttcriipc \kitf CIcrhiirit ed 5',t .t ll ruhher lplatIS 
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were not the saile as tlho,, ph'nted in todher a , irea.in llke l,(i of liics front these t\,o sets 
of exprii-it,,vere,: dil'rcut. Thi, Succe,,ts, thut , iid 1cutat1CC.1 tM\\s of V1.1- rubhertrils 
plants .rc icce.,iurs for thre dc\clopill tll ofl tlnlbeall \arirl c, l" the aic ,roi i I t the 
south. NlMrCo\Cr. ruhbC pltlt1, Of ditffernt aes ru las,rcqure diflIrent 1l1iiu,.i.ban saerituCS. 

Table 4. Effects of different rates of ilput On) mungbean planted after ricc at Phatchalung, 1985. 

Seed i00-seed Seeds Pods Plhnt Disease 
Treatment yield we;ght pod plant height DCLS) 

(kg hal oI g)o 1cm0 iCLS 

Weeding; 
0 292 5 0 7 5 4.0 30 2.0
 
I 268 50 100 4.0 36 2.0
 

Insecticide'
 
0 622 55 118 12.6 55 20
 
1 988 6 0 12.8 14.0 65 2.0
 

Fungicide
 
0 550 5,0 0.5 108 71 3.0
 
1 727 5.5 11.4 13.5 75 2.0 

Fertilizer'
 
0 66P 5.5 132 13.6 57 2.0
 
1 1,094 55 122 156 
 85 2.0 

Planting method"
 
0 948 5.5 I 5 10 3 105 4.0
 
1 1.284 50 14 0 17 7 107 30 

'/uCding 0 dr I ¢ J nweiL-we , IegUIarl. 'Inr;ect,cdQ, fiirmcde 0 . rot spraed. I spray every
tn'o .'ee5 s Feit,hzer 0  not apphd. I - N P and K .vere applced 47 20 aid 38 kg ha, respectiely Planting
mcnttr :ds 0 . nroadcasting, I -- i"1 plantug 50 20 cm. 2 Qhsints hll 'Ccrc spora leaf spot score I no disease 
observed. 5 the crop ,vas heavily darnaced 

* S 

25 0 

O[ ... .. ... Figt.rc. I . 
0 20 40 60 F, t0 2 Light penetration to rnungbean inter-

Age of Ru~bber (month,) cropped with rubber plants. 

Yie ld 01' 111 11-U e n 1 1 nt1[Cin tr rc r,," fi eld shis t in l 'T l+ le 2 . T he \vi el Iro nl+fertilized 
DIMS ,tswa .SuLlZ11V higlher than troni nt) fertilized o,,lu, )'o~r aill liine,,. VC 2708,..A Late the hiolhest 
}ieh, at one location but 110t ;.tt the othear. It itsj Citd ;. it[ Ko~ke (C'li-rigaidUrin,_, the experinient
and Du n perforined hotter than the other linec,, tinderI,,uch iuru\M i1-,' C01ditiullS. Data for Ci
tl l t u . l g , i nd ic alt e s> th at %i el d tr i a kl i n 1 ti'n. Is -l d "b-- lt ,, n ,% C i i i na I'C s t~l to th o s ec , l1the ex p erin i en t 
s t +titon ,+. .in c e ra n k ing2 0 I lille ,, %%.e ili -nilar I ; ,, , l . l C1a ]. 1 9 8 7 c ).r e 
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Management Input Trials 

YaResulYtresow.n-jns oft abls--e d buaeet nt otrials ofinungbcanife intercropped'.witt sllaidtii.iie rubber plantsat.cin-Nee.,Hat -inputaesr 


sigiificant forseed ield buttfori100-Sed weight and plantight. Weeding resulted in 
differencesin seed yield, pods/phint, and weed and disease ratings (Table 5). Mungban.
responded very vell to weeding and moderately to fungicide and insecticide applications (Table 
3), One hand weeding prior to flowering resulted in a yield increase from 790 to 1,234 kg/ha
NWeight of weeds harvested fron each plot was negatively associated with seed yield (Fig. 2).
Res,%nse of mungbean to insecticide and fungicide application was moderate. In this study the 
increase inseed yield would not justify the cost of pesticides since insect and disease incidence 

Awas not serious, 
Yield response to weeding atPhatthalung was v\ery poor Cue to the poor CCrimenial site,

The plots receivingthese treatments were at the top end of the area where the soil was poor.
Seed yield increased when mungbean was sprayed with insecticide and fungicide, and fertilizers 
were applied. Hill planting offmunghean gave higher yield than broadcasting (Table 4). 

' Table 5.Analysis of variance for different characters of mungbean planted between rows of young
rubber plants.' 

Source of 	 Pods;' Vaitin Yield 	 .. I00-seed .W Plant eeds Diseas::::: .	 Weed Diseasevrainplant 	 weight hright ae ...
 

Replications ns 	 ns ns
 
ns 
 ns
 

Fungicide (B) ns ns ns ns
 
Insecticide (C) ns ns ns ns ns
 
AB ns ns ns ns ns
 
AC ns ns ns
ns ns
 
BC ns ns. ns ns ns
 
ABC " ns ns ns ns ns
 
.'zSignificant at the 0.05 and 0.01 levels of probability, respectively, ns = not significant. 

* ,. 	 A 
:
..2500 	 ; :::; 

Weeding Weeding beed Repneofmniea il t ednS 000-:'5 


N-oOnel Continuous Fiue2 

Weeding .Weeding 'Weeding , : '  'Response of mtngbean yield to weeding ;i.; i,! 

Conclusion 
el
These studies show that mungbean responds .ery %vi to weeding, fertilizer application and 

-.planting nethods, but response to pest and disease controls was not obvious. Farmers producing 
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mungbean in southern Thailand as %%eli as in other regions of the country, usually practice
miinimum weeding. and apply very little t'ertilizer to their plots. Most of them grow mungbean
by broadcasting. All of these traditional practices result in low mungbean yields. 
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Mungbean Development in Rice- and Sugarcane-
Based Systems in the Philippines 
Lolita N. Ragus', Vicente G. Dosado 2 and Agapito Ronduen 3 

'Crops Research Department, Philippine Council for Agriculture, Forestry and 
Natural Resources Research and Development, Los Bafios, Laguna, Philippines 37322 La Granja Experiment Station, Sugar Regulatory Administration, Negros 
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Iabela, Philippines 

Abstract 

The Mungbean Development Action Project is intended to improve existing mung
bean yield through increasing awareness of farmers for recommended packages of 
technologies under rice- and sugarcane-based cropping systems. Iloilo and Isabela 
represent the rice-based scheme while Negros Occidental represents the sugarcane
based system. In Iloilo at Visayas. a farmer-cooiperator from Janinay obtained a yield 
of 1.1 t/ha and return oln investment (RO I) of AE20 when she broadcast Minngbean 
seeds before the rice harvest and followed the recommended POTs. In the northern 
part of Luzon (Isabela), Taiwan Green (farmer's cultivar) gave farmers an average yield 
of 1,3 t/ha and ROI of 271%. Pag-asa 3 avetaged only 0.7 t/ha yield and ROI of 154%. 

Introduction 
'"lhc PhlilippllcNk'. ctl (if Ith,,tul li it. , e illh \'i' \;I",and X inlk.",lpi -_ l lI' t.l, %k, ~Lu/oll. 

tdini tle t'hic' c tn~ t,. l,, til til 'crux trittall it 253 ct111(I)[ltn ailtd Id;Milrtnic
The Aittic l iid _235I17) . at imcipIt.itimi III I Iu/tl. \lt \ a, :inl NInIk i 272. 23 ) lli. 

repctilkc (0l\ 1, pnIlr!itl iitill in ti eC t , it t ,'ll1 llticlced ) thne li nll IIll tiritt. c lccialIt 
m11Cd atlt;1 a11d AiMimiiii0 arinl'ill dI thiet\cit IltC',c pmalnmtictcr.iVcct\ t itt illhk l',cl 

' liet." I uhl I the cm 'tl \ lc t;IIi W 11/ci1totil p ii clitci t iici\ (1ih\. \kcltitle lalcn,. 
aid dkli". lln'; \t.C . )r\ rllct 1\ L I :lt ,It\ it i l tll\ 11;1\c Ih i\, 1l\Ce Il lnn lh,,. \\L', icI 
I1 ]tli" I', lll llht' ,. i lldI ittIn i ll;t k: I ""tIal ' 1i! itir lilt 1101, 2til \( ik.intl :i1 I 1 . A 

:I i t I t.k' i' 11 emiti , i: t I a( Iri\ t ' II 1 (1i 1 111111i i t,ti ", Ii .,, lidt ti I I til i-l"(( .iI it lI. 

It is dtI C 'I L eiCiil tiIn e'Il/til h 1i 1, t ct Mil ie Innaim.ilnie l- , the i1m i ' iItir C I.tii 
cro)p ',tic , 0 ti r Ice'C. It ;tlll he pl l!cd t , t1 I,'t, a't llitll c ioi hut 1-) II I 101) r i tliom . 
'ekit ctnippulil knliIIt cCrI-ppill , ,.t ilti ,kmint c,l ti ilnOther lit n-Cit1 t ttlllttL t.itlte t 
its dhrut'ht htrlMiCe Aitl ;rlt ,itlttit \ i. hi ()i5 It i', 'i[ItCd I i0\k-ilitll Iniitli.1 Ilt_ 
ti it a tii\ 11\it hItric IiiiLI, I t l itLh 1iairkCe tJtc,)m t l ue 10 it(' %Cr,,tililcu,,ciI 11r1c 

and ntriti~ ILc ic 

0 h tir-. Ni ihe..r i It lie I li' \ ,. i e ti hlltd 
or tIL l lIlt tclui": I Ikmi IcII\, Otf tiili/Mitim i 

je lldi ti: ,n I l,; sitt atioll. ti l toioile 
Ofthe in,' t ,,i i ld ll h ii inicltnC'ili Ill Ci ilnipaitisln 

ton rice i 
I 

cmiii ('Ithle 2i: it i i -inlptt tcclmmlm , ' lnr I linlc'r tlie aMidesjcciall criml 
prortection: il,' LnI I It -t ;i.idin,, arrl t ar ,ld iI, I Nickol senr ic' Ilril. f1pitlicedit. 
techIical ,'isatncu ild iarkeiint 
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Figure I 
Agoclinatic map of the Philip

pines based on the number of 
months duAring the year- when

MALAYSIA .vaver~ae rain1fall is less than 100 
mm per month 

Table I 	 National aver-age yield of mungbean 
from 1981 to 1986 

Yar 	 Yield t ha i 

1981 0 65 
1982 0 66 
1963 0 7S 
1984 075 
1985 0 72 
1986 0 69 

Sc''c BAc 1Fguri986 

To inl"p---ocal lnlicLin production. he MInnnhcan Ic clopiment Action nIeAP"rject IkA LAunche, In I)X5 W.ii.CtIilk, to L1inlet 1e it Of 211nM i uMhea aweon1hs drithil 
crop1 ater ~iec aI ti abld . N01 ith yNe ne.i%% iedC o 



400 RaICLI .Dosadt and Ronduen 

Table 2. Land utilization for rice. corn and mungbean from 1981 to 1986. 

Area (ha x 106)
 

Year ....
 
Rice Corn Mungben 

1981 3.46 324 006 
1982 3.44 3 36 0.05 
1983 3.24 3 16 0.03 
1984 3.14 3 27 004 
1985 3 22 3 31 0.04 
1986 340 3.54 0.04 

Source BAECON 1986 

Mungbean Development A,..tien Project 
ihal mtanuehan ds can he inmprs\ ed tremcndouslyThe NIDAP orks in tilelrtniM ho., ' it. 

through niodilication ,,ffarmer,' practice, and )- illtrod;:tion and icleptance 1v the farlliers 
of the lUunheal reco1iienCded p ii techinolsiic. , P()'s). These POTs consider tile(cIaef, use 
of,le". high-,,ieldin. ',Iietie',. pro'. O'tf n1utrients thrlu h proper fertili/erun adequate plant 
application. inouulHatill a',nd he.alti h, prompt application of' appropriatemainten.+..ace (it plant 
protection ii a t"'c, l eii l.icdLCetc.",LCh Ail c . 

Agencies Involved 

I he Philippine (incil hor Agriculttire. otirestr\ and Natural Resoiurces Research and 
Dc'elopineit P(.ARId) is respiin,ihlc lir coordinating impleenntation of NI)AP b\ the 
participatirn aiTcncie, he I),Tpartnient Of .\.\,riculture IDA) ( Re,'iiius 2 and 6)and the Sucar 
Reeulatorv.\,dnni'tration 1 ASR are ect. TheI I ReCiini 6+1 cha.1red \k ith ititplelnentiug this Pr 
'ni,crs,it ic at ios ( lP[L13 i istapped for techiica assistance and souirceuf thc Philippiece [+,i. 

Of SeLd Materiali ti I'. \ reciineoii.udd nlhned ',trities. Private sector ,ntetpirises such 

as Southern Neero, l)celyloient (Uir.I,ititi IS()NLI)('() and San e l)e', elopment 
Corporation i StI)IDtF )R),are also itl\of'. ed tir the nairketin, anld Utili/atiiin Of llIn11egheall seeds, 
har\ested froi tilePtriec. 

Site Selection 

IPCARRI) and ti implenieutnw aceuk e consider traditional niunehean areasas pilot sitesi 
for the Proiect. the final selection. him'.,,cvui. rcsts on the ahilit\ of the area to absorb the local 
produce and the a..al,iillt\ t f csintieLuisu sites and C0Iperati.e liartl-cooperators. 

Iloilo i inces innorthern Luisrna Isabela anld Painasitan)Visa\.asI and slile prm' Ilhocos Nosrte. 
'%,ere selected fI*r ri,:ce-hed i,nche,n1 productil. The paper. hi. e,.ct. %\illonl. discuss 
nungbean pilot prmductin in liilm, ;and lIahela. sites Just started ill1987 onlyThe other h:il"c 

seed production icti, tor plaitin in ticir Iro. In10 tiletiles ia,, ,,s rices. 5 specific sites 
in Ihoilo %%ere T[iebaua1 ;tnd ()lol I tmtlicini purtimi i. Sta. Bil-halr,t and .alniu , (central part) 

and Barouao Nue'. i niirthern part . In the fuill,,.'. , .i,r.the pilht sites ',,ere colcelitrated in 
Janiuav. partlCularly Niadmig and Guadalupe. 

Neros Occidental i,the su,,ar hum' I fthc Philippines. Initiall\ . the prsi, ct co' ered Murcia 
and San Carhs Coit'. and later ,'ill be e'.panded tii include Cadi/ (it' and La ('arlot Citv. 

Selection of Farmer-Cooperators 

Thei fOllo'ing criteria are ein phl ed in tile la fn mer-coperatr for tle riced-basedselect ion 
mungbean pilht proiduction: (i)o'v,ner oifa conttiguous I ha area planted to rice: (ii) experience 
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in orow\'ill2 liiungan; id (iii) iignes,'. illn to participilat and Share the cost of imlplemientation 
of the projct. 

The farner-ciper r;ttt FrI I Ir he suearca ntC-bascd Croppin S'.teIt is selected uSin theC lIowing
criteria: ( i) O',tler ofia COlltietnn Iare of notl es, than 2 ha planted with sugarcane: (ii) a\ aitahilitvof a hack-np irrigati,-, ,\ tern ll %ti I in Case of proh ged d.r\ and (iii)illingnes. to participate 

and Share the cost of implententation. 

Support Services 

I3C.\RRI) assists the iliple ttitIIng al' enc.ics ill prOVidinc larnner-cooperators , ith appropriate
credit support. technical assistaice alnd as,,ured tiakels. .I)AP loans tnaterial ilputs ',ueh as 
seeds, lertili'etrs and ilscticidecs Ile fariller-cooperators ilre required to retnrni the eqIli\i.alent
of these iputls inllthC fIr tit fc 'h r .eedsill rpanlent of the hlns. 1inNegro, Occid+lental.
the. a'.aill onl\ Of tile sCds. Ploje't teciticians 'rotll D.\ illd SRA assist inl e\rendine technical 
illllfollritiol tloparticipattIll t'ilctllS. SUn'arcane Regulator\ .\uthtorit+ persotnllel oversee the
sui;.trcne -based pro i.et ('oordimhtiin and 1MalactlirelltStaff e',altlatc the pi'ress of the trials 
olla in thIth'bsis. 

Brief Description of POTs 

Rice-based mungbean production. 5ssentiaill , . the (1)1s priilde tIiodifications in tei use 
it artrlies fertii/atioln alild Crop-protetit.Itll rIteastre,s bast'd ttlthC lCds, o4lth1 location tested. 
A. one of the tie.\I. (-recIlrilinded Seedhtoard \ arieties dla-asi I. (ES -2 I : Pia,-asa 2. CES
21I-. ilPaUa, 3. (TIS 2( 4 aid I4 M!- I tocetllr \%ltit rte faIrens '.airiet. is planted utsirr
 
a rare of 2ff k," Ila InI %\ell -drailled lheit-te\tured 
 sotl \%,ithIpI raine f 5. I to(5 . Approprlilte
hrtili,-cr rates. depetidltre uponl the results of01 sotil inal\s s arI applied. Spot Cuein i, Used 
to coltrl '.,e.ds. IllC.etL.it.C ietle applied It. at otlie'.. eetls seedJilg. le,frt after , i+ereCeC ind 
tile second tMle At the prehhi ,Istac lhe iLtuilebeall pods are hat'.ested h\ hiliIdpIckirIe one 
Ito three ties. SmAl ILutaittities fI std p.hat' s ate sUll dried ltor ote to thr'ee da, arid sltoed 
Ill sicks o lllrt" qtitlitlC,, o bulk stlragc II '.'ell silos.' e itilttcd bls or 

lt.h t peta -hrhas I ha allottC tiretot pr,(lect ill '.. lich the trials described belo'.lare 
suCper'irtptised IIn Udfr ti detimte the p aimitt F'<) per site. 
* I Recommhienidied ll let'. bridtlilst ,e 'ILC liar'. Cs l ilptlts ICIt-ltliecr and pustiCidCs):

T Re" ittii1,iideI itt\ hroadci , t lel Iil iar'. est - Inputs Ifertli,erItl l pesticides): 
'I Rettillmi ,citic \ki aIlt\ plaited Ill ltIIM. after I'ce hiar\'et IIlputls I e1tiliI's aind 

pestitcide, .Alid 

T I I Iei It iII tarn e 11plits.
 

Bia,,,d , t tieI. ,uts 1 the titst, C.kitp ss,iil. irCpr 0 iIii+.i 
 aild praclical (tretiaren adoptedt i,,
fior it. tIC\t ,Cr p '. I, ]ht ietreat.icit is, brIoidCitl iulltule',.tll seeds after rice hril.e\st aidn 
Use Of arm irou..tilint a' .I rcle tri 111r tot" fCtIli, ers 

Sugarcane-based mungbean production. \\ell-drailned area1s kith dill crin ,(iI t\ppes
(GuiritIlllot0i clI'. ha1 . l.u111 ,u l liali arid (.di I'I, !uati are plalntd to art'.if the
pre\ IOul]\ -ttiti"d reCOiiirerLlCi \ Al tetres Or p't1liiri it2Iud ut ttisU The itltu1tigeseeds
 
are planiteL sitIItiltaneCoul,\ bet 1.'..eIsingle IrI- dttuhle rMO1, N'of lsarcarict I a'i dItttItcl) h shilllg.
Crop-proltection nitcaslnres aId p.iuliar\st practices are enniplhu,\ed as descrihed earlier. 

Itt plht si/es of i\itrial\ (.5 to 1.f hamthe hbhm'.. ig trCatrllerltsdescrihed hel.v, are: 
* " I ltrI ilt tl alon': 

F. IIlni,+ulatinl ' P arilK:
 
T " tbags ha of 14 14-14 ,N-P-Ki:
 

=T .: 2 bags of ut :a ltaners" practicet. 
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Yield data obtained Irom Iloilo and Nceros ()ch.Cidertal are atlwvCd statisticallv tiSne a 
rand.hinied complete lock dcSien. This -roup ol site s e dsa hlocks inimltilocation tetings 
done in Iloilo and Nero.s OccidCntal. The \ irid dataI i 13 sabela lI'lller-cooperators i.,, 
anahlzed b comkpletCly randouized dsien. 

Results and Discussion 

Rice-based Mungbean Production 

Yield performance. -\irrent the pilt sIte' tested tor ntunghean production, those.in a.llniai 
perlrI'.d , The alopiattwell (Tale.3. mCthlods identifiCd for- rIunebcn establislhnent were 
broadcast hlore or alilr the ric .al ()tlrr Site', Iav.C re du it\ Cst. pl ,ts the tocurrence 
of heal , rais1 ls- da,\ 5 .lr'r •ts ir and hIc+. Croj dalllar.' Caused h\ ",LM0\t .beans or 

pod b r arid dieasC si lle,lposde', 1, 

Table 3. 	Yields of Pag-asa 3 and farmers' variety over five sites of 
rice-based cropping systems in Iloilo, 1985-86 

(ield
Location 	 Treatneint (t ha) 

Tigbauan 	 Ti 0.27 
T2 021 
T3 0 32 
T4 0 32 

Mean 	 0 28' 

Oton TI 0.06 
T2 0.12 

no harvestr3 
T4 no harvest
 

Mean 0.09, 

Sta. Barbara 	 Ti no harvest 
T2 no harvest 
T3 no harvest 
T4 no harvest 

Mean 0 

Janiuay 	 Ti 0.38 
T2 1.14 
T3 	 097 
T4 no harvest 

Mean 0.83 

Barotac Nuevo 	 Ti 0.10 
T2 0.36 
T) 0.26 
r74 
 no harvest 

Mea r 0 241 
Location mean 0 29" 

' = recoinnended variety l.",gas 31 broadcast befoire rce harvest - Inputs. T2 = 

recommended variety iPag-asai 31broadcast after riceharvest - npits. T3 = recomrmeided variety 

1Pag-asa 3i planted infurrows after rce har est - nputS and T4 farmer's .arlety- farmer's 
inputs ionsimnfcant 

aticuSeCi did riot succeed. 
,%ere lirioded three tIiIc'.err da%. Aalter hriiadcatni,_rimut i ds iin the ruie-liar\ esed areas. 

Unil'ortunatekl. the cCOiiId criOip ssil that 5,5 in Jlrltr.ra 	 The tfelds 
eca 

I:e\\ planl to seed The ireau,.r st",iost ,CsrIuall'. strCuehd. to the sur,'.ed dte "ittii. 
prealent l)et' and lisCas . l,,sM )rI', 4 t,,.1k._ha.unirbeai W aneed rlm 

http:sur,'.ed
http:Jlrltr.ra


.nligican in ,kicc anrid SIL,,ucanc S%,crni, In tII 1 Iph 4.03iljlsck, 

NeVeliele.s . ile pilot IiningL IIt I) dtln1U0 \ 1,l lItllle hiuon ill (ine 987 
" 
I tIndcItkCII In 

CIop \Car. Rc,,uhd t I l,,;l t Mtc . ,cnIIi n 'lI~ -4 ..\ItAll IIl12. ha \ ,C LI WEcd IIIah tc1 
tile ptIi(c) ( ii 2i) :IIii cr 	 rl. It.. datar d tit, cC! wIkd I cI' tllt ic.-twii iC 11011ll 13 
lilti +.il'alttK. L,., II\ 11 .l2 > [Ii__. \ l h'c hih l \ ", \i i.'I2 ,.,lllplctcd iII 11111 H i] "C-c lill I I Ill is 

paper. 

Tat\\m a.ll ( icc l i1ltr'r cl t nthe.'111 nc:lll 11 ki I . I iiu I IO)-' d "'.'rhed [lie lilllc " 
a s lllillr 2 tn i \iI' IIl olik. 1. \ orn 	 S IIiIr2,, laini lt ' i1ktoth, r ttihu f,,' ,.+' *\ . d.. s\ ). 

\.C II Ixhl I' ,1JI\t,.11 ,,'cl 'ii ,+hiII\
dH.alcl;u ( ,ki l 2i,'Cir .T, ikn, Ill(' 1l chIIMIb \,i'id les hadh 
CLciiC i i ulli C, :ccn \\ 1c1u1 i 111 -lt,'! ,,1,id lI, rrrrrdpt k 3 I ul , ti hi ct l11,ic . the I Willeli 

.\ 'ieniti,%a'it ,, ill.t,.k 0I i t 1ih Ii , ,I '+. r ,,l . ..I \I,](h I 'i .s (1rCCi. T he: traditional 
1.tlIl\At h.i i i iim c', *' i r , '', Iirksin I iccri ti i t h)ttt , : hd * 2.2 . 

Table 4 	 Yield pcfoir :rccr_ F:rt',ar (3r :rr and a traditional cultivar 
und:rr c bisecd croppik systern itr abela. 1987 

c.i:LtIl. Yield I! ha. : 
Taiwarn Grci I 31 
Traditiona 0 72' 
Mean 01 

Economic analysis. I 1e iILIIiCIM ir I' Ill Illti 2 an1 cW,,.'c-piiiiili \ -hiuh ean R()l
(32 I r hco., .,l , Ii lt'"l drrln,..a2 thelI S 8 i, ,p in( ,ca',un (lahlC 
5). Ill l . ill. lirrll + ,..0ritrn,..d.I r the Ill ,'II.,t tl 4. ' d i)' i thC C iL 0 ahihi ejcii 	 ()I 
I I 11A ,rid 1 21h ,\L'I,i c Ir e ofr,,1 Ih+ , ' Li it S l ()(1 211 pc.,k., l.\.ccf t lrS ;
 
h r Alrcn ('111..1i 3rt I ,r the nr , 'lt-[)[1 s,5,
n1u1"trlA 11r, .rrehe i I3+I. ei r \',. cic 1 h pr10,,nu liC.C 

si ni tflitk1i, I '( s . luII 

pnIi i. ( I tIw ll ,l u , lI,.'k,tIn I.t ( iICL'n [)II ' ;,!Ckd the. ',I> IC < ,t i.. AhIIII \k. 1111,111 \ i~
00 1)C.' 

SUIable 5 	 Ecc oc_+c -,l.r f rrce ba je!n grrrbcrr prodrc non 1ndifferent sites and C¢ltivars, 
1985-87 

Locztlorr 	 cuin .sr .ro';s 'Ist B? CV3l3 RO1.1 -- c-een'
', r] r T;r-)JLct, cc r .ll +.iC1 Sr (nO)fCO rcr 

3 

USS" USSI USS, 

Iloilo, 1985-86
 
Tigbauan 0 28 224 25 132 85 91 
 40 164 0 68.8 
Oton 0 09 34 50 89 ?1 55 41 85 63 -61 6 
Sta Barbara 0 0 100 35 -100 35 13380 0
 
Janriuay 0.83 655 50 155 61 499 85 207 53 
 321 I
 
Barotac Nue,,o 0 24 134 40 96 10 38 3 184 81 39.9
 

Isabdzi, 1986-87
 
Taiwan Green I 31 733 33 197 74 535 S9 353 II 270.9
 
Traditional 0 72 401 51 
 158 17 243 34 282 45 153.9 

:USS1 00 20 pesas Total pr'Qduc3.o c Pi, k ha 
Aeltl netr ficm pt'tcy 

tROI oretsr ii,'. ret incom0 100Cn 3 kestJflen[) 
A 'erage! cost of product,on 

http:1JI\t,.11
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Sugarcane-based Mungbean Production 

Yield performance. The ,icld lccl,, of inocIhkcd I aiwan Grcen fariners' practices and 
inorganic fertilization arc presentcd in TlahlC 0. 

Use of" ilaCIhnt p[lus P and K a Ic\e l, dctcrmLincd per Sic h.\ th 'oil aa i nd t\O 
bags of 14-14- 14 lcrtili.,'r clicit protiing, rc,,ponscs front the croip. "hc pcltornancc of the 

il planting illtest crops could havc hcen inprovcd tuulrCI lIhd hcn don0t112carv kln.iIa\.. 

Economic analysis. Botuh ,it. eainh.l"I lltiu.ith i produCthio a'. idicatd h\ tn iVcel 
inconlc ol about LS$238.()N and anit\ cao P( A (fl 173' Tablc 7). 

Table 6. Yield of Taiwan Green ntercroppcd witlh sugarcCIc in Negros Occidental, 1985 

Location yieldVre atnen -

San Carlos City it ha Mucla t ha 

0 48 039 

T2 0 57 043 
T3 0 57 0.69 

0 38 no harvest 

Ti 

T 4 
Mean 0 50' 0 50, 

Ti = noculaticn Ior(:T, .ioculi or - P "d K fT , o nai;s of fert izcr 114-1-1- 141.ind T4 = two bags 
of urea i irmer- pricttcei Ncinsgni cm 

Table 7 Economic anal.ySIs of sugarcane-bised mungbean production in Negros Occidental, 
1985-86 

Location yield 
It ha) 

gross 
incoic ha 

'USS, 

co,-t :f pro-
iuctior ha 

iUSSi 

net 
income 
IUSSiz 

break-even 
yiuld 

tkg hal 

RO 
I o) 

San Carlos City 
Murcia 

0 50 
0.50 

34 62 
37625 

138 38 
137 15 

23624 
241 10 

184 51 
18387 

170.7 
175.8 

ZUIS 1.00 = 20 pesos 

Conclusion 

Niungi.hcan is found (0 ite ,. hlc Indprotitahc crop in the ciSnng rice- and ,ugrCancme
based cropping ,vtcn,. NtlughCan yicLd, .arv,\ .. IIronitartilr-oopc.tor and l).ation.cl l 
Sonic o the tacbors contrihutinu tothcsc dittcrcncc., arc tlicarocliiattic condition of thc hlcation. 
attitudes of the arnic-oOi.craltors. market Stution01 i the arca and the reconlendcd POTs. 
especially the choicc of appropriatc \arictie,. 

Future Prospects 

NI ungbean is one of the priorit\ crops identified h% the prcscnt lo'.crinitt I'Or dc' lopmnet. 
In fact. it iS included in the ongoin, pri)orati for National COConlut-Based Ftrti:, Sstcsln. 
It is also i priorit crop for dcvclopnicn in intcuratud pcst-niaiiaicncnt control under the 
hnttirated Pest .l cinentni Pro,,rani of ti. I)cparitlent of A.,_riculurc. It is also anonwg the 

crops to hc Used to dikcrsit\ preentlk-deprcsscd ro aias in the couintrv.thi inc 1ugarcanc-g 
Support for its rcscarch and dc.'cloplicnl ac' itics i, t ltand inercaiic111 Otmill to its 
ooOd nutritivc \ailu. piitcntial food nLINc.cxport potcntliiI illlport suhustitution and inlcole

gencration potcntial fOr small armcels. 
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Mungbean as a Component of Annual Mixed Cropping 
System 
U.R. Sangakkara 
Faculty of Agriculture, University of Peradeniya, Sri Lanka 

Abstract 

Legumes are considered a valuable component in tropical mixed-cropping systems 
due to the multitude of beneficial features of these species. Hence, mungbeans are 
commonly used in cereal-legume cropping systems because of their ability to fix nitro
gen, short duration and relatively high yieids. 

This paper presents two experiments in which the performance of mungbean with 
annual and perennial crops was evaluated. Ini the annual cropping systems, the per
formance of munguean, when mixed with cassava, corn and sweet potato, was studied. 
The yield components of mungbean vere considerably depressed when associated with 
the tall species. The yields were least affected when grown with sweet potato. 

In the alley-cropped system, there were no differences in mungbean yield when 
grown under perennial species and in open farming conditions in the wetter (mahla) 
season In contrast yields of the alley-cropped regions were significantly greater in the 
drier (yala) season due to better environment. Some practical implications of these 
studies for tropical farming systems are presented. 

Introduction 

O)LIC' tt) the' '.' 1n I \U' I h C 0k1rd', 100,d 'littKilIlol. llILIllij)IC- OF IIItlx 'l-cl''piCt0\,, 1~)0% % 11"~i 

S\steiI+i are'Crccei\ I1e atetf aItte,.ti 1in thc d,, eltipig ;j, \,.II , ill o,ir~l el nte.. pat' +the 
,dcevel',,d .'ttie Ti, i, duC It) the Iie tIIIo h the "p1C,it\ of theC,e 1,\ ,tuIrns to ptitlteC 

,everal clo "I , thln al21\ enl \eIol r %far.th,.reh, tta\ilti/i . the iIC ot at\ I CileelourceSN 

ICe_tIltP h th t ll :tnl 't'h1ilC; t' pe,. lIAC hC,.el C tOlpOn ntI t O tar mtlllllL s\, tets 5 +,. 

ac,.iclnt thic',. Their caa:,'tt+, to en soil L+ L dc .. ,co10 %%taigh :t0 
Lit ent. aInld Itkc a ilae a ,,ropa res,idlue v, hich Id,' h t,,c. to tie ill is' cli C-ta.hlihe.l. 
Thu,,. thc\ arec,,nidered aln aCt to the 1trii n: ,,1",,eiii ,. Incitll\i he: ,ic',llmni. vorld 
IN>.ittaii et I984.o dilmd l l9UN 

,ri.l crtilit,, . i i,,I ith 1.h 1if 

al. \ \:Ilr, t 
G ilIl IcL ile'- huiC \ h 'C lt._i,' ci ilipo kiei ,it t' ,\ s., dC\It."l pili ',, irlchiI itll i l t Lh IIIhiIL' 1i , Ill th 

di," to their capacit\ ti enrich 1ile diets (i thcse IlatiOtr-. ,. h,,l, arc enertll\ hm ill priteins, 

ISnizrtrtt 1976)7 'fhi- m,,it~iit', lor t o)ical lrtm11 ,.,\ -tet., is trthcr nc edICIti,.v, i! t) their 
,crsatilit\ ill acdlaptatior toiitrt'*i,..1.l . icL'ltltUra l situation', (iriL'lchI ii\tlx trC 'A hithttC.rop vith 
a nl antItp'r'ttnialsid ht' duration nl hichi . .. 'A,\t% rlh ti\ el\ 10%%Ccl iititacilicc(Gonl,./ 

,n-)()9.
 

LILtIoII Sri .


and /mZ clstr +) . htit l;a tlncl+I c...l . 

( allil I'L ic pt_' il Lanka i'Cn terred .i0Ulc[,h Coii' I l+hi'n i !ii'Icihi ll/ (L.) 
"W\aIp. .an itmunehean raidiimi . .mtlthouglm others i i produced tin a '.,llleriil/i11, (I..) \\ikck 
scale. Cturrent cstitate, indic:tc that inunehan is ,1_I0',. it I I)prt\i ttatl\ 3. I ha and ,ith 
at totaill atnal lpriitluctiOl of 2. 17) t iDepartntent o:' A.+\rintiltiure 19801. .IutIchatn occIupiCs 
a central rolc in the Sri Lankan diet and the\ obtin l lnler price than CO'A aOther ICunsC,id 
in the optn market. -lence. lairiicrs prefer 210\ii12 Inlitie ciil omxer other gramin IheUtles,. 

http:aItte,.ti
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The production o Iood ,rp,in Sri L.iik;i isbtcd flethu aiiallIhOdcr agricultural sector.in vthich land holdin., range hmt\ ccii u.5 and I ha Wiuitral Bank 19)e, )ue to ilic cintraints
Of land Si/c, nixed c+roppini ikIcct nllcildod lt.th SI mall ldin,., bothill 11112tiadititnal
lands and illntc ,ctt\\t clcictllt dl ,,pc'n ip under (tic ,-cscopimclt IKrLilll,. aldlitional
sniall-hodulcr talani illSri Lanka tldtdc.,'I.. Inth1C10klo anIS and I-,lnn c, a'lk. c ldillCilts,(chilies) inroot clops in l hi and1h,.Lhand crtp are gcncralhIs i\Cd. and ticCt'iiihilla ionS 
c OlIfis it 0aIC' HIC \\ llnC I 0r ' Ott1 ththlr CCOnliiIC ")CCICS. Sltlic', h th ill Sri [olnka 
and a rhlad. ha\c "Ilt ,I the -cliiui
oc ;ii l lliCt.i clIt i1ln illStich \S, tcii, . 

a tid t-alL,, , it.lithi
csICcidliy v,hh C.'rc i,,(n'1111 ctit. i()', \lali ('+ uhal 19 'l) ,Ill nini h.an 
is l'CoirllllclldCd tti t.id.l" i lil .lld'Hhlp\t.....
Ci iiid--t.Lll tti\a. ctiis r',.lrt. llcA nd a. lttictrv 
farin ,,,,, 
 irlt 


altdl itO ll l i\, 


,tciiis nd.i \V\aid riilia I ,4 
,,pccic,, tc t tii[ ",auc an1: hlt.th ,.m~I[+;IM i1 ,111 t11 l. ari[,.'.tc r,-., 1,,il inct. hil'Ol'lllaltl.flh.cc,.cru;ak. m'.I..;l. C,r)l-ThUS,. J ,lud
W01~t . \ \ka,
Ca~tIl(2dOtl 10+L\,AltittC IIh1C i tll Rlil.'
0, 11I,lrati, .. -lf I I loc._al] i11 i\1ii11, 

I%C L-1, 11.'.,toi %,\hel! Ildall(.CLIilldiFIll .' 
vith Illrc.' .-tiiIMililhtii l si.ihiit. h t. dil.it:01" ,kitt) ,1,%Cltp11,sllt.icnic ii ) ,It patcer'lls,and I 

tiLli'iiic ain % t ni
tilt. Illlit <lc\alit,, !c,iti I15ll i 2i00.'lltlhuu"Nld[, c:.ahla[Cd [the,+'1lljp 

in!a, ,c,ca Iccli l Sri Lanka.:\iitttira rit11i i C,,. Undlld.'llV, a,;!1e,l,p.s;ind ltr;l,\+.[) I H1, )lt (11 IlHLt11,..d.ll/i ) and n iqarll\1 crlin an c1ditil,, htc tnal ,\ ,\lHIl. it llriiitici , H.cllp " 

tirs
lilt./ttllct Sri lainka. licc arc 1 uiliiji\ inct.ici tt,ICt',I c',tiitth,.ic t InlHi1..hallto 
:(tnLIltlN ltnt.i t . Sritl. dii tTcrcn iflIll I.aIikiii ll i lll idlr lIlitlil cilis, 

Materials and Methods 

Annual Mixed Cropping System 
trial k.\ .]h,.c ;', ,.OtMILlCt,.d attt li 
\ '"J iiI'clu-a,..'nN a.nd 80) F1+ abo V\,jl7 480)Ililn ee


lc'd .h*I. " Ill;+tt,+'tilditt sliclltaic
' [i ,,: HlI'+ [eth
'i,_ fu A 5 }IlI ittil l d 1-itli Cl otl
unit'tu'ml
 
ditrilhotito . J iiCil u1i0tiii l c iini Lc 0 "I C" • 3. I (C.ainld lilI I itt12I pht~ttop.'IetIdith ll i.tl itia\ t, li lIl)cpaiti ,nil \cr1"1'.'tnHic I. 'T(li rc', - .,.h\, ptt.I ttl IL'tisOIj.I L)538 

1Aciti IiA.',\rn,+ ii/i hic k d ,\ ili rcluHilic s,\.C',Js Llicd.
'lc Sclcctd.I a cln, i'c!ICla i ,\ cr c a h tit(11 /(v
Is"'. A/ ti ,nhlla555:; (IaI, t/IlI)I arict\ CARIvi'v,!'a mk1 I.1 %a m\ T.''dt r hai ot~llpo ac,+:and',%,\,.Lc.t /w1N0(I+ 11+I.o (Lo.l La.n1. )(1;tt '(1A 


variet\ C 20. 
lhtct. \,clc I,]iilt.-l iii Itm%, al I inis aii l t. ',fict.lil. 5ccii thilll'i,. plaiit,\\S rotw.s\\55as1. 20)andk , Na,'50),ilnilj, \,a.o'H lha ,ndu . 'i ..,,[;etheai ,l 


'lic lllii cl p S I , lli'."itaci l , l lllftical Naii is .ll5 i t'\, aIt25 cmIsp inighctwccn tiie min t n.alta t iinlcr 't.,pacin itl 0 ill.In at.Iihli la iinnll c; in nllt 'tcrtp 
,ascstahlislcd at iail 'pat in . 

Crop Management. FLrcW latc,, COtmti-icit.led AforS ariliiikliiicont.lititns (0:25: 18. N.P.K
tni\tl-c at 250) k! hna,hala rc,,,ic ant.i a tip dicssin, o 3t0 kg ha nica Wt;4 N) at floswcrinp)

applitd li Nll\Cl-,c thinail anilti ntcrttp,0 . 10 ,tlttii llttIiiiitiic ci diti in tor nitricilt I(i nasna
 
197 4i. \\t..iii Land 
 i ln l ii '.rt cari' d tilt 5,,lit,C Ilccsarl 

Measurements. Inpha,, %l\a"piOlcia tllO rcctOIc ll [oal'cOpCrIe f litinOf as,.l t. 'll/ c ea'j..blan 
ilitcrt.'t D ,tll is it tiIiltII'c lant ilcidit I tlt.' iiliiil ai.iOd n hC.lltttp llll e can cr lMeasl d 
atthe OlisC iti ll gl,,.i)calliflti\C1il,. Th Ii1lt as ,ilahI c at the itt itthc iinetihe.in caniip. inthe hntc'rcrolp \%a" dctclilincd h%a _icttrphtottcii ittrLicn Ltd.. N chrasit..LSA iat th itnset
of Il+nUbean. 'Ili.hi', i Canr,,l'iCiiVl 
 ,ta iakeii at 1 (t)hi in li'C ',uCCcssicda .s.

Yield ConipinCntS and ,..0MtOliitltncal'u 55ctc t.ctcrminc, h,pcro i t.ldi, fruin the,Iplic
cetcr21" russ, o,,fuiHln Iacan tlt i.a,, t.'lti . ich ti asc till tht basis ti f icld plant.hal\,,d lipitt 
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Alley-Cropping Experiment 

01.1HcI' rll 
81"F. 96 ili AI\C SCea leCl) \Chih lie, \kithin Itl,,nes se:ttlemcnllt deselopllent in thle dr\ tone 
of Sri Lanka. Thc cliiuiiti conditioIi " of thlsite arc: 9 111)nun arnual rainfall, mean iinlhl,, 
teiperatnr,..e ot34 - 2. 15 C. and ;i11 t, 12 h photi, ritid ( I)CpaitrIIInt ofi i ,riculturIje lQ85). 

The epcrillicill \,'tas out Widcr I c[Lo iiitiiiitllt t (irndurukottc (7.21 N and 

[he annutl raliitall o tCursina hill,+al patternt 11Mih appro\iiitn l\ 7N87-.ttterfail,inthe 

se.lstiI fil ( )hct i t)rJIl ltlri\ij i a ILnICclia illl ili dil hiC uSii lIl \1,1\ t0 .1I.1\ Ala 
is the lliajor culti\s , ii I'thc ollc I\i-nr 107)i. ,lie seasonsI!hml ,Lnn d \(//,I iiiii 0 itilh I I\\ ,i 
t.)I'I'C'+[)OIl[11C hL'C:t 1 ll lCsP+i C . I Ill tilet.e(,.mlP,,rMtUIVht h'.11 Jid l.otith,'.c,,t lls.l "\ &tjklIillll 

llctatS ',Mi l; l riiiilii th,,C' I\\0 ',caSmis [ he tICIl)Crutttrc Ihlilil lie uli ,laslII a\ CI;Ias 
h It,A t 3\iiCtCl 11 i-, 

mates amC si'nititl icI l i iuii Ilk' ltl ,iC'i iH 
('i1iJ) 111Ia Iic iLnI' , l l '. ( iMtiiciI) IIIili hI",7l ldititi,,,kCit li'2 

arotilnd 28 ( d ris', i I 0t ' ippli , ( iit lte ,i/il scli,. F\ aIporatoIi 

' ' ,i cri L L hiT-l c1I10 : 
\k;isci IIdItxl l tI \\ tc . C' ICII I ld e hiecC tliI',I. I iit \ \1 ks I iliilie iiI liCe CIVI i1 i s. 

,I_,ct 11.Cki11 the %\as s'a 
h\ a I .ii r 1(iltph i a' Idl Ciht.i LI hIwt! i ll Ii1l 1- IIIi sUl,dI. \ CIIt dlth tin ehe '.aI I '. 

, 

The pciLC t A I s tI lt tlh icais .ihii1 .illC\ Ciiij) tii uiCid 

peili)C lc ,,aittliit \i%& tn1 the 
\i ld plant 

takClI h\ i iIllhi[1 -CisOIls I i Ce l ctiintiiitcd lasts of 

Results and Discussion 

Annual Mixed Cropping System 

Thc resu \ !hat thie arle inarginally taller \v i intercropped 
siith a tall ciniipaniiim " h1.''iNsIiit C. ith ao iila'ble' Iii' (Tahle 

ts shiot, it1 liciul',s 0Iitiitliee+Linl 
citp. l h i, iild d the ineUtlgheain 

Ir.C in.;il toii t lSst ClC\tCIItl Cds al\. intercCpt a pii1tpirtiin o incident liiht pris iti.! the 
intercrop () the Iia\iiit a\ ailahle raiiatio. Tlis sldinu effict can hc mtonSidred tileCauSatl 
ll11't:iM tol IIt_TkiC'a,.d hIICl11 I 'h c.oil plltaredcit',(11 l1ILC 	t',I)I)Cd .liM lisIll 1)1,111t 	 flL it) nionolltilliec 

ir plants Lr ii it h a sihoit ciiiliilli city 

Table I 	 Plant height of main mcingbean crop and intercrop and percentage of incident radiation 
available at the top of the mungbean canopy. 

Cropping system Plant 
Main crop 

height jcmi 
Intercrop 

Available light 
(( I 

Cassava-mungbean 95 6 38.4 8094 t 1.18 
Corn-mugbear,
Sweet potato-mUingbean 

142 3 
26 7 

40.6
35.3 

67 
98 

18 
10 

t 2.31 
0.32 

Mungbean (sole cropi 36 5 
LSD iP 0OS) 34.96 5 14 
CV% 974 645 

Measured at time of fIoserng 

No silniticant dilferences %CsC obser\Cd Ihetccii nitlneaCn )lants in triS Of ll werine 
and pod set. ssh.n iItCrctolpd (ITablC 2. TtUs. Sliadin, has miiniiial effects ointhe iuiber 
if"fli(i pilds r plant in iun.euan. Tclniperatlure is relortld to hase a lgreater effecl.,dr, l 


olnthes piatlteteis than lihit I.Norillan ct al. 1984). 
Seed deselptnient in IleLIies is _enerall\ associated \ttith asailahle radiation (PeariSoll et 

al. 1980). Table 2 ,hos0, Nl oflseeds pe.r p111l aild I(1(-seed wCill Of i1iunebe2anthat the nultmber 
are affected h\ intercrippinig. The IM Iwt sCed nunither per piod and Ill)f-seod Weight is recorded 
when mullballn is intercropped \k ith corn. %inich intercepts a _reater lercctnia2C of' light than 
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Table 2. Yield components and yield of intercropped and sole-crcpped mungbean. 

Flowers Pods Seeds 100-seed YieldCropping system plant plant plant weight plant Yield ha ... .
 no.) noI. (no.) ..(..Ig) (g.) (kg)
Cassava-mungbean 26.4 22.3 6.61 '.6 1 6 II 1,112.5Corn-mungbean 25.9 21 2 5.24 3.26 4 21 764.8Sweet potato-mungbean 26.6 21 7 7.80 5.1 8.86 1,512.7Mungbean (sole crop) 24.8 22 7 8.43 5.39 9.98 1,996.6LSD (P = 0.05) 484 396 1.14 0.42 1.36 49.64

7.81 974CV°0 706 4.46 11.10 13.20 

the other comtparnion crop' tested. Sincc c pesapermits greater liglit penetraltion. these seed
parameters arc alffected to a lesscr cxtclt..-\s there is 1t)shadin. eflect when lllUnebcaln is
associated %ilhs, eel ptto. these \ icldL Colllpotellts are similar to those ol the lllt~lOC'Op
(Table 2).

Per plant and per hectare \i cids rellc.t tle el'feects of intercropping on \ ield cotnponents.
Corn has the greatest effect )titIvltllghCilll ie ,,HO% e% r. iaCids of nltlnIbCdtl Ire dlpr'SNed
when intercroppcd. The licasuretnent, taken inI this sludy. indiciC te detrimental effect ofshading. espcciallk \s hell 'rIs ni ['lie
ss\ith a taller crop. Iechanistits Ol iCld redtction \,,hei 
mu,nghean isintercropped \with ',\ct potato,. althougl no[ clucidaled in thi, stud\ . hasVC beenreported as interactions hetl cet the root ,%stens o0r ntltriertts IRcltlisoli and Siavdo, 198().
This conclusion is hatsCd on the a\ ailabilitv Of adCujnatc lighr for ntingheat %% .iwithhenc-ro\%

tie shorter crop. and te proiduCt ion of thehighest ,,ield iollt 
tileinttercrOps Under cotnditiotns 
of no comitpetitiorn for light dleaslool CI al,. 1980). 

Alley-Cropped Trial 

The lopping of branches at the beginnin of the wket season allowed ample light penetration
into the contours that \ere intercropped (Talc 3). It addition the prevalent rainfll in this season was conducive for rt,ngbear even under conditions of open farriing. Thus. yild components
and yield of niutughean .ithin the allcy-cropped region and traditional opcti-farmiini, conditions 
show no sigLnii.cant differences (Table 4). 

Table 3. Light penetration through the alley crops at mungbean flowering. 

Light penetration (%uI 
A lley c ro p ... .L .p.... ..igh. . t... .. . .. . ..__e_ season Dry season 

Leucaena leucocephao 98 5 = 0.41 89.94 ± 2.87Gliricidia sepium 99.1 = 003 76.85 = 3,04 

In contrast Leucaa letwcocphh arnd, to a lesser extcnt. Gliiicidia Cpiwnt intercept light
during the dry season ITable 3t. The shading has a bcteficial efftect on the microclinnate of thealleys, by the reduction of telperature and inrcreased water retention when compared with open
farming conditions (Ngambeki 1985). The imlprOVuvenleit Of1growth conditions under alley crops
in the yolo season helps better gro\ ilt of Inrighean \r[hea compared to tie open-farnting conditions
(Table 4). All yield contponents are increased when nitttebea is ailitey cropped in the s'ol season.
When comparing the alley crops. L. hctucocemhih,. due to its dertse canopy, appears to have a greater hene ficial inpa-t on rugichean thn .Wflloni. Thus. niingheani can be considered 
a useful component f'or allc\ crops. especiall inl the sla season under rain fed conditions, where 
no agricultural practices are undertaken iti traditional farmer lands. 
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Table 4. Yield components and yield of mungbean under open and alley-cropped cunditions. 

Pods plant Seeds'pod 100-seed Yield plant Yield/ha
Cropp , ).e. (no.) (no.) weight (g) tg) (kg) 

Wet season 
* Under Leucoena 20.8 8.1 4.95 8.08 1,510.7 
- Under Gliricidia 18.7 8.5 5.06 8.15 1,310.5 
- Open conditions 22.4 8.6 5.21 9.48 1,860.7 

LSD (P = 0.05) ,4.0 1.3 1.04 2.74 36.4 

Dry season 
- Under Leucaena 17.9 7.8 4.64 6.21 1,103.7 
- Under Gliricidia 15.1 7.1 4.12 4.18 807.7 
- Open conditions 10.3 6.1 3.66 3.11 490.7 

LSD (P = 0.05) 2.5 0.5 0.83 1.99 51.3 

Practical Imnlications 

The result-, of thiS study Sho, the fealibilit of r'Fittil'-' lmln.h'an as ar intercrop,with 
hoth annual and perennial species...\thtugh iinebMcan \ iCld,, arc ,ieficantl.' rcducd w\hen 
intercroppedl \,,il tallcr annal ,pcic,. as rcprtcd ill no0st erain lcglnc,_,, theli\Ca heilicapacity 
to increase the prodtucti\ it%otf land b\ plridlicin Acrop. frhill a cllcullivatcd.i cuiotll hitherto left 
%k a short pcMiod of timc. 11' it1 llltlfrailithin a,,,.i;ited %k a slitt Colnpaltoll ,I-olland prolci 
prlctice, at,,.arc \ iCl could he iiinimil.adoptcd. rcdtUCtiot 

The reslIIt 2St thalt comIMpcttio for helt , tic of thli CtoC asin1 \il rcdu+++tLlon 
in tic intrcropped mungban. \Vhcn ,uch ci,npct;tion is rasc"nt. \iLcld rIu.sJ,.tllc. arc im. 
Ho\o\ever. the presence of roit ,i)ilip1tit1n ca.'tnot be i-t1cred and thi', area -,v.ranf further 
research. 

The vaiul tic iunln ulrder A1'\ ci0p)1)g epecial) i!1 the 1,/1 a t \s hen n Success ful 
ag r i chure is po,ihlc due. to cr'+ lom rainfall. is, lh,\ n in tis .tud\ . \VhilC 0iptinial yields 
are not obtained. the rcult, rccal that 'hen umutlbean ik cro ,ppedundel perCnnial species. 
e(,spec i l L. Iclul(,o,,Iclpa,. in th, \ ,h .ea',Son1 its \ i\ ld cam (dule0iCr that otat;ined in open 
conditiin',. It', , its du.lrationl which enable, 1, to0uSe the'.alu isturther enhanced due to ,1hort 
a'. ailable soil mo1i's,ture elficiCntl, . lhi',,ever. loi incre.a",e in \iel i, obtaine.'d wh,.len inunhean 
is alley cropped.i in the lMI,/llSeason, due t)mthe a,,arlahilit\ of" ,Nater. 
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Abstract 

Earlier studies conducted on 14 mungbean genotypes under three artificial shade 
levels (30%, 50% and 70%) have shown that cultivar PS 116 performed better under 
heavy shading than the other mungbean genotypes. In a subsequent monsoon season, 
cultivar PS 116 together with standard check K 851 were tested under field conditions 
intercropped with pearl millet. The experiment was conducted in drought plots of 30 
x 120 cm and 30 x 170 cm crop geometries. Two paired rows of pearl millet at 30 
cm spacing accommodated two rows of mungbean illa 120-cm, and three rows of 
mungbean in a 170-cm open area available in the two crop geometries. The results 
revealed that mungbean genotype PS 116 had a distinct advantage in the 30 x 120 
cm spacing over standard check, K 851. Cultivar PS 116 maintained a higher plant
water potential, stomatal conductance, transpirational cooling, pod density and seed 
yield than K 851. There were no marked differences for physiological traits or for seed 
yield between the two cultivars, however, at the 30 x 170 cm spacing The study 
suggests that cultivar PS 116 has an inherent capacity for shade tolerance and, thus, 
could be profitably utilized as genetic material for intercropping with pearl millet under 
rainfed conditions. 

Introduction 

1W,( is irrigated. 
Field studies in d veh pin productive anld stable intercrop s\stems invlolving pearl millet. 
munghean kid nex beau. clIIstle bean . cO ,pea and rel 'llloinrainfled areaCs 0' nortlhwest Ildia 
have shown little promise of economic gaim! except M,here water is available for at least one 
,life saving' irrigation (ICAR 1982). Field oblservations indicated that the oly, lope indeveloping 
a profitable intercrop s\ stem lay in the choice of earl-, maturing crops anod i'l designing the crop 
gecometry to reduce the hariutbl ecets of shading hv the companion pearl millet crop. For this 
purpose, munghean gentypcs w.ere tried at dilfere'nt le\el s of' arti licial shadC and k.ere also 
intercropped with pearl millet in dif!CrCnt spacings and rm directions (Phtogat 1984). In th: 
present studN,, the most promising Iungblean genotype. PS 116. was intercropped with pearl 
millet under field conditions along with the ,,t.lad.rd cultivar K 851 and evaluated for different 
physiological traits and yield perfor' nce. 

Out of ahout 9.6 million ha in which plcarl millet iscultivated in India, ,n0l, 

Materials and Methods 

This study was conducted in tw,o parts during th1e monsoon seasons of 1981, 1982 and 1984 
at the Harvana Agricultural University. Hissar. India. 

http:t.lad.rd
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Experiment 1 

FOLItIIn tLAt ot\ ,Jie. crc \,uhjcctI.tol tt-c let"l tcial ,hdt" . ' . 501;
and 70'" ,shadt",ithA ttlIcrlnt 1pC',tit cloth1 ilita 'plit 1it1 LieiI ,iththree relplica'tes under
 
h1eld condition, dlurin 14I1l and 1)82. 
 1he ,e c I man plots and supht,s ",as It) 2 In and
 
2 .,,0. I. 
 c,'cti\ ck\Ih itetr- and itllarii\ . spacing ,,as 3) 10 cun. The characters
 
\\hich attiibui to .Cd ,ih rCcorde-d hiret
\\t'crc ,at 


Experiment 2 

Bist'd (it e Slt it L\pcruicniit I , lieioi pitniit ing intiebtan gentoti pc. PS 116,
 
loetiher \00ilhstan dilll cL-illl\a K S5 I '\%CtL'ctestd intIn the It)184 I olt i samion (%\iiitcti-op
ill 

,.,tiis. i.e. ( 
'ii • I 2i ,ir llulid i'M.N t peai tillcl at 30)ciii ile %\ac12iI ,.Liltntt rpair 

,
distanc e l.i li , I nii ul ',ili , tn t e . illd lit) .10 -I :1lU-pal cd il,,,illp arl
 
niillct aI 1) i .,) I \ I li. i ii.lt i i di,,t,i-i', lMta\ ie i*()%, t if ilit\llp15 .
 

I i iLiie li 1 IhrtiiIce 

+,
Ihe- C\)Cl inen(t' l ,,idtliI'li-d ti 1 t, 'i ilit-i iilill i l th .CHlt-[lip lt', tilled i,ill (ltitle Sand
 

durin2 t11 1 ) -- ibtii ,'i i I i' \L.illitt \\ia,.lai Out 0
iil a 1splt i LICNIet iTlOe Itp 
tO Il.r, i,, ili plot a d'cli hI lill Ilt.i .,
 

t a it, l. IN 11h01 I 2,iUt,
and2. i l Ic ,uhpli \',t l n . iim I N il tiriietl Ili am!I ' .m ottr at (1.1


bar an I b i CI ,,'1es ct \t tIlL cii,_. ,tII
telii 1. Pc c I ,i lit.soil lit ailiedan 5alicm it, ailc n biltc 
\%atel_iI a 121) .ii kill pitlile i i ir iialindi ccl iii) L, \CIi l l . i 3). II. l\IIl 11C.11 

1984 and h,irsteti Hiili ,ii 11uI\ ' iti I)AS, Il (tt-he' ocediii (Ili 1),N4 Ilhe I's
 
116 and 1K8.SIi lli\it'. h, C\ui. ,it n d tti,,itll allillt 1 c1 f)57 ,ind '2 )-VS.
 
ICSpeeti%rt",ast-'nieitt.ll. A 10iiit l~ti-iel.At CM Ii nude
22-I clii I Li it.HImtel dill My~ INI>1yPMSetllpp . tahut2-iut.llcu ieeAsiI,~lt8M\ct"(1iintl' ll p1iq Iic'!alill%i In€. )~I.I' 1984 +it[tbtitl 2'h1tl il t.l ' , CI l:dc x .SctlCi t-,r Inte'l-%iak
 

btctt-'t nii 8)0 and I8,1f L1 h ICe lieni tinebean %k.,,it ihwlull hillill p,,d ini :i1tionslage. A lm
 
incasutriiL the catl dillUii\C LItIduli IiL-e I 
 ,h iiHii iii cici..\IK 11. 1 I1)c ic.. I 'K)and
 
atal IIp\t t- I iiittaied IntiiiiLic. ,-t'r !I.
t ltr ih th a Rl tek. I \. teileIcl-%I alt-'rpltllltial


%%a" illeasiiU ld hA Ilie jlie r' 11tiliber 

, 

te. lllli C S.,.Ahliiltl-l ci ll 't05I. TtiC still-i1ii ui'ic 
c o n tentl Itt- 01l t 'M1Wf ,a nld 0 0I- .%\;1dt- lllllCd 1 *lli . ' MI.111 ,ildt-' Itht h, I lI0I,l l -,l C.H Il, ll,' 0i Ul- IC' 

The it idtlit plitl t,,,litica l -ai(l,v ridiatitni IPAk \kl,,ileCistIil, it thIe It 11 ,1 thtL1 t"earlmitllet. 
tell iiiieas>t',iasi t bc a.c opc.iii+ tillectCr the l lil alpillt iii 1tC treattllelt-l Uis.tie- al 1. 185
 

\ phitotilter tad iiilctelr I .AMIM).\ cllls I'SA
In, itliu ( i-potaioin. 1:ltiiCCLd l a 1.tu.,ii11n 
senlsor. 

Results and Discussion 

Experiment 1 

Ii rlir ,ti on mutleai lMC Ii inica-i thai the hicav\ ShalC I"c lS;.dratiCall\ 
deCeeas.d tie se'd d )Iit a liaiorit\ itth ti2tt , , 1% IL due'cni l', tol tiLe redution in nUii1et 
of pods; plant. H1\,ctr. the ti'.cts itl ie; ,acsLl',hadIcle-, 'rol S,,to S7 oil pod nuinbet 
and rain yiel LI -rL liel ntltl - I,rlhi,iliiie l ha c ! -CHiattribuLed to (te colplftC\it\ ,!*Ihe 
soil-plant-vkatc, rl'liatl( .n itIrea,C Ill',hidiie reCultcd ill an itir ,t-aSii the ,oil-l titlUre 
coti n tullof the ,oil prOlil, i t'ho 1p I)iii llt I,4. the arl\ part of' teile eastin hc ii hiehi.cr 
soiil-noisture content emlted. the sholnall CIndulatc r'iiinaiclCd iiter th'L121ht L the da nUdlCr 
S(, than uinder sladCl condlition s Later aItle i holletrill ",ti . \alie if) leal-I\altr potential,
reSulLne Ironit ,lol-ni t itett. hi ilphli.,,,, tite a i d;it'I tedi 't iailtal Cit. IdUtaltiti iIll t-IC 
under S tie lothali undet S1 and S, Ir ti llts.[tit t (e lradiatioti o th itiotiie and -'etiile. 
shadine rcluced the stotiail -ontdtlatiec tti-oll ci, durit., the intentse da i,ithour' ofhl'llieh
 
radiation. the [litt eai pla s ill thee : _ attitnt hid ,i.'-niiic',utl\-ii etrSt0t1a l etiMdutC
taiMee. This %\,as lroihai. du i tl aa oIaitiioderllate l,\el tlradiatitn atid tilainltnaritee ilahilit\ 
o1' hith,'er Ical-\%atet potctial litih :- \tl the S, ticatiteint. 

http:hiehi.cr
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Table I. Effect of shade levels on number of pods per plant and seed yield of mungbean (average 
of 1981 and 1982). 

Number of pods plant Seed yield jkg ha) 
Shade levels PS 116 Mean' PS 116 Mean 

No artificial shade (S.) 16 17 260.7 2484 
30°o shade with fine muslin 17 13 189.6 191.8 

cloth (Si) 
5000 shade with coarse muslin 19 !5 413 1 265.1 

cloth (S2 ) 
700o shade with thick rough 15 9 175.6 114.9 

cloth (S3) 
LSD jP = 0.05) 
Shade 6 136.8 
Genotypes 5 58.3 
Genotypes x shade N.S.' 120.2 

'Mean of 14 N S = not s.vniicant 

(1 l liehtc 
rCsultd in Io\er ,101l,ata conductancc. prcdoInuiYtl\ 'Iuc to a dr'istic r ductiont ill rldAtion 

oilthe crop canop. . S etal a81o ade.cse in'to of 

In ;pite of the :naintcnancce i,.a ,,il-plant -- x, r potential. ia\% shadint ISmI 

cstik iI 97 rcpitcdi illal cojldlcl!'lIke 
kidn\ hean under IiM liht IltCii',it[he Iiixcr I. ph!ItO\ IthIceIs under heas ', ,hadeI.S;). It 

could he the e-Cn lr th lesser nutier ii! piid.l.,I)'al ,id ', I.hl iLhtII.ed Illthe S. than in 
the other trCatrlents I I.is anac and \\illiami IQ Il. l'hu'at C1at. Il)4 . h'lrc vere. homcer. 

'II ISi'ei'i,+IC;Iit ,;Irialtl n n the 'sen"its It\ OI diflerent niun..Ih an c int\ Ile. it) raliatioin cIii. The 
genotyp, FPS 1l0 pMrf,ir1eCd better under ICu\; shbade .S., Mnd SOI thal the other nltnb,.eanl
Ilenotvpes lIle It. "lh il ,iiUti\ 110 iltercroppCd v, ilh pearl millet underpoflilrnaniie ar PS 

real rield colditiiliS \, a,.therutire. tcsted. The reuult - 0 1 thi tud', conducted in the 1984 
monsoon ,eamol are d d in' ll\perltCnt 2 hlCi,: 

Experiment 2 

Soil-Plant-Water Relations 

Moisture use. The mu nehCai cnltivars used a !erater aiount of water in closer spacing than 
in widcr spacing VI'ahle 21. The difflercnccCs in totali w\vater consmption hemese tlhe to cuhtivars 
were more pronounced in the 30 .: 1211 cmt spacing. , here PS 116 utilized a greater anlount 
tl 'ater than K 851. The toiisture use patiert s.as%als-,o aflected niarkedl, h\ spacing and cuhtivar. 
It decreased e ithi the pr file depth irrcspectie O1 treatment. The crop:s e\tractcd a relatively 

Illuher amoiunt Of vater :,i . than in 311from deeper l'aer,, inthe 311 12 1m ,cspacing x" 170 
culti',L PS s cr bothCll spactig. The r 11 e\tracted oet0.lltirtll'C friiti l,' lacrs ill crop

,tnetries.This, tlit lie due to 11e eCtic di leCrenL 's ill root characterisLtic, of the intitIthean 
gen ltypes. 

Leaf-water potential. The 'caf-e'ater potential ,arted decreasine from 0)80( to 1400 11in 
boh 30 X 120 cm and 30 .- i 71 cm crop gcotinctries I(Fig. I. prohatl.kdue to the constant 
loss of water fromii the open stomnala of the crop cillop\ . llmvecr, after 1411) 1hit illiprove(d 

in the afternoon honrs, pro-ahl\ due tI partial Stomtata closure e'ith tie reductiot of liehit intensitv 
(Turner aid CIgg 1981 ). The platt, maintained a higher leaf-eater potlttial in thc ,ider spacing 
(30 x 170 ti) than iI the closer spacitle 111 . LI0uin). Thi, could be duc to the a ailabilitv 
of more wa.iter in the ruot /one ,oil in the less denec crop ii tile w\ider spacing than in the closer 

spacing (Table 21. The difference, in Icaf-v, atcr potential het,.+cen the two cultiar,, vre. 
however. more ditinct in the closet SfaCine than in tle .idCr spacitg. i.e. cuhivar PS 1t6 
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Table 2. Effect 	of different spacings on noisture use pattern and yield of nungbean cultivars. 

Treatments 	 Moisture use pattern (depth. % of total use) Total toois- Yield lkg ha) 
0-30 cm 30-60 cm 60-90 cm 90-120 cm lure USe (cm) Seed Straw 

30 x 170 cm
 
K 851 42 
 31 19 8 26.8 150 1,173
PS 116 40 31 19 10 25.2 124 1,114 

30 x 120 cm
 
K 851 
 38 29 21 12 28.4 68 1.055 
PS 116 36 28 22 14 30.8 107 1,073 

LSD (P = 005i
 
Spacing 
 1.9 18 N.S.z 
Cultvars 
 1.1 II N.S.
 
Spacing x cultivars 
 2.2 29 N.S.
 
ZN S 
 notr sgniicarit 

Ro szcclnQ PS :6 K,851 
D0 x Ocrn 0'
 

.-4 30 x120 -- ,T A 0
 

02 

16K 
800 !000 	 :200 1400 1600 1800 Figure I . 

Time 1n) Leaf-water potential. 

tflainlainlcd ahitu 3 harN" hiu'ler Ical'-ssatcr potentilA inl the .10 x 12(0 ciii 'eoinetrv than) cultivar 
K 851 . This iii-lit hc e IIl the itiaienancIM)e0id %WCs _l! l'Ml1ii211C] ater stipl\ 0OSS toaeetI ioiSt~ire 
extraction el -ticienec\ lriini Llec "iiil Ia\ erN h., I'S 116 than K S51. 

Leaf-diffusive conductance. The leAl-di Ifuiis e cindutance hils dthe course of PAR 
du11ine2 the our 0I the dil '..He 2). TIhe 1110t1 had h12I~er Stoliatal conduIctan1ce in thie 30)

x1701 cmn than11 lie 301- 120 cml Npaine:11. This a' ptohahlv due the greatersacin1 in %\: to 
as ailahilit\ of liuht and better ino1,l'r ,Iatus, if*11the sil Lind pIt ss1 itlttinhe !*ormer treatment. 
The tWO cutiars did not1 "hoM\ n;ikedI dilIlreucs 101ir la-dli'' Ve CMcIIucc in the 3(0 x 
1701 ciii spacing. But,. inl the 3))M 12011u SpaLcine2. sshiCli reCei\d loss li-1ht utnil(~Si (H-'g.
3). cultisar Ps 110 exIihiied a hihrrate of Icl' out ancel: ihlait cultIisar K 851. T'his mlay
he indicative of' a beCtter adapta)hilit\ 0f Cijltisar P.S 110 inl hc lowk lieht inltenSitie'S of'a closr 
,,pacing wih pearl miillet. 

Transpirational cooling. Thle inueban canop\ swas obsers-ed cooler in the 3(1 x 170 cmn 
than in the 3(0 x 12(1 cm ctop _,eoietr\ (Fig. 4). The mlaintenance of a higher transpiration
rate bs the crop inl the 3(1 x 170) :im geomietr,. dueItW inlcrealSed asilakbilits of' iricoiie PAR 
iiiht hase reSUltedI i rl greater transpir-ational cooling i caniopy itlinus air, tenperature I. The two 
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Time ( h) Transpirational cooling.
 

cultiv,"s did not differ markedly for transpiraio.,al cooling in the 30 x 170 cm geometry. 
However in 30 x 120cm geornetrv. the cultivar PS 116 maintained a0.50 to 20 C cooler canopy 
than the standard cultivar K 851. 

8 
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Seed Yield 

The seeIdklii 01fIiiunebelan cub' ar, incIrIesd v,ilhIhe increase in Space beti', ecu pearl

millet rows rio.\ lirs due 1t the increaed a\ailabilitv of liHtl. th tree' tlo'. , hiler
lI air 

transpirational cooling) and better ,oil-plant-v, ater conditions. Tie IV, cuhi\'
ars did i1,t differ
 
sienit'icaitly it seed ,CLi
i ndthe ,idcir slacing. I lom'e er. in the ,lor ,pacinie cult\ ar PS It6
 
sieniicantl., otn'. icliI the statiard clheck K 85 I [allc 2). The litterecec. 
 iIi ,tiay,' \'i ld.,
 
,cre lound to be n1,i''nilicant lor bolth itLtiiliiibai ct liars and Ctnll
plant t'i..". 

Pear ilii - ot t3t0t2\The grai ll itllt in the 31) 121 crop ii pure stands. :l.. eCll
 
as ill ilcropping. did tot di_,ier ,inifica.tl\ h le.t h,'retOIC. the inclusion of
I1),4. 

niul a'tC. Pi 1" asa n,in I'lroprll '. iiild brin rit i 

laritr, inithe 


tulti\ I I ;iildditioi'al and stra, ,icld, to tile 
larC l, tarac'tii'Ill \\i h paC l iIllet i,,attellCd in Ittdia. 

Conclusion 

The2 tesultN re'. Caled that t1utte P llaittinta a higher lIcal'\\;t,.train L_'ti', at 1'SI itid potetntial.
 
Caf-dil'fusi\ e conductance aitd oolCr o in loer itnt ciim
aOO ie ,,al 3() 12(1 thani the standard 

check unlti'ar K 851 . Ihe,se inipO\.d ph\ 1 ecil,lci,+haat"Icter, resuLted it a' ,rlater nmb",er 
iiipools plati and ,iltlfi,'titl\.s-.'Li \iL'ld-hih rC[ ifI'S II , bItK 851 . Ti, ,i'cst, thit cuhti'atr
 
PS 1 lIasiai itcih t ,en-tic lpt.it ti ohade l'IIi',ii llllt tia~
m re t 'ltcia,'.l tI llfltu l ill 
additiontal il",C aQdopuin t\ itit.rtppute \%:I,,\ pearl itiiletbib'. tiill ee tlt ata scir .,pa,.'intg

in d'.liand 'i tlL [urt PSIt,IP) i tti illt-ir, ic .ulti'. I , V / as itleti'te relo u'eC f(or

ultelhcritipr't. ruc11ll lle; s, ital
)It- Utibeati b\ bl lit t elop mnall u,1,1 (rhitrCloppineg 

%\ithpeairI tillet and it,:]Icplait species, niiiie Ii 'tl,.udtimi,. 
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Nodulation, Nitrogen Fixation and the Need for
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Abstract 

Although legumes belonging to ti,.e genus Vigna, including black gram (Vigna mungo)
and mungbean, V. radiata) are considered to be promiscuous and will freely nodulate 
with bradyrhizobia from a wide range of legumes, responses to inoculation may be 
obtained even when sown into land previously cropped to these legumes. The causes 
of poor nodulation may be low numbers of indigenous strains of Bralyrhizobium. or 
poor Multiplication and survival of inoculum strains in the rhizosphere of particular

genotypes in particular soils. L.arge host x strain interactions for nitrogen fixation were
 
obtained when black gram, mungbean or ad7 iki bean (V. anr.ularis) were grown in
 
Leontard jars, with sonie of the least effective strains originating from legumes of the
 
same genus and even the same species. It is,therefore, recommended that inoculation
 
be practiced when black gram or mungbean are sown into newly-cultivated land. In
 
general, however, it should not be necessary to inoculate where Vigna sp. crops have
 
been grown previusly for a nurmber of years. although to avoid nodulation failures, it
 
is advisable that some trials to determine the need to inoculate be conducted on a
 
regioiial or soil-type basis.
 

Introduction 

Tll 01.2h11 )11 A\tINI,ltlil 1,, J ,CLc'ttu.ll,I1;lll\,,_ "uIt~hle lt.vitherth,+,',_,.'I,..'rlII\ )i ILi''(1111CN 
)N..l Niltlil I h ,, Lu'd IIIM st ,,M,.+r Hl V,1 ld It+' lI)dcltliil I 1)+ _'t111oi lthl't,.i~il1.(: l s+..icnllif'i," 

and In+iutria l'tucjirb ()lcaui/aii W(SIIRO() il ol I ) hil tll.tr,)inC,, AndIItl fuiUl 
ti')IiLtltl(1
1,tlhl . H0.!_.iIlI',c.' H 111(1(1Ill +_,Clli lthHl 1), ] tll ICc- IN IIIc JV(ltli tOf' thC ,,\llhi0i
a opi, c .ltiIc.llL l, . 11 C ilti l~lIihi"i k MiL (I c rOuicb,cBn m iind Rlwihi.lic 
I+;iclc.'ii1-11, ~1111x,.i lulch+i,,tcli~1,l1,t i<t %kliltIiliL,,cnic\,Ic~til Nlllh i c Lclicrallv het.e) 


illll(1Otlct tl',. III Jl1',laliccN"h iaN ntl I"I '.ulllne'. L'tL11.'U1i,'ii il+ 2tid otliic IIt ct+ F~..tltt il ,l 


i llll t(I L th,,iiiiiC htl l illiuti~'itn,. and .iltl\ il uh iu , ricc. i( i'Nlnhhl dlciraillc
 
0 IcN, thCir Icctl I, li I LL llIi't . -1,t knlt\ i 1urin
,iiIhi.CM icic IiCC ,,;tI\ 1ill , t ,ilL' l . I cti\ c 
;iN,.lilt %lhl,11C IC12WtillCIh. lil . 2iMhlcI trdnt Ill c0u nAcrciali tI L Ill c,il I litic' .i\ji F 
iiiui;ull ' till i IiHC tiC lth2I liiiC ,i lC;ruL . IlLC CniI~ ;ii,I I \iNlltc",lllliiitlut hc til1,tcce ltil 
nludIIlitit)li ill 1iitld. c r (h1t I ' tlipctl il liuLlilcl t il to . llt- 1cc,uuIcNIII l ilflciIi-r itii iilLI c 

\lri/ichca lI 'itCa I t lc li,cnI l ,'itCn \ itlilin Ihincrh iniccthc.I ll * c s hulticki.
Xhliil-i h hc \ill A.\U'l,illili Ill1" .''ll,tli1it ml rhlf~ CC .11*t0 Ill " C F dtC(:iILIL,, ht llH Ck 'l-.llln 

I . ,iuluo, c\ Icntll \.a, onis(I lc"caa hiC'\ , in ]')7. i. le l . 1 8).\pir litti 
lintitcd Kliiu () ii \ c lI I ooc w 111(l1111ii alit.! I' c ci ro1p.u 'tltl ii/ reci l illiitiiiC 
no ltl cll.r ..,,(dlcllc 'lt,, 'hlu .ll.il-lc Ill cr ppi' \ti ialia.1cn ite ini I 'i ',ia iiobblt 
is tc)iM-c C\.ll.clI a' i nlOLrUilli ' Iiiiic CIic , h i tllIilta d Mnl1x11\cl on01\ c I' ItO i - l hear\ 
clio soils in thc 51()-"/()() rainlkll aica, (I land idliiii stlth .ln c'.)c 
 l ach ct ili.19)86). 
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Effectiveness Studies: Genotype x Strain Interactions 

IliC iI'SNNcNIlI I I! II I Il11 ICckl I1 l t iLC IAIl I !l I IIIIcN \i, lilt IllIlo 1JIC NI I 1 ) 
Bnr(iL\,lI: '1411111 q~IRh 'bm NI )\'. illt111, \LI IL,; lici J I It %%icIC ILc lcyciuiiic lids L hccuI 
'roi\\I i 1 Ill,-, Illic IN IlXi 11I 11~lo . ill CNNcII(1i.I I Cc'-i\LIIiIIIIIiLL CICIitIl OUlLV1di1. IC iILIiLLOlN, 

dulld ICCIiIi]ILICN, Ill\ IId\ CII IIlll ICI I LI I 1. IN1ILitIIllI. dlili l "Ii ojllIIui IN NCN iIICIII 0II Ii ll-i /Lli 
hdJ\C hCII C\ IC%\ CdIIt.",.ILIIIN I\ I Not I IN It lid I ),ltc 19 0 hit Ik\w oI I I"Ni NlII h.\ C l1. 1 8 )11+ li 

iricl1-\ Iik NI Jii I11]I'dII\ 1(III Lii i i IIt) iI\ IilLci C~iCCII\CI \ %-.illi 111c IiosINllillNliI c 

IcLi[uiIIc il ICC Nic,'\NiciiN S>LCIl II \ C Nilht. ilIIlIiSiIx h s IICw pIIIoliuiWCC\IIJiICk!10 i)CI 

NIIii~i~ii il IINLI 11c Ntit'Ii\11 '' I C 5
NIILIIII i .III~2. LI N '1 'Il 111llIIIII II~ IIIN IN ii LN CLiIIliI 

Ill 2LII iI. IIlIILLI- 0I Il~c IlI I 1:1'i tic cliL il\LI\ IILllIIllcL h\ INlid~\ iIli/tl1 
lji ll)lii 
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I ~ l~c.I LlLIII IlilI I 1-'011111 N IIC III) C\LCiplNw I I Ic I I. I ic kkiii ill IdI'Ic 

I arc lilt ILifiI N2W 11 'i5lit NIL'I i!C 1,11, L I i C, 5 HiI i C I IFCC 11111OClil NI 1111 i I No iri ad~ 
11I,IC 1L)"(L. NIL i 11 ll. (II LL- iIIS II~l~ 1, PI[LIpj lj ihil IL II II 11L1i11 (d iiiiL[)!Cci I*iWLi 

(Fl liaiiiu iiii. \Ic~IiN I)2 LCIil I01kt~\ILLik I 

Table I .Relative effect of Brodyr~hlzobiturn Strains, IsoiatLd from I rainge of legljnes. oni the growth 
of seedlings of three VignoCspp 

Relative cllange , t N cso~ii i In dry

Rhizobial LenIMC f oi s K!! inittz ji ,eechng
 
strain (CB: RhtzobunalL 212c V r(Ldiam( V LriuLngo V OrnguiaLs 

cv Berken CV Recurw 
121 MAreropisun larh~yruides 6 I -7 -38 
284 V flurigo +63 5 +.- 9 
491 V nlunlgo +52 6 21 
512 V rcadiot ±23 -40 -34 
661 V radicuio -28 -87 -41 
756 Macrot ylomo rlofricaInirn + 66 -. 13 -. 32 
786 V prustfloa -54 + 14 -441 
890 V radica ±64 +~8 +39 
985 V rnung:a + 69 +50 +46 

l01ll V rliutIg0 + 55 + 26 -3
 
1015 V radlia +88 +28 +57
 
1017 V uidiato -20 -31 -20
 
1024 Alocrotylorna uniflorurn (Lam.) Lacke~y -64 + 38 + 43
 
1042 V todioto +50 +18 -21
 
I1809 GlycLire max -56 90 +24
 
1243 V. Lnfl~LgO +~77 + 47 -+48
 
1247 V murtgo +43 -10 +43
 

ZCB = CSIRO Brisoane 



Tb lls effemactv st-trRl s11es~ : wv ;- ,-a.,]-:a 
___ Th~mosteffecivstdn on each species w~as isolated from plants of th gcu VqgL m 

o t i tle species - owvecr this was not atguarantcee0, 
b! 

some of the least effective strains also.orgmat fromthe same genusa
 
Specis, as the casw'hw'"
CB66 I and CB1017 with K r:idiata (Table"T 

was also alaw t h'by n at i on. For exa m p le, strainCB1024 formed an ineffective
 
association with V. adia ut efficient symbiosis vith V. m ngo and V, angdaris. Of

particular interest a 
 fact that the strain us.d as a commercial inoculant foi-soybens in 
Australia, CB 809, w tive on VKradi V. mngo but was reasonably effectivelasineffc atiand 
on V. angudaris, This result was confirmed ma repeat experiment where the dark green K. 
atigilaris,nodulated by CB 1809, contrasted with the yellow V.ra,diata and V.mungo cultivars,


Inother sand jar experiments, 1. mbellaa was effectively nodUlated by 8 strains frbm .


different legumegenera and V unquiculata was effectively nodulated by 14 strains froi 7

diffent genera Buslhhy,: ttal. 1984, Date et al. 1984). These results are in agreementrvith

the literature (Brockwell and Gault 1973, Mimnns et al. 
 1979, Lawn and Bushby 982) indicating

that although many species of Vigna are effectively nodulated by bradyrhizobia from a wide
 
range of other legume :genera, large legume genotype X strain interactions for ability to fix
 
nitrogen can occur.
 

The interaction between legume genotype and bacterial strain for nitrogen fixation 
was 
inv'estigated by inoculating plants resulting from reciprocal root: shoot grafts of' V.ahgularis,


muV.
ngo, V.1radiat'andV.umbellatawith strains of Bradrlhizobjwn that varied in effectiveness
 
S(Law'n and Bushby 1982).


Shoot genotype x strain interactions did not occur (i.e. the ranking of strains for nitrogen

fixation remained similar to the self grafts) when this range of'shoots was grafted to aparticular

root stock. These results were in distinct cotirast to the change in rankings for nitrogen fixation

when roots were varied and the scion kept constint. Thus, a strain Could change from being

the'miost to the least effective by varyino thle roots rather than thle shoot. This implies thiat not
only is tihe ability to form nodules determined by tle root genotype (Tanner and Andcrson 1963.
 
Lawn and Bushby 1982) but host x strain interactions in N fixation (e.g Table 1)arc also

largely controlled by the root-strain combination, independent of* shoot genotype. Similar
 
experiments carried out with soybean, where tlie
specificity of particular combinations of soybean . 
genotype and Rhizobium strain were shown to depend onoroot genotype independent 0fthe shoot
 
(Caildwell et, il. 1966).yeidpnntotesht


In the Vigna experiment, there were large and significant effects ol root and shoot genotype

and strain of BradYrhiobim on plant and nodule characters. Shoot and root effects on nitrogen 
 A 
fixation were dUe to effects on nodule fresh veight, while those ofBrid(y)vhizobimn strain were
associated with specific nodule activity, i.e. the efficiency of the system. The effects oftshoots 
oninodule weight were probably due to differences between leaf area, whereaslgenotypesn

the root effects were probably due to inhereni genetic differences in the susceptibility to nodudIt on
 
and nitrogen fixation.
 

Testing the Need for Inoculation , -

Because black grani and ngbean noduiate effectively with bradyrhizobia from a wide
 
range of legume genera, many soils already contain natural populations that are effective on
 
ie crop. However, it is desirable, especially for virgin' sites or land that has lot beencropped

fori ny years, to obtaininiformation oni the noduilation of inoculated..:and ninoculated 
 -seed

in the.field to avoid the possibility of nodulation failure, Uninoc..ted plants provide ae.sment
 
of the ability of tile legunie to 'nodulate wvith tileniv'e str~ains while the pr'oportion of,nodules~due to the inoculuristraiuio inocted plants indicantes tieability of thel nscsesiltomsurvive
 
andor, c p f o o in ith:ie/silerhiziil


In 'subtro6pical Australia field tials have' been carried out tinder twov 
 contrasting situatins,' 
'viz. on soils that haivebeen previously crolped to black gramt and/or inungbean, and on soils ''1I1that have not been~cropped to any legume. 



Soils Previously Cropped to Legumes 

TralI clc iieth i': ltlctl lit- iiittiil it'lil \\etic cii'tcd i~oili tliicc licito, ctrickiitii cla\
NOilS diKtllmi hCCII'iclI jd toI)cli(Ck 2iii tI oI Iiiitb~i ti uihtii\c t 11c j 
\\.ti lnclecIda IDiih a.hlick cild. 1'25. 15. N iitlllciic 1979). N iiao cii (it stlniitilk '.triiclicli 

Black -,rawl l 0,I i ii"f C\. alndciniIii ciiii f/l ltl tO 1<121211) 11. \ . Btr-kcii I \I crc Nit.\ ni citlci 

iC 2 Nc 'l lit'd\ OIit" \ II la;tl I (1IN tu0:Ii( bitt itiiti-iididIS Ni 0 ilcB1,0"111 1 iati\Th, Icili ii 

Vec. ir oICIII111 

No dyrloic1 'rowLt!t1 till) 0I~l ptetoii, cropedL lack gainD~h arid 

Taabl . ll bIlackV"' Itt'l 'n 'nn/t.kbat, noc tlilatd wt ocod sriso 
HI an !II iil' o 

1 So 11il III LcCNitticIW of~ l 
D alho ;1111 G1 c Icl td I C ulti'dILI A III1 111 l 

SII-ite IC IC ( W 11tiol U 11I111d II FloNiltet~c 
1101 11 tli-'i J' 

DaILIittL II BIikI Iat \ 1 Blac tgra r\i 27. 1 'S S 

Naern d h ac tn 19Cal otis l BIII Itt110ILI IC hI li, o!"11poN S iil
 

Gat 1 ro ,' Blac ,:III I N kItIIIC
to II1oil cI1 , II k Int 262 I I SIIIII 

Siteuii iii;l isct111Soil c u tc~ i it' uliiiciliU!i cii and IocltdF es 

1)cshit tilt' ittk thtit(aiti ic 1c28i ~ll1iiint iillii Nlc tBlckgan 30ihd IS 
hiai\ ii itl ral iiitnji etxiiiiii c 16Sicl iinc3l.6i2lc N~I ilar. lVa'It', 

Ttttthe Ct\dIics itt th ii nIi ii lint cli Nilc hatkitiniot hallS c' t11Lill \ii cofIilt., \inL:,\ Si.I 
i plerap flin sllrpt iti. as,11I01,0 cnla1' IC1icc LtIt'\ 5a lcc tiiilut ti ihcssailsitlcctV cilci.lites\ 

orca- its itm hLiithe~wd tiis thtat piticlus. 
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III SLliiilitiall ,tle ahI\ indicate tht c%oi hrli lr had hCCIi liistOr if ll inI!rCsult-	 %% t a cIrtee i,:u~it ,.;niiSt\,Ihl' ci cttis . tn~~n sI+itw liht,,s t riht'ini i'~l f 1l~~'l. t 
to tile culnsit\Sas pos.L~ to Ohan c ) ldrsponises to ulatirii iniungCheaLi.Cees ini 4 

'lurthcr. cilCuLiStalial C dCiloC .dCd ht,ccin t,h,,thc CtIctjci\icsi I' f0r dteilcliccn, il 
tf n;atilc btil rihi, . I'is its ikA, arths had hCcn crir+ppcd I",Ctiler lIcuitiC fora"all sitC.N 
a nt ti"hCr tcarhpliuito the \rc to hat 'iilar populationsO l cxpcrieiint aitl c\pctcd c 	 ihi 
tel'IsI O titliaII Ither and Ct tic n+Cs. \VhcIhct tlI,,csc \ +CCtati\c I.iCld iniuCiCa , \,,Ould ha' C 

litc t.cil Lti tl+thi 	 als illtr'antslatd:il ittou c l il i l 'l++Iltt,",tiullLinc t0 tlil t I a 'ttIN'.addilion 
tol \SCctati,,C SicId. that itl ctlicc Lr;itt .Sil I las, and Alin N)85 . 

plaint tCLhIMIil~lL' Il it t 3 1..at-l1'h I illtc ticiit iLIC to) ohiltit the titults t'c itr.lI+d lul C 1-(t)\ ilC 
n ot O il [11C ttIilCI p,.r ll.hut alio tI ct ssiiilrid\ il/ hia ,2ill s aliCtitttt c thc ctCti\ eii + 

Ofti s s.Oil , ~ l]',inl~ hcCI isolatted andI) L I1,u0101n.1~ lith dual tuprC' cllt~ati\C. ,,train,, hia',,_ 

t tCILt01 N Mal l tn ur c th 	 td\ ili/Onha L' t+u tlcrtl, ,CC. tltI toitl iitiliuhr 01 h ciM 
\ki ,li tC it tltc rc;ill i.ti's 01 thu.. ie ,houlutidli tit i i llc ll l'ti~tlan c"ti Cllc i,, tiitl) ttuuii iui ll' 

ini Ciatiui 0 hicith+r 1itir,.latilI,i,lC luiri not. It i. cri+tOtiiiCIIdIu .l. thrcui c,that tlC duIal
V ', l 01 
rsu~lt thlit at l ,. olalatihld i0t1 11Liplanit itilc'lin l tchi,..liUC hC uScI It tIlL' needa" a nitl,' 

forH in latl tion] kit ]'2tlt"
 

Table 3.qa Population levels of bradyrhizobia at sowing at three field sites previously cropped 
to black grant and or mungbcan lb) Vegetative dry matter (DM) of black gram and 
mungb'2n seedlings when groon m ntogen-free sand culture and inoculated with two 
dilutions of soil from ech site 

jai i 
Site Lcguime No of bradyrhLobia Yield jDM) (g pot) front two soil dilutions 

soi 	 1 10 I 100 

Dalby 	 Blhck grain 375 3.65 2 31
 
Mungbean 38 6 09 2 51
 

Narayen 	 Black gram 18.000 Nd: Nd
 
Mungbean 10.600 Nd Nd
 

Gatton 	 Black gran) 180 2.19 1.32 
Mungbean 180 3.74 2.67
 

Uninocutated Black gram 0 60 0.63
 
Leonard lar Mungbean 069 0 58
 

ZNd = not determined 

Soils New to Legumes 

lhc ncccl lor inirculati'n t hlack grami I. "wuno'in c%. R.guri aiid ci'155lPC;i . tn.,uin'Iuh tuI 
C\ . Calounatl %\astctcd in N,,hitrpical ,.\ustlalia on thrcc ,iil pc ,\crccithcr %irgin or:.. that 
had not prC\ iouius \L intliducd C lls,,ur ]ctuitc ct I983,.l nmit 	 pi1 tltr' I lu'lihh il. The lests 
COnlSistCL t 	 th nd iclId \ Mi1t11untin rclatcd ine andhi punIt t'iMat] 	 IIcatiit.illt ss ithIuut oine 

\sith iitro un I50.0 it N pint ii 51) knLhi, turCeA . and iM iCUlalill urc tf"i\ strains,\\ith 
uf Brivs/ UBrtn:(l750. (CHl hti 5. ('IllS. ('Il24Strspc and ('B1243. The 
antibiotic nliUtitt ('.'75(r+it ,nd (Hi l.4-ttr. 55crc ihi:iitt+d h\ ihc tincthurd o1 Schss inehaittr 
and Dnditai i 1973. ()n, ,iiil ICoastral . I Nutniltcalt ()uicCn'ild as a snd lct\Cdidi 
podzolic (I)D3. I . Nturthcoic 1971)). in fiNara\ cili \kas a stitni'l -stLctur'Cd calca-cous cla so()il 
lGn. 13. Niirthcitc 19791 and the third ',uul I ntcrald. central hihland, (unlndu \was a 
black carth I Uie5.24. Nuirthcnic 1971i. hbsil, tioin Nira \ iland lnerald ,\ e oniold cereal 
crola and repre.nt lare aacsi ii pt(tltial cruippitno >aill \\hich letiics areinaic likelh 
to ble Lros it.S\ Cral spccics Of iatiS CI 1uno 1ta\ C hcitt rccurrdcd at the Nara\enl and tiirald 
sites ca"lans i et al those Prucccdintsi. The Beer" ah itC55as it \iriin soil and ",aschosen 
as a Stil where suitahie nMti c hrad\ rhi/uhia frtit IzlittlCs ate kniti\ n to tieahSit or Sparse. 

http:repre.nt


\.iI'l rn" Iflill.I lilln \Uhu 111;! it \l l, . 7'.3tIcill. olf liI\C 	 4i !l ull ,11 l'.l ti hi 4L2Il 

h ,aria.llSh l' . S r l\di1 hiC, Il-liOIL'thlLl irlltLLI1 tL' h I 55,LI.1h Illh i kliaItlc 'it'Sccil
 
ile zelto alid lti'Ihlliiij1 i lih t'., ,ll. Ci . , ill, 1
]lI ill I he ,id lI1, ,litlnrvui hi\ Li'al Irhh, lC'10il11111C
 

llliihI )CI" 
, 

All( ir\ \kC.i It,,I i CS\Cl,,hi hu i Ci,ll l kihiCtl'itCd. /Cl, Ill(I Fc'liLII-tlIi IllleiIll,,
 

iilh.ith \Li2CtaIli\ k: ll\ il dhi Ldil 5 ,m,,I \,cr,,' ,,ucc ,,-tul
x\L, hlttntt. ( l illl ('I 1243 Ot.' mu i,,t
Nll';lil' holI lc'
oill _tll r ,,, fli ll 11 "L 	 lllh ilthe iiltt-H tl r 	 '11C, 1I i-,it c . o~lllillc 


-,ll~iln [ ,l. 3 	 pLlil lSi\;ii! lC. ( 	 itnouii il.(tAF r'l- .iCIt nr .ll\ k 

Table 4 Vegetative diyX irhtter i p-tt fron pot rials of cowpea and black gram grown in three
 
soils and inoctiared i.lrhv,rou trirs of Brcoyrhlizobin.
 

Soil Lu :I 	 i n , Contols F Lest--0) 


Podzoic 	 Cov,.p,a II 3 13 4 7 0 "''
 
BlIacik nrim 7 3 1I 0 5 3 . '"
 

CalcarCous Covvpea II I 12 7 9 9 "'"
 
clay Black :irn 9 0 0 I 8 2
 

Black earth 	 Cot, pea 10 6 I1 9 10 0
 
B I ,cr,ro 8 5 1 0 8 9 "'"
 

LSD P 00%, ' '' .: .t .1[li.. , p ,r irK or, i 	 l i c r :, ht j r riII2 
combIwMtKr> 0 rP 'f' ' )O333' 

Table 5. 	Number and dry ,vht mig) of nodules from a pot trial of cowpea and blhck gram 
grown in two soils and inocultd with various strains of Brodyrlrzobitm. 

M lluof illBrn , Controls F tcst 
Soil Ln>'rini ~ lb tre~ris ~N -N 

Podzolic Cowpea 	 No 195 89 56 ...
 

Wt 371 225 263 ...
 

Black gram 	 No 193 0 0 ND' 
W1, 203 0 0 ND 

Calcareous clay 	 Cowpea No 103 52 106 
Wt 242 164 251 

Black grain 	 No 195 60 157 ... 

Wt 146 36 105 ... 

I conND = not done 	 .rh i, ' O 1n " o t ronnl:Itt LSD P - 0 05, i, ccmpao50ns meain ofc,een

allRir,trrinim no l rcril~retso' rrr' % ,t i, j I 	 rironIlO[,rjr .. rrr fijr a - 44 Indr)odule 
e i't - S6 "P 0 0& P 0 001 

Illtile held. I repoi c it, i llCsltLtill irtm l inltile CLail ii cii'ts [lea55 lllnu dl\ lultr 
till th!pid/ ilic ' mnll c l \ iclii ,itMlck nmii\.i lll il iAk ctnhi S. tl'i increasedi d eruml 

hS illL~kllohllIl 0),lhL1ii S Illjr~int i l ihlni l i, 1l1,,i -i iill i L i, ;C'11 iln\ h loc'cuss i lini 
thipiLd/ilil olilill iCpItIlls.'. hrI ,lt i'tddilIt,)It ll lii tii ld 551 1ni F;ul h 11,h1htuiili i 
'iili ilicanl 'It kin .ic 1hirl lcIiIC',illfhl Jmid/Oilic ',ill \Sstlu'Ior ihn.lk ijI.Th lnIcil _ol 1 ,hh 

iii) hi ittCl (( )) lil i iili Il '1 1i_rI 'A , 1 clhule (IcII tudt', ll tii t I iItIl liinl[h,Iul thlC\[1.'i lll 
,hIlm lriathiIlklthLi i t )k il n,1.ielrC. Il hht illink Irvit.i', %lCl ihl\ 'ih. uhil hdklic., lurid, liiCt lii llltlll 
r lChl'Lh '.ill n h ilIII;tiill Ihc , o i lu i, i l loiil ihiCh 'n\ chrisini iiliir tiiilc . r l illiIi 
,unh. thCrchuIte. %kd, i'kriIu iultihl tIi t lte iii '.kuim d,e d ' ilila ailai l,il ni IIotl il,u . ar ,,ult 
\MliihS an '.tihi'tnillhitiu Ii. tile Li 0I tlunill il 5 i Iriuiaii th_ heiicktihit th .. ii oilln 
cnrfl. tilelcii _I rIlrnl did 1ibit ilhe111Wlu t1i011,2nilit n il Tahihle i).llilidl n dilh 'rllOirll 



424 	 3ushhN 

Table 6. Vegetative dry matter and seed yields (g in row) of cowpea and black gram grown on 
three soils and inoculated with various bradyrhizob;a. 

Mean of Brady- ControlsSoil Legume Plant part rhizobium treatment 	 F test
+N -N 

Podzolic Cowpea Veg. DM 701 910 561 
Seed 321 492 302
 

Black gram 	 Veg. DM 487 685 586 NS' 
Seed 294 366 286 NS 

Calcareous Cowpea Veg. DM 830 836 806 NS 
Clay Seed 779 871 792 NS 

Black gram Veg DM 836 976 906 NS 
Secd 436 435 349 NS 

Black earth Cowpea Veg. DM 895 947 953 NS
 
Seed 714 660 802 NS
 

Black gram Veg. DM 890 949 887 NS
 
Seed 344 383 167 

INS = not significant LSD iP - 0 05i for ccntp irsons between rinen of all Rhizobiutn ieatments and unnoculated 
controls W11h,1n me dry rnatter - 179 and seed - 19. and between controls fora ste-ICFe combination for .eyetar ie 

vegrtative dry mattur 2410 and sed - 160
 

The hict that inoculation resplnss l IICsk soils occurrl' rCadi' in [lots hut not ill tile same 
siil in the field. lmla, he Lu t the lilited s'oil voIlme1 ill pots ,, which restricts the pool ofavailable 
soil N. Similarly. if the populations (d native brad rhizobia are lo, then nlodulation ill )OtS 
tna, he reducCd h\ comparison s. ith the field. 

The pool field pe,'formaice. imterms of nodule ltorlmtion, of CB756 and its StrcptOtuvein
resistant111IItlt C137Sstt. \,\ heln usCd as ain insICLIl]U1111 On the two heavv ciav soils \oas notewortlhy 
IBuslu bv et al. 19,83). This o,.t, ,b enCLj n to be due to 1o muhltiplication ofthis strain.L tly' ,h, 
relative to other strains. w.ithin the rhii/.siith and contrasted woith the situation on tile lighter 
pssdtolic soil. %%herebstth csl'onization OflthC rhi1ospherc and tmdalaiol hV strain C13756. were 
good (1tlIsh\ 1984). "lChe re, ult, are Nulntinidri/ed ill FimUre I (a-cl. 

For the black carth id calcarcsins dla\ soils. .CBt ) 5 alld C13 1024strspc increased in numbel)(rs 
during the first 40 da, s after plantinp, v,hereas C13756sir did not. The increase ill pIlpmlatiin
levels for all strailn', alter 4(0 da s was dLe to th sllsel of lO decaIV which released large 
numhers ofi bcteria into the rhi/osphcre. Clcarl,.. if a strain is unable to csloni/c the rhizosphere. 
it is unlikcl, to he ah!c tsctmpete lor nodule Isrmmaion. For this reason it seems that C13756 
mnaV not he sUittblC ltr heav,1, cla\ soils. 

In sumnnar the results s1 the studics to detCrmine the need for iloculation in the field in 
subtropical Australia irdicattc that increases in \CCtative gr'-owth Oilmunigbean imay he ohtained 
in rcsponsc toi insiculatisit even %whencriil o l land that had )reviously grown the legume. 
This. howcvcr. .as the c\ccptiin rather than the rule and Wsould usually not ie expected to 
he large, and nma\ noit carr\ oscr tsiincreased seed \ields. In _,eneral it should nt be ncessary 
to inoculate under these cir.unIStanccs. hut it is strsigly rclotmntiended s a safeguard againstaM 
nodulation failurc s.here black cram1tand MinnL2hean are to be urown on virim soils or soils 
that have not been recentl crspped to the lcqunme. 

Acknowledgments. The author wishes to thank the Australian Centre for International 
Agricultural Research (ACIAR) for its contribution towards the cost of attendance at the 
symposium. 
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Response of, Mungbean to Fertilizers and Soil 
Amendment on'Acid Soils in Thailand 
Sootin Clalmnon 
Soil Science Division, Department of Agriculture, Bangkhen, Bangkok 10900, 
Thailand 

Abstract 

Experiments on fertilizer use and soil amendment management acid soils ofon 
Thailand are reviewed and discussed. Phosphate fertilizer including rock phosphate,
has the potential to increase mungbean yield especially when grown on native low
fertility soils. The liming of acid soils improves crop performance and increases grain
yield, Some responses of mungbean to micronutrient application on loamy soils are 
examined. 

Introduction 

r ungceiiniaong with soybean, peanut. black gram and rice bean, constitute thl fie 
commerciaiiy-imp~ortat grain lcgunies in Thailand, In the area where it is warn throughout
the -year and there are three main growing scasons, mungbean is broadcast inlthe paddies
inmediately after the main rice crop. In the uplands mungbean has two planting seasons, ne,
early in the rainy season followed by corn, sorghull or cotton, and the other in the late rany 
season following corn or soybean (Na Lampang 1985).

The production per unit area of mungbean is quite low compared to cereal and other grain
legumes. In addition to varietal or genetic makeup, there are many factors that affect the iow 
yield Of nrmungbean. Adverse soii conditions and lack of proper fertilizer use and soil amendment 
mianagemient are somle the ro~ajor factors that should be given careful consideration. Research on soil and fertilizer-use management indicate that some munglbean-growing areas have reached 
acritical C0ndition which urgently requires proper management corrections (Tiaranan Ct .l. 1985) 

Previous research on fertilizer-use management hasbeci concentrated on both arable upland
and lowland paddy fields. Some experiments onmungbean concerning fertilizer use and soil 
amendments. which were conducted in Twilandduring 1976-86 are reviewed in this paper.
Other details have been sumniarized in other papers (Clainion 1983, .1986). 

Soil Factors Affecting Mungbean Production 

There is quite alarge iand area that could be used to grow agood mungbcan crop without 
problems. However. these areas currently used are for other major crops. NMungbeans have to 
survive on rather poor arable land with the.exception of those grown in cropping systems with 
major crops. The majority of upland soils are dominated by low activity clays, and have low 
base status and witer- and nutrient- retention capacity. Relatively high base status soils occupy. onlya small percentage of the total upland Li'ea (Chaiwanakupt and Tongyai 1982). Thus, 
mungbean grown on these marginal land areas might face such soil factors as unfavorable texture,
reaction, fertility and moisture as listed by Tiaranan et al. (1985). According to classification 
of area suitable for growing mungbean, attempts have been made to classify the suitability of 
soils for agroup of grain, legumes (Panichapong and Vicharnsorn 197) owvrtheae 
only three broad suitabilityclasses deignated according toe geea77.Hw~'rnrefThiadsither 
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suntedneeralki t+' 
Soils and land t. pe, ol (olas, 3 arc not coid,red Suli7(a.le. Since itheclasif.atlon is too broad 
a1di.,Cn llifffr plilica[ti i lll re dlet.l lls.sntio iMIneede., an ; iilo0oIqiO l' lpnt (f1 

Classes I and 2 are colitltitali, ,uied llfo bean culti\aio. rCspectiVl,, 

11 W ,l 
\Vew. ",Oil fttilits l.,,,i'i,.itIii11 hSan t all. ,rt teseachtor ecouo lic crop,,ca+,ahllil\ heIC/ 

iS bCilne currenitl, Lndertaken in tilt. )eparrncnt of .\,iicnhri aM is ainll at reilloilU ,tiiil 
and lertili/er anlnaceicnt pro)blCn, thai li1i1 c.rop Cld. , The Ire.nlts of thee,, fidiit ,',%;ill 
hel illitpO t I teolliiedanil 

Fertilizer: An Input that Can increase Crop Yields 

lertilii-r, ,.,in Ll,+rt.Lsrt t.'dL, Il',. ,.jic lll, thsL' .,_,rt\, ni nltsuiitLli l \ Lii infertile ,,iiils,. ,
Ittlmni niitinir.,.,Li; 11 l cdf Iaileiltill e ,kd ,,Id l repon,,, to1trtihiert .'rL t l , tk. . 
Il'll IcI'JItj l IlIl' IIliC L'i L i. IL' Il.L I' I beL t c"hIt LIh I 0i 1 iM I ; , il lht tillkLihit ol 

ilC Clfl Ctl l 11 , .L) t Lu iililc'lls 'Lil'lM iIt phi- It04 lld alm, I ,C.)O5. Ilhflll r1ili/ci" LiiII/ii'r i iC 
M hii2 hi ,.ll F'ios ii tii Il.n ti Rcioll s tliec lip ,if h io I l Kalasiili '.llk is'ci \ 

' I ,iwLL1in Il ui hiioi.t t( L.LCI it II 1ilt., ( 'C111,11 tCL~lill S ll chll.c'ri lcs lll Ilth ' tli 
mi c ti . c "il 


5Mhile thi s 

11L Lt ti" Ihat l IIc,. Ic I ILL c L'iti i I t lIC ,tl111, il hil[ anitlItL ;ie+ot a iilli I t \ t .e 

III (Ill l i , LIl dI Lili i ,i.i iIintui I0 ,ih ic\ltlr,. \ asssll lt 
, ,it'tll. illnh iice I iLLlide+' ll h,iu ilid Lt ,1i iIL l i IlL ,.I' c t !L iil _ l' e ale'd

lhi11 I h ol ll ltlll'h ",,,l'!hlk-ht1),t'+h, ti) ,11(1l)l0[11 d hC Ian h t)lli k lllt',._'ll li1 p[,d;,til "ull, 
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iII.rL'd',se ( II lL IIhci.hiL , l h,,+1(1i.. . iL ut L i IL i cLtLI/cL lhii l lL' ,L'd l ', ,OiS li 
oLn t' lith l li ii't ILLLIhtllil i. XMtl(L ,)!I-

Table I Results of NPK fertilh.'er trials on mungb(-an in larto <,r,',,on, of Thailand dtr-n'g 1982-84. 

th.ier 
Untreated pIotsI 9-56-38 38-1 12 76 

F znt tr+atlaient 5 

Yield 1<'hai iN-PO -KO Sk'ha, iN-P:Os-K:O Ig hai 

Yield tkg h1ai 
Lo'.cr north Rcion. Pht,,Snulok 

625 -475 631
 
625 933 719 662
 
938 - 1 250 575 612
 

1,250 I 562 356 362
 
• 56? 206 212 

Northeast Rcgi o . Kalasin 
312 100 162
 
312 - 625 225 362
 

625 38 144 

Central Region Chachoengsao
 
312 238 450
 
312 625 269 250
 
625 - 938 288 325
 

938 31 31 
SoUrce SoB1 D i , ,'cSc , D,l'iti ni A ,-cul 

Phosphate Fertilizer Requirement of Mungbean 
lIC ,itablc phphttc fertihlicr iate IAt in Ll niunneians, -'roskn in the Northern Region 

'ww,, ineCsiat"l n mls lhsphuils Lihahie soils. The linear relponse and plateau 
I .RP)I nldthl s eted i,\ WiLh ct i1 I 1k.1,,) aiaLd follrapid interpretation. The resnlt 

http:Suli7(a.le
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Table 2. Influence of nitrogen, phosphorus and potassium on mungbean yield increase in Thailand. 

Yield increase (kg ha)z
 
Fertilizer -

Friie Chachoengsao' Kalasin' Phitsanulok y 

N 119 125 338
 
P 250 269 344
 
K 144 225 294
 
N-P-K 325 
 319 562 
Check plot yield 581 519 1.175 

(0-0-0) 

Source Soil Science Dws on. Departrnent of Agr1culturo ZCalcUlated from the yield differ'enct between plots without
 
fertilizer nand -ith 'C,ilc,Jlted from IS t als Calculated from I I trials during
plots fe'-:,!zr dirop 1982-84 
1982-P4
 

indic..ted that the sultatlc phisphorii ralte lir iiilILbeC is51) k1_ha o Ia()A ho, 11in Fi,,nure

I Io\ e',c.er. 1nrclimiiu.m Ill\ es,11eatioll on loull
icni upitiki, niunLbatin ho-\eid that a r;elative
 
sijiall .110ti,1l ol P as tikcll p lltICI , iiip.it-r,.d t, N and K ptaikc l at'lc 3)..-, nlltnn
hen.ll 
ran \.icld o 1 . 25 k ha i2,cire._d f . ke [) hatorl14 kL, la oil P()0 i.e. about 28 of' a 
,I:llab.
phosphate rate rclIlired h\ iiunehcan i.-CirlinV to tile I RP inodcf. [I'll] tclahtiv.l\ lo\% 

C:ficietc \ o1 pitis0 phate ue, ()I tile inh1rtllc aid "oil1 niwlit Conie fronl the clf'tcc of, soil aciditV 
and other postor oil cl'laracterl istics. Inste.adit I Lin1upe2 r [Uphoaite \ ditl to rectify tieI Iilmlet, 
ad\et-,2 .i[c tock phispltlatc is sniLecstCd as ati0d phosphatc sOUl'c forsoilciLditltolns. Irltlind 

sol a.idtllt ilstl 
crip. lI\pciiiCIIt, \ itl i liiilick. phtiphaite. ha inc characteristi . a,,l\ 1 in Tl'hIe 4. on 
\artlus ,iIil tiI ,,tems1,tiii 111ii i+ acid to acid. 

acid soilk si'e.it heips Itillllro\ a iiop\ idces phiisplttL.S I0 soils for !_iowM\ine 

oderatel l h stlpll!'. ss lCCLi Lducted in the North. 
Central anld Nirtcas, R.uiti i I tle 5i. Ru,,tions il mtiLeatn,,to rock photisphatc changed 
c.\ith ti] te\tnrc and dcre si, [achdit\ lible )lt(ii. i \c Icllolle iCi'rcd in Roit Et 

sl I C]la I.Ini-te\turcd soil iaChiana1nd (ihiae Rial v+.hCr p1 is 4. I and 4.5. rcspecticl"\ 
Rill rcquircd I Ihiicr rock pliisphlht. rate than the ho.lla\ sind at Ril Ft. The reSidt.l efect 
oi rti:k phosphate oil thitIland tf Jl tubslunt ninba- criip at Roti Ft Field Crops 
iAperitenit Statlion I,ipresented in l:iUr,..r 2. )ata inidi,.dtCd that rock phosphate at 2.5 t/hal 
pr+'M idCd 1tod Crop[ ,.NrtIl the filth hilt the l\,er i-ate of 1.75 tth up ti ear \\ ha decreased vield
drii',,li+.%lA;l'ter the second %car. R ioitl riolatlL.till of ill+ crOn urlSis al,iiieban roots Mid 
as aflctel h\ residual ricuk phosphiate in the I'ourth %ear.recaled that a high rock phosphate 
rate pri\ id,.d gitid .rip ,,ur 1\iilialld lSt. 't0d loot [lim e\ ci. tiletii,.llition IFigure 31. vields 
in th,ese acid ,i il ale relatis e l\, becaulsl inkIsoil .Cidit\ and NPK tacironutrient, deficiency 
\+.re correctedt. Nti iiicntUtiitreInI , were appllied ill these e\periments. lhcrefore. Lurtiler 
experinents in thes. ,,erc.h fields are required to imiprove infertilu acid soils. 

00C-- .-......-.----..... 
: ~I r nt11- c, n
 

Lrer reoesered do 
r,dplateau . • . - . . -,. ,


mode --- i 
,- "- uriimear model
 

cFigure I. 
-
vaabe so i Pranged 2-11 ppm Suitable phosphate rate for
 

irrigated mungbeans grown in
 
500 __ j L.L. L 1 the Northern Region of Thailand
 

0 19 38 :5056 75 96 12 169 as determined by LRP and curvi-

Rote of Phosphate Fertilizer (kg P205/ho) linear models. 
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Table 3. 	Nutrient uptake of mungbean grrwn on sandy loam soils in the Northeast Region 
(preliminary data). 

Dry weight 	 Nutrient uptake (kg ha)Plaot part (kg ha) N P K S 

Grain 1.025 42.6 3.6 14.2 2.1 

Stover 1,594 259 2.6 12.6 3.9 

Total 2.619 68.5 6.2 26.8 6.0 

Source Soil Science Dvisioi, Department of Agriculture 

Table 4. 	Characteristics and analysis of Tl.ai rock phosphate used in mungbean experiments 
during 1980-84.: 

Components 	 ArnouInt 

pH 7.7 - 7.8
 
N 000
 
Total P20S 26.40 - 26 51
 
Water-souble P20 5 0.00
 

P20 5Citrate-insoluble 20.19 - 21 56
 
Available P2 0 5 4 95 - 6.21
 
Total K20 0.00 - 0.08
 
MgO 0.48 - 0.53
 
CaO 40.84 - 44.33
 
Cu 0.1 1
 
S 0.00
 
Fe 1.13
 
Mn 2.33
 
Zn 0.46
 
Mo 0.02
 
Fineness through sieve no. 80 73.15 - 74,58
 
Moisture 2.22 - 2.44
 

Source Soil Science Division. Department of Agriculture ZAnalyzed b)Agricultural Chemistry Division, Department 
of Agriculture 'All data except pH are in percent. 

Table 5. Analysis of composite soil samples before planting first mungbean crop, 1980. 

Regions
Itenis 	 . ... . . ........ .. . ... .. . .

North' Central' Northeast' 
pH 4.5 5.4 4 1
 
Lime requirement it ha) 3.4 1.2 1.9
 
O.M. (00) 2.03 0.86 0,44
 
Bray II P (ppm) 42 12 19
 
Exch. K (ppm) 204 21 34
 
Ca (ppm) 123 649 31
 
C.E.C. (me 100 g soil) 7.55 3.50 1.20
 
Texture Clay loam Sandy loam Loamy sand
 
Soil Series Ban Chong Deum Bang Korat
 

Source: Soil Science Division, Department of Agriculture. 'Chiang Rai Horticultural Crops Research Center. YChai 
Nat Field Crops Research Center IDor, Ken Luang Substation) 'Roi Et Field Crops Experiment Station 

Using Soil Amendment to Remedy Adverse Soil Conditions 

The efficacy of chemical fertilizers does not diminish the uselfulness of organic fertilizers. 
especially on soils with adverse .vield-limitine conditions. Oruanic materials and liming materials 
are considered soil amendments tlat help improve tilephysical and chemical properties of soil. 
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Table 6. Response of rnungbean grain yield to rock phosphate on different upland soil types. 

Rock phosphate rite
(kg'ha) Clay loamz Sandy loam Loamy sandChiang Rai Chai Nat Roi Et
(kg ha) (kg'ha) (kg'ha) 

0 + NK 556 b' 481 188 c
1,250 + NK 700 ab 612 456 b
2,500 + Nk 781 a 662 488 b
3,750 + NK 862 a 650 562 b
5,000 NK 869 a 581 475 b
Lime y + NPK' 831 a 756 812 a 
F-Test n.s 
C.V i%) 12 23 28
 

Source Soil Science Division. Departmne!;i of Agr,.ulture Soil ainalysts shown 
 in Table 5 Liming with
corresponding imI rleq rerieent rates 3 4 ha at Chiang Rai, 2 t ha at Chai Nat: 1 9 t ha at Rol Et 'Supcr
phosphate applied at 56 kg ha of P2 0 5 A mean followed by the same letter . not significantly different at the5 level according to Duncan's nihtiple range 'rn s = not significant Significant at 5% and I % level. 
respectively 

80 0 

2500 kg RP/ha 

U / ,/ 250kqRP/ha=" \\\1250 kg RP/ho 

30 kgkPh 

Figure 20 Influential and residual effect of rock phos
1 2 3 4 5 phate (RP) on yields of mungbean at Roi EtYears Field Crops Experiment Station, 1980-84. 

Experiments using these soil amendments onl strongl\-acid soil with poor physical proper-ties
were conduicted at Phaltthlnl~ng Field Cro)ps Expe rimnent Station inl thle Southerni Rei-,ion (Table
7). Liming acid soil. atswell as compost applicatlion, icreased irrigated m111ughan xields. With 
compost appl icatiton mungbean y'ield shov, d a linear response to the rates of chiemical fertilizer
applied. Trhis differed fromt those response,. iii which limec was applied (Figure 4). However.
application of both limie and compost ga e thle Ihighest yield. This result requires further evalualition
in termis of economnic return. Futrther research onl Upland acid soilIs is uri-ently needed becauLse
the main miunebean-sgrowvi t., area is in upland zicid soil. Insteald Of Using Municipal compost.
cut and carry comiposting of legume crops oin thle fa-rmn migeht reduce thle transportation cost and
enhance the uttility of legume crops ats soil conditioners (Na Lanipang I985j. Howevecr, it might
be more efficient and profitable to encourage the tarmier to USe on-site plow-down crop residue 
or Pui Mok* as suggested 1w\Samirit ChaiwvanakUpt (Director of' Soil Science Division. Dept.
of Agriculture. Trhailand. personal communicatioti. 
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Figure 3. 
0 __ I _ i Residual effect of rock phosphate on number 
0 1250 2500 3750 5000 of harvested plants and root nodulation at Rot 

Rock phosphate (kg/ho) Et Field Crops Research Center, 1983. 

Table 7. Effect of chemical fertilizer and soil amendment on mungbean grain yield in acid paddy 
soil (Phatthalung Field Crops Experiment Station). 

Grain yield(kg ha)Treatments 

Soil amendment
 
900
Lime' 

1,075Compost y 


Lime + compost 
 1,206 

212LSD (5"o)_ 

Chemical fertilizer
 
944
0-0-0 

,11918.75 	 - 56.25 - 37.5x 

,1119
37.5 - 112.5 - 75 

LSD (500) n.s.
 

438
Check 


Source: Soil Science Division, Department of Agrirulture. Liming before planting at lime requirement rate of 5 

YMunicipal compost rate of 31 25 t ha 'N-P2Os-K20 kg ha 'n.s = not significant.t/ha. 

Micronutrient Application to Increase Yields 

A few experiments on yield response to micronutrients have been conducted. mostly on 

medium- to light-textured soils. In order to investigate multielement deficiencies, Loneragan 

(1985) suggested that the *omission trial', in which nutrients are omitted singly from a complex 

mix of nutrients, has proved very cftectixe. The micronutrient 'omission trial' for mungbean 
on upland soils was conducted in Chachoengsao Province and for irrigated black gram at the 

Phitsanulok Field Crops Experiment Station. At least the evidence on sulfur re.,poase of legume 

crops in Thailand had been mentioned (Chai,%analkupt et al. 1987. Keerati-kasikorn 1985). The 

results of the experiment on upland soil are presented in Table 8. No sharp yield reduction was 

observed wlen nutrients were singly omitted. However, in future attempts to assess the maxilul 

grain yield in this area, researchers should consider adding at least three micronutrients, i.e. 

boron and zinc, which caused yield decreases of' 14 to 15%4 in the fertilizermagnesium. 
treatments in order to prevent nutrients from being a limiting factor in the experiments. Both 

agronomic and economic evaluation should be carried out on a wide range of soils to obtain 

more useful data. 
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Figure 4.400 Check
-0-0 19-56-3 8 38-12-75 Irrigated mungbean on acid soils atNPK Fertilizer k/Phatthalung3812e5 with yield improvement byNPK Fertilizer Rte kg/ha) fertilizer, lime and compost application. 

Table 8. Effect of micronutrients on yield of mungbean grown on loamy sandy soil in Chachoengsao 
Province, 1986. 

Treatments" 	 Grain yields Yield decrease
kg 'ha 	 (0') 

I. All (N, P, K, Ca, S, Mg, B, Zn. Cu, Mo) 1,420 	 -Y 
1. All-Ca 	 1,350 5 
3. All-S 	 1,375 3 
4. All-Mg 	 1,225 14 
5. All-B 	 1,206 15 
6. All-Mo 	 1,350 5 
7. All-Zn 	 1,212 15 
8. All-Cu 	 1,412 1 
9. All + Lime 	 1,306 8 

10. Nil 	 I, 12 22 (check) 
Source. Soil Science Division, Department of Agriculture. Fertilizers used a follow- NPK rate 19-56-38 kg. ha of 
N-P2 0s-K20; gypsum 1,250 kg ha. MgO 62.5 kg ha; borax 6.25 kg ha, ZnSO4 18.75 kg ha; CuSO4 9.37 kgha; sodium 
molybdate 2.5 kg ha, and lime applied at the lime requirement rate YMaximum yield, no decrease check. 
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Discussion
 

Abdul Ham d In yield tris. as you has e sh%%1. th1e I00- Ced wei h: il I Uner 

of pods is also reialively' high Iut the yiel level seens to he los. So I calcuhlae. assuming 

optimum popultion., yield should have heen over 4 t hal. Would you please CO mnrllt On that'! 
Paisan Laosuwan: The :umit-,,- o mundpod, ranged from 1-20 per plant and K, in almst 
all varieties ofl mntunhean. io\ec\ or. ,rne pods nta ha\ e onl 2-3 sceds. Therefore. \k e cannot 
calculatele \ i eld direCtlh trout the numberof pods. Numlber of1'Need, per plant. instead. Imlay, 

prvid a,e better estiiateh. Ir L ( 1d unLtbaln.of 

T.S. Sandhu: unlbm ni .reptelclin tie litera u a , being 111inl-rCrop , lhich benlits
 
the llain field clop b> trasfellring itro'ell b, ;i)I locLic,al nitroe.l fixation. 1Intlie ca of plantation
 
crop, like ruher. des, it has e a oSlts+ eflc.!
 
Paisan Laosuwan: Yes. I think itdoes. In ol t exu\periunts conducted at Sonkhla.
 
in tIe SOuth ,l rIa',illalrd. in 0Inch \%C intrllpd Ina\ lgyunrs. including lecgutni cover.
 
so\ball. pCanuilt. iLunbLlhanll and cereal ',Ica , Corn and Upland riC , found that all lennrlWS
 
ImnLt the ros, th of rubbeofr in a 'imilar niianer. The ie better thll ccreals. Howev.er, both
 
ltinics and Cereal. are bette thern ,llontrol s ilprootineth'er, oils th of rubber.
 

M.P. Bharati: Ii conomict temi it doe rCompare ,e vith other
 
crops like o' bran. scetabls. etc. sslien it +'rerropped. with o ulnl. tubber plaint.?
 
Paisan Laosuwan: an.ter, in the , uth do lnt n , ,osbealu. Fairiers Inas ,ir,s cetahles
 
bets, ec ros%\v,s t lhc lut tlall\ for dL-itic+ Cnsullptioll. I tIlerll, of reltll. so eall and
 

Cgetahle nma hbtter, but it i , diilelt, to market these crops in tile re.g_,ion. Therefore. 
lnunleb2ean is still h,:tter in terms of iarketing . It i, needed for ConutplItionl iin the region and 
ait ll e [pori to Nlaliisia. 

Clarita P. Aganon: IS there I %% hs \ hic'h '. comld releIcCt the soi:l Ntislre leve.l at differentas 
day s ot irti.attir i.e. the apprmitniatC sOil mlloisture prio!r to the sChCleLd1CL irricatioi. 
K.K. Dhingra: The data on sloil moisture wa irrigation and it sos ve.)&I taken prior to 

Question: I I-lo i, nungbtgenerill] sown itt Punja'! (2) li bidirectioral sowing how 
is sse-ditn done.' 
K.K. Dhingra: i Ni nmghan is c-,,erall. st ,sn by dcopping drilling the seed with hullWok
drass n plhsss or \6ii tractol-drain drills. (2) Iti bidirectional so,ine. sseedinw is si.htly 
difficult. It i, reco tune'tdd thait v eCLicideS be uCd flr cotntrol 0f 's cds in bidirectional sosving. 

M.P. Bharati: Il1 Norlall\ . o. c,pect itmore response to N application i tile dr, season 
ssitlh ir'riation than ill the rtil\ seotl cause o1 leaching of N durile the rainis season. Btlt 
on are g,.aiv ati opp site rospols'. PleaC e\plaitn. (21 Itt your irrigation experiment, did 

\'oul'giv eres-ss in.g irrigation before the first irricatioi'? 
K.,. Ohingra: 1 1 )) te drs season under Ilr siluation temperatures go \erx high. soletimes 
reachin 45WC. !ue to this the elFicienc, of biohlTical niltoen fixatiom nl he los. Hence. 
response to N application is higher ill tilemt. e CeaSOll than itl rains seasonlwhellrUIII'I" 'he 
tellperatUres are tnild. (2) Yes, tile crop i. alters sstl presving irrigations. 

Abdul Ahad Miah: What i ite tinOst ritical stage fOr sved-crop coumpetititn in Inuintbean? 
Front llour invelt0t,ii01 suld U kindly explaitn precisel vhat should he the package of 
inllrtved management riilequired to achieve higher yield %%ithhter economic relturn in different 
seasons in Pu njab. Kindly al so relate climatoItgical Ifactors. 
K.K. Ohingmra: The erly stag of crop growth is the most critical stage for crop-weed 
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Coipetition in flitnghea ii. 0.rop, Si1h1d he kept ft'e 0 v'eeds during the initial stages 3-6 w\eek
 
period). Later on tile suppress the Theeds rtaar for
crop can he packa.,e of iproved rtelni 

diflerent Seasonsll , illPLiltbt has een dic ud Inl te paper.
 

Abdul Hamid: Your data re% eald thal h\ inclcasn' tile phlut ptpimlatiori density., per plant 
seed ,ield 	hcease ;nat a ctt)acdLrItt rate ill per+ unit,,h+o' rate the Of illcrease seedt \ield 

area. It seelns that with tile lheti plant densit\ vti should haI\C htahilled Io times higher
hi 


yield colripared 1t 0lat of the lt\tCt,t deisit' . Would titCttiii111elit' 
T. Adisarwanto: Yield plant INntlt ctllrparaIl, as'" ieluI rnvbecatse (te nirirrber Of plains
 
at har\est iliteicld I" aicjuill\ ht, er than tie tratitttCI .
 In this sltI\ \i.ld it hat) \\as
 
calculated lI1 1 a 2 2 In pltt.
 

M.A.Q. 	 Shaikh: /ertO Of 111iui tillaCe 10t"intiebertM piduCtiti sceCns Ittbe as 1tt.l is,
till'tgc il tnl;.iia.illt it- e\periunt. ()nthe the r hanit. incr'asii_,, tihe population inCticaed 

Nield 'Ia. 	 I N,IL_ce-thai kccplrm..2 ill the c.tttiis of pOl'ldctiotllt illnrecitItItItd\ ie\, ) \ lra 

1Itlnrbea+Iti culriItll~l 010t1t.1iti il 111(eind \k lilt I irteaiel , seed ratC. \a'Iir rlIilse d Iatiti
,c la\
 
not ie ecotrlllialI
 

G.C.J. Fernandez: ,.tttittm'i,t m ii the pCtIit'rncC of ihi/ ialiri cut1 ctriprisitro
 
a sinrgle effc,,:ti\ e strain NIti\tUrre IctletI\ c ttf
l 	 trailn,litlhuticarl lVitIte il u e;.tls.I\ititii itl ILr lru 
H.V.A. Bushby: I haC htad little C\perI,neC,' \]tInini\Cd ii tula "r InutrIbeint, CaZtise ill
 
Australia. treu i I a ilit)nlnilt Ill ll a
ntlel pUe uIltUrIIe,, i" pr'Ci Cd. ttite e\pellie llltiii\trC tiln('i

75(t and ('13 1124 rIl Np. .l\
,,as u,,d a,,an ,,t,ull tt 'lren 21inM 11i hca\ \ stt11S. il thi,
 
instalCe Itii,,tIttt C ' Ird'uCd belt t,\ that thllailld \\lell it -t,Is.uCd , a pure
bI (h\ 5( 
culure. vhurcas that (Ch MI)24 , ri LCeal. altered. 

Creighton M iller, Jr.: Were ,oil te'ts .t0ntI ,lIiInttlI ".rnpl,.., tie tst ',itst Ifsi.ru1 	 \',hat 
\,erc the apprtt\inltrtc N ,s.' 1,It1 1t., ere N delicienl s\ trpttit ine\prIsd tittrintculaed 
pla nits?. 

H.V.A. Bushby: Stil Iest 	 .- site_'A1e.tCItt ca:ried ttlt. \ tile (thie 'alcar.et'ms clay) bnrth
 
urninruculted . [t 1itOIi Cctmtrnts attd plaints tieilated \with ('13 
 75(1 sitis, eI ldI lltitrietIdleticieric\ 	s,,trlpittirns, ,,hiich ,,,crc tt relleeitrd i per,.cntage roit rtenl le\ A's tit tips+,. "lre llitloceni 

status tl the I,tt tiler ,t,,itls, hia,.Kerold l 111e . 

R. Senaratne: In\OLll" ,ustid', (tIre sitC. thle tt C III. c\cpt ill I(asr.,,pu tseed itocLllatioll 
with rhiobial strain i,,tltel ro .\ l)ut e a.\ +.priti,'Ce\,ithr rhi,iial sttaiiAustraia. ' th ia, 

frr il NiITAI.. Rtutinlrstea., Statiti. etc. 
 \ ith recard ttt seCd iitirlatioI tf nirurie+beail? 
H.V.A. Bushby: Nt. ,,,irac nrtt utili/cd invreas strains, il field trials v,ithnrunrhbar,,c\Ccpt 
for strains 	\0li,.h1 ila been itt tile (SIR(). Brir t r t) lttt im( tlectiOr a tilie. c,. ('13
756 \hich OinIitals. carIe Ilrtill /iinhav. 1.1t nc pntt trial, inocula it'll \6i1 a strairt fronri 
ICRIS.V ,as Itt %ttr s+trains, IIII the (3 ctllectitrr.hCtter 	 ,tic than 

Abdul Hamid: I'sir,, %\hit chlie, hOr trirkitir, shaide. vCObser',Cd that iadirr, l,el, chaitee 
Ostr1" tillre. 	perhapl due tt l'trN fllt.1 iitt\\ did ',eas tl illtll i. I a.i\torideritl 	 intt COllstalit shade 

tlev els o\er tile rnt+\, in seat.l
A. Kumar: We nlaitaiicd tire shraditr- let.I,,l dutrin dastune itt ,,.I)itfercrrt shtade leels, %t\ere 
iiiaUintaiiCd throug.h ihre' itClitlies, (liiretypes nIlu,Iin. coilu.,e inuslirn and thick ro01121 clthes).
The crrip s..as l ceIrreirt tilled duIfalg nititt pitnit s Ith sa d hhaIire erlhiAlh inliltl'atiitn rates 
aid excecs, wter the stOil s nt tilepiuthlCiil. l iehtatit 1.\ tire ctOfp wasill stir'fatc 
 -here 
crown had Itt,., seas,al rainfail \\. morre ,ell,,. lturs. arid highii di\ nilrtre hrilt suishine 
evaporativ,. dertiand. ,a,.,\'ciiiatirn cord uitl \r LsCd to 
shading levels. We dl!t t Ohsct.c an 'uingal ertmth. 

Luhichthie, \.hiic, cc lntililttl the 

Hiew-Lian Liaw: Results sht,. that soil anitendrn cnts like lime and corlipost have both increased 
muigbean yield itt ,our experinuents. What fort if litre Irather than solr'Ce) aiid coittpost were 
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tIsed? Could \Vou 1ivC tilerate and title of application t r bIoth.I
Sootin Claimon: l ii 

5 tha \vhiCh wa,s quill to the lime retluireillenl 


We used slAkd littl. ahout t 1\Cek hctircplantting. Tile rate used was 
o1 the "oils. \eusedIu itil compostrbhem
rate of' 3 1. ,25t ha helhin plmantin e i rriir l. No.

2 a pllicd ar the 

Hiew-Lian Liaw: In yolr slide. WU shm\,,ed that i trotlttient, he Mi . Iiand inIha" rLluCedIn l,,i) iheal h\ 14 5 and I ruespCCti\ I.\ At \k 1hat lese'l, v,ere the thre'C mntio+uned
nutrients tested. ail tIndlr % at ,+Ci1.litioIN.. tield or pt,1 eperimult.i\What ssas the ,ield ra le

Jkg h1J.n plMt. c. l' tIheCiliLt+'bea:tii ob ltained,.'

Sootin Claimon: It as d,aeld '\periiliiutt tindr ra+inlI.ed c 
ndition-S aniod the n1l.1\illlllllYields. 
s.hen all ntrient,, ,.',rc aplflied. v\as 1.420i ku ha. \\hen NIL is otitted the ielo w~kas1.225kil, and \Mhn B anid /it ',\cc mllim tiet.d lelds \t'erev 1.2),tand 1.212 k,, lia.respletivel.

lte LletaliIs Of liltI .,u,, ,lIl iH 'I Jh, "S ill
1llttit+ 
 1\ C Ill tlie papel 

Clarita P. Aganon: lhite r,C h ldata presentedios e' air e',,t l lii ritrilbttioti ofl'phtihtrt,id tllie'toirltlirt..llls to lIIL 'IiCii rl,_&I rider I halihid '0ldi tIOhS u haveI atl ava;ldo t bihle 
teC,, l,data otll itial l c ,ol I' juillthe.,1i1i rnIutHitleis1 1,skilss thal \ lia lke be able oassess
 

' I %iet"e tiree llillwirlts!Io.
 \k htiiuildI add 

Sootin Claimon: Io lltricrottir(r' ii dtih 

,ppil. aie a,tilabl,! hut for P it is approxinmately 

General Discussion 
R. Senaratne: \\iat it,,trs hasLn tobe' ,'Lt:idurAd itt l'lsC'letiitt aid blCditte leuiUtelt.,s 

S. Shanmugasundaram: I.L£tli ie collt Id, irlC ll )Cd s,itIhL rals w.herle tile lat r arc erlerall. ILo i t lfotit rt,ie l i (ihitI. , lutriits:. Vs,atet1. I Irt. ,e'te.)i l [ e'to'rir, liLc,. ita -cer,,r rttcroIFhillle .5 ,terir. OCltirnthe leetiite. sulleis fru ll'Ct lpetitive,iepre.qsioi' Urich could tlirrit ,pitnli il kelI 11r ttl bet 1tcts MIthe.'etitpatli l'tpplthl't'u-lh
a!Nt cti ,..tu ilrIrtN tili\ti it. i rl . LIes t itk,ati.ti s v,itli rel .ti,.:high tolerartce to dehaI 

mdt or isci iI'I C olripetitikC illt'. rtu lh tactors5 tli, .sslitic prite ittp tance ill

alics+" iitilll . LiId dulprn ,,,,iiiis (11 iLliU n tai
L Illdu l 1, . 

R. Senaratne: \",it imw r sarLIi kitL mrkiirrL.' shOlId hbetitMILletaketn etittlIH-r.sd
 
i-tc lr pil ,\ trn I ll tolrlo 1 1npie liehi pirodi it.ucli
S. ShanmugasUndaram: Itt order to dci is h rL'tits IronI iLrrpl in svstlenllls. the
Corlmpetitiotn h it ittLhh, b't',.ceri sPiLs, I iler'pcioi co'mpetition) should be less thartthat hl\seti plails of the stlIL'escie.s itt motocro)pit (ilitraspecuii Co.ttpetition). Therefl'e.
atonrirnilic pra.tice, alrmd at irirtirri i,, itlitrlcuhCie L'oitpe.tit'uOnl asSLItiC CotlSidrahlC
ttpiitart. illiri1ploi, rit l H\r i (0 t o,

1till ,islwr L 


t i lttLiL pIl1i SteICls. TO this eLd r'e2 ch illthe 
am,_t v,,tl 1
d t11t,tip IrtIrMt I Idmt tiCitiCatMin kit'ipprti riat, spatiuil ar t enitetits
Mnd plaitl dlnisitl,s b theIlI.te1CICr piI .\k 1 I
l Itir 2) l)e e,oittment ofl appropriate I.ltilizer 

practices. CspeitaI)k N and K. otrl.lrirtlcpirie s,,tertr,. The.re is itltlorrtatitMi to SuIggest N pr rtie- tll,i rmtotes the rha., i-oi.i ottirL l co ,'portelinl a Leteal-lei,,tti as-o.iatit. addineto ieconiptitils,,e depression ot ilIrIcitui. lIkuis. a hi,-h le,l of N could ithihit N, fiatitnioh the Iletiti. Therefore. aLdilTerenttl raltteit N applicatio irelalively lowver rate of N to tilelenllll_ Ctm-paredl to rhte cereal ia\ he apprirlpriat. This has to K esatnlilLd. Ott the Other
haid, there is e, idett,.: toSuJtJ1.Cst that K could iipro,,, thk Ci.lenpetitiv aihilitOf the IcuItti:
CtIponendlt illIpadstreLll-leutill association. It is ,,rtln. Itile to exantirie hether the effects oiK COld blexpioited 10 itirprove the Co ipeltitve abilinr, ilteraihlegunttes ilrl irtterc Itpp ing s\slcns.SLuCh inlforiatio t is presntl,, h.king. (3) deiltiticaliotil oh tile appropriate time of planting
16r tit legunie an.d the cCneals., tlereh, prCcludire- suhicCtion Of tir leuue to itCnse Ceimpetition
dlrin. s rsiti,, s t llaC,,, o irth. 
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S. Shanrnugasundaran: H-o"~ much iniheaii k" glro\n in i lteIC Ioppi fig sittuation. Is 
vad-iet\ 1111 im1portion 111,1ii IacnultcIloI(1C\ are the varietal and itnacaenciuNC Whal 
ICq~1ir'CllClnt. br t .. aa
 
Answver i:\ct tetires tat thexl~ent ut area of niuean ronml1 a,,anl Interecrup are tiili\ ailahiel.
 
14) c\pEit the gecnetic \ ild potential. aippropr-iate utlanlagenlent tecitnloioy' is imlpor-tant. [Io~mever.. 
the bre-eder-s Co uld dovl disae.rpt \ arc-ltiCS and lc lv a\ i cni C.Iisi-ndfs\ 
disea"e controli inc ',nr.' andi ieCtUCe: the' \ ild 10is\ Linle 1 Iit iSCe. Siaalilal\l do dvelllett of 
1A1lllruirlin lalturt\ ill ~n Ou~ a"Wuin- ecduce lltr n the othr hnti the estaishmenct 
iii optinlan pllantM1 ,Uitable andi lakineu car-e of l tijijier needsp)OpuIltionl &leiiit. i)L.tirltne tiate 

Abdul HarTdd: \Aiuaimuists iSlll\ 11116" "Iat tie eciullulllit'a\ based Onl reduIctional 
piolicty I stliiletat Miteat \Maiel\ 1isUl'eCtCkI, \k C sh1oul]d ciuatsitier t ie hitistic applitacit. Plants" 
oi ipme iWgrii\ it esiures n oinnmitie cId tireore. bebore rleaing a Mvait "Ce soud 
anlal /e lte clops, bhlas ior mreltptt\ blt in c(Iilltlltunlit\ level inl tents.,ot nu1.trients uptake. 
tltlt intercept ioin c. 
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Economics of Mungbean Production, Utilization and 
Trade - A Time Series Analysis 
Suresh Chandra Babu and Arne Hallam 
Department of Economics, Iowa State University, Ames, Iowa 50011, USA 

Abstract 

The paper presents an overall view of past performance and future projections on 
mungbean production, utilization and trade among the mungbean-growing countries 
of the world. A comparative growth analysis of area, production and yield of mungbean 
is undertaken with special attention given to the yield variability among the various 
countries over time. The supply response of mungbean to the prices is estimated for 
the countries where the data on mungbean price are available. Mungbean utilization 
and trade among countries are also analyzed. A model to project the mungbean supply 
and demand in the year 1995 is also presented. 

While there exists positive growth in area cultivated, proluction and yield among 
the countries except for Bangladesh, most of the production increase seems to come 
from increases in the area under cultivation. High variability in yield contributes to 
increased variability in mungbean production. Mungbean trade has shown an increase 
both in volume and value. Mungbean shares in the total utilization of pulses is found 
to be increasing. 

Mungbean production is highly responsive to price. The projections of demand and 
supply of mungbean show an excess demand in most of the countries in years to come. 
It is argued that assuring proper prices and increasing the use of land-saving inputs 
would direct production to meet this growing demand for mungbean. 

Introduction 

In tie recent past. cerea' food grai production ill several tropical countries has reached 
a urowth level that is sufficient to feed the population with the required calories of food 
(UNESCAP 1985). Despite this spectacular grmth in per capita food production. protein-calorie 
malnutrition remains one Of the Most disquietitn probtlems1 in the developing countries (FAO 
1985). ArItnent, have been made to increase the productivity of both cereals and pulses ill 
these countries to meet energy and protein requirements. 

Muttgbean, being a vrN important sour'e of protein in developing countries in the tropics, 
has a vast potential to contribute to the expectations ol the 'ood ptulicsnmakers and nutritional 
planners. 

Given these oblservations, there exists a need for analvzing the contributitons that rnunghean 
could make towards achie'.inc the abo,.e coal and further criticallv evaluate its performance 
in terms of area cultivated, production and yield, trade prospects. possible utilization, its response 
to price and future projections on demand and supply o:' the crop. In this paper We undertake 
an analysis of past niungbean performance in order to provide information usefuIl in planning 
future mungbean proJuction among tie nmtgbeai-grovwilc countries of the world. 

The specific objectives of the study are to: (i) analyze the trend in nurgbean area. production 
and yield among the mnunghean-growing countries of the world, giving a special atiention to 
yield variability: (ii) understand tnungbean price variations and studv the supply response of 
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mungbean to its price, (iii) investigate trade prospect,, and patterns of utiliiZation of nlunebeani 
and (iv) prolec the 1uttLrC deanllnd fOr ad upply of ItLgbCll biCd on the past trends. 

The methods used and resuLilts of the analySis of thCSC ojectiVCs are presCiltCd in subsCqullent 
sections with conclusions given in the last section. 

Data Needs in the Future 

While there aro at lcast 23 'otlries iich , nro. ,Lirk\vtinban accordill to a rect.'1 
(AVRDC 1986. the a olkat.ill alln tie countricsailabilit\ ofdataontiuebeal ishi1hlv reIstricted e enill 

in which munbean is e.,s i a,, a itiajor crop.
 

,
The Food and A,-ricultIral ()r4laillallOll of the L'iiiiCd Nations pIublishlCthe data ol dried 
bealls of \Il ich IllUn a porion ii its iiinuaIl to of'bean lflorills prldtUct iolll)Ie unaiailabilil, 
data. researchers in the past hl C usCd thi, data i IsLud iinlebeaill produtioLIn'l trends Calkins 
;Q78). lttocver. a c ipariSoii ot thiS datai ssitli hotthe aalsCdihe lniunehean data LonLrie.sii 

Sh0%%', I side \ailatiOil. ald hnCICC iilpliC, this ma bc a c1ood source'C of" iiUlnbiCIl data.
not11 
Given tihe potential o f iiinebCal Inllctine the dcinan lor protcli in \ alriOS counltrics, there 
C\iSIs a nCCd lr irackin, the trends of all aspctAs Of the tiiuIheaindustry to pros ide insiights 
to policyiakers. 

[his sLuds tihe data from latladetll. Indi,. Kora i1Rcp. oi. Pakistm. thc Phil'ppines. 
rIi laiill {(01iIna 1hmland. cilt0tllllie tit lros ;OldL.anika. and Iher Ce tlhCi iLlltl''iil 


are nt incldCd ilithus tld IlllINtIOfh ",,Lilt' countrIC. lC dati Il PilsC, dr\ heall
 
or other kinds oitheanS are III a id"no lliotitatiotll oil
piCeiLd i '11e)r e\plictl tiitillc-call
 
i,,isen. This sittinll huthlilh hCeed aDai tanIink kti0i ii
e to tlt' 'ionr crops cieral. 
and niuLtIteb ill palticula. to Is cO e eai- os 11.ill t, i IM1iitttaitilI .m1 peti clirt !cmssecntl tellb.ll 

collti es ild the ti!liitllns iIllI itlliltltLie'htaIll tcS'earch
 

Growth Ana!ysis of Area Cultivated, Production and Yield 

t0 idCIlif 
and yield arilonLe variois tMtnlbeti.-ero\sinc cOuntries ol1tihe orld. I)ata on these variables 
were collected trout aericutiural statislical carbooks ild related sourcs.le asha ,ilahilit\ o1' 
data oin past ycars varie, froti country to coLlllr\ To kitkerIsults iore Casil colparable 
amiong the coLuntriC,, we considClCd the period Irolllt 

One of the objcticse ot the paper i', trends Intun1lbean area culli\ted. production 

1965 to Ih986 IkOr the Illowine anala'sis. 
The erom\lh rates presented itt this stud\y s eiecrc colttputied usirn6 tileleast-squares method. 

The l.ast-squres ciros th rate r. is estinated b\ fittin. a least-squircs linear Itrend line to the 
IoLcarithnmic anuittal \aluCS oI lhevariable in the reheatlt period. More specificall the regression 
equatiolltakes tihe lo'rm of 

InL.X, = a it- t + e'. 

where this is equivalent to the logarithmic transfOritation of the coimpound growth equation 

.
X N,, I -r)'

In these equations X, i , the \ariable (area. cultivaICd, production or yieldi. Iis time, a 1 
log (X, ,.nd b = Inc ( I --iIare the paraimteters and C is the error term. The annual average 
growth rate is obtained as anti Ioof B-11. where B is tileleast-squares estimate of b. 

Area of Mungbean Cultivation 

The area under ilLingbean cultivation for the countries in the analysis during: the period
1965-1986 is given in Table I along \with the anilUal growth rates in nlungbean area. Generallk 

http:sourcs.le
http:tellb.ll
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Table I. Mungbean area and its growth rate in Asia. 

Annual
Country 1965 1970 1975 1980 1986 Mean average 

('000 ha) growth
rate(°0)
 

South Asia
 
Bangladesh 19.10 23,14 
 1333 16.69 15.26 16.74 -3.20
India 1,415 1,652 2,179 2,320 2,849 2,164 8.50
Pakistan 62,60 68.90 62 50 69.00 115.20 71.17 3.90
Sri Lanka 421 3 37 926 14.20 26.82 11.84 30.00 

Southeast Asia
 
Philippines 32 10 33 40 
 38 20 50,40 37 50 38.47 3.50
Thailand 100.0 188 0 207 0 424 0 432.0 260.7 16.10 

The Pacific
 
Korea, Rep of 689 957 484 631
647 7.42 -4.10
Taiwan, China 2 11 286 5554,30 I 22 3.15 -3.50
 

Sources 
 ADB 1985, Ancn 1980.861, Anon 1965-85 Anon 1980-86b. Anon 1986. Anon 1985, Anon 1
9 83-86a.

Anon 1983-86b Anon 1981 -8 ASEAN 1983 AVRDC 1978. FAO 1968-85, NEDA 1975. NEDA 1978-86 

the irCa UInde! ilnneiu Clntiatlni ha, Kell Iluuc.eaSinl oer the \earI,,, \i eatllitnation ol"
the ,r ,,th rates in Iarea ,'ulti.td Indicated that Sri L.anka has the ili.h,,t e'rti', th rat in lhe 
area (3(0.0'; 1hihlloed h\ lIhailaknd ( 10. I I. India (8.5'; 1. Pakistan 3.9'; 1and the Philippines
0.5"; ). Ninnbheatn aied il lndoIeCSa 11, incrteascd tritu 88.0()0 ha in 1)1t)ti 319.000 ha in 
1985 (Suttar n t I987). Thi,, i, an a1nnal cro%%th ta1 e t-[" 20 ;6.

hldia Cnstttd uhiit 8 '; iif"the htital area aIlinl the Countries studied ill 198 . While 
Tai.l (Chila) CwntiutL Ile then I ' of the tiinal area. The 1ro10%th rate of mlltnh.tbean;.area 
fIOr ali the eIInltrICn cunihined t,, 4.57',. v, hieh i i cl r indication Of a positive and sii-nificant 
uross ilh in the niumtnuean area aitlOil thesC .\sia countries. 

Mungbean Production 

A comtpar iofutiunghean prOduCtiol trends I'rom the I965 to 1986 period for the inung
hean-gro, inc Ci.Irues Studied is presented itt Tale 2. There exist, a positive trend of growth
irn nuhean prodnctiitOI for all Countries except Bangladesh and Taiwan (China). This trend 
could he duC ti iIncrCaseC Or detCrIase ill either area cultivated or vield ofimurlllnhean. The highest
production cro lthrate \,,as reIored in. Sri IL.arLm(38. I'; Ill loMed h\ India (15. %,. the 
Philippines (9.6 ' ; 1.Thailand IS.5'; 1. Paki,,tan 16.5'; Iand the Rep. of Korea (5.3% I. Bangladesh
has sho, n a ncat tie trend in prodU--tion ( -5.2'; ). In11986 India constituted 73.2 of the total 
munghean prodlictiot ofl the countries Studied s\%hile Taiwan (China) cotstituted less than 1I(.
Mutighean priiductioti anon all countries esainitted show+ed an overall gro\th rate of' 6.6/. 

Mungbean Yield 

The trend in yield, Iha of tunrtghean alone with their respective growth tate among the 
countries during 1965-1986 is presented in Table 3. Cotmpared to the growth in the area cultivated 
and production, the yield of munghean shows a slower growth rate. with Thailand and Bangladesh
recording negative yield growth. Among the countries studied, the Rep. of Korea had the highest
growth rate in yield (9.8%,) followed bv India (7.0'%;). Sri Lanka (5.9% ). the Philippines (4.7%).
Pakistan (2.5% ) and laiwan (China) (1.5C%). In 1986 the Pep. of Korea recorded the highest
yield of 910 kg/ha. The poor munghean yield in India is attributed to the fact that most of the 
pulse crops including tnrrgbean are neither grown under irrigated conditions nor are adequate 
management practices utilized (see V.P. Singh et al. in these Proceedings). The yield growth 
rate for all the coup.tries combined is 1.7'j 
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Table 2. Mungbean production and its growth rate in Asia. 

Annual
1965 1970 1975 1980 1986 Mean 
. . - . . .Country ....... ... ... -.... . . . -_.. .... . .. . average 

'000 t) growth 
rate (0o)
 

South Asia
 
Bangladesh 12.20 13.30 9.10 7.50 
 8.80 9.83 -5.21 
India 306 366 766 892 1,052 698 15.80 
Pakistan 23.60 31.10 28 QO 31.80 58.00 32.53 6.50 
Sri Lanka 2.40 2.20 5,90 12.90 23.60 9.13 38.10 

Southeast Asia
 
Philippines 14.73 16.64 21 10 32.73 25.89 22 46 9.60
 
Thailand 111.0 152.0 1880 251 0 252.0 184.3 8.50
 

The Pacific
 
Korea, Rep. of 2.94 5 16 3.15 5 41 5.74 4.99 5.30
 
Taiwan, China 0.82 I 17 2,85 3.82 0.62 1.79 
 -0.01 

Sources: ADB 1985. Anon 1980-86a, Anon 1965-85. Anon 1980-86b, Anon 1986, Anon 1985. Anon 1983-86a,
Anon 1983-86b, Anon 1981-86, ASEAN 1983. AVPDC 1978. FAO 1968-85, NEDA 197S, NEDA 1978-86 

Table 3. Mungbean yield and its growth rate in Asia. 

Annual 
.... ... 1975 . .. 1986 Mean a g
C o untry 1965 .1970 . .... ...1980 . . .. . . . average 

Ikg ha) growth 
rate (1o)
 

South Asia
 
Bangladesh 640 680 637 
 538 577 611 -2.20
 
India 216 234 288 
 263 369 305 6.97 
Pakistan 380 452 452 473 503 454 2.49 
SriLanka 572 584 640 910 
 878 684 5.85
 

South East Asia
 
Philippines 459 498 
 552 650 690 563 4.70
 
Thailand 1,106 
 812 894 588 606 774 -6.55 

The Pacific
 
Korea. Rep of 430 540 650 840 910 697 
 9.76
 
Taiwan, China 390 410 662 688 506 527 1 49
 

Sources: ADB 1985. Anon 1980-86a, Anon 1965-85. Anon 1980-86b, Anon 1986. Anon 1985. Anon 1983-86a. 
Anon 1983-86b, Anon 181-86. ASEAN 1983, AVRDC 1978. FAO 1968-85, NEDA 1975. NEDA 1978-86 

Yield Variability of Mungbean 
Recently much emphasis has heen i\ en to anal ze the \ariations in crip \ ields due to the 

variations in weather conditions and input use. and their relation of these factors to production 
(Anderson and Hazell 19881. In order to identi lv factors involved in the slower growth of 
mungbean vields compared to its area and production, an analysis of mLunghean yield variability 
is undertaken. 

The coefficient of variation fior munebean yields, indicator of yield fbr thean 'ariahilitv 

countries over the period 1965-1985 is gi',en fIor each country in Table 4. together with the 
percentage change. The variability in yield has increased over the years for all the countries 
studied except Pakistan. The increase in the yield variability isstriking in the case of Sri Lanka. 
the Philippines and Taiwan (China). The increases could he due to the adoption of hich-vielding
varieties which generally ha\e a higher degree of variation in yield (Walker and Witcombe 1986).
Bangladesh and Thailand show a fairly low increase in yield variability. "rhedecreases in yield 
variability in India, Bangladesh and Pakistan could be attributed to the fact that the yield of 



444 Bahu and lIallanI 

Table 4. Coefficient of variation of mungbean yield in Asia. 

1975-79 1980-86 Percentage changeCountry 1965-69 1970.74 
(1965-86) 

South Asia
 
Bangladesh 2.70 4.99 7.27 5 23 0.93
 
India 4.30 15.80 6,81 15.85 2.69
 
Pakistan 3.60 3.76 1.86 3 33 -0.08
 
Sri Lanka 1.13 17.10 10.75 18.22 15.12
 

Southeast Asia
 
Philippines 2.60 2.89 3 81 15.42 4.93
 
Thailand 6.10 14.95 28.85 7.43 0.22
 

The Pacific
 
Korea, Rep. of I 14 4,38 12.31 A.71 313
 
Taiwan, China 2 40 26 07 8.81 25.85 9.77
 

Sources ADB 1985. Anon 1980-86a, Anon 1965-85 Anon 1980-86b, Anon 1986, Anon 1985. Anon 1983-86a, 
Anon 1983-86b, Anon 1981-86 ASEAN 1983 AVRDC 1978. FAO 1968-85, NEDA 1975, NEDA 1978-86 

Illlllleall is lv, ill these coi0nri 1cs other csIitris,. and tile idespread use1Mipred to 111"1-%% 
ofnuneblati \arCti s .ich aire rc,inAtl to drilght. pests and dise,ases. 

Mungbean Trade and Utilization 

Trade 

aliltong tile. countrie, S>tudied Thailn:d I tile lk Me that e.,rnsd forcien exchanIIe h\ 
exporting its surplu, nirglean production to Jdpailn. Tii\ an I(.hina). Mak\ sia and Honle Kom-,. 
In Thailand the t'tal InultLbCall e.Xpirt \ illime has sho\\ n a stead\ increase..In 1982 mungbean 
exports conStituted 3.7'; of total ind crop expotrts and I( if tile total va,lue Of 'tood crops 
exported. While possibilities of trade exist aning the producers allnd noLproducers of mtungbean, 
most of' the produces, do0 not 0en mneet their domeStic need I*or protein. The world price of 
IniUntbean is also lso\ cr. in general. than the ciuntrie, + local market prices and hence reduces 
tlhe ctmparat e ad vitage if IIIllhe0arin over other pulse crops. Sri Lanka shit \\s a great potential 
for munbeai export" due to lare increases ill production if it can coIpete \with Thailand in 
the world market. 

Utilization 

Per capita iungbean conSuptioln is Used ats an indicator o1' iunhean utilization. A com
parison of' in ungbean and puIses uttilization for selected countries is presented ill Table 5. 

In South Asia the utilization f pulses show s a declining trend except for Sri Lanka where 
the utilization of ohth 1nungbean1and pulses sli)\ s an increase over tih \ears. Notably. in India 
the share of mungbean ill total pulse utilization 1ho\s ain inCrease wNhich indicates an increased 
acceptance of. and potential for. tilungbean ill substituting for other pulse crops. 

In Thailand. tnunghean represents mtelo than 31 of' the total pulse utilization. India leads 
other countries in the utilization Of munighsan with 7.16 g per capita per day in 1985. 

Supply Response for Mungbean 

Although the prices recei,,ed h\ the f'arniers are lo\ compared to the cereal crops and 
soybean. munghean production seetlis to be ver\ responsive to price. The supply response of 
mungbean to price lfir Thailand and Taiwan (China) arc presented in Figure I. While the general 
trend in 1tuinglbeari prices hi th in Thailand and Taiwan (Chi na1has been increasing over the 
time period. the\ show a similar pattern of variation. 
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Table 5. Utilization of pulses and mungbean in Asia. 

Country 1965 1970 1975 1980 1985 
South Asia
 
Bangladesh 19.15 
 21 87 1775 17.15 15 83' 

051 0 54 0.32 0.23 0.241 
India 45.78 46.86 	 40.3849.25 	 43.28 

1.72 289 3.45 3.63 7.16

Pakistan 51 69 31 23 30.1 Q 29.94
17.16 

I 41 1 49 123 1.06 1.57
 
Sri Lanka 1138 II 23 12.44 
 14.28 16.76 

0.66 0.54 	 '401.21 	 4.09 
Southeast 	Asia
 
Philippines 13 50 12.73
12.59 	 13.Oi 15.54 

2.58 I 15 	 4.482 27 	 1.30 
Thailand 10.94 16 08 II 84 18.85 20.02 

5 65 4,60 6.23 8.32 6.23 
The Pacific
 

Korea, Rep. of 22.74 23.53 
 23 09 24.09 24.19 
0.32 049 0.26 0.1 1 0.38
 

Taiwan, China 
 78.32 	 83 II 9322 101.30 105.80 
211 256 4484.00 	 4.39 

Sources ADB 1985, Anon 1980 86, Anon 1965.85 Anon 1980-86b, Anmci 1986. Anon 1985. Anon 1983-86a.
Anon 1983-86b, Anon 1981-86 ASEAN 1983. AVRDC 1978. FAO 1968-85, NEDA 1975 NEDA 1978-86 
ZPpt capita consumption of pulses n gr,ams per day 'Per cipa consumption of nungbean in grams per day 

0I ir r, 	 .
/ ' 'N/ 00, 

t-'1 203

I [ ~ i 

0 -:14 
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':0 24 
 8 
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 ' 2 
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l'--- 20 

012 Figure I. 
77~~~ 3 .. 8 20 Mungbean supply response in

10 70 Thailand (1962-82) and in Tai-
Twan (1972-82). 
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M,\un hean prices 1,0orThailand li\\ aii increase ilh .ird tl'ed durinlof 14() ,; ill&M 

1968. 1974. 
 1978. 1979 and 1982. A ,,inilar tretnid i"ober\C d in Taiwan (China) for n1iUnl1bea.n1 
pIic's durin ' tile 78 period. The n1tnttCa" price l'; iticriae 10r Taikkali (Chila)1974 ho\,sa 18 


- _
dulring 1l)7 ; 82 pcrioid.
 
.\ linar ic c lUtiolidion
n i It'tdflo lhailand ald Tai\\an Chinal to itoinate the
 

price res.p ii'i\enI I'rodUctiol. laiMln ('hina rUri n ise
_cti Iitan Thailand and 
pice and prtlLiCii dilata Ior tii \ Cat,,1t62-82 tesIpcCti\Cl', . The it', C sipp)aild IN-Y2 X2. tiiat.d 

rs'pon,l tlollthe.'Il o .i lllnrics arc:
cIi itil " 

'Ihai }lPioltc'tiitl - ]li)3l I.))28.. lThai P~iice l ).53. 
i) 201 4.40 1 

Tlim i. loridiict nll 2.4, 2.25 Iai an Price 1 -R It..71. 
14,4 i 2.1,)) 

For hoth cotlicth it il tr e,,tiiate M d ha C\piteded siels It rati,arC iCititic all 
illtaeitiese. 

The priceit arc fi I k, anilte productioni is i10 . risul s.S,$ t.)tThailand riee-ssiosho that ill11ilil.!clli price \k crc illcrecICd ht I. SS$I 00). fhie nld t10Li i ll) CwOduc'i one 

million I. Thil, ,,Upl \ lor, i prohahl\ duc t thle fact that ,mniaoitlr portion o( it'ut ihean
 
pilucioin isc\portcil -7 1n I N2 iil 
iidlrtl\ icpotid, to tihe inlItnat ional Itiulnc1heinill
 
price h\ traile liiik, Ihlicitl ''I snpp\ itcd at
l icit\ i liLt, ci cal.cl: thic iiicaii ollmeihls,, 

production ialld pilcs I .( 

sioti Cii(jilla 

Ihe'n thie poLduciion %ktidt ir,:ca,,e 


The riter I l ila ,th,\ that 11the iiillichc_'aii IpicC 5t5cii tipi \ "'S$ 00 
. Thie sppl niunhitani 


at the ie.nallnc, oilpr(odUltOin anCd prll is (21, 1 lhs 10 lasticit\ iS iluic to thic Ifact
 

h\ I.25)) clasticit\ of calcniteild 
lc hS ppl% 


t1,tile cost of p0oIluOLion ol lintititeinIIstiieher thaii thIc cost ot itipolr'Cti Illutiieshowine
la. 

\'cr\ little inccitli\ e hrIth Ill irsill ,ticall\
to, prolrcCt do ii 

Mungbean Demand and Supply Projections 
In this sec.tion an attcinpt i, to pritct thie i anild diltiantilladt uippl))1 d liiir in1 in
 

S995 based oif at i Thic Ihitoiel i
e IlthIss in,is C inI the iolectiOiI analysis. 

The suppll\ of I.n.hean is hi\ 

In S,, - In S., - I --CrlI ) 

and thie dtlIalld for 1iinihtill is 'iCn h 

In I), - 1):, dt Ce (2) 
ll 1-13tt 1 - (3)i .1e, 

where the Suhsctlpts dil it j coutliitj\ aind I'\ear, 

S = tlalltilt of tiunchean priduced. 
( = Ile olchanic in lilIitii.hcall ILuaittit\ piiducei.
 
1) : ( ti~aitli. Leti..
01' itun iClletid.
 
I rtate 0 cii e ( .'ii l.eitanldCl.
atli 

13 = incoIrIC easticit% of dntiianl.
 
1 rate Of chanelL'in total po)tIlationi. anil
 
.,= rate of chanc i alu
VlCOf crossdoItistic produic0t. 

Parameters such a it alld 2 are e\0CItIouItnI -determined values during tle current period.
The nodel - uci.ilte elastic iltv ol'dcliiinid of'pulses as a proxy for the incolesCs aIread si.iliat.d il 

http:n1iUnl1bea.n1


F ol Munluhen Illi/Ali In tlld Irade" 4z 7Lcliii PrOILluuliiln. 

eClISiiIcV 0f ninngh21eaGn CmnMInd I.\M)1I 1977I. Xiti 44l the ,rov.S, tlti1e.ti.' 1liidnUt and the 
poplilation .'crc CillecclC l tile ,..tLiri.',,t ,ir L'tlISIdrLi tiol Irom i"'11il..'s " d+I'ritlii, Wf1 
Developnwnt Report, (,' lank 19,M4). h..iedlii 4ll the lpopula1i44 l4tI4,.te14 ,,101 tile 
CoLIntr'iCS iS takenL 1llVtu\ ( 9 ,51. 'h1 ,Ihoe illi ,,l 1', t4l l thelroi I ueC.l I4Ce,III \ iII auld LCluiIanl
 
ltr lninghean o ,cr time and preent pr t,.tiown, lu the 6,.\C 
 I al+,leh'i. 

Table 6. Projected levels of supply and demand for mungbean in 1995. 

Country Supply ('000 1) Demand ('000 t Balance t0dj ti 

South Asia
 
Bangladesh 8 2.4 12 64 -440
 
India 1,823 00 2.143 80 -320 08
 
Pakistan 42. 15 45 46 -3 31
 
Sri Lanka 3370 2421 949
 

Southeast Asia
 
Philippines 28.73 
 32.48 -3.75
 

haiand ..382 147.23 235.12
 
The Pacific
 

Korea, Rep. of 7 34 8 43 -I 06
 
Taiwan. China 6 13 33 32 -27 19
 

Sour cI': AI)h, 985 Anorn 1980-86ai AnnI 1965-85 Anon 1980 86b Anro, 1986. Anon 1985 Anon 1
9 83-86a, 

Anon 1983 86n ,non 1981 86 ASEArI 1983 AvRDC '978 I-AO NEDA 1975 NEDA1968.85 1978-86 

1 ',till ll 1I tlt l;t1lJt [pI0tH 
t,1lm ln-,thcamll11 .;,_(Ih, I h1miINd. Pl 11,tth.' llHitT,ic.,, I 

Ih,Illolcl' I111, ,l I , l ~l\hl,.,,, hC 111C.' I I'II I'l'ltkIlICtil~ ,,+' It1lll 

Imtl L: Itn,..";i l k'a.%V111 tilen~ceptioll 
,ISii I .IkJ ltluM . 11,uII I IIeI 6.\ iMlld 
ki' ll lll'e..'.:i11. !IIl', et t I.,Iilk,t 

;Iold .lln i1 I,.C I deliC,,it InliletCCiILc the li..l LaIuInld 
,l. eK ,l l;4i hi Sl cl, ! iinihl Callill ieCInlIne. 

' Illl l ll l 111i i . In th,.l. "I II 66 

thle 1112 in1; 
thplltt ( t l,4lrii II I s Iit i 2l. liluli l l (llili tlt'IIIC CS ;icII
 

i 0t iiiiiih. 1 IpIindliCIli Ill Ilk \ i,41 lil oiillle. Ill tile H"II ej r i0iin ,Ili1ilte Il,12i2ilhea
 
ircu lii i,.rculsc, i .(ll hiIllI 1 Itill l5 i l. ill th,.',, ,sl).
CL It-O (ol) 1,1),) jo I IC.'l lF ,.i'.,.i 
Lin in the, PIr r'pOtel,.d Ilit I ,n- rl , ,, r (\'19/.\) tipliel4e.edinl2, ide I of,1112I,., t 


VRI, l)C l had t 21.00 llha 1987. (;i',,en 1arpid eli,,.., in 
11111.b1. iii I)(IClLI,.Iil ill ('1lna. it coull Cli r.' a, ll C\17 ter.ill(lie 66iirhd marlket to Illecl 

\i. i . lP 1ll (r4l in th,_CSe l llme,.s 

h.lii.il, ..eiil l hliijnp l 
The res.t, ill l,, .4;t e l l tIllet.thipt~idUltiS.itS, 4 1Ili1l2eIMalI. 

the 1r .ldIc I iother Illlinh.:l .itiiltic,. 
dellel'i l 1 _' ti e 

Increa"e, in ill: ol Ipli d teehlniliteAi lesticide. hericide 664:lluse , like, IrtiliCr,, Mnd
'Jected ienmaiid.Llreati l I,,'einpt .lLCti o mIi tie l isiiiin, 1"..', ili e prie" 

111.1ll12h 1,.C.'ll\.Ct MlrI.oc _ L;tlldt l 0IIh J 0l ,.';n %k,uldtho:' < il , to+ 121,+10 '-hlllill oI t 1t11I'+;11h l'l . ".'lt 

Conclusion 
n'I1Lun ',i lh , or&thc It l thAn,\ :Ial\Ii (Als illliei11co il: iiiueiiiilst,tal 1 d 1i4.ll1ileU,,l. 11114411! IIII.II.edreanl-A CHl+ l 11111, a2 thle Ilijiirllltineb1tit ;+aInt.'nu0,I,0 tllltil+S lL n
u14'4Wil1e ,..tillti,,e, p;It.~r 1l:,1h4v, the 4 il,.'tlii be drawnis.nndertakeun in thi,, inc, :n,. , that etitil 

frllll the anal6,sis. 

1I The a.llCa0 ha h C r ',\, lat i late tit 

",idM slmed a crm',.th rate , (.6,; and 1.7' . respectie.l.
 

2)Mni.nghean ,eld a ilnCraSil ill allthe countries ecept kw11 


41 ulllle.iil blee_ i 4.0 ; . v,lile the piY ltitiiln a1nd 

ariahili,, hia, India and Pakistan 
clllltrihutnl ianinicread irt'iablilit% 01' Ill lle'nl proldnCtioUl. i 1041:11. 

31 Mtlnuhean trade t'i,.n Tcllhai land an ItL r illplrtinlc c1nt.'nries1,,F146 ,all illrease hoth 
i vllhnllelt aldlin .alueC a1thln1ll tile %66i'ld lllhliilcan price i1, l%\er lhan locallarket 
prices in sec ral e.'ttriis. 

4i ihe Utilizationl 1 Ilililchbeill has he.ii increasinc, ill ilst 01'the citiit .,studied lespite 
a cheoral dLclinC inl the einsnlptill 41 i)lsCs. llich indiCates tile gruin. ac.e)tanc.e 
of andI Cillailcd lr lill ail 'i,a S0till C 4t pr'teICili.C.h 
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5) Although nunghean prices show\ variations. the production of lnunghcll seeMns to be 
highly rcsponsive to price. ss hich stlggest.s that ensuring p3roper prices ,oulld incr'Case 
the productiol of in1uneh30all. 

6) 	The results ofIlniigkta suppl and demand projecion imodl in pee,,r;l prdicts an 
excecs.s dmCInand of nu1hleai in 1995 bir all tlhe coutntriCs studied except Sri Lanka and 
Thailand which indicates a potential for Sri Lanka to hegin cxporting nunebeani o the 
deficit counti ics. 

7) 	 It is su1gceStCL that increasine the uSC f fertilizer and pCsticidC, %outld hClp to increase 
Iltl pr0duliOll.b,;I 

8) There Cists a nced for niaiining a dat haink for inor crops, including IIungnhea) 
with the cooperation of the participatin_ coUlntrics \ the r.ani/atiOli, ins otvcd. This 
\\ uld help in polic\ research of crops such as iltlnhll iII the sears to collie. 
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Abstract 

Since 1962/63 mungbean and black gram (black matpe) have experienced a rapidgrowth. Production increased sixfold to reach a peak of 360.000 t in 1983. The
production increase was primarily based on increasing area under cultivation, yieldsshow a slight downward trend in the period 1962-1985. Prices increased slightly in
the period 1971 to 1986 to reach an average of US$0.27/kg. The private sector isinvolved in an intensive manner in the production process, marketing and trade, Ruralbased traders supply inputs to farmers (seeds and chemicals) often in the framework
of a 'toukaey-loukrai' relationsnip. which entails a long-term agreement involving credit,
supply and sales. Whereas this component of the private sector is locatd in

intermediate sector linking production to marketing, 

the
 
more forma! institutions in the
private sector provide marketing information and standards for grading. Finaliy an


association coordinates all economic phases until terminal markets and exports.

In Thailand the private sector has proved to be an efficient sector in improvingproduction, marketing and trade of mUngbeans, resulting in rather direct production 

responses to price developments. 

Introduction 

fn nd has']'hI s.Cgl'l Tl til~had si.tlili,..M lv ,0.tribnte to the COr lik.2rt.tliand de,,clOllopint Of the C trv in the past three decades. These coitribntions hie hcn lad..e
possihlc thronuvh the cnda\ Or,,Of 'allpiaties COlce.rned in the ecollollV ,)trallsllit the dynamlic

narket dem 
 ,andlr ,richtr al c.1111111iti ,.t0 the pro'duction Unit, at the llrrni l cl a10hln, with

prolltioll ll inul nc.CsS,ar\ C\teClsiOl and marketine
prodlneti aItd ser\ ices. ConseIUnntlv.+V Thai 

maailriCn tinl prdlnldtion and C\,po1r hat\C I-en neureasieL, in Otlth voleiand thle 1iinibler Of'
 
.olnmiiottneS \klijCh hA\ hCn ,.nbsstittRrn,, each Othier.
 

Amon011g these contnuod.itiCs a pII'ILuctiol C\ Cle o 
Illindii\ idual commodt0it\ Or the SO-calledeCornnolit\ boo0m" is bSeCr ailC d kis lOIlMC,,d h, 01Ce artiCnlarl\ o r c'Cash crops such as 
jut,. kenat. n1iaiC. cas, a and heartis. .\Itho1il the de\ ClhmtCnit prOcefo the c.uh crops hadheel. :)sotllie exilt. shlared. \,ith sonillc L:on ..non tacors and illarrncmnre, individnal Cah croI)ps
had ineleud IS,.s.d,,ed atrather LiLnC e\pCli.leC. illIrrrii, Of nbhIi and pri\'ate sector
involvelments,. as v, t,, ,npplI,\el the and titil/tatioll phenomenonllCHll.


This pper attempts It) navl0 allndl
decrih the role or the prri.atC sctor"illthe eICvellpment
Of munehan,. ineldindg lback gran Icoinioril, reterred to as black boqat, inl Thailand). in
Thailand h lcntSille ol ihe rle)Ict)lthc pri'kare ilctori protduCtion. rnral and terminal marketing.
and trade. Most oF the diSCLnsiol prCCnted inl thi paper a ,S lbasltlhe lirsthand informhiationottaineL through inter, ic,' rig arket participants in the rIniLbcan-prtoduicing a-eas and rajor
rnu-gbean niarket, nUCh as Sas, ankhalok. Phetchahnm aRd Bangkok 1'rm Jne to Augnst 1987. 
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Historical Overview 

Although there is no record on when munebean was introduced to [hailand (Peerasak and 
Yang in these Proceedings). it is be!icved that Thai people have been 2rowing and Consumling
mungbean for many centuries. HOineVer, there nire two soineS of inl'formation recarding black 
gram. File first source is a local nicrehant in Sas\ankhalok who says tiut black gram was 
introduced into Sawkankhalok lbOtlI 30 sers aco s-,\a l'hilndian llelchanll ,ho oltaincd seeds 
fron India. A second source indic:tIeld that a Japanese husillesslan brouht black g-ain1 fromll 
Burma into Thailand in 1)62 and ii ssas firsi grom it ll Saraburi Province. and later spread to 
tile provinces in the loss er part ol the northern rcgion ().A.F. I986a). Nevertiheless. regardles.,,
ol these sources, the first Thai export of 0. 122 t oif black gram ws otficialls recorded in 1965. 

From 1950 to 195. the official statistic, of productiotn andile alrea.l planted s.hich include 
black gran. reveal three intecs!in period" ,epat'ed b suddCn jumps ill prIiuction and area 
planted (Fig. I ). lhcs three periods Correspond Io thle deClollrt nnMean anfd blackeopmnof 
(ram into phases. rnarnel.: l% the periol hCrC the rrtroductin fI'black itrani in 1903: (2)
the initial stage of black 2ramll prtoduction bcth cu It)(3 and 197,. and 3) the settling of the 
export market. beginning in 1971). 
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Mungbean and black gram produc
tion and area planted, Thailand.
 

1950 1955 1960 1965 1970 1975 1980 1985 

In the first phase tile majority of' mungbean production was within the central plain and 
a small amount of black gram may have been planted in the Sawankhalok area using seed obtained 
from India. The production increased f'rrn 31.700 t in 1950 to 53.700 t in 1962. or an increase 
ot 59 I . In this period more than 15.000 t (f mungbean was exported aunually to the major 
markets of Japan. Malaysia. Singapore aId Tai wall. China. 



452 Titapiwataitakun 

The second phase corresponds with the initial stage ol ilack gramt production. There was 
a sudden increase of 1rlion 53.7(X) t Of prdlUCii11 anid 49..(XX) ha of area planted in 1962 to I16.(XX) 
I and 100,800 ha in 1963 1 uld clearly implyv thai1i. Production mlore than doubled and 
the production ol nmnghCean. lnd farticulaiy bhl.ick grain had enormouslh Cxpalnded. If this is 
the case then sotething probahlby perfb rnted a Succ,.. s lul Mind CIfcti\e role in the pronlition 
of black grant production. In terms tof proi otion of black grait production, it is recorded that 
in 1064 a significznt role w,, plvcd h tile repic sertativse f'the Japa n Sprutiing Beauns Impo rters 
Association bV contribittinie 2 t of black gram seeds froti BIurIt to the Thai 1)Cpartnilent of 
ForeiCn Trade (Run sLlaritkuL 1973 ). These sceds \\ ere further distribItied Ito the a1gclncies involved 
in the promlotion of'a-griCtltural pr-UCtiuton. NIorCo\ r. in order to 'urther promote the production 
oft Lungbea. the iniport otl s rmicelli asa temptpraril.\ hamCd h\ tile TIhi Nlinistr' of Commerce 
in 1964. 

The third phase started s-ith :aitothr tt'.old h.I it)IIt hIihth prodtiCoti and 'Ct planted 
frotil 1976 to 1977. This meiarked the second 1ittd of an11ablrtupt e\.XpanIsionl of ti11ingbea.tn 111d 
black ratIll which caLSCd prbhlCntIS in IhCir trade, CSpCciall\ xport. N vertlicles . illtstofo the 
trade p[rhlenlii, Acr+C settled h\ tile Close C0o p2'llOtil anillonli$ the Iriders, associationl d the 
concerned txCormiittnt lLacncieS c ais the Thai Maie anod ProdUcC Trders .Association. th'e 
Japan Sproutingtleans inporters Associaltion,. and the il)epartt111nt of' ForCien Trade under the
 
Ministry of Cotuniercc. Ihailatd...\ cooperatie cfItort %.as alto obsred Mton1 tile Thai
 
exporters hi c\ nes, c,,port tii'kets titakinte collctivC portilt ,.,.:intries
lc\ring ild sales toI 
such as China. It Would sutlice to say Ihat ill this phase the prlttduction tlldtraide of nitunr1 
and black grain delvcIpCd toard a titore or less or.anized s\stel with ,isonieg\eIllnelt 
intervention %%hellltmCessir. 

Production and Marketing 

This section is aitned at providing, a profile iif mu ngbeanii production. marketingeand utilization 
in the past and present in order to serve as a backurotnd I'or the discuIssiotn of the private sector's 
role in the succeeditng discussion. 

Area, Production, Yield and Farm Price 

During tile period lr1n1 1971 72 to 1986:87. the total ar'et planted to 1ungbean increased 
tremnendottsly 'ron 157.440 ha in 1971 '72 to 530.080 ha in 1986/87 ITable I ). Although the 
area planted a.as expanded more than threel'old. the total producttion increased slightly more 
than twof'old. This \oas due to the drastic dccre;sc in vield froti 975 kg ha in 1971 /72. which 
is the hi.hcst in the perikd. to ()l 613 k, ha in 1985'86. As j matter of tac.t, the available 
statistics of vield per ha sm . S a decraCsii trend. The avcragc vield froni 198 1 82 to 1986/87 
is onlk abowit 644 k,- ha. 

'Ie averaglC tm. price n1iftnitingbean obtained i U15ard trend froiti 1)71 72 to 1986/87. 
However. in the last decade. tile .iat price fluctuated betweei US$O. 19 k2 in 1979/80 and 
USS0.28/kg in 1983 84. The 1)81 /82 to 1985 8(6 aerage Iarn price v\as L.S$0.27/kg which 
wa, US$0.04 nigher than the average priductoi cost per kg iil the satne period (Table I ). This 
implies that for the last five years tile iungbea t tkuners have heen enjoyitg some prolit fron 
their farming. 

As fit r as tile crop datiage of iiunlghean is concerned. tie planted area and harvested area 
recorded in Table I show that the highest daniage of 16';; of' the total planted area occurred 
in 1979/80 aind the lowest was in 1985/86 at 3 :;. From 1981 /82 to 1985/86. crop damnage 
averaged about 6.6"c, amid is not considered a serious prohlem when compared to postharvest 
losses. 

http:ti11ingbea.tn
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Table I. Production factors of rnungbean, 1971/72 to 1986/87. 

Crop year Area Area Production Yield Farm Farm Average
(begins in planted harvested ('000 t) (kg ha)' price value production
April) ('000 ha)' ('000 ha)' (US$ kg) (USS) cost(USS: kg) y 

1971/72 157.44 153 24.96 0.09 13.74 n.a.' 
1972!/73 226.88 204 23.04 0.10 21.00 n.a. 
1973'74 255.36 209 20.96 
 0.11 2241 n.a.
 
1974/75 206.88 190.72 188 23.20 0.14 26.61 n.a.
 
1975!76 163.52 147.20 121 18.88 0.15 18.04 n.a.
 
1976/77 222.72 207.68 125 15.36 0.20 24.84 0.20
 
1977!78 345.20 377.92 207 14.08 0.23 -16.93 0.17
 
1978,79 422.08 374 40 259 17.76 0.20 51.80 0.17
 
1979/80 424.32 354.56 251 18.08 0.19 47.83 0.21
 
1980i81 447.36 395.04 261 16.96 0.23 61.08 0.25
 
1981 .82 486.40 457.76 284 15.84 0.26 74.40 0.23
 
1982,83 48544 44400 281 16.16 0,28 78.86 0.24
 
1983i84 483.52 448.48 288 16.48 0.28 81.54 0.23
 
1984,85 524.80 482.72 352 18.72 0.26 90.77 0.21
 
1985!86 548.16 529 12 323 15.68 0.26 85.38 0.24
 
1986'87 (P) 530.08 325 15.68 0.24 76.57 n.a.
 

Sources Agricultural Statistics of Thailand Crop Years 1980 81 . 1983 84 and 1985 86 and P - Prcliminary data 
from Office of Agricultural StatIstics 1987 'The measurement of area was converted from rai to hectare, where 
one rai = 0 16 ha. 'Exchange rate is USS1 00 = Baht 25 '11 a riot available 

Marketing Channels 

A simplified llom chart of the marketine channels of bntni.bean isshox, n in Fi.g. 2. More 
than 95", of the farmers* marketable nmingbean production issold directly to the local merchants. 
while the rest is sold throughlithe localIn iddICemen 0r truckers. The lcal merchants can he further 
classified into tMs0 categories based On their location,. nmely" (a) district merchants neat the 
production area: and (h pro\ incial or local central market merchant operatine in a town where 
the marketing infrastructure and institUtion is better equipped. In most case, the Operations Of 
these two cateeories of merchants are sinilar and coselv linked. 

The local nmerchants. however, have thre chaticls for selling itimnheanl. At least 85 ,% 
of the munebean issold to the Bangkok ituidllemaHi. a.bisut issold directly to the processor10(:; 

or consumer. and the remainint. 5 ; is purcharcd h\ exporters. The 85'; of the total production
of lutl ite Balllgki lliddlcillan isIreSOId to tile cxportCr, the pfiOcessIsrJ ean wIichi plsses throug m 
and the holcsalcr at 6)'; . 17,' and 8+. r-specti\ el\ . 

,Munghean is processed h\ the pit,.:_sl,r into \ariOtu, t\ pes Ol final and SeIliifinzll products 
such as vermicelli and mounghcan starch s,hich are futher distributed throu,gh each fproduct's
marketing channel to the ultinIate ci nsu mcr. ()flce isf ..\er eiituraI [c tOiinics 1985 and Modified 
after interview with market participants durine JuIIe-Auiiust 1987 conducted h\ tle author). 

The marketine channels of black eram are mo0re Or less similar to nIInhean except that 
the percentage of trade volume which is handled b'\each market participant differs from 
mungbean. The nalor difference's are that the volume oI'black grail purchased di rectl\ b,, the 
exporter fromt the local merchant isnuch higher lca. 2'% aiid virtuall a! the b)lackei
produced is exported to two countries: Japan and India. Thereffore. the marketing of black gral 
is, to a great extent, a backward integrated system of some exporters. 

Utilization 

The 5% of the total production of mungbean and black gram kept at the farn level isused 
mostly as seed. The overall utilization of munghean is visible frot the marketing channels in 
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Figure 2.Marketing channels for mungbean and black gram in Thailand. 

Fig. 2. Tce total domestic utilization isabout 35v;e uantity of
okthi total marketable ugbean 
and the remainder isexported. Ncvrthlss.those percentages do not rilect the overall utilization
of'black grami which. as mentioned before, is an export-oriented coninioditv. Therefore, a simple 
balanice-shoot approach wa~s cmlplO\Cd illestimating tile magnitude of' annual utilization of' 

mnungbean and Mack gran. Ieidoing t total annual production tf'each commodity wasso. ble

regarded as the total available Supply of that year. Assum11igL zero stock carrie~d over. the annual 

domestic utilization o1each commodity was calculatutd bbsubtracting the total export fro tie 
total production inthat same year. The reSlt of this .,3ta1tio ar5 shown inTable 2.

The estimlation made in Table 2 for the 1978-85 period indicated anlaverage o!' domestic 
utilization of' both ntung11-bCanl and black grami of 37q.;, which was only slightly hligher than the 
percentage obtained from the a.hove miarketing, channel's, analysis,. How.ever. tile average 
individual commodity's domestic ultilizationl is quilt( different, that is dOllcstiC utilization of* 
riungbeanl was about 45 '; . i.e. twice its high its black gram. Furthermore. tile annual domlestic 
utilization oi'f whilc that of bl:'.ckmu~ngbcanl has fluctuated between 16%{ (1978) and 61 %(1983). 
grani raaigcd from below the zero percentage (in 1980, 1983 and 1985), and 57% (1978). This 
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Table 2. Estimation of production, export and domestic utilization of mungbean and black gram,
 
1978-85. 

1978 1979 1980 1981 1982 1983 1984 1985 Average
1978.85 

Mungbean
Production 121.35 14599 150.48 199.94 202.02 216.91 276.95 248.51 195.27 
Export 
Domestic 

100.90 
20.45 

108.41 
37,58 

65.82 
84.66 

:09.53 
90.41 

130.59 
71.43 

84.80 
132.11 

118.47 
158.48 

144.55 
103.96 

107.88 
87.39 

utilization 

Black gram
Production 137,62 104.69 110.56 82 61 79.24 71.43 75.40 74.90 92.06
Export? 59.71 69.15 113.53 62.64 59,64 72.06 53,96 88.97 72.46
Domestic 77.91 3554 -2.97 19.97 19.60 -0.63 21.44 -14.07 19.60 

ut;lization' 

Total mungbean and black grain
Production 258.97 250.68 261.04 282.55 281.26 352.35288.34 323.41 287.33 
Export 160.61 177.56 172 19023 172.4317935 17 156.86 233.52 180.34
Domestic 98.76 73.12 81 69 11038 91.03 131.48 179.92 89.89 106.99 

utilization 

Source Production from 1978-1 983 was obtained from AgrictiUral Economics 1986a) Production from 1984-19E5 
was obtained from the unpublished reports of the Center for Agrciiliural Statistics. Ministry of AgriCulture and Cooperatives,
Bangkok Export data was obtained from the Office of Ayr+-citural Econoinics (1986ci The domestic utilization 
is the difference between production and export "Due to tfne data on stock carried over being unvailable. export
is greater than producton in 1980, 1983 and 1985 

at least indicates that i certtil M.alisul n.OfIUlIn.eheaI hat' hn COIS. lannalll \ 1%VarioLisl C 
doniestic UlrS. Hlin.tl-ei. the eSlilnaicd licuic of'donmstic utilization oflhlai'k rniini is not reflected 
in ail fact sheet tl 'show that there has heenl stead\ diitticsic Consumlptin of black -an. 

Role of Private Sector in Production 

It would he appropriate lO tihe discussion at this pOint toi dcfinc the so-caled )ri\ ae sector 
to incIutide all p ri va tC entCrp rises S\hili] di not 1hc1Is1n oir relate to. the puhlic sector orl"0 ovC!-itltlent. 
Realistically. all private cnterprises arc. to a great extent. IircctlV or indircctly rclatc,! to th 
agricultural scctor which inivolvcs allprOductiOn. pl-Occssinc and ntitrkctilc aclivitics of,
agricthural proiducts. Ho\e\ csc. the Iil !in,discLSsionl ,'ill coser only those privaile enlerprises
which directl\ ini\\Lc inunchean and hlack crattidelitics. l lrthlrnllne. thc discussion On the 
private sector's role \ill f'ocus Onitile csscniial suplnd.\ sif inputs and Ser'Vices fhr the production
and marketing of inurigbean vh ichIi are pCi itr'd b\ the privatc enterprises. 

Farm Inputs 

Oh iOusl.,. land is the mst crucial laciitr of agricultural production. III imost cases the 
productioni ofi tilltbean anid black gratit. as well as other cas h crops. occLu'S on newy cleared 
or opened land to which the f'aritir seldomn ha>s the hC2al title. Farmers are uiven ; temporary
permit to utilize the land only in oinc areas. Although iid holding prohleiis exist, production
of the cash crops ciontinues year alter year. 

Seed is the second intost important factor inl the pruisdution of' numnghean arid black cram].
As mentioned earlier it was a Japane.se husi nessititi,. ts %iI as the Japan Sprouting Beans 
Importers Association, that performed the significant function of"introducing black gram seed
into Thailand in the early sixties. Howes er. during the production expansion period and ltlpresent. 

http:Japane.se
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it is indeed tile local mIercIhants who are responsible for distri-uItill the seeds to faIrlers wl.hen 
and w'here the' are needed. Some ot tllese I cal llerchants selected the best qualit beans lrorn
their stock and kept them for sale to farmes, s sced i) the I llime um io-u"casol. In tle
Case of ,,holta -e of, seeds, which mait\ be due to the CXpianlsioil of rllCalplanted or' faitLure (11't
first plantin,, the local merchants tr to s.LIl'C seed fot LIim'S through thCi regClar- Balrkok 
mhiddlcnHClI. 

tLocal ilcre iats il tile lllaio" l11AIurcbe.rIl-and black ra2,rir-poldLcil areas has% h,.een a,.ti il\ 
seeking seed IIfbetter variet,,5lr ther:. fatrilset. Since the\ has. been pro id in crccdit to the 
farniers, both michailts alld flarmer, uRutual hnefit blrrl tile alditional illtolle aiellld from 
InI ilnCreCLd sic,. N,esr teless. untl o the pri, atitnlllicl,'iaCiIlSeed Iirdustr- hi,,tnot bee mIC 
inolved inl Illutll'bell aid laltck rmitll SCed prtrluctntl. ( )nI a ",[Iall aIImounto t'he Seed reqircd
has been produ:d h\ 2oM 2rllimCilr aCIciCS nldeIr thetI" riprm cllelt prirlris. .
and fOr the Ile\[ fe;,V ears,, the pri'. ate Sector. e,peciall\ tire lcill ircfrehant, can pla. a maior
rle in ihdic both nn-ban and lack _,ram seeds to0 

i il \t present. 

thei local famillerc.'nL.iotIlrer. ('ash 
crop cutlt, ation camnott Leundertaken h\ narcinal arllier+ ri land and seeds,l thlir labortu, 

ahlloe becau. ill 1cCl. suc's,,sflI ci'h C'ip fing hasbn 
 claried oit (i11it C'tilmercial 
scale. Con,,equnti.,. liriniers, reed flialicial ',uppotI 01 crditL fur h0irrr laItor aiid bu icg sr iceselias other inputas ,',1 such a Iritil, r and pesticies. Farin credit. theIreore, is a.crucil factor 
for mlunIlbnC.ll aid black grain production aild priolmotiii.

Since irrune ani and black rnll ha e de lohpCd illto \ ellI-reCOgrti,ud ,p.Cemc,,rinrodit ie.,
the often tuarcirlil fatne2r iu,,t has, I) s s,hu1\nanrjll ppo)rted h )il' elemreint ill the li,
fmctionir., free miarket acricuiltural s steno 'I lltilald. TheCre 'arCstroMg irdicatiiis that pri aie 
enterprise. llo the c-1 ICCr peltrirriric this iancial supportirur role. because aecnelnt, ha, 
IilUtiral benefit arid iterdependen' Cit,, bIs,.ccii tire pri 'ate enterpriss,, alid the lallers ill 
undertakirl a tei, a rid ]+r'iispctiC - lItlre on crops like rtrnrrbea.ti. ()rlec prisatc enterpiise
(the local ilrhrchait ii ti C )eejirieasr tcas fir n1l+2baii aid lIackof the bright prOspects 

rin cultivatiln. tile, 
 are %killirug Ito [irui jle fiiairl support tor their Custirniers. 

"rIlil arounld I 195). hCall Iretclhart., ibltaIned sonilc credit Irm their rcular Barlok 
iliddhirCIr v,llii pros ided att least soic credlt fliIM their rcuIlr tllrIrcls, i lderIt maintain 
i Certain uIlllbr Of ,uppliers..\ fAI a,, the filancial "OrIIC,, o' tile Bangkok tlliddlcinritt 

Co Clncrned.disctslsios,t, itll I traders reveal that ri0st"f tile ririddlCniei se .irCd I'l'mtheir funds ll
ln, Of three so.uce. ilallel\ :li ris,ing funds h\ the sir-calld frienldsllip share, firilli a ll 
their peel,: frotll m rdrat froll their cillmlrercial ahnkllis; Imrn their ai. 

Since 1)72 the Btank blri A1griculture and ..\griculturIal CipOeratisi'.( 1BAA,\C. a sta!e
enterprise, has.ben :retcl s e\pardirrc arnd cropri:kg cicledit mire :.,cc,,si!,l I tile Cash 

farniters.cisses. 
 dhic credit, has e reacd irnl\ a sirrall prhprtionl tte faineirs.lie Irlrlrit,
of, merchliants are %r. plea.,ed it ,c tire I3A.\C" e\prsirl t prirdut-,tir creCli, ti their neliarlby

farmrers and , 
 ,, ,OIurcC 

Durine the pitte easi. ui. of 


%urdhC \C1% pleacd tI he replaced KII 1A\A(" i;I credit tu the local rrlil,,rs. 
the Itlerchats ritted, tire depre..sed prices for acricImural 

cOMlluditics. the irrecalrrits t\l ihe %%CathCr. and tire CurirCOillitatt inclea.tsiU nCerlailty uf the
 
rlinfall CILused 's.tIbsatiriial hlcsse i all mire lIocal illerchllts. epeciall\ thrurc pruidine credit
 
fir farmer,. "heretur. ln.'il rnircharlts are prescrtI.s rather IlLctallt fit pius%ide credit tir f1rrll1rsN.
and this..." still pro ilnr,,credit dh sir inl\ tor irnlalntl tihe IMr -1stabished rClathiriship \vith 
sorille f' . 

The hilancial ,uppFIrt aitd cr'dit plnir id.ICd h tie horal nrcrehat, curs rs a iside spectra of 
credit terirs. The siriplest rite is the slort-trlr Cerdit either ill cash It il farri inputs,, while ,, the ither c\trec occur l falner1ocur filethr 1c i, Cilplel\ SuirrtNcd h%the hneil irerchant who 
niav be regarded a,, the euilphui'er of te' Cr l r. it Its nolctei rtlns that the flilanicial support
arrailireri bt ecii the local ilCIrcha,1t arid the ta icr. liartictilals\ ii tire Saankhalok area. 
has beern de Cl,,pd aill adtCd as a sas ii life tu bilh pailties,. "r cite olle .aliple, five
%ears aiN (lic Of tlre bih1rirrcharits iniSasskinkhaluk. ,',kho had been in the a'ricultural buiiless 
providing credit for Iarillers ir lit0'e thln 3(1siea's. dCcided to stop providino credit to imorethan I .I)0f( farirers. He desttroycd all of the record.s rt1' ire lfiner,,' debts and returned all their 

http:rtrnrrbea.ti
http:mlunIlbnC.ll


i 

Pri. 457mAte Sector in Thai land 

land titles. Surprisinely, two ears later he tound himlf inl\oh Ld in providine credit to the
 
farmiers again. beciase hie :oIIuld no0t refusle to help hi" l01n' ,soCiltd lillllers.
 

This finnlcial suppoli or credit arrlcmieilt Ibts\ccu thC mIchant and the ltrincr is calleId
 
toukae'.-Iotikr;rlationshiph ill IhIM ,1nd iN qltllte iec*iCt ill thoC nu Lcgbcall- ald black
 

oram-. asts\ell as otilher cash crop. produineHi'areas. Slch i relaiMonship has hen pla.; ing, a\ ital
 
role ill the de\hpitn :Il ca.sh CropI' prtoductioL 1 CIAl and nliunee'aaII nd
and e\lpansion tit in0 

black ,r tl Iii particuiltr.
 

Other Services 

itthe Ipit. Iltost tIt L,1hIc lti heiIts hidI their os.IItrait or s "; .it plo.I d plo'. itC\\ seleices 
,1tothe iiiIn itC ll Hnd c.'t,l Crop frllllil. L o cal i lints cei.crall. \t, crc not able it collect
 

their plo it l cr'. i e ar''c frllm tanel " ill cIh. so it s'' as itiplicitl, r,._oa irdedis inoth,e'r form
 
ot credit to) Ier liee,CS rchaut, teaI1li oed that the plo i I I,,rC ice \\its not
tIIl I cailI IrIIdual.\ 
I prof taIlihe ac1t\1 . npr111p,".d to other operaititn', atuhlthe b)u in ind W1lliii of1 aericultural
 
prIId'ICt. I)(I Ieaor o I I ta itope it s d.ifliculIt for the uccha[ts
tok the ialit\ A2 icntu:i r 1,aton '.t, 
to fIljis itili'c the tra,,itctor,. so the. lI litenaitee aiid o0\ erheadI costs,,t l.re :h. . so eilehi lIIlntull 
of the iit.ltat. parlticulall] those , lho v.crc close to the production resi,. kept (oull One to 
iso trcItOrS for" trI sOrIll' -' ai21I' ltt ral p(11da..itsI lltoIll iall to k'.I. 

At thC bcuti1 of I/tt). the a1oi L ll iutachmluer\ dlerhCs laiuIteLId aises pron0totio1 
Ctipaien ''hich ooffered. either aIlo teri list llhllt pIa., tu,.'nt or rental-purchase, plan that made 
it ittrac.tie and ellla ible fIr the \,,.ell-to-do an,1 rI, toI 0\,,\ ('oneiuentl\. qite a i I IIb r11 a trac.'toIr. 

to Iir liter\,have otlined Itactor has bell ICeriied throuh intr nC\ Irmellr "It tite\ i 111t2 t sole 
h\eL' obhtalined credit ht do., it p'. Ilicllt from their local tilrchants. Since thtn the , elf-to-do 
ailier , hake_' takeii ci phi' ,et\ ' c iist fli +localiliclchaillts. Ir CLaldleso the ll. i I. Ilroii 

, .of \0h0 ihCoprfrtitd sluc.hselr icIC l0.al iiilillut ol fari,,e. it has illustrated that the priat 
eitCrt.. iCL ci.,,l\ tI0 


itlltnbetn atd other cash crop laritir,,.
 

cnrpl rises hal c becti elfecti'. ','k atlt ,d liitl I itI t si .',.nicesthe 

Role of Private Sector in Rural Marketing 

The c+rucia ittarkCtine f'Liictioils untdertaken b\ the prii ate sect r in the tratdinLi of ItllI.!hetli 
and hlack grain it the local market Ictel is disusscd inl this scction. The itarketihti lunctions 
performed h\ the locall iiicrciaIt, for these: ciops are more or hess the sante as for ot etr cash 
crops. tiencrall\ the local ttercha"t arc acmtive iailithtot all kindsot asicrops wich ate bein 
produced il their ttildiate oir Ilacrh ; oinl\ ;.ta e.'. local nerchants are spciCli/Cd in handling 
t,'.o or three i cuti. ural priu ct,. 

Presale Marketing Activities 

At lcast tmo idetiifiahle presale marketine scr\ices performed b\ the district merchant. 
can he identifihed i.e. the thresliiI ser\ ice and the pro%. sih of 'unm sacks to hold the beans. 
Once the Imai.ture mnebean and black rati pods., ar11charvestCd. they are dried Under the sun. 
Generally the hean, are threshed I locallv-mde threslhing machitne vhich \\,sas introduced 
by the local acricultural machiner, husinessnen whoImodified the locall111de maiiC threshin.e 
machine. Tile district Ic',el merchants usually provide the threshing srs ice to the flainters itt 
order to cope ssith i increase it intuitlbean production at a hare_' of US.2.40 per gUnntys", iack 
(one gun'.sack conttains fron 115 to 125 k. ). Il many CISs the itiLnbC.in lljiritiers obtain the 
gunnysacks inttadvncte from the district ir local illerchant's 'ho I)urcthasc their beauns. aftcr whichtime. ti'e cost ofl.ttysacks '. ill be deducted This means that tie niclchant. are not otly
providing guntt\ sacks, but also extendini credit to thte fartrs, I-it'I' ever. tile threshint of 'eans 
for small producers is done hi\ tramplin.e tile pods. either h draft animal or tractor. 
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Dtrin: the intervie' inc \~ith iterchanis in S;amankhalok, it was relported that ini the harvesti,nu 
,sasoll lhere V.c clscs Otitrillers kho asked th iterch:t.nts for 201 tin ,isacks(lthoullt USS9.60) 

to keel their black _,rain in until sae after one c.k. Alilhotnuh tile arlinlers \\tcr. not known 
t them'ni Ihe\ Ch,e b U1,t_, h :uid niCtel\ ni ilte niCMilie and a1ddess,- t theIariterS. Such phenomn1n.i
ililitSr"te, the e;t,\ atd qnick \\,\ in k\intch the I'ltaillers obtain their nccesrll\ marketing services 
Iroitll the itiechatints: tiirtherillor,. it also Cetnoistlli ilratcsthe ,\stlll of, trust in doillti lsitess 
hetcctn i itli Futie 

Transport of Produce 

Thel trItil rt Of iliteell,.i and bla'k ltlraii is unilertakci y tilleast txko itirket participants.
ttitteii the t'ierkc o teal LitltCtiati iild tle ditrict in1 !Oiel tichillit. The r t lC3l 
ittiddleitall is i otlc-in1 iil operation. lie has .i pickup tirck aid tra,' J, itt tnei ittle,'l til- Otr
Hlack r.ititptodncitie alrea Ito oth.r t busIhbea s titl h I t'e ' ailtthe tirke1t pricC ilti
 
,,llall ti tillttM lh.h iS .,'UliiiltCd it ittier ,,ild (t thi
lld local ierC l lls. th'e e\istticel. Ot 
the IitLckers iti Iiwiill',% Ol titli it s to(Ile C\ti isii (t te (e' ietriad let_'C rk 
1t tile' tirini IsL'Ci nl lie C illli"ti1 I\ , 1 ,lL i, iltlC ll ii a \. i'lit b.tsi i lt iitesl +itwl blatck"Mlilll lh <_r. J, H,Ic1llll + li' Ill tli' !1 1 lcllm1, c,..hilillcl. tile' llt,.kcl, tlin dlc"oinl S',' of (liet. 

lOtL-'dl 1 Idl , f~ll" 1J\hiic.'tt'_lili \c Ill iIlll Mllli2l112 lltl lt' i ndll.hl ' A tdilll hc'l ' -. nltsC,Mos 
t theti at ehtil ,ilii\h , lili ,. dS \\L'11 ALstile ~l) h ti i lolitllrtC' Ittllil ",..'C i [fick up iltit Lti ' 

irtiitlt ts. lil iL ',L
c the IoCill lll c.lilit, sc 1l) l tt Lllctliii s t s III the )I ltitltl
 
iarc ii ike cc %oithl
i tlllder to i tilLe ltilt l " i d h ll 11111111tir II i liu\ III i1 ll t tlhetllI'- 1+tll Fcas,l l t1o 1Clim:,. lie l 111 %k t_\tLI 

s' ilicltC~l t I.' h iicrd 1,1l11, ill "1tlll tc Iol he ilifl\ ill the dl,,,t ill1' 
if Itiliiheal ilatd blIck e iMi. 1 ,t Ili1iced Ill lifte iductit beciel,ttiriculi those alia. of (he
itncreasitte miatarket ci ipitCtli i iicli c.,, itfe tl h il i , oftaa ,ti s tinlaial \fitlntie t tade
 
itt u ertit Sit r l,_ Ill tilte bit t.ess.
 

Market Information 

lPrice iit*O litiitiin Itlr itltll2 antiitl black rani is bruailc&sted tn the rtdio, Iw the pro rainis
 
iof ses erl riltilttei Ilhise r. aill Oit 'iCil ',Lit", V\ . CitiltilucteCl ill I9)85 h\ the Of'fice
.,cui uciteS. 

Ot A1iclttui'al l:0ciuitiii 
 . te cals that ntinbatin ltiir s recei sed tlie infiomaiition tromt the
 
raldio, iteilor,, tild euus
ettIiI ui.cias 1 1(t' 22; tid 8' r.specti, i.l "h ile the' inaliirit\
 
(5' re;i it Lccd price inltitntiatiott troilli iiir'hillts.
 

[he 1Is (it ltlnirketint. inltuiiiiin ti Ilittibeitll ail black '1N1111
is 1hisil in [it. 2. The
 
mutarket Sil.itin ncl rCC Il the ililplrit Collit, are traniltintlcd it le Bangkok
id in eaIh 

e\piiCt , M,htheftltr 
 t le illorlltiit itll I th tle tAkok mniddletite. "TheSe iliddletittiin 
tralistillit iitinfiatiit t their cliItotiesCIo te local nCChit, \1i their dail\ tlelephotue
eIittmtulniunitii ns oir h\ tle'.'trai for a tes itile area,,. he locll ichiill thet estblish their 
daily ptrsiingclll Ie ltsed ll the illtniritiatiit itceised riiit lie Bangkok tiiddltllll and
tile StF+pl\ Ctitti%,\%t is tui te ippaelt thatlthe inirket intformationtis ltttlvithin iearea. It 
transiniteibd h Illterlhiits. 

Market inltrinilttiii ltii Ittllttttt , il intd iuic'k c1miii is tilte i- less kniu s hit ll] cotnc rned 
market partleiilants. Hi er. ea.ch indi idua.il's JttetCitatiit aind peicecptin tl the aVailaleh11 
ill'rllitll is. to ,ite e2\tt.ie ditlet (ottseiltl\ .it'etet mitarket opinionis ate tOildLt.
aid diterent ilarkelt posiliols , ald straties ateo,didllkll h\ the ctncrtiied iiarket participaits.
To cite afrecent eximple, in I986 altiit all of tilhe airiCitlir~l iecihints ill Sa. atkhalok hld
tile saneiitarket opiiouin that it , o0uld be beeiialCiii cilrry black uram stock: ihereftre. these 
niter.ha n s stal' iCd1cniCtialt inri 7 ock b\ l s ituth ais cIlCOlttnotitril\ frot the nearbvLk -' ,it ill, d.\ 
areas., btt ilso 0toti h cIhbtin Piro\ince which is oreilia hi 280) kill a\\i\. This createld all 
unusual backa.ird niarketin lowt,of black ,ralin to lhe local tirket instead ot'"tOrward 'low 
to tie terminal or lJ anukok mnarket tor export. 

http:niter.ha


I'riv1atu. Secur III 'hliland 459 

Grading and Storage 

file mo;rit lers sell their itutth0 clland iil 
all, i,,. inll tile 

By'and lar . ii tann t black gian tllixCl grade. 
Olsk+ ill areas he rittci n eb.e,tCan ttdtICtel at tain level h\ elassiticatioln
 
into two cate-ories: tl ) la;re eIed anl (2) sinail Iseed. lch CalteCors is turther ,divided iltlo
 
good Luality (first ,-,raLdeIand as etag iaflit.. (second 'rade). lltss ever, it \%.as obscrs ed that
 
the lack t radin, , at tilefarlll he due artl\ It tileStiall ttlantitl Of aCns
g' practi ICl IilIa 

produced \ each rtannr and parti to the lack of an c,,o ioiiiall.,-\ able crIline ,Ltice I1t
 
can be Lsed it tile fain llel I li gr:,.ii, pr:actic 0 tilelo al ierchinaits ikdoe bI\a ubjetive
 
nethd 1'ise,+l n c\pCrien.'c ind pndcIL'lten.Ult iii loe .olor.balie+ oitixtiure ol' f,01teiigc'i/e. deree ti 

material. and thle inotillc content. [l1e nlotin., ciittll is nieaSnrtdl h\ ;bstandard toisture
 

Neserthelcss. somc hi.', lidits Il turaI ill laseiinei the iiiJIkCt, CslCCIl., Sas\sinkhalk. 

a crac,,ili im hiltc i i ale e l th, ild spoiled ealu and flurtlier
s lis..i to trc,.t ltoicIt'llliatCriail s,. 

,eparalte the beans into three Or lit de . a cordi. g to si/c. illc gl'rading is practiced ;t
 
tile rulral Mirket. there has been Alladsalntic ot \.ertcal iltcratiotillo', ithilocal nmerchants
 
and c\plorters in the traidinc otlltiinic:irt and1 lack Lraml.
 

With the e\palsion of it and black 'raill.,\.cll of othercbu'hcatl as tsthe prounctint casl 
ctr111,1. Sililtallnte l\ the e c;iit\ atoat the rrllilmaI-ket has e\piianded andCror IeInlS 
faicilitiCS attd Cqiittirlct ',alsolhas c ite statlibshed. [lie cxpatsion of local or rural stilrace 
eapaci caine frtiloortC atelltepl.isec ti p1itt: groups. 

iretie o.Cl .sThe first grol irclahiCits ho riluiel,d th'att the iticreitn.g' trAd c Couiupet itiiii 
made it \c[-.\ diflic.ult It'dllucL't lin huinssC di',to -l0-dAshu ig, atld selling tiperation. 
Theref rc. it at"lic',ssil r lie oCal nrcluhiit ti t nii l \ hold slock: 'OlisClunCttl\. 
tile\ ha Illlddtioii. "( eti the laf1 l, haC e\illd._l tie stotlicecC.ldi.t. C ocal utierehalllts 
aId()JI't either lfiUrs 1u1CIrted .\Itortinlu ,pelrti~lus or hi Che.el atiliated to the '\ orlers 
in latiukok. so their \,orkiig capital has inc racscd ind sloraglc capaCit. has also exupatdcs. 

The sCOnld troIpIre the local cominitrerail hatks atid tellst10lieic of local bnsiles"ilnelln 
Who Mitade itieStIlClltts illthe iubIlic s\tUI tile atarcose hnSitcss...\t preseIt. sforagle capacit\ 
sitttc local markets is qlUitC adulateC. For ex;il,. tileestitiatld tt1al storage apacit ill 

Sa vatikhalok is trntti 45.).)( to 55.1)11. 

Role of Private Sector in Terminal Marketing and Trade 

The 1llhim itI- liscl,,sini is fo01.cised ktt tihe role oi the itarket participaits at terminalfile 

or iBanukok mariktC1. A11i2n these Ipaticipatits, die role,, ii the Banktiok itiddlemni and exporter 
are discusse~d. 

Market Information 

The Bank-, i.arket is tle center aiild tileinitial source for infort atioti oin the demiand of
 
iluniheatn and black cri . recti are miott oflothe traders. partieularly
hs sicalls . thei here 
middlemen. are located. i.e. the S itLiisl rtiad ald tile\litrC.it road. Durintg tile trading seasoill 
tile cmmullnuilicatiol and traniiiissiiti iifittarket iiforation arnoiig the exportel's aid Iliddlelinell 
'ire aillist illtllalltoLS lild 'ach trlai r airket opinion and po)sitioln ba1seCLcmlltilllis. Iiriitsla 

ill the availahle iuiket infiritllatiotl ailld tie spilt sale. well as
individual e\pertieicl'. "liCn as 
short-leriti sale. ciontracts alitle lleimlcen .are 1Ctcii the exloter alld 

The mniddlileicti. in cencral. tratis il the Iaiitkok itiarket information to their Cistliorers 
(local iierchants) ard make spot deals, a, \\ell as short-teri foli'd pULrchises,. With theill. 
On the other halnd, the irned'0U'llCtlsupply illliddicun arc of" tihe clditioln the local markets 
by their custimiiers. In turii. tiddlemilen transmiit the local market inforliatioin to their associated 
exporters. proeessirs and iolesalers as,, li. deminiid cnditions. aild other%vell. The supply il 
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market inforuation, are transuritted to and from the Bangkok rIrarket through all of the alove
mentioned market participant,,.

Attempts have heen iade to assess tile o.erall el'ltciicc, o tlhe translinIssloll of marketintormation on iun'ihean h%anl, /ine the price no'. eneits uwsine, the a',ailable annual averageprice data t bolth lauc- and ,nal-,eded at diftfercnt iarket l\ el, (1-ic 3a and 3h). 
[le price fluctuattiUn bete.. ccii the tvI0 t., 0l\l\,d aSiiiilar pattCrn and tlhCpe', IS [01seeds 	 dificrences
bl 'et-t n these I'..k prices Ia.\IC i Iatiher \'.ellmaintained...\ .ililar pattern of pricc Iliilvli1lts
t1" int srnla-ceded iiiiulIai i a fite farrnilarge- level '..,as also observed cep in 19 82. 
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Figure 3a. 	 Annual avei-age price movemnent of large-seeded mungbe-rn at the Bangkok wholesale 
(BWI and farm level 1977-86. \FL) 

Figure 3b. 	 Annual average price movement of small-seeded mungbean at the Bangkok wholesale 
(BWI and farm level 1977-86. MFL)e 


oicernirre tli cficieii f tra3aAinisjia ()I price intormation rit ie bean.itshoUld 
mnted that 	the prices, ttie lIanikok the farm'. hles,. u id level marlkets ]Iutuatd illthe seIll 
direction in7 out of the past I10xlrs. This Could be 'i'Carddi isa roti indicator ll70'(
efthcienc\ of [nicC traiisiiiusl.i llis 	could Also umal that h% and laric the tramnimission of'
market iltlrimnati;ii. %%hich s ritIuimi.d \ all market pailicipalnts. is son' hlat eflicient. 

Grading, Distribution and Storage 

Since tineItiiiii. of imuuOhcaiu amid hack ,ramnis exported to) aic.' prinkipal importing
countriCs. gradine 
otfthe heais to ttlei ilnptlers" retLLiireiemntl,is ',civ iniportant.
ons.eetl, exorltIer,, have Coil tintl~lModified their- .raline pra.[CticCs to10 eet ine ch1annin 

iiCeds of tlneinpirtin2 cnnlries. At I escinltineexporters are technicall\ ahle W1pri ivide aS 
a1n.11Veiadtcs as tineavaiilable Si/C, ofl'the sic'.C,.
 

In the pit. tlneeradi'NIof ninUrnLMLeeain
and black 	2r-a11i
nlcCi pIOilcnls such as cliniiinatini!
 
spoiled bealls and otlierlteiin iimteriail sutch as tin ,tones 
or earth. I sonic cises itreqLuired
hand labor to pick illundesirahle inatter frotln tie beans heftore 	 Ho'
or alter sic\ in.i-. ever. inl
 
1982 a mnechnamnical springing separuator inpotetd from 
Japan suol'ed these prohilemns. This %\as
mInade possible through the cooperative etlorts betmen the Thiai exporters illtineJapanese

itiporters to iipro'e tine
grading proccss. 
 hich in 1,u1 contributed sieLilicaIlll !0 tine ovell',Ill 
market and price cfficiencv of iIIIunbeai.u arid hIack raili. 
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Most top grade beans are c:.ported to those ligh-iticomc countries such as Japan, Singapore
and Taiwan (Chiina) Ihr human Cons Upllption l. ,.er 2grade beans are exp rted either to the lower
ilCOmle Cotries for hmanllonStLioll or Other countlnries for indtl~trial ise. However, only 
sonc ngbean is distributed to the dolestic Users and market outlets such as processors and 
retailers. 

Anlample storage capacilt\ exist,, in Ban kok for agriculturaliproducts. A majorit olfthebeans are tCm 'poraril\ stored in Banmlkok for C t0'1. ()CCaSionall\. "o)tile SpC .'uli '+Stock has
 

been held M+ the utiddlHiCin nd tlhe ',\tldicalte SpcCal'ators. Stch a situationi occurred in those 
,ears when bean pricks vcrc lom and the local it+croliatlls were hesitant to carr\ too stock.IIlucLh 


Expansion of Demand 

.\lthIOUl. in the latst t\o decades tht.\pansioii 0'it]nthlland black L'ri pLIIIctiO t 
has been it respnIse to the incrCasitie dnid lroll the Intjor irtiporting coLuntries. the market 
participants. Spceiatll\ the exptrs.1hs e been activl\ in\ol\l inl c.panding and e\plor'ing 
ne\,mnarkets. .-\part iidUil. as\e.llroll the exporters al cas .rotlp. ellorts in elpanding export
markets. the coopcrati, e ttoris aillo los e.Iint acencies and the exporters ha.e niladt it 
Successful in Se.kiiie nes. mrikCts sich .,s ill Chilli. The efforts at exlding eXport denIand 
t1ui 1tit ;.uti hast\bCeca ,olines, 11101V sUCkesst il thtani for black etaii 

:i ethNCiCI'b!ilIC d(t black 
cramZ.it is belies d that the domeistic d,.iiaiid 10i muiean l2C 

lII spite ol' the Of 1 louHiicti ' 'Otllshlliplion of itllLnnebeanl ntld 
has benhtcaSine . all the market 

participants. particiltrl\ the M.holesalers. hnsc contriuted tossaid this situion. eSpec+iall\ in 
c',llSllllDtII through tle Adop1tiont of loderli nImarketing,expanding oitlC stic hl'iiAnn n ll ni llt,.ghean 

technrolou.s. That Is. in Cirs llll-lmcan hIt,, plastic ha"s ill +ariouisrecent been packaged in 
wei'hits for Sale i mlost rtail Stircs..'.Muinebca has al tso een ds rtlsIed in the maKIss Media 
like tele\ ision Mnd Ialii. 

.p\lIlSioll the domel+stic andAlthough the of demitand for timunghemm black _ral in the 
1 \nl studied. 

[ie deniand hts, increased. It ,.as. llt,e,er. nted that tilization b, the processors ot llntiriebearn 
ksas rather snhSitiv to the olliparati\e prices, otf other beuslls. 

processing induistr, hit'has, cihee the utters ess, elmarket participants elicved that 

Marketing Coordination 

One of tihe sielitica:tnt colitrihutions of' the [eri t,, ttothe d esehpllernt and CXpallSiti 
of' trade of'cash crops IS the cstablishmnt o'tratders," associations. CSpeciially the Thai Maize 
and Produce Traders .\ssociatioml which ilulCdes the traders (exporters) ofniulghan and black 
lanit. This association has been ful1titOlill aS a Coordinating body, not onlv bet\ccn the Iraders 

and the Concerned coveCllelCllt acClCieS,. but also betwee+n the tla.dlrS and inporters. 
The Association coordinates with the cserunjmerit inl itlipli1erting sortie trade reCulatioris 

SLuch as tileeligiilitl\ and slutaliticatioi of1'being an eltxporter of the controlled agc'iculltural 
collinloiities. The :\ssociatiot also facilitates in ttakiuc collecti\e Lradinu arratceients between 
its rItCIbers arid d1e aenciCs concerned inl the iniportnng ctountries. It s,as. itpart. through 
the group eflorts at oordination ol the AsSociatiol that facilitated the nluurigbearn an.d black grain 
exporters to eXpan dand explore CxpOrt markets. 
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Recent Trends in Marketing Mungbean in Uttar 
Pradesh, India 
R.K. Singh and R.I. Singh 
C.S.A. University of Agriculture and Technology, Kanpur - 208002, India 

Abstract 

Recently mungbean has become a potential grain legume during the summer season 
(April to mid-June) in northern India and during the rabi season (Sept.-Dec.) in southern 
India. The increase in production is mainly through the increase in area in the rabi and 
summer seasons. Wide adaptability of improved genotypes to specific ecological
conditions has broadened the choice in farming systems. 

Mungbean grain passes through three marketing channels: first the local traders 
serving the rural consumers, second thie private urban traders, and third the government 
agencies. 

Eighty-nine percent of the produce passes through the regular market channels 
and the remaining mungbean is retained by the producers. The major part of the produce
is traded at the village level followed by the urban markets. Two-thirds of the marketable 
surplus reaches the market within one month after harvest. The existing imperfect
market conditions reduce the capacity of the marketing system. The margin between 
farm and retail is much higher due to the weak marketing system. 

Economies of scale appear not to reach their potential in the performance of market
related activities for summer mungbean. The transaction, handling, transportation and 
application costs are generally high. Farmers have less bargaining power due to scarce 
market information. The study suggests that by consolidating mungbean production
into a large geographic area certain costs can be minimized. Parallel to improving the 
production system, there is a need to develop the marketing system. 

Introduction 

0l the tnaiol and pteill sources 
pLilit)ii %C. lau,, behind that ol'cereal crops. This study 

NIlnghan is n)lie c Ilric cn,..r for the large \ectarlan 
Cr. tile prlducl'i, itt 0l niim i.hean 

iill CxaIlline thC production ., ith,particular lOcus I forces Which illueniceStCn1l on the market 
the CCoot1liC a Optfniunuenl01l prtlduction. 

Area and Distribution 

In India tie nmijorit\ of l'arn ers n nnlitebean alter the harvcst ot,,1v, heat and paddy crops,
Mungbean occupies 10).79, ol'the total pulse area and its t.85 million tproduction represents 
7%'- of the total pulse production (Table I j.InI northern India. e.g. Pull jah . Har\ ana Bihar and 
Uttar Pradesh States. unghean is culti ated alter the \%heM h'ar\ est during: summer with assured 
irrigation. While in tie eastern and Sothcrn partS (\Vest Bcngal. Orissa and Andhra Pradesh),
it is cultivated on residual soil misre afer the harvest ot padd\. The changing pattern oI 
munbean cultivation reflects the gro\vth rate in term olarea. )roductioI and productivity (3.21. 
5.60 and 2.31. respect ively. du ring the p:riod from 19 76, to 194l ;5)1()ES 1986). 
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Table I. Relative share of various pulse crops, India. 

Crop 1950151(?o) 1960/61(00) 1971/72
(0 ) 1976/79

(00) 

Chickpea 40.87 38.44 36.40 34.40 
Pigeonpea 
Mungbean 
Urd bean (black gram) 
Moth bean z 

11.77 10.1 1 
6.35 
7.20 
5 86 

10.55 
7.70 
8.07 
7.94 

11.21 
10.79 
9.42 
7.38 

KulthiY 
Lentil 

6.35 
3.22 

7.73 
3.33 

8.21 
3.91 

Pea 4.77 4.11 2.69 
Khesari (Lathyrus) 8.12 7.58 6.60 
Other, 9.58 6.69 5.39 
Total 100.00 100.00 100.00 

ZPhaseoljs aconitifolius. Dolichcs biflorus. 

Recentl, muniban has occupied a large area during the rahiseason (Sept. -Dec.)especially
in Mctharashtra. Andhra Pradesh and Orissa. which toOether Sshare about 65( of' the total 
mungbean area and 67.7U of total mungbean production in India. l'he d i-antatic increase in
nmungbean production occurred due to the expansion of a-rea under 1',ob' ild SUm nlIerculti,'ation
from 546,000 ha ( 1970/7 1)to 8351000 ha 978/79) 1DES 19841. More than 91)';, of the 
mungbean area in Orissa. Biliar and Andhra Pradesh States is planted in the rahj season and 
has become the inajor crop compared to the kharif (April to mid-June). 

Marketed Ratio 

The official statistics of the marketed surplus ratio ,f"mungbean and other pulses are based 
on the surveys conducted by the Directorate of Marketing and Inspection in the late fifties and
early sixties. However. these ratios are no lonuer valid for the eighties since prduction of various
pulse crops has almost been static, whereas, human population depending on agriculture has 
increased many fold during the last two decades. The ratio of marketed surplus of different 
pulse crops, thus. .;ho'asa downward trend (Table 2). although there has been a marginal increase 
in production. 

Table 2. Marketed surplus as percentage of production of mungbean and other impor
tant pulses, India (estimate). 

Production marketed
Crop 

1961 62 (1o) 1981/82 (o) 
Mungbean 60,70 59.81 
Chickpea 45.20 40.30 
Urd bean 63.60 61.30 
Lentil 58.80 53.50
 
Pigeonpea 62.40 50.88 

Source: DES 1984. 

Consumption 
Mungbean, like oier pulses in India, is consumed primarily as dha/ (split grain) and is 

used in the preparation of other local dishes like bara-idelv and For sweets. Although there is 
no estimate for consumer demand for mungbean, there is an estimate for the demand for dhal. 
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Those estimates inlldicate an overall iri'ntl, ,.iti,'it% )il'tIlIitll l1'0.6 (Chtipra and Swami 1975}
while Radhakrishna a.UldNLurtv ( 1980) ,hCrveLl (hll the rin.!e was I.(, and 0.5 1''I-the hiss r
inconil. and highCr-in.HlC crtLim,,ps. respect.tivcl\ . (on.sirtlcriS rCspond to hicheCr pulse prices wI\h 
los\,r" cOIin,,llpti)on andIrCail a rekitielcereals at,, go0d substitution. .\ ]() dcrcasc in the
price ol cereals drastically lCrCd pulSe cOnSUmptiOn h 6.5"' and %ice lChipra a.ind 
Swoaliir 1975). Inconme elasticities arc tronlind .()Iii edible'in.1il,, lfoods fOr hlowCr'.le arcil the2-

illcoin rural and nrbaIn Indi:t0ti ,'lo0lok. 
 hCirea tile Ccleca,- 1'IrhiIhr-iICne cironPS. 
Thus., thleIe Ld prssurItl-e for these connioditis, %% especialll) of'h\ ill inceilase ia incomte. 

incoie, ris s. Pulsc and edilC oil price claslicii\ is around -1.(for the lnow-incnCie Li'rOuips.
 
For higlCr-inrct ps.l price elasticits dinihllei',,,1t 1ibout -0.2 idictiicll a less elastic d.mand
 
(Rao iand VoIt )ppCn I1)87.
 

Wholesale Price Index 

Tle hilesale price inde 'for pill,,sincreasel bs 1(1 diiring the si xtics. \whereas theS' 
svhole,:i, r;c index lor all connnoditic rose h\ 42 ' durin, the sall peiiid. The index price 

p!onpcarate lit"di fi',it pul.s, ra.tngCd tn ll594', (pi . 513"; (urd heain). 5I10') inunbean).
42V§ ichickrea to282i (iow IcIlntil) (aiai ipalan 19855. Price cimnparison hetween" pulses

and Cereal , rC\eiled tha,1t the otile r .Orup ....'r! 
 a hiher price indc\ than the litler grlup
 
I''ahl, 3m.
 

Table 3 Wholesale price index, India (1970 71 = 100).' 

Year All pul-es Cereals All commodities 
Index no Variation Index no. Variation Index no. Variation
 

1949 39.1 51 3 44.2

1959 455 15.9 IC I 31.0
-0.4 15.4 

(15 9) (-0 4) (15.4)
1969 94 3 141.1 99.0 93.0 93.2 110.9 

(108.2) (93.77) (82.7)

1979 242.8 521.0 183.8 258.3 225.9 411.1
 

157 5i (85.7) (142.4) 
Source Ralagopalan 1985 'Intormaiton in parenthesis refers to the variations inwholesale price 

v'ers ,cait ntirniation i,,asailahle on the elasticit of deiand and cannot be utilized 
effeively for polic. anl\ s.¢,Analsits mfdisirict dita frii 1965 ti 1975 oinproduction (supplv)
illInspoInse to caiiinge¢ ill price,, of rilatis i coinllnodi\ tnd inlput ree'Calell n elasticity ,Uupply
of about --0U 5'7 . ii inplies that a Iii( increC illprice tos oLuld le;il a ().5 7 increase ii 
prodution.his, inelstiic suppl, t¢%respoinse to price chanue shods\I that With in{crcasinc deimand 
(Lire to iricontll arid population grosos r I sharp ri,,epulse prices %i uld niot hring a till crresponding 
increase inproductioi2 

Marketing Study 

The availabilit ii) inlru ved n11 ian, genot\p s has irade possible ecological substitution 
from the rainy (July' tio Sept. I to the sunnluer I April to tid-lune) season. This wide adaptability
(Table 4) to specific conditions broadenrs the choiice in f'.armin systems of Uttar Pradesh. 

The Ilwoing itmllslitage stratifiLd Sallpiil Of lllr.ilglof fronugbel growers three different 
villages of' both the Etab and Alitarh districts was ciinducted during 1982/83. 
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Table 4. Area, production and productivity of mungbean in rainy and dry season in Utta; Pradesh,
 
India. 

Year 

1980/81 
1981/82 
1982,83 
1983/84 
1984/85 
1985 86 

Rainy 
Area Production 

('000 hal it) 

0.17 0.036 
0.19 0.044 
0.19 0.033 
0.19 0.035 
0.17 0.040 
0.20 0.060 

Productivity 
it ha) 

0.21 
0.23 
0.18 
0.18 
0.23 
0.29 

Area 
('000 ha) 

1.19 
1.24 
1.47 
1.32 
1.27 
1.27 

Summer 
Production 

(t0 

0.52 
0.55 
0.85 
0.50 
0 44 
0.44 

Productivity 
(t ha) 

0.44 
0.44 
0.60 
0.38 
0.35 
0.35 

Source: Dept. of Agriculture. Uitar Pradesh 

Marketing Channels 
Alter harsest the grain passes through three marketing channels: first, the private village 

traders. servinu the rural consumer: second, the private urban traders: and third, the government 
ageniees that procure seed for tihe neXt s.inc. 

Table 5 slhov. the sinnmer nunuhCan productiOn and sales per htosChold during 1981 '82
and 1982/83. Estiniates indicate that ' of the tr)ductioI1 obr cl1is retaitned home cotsuntption 

while 89 is sold through th1e reCular market chamicls. Of thc 89'; etering the regular mitiarkets, 
8('(' is consumed in the villaCe and marketed through loca1l traders. 25'I is destined to local 
dha/lmills. II ';to tertjinal Iiarkets and mills. 2'; for ,vernuent p,',:urelents and 43'; arrives 
at secondary wholesale markets amd mills (Figure 1 . [Ho\kever. e IlliOr trading (6W'; )is 
conducted ill illaCes antd only 311' ; in tileilarket. ot 5; of the farmersthe to 35 sell 
directl to tilevegcetabe sellers in the district market. 

Table 5. Mungbean production and sales per household by size of holdings in selected villages 
of Uctar Pradesh. India. 

1981 82 1982 83 
Size of Total Total Proportion Total Total Proportion 
producer production sales sold production sales sold 

(t)t (t) (30) (0 (tI (00) 

Kashganj Market 

Marginal 0.18 0.15 8330 0.32 0.28 87.50 
Small 0.84 0.68 80.90 1.37 1.19 86.86 
Medium 0.97 0.83 85.57 1.78 1.55 87.07 
Large 1.18 1.05 88.90 1.64 1.48 90.24 

Aligarh Market 

Marginal 0.17 0.15 88 24 0.37 0.32 86.48 
Small 0.31 0.28 90.32 0.71 062 87.32 
Medium 0.71 0.62 87.32 0.90 0.80 88.88 
Large 0.92 0.85 92.39 1.29 1.18 91.47 
All farmers 5.30 4.62 87.17 8.39 7.43 88.55
 

Nearly 75 of the marketable surplus reached the market within 30 days after harvest. 
Postharvest glut and presowing scarcity were commonly observed in the mungbean tnarket. 
Seasonal price 'ariation was attributed to higher prices prevailing during the off-season (i.e. 
second fortnight of June) and lower during kharif (September harvest) (Figure 2). 
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SPRODUCTION 

RETNTON IVILLAGE %7%2 PRIMARYo TRADERS I WHOLESALER GVT'AGENCIES 1 

HOEED AMET LOCAL SECONDARY WHOLESALE TERMINAL 
IN KIND 2' DHAL MILLS MARKET/MILLS MARKET/MILLS 

25' 43 " I1% 

Figure I. Estimates of mungbean distribution through different channels. 
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Apr. May June July Aug. Sept. Oct. Nov Dec Jon. Feb. Mar. of mungbean inUttar Pradesh, 
Months India. 

The local traders receive oic Iioney in ad\ a nc fro the market traders. They travel by 
cycle or camel to purchase the 11n gbeani ron1111the producers and at weekly intervals the bulk 
is delivered to market traders. Grain qualily is JuLIged visuallV and is hlrgcly based on moisture 
content, size of grain and ipurity. 

Market intelligence on price is exercized privately and no restrictions were observed oin 
entry of produce into the market. In both Im.rkets examiined, tilenarketing organization (trans
portation, storing. financing. grading, pro\iding information. risk taking. buying and selling, etc.) 
was honmogen1Lts On the district level. 

Although there is atsignificant level ot Inu2ng bean production ill northern India, the oligopsony
(imperfect narket condition) reduce,, the capacity of' tilemarket ing systenl. 

Mungbean traders often deal with other commodities as well. The percentage of traders 
involved with nungbean and other commodities is as follows. 
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Kashganj market Aligarh market 

Mungbean only 17.817 12.61,-

Legumes (including mungbean) 22.2% 18.9 % 

Mungbean and other agricul'ural commodities 60.() 68.5%4 

There was little ,pecializatioln Inl munebean trading. About 13 9%to 18'(,/ o!" the trading firms 
aCCOUnt for 8) I lft ttnaIlutgbeani ritv of the traders operatetile sales in these markets. T he nia) 
with munebeanl and other l2 Lues (pieCOnpea. urd beant, chickpea, lentil. groundnlut) Most 
tiningbean traderS are in liriVate enterpri Ies. One of' the factors dctCrminling which agricultural
coniitodities are traded is their seasonal nature. In ULttar Pradesh miarketing of intnobcanI is 
restricted to its "OsaSl and is sporadic in IlatLre during the Off-season. 

Producers' Share of Sales Price 
The t%%o malrket, studied in Uttar lradesh show that tileproducers' share ranges froml 66/ 

to 75(/" (Fableh 6) but that the uarm!ii for the pordItcer is much lower in the retailer's price.
This w.vide varianct illtle (0iI' producer andt isI the sales pri:ce hetr.Nicn thlt I ,iddlemenlc1 
iLe to) the wecakncsses in the cxisti,. nIarketni! , Tthe Illidt2,11en or tradeij j.tain a set 

priptulioi (oithe sales price as their proflit ittrgi'i and inl sonic cases they havC been inc"easirte 
their margin. 'hesituation calls IfM i,,iprovetleint in the marketiii activities \ ith highervielding 
()fsociuilogical col)polnnts e.g. coOperatis e ntarketiig organizations. dhu/! iilling cooperative 
organizations. etc. 

Table 6. Margin in whole grain marketing of mungbean intwo markets of Uttar Pradesh, India 

(1982 83). 

Site 
 Portion of totalcostsProducers' -... . . . 

Production Distance share Grain processing. Transportation Traders' Marketing
Market (kin) (%) storage, handling. only {~o) niargin marginarea transportation (o) (a)) ( I 

Etah Kashganj 17 75.2 14.7 
 7.7 10.1 24.8 
Khair Aligarh 23 66.4 21.1 9.2 12.5 33.6 

Inthe Kanpur. Uttar Pradesh dha/ Isplit grain) milling-bascd market. ihegross margins 
at the wholesaler. miller and retailer les el %k 8.8% .ere 14.7%' and (a.1 (. respectivel\ (Singh
1985). The producers* share in the sales of consuncr price of' Munehean was 68,,( per 100 kg 
(Table 7). 

Marketing Constraints and Problems 

Since mnlgbean production tends to b? coicet1trated IIpockets separate Fromt cach other. 
economies tl'scale in ntarket-rclLed acti\ ities appear to be inf(reqcIen t. The transaction. handling.
transportation and application costs are g2ncerally high. There is a scarcity of market infoirmation, 
resultin, inlthe dimnished hrgaining plo'er for the producers (farmers). Quality control is
difficuIt to apply. ' liere is i, ibjectvc iIIcIasu rc ifthe recovery rate of' dhal front inunbean: 
the miller currently provides the information. The mrgin between producer and retailer is higher 
and farmers receive less than 70',7( of the retail price. This situation could be redressed by better 
services. 
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Table 7. Mungbean marketing margins in Kanpur market, Uttar Pradesh, India (1985/86). 

Trade level Marketing margin(US$Ikg)Z Consumer index 
(00) 

WholesalT trader 
(i) Gross margins 
(ii) Net margins 

2.37 
9.80 

8.80 
3.00 

Miller 
(i) Gross margins 3.91 14.72 

uti) Net margins 1.86 7.02 
Retailer 

(i) Gross margins 
(ii) Net margins 

1.62 
0.85 

6.10 
3.20 

Farmers net income 17.34 68.38 
Consumer price 26.56 100.00 

'Exchange rate US$ 1.00 Rs. 12.20 Source Singh 1985 

Conclusion 
Front the foregoing study it can he concluded that hth the markets (Aligimrh and Kashganj)absorb the major portion of nmrIghean surpluses through the formal market chancls, buteconomies of scale appear less pre,.alent in the perlortnnance of munghean market-related activities.Regarding productifi aspects. certain costs (gathering information and transoortation) couldbe reduced by increasing geog aphic concentration of mungbean production. Furiher., productionand markcting systens are closel interdependent. Therel'orc. mun.hean marketing in particular.and pulses in general, require parallel improvement in the d'.wvelopment of*the production system

(like v'ini-dha,' mdl and a cooperative marketing organization. etc.). 
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Abstract 

The chemical composition, nutritional quality and utilization of mungbean in the 
Indian diet was studied. An attempt was made to develop vermicelli/spaghetti by 
incorporating mungbcn flour at the 20%, 25% and 30% levels with refined wheat 
flour for the food iWdustry, a weil as to develop homemade weaning food mixes and 
recipes utilizing whole gram, split dhal and flour. It was found that mungbean flour can 
be successfully incorporated up to the 30% level for manufacturing vermicelli without 
affecting its quality characteristics and storage life. Mungbean can also be used as 
whole gram, sprouted gram, split dhal and as milled flour for delicious Indian recipes. 

Introduction 

Grain legumes, are Cultivated and COlmllnd 'Aid'!, in developing countries. They are 
important sources tI' f -i1i1c0le 1 !otlp. L.Ctllles are generally Milledprteins in the diet, Ithe io, 
to remove the Outer husk and the resulting split duhusked lCume (dhl)isconsumed after cooking 
and is used in various food preparations. 

Mungbean Milling 

The dry-proces, milling method, which involvyes the cond itioning ol the seed coat with 17% 
to 27 of vecetable oil by wei,.ht, isapplicable to uiunghcan (Vigna radiata)as well as pigeonpea 
(Cajailis ('ajall) and black gram (Iiyn,lIuIn gol,'o)Since the secd coat in these leCuHnes fits tightly 
on the endosperm. In the cas, of niftngbean. the grains arc coated with Oil, without preliminary 
pitting. The grains are dried in the sun and then conditioned hv spraying with 4>'+ to 5 ( water 
by weight. The conditioned grains are acain dried inl the sun and dehusked using a roller mill 
or En,,e!berg-type rice hller. 

There isalso another nethod, the imfproved dht1l milling process. w hich consists of loosening 
the husk by water conditionin2 with special co;idi.ioniaig equipment and dehusking by ieans 
of' specially-designed dehusking equipment. 

Composition of Whole Grain and Split Dhal Mungbean 

The composition f 'whole grain and split dhall nungbean ispresented in Table 1.Mungbean 
is a rich source of protein: the essential amino acid pattern is given in Table 2. 

A study on the unavailable carbohydrates of legumes. and structure. chemical composition 
and physical properties of legume starches was carr!cd out by Geervani and Theophilus (1983). 
Four high-y ,elding varieties of legumes. i.e. Hyderabad 3 A (pigeonpea). T9 (black gram). P16 
(mungbean) and BEG.482 (chickpea). were used for all studies. The indigcestible residue estimated 
after enzymatic digestion of raw and processed Icgumcs \as between 19 and 27%. The starch 
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Table I. Proximate principles, minerals and vitamins. 

Mungbean (whole) Mungbean dhal 

Edible portion (00) 100.0 100.0
 
Moisture (g) 10.4 10.1
 
Protein (g) 24.0 24.5
 
Fats (g) 1.3 1.2
 
Minerals (g) 3.5 3.5
 
Fiber (g) 4.1 0.8
 
Carbohydrates (g) 56,7 59.9
 
Energy (Kcal) 334.0 348.0
 
Calcium (mg) 124.0 75.0
 
Phosphorus (mg) 326.0 405.0
 
Iron (mg) 7.3 8.5
 
Carotene (mg) 94.0 49.0
 
Thiamine (mg) 0.47 0.72
 
Riboflavin (rg) 0.39 0. 15
 
Niacin (mg) 2.10 2.40
 

Source: Gopalan et al 	1980
 

Table 2 Essential arnino acids in mungbean.
 

Mungbean (whole) 

Amino acid 	 gg N 

Total N (1c) 3.84 
Arginine 0.50 
Histidine 0.17 
Lysine 0.46 
Tryptophan 0.06 
Phenylalanine 0.35 
Tyrosine 0.10 
Methionine 	 0.08 
Cystine 0.06 
Threonine 0.20 
Leucine 0.51 
Isoleucine 0.35 
Valine 0.32 

Source: Gopaian etal.1980. 

content varied from 40?%to 47/ . -l:iherwas les.s thin 3% in all of the legules. An analysis 
of starch for amylose, 2:itroglcn. ash, phosphorus and crude fat showed negligible differences. 

Mesal lam and Hamiza (1987) conducted a thorough study on ntwubghean protein ctncentrate 
and flour. Protein concentrate/isolate from munghean .%,Is prepared and ',W!echentical composition 
was determined. It contained 64.04/; protein. 1.8% total lipids. 27.64% total carbohydrates, 
1.68% crude fiber and 4.84%, ash. The results also showed that sodium, potassium and magnesium 
levels were much higher in the protein concentrate than the level of'other minerals. These results 
on mineral composition are in agreement with those reported by Rao and Deosthale (1981). 

Amino Acid Content 
The mungbean protein concentrate contained all of the essential amino acids. The only limiting 

amino acids, compared to the reference profile, was lysine. The other essential amino acids 
were present at a higher level than specified in the FAO! WHO/UNU pattern for young children 
(Abdel-Aal 1983). 

Buimi,. -t al. (1980) reprtcrd thiatmethionine and cystine were the limiting amino acids 
in mungbeat, .iotein. High concentrations of glutamic acid, aspartic icid. proline and leucine 
were present. 
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Functional Properties 

For coniparatie purposes water absorpion. oil absorptin, eriulsio capacity and nitrogen
' solubility inde\ (NSI) were determined illnllltlL , Cirresbean 1101n IsWellias in its fpo nding protein 

concentrate. Water absorption %is I.I and 2.3 tbr rniehean flour an1d protein isolate. 
respectively. and were relatikel\ lkw compared to that otf faba bean WI cia'ida) (I .6 and 1.8 

, chickpea ( 1.2 and -)1t11ad (17Ir.'11,I/floi-rc,'un) (4.9 and 2.0 e ,O.I. 2 fenturtC. 
respectivel.\ 	 as repo ricd h\l I-Aai 11983 j. 

The oil bil)orption fliti a u isolate ). 8 ard 1.24 ,of the .ld t )tCi it rluliliheaill \\is 

respecti .l,.lheS ICveCl, crc h0%wer clilar'd Ie \altie fot eral dr\
%\ 	 ,)t reportd ir se bean lours 
and 	protein isolates (HAIcI il.1982. l;ro aind l)coStha.,: 1981. \dCll-.il 1983). NhLngbean 
Hlour. and it', corrr, i. o 1ter) sol, ic.I,hId rulil'capcitt'ies, ( flt alllle) o -. 
and 	31.4 u, respectr\ ,i..The NSI ofl iinhcalu floutr .as,lmc'h hig'h r than it', Corresponding 
protein isolate. "TVla.reLd %\ith tie Ieult ,reported h\ Adel-Aal 11983) \%ho 1to1.rd tht hrod 
bean. clickpcal and ellItuerceck lours haid higher NSI 142.6. 40.51 and 24.55 , than their 
corresponding iritein isolatc, ( 13.25, aniad , r)iespectivel'.81) 5.75 

Digestibility by Proteolytic Enzymes 

(er
NiUgheait protein is)late hid a h\ dircstiblit\ b\ hth pepsln and piicreatirill than by 
caseill. \\hCn l one ul\lrue '.as utili(.'d.lh dhigesib ilit w\ith pilicreatili was higher than 
with pepsin ill boh the protein Concentrate irid caeirn. The resuls also shit)\Ihati dicstibilil\ 
by pepsin I,0ll()'c'd h\plancreatin %.i,hiirhCr thal %\ith either pepsin or.paricreatil alone ill botil 
inurigbearll prutei colcenralol arid caCll. 

Mixing Properties of Wheat and Mungbean Flour 

Replarcir.e 5 ) hetil . loutr irni1r0'1ed thf rixineor 10'; o! the 10u iiih iiLtrrbar e prolerties 
of tiledough L acceptabeihh. Fo tile 15' nituigbeaniiid proircdICI briad. ver, addition Of 
flour wkeri c,d the dou.h ali h1116 Replacing 2.5';. "' and 7.5,%- of%cred tire bread qludit\. 5 
the \\heat lour with protein concentrate ialso eikellcd the rrixing properties of the wheat dough 
and decreased the bread quaLlit\ (.Nlielalli arrId lllia 19871, 

Nutritional Quality of Mungbean 

Thc ireparation ofi iIan\ h\ -cosl fod" for inftsill has heen based on dhe corlilllCllleril(ation
of the protein Ilialin ic, bctweCC Icgulrres arid cerea.l) NIlh.r 1066..Si, cl ind Fawete 1976. 
Bender 1978. Bressaini and ScririrSha, 1961, CARF Inridia it b. Pralhad and75a Rao 
Vijayaragha van 1976). dclicienC\ (e,sulphur ailniio aCids in legunrl., is con lperisatedThe rekil ICty 
by the reltiV surpls in the cereals. while the relativC lCficiCnc\ of' lksirc lithe cereals is 
likewvise cromipensated b\ a rCla.ti\C surplus il lre lecuires 

Trypsin Inhibitors 

Since leuunies contain to'.ins, their use ats infant foouds has been lirtiited (I-AO/\VHO/
UNICEF 1970). The preserre of' residual trypsin inhbilitors in prorcessed baby foods has been 
reported by Kirrte (1972) and Clurella i ail. (1976). 

It is possible to ensure corrplene destructii in (ie trypsin inhibitorrs durinr tle processing. 
but severe heat can daiage tile ilniot also.sull)hur acid 

Flatulence Factor 

The ability of legunie seeds to stirulate gas formation has been recognized for niany \'ears 
and is one of the nain reasons why people limit their consunption of'Ielurles. A nurmiber of 
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humaiand anhnal investigtions have demon strated that t ioliosaccharides, raf[ilnoses and 
stachoses are the principal cause,, of' flatulence. 

Reeta-Goel and Vernia (1980) cOnducted tNtuds with ttutichean. black gram and ietil 
(Lenscliin ri.s). In all thiree ol these pulses., bacteria Icr itc tatio i c .reasedthe total sLIC r Conltent. 

Faswaran et all. 11972) reported the protein qua lit. for two selected vegetable protitein mi.,tu res 
based ti maize, chickpea. mungbean and grmnditut. thro-h -rt\\ th andlIthe proteitCIefieienc 
ratio <P ).hepatic nitrogenlaittinitr-oZgCn balance uitac tlbiio raItS. It US found that the proteAn 
quality of' vegeta le proteil lii\tulreC based on ulai,'. chickpea and grotidlut \\as comparable 
Itothat of skini iiilk. \,h filhee il , l Mnid .rundIit nIi\(LII'U \%illItIImuneeanl nearfl\ as eticient 
as the other t,,o. 

Nineteen piolltgizii imoqegbcAII \%eC z It)7t) for their prteintrai, al ial\C 1) SCkhonlci al. 
ai .IIIIaio osIti orde.r to) dCterliiiite the .ariahil\ i prolteill Content atid allilloacid Col0 , Illn 

acids. The protein cteltet aried frth to 2w; . of"sine %%
22.5 -[he aiont tl' as hi.her and 
that Il tetthioIiic \ i lwer coilplared to the Clt of0Iithene alIloA1 acids ilthe FA( ) referenice 
pattern. The nepatisc cI\Correlation oIfprotein \ ithI lsilue and Ilir.itincAe, and positi\ c olrrelation 
of these aililO acids \\ith Ii iliionmC s that all, inc,e!asc these atllilltgc,.SIS eflect to acids in 

tungbean prlteI \ill h\e t b li0Made at tileCost I protein Conteti and \ ice \ ersIa. 
Chandrasekal ttal. ( 18 1 used chicklpea, iunghean aid hrse grat IKtr , hi,'wO/loni

(Laii. j Lackev) ili three forms: ra\ cround formn: roasted at 1f-II0 C for 5 min and 'round 
ilto line ptO\Wer: antd autcla\ed at .,kg pressure fW 2(0 MiL cooked. dricd, pomv dered 
arid aitalvetd for the aulo acid pattcrn. It wasl prtCSsitg ilplt) CI the proteinIoutld thllt tluaiit\of le.gunCS ill )]Suppleiientatioin r-i.tllt.llh-ll [;. with the litntiq ,ulcphs a;.illO cub.I',,fu ther 

enhanced the ptOtemi tlualit\ espeCiall inthe atItIchat\ld leCuiiics. This o levation is,ofleat 
\alI ilthat liIO+iprsUe Cookicll.) acoiiiuiotlv\-lstd household iiethodautoca\ inc (C.I i it 
andt wultLI illlpt)n\ e the diet Oflthe cotoi pCt'plc. 

Vallidexi et al. ( 1972) estimated the tiialiiC,criboflavii allit nicotine acid Contents ilfour 
dha/ \arietei.s. %I. pigeotrpea I('ou.s ',trn, chickpca W('it,r rictimuno). black grain and
 
1l1nrgh"eall dh/ . as %ellatsplecOltketl tIh I.ratetCi ,11/1prepared Iro11 these \arieties aitid storetd 
over a peridd of one ,ear tier a.ibient couliditits. It .as OhServCd thal it vitaillln loss, in the 
order of 21", to 35"; takes pla, during processin.- A further loss of about I(1; to 15.; also 
occurred durinc the stloragce 'onstitution of these ehl. . On the above basis. the net 
availabilit of* these ,.itamins a,,&L, fronl 35 4 to M1&%of the cte hil. 

Devadas et l1. i1979) carried tot a stLld to iii\estiate the a\ailabilitv of" folic acitd from 
selected geriinated cereals and pulses on pt)stattlescent girls. The cereals Selected Were finger 
millet (EIt'usil, 'ort Ican 1)and pcarl millet II',uiLtu ' 'iiIltl the pulses were chickpea 
antI Idllgbe.atn,
 

The results re ealed the fohl,,\ int. During geiiinatiti the fTlc acid content in cereals and 
pulses increases up to aperodti of tiofM after "shich it declines. In :hickpea. turngbean aind pearl 
millet the inlaXiiIuuII folic acid content "tasoherned att ,2 h ai.d in fincer millet att96 hi alter 
.ceriinattoit. The absorption tlltolic acid "as f itiitd to be higher r0mllpulses that fBo cereals. 
but because there s.erc wide iidividual variltims tie differences inavailability among the four 
Itiods \were iot statistically sicnificant. 

Rat and Tulpule (1980i) analvze IS fOL"is for vitunin t13, Amongcontent. the lecumes 
anal',zedl p !ot,,pea dhal.black crainm dhal. inungbean lhal. chickpea ihal and groundnut were 
found to be I clI sources tlf \italnin f \\ith ai as erace ol 5 cI1,/100 c. 

Germination Effect on Nutritional Quality 
Legumes have to be cooketd forit prolonged peritd oI time t) make them digestible and 

palatable. Due to tileinterlav of enrzymes. gcrinination. ho\ ever, increases the digestibility.
shortens the time needed fIor cooking and enhances the nutritive 'ah'e 1'the leguimmes (Kumar 
ei al. 197). 

Chandrasekhar andaiChitra 11978i evaluated the prtliei qulit,vt"'iinbghean (raw and sprouted
forms) supplemented with skim milk at 59 level ant sulphur-couminig aminto acids, niethionine 

http:llgbe.at


and cvstin un lbIIhlla reuIlt ith ted nlulIthan and skimrt. li reIeIuled that theI I diet priIl 
tmilk + 0.5'; ietliunine \oiii the bet. 

Java and \eiikamiati 11)98t)) ieu iled lthatiiiiiiiatnlimill up ito 48 Ihimpiued the 
c;arhoi vdra;ite ditiilit Mhlle the )0-11 el illrltiini had n,etlect. l)ietibilit V..i,,better w\hien 
tileciunile", wkere treated ith V, 1110 v,ilh 11-atIi, lase. Whelv, i-dlII\ Ilae than lien the,, e treated 
.iirches isoiitted Itrii :hickpei \\.re tirealted \\ith i-,i lae, the re ieli\, pri'ptiii ut crRdC 

,iodUCts %\ I altee tI a,IL 1111ie,,iiIIiitatl V\ Ieeia., ill if iilhe ell i . the C inC 1 IIltIIiee IeCl.ti
 
Iritiltuiti ut *ln ,IICt, li ( CIIIIIIItli c,'illi i h ci ceiiiised t', t pitwc", Iii
eiitll .LI \.i Ilteietl. 

ill'-' liC (ieCtIlbiit\ 
(uiii et '1.I11).81 ) ,ttidii lh.-ctdI,.t Lt lO iIuIIitiieheiin. iI 2llIiC iei,. , liCh 

hnItitt (I1 iiitii'h,+a:. 
_'eriln tituI 


illci,.'..II l that . lll,+ L l'ell[),M ia1t.tI'iii.ai(Ie'h tIlIlii ll i l iull!(hIkil if' l andLCil]init l) IedIIiIii\ itII I,'tIII ,,,I Ill.,i\ a ,l,. ineii iItIeaI' d,,. alc+ Le,.'eia aiiil a~le iI:i and f+rien t'l d'n 

\ilhlhI' il C Li ueIIiiIalli \li IHe lier- s e il;iw a\ ;iliahle ito i liI\ he diie ho the releise 
,
(i pluI-teili liiilii 1011 le peCti,+ 'ilIteIl iieic, i,IllI II ,heiIndIld ie ph, [Ill C IIIeIIt dereases., 
.,I ,..piir!,.ed '.,uk-iii. '2h ai il iu.('hastt;u 't il. j t thu ]heentIlue "+,e,,dInI,..tu,iiut i l acI k erItI~l 

ii I I \ ,d the \.ter iipiu (d the 1ill a ",du tiful 12 Itit Mi k I.-,Ultihi l]d iLnie Cuiuikill 
tile I\ ,,' , iii I/lh \\ r 

t'x 
atlldLdcreaISed, ,.tikt L, I Ilihi\ssesci. dr\ dhl in ttli hr I h prior 
Iticu. ikit e 55a'tI, ssilf u'Ill 

,INths\ IuII 11 d suliihc 111i l l ,I 
.\lili Lu llts Il ise i l t l e,.ls. till pii0,isIl iui, les el ill.tcr 

It I,ceat ItIIi tie ib11\e [,ll i Iwil hI l'Iu0CSs'ile 
\dItC. It .lei. h1ei\ diill ses
 

the a iilithbIit.\ii I L.11 A li11I i .,e the les ,cil iiill'- e l
ill .1111d .\rI ill .'I Il u eviti i \ illcrease
 
ilic ctiuukiii2 ti1e
 

Processing and Cooking Effect on Nutritional Quality 

(himndriaekh:ii iild Iu\1dkshi I 8 ;tht :epitcessii like =I'astitilindicated litmi-cii 
Mid ihIltu iclSCiI ii~llI)i \ikIllii I iitll, ilult\ 111iVii e,iil.i ltl 

The ettleC ctIiI \\ l hitilliiLe. dis, h muinei lit tlli'.Ilcl ,,Ikiti' illd i , t salt lti uti , 
()nl the antitr.\ill, acti its t I I c,uiuiiu pn se. ,iiCiulinM hll,beeiI studiedin ldini UItt11Iibe.ntt 
b , Stiili el i.l.IL),2 . 

98-J2 . IlesIWO, ill ebaIl 
recipes prepIred \ Ith\,'CetiIl,,S a d u'lls. 

Khaderl u:tL 1186) tht ,team 

Il slip iiiiilliat ct Ii. 1 i ,Cr\, .I illpirati, eI\ itl\ititliills llIttuin d // 

l IRi) epl med ,m ciitkiil,f pfrlId, utf5 tI 40 tlilt did it ll'eet 
tile tof Iuihibealltil['IFl /jOl. 

Feeding Trials with Mungbean Diets 

l)evadlas el al. 1974) aitied i) tu'ri lillt. I s -.iit illl*"int V,. lI'OLds bised locall\-1i12 rtln 
availlC ili..licetu,, ti0ds ,iil ti lalIl'i1ie recipe ttiliu.t the rrlt tiutp aI iCCeptal C0tlllnltitV 

t tuiu in~uii i.it ii itiiii eCLiitlCtio tI th ti ttel,., reiV,clhin .5Canitig Ii 
,iX cI,,.ped. .ii/e-tILtMnAllll thie ilxI"tUl're, hu tle iI I -,ili lliXtur-e was 

,uippletented to I t) trral c,.hilre I'IC iX1t0th1 I three years) IoWra pcri Id(I 12 tillntiths. 
It suppliecl 3115 cIiries itld 11.46 (t priteiin per X) p,tIloud inixtur'e. 

The etfect ut stlI)[]leiil lt l \oilis assesed iii terills (I the icreements illh ic,. ,eiezht. 
hetIghoin level and clinical pietuie,.. ut the clhildIrell. The results, ,lis e.dsi.,titicait in1prnent t 
in the tlt'itiorlili sIItts illtile\esperiiltentalI Oser tlhe Cotrllt0 2rtOuL. 

Vaidehi et al . (I1984) replrted that triti.ale thiLur Can he blnCcd v,ith clickp~ea. n1tnbean1 
and sm\vhearn (;/witi nat IL. )lerr. I lhurs (I()1; toi 3 Wi; tiixmures). Blei Is with all three 
o1' these puleS, .ere accelptatble lir p)reparin/muiro ihpi-urid,,,e. phu/ku ,andILdt.Si. 

The ntutritiiilal qualit\ 01'i ialted ssea.nlin tliitl uI'LIl tillet aid Mii.ngbeinlitaialed finger 
.isevaluiated hK ral teeditw trial" INlialleshi et ial. I 0X. The pritlein scue of the we.anine 

fowd w~as 7(1 calculated accurrdiii ito WHO (I197. net piuteiti Ltiili.iatiotn (NPLJ.FAO) '[lie PIIER. 
hiohlnicil \',alue IBVI and tiue ditetibilit D pritteill vIlUes It0r the W'canine Iod ita10e''"1)1 
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level of protein intake were 2.2, 51.6, 73.8 and 82.8. respectively, and the relative protein value 
(RPV). determined it5(%. 8%c and II'r'le lsof protein intake was 84. SupplCmentation of 
the weaning food with 1(, skin milk powder increased the PER to 2.7 and NPU to 63.0 and 
was comparable to that of a proprietary weaning food. 

E.nriched Vermicelli/Spaghetti with Mungbean 

The investigations presented hereunder on *utili/ation of ii,tliigbean' f[ip radiata)were 
carried out itthe pilot plant of the FOod SciencC and Nutrition wing ofTainil Nadu Agricutural 
University. Ctihbatore. India. 

The objectivCs of thC stLl\ wec.: to develop \criniceli, spaghetti with 20, ,25 and 30% 
m1Ulngbean 1lour', and st.d' it" i si-Ialph cacteristics., iiextrusion behavior, (iii) cooking
quality, (iv) acceptabilit\. ( i nutricnt qualit\ and (\i) 'helf life: to dCvelop homeinCladc weaning
food miixcs: iild to dc clop rccipes utili/ing \%hole grail. split dhil and flour and sludy their 
acceptability. 

Materials and Methods 

Development and Processing of Vermicelli 

It isiCo1iin0n trIAiC- to use onl\ puida (refilled whet lour) for the extrusion of vernicelli. 
[or this stud\ the refined whcat flour \\, obtained fro11 a local roller flour nill so as to have 
uniforn saimples throughout the sUd . 

FlTe green ramin alld iilled into a fine flour.dha/ was&obtlainCd lOln ic hical miarkl 
A local vcrnicelli spaghtti lacltor ha\inuc niachincr\ %\ithone toin capacity per shift was 

selected lIr tileindustrial level rminulfacLurC of e\-rimicelli. 

Formula. Vcriicelli ith ,naijh. %.iler and salt and this served as a control.\as PrCpirCd %% 
Vermuicelli wax . and 30(' nIngbean flour to enhancealso prepared incorporating 25 
the protein content of the pi. 'Jlct. Based on the prcliniiniry trials the 'ormu1lla as given in Table 
3 was dveCloped Ir extrusion Of cinliclli %%ilh mnulng21an. 

Table 3.Formula for vermicelli. 

Weight of refined Weight of green Moisture Sall 
No. Product wheat flour or

(00) 
maida gram flour 

(00) 
level 
(00) 00) 

I. Refined wheat flour 79.0 - 20.0 1.0 
vermicelli (control) 

2. Mungbean jncorp,.rated 
200o 49.0 20.0 30.0 1.0 
250o 44.0 25.0 30.0 1.0 
300o 39.0 30.0 30.0 1.0 

Drying temperature. A mcan drying temperature of 35.5 'C was applied for all the sanples. 

Tempering and drying time. A total of 18 11was given for tempering and drying. 

Final Moisture Content. A final moisture content of I1.5%c- was allowed. 

Characteristics of Vermicelli 

The processing procedure for vermicelli is given in Figure I. 



476 Thiruinaran and Seralathan 

Refined Mungbean Addition 
Wheat + dhal Hour Mixing -'--Plot salt & - 0Blefding 

flour water 4 

Steaming 

4 
Lxtrusion 

Drying 

4, 
P'acking 	 Figure I 

Processing of Vermicelli. 

Physical characteristics. A panel of 15 jiudg sclected to study the physicalw'Was 
characteristics of the de\vhoped vernicelli for fineness, shape, length, tensile strength and 
packaging possibilities using a score card. 

Extrusion behavior. The extrusion beha,oir was stidied 1'0 the uni forinitV ill the flow of 
strands and external appearance. 

Cooking quality. Fifty grams of each Of the samIplCs were cooked with 200 ml of boiling 
water and the time iOted. the ena, point \\as tested h\ pressing the cooked samples between 
two glass slides. The absence of Uncooked starch indicated a fully-cooked sample. The amount 
of ;atei :ihsol'bed for cooking was recorded. 

Acceptability of the vermicelli for recipes. 1he sected recipes were prepared witil 
rmungbean-flotr-incorporated \ ermicel li and were judged by a panel of 13 selected judges for 
their acceptability characteristics like cl)r. appearance. flavor, texture and taste using a score 
card with a 4-point hedonic scale. 

Nutrient quality. The vermicelli with 20()5 . 25 , and 30',; munebean flour were analyzed
for their nutrient quality and compared with the control in terms of protein. lats, calories. calciul. 
phosphorus 	and iron as per the methods of' AOAC ( 1985). 

Shelf life. The inungbeat, flour-illcrporated vericelli alld the control were packed in 
polythene filin bags of 100 gauge. sealed and studied for their shelf' life. 

Results and Discussion 

Characteristics of Vermicelli/Spaghetti 

Physical characteristics. The results Of the pilVsical characterisiics are given in Table 4. 
AI the samples prepared with 20', . 25'7 and 3'' mungbean flour were foUnd to be silky and 
smnooth: full length With unilorto stranlds was received for all the samples: full length was achieved 
in all the samples. The tensile strength was found to be satisfactory to withstand the pressure
while packing for all the samples: and all the samples retained the original size and shape. 

Extrusion behavior. Long. shiny strands were collected for the vermicelli at all the three 
levels of incorporation of mungbean flour (Table 5). 
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Cooking quality. All the saamples required a cook inc lime of 3.5 rain except the verlicelli 
with 30% incorporation which reluired 4 irin. The "amlles' req.luire.d 200 to 270 ml of water 
per 100 g (Table 6). 

Acceptability of vermicelli for recipes. The tnunghean- lihr-ineorporated vertnieell i at
201r,%-5,' and 30" le\\e, werc found to he suitableIOr the most popular recipe, like Pa asam 
(sweet ptOrrid',O. ,ctal!e hath" and puddin, . Te mCll acceptability scores are given ini 
Tablc 7. 

Nutrient content of the mungbean-flour.incorporated vermicelli. The vermicelli with
20 ., 30'; lnUnlMhleai flour ,s anali/d 'or hl"ir nutriti Coteilt alld the \alleS25'c and 

Table 4. Characteristics of vermicelli spaghetti. 

Physical characteristics 
Product Fineness Shape Lengdi Packaging in Tensile 

I00-g polythene strength 
I. Refined wheat Good Good Full Good Satisfactory 

flour vermicelli (control) 
2. Mungbean incorporated


200o Good Good Full 
 Good Satisfactory
250o Good Good Full Good Satisfactory
300o Good Good Full Good Satisfactory 

table 5 Extrusion behavior. 

Extrusion behavior 
Product Long uniform Broken Highly-broken 

strands strands strands 
I. Refined wheat flour vermicelli (controll v 
2. Mungbean incorporated 

200o v -
 _
 
250o 
 v - _300o v - _ 

Table 6. Cooking quality. 

Product Cooking quality 
Cooking time (min) Water uFtake (mil,100 g) 

1.Re.ined wheat flour vermicelli (control) 3.5 200 
2. Mungbean incorporated 

2000 3.5 250
 
250o 3.5 
 250
 
300o 4.0 270 

Table 7. Mean acceptability scores in a four-point hedonic scale. 

Products Color Appearance Flavor Texture Taste 
I. Refined wheat flour vermicelli (control) 3.2 2.7 2.5 3.0 3.5 

2. Mungbean incorporated 
2000 3.5 3.6 3.6 3.5 4.0 
2500 3.5 3.6 3.53.6 4.0

301o 3.5 3.6 3.5
3.6 4.0
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c spIaWClI .:xtruldCd with 2'. 
3V; incorlrtion l tr S1.0,\C LI .. iiDIprotein. lat. calcium. 
given ;I I able 8. The Iutrien.utcIont,,nt Of the mCi li ' li .	 25"; aid 

r; minihtan ,ht a i1rkcd i I 

phosph1ort0u1. ,tnd ion %\l1Ci,n ..'IniarCd 1t Ihc Con110trl. 

T able 8. Nutrient content. 

Calories Protein Fat Calcium PhosphoroLs Iron 
Product tKca!h tg Ic (9 o img C1 rIg 'c) (mg 10) 

I. 	Refined wheat flour 306 ? 7 0 80 20 2 106 5 2.2
 
vermicelli (coitrol
 

2. Mungbean incorporated 
20'o 303 13 0 0 86 33.0 176 3 3 7 
25% 303 138 088 36.4 194 7 4.1 
30 303 4 7 090 39 7 212.6 4.4 

Shelf life. All te ,amlored tired at roou ICtlPcr,rturc lhad a ,,hell life of Six itiths. 

Conclusion 

The present ins titinlit ,cd , Ia cereal-lba,,cd prIOcC,,cd l od ber that Icrncl. can 
,,ecessltll,, iirichcd v, iiu .,( ; nuii call tliur s\ ithlotit ,tlectin.e its, ph', ,,ical characteristics, 

c\trusian bcha,,iur. : i01ki iu alit1 . accclihilit1 and ,shell 111L. I lie iuiun 1Caii-lliiar -ineil iptrated 

;,.erinicclli had liuIlcr protein and imineral ctoitcnt, tItan the control. .uncbcan-llrru: etrihed 
vermiclli. it inchtded ill the tdli, d:.t,,O the pC ple. \,t-iit hpil" to ilp s),e the nutritirional 

0taitus r)uation Idia.1the In 

Whole Mungbean Recipes 

Mungbean Sundal 

Ingredients: 

Miun heall IIIc 1 cup MtUst:Ard •.l tsp 

Dalda (. r,,aric) 2 tsp Green chilies :2 
Curr lavues a le\v Asal'oetidl a peC., 
C Conit ,cr'ipii.w 2 tbs Salt tc taste 

Preparation: 

I. 	Wash and si ,al tune1etiir 2 ,. 
2. Cook in boiling -alhed sater lor 15 to 20 mii. 
3. Drain ot l x.ces, s.atcr v.lien cooked. 
4. 	 Fr, tIILtrd. ,'hIppCd Chilies and asafnOetida in dalda ( ,ecetable oil). 
5. 	Add cooked in, nhb.an, curry ,c'.e and coconut serappirigs. mix well and cook fbr a 

few, llnore minultes, 

Mungbean Dhal Recipes 

Mungbean Payasam 

Ingredients: 

Munetan dhal: 60 , Raisins : 20 g 
Powdered .i.gerv (unrefinrd brown sugar): 115I, Cardamom powder • 0.5 g 
Milk • 2 cups Coconut : 30 g 
Cashew nuts : 20 g Ghee (mielted butter) :I tbs 

http:Iutrien.ut
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Preparation: 

I. Heat Ohee and fry cashcw niP and raiin,. 
2. Chop coconut into fine piece,, fr" lightly and remove. 
3. Roast the tnunchean dhal siih;I\, add one cup of water and cook dhal until they are solt. 
4. Add jacgerv to dh,l and cook f)r I(-15 main. 
5. Add milk and cardamom p0kder. 
6. When thick. ,eire garnished with ca'ehes nuts. tai sins and coconut. 

Keer,"Sarkarai Pongal in Tamil Nadu 

Ingredients: 

Raw rice 
Polished tLungcean 
PowdCred .iger. 
(unreined brwn ,u2ar 

Cashew nutl 

2 cups Raisins 
I 2 :up Powdered cardaniotmi 
2 clp,, Watet 

Ghee nielted butter) 
I cLIp 

2 ths 
a pinch 
6 cups 
1/4 cup 

Preparation: 

I. Wash and clean btlh the rice and nunc'hean. 
2. Add 5-1 2 cups ot ',trand ier' cook the rice and dha/ fir It) mm. 
3. Prepare s\ rup \ ith ' 2 cup f ater and and strain the s. rup with a muslin cloth 

to rellmVC dtll 'nd1 dirt. 
4. Add the s'\ RIp to the cookLd rice inside the cok'r. nix w\cll ald cook Ior 3 nin. 
5. Roast the c Ut,wh,and raisins w ith a litle Thee and add to the cookedJ rice. 
6. Add the reiaining The to the cooked rice tnd nlix well. Serve hot. 

Adai 

Ingredients: 

Rice 60, Onion 15 g 
NIunObean /h1/o : 15 L Sesame oil 28 g 
Pigeonpea dl/h1 : 15 c Asafoetida I c 
Black -ram dtial : 15 2 Salt 15 L 
Green chilies : 7 Water 30 ml 
Coconut (grated) I g 

Preparation: 

I. Clean the rice and d/ml and soak overnight in w:tcr. 
2. Grind rice and dhii together %%asal etida to :t .- paste and salt.itt oarse 
3. Add chopped green chilies, onion, grated cocouut ald water to the paste and mnix well. 
4. Heat griddle and spread a tsp of sesame oil over it. 
5. Pour a ladle full of paste and spread out evenl\ into thick pancakes. 
6. When crisp and brown on olie side. turn over and -ook the other side until done. 

Masala Vadai 

Ingredients: 

Munugbean dhal 115 g Ginger 1/2 g 
Orion 30 g Coriander leaves 1/4 bunch 
Green chilies 2 pcs Oil to fry 
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Preparation: 

1. Wash and soak dhal for 2 Ii. 
2. Grind the dh11l coarsely without addine-' water. 
3. Mix finely-chopped onion. green chilies, ginger and coriander leaves. 
4. Add salt. rinix and shape into small, flat, rou nd(Ipatties. 
5. Deep fry until crisp. 

Kichidi 

Ingredients: 

Raw rice 450 o Cumin 1/2 tsp 
Mungbean dhal 25.' , Salt to taste 
Peas 225 . Cardamom 2 g 
Potatoes 450 , Cloves 2 , 
Onion 225 2 Suuar I pinch 
Turmeric 1/2 tsp Ghee (melted butter) 55 , 
Chili powder I tsp 

Preparation: 

1. Soak dhal and rice separately. 
2. Shell peas, peel potatoes and slice onions. 
3. Saute the onions and keep aside. 
4. Brown remaining c/ho/, a,nd t21suga r iasa.|la (spice mixture). 

5. Add rice and vecetables ald fr,- until rice begins to stick. 
6. Cover with ,aa.ter to about 2-1 2 cii above level of solids. 
7. Cook ovcr a vcr\ slo\% fire. 
8. When rice. vegetables and dhal are cooked and all Moisture is absorbed. remove front 

fire. Servc hot. garniished with broncd onions. 

Poli (Sweet) 

Ingredients: 

Maido (refitied whcat fhour) I cup Powdered cardamom I pinch 
Munubcan dhal 1/2 cup Oil or ghee (melted butter) 25 g 
Banana leaves several Water . 30 ml 
Pomsdered aUet"i 1/4 cup 

Preparation: 

1. Pressure cook the rimungbean dhalIbr 10 min and mash. 
2. Mi' with powkdered jaggerv aid cardamon. 
3. Shape into lime-size balls "a. 
4. Knead maida into a rough dou h itih \iater and divide into small balls b. 
5. Roll each of the maida dough balls (b) into fiat circular sheets oldesired size and place 

the mungbean ball ('ai') at tile center. 
6. Enclose the ball. 'a with naida laver :nd place on a greased banana leaf. 
7. Grease fingers and flatten as I-cmr-thick chapplthi (like pie crust). 
8. Shallow fry on both sides until the\, become golden brown. 
9. Serve hot. 
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Poli (Spicy) 

Ingredients: 

Wheat flour 56 g Coriander leaves 3 g 
Mungbeans 
Chickpeas 

14 g 
14 L 

Curry lea.es 
Asafoetida 

0.5 g 
0.3 g 

Chopped green 
rirmeric 

chilies 2g 
0.3 g 

Salt 
Banana leaf 

:3 g 
I 

Oil or Thee (melted butter) 21 

Preparation: 

1.Soak mutnghea, anid chickpea,, fOr 2 h. 
2. Grind cOax troI'Aad add turmeric. chopped green chilies. coriander leaves and ctirv leaves. 
3. Soak asafoetida in a little .\aler. mi tileater into the paste aling with salt. ntake into 

linc-size halls ('a')and set a\.ide. 
4. Add water te M.heat lour and knead Into a rough dough. 
5. Shape into small halls ('h') and roll out into flat. circular sheet of desired si/c. 
6. Put One nuttnbCean ball. a" in tilecenter and enlclose w.vith the rolledouL dou1h. 
7. Smear oil ott tilebittai Iea. and ill\otLr fingers pres tileenclosed balls. 'a into poli, 

1'2 cm thick. 
8. Shallo f'r on both sides ,\itl a little oil until hecote golden tn.tile\ bro 
9). Serve hoit. 

Mungbean Laddu 

Ingredients: 

Polished mutigheat:. 2 cups Broken cashew nuts 1/4 cup 
Powdered sugar 1 cup Raisins 1/8 cup 
Ghee (melted butter) 314 cup 

Preparation: 

1.Roast the unMtghean I'Or 5 tain until a roasted flavor is reached. 
2. Mill the tntutngbean into a flour. 
3. Add pO, dered sugar and mix well. 
4. Roast the cashe\'. nutts and raisins slightly in a little ghee and add to tiletuix. 
5. Heat the remaining ghe and add to the tix. 
6. Mix well and make small balls. 
7.Serve. 

Mungbean Flour Recipes 

Mungbean Murukku (Crisps) 

Ingredients: 

Raw rice flour 2 cups Asafoetida powder :a pinch
Mungbean flour 1/2 cup Cumin seeds 1/2 tbs 
Butter I tbs Oil to fry 
Salt to taste Water enough to make a thick paste 
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Preparation: 

I. 	Mix rice fhour. inungbean flour, salt. butter. asafoetida and cumin Seeds together. 
2. Make a ver, thick paste b, addine wkater a little at a tilme. 
3. Take a portion of this paste and fill in the "murukku nould" (sold separately il the shops. 

hard +are or department store,, in India). 
4. 	 Heat oil inl a tr\ing pan. 
5. 	 When the oil reaclhes the ,ittokie teIlip,.'eratule press the murukku in tlehl oil. 
6. 	 Turn over and cook until the air bubbles, stop tile mturukku w\ill he golden \cliow.). 
7. 	Either ser e hot o1r (li' :ll he stored for a le\\ davs il al airtight coltaliner. 

Omapodi 

Ingredients: 

Rice lour 28 L Red chili pt\ ,der 3 g 
NI iiu-beau [iou r 84 u, Asafoetida povdcr I L 
Celer + sCek 3 Salt 3 g 
Vall(A+p/hI hi dh dlhetlated Water 120 il 
vegetable oil or oil) to tr\ 

Preparation: 

I. Nix all tile ingrediett, t ,..ther. e\cCpt the oil. 
2. 	Prepare the thick pate and take a 'Iiall portioll and fill ilto the "om'aodiMtohuld (sold 

inl departme1nt tores ill India). 
3. Heat the oil inl a pant and pres,, tile "olllapodi" ilt0 the pal. 
4. Cook until it beCOmeS colden1 . ellw, anid ,re\C.
 
Note: Ihis Ptodulct can rie ,toled aroWld 15 da\ s ill airtight container.
 

Pakoda
 

Ingredients: 

Mu1neleal flounr 115 2 Cashew JIts 15 L 
Rice llour+ 30 e Curr\ leaves a few 
Salt to taste l)alda (hydrocelated vegetable oil) 
Onion 50 L, Oil f*r t'rying 2 tsp 
Green chilies 3-4 

Preparation: 

I. Chop onions. chilies and curry leaves. Add salt and linx w\%ell. 
2. Mix mungbean tlour and rice flour. Add tlelted hydrogenated vegetable oil (marglrine). 
3. Add all the ingredietts and mix to a thick paste adding a little water. 
4. 	Heat the oil-sprinkled pak,,da,,oft varying si/c into the hot oil and deep fry until golden 

browkn. 
5. 	Drain on paper and serve hot. 

Fermented Mungbean Foods 

Iddly 

Ingredients: 

Rice 4 cups Polished black gram : 1/2 cup 
Polished munbean 1/2 cup Salt to taste 
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Preparation: 

I. Soak the rice and dhal ,eparatcly fbr 4 h. 
2. Wash well and grind them separately into a fine hatter. 
3. Mix well with salt and allkm, to ferment ovcrnight.
4. Next morning nix the hatter \%ell x,ith a little .,ater to have a thick consistency and stean 

cook desired sie of* the hatter. 
5. Cooked batter is called iddlv. Scr. C htot with chitiln ',, or Clirr. 

Dosai 

Ingredients: 

Rice 56 e Polished !ack -,ram 14 g
Polished ill.unchCan 14 e Salt to taste
 
FcLnugrCk (i,lT 0' H J00c111 ,rOU'!uM) IL W\ater 60 nil
 
(Inethi seed )
 

Preparation: 

1. Soak rice. inun,can and black -ram in watcr for 4 h. 
2. Grind rice andI H lix into VMtC.pl)SL a fine 
3. Mix rice and pule batter \well \ ith Sialt aI,d all . to0 fcriICnt o\cl'. iht. 
4. Next ntornin-. add !00i il ,.,.atcr to et the pruiper cilliisteno,' and nix the hatter well. 
5. [leat the criddlk! And ,mC.ir little oil on it 
6. Add one full ladle of tttCr and smIcar inItt J round thin pancake c:tlcd dosi. 
7. When it is cooked. ttrn lca.c for hini bhf_0l ' into.u and 2 mcmi1 frol the griddle. 
8. Serve hot v, ith cluitne'. or ,,aice. 

Acknowledgments. The author, cxprov,, their t'anks t0 )r. S.R. Srcc Ran.casv\.%amn. Director, 
School of Genetics. Taniil Nadu Aricultiral Lni'.crsit\. Ciinmbatorc. India. for his \.aluabh.l 

uidance and ,,ncoral CniCent. 

Literature Cited 

Abdel-Aai Emi. 1983. Chenmical and techntII1liccal stliCS On Sonc ICLUumCs and rice as a sOurce 
of protein. M.Sc. .esi,. Facult., of ALcricnltrc. LUni',crsit\ of' Alexandria. Alexandria. 
(Original not seen. 

AOAC. 1985. Official Methods oI Anal\.sis. .\sso ciation oflOl'ficiri Anal'% cal Cheinists (AOAC). 
12:371-74. 535. Washincton. I).C. 

Bender. A.E. 1978. Fiood PricCssinc and Nutritiin. ,.\cadenic Press. London. 95 p.
Bressani. R. and N.S. Scrimshzm. 1961. Procress in mcei ng priotein needs of infants and 

preschool children. In ProcCCdines, of all International Conference. Nat. Acad. Sci. Publ. 
843. National ReswamCrh Ciiuncil. \Washingtnt. D.C. 72 p.

Buimindik. G.I,. Shapishnikov and K. 8. Ass.\ a. 1980. Alliio acid coMposition aLd biOlogical 
value of proteins 1rom seeds aind seedlings I grnCCIlrall. Cat.jang and sOybean. Appl. lBiiichem. 
Microbiol. 16:203-207. 

CARE India. 19 75a. Project Poshak. An integrated health nutrition inacrop ilot study for 're 
school children in rural and tribal Madhya Pradesh. Vol I . Vienvrcidra printers. New Delhi. 

CARE India. 1975b. Project Poshak. Arn integrated health-nutrition macro pilot study for pre
school cliidren in rural and tribal Madhva Pradesh . Vol 2. Vienvendra Printers. New Delhi. 

Chandrasekhar. U. and S. Chitra. 1978. EValuation Of tile protein qualit.\ of' horseerarn and 
greengrarn on albino rats. Indian J. Nutr. Diet. 15:223-227. 



484 Thirurnaran and Scralathall 

Chandrasekhar U. and S. Jayalakslni. I978. F.\ aluation of protein qtalit of sprouted. roasted 
and autoClav.d leCumeCs oil a.bino rats. Indian .1. Nutn. Diet. 15:414. 

Chandrasekhar. U'.B. lalitha and R.P. adas. . P981. F.Vduallion ptin lf lidatlit of raw,. 
supplotnented h SLulphur Contaitlinn.roated and aubolatlvl sgc "\ 	 ainttiacids. Indin 

J. Nutr. Diet. 18:283-288.
 
Chavan. J.K.. .M.Shere. !|.K. .1a.\.alc and I). K. Salunkhc. 1983. 0Iok
ff,.t of trecatmlent 

to Ieguinc sccds in the c,,king qualit., of resulant dha . Indian J.Nun. Ilict. 224h-2"3 
Churella. H.R. B. ('iYat uthl \\ llhuntmin. So bean Jpsln illibitor acti\vit.\B. I 9F6. ,. 


of' stos infant Ltl\,t, it', ttiit ttiil 'ictitiiC,tnl fill .- h
ttrt1 and tie rat..I. \.gric.iodChent. 
24:393.-3-7. 

1)cval aS. k .P. S..lt1lahi.I . 'handra,,ckhal nittl K. I. Nir lnala t 4.Nutlitit0mal C'aluation 
iltalic haCd Iltlii'n tt, t \ ilht'" Indiant .1. Nutt )ict.OI a 	 t IL t ln, Ku/hdan aI A1ti 

11:257 263.
 
I)eadas. R.P.. S. Prc.mLa11tktitr andi C. N th\ . 1079..A\ atlabllil\ it ,tl rio tted
 

eCrltinatcd ,rcoals and p)ulsC. Inldian .1. "nUt. I)icl. I,"6:40 7
 

IEask, aralt.J.. (i. Srilattha. i l Krod
S .litnlnttl R I.1 ) ,d I972. 1 .lunhtim l tie tiptin of 
the selected .,cctalc , Indianpotclll ll\tIr,.',, LIl1tii hint rats. .1.Nuttr. Diet. 9:327-330.
 

F.AO WH(I) tNICF. I'.\ Sti Inenllt.lI3. Proti+in \d\ isor\ (;roupI. United Nations.
11)7(). N. .
,
N,\\ York.
 

(ic1rvani. P. and F. Tctphtils, I'153 StrutniC. Cet1Npitiiti aond pht sical prtpcrtics til Icuglnlc
 
starches. Indian .J.Nuttr. I)ict. 20:32.
 

Girt. J.. R. Par.tiathan and K. Shantllhini S . 'crlinatti n ti i
I 5l lfflcit(t leI el, pectin. 
ph,.tins and nincra,, in thrll scloted Icutnics Indian .1. Nutr. I)ict IS:S'-9l.
 

(opalan. C. B.V. Raina,,aistri amd S.C ta lasthraniaian. 19W). Nutriti\c Value of1IndianlFoods.
 
Nation,:. intItlttC i Nuttiit n. Ind. Co in.M cd. RCS.. 1\dCra.tId, p 03.
 

Hlsu. ).... H.K. Lcun. M I .. Nrrad. IP.I. innlt\ and ('.. l.cung. 1082. l-ffect of
 
gcrni .tiitt in ch.cttiphlirctic. fuLnctiona l til baCad iilokirile p oetics of, clhi. pea. lentil
 
aind fnhabCanI po1tein is.olatCs. Cercd ('en. 59:344 350l.
 

Jaa. T.V. and 1.V. Vcnktlar:1nin91t I(().lInlunct it f t+'rloliltt0i til the Carl lltdratc 
i 	utr.iilit. I vivo) of cllickpe ("it tltctiinitim ) and orcciyrati .wtlurlttt't10llI' . ,). IndianJ. 	Nutr. l6io. 18:0+2-08". 

Khader. V. and S.\'. Rat. 10hS. Act of ttikinl and prlcessinL, tin proton qualit\ of 
BRnealerant. -teticg'ti and hitrscgr;tt. IMani:in I. Nutr. Diet. 23:5-. 

Kuirte. N. I972. ~Hetrcsistancc t Pht ttih,+cm,)e lntinis in v,canine food tttrc, containing 
hearts. (Ihitidlitt/t t /u'lrij. Icoll. F d Ntntr. : 3( 307. 

K tlar. an ' . K.S. Krislltraiiiiirth. . I978. Cttking,K .(i.. I.. Vcnkatatm 1. \I ta ;il 

characteristic of sonic eriinated ICeimnes: inpl.tins, calcium
nhat.,, naZncSiUIll and 
pectins. J,Food Sci. 4,3: 1550f-1501 . 

.'alleshi. N.G. H.S.R. Iesikachar and SV Rat. I956. tein quality evaluation of aOf vaning
fotod based ,aul and Plant FIttids Hurml. Nutr. 30:223-23).otitnaltcd Prent. 

Mesallam. A.S. and NI.A. Hatr/,t. Ia 7. Studies ttiereenerarnt Ihatcon.e urt'ux). Protein 
ctiCCntratC and flItur. Plant ttids lt Ilnian Nutrition. 37: 17-27, 

Milner. 196h. McGrav, Hill Ytcar ok tif Science and TCChttlo-.'.\Ic(irai. Hill. Nc,.v York. 
p. 61. 

Pralhad Rato. N.K. Vija>.arachat atn. 1970. Spin tiff bentfits in ntutrititn prtgratniics. Indian 
J.MCd. Res. 64:1107-1118. 

Pushpannma. P.. P. (icc rvani attd K. Krishttkutnari. 1982. Lotsses tifsoilc nutrients in cereal. 
millet and IcutteC recipes. Ciintnttlv consutCd itt Andlra Pradesh. Indiar J. Nutr. Diet. 
19:342-349. 

Ra. B.S. and P.G.Tulpule. 1980. Vitamin B6 contert of stmte Indian foods and rgwroal diets 
and effect of cooking on the \itaiin content. Indian J. Nutr. Diet. 18:9-14. 

Rao. 	S. and Y.G. [)tsthale. 1981. Mineral ctotpsititmt f fiu- Indian food legumes. J. Food 
Sci. 46:1962-1963. 

http:enllt.lI


485 Ltilianli t ll i~c 

RMcAWG and J. Vemmni INsU. Rc~i,~a! kit flalulancc fIctort Someinpukce. h\ Imicfohial 
Icrmcntationj. Indian .1. nui. Dici. 18:2 1 217T. 

Sankara Rao andt Y.(i. JDco1,111C. Ik .Nica oipIiit ofouI Indian 100d IC21.iiliCS. .1. 
Food Sci. 40:!1902 -03. 

SekIon. K.S. SNK. upia ad(4L \K N IakdIi' . ')7')' *\ioCid cnrnpoiinn11 01i M111n, In1dianl 
J..N nin Dict. Ih(-41I 

Sicz,,Ci, A.. and B. 1070cri. \oILtlilIIrd. Food andt Nutiio~n SkcIkctc I),\j' jf.i' 

InterInatIOnal1 DLIkc
ciIpunen RC~ciuIuA (cnn-c fII)R-I'SI )ff 1a .In,

Soni. .. Mil. ( cr t! R Sir110 InNi? 1.le (I C01nniun0 Indian pI)l'Cs fa1. Ii'C110lstc-

Vaidcli. P~.. N. Joiii mitd S-N! KLIIaIIi I)N8. I-flerIf(1f iifjaii HiifCAje %',HII ti)Isc
on i11C pi-piiit1iiuI i ( IIfLhlii1111 IIntluan ..1t~eI bodt SCI. Iccijiol . 21 :4()3--()S.

ValIideci A.. M.N. Ranm~uanja N. Ran art! Ii1 N iii]. 19t72,[I cci if pincevdn andi \lorac
of fIle fhlaiiiHiie. Ihillat\1 inantOi IcIfini acid C01Iilcni" 0f 10it \arIJCICN'0 Ifni ainpi\x Indian 
J. Nnir. f)icf. t):336-341 



59 

Production and Utilization of Mungbean in India 
V.P. Singh, A. Chhabra and R.P.S. Kharb 
Haryana Agricultural University, Hissar - 125004, India 

Abstract 

During the past decade, mungbean production in India ranged from 0.79 million 
t in 1976-77 to 1.37 million t in 1983-84. The average yield of mungbean in India has 
been about 400 kg/ha. Andhra Pradesh. Orissa. Maharashtra, Madhya Pradesh and 
Rajasthan are the major mungbean-producing states in India, accounting for about 70% 
of total production. The highest yield of 848 kg/ha has been recorded in Gujarat State. 
Low genetic potential of the varieties, cultivation on marginal lands under moisture 
and fertility stress, low plant population density, susceptibility of the varieties to 
diseases and insects, low adoption of improved production technology by the farmers 
and fluctuating market prices are regarded as the major constraints for mungbean 
production. Implementation of well-organized production technology in the potential 
areas, varietal diversification, use of quality seeds of improved varieties, cultivation 
in more favorable seasons, additional area and breeding approaches and sound public 
policies are described as key factors in increasing mungbean production. 

The entire national mungbean production is consumed within India and so far no 
export trade in this commodity has beer undertaken. Mungbean is mostly processed 
locally for consumption in various food preparations. Factory processed and packed 
preparations of mungbean, which can be used as ready-made food. are yet to be 
produced and marketed in India. A very small portion is consumed in the form of sprouts. 

More than a dozen different food preparations of mungbean are known in India. 
The most common dish is dhal. the cooked split pulse (both hulled and dehulled), which 
is sometimes cooked as a whole pulse in the form of thick soup. It is also cooked mixed 
with rice. Indian mungbean dishes are either consumed as .'. -rt of the daily meal or 
as a dessert or snack in almost all parts of the country Some toad preparations of 
mungbean, as the mungbean split pulse cooked with ri, ,.. are specially suitable for 
children, elderly people and invalids. Recipes of some of the most popular dishes are 
included. Some of the food preparations of mungbean are locally known as: daal, sabat 
dal. khichari. papad. laddoo. halwa. dahi-bada, narmkeen, etc. 

Introduction 

Niunghean ( l'i, r'alia(t (I..) Wilc/ck . coninionh known as ureen ,ran. is one of' 13 
differenlt lkOd leCunlcrown n India. BCsiCs hCin e\cCllent source of higzh-quality proteina2nMI 
in the diet of' the lN -incomC .erlLup ill dChCelpinc cnt rieS. it enriches soil fertility throuch 
bioloLical nitroucn fixation. checks soil ro,,iol a 'overcrop aZnd. s, t inles. is used is a1 
green manure and fodder crop as _IeI.In 'i oflich low input rcLtltirinlenllt and short maturity 
dliration, its cultivatioln is c leiC cnlom1i11ic . I)uC to it, short inaturity dhnuration, it can he 
acconmmodlalZtCd wCll ill multiplC- and rela%-cropping '\,In. sommipare.d to othercrops. parti
cularlv the cercals. iin hean (tt'ler,, hettCr chanI.ce of crol) p i'tiuctioi lndCr ;idvrC sitialtiOlS 
such is flrtlit\ ind liitui' stre-s,. 

The trend, in lmlLInhcan prldcltiIon lnd its uLtili/aliOln in Indlil arC descrihCd in this piper. 
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Production Trend 

nehe n i,the thrd tnt r ortiiltt pul,,c 0.0p itl Ittlit(I t Nt arcil cuttialed and 
production. DUrine tile paSt dICad, it', 'are.ara'need ftfrom itllion ha in19702.4 "7 it)3.0 million 
ha in I9813-84 tlaihlc I '. lh prou ctiln rni.Ii'cd Itlll 7')0.1 t 1.37 I J0 0)t1 IurinIeu the sute 
respcctive \Cars. Ihc d\.ri . id \thich lane-od Irolt 201) to 440 k' fli. ha.ben uLtIIo 
Ctmipared to tin I.e crop1 1+rthe .\ icltoth r puls t India ,1ichi a, clickpc (t ,i,/('?/tlM~UI.auid li i..,riiI t Cf,/u,;A+ ,,u ii ilp. ( )iis.a t .. I.. .\tnlhra IlrrstduJ. NI~d.lhtr NM iih,.'a 

Pi 'dCsht Il RaisI liuI tI,CtI Il rt lu'liCi Ht ,,I iI Illtlth 11iii t' it.C It i hI h t111ctl .raIcco)nt 
low ahitit 7()' ()1 thc tlta rtlli\ atct and piidhidt, il illthe Mhti, Ulltrt lFA \o0L f C 2 1. RCeIl . 
Bihlar aLd (jllaratt li\k' dp,,i c.d pi 1-iiHic+tii , t,.s. Irliihitt l . 
Illtlneheit :t )CCtI ill Ji;ll fill s, t. I . lll\ 'i 

, 
iIIii lls.'l ip ItIIt\L 1h, .i\, ii ltt th lic 

'ro. ltkc I i,ithcere+_al, 'I lhuil , '',I!, i . I cCI ,IIIl peaIl I .et I I', n i 
Ot0 ti')'l i i(Tt I . I l. kd I 

Ic II ItI I I I 
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Table I Area, productnon and yield of nungben il India. 

Year rea Pf oduction Average yield 
1 000 ha I 1000 ti kgi ail 

1975-76 2.5 17 798 317 
1976-77 2.406 798 331 
1977-78 2.434 871 358 
1978-79 2.549 866 340 
1979-80 2.594 698 269
1980-81 2.948 IOt)b 341 
1981-82 2.976 1.142 384 
1982-83 2.809 1,164 414 
1983-84 3,073 1.371 446 
1984-85 2.981 1.201 403 

Source. Anon 1985. 

Table 2. Area, production arid average yield of mungbean in the major States of India, 

Area i'000 hai Production i'000 ti Average yield ikg hail 
States 1981- 1982- 1983- 1981- 1982- 1983- 1981- 1982- 1983

1982 1983 1984 1982 1983 1984 1982 1983 1984 
Andhra 557 585 615 224 286 245 -102 489 398 

Pradesh 
Orissa 704 561 596 378 319 376 537 568 631 
Maharashtra 
Ralasthan 

488 
196 

455 
218 

509 
255 

143 
26 

148 
18 

170 
90 

294 
130 

325 
82 

335 
354 

Madhya 237 225 232 63 59 75 268 261 324 
Pradesh 

Bihar 147 167 175 69 69 71 465 413 407 
Gujarat 131 114 157 39 63 133 298 552 848 
Total 2,460 2.325 2.539 942 962 1,160 383 413 457 
India (0o) 83 83 83 82 83 85 - - -

Source: Anon 1985 

Production Constraints 
Traditionall, . iumnuhcan , oromsi on nmiar'inlt iud sumrlinal lands characterized hv 

moisture and Iertilitv stress. +.itlcIr
Io Ar tiiniiiun input. ,ireapplied to this crop. Generall. 
it is raised as mixed or intercropp.d l, t other rain scason clps llldCr driland couditiOns 
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where rainfall i, hthi erratic. Most of tleprccltl-da, traditlional and inpr\med \,trieties arc 
suseC ptihle to iia, ,mid in,,'ct p'.,t, I v [,,u ikfil elie ilait pop iltonh Ie',1, 11 tihopiItitti. 
Thus. all these filctor,, lead t) pool and untal,.e \ ¢Ik. ThelletnaUt HiL mtrket price of ninnltelan 
t'rtlhe.r adds to the 114.sianld ttllr,, Mre r,'hit.tlt t0 ttFv\ nttti.tttnliI 0t 20od land \\tl iItiprmved 
titaia eln pr.l111t :CpaCtice" 3). 

Table 3. vVH olc ,1 ina'ke: price Jf Mn.nguean compaic d with wheat at Hissar.: 

'ungbean (U S S 100 kp Wheat U.S S 100 kgl

M onth .
 

MilMurlnl maxiiin minilll maximum11
 

1986 	 Jan 31 92 35 38 10 31 13 85
 
Feb 2977 34 62 14 00 14 38
 
March 33.85 13 23 14.85
 
April 29 46 1 192 14 08
 
May .. 1200 12,62 
June-• 11.62 12.54 
July - 11.92 13.46 
Aug 24.46 26 92 12,23 13.31 
Sept. 23.85 37.31 11.54 14.15 
Oct 24.31 31 38 13.08 14 62 
Nov 2308 30.38 1200 485 
Dec 23.08 28 31 1269 I5 23 

1987 	 Jan 2000 31 54 1154 15 38
 
Feb 24 23 34 38 1154 15 38
 
March 27 69 34 62 10.77 4.92
 
Apri' 21 15 37 77 10 69 14 46
 
May 32 69 1277 14.46
 

Source Marketing Commattee. H+,sir lnd,i k I L u, f riwin,i', dmrwm th. pemod ravnmed from Rs 7 50 to 
9 00 per k, Appronmimate comre son ,u U'3S 00 R 13 00 'Nat ,mad:tblu 

Varietal Diversification and Seed Production 

Plll b rI hintLW OMItr\ I klA ,i\C ill trt\ Of ,aietie:,SeI. thr 1l th Ile de., CIl,)LI illt.ed to 

l(11 these \.rleti,.ne,+el, l \ehielt~k. nll % th,.erC little lfiit ILtil e IllsbCti %r\ rplaicelitltt 
tattiters" t ith tie llllpro\ed \ arietie, i'd tliletr,,a,,l h'i r .,it eCd oft hIcal 01r It l( scrlipt 
vIItLtic . III( icl 1l( Ieet tie see:d lI llelllclit Im ltllJ tmi\ tc.\atictle ., it is e",litiatei that 
apprommrnlte],, 0 .000 t (tq ,,Cd 11,ruireIII-d t,) IW'u;1t;1tl) Ihcl illitml hudCLrr-CnthI underCI 

Ii1dhi. l 	 IrtlIlI lie t-i' II aindnlttn.1be1 .tln ill At ',(%% 11t it \ iri l dIIe silIciall tl ti.Le Ct l,idCi';Ili 

three toi ct d i i Ill .f ur 	\lric li t h e i)O111.,u.i/, each. sIL. 

Role of Seasonal Effects 

Tradijtitulnll,. lti n hs bc'tl I tmSCpitIher) ..i evtlel!hc ,i rItlt,.-s-asi ifl 0l\ ill India. 1Ii)o\ r. 
at presentt it I" g lt'(M,,l altIti.t t MiillhoIit th.. \,c r. In cidliti~mi tI eine tile tl itnl-rain, scason 

crop. t 1, eto nIIratthCr ut1, : the ,,prillll slttllnr eautsn (March 
to Mix, JlnC) i nothern Indi In PeiiMitUIir Indli a in Welt 3Cneill, it cant he 2rom,,,n also 

a, a crop in tile t,\ iter ,ei,tn. A e\allnatio tl the \ era',t, \ icd of il ibetll i India (lahle 
) sueeest, tie le i leq'idtl it',, OI ltuiheatinCrIlll the sutlir ,.io l ki inariahlv 

Itiuher than durii..e the tIrditiiidnl r'im sCason itl Bihar and L'ia lh",tdesh: andti:! Atdhrll '+ataidesll 
and Ori, ,. pr uIeiICti\it It',s,lihtl\ bettCr dlrit.l the,.' v ilter "+ litrl. 

It %,.as iibscr',ed that the ratin \ iClI threttllltntieea2ntilirieClCe, iCe \earC, l111ianed \ teted for 
from 745 toi 1.431 k,, ha v, ith am (),.ra L, ha dLrmiti [or the sulllerIfI .I tle raitl\ seasoin,. 
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Table 4, Mungbean varieties developed in India. 

Zonez State Varieties 

NWP Punjab. Haryana. Delhi, K-851 T-44 PSI " PS-10, PS-I 6. 
Western Uttar Pradesh Pusa Baisakhi (PB)'. Pusa 105", 
and part of Rajasthan Type-I, ML-I, ML-5. G-65, ML-267, 

ML-337", ML-131 ',Varsha, PDM-lI 
Pant mung I Pant rnrg 2" and Pant 
nung 3 

NWH H Pradesh. Janimu and Shinning Moong No, I 
K:ishmir and part of 
Uttar Pradesh 

NEP West Bengal, Bihar and BR-2, SLtnaia., Sonah B I ,Panna 
eastern Uttar Pradesh (B 105), Amrit" 

W Maharashtra, Gularat Kopergaon'. Jalgaon-781. R288-8, 
and Rajasthan D66-26, RS-4. Gula-at . Guiarat 2 

Sabarmas 
C Madhya Pradeth, part Khargone Krishna I a, 45"o( I Jawahar 

Maharashtra ind Rajasthan 
S Karnataka, Andhra CO I CO 2. CO 3. CO 4. KM I. PDP 

Pradesh. Thinil Nadu 71 - I,ADT- I 
and Kerala 

SE Orissa. part of Bihar Hvb 4-3. HYb 12-1 
and Audhra Pr idesh 

These varieties are wei ,ldptr1 ii ,v,, ti -u r se llzones (C)kjwtrY NAVP - Noih,,est Piir., 
NW H - N I tfw Pi.s-.. 'A' /, tr II C Ccii, , - SENorthwc-,t Hill NFl ,' v- S Southern - Southeastern 

Table 5. Average yield of mngbcan (1,g ha) in the ramny. winter and summer seasons in selected 
states of India. 

State Year Rainy Winter- Summer 

Ikg hai lkg hal (kg ha) 

Andhra Pradesh 1981-82 391 454 -

1982-83 492 473 -
1983-84 383 488 -

Orissa 1981-82 450 551 -
1982-83 587 563 -
1983-84 543 661 

Karnataka 1981-82 3,7 324 
1982-83 360 245 
1983-84 389 248 

West Bengal 1981-82 632 496 
1982-83 568 504 
1983-84 500 553 -

Bihar 1981-92 410 - 470 
1982-83 344 - 418 
1983-84 333 - 412 

Uttar Pradesh 1981-82 234 - 410 
982-83 177 - 483 

1983-84 183 - 379 

Source: Anon. 1985 

season, these corresp muinLc l-Lnr-es % 'cr903 ton1.883 ke ha with an aseracu of' 1.277 ki ,"ha. 
Thus, the ,rain yiel ol munhan %%as er'l 15"; hieher durin.e the1,unmeir than in the 
traditional rains season. Patra and Paita (180)U). Jc,,vwani nlld .. Iohants and SharniaSaitli 1l 
(19821). Thakur Ctal. 11985) and s-inch et al. 11985) also repiirted that the produtivity olf 
nluhean is substantiall, hi2her durin- the nontraditional seasons. 
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Tihe prbohic/ ot discasc. insect )CSI s and a,-, rcciivci .!-growinlc %cCC(IS InllIllis Illore 
pronounced illthe raill,C, On i allin lile tiIm[Iad~+itllid nCaSon, suci ,Isspritni-. 1erstIIIn or 
Winter. COIIuCtI. plant prtitcctiiinl c\pcltc, arc car,pcctcd to I itLu.h, itIltlngeanih er 
ctultivation shi,,tith1itttrajtiditi irlm
aiseascats\k,hich ,\ollhl ohe d to otlo, tile areas of 
best ptnclti.i. 

Production Technology Gap 

Timcr is ' \%Lld L I Ip ll OiL Iid 0hit,IlIICI A rc'c,iC.. fltii, 01- ill iitliut1 ,stratill plots ind
 
ill tilL Jitlltllte[" I 1L l 1011a 1 T \ 11LlIlf1.1 itI i ,iiubout 4( ) ki ha itll. clii.dIIcIld, ttli ,11 i%' iCI it f 

''th.-tI )rI i llfrutti (,i0 )-85t I. ;I:[ ' . i'Iii, li ,krx and (;t Ill 
h sifljli Intfit Iiii ,l, )ill I v tc\ ,ltl k \,ttlCtlL.,L.\& il; I ii;tldth,_I Ilat a II', l t,. 31 )(I 

kg l a. ,' 'rltLd -" ( itIs ! li t.,hIlIli tii ut.Ill th.'V rIiit t It.'l Aitt. ti l !. tdl, . I ,l 

2];.kntifrltl 42 h Iii ', \.Lid titi c +In(I ! I tlt aind) p;L 1htl ' til 'p ili i lldIi,), 
i lnt11I 1t.Crtt\i +lil ll IlC . 'It' Aill l tlL',,Illl Ntllh iCll'\tl ' it hpLCClI S I I iclI, t .1 cLii. 

,,Ia,.l. i'llhIt.itlll alil.ii)Th. Piecdu .ca-
L L 112lllita i. I l tll'h Lliccii ill i ii 

t 
, 11)1 . til,11 l LttI,,11Il l I ti,i t,.lIIc h cu,,.' it Ii t Ilt Use 01* 

auj t riiah_i l l A liL:%0 ll 2121a lI\d I ii t t , hii'I , l lift 'ti.II,.Il ,.c',tll iu ,tle(! 
tl(Ilheat ltcIl [illl ciI/t 1 t\IllI-O,:IIl .L [ llh.thO i0 ktC l

I
.I1 ,ltl llift iu l t llI I ittLttiitIIO, seed 

Expanding Cultivaon Area Approach
 

ii, ,incw\\i ctli c icpitxart, nod ttr t lccm thctpo nltllll.iIIrsc. M ild 
luillr ti lilll. 'ic I Ilt c cti Itc ih%a illiL tI ,. I l 110 Co il cMlhoredpiusU "r rlLitic l. 
IlhNv ir. tll,,,i)tItt,liij.it altlictc1a s 1itiu t ani )cn lvt IIe97SIrt ciedcu I t I)LLt .itIita(t ltiri 

icI l I III~tct ' tctfi I ti anlslic.' jcil. ana ha\,c1- itL-,1tIC~7Tr;clilcd :till 4iC. ,I11C5tcan,,Io.HII i I('.11'. IIIittrIHUM ld'i 1liatI l;rd . rC,,dC.:ti\c,., tilt-Uthsitui 
' irctacrcr, tth it,,.tI %titlI\IV c I i i'Z'Ic , i.-dd,ir Iii iit ca cill\\ a,...)tt-ICat 

t d 11)t10 , Is -d lt'tI nt (Scit c pcli n acit,'l ctstl i).IlI cai3ia it clul llcIil. ic)-i t1tgItILIM-!hCirl IItCr,fr,If)I)! L I,, ,O~t' illrefillisII ,)1 ) O bol)th'tiu1,.W, I)-litlt!C. IIIt h()drl'uluh1 101 

i .:rtjues u 2.t ,i,.1 2 hq6 We, 22 1 %\ll ')tl ,.llcli,,ila st itl ,Icc Iii h 11t ru,t u clr,oil 

oILLthCsts to! .imlpalc itsci, i t tlCs ctincc t 11i,. , ci l ue s ded to (1to0..ii Ic llhililn InuSicls 

t ,,i 
N L ,ol NI8). Cll , iscrco hake,.riJ )'+'i''tl+ "l + l l d 

te.
hle 
ill. 
pt+,. 

I 
t 
L1. 
i l it 
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; oftnI ltLJ 

Ih 
)+C.a ll -,L1Ik ; lh 1l 
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,,CtldI.I).
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I S CI[Jto.l)' l] 
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,hic 

l) 

deBcsal tcpiiitl I -)Icl,c:d ti \ \ \ith,,, nl Lcs,t,ckatt tile: disetalflel, os asc I c..T he,.
aditional ,11-cA i ca t uicc of sutic uti ii,it ra l.cut Lri;.ttlkic,(\,dh tlal flor 

Breeding Approach 
nturl. at\'crii ah,, andI ctcc canuw.I:nsd i soucartic,,t drisclscn5 I\:,.'+iiil K,'ll+ta \rpcniae 

IDc ltckq tnyne",,\% ti.w\hi h a r e h,_ot ,_\islin g t e s Iire sp)c t t ovieldarn , .e
r Kt i~!hI b e st 
olr any,n r,.Ii1d,rm bea ile cii h j c ( ifl n,+;~ progr aoh e e,t", t it ha ., tt hl'r +o : t i \ ,+ h r e dl .u .A.c r itic a.l 
e xa'mtli nal l l t ..i \', cti el t1,rh,w t mal ll['o l'e ldt ti 
t ,' I111111 t-e;.1 tll h ' l,-,a , i\ rgin a.l i I II t n11t ill yie 

over tile older '.ariclic, and [Ile ;ieM,, aire ratheri unstale. built-in"Ihlcretlore. ,.aricties \%ithl 
t'es . t. l lct';ll : htolllti ngh ea. Cl lo s, i,tYN.l.' 1V , d I,.. in~ it'us MVita.lC Orl' l c ll } h'.tl s 1.iI. a ni at c r'kle,, N1. .m1 d. ) I ll l \ Vch e r.I u,'i,,L h le M d . t',.h
tileajorlis e ase s,k~ 'lall . III(ll I l C J I Cd IllO r'd C ,,tl \,. N ltllg ;.ll 

lines 1.24-2. I..N694+ 15225. 1 227 nd 1522 ) k n exb eent tIm d to b e r ee Wtin Xl .M\.Vunder 
ln al .h;. ,Cl asnrt ifi ial . d i s sti;,l..Y,-t: it lil s, hlll ]CC Ca' U e d. ,d d ahl tOlt ,Ctl al s a, c. a ,..-,, Oll.. an d ll I l e s as C I)CIl !C S, FC 
oI' resistance it)ti,, d.isea,,e ill n A]'g' IlLlIlghCall/ br~Cdinl L liniesthrCC,.li MM Lx., d IItCCd Under 
test. %.iz. Ml.-320 ,MO.M3.. W.351..MHY1 ,and MM)..11,6 "m WeA". h1i-,,AtcImld to tfairl; ' 

d eg rees o1ff i to lkr-lnc to . lV iltht'' lI tICsi,,t b ltc ed I.C V..NI ..\ u~u atC C.C OuhIl e,. f orw tile 
varlet,. .',,I.-5 sIIO,,,k +dleat1 111Ci01t rin kle ,\Hi er n;ll+;.tlCilCn,' ICatf us U nld Culd itiO ns f or se veral 
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seasons even when some of the other lines showed 100% infection. The lines ML-9,MI,26,
-ML-70-10-and- 1157-were identifiedaSS6irceS-of resistance to Cr Y (C1 ST-i ir rapiifspoC

Rhizoctonia and bacterial blight,
Our experience on mungbean breeding suggests that two typesof varieties are required for

its commercial cultivation. The first type, quick maturing, and relatively insensitive to photoperiod
and temperature varieties of 60 to 65 days duration are required to lit in the summer season 
fbr late sowing ilthe rainy season or in the prewinter season. The second type includes varieties
of about 90 days duration exclusively for the main rainy season. Inaddition to high yield potential,
such varieties are resistant to MYMV. All the known sources of'resistance to 1MYMV are
invariably late maturing. The varieties need to be improved for other characters Such as color,
size, gramI appearance, synchronous maturity and pod characters. 

Mungbean researchers' attention is needed also on the physiological parameters responsible
for increased yield, the problem of flower shedding, Rhizobium strains and Mlycorrhiza X
Rhizobium interaction. The available genetic variability, needs to be assessed for these parameters
and investigations for their genetic basis are required. There are indications that significant genetic
variation for a number of physiological parameters exists in mungbean (Ni jhawan 1986, Nijhawan
,andChandra 1986). Studies on Mycorrhiza XRhizobium interaction can greatly help indisease 
control and in improving efficiency of biological nitrogen fixation (Marx and Schenk 1983). 

Public Policies 

Not only'are the efforts of scientists, extension workers and the farming community vital 
to increased prouction of mungbean. but also of administrators. olanners and policymakers. In
the abserce of public policies inifavor of the farming community, farmers are not likely to take 
up mungbeaa cultivation eagerly and enthusiastically. For example, a farmer producing cereals 
or sugarcane knows precisely what minimum price his crop Iwill earn; but such assurance is 
unavailable if mungbean is grown. It is, therefore, necessary that the authorities framne policies
regarding a remunerative support price, an eflective seed procurement system and the availability
of plant protection and a processing infrastructure." 

Food Value of Mungbean 

Food legumes are concentrated sources of protein, particularly for.the cereal-based vegetarian
diet. Since the amino acid profile of legume protein is complementary to that of cereals, their 
combined consumption provides food proteins of high biological value, which is especially
importantfor children. Although the range for mungbean protein content (19.5% to 28.5%)
is-fairly wide, the genetic variability is not very broad (Yohe and Poehlman 1972, Tsou and
Hsu 1978, Rao 1984), Mungbean protein content is influenced bv environmental conditions to
quite a large extent and it may be quite difficult, if not impossible, to improve it genetically
through conventional beeding approaches,

Mungbean isa rich source of protein, phosphorus and vitamin A(Table 6). Mungbean sprouts
have a fairly high amount of vitamin C,In India mungbean sprouts are Used sometimes as a 
green vegetable when other vegetables are scarce. Mtngbean protein is rich in leucine, arginine,
isoleucine, valine and lysine amino acids (Table 6). Although mungbean protein quality, like 
other legumes, is limited by the low sulfur content containing amino acids like cysteine and
methionine, both of these amino acids are comparatively greater inmungbean than inother food 
legumes (Engel 1978). 

,Mungbean is usually considered as an easily-digestible legune which is relatively free fromantinutritional factors 'such as flatulence-inducing substances (Rachie and Roberts 1974). The 
I>: ?digestibility, biological value and net protein utilization of mungbean is almost equal to soybean. ,
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Table 6. Nutritive value of mungbean. 

tern Whole grain Split dhaol Essential aminoais
acids 

Whole grainsg irgn
(g, g nitrogen) 

Moisture tg) 0.4 10.1 Total Nitrogen 396 
Protein (g) 
Fat (g) 

24.0 
1.3 

24.5 
12 

Arginine 
Hisudine 

0.50 
0.35 

Minerals (g) 
Fibers (g) 

3.5 
4. I 

3,5 
0 8 

Ly~ine 
Tryptophan 

0.43 
0.06 

Carbonydrates (g) 
Energy (Kcal) 

56.7 
334.0 

59.9 
45.1 

Phenylalanine 
Tyrosine 

0.35 
0.10 

Minerals and Methionine 0.10 
vitamins Cysteine 0.06 

Calcium (1mg) 124.0 75 Threonine 0.20 
Phosphorus (1mg) 326.0 405 Leucine 0.51 
Iroa irag) 7 3 8.5 Isoleucine 0.35 
Vitarmin A I U (mg) 158 83 Valine 0.32 
Thiarmine (ngi 0.47 C,72 
Riboflavin (mgl 0,39 0 I S 
Niacin (mg) 2.1 24 

Source. Pulse crops of idi., ICAR 

Utilization 
MIunebean isused, alrtiit C\clivt\Cl, .,, hullhln food tllroiuhOlt India. A large ntillher 

of, fooid iteLi'. ailill sltl nld to,s%.' ale prepared illt'rotl S spi cet. different parts of the COitlnt. 
The tmost cmilniml and rtialir lish is dhal.Itis prepared in three different i''rius, i.e. the whole 
pulse, hulled alnd deLhulled ,pill pulse I lie. I).In all iil these forlls, it is either pressure cooked 
or hoiled in an after ,,i;ikin, in \.ter. [he coiik-d preparaitll is 'alil\ and spicy. hasopen it,! 
the consistenc\ ol a thick sOlpI 'and i,, 1iiluziu,. It is estimated that aboutCollstlulid \ itlh Or rice. 
70('; iif the nilllnllb-ahi Indi INcitllild aisihl. 

Ram Ihal. or split pulse. is -1round either at 11o1nC ill the \ illkucs oila slnall scale "ith the 
help ofia grindine stone o, in the tIMjlr niulebCal -ero.\\inc States lh\ siall-SCale mills which 
process tileheniunebean craill into a hulled Or dehulled split pulse w hich is then marketed throughout 
tilecountnr. 

Thelc\I 'tmst C01tirio1it nLitIebcan tiiid ItCIIi, i '.Ct dfish I.til as ha:/at IFig. 2). II 
is caten at all special occasiolls uIrichas ltilarriI-es ailld Cestivals, in theC north. kestreciol of tlhe 
crtr\ . :t is plrCpareud frill tile\waICr-,iOaked dehled split pulse. ilter r'illdine and Irvine 
in fat. Another c ut lessc0ttniot1. prepar1irtiln Of Iunebeali is ladDoo Lie. 2). it can 
be preparcd either at hoime (ii it is also available read\ made at the Sweet Shop. 

Other fbd preparations, eaten oftei. are kihihri. (ciiiked ultglbean split pulse lixed with 
rice 1. uhi/i vra. i/i (Fig. 2). aupad Fig . 2) . di1! situp. 141uvaNtiM or k/icet" anil dali~ pakora. 
The least ColMniiLll dishesN prepared fron nuineban are the'h prilits atid noodles. Botlhil these 
are OCLaSit mall'. Ci instllied bs ai lall itiLlbe r of urhani imilies. Mn rig bCall Sprtnts are soltnciitnes 
cooked as a ereneetable %k\hen thlier vta-bles arc scarce. The noodles are primarily prepared 
from wheat flour and ulLiLbCll siritillies is Added to Cnrich their nuLiriti\e value. 

Detailed Methods of preparing nunghean dishes \which are cononly eaten itl India have 
been described in s everal cook books fiPand'a I84. Ekatlarani 1974)'. The most common 
dishes are described helot\. 

Mungbean sabut-dhal (see Fig. 2) Serves 3-4 (adult serving: 150 g) 

Ingredients: 
Mungbean (whole) 250 o 

Salt, turmeric powder, red chili powder 
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Whole Pulse 

Split 

PulIse 

Figure I.
 
Mungbean whole grain,
Hulled Dehulled hulled and dehulled split pulse 

in the raw form. 

and other spices (coriander. cumin eed. I tsp each 
powdered dried oinger. black penper, 
etc.) 

Onion 
Oil I tbs 

Preparation: 

I. Clean the mtungbean.1 '.ash and soak in w\:er Cor 3-4 h. 
2. Pressure cook once or boil for 30 ii.in in in open pan until the grains become soit. 
3. Heat the oil in a pan and fry the onions. 
4. Pour tie hoiled beans, add turmeric pmkder and cook for a few minutes to bring it to 

the consistencv of thick -oup.
5. Add salt. chili powdc," and other spices. mix well and serve hot. It is consumed with rice 

or cuati (bread). 

Mungbean dhal (the most comiton preparation of mungbean in India) Serves 3-4 

Ingredients: 

Mungbean (split pulse) 200 u 
Salt. turmeric powder, dried coriander I tsp each 
Onion and tomat (cut into pieces) 50 g each 
Red chili po\der 1/4 tsp
Oil I lbs 
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/ 

I 

e 	 C 

SABUT DHAL VARI 	 HALWA 

' : ' 
li . - .	 

f 	 d b 

PAPAD 	 NAMKEEN LADDOO 
Figure 2. Indian food preparations of mungbcan, halwG af), Loddo (b), vart ci, nomkeen (d), sobut 

dhal lei and papad (f) 

Preparation: 
The \.%IIIll)Lk' l'-'hC 01 ' ( 11. 11111, II)Ilt 1)L[1W. 1til e d lRll 1,,",11 A'.ll lt'd. %%. Ohld( hid ._ri ILr 

\\; llh ' .-1)]it1 ' l t] p it ill i ,ikci imll.
 
. \kil ,alt. I tll t'l c p,,', i . il 401) il t \l i j.
 
-4. 'rc ,, 
 r 	 .,, l tlil lhtkLt ,cl \h llC-. I, [rlltr llci \ l% , ill jni I).np n 1ii0"2)-25 Illil. 
5. 	 Ifeat mii I 1il)an. 

0. 	 \Vhe 1 i1 i Ll1t1t,CIlt1'. lit. i lt l , Iklii. Ited , li i I')(t) . ti it.Ct ' a.id 011hetI. 
in1.grcdi cllI 

7. 	Add thiet h Cd 'hleit Ipw ".'m Ih.. and *0j a mill.tele 1i1C ic] hoil IC\.8. C.MltISUM C %kitllhi ill l,,c ki ,ht l
 

Notc: Bt01 l tle.tJ d lltUt 11c in tall
M d,'hulll 1111 hCill 1ir'cwlracd the ,a,.li lllnner. 

Mungbean papad fc! Fiu. 2i 

Ingredients: 

MuNu.heati dchuliCiL ,[plit Ullse . I10 . 
Black pelpper I.)oar(e p C5der 
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Salt (finely ground) 50 g 
Mustard oil (preferred. or any other 30 g 

vegetable oil) 

Preparation: 

1.Soak mDunebean otvernihit. 
2.Remove beams frmi w.ar inthe m irn in.dr until excess water disappears anid then grind 

until beans becomle a fine siemisolid douch.er.\ 

3.Add black pepper and salt and finx thoronghly. 
4.Take two pieces of p(6 etl lone sheet, (12.) . 
5.Put afew drops of inustard Oil or ra other \ceLieile oill
on polyethylene paper anod grease
 

entire surlace
 
6.Shape the LOu'!h into) 1 2 liiIe-,/Cd balls. 
7.Place one ball hcm eu tle .o 0i1 \,h;i stitlces and press w ith a roller Or bottle in 

ordc" to attiii Ind , itc\paiiS i110 I e\ lhill ];i\Ci,ro 	n 1hape 
S.Place a cloth MeI itafd dr\ f0r 2-. da\,s. 
9. Serve either after frin ill1ai(rroa),tine- er an open Ilaie.
 

1(0. This dish is rCli,hed sil ti tOor alon. ithi dinner lunch.
 

Fried Mungbean dhal (Namkeen) iscc Fic. 2) 

Ingredients: 

NMunghean idcl. lIed ,plit pulse) 2 clps 
Mustard Oil 300 !2 
Red pepper poLdIer I 2 tsp 
Spices (Cultill seed. puv,dered corilllder. TO taslt 

dried ginger and hlack pepperi 
Salt I tsp 

Preparation: 

I.Soak itinighan overitighlt in water. 
2. Wiasha well and place in a colanderitintil beans are dry. 
3.Spread the dha/on a sheet of oldtthick clolh pilced over a mat. 
4. 	 After the mltace mnoistUre oii the di/h dries. alld it feels cold ind slightl\ damp. store 

on a plate. 
5. 	1leat Oil until ,,mokinL hot h iii.10r deep fr, 

6. 	 Drop a handful 01 dUmp dh/ initthe 0l. fr\ until crisp and crIICh\ aind remove. 
7.Fr the test )Ithe dhal inthe same \sa. 

and spices v, the 'ricd i/ho rve as8. Nit salt. Chili p ,+..der ell ill aid se/( a snack. 

Mungbean halwah (see Hl2. 2) Serves 6-8 

Ingredients: 

Mungbean (split pulse i 454 L 
Vegetable oil 227 g 
Kho, 	 113 g
 
Suci r 227c 
Boiled milk 400 ml 
Almonds, cashew nuts and raisin., 57 t each 
Saltl 	 A pinch
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*Khoa is prepared by boiling milk continuously until it becomles quitc thick and, upon cooling, 
can be turned into balls. 

Preparation: 

I. Clean the split pulse well by removine stones. dirt, etc.. and soak in water for 3-4 h. 
2. Renovc tile hull by rubbi ne, with hands ald repeated washing. 
3. Grind to a thick pulp and add salt. 
4. Heat the oil in a frving pan. 
5. First fry tie blanched almonds and cashew nuts and remove fron oil and store. 
6. Heat ,, again and pour tile thick ntngbean pulp. 
7. Stir well continuouSl\ and fr\ until the ra\, odor is masked and af'ing flavor is present.
8. The pulp. at this,stage. starts ttnrine brown and i part o f the fat starts separating from 

the pulp. 
9. Pour inthe boilCd milk and .. hell abSorbed, add tile sugar and k/toa.

10. 	 Mix well and cook acain until it bccotles senithick. the fat tarts ooZing OLt and the 
ha/va does not stick to the sides and bottom of tile pan. 

11. 	 Remove from heat, mix with tried nuts and raisin, and serve hot. 

Conclusion 

In view of Ole economlic importance of munebean in Indian aericulture and its diversified 
uses in tile f'rl Of' IolnrerotLs dishes throuclout the countr\, this crop deserves much more 
attention by scientists. arictlturisls and adiinistrators than what it has rcci'ed in the past,
in order to increase production. Ma or efTrts need to be made in the states of'Andhra Pradesh. 
Maharashtra. Ra fasthan. iOrissa. ladhlva radesh. Gtularat anld Bihar, \which togcether have the 
capacity to produce as multlch lulntbean as,,has ever been produced ill the entire countr\, while 
even n.aintainil. tile saell le el of area sm\ in. 

Some of' the consltraints. suCh as raising tile genetic ceilillg of pIdIcltion and deelopllent
of high-yielding, earl x- at iirin anrd di sasc-resistant \arieti es. require lonu-term research eff rts. 
Most of the other consrraits Ontlh part of 'he flarmers can easily be overcome if'the uo\vernment 
f'rames public policies recarding a reriiuneratixc ,upport price, an effective seed procurement 
system. and crop insurance, marketing anid prOcesSi[ii facilities. 

AlthOugh a large number of' nILungbean fooIds are consumed in India. tile\ are primarily
locally processed and horuccooked. Nluighean is processed into hulled aid dehUlled split pulse
in localized inall-scale industries. hi viewk of th la.st pace of industriali/atiirn in India. there 
appears to be iniple scope fir proccssing iinri heLa irnl readv-nil.adc food dishes 0r puick-cooking
packaged f'od items. However. research efTorts in these directions are required. 
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AlthoughAbstract 
Although mungbean has been associated with Chinese culture for a long time, It has 

never become a major food item in the Chinese diet. It is estimated that tile per capita
availability of mungbean InTaiwan is only 1.33 kg/year and the expenditurr on mung
bean products contributed to less than 1% of the total food expenditure inTaipel families. 

.Mungbean Is used to prepare mungbean soup, mungbean.rice porridge, bean sprouts,
starch noodles, mungbean cake and other products. The cooking time required for mingbean 
soup was found to be affected by crop variety, harvest season and storage, Asugar dough 
to flour (mungbean and rice) ratio of 1:1 was found to bean Important factor for successful 
preparation of mungbean cake. The properties contributing to the unique characteristics 
of mungbean starch noodles were discussed and the application of air classification for 
mungbean starch Isolation and proteln recovery was found to be economically feasible, The 
factors affecting sprout yield, quality and spoilage as well as recent developments in sprout
production technology are also reviewed, It Is concluded that a reduction In the price of 
mungbean through production improvement, development of new products based on .the 
unique properties of mungbean starch and protein, and modernization of the traditional 
processes are the major Items which could make mungbean a more popular commodity in 
the Chinese diet. 

Introduction 
N M4ungbean isnative to the Indo-Burma area, It isan important food crop in the Asian region. 

It was estimated that four Asian countries, India, Burnma, Thailand and Indonesia, produce almost 
90% of the recorded world production (Morton et ai.1982). Mungbean was probably introduced 
to China very early. A rather complete description on the cultural manageient of mungbcan 
was recorded 13 centuries ago (Chia ca. 600 AD.), Inspite of the long association with oriental 
culture, mungbcan has never become such a major food crop in East Asia as it has in South 
Asia, In China nunghean was described inthe Ming Dynasty as an easily digestible food legume
and recommended for people suffering-from diarrhea (Lee 1590), Among the various uses of' 
mungbeanmungbean soup and nungbean-rice porridge are generally consumed only during
the summer season, Various kinds of processed products, such as bean sprouts, starch noodles 
and mungbean cake, have been developed and become popular in the East Asian region. Mlost 
of these products, however, are still manufactured using traditional processes by small-scale 

Aprocessors; Improvement of the processes is urgently needed, especially for environmental 
protection and resource efficiency. Some recent developments in this regard are reviewed and 
discussed in this paper,. 

Mungbean Consumption Patterns in Taiwan 
Since mungbean is not an important food crop in Chinese diet, only limlited information 

isavailable on its consumption patterns, The case of Taiwan isused as an example to describe 
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Ill \k.ill[Cl h u ., 1C1het - tM, rIld llm~IL,-, -, r l, dkJ,., h111C NU'.t (0. rIC tr.h1 1 m t~ll 1 )h %k !11C ,..H, 1111i,.+1 

lIILIII,.I'+C;lIIH LIx 11'lh.'lll",,.. 1111.t I 'll 11Cl~",I) 11 1 11 h ti l L \C'tr 

Table I MuLgbean conIsunLIpM Alnd its pcr capita in Tiwanor a,abhhty 

: LIcn hion, T P(-)ptI iLt r) Pul 1 Capit
LXII t t,Y 2] ,iO r d(C ! +0 0 p +, n +i , l'ILt> 

cnniin':d pciic. C, 1 000 pt!. , k pel'Scti Yrl
 

1980 24 352 3 816 10 536 17805 1 37 
2Q81,7874 3 287 24 587 18 136 1 54 

1982 28051 832 26 219 18,458 52
 
1983 22.995 -71 22 524 18 733 1 23 
1984 21 428 476 20. )52 19012 I13
 
1985 22.348 667 21 681 19.258 1 16 
1986 26 176 17 25 559 19.455 1 35 

Table 2 Morthi, (xpcnd:urez on mitnbean D-rJdict OI a Chinese family inTaipei. 
' 

A +L'rkf ' i L.'fT 'Liinltr( IUS r I 

Year Food i'1.. ' . Stii I'y Subrotal o r LnLgbeaf 

to ta' L;.9 on: mingbean cxpendItUre 
2 31 4 5 2l ,3i,i4i , 1Si1l, • 1000i
 

1974 101 0 16 0 31 0 33 0 80 0 79 
1975 1 1 17 0 21 0 41 0 32 0 94 0 84 
1976 116 I 0 9 0 33 0 25 0 77 0 66 
1977 124 i 2- 0 34 0 35 0 93 0 75
 
1978 143 7 0 2-; 0 41 0 36 I01 0 70
 
1979 164 8 0 : 040 0 38 0 99 0 60 
1980 90I' 0 2s 0 51 0 43 I 18 U262 
1981 211 6 ()24 0 8 051 1 23 078 
1982 2099 021 039 036 096 046
 
1983 2153 223 041 035 099 046
 
198.; 213 7 
 01 8 032 030 080 037 
!985 218 020 033 029 082 038 
I98b 214. 0 22 0 33 0 36 0 91 0 38 

, .. ,. . I 74 7;' Nr- 37 . 19 78 NTS 35 95 , 1979 
0 1 it 37 rI 39 86 1983 NTS 40 24 n 1984jF S 18 , s 981 N,,rT. 79 r, 98 - z 

StL3942 ' 'JTI39 80 , 8 3 ir'7 1986 TS 35 45 



Mungbean Soup 
MunLcI ISLNI Prep,nd h\ nnm~hCaiInCLILI Icd t lflll vCdM'1CINOuII I\ pn~l cookmn, nilIc110S Ih i. 

b hC Addiiion ill' St12 '. S lI6l1iiicN, cO keLI Iic. IN I L, Lied tiilii Lulikilie. F:INC III cook 

t1 I tiLd L'001.1 caiing LLi.iIi\ ILCIlIC iii1'I LILNIIL I tltidIiiL" 1'.,) IlliC!)aale ti III eCIICII. lniicla 

,'CcdCL ",ariCitIN \, ilh dull ,CLd LV t arc pi.vtl id b\ hi hIcal c ,linliclr. v, hciCea., vari.tici , v,kih 
h'drd SuCLI, LI'C LJlMCC,,. l' C. 

I r idn i i l ",-mi miup dit cmk im lu N around 3()0 ill, hich I",lather liea 

'll'ld ,,.c.ieii.r ' O LIt IIII .\ p)IL'N LlIC O OLCILI, 011_'nl ,l d it iLi'( the' cookine time. Pr'ic kcd.
 

l
,
LtCdII;it ",ItlI 1 iClIti'il I\ 1uHIilI i l celIlmik.ICL' d liIlel Ih\ 

. 
ll'i tcl ni azkIt. \ct,\ rlimenti ha\ e 

,thi IC Cdi te ",lLi.\ ll. CiHltLI 01 \ lCI\ . 1 ilII. Nei.I l t l ail'i Ni ra:l onl c'tiikil.2' [i111 cltILIi'CllICItI 

I.\\II 9S- I NtiIlt NIi',cdl that OIl p cr lglt. III \\cll o.oiiiikcd iul nul,,l h . wl l vall wlr IiiiiIlll 

Im a L,_ li tulL \,i i ,I iliill LhIIiI\,tr'I t'tcL 1110h ,Ilk ,,III ii I 'i .hl lw ,'irleN L I l ir 
,ilhi\ .r. itlil l c h -,LL, tilt_1 lIIli 1lIN a h .ilci LI:i\,L: NcO. itr\ Ifiuoi 1C ',LaI',0n cookii lhan 

ihat l \ e',l I 110 t ,11 ,tlN ,C;INIi, lc ra,_c m\l.racdl Ui iK pi .IIiI lllnlht I lI* 4) , iunlei4() 

,ild -' II ! t JIl\ 
L, ILLitilCd I I l tLt'tL' I II ) INll ICeill i lI !c 5 1. I I ',. IL',llih 

', C l thi t Ii i IC. tlul I I ll". Ih ' 11.thu1 t1lh:tl\ CNI .Iil ili iN, 11,\ an, t I 1' Ila\ ill1)( 1 tallt 

ILI)C I 'hC ,i i kiilw tI t Itu. il I~ltH k.ilLII ill 

l\I~uII I III llIullI 1\%\ .j IilICll,I ILI I ItItl,,_' Il Ill he thu _uIlhhilhi2IIl)I IillI II l I'_l ptIiuiI lttc IItII II L ' ,,I ' illI .S~lI III NUIII c c.lll\ I,+ (I C kI., I t II,. tl,,tL' S2 III I I IIII 'III ' 

](l. VluuI tll ) hI i.])( !hh ,.'tu lI l(. \(" I IruSI . 1t I2r I IIt InIi thI I \\ (1uo. rL1Ih A+ 

Table 3 Inrfluence of cuLbJIU-s Of ccoOkinj quI.hty of mumnbean (cookin tIme 22 mint 

V. .1_ ic' of well

c rr , ot l' cooked beans 

V 3476 1983 ouruni 55 I v 22/2 1985 sumner 54 ab
 
V 3176 1984 ouz.umrI 60 a V 2984 1985 sumrn)Cr 57 a
 
VC I628A 1984 aWuMu 33 1 V 2773 1985 summer 51 b
 
V :010 1984 autumn 12 c VC 1518A 1985 summer 29 c 

V 3476 1985 sunmer It d
 
VC I1!68B '985 spron 58 a V 3726 1 85 lumrci 10 d
 

VC 2530C 1985 sprInu 35 b V 2020 1985 sLummel 3 c
 
V 3476 !985 sprrt, 30 b
 
VC 1628A 1985 sprui7 30 b
 
V 2010 1985 t 7 c
 

Mr'1'2.KI15Qr3li.. .t'1 t:.- ! 7. t f'!.I .t. - t 5 It el D inc, Ls Hlultnplc 

R.i',g+ T-sN,)rMP 

fable 4 Cooki<ng qualhay of three rmmul', bean varietios planted in different seasons. 

of well-cooked beans:
Varictv/% 2 : Planted. . .. 

-,e aeecminr Cooked 2522 mn 

V 3476 1983 autumn 55 a 97 a
 
V 3476 1984 6 0 1 99 a
 

V 3476 1985 sarrur 30 b 66 b
 
V 3476 1985 suummner II c 54 b
 

V 2010 984 A1notun 12 a 29 a
 
V 2010 1985 spring 7 a 23 a
 
V 2010 1985 summer 3 a 7 b
 

VC 1628A 1984 autumn 33 a 93 a
 
VC 1628A 1985 sprin 30 a 85 b
 

Means Of ticL sl',' 0.hi rI jt, irLetv folio.'cd by the sauic letter are not Squ'nuficanity differcot 
at the 5" eel -, Dc:i't % 'luit pi( Ranue Test iDMRTi 
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cooking time than \"C I 168B. Panell dneit shed difIlerernces hetwee.n these to ine, when 
they \,,ere auoClavLd toll sL, 1pert,12 nin. and te\ture \\,I, repoited the lnli1or distingttishtable prI 
(Table 6). VC 11681B as hIud to he prelerably ,olter than V 21 ItIL)tnder the ahoC cooking 
condition. Hosc\er. %% tme 51Ca lstili/d IMr V 2(111) until it had a sillmilarhen a honer ,.Ioukin 

texture as VC 116813. paltsCIS t'1 ed V 2(0)IL due t1 it htette taste.
 

Mungbean-Rice Porridge 
Mulinghean-ric.. piiruide Iike iarci n100,l1. item ill suhch tnunehean'n'aant i,, a lmaJor 

is LuSd as a sapleIod), . Sim.e tine1 rjo.siiu(Lhr rice is UWalls than 30 tmin.11kiiu loumeer 
the eae t) eook" iprt i i)t a I'laJOi ,.Irucrn lit pi pevims lltlilighean-rie porridee. 

UnIM i I,, tI'\l t Ina kC, 'i.ean- il,,. M dr l..xll l 11 tiit:ouial suuppletuentar,, effe 
0I II.t11 tl 1 l I ,. ,I inl,, 5 ii dis c dlt hasisilJ leuitt'1 I a ,taple , 'K . 'e his 7 proit (' ut ,ss 
ssitlh I\ stili as the I itSt iilttlll"II ll0'I iC,% 1ttll uIiii ,1asihltI 25 I"'pi Cill \%.l/iChr lilii 
I, rih iI k\ iieC. ( lit thie eritll itau I C 1". I. II S xi,,tiiIltin' J1iiiiiii d s \\. i1hih ix the ltt 

k II ,Line 1rr1r1...- , [ 11 t.1 I'h ltd\ 

. s,..'ter 1.11/diJid011 
liIIItiu IIL 11ijil0 I lI I I thell iaI i \ i iiiiat)) ii t il1iin u1 , r III iee 

ht itaila S,,!iifieantll i\ eh ChCnliiii thanl u ii.,at11 ,Iable " . The nature 
onlhind h i.Ctihilit\ aiod balancd ani ac.id r niup s'+tt ~mike niur+i.2beanri,.c priidee a ,,er, 

nutiti1Ou,, 1*00d. ~ , I, ,,uitilC hm J1h ol Id l. 

Table 5 Cooking quality of fresh and stored nurngbeans 

SI, FreO, an: 2 S:r red beans' Reduction due 

Variety Season planted f %,,Ji-co-Aei or ,elcooked to ,tcrage
 
Mean SD "eLP SD i, I i-2 t
 

V 2272 1985 sjrur. 78 0 0 68 2 5 Ii)
 
V 2773 1985 surmer 75 5 5 70 2 5 5
 
V 3726 1985 sumnmer 50 9 5 7 I 0 43
 
V 2010 1985 summer 12 4 5 3 ( 0 9
 
V 2984 1985 sumrisr 85 5 5 70 00 15
 

'Cookwr' tirrr 25 1-r Sr :r,,, 40 C 75 RH fo, 45 da.s 

Table 6. Sensory e.uation of mungbean soup prepared frorn V 2010 and VC I168B 

Cook:ng Ine Panel number Difference" Preference 

limn 12 
12) 2 min for Cotfi I0 for- VC I 168B 
3, 12 In; for '/C I1688 16 for , . 10 

16 iin tot V 2010 
:Aurocla.er ,rode, SC",. ' T,'ar 'ie c-st rs ro r , "Sgrf caur .at S I "*Srgrrf carrt 

Ii 10 for rcth ns for VC I168B 

r!fcarr e 

ij : _aS no ie~an an t c :
 

a, I a,(
 

Table 7, Protein content and quality of mungbean-rice porridge at different formulations. 

Formulation Protein Lysine S-A A Chemical 

Mungbean Rice content j;i rng g proteini lig g proteini score (0) 

0 (00 7 50 36 62 37 0 148 62 

(0 90 925 41 71 35 3 141 71 
217. 80 1 1 00 46 79 33 6 134 79 
30 70 12 75 51 88 31 9 128 88 
40 1i(4.50 56 97 30 2 121 97 
50 50 16.25 61 105 28 5 114 

100 0 25 00 85 147 202 81 8)
 

'Percentage to FAO pattern for preschool crild-en (2-6 years oldi. ,hich is 58 mg g protein for lysine and 25 mg g 
protein for S-containing amino acids rS-cnntaning amino acids 

100 

http:Aurocla.er
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Mungbean Sprouts 
_ Although mrungbean sprouts have recently become popular in the Western World the ar 

rb-ion-a oIien-a v-egetabic-As-prouting6a requis neither sunlight nor soil and is not limited 
to 'seasonal growth, sprouts are produced at home or at the village level as a reliable source 
of vitarnin C in the Chinese diet. In Chinese cusie, sprouts are generally cooked with meat 
or other vegetables. Since mungbean sprouts are light in color and without strong flavor, they 
are used in many different dishes. The bean sprout production procedure is.shown in Fig. 1. 
Although it is a simple germination process, proper sanitary conditions are very important to 
obtain a good sprout quality and successful operation. Proper seed size and smooth seed coat 
are the major seed properties desired for sprout production. The desired sprout yield is around 
8-10 kg/kg seed. Large seeds result in lower yield, whereas siall seeds may result in a hard 
seed problem, Inaddition to hih sprout yield, spoilage and good quality are other major concerns. 

Besides sellecting the seeds with smooth seed coat to minimize microbial contamination, 
sanitary environment, water quality, seed sorting procedure, water spray frequency and 
temperature control are the major factors in preventing spoilage during sprout production. Goto 
and Tokoro (1987) reported that the total viable bacterial counts were" 10 to 100 times higher : 
in rotted sprouts than in normal ones. Enteric bacteria were found to be the major organism
related to the sprouting process. Spraying water at lower temperatures (18°-19°C every 4-5 
h) is an effective way to maintain a low bacterial population during sprout production.

Regarding the sprout quality, rootless orshort-rooted mungbean sprouts of about 9cm length
and 3-4 mm diameter with white color and crispy texture are preferred by the consumers in 
Taiwan. The effect of physical pressure and various plant hormones on sprout quality has been 
extensively studied (Chang and Lin 1977: Chang and Chen 1985; Ke et al, 1983)..It was found 
that 2,4-D, benzyladenine (BA) and ethylene were able to shorten the length of roots and increase 
the hypocotyldimeter significantly. The 2,4-D was also used, improperly, by somec sprout 
processors to improve sprout quality (Chang 1980). Ethylene, however, iscurrently recommended 
to the local producer, mainly for safety and sanitation. Although the possibility of canning
mungbean sprouts has been studied by many scientists (Buescher and Chang 1983: Farhangi
and Valadon 1983), there is no commercial product currently available in the Taiwan market. 

Bean seed - * Sorting - 0 Soaking - Germination 

Spraying fresh water every 4-5 h--o 

Bean sprouts 4- Packing 410- Washing 4 Harvest 

Figure I. Mungbean sprout production procedures. 

Starch Noodles 

Mungbean starch, contributing to about 50% of the seed weight, is used mostly for making
starch noodles called "Tong-Fung" in Chinese, The unique texture and low cooking loss 
characteristics make mungbean starch noodle a special delicacy in Chinese cuisine,

Extensive research efforts have been given to mungbean starch noodles in Taiwan, mainly
for characterizing the mechanism for making its unique texture and solving the pollution problem 



resulting from the protein wastewater. Regarding the former question, the physicochemical
properties and noodle qualities of various starches were studied (Chen 1978). It was found that 
mungbcan starch noodles had a very low (ca. 5%) solid loss during cooking even after refluxing 
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for 12 h whereas the cooking loss reached almost 100% for sweet potato starch noodle and 
some commercial products (Fig, 2). A scanning electron microscopic study also revealed that 

rigid structure existed in gbean starch noodles bunot in tllise ffomseet.potat0.
other tuber crops. The physicchernical properties 6f tiese starches showed that ningbean starch 
had C type Brabender Viscoamylograph, indicating high stability of its viscosity at high tempera
tures. However, pea starch and cross-linked starches, though with C type Brabender Viscoamylo- -
graphs, had noodles of distinguishably unfavorable texture (Chen 1978; Chang and Lii 19,'L
1982). It is concluded that the unique.texture of mungb.ean starch noodle is due not only to the 
proper amylose content (32%-35%) or amylose/amylopectin ratio, but also to the specific
molecular structure that results inthe strong and stable binding or viscosity of mungbean starch 

., noodles. 
The mungbean starch used for noodle-making is traditionally prepared by a wet process

involving lactate fermentation (Wang et al. 1974). In this process about 80% of the mungbean
protein is lost in wastewater which creates serious water pollution problems (Table 8) (Cher
1982; Wang 1978). Several approaches have been undertaken to recover the protein and solve 

A 

the pollution problem (Chiang and Lin 1982; Peng and Chiang 1981; Wang et al. 1977). Most,
of them, however, are still at the laboratory stage and not readily availableto be adopted for 
commercial application. Physical separation processes, based on the differences of particle size,
density and shape between starch granules and protein bodies by air (usually referred to as air 
classification process) or water (usually referred to as hydrocyclone separation process) are 
probably the most feasible solutions for water pollution in mungbean starch isolation. 

In the air classification of mungbcan (Chen 1982), rather satislactory, though not complete,
separation of starch and protein was confirmed by chemical and microscopic studies. After 
repeated pin-milling and air classification ofdehulled mungbean, 48% (on a whole seed weight
basis) of starch-rich fraction (SRF) was obtained which contained about 74% starch and 7.5% 
protein; whereas the protein-rich fraction (PRF) contained 6.7% starch and 55% protein. About 
80% of the original mungbean protein was recovered in the PRF and hull fraction. Starch noodle 
made from the SRF, however, had a greenish color (which became brown after cooking), high
cooking loss and bitter taste (Table 9) and were, therefore, not acceptable for commercial 
production. Neverthless, further water purification of the air-classified SRF resulted in starch 
noodles with no bitterness, a semitransparent white color and a low cooking loss, just as those 
from the wet process, Since the application of air classification in mungbean starch isolation 
resulted in starch yield and noodle qualities comparable to those of the traditional wet process.
and the utilization of by-products (PRF and hull fraction) seems promising in recovering the 
investment and operational cost of air classification machinery, this process seems to be both 
technically and economically feasible. 

Mungbean Cake 

Mungbean cake is a typical product made from mungbean flour. The flowchart of munbean 
cake production is shown in Fig. 3. Mungbean flour, rice and sugar are the major ingredients.
Lard is also used by some processors to improve the flavor of the final products.

The unique flavor and texture of mungbean cake are the qualities of major concern, but 
during preparation moulding is the key procedure which determines the formula of mungbean
cake. The organolep'iic evaluation of mungbean cake prepared from various formulations isshown 
in Fig. 4 (Chang 1981). Two best known commercial products in Taiwan (Kuo-Yen-Yih with 
lard and Mei-Jer-Tsen without lard) were used as controls. Dehulling of mungbean was found
 
to be important to prevent bitter taste, dark color and spotted appearance. The function of rice
 
flour was mainly for the desired color (not too dark) and texture; Addition of yeast-fermented
 
sugar dough was important for moulding property, sweetness and good texture. It was also

concluded that a sugar dough to flour (mungbean and rice) ratio of 1:I was an optimum formulafor best Moulding, sweetness and texture quality of mungbean cake (Table 10). 
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Commercial starch noodles-Ill 
Commercial starch noodles-Il 

o---o Commercial starch noodles-I 
o Sweet potato starch noodles 

v--7 Mungbeon starch noodles 
0 

8 10 12 
Cooking time (h) 

Figure 2. Cooking losses of various starch noodles after different cooking 
tUmes 

Table 8. MaterIal balance in mungbean starch isolation by laboratory wet process. 

Fraction 

Mungbean 

Soaking liquor 
Pulp 
Protein wastewater 
Istwashiri 
2nd washing 
Starch 

Total 

Source Cher 1982 

Dry Yield Protein Protein Starch Starch 
Amount weight 

(Cgl 
content yeld content yield 

2 5 kg 2.225 100 2452 100 4725 100 

5 liter 41 I 841 10 46 0,79 -

54 kg 628 28 22 1K 18 17 47 33 42 19.96 
34 liter 742 33 35 57 86 78 69 II 25 7.94 
33 liter 57 2.56 20 54 2 15 -
30 litler 18 0,81 13 7U 0.45 -- -

1 5 kg 719 32.31 0 16 021 97 50 66.70 

2 205 99 09 99 76 94.60 

Table 9. Quality of mungbean noodles made from air-classified starch-rich fraction and its purified 
starch.
 

Noodle material 


Starch-rich fraction iSRFi 
Purified starch of SPF 

Control: 
Wet process starch 
Long-kOA' 

Cooking---- __Hunter cc!or_ Organoleptic test 
loss i i L a b Texture" Color Bitterness 

1169 73.0 -4.3 16 1 2.4 b 1.4 b + 
702 84.4 -0.1 4,5 4 9 a 4.9 a -

8.01 843 -0.5 5.5 4,8 a 49 a 
11.16 - - - 4 6 a 4.6 a 

zTotal solibles after cooked for 2 h L = bright-ass a =red. b = green xJudged by II taste panels with scoring 
scalefrom I-S, where I , the worst and 5 = the best acceptabiity 'Means of the same column followed by the 
same letter are not sign,ficantly different at the 5% level by Duncan's Multiple Range Test (DMRT,. 'Popular commecial 
starch noodle ,nTaiwan - = bitterness. 
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cakes mnade fromn different formnulae '(Control I ?jFormulatiMei-jer-Tse '. Y.-Y.i Tabl-Control 2 KU... see r
 
10 for abbreviations
 

Table 10. Effect of sugar dough to flour ratio on machang property of mUngbean cake. 

Fornl: S-F ratio' MOUlding Formnula2 S-F ratio'code Mouldingproperty code property 
MRS it1 2i 1:1 Good MRSO i 1 2 1 I'I Good
MRS( 10 2i 2:1 Good MRSO iI 0.2i 1 2.1 Sticky

MRS (0.1 21 Sticky MRSO (0 1,2 1 2:1 Sticky
MRS( 1 22) Poor
2 3 MRSO3 1-;1 1 1 Good

MRS 3.l1 2 1:2 Very poor MRSL 3 1 2 li 1,2 Good
 
MRS i:I 1.2i Poor MRSL 31 4i1i 1 I Good
 
MRS II 2 31 1:1 Good
 

'M = mungbear flour tdehuliedi, R = rice flour S - suga, dnugh 0 salad n.. L - lard The fLmber n parenthesis
fidicates the ratio of the coniponer tS 'S-F ratio = sugar dough to flour imirtln ean , ricep rato 'Too sticky 

to remo~e from mould 

MtiuLeall Cike. as..tih \,atr acttvit\ of aritiund 0.7,. is USLall\ considered to be an
interllediatte illoisturc [God I[ NIFe. iold _,rimth \ as ohsercd alter one week storage
under ncarl\ sIaturatCd llnlidit\ . In ,pitc f1i11 ,-tnlear concentration in tile lornlulation. ,ltnebean 
cake is not recontnieniled 101, pln)eeOl2Cd sttoraeC Uinder humid tropical 'd ilonni11nls. 

Other Mungbean Products 
There are a nutnber ohltmneIbetghean prikdticts ,hich a+e no\\ less p)pularIII nohoner available 

in tihe Fai\wan market. Anion. them1]l. nmunebean stutlin is 110 lot' direcrt colnsunlption. Its
preparatiot is relaticlh sinple: soakine, the detlled Iltnel+2hcan seeds,. tOIlo\,.ed b\ ,tCatnitng
and maslhinv. and then ni iIn- thorouehl\ \ itb SnUear aid Oil. [i ieredient Of nulbean stutnfin 
mav vary dependingie upon Final use . 

http:tOIlo\,.ed
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'\hole mungb.ean nloodles ('"Iim-Cheng" in ('bineset used to be potpla' hut are no longer 

available duc to fhe rcltivclr high price of tmiingbcan. lnhean brlandv or miunghcan liquor 
(Lii-Tou-Sha ,\" illChilCC) is a distilled liquor fron solid state leimentitalion of unungbean. 

There are also sc% lal jell. produts !rom ilnugb smtach. howet2\1r mos of tho have been 

substituted by product, frot less \pe:tiv starclhes. 

Future Prospects 

A..lthloubh the niun,_,ben ha, lon been associateod \\ith Chinesec culhure. ot>,, a limited number 

Of p)ocsced pr)ducts h' cbccn de' eo)ped in thC i+.st. The )cr Capita COAIi';tlllptiotl of tlese 

p)roducts is rCleitiCl l\hkl i the ( hics diet. itld there is little potentail 1.)Prolllot the 

coOltlptiotlf the p)oduc,-, II lmost tf produlCts are Stille\itln. drt,otthl Of iltunubii 
prepared h smaldl-scadl iltriittL tlitional rsslr.,Cs,. Tproduc ,Lualitras ais[lie \c.ll 

the process optmo:iallwl, . no alct cotti poric ilrillnls Moire ree",alch on )oth 
It)lt \,c,.lllt thp .cssoiidIc'.elopnett of1 HC'podnts nCCded illordCr to tnrltherill 111 
enhatte the rolc tt numn1,C'm in thc ('hinese diet. 

lb: high markc rlicC )t tiunLab,,an 'could b lthcmajor consItrainl litilitiiti its tililatiom 
pan.lltlt..M l,' dt l .(l l lsni\: 'ilo -,ii 'C ':1lc cl iOre. 2b.111-hi,, or IC', c lltlli lt,I,:,. . rc l ll 11:, . all 

is teitlht l)\ , pc suiil. ,,ti C ,,tLl tl,()lo.Ci t lii mai/;..ra t r'itl li(1 il.\lC!sll llt o' rket. 

It hIa, lill lihcltt tit \ t) irIle ithC i C iiuii.lti s is a1ri1 illatClial illthC ItOCessinlig 

illdit'l\. lcdLuICl n t ti1e Ulit piec thiiuih imprn \ 'l Otkltr..tll ,\h)r iti-t,.ir>icldstCCilntti 

attn t , iri-)r1)nictiuil 0 1it ,iii e t111 t t I IiC t')C."1 CttCrh ill)l iliipti)l h tiii M 11 2ii t 

citipetitr in tte airkct. Stie ne ,Ir dr'Vh. ei \VRI)C cu ltiars. 'ltict ar 11lt \iclrlin. 

,\kith uniliriti and earir liatitllll. tidco d seed ,.ltit. ta' utilize i,.citiical tartcstine. lier,'b. 
rluCeilte tile cost 11 md , ptice.pr)duCt' 1i 0)"1 I )tCill at itItl) tik.'t 

Ninhbea.t!). as, a ti IrlClme rp. ultire pro'perties, \%hich are lackinL, in other1 hiit 

ClOps. Research (m Ie.'\ lr()duct,' deC1h1pntt. especltall. cmnhtisi,,iin, these prolperties. na 

lead to ne\w m unubitC, ()f %iCoit\. ohfiungbeanutilit.,,io)n ptteri,,. The prk)pcrti heat stable \ 
Starch and hi__h di.estibilit oh iiitmbean po()tCin ate t'.',(o are.Cas \\hich dCser. e More attenitin. 

Niuneb)an ltarch e as a spC.ial flod Ir )IducIs w\hich nCCdV.! ,or', adrti\CeOr ittgredienit 
hiph cotsistcie\ undcihich unbCan can a pttntial in0gre(lienl int tet1)CIra.ttnl protein hr 

N 111d di:_,cstibhfootd loilmlatw hu,\lihl nccd high Llttalit.\,,asil I~r~tltll. 

1ttile tcchmnihii},. nC1 
itin l Ivtrtt.itl tllor Icstirc cfflicimrc \ is plohal tlist ir'Cntlr ncchC I rC tcntl,Precooked 

NI0ilermi/a'ii t tltitbr;.tll priirrsiin for rlualit. illtipl-t\C.Cll\ iron
. 

inunihean for'0u,1 ) reCp)atatitln Cail ilect CintePi )ir:ir.,rCrluirCeCIt,.The siiccCsslhlde\ el)pment 
O \tariOuslr siCd sIltitte ttiachiticrr has 'hcadlr . sho\begun to its ilipaCts on the local market. 
LalC-scalc meChamiend proirlulit .kill make itniitebean slitr ts,, Cpciilly usingIti0C piPular, 
ctntnniicr-iirieinld packaini l iir siUcrniirrket 11' titeCtal pollution h t'.\astew\ater-i1'b1tit%. 
Of the ltllbaiCdl stirtrCh ht, alrl.tCd a sCrlis prllell in Taiwaln. One1ilrlC IlhUtIir briCtOC 
poss,,ible ituti isiinl Of! starch isilitiirciiUld be rdi\ ald noodle preparation ito tMO industries. 
A I !. lharec-scalr 'tarch isolatiItn tilClt iCs Culr suppl. all ( the stlarch neerderL for noodle 

preparaiti.n. B\ this manner, the air-Classification process can be applied fitr starch isolation 

anr the priltitlrCC\crrlCd cail useid ilre efficicntl\. 
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MunL,-, )ean Utilization in Thailand 
Somchai Prabhavat 
Institute of Food Research and Product Development (IFRPD), Kasetsart University, 
Bangkhen, Bangkok, Thailand 

Abstract 

Mungbeans are used to prepare food products at both the household and the indus
trial level. Mungbean noodles, salim starch, low-cost high-protein foods, protein supple
nentary foods, bean sprouts, and different kinds of descerts and main dishes which 
are suitable to the eating habits of Thai people are produced from munghean. The waste 
material from the production ot mungbean noodles and sa:im starch is a mungbean
protein isolate (by natural fermentation), and mungbean residue after protein and starch 
is extracted. This residue is used as animal feed for the animal feed industry. The protein
isolate, prepared by the IFRPD method, is used for the production of Protein Kaset, 
a meat substitute, which is one of the low-cost high-protein foods. The IFRrD, IKasetsart 
University is conducting research on mungbean flour and its utilization. Researchers 
are endeavoring to develop new low-cost high-protein foods. Products such as Thai 
desserts, main dishes and snacks are prepared by using the village texturizer. It is 
expected that these products can be produced at both the cottage and the industrial 
level. Black gram is used only for the preparation of bean sprouts. The demand for black 
gram in foreign markets, especially Japan. for the bean sprouts indirstry is increasing. 

Introduction 

Muneheans are an important crop in Thailand. They are used for making a wide range of 
Thai foods. i.e. desserts, snacks, main dishes and hean sprouts. Most products are mnade at the 
household level. MungObean noodles and salim starch are produced at the industrial level. The 
protein isolate. %% aste niaterial from mungbcan noodle production. is used to makehich isthe w\ 
high-protein oods such as Protein Kaset or ieat substitutes for hum1na1n COilSlm11ptioll t lOW COSt. 
It is also used as an ingredient in animal feed. Munghean residue, which isanother waste material 
trom the production of munghean noodles, is also used f'r animal feed. Black gram is used 
exClusivel, for Maki ng bean sprouts and cannot be utrilized for making the same products as 
mungbean due to the problem of starch separatiol and the product flavor. 

Nutritive Value of Mungbeans 

The nutritive value of' mungheans is shown in Table I. They contain from 2051 to 25% 
protein and from 1.0' to 1.2/ fat. The liniiting amino acids. which have an influence on the 
protein qua!ity of mungheans. are methionine and cvstine. In order to over,:ome this nutritional 
limitation. the consumnpt ion of ni unrgbeans should be incorporated with other sources of protein 
such as rice', sesame. meat, milk. etc. which contain a high percentage of sulphur-containing
amino acids. \Munbeans contain vitamins and minerals which are necessary for the human body. 
They are rich in vitatnins A. Bi. B and C and niacin. Tfhey are also rich in minerals such as 
potassium., phosphorous and calciuIm (Table 2). 
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Table I. Approximate analysis of 100 g of edible portion of mungbeans and soybeans. 

Nutrients Mungbean (dry basis) Soybean (dry basis) 

Protein 25.98 40.00 
Fat 1.30 21.04 
Ash 3.80 4.79 
Crude fiber 4.79 5.41 
Carbohydrate 64.12 28.76 
Starch 51.80 -

Source. Result of laboratory analysis made by the Institute of Food R.s.!arch and Product Development, Kasetsart 
University. 

Table 2. Vitamins and minerals in mag 100 g of edible portion of mungbean. 

Vitamins or minerals Mungbean 

Vitamins' 
Vitamin A (IL') 70 - 130 
Vitamin B1 (mg 100 g) 0.52 - 0.66 
Vitamin B2 (mg 100 g) 0.29 - 0.22 
Niacin (mg 100 g) 2.4 - 3.1 
Vitamin C (mg ;00 g) 0 - 10 

Mineral 1 y mg 100g 

Potassium 850 - 1,450 
Sodium 30 - 170 
Magnesium 65 - 125 
Phosphorus 280 - 580 
Calcium 80 - 330 

ZSource: AVRDC 1976, Anon 1978. 1Source: AVRDC 1976. 

Utilization of Mungbeans 

The present domestic price of"mungbean is between USSO.32 and 0.36/kg. The quality
is determined by agreement between the buyer and seller. The percentage of its utilization for 
food was 51 -/ and 27.7 ,;of the total production in 1984 and 1985. respectively (Anon. 1986).
Therefbre, the amonunt of ntngeans available for domestic utilization depends on tilequantity 
exported. 

The utilization of munuhcan as itfood within thC cotuntrV can be divided into two types: 
one part is used for the munehean noodle and salin starch industries and the other .art isused 
for making bean sprouts. desserts, different kinds of tain dishes, and high-protein food at low 
cost. such as cookies, snacks. etc. The present utilization of mungbean is discussed below. 

Mungbean Noodles 

Mungbean noodles are consumed daily by Thai people and are used in the preparation of' 
many kinds of' Thai dishes such as mungbean noodle soup. They are produced from fresh 
mungbean starch. The method for the preparation of"fresh mungbean starch and mungbean noodles 
are shown in Figures I and 2. re:;pectively. The percentages of dried mungbean starch and 
mungbean noodles are 36.9% by weight of' the mungheans and 84.84 by weight of the dried 
starch, respectively. 
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Mungbean
4 
Remove spoiled seeds and foreign matter 

4 
Crack by grinder, e.g. hand grinder4 

Wash with water 

Soak in water at room temperature for 3 h4 
Hull by floatation 

Wash hulled mungbean 

Grind by u3ing Waring blender 
(bean:water 1:3 by weight)4 

Filter through fine cloth 

lSolution - Residue 

Settle for 30 in Add water 4-5 times* 

Decant Starch solution 4- Filter 

I Residue 
Starch Protein solution 

SRepeat 3-4 tirnes 
Reprecipitate Precipitate with glacial Rp t 

2-3 times acetic acid (pH = 4.5) after Animal feed 
4 boiling for 10 mAin 

Mungbean starch , 
(fresh) Filter and wash precipitate 

Dry and grind Filter protein isolate (fresh) 

Mungbean starch Dry and grind
 
(salirn starch 36.9"", 4
 

moisture content Mungbean protein isolate
 
10%-14% (IFRPD method)
 

Figure I . The production of mungbean starch and protein isolate. 

Salim Starch 

Salim starch i, prepared irin mungheans, the mCthtod of preparation is illustrated in Figure 
1. The fresh munghuan starch is dried in a dr\er at a temperature of" 0 to 60'C Ior 3-4 h. 
The perccntage of salim starch is 36.9': Kh' weight of the mtunelheans. 

The mleth d for makine dessert isalin) froni salim .starch is shown in Figire 3. The resulting 
salim is ready ito eat with coconut milk s.rup as a delicious dessert. 
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Fresh rnlungbean starch Dried rourtgbean starch 
(MOISture COliteNt 35 ) (100g. 1norsture content - 141o) 

Fumigation with sulfur d1OXide for 30 min lx with 600 fillot water
4 (addition of food c()lor is, optional)

Mix with gelatir zed starch about +,

3.1% b~yweight n fresh starch Boil for 5 mlm, constmtly stirring 

At until all starch becomesAdd watert to) rrrait, a. 
comnple'Lelv L,h/nle


moistu re co nite nl )t5 1'I tIrc cigl ini7e d 

Press t/irioithil sie:ve: IfltnfIle 
l ,]l',,,('ilt 
 l t~li[ ()( 1i 1 ll . l t,lt (f( 

(r)ix for Il0 20 muir)
4 Separate tile sallr ftrorir tire w;ter

Prepa)rd ,tarch hy uSin Inet(. seve r Ohake it inl 
(llOIStuWre C)InlIt - 51 )waer nann ties

4
Press through tile 5iC , Drain thw water off thromugt a sieve 
"'to ot water (95 C) t 

Salrir (70() 1,)
Prlf Into colt watur 

R12 1d'y to.(',It IvIIh 
Drain off thle vwatetry ReritOctv'ilDgrg oil t h tickycoconut n111kn' a desserthaIrgirll rg atLir nhoo(. stick syrup as 

Freezor Figore 3 The production of salim. 
(freezel a -5 C for 20 Ill 

Soak in 0.21,, of potassuim rietahisulfite
 
solution for 30 m1 until ice
 

becomes completely dissolved
 

Separate the noodles
4 

Hang on a h inhoo stick 

Sun dry for 6 h 

Mugbeitr imnodles
 
(moisture cot tent - 10"- 14",,)
 
(84 8",, by weight of dry starch) Figure 2.
 

The production of mungbean noodles.
 
B13th rrurrvbcan rll a
(dlc, anid ',inil s ltCh )rc),ucd atlitindustrial lecIl. "'Ih'eaI)pl)\illltC

C 111positirl ()I mnivlcan ',larch (salilr \,r ch iand 111111ei , i\ cn1 in Tahl c 3 ardcll noir)d,S 
4. The Fillarriistnrc contcninlI ,ill-Ch iandIrlitnvCarit if larc. lIll li 'hcan ll)odli. i 7.31 
and 1(.5"; rc,,ictu\ch 

Thc quaint ' arid ,hlc of iilillpoiti i Illtlll nlrudlcs froi,1 81 to 1985lld ey\jilr. hrCal
is ht1(m in Tahlc 5. Ill 1 ) 5 haihlrnd irniported (1111 i Itof rii hcan iroodlcs fr1)ir abhroadr i 

at a cin,,lof L S2 .ih(hl \;1rIc 257 t cc ctpo)rcd to)hrcicui urrl.ri00 ltc oft "S61 .((1.0t 
The qua.iiII aIl d u.tI(fCs ,r\nnl'cairacl c 01 lt,1t1anchlrr rtcll11coltl.huit
I.'l'tlll


1981 I 95 isk in Tailc (). In I985 Thati lnd e.xpoirtcd ahmil 146 I ofi nimnr,.hcari ,larch ii r a
valuC Ot1I 'SS14 9). f n11p)arCd to 1984 v.hen Ori, 2ff 1. \ ithia \,aluc ()IL'S I8.(X X). ki a,c\pnrrtcd.
The data indicat that ilrdcnland fir tniurrheari niodh., arld starch IIS incryeasd stc.adii (r)\CI 
the y'cars. 
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Table 3. Approximate analysis g/100 g of edible portion of mungbean flour, mungbean starch 
and mungbean residue. 

Mungbean Mungbezii
Components Mungbean

flour starch residue 

Moisture (1o) 6.23 7.31 8.39 
Protein (0o 20.15 0.19 15.80 
Fat (0o) 0.80 001 -

Ash (0o) 2.07 0.34 -
Crude fiber I%) 1.04 0.28 -

Carbohydrate (') 69 71 91.87 -


Energy (cal 100 g) 367.00 368.00 
PER' (Casein - 2.50)' 1.73 

"Source Result of laboratory analysis made by the Institute of Food Research and Poduct Development. Kasetsart 
Unversity YSource Result of analysis by the Biological Testing Lab of the Institute of Food Research and Product 
Development. Kastsart University 'Protein efficiency ratio 

Table 4. Approximate analysis in g 100 g of edible portion of mungbean portein isolate. Protein 

Kaset, noodles and cookies. 

Components Mungoean
protein isolate 

Protein 
KassC 

Mungbean 
noodles 

Mungbean 
cookies 

Moisture (c) 6 80 3 20 10 5 3.02 
Protein (fc) 70.85 56.30 0.18 9.02 
Fat (1) 1.01 17 60 0.01 2590 
Ash (%I 393 - 033 2.08 
Crude fiber loi 0 32 - 0.27 1.04 
Carbohydrate (%) 17 09 14.50 88,71 58.94 
Energy (cal 100 gi 361 00 442,00 356.00 505.00 
PER' lCasein = 2.S)' I 15 2.49 - -

'Source Result of laboratory analysis made by Institute of Food Research and Product Development. Kasetsart 
University 'Source Result of analysis by the Biological Testing Lab cf the Institute of Food Research and Product 
Development, Kasetsait University 'Protein efficiency ritio 

Table 5 Import and export of mungbean noodles, 1981-85. 

Imports Exports 
Year .. 

Quantity ft) Value (USS) Quantity (t) Value (USS) 

1981 16 27,400 188 403,320 
1982 18 30.360 209 476,600 
1983 27 41.040 213 456,080 
1984 - - 255 581.000 
1985 10 19,680 257 614,480 

Source Aion 1986 

Table 6. Mungbean starch (salim) exports, 198 1-85. 

Mungbean starch (salim) exports 

Year Quantity (t) Value iUSS) 

1981 18 32.640 
1982 39 62,160 
1983 7 8,160 
1984 20 17,800 
1985 146 148.360 

Source' Anon 1986 
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Low-Cost High-Protein Foods 

he InstittilC 1 Food Research Mnd lucdUeic [eelopi itern [RlI). Kasetart Unikcrsit\ 
has conducted re,earch on Io,-cos't high-protein tfoods Since [96). Thils Vas the Protein [:ood 
I)evelople t Project and Continue, ith od'totiilll't0111t [ Proi¢jeC.t%,\ i ,on,10 sonl ored h\ tSAII). 
The t tCr il L l l , l l i "inin l' s a r d ,o,he ls. S ole t the hil-'-p rotein ftoodsv uSed v,cr , 

nAd 'hr0111 utt eti .iatA I, 'O,lltre disL+ussi, h lt'h. 

Protein Kaset or meat substitute. Ilis po,.tt hi, been ilproduced 1,itt1 itiune1alhtn protcil 
isolate and li so 111tl silnc I [ li( tor the productioln I proleiitutJ i mcthod oilLtunlhLe 

stett is, iii i es1t."t,+"L;it.',.... nticihn:+ > ,; i+ !U
ei',.. Lieni. e tii+.. ,i h.:;l,'+' si. ~' ' nrc Vt 

i .i dild lIItdIthui. %%Usid 
lrttcili K i,, ltut -i). lrteiiu K;,,is,, uI,.I It' t tt1ia hi t1' oltl of 
Illiatr l .l l1tiu ,+tl ih0 .It.,,ii 111l stit h as for the preparation of" 

tl t , tlea.. ;!iiiII plJpt i 
\atrltlkiltkhs h.'- .at 4 i ' tit ILeIL' 5 c,, l \,c ,1 ulli l iiC,11. ]h,.leA i\ itates ttdis, a , - Jt 

Cttiit[ ,),,stlunO~tu1 tt Ktt,ist mrid Its [,iteii LIIit\ 4 ,td .r,,,cti, .dt l;l le", 

%11wd ,.mvilin-,"10 g) 

.X 1 () j- . > t,,) DL M thionIuit', ( dlufil((t'l t 

Fresh+ntltrigh,ht,li I Hlvdrcll i Ic id + ) 

,!/cf noillI tto,'y flout 

lodideh salt )°'vder" MT( 15 kg)
Mo 0 u

(500 g (mix for 20 rill)) 

Honogeneo,e- jtt_u 

4 
Spread on tra and cut 
into sil1 Sliare piOCeS 

4 
OverF 

Bake at 150200 C 
Bake tot I 5 hi 

Protein K~aset 

Dryer 
Dry at 80-90:C for 8 ih 

Dried Protein Kaset 
"*Composition of 

Grinder rnnixcdvitains 
Vitilnlfl ft 6 ( 3 g 

Minced dried Protein Kaset Vitamin B, 6 , 
(used for meat substitute) - .Naciui , 30 

(23 kg) total t 1932 g 

Figure 4. The production of Protein Kaset from mungbean protein 
isolate. 
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'I'le p r ot ein q uali.N ol,Pr, wi l K atsc I,,[l eIlK , d "am prtol ein. P r t ei n K Isct ,kxe s h olh
 
protci' and c h r,.',all.d h,..I
, I()pr,+"ilt p cil l lpr'teil ,d rc I-'ahl (I1'M)Ilhc l~rd C lIAI. oll 

for difflcicil agec 	 nlia1 I1l prol,,ct INactcLicd l, M'2 t(II [, i l d h NmtliNlI,.ti I,\tle ciiiNtlinicr.
 
A ttoti 1 (11 ticc pllduct,, ,ild i 1h 
 11uiurc il R c.+c.tCh 

I)c\,..'lopni nt Nlarkct IcNlini tiroi ]t)S2 hi 1I) 85.
 

Illlin l tcilKa'Cl 'IS+,ll,',t1tt(t1111111al the lProtci K.INCt I,, CIvdll ,av
 

of 15 	 ,\L rc dI iiii Ithe Fiood ri1idPrt[tkhl,+ 

, ow IN, hm mncat, 	 hl 

1,t211 i until N I inl till,' \, Ltcrlttii 1. I:. h\ \\ ielu(iht o Inch tim1il t IlNC.cad: hit 

Mungbean flour. Nlul~cuiio i 6C th lt Ui'.CLI ill .h- -ritci tliiielN,, at
 
I ,.Cl.N t thrii ih lcit ll kinl' lilNtk,
l it,", l t t li' hlc,'CLIii 411 Il c ,,chei ieillcolitiL rpiticI lt.
 
Th itictlliod (1lfitcilit u jll %
ii , (0I itiinchctn, tl . i tllt1,l, M Ill IiIui11 le 5 d (III lriir IN,75 l; ei\c1+ lit ti I tijuKin . 

,
11X utL tilUl th110 tlTheluapl11\ t '~t: 11int1m ,+"IC~ntll 1 -'\ll Ill ' N C 3. 111C+ 11101CInIa l CtLKalil. 
J,I,',m 11 ialc x. ,.+It IH ' I'-'hC+,tlt ] 0thI+'rIii NI 11()titI's)t 	 c,\ ke L Iktt 11;111 l l )tll, L.' L'rICai 

Niliie i1'+'ii,l 	 Cty' It 1 
hI +c ill... 5,heiait. N1,itiiiY l'ie li IC iLL m lllito 'cii killdN 01i LIC'.NS,Ii . ,


I lIIllHd ishl,', lt k ' , l~l .. ildI( ,ll I++tim ,, d mli dth c+ I l c lp l 'iMH N,,i I h C Ip Oc I tl11 .. it ,+. +" ol+ "t i l"Ito th e'o li itll
 

prlteinl.
 

Table 7 	Quantity of amino acids In Mg of protein in0Protein Kaset compared with the 1972
 
FAO WHO standard
 

FAO VVHO
 
Amino acids: 	 Protein Kast 97 ndaiHO 

1972 standlard 

IsoleuinIC 43 ,10
 
Leuciire 75 70
 
Lysine 49 55
 
Methinlino .- Cystme' 28 35
 
Phenylalanire - Tyrosme 
 75 60
 
Ti eonle 3 1 40
 
Trptopharl 	 II 10 
Valine 46 50
 
PER" (Casein 2 50) 2 49
 

'Source Result It ,rU bo'ioc, dralysis of Ile rJth-t, I).,sci. Depirni of Health Minist.y of Pubiic
 
Hea!th 'Chern c- 'r latcho ne-.
, 	 fu-, 
 cystlin 80 Result of analysts b/ the Boogcal Testris' Lab of
 
the Institute ot Fo,-, ,' . ,l,d P,,In ct [e.Fr p
uit-u 	 i- t Kaswlit Uricrs~ty F"rotemi efflcency ratio 

Table 8. 	 Quartity of amino aci6 i mg g of protein in nIi'nrgbean flour compared wid the 1972 
FAO WHO standird. 

FAQ WHO 
Amino acids: 	 Mungbean flour F97 snr 

1972 standard 

Isoleucine 35 40
 
Leucine 73 70
 
Lysine 58 55
 
Methionine -,Cystne' 17 
 35
 
Phenylalanine - Tyrosine 
 60 	 60 
Threonine 36 40
 
Tryptophan II 10
 
Valine 41 50
 
iPER)" iCascin 2 50i I 73
 

ISourt 	 Result of the laboratory analysis of the Nitritfon Division, Department of Health. Ministry of Public 
Health 'Lumiantg almino acids mth chemical score . 49 .Result of analysis b the Biological Testing Lab of the 
Institute of rood Research and Product Development Kasetsart Universicty "Protein efficiency ratio 

http:NmtliNlI,.ti
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Mtingbean
+ 

Remove spoiled seeds and foreign matter 

Wash with water 

Soak in water for 3 h 

Wash with water 
+
 

Dry with tray dryer or ,;un dry
 
at 50'C fo 24-48 h
 

Dried mnnghean 

Crack by grinder, e.g. hIl grinder 

Hull by baimhoo pain 

Hulle;d i.Igbngeau 
,,
 

Fine grind by 
hand grinder or pin mill 

Munglemit flour (75' of nnugheanl) Figure 5. 
The production of rungbean flour.
 

The productiOnido cookies finl 11+ugihe.i llour i,illustrated iin F-igure and its lpproXiMate 
composition is shown in 'able 4. The oroanleptic e,.alnation ot Inku han cookies, 1w panelists 
r,a'atislactor\ . These cookie,, can lbeproduced either at the houseChold or at the industrial level. 

'[he Use of rll.illhCean Flour for rnakine ircks h,tliInr illa te1tuL ier is providedthe e 
in Fioure 7. Ihese snacks arc the resulhs of research done at the PIStiture of 1-0od Research
and Product )0 )huint.Ka1stsari IniIer,,it, h , ceiCLar. putled smnak roi runobean 

a.nmade. h usine \ illa,, 
anuld Product l),,,lopinentand the Iaciullt\ o1'Enuir,.'rine. Kaselsart tnIi\ersir\. The machinle 
can be Used illthe cortace indulsrr\ in p' or rural areas. This c.risp, -texturCd snack \\as satistiactorilv 
accepted in terms of color,.Ia%or anid texture..' b panClis h"Siul2. Re-Ce.arch Oil2 

Hour %i, a. te\turi/er ilrachiie tconstructed h tie Institute Of Food Research 

durino is 0Ill 
to iake accept ahl,. recipes. 

Desserts and Main Dishes 

Munheans aire u sed directlS IOr makiig diftcrent kinIds of dessrts and mainldisihes accrrd irig 
to the Thai ho,ehold eatirng habits. The Farm Home Iprovement Section. Department otf 
Agricultural E'tension croeper:Ited x%ith the Nutrition Division. Comnmunity Development 
Department. National Prinarl Education C'onmfittee and UNICEF inl publi shine two Thai 
language booklets, of* recipes usirIL supplencntar, foods aLd legUnles suc i as soybeans, 
mungbanls. black grarn and groundnutsiA, 1984a.h). These booklets pro note the preparation(Aino. 
and use ofrrutritious foods to prevent PCNI irl tle ,illages. Examples of desserts and main dishes 

vh are well-known to Thai peopleare: to Astuan. ta quan, boiled mun gbea rrs ilti lht syrup, 
khanomn /hn nmu/prik. etc. The recipes and methods of preparatit of these dishes are given 
below,.
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Margarine (400 g)I---
Add fine ground sugar 
(500 g) and 3 eggs 

Mix with electric nixe(
4 

Homogeneous pLffed texture 

Add mixture off: wheat
 
flour (900 g), nung
beai flour (100 g).salt
 
powder {10 g).leaven
ing agnt (15 g)
 

Mix together to get
 
homogeneous texture
 

Roll 

Thin sheet with thickness 0.2-0.3 cm 

Mold 

Place on tray
 
which has been greased with vegetable oil
 

4
Oven
 

(bake at 177°C for 10-15 rin)
4 
Cool 

Miingbean cookies 

Pack and seal in plastic bag 	 Figure 6. 
The production of cookies from 
mungbean flour. 

Tao suan 
Ingredients 

HAiled niunuheans I cup 
Cassa'a starch 3 tablespoons 
Cal,e sugar 1.5 cups
Shredded Coconut 0.25 kg

Salt 1.5 teaspoons

Watcr I cup
 

Method of preparation
 
1.Crack the whole wunghean h\ using a hand grinder. 
2. 	Wash w.ith water and soak at room temperature for 3-4 h. 
3. Wash with water and remove the hull by floatation. 
4. 	Dry the fresh-hulled mungbeans in a dryer or by sun drying at 50'C for 4.5 
h1or until they are completely dried. 

5. Soak I cup of dried hulled munuheans in water for 3 h and steam for 20 min 
until the texture is soft. 
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Mungbean flour 

fAdd water to 34, . 
by weight of flour 

Mix Dissolve 2C,, of salt powder
4 i"y weight of flour iln this

DoLigh :lt tl before adding to tle 

Split 	into small balls
 
(10 g/all)
 

Press into flat shape
+ 

Village textUrizer 
emperature: 2001)C 
Pressure: 400 psi
 

Time: 10 sec
 
4

Circular )Lfled texture 
+ 

Dly at 50CC for 2 h 

Mung)eanl snack
 
(circular. puffed, crisp texture) 
 Figure 7. 

Pack and seal in The production of snacks from 
polyethylene bag mungbean flour by using avillage 

texturizer. 

6. IDissolhe 1.5 CupS of sugar in I CUp ol'hot xater and filter through a line cloth.
7. Mix cassa, a starch \vith a small aniunt of '.atci" and then add to the syrup

stirring constantl,,. Boil until the Starch heconies compietel, celatinized, stirring 
constantly. 

8. Add prepared lniiihean and nix thorouhl.. 
9. Prepare tcocotnut mill, h, i, 1)25 k,- 0l Shredded coconut with 0.5 

CLIP Of 'aatcr and then filter and pre,,s the coconut milk out h\ hand througih 
a ine cloth. Add ,alt t coconut milk. mixing thoronuehl. 

10. Add coconut milk to the Surl'acC of preparcd MO, MUoM hefore ser\V ine. 

Tua guan 
hitredients
 

Munehcan I cup

Cane su2ar I CLip
 
ShreddcoLCLt nt 0.5 cup
 
Coconut milk 0.5 cup
 

Method of preparation
 
1. Crack the whole niun.hean h, hand grinder.
2. Wash vxith water and ,oak ill w\ater at rot in temperature lkr 3-4 h. 
3. Wash xvith water and renovxe tie hll t'V lloatationl. 
4. Steam fresh hulled rmunhean, for 20 rniin. 
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5. Grind the stame IdIntneheaIsI.', add cOCOnut canIeiH.I.IndLI it lil stl''ar Ind shlrUddCd 
co:con111.t. Cook ill IMat ItiitlCohinutLmsls\ llnfl I the te\ttrc he stick.lCOnICs 

6. orn intol difflrent ,hape, a,dcsircd 

Mungbean in light syrup (Tua kheow tom namtat)
 
In, red icli s
 

'5 nthebatis, 	 liter 

(iall sn ir,15 	 k' 

MlcthIld of Ir'lC tr:ithiln
 
I l. s h \\icitcr !iraili
,,h 1itin1.hcan,, l until cle'ali. oft" water. 
2 I,,ill in vater utl thic I1121t,12aF r Icnd r. 
3. 	 Add thC c'a:it' r :id '(illuil iuirIS contipltcl dissolveLd. Boil again 

4. 	 Rcail\ t -l 

Khanom cheen namprik 

Inc redicitlts
 
IUlcd I i I i 01, .;Ci! 2 cups
 
ShItrell 	 l cupnt
 

I~ih.lt.cc 1.5 cup
 

('athe , rl 0.5 cll
 

l ttn1i inth ,tI'c 0.5 Cu1p
 
B3iti iIttec 2 fruits
 
ked o!illl ,1 	 )5 Cutp 

(jitrlic 	 1.25 cup 

l)riCdL! hlC red chlii 5 pieces
 
\tahlc oil cup
L:.5 


Mhethod (l prepratiiti
 
1. P hC1are6 tit iconlut milk. R(,il cictiliut milk. 
2. 	Prepare dried hulled nitig.eats 12 cLAips 1in,1 th1c .lle ethold aS Itol" ilo 

5luu/n tlid thcn sok illii at rottil Mcltpcriatill ot 3 11. 
3. 	Cook slcllcd hliil) and thci ,rind. 
4. 	 Semiii ti. sAkcd t Ll tutteLheail,20 millt teider. .rind iniilIM om.uttil 

fuic pastc . 

2 Li0t1t iip. l.u l Ip'tC C 
hitter t a", O 'Ihl 1i11i 1 i lislc C\I' ieti, tc? r l h, ni xin, (1.5 

5. 1h d 111i0il 11,11lt c. ne1 s1 i l'. tatiiar'iiid tI["ICIti c 	 illd 
.ctethetI. 

[at I '.Il thenldi ld pre,,ssillLup Tl tit SlIC \1t11 0,5itht c'i l l \ ,;ullI ailt t g i 
tic l lialiuld pastek C\triuct 111ti .ialt 0li ht\ ltnld. Add thi, i11\ttllC it ,l m ilk. for,ijcd , tll Boil t i m ht i lte ittitt.s. 

.el 	 ted chili0. 	 Add isOli t11i.1 1 utalic ,itdlldried ,.li Cle lild tlti\ totehcr. 
7. 	Rcads to ,,-_rs e ith Irl \t Lcetihlc' 

*ITie i r\iiI0ttc ttULtitci ttpO'itiitl i()Ilhl illu. 5110 i. khltio nt '(' ,hitli'lt is i\s .li 

in Tabhle . 

Bean Sprouts 

Beaim SPn I 0rot+src pi pularly uscl a, a 'cgetabIc iin the preparation otfdifferent kiLs ot delicious 
Thai. a, well as Western. dishes. Ciciicri mutinun . )Cet i u Is tit arC produced at the hot sehild 
le0el andi b sall-.ca.le indsirSU, ill Thailand. TO pr liearehieh-qLait\ nungban sprut. the 

http:sall-.ca.le
http:I~ih.lt.cc
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Table 9 Approximate analysis of tao suon,itua guon and khanom cheen ramprik in g!IOgof 
-.edible- portion..-

Components Tao scion Tua guan . Khanomcheen namprik.' 

Moisture (9%) ' 58.90 35.97 66.02 
* " W 

Protein (o)
Fat (,6) 

-3.97 
0.68 

6.47 
1.50 

3.92 
11.29 

Ash (.6) 
.Crude fiber (96) 

0.43 
0.15 

0.60 
0.87 

2.22 
1.26 

'*Carbohydrate ((%) 
Energy (cal/I00 g) 

*35.87 
165.00 

54,59 
259.00 

. '15.29 

1I78.00 
Source: Result Of the laboratory analysis of the Institute of Food Research and Product Development, Kasetsart University, 

iungbeans must be carefully washed and then soaked in warm water (with a 1:1 ratio of
water:beans) ovcrnight or for about 14 h.Drain the water off and put the soaked mungbeans 
into a cylindrical container which can allow the rnungbeans to drain from a sieve at the bottom. 
Enough empty space should be left in the container to accommodate the increase in volune 
of the beans after sprouting (i.e, from 3 to 4 times). Then cover the soaked beans with a fine
moist cloth. Put the container in a niist, dark place and maintain the teniperature between 20'C 
and 25°C (70 to 800°F). Spray the beans with water three times aday (or every :5 h) Eachevening
the beans should be sprayed wvith calcium hypochlorite solution to prevernt miold. (One teaspoon
of calcium hypochlorite per 13-14 I of water is sufficient for 2-3 kg of mungbeans,) Continue 
for 3-5 days until the bean sprouts are ready for consumption. In order to prolong the shelf
life, the bean sproutsrshould be washed with water and then steamed 'or blanched in boiling
water for 2-3 min. Finally, they should be kept in polyethylene bags and frozen until used. 

' 
A 

Utilization of Black Gram 
In Thailand black gram is used only for making bean sprouts, by using the same method 

as for mnungbeans. At present a large quantity of black gram is exported, especially to Japan,
for the bean sprout industry. The quantity and value of exported black gram in 1984 was 53,960 
t and US$23,437,840, respectively, compared to an increase of 88,976 t and US$32,370,400 
in 1985 indicating that the export demand is increasing. 
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Utilizing Mungbean Starch Processing By-Products: 
A Preliminary Study 
Wenchang Chiang and Tzong-Ping Chiu 
Graduate Institute of Food Science and Technology, National Taiwan University, 59, 
Lane 144, Sec. 4, Keelung Road, Taipei 10772, Taiwan, China 

Abstract 

During the isolation of starch from mungbean, the mungbean residue and protein
rich liquor by-products contain many nutrients and much fibrous material. An experiment 
was conducted to investigate some of the properties of the mungbean residues which 
resulted from the wet-milling process and thermal treatment. A scanning electron 
micrograph was used to observe the microstructure of the residue before and after 
heating. During the heating process, mungbean starch granules in the residue absorbed 
water to swell and gelatinize. Most of the starch granules were broken and lost their 
granular shape. The oil- and water-holding capacities of the residue were unaffected 
by heating, but the color became darker and turned red; the cohesiveness, bulk density
and degree of gelatinization increased: and the trypsin inhibitor activity decreased 
significantly. The dried mungbean residue and the mungbean protein coagula contained 
41% crude protein and 12% crude fiber, on a dry weight basis. Therefore, it can be 
used as a proteinaceous and fibrous source for developing new food products. 

Introduction 

InTaiwan munebean is mainil used for manufacturing nugbcan fillinguerunrgbean sprouts, 
and tung~'he, . a traditional nodleI made front nunghean starch and other starches. During the 
process of separation of InMunbehean starch, mat, by-products (bean residue and waste liquor) 
are produced. Until now, hean residuC alnd a small part of the vaste liquor have been utilized 
as aninal feed. \Vastc liquor is rich illmnrbein protein and %.'ehave developed an effective 
method to rcco, er it (Chiang and -in 198 1. Chianu and "zung 1983). flhu hiratana (1978) and 
Pavuto 41978) ,tated that munebean protein has, been used a a protein ingredient to enhance 
tile nutritional ailue of protein in Thailand and in the Philippines. MuNrgbean residue contains 
abundant nutrient , and crude fiber and na,. bC uled as a fibrous Source. But reports on the use 
of then are lackine. 

The objective of this stud% %kas,to develop an effecti.e process to completely utilize 
munobean. Therefore. in this paper the effect of thermal treatment on mun.bean residue, the 
recovery of tnunghean protein front wast liquor, its texture and some physical properties are 
presented. 

Materials and Methods 

Preparation of Mungbean Residues and Proximate Analysis 

Mungbean imported from Thailand was purchased at the local market in Taipei. Figure 1 
diagrams the process for the preparation of inungbean residues. A total of 600 g of raw material 
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Soaking 

-Grinding 

Fltr S- rtioi
 

tn1Ung beant [{e++ld1ue MuLogbean liquor 

IFigure I. o residues.mungben ,Preatti 

r n b... C hit w a d dt o nc ea h 
R2) J(ME' ~Drump--- dr',tr++¢p+w:g-tlu~tl 

kdn O C fr he a disc and thw gbass xatra 2I. w cr s rd we t unhea wa 

Figure I . Preparation of mungbean residues. 

was soaked in ater at 30C for 12 h. The water \va discardd and the wt nlungban was 
ground by a stone mlill (Cbarng-Shengl-CO., Taiwan.) China). Water Was added to increase tile 
total volume of tile ground Mixture to 4.5 liters. BV using 80 and 200 mesh Tavh r standard 
screens the munebean residue and munghean liquor were separated. The tmitunghealn liquor was
settled to separate the starch. File pH value of' tile supernatant was adj usted to ab ut 4.5 with 
hydrochloric acid and heated until the tempcrature reached ca. 8(1 C (Chian, and 1.in 1981).
The protein coagula was collected by centrifugation ( 1.500 g, at 10 rin) and ther mixed with 
tile heated mungbean residue. 

There were three methods for preparing the mIuIngbean residues: (i) the ram Mluribean residue 
was directly dried by a double-drull dryer (Lu- Hai Machine Co.. Tai%\an. China): (ii) the raw 
mungbean residue wkas dried after heatine at 115C Ior 20 rin: and (iii) tile ia\w mungbean
residue was first heated at 1 5 'C for 20 min and then mixed with the recovered protein coacula, 
followed by drying. 

The drurn drying was accomplished at 135'C for ca. 10 sec. The dried products prepared
from mnungbean were abbreviated as MBR I. MBR2 and MBR3. respectively (Fig. 1).

The proximate composition, including moisture, crude protein (total nitrogen X 6.25). crude 
fat, crude fiber, ash and nitrogen-free extract were determined by tile A.O.A.C. (1984) lethods. 

Effect of Thermal Treatments on Some Properties of Mungbean Residues 

Determination of optimal heating condition. About 55 g of niungbean residue was added 
to a retort riouch (16 x 24 cmi) and packed by vacuum sealer (70 rim Fig vac.).

The .hickness of' each package was only about 0.2 cn in order for the temperature inside 
to rapidly rise and distribute homogeneously during heating in the retort. 

The response surface method (Box et al. 1978) was used to determine the optinial heating
condition for mungbean residue. The three levels of heating temperature in the factorial design 
were 105, 115 and t25"C. and the three levels of heating tine were 10, 20 and 30 rain. 
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Analysis of Some Properties of Mungbean Residue 

Color. The Hunter colr ,.'lUc (L.it. h) of'i I ILUInehcal rcISiduc wit,, llcasIred by a colorielier 
(To~k:,o l)cnshokui Co.. Japan I in1hich tile I -'- ) 'alue, redness:\' I. aliic ijidicaics, brielhincss,; the ;a 

the a. 2l'cenneSSl:111d i) u.\(-)V;'alue. ithe AL, cllo\\lnc. 

Texture. The I\ pi cal c\t'uc p roti'k >,fh, I[udohn in lieurC 2r v,it',Ct+tIc.+d b\ i rhCO~llelet.' 
Co.. Japall Ii pairanicter Abtaiiil ttoni anal "aim.ples packed in a cellcrc th sis. ,crc 
which was 2.5 cm higl. +.\nadapter \\,ith a 0(.3 Cii1diitlc.i was&Usd to ilnser-t the sample to 
a depth of 0).5 cmn t\\ We. Ihe sceannllin sp',eed and ,iagc speed \.crc both at 3) c.lih. 

B - -

H
l"' AAAI Ia 

A2 

I 3 FigureTypical2.textujre profile of mungbean 
residues. Hardness = H: cohesiveness 
= A2 A I elasticity = (C-B) D; and 

Time (sec) adhesiveness = A3. 

Trypsin inhibitor activity. Tl'he camin-dicstion nethod prpotp sed b Kunitz I1957) was used 
to detect the acti itv of the trypsiti inhibitor .hich ieinainled in the nIulnebean residue. 

Degree of gelatinization. The dcree of elatin/at ion of thc , nhCalla residue wa,s neasured 
hy the raplid method pt'optesed b\ VWootton et all lI 97I1. It \ka, assumeLd that the IcreVC Of 
gclatini/atiott of the raw ti-nbea reidue w,,as 125(W;alnd that atet,,r heatine at C for 3(1 lln 
was l00", .. \ calihrtatimn wa, Made 1t0r use in icalsuriih thle dcrecc.Lur, of uclatii/ation. 

Comparison of Some Properties of Mungbean Residues After Drum Drying 

Three i nIun* chanrcSiduc,. teidin m\ %cieprepared (Figkild, aIr dIr uing. I ).They were 
milled and passed throughl a 200 nltesh screcin to obtain a p\der f*otm. Ineir hulk dcnsity. oil
holding apacit. and watcr-holdiii capacit\ \ crc niLCastured ;aid compared. 

Bulk density (Hoover 1967). MLunghea i rc',idue pt( er. X (2) wa, poured into a 25 ml 
cvlinder and shaken at nmediuni speed for 30 sc. The final .tluneC V in nil was, measured. 
The bulk densit\ \%as ,ho\\in aisX V ig nil). 

Oil-holding capacity (SosuLlki et al. 1976). Mungheat residue pot\der X Id was nixed 
with the .suitable amount of salad oil I President Co.. Taiw,an. China). After stirrinu muoderately 
for 30 min . the intiure was centrifuged i.,. to teCmlole thC upper oil layer. le3.0() 30 mI) 
\,eight of'tlc oil-absorbed mi xtiure. Y (g). was weighed anld the oilholding capacity was expressed 
as (Y-X)/X (goil L). 
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Water-holding capacity (Parrot and Thrall 1978). The untIibean residue po(ILICder (el

W mixed vkith a ,tsuitableaount of distilled \%ter. It x's hllowCd
"tS to staOd fot Ii anod thetn
 
centrifuged (1.400 . (0minll 
 Alater \eight of the w% 

mixture. Y (). ', s ihd andlthe Vlter-ho0lding capacit\ \' t, CXs as X
 

to reiM Ct1the upper la\ ci. 'Ih ater-absorlbed+l 
presseL (Y-.) 

g. x'vdtr / f1 

Experimental Design and Statistical Analysis 

The an i' of1 \ arianee I( \N()\' o the rau.l0mi/CId complete block design andtMitultiple

regression were uset..d It ",tt1d\ the elffct o1" teIrllll t'illllnts. SChCff'es test ' f.:,llsed for the
 
different italk 515 on all tCted nilS. All OLe ctl'ultio erlt dnC usigC the StaitiiCal AInal\ sis
U ,. 

SV'ste1ll (SAS) L'ollltlC1+ ",of It' +re[ackatc.
 

Observation of Microstructural Change of Mungbean Residues 

A scarninl elctrLo1 uiliCrOsCOpe Ilita lii (l...it.lll ul d t' o,,r e th.e IllicrostrIctU re
 
of the mllncat rCid.!ueC, vhih ttcrc drhiCd h ,f IarCree/c d.h\er (Iabitnco ('o.. USA) before
 
and after heaic i t I5I C Ir _011111.
 

Results and Discussion 

Proximate Composition of Raw Mungbean Residue 

' l ti inlt. 

",'as 75'; ln tltUrc. 4. I', cIUdC pI)tWIll. ().. 'c 'rdett. 3.' cruide fl)ber. t0.0 ; as1,h 10.4','
 

About 3' oflIthiet, u bLe,iu so,,lids, ile residIL. Its pIn\iIIM te c puuiiij)usitiott 
anrd 


iiitro,_etIfreC extract. From the" 
 data., it is alpparCit th'at the residuC ,till conitinCd abILuldallt
 
ltrielllt,, and fiber. It Illxik he t , lihrous 
 source h%the food indufstr,. 

Effect of Thermal Treatments on Some Properties of Mungbean Residue 

Bothlihcatitu time a*inl heatinU teitipetItuLIC Sigt.ifi'a tf,, af cted the tr]pSit fithihitii acti tt
 
of"the niunl'ciiha resdueIC able I ). Higher tciprCItur tnld ll cr treatietCt tiie had a mtch
 
lfower tr\psin ilibitor ,tit\ it Tahle ... \, the hcatine teiipCratuire rose or the hcatilu time
 
prilhnged, theo'lo ofI the residusC bccaeic darker aidl turlne 
 CY l Ach-.Ii,,-,,d ~lc .nd
 
drlee'C latiulll/ithM lln'clCe ( lbl,.s, _ ;tnd A11IIu the,+Cr'onI! p1),lt,+is2tC", otaH .Ineld froll
 
eXIItuirl-Ipofilc anal,I,,i, 
 isoei e. s lCielxcd 'Aith heingIil' tellpeltullre.? atll 

hea1tin ttne IR- - 0.). 'A hilt thl r ' rialelC,, \ Crc porl., co1relatCd. Therefore. t'c chose 
oll ci hCiVenCes as a textura.l inlxC, lor .is,cussion &i. 2). lheuUuallill Iteatmnt had no sllic.ificant 
effect oil HIIuter,' b .alue of theC reidue, but hadl a cit icant CffCct Onf IHintCr,, I. nd. a;L.ue:s
and11 (Il aIle 3. ThCsC phtjt)noitICna tillt result trim t1me occc ofl aetbros nitLciother items 
reaction (Watt 11076) aI tile claltimi,aton iif starch daurin trleii;l phrocessig.

ULsimg the imultijle rcresiLm eLluam ion sh ill tlc .4.cotI IuIr, i1t Cqual hr. psiil ilibitor. 
activity renmainiuc, in the residuC ,'AhiCh responlded tm hati conditio could behisexpres.d
ili Ficgure 3. If' the tr.psinl inhibitr be hm(\r\ d 5Wa.ti\ it. has- to breclok'' arid the dcrCe of
.elatinizatimn imicreased ab e 7'; hcatinc tf isample at 115 C'for 2ml riin 'Aould be. the tttil 

Comparing Some Properties of Dried Mungbean Residues 

The oil- anid v,%ater-hollding capacities hMl ito sienilicart difel'reticC aunon the residues. but 
the hulk dcnsity of the MBR2 and M1R3 residIues \,i:,s sictuificattl higIher tIhal that of' MBR I 
(Table 5,. The atove indicated that the thermal treatinerits had a positive effect onl itcreasing 
the bulk density. 
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Table I.	Analysis of variance (ANOVA) for the effect of thermal treatment on trypsin inhibitor 
activity of mungbean residue. 

Source Degree of Sum of Mean F-valuefreedom squares square 

Block 2 65.06 32.53 1.46
 
Heating temperature 2 1,886.60 943.30 42.22"
 
Heating time 2 1.415.51 707.76 31.68
 
Error 20 446.75 22.34
 

Total 	 26 3,813.92 

"Significant at P = 0,01 

Table 2. Effect of thermal treatments on cohesiveness, trypsin inhibitor activity and degree of 
gelatinization of mungbean residue. 

Heating condition 	 Trypsin inhibitor Degree of 

Temp. Time Cohesveness' activity gelatinization 

(,C) 	 imm) (1%) ( ) 

10 0.59 d 76 3 a 	 272 f
 

105 	 20 0.62 c 63.2 bc 49.2 e
 
30 067 ab 583 c 71.4 d
 

10 0.60 d 66.3 b 46.8 e
 

115 20 0.64 b 54.9 cd 70.6 d
 
30 0.68 ab 49.2 cd 78.4 c
 

10 0.63 c 61,7 bc 67.2 d
 
125 20 0.66 a 466 d 86.2 b
 

30 0.69 a 36.3 e 100.0 a 

ZA mean followed by the same letter is not sgnificantly atthe 5:different 	 level according to Duncan's multiple range test 

Table 3. Effect of thermal treatments on Hunter color value of mungbean residue. 

Heating condition 	 Hunter color value" 

Temp. ('CI Time (min L a b 

10 45.05 a -2.65 g 999 a 
105 20 43.41 c -1,85 e 931 a 

30 44.22 b -I38 d 9.68 a 

10 44.89 a -2.01 f 9.51 a 
115 20 43.20 c -0.61 c 9.19 a 

30 41.40 d -0.58 c 10.31 a 

10 43.12 c -1.35 d 9.64 a 
125 20 39.10 e 1.07 b 9.81 a 

30 38.53 e 1.26 a 10.35 a 
ZA mean followed by the same letter is not significantly different at the 5%0level according to Duncan's multiple 
range test. 

Using the data from Chiant and Lin (198 1).it'itis as.uCed (Ii) that munbean contains 
12, moisture. 22., crude protein and 6%, crude fiber: (ii) that total :,olids of munghean present 
in the residue and munghean liquor are 38; and 28; . respectively: (iii) that 69 of total solids 
in the liquor may be recovered, and it contains 90%r, protein: and (iv) that crude liber remained 
completely in the dried residue, the crude protein and crude fiher existing inthe dried product 
(MBR3) is 41 ; and 12 r,. respectivel,,. then the product may be considered as a good. 
proteinaceous and fibrous source that may he used by tie food industrv. 

http:3,813.92
http:1.415.51
http:1,886.60
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Table 4. 	 Multiple regression for the effect of thermal treatments on the trypsin 
inhibitor activity in mungbean residue. 

Variable Coefficient F-value 

Constant 182.039 42.23 
Heating temperature (A) -1.130 9 98" 
Heating time (Bi -0.128 -0 35 
A x A 0003 0.45 
B x B 0 031 3.40 
A x B -0.018 11.13" 

R2 0 872 F 42 23" 

401Fl 

30 

35 

40 

__30

45 

G) 	 50 

I" 55 

T20 60 

65 

70 	 Figure 3. 
Contours of equal trypsin inhi

75 bitor activity existing in the 
___j mungbean residue and i. re

100 110 120 130 sponse to heating temperature 
Heating Temperature (PC) and time. 

Table 5. Comparison of bulk density and physical properties of mungbean residues 
after drum drying. 

density Ol-holdingiBulk Water-holding 
Sample ulk di capacity capacity

Ig-oil gi (g-water g) 

MBRI 0419 bz 1 08 a 3.76 a 
MBR2 0447 a 1I15 a 3.87 a 
MBR3 C444 a I 24 a 404 a 

ZA mean followed by ".i. same letter is not ,ignifcantly different it the 52 level according to Duncan's 
multiple range test 

Observation of Microstructural Change of Mungbean Residue 

Starch ,ranules absorb %ater to swell and ,-elatiize during thermal processing (compare 
intact starch granules in Ficure 4a with hroketn-down ones in Filure 4b and c). Some starch 
granules would still retain their granular shape (Figure 4c). but most of them had been broken 
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dow~n. The hrokett-dux~ a Ntard \\mloull as;if hinder. lo iucrealle th het~VeSeO~oLte. 
Ili adiio l ite cell \kili NCCtnICI to i 2Ilti mitited .aller 12illlltuu-. 1111, %W1.111.1ejiI 11thh lk 

Figure 4. Scanning electro-n micrographs Of MUngbeain res2iues before and after heating at 
I 15 C for 20 min Before hca[m (a) raTA nuungbean residue. After heating:(b 
almost all of the starch graridcs :u e broken) down, and ici sorne starch glrnules
retain their granula- sha1pe 

Con clus ion 

1. Thettui letjeil 1 Ici m' t. etic . 11- pirtl Itiilihw.el t 'iIdce l 
L!cldltfltli tl (1t 1ILLNti ai It21idII.. i '1 iii' iIC,iliiii iitidit iol kka I I U Il 20) mill. 

2. TlIe ) Mittil-' 11M ilk)s.Itiii2~l~cie 111LtIme hea Iv"mdtme diI)()-tie 'teml I] iiaaieheal lilt itel 
ittilt~l\ 's ith (lie isic dL lms~ 1 hUlk dCibIt\I- 0111.1. thiiIllt [inie lumeltetIM 

that i1itlie litter 
.1. II~I Im li 'il111i IKl i i I I l mmI a l ie li1Ckl h\ tlieiiiiii 'h~ . ll, 1,111lm 
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Isolation and Characterization of Mungbean Starch 
Cheng-Yi Lii, Yu-Lin Chu and Yung-Ho Chang 
Institute of Chemistry, Academia Sinica, Nankang, Taipei, Taiwan, China 

Abstract 

The methods of starch isolation, including the wet-milling and air-classification 
processes are discussed. The physicochemical properties of the starch will be examined. 
They include granular size and shape, gelatinization temperature range, amylose 
content, Brabender viscosity curve, x-ray diffractogram. solubility and swelling patterns, 
etc. The fine structure of the mungbean amylose is also examined. 

Recently, differential scanning calorimetry (DSC) has become one of the most 
commonly used thermoanalytical techniques for studying gelatinization and retro
gradation of starch. DSC can provide the kinetic parameters of tile gelatinization and 
retrogradation reactions, such as temperature, heat capacity and heat of transition,
These data are very useful for investigating the change of starch during gelatinization 
and retrogradation. Therefore, the application of DSC for analysis of mungbean starch 
is also discussed. Finally, the physicochemical properties of mungbean starch are 
compared with those of other tuber, cereal and legumes starches. 

Isolation of Mungbean Starch 

The vet-nrillin anti dr, air-clas,,iljt\ti ia r-i'Iik r t n Mletho ti,'u tilet ijOl 1*0'the 
separation of starch aIId protein In legtLUIcs l,iladleri, ct ;a.1979. Shch and Ml,,,,ldd 1968, 
Tolmasquinr t il.1971. "\ler et ll.I9 researcher ha..e ,tdiC the efliciencv of. Man. , 
starch separation Then 1982. SchIoCh et al . N68. i h.er t al It98 . tileprttperties and tile 
,trIcture of the starches isolated iI ilialderis ct al lO. l. l3,liadcris ci all. It) .('hen lI982. lli 
et al. 1983. iii et. a!. 198',.%laL:ArthlII- andIl)' .\ppolo iaI 7, Schoch .Mav.' I 68.and a 
SOsul.li Ct al.19,X2. SO4,lski ct al. 1985j. and tie pollntion prohlem of thux,,c to nthttls (('len) 
1982). 

xct-niliin 
I'ocesSCs ate n IsClipentinl on tilefinal Iporpl)o, of tire starch isolated. (Ienerailx tile wCt

(s.ing to tile tlitlert-nt funotirms of tie tv,,tin thilot,. a air-classilicttion 
LCd 


milling procts,, v ill o tain stilh x,ith ihighr pL+'it. ani tie air-classificatio l process k\ illsave 
time protein-fraction ill Ilence. et-linilliirg process hi,:Ihigherthe starch. starch prepared h% the %k 
qnalit\ than thtt ol the tir-Llassifitiaton one. 

Wet-milling Process 

Figure I shoSs al ointl me of the xxet-milling pt cess. .\ dirme-screening , et-tillitg process 
proposed h\ Schoch and MaM wald t 1968) xas found to lbe nruch litre rapid than the direct
screerting iethod. The procetiures flothis Mrethod a ita's, inrtubhans- are steepetdfollows;: 
overnight inaisteepittg stlution; then tile StCpingI li i.is tlicar'ded and the s,%%olcn and softenotl 
mungbeans are washetd v ith x,ater. During washing, tire tinlmle'Can hull is remitwed. and the 
dehulled ntinghean is grontd %k of xxater. The grtntrd prithuct is screened arndhh tiie athiti,on 
the residual pulp is ,a. Tire v, p is.a,ir grounid \kith freshx ashed l Il vwatcr and rescreened. 
The ,,tar,:hisuspensim is then allo ,eti tto settle tbr txto ttn three httnrs. The Slupela.tat is siphoned 
off and the bottom part of the starch fraction is reSln t,wter. screened and tih1n SelinIelatCdSpetried in 

http:SOsul.li
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Soaking 8, Pu Starch Purified 

Wet Milling Isolation Starch 

Figure. I. P r WaeProte-in 

stewoter .An outline of the wet-milling process W,o' I 

(Schoch and Maywald 1968), (Protein Loss) u 

three more titmes, or until tile supernatant litNer is substantially free of color and suspended haze. 
rhe pH value of the reSidual starch slurr\ is then adiusted and the slurty is filtered and dried 
to obtain the purified Starch. 

According to Schoch and Ma ild l)(t,S), se\eral kinds of solutions, cal he used i'or the 
separation of the ,tnugheat stritc. The most C0m1uil101, Smlu"tior0S used IOr rrIUngbeall starch isolation 
include wkarirl water (St) (1 (1'; ,o.diuul h\drtOxide solution ald 0.2'; sodium sulfite solution. 
Since rio ,,tudies hasc exatliriud the lectielics f, tile steeping solution oilthe isolation of 
tnutlein starch. thC influence oi tlthe ,teepinw solution on tile purification of" red hearn starch 
is given a, ret'erence. .-\, Io.rii ill Tl-le I. the three different steeping solutiots i\e a siimilar 
qualit. of the isolate starches. Ne' crthlcs,. the protein COntent is uIsually considered as arn 
inrdex of the purin\ of the isOl:ted stanch. The starch isolated with 0. I '; sodiu,m hydroxidC ea\e 
the lowcst protein oltelt it) tile -,atnple. Such it reult irplie, that tile sodiut hsdroxide silutio, 
is the best aillolls tile three steeping solutions exaimined. 

Table I . Analysis of red bean starch prepared by the wet-milling process with different steeping 
solution. 

Composition Steeping solution
 
(Io, dry wt basis) Water Sodium hydroxide Sodium bisulfite
 

Crude protein 0.2 0.13 0.15 
Crude fiber 0.01 0.01 trace 
Crude fat 0.02 0.01 0.04 
Ash 0.06 0.05 0.02 
Phosphorus (mg g) - 0.10 -

Source: Lii et al, 1983 

Air-Classification Process 

The other method for starch isolation is the air-classification process. Figure 2 showss the 
flow\' chart of the pin-milling and air-cl:issification processes deVeloped by Tvier et all. (1981). 
The iiutbean sautples are first dehulled. and tile tnOisture content ofl the dehulled sample is 
pin-milled at a feed rate ofl approxiiatelkv 2.5 kg: riiin. The milled flour is fractionated into starch 
(S) and protein concentrates (PI). usin a ia ir classifier at a feed rate of approxitrately 0.5 
kginiin. The starch fractiiin (St) is remilled at a feed rate of approximately 1.5 kg min and 
then fractionated it a feed rate of approxrmatel, I .01kg rin. This results in the isolation of 
second starch (S11) and protein concentrates {Pl1. Ar tone the eight ICeutr1e saples studied. 
Tvler et al. (1981 fo'und that mungheanard lentils were best suited to 'ractionatiot by pitl
milling and air-classification: they exhibited high starch content in tile SII fraction. 

A comparison of the ntungbearn starches. prepa red by the wet-niilling and the air-classification 
processes. shows that the air-classification method pro\ ides fOr starch isolation w\ith a higher 
yield of starch (ITables 2 and 3). Ho\,%ever. this riethod also results ilt a lhiler ash. fat and 
crude protein content of the starch product. Thereftore. rotn the standpoint of rutingbean starch 
purity, the vet-niilling process is superior to the air-classification process for starch isolation. 
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&I® Dehulled ;egume seed 

) @D Pin-milled flour 

(OD Starch 1(SI) fraction 

o.Air Classifier Remilled SI 

(ED Starch II(Sfl) fraction

0 D~K~) (IGProtein I (P1) fraction 

©Protein IR(PH1) fraction 

Figure 2. The double-pass pin-milling and air-classification process ( Fyler et al. 1981). 

Table 2. Analysis and properties of mungbean starches prepared by the wet-milling process." 

Starch species Yield ('c) Ash ("0 Nitrogen i- Fat (%) 
USA 37 006 001 0 17
 
USA 43 001
001 0 18
 
Hcoig Kong 32 001 002 
 -

Philippines 39 0 01 0.01 -

Yamamura - 0.02
0 02 0.17 

0 1 c sodium hydroxide was used as the steepai,; soutoh, 

Table 3. Analysis of rmingbean starches isolated by the air-classification process. 
r raction 

$I" SII PI PII 
Yield' 59.20 2980 11.00 
Ash 190 090 7 16 6.25
 
Protein' 12 40 5 30 61.40 63.20
 
Crude fiber 1 17 0,97 2.00 1.95
 
Starch 7590 85.60 2.40 8.70
 

Sl: first starch traction. PI first protein fraction, and Sl and Pil starch and proten traction, respectively, from 
remilbng of firsz starch fracton SIi YCalcuiated on a dry weight basis " N - 6 25 

Characterization of Mungbean Starch 

Generally the legcute slach grnllesIRu'N are Cll lOt exhihlt a wideIt-ml in shape ailld d-)variation in siwe such as wheat starch which has a mlfixture of laru.e. intermediate and small 
spherical granules. Thi of a tnuneh1can stlarch e'talnulC ranes from 8 to 16 j( in width and 
froilm 12 to 32 14in lenth. depending iit the spec:ie's and source of the starch. The munghean 
slarch granuleS are gceneralI Iial and irreguilar in sIhape. kith some heing round (1igure 3). 

The gelatini/ation teutunehraltC 1'.,11" lll1n1bean starch. detertuitted using the Kofller hot 
stage on a polariitw miciroscope 3lIiiadcri, et a . 1979i) is 63-65 -69 v_licl can he expressed
is 5"(, . 50'; and 95'; of' extinction of' the hirefringcence in the ranules. 

Differential ,catinin calorimet,, II )SCIha, hcn lsCd to stud\ the gelatinizatiot processes 
of various lenutMIe starches IBiliaderis et al. 1'79 and 198(0, Sosulslki et al. 1985). The DSC 
transition characteristics of munghean starch prepared h,y t-niliig process and by air
classificalion process are listed in Table 4. As shown in this table. the values of Ips are different, 
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0 70 0 9 00 Figure 4.
60 70 80 90 100 Swelling patterns of various legume 

Temperature (C) starches corrected for solubles 

(Schoch and Maywald 1968). 

90 
Figure 5. (left)
 

X-ray ditfractogram of mungbean starch.
80 

70
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10 I i I 	 Figure 6. 

6 14 22 30 Brabender viscostity of mungbean starch 

Angle (200) (S,hoch and Maywald 1968). 

through a cooking cycle. A typical procedure with this instrUnlt hL.:us \wilh a 35'C starch 
slurry being heated at the rate of' 1.5°C/nlin, tip to 95°C. A cooling c)cle. which can indicate 
cold paste viscosity, may llow. Figure 7 shows the typical type of Braheooir vi,coaniylygrans. 
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Table 5. Typical solubility temperature patterns of mungbean starch. 

Sample species .. .. .. Solubility at indicated temperature.. . .. . .. T 
. .. .. ... ..
 
650C 75'C 85°C 951C 

Mungbean I 4.48 16.04 21.08 30 18 
Mungbean 2 3 96 12.46 23.36 33.43 
Mungbean 3 6.54 17.21 26.87 33.62 
Mungbean 4 5.40 16.22 20 45 30.35 
Mungbean 5 5.02 16.77 24.47 33.68 

2000 

500- Mungbeon (6%) 

Wxy rice (8%) Corn (7%)~=000 

12
 

d5 500 /

j //
 

. -. Wrinkled pea (l4%)
Temp(°C) 

5 5  35----- 0_ Figure 7.Tme(min) 0 40 00 - 200 Typical types of Brabender viscoamylogram 
s. 

Six sieniicali1 poiS On the cure' arc Mner,llk r'ocoguied. lhe', are:
 
Ii Pasting which d , ofl'past
httpc"tt1c otelinitiation lorillation. 

21 Peak ,isuo,,it, cited irre,pecti,,e 0l1the ttnp,.ratuire at s,,hich the peak isattained.'hicli i,, 

3)V ,iscotl\at hIC r,,Clcts the cac of' cookin,, tlhe ,t:nrch.
95 ('%k 
4) \isco,,it', a:ter I h ;t 95 ( "hich indic eS MSte Stalilit 
5)Viscoit ' at 35 ("Mhtich iCasurC, the s.tiack ,:hat occur" Ot Cooling the hot paste.
61 Viscosit% alter I h at 35 -C' w'hich indicatcs the stahilit\ of the cooked paste iUnder 

sitnulatCd UN. .mdhi ti sn,,.
 
According to thc \Aa I,lo0 
 thcSc i\pJointS. the BlrhCnder \i'cMainv"hcrants tIr different 

sources ot',larch can he catcgoricd into ftolr tvpes. ,10hon in 1illure 7. Antonge these four 
types, type A starch is a hilh-swClling ',tarch. Thc L'rannIes of tlesc tarches swell enornoLusly
when cooked in .ater. and the internal hondin,-lor'c hecoMC tenuoltutls ald fragile to.,ard shear. 
Hence, the Brahender an, h0grain sho w,a high pastimg peak. tol0ih.ed lw rapid and nlajor thinning
during coking. Type B starch is t I te-sv elline starch, which has :1lower pasting peakand fiulhl.. thinnitg during cooling,. since starch granules do not swell e.\cssiel to hecote 
fragile. Type C starch is a restrictd-s stllingsarch. The cross linkages %\ithin the starch eranules 
markedly reduce 5,velIing. Hence. the Brahender cur e shows no pasting peak. hut rather a 
very high viscosit\ which rcntairus co n,tanl or, increases during cookin. '.pe 1) starch is a 
highly restricted, swelling starch. which usual I cottins a ,crs high amount of artvlosL or 
is highly cross-linked. The starch ranuies dot not swC1,"ell sufliciently to ive a viscous paste when 
cooked inwater at norittal concentration. 

http:tol0ih.ed
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At a low starch concentration, the amylogram curve of the mungbean sample is similar 
to that of other legume starches (type C): but at a high concentration. the type of curve issimilar 
to that found for wheat starch (Figure 6) (Lineback and Ke 19'75). 

Fractionation of Mungbean Starch 

The two methods which have been used to fraclionate munghean starch into amvlose and 
amnylopectin were proposed b Schoch (1942) mid by Gilbert et al. (1964). respectively. The 
degree of polynerization IDP) fOr the anihlse prepared by Schoch's niethod was 1,909. and 
that for the avnlose prepared hv Gilbert's method was only 119. This difference could be due 
to tile aut(l s Iaviti, step f .Schch'i,tletiid. The starch ,rant les. after autoclaving, can completely
disinterate: thus. larec ;mloses, as well as small ones, can thrto-hly dissolve. While Gilbert's 
method used a lachig ont process t C\xtract anlylose, only siall anivloses can be extracted 
bw this ,Method. The DP obtained by the periodate oxidatio:1 iethod was lower than that by 
the direct chemical riethod (L.ii et a. 1983) ("Fable 0). This could be attributed to tile presence 
of small branc,.hes ontiatntyloses backbone (.ii et al. 1987). ,, hich contribute more formic acid 
during the periodatiim. 

Table 6. The degrees of polymerization (DP) of legume amyloses. 

DP DP
Sample 

A' B.. A' B". 

Red bean 117 1999 64 296 
Mungbean 119 1909 68 293 
Yellow smooth pea 77 1875 45 289 

ZMeasured from direct method 'Measured from periodate oxidation XA. Amylose isolated from Gilbert's method 
11964; .B Amylose isolated from Schoch s method (1942) 

The fine structure of ;Jimohse studied b. gel-filtration chromatography proved that there 
were small branches on a:n\ lse (lii et al. 1987). However, further investi-ation on the branched 
nature of the tilt\"ose is necessary. 

Utilization of Mungbean Starch 

Mungbean starch is prepared conventionally by the wet-milling process and used mostly
for manufacturing starch noodles. '[ile qualhtv of stari.. noodles made fron the mungbean starch 
fractionated by the air-classification process has also been reported. The results showed that 
the fractionated starch had a green color, substantial cooking loss. bitter taste and was not suitable 
for making starch noodles directly. Repeated purification of such starch fraction with 0. 1%sodium 
hydroxide solution is necessary fOr the production of high-quality noodles. 

From tile Brabender Visco-A mvlograph. it is known that mungbean st;!. h is a cross-linked 
starch. This type of starch has more resistance to acid effects than to thinning. 

The el fIormed by munebe;n starch is resilient and transparent. These properties should 
be suitable for making some Chinese foods. However. due to the high price of munebean starch,
the utilization of the starch is quite limited. If the price of munigbean starch were to become 
economically feasible for the food industry, the application of the starch would become an 
interesting topic. 

The application of the protein fractions (PI and P11) from the air-classification process has 
seldom been documented except IfOr wheat flour (Graham 1965. Jones et al. 1959). Generally 
bread manufacturing and food additives are the tso possible ways for the utilization of mungbean 
protein fractions, which contain amino acids with high quality and can be used for nutritional 
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fortification (Sosulski et al. 1982 and 1985, Naivikul and D'Appolonia 1979). However, addition 
of the rice protein fraction to wheat flour will change the rhieological properties of the dough
and the leaf volumes will decrease with increasing contents ol protein fractions. These problems 
still need further investigation. 

Literature Cited 

Biliaderis, C.G.. D.R. Grant and J.R. Vose. 1979. Molecular weight distributions of legume
starches by gel chromatography. Cereal Chern. 56:475. 

Biliadcris, C.G. D. R. Grant and J.R. Vose. 1981. Structural characterization of legumne starches. 
I. Studies on amhi :,c, amylopectin. and beta-limit dextrins. Cereal Chetm. 58:496.
 

Biliaderis, C.G.. F.J Maurice and J. k. Vose 
 1980. Starch gelatinization phe nomena studied 
by differential scanninc calorimctr,, . . ood Sci. 45:1069.
 

Chen. C.Y. 1982. Ph. 1). thesis National Taiwan Univ.. Taipei. p. 205.
 
Gilbert, L.M.. G.A. Gilbert and S.P. Spragcc. 1964. Amvlose and 
 anivlopectin irom potato

starch. Pages 25-27. M R.I.. V,'histler. ,d. Methods, in Carbohydrate Chemistry. Vol. 4. 
Academic Press. Ne.'\ York. 

Graham. I.C. 1965. The use of air cla,,sifierCs in 1l 1lou1r milliuc indlstr. Milling 145:215. 
Jones. C.R.. P. Halton and I).J . Stc urn,. 1959. The separation of flour into fractions ol'different 

protein contents h%means ofair classification. J. Biocheyn. Microhiol. Tcchno!. 1rig. 1:77. 
Lii, C.Y.. S.M. Chanu and /.W. Jou. 1983. Stud\ mn the anivlose constituienlts of "e'd bean 

starch and other lerumc starchcs. Proc. Nat. Sci. Counc. Repub. China 7:432. 
Lii, C.Y.. T.W. Chiou and Y.L.. Chu. 1987. The decree of branchiu ia mMvlose from tuber 

and lecume starche,. Pioc. Nat. Sci. (ouc. Repub. China 11.341. 
Lineback, I).R. and C.H. Ke. 1975. Starches and lm tcciiIar-,ei car-ohydrates from 

chick pea and horse bean floUrs. Cereal Chem. 52:334. 
MacArthur. L.A. and1B.I.. l)'Appolonia. 1977. The carbohydrates Of various pin milled and 

air-classified flolur streatis. II. Starch and pentosans. Cereal Chem. 54:669. 
Naivikul. 0. and B.1. .D'Appolonia. 1979. Carbohyvdrates of legume flour, compared with wheat 

flour. II. Starch. Cereal Chem. 56:24. 
Schoch, T.J. 1942. Fractionation of starch by selective precipitation with butanol. J. An. Chem, 

Soc. 64:2957. 
Schoch. T. and t.C. N a\v ad. 1968. Preparation id properties of various lecume starches. 

Cereal Chem. 45:504. 
Sosuiski, F.W.. 1L.El ko,,icz and R.D. Reichtrt. 1982. 0li cosaccharidCs in eleven legumes and 

their air-classified protein and starch fraction:s. J. Food Sci. 47:498. 
Sosulski, F.\.. R. Hoover. R.T. Tyler and IS.D. Murra\ . 1985. Differential scannine calorimetry

ofair-classified starch and protein fractio-, from eight legumIe species. Starch 'Staerke 37:257. 
Tolmasquim. F.. A.M.N, Correa and 'I. ' ol1ahqilim. 197 1. Nev, starches. Properties of five 

varieties of cowpea starch. Cereal Chem. 48: 132. 
Tyler, R.T., C.G. Youngs and F.W. Ssulski. 1981. Air classification of lCuumes. 1.Separation

efficiency, yield, and composition of the starch and protein fractions. Cereal Chem. 58:144. 
Wicher, F.W. 1958. Baking properties of air-classified flour fractions. Cereal Sci. Today 3:123. 



64 

Effects of Atmospheric Carbon Dioxide, Oxygen and 
Ethylene on the Growth and Quality of Mungbean 
Sprouts
 
Siti Hajar Ahmad and Mahrnud Tengku Muda Mohamed 
Department of Agronomy and Horticulture, University of Agriculture, 43400 UPM, 
Serdang, Selangor, Malaysia 

Abstract 

Astudy was conducted to evaluate the influence of different combinations of carbon 
dioxide, oxygen and ethylene on the growth of sprouts from four mungbean cultivars. 
Sprouts produced using C02 and 02 at 5% to 10% and 10% to 15%, respectively, 
were shorter thai those produced without any treatment. However, they were still 
undesirable because the root length was too long and the hypocotyl diameter too small. 
The different gas mixtures alone, or in combination with ethylene, still did not yield
the desired sprouts. The desired hypocotyl diameter and length of sprouts were obtained 
when the ethylene level in the air system was increased to 5.0 ItI/.Regardless of the 
gas composition treatment, the fresh weight of sprouts remained constant. All cultivars 
responded in a similar manner to the var'ous treatments. 

Introduction 

.Mtughean sprouts are produ'cd b\, gerMinating seeds hyrioponicall. in the dark. for five 
to six days. Sprotu producced in the dark are CtiolatCd and uLSuall% have a lon. thin hypocotyl
and rot- and appear stringy" to the conSumer. Thus. therc is a 2reCat necd t0 improve the quality
ol'sproutS. Good-qualit. sprouts shoull he Short. ',Wtu. ,ith large-diameter hvpoctyls and short 
roots. 

During sprout proLduction treatmtent k. ith eth\ ICnC-ecncrating stuhstanccS. Stchl is2. 4-1).cthephon. ortho-chlorophcnoxy acetic acid (0-I.\- nd parchlorophenox\ acetic acid (P-
CPAAI. exhibit a orelin'or increasc intie diatnieter of the h)pocot l. At rates var\ing from 
20 to 50 nte liter. 2. 4-1) reduces h\poctl\1 le1ngth. root leneth and \ield h\ 25' to) 401'. (00),f'
and 10';. rcspectivl\ ,and increacs h\ pocol I diameter from 13 7 to 50 ('hang 1978, Cheng
ind ChuLa 1980. t-lorng antd Pie.i 197. [1 97L1. ithCphon rcducC, protl rowth by 40r, 
25 ';.and 10"; for h\ pocotvl length, oot lnglth. and IrsCh %eight. respectivelv Chatin 1978, 
Lin 1978). Other growllh rcgulators are reported to produce Similar reductions" in growth and 
an increase in dialneter of the hVpocoti {('Chene and Chua 1980). Noriall these Lrowth 
regulators are applied to UL.ng bean spr Li froimi 24 to 00 halier soaking the Seeds Whan 1978, 
Hoirng and Phene 11)78. [in 1978). 

Other studies havc shown that the application of phy ical itrss inclidC an increase inthe 
diameter of the hvpocotl I and reduces 1%pocOiVl and root length. and it \%,Is postulated that 
such a physical stress induced the production of ethylene (CH 4). \hich resulted in the above 
responses (Chan2 1978. In addition tile I p ll has beenLin 1978). application of C:H.; gas at 
reported to produce a Sitnilar response (Helns and Myer's 1973). The reisults of this previous
research show that C2H4 inhibits clongation and stimulates radial swelling of cells of both the 
roots and the hvpocotyl (Burg 1973, Chadwicki and Burg 1970. Chang 1978, Helins and Myers 
1973). 



537 Grosmth antd Qualit'. of Sprouts 

Another approach that reportedly imtproves inunhean sprout quality is tie regulatian of 
the respiration rate of the seedlinus 43eeskow I943). This study suggested that seedl ings could 
he induced to crow slowlv so that b,Od sto red in tile cOtledon .vW'ld lot he ci iphletelyiConsumed: 
instead. it would be translocated slowi. to the Chltiating ly\poc t\yl and remain stored there 
as a carbohVdrate or consutIIed in the production of soft, succulent tissue. High oxy.gen (0:) 
Concetratiolns and telperatlres are unf'.orable for tile production of desirable sprot1S because 
tihe induce high rates of re> piration. The results of l3ecskO.'s sttudy shoeed that 10':( carbon 
dioxide (.) 2 alld I 0'7( produced tile best sprouts. 

Although pre\ious research has shwil that Celi- is the grOMt11 regulator that produces the 
best sproUlS, it has ltot been used widel\ ill research or in tie Commercial production of sprouts. 
Instead. etivlcnc-gencratine clieicils, such a, ethephon. 2. 4-1). and anialogs of 2. 4-1). sue!; 
as O-CAA and P-CPA.\, hae'c (cn used <Change 1978. Cieng and Chuaii 1980. Horrme and Pheng 
1978. Lin 1978). These C -l-releasilie and C.Hi - itiduci li chemicals could produce residual 
effects ill the hnatn bod\ and ma1.be daiiecrous. On1the o)therlt d. C' H. %'kOuldbe safer 
because tie eas !ppareil\ is itctaloli,ed to CO'), Ber 1975). 

ldCallh coiiibiniiu tile best re-sults Of thCc (':iH.; and respiration studies shoUld allow all 
asseniblv Of a systeiu that prkducsC highl-quallit, s-routs."lhscould be accomnplisied by tile 
introductioi of ('H., at the correct tiie into a controlled-atmosphere s\stem in X\hich the CO, 
concentration is Cleatied alnd the (0 Isreduced. :urtheroCre. tile inaccUrate rceuilalion and 
control of the as,-ini\ing s\ stCmI Cncoluntered ill the carlier studies needs It be overcoiie because 
that stud'. did nt atiCiupt ito crif\ cechicall, the gas composition tlusc IMForris , )6Q). The 
objectiveso fItei sudx ,,crc: to iii'estligalc tile g .thiespon S's I iuungbe.iall splotls 
to 5,ar\ ill ctiiposilions oI ('(O and (): inl a coltiluotus. i,,Lo-tihh svstCeii. ald to detulille 
the effect oil iiulgb-ieai Sprtul qualit\ Of the introduciionl Of C211 intot the best Composition 
Of CO') ald 0'. 

Materials and Methods 

Cvs. Berken. Jumbo. Lincoln anld Orientdl nruiigbean seeds were sprouted in 500 il 
Erlenmever flasks. The bottom of each flask was lined v.ith two whatman filter piuper (No. 7) 
discs. Tell nil Of cr0',th niiLeclitun (calciumi chloride at 100 Ill calciui litert was added it each 
flask. Seeds wvere surface Sterilized w'ith 10"; chlorox b-leach for 10 imin ald rinsed thoroughly 
with demincralized \water. Next. i5 seds '%ere ,own ill each flask. After so'.inc. each flask 
was closed '%.ith a imo.-holed rubber stopper fitted 0ithim.o _lass tubes acting as a gas inlet and 
ouLtlCt. The spiotl eie growFCL nIfor four da\s at 25WC and tile hypoeotyl and root lengths, 
hVpocot\l dialn.lcr alid fresh '.'. eieht '.'. crcrecorded at, harVeS. E{ach experilIent w\!s cot'ducted 
tMicc. an1d therc 11crc per trlnatment. The imdi' idual lasks (replicates) werehreCrplicalions 
arranged ill a coimpletcl\ randomized design. Data \ ere am1al\ zed b\ anial' sis of varlialce and 
sieniLicattl,, diffe.renlt treat i lients .kcrc separated bh .SI) it tile 5% level. 

A colltilll (l.o. f gas Of the desienlated colpositioioh, ITablC I) was passed through each 
llask. Figure I represents the schematic diacramn of the flo%, -throu s\stetti for reculatilmc theighl 
kasi"lixtures. This method for mixing gases has been published previously Clavpool and Keefer 
1942. Morris 1969. Pratt et al. 1960) and it wkas used '' yithlliiior m11odificatiol."h. flk-tlhrough 
syStel ,'.'as established '. calcUlat,ine the (low ieeded fOr each sample aid . based on two air 
exchanges per hour. a 1lm\ rate of 0.31 nil s flask %,as obtained. From this, a total tlo\v rate 
of"3.7 ll' s/lixturc wIs calculilated. A inarcin of error of - lW(fcib'h total \.lumC was allv.ed 
for each nlixtire. and cn ficatioi of the composition of each mixture ,.-as done every 24 1h. 
Gas samples for verification v,crc analnvzed b.\ gas chronatographv. 

The particular gas mnixturC v,,as established at the ititial stace. and time fllo\ rate for each 
of1 tile samples was maintained at the fllowine stace. The desired volume ofthe es lixture 
was provided by iixing appropriate allounls of pure iiitrogen IN,1. 0:. and CO:, and each 
gas was humidifed iH) before entering the system. Stable and accurate ( 10%) regulation of 



538 Siti Hajar AMnad and Mialinud lengku Muda MohaIeCd 

Table I. 	Desired and obtained gas compositions used for controlled-environment mungbean sprout 
production. 

Desired gas composition Obtained gas composition 
C0 2(

0O ) 02(00) C0 2(o0) 02(00) 

5 5 4.61 4.55 
5 10 5.33 8.97 
5 15 5.43 :15.57 

10 5 10.36 5.50 
10 10 10.71 : 8.95 
10 I5 10.22 : 14 75 
iS 5 15.11: 5.44 
15 10 13.77: 8.98 
15 15 15.69 13.45 

Air 0.01 : 20.98 
C 2H4 C2H 4 
(IdI) (i1 I) 
2.5 	 2.40 
5.0 	 5.31 

T 
C CprssM 

H 	 R =RestriCtor valveB 	 M =Manifold 

=IOcm HaO 	 C 'Capillary tubing 
B =Borostat 

Figure I. Schematic representation of flow-through controlled-atmosphere system
utilizing 	 compressed N2, 02, CO 2 and C2H4 in N2 . 

the gas iixtu re, o~ver a xv id rnee ofl flow, rates, w~as acconil lshed bv the use of a barostat 
tower IBI. The effective prcssure throughout the first statge of the systeml ,,as adjusted by raising 
or lowering the as inlet tube in tee barostat. 

For these experiluents. the heieht of the water in the barostat of the first stage was adj usted 
to II0(cm s.o that the desired pressure w\as alchieved. Subsequently, the gases flov.ed thlrough 
a maanifold IMI. and the ga.s passing thiough each alrml of the mani fold was metered through 
a calihrated capillary tube (CTF). The ases then left the calibrated capillary tube aid entered 
the cross-tee that prlzidd the appropriate amounts of CO2 . 02. and N for each mixture. Al this 
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stage, the efTcetive pressure of the ,,IIIt\LII'C \t In tI ofa1 se1's cotrill,,d h\ ue cd broal'tIMt
 
tower (13) set lt55 "'Ihe.'Iem. as, lil\tllri ther passed tiroluleh a sCoind aiildILNI) ntla

metered hy calibrated capillar.\ tLue (I)i to eml e (Cdie It tie indis lual llasks.
d,

Throthotlt the 'nilire s st. ctiirtam preu,,re,. dittelre.lC acro the capillal.\ tube..sn \%Cee 
1maintained hy the use of bar11ta' toss es i lit. "
 

Ia the first experimnnt. nine Qa,, li\iIur-C,%ee Used. .,rnd tile\sCL: actorial coim1biliations
 
otf5'7. 10"7 and 0 Ihe balanice benme
15'(0, it 
 N. Fch e, rri\turc enitCred 1he Manifl'ld 
and was,distributed intot 12 line, \\ ith e'ach titthe IlirIr clti\ ar,, ree'dsl\ incL Three line, replicateI.

A sinriar, bill',CpMrAtc. 1,tmIIIiillit ,\stel %\asIC lopCd
dC oitr air and \%it,ted aseithe cotol)m 
treatment. 

lhrec ars 

usled. The cas 55.cc ~chorialI0[trur-s *llld 01(7 


Illtire sectind l LictI\p L't Ittl\tlrc' , tld irti I lierleir. IrIrbo anid Orientali 
\see ci'rIII tIiriit 5,7 I Cf ) amid 10"'1arid
 
I5(7 (0, , ]Il tre balani1c beCrlt V 
 . llld tire\ \ crc usCd II the .iitirritis,, tiV, thlrloui 5sternl'll. 
The ipl'ro t, i.elc tielted tlth 2.5 or- 5A) Id ('If; I lintillh 2 to h of the rostlh cIlti 
E h leneCat. 2.5 o, 5A) ;l I illN sa ir lito dl 11uh)tih ,,,isliie rilirrI)Clrtcls aler tie ,,as
mixiricncross-tcc o itlllhrethe 1ir,1 (d 5 t .ie Fie'.II I,cieulati t tire , rfloc Intd w ssu'lre
 

of the C'.I.L-N. illi\tirc ss<l' btailiie the ,Attic ailr l t t ('().. ))c ail N,. The
as ill 

prIdi g 	 lit,a,I Cde ,.ibC i pilI 0 IS lriethod 	 ort cirLI ('t! N IrIl\ttlrr risl\.1 	 lt arid l)illet197U7). 

Results 

Carbon 	Dioxide and Oxygen 

Imthe first e\perinrert. therc Os ellete cullar tilnn, si-iiillcit itl' either IpoLotlt\l or
 
root len1gth ofl+rrrtbearrilH p ousIterl tilre 
 sscrc epusei to the differerr corn iiPtititl of'CO,

arid 0, i'l'ahle 2. .\Alfoulr cultis ar, pllucllnrrilar it\ i t.I and root leuiths,. The hi\
picot\ I 
diatetcer of cv. Oriental \t, s,illnifcant\ sin aller Corpared iothe tther three cultisars. The
 
tlr culti'ars, shossd a sirificarli \aiatiriri illtresh 
5uiht. Cs . JurliCt had the ,-r'atcIefresh 
,eicht. \shile c\,,. leirkri atnd Lincoln had aill frhIritrrlledlatle %.iChrt. (lertalaid c\ . ri had
 

the hIss est freh sseiuht.
 

Table 2. 	Main effect of cultivar on hvpocotyl longt'l, root length, hypocotyl diareter and fresh
 
weight of mungbean sprouts in Experim-,ent I
 

Cultivar Hypocotyl Root HYpocotY' Freshlenth imim length (imml diamneter (mm vveipht (g) 
Berken 
 4 3 7 0 a 6 0 38 a 2 14a 5 67 b
Jumbo 4352 a 58.57 a 2 19 a 6 33 a

Lincoln 
 4268 a 60.52 a 2 19 a 5.92 b 
Oriental 4 323a 60 13 a I 77 b 3 35 c 
ZData are combined for all levels of CO - rid O 'Mtan,wrhm columnS separated by LSD. 5 : level 

The mainleffects (i' ( ) and ( ) iI tie ierall ritlr ihtIuL'2n.)Catlhelatitls arC shown
in Table 3. The hx pricot\I lerreth ot tI spruIrLut, ristsi i it air s as lnrie r tiiricantlsthose 
grown at an elevated CO. Lticntraltirin. As the leCel of'CO s a, ircreasedl froit 5 ; to 15(7
there was isign illcant decreiase inh\ prctl Ilerngti. The root iI ros inlenII, itllhte spriuts 
the air and irl 57 C-()2 sere not siUnilicarilsl different: ht,\er i,,tile C0, h.'\l increased 
from 5.,1 to 10'( to 15(:i tire rnoot length decreased si,-rnilicartl.fpitLut, ros\ ninthe elevated 
levels of CO, had significant. larger diameters f the h\ pocot I cormipared with sprouts grown 
inair. 

http:dittelre.lC
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Table 3. Main effects of CO 2 and 02 on hypocotyl length and root length, hypocotyl diameter 
and fresh weight of mungbean sprouts in Experiment I.-

Gas concentration Hypocotyl Root Hypocotyl Fresh 
(00 length oinrn length imm diameter (mnm) weight (g) 

5 5342 b' 66 06 a 2.08 a 5.44 a 
CO 2 i0 43 40 c 60.15 b 2.05 a 5.37 a 

IS 33 03 d 53.42 c 2.09 a 5.34 a 

5 34 83 d 53 82 b 2.04 b 5.23 b 
02 10 47 84 b 61 96 a 2.08 a 5.50 a 

15 47 18 b 63 85 a 2.10 a 5.22 b 
Air (controll 65 42 a 68 5,t a 2.01 b 5.39 b 

'Data are combined for ailfo r culti as 'Meas wilthinI COIlMns separated by LSD. 5% level 

The I,.'csp,0' c ( 11 l i tii h,i , O,ll,,til,Ii educ.d xoi ofl" () ,',a ll,\ i \ he reverse ol 

tile rcs on,,c it t'(). 1 l h: ., A" lhe () - Colitclit inI ilec a(llltlsplicr \\,as rcdUcCd I'l'tull 15'; 
to 5 thul. t\p , tI Icltth ,'a,, ,,nil nt IL,.ducd 11nd s, lo tsL rto\n in , '; 02 kere tie 

"Ihc luit ICLit , ) ut 	 ' nt.llli+t taCtIrded. i v , r%\;uI'icd,.nlic Intl',i lth (0- n, iro millel The 
,t1'v, hIi IIttlt ' , -ll 1i iII ltt (I 15' 0 [11cin 1'tm imh-', Ill t aInd the 10meutt.miii (3'. c.iaittcr 

xx+a,, e [tic sIIL ',iII x; cc, Ui' il iin cith,Cr tiie I0"t i'r 5'I 0, 
,,. n',rtlinic,1,t hue Il)' ) ccl pLldui.cd ti e rcalct rc,,h ,,ci 't t l I sprlnt . 

There ,,,cfc sILtillicailt ((). (), iiltcra tiill, Ii',Iblc 41. hu h.'ptolti+] , it thelin.i'th 

,nrm nt,, erm +.nllII ' (' \,i, the ' tilllc I" h t' II 1e I I . hut iti til ' ';t) (5)' lxci, 
%\it, r,,:cdhti ,,ictei t l (): iC C ,. 5 , .\ in1ilAr re. n sC mccrrcd lot Sprouts 
rlmm, ill ; (()'. Iti.,p,:ol\I ,.,r hibit'd tilicai i\, the 0 1 cx l1110 , 'tl xA ,i, :,hu' ()l f the 

ctl.I \ntt reduced 5 and the (*(), \%:Is at mir IWt'; , thmxc r. the CO,xa, t,) o at 1i,; 

le . , I alin.titall threec , I), th The Il tt' tl ,fproutsit\ p1 t x ,it xx, sante. poum I Icreth o 

enmxx i in 1 ,, dIltnlicalik r an ', the Irctitlli i ex eo.pt ,+ C ::1i ;a l ltmi tiat , 0 . 

lite r it'Icu' t I1 ,,l lsout, . il it dIll. lit C( ):-0 ' Ctthiltait tixl ', ,as;. inttiiar fi all 2,ts 

Colllposititll , I IItlN 4). CilhOitl dh ,id,.C hc Il l 5' and IW', ill Cotillhilllitoll \ ith llt 02 leIl 
tit I); and 15'; pidUned ,iihti, lo0 ,2,2r imot Icktut mipared ,.,ith t 15 ; (' level. Also. 

x,hent the 0 1cx, ofl the r xx in,' ll\ iltllllluili %ias rdu,.ced to 5' . mt c h was reduced 

compared x,ith tile root urm'xxth mitlirned ait I<; ar. 
H,, p COtI\t l.rand Ir -,1 ',', Iit \xcec Hti ,iiii'il1catixtl. , ifl ted hxIxlin f spr tt,, i tile different 

c0tntpsitioit, Of easec used ill thi, c\pelcrinlcnt. 

Table 4. 	 Effects of CO 2 and 02 on hypocotyl length and root length of mungbean sprouts in 
Experiment I.: 

CO2 02 Hypocotyl length Root length 
(1 0) ("xi tmm) 	 (mm) 

5 5 4108 de' 54.00 cd
 
5 10 5842 b 70.13 ab
 
5 15 60.75 ab 74.04 a
 

10 5 33.54 f 56.83 bcd
 
10 10 49 83 c 	 60.21 abcd
 

10 15 46.83 cd 	 63.42 abcd 
15 5 29.88 f 	 50.63 d 
15 10 35.26 ef 55.54 bcd 
15 15 33.96 ef 54.08 cd 
Air (control) 65.42 a 68.54 abc 

ZData are combined for all four cultivars YMeams within columns separated by LSD. 5% level. 
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Carbon 	Dioxide, Oxygen and Ethylene 

ar on|
"'he irarin effect ulcthix the o'. ull ro,,,th of the nutrnibean sprts r.'r,.rr in dilferert 
levels of C', 0: and C',H, is sho,%n in fable 5. Iasically. tire reullS obtainCd With r'espect 
to Cutitar differences xxcrc shiiiar to those If tirerIo)sL e.XpeCill ent. "here ,aj no ef1fect 
of cultivar on either hypx.ocotxl len,,th r ro liooitl.nth.(V Oriental had the s'iallest hpocot\ I 
diaieter and the lI.,c,,t xill to cuhtiar,. (',..fresh ,eilit corrpared tlhther Jllrrbo produced 
thle hratesthh ,ht,t,_',. a ectthe other IVo cutix a.r,.rs lerkri xx betx 

Sprout 11' l,.nethr,crc ,p,,o't \ fresh
pocot I aId roorLI %\ ",hsttci. h' I diailCLterS x rerCat,..r and 
,,eights %\eresirlil.ar x.herl the reulth of this :\p,riICnt wvere comlpar'd v,ith the results Of 
the pre2ious orr (EtlTalc 2 aid sr
 

H\,pocot.I leneth. roo0t l. iit
alnd h pot',. d,.iarineter of' tie sprotst, vc redurced
 
sigrnifcartly xxherr Ie ('0 IC,.l trom
th] cx a%,sIcased 5' to .'i,rhe freshwrile ..ieht of
 
the sprotll" rellild rhe rrc t oth ('I), coreliratollrs l'IablC 01. lire differecel.' irr tile
 
hypocoti len.'thlof spritl r, lI11 I()'(' and 15 ' (. x,,a,
ntt sriltficalt I fable 6). The If), 
0. lxcl 	prodLced sprouls %ith ',it atl. shorter roots coliparl-ed %\ill-tle 0: cxcl.1,;5' 

HFpocittyi diarrrCetr ald frCh 'x.eght ,, tire sprltxt xelC greater in tile1W; 0: c0 rnparxi ,ith
 
tie 1I' cor atit r.): t r t 

Table 5. 	Main effects of cuttivar o 11h'pocotyl length, root length, hypocotyl diameter and fresh 
weight of mungbean sprouts in Experiment 2.: 

Cultivar 	 Hypocotyl Root Hypocotyl Fresh
 
length Irnnii length mm alameter mni weight Ig) 

49Berken 	 39 56 :' 00 a 271 a 5 70 b
 
Jumbo 39 25 a 48 33 a 275 a 
 607 a
 
Oriental 39 08 a 49 96 a 
 2 42 b 3 41 c 
ZData are combined for all levelsCC.H 0 ''rlan ',iiofC orj colun nsseparated by LSD, S- level 

Table 6.	Main effects of CO2 ,0 and CHi on hypocotyl length, root length, hypocotyl

diameter and fresh weight of mungbean sprouts inExperiment 2.:
 

Gas concentration Hypocotyl Rot Hypocotyl Fresh
 
I') length mm I len1gth Mini) dianieter imm i weight g)
 

Col 5 44 25 a' 55 03 a 268 1 507 a 
10 34 35 b 43 17 b 2 57 b 5 05 a 

02 t0 40 17 a 46 08 b 
 2 66 a 5 21 a
 
is 3843a 5211 a 2.59b 491 b
 

C 21-1. 25 44 29 a 51 76 a 2 57 b 508 a
 
illi) 5 0 34 31 b 46 43 b 2 68 a 5.05 a 

'Data are combined for all three cultiars 'Pleans within columns separated by LSD, 5:- level 

The intriidUctir it C'lii It)the ciitelid-atnrosphreres stri inthis c\perinent ITahle 
61 prodtced hpit\Ct.,, ,%%fill dialricter, ahot 25'; larer xherr comrpared x,,ithrearlierthe 
experiment (Tahle 31. f-thxlene. at a rare of 5.0 illI.reduced tire rooth\,pirctl IhInth and 
length significantl,, co,,mparcd x%itlr 2.5 Id U2 ff I (Table (rt0. The hpicotn I diamrieter ot sprouts 
gro,x'r, in 2.5 IllC:H. I ,',assirnificantlx smaller than the diameters of thrrisC 21ioxxr in 5.1) rlj 
C2 H. I. Fresh \%eight %\,asunatlfected b tire C411 cte1CCnlr'tAtiol. arid it xx.as sirniirlar to the fIesh 
,xeight ibtained in the prx,\ ioUns C\pcrrtent 'fale 3I. 

l'here x ,asa srgirficant ), ' C,1f.: inleractin v,ithre.,,pcct ti irprrot\l Inlerrth and 
hypootvl diaireter l'abl H' I lerrgtIh ,len71. pn otitx xva ,,lrrCst x tire sprouts x%,ere gro, i ;Itthe 
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howest li\el t, buth () 10(,; and ('1-H1 (2.5 /d 1). pts.I henetheng \as reduced when the 
0 le,i,.5,\ s teht ('FI Ic\cI rnrined ,it 2.5 id I. Whell the mont1tlnincreased t) I Mill 

tol ('1 \,,ar1 increased tl 5.) /d I. there \t, I it lurticr ledne'tiHtn ill i, p etlut,I ICn-'th recardll ,.ss
 
of th ( )' Ic',el lahle 7 H\1 po Ctr da;. cter, ,,s.crc tire sallt Mhe the spr lrts c tr'o \ 11
%ere'. 

I a iind I Ilo 0. a sinnificalniil 2.5 Id ('ll In'; 15 ())';All! sn i1'; at.IS ():. 

incre Iin diatmetr occurrCd M'.1herr tire \'Vttl l*cr 5 Il ('ti t1 Root
V,, t1rtitll ill I )"; (). 

1Cln th1Alld ';e'sh \.el!!hl had lio () , 11 i .
(': l'tacton 

lere %%as a i nrtieart (.'))I 1)( (0 rineractioni cleC' Itl i,,1\171 l1 lgth aild 
.lpot.', I diarirccr ill the Ncond c\plricnt Ilahlc X). For all posslIC Corrrhinlation, of 0
 

arnd ('.II . h\locttit.,"% ICI tu ' ,,t litici., lorr, Cer it ( ' ati ..
siL i\ 5' than ('t C\Ccpt Ior
 
SVrLut, 2oln ln Iil', (U().. in'; ()' rd 2.5 Ci( II I. In Corlillas. to tire . ott
V ol 	 I iernth 

,response.nthe hi po l\i dian .ct'l%a, ,rur'ulcantl r tigr r p ,2riks Ill ,tl possiblCrir1111)(sti 
,korri ( .]ii (i ' ih 5'; ().,. i 	 iirallill sioll I ( [i ir ii)'; (I V r rre.i v. ',C\L to sprol,,err'.'., 

ii 5', ( ),. Ii)' ( 1, 1,d5 1 ('11: 1. il ' 1i ' ( . and 5,1 /ilC.11: I. 
\Itl)[m olu nor) c1 i'l deli.I ttI C. 1, 1it lIcI.LIh \,; a than iftk.ias ll's ri ,cr ait'; ('(). at ('().
 

I.re,,h s.'. inlSt i , li itle ej It\ ail \ k ti1O e I p,1ssih l,, c( 1r11)llatitNi ) oI_,N s.
 

Table 7 	 Effects of and e and C:H: concerltratior on hypocotyl length and hypocotyl diameter
 
of mungbean sprouts in Experieit 2
 

0) C2H.; Hypocotyl Hypocotyl 
II,'ngth trmni dianmeter Ini111 

10 2 5 47 19 a 2 58 b 
10 50 33 14 c 274 a 
15 2 5 41 39 b 2 56 b 
is 5 0 35 47 c 2 62 b 

'Data are combirml,dto a! three c'.. v.. n . rrT, ,Cro. 't-ansrw( .vitthin columns separated by LSD.
 
5- level
 

Table 8. 	 Effects of CO_:, . and C2H.; on hypocotyl length and root length, hypocotyl diameter
 
and fresh weight of mungbean sprouts in Experiment 2,:
 

Gas concentration Hypocotyl Root Hypocotyl Fresh
 
CC 2 I O: 1 I wmm Inni diameter Innm weight (g)
1 fD C2H 4 tri ,cngth length 

5 10 2 5 46 61 abc' 55 94 ab 2 49 d 4 68 a 
5 10 5 0 37 67 d 44 33 cd 2 7 5 a 498 a 
5 15 2 5 1 72 a 62 61 a 2 49 d 5,13 a 
5 15 5 0 41 00 cd 57 22 ab 255 cd 5.41 a 

10 10 2 5 47 78 ab 43 22 cd 2 67 ab 5.26 a 
10 10 50 28 61 2 40 83 d 2 73 ab 475 a 
10 15 2 5 31 06 c 45 28 cd 2 63 bc 5.24 a 
10 15 50 29 94 e 43 33 cd 2 70 ab 5.04 a 
Air 2 5 52 06 a 58 78 a 2.38 e 5.04 a 
Air 5 0 44 83 bc 50 50 bc 254 cd 5.10 a 

_'Data are combined for all three cultiars 'MCais 01thr1 columnIMs separated by LSD, 5 level. 

Discussion 
e\.pr-inrclrrl 

the clTects of('.)0 and 0 on the os.crall cros\th (t1 tire nurbcisart+ sprout..n a\tilosphere of 
in ctoriirrationriIlW ,prout:. 

The r'esults ol the first u2,Cestd that there is alcertain relationship bletweell 

5"; to 10"; C(o- \t,ith t, i'; 0 produced of the desired rane 
1r01h\,pocot\ I lengtl 5) to (lru1inrlahlc 4). t rtortnhutat.ch . these Collihilirttiolns of'CM and 
01 lailed to produce tie dcircd root icrewth and h\ pico\t I diaricter. The range'es fir ioot lerngth 
and llypocot\ I diarricter ti scrcd \crc 5(ato 74 mi and 2.)2 to 2.09 tiri. cl., andrespecti 
tie\ do 11t colllipalC % clI \%th the dcsired rarelcS of less thar 311 rmin ard ereater than 3 trim. 
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respectively. Increases in the l" or"decreaseooncentrtiol(I) 2 . in) the Concentration of 0
produced sprouts with hypoctt lengths that kere too small and oltoflenrths thait ',ere still 
too large. Thiu., a gas mixture containimi er-ater than 5 '7 t,,1('7 CO., and I('7 to I 0,'
would produce tiledeSirled hpocotI lengti. but it \.old not produce tire Iesire,.d ioo0t len,,th
and hypocotl Idiameter. These results seCm to0Lontradict an earlier report that excellent ,lunalitv
sprouts could be producCd ini an atmospher,- containing I(( ',(), and 10'; 0), (heeskm. 1943).
However, tilegrading S,steill pre%tons researcl 

In Bee.skows rep Vort. 


Used ii tile (H.eesko\ 1'-43) \\ as \ erx qualitati' e. 
,lsNit,
.crc esign.& al- \ e\cei-llent'. 'SIenider ,,pind" 'puuproot . t r "\r\ pior". )ue to these ,ubiecti e'lasi lic,.atiols. it '.Aas difficult ito .arethetomlp


characteristics ol tie ,pri mtis podncCd ,diing thi, rescarhItp0roCit \ fith those produced illthe 
earlier ,wrk. 

The coitiroiletiaitIphCeIC\Sit1elSed the presetill 

t'rlrlllrgbea.iil s1prouts c iliparid 


ill rese h re-ducd thle t er:ill rrit. th 
%\ill the _iiv. Ill 0I sprotuts PtitdLiced tli1' aill[Table -ihaild. 

tilepresent rest, shim that lL'hielr-tharim-torual le els )f('( )_ and re'ucedlI,,I It ()'
comlpared v,ith air reelated thterae ilrcspiratim i the splomts and. ttlthiatl\., tlcir iw.tl. 
e',en
thoLuhCMit-rall r C ' iit\,a, re+oducCd. tie slihti reductim, iniriot and h.\pocIot l


IcIrluth and ttie aIsce'- a,t 'ise ill. tespi iii teil rri i I diari'te allids cIlsesieli . ,i.lhi
One to tluestiorr 1teri1 thCse 2a s 0ctile 01 1iri tire prt )I1't ailtio s ill rcti on oia desirable mlli bea.ll 
spi'itLI. It rita\ I rile.cialbe esier anId cru I It Ifeasib,le.. Ino adjust tIr I.tli iltioil o)f ('4l1e 

illtireair rather than ltterliptlllL Ito,d!tlsi tie (I): and ()" : t.ctitrailils.
 

Iltthe sc-Iilid e\pLrl teill. 
('II I \is i tlitodI.i.etriI tlle s\ sterll. aind the Ic'%cls (0 (1), and

( we-re irailtairneid at 5'; aid 
Iti', aiid i' iild 15' . rcsj)Cli Cl. .All (I)' c lilcetlrlatills
of115';iird all (),c incerrtralltlrts it 5' .Ic rdle, oil coiceti
t eile atitls , tlre ohtllherCiscs. 
\keC elililintCd rout11testirng illthec,C0o1id. L\perllllt'l becausetirethc IeIs Ol (N, aidt (),
pniduced sprulls too ,tllitcdli 'I.I\t I1able" 31.irorli the IsuitS inT;ible 7, itisC\ ident 
d,,i ('It. i ctiiluibilatiit ll tilcr 10 ,;m 1i', (),inhibited tie i(m lh )tf rite ir\ ptcltc
ill teilrs (0 Miiille ,iitlltiill i lireradial c \;ltniotm ot tcmlpared 

,l 
i. - lire h\ p(itt\ I k. iii Tables


3 aird -+I. aricrcilcill ti
This is ill . tlilt iiidir,, reseasirch (iha 1)7tt p' ltilU, . . leltirs arid
 
Amers l973, liin 1)781. Inaddition neilher itii Iet-lh ot 
 ail i'e.td 


Fitir the Sieitilc'irt interactiol ifectC It ( ( ( :Tl. 

fresh V.eie'rt \as, si1ItLfcatll'l. 

lable S). it cat be coicluded
that. %%is lrlr idcid tscni,heir rt i inentr rirteni c'ri iiinir abtitt 5V' (I), 2.5 to 5.1 tl
C, ILi1.and I)'; to 15' ()4 irwdeired iy pitii ItClenIIphand dianit-er tICresproits is ntarl\
rbtainied, This,rspilrsc Ito(iIll iS it accordanc \i. i1aipre'iitlis stud\ that rCported that tire
 
anri-C21-1: etfe'; t iAi( cifated ( icelitratittts lilr(l'i I .: m
t()ct disappeared \ hierr c rcenitratioti \ ast
increased to 2 /dI(.':11 I H'CCer I1979). The reasoi or a iurther Siuirificaint declrease itl h'.pitet)t\ I ,
length Ofist/tit s itated v iti Ii)'; (Ut was tilttineistod lible. except tihat a concert
tratiot (ofIl(I ('(.I pribbi'.i reducCd tIe repiraitiMr rate and. lier'fitrL., rCducCd tire CiitV ili 
(tt the isp tlt. 

The intriodciom l (.ll; ilto tre atiritll tire Slh e-'re\0 i rtus prtoducCd also reduced tire 
tespritrtgi',,tiri i ,iiiilarIii pro)duic t i atCUat hierehat.r-r1.litrilrrail lexel,s and

litwcr-thani-riltinal 0- Ic'\els. iderri Table 8 that C i .at the rate of-2.5 /d1IirrItis e'\ fritli 
an, prirdured tiLedesired rplcl i' Ileigth. biutthat tirei\pcitt I diarireter wkas siltnificantl'\
slaller thian Mien 5.0} itl C',I I '\..asuseed. Thu,. urrder these cniditions. the level Of C,11.;

in air Mrust be dotublcd irr order to prioduce i sprint diitiCr Sitrniltr to tirose e,'t.. ilinr .eVated 
C0 ard reduced 0, levels. Selectiimi fr a larer h1.pitciiit\I dialtICetr k.ould bIeittire e\penrse
ol prdiciirg a sittier spritut. because tire 5.Mi (',1i: Iitair treatmrenit SieriCneatitl' reduced 
hypocottl leti (Table ,).

Il both air aid the gas ill\tur,,,lsl (';11. still did not produce shrteier sprtut ltins 
as has been repirted prco. til I( 'hiiani I1)7,. 101111S aid NI'ers 1)73, l.in 1978. This iravhave been caused b' the late niite applicatitunrilofC: i tire present e.\perimiient. The
selection olfthe tni iiI Cl-.: applicatitt (72 It aftcr s \i.,I \ based hil .tpreliminrary
investigation (iidata not prceentcdr. Tihese e\periniert, shov.eC-that. lenC('I-t.1\hi( \\aS applieCL
earlier Ihan 72 h atiter si \.ng. the h)p ictyl lengthias reduced draimnatically (toless than 30 mint). 



5'44 Sill 1hiui Ahniad andi Fncii ILLI N\1liniid ud l iuiiiid 

Thn1.tinther rcscarcii I' nIccLICi ILL kictcrttiiiic the crIliical Ilitle ofI (I i apIplicationi So [lid!1 
CIlcctive inhlition l oot 1-10IJ Ke aci.:\ ciiON~ .oltd 

it CLmil l allcilltitiLLJc'i ' c it Whein CO, Miad ().' \\C'crCL tcil ,i 5'; tIHt anl HYu; to 15";, 
rcspccl i\ ci\ , 'diL01rlcr \PrL-iiI k'.i PIodulccI. bittL hlc ,protlt '4111 'A it' ItO!l LIdrahl hccanSC thec 

atIii0LPlicYC' \kithOkt ('II. 11111the (''If ICiicra~cd lilt 1i\ pIocot I iitcl Ill I klc, nahlc 'aI/C. 

10!l I C(ill U'I: id [LlliitiH.iIi ca C the 1 1)(tcpcIt I Liii11itncL':. Thei dIcll'L NfI)on! iiialictct ill 
all ail, 'A\tli 1.ilmcd iflI\ kili Iwtlw' I lfI Ic\ Ci \i d' 1iicrcI'-CJ1 to '5A '41 1. HiCc rc~nltI( 

Intil II lial atlak I\ dtciI I c:i1t cit Iiiu\1lircs ;iioiw tq In collihiiiaiioim %kit U(AI Il dIid o 
ICli the dCidk P' MproiBcCdii C Lt cill\ %%i. IcdII itmC AI ;~\k&j not cd \k applicd ont [lie

tirId da\ 01l thei L\ liI C\ CiiC. ILH ItIti rCNC~tchI Heeddiit dlccrlillet thec ciIlicaiI titltc of CJI 
applica IMi the 1iii'iitLd aituLLNJlo~iic mI 11t. Riciimlk'cs i (Ilk: g ~lltpo"'Intiltticieto 
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Discussion
 

V.P. 	Singh: .Xic theie all\ auiiulnitimial laiinr it miiiiehuain toothie e\teflt that they are really
ham?It' \'. ~.hat are these LICetor\ Miid ihat are the elfeeV's 

A. Susheela Thirurriaran: [here are atinuritional faetoriti pInIINO- itrsadMni ILatninCe 
1laC101is) p\etinltihell2'1M. hilt fie\ M're Ci iiIlelx de!(CIMC~Ll h1\pIlleeCSSiL idi e0tlkji-.. 

K.K. Paliwal: I I D) wt hjiii ii\ Ciiii )(~Ciix 	 pnniltoi piMCCiill'J if i'\hole 
ntii~liti I Ifiii iii-dicali ile 1d /uil bOUN iiniobe1nib1 (2) 1 Hiiitiiiehean1 11101e nuItrlim o:\Ntill 

hnskor nh niitihsk 
A. Suslieela ThirUrnaran: ( I Hle 1)[0112in Cllit (fl thle Mihle hIiiiiIvani \,file,, frill 225 ,
to 20,; . dejpeidiii2 iim the \ ii litie prote[inl Ciltlitil 

eIliCI'eiAe\ ratiol \ 'tIM1id t) lhe 


i\ [srtt iliiiascs. I.e. life protein
 
Oil par o\111 skilii Miilk. M ieuI suipple1iiieAIICed \\ Ith iiietltioiiiitle.
 

I lCetblt1h II ailaiiit Il ie pIOteilISi101Il l [Ilie CAWe011pro(1LCessed (CLokiihi2.
1.i1i-' 

piWL'ssIIIY like itoldI\ siemIIIiiiii' 

:eieci~s h\ iii oiie),n 


ie,-. 'oiInd.ii iil~iiriee;III dilnl. Thie piliiliettientiieN ratio 
iikiiie. 121 %4111i-+e Iii I/nil \k itlii husk cmioiinN less liber and 

iii I\ii;ilhllII\ it 11iHIIIiiiS~i eV lineL 111,11i\ iii Ole litik. liN10be11uli 'A tho (411 kis sNuitable 
011,Hi111ii)t 0Ii 

R.J. 	 Lawnr: I I)l~skiIiiC tIlk 11Mul the i IllUse t(lie IMIiiiibAii ie"iiUe proee4XsCed ll)ols. Call \Moh~lk 's 1 1) Mi ( Cle1 lieWI I e a l x\pes '1tl i i i i ees s el J pi) 1tii j t lhe I s"lelI lti e use d t 0in . 'IWencrcliing Chiiang: .1;,)i inu-halICsiic 1i,' (11iil. I-oeeii iisel .is aii1iiiLii (iTd. 1 0 , 1 1.li ~i~i 
pie1iii1i bx iis\j)IeiillWt u11,1\ht' iiseif.' Al IteOICHeets anld 	 tIII'iis111C h\ 100odl~.C (lie

ixie 	 lp 1 ld pnl-~iihuts. \\e L.Om~ ain soup). nnngbheanil, prodluet Il iiae ins ' 
1 itit, etAc. mid11ii ii;i.\ ho., liilhlicd %kitheee il l iiiAik e\tlhIL~dICe hb\ e\1Iiiel.1 
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C. Y. Yang: H-as an. selilesttId\ been C011iLIeted 10i iden~til\ (lie elIieina oChlttlponentS
whieh C )Mtrihnte to thle sI'alemnlens itrauill 11CI12 ad tile peCoplS* heliet tlhat 11MLIunehea hall 1Mny' 

Ruben L. Villareal: ()Ile iiieiiel 	 dueZIIa (nIIIiinnbanl is inl (lie Cure (d anl abniormIality 
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Food Legumes: "Slow Runners Forever"? 
E.S. Wallis and D.E. Byth 
Department of Agriculture, University of Queensland, St. Lucia 4067, Queensland, 
Australia 

Abstract 

This paper discusses progress made since the early 1970s in increasing the 
production and productivity of the food legume species. 

The discussion at and the conclusions from the Australian Centre for International 
Agricultural Research (ACIAR)-sponsored workshop titled Food Legume Impiovement 
for Asian Farming Systems held at Khon Kaen. Thailand in 1986 are used as the basis 
of discussion in the paper. 

Crop legume production in many developing countries has been stagnant or 
declining during the past two decades. These crops, in general, continue to justify the 
title of "slow runners" conferred on them by Borlaug in 1973. This paper addresses 
some of the options to ensure this title does not remain with these crops forever. 

Introduction 

In I1971. Nobel Lureate N luii dtle i : t a group W ereuriia ,i ,,t0.,l,_, that thei.. lto " 
+,,0 

th,e"Slt,ruMir,,"+ in th: Ct 01o 1tn,. elhpllu c2 theIi, the tlde\ imitri,. A, a resuth o GrCen 
,
Re' 6lutin1'c Ial prl cti had riC. rapihJI . and 1). u ,,.. tIl 'l,,I,/ IL)7 Inand.'tllltl'in 

, hiCh \Crc ptr , il0lU-l\ ICI i Nll[(rt,2r',.t ,CI-LiticiCuilt ini rICe and 0r'v heat. ()ne eCectaV MloM
oh this revolutolt ha heeI the dIislIceuetIt ohoo00d L'itontoUIe llore marllal ai.'ltul 

e'l I+ Iiltlenti . 
' 13~l.J,+ r ec.',,, of1'the 100d Ic.tuLe'Con01) l l 1n, 1Cd tIhiItp+o ttILLcc ill , s steittll",. ald il 

hIttn t ll, Itllitlllid Iher l cpl n t:It, rultii. i ina\ llt l) I IOC td iuIIlt iti. plt, . ,il ll 0 
l'riSiIItl I ,OdL+UC. .ld J+t1luCt'1.li \ ''I these cr,11', tiellui the de.k )ltiC t (t Ihi - jldittI1 \eh 
.LIIei\Ii ld o edI ,t.ltl-, actl, . the d11\i' C II.taIr e ndutiher-, .ltl 1 .I \ ni ic'11ulI I_IhCOetliel ilt 

in'k'.' idered (t11Mre,.lr.h n clltktlttrkat sp,Cies I '.LI. sll that 1n1 I he e t te oi a 
,restric'ted ttnue or hutilm .\ste-tn'0.tlpc+,'i,nt tdC,,:r Ip 

,
The p ,i,,s tIns, papMIr 10di,,cuss,, ite 1 tid .of,, s t1, l,, since tile e'.iIl7)s in increasine 
the production and producILti". t.o the l oIl -pccies. to collier the researcheetoiedumc and 
intrlaStrtaCre Cnd tpprOch reqtiCLred t0 Cnsure that these illtiporatll cotlpotllet, of the ttit+tlling 

,
S',ste1 ;Ire not "'sh .' ILIIIIl's loV\ ,. 

Background
 

An internationlA t,rkshop ol Food Lqunie lIiprocinent for .Asian t"nSt Stels \\aIS 
held in Khon Kacn. Thaihland ill Septeuber I1 6'6.lhis Wtrksh p ',%as spopnsored hN tle Australian 
Centre for International .\.riClhltutl RCSearch tACIAR. and the pl'ceedings, \,ill he pIhlishCd 
Shortlv (Wallis am Bvth I t7 . 'he thetue o fthe W rklh '.. a, Se In the r I0hIemi CL - involvCd 
in iloprovine produtiOtm ltld . ud .\Sia. and SpiciIiCalII onl tile limitations totile he.10C e, in 
improved produ'Civity and Adaptatili of these cos tt to utilization O1 thir IlLduLCtS. 
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'svstenS. both ecologically
Food legunies are an; important comlponent of Asian farming 

are consriderd Importalt
and in terns of human and animal nutritioti. 	At least IX I.eunie species 

and they diffcr markCdly in their agronomic traits. 
at various locations throughout the rtCi6ol1. 

tile fa.rtnine II+s,,tiiS+ M\61 et l. YX7a0.
cultural needs, use' and role" in 

to tihe cereal crops.
the lIiod Iceuincs arc c'urrentlv considered as sc tdar\Furthermiore. 

They are percCiC d as lower \icling. less respolnsi\C 1t inputs. irore variable inl prodIctioI 
Partially

to seas, llo.a to il\ ol\ c ai hi'her risk of crop fa.ilure than the cereals.
from season 

crop tUnder tile lost 
as a resuhI of theC pcLrcCptittS. the cr.el-cal eencrall\ are ero, n as maill 

the food Iceunmes tend to be rclc"ated to Mtore
fivorable conditions and inal eiLunt. wilc 

". gcncral\ .sith limitel n.ian;.gemlent ind no0 itLs 
iareinal soils anld p-oductionl eln irouients,, 

then. that despite tle relativelysurpri'in'of fertiliter. irrigation and crop protecton. It is hardl, 
tor soie food ICLILIIIe+,. a\ erac oni iii-t. andietlds are lios

high yield pOt.itial knok, i to cxist 
(Wallis and B\ ti 1987).to the atitliincnt of itupro\ cd producti, its

there are nuWiCrout', limitation, 
Clearly it is lot posiblc 	 \\ ith the avatilabtltC r sLIrCs to establish a structuIIred crop 

of the I1S SCciCs cotisidlered important. Il Order to aipply the 
improvellcnt prograll for each 

5er.c\\iC that tle prolIcm 	 ShOtid be addressedtile iitOst etffict ,int tll idclavailahlC es ilestlr neM1 


in an holistic crop improvement fratntes\sork (see Bti ct Al. 1987a).
 

The Problem 
Crop ICIln11C prO,+lu,.'tiol ill lllill\ (1.''eOpitnu c.OuLttt'iitie has beci sttLilallt or declilline dtlirineL 

the title of "SIo' runnerlCPsin geiteial. COtttitiuIte to ustif.the past t\s o decades. Th¢.se crowP" 
this sitltitioi bl chailng'ed only it' 

conferred on thiin bs,\ BOrlatuc il I173. \Wc belicsc thatt 
dcs lopeL tha can effectis,. address tile mtajor 

an approprite rcsarch itlltliodoloe\ call bc 

1 s stlits. and to adaptath Iot
a ranlge of produtction

[illitations to pl 'ts.IiiI\ il 	partivular ltat-in 

B\sth clA. (I 97ai oiisio.cred that the holistic Crop iillplo\elll¢tlt pro ralll i.s 
enmirontlilents. 

to achie\c SListatidI itnprOVCllctilt in 
f.Cus th1ro.g1h .hich to c 	 trl,.C1lt1ate their ,ftorts, viable 2 

It'ldCr this approach. the mult.Iisciplinar\MLI production of these ros team 

Beprang 11971) 1,, c\p;,mded to icIlude tile interaction osocial. political.
the producti\ an 

ecoomic.
proposed is 


biohoiClI factorstlhat liniit productiOii.
ph'SiCal and 
aspects of the iltiloi\Cllltlt 	ofhas been 1iadh. siiiCC 19173 in lan\Considerabl progress 

the Major IC.tllllC species (sC discIss0ioi ill SIiitiCrfield and I as, nl. 1the International 

lLded h\ the Conlltattive Group t InternationalCen(ters ( IA\RCs,.\riciltural Rcscarch 
contrihutCd some SL' S14.4 million (II5.6 ' of the CGIAR 

Auricultural Rcscarch IGGIAR)Iat 
1973 AVRDC

1984 to reCear¢ch into lCgtnic crtops 1Mc\Villiiii aiid Dillon I)S7L. Since
budUt inl 

aillion fliO the iiipro¢nCniiiIt of Ilulgba.tl a11d soybean (S.
has conttributedhabout t'St,5 
ShannltigatudatItil. AVRI)C. persoloal C'lllIinicationI). 'These illlt or colitribttion's and 

hnitiatiCs sInit be rccotnicd aid acknowvdCd. I-l-ohsever. tIUch of this rescarch has been 

and lllan\ food legulles recei\e
concentrated oii a rclati\cl, titall nlIumher o1' crop legumes. 

file [it
in inlte riat iona I ari enihtra rst 'cl . Reg,1rd1les,. the total investtient ill i niprov 

no atteitioi 
is ds ,,arfd b\ theirorii ces saL,'iilahlC inl the arious ternatital tand national 

of crop lecuI.tLiCS 
,,atler ntiber of cereal Species. Siply, food ICLgums 

programs for the iipro\, .ntnit of a much 
tdere seart:bed . anrd the attainlCnt oI sustained 

as a uroup reatn cintificall neglected ind 
the limited Scientific UndCrstanding

improvement in their production is SeverCe. hindered by 

of the factors influencing their produhIction, iniproineint and ulse. 

The Solution 

Increased recognition by farmers. sciCntists, industry' and policyvmakers that the legume crops 
for 

are crucial components of Asian farming systems. and that these crops have the potential 

high yields and can be profitable to farmers. iscentral to the resolution of this problem. Methods 

are the major challenge facing crop legume scientists.
uf assisting this process to develop 
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There was considerable discussion oipossible stratcies lr iniprOvemcnt at the Khon lKaenWorkshop Wallis and Bv'th 1987). Alib,)ugh no single strate.\ wvas adopted h\ all participants.several conclusioslls aLd recollilliclldaliIi,. \werc dri'axll hich provide a bIasis for flrtherdiscussions . It x\,s clear lhal the accoinpli"hnieiit of increased production, iipriimed productivityand wider adaptation of the array i foodI Ieo ues rmo\x1 ill Aia is a lone-tercilhal ic whichwill require significant chane, in ,o crnnlcnlil pxlic amd rsearc-h straseu, , well as in farm 

'File recomctinnations derived hx B\ tll et al. (I987b) 'roiii the Khon Kacn Workshp were 
as folloxvs: 

Recommendation 1. tat cOLtl'iC id ,)Llatioiis Iix olxCd \with pirudictlliol dind researchillto food le luiiies, a.'Cp l llt l'cster tilt principle that aill holistic ,pproach to their ililprovelleniis rlecessirv ito achicc iiicreascd r)'duction. The approach requircs lose collaborationl betwcellall sector, ixol,.cd ill prtoductiOn, inlprox client 'illd Use of' I'ood Icgtunes. 

Recommendation 2. fiat Lc rinCliit, .dcxLeh-c load adopt. a a HMatter of tlrcCy. policie,and strateires to ciCOUralc ti'OductiOnll ood ItCe, anld res er. illto their imllprovelllellt
and use. 

Recommendation 3. that local. niationll. rcgionial illld illcrlltlioi 1l sctor" aCli\Cto increcase tile lexel (0, coordinationll f' pugrals 
seek 

,or ceguie ,cr11)p iCropr cri'lliilt. A p/iilarvobjectivC oftoordination xxolld be Iulincato the peC:itic oles of 'ca'h sector ill rCsCarch llndextellsill acti itx. and to establish cffccti\c ltxxtuorks bctr,\ecn tile \ lliotls irCsCitlch Cetellsionorl'tlips. anld inrdustr\. 

Recommendation 4. that i lari/aitrion. nil\)i\cIi \k i1h the rCach nIid \tci1,.i1 of the oOdlegumes accepl arid de\elp tile liiltidiScipiiiiar\ lear approach. S,s.tenls of rIanIIcrent shouldadequatCl., reI'Ci nli/e and rcx aid the aclixcrcnlct,, of b)ll tie teal arid tile individual. 

Recommendation 5. that the o)b jectixcs in research be defi ned carcfulI\ and precisely illrelatiti to tie productiorn xvste i ,Icullrlnt an ptc llial illhporlallc. Both traditiolal alldillpr'ixed prodiC t x rn jlti'tifx attention0. The reselalh 5 shouldStrate\ ClCmpass .nappropriate ll]i\ (o produ,. io\n-s. ,srlr-icutralari(t.l-dpcrr.lct1nollo objecti\es. 

Recommendation 6. tia sratcics of research address the prilllrU liinitatiinns il the llrosteflficient rlainricr possiblc aid. xxhere possiblc. thc ohicci\ behe ecierali,,cd aicross tile existinleOr proposed ystems ' oprdcliuiiO. .\odifiCatior 01'ifnatioli poilic, reardingi food legumne
pr()duictiir xxill cre theleed 
br i pr161icsix c phasing in olflhc strategy ofecrop improvmelllt.Reugardless. the strate . Iluist uhlliniaclx inxvf ecx\alulatirll in conditions t\pical of curreit arid
 
poutetial lsC bx larilli r .
 

Recommendation 7. that ad\inceCs ill IcchriinlooIy be evaIL atl d xlere iipproprialte.actixel\ exploitWd il the iiiprovericrnt ofl food IcUillcs \xithiin Asia. )vriamic crop productinriModels should r,',exc atteitrlllurin i ininediteilC btceI thley arC likely to priovide tie liuost effecti\,ccoltributioi to crop iinproxecinii in the ,hort-tcrn. While transfer ;s pos, 'a:le illtchloh\sorie crops and situilioIs. Asian SCiCntists must accpcit prilllari rcspoiisibilitv folr techlolrical
advarnce in those food h.'ie l r.ncl of" intCr'es to Asian coultrie,. 

Recommendation 8. that research into the sociocconoinic lactors influenicng the produLIn.irrarketing, prOCCSSing Mid 01' l')d l,.tllles withiri 
a matter of Jrgclc. 

i.SC Asiailn frrniin svstenls be expinded as 

http:tci1,.i1
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Recommendation 9. that increased activity in research and extension into crop protection
be implemented as a matter ol urgency. Government policy also should foster the application 
of appropriate systems of crop protection. 

Recommendation 10. that a general newsletter devoted to food legume crop improvelent 
and the io!e of these crops in farmting systems should he esIahlished and published by an 
international agency or consortium of acencies. to corpIlIlement the current scientific journals 
and technical ne\wsletters. 

We hope that these recommendations \%ill assist in crvsta!izinc the issues, in Cuiding
discussion, and in catal.zinu the actions required to iuplentent the changes necessary to attain 
sustained ito provenients in the production, itup rt '.erent ind use f those important crop species. 

Conclusion 

It isnot the objecti,e of this paper to provide a recipe for improved production. productivity 
and adaptation of food legtumC crops in Asia. No single firmula exist.., Rather. nut1erous and 
quite diverse crops are involved: the limitations to itirproverItent are complex: and our scientilic 
knowledge of these crops, their problCrs of productivit\ and adaptItiOll. and possible resolutI.,:as 
is quite limited. Regardless,. improm ernent of the prrduction ol these crops is crucial for econorrric. 
social and ecolouical reason, %.ithin Asia. \VC hope that stMie of theConMClpt, generated froln 
the Khon Kaen Vorkshop %\illbe useful in cerCratir.e actions airired at inurtrediate and long
term irprovernretrts in tie prodtictioti. illlprovellernt and LINe of these crops. 

Acknowledgments. The concluiorrs and rccornmenidations from the Khon Kaen Workshop 
(Bth et al. 198 71)arc hosed on concepts presented and discussed h\ delegates to that \Vorkshop. 

We also acknwledge tie support ot ACI AR in ihe preparation Of lhis paper ard in funding 
one of us (ESW) to attend this s,\ ,posiut. 
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Trends and Prospects for Mungbean Production in 
South and Southeast Asia 
R.B. Singh 
Food and Agriculture Organization of the United Nations, Regional Office for Asia 
and the Pacific, Maliwan Mansion, Phra Atit Road, Bangkok 10200, Thailand 

Abstract 

Mungbean accunts for about 12% of the total pulse production in South and 
Southeast Asia. The nine South and Southeast Asian countries, namely, Bangladesh, 
Burma, India, Indonesia, Nepal, Pakistan, the Philippines, Sri Lanka and Thailand, 
together Increased their mungbean production from 1.1 million t in 1976 to 1.8 million 
t in 1986, registering a growth rate of 4.5%, against a growth rate of only 0.5% for 
total pulses. 

Increases in both yield and area contributed almost equally to the increase in 
production. The region's average yield, however, is only about 500 kg/ha, and there 
is ample scope for increasing mungbean productivity, with the availability of short
duration, synchronously-maturing, and photoperiod-insensitive varieties. The mungbean 
area is likely to continue to increase at the trend level. Collection, evaluation, exchange 
and utilization of germplasm shL, uld be intensified. Recombination breeding, involving 
genetically diverse but complementary sources should be emphasized. In order to 
minimize pre- and post-harvest losses due to pests and diseases, resistance breeding, 
especially against Cercospora leaf spot, powdery mildew, mungbean viruses and beanfly 
should receive high priority. Production and distribution of certified seed of mungbean 
is highly unsatisfactory in most of the countries and should be remedied soon, 

Introduction 

Grain legumes. encompassing pulses and major allnal oilseed crops, comprise an important 
group of crops in South and Southeast Asia because of their high Ftritivc value, nitrogen fixation 
ability. amenability to varying cropping patterns and wide adaptability. Tfhe pulses include all 
grain legumes which arc har cSted for dry urain only and are used for food or feed and include 
dry beans. chickpea. pigceonpea. dry broad heas. dry peas. lentils, cowpea and vetch. The dry 
beans include munchean VI~iqna radiata). black gram (['igna tnunyo). adzuki bean (Vigna 
ang/ar1iNl rice bean t i,na unihe/lata . horse gram (Ker.stingielha uniflora (Laim. I Lackey and 
khesari (l4ithi'rs.sativ-us). Since pulse cnps ,are rich i gra in protein (ranging fron 17 ,/to 
27/ ).the' are cenerally laheled as tile poo)r 11a1's imneat and c i.titLte al iiipirtant supplemiienlt 
to the predoniinantl y cereal-based diet of an average Asian. 

In the present paper. South and Southeast Asia relers to a group of' 12 countries. i.e. (from 
west to east) Pakistan. India. Nepal. Bhutan. Sri Lanka. the Maldive,. Bangladesh, Burma. 
Thailand. Malaysia. Indonesia and the Philippines. Bhutan. Malaysia and the Maldi\ es produce 
such small quantitiCs o1 pulses that theY are 11(included iii the present analysis. 

The paper present,: (i)tIe long-term trend of puilse and dry bean production: (ii) relative 
importance of niungbean as a pulse crop: (iii) trend of production, yield and area of mungbean: 
and (iv) prospects for improved mungbcan production inSouth and Southeast Asia. 



Productionl in South and Southast .\Si 553 

Production of Pulses 

Table I presCnts, the trelnd of produithim of plulses in So ult anti Southeat A,,\sian cotntries 
duritin the past Nears. an alltll I1)6 I)r LLction l ;10, million I of pulses,.25 With about 
thelre!ion accoLtl L.r almst ne-thhird the olpul, prodhction Depite the preeminent 
place of pulses in the a.ricultur l ..econos of SoLth :an1d Sttlicast Asia. hetmcu I 1901 and 
198b the r11"Odlkctioll increased . nll\. 2 illion t. rC'isterin, alln eau.c annual ivo tle 

Of t1ly (.5". I)umIn0tlie ,ante perMid, thle v,,i d a, a %\Hole. reCI,,islvred al .iIual 'it. l tIt ate 
lor pul.es o I .,:. Th, ttal , ori1d ina',ed lrodtIo b.%abo(iut 25 million t. troin 31)tmillion 
t ot55 million I. 

India is the leadinuilsl,-pIi I)tilli,, iiin ti . Ht ,111i ll dle rC2ot, bItl in tIe eitire. vAorld. 
It 1986, India pdt udL bout 13 lltliol t t pulses. acLcouitieI IhtnAhIur-fifthlmsIOr ]]](Ire Ofl 

.the re'iO, il1 abiiit oneC-OLurt i thue siirld', priidMAction. Pakistan. lurma and Thailand ,.ere 
other it' raimt ISe.t-p i Lun,- ciimtiS..\ lhtl Li Sri l..Iika i Still a s mall rii'eI.dUC,.it Itas' 
i"era" ed alla fl ia lltrcras. inI pri tlc iiul (I1 . i I '' ('[tble I . 

Table I. Pulse production irl South and Southeast Asia. 

Country lC 6 l1-63 1971 -73 1981-83 198.4 1985 1986 
Average annual 

growth rate 
"000 t 1961-86 (-K 

Bangladesh 229 267 216 211 205 203 -0 7, 
Burma 264 279 453 571 580 671 3 1 
India 12.041 11,025 11.551 12.506 11,826 13,135 03 
Indon, sa 190 334 329 387 334 354 2 5.: 
Nepal 66 100 133 141 144 146 3,3KC 
Pakistan 890 795 656 797 803 857 -0 7K' 
Philippines 33 23 39 42 47 42 2,3K-
Sri Lank: 4 8 35 37 42 40 11 2K 
Thailand 79 227 356 366 380 414 6.7K, 

Total 13,796 13.058 13,768 15,058 14,361 15,862 05K 
World 30,223 43,648 43,318 47.947 49,861 54.628 1 9K 

Source FAO computer prntout April 1987 

Production of Dry Beans 
'lhe Cmlttlibutit ifdr, beatmS Mii. itichtnentioed earlier includes limlhealln) Ito the utoalas 

pul.C production in the r'eion increadsCd Irom 'aiiut 17; ill tle earl\ 196(s to a out 30( in 
the mid-19)0S (Table 2). In a majirit. tlad . sian coutntris,. eXcept itlof the So1th Southielast 
India and especiall\ it Pakistan. di', beans cinsitutC tile hulk if the pulses.l.The nmto'ity o' 
the rs beaurs are I'/IIhl spciCes. aild the dilferelt spCcis a.ie not ii1l1\ bio:,S ,tCiatcall, relateCd 
(Ahn and 1-artnamn I .978 bL-t Also merlap in tmeir arimiiiirphiili.ial attriltCs. ecCoIoIicatl
ada.tptatiol Midthtm-hl d-uses. mmuibeai",nd lack .rat are p'edttli.at t the I'i.uu/m 

species, with approliate gentic :ilch,.n. isl t the Il'iuviuospeei ciiuld taltlnl'elj.1ss int tel 
Irodttiotl rllles iOfoIether 1'i,11 Species ir iither related !,raiii leCnu'limes. 

'['hl tvpe of di'\ bu,s puOdimcd sari,., trill cOiilurs toc trs'.M-. S.10uth and S0outheaSt 
Asia as a si]hiile. ltturiebeatl is the [tireimost .I', hean. act: t ne,- hlr about 43i' of tl re. ion's 
total ldry beart production inl the mid-I 9 8(s ('hle 2). l Inmdia in order If importantce. aftei'r 
mItrighean are black gram.i horse train and Al AW,'i. In 'I'hailand. miungblean,nd lack Lm'am 
make up almost the eitire d.Ibe.,n pi1-odluctitm. hIltime Philipl imes. m1itumL11cean accounts !io altllost 
Ifour-lfm'this of the dr beians. InlNepal. black gMll iid kliuo'i ire tie dIruMttmant dr heans. 

South and Sotulhieast Asia a.ccountCd lit' at1101.3)' of' the \%.rhild , dr,.ibean poLuttctitma d'ILin. 
the past 25 \ears Tahl 3m,. Toeether the nite COLltries alm111ost douled their piLmrduction lroll 

http:p'edttli.at
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Table 2. Share of mungbean in the total pulse production in South and Southeast Asia. 

Commodity 1961-63 1971-73 1974-76 1981-83 1984 1985 1986 

Total pulses (million t) 13.8 12.8 13.1 13.8 15.1 14.4 15.9 
Dry beans (million L1 2.3 2.9 3.0 4.1 4.3 4.2 4.4
 
Mungbeans (million t) -- I I 
 I.7 1.8 1.9 
Dry beans as Ooof pulses 16.7 -- 22.9 29 7 28.5 29.2 27.7 
Mungbeans as of dry beans 37.9 - 42.9lo --- - 41.5 43.2 

SuUrce FAO computer printout, April 1987 

Table 3. Dry bean production in South and Southeast Asia. 

1961-63 1971-73 1981-83 1984 1985 1986 Growth rate' 
Country 

'000 1 1961-86 
Bangladesh 49 .i 37 33 33 37 -1.900
 
Burma 166 158 263 
 327 359 349 2.800
 
India 1,772 2,150 3,103 3,115 2,978 3,150 2.60o
 
Indonesia 
 188 330 325 383 330 350 2 50o
 
Nepal 6 8 I I 13 14 14 3.50o
 
Pakistan 
 41 52 74 92 95 98 3.2 o
 
Philippines 27 18 35 38 41 
 38 3.4Oc
 
Sri Lanka 3 3 I I 15 
 18 7 8.3'o
 
Thailand 70 189 284 
 295 309 342 6.I0 
Total 2.322 2.959 4.143 4,312 4.177 4,385 2.70o 
World 8.900 1.115 13.892 14.9.48 14,708 14.750 2.000 

Source FAO computer prlrltout, Aprit 1987 Annu.l avereag compound growth rate 

til
2.3 million I l 191-03 4.4 million t in 198 . re''isteriuc an annual grimill rate o, 2 .7 / . 
Il Comnparisiin the erth )Ill\orlds annaILI,11 rate as 2%( 

India. with an ailual roductionl o1' Lb3t 3.2 Million t. .ccLouIed for hoUt 72.', of the 
region's dry ean priductiodti a iudatined annual gro\%lh rate of' 2.6 durin1 1 Ig 1-86. Burmia. 
Indonesia and Thailand. %ilh 1501.001 1 annual production. the other importantahout I( L were 
dr%hean-prodneitrNU'Countries. Thailand recistered a ser\ high cros\\h rate of'6. I whilC Burma 
and Indonesia had cros lb rates of 2.8,; and 2.5 . respctl 

Mungbean Production 

These nine Siuth and SoUthaCiS, ..V ianr , tttries toeetler il ,l.sdtheirt munhcean prodttion
from I. 1million t in1976 to I.8 million t it 1986. reuisteritne a fliirlk liuh annul growth rate 
of 4.5 i . All nine Co untriCS. eWeept l3ancladksh. registered crotwth rates ranin- from abotit 
4!4 to 6 (lable 4). 

India. with an antual produtiott of abot10 1.2 million t. acCouLttCId [Or abo.lt two-thirds of 
the region's munghean produetion. The Oither ittjOr rtsuttc ban-prodnein eomliltriCs in the region 
\vcrc Thailand. Burlma and IndMesia. ittthat lder. 

The avcraceunchea 5 ili fo,-th-e South Mid Southeast A.,a Ciuntl'ies \\is rather oIw)10' 
at 367 ke/1ha and 474 kg ha durin the triwnniums cndin in 1976 and 1986. resp'ct isely, with 
an anial growth rate of12. I ' \wide i t ditfe rences ilt. T+here \ree lercottrt vield lcs IS.Ilndlesi 
had the highest \ield at 800 k ,'haand the Philippines. Burma, Thailand and Bangladesh, in 
that order. had yields raiwinc frout 630 to 730 k, ha. India had the lowest yield of about 400 
kL, ha (Tahle 4). 

Regarding viclId itmprovcment during the dceade ending in 1986. the Philippines registered 
the hihest annual crowth rate of'...+ .3%followed hv a crosti rate ol 4. I ,( in Indonesia. India. 
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Nepal ero,.wth ran 0 11rom tt2.10 and
 
Bangdadesh registered treduction alct Ie..'veIlIs. 


Burnma, Pakistan and had raite hn 1.2'' I. Thailnd 
in their( .r,.told \.liereas ,iCeld ill St i Lankat
 

remained stagnant .iri.int the Same.' petriod.
 
The area under unbea.lll Solu and Sutll,2at .\sia iiet .:ased itoni ibot , Itillion ha
 

to about 3.8 million ha durinu, 1970-8. \ th an .tnnual-rv th ratc of 2.4' ; reA rd tile
 
individuatl cIuntrI.'S. Mi;.ntdeh elCcreased their total areaii uttder tiunb21e,,lan
atd the Philipiine. 

production and tileIilltiliel eCis''eted ith Liro(.thm rI,1IitI
\ el''l COLII tries, increise', irte 

tdItitia i.3 10,ir ThiilatI.. te. 1mi rismed tSctease
 
In 1un112ean .rea. tom 2.4 ,iIIto1n ht durin lI740.1 t ik Io I)ti lionIIhal durin,- 1984-86.
 
+lron I. I b Il ,.i tec the larees, 

aout 
The ,e.otd latl'e titc r 0t 010 . 2)I).)t0 hl CtcuIte.d illIhililatndaout Ilhle 4 

Prospects for Improved Production of Mungbean 

PLId.Lctiml t Jbuses flintet'l" 10. r tv t deO.cIdes.inSniltl anld Soitlluct Aiah or+ With
 
increasitng popl:ttiii thi,, tlehd ill llprecia lc decline it their per capita 'ialahilit\..
lhas an 
which tell trot abut 5 .da\ Illthe arl IPAt I ti ai 3tt 135da inl tle ittid- '-8S.i. l)urine 
the ut pletit)id. the t\Wailablit\ ot cerCtal iticruacd 1r1 4111 to noterC than 5) L i . This 
happetted bc',usC in the I9(hi b iciditi \ 0aietis (IIof beat 'and ric ecalliMid l-, it %\\ tt 
avaiiilable 'and ,Yr \dl\ pul,,e hoi %.'l\ CenclI\ ,hItrtvc adoted. dislaltu ss ,\et,.rc Ih and 

thcre ,, t tccliiiiicia brtkthrojh
as cotespondillc 


While the prlductio \ leld and area t IlsC aS1 \,hole sta!.'Inatelditine tle p'it "(Jteett
 
Re\olttitL"i e'i.the IlpCrinlt (t uiLtIlban' tllNth .. , tpi ',tI I. Id plct
celItC d sic iit atII Ctrenhd. 

the ,itulatiot Indiat I '1, ujI ,C like tpe se.tc icld
in (Shiiiiu i N 114it1- c.'ik and dt Ieta tcpr. 

itt the croppino s,ttit hb,II ,st,anud1, st.t d
' cat ricc aind, ulci atd to, raied ain tm;rcinal
 
area,,. But. tlllh i.t, MiId 'shot10dtaiIo',li P*1l1i
in c (f 1Iime';iI bltck eritI. itoperiid-nsenls1Cliti\e
 
v.rieties'scr deeloped fitted ctclh Iriips tile ceIIate helt+.d
%LInch ast,, Ill cte b\ p1ri,]d
 
boutd, rilthr thiIn asoitn(M-b)Minld. I IY\',, and cat, an Jic t]icl'n.
lt as l itrerit 
ltlai/e. cass; ta. t..'. 

As ,ctii 1ae1 and 4. thle as tiltrsLot(\kl ae n*ICIIuttebeat21Iltri . tot meetot1il a ssbil. 
IpdIUtis (4.5'; I val natrsldoIublC thit tdLrs, hns ad 1n1C titnls, that (t pulses. ConsidCrtt
 
the imidividutal coutii,.. \c.pt in ca,.,e Banadsatd Si tlt hicban
r i. lankt. 21os rates itL ltl 

in the reiinim, i\cmntries \kls hi'hmr tltnu .ros thIr'ttei both p1ulseskuti dr beans, itd
 
ilThailatid. it rcitulitcd at patr. InSri I.itlki. illrceCtt \,c rs. cis pea has citcr..'d ts, i jtor
the 


rain lcui n dislaced a cotsidetrih i it
nCMJitd tutunebean toM c\tetit. In the re,,t ttle couttte, 

is c\pectcd tht (the trentd lesel (tt HierCrse illIittitbeatl prduttiu %%ill beC1ttualimtitllied.
 

Table 4. Mungbean production, yield and area. 

Country Production 1'000 t fiYeld(k;hai Area 1'000 hal
 
1974-76 1984.86 GR 1 974-76 1984-86 GR '. 1974 76 1984-86 GR I .):
 

Bangladesh It 0 95 1 3 690 630 04, 160 IS 0 -0is+ 
I 8.Burna 90.0 1600 4;8 560 67 160 0 240 0 3 0 

India 7490 1,1540 3 8 311 4;05 2 1 2.4060 2,8500 I I: 
Indonesia 650 1360 a3 500 800 41 1300 1700 2.'>: 
Nepal t0 I 5 I 380 .;31 1,2 2 6 3 5 2 9 ,, 
Pakistan 30.0 55 0 6 2 . 450 537 8:: 67 0 1020 4.3 
Phitippiies 190 270 4 1 *;00 730 53: 470 370 -1.0% 
Sri Lanka 54 100 6 3). 490 493 00: 10 20.0 6.2',% 
Thailand 145.0 266 0 6 3 732 663 -09 198 0 4010 73% 

Total I,t 115 1,819 0 45, 367 474 2.1P 3.0376 3,838 5 2.4, 

Source FAO computer pruitri, Apr i I 2 :GR Grn,,thi rxtv 
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70/71 	 75/76 80/81 82/83 Production area for pulse crops

Years in India, 1970-83. 

National-level production increases could occur through: fit increase in area: (ii) increase 
in yield: and (iii) increase inhoth area and vield. The prursnects of future increases in mungbean 
production through these three avenues are described beloy. 

Increase in Area 

In South and Southeast Asia. increases in niungchean production occurred through annual 
increases ot both yield and area, at 2.I '; and 2.4'; . respectively. Future increases in production 
are expected to accrue in the same fashion itleast in lUllm1a. Indonesia (outer islands), Pakistan, 
Sri Lanka and Thailand. 

In India the development of unnghean and black gram has been closely linked with release 
and adoption of short-duration varieties. These short-duration varieties, which could be harvested 
in 70 days. can fit in double and triple cropping as xxellas in intercropping sequences without 
disturbing the existing preferences of the farmler's fI'r remunerative cereal and cash crops. In 
the northern states. %\ith irrigation. surIrner rnunicbear is cultivated as a third crop between the 
riajor crops of xheat and rice and the area dedicated 10 11111 ias been increasing steadily.nIcan 
In the rainfed areas of the central and southern prox inces, rice-fallows are being used to grow 
short-duration munhean or black uram. With the increase in cropping intensity there will be 
a concoiitart increase in the area under runguchean and the trend level in annual increase of 

-
more than I , is likely to be riaintained durin the next few years. However. in the not-too
distant future, the rate of increase in the murrcheari area in India is expected to decelerate and 
any further production increase would have to corie largely through increases in yield. 

In several of the South and Southeast Asian countries, sormetimes rice isgrown under rainfed 
conditions with rather poor returns. Obviously. such areas are more suitable for upland crops 
other than rice. and nruncbean could be an appropriate choice either as a sole crop or as a mixed 
crop with cotton, maize. cassava. red grant (Cajanus ca/.an L.) etc. 
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ItI the irricated or assured rainfall tracts of1 Other countries Where douhle cropping, such 
is. wheat-rice v%hcat-tnaiie or oilseeds-rrnaiie. such as in Pakistan. in (lie Tarai belt of Nepal. 
in parts of IBurin., and rice-rice inl Bangladesh. in southern India. in parts of BUurrta. ill Thailand, 
in the Philippines. fn Sri lanka and in Indonesia. is common, 05-day rnunebean canl fit inl a.s 
a catch crop with sevcral Idvaitae,.his%will not onl, bring additional cash and e en mtore 
halaliced nutrition 1t the tarmner. it \%ill also hreak die luildup of pests of the r i l'ncrops,. and 
illiplVe [l nitrogell CoriIlorl\ and olrall] health of thet_'s)il. 'he'reor. ulllrllheall black turaill 
or arit other sholtI-duratinll abolihut 5 da. erairi cetitC crop arclte 1ol choice, v,hich could 
he added to irrigated areas ii a , neristic ta1riler ithout displacing the alltit crops. Since 
the irrigated rnurnebeal crop %tillbe t-ree frorin the \,aeairies of' iniorisotnal fluctuations, the 
produCtionl \ill be IMte prcdicta)le alld k%ill hi\ Ca ptitie effect ol the stIble suppll\ of pulses
 
as a \ httle,
 

Increase in Yield 

"l'recurrent a craC'e ICIld Of 11nnrrrgbearn 1, rather lo%. ranginglfrotm 415 k2 ha in India to
 
8(0(0 k2 ha In1lndonesia but \perriiental plot \ilds of 2.5t0 kg ha and farnner's field
 
dellioristratiorL\ iels Of 1.51( to 2.0)ft0 kg hia arc rit UrtlinIroi. [hus. there is t Serious 2.al)
 
in tie transfeir of techitoloe\.. hlie as etaC,,e farmer i, CenIrIallxiot iniclinedito tI ir Ct ill input,
 
for r itbea.i or" pulses, ii Cneral. Il the absecke otf an,lllriaj breakthtrou gh i inmuieean
 
rIMauiaenCrrCit Iechoi, s. it is s1,oiirs hat unrealitic It, e\pec.t 'a LILanRturi 1irp ill tle i\ erlae
 
yieIld at ratintal IC\ el Furtherrturr. Cettin,,i, and de, lopitenit support is gcriiall\ inadequate
 
Inl transferrintg the Cistig packa Ot riarigetnrnr practics Inch arc kio ', If to i\ e irtiprov
 
rCspectable \ ields in adaptie Cdnirroitrsirtiori trials,. Ilircilhe. while there is it
arcd ior de\ eloping 
e. c-catching teclnrioogiS. it is 1,1ipOrtartr that the rrccSsax extens,ion facilities arid illfrastrulctures 
aid 	 institutional support is prMIided 1t facilitate theIr transer Of pro0 err techn.lolies. 

Nungheari . iCldS ;arc allo h1igll ll% It I d seio s0 order' aritbC i o cal tNosll .ll. 
to rertldLer HiLunigbCnt prtdLictio ll Ccoloticlll letiulati\ e arid cortllptitiv e \\ il Other crops
and also to taiitaill stad1 grOss Ill Ill pI lctioti. tie a\ eraic %icld. as \\ elits of %id. 
ImIust be inllproved coriderabl\,. Conlsidering the %IelIds CLlrretlt\ rcCorded ill eperiniental and 
dernirstratiot plut,. aid the ide intercoLritrx difftlerences illav"elage iCld lc els. it is realistic 
to airit for ir ax erate regional Nicld Of aboult 1.0(1 to 1.2)) kg hIa b the \,ear 2000. \ilth 
the price advantage that lirtlngbcali err o s ill Comirparisont kithi cecals arid tie possibilit\ of 
ilcre;sIri lI!iruribea prodLction a asole crop for , Ich air itipro\ ed packae of technr1o\oeies 
riCIcLdiCL1 short-duraion aid s\,ichirturousl. arietius are'+Kotirng increasinglyh-Iaturi:ig 

available, it shlIl he pOts,,il to attain the projected .ielI C err ill s yieldsIndia %here current 
are the lo %st. 

Pest Management 

A large iurrber of pests and diseases attack mtungean and cautse econnilic losses. The 
most widely,-spread diseases are Cercospora leaf spot. powdery mildew., iungbearI yellow niimisajc 
virus (MYNIV) and itumgbean Mottle virus (NINIV. )ther diseases like lealbligChit. rust. scab. 
antlrracriose pod rot. daniping-olff, stemi rot.t,,ilt. witches' broomi arid rutot-kntot also attack 
munrgbeanr il varying degrees. 

The most coinmirion pests are beanlies aid bruchrids. although ..tphtiA (Iiflciiora Koch and 
Alanrtca tC'stlU/i. (]eyer . could aNs.sirii Cseriou s prorp rti ur , tlnidel CC rtaiIll ci rlelllsiaices. Although 
control Measures for Conrtainir g these pests and diseases :re known,ilr. iL11bchaln farrilers seldom 
use plant protection ill murrgbean. Integrated pest manragentent based onl the judicious use of 
insecticides, fungicides. biological control, appropriate cropping systern. ard. abie all. resistant 
varieties. would help in reducing roCtplosses and to stabilize yield. This is not art easy task 
and would require a major research and extensirn effort. 
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Breeding Improved Miungbean Varieties 

Util file cark 19)70s. hiricki ic,caichi oi \%astdonie tl.Ilu _,enctic imlllli iwJ of,
rittiriuhbCair. Ihc \ rict'2tl itk\clc UII~lj\ tttIcicrIrrrrr'rlc. Ii'IM- 10\% \1121,111.
shattelilt.. aind 0. ttChl'Outiut\ In ilittttrtt . ht i csscd t tC\k r-ciItlt i~ldct HtNlit t Insects 

\ eas.\ er ccicli Iirfll\tt \\ cticit \ ik ,Iic\J oilithe Itil( tl,i'it th li rolIa, hecti ilitelbiledi. 

C'ente'r .(\\IMI)( I lic etiiit 1, (ii dieci~Cxp'IMI Lhtiatiiiit. IIteht-.\ tiC1lille. LICiIIlItIIIt-I\ pL' ariL 
uilrif,0 1-trtI,ttIM-'t \ .ttICIW %\nII 1tIititlle ii ltxet',' MILI I)CStx[1)xtt~ ,tld Aidiiftii~ii 10 LII\ LC 

CIto W1 %',A \t(IphIlCitiiic'Il'hi\ t11C Iti.\utilNitiiti i '\ti ~cuicx I \l\ I J Iteilt littittel ht\ 

11CVlit ' 'Icit \ ilN lILI 11 LI'111111-Li t Aiu Iiiliiitit R\Itii Lti Lu f illL [IllIx iLI 1iiti thILLI I i L 
t!Ciiiiftll,i I \ II tti("Oltl ii C il u Ittiut uItItitiML' 111c Itch c ii[I ttd t i. ixexI ii l~t illLt 
he~ a tJ, d clticx uhf pi Ix. I uI~ tIic letitc ii lxie. N 1 ~i iL i~x~iL ttl 
cI IIIt CIt ldt xu \utix t~iiI-LA',1 xm\Lti Wt itl1111 xi'tI fi lte II , ILIIIIx tilL ilti h ltl 1 iittjj\d.L ll 

tor cxr al iiL\ ItIjICd u WaC\ll I III,Iii I It t l ii ituiI N 10,(i ~ (dt 111 I Cii I d111Il MitiII*Cx 
Cattl I'lI'0 jI A I ti!,,ItIIILLl l, i ltu it \ ilL I tu\\ IIII~I% lL k ill li \l' i tiit uulf ICtIlll 

iiliLLI Ii~t Iit CLLItIc iLl iii t ll iittiili HL i i lopii itL ltl \ IddC ICL 
IC II tI iliL h)Cit tl \\ck Iii l ll il ti tiL it,01111,1Liti it.tax iIL 'l iI Ohit' i MiI\tL itj
 

fia l. ctIII Ij)ii )~i)LitIiL' lint HL tille 10 I uI li ,~ \11tix ~l and IW I'illt tilea
u I'irk t h ()tiii% 

ki tile 1111iILLMIIt iCIt L ' 1t114t IiIttI)C Lt t I C uOfItClxh Iie it J'LIIIhII Iti t il 111,t ttI ilk t i~tLi" a!2 

',Ithe IIi I .~\ in I i)I. Lli h I teLcl11Tt I, It. 1i2cttWIIII it d ti l jIwitt I li h lcfitf . tile 

mn illtet tplNitii . ik, III tcIn lLti2 tint10 1*\\ ithit e d ak Ulule ic
c £il catlteted .I t'itell cl)( 


a\t liliL (itt'l;LexxIiitx. hit d iiL t lii
t %\ it ,% rkli t tickl L.1' ilt e tuulttI ,u. III1 u(Clitterentd 

pru rtl".5 a10nd tiexi ta IIId2St (il0cciun )Ltlttlcl*')*ierejin.lie &A) Iittii-Fedthorn
 
4(10(1 Ilceti- t ( tititlIMI kt!"tiIf J Aiulcc1it ta hecu 2eC~ x 
P li*\\k ciMU thit0utddraitet ItCaiall 

I t CC 1112 hu1 thtiut iLAti~ .21itti LL 111itiiu xkHHIH LiC.1 uItiIjII Itu tx X2I)IStIt 1itI~t HI Miitt tI~I ttttI ) 

fuiePaCIniluI RAPi 11ttICalx ICI'attti %% 1 ItIII Ite C',d .Itkt thu t, 1t tititt6i1ill111t1I %,c(ripto
I 111111)Mi t rrurlci a %Ixo I li itttL'hteICL 
 iLD mitilillIt~til ll!,(11 Iid V ittt lt'011CCOill 

J~eer~irleutt ItihIit \e1"t~Iit va rth crht . ; it~ ha ite L.00Iileti P tthilpie" 

I4.00pp0te a kuiHilIhi1C)S.tLuitAitiII]L-ll1~ ritii tueialLi aeurrirc tii.NIIlaxlaerSe ,wl icahk 

i,MCi aitlexadTil the \im ( InlhcttwnrsuL thill 111ICiht ut [hogla tienal lv hs_a irt 

Lhlsease rl pe r cit,ttaLL ar l . ['11tr nutit I 'bl lcId ciplnll/ 1C Itt11LII Mtaid 1'rci1 l ' L12pod1.1 

and KopiIC .I KotIrei had cl arid tiow oilIdattte te.sirahca'oliuld "he a lndre tods. high 
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desirable recombinant lines. SLic1h miaterials shotild he grown at inhi-locaLions inder arying 
cropping patterns to isolate location-specific strains. 

Black gram possesses certain desirable traits, particular' for disease and pest resistance. 
as well as for plant type. which coald prove extremely useful fOr tile litlngeani.itupro\CelliCnt of 
Distant hwbridization heltwee n ungbCLP alld hlack gram as well a,wvith other related species 

should be intenus ified at selected cente rs. Appropri ate techniques flOrscreening breeding materials 
fOr identifying desirable recombi nant ,,,hmild be dcvelopCd and idely adopitcdi.wv Since iiii ngbea ii 

is grown nuder diverse cropping patterns. the earl generation segregating imaterials should be 
screened also untder difellrent iltercropping situaltions to develop types which would have 
synergistic interactions with specific 'ollipailln lctCps. 

Production and Distribution of Certified Seeds 

oxciiniuibCau ill 

seriously inadequate pslpll\ to the lrueCrs fquilit seed t illlpr'oved var.tieties. IOl' ilstallce 
during 1970-82 iniIndia. the total cuitntli\ of breeder ,ted produceI of all the pulses xwas ol1 
30 t. vhich was bolt oe-tenth of the reiluiretuinti iSh.arnma 1986). Theoreticallx. every kilogram 
of bleedreede ,hould lead to lpitoduCtiOn Of' I .(000If kg of certified sCeid. Although exaet figures 
are not ax tiable. it is estimited thatt th actor b\ lich the breeder seed isaCtuaill\ multiplieI 
does not e\eeCd 20l. [his resltls1, ii d 'eliols SholtagC llfillit.\ seed. ConseqiuItily not niloc 

than I ; of the fartmers hl\ c been ,tble to obtaii seeds of iltuiposd iireties of pulses W(handra 
1984). 

Unlike some of the :ash iOps. and CCli cercals, there te hardl, am\ prix ate colipaiiies 
Shich aiC iivo Cd ill the prVodtCiue l1a1d disl-tibttiulO of uiuunlgbean sCll.L0 rCof ant\ of thle pulse 

Cruop. This is pilnaril. because of' tel Io,proilncti\ 1i of iutunughea.n and. COllnCquetltlv. howk 
returil f*rou protdutllon of its liit\ seeds. ('onsidcringat at the ability [o stoic ulgheall Sed 

for long periods of time is rather p or. and knov,tug that impro ed seeds are the mostllliporlant 

input for increaseI plrodtLLion1, the goxeoCnwllclllts should gi\ (ite attenition to proluIction arid 
distribution of' certified muntgbeait secds. 

A niajor Constiraint to iltipi~ed p'Odectio South alld Sotltheast Asia is tile 
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Abstract 

Mungbean is a comparatively new crop in Australian agriculture, and total produc
tion is small relative to that in other Southeast Asian countries. However, production
is increasing as farmers seek additional cropping options, particularly for rotation with 
cereals such as wheat and barley. Opportunities for further expansion are substantial, 
based on large areas of potentially-suitable land, and a consolidating industry and 
research infrastructure. However, most of the Australian crop is exported as sprouting 
beans, and the availability of markets will be the chief constraint to further expansion
of production. The Australian industry will, therefore, need to target end uses additional 
to sprouting. 

Introduction 

Mungbean is a comparatively new crop to Australian agriculture (Bon and Kingston 1976. 
Lawn 1978). Alhthough sIaill areas (1.000 to 2,000 ha) have been grown for several decades. 
significant production began only quite recently (Tbile 1).There was a small expansion in 
production in the mid-1 9 7 0s coinciding witl higher prices. However. plummeting prices and 
persistent problems with seed quality combined to stifle f'urther development. The modest 
expansion in recent years ha, aLain rel]ected the market, but has been mlor1e stlSained,. as cereal 
growers have sought viable crops to diversif\ production and stabilize incomes. A factor 
coniributing to the aNttractiveneSs of nunb1eaMis in the cereal areas is their capacity to fix a 
substantial proportion of their o\\n nitrgen requirement. The growth of cereals following 
mungbeans is. therefore. enhanced relative to a cereal-cereal sequence (1)oughton and Mackenzie 
1984). 

Table I. Area, production and yield of mungbeans in Queensland, 1977-85.z 

Year Area (ha) Production (t) Yield (t ha) 

1977 y 4,563 2,595 0.569 
19781 8.082 2,634 0.326 
1979 y 2,741 1,726 0.630 
1980 y 3,780 1,553 0.411 
198 1 4,535 2,556 0.564 
1982 8.120 6,452 0.795 
1983 12,664 2,406 0.196 
1984 13,783 7,914 0.574 
1985 19,798 10,526 0.532 

Source: Australian Bureau of Statistics. ZQueensland accounts for > 80% of Australian production; statistics 
not available for other states. Ylncludes edible dry beans; mungbeans account for ca. 800 of this total., 
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Production 

Data frotm (lie Australian Bur'ea.u of Sttint i rbhleI1) shIow INIt aIrollld 25,000 la Were 
soWnr o0rnunbe.'an in A.'ustralia in More recent statistics are areaI981-85. unavailahle, hut t1l, 
Sown to the crop hIsintcreaed substaltial perhaps\ as uL.h as 30'; ) rotm 1986 to 198 
hlrgely bec.'ause (1 r(l"duced price..'s I'r cereal ,rais. Nontetheless. h\ ilteriltional standards. 
the Une.bean indllstrltl in Australia rema.in mall. 

Hundredls of, thousnlllds of ha of, arahle laild pollentiA, sLlited(. to tunn.JeIn pr'iduiction re 
available in the subtlopic, and tropic, oftAliustralia ,e. \Vctl et al. I4 I . The lain Constraint 
to l'urther deveO llopent. h\ie,.er. k IIIe the a\ailktbiliti\ I markets and pricen omipetiti\e \with 
alternative crops. 

()ne recent al'tl\ hi,'il st,e to facIliJtte the Iiuitre ,dI,, ltnio n allIt\\, ,ntsuld k e01lp 1thC ltl'ue 
ildustr\ in AuSttralia \a,,Is tori i the Attraliatnl M tll I isthe tili In Inl .uIllAssociation. 
Association Vas for1CLeI \ith the 1peciti1i1 the",le\,loi)ment of all ofof plttinL aspects 
the VOlne iidt.st an1d 1,lbrIOAl\ rptc'CseuntIf\C the ditr\, ciupriiu I'ai1i.rs. seCd 
inerchants. sproutelr. consumers h the rol.C\pirte'I nkld rcseirclic . ()me of ke\ of the ie\\ 
Association is to pro0 ide a11triii iii0 noufi.titi illnoliiatu1 thlulelhtIl th1e illduStryV 
and file . 1nd toi enId. hlas of an nlslellter.Ceonn1Ulliti\ this it undertaikenlpublicatiM illduNtr\ 

Production Areas 

Most of the rol > Sti' ) is Crii\,t il Nuhtriijrical direans (25-29 S latitude iif the0'state of, 
Qucenlnd (Piirc I),St1all airel aire erI*Iv n ill the '.; IIittluteIte Iiire iCn centrad and 
northwestern Ne\ South \Wies. and inI tiletropics, iii the Northern ,.rritr\ ald the ()rd 
Irrication Area tI u cstern A..ustrLiaA'a. eraCe .\iCis are ot tileorder o hal ai tolt per) f \\cA 
ha Talhe. It. but ic;.aNioudl\ ctn be miuch l0\\ e either because of dto uht .asill1)7-t0 o 
se\re \ aIthler e Was illI983).dtacCtnl;+1 
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Figure I. Distribution of mungbean production in Australia. 
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Most of the Queenslhnd produci (55 ) Ilo thilWeDarline l)owns, a 500 to 700 ir plateau 
to tie west oflBrishane. and in tie I)D.aon-CallidC re ion 140'; I centered around tle town of 
Biloela. Small areas are sown in eastern coastal areas ot the tropics. 

Climate 

"l'hcWliati ra r ouer an 	 is laic.we ,,\hich n i)tui is cro\\ n inA.\ustralia cnnmlipassah 
latitudsC 14-32" south (Fi uiIre I ).At the tiopl0"I end t1 tle ran e, riinfall! (700 to 1,20(0 mii) 
OLcuI's with the llorth\\ es,Illonston (IlIig the '-iaIin11r period froim l).cceiber t)March. Ranrdll 
during the perid April it)NocI bthi i" rare. \hi!C A\tInlcd peolu s of(I+dio~uchi. stiici-nt to 
indulce scrioUs CIOp \atr"de'icits. arC co11mon0'1 ditricl2 the raills tCasoll. 

III	ti ubtropis rainfall (500 o I (0II) ni) o u.isiiia' ifinLsutt l ir;thJlilt ih .ic11iiicalt 
raill,iI1 also OCCUrs. I e iti c tplP( Ir 'c.' Ittfl iteIc esl h i irthckif \".iletI' 	 -.

Of t 1 Iltoui he Ct-tI t )ki iI,. I ittlellCila edl t Iiilte', l t I P t ',lookd0Ii,1fIC LiiinIug 'rop 12111, th 
are ct)ItItIh . aid ill teIll s"!u,1L.IIIu . ,. iiiI",ll) iso t I for tn-,C.Csst.l ,IllitlI "teCeIsI l 

Crop' . 

Ill ia llt,ia.l \aIli it .rcascs \\ fill l,_c' tile 
IllPrtsI the pics. i..llIt)tIp 

all 	 arets tot d\ctiascs and tshil khi loinl Coast. 
t t1r ttlic" i ' il cici tktt t iiI ctlt..rit t . 2 (_ )that 

riItIrebe'I)ansl Cll be gIon= AIhtInPn Ih SCar Pt5IM&d firuciit ss oct is was lablc ilccch arid 
Wood 1)78 . At til liihcr IattiIitdcs. to nI '.es ci. .IlVO i PCItt1tc pilitictldl\" i ichitCo lisiriill 
,he dtrtlliot llOf se sIlllocI \\hiIch titIla e.ti Iit e1", I.lasII lt7-l)bdI. II tl olf tie 
,ubtropics. croppih L of tII t I 011cit stITtIII pIriod, itt1 ill stIlle \;rllttII 111AIti 
t Lcon,. a, cIo' is possilestch a-, atoUli Iloela. it 

Role in Cropping System 

On the Dariing I)o, its. iun,,ean, are intiI\ a sutiti.er-etn t ratinfed crop. ,iiss ii durin 
DeccrnlbCr-.iantar\ ard harStd inl NLahI,.-.-\Pirtl (Ias I and RussII 1978). Thcs ate used )oth 
as a main crpt as an alter"ative t Crop as n'utIIlos 1 follo\\,iisuch orghtiti crI k titer 
fallow'. and as a SupPIlIIcelttar\ suu'incr crip ill a PrCdOtmriltattly %kinter cr ipiits,, ,,,tern based 
otil he'iir role as a sutppletnItar. sutIIler )) .),depleds of aeaICtlletcereals. t (t1t thle occurnIeI 
early sutillier rainfall to replenist soil Ire'e el"used, bs th' pr\ IioIscereal r.o). Aind is thun 
usually restricted It)the eastern. hilier rainfall arc:t., ltIllos its. 

Illte Dam) sotl-(alide,. sprins' :ros), s\ I ill . lltr si\edtill)cc'titI)erSClit.,tilbetatd 
-
aCCcOUIlt for tIP to oIne-third of thI,;Iinitial local ploduction., I ,to cro); usuall\ iliSt 

irrigated. Iltle tropics ti bita l I i eithe.1 .i,raiui d crop)duhOrinig til \ut sasonlhe'. 

(as in the lerritor d Coastal UC nsat all croP lr1irc I'-Northern ant J lnd). Or ir itriatedL'dL the 
season. follo in t a v.et seasol crop s".it'lt ,so ll (ai ()Ii:\).,' 	 ii , itl 1titc 

Cultural Management 

Muiu.beai pritc utin ihl.-\ustralia is entirel %lechtani,e d.nused ti aclle-scale. extensive. 
mlixed-enterprise hol0dings. Variou,, eXtClsioln ltiidbl(IIitsili d\ btd c lalioin (e..Iy r orar 
QGGA 1)77) arid Stte Extens iot Scrs ites Il:,,1d\ nsiIf84. Pittlad ctal. 1982) has e pro\ ided 
the basis ofiost productioll .Vstert . Sontic fliers also take adv i,.cfroti corriniercial technical 
services. particularl\ in relatitn to the na1tuC ardi1titin of rIs!CtiCidC appl ictitits. 

Brifl,. the crop is stiw\ either rIadcast! Or ill'o\ s. usLialls inh aiprepar'ed seedhCd. at 
a rate sufficient tt achIeura piipuhatiitri dernsity of 2510.(01) to 350,0I)0) lantts, ha. Ltw\r densities 
are uI,d under rainlfed ctrldititr:,, id at earlier sirig 1983u. . cedstiun il at n a In \%s areas, 
a preemergent application of herbicide is tften lsed. Use of fertiliiers is snall and usually 
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old Ok! lhoman culti var which was lladc availahl,: f1 production in Qt' rnslld in the mid-I970s 
(Kingston 1975) and which still accounts I.'ihalf the total Australian production. Unfntunl., 
Berken is ve:ry susceptible to lodging arid %keatlerdamage. Cultivar Kil,. derived froni the 
Philippine linc FG-M Y-7 which was ittroduced to Australia via AVRIDC.was released ii 1983 
fir production in the Northern Tlerrito r\ PlIulland 1982 ).Betrkeii aid1 King. ,,hicit are hoth large
seeded lines, compete fOr tIle AUStl-;Ilia's onl., hlack cutivar.preniiliIln sprout market. cram 
Regur, was released in the mid-l7(ls (1lawkn et al. 1978). 

Currently, seCd o1 tMwo cuhtivars developed within Australia is being itCreascd by the 
Australian Murigbeair .\ssociati0. and will be lade a ailable as cvs. Shaitlluln and Satin (Table 
3) for commercial prtlductiOr b\ farlli,s in 1988. SharItune. which has large. shiny seed similar 
to Berken. has improed resistance to p()\kldcr. mildcw, and will be particularl\ valuable where 
the disease is a problem. i.e. in sprin-e and late sillillier sowin-'s in the stihtropics and dry season 
sOwings in the tropics. Satin is less Susceptible to ,lather damage. and is likel\ to rind a place 
on the Darling Down . Mhele autumn rains frCquentl\ jeopardite seed quality of sumirtter-grown 
crops (see lmric ct al. in these Proceedincsi. 

Table . :.,apariso off colninCcial itiunhean and black crain cuhli\als in Australia. 

Cultivar Berken Cele.a King Shantungz Satin' Regur 
Species radiato radiate adiato radiate radiate mungo 
1000-s.ed Vciglt (g) 50-60 30-35 L5-75 60-70 60-70 55-65 
Luster shiny shiny shiny shiny dull dull 
Maturity (days) 85-105 90-110 85-110 90-11 d 85-105 95-125 
Asynchrcny in Y 2 I I I 2 0 

flowering 
Resistance to 

toleran:e of:^ 
Weathering - + - + + + + ++ + 
Powdery mildew - + - +++ - + 
Lodging - + + + + + + + 
Waterlogging -... + + 
Pod-sucking insects -... + 

lVarieties currently undergoing registration. YO indeterminate and strongly asynchronous: 5 = strongly 
synchronous. Scale of resistanres: - poor, - fair. + + medium, ++ + good. ++ + + very good. ++++ + 

excellent. 

Utilization 

Most of the munighean production in Australia isdirected at the export market for sprouting 
bans -which commands premiun prices for qualitV seed. The actual utilization of the crop, 
however, depends chiefly on tie quality of the seed harvested. Thus. for example. the highest 
quality seed (>955%germination and unblemished by weather damage) is sold for premiurn 
prices in th,. USA. Good uality sproutitng seed is also sold into Eiropean lrld Asian markets. 
Seed which is unsuitable fr the sp.'out market, but which is still suitable for hlunall consumption 
(e.g. slihtly blemished, fiadCd or cracked seed) is split o"r sale as dhal. This market also 
coimmands good prices, but less than those IOr spruting beans. Finail\ .sced which is unsuitable 
for human coIIIumptim; is sold 1br use doIIesticallv as animal (e.g. ch,.kn. pig. etc.) feed. 
Domestic consLumption f[r spri-uitinig is very modest I < 2.5(00 t anliull). The small black cram 
crop is directed at the sprout tiarket ill Japan. 

Frequently, crops which are severel\ weatlher dainaced are not harvested, but are plowed 
under, to benefit the subsequent cereal crops with ,itr(gen fixed by the niungbeans. Crops which 
suffer drought are often grazed off by livestock. These practices contribute to the low average 
yields for the crop in Australia. 

http:1000-s.ed
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Mungbean Research in Australia 

Consistent with its Status as a minor crop iii Australia. ifungbean has attracted on1', modest,
and often ad hoc research support. The current research eflort. involving only about 4.5 scientist
years anrually (Table 4) represents the largest-ever research investment in the crop. and isalost
entirely devoted to aspects of product iin.T he present eti phasi s reflects. in part. greater optitoisit
for the prospects of the crop in Australia. coupled with couc1rnI about the need to develp
profi:tble alternatives to traditional cereal crops.

The largest and Iltst consistent research input has been that made h the COntmnwealth 
Scientific and Industrial Research ()rganization (CSIRO). )ivisiot of Tropica; Crops and Pastures 
over the last 15 years int) Several apects Otl priiductiot. Initially. the CSIRO progratt lhciused 
on agr)onontic and plsioliP 'I-, research int) adaptation )f the crop in Ausl tian environnents,
but has subseCuentl, beett broadened ,ith the itclusiOn 01' a plattt breedittg ciIponlent. and 
research support Ill vlrttu + al'eas such a', nutltrition. plh\iSio!o,. atld tiost recelttl,,. nitrocen
econonlv. CSIR() also maintains tle major national ttebheanh-,e-ritplasttItI collection ([Iturie et
al. 1981. also see l.a\n ct al. in these lrI iOCcedingsl.. I)uritt, recent \ears the CSIR() program
has also been vcll-.,supportcd by collaborati,,e. adaptis e rcuional research h\ tile respective State 
Departments of AgriculturC in cadli of the major producitte areas. 

Table 4. Mungbean researchers in Australia. 

Organization Individual Specialization Involvement 
CSIRO Div Trop Crops Dr R.J Lawn Crop physiology 0,5
CSIRO Div Trop Crops Dr BC lmrie Plant breeding 0.5
 
CSIRO 
 Div. Trop. Crops Dr P M Chay Genetics 0.5
CSIRO Div Trop Crops Dr. HV A. Bushby Legume bacteriology 0.5
CSIRO Div. Trop. Crops Others Various disciplines 0.33
Northern Territory Dept Mr. S. Yeates Agronomy 0.5
 
Primary Production
 

Western Australia Dept Mr. S. Sandover Agronomy 
 0.33 
Agriculture
 

Queensland Dept. Primary 
 Several Various disciplines 0.5
 
Industries
 

New South Wales Dept Several Various disciplines 0.33
 
Agriculture
 

Univ. Queensland Dept. Post-gra,;uate Various disciplines 0.5
 
Agriculture students
 

Total 
 4.5 

'Scientist-years 

Traditionally. the funding ui research t1 ttunhcans. as with most field crops in Australia. 
has been restricted to that prvided hy goivernment ill the national and state level throug-h CSIRO
and the State Departments fl'Ariculture. I-h wcvcr. in recent ,ears the L,', el of direct ,overnment 
support for agricultural rescarch has been decliting in real tertms. Forturtately. in the case of
mungbean. ittdustry has been tnakirth a sntall. but increasinglv inportant cottribut titn. For
example, research bv CSIRO into devcliprnett Of cultivars resistant toi weather data2Ce was 
supported in part h funding fi'ito tH2t spro)utine ctttpattiCs (Beans P' I." ' . Australia and La
Choy Food Products. USA). s%hich are concerned aboiut the problcmIs introduced into sprout
processitg b r wcathter-dan taged reed. This I'tundinu, was Itatclied by atCttnto iwea itll Special
Research Graint. 

Most recetitly. the Grain Legume Research Council (GLRC) has been established as one
of a number if Rural lndusirv Research Councils. whose role is to define research priorities
and allocate industry funds to suppurt research and development activities within tle various 
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research organiiiitiol,. The funds allocated arC generated through lvies ba1SCd on the %'ahileof 
production of tile respectivc coni1'diiies. aueniellLited by inatChin flederal tIVCru1ent fundin. 
The Councils Consider proposals subtlittCd. lareel, c01111)t( t i\'Cl\v b\ the var'-ious research 
Org;aniatiolIs. InI the case of llUll2 [bea, plans are being imiplemenited f(r the collection of levies 
for allocation throUieh the GIRC. 

Since 1l9)86 the CSIR() trungbean imiprtoveCHInt prttgralu has alsO rcCCived support i'rot 
the Australian Centre:Itr Iiternational :\gricultural lescarch .(ACIAR) for tollaborati\,e research 
hCtwCCn CSIRO and the l)epartrrnt of . A.ricutirc. and Kasctsart. ('hiangLMai. Khon Kacn. 
and Prince of' Soneklhla lni\ ,rsitie, inl Thailand. The A(IAR Iunding supptt reCarch in 
Thailand ad Australia aimled at r,,ol imnp+robleiti of mutual o0cer1n in n1ru.ngbeaItn illprovl1ent. 

Genetic Improvement 
Iiitiall.. illurrebea lttl p \er eu, in .\ustiilia', ,as restrited tt the Ifmrttdtlctionl tnd teS.,tir
 

of %arieticsIoll oCrseas .L. e t'OI. CiA , If)72 I. andthe curret industr,
\' lu i, basd olely 
onl introduced lines. The train ,CCcti, n criteria, apart r'nlllhigher yicl .tlld stalility oI 
performant ce. ere a,ronioric traits relarine- to210uitabilit\ fttr mecharri,ed pthtictitr. such as 
r'sistanc to lodg inc and pMid-,,hatterin. 

The establislmient of a loc l brditie pltLrair0tIl \e\ r. ht,, reulted in emnphasis on three 
alrCs ol s cifi, ptl'ttii' Itt the ..\usrlJtall l liust,r llptI) .MCIreistclle o disCass ,Mhich a.e 
locall, irrtporta tesiSrariCe dther 'CI C I these P'I.cCdil',) aridt, t0 ,th;at t111111 J.e ili 
iuproved Climatic ,tdaptatit t 

Resistance tt po'dclr\ lii.ld\ ard Ce rtpttra leaf, Spot 1as bee iChie' d in cv. Shatl Lill. 
s lc Ctedf'ro 1)t I l atit u , de i, ed loi n crosses 1. lin 1V C I.6lA .bet ,'oeen K i g aid tie AV RI)( 

SeIlcionl tld Stll n r 1ll Cegion.alnanii I&hast 1Cn1ia plglklall betw
be dile tlla tatis en 
CSIR. t!. \etern .tstruili l)epariM,Irt 0t ,\erLIiltite arld the (,uceIsnlaid Dpartiment of 
Pr'rar\ IrIlistIri , ..\,M1aCCd line, lasc also testcd in h ill tile ..\CI.\fuad bccn Ilnaiand 
Imprject. Rcsistance to bacterial blieht hats , beIn trarCrrCd to seeral adanced lrCedine lilies 
frot-01the acCCsiOr (Tl 20141 IL'lIjA I6 ittr:dlucCtI frimi lndiai. 

Breedirt for resistance to ,.,eatlir daiaLC. lhi pittgre,,d in tillhidII \k ith suItpporlti t researMt'ch 
aillted at idetflltinM\ characters cttriribtre t0 reslistan ce aid deseprg efficietnt srCernirt 
rnuetht.ls )Williams ci ajl. IQX4) llard-.l.'dCtlness hts heei identified as a rtajotr character 
conf'eri ,"uresistanc tt v.eatherf dtall1e'. 'ti'd ,.lti,,til i ptplakitttls , lens,ed frtrM crosses 
between hard-seeded li e, arid .trI1ICial e.ultiars, is ltt,1ressttg inl aMatteript itt break the 
association bIstk, .ii hard-sced dclless alld sirall seed si/c (,,ee [lluric al. r,,edirf's..t ill tlese l t 

The translfer of hard-se.dedniess hrti I . ln/t/,,air. /itht sb',-. itt tie cult is.atd species is 
alst beiri' undtaken I seeLasm n et al. ill these l trtCtedirts', )s elt)tpii nt tf a Coittrolled 
screerrir Miettod itt IdnitIr\ title ,.ith rCsistanc tt \LlathCr ,lrIL'C. due tt factors oiliel than 
hard-scedednss ill Ipiriit sel,'trttr tI srIi the rate ttf prtogress towadsOf iles arid ierease, 

,seathlr-r lt ;.star \ifiaitIe i I ii.l .see rrie et11 these PI'OttCLdIre 
Selection for photipritl selisiti6 lines v,hiCh arC being testedit', has prtduCo.d htuIe-dtatitt 

in tropical areas ill a collbttrati,: fr.2,rill het,eerr CSIR() aid the Ntrthertr Territory
' D)epatrrnlent ttf Pfilltl.ar P'OdICtitti The tll is tt pttdUCC varieties %hose Illltrttri' is delayed 

tlnitilthe ,Ind of tile wet ,t.tilI. itt a\ ttid the sccd dailaL.C that otci results f'ltrll late rains when 
the Cr'tip is apprttaching ttaturitsi, (See hrieCt l 1. ill these Prttecediirgs. 

Supporting Research 

While the main ermphasis has been tl agtt101, ard hreedirg, munegbcan improvement 
in Australia has benefited friinl limited, but significant supporting research in a range of 
disciplines. In the area of' crop nutrition. fr example. distrders arising from both deficiencies 

http:rnuetht.ls
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and toxicities of nutrients harve been dOcuneed and diagnostic symptoms phit ographed (Srithct al. 1983). Likewise, tileke, economric insects (tboth pest and beneficial) affecting! iuneaM 
crops in tilellaill TiprodhFilareas have bee d II IIcIticiland ph, ttOgraph,d ( ShepaIrd'et a1.I983).Microhiological studies have documtented chtlltCes in rhii'osphere piopulations oIf rtizobia.responses to inoculatiol and the effect of' seed treitlienl{s uslhbv 1984 and also illtheseProceedings). while phvsioloeical studies ha e laid tilebasis for a tMore coIpreiensive
iLder'stlnd i I0 f respOnses to aurotoitic ittaniagemiient practices i me..l.ait 1983a.I979b and1. Muchow and Charles-Fdotards 19 8 2a. bI.el'ects of'drouoht stress (e.. Sinc lair etal.1987)and environmental Control o( 1o., crimt 19 79 ji.,, a. alsO see StlinitinerfieldIand la it in these 

ProccdinIL.S). 

Prognosis 
The rmiiluhcari indlusr\ in Australia is currentl\ k ell-placed to take adVattze of opptrru~ciesIfOr cpanstoi.. \part frnom the ph\ i,I..potential. there nIli exists. alliinre tilegrainr-.,rowinw

cotnn])Litic ot,ses l,ceCiois.a,rcse,, ,i,'(otcxpcrtise based oin iore,,,thana decade. of ow'tW\inetl'ecrop (albeit in tlimited \%a\ aId Often h\ trial and error). A ke. element of this experiecieis recoiniiolln ofI th1e importatnce 01 seed Llalil\ tootilemarket lleC of'ituiteb1L'eartMs. a1nd 111 
inIcreaIsin i tderstanIfiI ,if tilea . 'Jcin t practcices \\ hich call assist itt otainine betterquality ib s experier,.' , IIuppwutcd 11Na 0,'.idtCtalc bod,, o1'+ tecirnical expertise. based otllcal research, and a'ailab).'lir 1 hce1" isi s.\ ices Of tie "tate toy)\i".ttinscllland fr-oltechnical ser\ ices ollced bs ctittire1il eICrpiises. ItiNundrpiuinCiid a .rIall, but effectikc.I-,h 

0itiieig ciOp illp),
,' MC efolltl. 

The reservoir Of latriier e\perienIce ssith the crop is colllpletllCed h\ the cliercenc' of'a utnbcr of small, but cntrreprneurial btuinesCS C\pcriCncd in atndharidliic larkectin crop. These have desCclped the facilities and atnetsm 
the 

rk of imarkt contacts suficient to undertaketilecontrilCracine oLprtoduction, the receipt. cleantin.,. ratdint amtd stOrale of seed, and its packiwirlind export. CllcctivCl\ . tll se tClnds have 1moreeCstllll Illte idCeItii'iablC indusir\ structure
(a development refluclcd in tilefolnaio ot tileAIstraicst .Mubeati .
AsOciatiou.

The naiic' ilstra.iltlsinle co to further dev0lo.pierit wkill be access Itexport markets at prices,'olpetitive with alternative cropping options, so that market development is a ke, requirement
for the itdust r,. The OptIons here include expatidine access to tWe limited sproutin 
 man1ket.expaidin tieeraric of end use, [Or M.hiCh production is targ-eted, aild devClinrg tre

tile 

tle rof(11
c:'otp as a source of itiduslidl pfotein.. Sonic minor potential also C\ists fo 1allrkel epantsiol
through r'eplacetitelC 
 t of itttports t processCd it1t1tt)eal prodLucts.

order it achies . greater penetration i1f the sprouting miarket.
Ill 

it \%ill be necessary IortileAustralian indtitr\ I Cstablish itself as a reliahle supplier o1' hioh-qLnalit\ iiunr bea;i. Il
parl. existirtg qualit\ rI)I)Olctt, 
 can be reduc,.d b\ appropriate itnariaueiient pratctice5, such
adequate controlof'insects, at[Id appiopriarL 
as
 

liars estitt,., hanidliig equipntInr to mi imrzII mechanical

damge to seed. flbmi'. cr. the problents cMsed b, o,
Cath er lnnitace afre More intractable, andw\ill ultilatel\, depCLd onItat o;dartCe of the ptobcir ho nratLiring seed onl illthe dr\ seasonor through tiledCeFlopirCitoWreCsistat culnliVars. Although sornie pro0ress i.,beiIc Iiadc withgenetic iniprovemeni t inrie ct all. inthcsc Prtoccedirigs, complete resistance is unlike to he 
achieved inthe short terit. 

The opponrtunities fOr dCeClopirtg ivmngbc;ii aIsatn industrial crop in Australia are liititedhv tile
itct that secd ieds are lio. relative to alncr'ix-aciaiii leguittc, such asitupintes. chickpeis.solybeans and pi collpcas. The coMIpMisim is 0 eln less attricti c \ik' lupirtes ai)so hearts ivIthat the protein content Of ruttgtbeanni , a. ldO.er than that of these crops. arid Idditionallysoybean is at Oilseed. The prospects for expanding market opportunities through atbroader rangeof food uses appear mre attruictivc.I , ever, and there is an urg.,ent need fuIr the AListral ianindustry to explore the tilportunities 0! usingc itumungbean Ior the production of protein additives
for f'od processing. starch, nootdles, and ti1e Wide rari.c ,fItnfectins f'or which tie seed isc 
used in Asia. 
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Abstract 

Mungbean contributes about 5% of the total pulse production in Bangladesh. There 
are variations among the existing cultivars for seed color, photoperiod sensitivity and 
maturity duration. Mungbean is sown in December/January, in the arnan rice-mungbean
aus rice cropping pattern in southern Bangladesh and in August/September, in the 
fallow/wheat-aus rice/jute-mungbean cropping pattern in other parts of Ohe country.
Attempts began in 1982 to ;ncrease mungbean production through the introduction 
of the newly-released cultivar NIuharik for the March/April cultivation throughout the 
country. However, the mungbean cultivation area has riot increased very much due to
the following reasons: poor yield potential of the varieties; lack of varieties resistant 
to mungbean yellow mosaic virus (MYMV) and Cercospora leaf spot (CLS) diseases: lack 
of dormancy in the varieties resulting in seed sprouting under the monsoon rainfall of 
late June and problems of drying and threshing in this season: unavailability of varieties 
with synchronous maturity which results in the costly practice of hand picking the pods
Although mungbean is susceptible to pod borers and beetles, making chemical control 
of the pests necessary to obtain higher yields, farmers are reluctant to spray insec
ticides. 

All these factors indicate the need for development of short-duration (60 days),
high-yielding, MYMV- and CLS-resistant ohotoperiod-insensitive varieties having
dormancy and synchronous maturity so t,- they can be harvested by cutting the whole 
plants. Efforts should also be made to crvelop varieties resistant to pod borers. 

Introduction 

Fooud Icuuc . particulrUly Il 2l CtllllC M'r"ptIlMCS. arc inltpOrtant tccd ilcols iII 
Ban.gladcsh. Nutritil ,IMIl . thc, ,rC t\, o-i-tlr' !irac,, richer il prl'Lin than Ccreal grainls and 
hiavC rmCiainIcd (h, lca,,t c, i \i c snrc.' o prl cin IOf l..lh) ,vl, OfpcolC ',inCC ti' of ci' ililation 
(Kav 1979). In1lct. Ulntil t aiL L,tls,, '.Mi. tc l hl,h JHlt,.'l oIlltpoili t ofithc acragc,. p Ic tcill 
di,. oh (hc ,a,,t lla rit . oh tlC pcoll, , l(da l,.lu' ,l ..-"1. lar-Ic iiiLIlIhcr of diffcrcnt pul.c , arc 

I'OV, 11 an .Idc ltsilllnd ill li~a gldeh. till l in ;- ncailla ic.. 01(l1'l a ,tld plo-dUCtiol. arIfc 

spp..Lath/%hn hntid. chickpca. hlack .Mran l ld IlItlnnghCal I -i . I and 21. Bllut thcrC I-. aIll CUIc 
a 1,1ttC O p I,c,, in rclatilnl t0 hcir dtlUcln d. Il plc cIt per .apita.t a.aiathiliI, I UI',Cs il,
i t7 . Il I ind\. aainst thc llum rc.lnirclcnl (h 15 1 . h h,111db ptintullth I*tr helvi'lic 
rCquircd co ,unplIo raitc of hi) .L da\ . As,,a rcslt tllC ttlaorit\ of the pcople inl l3an1gladcsh 
are suffering ftrom protin illzilnutrinmo . 

Area and Production 
Pulses occup ahout 0.3 million ha (2.32'; of the total cropped area) in Iang adcsh. The 

area and production of vriouIs pusCS fiusn 1976 77 to 1984,85 is illustrated in Fig. 3. Althou.h 
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Figure I. Area under cultivation of major pulses in Bangladesh. 
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Figure 2. Production trend of major pulses in Bangladesh. 

there has been a general trend of decrease in the area under cultivation and production of 
pulses during the last decade (BAS 1986). even though the area decreased since 1982/83 the 
production has increased (Fig. 3). In Bangladesh pulses are traditionally grown during the 
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Figure 3. Total area under cultivation and production of pulses in Bangladesh. 

d'y Wilter SCaSOn and the aZIrcrie icld is lo\, (601-651) k lh). With the ad\ cut of irrication 
lacilitiC -- hoer ri'e. w\tcat, iird. lato. tohIicci. s intr scectalh.. etc.. to theiruhic 
higher yield poteutial and itler .cO1oomic rtCur. ha\ I)puhCd thle il>,ke to inarl-i'inal and 
sulhlarilial hkind, ot lov pliroductis it\. The restlh la,Ithn d in the a-eaa cOntintious -cease 

under cultiatioln ind prILductitLIn .Ant. 98().


Mun1hean1 I'li,01u IL. I is one of* the inliplntil lSC it Balngladesh.
,,hot ()Wilczk) 
It occupies ahout '; of tle total pul, :'rea uIider cultivation. ranking filth in area .ind production 
hult Ilrt 	 il l cill respect to price. The" ;r ,..,ier cultivatiol and lrolution it unth an il different 
districts is ,i\n in Tahlc 1. AthoLug,. i,.IlSe, in ge1ner;Ial Shus\\ed I declinitte ieCl in area Llndel' 
cultivation and rioduction, the area and production1 of itli.nhCall hal, ilt'l\littaiwaiaed itself* 
dur;ni tile last decade I :igs. I and 2). ,N ghillan is neither imported nor exported. 

Climate and Soil 
The clinate and soils of IBantlIadcslh arci .ihlraic Ior thc successful cultivationi of 

initighcan. MNillhcall. heing i trorical and suhitrop0iical cro. rClires a \tn temperature
reginie for its grow\th. It optitnun telliperatue rianc is hctecn 30'- and 35 C and it can 
tolerate temiperalureS Up to 40 C'. It is nurtnallv sctisiti'c to lo\ tIperatLurC,. Nlteheanc.'an 
he culti'ated itl a wide rane2C of soils inclUdin,,,e sand\ loami. latcrites. allu\ ial and e\e'n ill heavN 
clay soils. Sill -c it . sCnsitivC to \satCrlo.eeine. soils Should he well drainld. lep \ll drainld\e\ 
alluvial tiilla s Oil. ! red latsll atC the hest soils ff t1ilthCall. It Can also hecuultivatCd itl sligltlv 
salie and alkaline soils (Go\sda and Ka l 1982). 

Varieties and Cultivation Practices 
There ire tw'o major types ofl nentsa 'alr. us' and tvpia ureus' varieties are low 

yielders and have a tendecy. it shatter. but their seed color is vellh w or golden. which is 
Iocally preferred, and they haC a good flavor. "Tl-pica varieties arc comparatively higher 
yielding. hlasc less tendency to Shatter hut their seel color is green. 
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Table I 	 Mungbean area Linder cultivation, prod.lction, productivity and cropping patterns in 
Bangladesh, by district. 

District Area (ha) Production t) Yield (kg ha) 0 total area Cropping pattern 
Potuakhali 2,901 1,383 477 19.0 Pattern I
Barrisal 2.632 1 663 632 17.0 	 Amn rice mungbeanFaridpur 2,103 1,176 559 140 aus rice lute
Noakhali 1.514 640 423 10.0 	 duly-Dec.) 

dan- Mar.)Comilla 397 226 569 2.6 (Apr -Jul.)
Coxes Bazar 318 246 774 2 Cv. Faridpur-I 

(green seeded)
 
Subtotal 9,865 5.334 
 -64.6 

Jessore 1,055 625 576 7 	 Pattern II
Rangpur 905 635 702 5.9 aus lute niungbean
Dhaka 773 482 623 5 fallow wheat 
Jamalpur 421 271 644 2.1 	 (Apr.-Jul,) 

iAug.-Dec IKishoreganl 403 167 414 2.6 	 (Dec.-Apr.)
Pabna 318 246 774 2.I 	 Cv. Sonamung
Dinapur 326 231 709 21 (golden seeded)
 
Subtotal 4,201 2.657  27.4
 
Eight others 1.19 o 
 817 683 8.00
 
Total 15.262 8,808 
 100 

Source BAS 1987 

A large numnber ot'aities., i, ithi e inl t , p,,arc culti, ;t,.d in tBangladesh. .\ilMM, the
 
local \rietis Iariidpr-I (Lrcen sCCded i and Kislioreiiite Solaitlll-o I(2olden seededI)are widely

cultivated. Faridpu(r-l Occupies die major portiin ol the area tunder niunebean cultivation hecause
 
it is photoperiod inenilj,,e and takes 70 Io 75 da., to mature. Kishoreeon Sonarlmne is 
phntoperiiod sensitic and retuire, alboul 85 to 90(1a\, toIlature.
 

ihe aelade,,h ..\,eriuhural Research ln,titutc I I.-\RIt released 
cv. Mubarik in 1982. It

is green Sedetld. photnCrind nensitive and iatuires in 65-70 days. 
 Another 	variety. Kanti. 
which mature, in 00-(5 a\,,. \,as rele'aSed ill 1986. 

Utilization 
Since nmunebcan is OStl\ s1plit and used in ihI oup. large seed size is not a consumer 

factor in 	 ItlanladC,,h. Preference is fnr well-filled small-seeded types. Golden, ,ir seed is
preferred b\ enulner,. Rcentl\ split 111ingheallL deep tried in Oil has been sold in bakeries 
as a snack bl*r which the lare-sCe..ded .'pes, are prefrred. but only a limited qLantity is utilized 
in this manner. 

In Bangladesh lit1lIa-h'eall I, lainl 'irov, 11as a sole crop unde- rainfed Londition in three 
seasons. naMehl late rihi lanuar\ to March). late khor/l'(A lgLst to Octoler) amd Sumer (April
to June). Seeds are somi b\ the hroadcast method under minimitm lilla-e alfter the ha-vest Of
the main rice )amion rice) crop ill Jantiary. at the rate of 25-3) kg/ha. 'o other management
inpuls are used. At lnatu rttil heCrop is harvested in two h\ hand pickings. The har!vested pods 
are sun dried athrid hreshd 1bvbalinl, ih hathoo sticks or trampling I hullocks. The average
yield is low (6)(-651) ku 	 ha). The 11n1112l)ea s arie .,01d i atlCdialhafter lharve.i since they cannot 
be stored for a lon ti1e due to their vulnerahilil to pests.

However, most lartuers retain. with special care. a certain quatity for their own consumption
and another atnount to be us,,ed fr seed. In this case gurnny hags. sealed cans. earthen pitchers, 
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etc.. are used to store the seed. The\ treqCtietlly drV tile seed under tihe stin to prevent bruchid 

attack. Merchants store niunhean lI'r lonee,rr periods and tillize sun di,vine and tratelCnt with 

Phostoxil in their store. 

Cropping System 

LMungbean t,.iltkation is coneentrared in te southern part 01 3angladesh. ,ore than 6 
,e Linunlbet'an isolmtv

throuiihtit tile CoItiI'\.- Ihere arc three dominant eroppitb! patterns of nunbcean. 
Pattern I is iit Cropping patlter, to --

of the total cultivated area ofa il this ruion. The remaining areas are scattered 

a Iei of Iwaitin rite (+ALgtst l)eCriii) nitulhenill 

(Januallilry to NlrCh) 11Nrice tile: (.AIril to .t1l\ I. Aih ll 0')'; oI tile total tel111CaoIliIne'anill 

is",crotnVl tIIdeIr PItttI I. prIinaril\ il the districts (fl Patnakhali. arisal. Fitidlptir. Noakhali. 

Chittawoi. and (omilla. Il tis pattern inlnibcan Is smn dnrin .lannas Febnrtu atrer the 
dma1 rice crop and hars\,ested il Niarch April. lhe so, oi this pattern are: loal toocla\ loItill 

and ,lihtls saline in ntn11r, 
latternl 1II hasti,broad MAt Ap-\lril - ,\uiust io Noseniheri andlL..lUte It-inki tng..eall 

fal+lov \hleat Iahi !uIlsCs (l)ecCtntel+r to NlaIr,.iC. About 3()(tf* heletotal area of i tuebein is, 

c'Orwn tliLr PattTrn II priari+l\ ill the ,listrlits Of Jle'ore. )itka. RZH1tl'. l)ila.ipnr. 1.i',hahi. 

Plabita a.tnd Kishtorcmolj. li this patIet ituigLbcan'+, s0\\ it il .\ULuist Septit iber after hroadcast 

ItlA Or jtte and har\ ested dnrimne Ni\'IhCIb" hilh",\Cd b\ . heaut ol other rbi puItS,. st ileas 

Of nMLediitl to0 hii_'h llnds, (aillola to sandl\ llaistil arc feltftlho frf )l to 1(0 il\s atter 

iute hars et until 0htthe A.srice Or the platintle ,of L', 1)i lctops.his ,ull 'iiOId i,, ntili/ed to 

raise a _ood crop if i00iiibean. (11, ]is. I t it t be fiatsstd b\ a sinel,,etlthi llttt cal 
operattitn Is 111ost of tite: ds iMttmlr the sailt tiie dte to \\ttr stress ill the lilantlit wcte. 

The codtin-,eedcd \ariet\ . Kisliir ecoiic SotMam1tiM,. is nsnall\ ,ilhi\,ateCd ttiitler this pittern. 

A cottiparatis lrlfrillicc se\ cral lftrijers, pattrns (ablet1te 21).\, ith an impros ed pattern 

ialmtlost siliiar to Pattern li1. itdicaicl:s that thtre i,, \k ile scope for increasiti, tile area and 

ptodiuoCti0m Of tittgbeICall nttlelt PaIttrtiC ,Islam 19S,).II 

Table 2. ProductVity and tota ,monetary returns of different cropping patterns under rainfed 
condition, 1986. 

MonetaryCrop yield (t hat 
Total returnCropping patterns" I 

(US$ h)Y 

F B. aus- black gram - wheat 0,99 0.70 1.03 2.72 476
 
F B. aus-black grain -chickpea 1.03 0.63 0.54 2,20 516
 

+ linseed (0.31 + 0.23)
 

F B. aus-black gram-,enil 1 01 0.65 0.61 2.27 638
 
i mustard 0.65 10.22 + 0.39)
 

F B. aus-mungbean- mustard 1.03 0.62 0.68 233 636
 
I B. aus-mungbean-mustard 1.82 0.80 0 95 3.57 915
 

Source: Survey .d d Studies of D,fferent Cropping Pittern Unpublished Ph D thesis. B A U . Mymenshingh. 

Bangladesh F farmer s pattern. I -irpioved pattern with high-yleldng vairetes and improved management 

practices). B broadcast 'USS I 00 31 5 Tk iBangladesh Takal 

The ellVilonitt11en12tal conditiiins ctCoutntered ili Patterns I aind I are Alowki ill Fig. 4. 

Piltern III halilttcb'entl (Ltrch to .11.t0 "T tomuIMi (.IlIl\ to ()Ctiber - pitotato Irabi 

pulses/fallo\ (Noseniber to Februir\ ). This is a tiC\,,l-itlroluced pattern .hichl hais been 

d,,veloped alter the release f athiuh-\ eldi:ig Pl illusi) iod itisetnitik e. shiirt dural'tioi tunglean 
5; of tile total(cv. Muhlarik). sutitalble fot cUtiatioi dtirin the stttliler scason. Less taitan 

area Lindet ittglbean cultivatiOt i, c,,rown under Pattern Ill. primarily in tile districts of Beera. 

Rangpur. Dinajpur. l)haka and KuLshtia. Pattern Ill \.as iruitieCed to replace tile low-vieldine 

http:NlaIr,.iC
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Figure 4. Distribution of temperature, rainfall, water balance (75-year average) and the place 
of nMungbean in the cropping patterns. 

Mt. rice with SII',IlmCl" 1111neherC1I In ORdCr t0 othill AhiheC" CC, rurinlic rIurn. But. untrtunately .
 
due to disease Susciiihilitv and clinlIaic haIZardIS. culiivation : nIunghCM during the summer
 

,sealson ,tS l benCC:!.LiCCSSI'Lil and l)lroilahlhas as &asex)ectCL. 

Constraints 

No systenxat ic research work has heen co nlducted il the pi.sttor the inirovenent ot nu ngbean

production in Banghldsh. The major constraints which lead to lo% produCti'lViy are discussed
 
below:
 

Varietal Aspect 

The .icld potential tfthe cxistine local ILIilehe-ill %varictiesare low comtpared to other crops.
As a result anlnier, .1o\MllIniLinehean in ireas where there is little or no OpportUllnitv lor the
cultivation ot other p'0mliiahlC crops. In addition to low yield potential. the comuniercial local 
varieties are photoperiod senitive. susceptihle to shatterin1 nol.n:SVnhroniiuiS in liturily and 
lack dornianc . All o these undsCirablC chaictl'ers Cxecise a considerahle constraint ol the 
prodlcIiVilt Ot iunirlean. 

Climatic Factors 

In Bangladesh munhbean is sr wn in l~atlerns I. 11and111 thing January, Auu Litand April.
respectively. In Pattern 1,diuC to low raiilill and shortagei2C of rIsiduall soil liloisture. ,erniination 
is hampered ;tnd the optimum plant stand requirCd folr high yield can not he ensured. On the 
contrary in Pattern II. due to heavy rainftall, proper tillage c ii io he doine and S.illleS.owig 
to a lack of drainae lacilities. re daniun.heas arINseriousi tnial11cC hV Water 1oceing. For Pattern 
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Ill the time of sowing is an importanlt factor a1id shoUld be completed at latest by inid-April 
in order to obtain anll soil moisture sometimes it becomeseconomic yield. But due to inadequate 
difficult to sov tihe seeds intinis. If the sow in is delaved beyond mid-April, tie \ield mav 
be reduced drastically. 

Management Practices 

of1'ontiriUud and s\ stsriatac research in the past, 
required tO aclies c highcr iriunhsan yield has not been developed. AS a rsult munebean is 
cultivated witholrt p'ropCl'r land preparation. application of fertilizer. irrigatio, interculivation. 
plant protection rrreasurcs. little attertior arid care are \.iv.n of" this 

[or \ alrlt a package of' inlpro\ed practices 

etc. for tle cultivation 
important crop. All these factors are responsiblef l0.t n.uighar. prodi.tiity ilBangladesh. 

Diseases and Insect Pests 

Traditional \aris ar susceptihle to %ariol \iral, bacterial arid fun.eal diseases and also 
to insect pests. The ImSjor diss Mhich causc considerable daillaOe to tie rInlur baiall are: 
mtUrigbeari yel low mosaic rC.-osracal)t (,'rc ) and pol,\YderiruIS. ,.lspot ,.iai C'rm ririldew 

(I;.r'vsil o/m.'ot: o.Both winter arid suiner tialurhuzbimS arc inlfectCd \\ ith thse, discassS (l-s. 
5 and 6). hut tle incidence is it1rte svere illtile\ IntelrseSll (Ahiried Ct al. I9 I ).The extent 
oftdallaC ile to the tIrajor liseasS is given inlTable 3. 

40 - Figure 5. 
Trend of incidence of mungbean diseases in

Mgbeon yellow winter. 
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, i catisc cini 

Ehe imaj :r iuiacut pc+, ot liftllehc.trf inulic ti c alut:., ll\th-i+i lob'fci (cllllis). 


Insect pesis Mi Il 1i, i ll IhKirui'i,:uiP bflh field mid in itlrwc. 
C: C; In 

I.I I/li.' (-r- ,it Ii, K ).hJ II.c l , i dIec I ( " I /f44 ,Il'/ii , ; Iandimhca It)Ili )\i(I 
/)/IR/.%'i1t im01i . BrICichId, (011/ ',No/)l'll f1, '111i4'.1C I.. 'IIse Cliir111l'., (Lill'I,C Iti niU ii\ In 
SCC.ds cl.l ul stor i-c cl,i ti.. lick oI sutitblc I'cR.hinii i cl1ill , 1 9 , 1 . hIic stitlu l Ium ... ill
itns,.ci ts> i', ,citcn iu Iihkq 4. 

Table 3 PercCnt nfecti on of roungbean by varIous disi.ases in Bcnglacesh. 

s Cai sal organisin Lifection tzK ) 

Mungbeain yello,, mosaic WifLs H YMVI Y iehl inios.,c IrIIS 40
 
C rrnpo , .,f ,n -r, ,20
 
Powder y mildeV Erystphe po(4utot 30
 
Foot ,rid ,oot oi Fti;nnttn 04 sp+,r it1 5
 
SoIihCIr; biht ScierotiurnJ ;L ts 5
 
An th,-acnse Coltetotnchun Iideinuthinurn 5
 
Leaf spot M) rutheci.ti sr. 5
 
Leaf cr ;nkle wris Leaf Cr- le "It-us 5
 
Nematode Hehcoti h ,nrhus sp. 5
 
Neroatode Hoplo,'.is so 5
 

Source AinedAtj e ,' 1981 1983 

Table 4 Status of mungbean inseCt pests In B:,ngladesh. 

3cCietrIfic I.lnme conw)mn tame Status 

Aphis croccivont Koch Bet iphid Major 
8ernisri tobaci Ger WII,: ,fY Major
 
Cointhrips md'cus Barnall Thrip Mino'
 
Calloso-,ruchus Citcrntnsis L BruchId Major
 
Co:orhrsops c ss F Bean lycacnidae Male:
 
Diochrys c onct'clceo F Semilooper Minor
 
Diacrisiaoblhqiic Wik Hairy caterpillar Male"
 
Lcimprosent ntdlcart L Leaf weboer Major
 
Madu'sII; obscurero Jacoby Galerucid beele Malor
 
,laruca testuilhs Karny Spotted pod borer Major
 

Me aln.rothrtp, Cisfals Geyer Thrip linor
 
Movolepta slfct, Oi Major
 
Nezorc vtridula L Green bti? Major
 
Ophiot 'yIo phased, Tr ,or Beatfly Major
 
P1 no signuta F Green senilooper Minor
 

Sources R.ihma," , a I: '8 Gc, '-. ,id Kau 1982 

Research and Development 
Rescurch \,rk ',! pul,, st.r., Ill tile lf fil tics hut chic Wi ick (It ,6Cintific inlllpiCr. 

little atitntiolfhil heeri I lllc, a result ii siunioicachie'. cilienis \,ore nulde1o;cii ild its 
inilflc rillitro\ciffiu tll c i i'ffw. if Biiiladch, fttc;c,, in 1979 a.initidisciplinarN 
resCatel p+,0Lrain k,'ls fuil'ttcd l B\BARI ' iih icclftijal nilll lincial assistance roil tile 
inticilal I)cd :h I1) . CrClda. Th rle.elc it itis 1iid diceve-D ff,pfcilt Ce,,uirCh (*chileC 

Illill, ll t c si 11 I1f \afil tiutfstlC! lifc', (ill Iintlf1 i til di. tll c slI,ccl h LitI : 

Varietal Improvement 

.\ harir,. allnit iil tereipisffl In(fre ilia Ii 1000 stlples .. as collected troun India. the 
Philippines. Thiland. .-\fhanisin. PAksln. Induclis.id. Tiiwan and Si-i Laoka. These ines 
\tcrc cx aluaid tunder tiC diffe,:enl acriicliiliatic icions I Bafncladesh. Fr )iml ihese iaterials 

http:Induclis.id
http:Hoplo,'.is
http:rutheci.ti
http:itns,.ci
http:111i4'.1C
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two varieties, Mubarik and Kanti, have already been released for commercial cultivation in 1982 
and 1986, respectively. Both of these varieties are photopcriod insensitive, green seeded and 

ndi0a ndian- rigin...(7706..and -7703). Mubarik-is-suitable- for-. summicr cultivationi ,-but -highly
susceptible to nlungbean yellow mosaic virus and Cercospora leaf spot. Kanti is suitable for 
cultivation during the late k/iif season (August to October) and is comparatively less susceptible
to diseases. An additional seven varieties, having high yield potential, are currendy undergoing 
advanced yield trials at different locations. Among these line-7715, introduced from the'Philippines, is very promising , 

Hybridization Nvork to develop high-yielding golden-seeded and disease-resistant varieties 
is in progress. Rice bean ('itgna umbellata) is being crossed with rungbean to incorporate disease 
resistance in mungbean. 

Management Practices 

It is estimated that yield losses in mungbean due to weed infestation, particularly during 
summer, ranges from 30% to 40%. Experiments conducted by BARI,;(1982-85) at different
locations revealed that one hand weeding at 20 days alfer emergence (DAE) significantly increased 
mungbean yields (875-925 kg/ha), compared to no weeding, or weeding once at 10, 30 or 40
DAE. These results indicate that during the early stage ofgrowth, there islss competitionbetween 
crops and weeds, while the crop canopy can suppress the weeds during the later stage of growth.

Experiments conducted between 1982 and 1985 in different locations n plant population 
density revealed significantly higher grain yield (900-950 kg/ha) of mungbean with a spacing 
of 20 cm x 10 cm between rows and plants, accommodating about 0,5 million plants/ha,
compared to 25 crn X 10 cm (0.4 million plants/ha) and 30 cmx it) cm (0.33 million plants/ha) . 

The leaf area index (LAI) is an importantyicld determinant. In mungbeai,, LAI is reduced 
during the early stage of seed setting and pod development due to leaf senescence. Increasing
the LAI by higher plant population density, through added nitrogen, or by other cuftiiral practices,
is likely to lead to higher yield potential. 

KSeveral studies were made by BAR] on fertilizer requirements for mungbean on flood plain 
soils in Pabna, Rangpur, Jessore and Rajshahi under rainfed conditions. Fertilizer at the rate 
of N-20, P-30 and K-25 kg/ha has been found to be beneficial to achieve higher grain yield
in mungbean' Zinc and sulphur may also be applied at the rate of 5 and 10 kg/ba, respectively;
however, 6 slight overdose of zinc and sulphur may'reduce the yield considerably (Ahmed 1984).

Experimental results on the time of sowing for summer mungbean conducted by BARI showed 
that summer mungbean must be sown by mid-April. Delayed sowing recorded a drastic yield
reduction., 

Several experiments were conducted by BARI on the intercropping of inungbea with cotton 
and corn. A significantly higher net income (with land eqoivalent ratio (LER) around 2) was 
obtained from the intercropping of mungbean with both cottoi and corn compared to sole crops.
In the intercropping system, the dominant crop is grown as paired rows and mungbean is inserted 
between the gaps to increase the total productivity. Consequently a higher net income isobtained. 
Intercropping of mungbean with sugarcane, cotton. cori. pigeonpea and sesame has been initiated 
recently by the farmers in different parts of the countr' and better economic returns are being 
obtained. 

Diseases and Insect Pest Management 

The Plant Pathology and Entomology Division of BARI has surveyed and identified the 
major diseases and insect pests of mungbeao. Research work is being carried out to develop
effective control measures for these diseases and insect pests which cause considerable damage 
to this crop. The Post Harvest Technology Division is trying to develop a suitable storage system
to protect mun beaii seeds from bruchid attack during storage. 

p ' s ' ". ':* , t[ . : : 1 ' p L : ' t M; ,.'. . L'; :? / .J . . K; t . j ' i 4 1 : * .f 
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Prospects 

Nlungbean ISone of the liltot pnqiniri puike Crops in Balriefade."h. It is the orii pulse %,,ht 
can he groi, it durinz- the entire y ar iii the &hwe ruain smam~ under the niting; cropping"- patterns. 
Being, a shr-uainCrop. it I'rh, \kl ii (tiIiiueIbsi\ e lroprnl\ ter, 

A1.d0ptatiiin of improI-\C( 1d practices suchr xxeediiie,. mraintenanie tit liptirtirrnun1ieeriierrr as 
popultiationr Llleilt ii, I uL I le appi icai:krIll OleitjijiiC arid p11lnt puii(ctlr lIrICA',IVS 

. as't tleaN ilul IIe(CIlexiuon JIild hiieli j Ill the ior1thiii~l pottliol ot [tie collilr are left 

l' rice l(i" li \ "IL'\\LO lM ue L111111 'i ' iall li \ e'I It~il L :ii i .the 1CIi \Li irr 
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Mungbean Production in China and AVRDC's Variety 
Performnlance in Jiangsu Province 
Yilu Ling1 , Heping Gu1 , Chuanlun Liu2 and Lanying Sun 2 
1Institute of Industrial Crops, Jiangsu Academy of Agricultural Sciences, 
China 2Nanjing Institute of Agricultural Sciences, China 

Abstract 

Since mungbean has been statistically recorded in production records as one of 
the 'minor' grain crops in China, no separate figure of its production has been kept.
Many wild mungbean types can be found in Yunnan and Henan Provinces. From 1956 
to 1983, 1,079 local mungbean accessions/varieties were collected by the Henan 
Academy of Agricultural Sciences. The import ant Chinese mungbean production areas 
are in the northern plains and in the reaches between the Huang and the Huai Rivers. 
Baseu on the varietal characteristics, the natural growth conditions and tile cropping 
systems, four agroecological mungbean zones are recognized in China. 

From 1984 to 1986, 19 AVRDC mungbean varieties were introduced and tested 
in Jiangsu Province. Most of these lines matured earlier than the check varieties. with 
VC 2719A, VC 1973A. VC 1562A, VC 1000C and V 3726 among the earliest. All AVRDC 
varieties have larger seeds than the local cultivars, with VC 2775A producing 76 g/1,000
seeds, be;ng the largest. AVRDC lines vary in their responses to fungal and viral diseases. 
Some lines, such as VC 2984 and VC 2010, did not tolerate drought, and others, VC 
1562A. %"1C2719A. VC 2307A and V 3476. did not tolerate excessive moisture. 

The average yields over three years of the two highest yielders. VC 2768B and VC 
2768A, were 1,520 and 1.411 kg/ha, respectively. A total of 1.520 kg of seeds of these 
two varieties have been produced and shall be used for further extension. The AVRDC 
mungbean varieties are suitable for planting in the middle or late May, with a population
of 1.5-3.0 x 105 plants/ha. No fertilizer is required if they are grown on fertile soils. 
However, when planted on soils of low fertility or at a late planting date, a density of 
300,000 plants!ha plus application of 15-20 kg quick-acting N fertilizer during flowering 
and podding is necessary. 

Mungbean Production in China 

he.tl ha, bcen rC2atded the ili"r Chiia. no 
oflicial statistical reorid has hCCn kept lw utm,production. lan\ \ ild1111ngbCan t%pe can he 
foulld illYtuln l ild 11lnian 1r1sI\ i,:ce and a ttal of01 I'.7 ce1' inidilenOUS varieties 
were collecte.d ),the Hcnan ..cadcn, 1 :\.riculral Science trn I'5, to I Miuch c.idClce 

SilICC nuIM. as one tot ' crop,, ill .cparate 

\l 
SUlport,, that China na\ he on )lItihe c:cnuer,, o0 di0,'rl, o1 nmn'hCean (IeZcin and Lie Wel 
1982). T-he imptortailt ut eanpllrodIUCii(Ill ar' in (lni are c ntl ated nail\ illthe plain, 
ot northern ('hina and the o .Cerach.., 0I t1e llinan and the Hluai R s r,. (iellcral . H lnal. 
He ei. Shallldone1g anld .Anhu.i r'os ine C the urea under niiunebcan Ilh o,ed hs. Jian.esu.,has,. Ilct 
Shnx\i. Shaanxi . Hthei and Gui/hou Proinc,. Bcca ,col, it v.ie adapulhili \. Imn,.hiCan 
can he planted throuehout aiIM),i all (I Chini. 

Acctlrdine to the sariCtal characteri letc,Iatral cro01p - , cnditions and the croppingcros 
sVstemIs used, htlr auroecoi0ical districts of iIt +Cuim are rcoCCOlli/Cd ill hi,1a ',0ho\ ini 
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ill d \nglh. 
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AVRDC Mungbean Varieties Performance in Jiangsu 

General Description of Jiangsu Province 

Jiangsu Prm nce is ocated hcl%%cml I lF Ind 122 1"luncitudIC anlod he cu 3(0 N and 
35°N latitudes, in tliO \%r raclhIe fI teOYtilelant Rcr \ ith the Yfllo Sca horderin, tn 

the Cast He. 2). It .\COlr, a toul area kit i.\ ciO+.t)0 i;.n . )f these. 4.6 11illion ha MV' uSeful 
arabil ld ..liane4 his a p)opultiol 0' iNe than 001 itillii people an1d is one of the nost 
densely populted prui, inec' ii 'hina Ttipuiraphicall\ JiiiStlu i, a+prIO\ inec ,t hOvfantLdrelti\ es 
fat lands, ,ith . d 7 tr surface. The CliMatc11[WO \iltattel\ 08,; plains. is'; hiIll, areas 17ad , 
ot the plrtO\ine+.c \.+Fies tr1in1 iciIleraittC to S1ltti Ilill. It h ,IIin anllalrll a ctellperature (th 
15 C. a rai fall ofl , () t11)1i 1. irmd 't tislflee 01 _ Hcrmu) 245 da\ s. Ric. \%hieat. o.url. 

s%Cet potlt1. rmpeIe, ld.pei lt it d tiOll 1a1u te Ofne+.ec.pi10i\ Flheerops0ll, tlhe..' *Itilmor 
',air.m erops e cli ail aile,t kI '.533 ha.t. )I ihtltl ().(' ih tle tutil cCreatl cOop alea. JianIs'S+u 

'til imii[L' %Iti lih tl l'itiS kInO\t 11is land ItCiL In lo. ea* ns ,o! its Stlpenio r' al e'll\ rln 1Innllt 
aid rich arieCliural resiln.', 

r . SHANDONG 

nGong 
°I \ 

u ho-,HENAN x.-

~ ~~nGranCanalei "Yion onhn YELLOW SEA 

Boeng Fu .( " 0 

/\ / .". JIANGSU 

N gJiatsu Province. 

Performance of AVRDC Varieties 

Miunmbezans f'rimi the Asiani Ve etablc Rcsc,,rch and l)c\clopmrcnt (icntti AVRI)C) were 
first introduced into Jianesu Province ill 1)84 ill oIrdel'to evaluate their adaptability, disease 
resistance and I icld ptenial (IIC 187 . urcrc Iade to propatile seeds of thoset Lfhorts 
selected AVRDC innbleWhan linies tI ftLrtherCtCIioi' ill the piro\ ince. 

Nineteen AVIC)munehean.ati \aicties. i.e VC 275).'\. VC 2778. VC 276813. V 3726. VC 
2761;A, VC 2307A. VC l973A. VC 2010. VC 2755..\. V 2984. VC IH0C. VC 2719,.\. VC 
2764A. VC 1628A. \C 1502A. V 3476. VC 1482A. VC 001l7A trad VC 2523.A \rC'C inchlded 
il the performance trials. %kithtv, Ooal iubean ,arictic. i'mi'trenine and Sihone. as the checks. 

http:Ofne+.ec
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Growth period. Nearly all the mungbean varieties introduced from AVRDC matured earlier., 
3726werethe cs11ang.hem 279A 

1.: i:3726!@ ih:& Theseearlsi, five varieties matured in 59-69 days after planting, in conrat 
to Iperiod of 84-88 days for the. two checks. 

Yield-related characters. Most of the AVRDC mungbeans, except VC 2010, produced morepods per plant than the local checks. The average number of pods per plant of the AVRDC 
varieties ranged from 30 for V 2984 to 7.5 for VC 2010 and from 7.1 to 8.5 pods per plant
for the checks, The number of seeds per pod of the AVRDC varieties were less than those of
the local varieties, with the exception of V 2984 which had nearly the same number per pod 
as the check varieties. 

The 1000-seed weight of tiletwo check cultivars was 33.8 ± 4.20 and 35.6 ± 6.78 g,
respectively. The seeds of the AVRDC niungbean varieties, except V 2984 which averaged 41.2 
+ 4.66 g/ 1000 seeds, were all larger than those of the local check cultivars. VC 2755A had
the heaviest,1000-seed weight (69.3 + 7.00 g) of all of the entries tested. 

Stress resistance. VC 2778A, VC 2768B, VC 2764A and VC 1628A were slightly infected
by certain virus diseases in 1985. VC 2010 was infected by Cercospora leaf spot and powdery
mildew, and VC 1562A was infected rather severely by mungbean yellow mosaic virus in 1986.
In general the AVRDC varietieS were more susceptible to virus infection, but nore resistant 
to pbwdery milde, and Cercospora leaf spot. compared with the local mungbean Varieties. V
2984 and VC 20110 appeared to be not very tolerant to drought and VC 1562A, VC 2719A.VC 2307A andV 3476 were intolerant to excessive moisture in the soil. In contrast the localmungbean varieties were tolerant not only to drought, but also to excessive moisture. 

Varietal yield evaluation. The two highest average yields were obtained by VC 2768B and
VC 27,8A over athree-year period at 1,520 and 1,411 kg/ha, respectively. In the yield trials,
VC 2-68B and VC 2768A outylelded the check cultivars by 255% and 230%, respectively.
A total of 6,538 kg of seed of these two AVRDC mungbean lines has beeiproduced for further
extension in the province. The average yields of the third and fourth highest.yielders, VC 2307A
and VC 1628A, were: 1,277 and 1,28 kg/ha, which outyielded the check cultivars by 199%
and 187%, respectively. However,,since these two AVRDC mungbean lines have an unsatis
factory grain quality and they were also intolerant to excessive moisture, no further testing or
promotion was made with them. AVRDC mungbean lines were consistently hightyielding in 
the trials over the last three years. 

Cultural Practice Trials 

Cultural practice trials, including the parameters of planting dates, plant population density
and N fertilizer rates, were conducted using AVRDC's VC 2768A in 1985 (IIC 1985).

The plots which were planted on 20 May gave the highest yield of 1,874 kg/ha over the
yiclds produced fron the plots planted on 20 April, 20 June and 20 July of 1985 by:'9.9, 64.0 
and 194.9%, respectively.

Mungbean yields of 2,000, 2,043 and 1,473 kg/ha were produced from the plant populations
of 1.5 x 105 3,0 105and 4.5 plants per hectare, respectively.x X 10-5 

Nitrogen sulfate was applied during flowering and podding at the rates of 255, 150, and
75 kg/ha, and no nitrogen was used as the check. The fertilizer rate of 150 kg/hagave the
highest yield ofl1,896 kg/ha, which was 2.13% , 12.20% and 6.26% higher than that of the 
rates at 75 kg, 255 kg and the check plots, respectively,

The above results suggest that the AVRDC. miungbian lines are best planted .in liangi4SuI
Province at the middle or the end of May, preferably with a plant density of 150,00 to 300,000
plants/ha. Furthermore, these mungbean cultivars do not need any fertilizer if thty tre grown 
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on fertile soils. Howevcr, when planted On soil, oLlwM Ililit\ 	 Or it a late plantile date, the 
plant population should he at least 300.00)) plant,, hal. In additicon. I 5-2) k. N; ha (tF' quick
acting nitrogen fertilier Should bNeapp)lied at the tloscrillg and he poddingi at. . 

Measures to Raise Mungbean Yield in Jiangsu Province 

According to incotplete statistic, 01') selal =uajor produCil-' plrovil.CC,. the total planted 
hectaragie of' rMtuneberr in ('hint is, -',tirtatd to bie roltl 470.001) to 530.00) ha in 1987 and 
the averae national \ eld i,, ahout 00i) to 75) I ha. tenian r roince perhaps ranks first in 
hoth tihe totial plnted area kith !00()) Ila ald the ictull prodUCtion of Iniahn.l in the cOlt+ntir\ 
Since Irunebni Ihal tra'itetid a', a inoiir roptl iill ('hinma. it i, difficult to inc-eae its planttdblee C 

:,ptCiall.\ i 'i 	 tu"rlarea. This i , I ill . a.ngs Ice5 lii ,i lU ior na1 re:,source,, s1Clnfilned 
to a sers hu td area of araIC Landlo esci. there I, co,'nsid:r le scoe to illlilov nuIntebeall 
produCltion ho, t ill the \cId nirit arei. 

The AVRI)C irlUn11,call arietit:', hich halel been tested in Jiinsou haL ditnntrated a 
ssidc ctaptahilit\ hligh .ield pIOwtiltiA1. eals\ ilaliiit\ and tleralnce to diseae, especially 
Cercospora Ical "pot and p1smder\ llildcls. \henl V( 2-270 .\ , plantted at ani/aah;.iCInod faiil
t1))1.1) ha\ at aritiltiral \t:n,,ioi ,tation ill uur of Nanine in I 6. ai5 iOfd of 2.417 

k- ha was har\ t:,ttd. Thi, indlicates that cotirar to %khat \% pc\	_ oull\ helies ed. nunebath ill 
' has a hi'h-. ildill' ind ecessarila di 'Ils\ t Cl WC that thepIttitial i', no0t pldh V. C',titniate 

annual area. lated to irtr gbeall ill .liailu ita\ he Aro uid .)))) ha.0I. VRI )(",, tuimitail. It 
lines %\ereutih/Cld. instead of the loclIultis ar,, in the future, the total ititr'ieln proidluction 
ill JiinSu I\ lld be incJraed h\ frolli i h1ulininaininte, h.ltilcarauc21.))0 to 25.)))))2 \ li 
planted. 

+.ach oea. earl\ -iaturilne aterlleoil , aret-linted ili tile Nanilln are: al (ndtItI IU'htilI the 
rest u.liianuri Pro inc oil ahoLut 12,)))Ito 13.))0 hIa and 67,)))l 111. re,,pecti%el\. lhe nmelont, 
are harsested h\ ritid or1 [lte .1u\...A crop1t Of Iate-aCso)tn ritce is uulall\ ianpl IlAilted after saler
melon ill the losk land ares, but, in the: Upland alid drs -taitntin, rclioi Aiop ol .\VRI)C 

,slitahle fOr plalnlinte tile pla[11h 1ntin.i_
in these fields skill intpr\e the soil tertilits diiao 19W6. It ssas repotei-4d 11\ the- AIricuhtural 
Extensiirt Statiotn Glangh . it l~rositICC 1)82 tIle \ iLId Of \%hilat 

inutnbealn, i, 	 he'or \\ inter \%heat. Fiirtirttioi. m1uibea-t:Cin 

o' (_1 It\ 1-e,1 ' ill thai alter
 
IllUnihean sa,, the: \ ild after a CrOp lit corn IIC 11,)85.
a2).4'; higher than 

The lack Of Ldequt:iIate IanagCmntrclt ic is probablht till: iior factor athat , itldkeeps, the 
Of' InUlghean loss . most Irlrslltl" itotill, Itotake care h IturteIbeaill C lterIlhi places do t: C 
sedine. Hokc r. in order tdo intoe tire eield. it is essential no e'sUr hait ,i iiii l plant stld 
i, estailisld. with Cal\ cuMlis tiotlll l tis.- contol alterAcl thle Icliirenc olf thf(le 
seedlines. 

The productii rpcnil t il irhitbati shtl'l ,,utpll e 'tc othoil. Iri ros elntnt, ill 
the techniqtue, for qIlUality proc,,sing'of mi n sheetitt etlk\ . stlellicllt andit.tigeall beserae 

ot ltU l 
of' rural ernterprise,, in Iian2,u Pros nc. 
should xtenld tile utili/atioti hmbeaihtid bIlbi uta-rotet aidsa.iIce Iii the ie\ eloiietIt 
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The Potential of Mungbean in Egypt 
G.l. Shalaby' and I.M.A. Rizk 2
 
1Horticulture Department, Faculty of Agriculture, Assiut University, Assiut,
 
Egypt 2Food Legume Research Section, Field Crops Research Institute,
 
Agricultural Research Center, Giza, Egypt 

Abstract 

Mungbean has been recently introduced into Egypt. The potential of growing

mungbean appears good. It could be intercropped with sugarcane, corn, banana and
 
citrus fruits and used as a field crop, green vegetable or as a forage crop. The desirable
 
characteristics, problems encounterd and future research required are discussed.
 

Preliminary Study 

Clulii1.hr+,tIcrIi l I)I \ '( .'c':l ace ,IIht' Lc is: 
',1111 tI I I I I IlC tIt',jk t.Il\ e alllc i d i tlatle ! l pt.D 

l 2 \ ll/L , ill threelii..Irtlp i he 
ho, kI Al2 

kh.c%re+ut l IIi\ I l '.l.' 'd1h,In at.I da ,",i iO.

011 \ .l1) I i 
ll11 i -,il -. ,ll I I,,. ' . and inI .'\Ict et ee
 

eICl,,.. 'A)(11 1 1'1'l'.in aIt i1 't, . I C I It ' (h IICI[c I he
hIal,Ic. ,tC1h , ',ACd i t111' S' I I I' sCiII 
prtmm , I 1 d Lm'CdH 'ui1 JIII, . it. It WH)iCli u, ,ur \,.. 

tctm1, ,1 ~It !Iu ' . . 1 ,tI '.d IItCt 
00+('111\'If L,mu thi-s ,+ ",t1 Id Ittles IIIlp l ]:I)Ill rici[IIllll" . \,.dC tIll~tI'IfII+.. thIAtthe I)OIC1111lti11 o ft 

.\IunIL'hC~t , ,tI<I I .L '? t,\It,,+I IluI \,._u . ,u (.r11,, Iis_'I i hIO,A.,,LChC Hsu, II 
%iII,.'C'OW ~ .It put'.t~i,,Iin11itcd,. dIc'm h Illtttt>i't.l \ Ith qliC oll":,L>t tll W-hl.L' t)[,Ild _ .t, NO 
40 llCi I '222 2iitilt1 ll.'rttIt l '. 'Il l OL~.Cdl A111 I lthlc k ir l a~pnd 
Ihtillc l l 11 ,1.ifIu. , ,t di ',,011 I , hL,1\, Illl 1 I[ tC'llcti'i ,i I(it. . lhl1I M Ltl h+';i Itl L.tl h'I l 

t i;;n i t l Iti klI III ,lt. I~tlc ' Ut C ,tIII +, l d ll%-l'I ll 111 ' i' \ tIt, \,111,, ,.' IItlth h I I t.l 'i\ 

IIIpm._) .It , u , .t1 - I tl,,htl' \.i If,' ,Il,,r .L' ' C I [I) I M l ldcl H ' .H I _ tiill'tI,..*ILL 
C M Id l *, . l .~ l ,I ,+.11C . h' ,hIIIt,111 I C . kh,.111'!11 1(,It,. Lt' It) IL' r I si,, tll r h.l'i I l l t l' ,_"lI-A ,.di,, 

pods)l'.ILif".' A k+..i,'111l at+ II, I hCC.,\,~~, I,III IIl-+,I tt>, _,+lm.: \u+.\ 11 lItllIl'h~dIII",iISO 

JIllllII)II ftI r "ItIil llclll t h(I II)II.L t,++ ,t 'fil-e. e t.t,iII tlrd -, s+ d., 

%\\CdIL'IIltL'l Ill IW'L's lilJt+.' I,,tI..kc tl,li I~ 'hCdHl Id')' ,i.111 li I CCl IIt(Ile+]C+i\t."O fI lll lI lll. CI++ 

'
 S1,01-Ild he,,.+,,+. '(I l e lIllllltll-. ,JI", 11h1.' sl\CLd..n,.t r0lt\\ Co",uldCt M, ICd t ("tl~ti Jl\C,\ ID~i-II' \C Ill 

l+e sdl s,,. ,+tt[I),ln - ' ,!+ %%'ill ol+ .I'I, Iit,_'lc' dt ,sIIIlIIICi +.,] Il\h e[] l o thellr CropI.d' is, 

Problems Encountered 

FI~rm ll t)hs+,.. (th r)%,l IlI-..' iL'pil\+,,.. theM t 10[ Itlln 1gh 1"n c L+i.e,three ma++jor prt) IClls+.: 
high lho .l! IlLIIn.%'tls'ilC, it Il, k ,l,, ,',rCos.t(II ] Isi~t' l tm ,:rapid shattering of"po'ds,. 
wlvhicll res:,ults,. C,,ting: and ,.lJcaseandinsect infection,loss + S thie h l 
Cspeciall.\ %,ithaphids,. heclllic,,an Vt.cC\ il. 

illth(I,. ,of ,+,,%d,Ill lici. t:~llir,, 

ilb Il\kIlt.C 
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Further Research Required 

[ther stiidic, IICCL 10~hC Culliit.-td of i 01mi)- pecilic ara' Ih.1tuic IlllIlighcanl tcan 
be eXtendedCL nik . ian ImarincvWidel .1HO1 111,1 


" Miore diverwc hould he\ -icci~tiJ It) om ccd~:
iedc 111ce1til 


" Scroenin!2 tfui dl1'11 anld 101CL\ 0 IIICIIC I -cJ lanld
ttlIcLL 1CIAMICtki iS C.."Cl~tial: 

Thfl'hIlm IItlc lc III ~IIIII ' c'l1lulLI ,L\ptCII i lih'.I I I.IIILLW hC. iIt2StiIt tL : 
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Problems and Prospects of Mungbean Improvement 
in India 
S. Chandra 
Indian Council of Agricultural Research, Krishi Bhawan, New Delhi - 110001, India 

Abstract 

Mungbean (Vigna radiata) is the third most important pulse crop of India after chick
pea and pigeonpea, but its productivi is less than 400 kg/ha. The major research input
in the recent past has resulted in tte _cvelopment of widely-adapted cultivars that are 
resistant to the mungbean yellow mosaic virus and powdery mildew diseases. In the 
past cultivation of mungbean in the rainy season (kharif - July to October) has been 
the predominant (90%) practice. However, about 35% + 51o of the area is now occupied
under nontraditional cultivation, that is. summer/spring (March to June) and rice-fallows 
(October/November to December/January). Disease-resistant cultivars have provided 
stability to mungbean production in each of these situations with about 50% higher
productivity levels than the existing farmers' yields. However. the present yield barriers 
can be broken by incorporating longer duration, bold seed size. resistance to stemfly 
and multiple disease resistance to mungbean grown in the rainy season (kharit). The 
future objectives for the summer/spring crop include nonweathering, bold seed and 
resistance to thrips and high temperatures The rice-fallow mungbean has to have 
greater resistance to the powdery mildew, Cercospora leaf spot and mungbean yellow 
mosaic virus diseases. Uniformity in maturity (synchrony) is a common requirement in 
different types of mungbean crops. Coupled with recent developments in the agronomic 
management of mungbean cultivation, it is expected that India can double the growth 
rate in the production and productivity of mungbean in the next decade. 

Introduction 

lcan (Ih,no 1o/diith6 11 iip, rtaitt pulst 
ha lalhc I )and It IIIn linlost all of th ltate of India. Ihc nalion il aitc c icld of 

. Mlunc MI -cI op InI iia. OCCUpIIL'ncarl\ 3 tilliin 

nUt hCall 1, 0111.% 315 k, h',l AIC',, d l,a thc ,,tatc,,.c.. pllllilc 1(hk.Khlxi n for Ilrnlll hat 
in Rajasthail l. k ha Inl Pin ab. "hil'Ilic State" ( ,htr.-\rdlrIa Fr adcshI andI 
Orissa arc illipoltatlt hr [heir Aca dc r cli, a I)cxpitc ,igiilic'et'ltI l, lti\ atltil ;s \ %lI rs .uti,it.o. 
ttipro\ ct..lClt illa Itcv 'taw , -ltalc 2,. tlcic i,'n rn lt cth ,tlio tIi rov th -atc ill productivit\ 
aittile national lc\il. 

About 7()'Ot the iicbcan . lldd lllsoll lhc.rop mUtltiatc uilhi thc ('khorif, Neason. 
rcniainin. 3)(' Is crt n In the ,.,.Cr u/i In pCnilai Indi and ill WoM+
NCaN the stllltlllCr
r/,i) scasonl illnlorthcrnt India. Ihic inCl Mhich is,\iilcop ,,\,tciii, ill initnlibcai cultixatcd 
in di'fcctt part t ol,c onntr\ i,,llhNtritcd in 1..iBc,. c oftlu ditcr,,itof atrclimatic 

t
 tl 
in tie claractcrilIcs (it the I.,ndracc, cnlti, aICd ill tie dilfcrcit ptlt-I of India. hnvarial\, t.e 
lecvl ot' crof llltlta ill iltuatiti,. rc oltcnI L'i\..lcli 

suatiionS and ,. -in,.,tt,\N', il .hidh thik crop iNL1rV. ,II. irci,coNidcrahlc dicrSitV 

l lCHInCctcuC,.d iNC\trcllcl\ poor1 most s c a,, 
lowvcst priorit\ .itlh -cpcct to sitc ,clcction . titlc tl plantinc. application Of inIputs and also 
illp th r.cst handlinL. S bsiN.tcn,.c l)rIiduct tol.. .hich lcads to little markctahlc SurpluS. is a 
conit ion IcaturC o ttcaLilc ult. alitIIn. All thic'c lactots ct,:plin th lo icld lc.cl of llmunbLLan 
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_Table- I7Area -Under- produiction -and. prlnia9--ti-vit 

2,rFil ', P°ei'rio, ' ' Ar~ea , - Production Pr'oductivity.
 
A"('000 ha) ('000) (kg/ha)


1976/77 2,404.4 796.5 31
1985186 2,849.3 1,052,3 369 
Average of ten years from 

1976/77 to 1985/86 2,735.2 1,007.3 365
 
Annual growth rate (06) 1,8 3,3 I
 
'Excludes amajor part of the summer/spring crop for which revenue records are only partially maintained.
 

* 'Table 2. Annual growth rates of mungbean cultivation in selected Indian states. 
State Area (0) Production.(9b) Productivity (%) ) 

Andhra Pradesh 3,8 3.5 3.0 
West Bengal 5.7 7.5 1.2
Bihar 3.5 2.4 1.0
 
Kerala -2.0 3.2 
 5.0
Orissa 4.4 5.1 2.5
 
Punjab 14.2 17.5 
 6.2 
Tamil Nadu 5.7 5.0 -0.2 

MarchlApril June/July Oct/Nov. Dec./Jan. 

:, :; ;} ;:~~SorghuJm/ .. ' : 

MunanMaize - Potato/Rape/
 
"'heat
 

Mungbean - Rice - Potato/Rape/
 

Wheat ' 

.: ' , .Pigeonpea + Mungbean - Mungbean -Wheat 

.) Figure I , Important sequential and intercroiPping systems involvinigmungbean. 7:] ;f~:<!:.
th ughoIia. The :countryis perhaps self-suffcient in the producion of mungbean forthe 

rapulations, butis facing an apparent shortage of marketable surplus fo the urban 

pao u i n It is p er h a p h o t a v s o s s ( n s o a e a d i h i l ) t a e d t inflated de m o l n res. T mndbein h 
i { '2'.-7q:of -

Fnigrt)w as Immportinn quentia andntere aspin ste pnolvin mngbe 
hefi

ince 
thTapotungbean 93a4o98-6Tale3 hcstrm 

p.~url propulains butiis faiongl aoen , siarkeable surplus ifoanaltheurbappare shartbenof 
oa hn3800 t:to a rjce fmr tin 1986/87. : ' ::i !: !::;xpopulratints Peap posbenduyethae orsesnin stag the yelatetthe aunde the
 

hroughout lnda.k Thesicntispeasselfs andproductivyOf011 ofnthe ajor
in the production 

e been: dydefied - ,=l stp%' Currently;: rn~'~t lmnttecontr'iiis'duanum ~hi~~umpihirductdn i "'to '!liconpust ropns andaiv aqnatumjum icncroductioh en, cnidrb eh2 
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Table 3. Mungbean imports since 1983-84 inIndia. 
1983 84 1984 85 1985 86 1986 87Country 	 ( ection) t) 

Australia 	 135 2,979 1.568
 
Burma -- 1,341 600 3,360

Canada 
 - 450 1,618
 
China 
 -- 97,093 326,863

Hong Kong - 2,900 13,088
 
HLingary 	 .... 1,200
 
Kenya 	  -- 1,800
 
Netherlands - 163 - 600
 
Singapore - 738 5,680 2.320
 
Switzerland -. 
 - 700
 
Thadand 49 15,909 28,982 8,779
 
USA 35 - 738 270
 
Vietnam -- 2.812 9,823 6,258
 
Others _- --	 7.493 

Total 84 21,098 149,245 368,424 

Mungbean Cultivation and Improvement Problems 
A detailed aln\h , ,onl, rc, cata leC tiLr list i CoiIIstr;aitrt,. hot ottln tOicIlli rii tc arc 

listed hc!iw. 
I.The nmajur cotntl'itit i" the im, ptiirit.\ aYei, Cd h\ 1, tarn r ti, ltiatiitt o f lrItll hearllIttile Ct-

iLC to lack of ',oll ,.,, t nIid,,rn prIdtLctiirt tccIoiiio+, . l)urirn2 the last tMOi dt.cdc,,.rc r 

1r11ngri a hCCII lci ti p1ii'iC
Illa c\,Ni\- r.t.cd , ', and ht hCcn ailOt C clnsi\'cl\ 
cultiatcd under dsl itriinN.,tall 


2. 	 The protdcLICtiorlldi',tll thIchAllid uhlli Nccd (I1 ilnpr\c, \ialiCtiCl,h in ct ci11crbetentc 
w.rith thl Uc , o tIlc c Itr \ The lick i, r+.pl;rc..InCnt ofl oitdlated culti lar,,local htandrac s 
has r:csil tCd in tile ,ena niintlr ot productiut. and .,tirai of thce dieCa,. pct, and allied 
risk lictor.. hicre k aki perhap\ aitick of cnthusiatnl loth t111CIIv. itnpr,,tcd \aricties h'ccalse 
oi" the lack of' p,[lctacular %ifdld tcinc-t complared to tilc pt,.\ alent local varittics. 

3. 	 Lttili.'atiin or aa hilahlit\ (0 tCrinplalnl rCiI',rccN, in tcttii,, of bold ,ccds. long c1rtilc piid". 
rcsrstaincc tot tnnnehcan CllIo\ tl0alc \ IIS I MYNIV r. ('crcilp+iira calf ,pIOt (C'LS) ad 
potder tiildc' i PM discasc, and pid horcr,, has hcvn a limitaition and ha, held hack prorgr,,s 
in varietal il)pr i ,.c.lnc.
 

4. 	 The wvic ict. cc ii d iseascso, aind pc,t. cpcciail. MY.NI\V. (I.S aid PM ,criinl\ 
affect the crop. canttl a, loI, I8I't if tlic cron. Ihcre is ite ia hiihn ill cr , of to 20 

prohihilit% 11: I0Il) of tioal cro l hi00, dtc ti diSca'c, aind pesS,.
 

5. 	 The sociocconliuic hackup to cncOrtaig',c p[lc culllikation is inaldCILilatC. There i" scopc to 
iitprovc the n.rklCt p)ilicie, and tilc piCiLtctircit stnrCILU. a, %\ell a,the ,2cl\niiiiOn edcILatiori 
priigrains in rcrl' to stinulttc t1c ptiid ctitii Cn%irtrill nCl1l. 

6. 	 There arc practical . iiil in hc InanLIactlirc. storaLc. distribution and applicatioln of 
hiof rtilizcr ae uts. Ah,_ncc of 1-opk in,-,plant piitectiti tnicasres hi crtarded raliZatiori 
of yield ptnc tirals in ltarlitcr, licld,. 

Research Achievements during the Last Decade 
The fOllowing three distinct ,itunatiiiis for titntnehcarn clior'i can he ohserCd illdifferent 

parts of the countr\,: I)cultivItion ill mustardthe Sti111r 1onthlis (April to Max) after wheat. 
or potati in northcrn India: (ii) in rice-flillows (()ctoher Nom-her no Jarttltar,'Fehruar') in 
coastal aind peninsular India: aind (iii) the main (ktarif)scason with relativeh lomnger duration 
(Fig. I). 
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'Summer/Spring rop 

The requirement o ummer mungbean varieties are short duration (60-65 days,, synchronous
 
1latU y,jests lce_.tQNIYM V, and.eimninationof hard seedsin the prodUiC ll--utiM977 only-
the lfollowing three improved nungbean varieties were available: Pusa Baisakhi, Type 44 and

G 65,:All these varieties had a relatively low dcree of svnchrony, a dull seed coat and were 
not free fron hard seeds. None of them were resi'stant to.NIYMIV disease. At present. however,

the producers have a wide choice of'varieties (Table 4). The devel)prnent of these varieties

has led to a perceptible increase inproductivity (Table 5). A further increa: e due to the progressive

replacenient of older varieties can be exoected in the future.


The package of practices for the cultiVat;on of the summer/spring crop has been standardized.
 
This crop generally receives residual fertilizers from the pre'vious crop (potato, mustard, wheat,

etc.). Depending upon the soil test, an application of up to 100 kg diammonium phosphate 'DAP)

per ha can result in an increased production of 120 to 150 kg/ha as compared to an Unfertilized
 
crop. Three to four irrigations (80 mm each) are essent i~l to realize a full yield potential (I
t/ha). It i , possible to achlieve synchronous maturity by timing the last irrigation at full flowering

(Chandra and Ali 1986),If any subsequent irrigation is given during pod development, it will
 
only encourage a second flush of flowers and lead to asynchrony. One of the major dtifficulties
 
now being encountered in a highly intensive rice-wheat-niuiigbean cropping systemn is the

establishment of the obnoxious Weed Cvperus rouhdlus. The ontrol of this weed by herbicide

in the mungbean crop is difficult and hand weeding is the only available alternative. Due to
 

Table 4. Some mungbean cul:ivars for summer/spring cultivation in India. 

Cultivar Plant Synchrony Seed Seed Pod Reaction to di
(Pedigree) 
 type size luster characteristics sease environment 
Type 44 Short Asynchronous Medium Dull Brownish black, Susceptible
(Type I x Type 49) medium-size 3-S/bunch 

leaves 
Pusa Balsakhi Short Better than Medium Dull Brownish black Susceptible
(Selection from T 44) medium-size T44 3-51bunch 

leaves 
PSI6 Short, small Asynchronous Small Shiny Black, 3-5/bunch Susceptible
(Selection from small leaves 
exotic seeds) 
P 7 (Selection Medium, big Asynchronous Bold Dull Blackl.3/bunch Susceptible 
from P492) Iaves 

Pant Mung I Medium Better than Medium Shiny Black, 3-5/bunch Tolerant to MYMV 
(L294-1 x T 44) T44 

Pant Mung 2 Medium, Better than Medium Shiny Black, 3-5/buhch Tolerant to MYMV 
(Mutant of ML 26) big leaves T44 
G 65 * Medium, Asynchronous Small Dull Black, 3-4/bunch Susceptible * 

(Gurdaspur local) small leaves * 

SML 32 Small, small Better than 
, 

Medium Dull Black, 3,4/bunch Susceptible .
 
(TI x G 65) leaves, G65
dark 


green

K 851 Small: big Better than Bold Shiny Black, 3-Sibunch Susceptible


(4453-3 x T 44) darkG65
leaves, 

green


Guirat 2 Mtcdium Asynchronous Medium Dull Brownish black, Tolerant to CLS
(Local landrace) 2-3/bunch & drought

8 * Small Asvnchor,,,us Medium, Shiny Brownish black Tolerant to
 
(BR 2 x Type 2) 2-3/bunch drought*Pale 

green 
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Table 5. Area, production and productivity of summer mungbean in India. 

Area Production Productivity
('000 ha) ('000 tw (kg ha) 

1981 774 240 323
 
1982 1,050 475 452
 
1983 1,215 613 506
 
1984 1.158 454 395
 
1985 1.337 608 455
 
1986 1,278 685 536
 
1987(Prcjected) 1.751 967 552 

this diffilt , thl area ineU121)Cl hi, 1,\pected increas,,- in thie itofsununir tot ,eeI.'n achieCed. 
It las been cStijilated in Cxperinierit, a 200d itun he.an., 10) Wthat :'011 of'lii, er s,'itlh tle 
full package ofl crop nianae'nllt Dr'aLiCes. Ot+'lit', the >,hStIquent rIwe cpl to allextent of 
2() to 30 kg N Cqnivatlent ler ha dpnding o ,a,,olo,n environment. ihe nitrogen equiValencC 
intrudc,, the dir.ct N reSidue and th, effc' of the nnecan op o.n- he 'IssieaI l'ropertieS 
of tihe Soil. 

Mungbean in Rice-Fallows 

It is estimated that nearkl 4 rmillion ha 01 rice-hfaltms exist in peiciinular. coastal and eastern 
India 5 hlerc a ,hort-du"ation n.ungbean crop Call he generall.(2ltos the residual ioisturtteit n 
wkritlout anl. additilonal inputs, and onl, \,,niCtines,s, ith SUl)Ilupnlmetal i;nputs in,,uding irriuatiot. 
It has en lpo"sihle tl capitalicon thi', sitUaio h. dC e opine suitablO , ariCtie, for this purpose 
(Fale 6). lnfOtuntatc!s thre is not \it a s te 10 recordlthe area tindero ulti,,ation of this 
additional crrop and it i,. tllerlore. diffiult to prOteCt the ililpact if this nun1.betall crop ill ricc
fIlhos It,. Io, ci\r. estimated that the pro_0ducti , its Of the crop) is ,,imilar tothat oflthe sutmt1er 
cmlp in northern India Chamidra and -\It 198b). T . production t f~l thli, en lPis ha ed 
hea ilh oi attainin, a iLiood tahlishnient ot the plant polpilatiot. The time and depth of- platitg 
are, therefore. of Itlh10 i .iiticati. Protection against poi-(]dhorcr ,,  also an illportant 
r+Lluirecni.nt. I hcre is a ,tilu Coimipetition for nnll] an in ric-flhis ss,icrever s+ute irtication 
resource exis,. So. lhih-, .ldne . arietie, , hich -cs'poid ,,sianiidl\ to ,upletimental irrigatioln 
are als, 1,( L dveci.d. 

, 

Table 6. Some mungbea, cultivars for rice-fallow patterns ;n pcninsular and coastal India.' 

Cuiltivai Plan: ,Synclrnny Seed Seed Pod Reaction to
 
(Pclgreel sfpi luter charuictersiics disease
sze 

Pusa IOS N'i:dnl Synchronous Medim Shiny Blud..Iong, Field tolerant to 
Taiwan I x ML 6) 4 7 bunch MYMV and PM 

x (TGMG 16 x ML 31 
Pusa l01 Mledu Synctronois Medium Shiy Black. medirn. Feld tolerant to 

(S-8 mut;t , VC 348,i 2-5,bunch MYMV aind PM 
SulatL SnmAll.pa11e ,"synchronous Small Shiny Black, sm,1ll, Tolerant to CLS 
(L 2,-2 x Pusa Basakhii gre':n 244!bunch and PM 

Dia; rlt.Zant Small Asynrchrcious Small Shiny Brownish black. Tolerant to CLS 
from T 51 x Orissa local 2-3 bench and PM 

Sunaina (China Mung Medurn. Asynchronous Bold. Shiny Medium. Tolerant to CLS 
x T Ij big leaves. oblong 2-3 bench 

light green 

:Virietes ike iL 267 ML 13! PD1 II PDM 14 Pus,,1as.akh, etc arc alsoseqabie for rice fallows. 

http:r+Lluirecni.nt
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Kharif Mungbean 

,.' l tllItt b,.., tcIltInC 
i1uhltIiCit\ hii /I/Cc i.t1, ,ll 0 ',trc,,\. ItCniIC/lCC I dniiiL. I . IV. 1/ad,CSir. i',. the 

The A]/urii r 01 hd a M /tb',lCI/ t Stal IC lCIttIii'l'ltk: cca:uIuC lf [lie 
1l 

,h'tClltlt 1ShtCh0d l'+ lSSill it. lj IItqII OI/t Itil'C III l t di\ itc l",ili,,ti.C . te'i It2/ Cl' lllii CI 
,/ 11\ iC Itit llt' Clul Ihi t e ' i .i/i thnt o,t * tl/\l, h1 alit f1ar'. r,, /kl, (lie 

Intsl /Ccl,iic,, , Cellitk. -J. I II ti ll, . , ,C thrle,lii+I t 11ti1i/l \ i/CILtlt011-Ich i It 

t li, ,:Itioi, l t'.ic uit,1.' I tihettthh,ii ,.;tL l 1 C . ., I krhnUl
 

ct etlt-\p \ '.h101t ,+bllJI It kl01, (t t ile \ (niCrp, nti o th i ti
 
a CL It 02c 1-'ill C,l. tI lycI -lk ihni Si+ l l Ic..,t'+,ll, Ill thc, Illt ,t(t , IV
an+T~able 7 ome.. ora \hiar k,~r.n ,.. ndal'[ rllth +. t ma.,. thefo ;tt.'~'Iorif saonn ,.r
Lti, ImRI. 11 Iblolld,. eL1k.Bic'w2MMu k+' 01t, nirt ll So'l sm a R int. (tllatioi C 1 'II IIIL!11'' "'I!I,L 111 ' ihlCI L't Ill',I,'hr 0 I ,' /1,u Pn~ctt + ',Ill' , ll ..t+. 1q,,)+li't k , ,ri v~ .\ltoCld [I)MCtIIINt[ IM rP'luitt.' a + ' to , hl ... ii _' S Seit c t +. Pouh n d DINI ' ethn \ tr 

i 1Ithtq t t'ts t,+t,l ,. t.b l \ I't I,,1 Ill'Il i., 

I-able 7 Some MnPOI-at,1 111Lngbeai- culzulars for- the khiorif sezison in Iiid,ai. 

CuIt+,,a r w, , -mnU 1''in! , su + FU 1i Disease pest 

l Pc4 jr,,p.t~'i +.:c k+St{'r r , reacj~ontILMt'I S:ICS 

l'lL 5 (No 5-1 -;5 ";il, :rkm~ lwnt 111F, :;Itt sm lil Sh Ill, Bi~lk. 5- 7 L)IKu c ' sceptible 
ML 131 M'1,:. 11u1, rl; l h'b~ Sin'lll Shfl)+ Black, ntwdiLurm Rc,,star,t to HYHV 
ML 267 r"e. hiru), ,,.i Synchlrufw',. Sm,ill Lacks Black. small Resistant to HYMV 

hrhtness 
1L 337 Mrleum ,+i S'nchrono,s Small Lacks Blackimedium, Resistant to MYMV 

brightness 4-Sbu nclh 
Pant M 3 (LM294-I Taill bohl Me-iurn Medium Dull Brownish biack. Rce:stint to MYHV 

x L 80) leaves, dark 3-5 bunch 

PD 1', iSelec on from Small Asynchronous Hediru Dull Black, inediurn Tolerant to MYMV 
exotic snurcol 

PDM 54 iVairsiOa Mediin Synchronous Bold Lacks Black. medium R.sistant to MYMV 
T,:rl ocaLih brghtness 

Jawahar 45 Tall Synchronous Small Bright Black. 3-5 bunch Suscep:.ble 
(;'-,adhfra * UP localli 

Jall;,on 781 Ielecion Tall. large Asynchronous Bold Shiny Black. 3-4 bunch Susceptible 
rorn Chl a Mun)I leaves 

TAP 7 I ray mutant Medium Syncironous Small Sh;iy Brownish blrk. Tolerant to PM 
ol S 8 2-3 'bunch 

pjot iL 24-2 H AsynchronouCs Small Mottled, Black, 1-2 bunch Resistant to M'MVMe, il, 

PLeJ Baisakhq li.ht Paie dull black
 

4reen 
D66-26 tSelecton Snall Intermediate Bold Shiny Black. 3-4' Susceptible 
from local iandracel 

Kondaueedu (Selection Medium Asynchronous Medium Dull Dark brown. Susceptible 
from Pusa Bansakhil IPurple 3-4 bunch 

S-8 1 J I 1r.I flrdrii1,.t lCiIL iilil C Bro.iish black. Susceptible to1 1n, 

(BR 2 T 2i 
 3 4 bunch malor diseases 

"Thle/fir rittiflledl il~i ttll\ II k. llrhIl'Cill l/nltiiLl Illne1', COI' CtcsI to :/Mei"ht) fh'.ile Ciholll1 

it //;t\ i/lIle/ incrui :rtei/neI 5,,it flCarl HMiillel. ,i.iLiI/lti Mi es/1 , ill) 1/1)i/ticI rinfled lice it1J 
MC h0 ( /ih/i, ,1 ., J,. I. It lt o I i :l',i ill r ,,.c.,IIed,, fS i,/ S/ iiiltlllirdi . [-h0%, c t.,iul it ic ast+! 
(here lare fl ,psci1 r/tll e"., \tl hv 'Lll pAtllerIt.. It ha, t ei es',lillltateld Ihat if] m.iii iI l '"'ee 
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,tI helo arcrate i trilit ,iatnlI. aplication o I ( I kg D .\IA. prior to sii,5 qi-.resnlt in sIe t il' t 
\ield iiprovneleitl. There are al so ciIic Rhi/ohiniii CUltire,, stiilnS ,hich crt ald to the 
viChld potential ill (itlicr,'tt p tar O th,e olilltl.\ depeidin upon the Stattni , tO the natiC Rhi/ohia 
il the rhi/,osphere. 

Agronomic Components 

()ne of thle ,tUdiC, cr -,id toUt on t(lie rclatis,,: i ,ortaiec ill th: diflerclt colipolrlt,.,of
 
the packa-e ofI s1ik It pactic-o 11ii.heant te ,p.rtCUotival
cultio + k1w/,,,ii res calcdt that wi 
or a tuall or ta n ciltio.ar. the applica'tion ofl I)AI' and v,ccd itiana eient \\ere tle tnost 
itiporta+ttit C l eiI'llt. CaIci o'-t11 ltitl licml\ . to the total \ i lldt ile crop in the ideal 
package. Fl' t 1ch is plant prOICt+tiOii acIn ti,.t-c't p,',,. Rlu/Ohiii cnultnr- and plant 
Population on *\ contri, utc 5'; to) I()' cac (' anhdhri and .\ It 8 li. hos C.cr. app!+) i,.S 
Ito ,.llti\,.r r' c lii, Clar,,.s. ,,- crc c (di .Stheat ,ilt+,;io+ e.hia,,llt. Ill ,'rtailt raiii ofl( 
aloii ta kill SiO', ,o the plait poi laL 1 Ill )' to, o! tie ell. 1oo-pro o.control 
Itel ,l ' rc tt as\,tl.alc a t t t tlil, .lte s ,. I hele a, "i, t tt \%e[sill hic's \ int.cdelnci 
oI MYNIIV PMrdiV&tk,. lhUt,. thI -inpoilot anal K ",Ltet'\ ._ i' that ct i-t aLnd dcpend, 
tq t a is cit e-tiltsi\il 

(it1 t1I:rIt''c " tlI ilt 0t1 i the.' itikit tli tkl, hr\ ,tai,._ ci lt -ttk. d, elopilicitt v, i ,,,
W A '. +,  anid d]cliltnlilll t tl ]' 1hr "ILI,211 I)'qi1t'l.\ ,.\t+'lilo~ lllt111M ML IM;Ith itv ldill~l',Ft ld 

];lh w, lai,++ l1rt0 ,+o..t,, ,t0 1c l ] ",h1; .i th,: l ' i l 110\uh 1n.'lu,, ,, l~. tho, uh ' 1tr,, ill [fl ithe 

ltndC 11 He ,tt; t t50" itp thtti,\ i 
Ile\ clt, ;t ill t ,',.ittolo n ml,.a~e' 
, 1,.Co tr ,. tlhtt . Ill ,LpoNiblfC \\ itli th ieadLptiot oi 

Current Status of Crop Improvement and Future Prospects 

The l'aiii 0hje,:t.t C, 01 it e \,] leu L et llee thr- Ittl;titllt letlol hea.tul i, atula.td arc -,i eln il 
8. It Islt thi t rtntpli ,+o-lle,+'tio+n,, ttd,_ i nt are i,?adCot.lo tC inl rc p,.t, the ,t as, a1ilab.le the LI 

to a tes , d+.illdh. chal acrl i oi' such aN r,eNtanec to ('TS di' ,,. ,, t1podial and letertn-l;elte 

plailt hahit. ge lltc t n-el \ i|, pl, , II te dt+ a ha ed.l,. po+d lcuttlt itid "eed c i/. and loltL 

Table 8. Current breeding objectives of Mungbean in India. 

Attirbute Summer SprnIg Rice-fallow Kharif 
Duraioa daysi 60-65 65-75 80-85 
Synchrony Yes Yes Preferable 
Hard seeds No No No 
Bold seeds Yes Yes, Yes 
Luster Shiny Shiny Shiny
Impervious pods Yes Yes Yes 
Sympodial habit Yes Yes Yes 
Grain yield it hat 1.2 1.5 2 0 
Resistance to 

it High temperature Yes -- 
ii) Drought Yes Yes 

iii) Waterlogging Yes 
v) Thrips Yes 
v) Pod borer fly Yes Yes Yes 
vi) MYMV Yes Yes Yes 

vii) PM -- Yes 
viii) CLS Yes Yes 

http:a1ilab.le
http:adCot.lo
http:ciltio.ar


01CHCS. DkieriiuuuiiuCdiiatC Ititiu lflCci licit on tit cciick hack,,iokiiilk ilirouc Ii6dc l\hil/iiu 

lIndia hias a HFIIiLtic ,\ ,Iclii 0I 1IcalilIC(I LI) i-c~caiicl M iiciu I" IcjIlcctcdI l\ tile All India 
( *-Iluuuitld lRc\,ciui IPiojCIAS. IiC -ICuCIIlu I'. InI these l)IO1cc.. HILTIcauu to pool uliir ctits 

onitj c ti aridi lccuic aic JI\dito lit .dckit~ [Cp~.( 1ilkIHI' Iili .ichi c ictiolc 

Iultci )ccipini\ cqN ln ,h ml Nhwlrcuc.\\ ltlolciild. itoi 
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MungeanResarc andDevlopentin..East-Java, 
Indonesia 
Soetarjo Brotonegoro, Budi Santoso Radjit and Q.J. Laumans 
Mlang Research Institute for Food Crops (MARIF), P.O. Box 66, Malang 65101, 
Indonesia 

Abstract 

Against the background of a spectacular mungbean development in Indonesia, the 
paper gives an overview of mungbean cultivation and research In East Java, the main 
production center. Mungbean occurs in two systems: (i) in monocropping after rice on 
Irrigated lowlands, and (11)in association with maize on rainfed uplands. These systems 
show large differences inyarieties planted; crop management practices and yields. Crop 
protection is not common Ineither system. Yield of mungbean could be increased by 
additional Inputs, including mulching, weeding and land preparation. As far as the 
economics is concerned, both systems show similar returns (with inclusion of maize 
yields Inthe mungbean-malze Intercrop). Research programs In crop genetic Improve
ment and agronomy need to be attuned to the prevailing systems. In addition, studies 
on processing and nutritional aspects of rungbean will be useful for further 

. -<deveopment. 

Mungbeans in Indonesia 

Nl\igbean development has been spectacular during the past decade in Indonesia. The 
harvested area doubled from 137,000 ha in 1975 to 280,000 ha in 1985. At the same time yields 
increased by'50% from 460 to 680 kg/ha. As a result total production increased by 200% from 
63,000 t in 1975 to 192,000 t in 1985. The area expansion of mungbean surpasses that of all 
other food crops: rice (16%). soybean (I1%), peanut (7%), maize (-1%) and cassava (-11%).
The increase in yield of mungbean issimilar to rice (50%) and maize (50%), but much higher 
than soybean (23%), peanut (27%) and cassava (27,%), Among the grain legumes in Indonesia, 
mungbean ranks third in production (in 1985) after soybean (806,000 t) and peanut (499,000 t). 

Half of Indonesia's mungbean isproduced on the island of Java. Other major mungbean 
regions are the eastern islands of Indonesia (Bali and Nusa Tenggara), Sulawesi and Sumatra 
(Table I). 

Mungbeans are processed into sprouts, porridge. cake snacks and transparent soup noodles. 
Most of the production is marketed and processed within the production centers. To meet the 
denmands of Jakarta's agroindustry, mungbean is imported from Vietnam, Thailand, China and 
Australia, in total amounting to about 10% of the domestic production (Santoso et al. 1986). 

Lungbean is an important cash crop for farmers, Af' ,"rharvesting the pods are peeled and 
the drv beans are sold. In areas where mungbean isgrown inassociation with other crops (maize) 
the leavesand stover fomi an essential source of livestock feed, especially in the dry season. 

Traditionally, East Java is a production center of mungbean and other grain legunies in 
Indonesia. In recent years, however, East Java has been :osing somie of its relative importance, 
because of agricultural expansion into other areas. Still in 1985 approximately one-quarter of 
Indonesia's mungbean and peanut, and 40% to 50% of its soylean wa produced in East Java . 

4 



Table I Kujiibe.a prodilcon II Indonesi, by region 

Iq15 l%5 

Re'?: n '° , ;" -, P,',' A'UrI' --. Ai " PrAdic A., ra ic 
proi;t 000 h.l hv-.eOt'.,e n 1 leld produc 1000 h.-!iur,, ,stv tiol yield 

c.i rct 1000 11 Ik ii ionc ,It.. C000 t k I,1 

V8 8 58 30 440 53 152 54 102 670 
NL1'3Tengjri and Bi I 31 I 12 380 17 55 20 32 580 
Sulawesi I7 22 1 Q II 4.0 I IS It 33 760 
Su miII 10 8 7 750 II 23 8 22 960 
K.imaint in 2 I I 600 I 3 I 2 640 
flokiccas and I ,an ja, 3 510 1 2 I I 730 

, I T i)' : , 

Agriculture in East Java 

:t[,ci 	(d 48,.()(h) kil-. \,i,% l "I t f1 J)L1i 0i11,,11) 111Ch r ldfili ifk,.', ItI I'm i'tI th li 1l1,."l\ I.iAI %%.
(0 "_ lpcr,,m knil th,.. , h+' II II Ill lk h )Iu ,,.'h ]i ) .L-. 4 1 fill I I it ) OfrI Ihn, l I ;Iplt I, \ III,tt,+,],, 

,..'h ,sii,C..' ;r, Lil-ll ll, l[It Id il \ L'I", 10l Malmtl aicmi1lt01,,s'h I I\ ' 1 1 ,ul;ll: t i a Iklrl itic" 
Itcl l I t )d I.IrI ll),,. ",tI Li ,J 11 . IIH .1.',2,.'th 1, . V 1,%t1,,,tl' I)()UtrI . li'lt)t )l .. 'ti I c.' l:1.tL . , dItl],L'. 

I IN,h I 

utI 	 41 il Il IAlilll tiu. il I IlhhI11. tl 'i%l hi,. I r,.' llN ,.1 IIrnIif in , 1tl1 1l ; l ili 
40 1 '2.'a '[." (lk. 'l th 1 ,L',. t,t,.I + ]lkh . 111 ' l t.'.L ,.'ifL , %kII i)lLII L, ll ,..k,.Ikll 1()1 [LI,, -~'r l il u ik 

Ill ill iltti i%C S l l .I .ll11 m p ClII h01115i.c1 11 l 1 ILkle, tcl l'. \ I OlWs i t (ll111til. 

1111i ,'I 	 I Il11 i ll Ill ' . ' ;', i I tlls',.L'CI \tl'I ;Illtlii " i c, [ hF tli\ Li caF ims'+ t'tlll.No\tlllhe.. titl \,h~i,:l. hollw+.k..c+,J h\ (11c J1 ', ,, , l irtilil ..\ 11lln id ( ),+t,,lC+,. I h,.c lllo 11:,lltl,,,t11 

L and ti .li millW111I ,. D ,1Lo oal', .1..- \ l~h Ll.zh ll' il.,t'i+,t l l \ ,ll L' illilltitl, IL"2h01IH1 	 l l lh,.' Im , AI %,ali'ltholl. ldllfIl", ic1+-,C ]\ 
,p rHc t.'! I() !I0+\k I L ', ilh ' l . ,t L1.l +i' ,llhkiIlk ,.'Jll's.'!C lh' Ncj '.tll hllitlill"Il, ' Ill I' 11 lh Ilill\ 

jlh L ,ltlhlll- il \C'll t +i\ , 111(1t'll\C'\L cl~ips Alll [% lni 11 '.A,lC I +<.t l ik L')I lhrc I h i l.v,1-12 
F"ai'llic r ill 11,..' lp ll, d, ,'t,.,l, III~i\ i),- 1111!1L-uI fit 11,1111 I,\,W .1 , ! ,It l+ L 'l l Ilildll/ +C~, \ 

ill~i JC'.m'thtid'	 Ilu"ilIIHaHstd ha1hearea 
dicI l~ ,.:l ~' il ]Jtt l ,, il d'~d ll 111C[AIt L' i l1+,l r lc Ji\lll an 

:r!,!rt , ,":ilh iilk'l ,'11),,  
1[u'll/VL1 It! IL,.' ll\ ,' .il litim N m'cilli't tild l X ,'h I Fle. 2). 

Table 2 M~Ungbe,-n ptrodUCton In El-l , Ja,-+ April I1985-March 1986 

H, ', s f:(2d a r ea I ha I 

La n d LI[ 1z , ©f l W -t w a,, Dr-)Y' so To t a l,Tlh s o n , _ r 

No, -Mrchl Apri-Oct I 

Lowlands 7 500 23.500 31.000 
Uplands 33.000 9.500 42.500 

Total 40 500 33 000 73 500 

Source D nP-a 1986 

Crop Management 
tIi l I ,,\ '.III. . Illth IlCrop mmitliucilt lilmIhm'uis In il oV. llrm , Jil mulIw ar rather 

diffcrent I lahl 3. 
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When niungbcans are planted in the lowlands in the postrainy season as a nionocrop in tle 
rice stubble aftcr the harvest of' rice, tle field is not plowcd prior to planting, but field drains 
are prepared and sometimes rice straw is used as mulch. Research has shown thIt soil tillage ....l~,....Sti] siiv efl'oct-oniqniungbeoin yield a-onsil (MARII-9 6) iilg ,,-ilhaviersoils, 986a)Onighter soils, 

however, no effects were, found (Purnomo 1986). Mulching with i;ce straw (5 t1/ha) reduces 
weed infestation, resulting inyields that were 30% higher compared tu unmulched plots (Eriawati 
and RaIdjit 1987, MAR1F 1986a). The seed isbroadcast or dibbled (with aplant stick). At planting 
the plant stand is from 700,000 to 1.000,000 plants/ha: at harvest this has decreased to 300,000 
to 400,000 plants/ha. Plant population experiments have indicated that aplant stand of 400,000 
plants/ha, planted at 25 x 20 cm with two plants per hill is optimal. 

Table 3. Crop management of mungbean cropping systems in East Java, 

Crop management Lowlands Uplands 
Rotation 
Crop association 
Land preparation 

Planting 
Fertilization 

Weeding 
Plant population 

After rice 
Monoculture 
Slight, furrows for 
drainage 

Broadcast 
None, residual effects 

None 
High, up to 1,000,000 

plants/ha at planting; 

First, second crop 
Mixed culture 
1-2 times, at planting 

Inplowed furrow 
Yes, manure, 50-350 kg 
urea and TSP per ha 

Yes 
Low, 250,000 plants/ha at 
planting; 40,000 plants/ha at 

300,000 plants/ha at harvest 
harvest 

Although research has shown that yields increase when the fields are kept free of weeds 
for to to four weeks after planting (MARIF 1986a, Purnomo 1986), weeding is not done by 
farmers. The irregular plant stands make weeding operations difficult. Chemical weed control 
is not common and expensive in relation to the additional yield obtained. 

In this system fertilizers are usually not applied. Experiments have shown that mungbean 
after rice did not respond to N-P-K fertilization, which isprobably because of the residual effects 
of fertilizer applied to the previous rice crop. It is recommended, however, to apply a small 
dose (22.5 kg/ha) of N at planting. 

When mungbeans are planted in the uplands, they are intercropped with maize. In Madura 
where 40% of East Java's mungbean originates, other grain legumes (cowpea, hyacinth bean, 
peanuts) are also planted in the mungbean-maize System. The fields are manured and plowed 
once or twice before planting at the start of the agricultural year. At planting the fields are plowed 
once more, and the seeds are dropped in the furrows. Plant populations in the farmers' fields 
decrease from 500.000 plants/ha (50% maize, 50% mungbean) at seeding to 300,000 to 400,000 
plants/ha after two to three weeks and 50,000-100,000 plants/ha (60-75% taize, 25-40% 
mungbean) at harvest. Radjit et al. (1987) found that the highest yields are obtained at atotal 
plant density of200.000 plants/ha (45% maize, 55% mungbean) at seeding. Apparently farmers 
overplant to compensate for losses. which mainly are caused by waterlogging or drought at earl)' 
and later plant stages., respectively, and beanlly damage. The crops are rather heavily fertilized 

u 	with urea and TSP. Higher fertilizer applications during research trials had no effect. Crop 
protection practices are not cotnmon. 

Varieties and Crop Improvement 

Since 1983 tihe Malang Research Institute for Food Crops (MARIF) has establishedt 

niungbean gernplasn collection with some 900 accessions, of which over 200 were collected 
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%% 11ilSld!Ja\ a. Ilaiils ill diXLrc %',hICk fHIiL2hCan V itV LI)M n(L'IlCI.)piI). Cot)ionjtk I SIC Inslima 
Zand~A ari iii thicc I rr)cocdijiic). I.\ IIIlii 11 CIIdII ) ItI IfclciiccsfIII I 1, C Nit \ Cd JCZIc c I\\V ccI 

.\rcics ri fill tIdcil !I~ lr ill~s I-0 iiLCCLl.i d.ll a tir itill II lr~l111irl.i CI(.T. 
!rriiiftr r ~ Aii\ IajrC~It I1cicinn)l r l k ! II .IkI101111 1 i l L AO\II tiij 1111Ci iiiicr) 

it HICLNIAn Nc i1mn11Lcil~i fill 1ii. iick Iccdl 11 nnnnn'nLf.IV.j %kI ni\i ili [lic: Iicij
*Aiic1., JrnnIuLCk IiinrcIC ~IC).I)l IIlt uutiici Ii IC III~~l!hC Iil2 JL\ 1hhilICI \ Ihii 111c ii1ijrmk)\ cI iiclicn 

Table 4 Diffc rices betweer local and Improved rIingbelin varieties 

CliraCi(e-istic-S Lccv livI II c)e d 
nIaT Ur t Lint L. -70 dar Lir y. -70 day,, 
Stalttre T:111 Sl:r t
 
Bi ancfinr Str nig' L-tfln
 
Seed size Stna H Large
 

-Coior 
 MIxed Greeni 
dluster Mixed Iss dull1 

sourcns S < rp'.'5 v-r! 

Pests and Diseases 
J'~1I~ICdtt~i~~n LI ti!'in i~il~~ ill ka1.Ii .tiir alc. The inlalni 

IntiI t I' 111i ''Fn Ri''I. ( " hiL 'II(iW I II t' ( htICl-\ ni. iI/~ hnren d/N, Il , 'jI 

cit 'int~ ( a ri jr nci, ;aii', inn/ /cH ma,,I'J'' ss ii kc'ssI Ili'i'm \:a niihila~( 
niIi' ''t'ii-'I ill n""c ~t ci .11C lnh i1 'uld i tCn1IWI 10nli MI nnic n %ilat 

Economics 

Iict~k ISkll ,n i Ini t()k- i1,1. ml 11ii. '.%liidi- )if a lll lh i ul nninpw anid p~rices 
it thc raai~c (1 1 S'1.3>- - per1k,- Li 1 11. 111Icnnic, ;irc ciarnedt nit, trmi L*SIS19(1 toe 

.)/ i aIi. I hL' 0)I'( 11! 11itL'riait rl1pult- li.- I IIm ii'. itl "Let -4) ft 51 ke hai \aliicd it 15$ It) 
ton24. kil:im ill i t c Ii l'l I~ § 1,,1 li1) 1.~i pine[ hli A \t all ia~.mn. V a. rate 

[ilS~i 1.1)(). IictludillLe inrunt1d J 1niill il.,. 1'il III_'C c1C1n'. ('inil lie iiii;~i It I % Cits lire as
 
Imss ;I, [, Sn04. ailn I" 11121) j1 t N )))pcI 
 ill 

tIll)) t iIll ikNkIll i Nick.\IiMIiiiiu li. wlkkh ilcnn k Ime 'ii'5 

qaits Yt~itiedillV IiI lcb '1 iii i it e fm 1 ,IriiitN e 


liitic' i teI) p.'ciijiic'0( 
l ct l rk*_ ( 9if '. lh iii~i/cI Id offni400 

(it' tcrtili/cfr, 501 i 3510 k,- ha. \ JILICLI [5I5SS4 Wi 25 1 "ced inplet-. ie 201 in, .10 k Ila iiiaitc 
I SNI))ii 1K, Si iI) Iilihcarl ( I S~I . SO Ill 2.01. FAtL ltnl,_ ill(1 ~nt.'510ad 

IlitiiLiii", 'nic he!V. ccii (5>211) .lHOiil Wthm IM,n cciLihm b)CtsC 511ad I inanLlIkds . ICItnrnl,, 
tin '. i.! r - ikaii~2 i~~ic "IS-2)l;c a sIamiaxadHrsnn 
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~Research Opportunities 

In view of the eiivironmnental, biological and production aspects, a.mungbean development 
y	program has to take into account (he lollowing aspects: cropping in lowlands versus uplands,
 

sole versus mixed cropping, and cropping in'the rainy and dry seasons. Given the large differences
 
between genotypes ,and the various local cultivation mlethods without crop protection, research
 
requiriements for a mungbean commodity program are: 

- variety selection for interCropping and monocropping with tolerance For pests, diseases 
and drought; 

- soil preparation and planting pattern in intercropping withlmaize; and 
-tillage, mulching. planting time and plant population in pure stands after rice. 
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Mungbean Improvement and Production in the Semi
arid Areas of Kenya 
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National Dryland Farming Research Station, Katumani, P.O. Box 340, Machakos, 
Kenya 

Abstract 

Mungbeans (Vigna radiata (L.) Wilczek) are an important pulse in the semiarid areas
of Kenya, where the average rainfall is about 600-800 ram,almost equally distributed
in two rainy seasons. In these areas two crops of mungbean are grown each year and
they are used mainly as a relish with locally-popular cereal dishes. In certain areas.
especially in the Eastern Province, mungbean constitutes the principal cash crop.

Various aspects of production constraints and future strategies to develop drought
resistant, high-yielding, good-quality, disease- and insect pest-resistant lines foi the 
dry areas of Kenya are discussed in this paper.

A large gap exists between yields in the farmers' fields (300-500 kg!ha) aid the 
potential yield of improved types (1,500 kg/ha) which may be attributed to unavailability
of improved seed, poor production technology and susceptibility to insect pests and 
diseases. 

A large number of local and exotic germplasm screened at the National Dryland
Farming Research Station, Katuniani, has resulted in the identification of short-duration,
uniformly-maturing, high-yielding, disease- and insect pest-tolerant lines. Two cultivars,
KVr 22 and KVr 26, have been prereleased and grown in substantial hectarage in Kenya. 

Introduction 

Keta I- Irimariltr 111'rCu eOuLtttl I alurl .Zrd it"eCotronr, dCpendS haCZil\ InaeriuClture. 
,.\ericuluwral pr(duction hA,,bCCI II'rCtNn,,steddi\ 1tid iIthe Sixties anid sCle !iC.prodUCtion
ada 1hole e.xpuidLed eAl (1 l-lotheue:-. ith all annual population growthat ,M o, r -re[t, 
rate 01 o( ci 4'; mcr the NAmic periotd. this rm,r l, er,,.ti rue in aLgrieLrtrdA outpu1t las 
nior kept pace\ iih the hod nccds of thI p1uI)laii:1. Ahe prent populalion loahout 20 million
 
)CoIplC iS epected td ouble 
 ofCth11e)tur\ 

pr .'leittinl leedinI, it', pop rIl',ttinmm s,, otteCehrlio,, 

, the tutu ( trd the counr, i,ritost likl, to)lice 
un the fe\el e,Anand omclfecti\i birthCottr)] Iimeutr, t' inpil tICtd Itolimit Ip)opLt oit m,0\,thl.
 

Since indepetden e in 11)63, the Irtile -,lltmarid ;lcras lh e ee l
' Ct:.ubtCr'el kdto mcreasine 
rpim lattirn prsC,,ure a, populatio n shilts. frot the hijelt-pitential area.dt-,meulttral )pbin il eItt
SI+>C- ' tlI pt)diut..tn tcitno1ll0o iC that oltell do .) ill iencvnot orkhieh-..ieldine. t e..rops tha,+t ,.'an , ., CnsiroI nent)llC]'hedeslopurnt ofI . ,,hot-it-atio .nturel +thin tihe short~t rainm'+pelrimds 
k.ould aid in titdie these aries lf-sfficient IinlfodC ad ll,,htoItI .pmUde a surplu>s lot sale. 

Cil~nut Ielr iiKetis a. espee:ialI\ it ,rin ICLmite,. i,,,ne ,ill\ _raiinpr'eLrceI fOr large
SIZc and. thehrefrC the cLults atthim at,.l Use ot sittfl-eraiiied pulses ha" ItulltCId limited illthe 
past. W ith the devel p lellt ) Iarce-sc ded trietmes. ittUti1bCat is likel\ to gali t p uhi rit,ilt 
hrCal f0od preparatiotns and a1lso0 aS a sulrc. ,ilCa.sh ilteotne itlthe ,etI1i+rrid ,tnes of' Kena. 



Land Resources and Agroclimatic Conditions 

hI iids It,.H.' llt. I 1101( IIIC ,tI 
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tile cool 1IIIIICJill hi U lI I I. "111( lII\ l\ IL.I 5l\ ,l,'II+,.'. /ones, 

S-IIIIIIdt .I
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Production Practices and Constraints 

Practices 
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Table I 	 Crops gr,. vn, 3ross farm income and cash sales for 1984 85 cropping season i-i Kitui 
District, Eastern Province, Kenya 

Kmn gao iocahty 	 KaIrry,1 IochiI 

Crop 	 Farmers A.,ige Average Ot lotui Farmers Averae Aveirar Of loul 
growino p"nduc sales 1ro producior+ Salesor sates rig laihs 

crop (10) (k '.) {USSI crop I ) I i JUSSI: (01 

Beans 154 181 18 8 0 0 00 0 0 
B0,u1h 11lr1(t 100 533 000 0 0 100 .145 14 88 1 3 
Cassa'.I 15 18 
& Iol 88 24 50 100.0 87 28 163 92.9 
Ch3kpca 3 2 
Com'Ioi 1eCanfr 43 10 
C:vr 15 105 6.63 I000 55 62 3.81 984 

-, li, 98 658 0.00 0.0 98 646 6 50 16.1 
v n5 0 

H,,i n bein 45 18 
95 452 1.31 ,7 45 0 0.00 00 

no. 85 518 27 9 86 3 15 434 22 69 837 
P: 58 12 000 00 30 0 0 00 00 
S r h 98 1.17'1 0 6 0 12 i00 144 138 2.1 

rbFio,'.Lr 70 108 6 75 100 0 28 12 0 75 100.0 
5,, ,r c',iui, 5 	 3 

Table 2, Mungbean production in four provinces of Kenya (1977-83). 

mr Co.s! N iu: I Rt mid Centr.l t[,I 

Year ArCI Pr uc t t. ; ' .: ,pr' uci or t' Producpii, Arc,, P'oducuoi 

1977 29 127 8 918 8,7a8 30711 201 .;20) 1.142 343 40.868 12760 
1978 591II 1 7q2 2.288 801 033 3t2 2 334 00 11.59% 3645 
1979 q 4i 1 782 753 264 000 350 2525 754 10.219 3.150 
1980 9 873 2W2 880 308 1.500 525 1.604 .181 13857 4.276 
1981 23.895 7 10 2 140 749 1981 693 844 253 28.860 8,864 
1982 28 083 8 42S I 30 676 1.923 673 1..422 427 33.358 10.201 
1983 31880 -56; 3 210 1.124 2.453 859 1.552 466 39.095 12.013 

< , re, Ir,irr 1 : ) ; , 

I' -Illnl)l. 	 I cjl l II 1 1 ICtIlIC I,I d.i. inted c 1:)t.+Illd bd.iarid l l Ie Lit nlh cIt l. I . PLIillnc 
c (lit-, I ClUdCe 1 tletukc, Il al vilc ile at- jihi , iL' IO -:it i Id l'J, I M,,, lld tIilItinI )r d ) 
01lll.h Ihc U tld ;t],k ;l) [ , hLICI thai1 !lHAI 11 1id : ;1.2 C!ICI'all\ c (It'dd tt l .	 tlld Lt C ot~ 

inad0jdMtc ICC] durilll the ,lr\ '.vi Ii IdlAli: I, dC,_'nilililcd .\ placillng the -cod in th l ro , 

alter phm ill'n-'. 
Nolrmalh. t, i 111 hL' loo in (icincr'ilhl the,2_ccdin12l l'Itii til) Iho riiiliachctco inl 

/lC, id ,lilh,,cinjiarid ', .C(iliin2 Ittc despitc tile,'Clcrdl CulCIliI, thlt \kccd Irihlcini, ar,L', Co 
ocriultr., ho.'s,,c t h yCdtI'lIo lailstgrih ri2c, O,CCdIS Ih.'l0 in-V,Cl ild il 01 \ i, I crop plant". 

RIu,.tnl~dCInt 1 1a I l')., I .Ill) K1lliil I 1 (i)8' CItC tile M,.cclapillphOfIt in dl~tltn12 ith \%cecIiing. 
Lick ii ilpproprittIc tchnliihlii.\ ainld ,iilpCll ition li lihull Illlill te ,it' Iatll operatilns 
a" the Illitl inipol'tallk "et IIsill" late coe.ine in the SCllijirid rlt'.. 

Farnier,, rarcl i,,c,ithc chlicniia t-tti/cro ,1hrc rCidil, -I\ aIlahiC latlil,ri li., n aid IItIlIMIC 
nlld this i, a LIr1)iisil .icl givell the lim inherent lcrtilit n1 luist stil', tie sClialid areas. 
Ruk;indIia ct al. (I )83) and Ktuini 9X5 i dctiirincd that the lack oi inforiiation oil the utilit\ 
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and unavailability of chemical fertilizers are the main reasons for not using chemic ilizer 
inputs whereas Stewart and Fanght (1983) c 'nsidershortage of cash and labor rather than know
how'and desirea~as being-rcsponsible-for the-lowmmanagementlevelforproductlon ffod ?4ps 
in the semiarid areas. 

Mungbeans are usually planted as a mixed crop commonly with maize, sorghum and millet. 
In certain places, occasional pure stands and interropping with other pulses may be found. 
The usual practice involves placing one or two rows of mungbean between ros of cereal or 
placing mungbeans in the same row as the cereal, though not necessarily on the same hill. Interrow 
spacing Of mungbean varies between 50 and 100 cii depending on the type of crop it is planted 
with. 

Spraying against insect pests isquite rare although insect pests are among the most important 
causes of crop damage both inthe field and after harvest instorage. Lack of eqiiipiment, handling,:
know-how, unavailability of crop protection chemicals and shortage of funds have been reported 
-asthe main reasons for not protecting mungbeans inthe field and in store (Rukandema et al. 1983).

Harvesting is done by picking the individual pods as they mature. In instances where a crop 
matures uniformly, the entire plant isharvested and sun dried before threshing. The winnowed 
grains are then put insacks or other containers such as dried gourds or shells and stored. Although
mungbeans are quite susceptible to storage pests (bruchids and vermin) the problem is not serious 
because much of the crop is rapidly marketed. Ash may be used as a temporary storage aid 
against bruchid-damage since farmers hardly treat their seeds with chemicals. However, the 
farmers generally treat their future planting seed with ash and seal the containers,

Mungbean is at present one of the major cash crops in the semiarid zones of Eastern Province, 
Mungbean sales account for 60% and 45% of the total crop sales for Kimangao and Kaivirya 
locations, respectively (Table 1). On the average mungbean sales account for over 52 % of tie 
total crop sales for these localities. Producers sell their mungbeans to either private buyers or 
the National Cereals and Produce Board (N.C.P.B.). N.C.P.B. pays about US$25 per 90 kg
bag, whereas the pride paid by private traders is negotiable and usually higher. 

Constraints 

There exists a very wide gap between the yield with landraces in the farmers' fields (estimated 
at 300-500 kg/ia) and the potential yield of the improved cultivars (more than 1,500 kg/ha) 
at the research stations (Table 3). However, if the farmers use the improved varieties the average
yield can be increased to more than 800 kg/ha. This large difference between the farmers' fields 
and research plots may be attributed to the following factors. 

Table 3. Grain yield of two mungbean varieties grown under different management practices 
in Eastern Province, Kenya. 

Yield' . Research station yieldy 
Variety Farmer On.farm Katumani Kampi ya. ithookwe 

managed trials Mawe 
K- r 22 616.5 945.8 1,141.3 1,233,8 l,0 317.9!; 
KVr 26 823.4 1,250,6 1,545.7 . 1570.0 1,505.9 

Source: Farming Systems Field Report and 1985 Annual Report, Katumani (unpublished). ZMean of seasons. 'Mean 
f:f four seasons, . 

Poornproducton technology. Farmers infrequently attain optimal plant populations of 
mungbean because of inadequate information, intercroppingy system seed dressing, time of
planting, etc. Farmers also grow mixed genotypes whose differential maturation periods may
lead to yield losses in the field due to insects, satItemring or sonetimes damage by lite rain sincethe farmers may not be able to harvest the whole crop at once (Muthoka 1985). 
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Lack of good quality seed. In iKem\a .Irrn1CI Oriiri l\ gii illi\CI l o(rvpCs1 .his. 11 n-haps. (IIle (IoI 1
1
I1 Inla\ ailithdI f%0 111 io %CcLl.kI OrIpreferenrce o1JilaidraCCs, CPCS hccdU.SC01AIlir SLIIpOsedlr hCHIii rIptIII11to11' l & Ildirions. A"s th hull, of* thcI croll I" pwoinptirinlkctcd. tariiicr, %\illOrji~lorkd.!Or, 1,1ccii to [)l[ duile hc foliiir1ic '"Cason. A*I,%ellOrilali/Cd edilllir 1 il ItccnKcnx iii muhL'an and other Ipnlss \\it1liecL\CCptiorof, I'Iil~i'ilii I iiIL',Iljr tanciiLiC. 1,1 "oitctrinlcN arc: ihligeci to ii . CCLi iiiatcriai \%10SC 

1[I.itn itril thICx ku xx \ri 11111 

Insect pests and diseases. hiKcrn i c\ cri msci.t f)mNtS Ca Ci rlidCraihC dairirIC 1 
OI A/ll /ijil %ril jil ~i~ t t~clIi,'! 1 in lLt ixjLIic lL na t rirprirtrin 1 i[ I ct s~i rrnhar cn an d aili dIir Iii N. t1 11 1 ilh .I'l [ic I [/0 1 iportantI ii~c\ pClii of' ml ''Caix i llcii 21111 I- IL!., moiilelid i ncii iil t ictjlw L l,cilii '/,iiICl SoL'NtN1mJ ila i Ct lni5L,i \ l ossesi~iil 

till 1mpc (Ift *iliac ,H(Mllci *i~i cLM01t:l it Cill 1!liC t1i1iC oif 'iri

ih1C ill"[. 
 "Ci IIOH ii, I II'I IILLICcail In KCMl'ir .IC 1ily.dCir iIldLC\x iri fr)\,oianid iinnc1-hCdIi Iixxi)H Ift INI ' NIV ti i~imcdni h\L'(iK I on rio .oji). P~mderx lrii! [cx,ain he NCIVIOU it IrI llc It1oW I III I ~Irori IICI -,ic I-I )CCCHIIIK, Iar I10HIN IAIC l1c1 aIl, L 

it [tic ciool ltoiiV ii A J I 

Mungbean Improvement Work in Kenya 

TheL1ii1.iir2Clr 11IIii~Iil\LIlilIit -1111 Ai ILL till .thicNtionalIDilalLd Iariiv Rcsealch
Saio i5'I)IFI<. RKtiIIi,111ii1. N.\ILlaki\ ii IlL, 1i.iL 'cxcic, xxii (lic folliix tic ihiccs: (I) 

LIL\ clirfirl~ilt i'i~iN L pe \iriIi tI ii \Kili1 Andi~ Nnroll imit "iiL li ttl (\Lii)
.il~ liiLIS i t ArictIic IAtLTllxxiii ii iiilxtl'IC O iLic;t IN lol ta-nl 

Tiiii ic ii~iiNH liii liii iittit 1~ ICtr oill . iii1i LtdI Ll h). I lic iscaixi laiiiil.Ci~ii 

("Cntcr fAVRiD . 
['iliii hi 'ILCI1112 '11 ill,' Hci l i'iii~nI-C~iti! Ill tiC Ji( itli tjiilo it NL. ra i,ii l kSpioiiiiii ,ii Ink:'. I"'1 %\hlk pixit I)II \ N [)ctIii tIii r n Hii iltiO ICI ii TheseL t\i.ii. KVI- 2 andMN 2hi hoc\ L iL ~ icrlcsIiii INII im ci N Ii tilNiliiiiliHI iJl aind hL-II JiliClit CialiiiuI'iit:cs
 

arc d L TIIC L
li)il 

KVr22 

It is a ,inzdci pilaiin Ccmilmi fromi a hulk ciIcIcd riomlit a \CtiiLtlent sclicnk: in iKilii Ditrictof C,(i ax Pruxincc. It i,, dLccrtiniiitc Ii n rixxi hahit. tlii0.cs Ii 55-00 davs after plicniu anLmratrcs x i iiiu I n~i,~80 -90LIAx i 2itCr iiiatiiir-[Ihc Indartc plantl 411-501 LiI tall %\ith a IcI:gredccii l Mtiixili ssascvphccn
lcax c ate hu~ht green arid MrtIMIaC iqlnadrilu intkari pciialiiatc Sariants 

.l J 

hic r"tccn hcniditified)l . IhiC pods arc Njar,,Cir pnLhCsCCnt. xtraxx CLiiiILLxxhn iriatnre .111. ciurtaili11 101-12 coiden 
\ c rIo. i LiiIIi-Ni/Cdi Nc(LiN It" iiICdii \Ci 11 1 . 20( k,- i a
[K~i 22 thrix es iiix l-ici Natidi ioatn and~ ncrtiiril hest ictx Cell sea lc\ el and 1.6000

In abuix ec lcxcC1 Hi-ixcxci hCCaInC O Iti, Iclali, C laIrCSs. its pcrlornincc Iii th dr\mrerareas iKrclatix dr ilor anid it k. thcrctiir', hcst snid ito area" hoxi'my rain spread ovecr a longer
period, 
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Since its prercleise to laIrmers in 1983, KVi 22 has shwv hi,-h field resistance to IYM V 

Mnd moderate resistancec t pi\xder, Iliidek". It s, h. ,,el, susceptihe to tht ips, and il)iOn weevil 

damage. This varilet\ ll , ldge badl\ hcans'e o1' il., weak Steinl ail height especiall. during 

lavorahle seasons. 

KVr 26 

It is atSinel2 plant S,,Ale.il from a local collction mide fronlMerw Disrict in Eatstern 

ProvicC. It is dLCICrIninate ill L'rIv,,h habit. tlowers in' 40-45 d-\s aMter planting and tmtures 

Ilatively svnchlroIoIsl\ inl I-05 ter tnetience. TsThe matuir2 iatllt varies ill height hetm cen 
15 ITndI(1 cill. i ithoncLhinldi 	 duaIl piat nta\ iattal it height of tip to 50 cIidepending on the 

Thee reen 
oCaliied r-ilees. hl a\ills HillosUcce. colistIl 1 sh'rt pediLIes. learig in s.e'ilge 14 

. llaila e Of I) bold. shimn 

fiiicroeiviron ntICIl. s,tern is, i"ailiil C,.lindthiCal in sha.lpe hut nayr, sometimes hae\c 

pods cnta..inThel eptIhes,'enl: 11t p)L lltlt teld ito drop Mheat tlit\ 
,eectiol in IQt). this x'arielteeCCn spherical sCC.i, It' ntan sield is 1.51)I kg 11. Since it, 

h1as consistet 0tl\ Iuteldeid all the )thertnIL'1gbell \ialriies thai has,1 Kens an~le 	been tested t1inder 
-aUl'e isketsMeCn sea levelconditions. K\r 260 1,iitcd t)s clI-drainCd ,,and\ ioatts. Its altitude 

ldl I .00( Ill abose ',Ca k, ci. lte %itlet\ [rldu,..es, a le. ltioCtsse and pod 'ettitlg is poor at 

hihli altitude talo,tJ e I.5th ) in) Iloeci . t its carliness,, and IltH both it the0cause ield, 

aid tlhe fa, iel' s" fields [lehic 3). it ha', pl') c"i \t l\ suck.Cc'Iti[ ill the llorereseclh sttinll 


arid/ones of o.s .iNachitalss. Fiiil iand ciri l)isric't, aild 11M) as a seold c,_ro0p ite tL'e.
o 	 l 
./a i,\ K\I 20\\ia , distrihltcd foiincc,,. s iI Cotimimercialsol'utill alld rice ill \esterllarid N 
fI l92 S3 and time eactiill (t tie aImCI, has beenl \el\cultiatlion dumriiue the shrt raiid 

coCuaI'tigL . 'Ih\ Apr~e,'iatCd its high .ic. earlimess aid tile li;m],cram sie IBakhtri et il. 

983. Shaktr CI al l)N3. 

New promising breeding lines 

The mUnIle'beal ilntmiiCtlset pro.ratill has recenlh identified several promising lines from 

hoth local and e\otic cr-iplitsmt. Ihese liues are it the advanced of testin,, and theirsta.e 

characteristic, arciven in 1 ,.bi, 4. 

New%,ernitplasin ha rceentl\ arrivCd frt1 the Philippines. Itdia and Pakisltan. The material 

is beine eviluatCd 101' sariosl Character" of ecolmloi. imiportance. p;nticularh' for resistance 

to disclses and insect pests he AVRID( lines shois rig resistariCC to puss dcr\ tllildew are heing 

their ad(Laptahilit\ l oClitionls.evaluated fo' 	 under oC l 

Table 4. Nev. promising mungbean lines identified by the NDFRS, mungbean improvement 

program. 

Line Origin Characteristics 

KVr 007 
KVr 099 

Local 
Local 

High yielder 
Large seeded, good yield, resistant to MYMV. early 

maturing 
KVr 
KVr 

I I 
14 

AVRDC 
AVRDC 

(VC 2307Ai 
iVC 2750A) 

Resistant to powdery mildew 
Highiy resistant to powdery mildew, desirable plant 

type 
KVr 143 AVRDC (VC 1131 B Resistant to MYMV (to be confirmed) 

Hybridization and induced mutation breeding program 

The mutation breeding prograitm k',is initiated in 1985. Seeds of some of the most pronmising 

lines have been treated using gamnna rays throgi tite courtesy of tite InternationalBreeding 
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Atontic Envr)., Ageyncy I.\EA, Vienna. A-ustria. l ai i hiv,ldhn ,.'cntti ' at i,lilit, ,ithinthe iungharn gcrnplasin at NI):R;S. Katunani a.id it)inp rto\c fihlocally \C!l-adapted lines.
FLlitne's, disC sC and i ,ct rc,i,,taini,_,
arc chf riaor .ihj 'ti\,.c.

l'itli,hridiiatioi prtiiii ,inb at tran,f,.rr- deira hic characc r,tic, of thc.'introdu,:tios1
andior other gertnplas n int')the Icalll -addptCd. agronicall,,supr line,. 

Outcrossing 

Munhcan is a sclf-pillinlatd ci p and t c\hiits a hih degree ,icleisteartv. Hoevewr.
CttinlLiM, ilanii,ofKVr 20 and KVr 22 ,,idc A01,1i1ariti, in a ,,ed MultipicatioM fieldat Kihoko hsi lcd 10 tile,ntaIt ccnIl.Sit that i ccrtHin anmunt o1 olitCroSi H2. aided andproollioed h, insect 1t.i, ni',0IIICtilIcs take place. I)ariiieo t!I-, raills of I "54 X, sicllit\ , I s rit
,,inicl
plait sclcc.tlulls Vcc niad In pLirc stands of KVr 22 onltilebasis of their bein llorpho
wtal dc il i iattol. r111tic paiieit %,ifltics. lc ouen,ti1i seed from thlosc rccolllhi ilt 

plants sIo' .trikinwel ,liftcI lh',tratcrti,, rCh.rdlirnu ;,o color. Scd c,.'lot. :, .i1tritvandsced .i I. lrlithc u hsCr %lrd it tfie t%,. ,arictics. llissusp :ctcd ici,_ncclo lt,'outcrssillt,and 
its c\tcrit Is hcin .u,,cttcd 

Conclusions 

.\un,'lcan hi
ln a oicrant andtole ,hirt-duratimo crop. has hcen rcadil\ adopted inttlic croppinll of sc',ncItIN l iarc t,1 KenI. It is cr'm.i othoaisa suh,sistcnrce and cash crop bh t laiiclllIr,,and thlc I,an i 'IClasHirL'dC iiand in tic local. a-%\ellas c\port. market.Mir prdcLtio COtrantl Lfa lic Ii(It.ICCC,, to ilipi),,cd .'!ooL qnilitt Nccd andUIrl railit ito ,et pcsrs i:Id di,,a,,c h>ci control in tic field tL;+,,ich,hliuicIal application
sten',llc
is hcs onld thC Mean" of Itrllcrs a.1thc scial'i /tics. This neccssitatcs dchcopHllnt

of caurl -nlatrim2. bh-\ icldijic laigreccdcd \arit.' ,iiiiin'.d \iti'cenetic rcsi stancc acilist
niapir inccr pest 
aid discascs. Furthcr rcscare. \\irk is icedednedprepriatcto dc clip itridtctitt

technl li i. and nltctcralcd pcst OVt11 iTcasllCN.
o 
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Hyo-Guen Park' and Eun-Hee Hong2 
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Suwon, Rep. of Korea 2 Division of Upland Crops, Crop Experiment Station, Rural 
Development Administration, Suwon, Rep. of Korea 

Abstract 
Mungbean is the third most important legume in Korea after soybean and adzukibean that has been grown by small farmers throughout the country. The total mungbean

area is about 8,000 ha, of which 630 is concentrated in the southern part of Korea,namely Chon-nam and Cheju. Annual domestic mungbean production is only 7,000 twith an average yield of 900 kg/ha. Recently mungbean has been imported (from 1,000
to 2,000 t per year) from mainly Thailand and the Middle East. Major constraints ofmungbean cultivation in Korea are limited consumption, unimproved cultivars (low andunstable yield), high cost of production mainly due to laborious multiple pickings and
less intensive farming. Major utilization of mungbean in Korea is for sprouts, mungbeanpancake, mungbean jelly and porridge. Scientific research on mungbean is fairly limitedin Korea. Only government research organizations such as the Crop Experiment Station
inl the Rural Development Administration and its Chon-nam Provincial Office hasconducted experiments on mungbean emphasizing improvement of cultivation andtesting of introduced breeding lines for adaptation. Two AVRDC lines, namely V 3476and VC 1973 Sel. A were intensively tested throughout Korea and released as newcultivars in 1980 and 1982, respectively. These lines have generally performed we~i 
in the southern region. 

Introduction 
l~he RITbl I, (,t K,,irc, , icat,.eJd h..'tv, ,,n tiud,,, 33 N and 3 N. lr1. Ce~ntn, lhisIbil a dllln nnn ', and tXinIp te, t;I L hann t,,crapln lJ,+I, 'AIili)C i tll" tinct ,so' n,,. nulnlilr 

(lid-.lnn1 I0 ean,+athtlSttCIIbC I I INh . ilm) d ,1( 3i0 C mean inm,, niuItmillIMCrtth.
Ahlhk, %.illlh.lI \ u'I ldt % im1 a,mt ill I m ii1l t temnml (if 5 t -7 ( ill ,ltLrl'\..' \nnual 

F,reciptnt 1 1 ii.,2L, I.,i ')(i10 I .30() 111111.tl 'A iJicI lltu,' ltl 7()1'; ltll,, u,,iie~+er. 'I'hettA] atrl C lanld Is,2.14 illinm a nd the lt ,'td 11'e: i, 2. o)Mi11lion ha \rkith a plinindc\ (1 1 1)';2..-\ inl n the total ptkoplkl;(nio (1140m.5i millio,. l'larlnIllers reprcse.nt S.. n5illim1 2io' ).The inmaorit tt) K)reai 1,rn r,,IS haC ',. '' I",,,n llI larnnn. land 0f i. I ha per honsehold. Rice
is the staple k ,ldan.d is 2r0%. n (n abtl t 5)' t th tota;li ;taleC laid. 

Status of Mungbean in Korea 
Production, Utilization and Economics 
Production. \I1unbuean has heen Lrunn in K orea l r itll centuries. It is the third most
important leennie in Ktwa alter o' be'an and ad,uki ean. Recent chances in area plantCd tothe three mllaJotir le,.tnC , arC sbt M' 11inl Tble I. SoVbeall Ihas bCen the m Istimportant leCguli

1rnan1 . tars bnmtits acrce s iemi icantl. dc'rca sine. The acrcagc of the sCeCnmd mntSt 
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ilporallnt IC'ulllc. ad/lki I:1' akiit huL Ic ..- 0thou11h1ll1n2hC1an'canI. dccrcascd tIr 'icltlicatllk 
haIs bcen a lear less iitipiirtalnt [C.tLiiic in Kirca. its acraeIC1C II&, NliIhtly ncr'cacd rc.cllCtl\ D)ctailcki 
chaneI!C,, it niunca ciC.. ,,W )liOductisinand iii,rt al C ,hio" 11 IniITablc 2. 

Table I Legume productioln in Korea, 1975-86. 

Soybean Adzijkj bean Mungbean Others 

Year Area 
('000 ha 

Production 
'300 

Area Produc 
'000 ha I i 000 

ion 
(i 

Area 
j'000 ha) 

Pi oducUon 
t'000 ti 

Area 
1'000 ha) 

Production 
'00 1) 

1975 274 
1980 189 
1985 156 

1986 133 

311 
21o 
234 

199 

32 
32 
24 

27 

27 
29 
24 

31 

5 
7 
6 

8 

3 
6 
6 

7 

13 
16 
10 

14 

8 
15 
II 

15 

Source A grcu Ittcur, C oopr at t. I ' P7 

Table 2. Hectarage, yield, production and import of mungbean. and its local market price in Korea. 
1986
 

Area planted Yield Production Import Market price
YrIha It hat ii) it USS kg 

1966-70 average 9,682 u 50 4.887 
1971-75 average 6,778 0 56 3.816 

976-80 average 6,510 0 22 5.359 - 1 16 
1981 7 775 082 6,410 1,000 301 
1982 7,935 090 7.164 - 1 33 
1983 6,431 0 93 5,951 500 1.37 
1984 5.515 0 93 5,145 1.000 1.80 
1985 6,155 091 5.L'" 2,000 1.79 
1986 7,815 0 89 6.973 1.000 1.82 

Source M A F F 1986 

11n1986 Iun'',can v, a, plant,cd oil 7.815 ha this' rcprccnl, a 31'; incrci, .ii 1,.tlaledwith 
1184, Althir.h it i icld h.i aiiio\+,t diulhlcd dUrini the last t,, ii decades trotm 511) kK2ha in 
1966 to about 9001 . hai in the 1980s). it', currnt \ ild is t i, too Jimv, to he a profiltablle and 
conmpctitivc ni.lp Korca. ()tthe total gilO Ia I Q80. 14.9001 %\.asin acrcacc 7.8 15 in 04'; halt 
Conccntratcd ill (hn1 -1la1i Ild ('hcju Pi'0%inIcc In the sirt0tiern part ' IKorci hem cecn 33 and 
35" N latitudei[ Tablc 31. Nluic-laan \ lihi \ aricd Icafl, bcItv, ccll p.rohuctiion arca'.'\%ith onh 

Pr1o. 1t in 'T'hcrc clear-cut530 ku ha'.iill ('hcil 1 11CC 1.1801 k.e lia K'. tik Pro. incc. i,, n 

cxplan;ahtion lor thils ralleC. 
Sincc 1981 tilie Koieani \ criicilt h1 alhiwcd lniulnbcn. bc itohe ii the Ioca: liarestli ptmortcd 

during thehcprc\ iti,, %car '.\ as 1ar1bclii'. tile lical Icitmiand. Mlun.thcan i iimportcd primarilk fromn 
ihailand and the .\iddle Last. Korcan siprot io'.cr5 prcl'cr small sccd ,,e about 40h I .000 

sceds ' ht11M ronl 0i0 l1 11iun clt[an\It I ,.lull ,csd Ilutcr. It is cStiinatcd Koirca itnlIrt , I (1)( I 2.(0() 
a.nntall' (pcrs0icnal c0 tsli elatiioni x,ith I),. 1-i011g,. 

Environmental aspects. Lit.ir, nmcit I conditions Otf titl i11nbcait Lovinl sC,i and 
atea in Korea arc shtii.n in iahlc 4. MLuncb.cal ca) he 2rx'\ In tillrtLichiutlt thce ReLhilic of Korca 

CXcCpt in arCas '.\lith aitldC, o\ cr 311 Ill. I)a\ length durin, thc nnhcan-iux\. in sc.lson 
in Korca is from ! I to 14 Ii. Prccipitation duriii t nnuniibc1ntcrtin cai is ahout 7(10 to 
1.)0111m. The a%craoc incan tcnpcraturc tatcs 1to0 21- to 23 C. Thc "oil t.\pc is m'ore 
Or lcss saillath,x\ith lairl\ 2iidt drainaC anllid.1i little acidic in niOt mnb.can clwilt-areas. 
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Table 3. Mungbean production by provinces i Korea, 1986. 

Area planted Yield Production
 
Province . . . ..
Area (ha) Percen It hal Amount Percent
 

Kyong-gi 570 7.3 1 10 627 0
 
Kang-won 83 I I 0.90 75 1 1
 
Chung-buk 257 33 I 12 281 
 4 I
 
Chung-narn 1.023 13.1 0 92 941 13 5
 
Chon-buk 376 ' 8 0 92 346 5 0
 
Chon-nam 3.043 38 9 I 05 3,195 45.8
 
Kyong-buk 77 I 0 I 18 91 1.3
 
Kyong-narn 453 5.8 0.84 381 5 5
 
Cheju 1,925 246 0 53 1 020 14.6
 
Others 8 0 1 I II 9 0 1
 
Total 7.815 0 89100 0 6.973 100 0 

Source M A F F 1986 

Table 4. Environmental conditions during rnngbean-growing season and area n Korea, 1986. 

Environmental condition Ranpe 
Altitude Below 300 m
 
Latitude 
 33 38 N
 
Day length
 
Southern CheIui 
 II 09- 14 27 h
 
Northern (Suwoni II 05- 14 -15 h
 

Average temperature during growing season 20 8 - 23 2 C
 
Average rainfall dIIiinrg ,rowing season 665 - 986 mm
 
Soilacidity ipH) 4 5-8.5
 

Source M A F F I98t 

Management aspects. In Korca iaitcrs plant uruhean Onita 5'c".tl al,cal.Niuneheai,, 
are cointtitl\ planted the t te middle 11 11lat1 atre,, he.re.1trim1 tuddle Of Jh1n1 il.1I\ d 
eithcr haries . ch,1at c ctd. Soitlltte itlthean i' pltled te1iir tiibaccii has% I st hen ll\ 
or Io icek, hloh ire picked. Fau.r 1)1, til hillstf.ohacco ls;\e,, a,lsoplant In1Itleal 1i111+ll1L 

if] siotbaheld,, since ]its shirt ItLtt\ cI catc np ssith the earlier-planted ,,ii\ bl. \nnheat
 
is har\sted (rim Late AeUcs 1o) the middle I l I)htober.
 

\ puier tiller i, cittnlnl nsed for land preparatiiin. lItLbeai hield, ate thiriin., l.\ pliised
and lrrl i ed. A plait pi ptilati In d n 3.1 )platt,, ith a ,.paJit t cmL11 .eltt,,i\ 1f 31)1 hs illlii (.' hct 
rosw, andI 10 t-,.ll ,n hill,. And Isso plant,, per hill is a recitititicidd practice., it Korea. 
The rec iinended ,.rtilli/,t1,n , Iitul 2) to 4(0 k,- 410 i) P-4), it)N. h0l ke 'Ind 41) I k, K_0 
per liectatc as a .asal dressl'in . Illti latittll is practi,-ed in Ktorea. The cuitlitil practicenu()t

IOr ,\eed contr0 is itettilagce and hillitn111le6.rb.cid, 'arc rarl., apMlplied inrtinbeat, tisnall\ 
trteol--I01 I, 1,nn1cessii, sinIC theC IInnIehL;II-2F0isls "ing lartgeR serlalps 5 ili the tniinlsottseuit i 

piCtiod. 
The lltjir diseas+,s ate 1.L. .il spiit. piisdcr and ttiiieh;It i ttle %jntlse'Otci1iira tnildcs 

and the illi.jot ittlCt pCss are lilliaeal p d loucr il:hi unul/u and tit tII.;ll hruchid 
I C(Illo.sob/'llit'-Ilo ('hin I). Korat. Ilaricis appl\ l iticals tii cutirol thCC di.,etses and pests. 

NIUllhea.ln s.,lars ,steds tsMo 11tui1ntr Irdpickin,. 1 his lahbor-intenis Cplratice is,hCotllll 
In,,r, l nl u i e , i\ Iarmn la or is scarce Ili i ast.I r, as 'cetIill rural arit Itslu.t!e iarci Ns hole 

plants are cut h sickle. Threshin,; is done h\ batin2 sun-dried piids ssitta attuunhoo stick. The 
har\tOled and threshed heais are stoLed ilt jars, iir p.,ths lene ha. . i:eanUts are used to 
control storage pests ,u,.h It,, hasbruchidS the if larlc-scalc ttoac.it Oase 

Cultivar aspects. ( ompared s%ith the Isredit2 progr1rai llu1Other .tlJr,.'ttc1roSuch 'Is rice 
or sovbean. the hrudine prOUratti for itm. .eanit Korca has ltccn \Cers small itt scale hut 

http:NIUllhea.ln
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Itttiflehafl breekiers III the (Ctli 1i1\11eltllelt, Siiml Eti( 1 it h Rurl Ioeloptet 

Ittitt1 [Ile ASMIlr \'eeeahie R! .Hal dil11 I )L'e 0II CCiilllC (A\\RI )() - C l tteslC(ene Ftwill the lt 
Noverai illledk .\\'I C l(iilies ll\i~ Cbee C\ .lluawte a sl.tI CC'ltCkI at htedltI(IIIPlll~re\H SLlMnIt. 

ada I ;\\Ii I)( IlUtCC~IlII2lile \\el I i'k iJ %l " III 1 973lCl'i.1kSC aIlll- I, . VC) 
r C etl (A ID i ~ j x ite-1tl i C 'I Lk ~ l \ I Ill l\11 8 ( Ill b l e \ i h r l i \ 1 k ,d J IN Hllll'tlk ll l l t CO lH li t e k La 

kIIll'Ili I tINC.l1111Cil l ilL ICE Li, I 1. i 10 I i Sl Iiii I 1) 1-i~eI \i C1 Ii s1111* l iti1tet~ ttklI 

lit~ ~ T bI k1011 Reco01li.Ittill All Nc)iii1:b a vaieie in*lKiltt 986 I[c 
Vat 

I ,ii 

i icif, 
wilKor 

l i 

nianli 

I!(,l 
~ni 

lit I 'ti): 

l:,;< l t Xh %'LII 

I i)OO~cecd 
A\Cl l I\ dI'l,) (1 C 

n 
1ILii5 

theirm 

SeoCNhwCoc VU!\kIdd11IIC7 I 2~1 98 I i; 0i 55al Who1ill fle 1cournyy 

Sour1 HICIThe dal ti. Il~~ lIl I Ill ' I~ 'llI' !C :1 :!1 IC .lji '<HIMcI sri11SCCIdisel . 

yedTrale 0 loctons iile Koirea. ea vaite in80re,826 

Lin YieldK haYlel index Chc venuse 

Suwna V 300t I040 3 12 8 Gyof'gI.Crn 

Cheogju .03 I 4 GexcgietaCej5.390I 

Jinan Th jl ~a ro j I 0t: .015 St1 I 73 Baniasa .It) (ieR~ 

1Tevrgeyed404T ae e l-elae 1 (,10 &-~gL C127 ,t f-(1aL~Qyel -g r 
yourcd itrga t 10 lc tin983K r-i 1 8 -2 

Ectono i as e tsi eldli ig h i lYdhall lit cci rs C he v.Iit UsedtlCI~ll 

(ICli v th 393lt. ar ar1htiir123 kiii 24ti 5tiotlliFhCli 

the 'Cilio tr 737 ia .5t nScit 1112. 1itti ute1c ul1 priee attht eeia 

http:Gyof'gI.Cr
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Table 7. Agronomic characteristics of three mungbean cultivars recommended in Korea, 1986.' 

Cultivar AVRDC No Plant ht 
IcmI) 

Days to 
st harvest 

I000-seed 
wt 

Luster 

Seonhwa-nogdu 
Bangasa 
Gyeonggi-jaerae 5 

VC 1973A 
V 3476 
Local 

73 
83 
80 

69 
79 
70 

55 
46 
39 

Shiny 
Shiny 
Dull 

Source The data , rc pro ,*e1L¥ CES 1987 ,Unpu ,lredi Plated diir, rig iwd-JUine in Stwon 

Table 8. Disease and lodging score for the three mnungbean cultivars recommended in Korea.' 

Cultivar ;,VRDC No lungbean Cercospora Powderyiniottie vIRus leaf spot mildew Lodging 
Sconhwa-nogdui VC 1973A 2 3 I 4
Bangasa V 3476 4 4 I 2 
Gyeonggi-laerae 5 Local cultiv-ir 3 5 5 4 

Source Hong et al 1983 Drsease ard iod.,i s.0,rited on a I to 5 sca!e Nrth the lower value denoting stronger 
resr st anrce 

Table 9. Farmers' income from mungbean culivation compared with other conipetitive upland 
crops in Korea. 1984. 

Crops Net income iiLISS ha): Comparative index (c 
Mungbean 1,040 100 
Soybean 790 
 77
 
Adzuki bean 710 
 68
 
Pototoes 
 1,720 
 166
 
Sesame 2.300 230
 
Hot pepper 5,210 503
 

Source Tie data vre pro¢ ded bv CES 1987 niuprubLshecd'Foreign exchange rate in 1984 US$ 1 00 = Won 827.4. 

explained ht ,,a ci rCbqtlencC ioid, \shich use tI(IItlheIltll JS an ini2rCdiellt are also Ver1"V
expensive. bor eiatnpl aC,piIcIIt LmunIcan pancake costs alout US.Ss2.5O. The marketing
channels for tnugthcan arc not wkell studicd since itsinarketiL volume is neuliihle. To enhance 
its o)I'ttLtIir. the National AIcUIAl (Fiirati\ e ederation puarantecs the tl)rc1ll.lasing price 
\,.hich \\a,, tS.2.s5 ke in I9X6. front fartier,,. 

Utilization of mungbean in Korea. Hluse\is s l [eemlpre.fer large-seeded and clean
himikine hcan,. The ittu.zheari is co-istMCd illKorea mainh as sprouls. lIltng hean pancake.
munghlean jCll. pMrridIC 10rMnd gruI). Ko'eans prefer 5- to 7-day-old sprims with few rool 
hairs. The ineredients for preparing rrtunghcanl;pancake are 1round mlungbcan (5cups I. orotind
rice I12 etipl finlh-liced pork (30)1,-I.hiilCd tunehCar sprout (151 gl. sliced Chinese cahha e 
kimcthi (200 lard IIcupI) and \arim n seasi inns .MUl.hucar Clk is made h\ solidifvin, 
the waler-soluhlC contn, of murilehan. Its malmr composition is 4.5'; protein. 24.6(.,
carhohvdrates and 71 dIY Mat1r..Nlunehean pTrridce is kniowI in Korea isthe hest coilsalescent 
food for those \ho are serilmusi ill. 

Research and Development 

Munghean rescarch in Korea is\er\ limited. Only the CES and RI)A sChon-nam Provincial 
Office condunC some research. Their hreeding program has already heen explained above. 

http:US.Ss2.5O
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Constraints that Remain to be Tackled 

I cill Kor~ 

Inil'v l hil u kept it ot ol* [lie daikI diiiiicr tihc. It i. c"citial 
N111ILN1 11;11,dfb)IIC J \ C['\ I)1CIOUt1~l Korii I~cai' %\01.i1dlikc COl\LIIIIC fllOIC 

iut, k\iwckcnnc-Iiicc li~i 

~'itanal\ cv thce cisci ill tich lcdsll(pieh li h ldm ie napt 
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Status of Mungbean and Varietal Improvement in 
Nepal 
M.P. Bharati and R.K Neupane

Grain Legume Improvement Programme, Division of Agronomy, 
 Department of
Agriculture, G.P.O. Box 404, Kathmandu, Nepal 

Abstract 

Mungbean is generally gr)wn in Nepal as a catch or filler crop just after the harvestof wheat and prior to the traisplanting of the rice crop in the rice-wheat-mungbeancropping systen. Mungbean is a preferred grain legume commodity by consumers inNepal. The recommended cultivar. Pusa Baisakhi. has a nonuniform maturity and issusceptible to Cercospora leaf spot. a major disease occurring on mlungbean in Nepal.Production constraints include environmental, genetic. agronomic and seed availability.Various varietal trials were conducted from 1983 to 1985 under two environments. warn subtropical (Tarai) and cool subtropical (Mid Hill) to identify cultivars with uniformmaturity, disease resistance and high yield under the different agroclimatic conditionsof Nepal. The two environments differed mainly in temperature regime. Testing revealedthe superior performance of cultivars M 333. Oklahoma 12. and V 1968 compared tothe local check. Pusa Baisakhi. The perfornance of all cultivars was better in the Taraithan in the Mid Hill location. Cultivar IPBM-7922-62 showed some promise at Ilhumaltar(Mid Hill) among the 11 entries tested in the Mungbean Varietal Trial (IRRI Set) duringthe summer of 1984. AVRDC cultivars VC 2523A. VC 2750A. VC 2719A and VC 3061A were pronising anong the test entries included in the 12th and the 13th International
Mungbean Nursery (IMN) conducted at both locations. Significant genotype x
environment interaction was found in the Co-ordinated Varietal Trial conducted during

1983.
 

Introduction 
.\h,nytlu~, , ii,, ii i]!,r ,e'rii lcu ii nl u~~il i\ ,tcu l n. u d t iLuin(. [1hw Nutnal (hrain 
%1. 1121)Ill tt,-1 +H ll d 't;JI ".A1l,11 ]I -1,1 CI l~I\dq , III N IItt ll,._ I IL,, 12h J'11,.~ l ll. ,'HC\ M I ' ,.I) Gll, l~lhLeti ['-, "-,h' kL 11i1ipi I.I 1[I iII \q* " l ' - \ cit IIt I lI t II.C pri I i )It-t l l II.'l l) llti-)e tlIand 

0Im ,, ~ ,, ill): ,_r cluIt 
)II ,l 

it
-,r,.l ,,rt.- 1 1 k~l ~ . t1 h Cl l CC m ttA i ca t _ li ht,+,Ilc ,, it Ih liIf , l.',I l t I,'t,%h,', pt 1t l .\c.. iit l in iic IIIi'i ,.' tiel 1hI ilI u ILI.Mll l. III IC ct ,it.Il 'I' It.-' I t e;ll'"l 111k]Il thl r I Cd t' Il , ,._",~ll] 'L' ',.tC Ml ([1 [ +.'!till 1-1)(41.1h q lll . r.'' ;.ll'.'ile
 

Mlt' t..',dI-111& 
 1 1 ll tll l )kl 1,tlIt,(t l I l I' tllI ", [t"ill11 ,t hI 1 + l ' I 11 C~ \ Il 1clt..'' Cl,' )i'(+ n 11t
d. it 1 11 I CU", It. II,, ,nt 111Ihl . l (- : lif I *' .-' II li I i IIw t I i.U ICr ,C () )112 1 

Production, Utilization and Economics 

A i lturu ili Nepal omipri., , thi .c /IMIn,: (I) the pliln, CIIniin, the' 'l",tadi ltld InnerTFlaiiuIcleattln W (Ihl .())Ill). 12) \allc, and Mid Hill 1)(0112.0Il)l )and (3) tle Hihli Hill and 



MNIuntai. (OV.r 2.(0 Ill). The a\cratc annial precip'itatittln i, 1.0(1)nln Vith 8(" ,occurring 
dUrih Ith. lll10ilSO IoI (.Iul\ tio S I)tinelibrH. h IutIai e' tlI i 11 10ut I.1)0) nu lit lit)e than 5.1))() 
111111 ttii h,,':ititl udl ttptn .rph\ iei IlI~is l .i"iiC'n iC.lea'C NS 1rt01i \\ t's It0 east.depeudit l ad 
The soils are also highlv \ arhle ha\inC derieN Miiiul\ IF ttun t punt n1'aterials ti"the 
Flnala\ aUl Uiia',iL*, (R ci'-I+ and tlihair tti 198)5 ) 

NLighehia t,..'Iupi., the least ill aiIa tilt.Oth maor :.in legunle,, Crto\\ ni11 Nepal. but. the 
,Olicial Statistic' ol arC. 'ncl p t h.1clttIi ill thII i'op ire usi\ ailahe. I lt, ,\ er. lllti'll'ici estim ites 

rat.i c ftr;n ,i , )00h0l i t I i()I0 ha. 

N iIUl .l-'ll Is litlliil\ ..tII LiICtlI as A tlh ick N,', t i tt LL t n t ot ,'iiliei \\ little lte inas or
 

,pili hCan :.llal ' Ild iLCt Md e ull e 1itli tN 1 i\tW 0it1r.
Iii0 fhtur ,ilttii ith \a he', N1t._z1.ehIll 
hoIur 1,1,IiIit , 0IIi i . I il'1. iLr'CiH li i tn[I,ike. 121 ito o,.it-,L' ihiie kIHlI ,i ai thin and 
rip l;Cacl. Licep tIId Ol rt ted ic i'liiirtllaarri l Lt al. ulid V P. S li Ct tl. in th ,L's 

ItrtteCC~dihis). ald (., untN.\luzt anlILl uOoo ati,,,tiI lIules.. \\hlittle una111111nall 
seed is a l it mll I'i ,.Nttli ilttifI" iliH\etI \\ it!)ii ha i tal tLso Ike heaL L tlhilier CI-uill leiiiiieS 
tt:tplii,. either t,, a thicek N ipi tfried \ ce,_, le. 

Inforti onitl till tliltc ec'..tml ~IliL" itll 1 p |I t.'IOtICll i-, Hill+ I\ aila.LIC . FI0\\o:C',et.ILI1 '..')Call I la.tIlllcl-s 

are rccci\ itle t relatix\el hiuh return l ili this L p. ,in it L..'ttii lalNli iihller priCe et'ii1ael'Cd 
\ ,11 tltler it.rdini le lnr ,,. 

Cropping Pattern and Production Practices 

(ulti\ atih ,I iiunrie,.aii is "niteiahl.\ ,L.trIlitecl ini the irieateLl areas Of "Iial-i aind Inner 

"ii as a t CI oiLillei Litt, *ULxtaftcr the i heat har et anl prior to rice planting in the rice
. heat IILui heI ci,,tpri pattln. It I, alNo g it\ luiin Noll extC lt ilI the ice-rice-ii lliiieh .lli 

crtppi ig pattern. 
N uiIheii x,.d U,. I Ir'tlcat tierl ,txi treo(Illith ph\ ioig Itlht,. ed planking. 

l.iht irrigation Is p,\i ed atiler ti. en,'lilu1L e ()II(hihe ,liercxerurL' pitoper er'tlp 
p t i i U tI i nt itliu,+l. , :tpphd Lit the tti t : 4 (. ke hai l N:P:K.1m kFertililer 

t! ratitin second piekinz,. the plait i,, lo 
tinder int sttie placex as a ;wen i:.nanie lie p~tdi. are dried ini the stirI. aind tihe sepaated .l'atillS 

are cleaned and either ,tildCOr stll in the ,cal mairket. The prtoduce I, iarketed either is 
whoi .grail Or Split iul,,C. 

1"espeetix, el\. it te eie ,O, l prep Altter the lirst () e ed 

Research and Development 

Nlunghtin , h \,ax initiated hn Ii:u .i, I973 andl the actixities, \xx IIniitCd 1t0\ar'tal aind stle 
lgrtllot litt i' pr'ic 'C IIIIpIttxelICIit. Iife.illliil.r\ ,,tUdieS ii the ldaplatittl ()I llILIIIuehe lti LtIix ar.x 

iex ealed better adltation ill Tarai thai inIlth Mid Hill regitstiioI Nepal (Bhar.ta I978). FExtCnsioi 
of eulti atioillat hiellrelCex,\atiOlus lo)\cr 2.(()11 t'i"a,aUiue.eess11, imost likel, due 1t loxver 
tetilperaILirC CefC,.-, at higher eCleaians. 

[tuns IB,:sikti. an earlx -nlaturil ( I)( Lax x 'LltI\ar LIex ehtpe hlilt Indian .\grieuture 
RIenarchi Ili-iitute. +,a, recOttiinelelItl 10i- eI:rl ,Lu.tl\ alit :Iillrigatl areas 01 larai dtning 
11)75. The pt1t)Ularlt\ 0I IlltllullhCar has IiLl, ecL triiein; .2ntIO!islhN ,, I, c%idelt tIttil the increased 
demaitd for t111nihen LL.Cd, ['lI, Hadtkli kx ltt+'litlg it pt',I larit\ auttie tairlCe S becnuse 0t' 
its need ior several pickiiigs and NlIU e~lihiit, to CCrLtsptt leatpttt dlieea.Farle+S arc diectl\ 
oh-tainihg ttnln India Ccd,, tf oiter ciilix ar' like PS 16 and ,,tor inc thetit. Varictal iinptretneit 
w\tork oil inuirrcan na heeJn Cinlitled \k ith IMaor Clilphas onII the ILei+titiCatit) tt hih-.\ ieldigi,. 
Uniftrir-ittillr ! And disendsCe-rCesitani Ltllkixar , adaplteL W toie cttl subtropical environment 
of the Mid Hill and tILe arn ,uhl'tropiCal en ilr tillelit tol ]arlal. 

The poteiitial ttit inunchean iN exieteti ill irricatCd tillitits ax, acatch Crttp alndor 
itltererttp: the tite tot plantinl i aeritaCl l 1'tor iil ,Lieh r1'ttppilns laelll-rnx. hCCaiSe ofthe linited 
turnarhu1d peri1d, Ill it prenlmnniarr SiuLd\ on planliII dat., ies arehit.ir ftund that xpritig-planted 
mu1.ngbean .ieleL higher than the AUillnlr-planted cit p (hlarati 1978). In another ,tud\ On 
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ciin i l mii "O,h'ir: Pi s ii m til- h, fs" l ,,! .FJitll Iii iI t,..'til iii,,t x, 


lld st:utio,.tSchlol duct,.I i , I hl iiii . xiutlltcklillMI ';i ill i ASgli lttIl .IiCA[+ i1 
,.I..! llkxtn
Ill ;I "r tI\ t l e I +'[ IIl' 0l1 + I ,III I1 l Inllik].-II]/ ( t ,IpI!( ,I lk I~L +U',I~,+ W,'(,' 1 l
 

i i lhI1iC" ItlI - l, . thIrij t I b cIo(i ;tlIlia 1.. tIl nltiI nlutili, Ip ih lliiel i/ i' \%, li h \tII 'rcIa\l+I ,+lt il I Il I'.!.I !1,:t"_,1 , Il.t': .t It,, ' 1t IkIku-,' .' lll ; I\ I,+t.II.c.tll', I ',l\ ih tt~ t.'
 

illt .r l ',i I liil 11:n l,L I ('rxtlcl . u d' i 954I. 

Major Cultivation Constraints 

Environm ental. IrI,i ,,, dt,,+Illt -,,ur (t it'h .Illq n llillui n .. tli.. \-IdlIrJili. (t Ill Ii \ ti\ll 
ar , (r't 10lh lh I lIll I L.n .HkldM\,i t h, illALre'.I I tll, If1illhlltillthukIli\%ltik,k,, l,,hIn thw hl._lllti, IIlhc llhIt;(uit l : I'n+ lt\+tIlk..t\,[t", IsIIi te( to+ 
I ith )%%I,I,( ],ttI I,+i~ . !.lkt Id ' h,IitIC.,;truc I, AIlkl tionhui < ' . I h I ! l t \ ,'t ,,'\0IChCt,IIii mIId \ III itIIIIIl 

hll tl,,l,,!,,Y,.\Hl(tq' MUIL' ,'\ +'' Ill 
 111c 'I 1,il ,1I Sill "+U -tq L'\.'C".,C..' , l'.ill tll,' i,,nIlhkl 11h0 islUI'e
 

fill k'ill..' 111k, 1 T 11,1
p klntr,_Ill 1l 

Genetic. -\,ill h -tll..t . .\%(Ulitl11d t,1 l.+,;U ICA*',pttM'.l t.. .2.h , .'L IV+.l,.uld +I't'(" 


,,'ttlr,;f,':,[ \ 11,.hW HH , l IIIltm c\t 'til HIM 1 .i~ , k l tttl 1', !:hl I]L(( I I u !.('IItl .. I'', l ' -I~l
 

Agronom ic. lh I,h . +. . 1lli., ,,K~t ' till.:.,! , ,A::!0,11, u +rllu~~t~ +,,i. 
aI 
l 'H~ tI (Ili.' !' tll li at' Ilk ]U I I L I I I, tiltI;'LIJ2 1,,.~~tdi 'd2ltll 

f10ppIi~il ' 2 liI ' ch iIP It Illtl 11,II ie tl, lIll 11n11hiel1[ n -. l'"xic N till t 1cs , IILII 'in 1jtjin,u litilt,.. (Ol' ll t \' ii(112'I null [ ' Iii ( tillI) Mt Il nt~tI\ ,,!, irnC e l\11to l tIlt.ellts,: 

S eed production and distib ti o m n.t y:lv,,anI+,tqul.rit.\nillt:hi; ur,, ha,Id ld to,itcr,. ning 
:oIs.,,k[ tHO11, ,I ;t iI H lIlt l I~ ltll,ltl 

Oll llltll112,t.::ll-Ct+.tl OW,..\+21],u lt'r Input-I, ' 

t.'Lt.|ll,.I 1 Hi 11 (1\k(11', L'r+, 1llhil t.ll ~i il'ihtltill 
, 
Itht(Iu-'hl ('lq pl['liollI.\W(). th tile11 . ilon1 lH' a;llll 


IinN epal~ lIC,_',,1ilI'll 11 1211ru , AIlu+k,rAl](.IAIIttlt.O;l',L'C'.I,1 IVlILICdu
11,rrk., -,t ,LtlhnI1,1] k 1 il211, k 
+)ll~ ~ l in At",.''lll t I CI ll ,:01 hill ltUIRIt~ II,t(Jk.h'.Ill hi !,It ' ',I, . PtI i~~t,'IH IM1h1l ,Cc I ll 

LN,.ICHl ,.'tVt u_criu m -, irll IW WI,OllrIt)L11h CO\I(I:UIIn, 111l ,C 1 ',ccl.,,r , t ,+ink)I['ix , A t LI 
N2,.a,h_',,,11'"lt1 l](Illt th le._ k11 

Recent Varietal Improvement Activities 

h Vh+,irll.ln, tiIIkt HlII1\lhtt ~Indh~i'u:iII IntIkti l l'[l",0t+ltud\;l\ (t,'i NltiU"k,-l %%l II -',
 

en' t llnis nltlitl%'inli d luntrp lw. = l d ,idlH ill. h \aIlldt]ul'. th u l 1111111II lt an :+.,t)lhtr0+iuall 
ir-o 1l, i', i V p.'l+,i \iL,' I t,..'rn .NItLn~luheU NtIll"ell.% llllnt of li t l nt e.: l ]hit"I,C I_,..',tnl,.'u Iti, 1uI r' 

Oi'\IN ) ,e,,+ P)uI,74 -5Il l+m.. \,Im l u:,',.'.l Tc,,(inl," .,nice 198$2-83.VI,( ,and.. \ triet;.l ,ts,+ 
Pr~ kMg gl,,+Mn[C ', ktld 11 lt..'.lut., ill National ('o-orudill.:tcd V:arieta+lsn J) m:.,C~c;lm tI'1112 ,-,1',e .uIIIT,MV 

TIrials. 
RCS11hI, (It' U',olklin',lt.'d\a'i t ] 11, ,.'tllndlltk.,.l ri , IN 3 atmd 1984.Xtl ,_'huu++LMI Il 

the 1984 N11.n,1,huatl \ :1ri1'tt] . thet_IMildI ,PRI.",.tPt~d 12th anrd H ill I.NIN (I'tlil ..VRD) are_ 
p+resndl d+ here_.
 

http:Vh+,irll.ln


Mater;als ar-' 11dethods 
+
1112 1C~l,2111 I i ] ,.1 ' OfI I." Vllri,', v,.A 1. ( -0'l+.hl41ud \',.tIiCIJl1 ,C.' t L it a 0 1LIdLvlCdCI + it 

(Alc INIhI,..':thns. r1d T iri,KhItII ltr lill lutJI,' the , inuiicr i11)"8. 11 in 
L lc h Lk til LI]l a',. ill\t l,. I h 


K ]IttIitLIIlII ! iJ. I cI ., I I,,i I tI I k . I I i I al'Irt. i
 

I+n llJ/cd ,N oc>t tih C.c )i ,i ,i MIli,.,l d at 
(I rIL, i'M tI 2 I I , Iti it a. ,o 

,III trial"r. II I19S-3 OIL: tli'ti.. !kill 'l .. .if an1111 d ,11IH) ti uartk ,plIant,, 0+ !).t~k, r.ro N~a' Khl ui . 

TheCC I I,.' c iiitKhI.Itiai\\iltuC) I - j I1W\ an,.d' h11nt,LIC,, it it 2J ltud.' 1 a!illl Clc';iltql IIt!.-;N" )Il ~ i,".luatc,ItC(+'-t" itild.-. 1 1 LI C, 11|1]t1',. iaituLLI t 35 h 

allt I WtJ, 1 w li, "ilIII2' ) III({]I ,'Ih , ,ll ttCtX, rllo1111111.111.i l lllid t l ICIIII)C r,ttLll'S 

0 1*th ,. t,, . IOI )\C,,.,_; 11\C ,,i,, HlItl F r'Lh,.IT I I;).Httd III \,+'L% '-. III 

i- !,]I/LIN \\ cI .ppli i 1 2()kL' N - 2 ,(-I .l2() K K ) ii it tli , ,1112 ,(tif 

+ ',
tx..CI :I ill,' PIM III1', I'h-h
(+l-ltl 
 P A"\ l \ J 1)10[ lkd Jtll h2 t\ .l I)IIlid 11 (ItHh,l M tIJ1111CLd 

Ifl I1 1i II L I 1)IlCC 

440f , 40
400 1.! ",? + --. ,
320 . . . . A, 

E__ .0.'20L r 

80 'Mg n tenr -" : 
'
 r onpur ,,-" i o'"nipur) '' 

-- 40 
" 160- ..,-- MnMtenp ths 

4, Khumo tor' / .. 

80l catv ronfai ( nurn tr..". 

Ce-.-'e.,ill .'-- ",i( 1(111rnfo1 pu [i) ''..MPorwon) 

Months 

-MeanFigure I. monthly rainfall mint and mnnimum and maximum temperature (C) at 
Khumalar and Parwanipur 

Results and Discussion 

\\'c.tlcr data ini.-t.,dCthat the t\,\,cnxit, nlcnt, Iuiril, Lifii'rcdi v.i rc:,,fct tu, 
telnllcr;.ture [Fi,,.1I. The latitudltai LifirccCo. \t, mtinittal andi the rainiali tpattern/ tl the 
Iocatnills \\,as sitnlilr. 

l)ata mriinthe It)X3N..khe,-jit (it-ir,.lirnatc \arLtai lrial I \1'VT I rL',cal ,,i.nifieatt 
,, uhti,,artLlifftrcrn.:L, i trail \,icIL;thbt hllatjiI I lable Iiit,, ft,,_irltI~melait. C\.LI. ',itll 

yieid. hi\,,..\,.mr ,.'uhi\,ar prtiLec d til'he '.,ei,.l.the. ',at,.e h\v e.t at Pam\\,,arilpur, anti culitivam" 



Counitr, Repiirt: Nepal 619 

Table a. Performance of mungbean cuhivars at Khumaltar and Parwanipur {MCVT 1983). 
Cultivar . Gran vid t hi) Diys coflotsefr Days Iommun , 

Khm alur Px-'wnIpur tNext Khunmlar Pin Nnumlfit rlmipurMen P¢ltxIr;..rpsr Irlun 
usa Baiisakh 0 327 0480 C 0403 S 45 48 88 81 84
Oklahomi 12 0312 I I 343 082 49 c, 43 46 88 82 85 

M 333 0285 A I W7 1 0 % 4" CA 44 46 8198 89
V 1968 0 263ho 0837 0"0 4 
 41 44 8181 81
VC 1482C 0 202 ab 0720 a U0 586 46 52 90 84 87
VC 2523A 01IB k 0 853 v 0. 57 45 51 89 83 86VC 1628C 0064 013 0488 57 42 49 87 83 85
Udlori: 1 0 062 : 700 w, 0381 58. 44 51 8387 85VC 1-17B 0.053 0 T.0 t. 04% 4 cd 40 44 87 82 84 
A 7 0851 08I 043 47&M 41 44 79 80
VC 1562A 0 0-10 1)83 0351 55 b +1 45 87 83 

79 
85PS 16 0033 0 P 2450 47 43 45 8387 85 

V 34176 0018 0 Q''0ti 0 35; 58 ) 46 52 85 84 84
rlen 0 143 0880 05t 52 44 48 85 82 84 
F .. s )i :is
 
LSD j0 05) 0 130 0 342 30
 
: .t"C 15'. '.'I . * .'. I , .r 5 'Ci MCVT 

N! 333 reclrdldIll.l highil', \ iIhd l "\\a, at paril t ( )Il hlallhtl 12..A\. 'ra cda.ro,,i.:atit CIlti\ aits NI 333, ( )klatiina 12 ald \ 168IV " erC tie three hine,,t \ ielder. Ilhe \ ild 
lc\el all tile cnlti\ul-, .as hicher at Pairwanlpur than at KhurIIdt;ar. \+hich vai, probabil, dueh)i l\' tr ti allt telllcInTr tlnr atbihtl tttam than at a t t ri tilt lli\C and rcprdutti\ e 

gltlm th ',taLc'S. I Illl ll t ( 19781 sll itjltld I ',iiil ar 10 tCInIj rti p 
inzllll"tlbeall. 

SiznitilcanI difitltcrlte , se,,'e hei tile nl ii ,.It to50',' l mocri ,atKihunialtar 

dlt'r IlIC.t Ol tIhI+.'loftlr;ItMle 

I,,,r,,d ber l\', 

tl,. w.ith a ratt.e,ii4' it5S Its iw8ht
4li4t ,,. it li l, li oluanl, ath h l eamtuill. Signilficant

diltcren',es+, .tc• 1he 1)d, 

seedS poll it Par,. ',uipur [abl Ib1u1tb)r.\ igher 1 I lftpint sudCL,p(d \\', 


ee bcr\cd (lor n111(br if plant and sCd,,I potd it ,Ihitulaiatr. aind 
i pull, an , recoIrded 

Lnlltull the cuitiis r,prxln ct'i hiih r C iI, inililql, a posibl.. pi,iti.,. rclatiii btv,ecn 
, Mldit htis trail,. 5t11h posit ,I Llitii lltli S,hl\ 01 thceI \ i lll.,tt 2thtt l I icl, 

1 

Data Inmi the 


ai,(, repI r tceld 'VIIClAl. 19SX5 
I9,S4 NI(V I ,hioscdlhat Altisr ( 2523.\ ptoduced the highest yiel ot
 

0.59I t at ptIa which vo,'a iII M 333 and V'( I(uN(('lalc 21. Il rccittlcIItdlCl ,llti\,rl
Pusa BkaisLkht \ icIicd T(0.307 t hlj. I, V tIhan \(-- ewr .2523..\. I he datau ItLtther ilnlicated that
 
the hi\her ,,ield, ,crC asoc.ated 55 ilhthIleIC-IC l
.er.at)t ube Netd'r, d.l 

Results froltu tile Nltiebtci Varietal lct IIRRI Set) Ilto, eClithat Clltiar IPINII 79-22-62 
producl the hihet .Oild "i -)l1 1 ha Tbl, A W!hll.1.IlTe IAPBNI 7-22-02 "was si.nilfecuntIidilferent frot all the tCt etttric, and qjj, cldcd tihe ]jaI.:.ck Iv 77'. 'lthere ,ere ,iut t
diltertteeS (tet the tullber l ipxidplant and ,Cod-IOd atid >.L eharatl"s kerc assieiated 
v.ith Mh r ertseail ild. 

)atlatrtht the 12th ININ ,,h I.,lithat culti, ar \'( 2523..\ ,ase till tict t ,cicil Lit kItli altr 
an w\as at par \kith VC 275(.kN. V("2-19A:\ and c\. Iua lHaiakhi (Tablc 4). [here \,ere Sicnili icant
differences inthe tntttbcr of pa),dsplant andll01(1-,,Ced 5,eihitt t uILutiar,. Hitihet , iel 
wIS assciaIted ith 1tt01C pulls Iplant ailld secLIs poll. 

Dta fram the 13th IMN ITable 5) Sho\t.cd that Culi,iar:SVC 3(16 A. 2523A.- and VC 1973A 
sere better than others atPars, allipur. Cuhitvr NC 2771A shov,ed field toleritnce to W IItral 
pustule. Cect-SpIr lCal tand selh,.Is, 1tusaiL- virus. CUitias tVC 1482C.spot ItIILItnL'C VC

2764A. VC 276413 altd VC 2750)A sht-.eld tiderince to Cercospora leaf splt and mnttgbeain 
velhI. tloSaic virus diseaSes. 

http:selh,.Is
http:Sho\t.cd
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Table lb. Performance of mungbean cultivars at Khumaltar and Parwanipur (MCVT 1983). 

Cultivar Plant hicght ((fil No of pods pasrit No of seeds/pod 

Khuraltar Parwarnpur Khunraltar Panoupur Meari Khnuraltar MeanNean Parvanipur 

Pusa Baisaki 42 a 40 b 1 9 a 13 1 II 7bc 8 7 
Oklahoima 35 bc 35 bc 35 8 ab 16 I) 12 8 abe 9 8 
1 1 333 39 Ab 39 bc 39 7 abe 13 ab 10 8 abc I0 9 
V 1968 29c 33 c 31 8 ab 19 a 13 9 ab 8 9 
VC 1482C 28 c 38 bc 33 4 d 16 A 10 6 c 9 7 
VC 2523A 28 C .I b 34 4 d 19 1 i1 6 c 7 6 
VC 1628C 42 1 35 bc 38 S c l0b 7 8 abc 10 9 
Uthong 1 37 ab 53 1 45 5 C 14 b 9 / bc 10 8 
VC 1647B '25 35bc 30 C l b 8 8 abc 10 9 
PS 7 23 c 40 b 31 5c 12ab 8 8 abe 8 8 
VC 1562A 23 c 40 b 31 5c 16ab 10 6 c 9 7 
PS 16 29 c 50 1 39 9 a 16 ab 12 10a 9 9 
V 3476 27( 36bc 31 3d 16:b 9 7 bc 9 8 
Mean 31 40 35 9 Is 12 7 9 8 

LSD (0.05) 62 61 2.1 7 26 --

D tiflow ed by thc .irur ,ucirrw,, j . ', ' n i 011. s.ifican 051.2ts:rtc,,,tt, 1,i ,, . P< 
nii 1:01 cl r51 b11 1 

Table 2. Performance of mungbean cult1vars at Khumaltar (MCVT summer 1984). 

Grain yield Plant hei ht Pods plant Seeds pod I000-seed 
ItaI (crr I no I lno wt (g) 

VC 1523A 0591 a 69 1 7 8 12.7 a 37 
M 333 0 468 ab 66.8 10 7 124 a 25 
VC 1628C 0432 ab 61,0 6 4 8.9 c 23 
Oklahoma 12 0.391 bc 67 6 72 11.4 ab 27 
VC 1482C 0 373 bc 47.2 70 9.2 bc 32 
PS 7 0.329 bc 51.2 10.6 0.8 abc 17 
V 3476 0.328 bc 56.2 7.2 7.9 d 34
 
V 1968 0.311 bc 53.8 80 10.5 abc 24
 
Pusa Baisakhi 0.307 bc 61.5 9 8 9.5 bc 29 
PS 16 0.232 c 47.1 8.5 9.1 c -
VC 1562A 0.216 c 58.9 6.6 8.9 c 34 
Mean 0.362 58.1 8 1 10.1 27 
F ns ns ns 
LSD (0.05) 0.179 .. 2.3 

different iP ""
Data followed by the same letterare not significantly 051 highlysignificant, significant, 
ns = not significant MCVT = MUngbean Co-ordinated Varietal Trial 

Conclusion 
Since munehean is, a sho0rt-duration crop and a preferred commodity hy the Nepalese 

consumers, it has a very good pirtential tor cncrge as a major grain leutme crop in irrigated 
areas of Nepal. In addition to avallahilit\ of hieh-\ iehline disease-resistant cullivars with good 
agronomic characteristics, a sppl. srfseeds of itprmCd cultivars will enable the expansion 
of mung!bean area and production in Nepal. Lim ited varietal improvement ,ork showed that 
cultivars NI 333. Oklahoma 12 and V 1968 were better than the recommended cv. Pusa Baisakhi 
with respect to yield and adaptabilitv . However. performance of tlese varieties was not consistent 
over time. Theref,rc. vield tahil itv will be a primary focus io the future varietal improvement 
activities. 
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Table 3. Cultivars performance in 1984 Mungbean Varietal Test (IRRI Set), Khumaltar.
 
CUltivars Grain yield Plant height Pods plant Seeds pod
 

(tha) (cm) (no.) (no.) 

IPBM 79-22-62 0.411 a 75.0 8.4 a 9.8 abcd 
CES 2G-4 0,205 b 62.0 5.7 c 10.9 a
 
IPBM 79-22 117 0.176 b 72 6 5.5 c 9.4 bcd
 
M 350 0133 cd 69 9 8.0 ab 10.8 a
 
CES D-21 0 133 cd 652 8.0 ab 94 bed
 
IPBM 79.9-82 
 0 110 de 576 6.0 bcd 7 2 e
 
Local check 0.094 ef 61.4 5.9 bcd 10 2 abc
 
IPBM 79-13-60 0,093 ef 733 6.4 abcd 9.6 bcd
 
IPBM 79-9-49 
 0087 ef 61.1 52 d 8.8 d
 
CES-2F-I 0 076 fg 535 7.4 abc 10.5 ab
 
IPBM 79-17-29 0 047 g 89 8 5.7 cd 9.2 cd
 
Mean 0 142 667 6.6 95 
F is. 
LSD (05) 30 -- 2.0 1.14 

Dat.i followed by the same letter ire not signific. ntly dffe-ent iP-,05) " ighly significant (P ! 01). significant 
(P- 05i, ns = not significant 

Table 4. Performance of mungbean cultivars in I 2th IMN trial, summer 1984, Khumaltar. 

Cultivars Grain yield Pcds plant Seeds pod 1000-seed 
it hai (no. I (no.1 wt (g) 

VC 2523A 0.419 a 80 b 12.0 40 
VC 2750A 0 405 ab 7.7 bc 9.7 41 
VC 2719A 0 390 abc II 3 a 9.3 41 
Pusa Baisakhi 0.388 abcd 7.0 cd 10.3 28 
VC 2768A 0,368 abcde 5,7 def 9.0 39 
VC 1973A 0 315 abcdef 9.7 ab 9.7 44 
VC 2307A 0.269 bcdefg 5.7 def 9.3 43 
VC 1000C 0 269 bcdefg 6.3 cde 8.3 44 
VC 2778A 0.246 cdefgh 6.7 cd 11.0 44 
VC 1628A 0.239 defgh 4 0 fg 9.0 59 
VC 2755A 0.238 efgh 4.3 efg 9.7 47 
VC 2778B 0.237 efgh 4.3 efg 9.7 46 
V 2010 0.232 efgh 6.3 cde 10.7 35 
V 3476 0 231 efgh 6.0 cdef 8.7 45 
V 2764A 0 223 efgh 3.0 g 9.0 35 
V 2984 0.221 efgh 7.3 cd 10.3 39 
V 2272 0.175 fghi 6.0 cdef 9.0 28 
VC 1482E 0.166 ghi 5.0 efg 9.3 32 
V 3726 0 130 ghi 6.0 cdef 9,0 43 
VC 1562A 0.103 hi 5.0 efg 8.7 36 
V 6017 0.062 i 4.0 fg 8.7 28 
Mean 0 253 5.9 9.1 38 
F ns ns 
LSD (0.05) 0.150 2.3 - -

Data followed by the same letter are not significantly different (P< .05). = highly significant (P<.01), ns = not 
significant. 
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Table 5. Performance of rnungbean cultivars in 13th IMN, Summer 1985. Parwanipur. 

Griin yield Day, to Plsot heiht Seeds'pod 1000.seed Diseas -, 
(t/hi) flower rnaturity (cm) (ro) weight g BP, CLS MYMV 

VC 3061A 054 39 64 56 9 40 3 3 I 
VC 2523A 0165 39 65 68 II 40 3 3 2 
VC !973A 0156 38 64 62 Ii 60 4 2 4 
VC 27648 0 115 42 73 73 8 40 3 I I 
VC 2768A 0 104 42 64 64 7 40 2 I I 
VC 2010 0 102 43 64 76 8 50 5 3 1 
V 3476 0092 39 13 72 10 20 3 3 2
 
V 1628A 0 090 44 73 66 10 40 3 2 2 
VC 2711A 0 083 13 73 78 II 40 I I I 
VC 1182C 0079 43 73 75 10 40 2 1I 
V 3726 077 34 6.1 49 10 50 5 5 3 
VC 2764A 0 071 42 73 72 8 .40 3 I 1 
2768B 0 067 38 73 64 10 .10 3 2 5 

VC 27551 0 065 39 73 79 8 50 5 4 5 
V 5017 0058 45 63 80 9 30 2 I I 
VC 2754A 0 054 44 73 80 9 40 3 2 2 
V 2272 0052 38 73 81 10 20 I I 4 
VC 2778A 0 044 40 73 65 10 40 3 2 2 
V 298-; 0040 38 64 70 8 30 5 5 5 
VC 2750A 0 027 .42 73 72 9 30 2 I 1 
r-lev 0 086 ,17 69 70 9 39 3 22 2.2 
:IIndcjtes the 1'" , t" , s,',Li5 n t s 'BP CLS:i c - bacteril pustu~e, Ccrcospor, ealspot, MYMV 
'llun Yci . os:.c ,r,'e ism 
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Disease Resistance Sources and Utilization in 
Breeding Improved Mungbean in Pakistan 
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Centre, Post Office National Institute of Health, Islamabad, Pakistan 

Abstract 

In Pakista 1 mungbean Vigna radiata (L.) Wilcck) is an important summer season 
crop and in 1986 was grown onl 115.000 ha which produced about 58.000 t. The national 
average yield is only 450 kg/ha. Several factors are responsible for the low mungbean
yield; diseases play an important role in yield reduction. A number of diseases have 
been recorded attacking mungbean in Pakistan. Mungbean yellow mosaic virus (MYMV),
Cercospora leaf spot (CLS), U)acterial blight and charcoal rot are of economic importance.
About 2,500 rnungbean germplasmi accessions (from AVRDC & local origin) have been 
screened for disease resistance. Complete genetic resistance against MYMV and CLS
had not been identified. After intensive screening for three years, 11 mungbean lines 
resistant to MYMV and 12 to CLS have been identified. Six lines E-321. NCM-69, NCM-68,

NCM-87, NCM-5 and NCM-7 are resistant to MYMV, as well as CLS. A breeding program

has recently begun in order to develop disease-resistant mungbean cultivars, especially

against MYMV and CLS. The work is in progress.
 

Introduction 

NILi 2hall I',',1, rnh/ia/l, II-)Vilc..NU,k 'i c 0I the iilnortuinti su nlr Ictiinic, in Rlakitan.It waIS CltIiviltd (111115.000)( hd \' hidh jr,+dtIClI 0III\ ,thmt+l 8 00{ ))t: ;III ;i,, -c,. ICU 01d ltf'abh 

450 k haI(Aon, IS-.O. 
THe n.!lnn cllnli.;l , IildrIilc. ,. ll)II nnl\ , -\ Ill,_ic rili1ICI. ill llil w,tSi'l ICi(ltciS1Asian couniric,+,. itlultdiw.., P~lki,i .l. h ,.,. ",, I)OtMntidl. TheC I)lJnt,c \W111d ptdLk .'C C\CC,,,,i\,C 

VC iatiVC I.MIllh under t'A.or(l;thc cinditiomn,,. cpccilill. d Ig ,. 1C,,,, hichin thel Iscli,0'un
p nro. id c a+ s uJ,,ht~; c miic'r o c hilil alt+,h ' l the d c \ e 11h p IIilc Ilt m il d ,[ i d till d i+- l s,,+'s ' ,, 

A. il\l [hi \ ,I h ii" i%dliii\ [ l ctii r ic- lL ii0 h4 iII 1tii.',2 :1i \ i'IihL r (il.he 
IItO( iIs ptirtnt. M un hcall i, In .'tcd h\ j IIiiihct uil pathI cn,, v, Ich [0ilCIn..12 a2c1ia. 
\'rtlSC' . Mnd C.1l,1Iit!L C and ,c\cII'. (I Illlanm each grouip oII .lIti\ mllltrtd.lcc t ,i.cht, 
pathLtcnN d cICIMIdthe a d, the h0ain. ,iMI i. ,I Ji ,ACLII ,C I. Cillpclawn-c. ll i tv tdit\or 
cult ivati Il ( (tfl I C.I'l III. L II ;II MI OfI lhc II ni tII d '.Clc,aL caI,,Cl h\ IL .i . It)II0\%cd
by \ irnl ., lIC\l i IllI ,tlIl 'illrhact,.iii. Icil t iia IYM1i/ . InI a'i 'aan the C'!,iat,.l iiln 
beairn lsc, t dI i ,c,, ail 1r)1if lto hdit 2 , I.li Ia,2). il reach l (l ;' itli soill 
dJkSca Cs Llnt l CCitUaln ,tolldiliom x (Q)lic"li ct di I )Si 

Diseases Occurring on Mungbean 

A list ot'diLc' ,,occurrin (ln il iin bhein in I'akistan are gitvien in "l'all I . 'he di,eases. 
in olrdICr of ,co, noll Cii.iiI ollrirlCe..l IIIIIIL'Il I JC \ IRlV, (, I'MV\I. CC!-coim rak,1211M '' 
Iloe'Spot (I-S). charcOal nt. hJctViY hliI ht taI1 raclul,c anId Ical crinklIe %irtu (I.CV). PI'll.der 
nlildc,. Ch alancphora p ,. l tI aind tl l-nItiipod r it irc of nIli io" iInliitd'tllCC. 
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Table I.Diseases occurring on mungbean in Pakistan. 

Disease Causal orgaisrn 

Fungal Diseases 

Cercospora leaf spot Cercospora conescens Ellis & Martin 
Web blight Rhizoctonia solGi Kuhn
 
Anthracnose Colletotrchum indenuthionum (Sai & Magn ) Bri & Cav.
 
Powdery mildew Erysiphe polygon D C
 
Charcoal rot Macrophorninaphaseohno Tassi) Goid
 
FusariunM pod rot Fusartujn sp
 
Choanephora pod rot ChoGnephorc cucurbitorui iBerk & Ravj Thaxter
 

Bacterial Diseases 

Bacterial blight XonthomtOns phaseoh iS1i1th) Dow
 
Halo blight Pseudonionas phaseohcoX- Van Hall
 

Viral Diseases 

Mungbear yellow mosaic virus Mungbean yellow niosiac virus iMYMV)
 
Leaf crinkle Leaf crinkle virus (LCVi
 

Nematodes 

Root-knot Meloidogyne incogfna IKofoid & White) Clitwood 

Mungbean Germplasm Screening for Disease Resistance 

lection Ill III t tllThe ol ;,IndilICT Ii'L'iCeiiiplis d its 0\a.lllliiin lor econotically important 
traits is extreinel \ ui'ii toiin\ crop hiccolinu,pri-iirain. The Pakistan Aiericultural Research 
Council IPARO' iniliatied a (i'iirdnIilc(] ResArch iroeraiinliie il Pulies hiliprmeient in Ju,' 
19() \\ilh 1ptithIhriterntlnal ID)\ clipneCni RCesCaic'h I [)l)OR(' of Canada.diinor 1 (ifit:i ('enrc 
A large 1ttiber iil itinebeaiJlines s crIc AiCinbledIiuI diflfrent lut-ceS Ilocal and e\oticl 
and the ;lutiiillo liitiLIlcji lnclnctic sticks %\ass Iartd at (he NationalOtl.cel thcse 

A\griculltiral Rl~ecuch . Islainahaud iunldCr )(ii1 .cunie(,'entre NAR( it I lses1Cl ltinprii'itllent 
P Lranni. The pri,_,icss iliadc i ionbe.iiiMi £.'Crlilpldli ,0crn-ll ir disf-as resistance has 
been documented nini191. 

In I98X2 abhilt .(1 liluean ecirniflasin I cr i lrii. AVI)( ald iical solrcCS) were 
eV\alualCd durne slllll))Cl ,C,o11 NARC. rIMthe n etoldpotenImIl. ;idaptabilit\ and diSea.SC 
response to C..a,nd M YMV iicr 'ield conditions iAtion. IQX5). lasorable iaher cliditions 
aided the diseac dCCliipinCl,,. The irlu3nianc I 31 selected line, is sotwil inl Table 2. 

ilt143 ., oD[urin_, 11)X3 a total iiin1be.wan -'erniPlailil line, recivCd rli AVRI)C ere screened 
under natural infection. Fiacli test clit\ iis n1s1in i siler rius plot4 iii lenelth \itlhinter
and intrraro\\ saine .t(1cii and Il Ciii. rspIcli\ el\. )bsel'valtiioll ItheCLisCase wercrecorded 
ilsilllhh ll1.1%\ilt I 5 :atin ten:d ' 

1 Resistant (R). No lesions i\l ploiis iiible: 
2 - Moderately Resistant (MR). A f\cIttcrled lesions (lmptlinislseen alter carefull 

seactlinue: 
3 = Tolerant Reaction (TR). lesioi siohliilsl cu11itoil\ iibservecl, bU onv inone 

01i M\\o patches ina plo'; 
4 = Moderately Susceptible (NS). Lesionis lssniploiis v.r, coimlon and defOliation: 

and 
5 = Highly susceptible (HS). L1eion1 minsl \ery severe. extetnsive and deflhiation 

inl datauine lormn. 

http:diSea.SC
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'creened IMr
OuLt of 943 lilnes r, ariOL1.r, rrar(. Ilt.lrlb ofnl'lfiliues %.lI'CrlcrI|,rs Ir(I\ r'e'tiStillt 
to bacterial eCA t .711rrrtlInn 'bCn ]Cli\\ l1 ;rik' 'ti , 'al clinkle \irliS. .lllth na'osc aid 
ClrCosprrra ]eat -,I (Tahle . 

Durain, tile IL)X4 k/hmin ,camin , .32 inrtm he i Ines \tcrc si..rened 101 ai' . drL.II CS 
uinder field crri-flihr,. ()I* thie 2(1) le. v, erc knhrn to I ierdrcnotls and 1 126 limes \erc 
troln A.\VR)C. Screenin red out intil repCaCdCLI +v, cm+w Iield..-\ hoal ch.ck (001) . AtiC Icy' 

Tab!e 2. Performance of 31 selected mlrligbean lines screened at NARC, Islamabad, 1981-82. 

Accession no. Source Reason for selection Maturity (days) 

V 2273 AVRDC Tolerant to CLS & MYMV 63
 
V 3476 AVRDC Thirant to CLS & MYMV 68
 
V 5991 AVRDC Toler ant to MYMV 68
 
V 3180 AVRDC Tolerant to Mr MV 68
 
VC 1163 AVRDC Tolerant to MY MV 63
 
VC 1268 AVRDC Tolerant to I1YMV 67
 
VC 1209 AVRDC 1ler0ant to MYMV 62
 
VC 1482 AVRDC Toerint to MYMV 65
 
V 1972 AVRDC Toicrant to MYMV 66
 
V 2274 AVRDC TPhr.int to M YMV 65
 
V 9197 <ML-65p AVRDC r o CLS 67
 
M-90-38 Local I o L int to M1YM'iV 63
 
M 19-19 Local Tlreran to MYMV 63
 
M-9-37 Local ToitratV to MYMV 64
 
M-94-75 Local oierant to M I'MV 66
 
M-65-63 Local Tolerit to MYMV 65
 
71-17 Local Tourir to MyMV 65
 
Pak- 17 Local Tolerart to "YMV 65
 
Pak- 16 Local Tolerant to MYMV 67
 
Pak-61 Local High yield ind tolerant to CLS 68
 
Pak-63 Local High yield and tolerant to CLS 70
 
AARI 104-1 Local High yield and tolerant to CLS 68
 
AARI 78 Local High yield and tolerant to CLS 68
 
AARI 81 Local High yield and tolerant to CLS 70
 
AARI 82 Local High yield and tolerant to CL.S 69
 
AARI 163 Local High yield and tolerant to CLS 70
 
AARI 169 Local H, h yieldand tolerant to CLS 70
 
RC-6601-59 Local Hih yield aid tolerant to CLS 65
 
RC-6601-67 Loc;,i Hinh yueld and tolerant to CLS 65
 
RC-6601-20 Loca; High ,ld micl tolerant to CLS 65
 

Source NARC 1983 

Table 3 Mungbean lt.r-IplasnM e,,Iluation for disease resistance at NARC, Islamabad. 1983-85.' 

BLS MYMV LCV Anrthracnose CLSScale
 

No of entren, N; oi -rtrt-, No of nivrtr,s No of entries No of entries
 
1983 1984 1985 1983 1984 1985 1984 1985 1983 1985 1983
1983 1984 1984 1985
 

I 3 36 0 225 35 23 95 535 - 21 850 60 86 167 
2 141 48 4 712 438 29 743 1000 190 664 294 416 72 
3 794 663 43 985 27 105 89 362 113 384 810 105 
4 25 838 221 152 42 5 192 5 202 288 17 
5 - -45 536 2 379 178 - 3 32 139 

Total 963 1632 831 943 16!2 943 1632 505 943 1632 - 943 1632 500 

Source NARC 1983 1984 1985 :BLS : BAct, .11 spuot MYMV - Mun bea ycilov mosaic virus. LCV = 
Leaf crri loe tus and CLS - Cerct:spora Qal spot 
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10111 test entrl-v %as tIsed for Coiliyal i~oll. I )keaask er\ ki eeorded n'sinL file sanle liatini 
Scale precviousl\ described ([abhl ir 

Balecial leaf spot I I alid~ %IYMIV \%er c eommion and ,cw ic duiirii 198)4 comnparecd 
tootherdti',CiIC . HI S e 110111~evIW (lie 11IIIN MI[C (.5appeare-drold" Cekilne to 

ait atlater sta'e. A nlilber Of re"lint IIneC" \kt\t srcileetd 10r HI.S. Ni\I'and ClT.5 e"I'~ie 
([able 3. 

a ,, C~ II ! II ~\ IkkII rIbedII I)I ',ae SCNC\ C It \ k'J i~c~ ItCIL 
thle 1-5 "eale. NA) \k i 'I", 1,]%Lt I IIIe 1-111 ]inT1 p)Od nq %ki 

IIaICIitIia \ .III II d I tIe I IIC I Le C . Ie,C01k 
Iltll[.ieikxet ii I all\ I ( 'X Aiull Cie oh"er\ ed 

nn i'il%, )II I lc\k 1 I C B1IS. an MIYNIV 

aob'ei Cd Iable 
Ill 1111 l~Ill lw 1*011u 111 " t' NO C~I 1IdIIieii: of (IS td 

Sources of MYMV Resistance 

The In~II-h~I L1e1n IlIL Ir h' tio-111Ci LredL'Cllhubluc I\ln11i t". Plam iici S iMNYNIV 
\Ihi.I.cpnliiLC II2tII the ',C\ CI I\ Ill,' I hCA \ I he LlIea caCI( - l In~lr Id, Cif sed.111xe IW,'Cl. 

h the \i.'Lll 1.SIIIk 1 1 t I'i 11 

II,4 *\<( ' \ 'I: [ittcl 11piCo\R(' c~t I 1 lic 1 \.IIl, I ,i)I IYNIV I' II(1.% tee1d 

OI~AkITauI .\rieWV I ' 11C.i i " I-H(d IC"'l I IIfA m d N ) A 181)>rem h 

uNleiauiee 4. \k'slleIuir9is~ eldnn' 111C\LcI I CN~Iie LInd ilkitM .)iM\I ueiheel IYNpI\'C 
LIol'i''Pl~ Ilediae(S11ut1i ile~iaIeihh C1 ti!H,11iILICie f\eidU' t iltil i . e'ith til 

Paistnihue'. I- '.\\R Ii> hn IiN14 3 .NI3I.I>1.I-24 

(II'S mi 

~~'ul~~~~~~~ujr~~~ k)sN\thIch1i14~i~ .liNiiLiIe e 

.-\fi~cr 111t:I\ L ieil b !"'; 11ouL ' 1,I''n .\IaIn.II (I el e"1 unim. 

iith ,~l'If Iu It\ tiI e I .i~ - due 

ill (Al. hiiiedI al 1-~Ii ilableIC 11iI d I I 't11 ..I Ie ereu ha rIlild 

nhuIt'u!eiu M', \I.nc ih,I w.y.iSI,i (l 11-111/iibaitheiSlea' i ) i I\;i,taii i IN~h l')55 
dcieas muprea ,i~alili~c,t-'Icenb 'ai'i' puL'iii.iiL'Hitrm Ol eile reductii iiulii'iih! 1,I ~iui 

Ian- cain1 'i/ ire\ 11 , a I 1>11 . theIIIuh( lI .C' anb rlld (IIC.eM i e.'IC C(I\ e \ 
t (71.S llit itI'l 't I IIc IO I 1, 11t ld lii d MI .iti ihL' .r tI eI:,I01- ' T IIChi '' I 'C1,e ppl-eall 

IeIt \21kiii'i p. trid tln Thp-hC! JFue iiu11 I1, e..'il\II ' ee 'Apcil im fftc~i ICiim ([S ) (ie 

)~ae~a'. al . h ie leC rile i bh\raeunsecii. !ter ' titilA0,11 tI 111 t' un0t od I. 

(lie pla bit l a p ' upiliiii it C.,I rip/I"ol ((lif ',1 I li pmt:N 1.)pr.'paredl froiui 
infected iuu e haCe niall III eIkI1l' did'11ir et ill. Three01uhheI~i~kti iuiteccd I985). 
to Ioni spiiI> i oIun UIU.I en h tpa tin theiafternoon' ereI-iuCl v a kimpaj'ak rindlahernate .dil\ 
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Table 4. Comparative disease reaction c' mungbean genotypes to MYMV and grain yield under 
field conditions at NARC, 1984-86. 

Disease severity: on I-5 scale Grain yield jkg hal
 
Genotyp e . . . . . . ... Mean ... ... . . .. ... Mean
 

1984 1985 1986 1984 1985 1986
 

NCM-I 5 0 4 0 40 4 3 380 457 407 415
 
NCM-5 20 19 20 1 9 562 637 878 692 

NCM-7 I0 20 2,0 16 680 709 725 705
 

NCMI10 5 0 4 5 50 4 8 239 159 205 201
 
NCM-I I 50 3 9 5 0 4 6 400 347 461 403
 

NCM 13 50 4 5 50 48 300 294 550 381
 
NCM-68 20 19 20 19 600 58.1 894 693
 
NCM-69 10 20 20 17 509 650 667 609
 
NCM-72 5 0 5.0 50 5 0 300 187 212 233
 
NCM-74 C0 42 50 4 7 287 334 450 357 
NCM-87 I 0 19 2.0 16 560 611 686 619
 
BRM-114 I 5 1.5 20 I 7 500 560 477 512
 

BRM-76 3 0 2.5 3 0 2 8 498 598 500 532
 
E-321 2.0 2.0 2.0 2 0 610 739 1010 786
 
H-13-1 1.5 15 20 1 7 289 345 380 338
 

M-20-21 2 0 1.9 2 0 I 7 406 380 486 424
 
M-22-24 2.0 19 2 0 I 9 522 441 684 549
 
VC 2764 5.0 37 40 42 285 303 360 316
 
M-28 4 0 2 0 -40 3 3 495 596 475 522
 
6601 3 5 2 5 3 0 3 0 471 472 463 469
 
LSD 10051 3660 0.697 I925 79282 113 105 141.393
 
CV . 20 73 II46 29 21 8 52 II66 11.91
 

Source NPRC 1984 1985 t986 :Diseau t or,I-5 lcihere I resistant. 2 moderately resistant, 

3 average ret iln, 4 = mod rcitl'sn.c ..pt'oLr 5 "-susc rptble 

lld, \%-alher..\. liHlet lnUlltll,\oatcr \\a, also tile 

crop dail- tO Crete hunilit\ or ,,raC.dof the diCiie Unll[ the sptcaidcr lines showd tlla.inlunl 

dlisca. ,c\ rit\. he diseas_ rc,,pIuISL, \\a, iCcordcd li0r each line i'lable 51. 

()it (f 21) . it. psC,i,,tcd unider tlfieal cllls utc1Cressur(.crc orua.l ,POl. 12 lines. 
NCMI- I. -5. -7. -iI. 11. -13. 0s. -7g. \%.%e'lC 01t.u1d wo be resistait 

eUrile the l, ,id raiit\ u C o spra\ed lt 

-). -87 and \'C 2704 
againll n .[ti \ C',r. the liles identified as resistant to disease %willbe furthertie !hii 5l)l 

tete il ililuihtiiiiealii lhi in l t t1hOe,! tbload spectirunt andIt.Wst, cit tifl denttif' ti 
,

Ihe : t ol the line', arc sc,stahle c ,,d-lane i' loiltic chlaltder ,erCsistantl d rihCd il Table 6. 

Multiple Disease Resistance 

six lines. 

NC1-6). ,NCM-(i,. N(7%I-,7, NC\1 -5 and NCNI-7 v,crc louUld to be rcsistallt to both diseases. 
1-los ever. the rcults, reclirC elitiliilaliot in iiutiloCationl trials. 

Out of 2()pi't ii l ltli tii.bL irilinics screent..cd 'lC iulils Il \' and C .S, E-321, 

Breeding for Disease Resistance 

Breedine lor resistance itall ()I the ina.lor pathocen, listed in "ablc I is not an easy task. 
Fortunatel\. allof the pithiucS dl n1ot appeal to bfe epidctitiologicall Competent in all the 
nunubean-erosinil,a leasof Piiki-itat.. MY.MV and CI.S ate serious diseases ol 
munuebean in the stUlinuncr ,vason and ittack the crop at l\. .'owtih. .MYMVo differeIt '112cS of it, 

sVI.,lptll , appear on t\so- it thrcc-\%cek-old scClinesU>. wICicaS CL S atlacks the crop at the 

tlo\wering or pod setting stage. Therefore. naior entlihasis is being given to breed fbr resistance 
acail Mst autdNYM V 6-S.L 
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Table 5. Comparative disease reactions of mungbean genotypes to CLS and grain yield under 
field conditions at NARC, 1984-86. 

Disease se~ewy: Mc. Grain yield Mean 
Genotype on IS scale yield.. . _ha) yield 

1984 I985  1986 IkF hl) 1984 1985 1986 (kg hal) 
NCM-I 10 [ 9 ?0 16 635 578 758 657
 
NCI"l-5 (8 1.6 
 20 18 481 591 634 570
 
NCM-7 
 10 21 20 I 7 610 598 711 639 
NCM-10 10 1.0 10 1.0 487 409 511 -16q
NCM-II 1.0 I.] 20 1A 521 
 .178 513 504

NCM-I3 10 18 20 I6 600 592 768 653
 
NCM.68 10 I'. 10 II 111 
 577 125 605
NCM-69 I0 1.2 I 0 I I 
 71. 577 725 671
 
NCM-72 1.0 1.4 
 10 12 .186 520 603 536 
NCM-74 10 IA 20 1 5 4t87 600 729 605

NCM 87 2.0 2.1 2,0 2 0 666 596 765 675
 
M-I.-I 5.0 50 
 5 0 50 288 314 300 300
M-20-21 50 
 5.0 50 5 0 400 287 444 371
M-22-24 50 5.0 S0 50 -114 336 42/ 392 
E76 48 S0 50 .49 287 296 300 294 
E.321 23 3.8 3 0 
 30 594 600 671/ 623
BRM-114 4 5 50 50 48 281 317 356 318 
VC 216.1 50 46 5 0 
 48 618 58.1 603 601
 
6601 (Check-I) 
 50 50 50 50 300 415 381 365
 
I'1-28(Check Il) 50 50 
 50 50 480 387 511 I59
LSD 100S) 1 2679 08133 1839 112 076 99 274 120705
CV (%) 2226 1269 28 0,; 2065 977 18 

Source NARC 1984. 1985. 1986 ID,sea.se Iseverity on 1-5scale ',iere r'esstart. 2 = moderately resistant.
 
3 = average reactions, 4 'ioder,{acly susceptible, 5 -- usceptiblc
 

Table 6. Agronomic characters of mungbean genotypes resistant to CLS. 

Mean- Plan 50K 50c I00- Clusters Yield'
 
Genotype Source disease height flowering maurity seed wt plant Yklda
 

Severity (cml (days i (days) (gI (no.)
 

NCM-I NARC 20 860 44 75 60 80 805 
NCM-5 NARC 20 980 50 77 30 150 750
NCM-7 NARC 20 990 50 77 3.5 98 1,144
NCM-10 NARC I 0 91.0 49 78 5.0 9.0 800NCM-I I NARC 20 850 47 79 6.0 12.0 ,100
NCM-I13 NARC 2 0 4685 0 77 6.0 9.0 735
NCM-68 NARC I 2 90 0 50 78 2.8 9.3 1,072
NCM-69 NARC I 2 5085 7 76 2.0 9.0 1,036
NCM-72 NARC 1.2 72 7 51 77 5 7 8.3 958
NCM-74 NARC 2.0 85 7 49 77 5.3 8.0 1,222
NCM-87 NARC 2.0 85,8 50 78 6.4 8.0 872
 
VC 2764 AVRDC 12 776 
 52 77 64 4.9 1,080
LSD (0.05) NS' 8 382 11349 NS 1.275 3.977 252.798CV (%0) NS 5 71 1355 NS 1555 25.47 15.48 

'Mean disease severity on 1-5scale where I = resisttant. 2 moderatey resistant, 3 = average reaction, 4 = moderately
susceptible. 5 = susceptible 'Under discase-fee conditions NS = nonsignificant 

The wide host ranee of MYN1V and the presence o! host plants throu.-hilot the Car ICa\'e 
no alternate except to breed varieties :,ith inherent resistance to reduce ,,ield losses. The generally
high mutation rate in viruseS makes vertical resistance less dependable in such Situations (Sandhu 
1978). 
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Until 19M3 in Pakittan the onl\ approved itnNcan \eiri.t\ \\'61)! wvhich Was, relc ,csd

in 1971 for gceieral culiitiniei. " thie2ihititm inlthe l\elo)lIti o1"llc\\ hiih-yiheldine \arietics 
with desired character , Stiuc [\as CarlinCss. dCteriiitn t.pe and disease resistance. has, hecti llainl
 
due 10 tihe h:art:it\ ol ce'ntic' \ arhialit\ ior theschara.ter, in tile crnirlatin. -\lthoutli
\\o1ld 
soni of the arictics po,,s,,tssIcaractersC,. l'enot adaptCd 1t the Stiit cIrop Season.NUc' these 
nIainl duC 1t their susceptiilit. tol NIYNIV 

Since reliahlc c.ncti re,,itaic t NI N1\ \as UltlaatIlahicl ile criltipasi.l inducedM the 

11Ut.1tatioll \it, resorieLd t order i\ .\ ree'di t,
ll to Cicate. .arl Ah pria tit s,as initiated ill1974 
at the NuLerI'al 1ttttt1 hir .\1 IciLihtIIMI a.11dHIohOLs NIAB). Iisalahad to enhance the uueltic
 
\,riahilit, i iniih,oaii. a' e ,nttiilh\ se ect
It %o possile toi li\c tiUt.tt line,. 142). 3 198. 38501.
 
3854.and 388 ,%ohichindicated rlsistanc hkor e. 197Sj. Soii, t1lL
tollM' Il t al. of' ututatt
lineCS 	 are Short illstatut Citirto hllt palr's
 

i itnneheatcuhuaall ,Utw,.ipeyd thruh MINiiWiti hrtediuic. i.e. MI-28. 
 NNI 20-2 1.NM
 
121-25. N NI 13 1 and NNI h-)sCi.' rLL:a,,Cd I'll eteral k.tlhliaiiott h%NIAB. 1lhe iiaturit,
 
ta'll-1 t IC, i
O eiOf ltlkiar,, I tl t,aill,,t dar, t ., -() ha ,1) 1to t)() , thi thieir patents,. I 'I
 
also icid roIII -ItP, to 11' iihic'tL'J" ,iild hitI \ Ch tt i I C11NIaitC. It NI 'YNI V than their iptrltrn
 
INlalik MD87T. 

NARC Breeding Program 

Vrk ha!, rc,'it. Ntartd it h\ itli,'it, t ,itN R(. Ish ai had ii udridrti tili/C IieC ,,ources
oh r-sitalic: Iso.r Itiit NI I MVo 	 idtititiled ('I. (' ,osssite. Iiell imiitde hi,et-ci the
 
local adapted cultisars, iadtle i1c.I Isdt.ttelicl relstiNIt litie". 
We also prupse to Screen the
 
entire s\ rhd HItuiL'teheat ctttIhlsNli. ilollia kil] Rt )(. acaitnst MYMV
su A and ('LS

Under field tititit .. . hipe
, it \R( Ilalinah,tl. %V,,k toiilenti t.\di\ r,,sOLiCCs "r1s.tatec
 
to clllaree the celceti,. base 
 i bti ti htIchie eI pttl titbined s,it disease te,,i,.tatice. 
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Institute of Plant Breeding, University of the Philippines at Los Bafios, College, 
Laguna 3720, Los Bafios, Philippines 

Abstract 

Statistics of mungbean production in the Philippines have not shown appreciable
changes in the hectarage planted or the national average yield. This sitUation reflects 
the fact that mungbean is still regardea as a secondary crop which is planted under 
marginal leve!s of management. 

The ongoing breeding research is focused on the development of varieties for 
specific adaptation to different gtow'ng conditions. Other research areas seek to clarify
the role of other production factors, the use of Rhizobial inoculant and the improvement 
of nutritional quality. 

The mungbean industry has bright prospects. The factors that can spur growth are 
the favcrable price due to increased demand, the advances in yield up to 1.3 to 2 t/ha
obtainable by commercial farms that have adopted appropriate production technology.
and the contrioution of research efforts to improve varieties that can adapt well to 
specific growing environments such as upland monoculture, mixed cropping with annual 
crops, lowland rice-based, acid soils, and partially-shaded areas. 

Introduction 

011Caditioil )p,, 210\%1nil.\l h2 i i O flo lth Iiiiial it: lliliJl)MICS. A 1iono h grain 
IC tInlHe. i iailks tLc sane a pe:iut In ICkehuitc.

M WuL'hC 11 I,, uill/,,cd t, J hMurn,11 f*0d Ill inanl 1'0 ', (C'a12M panMIL' Theli\holc orIL)75). 
l'otlIld seed 11,c l l I\k p Cp~red 1, ,,),p In COillbillatiol \. illo r \ ecclU IMls. 1ICt,1 or" fish. 

'I IuLIILh+Cill ,prlou 1i HIlLI aS da lirC.i \ c,,'C hI,. lIiLeheI)til is (ife oh lthe main ingredients, 
ill the pIep -aIllhl of haker\ aILd ho ieIIIIC pr)Oducis. T11 iCIIIIa.11urd lotld is also lsed as a fresh 
\ C 'etalhlein ,,.\Cra[i CLlIoI,, o h(lice e It . ll' inIdu,rial of Il inllh II l 1ii use 1ItLI111i nie the 
II1ILI 'lturC Of 't ,p cl ll( ('diec Clcd am /Pl ',,oll' 

l)ue t the l11ut d',lt IIul e2heall ill fle I:ilipintO dil and it, h h%indusl r ,.hig demand 
toOtal pro).ucti n doe lt t loe le'tl! d,..,n d. is llccesslr\ Tli.e a ail.le,hencC. iiiipOItation [ 
data ShoM CLed iuLIn ilort',trr, IlucItCd ltti 1 17.348 t in 1982 to 1.(48.5<1) i inl 1985that lCan 


ITahle I,.
 

Production 

Area and National Average Yield 

Inl 1986 the area Of nIlun h.ea.in produ,.titon. inl relation to the total agriCUltural irea was only
10.31;'7 37.491) ha out o 12.237.238 hal) (UPI-I-CA LegtiC ('ontn1oditv Rese, r'ch :and 
l)vop.lp ent Conmittec 1987). 
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During the past I) .ears, tile prodi'itiln 'iiea. II, flti' atl", 1.IV,.etl 32,82) and 52.19(
hla/year and tite natiotnal verat\Ic . MI rN1I, frtin I).5 to51.,"77 tIilat the vear(Tke2). (ver 
[he hi0hst prlduction hllcti1r2C ,s celillntrat,'d ini tiilea \ seri Visalll relon: howe\er . tile 
higehest Vlseace yield ( > l.00(1 i) ,etc otaiiled fronl tile I! eCosreion wlich is also the 
second-largest product ion area. 

Table I.Quantity and value of the Philippine,' i-p-,. of mungbean. 

Year Quantity it) CIF Value iUS$ 

1980 
1981 

200.040 
250,000 

39,.149,000 
59.281.000 

1982 17.348 5,162 
1983 
1984 
1985 1,04E).560 153,156,000 

Fable 2.Mungbean production inthe Philippines.
 

Year Area tha) Yield (t ha) 

1977 43.780 0 58 
1978 -15, 150 0.58 
1979 47,870 0.61 
1980 50.350 0 65 
1981 51,840 0.65
 
1982 52,190 0.66 
1983 32,820 0.77 
1984 33,890 0.75 
1985 37,430 0.72 
1986 37,490 0.69 

Source BAECON 1971-86 Mo,aes 1987 

Constraints to Production 

Edaphic, climatic and biotic. Mhni'tiatn is Sti!i cIuiidered a itnli,,ir c'rop intilePllippines

and i planted tinder il tinl isels olfliatlaieillent and in raillfed a: 'a, ohs>,tiuinteani 
phlaIlines are se,.ded ilter t Iliars est (i rlinfed M Iii Ce: ill 
troitissatr e i atte earl\ eielti s i 

rind c. IrLi tilLeC'n ) ',isufle" 

nud irrcthletresa repr'0Irductis eSttic, 
[Ider pI an.L ndiltiOn', it is als,{,phiiteLd at ti'liaterpart tl thle rain\ setoll ilnwlich water 
shoitjte is i 01rIIIiH r pri ll. 

1eill , attr}pil'il i itl . the lhilippine , is Ideal 10r the eis lhtipiiL:Int of an arils t' insect 
pests a.', s ill ',disctse patit c.in, .\ ion thLe eral pe,t species attackin, these II1I.IiIO'Cal. 
hean ll,, viaipha rv,)i. lILroller ( I 'otii I-ahr. I. ipoddIh netlMrOu'a()/hi,mi ,h I ',nti 

t'.Atu/o~i. (,csr iand dcfoliat." I.Sp'lopit-r Iuf: Fahr. . wcilite tsper.tile' (']hrrso jus
HelioihiAs or/iicr Ihueii ui''rnd L l Illih'o.i \%'eise I ar te1 sliols, pests usuai]\ 
re1qiii2 contro0 PC'.\RRI I77). The'lI ntiprtrl diseae,PIthl itelis a l\/]rc /)0Vi'oi 
D.C. atnd C'cno.spor ( i/i(t'(, tiOand .\lirt . thleCisill 0r1'12aMIiI'lfl"Ip)\ dl'\ nlildC and 

spot.Cercospora ila'f rcspectic\C l',A.\t , 1977). 

Socioeconomic. Since1n.Un121Can is considered as isecondarv crop. little investnent ismade 
on input, such as fertiliu.rs aild ine,cticides. ItltenrLal seed is r(oadLast after tle r'ice harvest 
and little caJre. is . 1icn nlHlhJ.Ineall croptlthe 
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Technological. AlthourI see.trall productI triololees are asilale r \MriO,, ,,ns.anion 
1'.a1-111er1s .arenot hle to adopt therII. Ior. ilIlls tilce. LI,C oI iilrpro Cd \5arletic!s a ld illoctillnt 
still remains aiproblemI ,2 due to tie albsence of ar1efficient eed irrolaCUlI produtro arnd d[Itributio
scherie. TIhe Se o rice-strav, IntnMLv,. hihCl coCld incrLI the ,ield as 2(' to 701";ease Ib,as nIucIh 
and planting in strarilit nross.dibble_'u practi.ed due toh\ arC rlot ti e added labor Cost. Insect
and disease control neAslres, are seldor 1practiCcd deC high inputtS anid ill1t tine cost Of theCs
tile case of insecticide applicatio, tile do"Lac i, Iar belo, tile reconielicldcd ratc due to lack 
of effective tc.'hinoho,, traillIer to the lritirC,.. 

Government policy. I irlike rice aInd corn. there has,, riec bel ailn\ prtdLuction progl'Ill
sole]\ for HI+HI1rbaCriI hence. ,Ced piodu.ctiori arId nlarketitre schtemres are at the Iarner's initiative. 
Farners tlorrlnail.\ prIttlIC their planuing materials loin an\ as ailahle stock inl tire local larket.
At liarsct tie theI prIce (r tir prducdepend llL llI\olllr the ,uppli anid ticiarNd sitNalior 

IIhicI :, oftn lo\s itH .I2 it L t d,,s 

Research 
Varietal Improvement 

lnglbean , arictal irllproxcillir 1 cie at present onl tire dieoprnitof aaietiers htH
speciic croppili ,\ in theItrns. lctr illIC. ,. c iop. to releae secif.c varieties for daptatiotn
to each of the different crplt+- ,\ ,+.i,. ,uch as, uplanmd iiioiio'ulture. rice-based aid partially -
Slatd d coidih ii n. 

Since the hC I i itii liMI hICll1r 'rite htieediii i llilIppines,. IIproeraiLarite ilrtu'eall 
\arlicelcs bas, c nCLta+'Cl I i c+uiill il plllIlmiie I lihl' 3). -\rIioI, thce, tire llhost pi ptil]a.
s.arictie,,ron b 1lhetllis ;'tic ( I\. lInt arida t 3a-a. 

('rii lltl\ tilt.'e. tI tl.% )Ib1I,il\Us it'Iti hi cdl \ ilrk alc tile ilncor ptoration of' disease
resItstitc .cr..,, I-l ]i, uCA lltl' e:l\k Illili..s l Pc>,+ 5 M ). tolcl~nrrce. totltrance to Imo,. 
It) nd IIn ( fiturc ,tIcs- and i hI nItItLc'i-1i\iLi ibiltiI\ t IIur 1iLh-\ ic lilte ciliti arIs. 

Table 3. Recommended MiUngbean varieties in the Philippines. 

Year SeedcoatVariety Pedigree released color 
MG50-10A Gloss'Y Green SI . Glabrous Green 1969 Glossy green

MD 15-2 Glossy Green SI . Dull Green 28-1 
 1969 Glossy green
E.G Glabrous No 3 MGS-10A -, lag S6-A 1971 Glossy green

CES 55 CES 14 :, rMG50-10A 
 1972 Glossy green
CES 87 14CES MG5- 0.', 1975 Glossy green
Pag-asa I iCES ID-21I CES 87 Acc 293 iML-5 1977 Glossy green

Pag-asa 2 iCES 2F-I I E G glabrous (Yi - Ace 293 ML-Si 
 1980 Glossy yellow
Pag-asa 3 ICES 2G-4 1 Acc 306 iML-I l , MG50-IOA 1983 Glossy yellow 

tAcc 2 x CES 281r
 
BPI Mg2 VC 1163-2-2-4-2-B (EG-MG-4 , ML-6 1984 
 Glossy green

BPI Mg4 VC 27,b4B iFG-MD-16D x. ML-6i x 1986 
 Glossy green 

iPag-asa I , PHLV-181
P:,g-asa 5 CES 2C-I < CES 3N-I 1986 Glossy green 

iIPB M79 13-601 
Sources Legume Dos,on. IPB. UPLB, College Laguua and Legume Breeding Economic Garden. Los Banios, Laguna 

Cultural Management 
Planting season. Date of plantinrg irnrkel illntreC., the ,rain yield of murngbear Pur1 
1984. Madhai 1985). Iltihouii higher grai n yields are orbtained during the s\\et season, seed 
quaftity is better in the Lt' scatmir. 
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Plant population. Grain and dry mater vields are piusiti\I ClrreIatd with plant population. 
Madhav (1985) reported that significant increases in graitl anod dr flatter viCls wcre ohtained 
by increasing plant population frol 2)t).0)) to 300.000 lants "ha duriIl the sset and dry seasons. 
Likewise. FuroC Ct al. (1984) reported iatter vicMIda higher dry of4,710 ku ha from 600.00 
plants/ha in conlarison to 3.568 kg,hitfrom 300.000 pllants , ha plnt population dCsity. The 
present recommndled plait PI)PLIlatitii dInsity is 4)0.00(0 plants ha. 

Fertilizer and inoculation. TIh - t nitro t' terLCttiliitiiil 01r iloculatiol on the icffect .ra.t 
ViClIL of llItILt'c\ aric-elel olnthe nIturail Ieirtilit\ Ious,;ll 1endic l anI itlclii Rliiohiiiln [ plOI)ltim 
Ilthe soil and the elnneitk couditioi, prevailiudu ucitl leriod. As anwilnLeINHn. 

f


the grt0i 
the ntiltionil reconiilationl or i,30 kLchai )1 indlK,(). Inoculationtll ati.'hC cich olN. 0 

in lieu of N fertilizer i, lo rc.oi ilc. 

Mulching. t'iieCI the ihce-bas stell. lllt'iiLe \\ ith i'e_s'la\\ is _r\,ed aitill culurail 
illali c n ltat c l c, i ilncrease tL .Lraill iiLICh 7W;till %iClI hr a.is ( Intiicain alnd 
Catcdril I977). Ill ,p)riiluit 'l t incresc ill .vieldAllunrepted ttat 3.,a sictificai cra 

2().7 i sa il+tmtiali/Cil due to iiti c.
 

Rhizobium Inoculant 

Proauction of Rhizobium inoculant and strain screening. At least tmo Rhi/.ohiIm stinslillS 
are as ailibleoI iiiun1111 trouitM citn illoculttion. R!hi/zobiutii StIain NI-,.i local iolate, is av\ailable 
the Nattioiial Institute of Bioteclhiltolo and .\pplied Microtiolov at UPl,Los Bafios. Another 
strain is also preparl co ieciall at the Bu'CaiLof Sois. Research ol the identification ot 
ectiCe.str-ainls, o if ia hizhit ul eial irtlllnts (Ultlaillil. acidic .rice-b sLd)iti dr ,,le clil\ 

is i co 1ntiniiit1 acti h { Ii os,it .0' if ii.'tiio 1986. 

Nutritional Quality and Acceptability 

Chemical composition. .-\hu2h t.il statge there i lioprogrilll oil improvingthi,s thenutritiontal hrmdnLt ical composIIiition of proil in. lines 

of nilungheatln i,a roLtie icti\ its ofthe [Institute of Plant Breeding ([P1B) itLP Los Bafios ( PLI3) 
Meindo/a e al l8? illdth Ilue au it' Plalt lntduir NlinitroOIi,Aciric.uture. 

Enhancing the nutritional quality. +u>seididLs8i I the roi'teiIa NO 4 Oi'otd 1that1 
eltficierns ratio hL in.roail hr ituhenli SeCd. I le I PFRI Could dhullinW or sprouting Sa 
wsorkers iso repoltICl rOiIuct . hoiliuc anild co'tiniluc ittuinihe'lin with\ .ceiells isulIted inlhal 


increas e IFR. Pirotein ldigestihili,tiilld net pIIltCil utili/alioll (NIPL) couldillso he inc'iised 
bs dehullin,_'. dIcookm iteUncIILIWhillI seed.1ce'inuneli the.' 

Antinutritional factors. In IcUi." :Olltiii_cnciil nCIheiial Shstilac.s,s hich !Lc.,rtheir 
overall nulitritiollial qlualir\ ilid, to0sotlic Ctlt,allfect their accepxtilitr. Aonlu tihe antinutiritional 
faictors. tannins it1v)I1l_'IOs ,crc' C\tenSi\el\ tullicl. These studies focIsCd on the level 
and localizatiotn a,s elI a, the Of rentIo reCLiucinl cIllCtiethoIs iil\inc or the adVCersC Of these 
coilltipoulis. 

A high perceintage of rainums, (85' iarc localized in the seed coat ilBarrocat et al. 1985). 
A simple Methoilof precookin and cookig tc hnliCusC SLIl i,si.kinc . crnntin teh s.Csl 

boilinc and roastin., hoe\\Cr. co.Could sinuifl.ictls ilecrease the itrlyphenl content ofIUluiLhean 
Seeds. 

Factors affecting acceptability. Scnsors clharacteristics and the )resenice of" hard seeds 
(pofl)are Ile major faItors that arC current lv being investi cated ilUPIB. Results of research 
oil the chemical coinpositioi of hard and norial (no hard seed) seeds revealed that the seed 
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coat of the hard seeds had a higher liherC t1il. Furilher arial!vsis of' the fiber co ltponent showed
that the hard seed, had seven timcs mnore lignin and 23'; hiher silica thaln the nol111al ill the 
seed coat, which is responsible fOr tile hardness of muI eati11seeds lld their impcrlneability 
to water IRodricue and Mendoil 19871. 

Beany flavor, which is caused by tIe lip,,..vgenase eunizye, is lIso another subject of
investigation at UPI.B. Initial stud iCs shMed that altltough raw mlaMature seeds fli ullicbearl contain 
a low level of' lipox\sgenase. prohlonged incubaltion atd germination resulted in the development 
of beany ofl-flavor Del¢ Rosario et al. 1980). 

Prospect of the Mungbean Industry 

Although the statistic, of iiungheant product.io in the past decade failed to show%appreciable
changes ill the area platlted and national avcragce sield (BAEC()N 1977-86. Morales 1987). there 
are several f1actors that are worth Coilsiderll ill otdet to a'rive it aI 'ealistic ol'ccast 1t' the 
future of tile iutnebeani industr, iltile Philippiles. F0ire nost is (Ile highCloal de iMand as evideticed
 
by the continued annual iltiporllitoll 01' IIghlCan 
 and tile laorable price of' the coittoditv 
in comlpalri son s ith oer crop,, 1curren t market price rae,, f'rotm USS.5IIIto UtoSSO.90 ki).

The onoingI \arIetal illlpr\ lent research "Ouhich is llow .ead osV,, the de\ elopmentaLd> 
of varieties fo co lilitu-specilicit. I',C\pccted to0 eiitiblucIto the illpros clllellt of litth1lall 
yrells in f:ivorabl, and mrnal crom, in,' area,. Yield dam obtaitted frlont ourF posirice varietal 
eVallton esperiltients has e o110k %aitieiC', co uld \icl as hiiht as 3 to 4 I1 ha illIi that sonlc 
Some locatiolls.
 

Aottther factor tht could contribte ttilth ie l in tillttiul'heall produc ton llhe oioinh
 
crop dis crsificaition piratigm ill the sucarcate- ros, ie planilatitih..\ctial yield, froHi Coitiiircial
 
plaihigs of' ni-,bezt n 
 to(, It,, eiolis hai 


Coslliderilp tile alo.-lle-ioeitd 

3 5)1 romn the Visa, an e ralced from 1.3 to 2.0 t 'ha. 

ac t-ors, as 55LII as the iIclusioti of Iiltulnteall as oeI of,
 
the priority crops ill the elt,'S lesillch deeliopitllll progra21mll. \. e are confident
1cs 111d 

that it tihe near fuliteC prodileiot will significanll alikace.
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Status of Mungbean in Somalia 
Aden Ali Ossoble 
Grain Legumes and Oil Crops Section, Bonka Research Station, Bay Region
Agricultural Development Project, P.O. Box 2971, Mogadishu, Somalia 

Abstract 
Mungbean production in Somalia is practically limited to small farmers who growit as a monocrop or intercrop/mixed crop with other cereals. The general low fertility

of soils, insect pests, diseases and unreliable rainfall are among the major constraints
that have reduced the average grain yield of mungbean to just 300 kg/ha or less. Afterintensive research the Legumes and Oil Crops Section of the Bonka Research Station
released Filsan (VC 1168B) tc the farmers in 1987. This variety is earlier maturing andless prone to shattering than the common local variety. Further research is underway
to alleviate some of the controllable constraints. 

Background 
('lirInalical1 . Skonalid IS J \.ain and dr co11nr\. 1I the' i0 1thmiaxinnunm lCr i1LlrCr.,S

rc2uhn1l.\ c\cccd 4 (I ll11 ,,tillcrn rc,2'ioiiN, nuinmntc lda, tCillp rarurS cra, c 

to 27 C hut oltcn riSc thoI 2, C('and icinartnl inarr. dai"S. Rainfall )rt the .,1catcr part

ol thC cOiMMitI, 1nh1 and HlrcULar. raIl)i-'IL ")() 1 1)() 11i 


itt m123 

rtmii cnn thitill ruill lp arCil.

(hc irnpoirtant dr, lanIIr, arcal hct,, ich . ( iluh S.'ch h. 

Ill 
and c lli riciS. ' crac raillf"i1]

isallt 5()()lin p111 CLar.I 'illLn
inail\ dUrilicile,,I s tiI .pr.-Itirc arid ther'Ndc till
ct.-l)cc.). S(ini Sh arc 

s, 
v,,cr, icci,c d war tc ca-,tal arca durirI the /IW,'+ii a'.,Ornulv-

SCpt. hu dluri I.hn. it 
i

li Il1/ nu -Mar. I ,.';n pl..tl. dr,. Soanilia lICSinl [lhe nrtthcast 
horn () .-ria. Sln,+.c0i1c clitiC c01itr, licn1ctv, ccII 1) aid 12 N IMltiludc. iltcr I,,ailrrist
inllc\iStalli aid tciilpcrIattircs arc a.\aralbc ft plalt gra'A.,l thraLi liout thic cal. ll,,c ,cr. the


li , rainlatll I.,tw inaja 
 1.:i C lps.

Nun1.12can i rai d uIdcr rainincd coriditions and the raiuifall pattern, lonliall, allo, two
 

rIr),petrcnCal Ill in i' parts il thi i tllM r\. Siln iani2C l'Yriii nSllid\ la n t lIrc; clai,, aind
 
the p1 In ariilunld 8.3.
 

i u1 iltar mion l tile ,.t2I I2ricu. rurail cral 

Production 
Suhsisitcicc lariin iS1%pically practiccd . NInLIighca ri i inte rcroppcd %% Iith Srghue r Imaize


in N,all plot, thiralihout the cilrntr,, and thc prIdlucc 
 is far local colrsulnrptian. The avera,,,e
ield of intiihcan N 30() ke ha or- lvcss. An, s',urplu,, is sold in lilchIcal niarkets. Largc-scale 

prtIILuct6i0i tL matin lc utiic' ,is1N0t p1cticcd c t ) cI st intlS such aS iISCct pCtN aid s hatteriinprohlenils. It is dilficult to cStiiac thc d i cntic dciriaIId arid coIsuLri tioln Of pIil-cs. Sollialia
Jhas ri0 c\tcrnl, tlacLC ill ladhlc IIIIilri+hcaMiN. ,\ thic arcIa' iCld atNd pri... I'ulln CMiII UIlu'l 
frimii I976 to 1980 (.,non. I95i." 

Cultural Practices 
The inpirtancc of grain lCeutLics naiiilv lies in their relatioi.iship to the cropping systenm.

particularly intcrcrt ppiig ard capsh p i ;ilarious cereals. The local farmers prepare 



638 Ossoble 

Table I. Mungbean production in Somalia, 1976 to 1986. 

Area planted Yield ProductionYear ('000 ha) (kg ha) ('000 tL) 

1976 197 496.45 98 
1977 18.8 544 15 !0.2
 
1978 21 8 463.30 10.1 
1979 16 6 493.98 8.2 
1980 185 502.70 9.3 
1981 25 9 486.49 12.6 
1982 27 0 555 56 15.0 
1983 27 0 770.37 20.8
 
1984 270 555.56 15.0
 
1985 27 0 500.00 15O
 
1986 289 667 00 12 7
 

Source compled yIostr :',cr;lturc, Depatrntment of Plnning and Sta,,stics andfromrcp.,-ts of tiLt'H fo! A 

the Food and AFr, , i O, C4r.) 


tile land I'\ hoc o less .. llillll h\ pl.\M, IM .h rll,llals. tliibeaui. like most other 
letillies. is pla!il'd belorc the itin ' Of tlhe k'l and /.'\, seC:s."iIS1I'T.C. \ Ccds iare controlled 
b\ lld. +'sc:l lcrtihi/r, h\ hllmer, is nhiiibIc I ie arasC;l, bIuiIt2beMan roml.hiCeC is 
IlIt IlIIIlIhltl ii "CC'.ls" ,il' I l0CU1..eCd \ . thIII \ l tpci Rhl/hlilln. I.C tlliics ,tc illilaiii ll. har esled 

,l .IIthll hCI h It ,L.n ' IL1rt[ d!IdI)CslI. IlaB eCStCd ";111 s st.'ieit i II mlarlcls lii" lone-
Ifrill t e 

Pests and Diseases 

Tle most siLniliv",I factor thai cont)Iribtles to 1\. \ iClds aid to tile detr-ea.se ill oer'll 
production ofml 1, Irom It)1%3 it) l lIltle I) Iee1 to2I2 has e been droutight. But th1e perennial 
problems of inIsct_ pest, aMd dis.Cease. para,,itic \%Ceds, 11nd poor- soil fertilit , contribute t)1the 
decrease. This is further 1.1ghliehtCd h\ the fact that ii.eeC pests tend t) be mole severe in the 
tropic, than in the tcnpcral /tree, IRao ct al. 

It i, general a'ccptei that a range of Ilectroptcral. 1lh0imipptcra tild Coeoptcra constitute 
the m,1,st ,, dol j nd oielt, ofl grain cL,,nine,, il tile s,,arld..,ItbatCd elli(ns -ron2-.Ot P*l 

-[asses r. iiUnbcam i, attacked h a nmitllber t differelt species. Anulll ose colsideLred
dIlt 


prinmi> pests tit Somlalli ncludlc '"Nroia a//ovimito. Riptmi.s f'hi' C/aiIra//ai spp. 
A.h'q(a!/il/rij/p', %lfo.hlt. Aftolra lu'sa l (C'a/hl,.%ohr/..snn'nl/ hichil/is. anid the 5\ ecs s).s 
is principall. a st rage pest. ScCondar.\ pests inI.ltLdC (a+ii/ iip 'or/n.I..lil,,oaili'.Aij
g ,('Ilorim. .'Ip/i.s Ca1, itor". () . I ,i I/ inu)ili.\. IKmpn and .Ic(n /i,(.'a spp...'Illopl v+lli.lt l.s( ofa 
C'UrIipt'..\'',:aa Vi/la..lh, Ihbo ro .kr.and ( 'orsNa spp. I INl() A ). 

Insects ; ,CtaertCll\ cottrolCd bouli h. cutural practi,Cs such rotation and byare ast, rop 
spjra.in hocalh\-iaailable insecticides like inilathimi. endosultian a;nd '.arbMaIr,, I. Storage pests 

are controlled h\. dnsting,, tile sCCl, ssitsl pCstiIIdc, such asInialathiln. pirinIlu snethyl anod 
dCltanmethliin. Sun drx in2 is aNo used h\ tile lcal farmers to present storage pests. Farmers 
also store mImunbeanllliarrels It, corolli those pests b\ clillillttinge ox\gell. 

I)1u tothe ho t ad hunMid condiiolmis, disea c re Ct111on01 during time s et SeaISons. Three 
diseases sere identificd o l mittbean-.l M1 the iaijOr culti ationi rcgiolls of Somtalia. These diseases 
are: ash'\ hiAloa I. ingular lea, spot (Jto',',oi.suio s gri.seohlsteini bheli ropiooinalphi.'o/,,li 
and bacterial leal 'pot p/ian+',. contro seedling NIig'ht application tH'locallyI.ou/,omont ToTo 
available fungicides such is blenoIll\ I. thirami or captan to tile Iced just prior to planting is 
recommended. Ioliar application of the fungicide ,inlb has reduced 1unal diseases and max' 
be economicallh heneficial svhen the disease is se\ ere. partiCularl,, in seed fields. SubstitutinIg 

n.ulgbeanIt s.. S0 rl-UIIIm ill Cro)p rotation for tmo to three seasonsilb should reduce the incidence 
of these diseases. 

http:spjra.in
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Utilization 
Ntun1gheiil isl, uai kiio,\\ n .is sfiikai ill Solilila. It iNotic of'hdie hniI major grain ic'cumelS 

cultivated inl tile countr\, thc othcr are 1cpa. Pilwo/u.s vu/gari.s. and t_,roulhLiLI There arfe 
othrualt iceLILIL'sC that areC tLu*ll.IlI\ under~t reea Chuc I .15 ~iI.il.1:1-iich heaul. pige(inpea 

and Sit\ hC.( )1'111eilneNI~1. iiil~~ llasl been1 tiiC Miost p)opuular- 100d 1111t11 . However,t-Ceeuti\ 
W( %%ic 

Ill aiiiitioi ii iiiiii 1pi-IClIl. t21,1111 ILiLIl NIiIc cIl liajolt NoLlj-ces of \ ei'ieable prtotein ill 

It I'5 il IIS 'LIll i\ l oIl jIl ii C lvi tL'\C prj~oiiuititui chiistl.Iii1tN. 

11he COMM\r . HIi II I tI lc II~111\ I)FIICHLN Ill NCCLi ijLl1\. ecNICil! iL\ M.SIiii MLI 
M uliucaln IN Lo istillIii "101100her LCIi ,cIl Il li!]11pI\ boiled Ill %%aiicr. It is also accutisklilil i 
iuakiic' I thick soLIP. 'IN Let I) ihLil .11d ANbeauI Ocisi AliiilO Ill/k1iiiid Vialiluis 

testis1,11e cii i lhcsL IicII.I LIeilfilriCI.Id I' LOSS [XXI Niince it coolks easiix 
diiii peCople a['c ;ICLetistitie II Cittoic it Lit OI CHI I\IIIC i INtI (11 iiiuiiii-bCaii P, abIIout twkic 

Research and Development 

MNto(t tliL iL5Liili1 (lI~ldc[1kclL L.,11 L'S .\11iLiJIdtJilIailal [periialice. [IlieOf anid~ lilii 
OhiII~IiS Of~ili 111 IL(LLIILL LILIL tl OwL 311k,i h<L5mL.I I'i ltill i 11I) flilil ui eies that 

wruhi Ieiii LIIfll I> IViLlli 1,111ILNICIiii IC~L il "ili' CIlt11Ltill LLLC ..\~ uiiuui iea
 
ih11iihical C1 ii'i I HiiiL.LIIS
112il2 l i X Ili le lo i h ti i[Itt2il\ 55lk [Li i l c 121 shaj d11 

I '5110 1LLI IIJ .1i ll\ 1111 111L .\s IIi RC' ClscSIICL, I l LI 11,11,1 i \LCLikIhIlC hi dlii 

ililiic i I \\ R )(' kia SIc L1 III\ 1-I tI) l)Ic Cen.lter I old \11l 1,11, iL12i!il\ - II)lOltc I LllISiil 1 1 

\,Irictic i trii m l i iii 'A111,1I ,Iill lhL I ILIJI i Ill \121i AiI.s. Ill N 81i %\L i-CCCiiICi 
211SaiL, trill A\Rh)( .i I 111 0101 'ACIC 'CLi-,L~i hi0 %liii C\S,LLL1iII. I~dlIL NhlilVI 

aU1I* lhlid L ii Il 11\S LHL 'JbLLLS iLi 2151 L IL lioh k;t ikLNII'ClI Sitihiill IiLiiiii1 fiS
 
1%\1dlii(ilI' L lliL ilii 11,I I 7 Ill IS:N%%L'ICICasII l ()tiL \ariclS 
 \ ( 10813) toi 

(l ieIll1is-i1lli11illL it i1i i'l1"i !I lill'iticllI ill,-11 ''LLIliiIiS l ilhC S idiiie, thaui thie 
local iltISI 

Table 2 Agronoic data of five mingbeari vanuties grown at the Bonka Research Station 
during five /, %i lild moi 'Lu Lcli,,)nliLm 11)5, IIto S' 

Pedigree Da75 c 50 Da ;s t o 75 1000-seed Yield:flo.L.ur 'LL lp d weight I g 

VIC 1168B 41 60 60 302
 
V 1945 39 58 63 292
 
Local Borlk 58 76 
 412 278
 
V 3,476 39 59 57 273
 
VC 1560C 41 60 62 270
 

Source Buker 1986 NJc~-,%pJ( 

(iiI 1taiinis 

researchicisN has e IdIheiLii that 1 1010C NII1t! prlhi-4ltole 

\liiucbeanIllia.11in LNriiLsNC bas~il I o tradiitiollI practices. Hoiiwever. 

apialli 'III() (5 earl> plnit tiossihi. 
hiasteuis planit iatlrt%adi [iiOdIAI.C, a iilt2h1ic Si IM IiiukLI I9,M. Ill ICILaILii uituceis eitherI 
illtercrilpeii Skit diiilILTrilt1 LerVais Or 12r1'(l ii Id llIIiicrl)P. 

Research on ira ICitLIIiL5N LCpNIhi\k iiitli12bealI. llas' ilItli)Si lieuJ ueIs boriier1.111I1,,Ill.
iiILIIh-beaul kilas I po1051(1ii bhcIs Ofipests aliii siMIaeIliI12 thatrleCateIld III a %llr are ser-iOuS 
cionstraints ito pri-IiuCtIll. butI atteI reCleasiiie 1.Isi IV 11013 Ioth(0 111Car-iuier ili 1987 file 
shiatterinig, proiblemiiia hc,1 LL. hC.!iii It S\ stelitC bi-CLiII.! 1prtiau withiCliiL WC\Lpaill0 

thle hielp of' plant hbred'ers inl the lesCarli station Mid 11011i-eIIIll iiutiuIIbaI-I) consu4!tanlts fromn 
national anld iftLr-itiiiuiai 01-21auitiOls. 

http:flo.L.ur
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The onl, externallr-funded prl(,.t on grai lcumnlc, research. partictillarl. nrun1ghean. in 
Somalia is tile Ba\ Recioni Agricultural DCClOpInent Project (lBRAl)- supported b, tihe U.S. 
Agency for Iternational Developierlt WItSAIl).) the World Bank. the African Development 
Fund and the Somali (ioverrnmCnt. 

Conclusion 

Mungbean i olle t thrii a 1-l'0\\ 1Iand proldLcCd b\ ,i ll[1arl'mer.'Slll;jOr legurmlIIIC in SOlMlial. 

Munghean is planted atnd har\ .. d l,. hand and \irtLUall\ no ilput, arc added to increase its 
production. Generall, the ,oil,, Mic.'terenmb.anS arMe gt\ areI%\l in fertilit. Application 
Of P2,S has proto!ed plant tio', riiatUritk illcrease d -rall ' iCld. hIsect attack.th. hatc.+nd and 
,+ Miases due are cointtaisil,.and lack of Irroistlr to hm rainItll m1aj1or ploductiol Shatterin 
is also a major prolleri llatla', decrea,,ed the reliabilit\ Of' tile loca l llrrirn'ban clui\,ar. To 
o\ercolle this problemir a Ile\% culti. ar name.d Ftlsan \'C I11813i \\hiucih doe, not ha\e the 
shatterili prohblcri and eld, thile'tila oLI'ctirIe C\eII better than the tratiolA Cutltiars 
\kas,released to the tairn,.r, in I9)ST. Further reserch is tilder\\ a\ to selct hicll-\ eldin,. arls

sIIect psct- ard diMiea,,e-resistant lincs trill imiported cIilastrIlln tile ItLIUrC. 
with tile lip p l t bred .rs. \,c p ln toiilitiatc a S\,,tell;attic b'reLiri, procrarilll. 

Acknowledgments. iain \cr. eratetnit.i 1r tle s t I\CIsI Hie bs\ Ch.leCncs.rr c,.\Cral 
particnlarl\ l)!,. (irahai lelo and Rohert l.a\ ce,.arid NlC,,r,. '\bdLiiilid I). Rafle and 
Ali-nulr -H.Duale. I ailllso indcbted to l)r. I ledc'a Porter tor hnlpne tilc\\ ithtile corripuRter 
%%,nrk. Apprecimituil et ti e (hain [.Cenrire, :nli()i Crops Section staff iriudirl,' Messs. 
Abdikarint N. Mholianid. Isinail .\. liersi. s,,itail \.-liAIid NIr,. Fadunro for.. M. ()srnan 
pruVidirig mC Mith ,ite Of tie dCta',il aid data. 
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Current Status of Mungbean Improvement for the 
Farming Systems in Sri Lanka 
S.J.B.A. Jayasekeral and H.P. Ariyaratne2 

'Agricultural Research Station, Pallekele, Kundasale, Sri Lanka 2Agricultural 
Research Station. Maha Illuppallama, Sri Lanka 

Abstract 

Over 8 0 1o of the mungbean area in Sri Lanka is cultivated under rainfed conditions. 
Rainfall could be amajor constraint, because it is seasonal, bimodal and variable from 
season to season. Beanfly. pod borers. bruchids. collar rot, mungbean yellow mosaic 
virus (MYMV), Cercospora leaf spot and powdery mildew are some of the pests and 
diseases that cause substantial damage to the crop. The development of useful plant
types with preferred characters which can fit into existing farming systems is closely
related to increasing th-, yield potential and raising the mungbean production level in 
Sri Lanka.
 

Plant breeders have exploited the available genetic variability and developed many
strains which have high seed yielo. early and syrnchronous maturity, pest and disease 
tolerance, and rapid emergence with good seedling vigor. 

Among the varieties developed recently. MI-5 and T-77 have performed well 
throughout the country and variety (CES 55 x MI-3)-133F has shown early maturity 
(55-60 days) with tolerance to MYMV. Many varieties from the Asian Vegetable Research 
and Development Center and the Asian Rice Farming Systems Network of the Interna
tional Rice Research Institute have shown high yields and other desirable characteristics 
and are promising in the farmers' fields. 

Introduction 

eurItCe suC bcMHci pi. 
Iradilin ll.\ ,r1 t in Sri Lanki tl 011 btl artili in inl i he d \Vind 

(;ran eiiH h til in hat. p black ralil. pi'eollpa alld pea',ut hits" hee'c 
urdtr1 a1 ie elrce 

itermeiatll e /onle tFL. I ).Th \has c ri0t1Cd anlillitpotH'l;+llpart (0 tantkilld*' diet silce' rcorded 
'
hiistr.\ eLan aid till ,o.tiHnl.1,It)',I'\Ca' at1tial st otH+I[itlte0 t. 1"rtic.:uatrl\ inl ,I\dchling

couttri , .I Sit. ,.' I te 'ilpl, l~atnkatn.l. Ictl neu pr \idelike Sri .itka. cic ' diet (d Sri 'Li 
not ()Illi\itC,'hp (l I [itoteilt. l, ,.'t e allideal Cottt1p1le.ii lteititsi illt\ t ait ill)t Abutt 

ti t.itl. ;LICt'teiltltld eratit let. Citlttiuniebeitll h cC011i t.lCd thel'u t (Pt the . Cal.. 
It),t pI)0l[lUt .r',iti CleItH e,illotlr diet. It 1., Used .ithr illqplit loriri (If hoiled. W heir .plit. 
il ",[iiCed Ctr\ ' [iI l re dl,+aco ltSititLt, \eith r.'C: 5 lih boilcd. i1 is eattrl s,ilt erated cooel rl 
Itot hreaklIust . .lut12h1a i i,;11"( uCd it i makirie a 5,irielt (t ,.,Ccts. 

Agroecology of Mungbean-Growing Regions 

[here are threer ain Clinmatic /oneN itt Sri Ianka: a %%et one of 1.54 million ha in the 
,,outh weSt (ltli!tt. ;I ,.h\ /oi,.ol 4.17 1illit ha e.nlosn the hulk o the iskland in the north. 
east. ntortis,est aid si uthte s. M,tid lllttCl'lllCdiiate/ttc o1 0.85 million ha hetween the wet 
and dr\ /ote i,,Ih. liiati 'a di;t o, enrmrajor agroecol2)iCale. Ihie the C /(lit ICId idte 

http:Cottt1p1le.ii
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Figure I .Climatic zones of Sri Lanka. 

zoneCs by aIlituLde and land Ikrmi .A It 11 2 h rihe xet arid internmcdi altzones rai-Lec froim low 
rin above sea (ricountry (0-300 level) arid onr 300-90m) r to *up-countr\" (above 900 

111). thle vost dry zone lies exciusi velv' in the by,k-counrirry The land form of' the low-country, 
varies ~romn 1lat to Undulating while the Mid and up-coirntrv Varies from1 unldulating,. rolling.l
hilly and steepl\ dissected to Mountainlous These seven1 ZOnes are further subdivided into 22 
well-dotfined at ri ccolw-ela I regeions. each with its un iqure pattern of'rain fallI elevat ioin. land Ibrni 
temperature ranue ard Soil types. 
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Ini Sri Lanka most parts ) the+ ,et and iIitriiidiaitC 10ote attt:occupied hV plantation crol)S
 
such as tea, rubber antd coconut. and in tlie di\ /0t rllcc iIchidinLI
and other fil Clop, intlnlohanll
 
are the t aor Cros. The niost importn actrli the a s in the dry /one iS te SLtiicienl'v
 

.
,Ind relialhilit\ o the rainfall. Raintill 'ciralh incretses froin 1t \% CO tn r\ to 'ar tll)-Co nlitr
 
co'astal IIC;l.i
alnd roit ateas tIM',,irdN the IieitlI. TIh ainntiiil Iiinfill Of the Il\ /nc ranes 

froi 889 iin to inn111. , a n part, dr. /one1.5-_4 Raifiall ollo biotdal pntlti1itl ,11" of the 

ltindCrltle influce of1the1 InorthctI an ,,d ekt Ih, n lIich t 0 coppin1
toutIh 10 5 I lrlil tHIe ,o sea.on.,0S.
 

M11110 (October t I did ( \l',reh to ,lil\ Irs.",lc.tIs ls. I hekre: INa 75'; Cpcctanc.
IatILKIF.\ 1/o1 

of d1,1'p lls il .taiMIiar\ thltouii SetiClIbr. [ hII,. the latck tut ntaitil i,the mao.lr constraint
 
for ;teiculture in tlIe dr, /ne1
 

Fhe prdonin ant oill ttosip ill tie dr, /0i1e iNr.eddi.i bi ,ssi ,hIh ha,Ia h \,.5ttir-tiAtdiii.
 
calacit.,. It hu and IhardnIC ittt eact,Lil i. iioii.aleiC. 111 ,,Oils on
satci , LJLubikl. h li o\s the 

,
C st cot 1la\C 5.il\ l,\u tIU ,l teitilit\. li ,' L't e.\ lat the t( 1Antd u ,SOl, ill itt0'utIliern 

the islald. s, roulds,'ater t ti c Mid heail arc inClIis\el\
here INc.,L le "1C ' cane tapped. 

culti"ated LI hieti's-a tue crops,. ihimL1 iiiInl ittic (,c
lI soil .u'ip[ the dr,, v, st. prbolclitii, 
i,the 1t11w1 C Illc uiport the bulk of the patdd\ i otherhu2i e soils ,hichi land. rot s reasons 
Soil grltip, ill the drt,/olne are tudcrutili/cd at pielit. hicr are also sNui saline and alkaline 
soils alone the cuia-tat belt. 

Tlen)irature i,Ilt a liliiiitille 1tor I(uiinatI uttisatio i iii the drs ,Ie11. 

Areas of Cultivation 

The s,ste,s Of tcuhtisatiuii use'd b\ htarinr, in the uipiands, aMn lIs lands ha\C led to olur
 
different areas ws'here ItinshbeatI cal h .iiicuprtedriIu c,o lutlluIa\.asekcra 1980). These areas
 
are as follows:
 

i. (a) ,ainted uLplMN,-M,/+1 (iou/niit IItIrinleCrpit.- ine)
 
Rainef'd toss lans- vo/o itr
Iitu u1,itcuttiir't rppie) 

ii.)Rice-catch crop ,\,,tN Ibetccii the t,\koseaNolls)
 
iii.) Iai rwii at ioo nsctitIIcs-\ l,
 
i\.) I ,N,rirri,,tti st l. -\,'u
,u
 

Rainfed Uplands - (Maha and Yala) 

()\r 80"u if the 1uisiehCti area in the CO'\ntrs is cultivated under rainfed conditions (Table 
I).The laor dcttininaints o these areas atC Oil type. f,6rtilit and aI\tilabilit\ of' noisture 
dturing the crop rosith. SCehe'dlr'patititi. ucillinatiotn and(, the carl. stat'cs of enop grosl'th 
arc Cnil'Cl\ t on the in The I .i'tLpeideti alitlitlatiCdeuCiC.O Ilrc'ciIpititiOi1. crop rcCi\Cs 
lmore a\ter tlhan tOlol Cro p. 

Table I . Target area of grain legume cuLtlivation under rainfed and irrigated farming systems in 
Sri Lanka (1984 85). 

Crop Irrigated (ha) Rainfed (hal Total (ha) Rainfed (00) 

Mungbean 5,979 30,902 36,881 83.8 
Cowpea 4.132 39.913 44,045 90.6 
Black gram 1.038 24.381 25.419 95.5 
Peanut 1.464 14,650 16,114 90.9 
Soybean 4,120 10.188 14,308 71.2 

Source Plan Implementation Program, Ministry of Agricultural Devemopment and Research, Sri Lanka 
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Rice-catch Crop System (Between Maha and Yala) 

In most areas suLfTicint moistur: reminh+s in tlhe soil alter harc.,tin, the ml I rice crop. 
partic ularly in lo% -k ing, fields, to prminut a successful crop of' a short-duration (55-65 days) 
111u11ebealn valriet,. 

Major Irrigation Schemes (Yala) 

A 0lttm2h COnomic consideratiolns at Itoophave largel,, dictated the adoption of a limitCd 
number of c'ropinh ptt,,, mstl,, . ith chilke,. fildexperience has showkmn that mingbeal 
and other urain leutuines can be a i din these areas. 

Minor Irrigation Schemes (Yala) 

Under 1it or rri#ation sclIn:e, the ric. utmie pitlln is ideal. With thle snll qLIUantity' 
of xVater rentainin in the escrxu,ir. eulti i1tion01t ng , (o\ erOh011 ll'n 75 da\,s) is lot advisahle. 
Farmers prefer ittedinu- ort ear,,-t ikturt:Ir IItilubca.n, or othrti[' lCties. as anlalterlnative. 

Present Production 

.- ltholu~l tittittebean~ 1is2rox 1n ill both thle n/iiand wi seasons. ca. 70(; of the total 
prd,tiott is oltaied il the oeutI/n seas nl. Ill Ctral there has. be_'1n n aplrecialeh inre.sl.e
in produBction ,Cr the List I) 'eCars I lble 2). loheC\ cr. thi, inceae in production has been 
achiCved alm,,,t liethr0pansion o tie uulti% tCd Iresi prUlhetar%xied, laCremine~d I)\%.. 

In 198. Sti L.antka prt iccd , lrpixint(lI (.s7 I, If\ an s 1t ittIii IiIitli\ .Ze c nati1tt al 
vield of .8, 1 h;a. This his, a0%\ct c . icILd e tiltlt x ith the 2.25 t ha at C'.,perinien'tal stations 
ut in-it inpro , Cd .a;tiltis lIbl 3. Ili, disptlrit},. to a erIit lllasUe'. is dut the los -'ied 
nature of1 ihe culti,,arst, 21ross i b fa.I:r.ers and the conditiI ts irouluttal stress tnder which 
1tng2heall is cultis ated. Bcue riU.c dl other hiht-s ;lt i'c1rop, ate gl0\o 11ill the tore flrtile 
lind Under assuted xkater supplic,. ii1ubean and othcr r1amn lcuitn. has eb lre1C'le.atCd 
to rainfed ateas Of the dr, lttne. 

Table 2. Mungbean cultivation in Sri Lanka 1971-83. 

Y010 season Moho season Total 
Year Area Production Yield Area Production Yield Area Production Average

(ha) (000 U it hat hat '000 t it ha ha) '000 U yield (t ha) 
197071 556 04 0 72 1.895 09 0.47 2,451 1.3 0.53 
1971 72 711 0.4 0.56 2,145 09 042 2,856 1.3 0.46 
1972 73 1.468 0.9 0.61 3.812 2.9 0.76 5.280 3.8 0.72
 
1973.74 2,324 I 5 0.65 8,375 4.3 0.51 10,699 5.8 0.54
 
1974,75 1,773 1.3 0.73 7.488 4,6 0.61 9.261 5.9 0.64
 
1975i76 1,548 1.0 0 65 6,822 4.i 0.60 8,370 5.1 
 0.61
 
1976/77 2,406 1,3 0.54 9,950 6 5 0.65 12,356 7.8 0.63
 
1977 78 2,010 1.5 0.75 10.181 6.8 0.67 12,191 8.3 0.68
 
1978 79 1.355 0.8 0.59 10,840 8.8 0M8 12,195 9.6 0.79
 
1979,80 3,439 2.8 0.81 10,761 10.1 0.93 14,200 12.9 0,91

1980/81 6,326 5.9 0.93 11,857 13.1 I I0 18,183 19.0 1.04
 
1981/82 7,875 7.1 0.90 12,719 11.3 0.8" 20,594 18.4 0.89
 
1982,83 9,159 2.4 0.26 19,389 12.7 0.6u 28,548 15,1 0.53
 

Source: Ministry of Agricultural Development anu Research, Sri Lanka 
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Table 3. Area under cultivation and productivity of major grain legumes in Sri Lanka, 1984. 
Area Production Average yieldCrop (ha) (t) Average research(t ha) station yield (t ha) 

Mungbean 30.350 26,670 0.88 2.25Cowpea 49,980 46,20 0.93 2.30Black gram 18,800 15,070 0.80 2.28
Peanut 14,560 
 15.410 1.13 3.50Soybean 16,220 14,890 0.92 3.00 
Source. Seasonal Repu:'ts, Ministry of Agricultural Development and Research. and Agricultural Research Station, Maha 
lluppallama. Sri Lanka 

Constraints to Production 

Seceral productiL c.on Itr(it',Cxi,,t in iinIw'eani cul'ivatito. lThese are nhvs ical. biological 
ant socie ollollli l. 

Physical Constraints 

Climate and soil. Since! nian\ larniser depend on the higlll\ varialie ye'arl% and seasonal
rainfall, rtinfifll can e a nitaijor Coll-lraint l Octr\ atCrea of iuishean cultivation. On the other
hand. uniiunean is ,os tt lIncipall\ on ,inarial lands \%hich iase a poor ph\ Sical striCture.
low ,ater-hsoldine capacit.. are dlicient in or ianic nmatter and in fertility. TIhus.,otential \ields 
Ire seldoiss iali/led 1ll1de1" sIlch ontldition .. 

Unavailability of varieties adapted to varying farming systems and croppingseasons. V 

varieties ha. ie 


The far'niiemeiroilli ent of cach a,,1roecoloial reion \aries and reCunCllended 
not sito\\ isatconsistent ,uperior performance across environient;. lrther. the

sOil-nlloisture tcginscs require v,iitie, that misature inl 90 to 1)1( days durin, the iain .'erOppilse
seasl (m/sa j atd \ arioties thtt mature in 50 to0 65 da\ di inc the minor coping scaso5l Islf).Is2ti 

The length of iistnMlrit\, of l,rtesently-rco.iiiicIded varieties of ninnlle1beual 
 is 7t to 75 das.
Therefore, farsisers arc coipliled Ito plit iiunl;ui ill iid-No% niser. during m/aso, in orderF e h that pods im, miniturC durille tle. dr\ v.,.athe.'r ill ate i1uILrCndlcarllr,"eblinruary.
 
The difficult\ of land) prepalratis uisder the.. \%ct soil Conditioss otf carls Novclmer 
 is olle of"
the maljor tihtcle, *l ci 5.+ocal arietiehs t lm ,cim selcluted f(r their snr,,is'al ahilitv under
illirlillial input,. s.,itl little miutrilt, aisd misoitur, re,r,,e to drass tipon. 

Biological Constraints 

Insect pests. Ses eral insect pests calS elseriol.ls dansa.e to nlishean (Fiu. 2). They not only

"ttack e\vcr (ro%inss part of the plaim, 
 hnt il. transisit several virus diseases. Under present
field cOiditions. eSttiihateS of C'op loses duL,, to insect pests oltens exceed 50()' of' the vield 
(Wijeratna Banda. pcri,tal CostiiitLniCation). 

Disease. DepeudiI,+s O the Coidition for diseasC ,pread and stage of crop growth, susceptible
varieties can suffer 5 )"; to0 I)(7,lotss frouss diseases. Several diseases are present (Table 4)in Sri Lanka. The most seriotui are 1usiiheai Cllow%ulsosaic virius (MYNMV), Cercospora leal 
spot (elS) aisd powdcr\ llildew- IP1M. 

Weeds. Losses due to conlpetition front weeds has caused a certain amount of reduction in 
yield. 

http:seriol.ls
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Pidet ai e (L)w, ,Vrling)pvit 

0 10 -10 0. 4 

Insect Pests --- - L . 

Figure 2. Insect pests of mungbean by growth stage, 

Table 4. Diseast of mungbean in Sri Lanka. 

Disease Causal organism 

Fungal 
Damping-off. collr rot Pythium aphaniderrntum 

Rhizoctonia solam 
Root rot Macrophomina phaseolhia 

Rhizoctonia solam 
Leaf spot Cercospora canescens 

Cercospora cruenta 
Powdery mildew Erysiphe polygoni 
Rust Uromyces appendiculatus 
Anthracnose Colletotrichurn lindemuthianum 

Viral
 
Mungbean Yellow Mosaic Virus
 
Mungbean Yellow Mottle Virus
 
Tobacco Ring Spot Virus
 

Source: Seasonal Reports, Agricultural Research Station. Maha Illuppallarna. Sri Lanka. 

Socioeconomical Constraints 

Price of agricultural inputs. The goernment ha, intervened in several instances to subsidize 

the costs of fertilizers. agrochernicals and even farm machiinery . But the henlel'its of these 

subvention,, 2o mostl to rice culti,.ation rhich is grown under an assured supply o water. 

e Variuu 

throu h banks. fanmers p acticing rainfed agriculturC in the dr% zo:es ''arenot regarded as very 

credit worty duec to the risk,, inl.cd in rainfed agriculture. Tlherefor'e. it' there had been a 

crop failure during the pre, ious season. rainfed farmers start their season as "hankrmpt'. The 
level of crop manlage1ent is extrmelch, low,. 

Lack of agricultural credit. A..ho0.1-h the .IMC'. 1nent has organiZe( credit schemes 
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Lack of stable prices. Inrstahilit otitfprices isinlother constraint. However, the cerllilmnt 
has forlatcd a SchenCe 0f floor prices for all co.iarse 7rasiiis nd food .IeCttinS.This now elibles 
the fariers to decide on which crop, to he gr .lnin the ipColling seas. lllis helps greatly
in protectim, tile Itlrilics,,exploitation bstroui imiddlemn. 

Inadequate storage and marketing facilities. If the floor price ,chetne is,to be cffctivoe. 
the goverrittir o1iila\ c adCLutLc straic anld i.uailrrinl facilities. Since the floor price scl.heel 
operates only tlirowh lie Palldd\ Narkcin, Board. duirrn. seasons woith hliav rice harvests, 

,this sChCIe tail to opCate nuccsstull\ for otic crl. 

Objectives of Mungbean Improvement Program in Sri Lanka 

\, e l l i i _t\,aietie, lo t loa llll \ ,lelrts.Nlcat ,: has to he titkcllil u1 t ar tin itich 
the Viariel' %.ith tlre C\ltin,_, ctUlrdilhir,. IcC0rti ii arioLrs rnd ,..ril)piru liletkrrs tof tie local 
tilrttn tnl. [he icCjr.r I ictt\ lite,otrtire \arietal illr nvClrCrlt tOf Itil cb.ill.are based Oin 

these ficto airl rho'C-liiCriotreCd cotlIt ad desienrd to achievC /te olIlow ioc Lolls:ltfire ,. 

" frrCOrpoitC iriieL disea,,e re1arci,tIeli[.
 
" [rtriHcluceC iIii iCitaniicC h, is li-C ,t 
 lr as bLarnl]\ ii, HLIu rld hrncliils:

7rainl '' riitiihiinnL r i ,,\ * l.r'rse it >iuld it >ircic:isrrrni p rt nt er~l~l. inhprelerril seed ilttalit'. 

iarlce. crein,. ui +'d'. 
* Tailor Saietic, ho it inlt dierciir irsI-tlrctecrre Cbe corlrsiderCd as onCcrop rratnrit\ cartC 


Oft tire kits 1tctl, IMt lh, ,, ( UiCllLi C uii CArlh ;
 
t (it \%.ith '5\* f)C.Cio)rll %lr'lltcr art alili . t it) li ni COrIpetitiOrl lroIIt i,C ,: 

* DCvClolprrr fcI ps icrasd Ah!li to niiitocn urrrdert., ithr ,. li local cOldition,s: and
 
" BroIadCirir the rdapJtltlor tlilurit'l u .n,,Ctic..,cdliic and
be.uttel r vicr. rotl pCCtraioOui 


toleratce to ti-torture stess.
 

Crop Improvement 

Ill recortlnition ot thc irriportalieoflcrairi LtrLC,. tIe Sri latka-Irternatiomal I)cvelopment 
tResearch Cerrt Il)R(, orCd (rain [riplrielrit Proiect soptnl-lrted tlile dvC\elpnr reilt l \arieties
 

ald techrtoloL.\ ot rt ICLllrC,. iriclidirre iruri.tbar. 
 linder this proniect \arictal .llectioll.
 
[re-er.atror. brccdiit aid tcstin ha._e herrn ,ririlicrrtly 
 ,tre ithened. The iutrcbean
 
iiIpr incirliit Ip r i i the )CIlariliti (ml ' Sri Lanka has Crr iater
.illatl A\ riCtIture. e dCicied to 
both to tratiiorll Aind ieciotmal reedsI Ire hicti'c,s.as renitiorred 'arlier. relatC to tlre prolerins 
of the rl rtt111.,ii-12ro%.'irte ichi, ill the collltl\ ."TlAkir2 of sil.rtho accollll the divcrsiit cliritatic 
and fairiin conrditioniotrp:iicrne Illtilte difell;Ct aurocliriatic rcqiors. cfforts arc bcirc llade 
to irrcorpOrate trits,' rEcrotl si12Ilicaic. lite brCCdirnc lines, W %ellaS irtrrrductiors. arc 
titsted for oide ldaLptakthililr\ MI J :''ilttlocIriorlal basis illdilflerent rminral research centers 
represertirn tire irttrnt ct 2r1ccIlocicar rec'iom, ir lh cotuntry. 

The erlIlasit rIcecii IitrIi ricicltHral iCsCarclrIFIrti ir d2rl enter,, Table 5) arid loiteili 
courtries. ahm '.. ti tire Ilcal collectio r". irre hCi2 irnaraiiiticd. evaliaed arnd uili,'ed in tle 
rnatioral hreedin,, priririI. " c to fire,, v. hich ernerced frrinrt.cl% 15 aid sctrc.iltiiIlu lpnrncetuic, 
the hybridiatiorr plrtliaili are ieSted for I trr to ieke sas, nlr>it rrire localtions li Select desired 
characteristics. FLurther of1s+cr.Cireintihese prOceiics Itr irrect pest antd discase i,-iertarrcc k 
carried tLl11, tie CiIto lioersI'll arid IpZthmm _,ist. rcspecti ely. 1his ifcilitates the selectioln of 
few varieties adapiI)tabl ht btlth spcuileC ;nd wide ecClhnrfcal rel-ions. Prmrtisiic varietie. cirri 
fromrt these pro ramsi arc tsCtd lhonL \%ith the check aricties ilnthe Natiomal C6)rdinnatCd Varietal 
Trial (NC VT'I ciLndicted in the i-Citrilal rescar cellters tit t niMtr. to si\ seasoll., The nille re'ioal 
research ceters .hcrC inuincbCan N('\'Is are etmiilctCd ae Sitritd at NMaha lluippalalnra. 
Arnurakolapalessa. Kiliitchcii. ThirnLlvlC\ . M.IakaLIdura. VarillhavillAl. AI-.lacanwila, 
Girandurukotte aid Mrtieracala rFi,. I I. 
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Table 5. Number of mungbean varieties received from international agricultural research centers 
(1982-87). 

Season 

Source 1982 83 1983 1983 84 1984 85 1985 1985;86 1986 1986,87 
Maha Yaio Moha Maha Yala M0ha Yala Maha 

AVRDCZ 20 - 20 -- 20 -- 20 -

ARFSN'IRRI 10 10 10 10 10 II 

ZAsian Vegetable Research and Development Center YAsian Rice Farming Systems Network, International Rice 

Research Instiute 

Under tile of these varieties is also heing done to testcropping s'stcms program. screeninL., 

their suitabilit\ indifferent croppim-g pauern,. The Varietal Adaptailit) Testing Trials (VATT). 
have been fomulated for further testing of the 1e promising varieties, which emerge fromln 

fileNC\.'Vs im far'mers' fields in unrepliatCd trial phts. Itthe DepaMrtlent of Agriculture 
determines that a varict\ is suitable, itis recommmended for release and it then becomes the 
responsibilit, of the seed prOducltmil divisisn to produce quality seeds for distribution to the 
farmers. 

Achievements 

The main achievement durimmg the recent past hias been the identilcation of two varieties, 
Type 77 and NI1 5.svhich are hein, recommended for release to farmers. T',pc 77 has shown 

wide adaptability and NIl 5 is tolerant to (I.S and has moderate tolerance to MNIYMV. There 

are a lev, other varieties have given hi\1%Ilich gh yield, v. ith acceptable seed qualitV. Amlong 

themn. VC 1973. VC 2764A. VC 2778A. 77-193 , Mil 5. IPI3IM 79-13-60 and IPI3M 79-13-45 

have shown satisfactor\ results (ITable 0). Nlungbean cultik ation in Sri Lanka has increased 
trenmendouslyv over recent year. The currentl\-recommended varieties are MI 4. MlI 5. Type 
77 and Type 5 1.vhich were bred and :or selected at Mlha IIlultppallaml. Although MI 4 was 

the nos, "videl -grown %'ariet\ inthe past. NII 5 is beconming more popular due to itsmoderate 
tolerance to 'IYNIV and large seed size. 

Table 6. Potential yields of some mungbean varieties. 

Potential yield 1000-seed wt. 
Variety (t haI (g)
 

IPBM 79-13-60 2.00 59 
VC 1973 2.10 61 
VC 2764A 2.20 62 
VC 2778A 2.25 63 
IPBM 79-13-45 2.30 59 
77-193 x MI 5 2.40 67 
Type 77 2.35 53 
MI5 2.33 65 

Source Seasonal Reports. Agrlcultvre Research Starion. Maha Illuppallama. Sri Lanka, 

Sources of resistance to major diseases and pests. and entries w;th suitable agronomic
 

characteristics have been identified. Fhe' are as follows:
 

Cercospora leaf spot: VC 2917A: VC 3541: VC 2770: CES-ID-21: IPBM-7913-45: Type 51 
(CES-55 x ML 3): 76-187 x 1i 5 - 2A: Type 51 (CES-55 x MI-3)-133F: Type 51 x 
76-1 87-4F. 

Powdery mildew: AP 205 (CES-55 x MI-3-1'V): CES-ID-21. 
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Mungbean Yellow Mosaic Virus 

Preliminary studies have revealed that the folloing varieties possess an appreciable degrec
of tolerance to I YMV: NI H 309: Pusa 101: NI 29 37: N1 19-19: F 321 , TV 79-3; N-30- I : 
N-60-3: N-90-12: 76-187 (CES 55 x Mi-3)-133F. The reaction of these varieties to MYMV 
must be further tested Under co)nditions of hiiih disease pressure. 

Insect Pests 

Screening ol locall\ -dCvclipcd \arictiCS. is \%ell as introductions, has shown that none of 
these varieties are resistant to bCan fl, aid bruch id,. Hvowever. the following lines developed 
at Maha Illuppallaiiat Research Station. hiveC Iw n Moderate tolerance to dainacge by pod borers:

76-187 x N11-5-21) 

Type 51 ('tiS-55 %II-3.-33F)-2F 
Tyvpe 51 II. 3 C1-S-55)4." 
Type 51 - 70-I87-41-

Good Seed!ing Vigor 

One of the impottant agtrooic attributes of a variety is good seedling vigor. NIl 5 has 
shown this character which has cotitri'ulcd toward., its successfuIl competitiveness againist weeds 
(Ariyaratne 1987). 

Late Maturity (85 Days) 

The follo\ving lines are Moderate to highi',iclding and Iliture in 85 days during the major 
rain\ seasons. Ho\vcr. maturity period i, tot considerlclcd to be long eIough fLOrgrowing during 
this season. 

Type 5 I11 3 :x CES-551-4C 
Type 51 -: 70 - 187 (1(0-IB 

Early Maturity 

The variety tCI.S 55 x \,1-3-1331F proved to mature in only 55 days in v'a/ and 60 days
in na/ha. Thi,Inav oipen possibilities for SUCCessfuil moniocropping in areas with less rainflall 
and double cropping in rice-growing areas using residual noisture after the rice harvest. 

Future Research Needs 

Considering tile agricultural prlgralll in tile coLutryi \ . inunigban has gained imnportance over 
the last two decades. Its cultivation has teided o the dtivcrse farnlin systems of the dry zone 
due to its wide adaptability to these enviionments. Hence. miungbcan research in Sri Lanka should 
receive high prioriiv and a Intlidisciplinary approach should be adiopted to investigate problems
such as MYNIV, pod borer. bruchid, and bearllfv. The necessity for \; riiics which arc generally
adapted to low levels of nianagcenent is also increasing. Other virictiCs with good response to 
high levels of'tnalieienent are also desired. The devclopnCnt 01' 1ng duration., high-yielding
varieties of muingbcan for culivatioti diring1 the inalior rainy season is also anmimportant
consideration. Attempts inust be nMade to Select gClty"'pes possessing good N-fixing abilities 
and to isolate eflicient and competitive strains of Rh izobia. 

Acknowledgments. The authors wish to extend their appreciation t,.)r the contributions made 
by the grain legume researchers of various research centers, without whose efforts this work 
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Mungbean Production and Research in Taiwan, China 
Shui-Ho Cheng 
Food and Agriculture Department, Council of Agriculture, Executive Yuan, 37 Nanhai 
Road, Taipei, Taiwan, China 

Abstract 

The prevailing subtropical climate in Taiwan favors the growth of various food 
legumes. Mungbean has long been regarded as a minor crop. The Chia-Nan area of 
southern Taiwan is the major producing area for mungbean, where 95% of the mungbean 
crop is planted in the spring season as a rotation crop. Most of the mungbean consumed 
in Taiwan is imported from abroad, primarily from Thailand. The price has ranged from 
US$0.32 to US$0.50/kg during the past decade. 

The two cropping patterns which include mungbean as a rotation crop and a general
outline of cultural practices are described. Mungbean breeding and management
research in Taiwan are principally conducted by the Tairan District Agricultural 
Improvement Station (DAIS) which is financially supported by the Council of Agriculture 
(COA). Of the three mungbean cultivars named and released by the Tainan DAIS through
1981, Tainan Selection No. 3 was a cooperative achievement between the Tainan DAIS 
and the Asian Vegetable Research and Development Center. However, low yield and 
high production costs resulted in a negative net return to the farmers. 

Although environmental stress factors, high labor cost and competition from foreign
products limit tl~e development of mungbean production in Taiwan, local mungbean
production may still have a niche, and could even thrive, if the problems of low produc
tivity and high production costs can be overcome. 

General Information 

Talaiwkan is situated hetwcen 2t.45 and 25.37 N latitude and has a land surlacc of' about 
36.000 kil in the SubItropical /one. ]'he a\ral-Ce teiliperature varie,, hemy, en 21.7 and 23.8 C 
fron the north it) the so.th. Allnal rainfall iSa lhndant. ra'II Il 01l 1.594 to 2.34(0 inn per 
year. The predominant Stlhl'opic;ld climate la t or, the ti \arili food ,.Lros Of , lth.l .ILI 

iungbean ,isone of the food ]leIni , mISy11in 'litI nnd I L, IW:I been regardled as a 
minor crop. Most o41the ltml21Innu.eanS Tia ar'C iinlp ,.coi,.unicd ill n'111 1'ted ftront orCieLn ColIntri 
mainly fron Thailand. lotal local production \, as onl\ 016 t in 1980: this co\eCed onlv about 
2.4'(' of the toltal dcemand of 25.()78 t. 

Production, Utilization and Economics 

Production Potential 

During the past decade, the area planted to inunhearn reached a maximum of about 5.500 
ha in 1980 and then+declined rapidl. to ahot I.1(0) ha in 1983 iLe to the increase in labor 
cost for harvest. In 1984 a rice field diversion prograiml as launched., As a result. since nmunbgean 
was one of the rice substitution crops. the area to inunhean increaSed to0 1,218 ha in 1986. 
The average yield is in general low and varies betwen 40 and 800 kg/ha. The total production 
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attained a maximum of ahotjt 3.80(0 t il In980, then tended to decrease to tIhe low of 616 t in 
1986 l able I). 

Table I. Area planted, total production arid average yield of mungbean in Taiwan, China, 1977-86. 

Year Area planted Total production Average yield
(ha) t) (kg 'ha) 

1977 3,816 2,305 604
 
1978 4.381 2,827 645
 
1979 4,691 3,583 764
 
1980 5,547 3.816 688

1981 4.421 3,287 744
 
982 3,426 1.832 535
 
983 1,092 471 431
 

1984 1,155 476 412
 
1985 1,704 667 
 392
 
1986 1,218 616 
 506 

Source: PDAF 1978-87 

The total alloUnt of ILrunbean imported Irton Forjei,-n conltrics in tie last 10 vears has 
ranged between 20.0) and 26.00) t. except in 1978 %khen it exceeded 32.0)00 1. Th, countries 
from v'Which Unlebean a.l,inlipirted included 'Th[illnd. IuI1rtna Ihndonesia. tile Philippines. Japan.
Malaysia. Sineapo)rL,. etc. Thldlnd IaM,Iben the nulirbe.r one tighean expor,.r tTlail . 
With [iati\ inported 'Thanl iland reprcscntin- about 70'; to I00'; of [Ile total. The 
unit price per kg raned ti 1'.i (..2 to I'S.5(T Iahle 21). 

Table 2. Import and export of mungbean in Taiwan, China, 1977-86. 

Import Export 
Year Total From Thailand Price Total
 

t) t) (USS kg)' (t)
 
1977 25,645 24.420 (95 21W) 0.34 1

1978 32.142 31,748 (98 81o) 0.32 46

1979 19,695 19,513 (99.1 l) 033 19

1980 20,523 20,445 (99.600) 0 38 80
 
1981 24.594 23.947 (97.40o 0 50 7

1982 26,216 20.434 (77.9Cc) 0.49 2

1983 22.488 15,972 (71.019) 0.44 25
 
1984 22.060 16,460 (74,6Cn) 0.45 4

1985 21,661 19,246 (88 90o) 0.40 2
 
1986 25.362 19,889 (78.40c) 0.38 I
 

Source' Anon 1978-87 'Exchange rates. US$1 00 = NT536 00 YNumbers in parenthesis represent mport from 
Thailand as percent of total imporr 

Environmental Aspects 
Munuhear is prirarily er~vir in the Chia-Nan are, of .,touthern T'aiwan. More than 95','

of the i+.nbcan is planted in tire spring season (first crop) inl rotatiorn and less thal 5' in the 
fall season crop ir tile drvla'rd. The Ciia-Nan area ..overs (lie Chiavi and Tainan prefectures
and lies between 212.51 and 23.38 N. The soil, are nrairlv ctoilhirsed o.f alluvial sandstone 
shales with ,,ood drainage. are calcareoLis, anging fronir sarIvIt sanrdV loan with lower fertility
in the west and I)oncalcareous from loan to clayo with hi,.her fertilitv it tire cast. The annual 
average temperature i., f'rom 21 to 243C. A rirual rainl'all. of' which 80(' is concentrated il 
tire wet season froi May ton rid-Septebiher. averues about 1.800 nini. Annual average relative 
Iruniditlv is about 81 f . Irrigatin is made pos.ible in this area by the Chia-Nan Irrigation
Association which makes avail[able water fromrr several reservoirs. 
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Management Aspects 

As mentioned hetore. tl;run..cin is mnainly gron in tie lirst crop in rotation. The two 
prevailing cropping patterns which itldt1 IIiunhean a, a roltation crop ill this area are shmn, 
in Figure I. 

(1) Two rice crops in three years pattern 

Year 1st 2nd 3rd 

season Winter* Spring Fall Winter Spring Fall Winter f Summer| 
Rotation Sugar- ng- D y dPaddy Dryland Sugar- Sugar
crops E ean rice crops bean rice cane cane 

(2) Single rice crop in one year pattern 

Crop season Winter* Spring Summer 

Rotation crops Dryland crops7A! Mungbean Paddy rice 

Winter crop 

Figure I Cropping pitterns with mungbean. 

Inl addition lrin 2)); 1()30'' 0 the i, intercroppe.ui u +,e-hel,till, v. itt ln .arcane. cornor watermelon. Recentl, a stinimtir (rtppIlctluhll to replaice ilc sec .dpiidd rice crop 
was also studied (l-lS and al I9 4) land iniclraea -itce fi ld diCrsitll p t) rall. 

Cultural Practices 

Th'e sitiuc tue dlpends O Iiical\, cather cinditimi. In l'ai\ aiatc: l-ehruar\ throtigh
tnid-March is conidered the lbest titte l01 the.Csprilc ,east c-ip \hilM la ..A\t, ,t throunch
 
niid-septeniher Is id FOr the fall crop o( hUew
aincit,m 191 ).
 

"lhc spacing k ill .3) to 4) • t I 1)
cm. The ,ccdtci rate is, fru 3) tti 41)k,- hit.
 
l)rilline ito a plantinL- depth (t +* 3 (i i cneall.%[ tOicId ('hI
' cI C -,2Ihe1 . 

"ilhc tO is Ctctaticl\ crc.o iu1ntdC d it', 10liiM ,: ,iintp10,t II,000applicatiii )"Clrtil,er, 

tio 12.)00(1 ki ha: N 2 I 3)3) kK ha P.(), 3( !t 54 k, 11;: alld K2() - ( 90
t) '>1)ku, ha. 
All oftthe fCrtilieCr, can e iroadcast hbire sii prcpration nd iunlcdiatel.\ illco-piated itlh)hC 
the soil by rI)taVai I(j'hu l1,9) . 

T'hinnhing.l L dii . culti\,ttiI and idu Hlliirtlllt ill the iditlun cibealMre (lidittenr
fields. Tie irst thitrllii i, made 15 ti 20 d,\ lteMr sI(nMill Lld thinnin e \eekald tie onu 
later. Weeding is carried ot ' o o, three tlneisl,dnring the ctnm in,_- peuitd. Ridci mtc i, uuall\ 
d nc In llortiptl. \ tIm th t ai itil ('I nH t, . 

Itn case,. drilIIg t.tm,,i or thrC iri11m l un11CLI4 CCenc the flti\ iil arlc sla'. dLIIiln erilte 
period. A nuncheartV eZquite \ ulnerable t-il1iodili)L. a i I0,cdra",inalc s\St "ellIld be uili/ d 
(Cheng 198l1. 

Cercinspora teatt spont i Cl S (Cn/i o1.Iquot I tilk'M..IiA pin'.'. ildeC'. W) andd ler\ PM) )Lrvildnh
fmA.go/,4i) are the mal ir diseCaSe (i t1urIheam. CULS can be cnnt rolled h Spri in lDithaec N 
45 (3 kg.'hai two to three tlunts at lt0-da, itMrL'al. i ier\ nildel. is Cn1trinlled h\ using 

,BenlatC (dilated I .5)) titte,) w t three litt at interv,ls of' 7 ro I))da\s. Bteanllies. ,reen 
lealhoppcr . apihids and leal-eati ng catcrpillar lar. ae attack \01.111 sCdlinI i, and lllature plants.
Beanllics can he CeonttiileCd h. hrinadastine 5(; Il)is% i (0 kk2))haliiil the so\\ine lurro\ and 
then co',cr!t1, thle itsectiCide \N,itt abi(nt 3 cm (I soil. 'hc other pests are controlled either by
HIPN (diluted 1.)0( tilmCs) or Mw kllltan c (diluted 2.100 times) (Chent-_, 1981l. 
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.Mungheans mature abOtt 2() las alter flosering. The l d,are rC'N forI1,t once (lie 
color changes front ereen to black or selos,-bro\\ n. -lalCtin. needS to be acconIlplished h 

lhandpicking two to three tiC SduC to the lack (Icltisar \%ith na uni orIniiatulit\. After threshinu 
th,.-Ced Should Ie dried ito12'; ito13'; loistrlC cOntenIt io"ithe 111+purpose tofpackagitig and 
storarie Chen, 198 1 

Cultivar Aspects 

.\ siall iMunecan bre..'ding rIpraor has,beenc.arried out tfor tioi,1C than 2() searS i IheI 

Tainanl District A-1.ricultural Ilripro\ etcirt Station Ii.IS)I I9"t,mo cultiar,. Taihna 
Selection:, No. I ind NO. 2. \\c5 ,cseltCd1-tout ioCll\,-enltis atcd lpopmlatiotsI, an!d \s,.rc relea,Cd 
to f Ctrinres I +.i8 ..- \lthioueh the)e ne\,, culti\ ar eldd local \,ritie,, ,i,.(he outs l. 1100 " 
tol.riCe to los temperatre .itl rot c mired t the local one,. Iti,vsriatcd that os\,cr71'; 
of the iUlln hean prt1-odlctiol all 1', planted to lo: %a ettiest a' I ull ( Gree,1,1uC1h ( ;rCri. ()11\ . etc. 

Whell [he \sall VC,'eable RechM-r and 1)e;elIuCIur (enter )( It rIurienbeair.V\\'R 1tarred 

lbre.'cding pro rri+. the litll1 I)A SItulI\ , cperated s ith.A-\'RI) l l the titil/atioti oit,,riplllasil 
and adsaneod br.'dI lines,. III ISl Ite .ult i " ma. Selection N, 3. s rcleased:)litlr as 
it %\as oriuinall. an A\VRC if.d ite \( Iu2,8.-\ ila c-ross besseciranced 1birc i.di deri.l lld 
('ES I l)-2 I and PHI+-I,. lainan .- N. 3 has a rher 5 el it".1)7( lia than the local 
sariets and laitan Sei. No. I lir a SeL No. 3 i, sho t- erct and tolrant 1t hodiir and 
PMI. Its pods Mauei IllttLi1ittf l Aind o)'othle \ICLI Cu l he liar\ctcd it te timeI (Isl 
and Wanll 1 3. ') tuost t tie gross, tIre dull t,pC lilhdometic1t utunatel, localfarmet" u',uall.s 
C't11SLIt gpti the loca1l itarket. lairiai Set. No. 3 ,ith ;s ,,hin sCed lu,,tC rfts arid , 
tin bei oll tiaritl e to the d rt ic rirarket ( eireiilllI\. t.ner ss e tile][ o see lot ir orLo,,il 
seeds front sed stme lor plan1trg. 

Economic Aspects 

For the past I0 ' ears, tie total detrind for1' iriunebean ill ha , tanLed bsCt 22.1)00Tai%%an cen 
tand 35.00() t: local.-l,"I\-odu,.cd iIltirblal corinrp0o.d oul a siMall portion of the dCmland. In 
terms of the percentace of self-sLI'ficiete\ . the prtportitort had increCasCd front 8.3; in 1977 
to 15.7"; in 1980. then dropped to 2.4'; in 19-)80. Although tIe doHiCrsiC supp1\ ssa, strikintly 
reduced. tileforcign supply remained stahlc (lable 3). 

Table 3. Demand and supply of miungbean in Tawan. China, 1977-86, 

Demand Supplies Domestic supply as °oYear 
Foreign t Domestic 1tt of demand tOo) 

1977 27,950 25,645 2,305 83
 
1978 34,969 32,42 2.827 8. 1
 
1979 23.278 19,695 3.583 15.4
 
1980 24,339 20.523 3.816 15.7
 
1981 27.881 24,594 3.287 11.8
 
1982 28,048 26,216 1,832 6.5
 
1983 22,959 22,488 471 2.1
 
1984 22,536 22,060 476 2.1
 
1985 22.328 21.661 607 3.0
 
1986 25,978 25.362 616 2.4
 

5ources: Anon 1978-87 and PDAF 1978-87 

Since nirghean is not an important food crop. coMphete data om the production cost and 
profit to the farmers front 1977 to 1980 is una\ailablc. A iot re recent stirs.e \ as made with 
local varieties in the spring season crop of 1984 Tahle 4). Ahot 78(, of the total production 
cost was dire to labor cost. of which inore than 6(1'; \was hand labor. The production cost is 

http:local.-l,"I\-odu,.cd
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lower oilrotation land than it) dt"\1lld because o tlllore inanats pits. both ill ateri'll
 
anid labor. Ir the latter. The lo, yeld and linh la Or in a llcltive net rCtUn+
,.st rCsulted 

to th) fariui, lsI oever. ifthe pairnent in kind(1 oK)the rice Iield dive\rsion progran for
 
lit+ lanlated inI le ,pring sean crip o double i,.c i,, the ltl return.
the,. ae coutld ill 

theii tle net return becocs postie. i.e. .'SS73 ha (11K tow iinbtieilan) - I'S$33) lha(nit
 
relurn) -- iSS444 lha.
 

Table 4. Cost: and profit of mUtngbean production in Taiwan in spring season crop, 1984. 

Rotaion land Dryland 

(US$ : iUSS O) 

Material
 
seed 53 4 5.6 58 9 5 I
 
fertilizer 56.3 5,9 82 7 72
 
pesticide 55.1 5.8 71 4t 6.2
 
irrigation 41 9 4 4 37.9 3.3
 
subtotal 206,7 21,7 250 9 21.8
 

Labor 
hand 6098 64 0 703,3 61.0
 
animal and machine 136.3 14 3 198 4 17.2
 
subtotal 746. I 78 3 901 7 78.2
 

Total costs 952 8 1.152 6 

Farm income' 614 3 683 6 

Net return -33Q 5 -469 0 

Source PDAF 1985 'Echan< ratus. USS 100 NTS36 00 'Average yeld inCIayp and Tainan Counties surveyed 
evas 585 kSiha in rotacin aind and 651 k7' ii in dIrlandThe average was 057 hirn-gatu prrce US$1 kg 

Utilization Aspects 
Nlun ,.!beanis, i bean ,1pritit. (u 101.. ate and bMtrtitit l usLeISL tititlcsu,.,'-/ie 1i0litr riled 

ss, lIrlcrrl,.d 
+, 

to lalrtdIle.' b it see.ds, alC hetter lor procssing,hl)ban . Siii1i l sed I', h, ll,ea1auts. I.l-l'e 
1[ '(Lrt 01 v.hc o: I),..M1tl,1,tt,..h 1 '11t-t'Fi ~ ttlLln CC[.' .IChl,:l,lt ;I1 1Ittll CC .u + Cutln,\\. MtItL- C[¢. For 

0dl. and ptt. seed losses er. 
in all atst ittli/ tisizi. prirces,,rs dislike hard sceed rninth, c.s l lci.,lI Iiblelid whole 
bCn atd Ipaste. Fa1rnmer,, a dull luster. 

prcparin u ihour ni pecial iquJrnilt Ill ulit\isJdesired , 

are t,.r seed,,CI 

Research and Development 

Mul,ibeanlel ici, intnd iiaiilaeiillent research in lai an is principall., Csrducted h\ the 
lainam )AIS and linanciall, supported h\ tle Council IOf.AriCulurC (.'()A. BCsidcS \arictal 
implrovemient research, mostsit the basic manageet resech brI Jrdu.timl saisdonle duriC 
the last 20 %ears. Recentl\ . to met the iniplcmelntatiin ol'the rice field d.iversificatiin prog'ain. 
Several eperillcit,, sill ctippinl pttcrn, land li.'ih-ridC plamutin- Of HIunbCan inthe sumtmeltl+r 
crimp in the..eIM eCn I1su and 1 41. Il adtditi ailess+, utilizationheld has, cisducteC Wanl I 
experilneits. such a, imlIhen sprIiut production (Cla,1 78) i51nd Of munba21;it utili/amitl 
starch (Wan, 197,S) hase heen cinducitcd at the National "'is an t'nis ersit, (NI'. ('urrently. 
researchers ,,,orking son intllbe,a illlis,'an are Messrs. C.S. [Hsu and I.S. Wim,-st "'ailian 
)AIS. and )r,,. Wan l)1Dori (. hail[I.H. d C.N (iI IA'. 

Constraints 

MoSt unlIgFli ilivan is ,rosn in the splring season. 'he losW tempeature at the 
beginning of the growth stage and the continuous rains that oftenl make harvest incomplete or 
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even impossible, limit the prlducti, i. of natghean. Also. Ilfoding and frequent tVphtns often 
threaten nltnelheail pI..id.et ion ill til su t n',it"Cason, To Colpe with these eniVronitmteIntaliolertls, 
\'ariet.Id inIpronCIltent should irst OLCt,On Seasonal adalptahility with tottC'iiiccto0Io, teilpeliature 
hefore the 11owe ring sta;c in the sp rng seison and toleriace t loodin2 inltWe sn wiiIrscason. 
Of course, high .icld, and ea-ls atid ut1iforn tattrit, should he Colsid l. thered as el.I tit 

other hand eIIC I iIle ,,o.. as id daittage rt0I
a. l aduiltttttlt Ihperiod to (ss tielliperatittel 
and rina llneeds toIe dhte.ritlintet. FoUhCIlllteC. studiC', t enltIaL plaeti ces ill ridit f(oIi i, 
attother IIa IIa ueIIC[It ap roach t ded to II Ira prdt) tIl . .M aI Iil h.eI. It\%C it1 thC laIt 
Lost is critical It the protT tahit o)f -t' I I i uluin hat. l.ao-ts'-,h itto cuitltal IrmtCticeS atnd 
the development ot1 a cotihite I'lcar eter slould he e.iphala,i/Cd as v, ell. 

Althouth tlt1,1.tI .aI COt.t pllth 1 I lai, t tlepetnds tt iltpo t trolit lorien olll tint-ies. locale'tlll:,tlilel'2 teslu e that bo,tll., indites bti,. an' te' tl"s"hu" attln sIItH,. ltot ptlidUlo ",itlbl Iliakill ,, 

such as hoiled v, tIAlI' I,, Itstprtlhl, ue to 1tadIII Ihatlth sI...CC tIcatl 1k.II',, l ttunleatII 
pt) lutit sill a n ,: C ht ) , I\ a id L'\ Ctt thri in lo p itolI lt ',aI t \. t.cc the pss,', III:ti, and 
hiih pIOLLuCliott .oSt ( .',,iseCiIlI\ c'sI') prtII 5 t .lAbIT Ire O\ t 
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Mungbean and Black Gram Production and Develop
ment in Thailand 
Chavalvut Chainuvatil, Nark Potan 2 and Thawatchai Worasan'1Crop Promotion Division, Department of Agricultural Extension, Bangkok 10900.,Thailand 2Field Crop Research Institute, Department of Agriculture, Bangkok
10900, Thailand 

Abstract 
Mungbean is one of tile most common legumes in Thailand. Consumption is in theform of bean sprouts and vermicelli noodles. Mungbean grain and starch are popularingredients for Thai and Chinese cuisine. The Institute of Food Product Research andDevelopment, Kasetsart University and many other institutes have worked to develop

new food products for Thai eating habits. 
Recently, China has substantially increased its mungbean exports on the worldmarket. Their mungbean has better quality and a lower price compared to mungbeanfrom other mungbean-exporting countries. As a consequence China has become a strongcompetitor. Therefore, the Thai government's current policies are to increase domesticconsumption to improve the yield per unit area, and to maintain the mungbean areaplanted and avoid exceeding the present hectarage.
Regarding the research program, the Department of Agriculture, in cooperation withlocal universities, conducts the collaborative research and organizes an annualworkshop. Four mungbean varieties, i.e. Uthong 1, Kamphaengsaen 1, Kamphaengsaen2 and Chainat 60 are recommended for Thai farmers. The first and last variety werereleased by the Department of Agriculture and the other two were recently releasedby Kasetsart University. Uthong 1 is a relatively drought-tolerant variety. Farmers canharvest Uthong 1 in 65-75 days. The large seed size (1000-seed weight is 70-75 g)is valued at the market. The pods mature uniformly allowing farmers to harvest thecrop within two pickings, compared to six or seven pickings required for the nativevarieties. Kamphaengsaen 1 is recommended for irrigated areas Kamphaengsaen 2
is for the rainfed areas and Chainat 60 is for the rice-based cropping system. Through
the Government's Seed Exchange Program, farmers can bring their seeds (any mungbean
variety) and exchange then for tha recommended seed, on an even weight exchange
basis. Farmers are also encouraged to utilize intensive cultural practices in order to


obtain better yield and net income.

Black gram is an important export commodity for the Japanese and Indian market.
The main utilization is making bean sprouts, but the seed has been affected with a
fungus disease (Macrophomina sp.) which ruins the bean sprouts. A joint project has,
therefore, been established to change farmers' 
 cultivation methods. Cultivars andmachinery have also been developed to solve this severe problem. 

Background 

Approxinately 70, I'the 'l hai popula: inn of ahont 55 million are engaged in I'arming oragribusiness. The average flimil iscomposed of six persons and the per capita income is aboutUS$590, much lower than the neighhor to the south. Malaysia (USS2.000). Approximately 
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lO0,O00 fari lanilies "row ninehean (1'it,,nu1iriala(L,.) \ilczek) foritleirown ColIsLi[Ill)t itl 

and as t cash crlop for additional incoimie (I)()Alh 1986). 
The o ajir 1iu1nlhea piin-prtduct ion area is in the cCIit'1al nlld northern part of the cotn ltri 


very little is prodned il the sooth (Fi . N1tin heii prI Iductit m statistics in Thailand are gien 

ill Tluble 1. 

EmRa ny- season area 

F- Dry-season area 

Figure I .
 

Mungbean production areas of Thailand. 

Table I. Mungbean production. average yield, cost and net return in Thailand. 

Area Production Average yield Production cost Nct profit 
Year 000 ha) ('000 t) (kg ha (USS ha)' (US$ ha) 

1981 344 213 619 137 25
 
30
1982 334 211 630 147 


1983 331 218 644 
 147 35
 

1984 308 225 730 141 48
 

1985 425 260 612 135 25
 
606 
 -
1986 434 262 


Sources. DOA 1986. OOAE 1986 'US$ 1 00 : 25 That baht 

Thailand is in the humid trolical /one. The rainfall folh)low s t himodal pattern with the lighter 

rainfall heuiumine in ,id-Ma,toCCaioal+l[ periodISh, of droght in June or July. anid heaivy rainlfall 
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due to depressions and cclones in S,".eptemher and October. Annulal rainlall rlanges front 1.000 
to 3.000 nln: Banctnkok recces loin 1.400 to 1.500 mnn per year. There are hetv len 90 and 
150 rainy dass per yeau. 

The average telperatturc in Thailand is 27' C. ThC Itaxinln temperamure. \w hich ex.ceds 
35 C. is from March to April and the nininunU teCnIpCraiturC. under 15 C. occurs fto01i I)eceInher 
to JLanLar\. In a. ,c\ . pints intcS. the llla\ini)ln emperaure.ttt reache.s 1boLt 40 C. an1d in at fe, 
thtlers, the mininit teniperature is tinder 5 ( The dast,,lenth is 10 It in l)cctl-ber alnd 14 
hi in \Ia, 

The 11i10t IIt1ti .at..I erll i ,seas l IN ill theI lliddile of the riill\ Sea.li mtt Aurotm 
to SCI.pt1Celitb . hell It Ill, s m.i/e In the upland arca. Varit-ous Cropping pltttlcrn ill \\ilich 
n t beali is includ d areC Nltsi ill 'i.-'ln 2 ICliC atc all ol, Soil t%.ees but loltst are loall 

It sands -Cli h0iill. I he dl\ "\-seatllRIiI'he.L" I. \\0ICh Is '10\%11 Il IIIliiCtd lInd atCr rice. 
occtlpic., aibott te-lttill o tIc to[t] llIt-llg CIll prohl.tloI area.'+. lic soi,l t\p,. l IIIthe a;l of 
this AlSli,\s . A otIOl It) IO JItlIIn I Li\ 

Season Ja,, I,!FuiF Mar Apnt j J, Jul gSeptj Oct. tov.!Dec. 

Dry . MLngtnIn - . __ Rice 

,+..,-tng he+i - .---------- Cotton--..-
Sorghum 

Early Rainy 
Season Soybean 

Black Grain 
Sesame 

Peanut 
etc. 

Maize -n b Mungbean 
Late Rainy Sesame I 
Season Soybean 

Peanut , 
etc I 

Source: Chainuvati 1980. 
Figure 2. Cropping pattern involving mungbean in different seasons in Thailand. 

The averuac Srtn it "llailltd is 4.5 ha averace,i/e abo1ut alil', 'and is also tie size of 
the llulcian-cirt %v,inI 'ailil, ilt the lltit hItcbat-priiduictiotI ,tt. lIcillc omlIN a catch crop 
for 'armers. ttUIlceati att ItIlI.'h 1ttt1tlii. ,ie.st poessi,blehti,t ltaCtL itttei r Clte1 tite ninittttnt 
aid are. therefore. Iitot ,e tllcd the I,,t,0n bI\ som01eC\ abot reItulii.. See1 iS 5I hroadeaCisting: 
lhl'ters o', not e e i Ili- tht.eir laid. Neither Rhi/'obiit itoculaitiol nor fertilization is used. 
Althotngh ther'e is a labor shorltge. s o-teptnlil IiIorer, icivrate in search of alternaive 
emtployttent In othter arcas. Collseqnclttl, . ti1e itunebean . eMlis,\ Cr loss . ()\ in to the eXtelSiot 
activities tit' the chcnliica cttipatic,.. fIIeIrs hIa\ teccntlbtin to slpra, cltittical insecticides, 
hiorntitotes. liquid Iertilii'ers. etc. 

Another rcaso\t . fIarnlttt pa\ little attelitiotll to their ttunt1baIi crop is hecaise of tie 
slight differelnce betvctli ililensi,.e attd the radititial ultural practices. Fui'thernliore. yield is 
not sin-'tncanttly, differettt bets, een thte broadastiti;aid the hill-plhmting methods. 
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Insects and Diseases 

The following insects arc fotund ill the field', tI Irune2heCn tircrs: h llies ()phiom'viol 
praseoli Fryon : p0d borers i,,irrw,/ sp. i; ert-et-'n Stink iul.\, ,a Viri,hla ..I: Laf Oltters 
(,lrchip.n.,;'i'ilC e,+i \Wa ker. di'/;ic'//ir/iilirmowli'iS ( ji,.rr.e. aid L itIjIo F.) etlrIrrlt'l 
(S )lioltr I liturlI F. ): tIrips . ,,I'lduoroth 1 /, io I ![(wo i'=aeI, t l r,tt-'\ I 'm tr.it tIib/iiii(CIIl. I: 
ad bean See btlcc ('ur/hi.i0brr lno'.% l/tl\i' 1.). tire dicases pr\ alent arc: CercoV.porate 
teal" spol (CTl. pi,\. dcr\ rild\, 1PM. IJrCiiAl it (S'/T'rouin,. h/huno)lu (i']hub.) ilid 
AIrMo0Irhiiit0it I/h .S04i (M.ithi ) .,,Asllh 1. 100( and idiall rri I lvitjrulo p. ard iriublegtcar 
yello, iluisat iruN \iYNIV I. 

a N1 rr1eeaIS+ a1'e naLLdII iII\ar eseu ,Ni) I\ + Iu I I It- toI -p wt,.k iII,,- pod 1)5 raIind ) r , . .t,ti 'tll\ c m I,~lt - tiarSICIon uIIr }I r h\ piAki ti_ te ailitJ IeCanlSe-'t.'ztAk h7CIIIiec \t ,, nCr1- I1arel' livte~lrrlt.'N ari aturir,.. ie ]itil-fije.kiri.' s.aie iN ablorir tI.S().(i7 ke. or ber\eert U.S$32 

and U'$45 ha, The prodiirlin cosI,,t . ire-tore. dimrrinted h he lirC,,iinl alit] llsii
puisthriras ,iiit Ita~lt-ti ert e-li',rs I l)().-\lb l)tX6. ( )()..\1 It)X(r 

Cultivars 

The IreSa'r.ch aectl\ ite., ol Illtili'ill \ Ce dri.n,'sed eericrallls d trile CL'I'li Nalirnal 
\ltnre1Call Wiikslt) held i. [Pli rsaitnhk in 198h aid Whasvn -edrlb'hitioas b\e elelIte 

the )elarrertr or rlnllrrre. te P- orinW.e-. lAriri e ,is Kitrikaiei 'ii\,erir\
 
Cihiarriti iii crit\. ikar,rrtI t Iris ct'ir\ ri tile O ptrrrietit oI' . "ri'tllr lll'-at'\rlrII-, t I I'
 

toisit llliliig , l.i. clie.hci t lill cillel'i t,( _lop)tesrl h Ne tll i tillciti l i tll ] \lid Illpimt ,t.,'ICC11o ",01] Ic'ttII/Cf. Ioll '. I H',tlWlAl'I-tC CIIthH1 Seed't h0 .\ . S h1CIt.'-tt 'JZll,ll HtIS n ,,'t[ll M UCH ( ) ). 

It \\aN inoreulrir~rt I t1cal .t.Il\ tI N SthUlt he rirtI lsti, d i tIlclto i -i r :iticrstcs:
 
hieh ailtul ,ta e tl: iC.,resisraire I ('t ... P.M . '\011011 ,11).and 1111 ,')-1401n1 ,,p1. ill ith( , ordCr
 
it priiiri\ I oIn r):a.e.lle \s ih pid ', ali C tire ,n.lhop .5 li n IId ittrril t\ a NeC, d N/e
 
rat leasr 55 g_,' W.1)()IMNds high ha Ntr, ie\; eaTrlOItiruWrrir, *ititit I.) as N0\,IN thall the 
Standard rhirt rel : hearrilS t dit-.rlintire lint htihir: and trh.fiin 1s lee . L l 1: re (ilce 


Mti o rthe ''rnitllplasttill aid hteCCdiei lines CLIrr'irtls lrili/ul hita-eKII cCisCdlInit 
\\RI )("
ISriniscs adt 'tii iiilrtee rt-il itC ,, .t\t pi lIr irII iirnniie_'it 5 a\ietiC , ha\ e I I ieleaCLI 
aid recinriended fell LI~ totnIrtiNC,. the hr-eldite lile 17.\ tirii the PIttlippiriN and iills 
inirodLCCd h\ the Inreirniunal N innheati Niscr (IIN). \ks, r leaCli ill T)7 a7i 'lhu,_ 
DI)le II1 1hIl eed IrtrLIChl. Ce,\la iIit M I tire alea nrllehl Cutlt i\ Atil l5,\ I lhter si)',s. Tite 

hosses etarr hters. Ir l tl I rt Sat titlc', MInch rqui i IIatt\ pickiq,N. 'I\\o .\\' s) 
\arictite.'( I aid \(19'73.AVC.'cr rtlliltlt,(l rhr ,h the .t\V I)C Thailad ()IttC.Ce3.\ a-\ 
llogi~iral I Pilt it' iulct,,N-ld hi\ Kai5ti.iii I t\cUsit\ in !)55 is Kiarirph.ii.saerl I andi 
Katni iLi."alii - h.I S, ,i'i'lit-, il.e ls, iil \i, l ",iJalNa allid aleilltilahl' \ir Ioli ,0it ed 

Iur) poupular \\ itl li llilN iniilth r aialNC. Chiaillar (t i. releaeCl ilini I \S5as N\ler lt tLif ir ea.r(lr 
 ,ss. 
It is AVRt)C hirecdit V ,e\Cr NesealU \ailllire' \(" I178. AftCr \Iill tiials uI ar hitIis.lls, this 
sariets.Selded 21; user ,Itala\iih'eN \ariet\ are eatrlY iiitril (55 diaS).1rTe oI thiN 
pO 111eilir al \ e ilhls) . iSiem. talip Tiis Sarictlqult i,hiti l a ld hi.rh icld. i, iuitilie for 
rice-thbase criipj1l)ir . r',eItlll,ill the carls rair ,,tirtl it' in Ire raill seasuirater held rit-- late 
(itg. 3). The i,. \;ir lat. He Ku1g. reatirlil.L' hite! pild. , iot i re rrtriltelld \alriCt\ hut 
iS Verx [pu llr \itll talilr , "Ntile Iurth arnd lltuihet., andltl ilrh(uIh IClati\Cl.' Iel la titrirrirtli 
Ceornpired to I. tilrrg. I. it has ;alarge ecl Sic. 

Fariers ioriall\ ohiari Ihcir Seed literiahi,, \cr\Iltll loeal r lirtle curles tronri offliial 
agenCIiCs such as lite DeparrirllicIlrI' At\Arit-nulril lt.irsuitm or rite lI)plr'tllllltt )I'i\riiCltre 
(Titapiksatanakun in these Priceedirren. Thre iruirU prui lis0K tire erelir slppuirt arlia irtsuttiicnt 
inanpoier ftor seedlI Iliurtiitll.Tlo "use tiese pl etslrlliseil i ate sector has torbe ercourined 

to particilatC ill Seel tri)llltiitll ailli tire taiers tell he trainllCd in SeeLItSetCirirn arid stirage. 

http:IreSa'r.ch
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t /ho 

1.8 Chainot 60 

1.5 - Komphoengsaen 2 

1.2 - Komphoengsoen I 

0.9 - Uthong I Figure 3. 
Average yields by harvestings 

0.6 of four mungbean varieties 
from five locations in the late 

0.3 Source: DOA 1986. rainy season, 1986. 

I I + 
l12 +2

I+2 3 
Harvestings 

Economic Aspects 

Utilization is Cgiven in Table 2. The main factor affecting m,nughean production is the export 
demand which in turn. is directly related to the local price. lnlbrnation regarding Thai mungbean 
export from 1983 to 1986 to %arious countries is given in Table 3. China was still importing
mujigbean from Thailand in I cI)Mbcause of a previous agreement which terminated in 1987. 
Many countries have already reduced their mungbean import from Thailand and the Rep. of 
Korea has ceased its previous annual import. In 1986 the local price for mu ngbean suddenly
decreased to between US$0.20 to US$0.24 kg compared to the price of' USS0.28 to US$0.32. 
the year before (Table 4). The area planted to nuLngbcan and the total producthn have also 
decreased because farimers have chosen more remunerative crops such as soyh,..an. Mungbean 
produciion may increase when the price rises. 

Table 2. Mungbean utilization in Thailand, 1985. 

Item Quantity Iotal production
('000 t) (n0) 

Total production 250 100 
Domestic consumption 100 40 

- bean sprouts 30 12 
- vermicelli 40 16 
- candy and sweets 10 4 
- seed for next season t0 4 
- starch and other uses 10 4 

Export 150 60 

Source: Prapawat 1985. 

Production Costs 
The production costs and income per ha of mungbean cultivation is given in Table 5. The 

cost of mungbean production is more or less the same as other competing crops such as sorghum, 
sesame or soybean. As a matter of fact, farmers may not have to pay for every item of the 
cost. At least they do not pay wages for their own labor. When the farngate price is lower, 
they make reductions in their own household expenditures. 

Marketing Channels 
Mungbean is not the main commodity for the local merchant. They prefer maize, cotton,

soybean, etc. whose prices fluctuate more in short term, thereby permitting the merchant a higher 
profit. However. any grain can be stored until a fair return is forthcoming. 

http:soyh,..an
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Table 3. Mungbean export from Tba-Oand, 1983-86. 

1983 1984 1985 1986
 

Country Quantity Value Quantity Value Quantity Value Quantity Value 
('000 t) (U55) ('000 t) US$) ('000 t) (Us$) ('000 t) (US$) 

India 0.8 288 II .3 4,744 55.6 20,716 2.8 947 
China 30.6 11,908 48 5 19,:68 39.2 17,236 32.1 12,276 
Taiwan, China 16.0 6.024 14 5 5,308 15.8 5,808 11.4 3,994 
USA 26 1,360 53 2,804 5.1 2.636 31 :,742
Hong Kong 55 2,196 5 1,860 40 1,768 2.7 1,139 
Netherland 2 7 1,172 24 1,080 3.1 1,480 1.9 870 
Singapore 3.9 1,756 4 7 1,824 3.6 1,528 2.7 1,096 
Malaysia 2,5 952 2.2 212 1.8 712 1.0 394 
Others 204 9,108 24.5 10,652 6.3 7,164 21.0 8,312 
Total 85.0 34.764 118.5 47.752 134 5 59,048 78 7 30,770 

S,urce: MOF 1986 "US' 1 )0 - 25 Thai, 

Table 4. Farmgate and principal market (Bangkok) price of mungbean, 1984-86. 

Month I Q8, IUSS kg)' 1985 tUSS kg) 1986 (US$ kg) 

Farmgate ". et Farmgate Market Farmgate Market 
January 0.32 . :028 0.34 0,31 0.38 
Febriury 0.29 0.39 0 25 0.34 0 30 0.39 
March 0.26 0.39 0.30 0 34 0.30 0.40 
April - 0.35 0.29 0 34 0.33 0.40 
May 0.32 0.33 0.30 0.40 0.33 0.37 
June 0.28 0.34 - 0.37 0.26 0.36 
July 0.24 3.32 0.31 0 37 0.25 0.35 
August - 0.34 0 33 0.43 0.26 0.34 
September - 0.36 0.33 0.,8 0.27 0.34 
October 0.25 u.37 0.32 0.47 0.28 -
November 0,26 0 36 0.32 0.40 0.25 -
December 0.28 0.34 0 31 0.39 0.23 -
Average 0.29 0.36 0.29 0.39 0.29 0.37 

Sources. OAE !986 :rd MOF 1986 USS I 00 : 25 Thai baht. 

Table 5. Production costs and income per ha of mungbean cultivation, 1984. 

Itein Amount (US$) 

I. Labor cost totalh 79.20 
- cultivation 37.68 
- harvesting 41.52 

2. Farm inputs 22.32 
3. Other items (totalh 4.56
 

- farm input maintenance 0.24
 
- opportunity costs 4.32
 

4. Fixed costs (land use and equipment) 28.80 
5. Total 134.88 
6. Yield (kg ha) 642.00 
7. Farmgate price. kg 0.21 
8. Gross income 167.88 
9. Net incorne 33.00 

Source: OOAE 1986. 

The Thailand Maize and Other Crops Trade Association isan exporters' organization. This 
Association is also anier iber of the Thai Chamber ol Commerce. It is very knowledgeable about 
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the trade policy in the world market. Nevertheless. it has to work under the supervision and 
rules of the Ministry of Comterce. The Associatit is able to dolnate 11101ne for faf'ners to 
solve the problerns encountered during the trading process. The marketing channels for mungbean 
are 	given in Figure 4. 

Farmer
InpUt Local Distributor Input

Demonstrators aId Buyer Oltl)ut 
(produCtion) 

Sales 	 Wholesalers Factories 

Source: Chainuvati 1980 VIraerilSproutJ, Others 

Figure 4. ot ttt r', 
Marketing channel 
from local farmers Local Market 
to consumers and for Muigbean 
exporters. Foreign Market Products 

Research and Development 

Research on ,arictal iitprtoscenlt has, bel undertaken and coordinated bw the Departnent
of Agriculture (I)OA) in coo5petation ,.,itl local adld lorici a,,eeictes. 

The DOA has the respols;hiit.i t lo appliCd research and the other agencies, especially the
 
universities. suppletIent this %workby corductin, 
 basic rsCarCh,. In additioli Standird attd rCeiOlt
 
yield trials are cooperativel. planned to test th'l recdine liles frot 
 all tile cooperatitwt aen,..
 
Finally. ,tirkslop, are or ~ani/'dl uall, ctilrent research. tt I).Il1
l to ,li,H,, 	 Llture research
and 	 to idcntifyv pOsiblc arcas lor collahoratio.
 

At present there inc hicl
is a proinli line %% HiicS all Of the reCCittielCr1ts, after trials and

is ready bi coisideratioi flor \arictal rle:sc. lhe 
 line. UT 78g08 (I). produces high yields in
 
certain areas.
 

Economics and Marketing Research 

The Minist r, toi Colmmerce and the liistr, of A..\riculture and Cooperatives appoint the 
Department of Conimercial l:cunomics and the Office ol' Acricultural Fetonomics. respectively.
to work ott the ecolllic and mrlkCtin2 aspects of tunnelltllean. as well as other ctmlllodities. 
In addition the I)epartmietnt ol Airicultural Exltctision. in cooperation %,ith the other departments
concerned, the hanks. and the Thailand Maize and Other Crop., Trade ,\sSOciation. or.,,anize
the survc. of the ttgbeatrductht area to deteriiinc tlhe annual pl+roduction forecast and 
to study all aspects of the farit1ig prohlems lor the annu.lal report. This is done twice I year.
onlce each in thc raitn% and the dr\ season. 

Utilization Research 

The Food Research and Development Institute. Kasetsart University. the Thailand Institute 
of Scientific and Technological Research. and sotre educational institutes have many activities 
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regarditing IluLg1heCin Lltililtioll. Their prolects aill at mixing iunghean oF its productis to the 
regular dishes which are part of the local cuisine., NIurheari is a1r11Ost if staple food in the Thai 
diet. It ismixed with an loiwd,, citelnasa t,a l,\Ct dUrilne festive o(cciiollS.llilnll appeti/Cr or 

particularl\ in (hinese cusirie. %",rCOrCr.ile 1ood tCChrll o'ts tr,to illiproVC tire quality Of
 
hiod products h\ rirerni ,ethodS of and packing. "The pr epat.rtior tnlinehea
pl0CC.Ssinie o)f 

productS is expecte.d to bee'uric inr)eamrl\ rdtialied hiith, ne.ar ftutre.
 

The'l)epartmnt of ,eitria has horre eCortOrsi, il e\er\ district M10o cuides
l,..'ensiolr 1t 
-
fiirmers in i1crpratiri, rinrr1I)iglhan jrihltu, ltr theil loc.al diets arrd to the irrmproverrient of 

prese'rvation ieriias 101 er11in101 tIl,'e Ip,Iisc. Tle pUrptose is ttenrich the food and 
il pr'ove the 1tl,i1111M illpl' i'M ricl . 

External Funding 
The interiltrtml ueatl ri 1iin o d ill rrtur.iear receach it Thailaind are: AVRDC
 

for trCuhivir iiimproCntr, Hi,i itCnlet. etc. :RI f0r itRicC-lBasd ('rppirig SVstet project:
 
,.('JAR I'f it. [ c,_une..1 s,,tent IDRC fri-tiliatior:
lldui, 0 In l I[topical ( 'rppin,, S prntmeert: 

and ItNI(' i • fll Iod cduclrrrirtl iC.l\Ce iIitiiritritni, pii r .
 

Thai Mungbean Researchers 

l " ire \ )HICC 
0I A1rictrhtit itcn,,i,(i)i .c I \, ti.lturrl lci'in iri.s. Kit,,st,,irt ersit\. 

'Iliarl Itst vt i' krr"ei ttMIktlihLitI In it Iirlterr if .\griculrlCr,l I)e,'MtrIieril 
lI' '. L' ,i ('ii rgmai 

h ; u h irid o1 arid.'niv rsit,.tie ' c il .hriL ,i tIi the lhaii Institut, Scientific 
'l ei tu ,litdtr\ (C'irrirercC g other 


, i. i',,tI )B, 

"'cIr.I.'el i:,L- i l the11C ritt r'tt +li/itiltrS (Sirarnrin

ia tll Si 

Goveriment Policy 

heIlI"at n ;Is \ , )Ito t\ ( e'rillent ltd"itN IIIsbkiue uni ,eat 
lor )ther cri)p-, \\rich ii,\ piie s h is driht het tle lalii r(p , 

Since illl I a n i . Iti rte, C2 ", t I 
fodr_ stress.,. or' \k, 

price C!oes;d;,m rldite tii tiiii NIiirebrl mprdu' inalIsiclde..d illinurlber ofdevelopirient 
pr'iects. lhirerr. 10t1)t0 f1he riruneei ihcItLrrC . ',cot(rdira t,)tie riatker corstraiits. 
is iot snfliCient. 

lrlprot.it2 ihIe.\iChd.rCd,:1in lie, radin
List tIpirluctim atildtljtriiirr the Lunalit\ alild 
rrtulr bearrl pr,,du.:t,arc theIfiit eSpttl',1hiiit\ 01 the ltrire.U, the Iocal r',ers. irriddle nrierchaits. 
ir us rriiug, ups ",  l1c .. ilirttir pa\, iri\H iii lM*2galti/e aI il pril ate aridt r 1,, e\itr'tlt 
g )\erritrrtrenit de', tproectilt hich lirtiri. is ' te ,orlporrelt. lirisci~pier n "tlle (ttilt. 'reprojecti 
it distrihtiMin2 ,,ed iirtipr- ed triri"irIt!irierrs.iItie and lhcal lrilirllts . L.lararrIteilr 

a Iriarke . r tlarid IItn lrrtl crICd i. 
fill,I, :',th thi" l .cdC\'II,tl C plrirllIhisa ten iltlmple t ted h\ tile-'.elrlilliert. 

laite'rs are etrc,1trr.1ed t,,C\CIiatC lhell sCedlol'cii liridhaces, for the .,mer'rlient-prudueed 
seed at the rate if I I b ei . This,1i1, an tasc ftecrivC ill iriprovedCtt C\tCndillgic'cCss tt) 
seed in nr.'m\ locaitie, ] his, p 'r,il %kI] he I'ci ti lCd. 

IlOlder to)01% C the iarkC Crllrt:itns. ionlic eColrlti, :ire CoCrattll-led to prwriole riiore 
locialconshllplioI. hlie dclicitlus dishes vrciircd frot trunrbciaei arC delilnstrated thr'(oghiout 
the ouinrr\..\lthiuah tie Mi/ca ild()thor ('r1p' Trade Association i'ik's to expand the 
international C\pr't iriarke \'eirarid.I ttl hit%, cnic Th,'iiV l ( 'i lan's strongest Corpetitors 
ftor the llrigeaC.tll C\porr liirker. IfAt. UtrIe is e. not si1)1 )+.\lI The therire.r bright for 
the riinrgbeart pri grain. [it,. Ihailtnd is nit prep+'arId to1sacrificC the qualit.hi. nil' its rInUigbean 
in trrLmer to iicrease the qtiiirl 

Constraints to Be Resolved 

In hreeding iiIpro)\;d inrirgheai varieties, the ervirmnientai diversity present in the 
mungbean areas shimid he considered. Varieties with earl\ rliaturit\ and tolerance to stress due to 
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drought, acid soils and salt will be desirable. Varieties with 75 to 90 days maturity duration,
nonshattering pod, cold tolerance and adaptation tiOrmechanical threshing should be developed.
Economical crop management strategies need to he developed through oln-ftarn0tis. Thel 

organochlorine residues in mungheati have heen monitored (Table 6). 

Table 6. Organochlorine residues in mungbean grown in Thailand, 1985. 
Residue Contamination Quattity (mg, kg) 

(sc) Min - Max Medium Mean 

DDT 27 < 0.01 -0 II < 0.01 O.C 
Endrin 13 < 0.001 -0.03 < 0.01 0.01 
Dieldrin II < 0.01 < 0.01 <0.01 
Toraphene II < 0.11-0 21 0.14 0.15 
Heptachlor 5 < 0.01 -0.7 - 0.03 
Chlordane I 0.12 -

Source: DOFA 1985, 

Mungbean utilization should he expanded and improved itsfollovs: mungbean residue after 
harvest should he used as an aninlal fteed Or soil condit ione r: tileindustrial ut iizatiti of mu.bnhean 
starch should he expanded: nIun,,2hean vermicelli dilL-IitV should be improved by reducin,.' other 
starch mixtures. c:,pcciall\ !o: thell rciun market. Taiwan is no\\ :l important coitpetizor with 
Ihailand as a vermicelli ex;orter. ltiormation ():hitrition and he,,th should he published and 
distrilbuted to villagers and ullltngeIhan products should he vigeoriuslv prloted locall\. 

Black Gram Production and Development 

Black gram (Vignu moniwi(l. )Hepper) has a black seed coat and tilemajor diffe'crence in 
appearance with mungbean is the hair on its pods. leaves. branches and stems. The cultivation 
of black gram is concentrated in the central part of northern Thailand (Table 71. 

Table 7. Black gram production area in Thailand. 

Province Area Production Average yield
(1,a) (t) (kg 'ha) 

Nakhonsawan 1,280 1,080 844 
Sukhothai 19,040 17,850 938 
Kampangpet 6,560 6,355 969 
Phitsanulok 18,400 15,525 844 
Potchaboon 15.680 12,250 781 
Pichit 8,320 6.760 813 
Uttradit 5.440 5,610 1.031 
Others 5,920 4,570 813
 
Total 80,640 70,000 C,79
 

Source: DOAEa 1986 

Thai l'armers grow black gram in the I:it. rainy scastn after maize, sesate. soyhean. etc.. 
by broadcasting froni August to September. The avcrage yield of black grant is slig htl% higher
than nIungbean due to the environmental tolerance of the variety. Black gran is grown using
the same cultivation methods as mungbean. File only major difference is iilharvesting and 
threshing. Due to its synchronized maturity, black grain is harvested by cutting the stein. 
Threshing is done using a Small tractor or trampling by water buffIalo. A threshing machine 
has recently been introduced to the larniers. It is expected that black gram may become more 
popular and its area will increase in the near luture. 
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Cultivars 

The Uthong 2 variety. which was derived t'rom AVRDC breeding line 68/71. \'as released 
in 1978. Due to problems similar to those of inungbean. this variety did not become popular
with the arners. The following characteristics need further iumprovenent: yield, seed color,
seed size and uIilorlnitv and ilnail\ plant type %\hich will ielp reduce aIrip/'o)lrla sp. infection 
and sprout rottig. 

Utilization 

In Thailand bean sprott, arc made from nun han., black groi;m sprouts are used inaddition to nungbean sprouts , hen packaged bec;alSe black grai sprouts give a fresh white 
appearance for a lomer period than IIunhcan. The decapitated bean sprouts, rixed with boiled 
rice in kate-night restaurant,, are nornall\ bkc -,ram. 

Farnurcte and principal liu kc prices hr black crami arc ,i\ en in Table 8. The imarketinu 
s\,stein is tIle sameic as hit ;ilunuchaM: the Mi,'c ald Other Crops Trade AsNociation expoUrts
91)7; of the black gram to Japal. India aLId tIdCr ciiuiitries. Japan imports black gran fIr its 
bean sprouts pt'oCCeSillg ilndt r\. ROttiruI of du i LI j)11W?;i/n pilolI C t t L1 r, /lt.Isci'l(l 
and other I'unFcal infectlon. %hell the\ arC tlr1tpI)OrtCd ito tile ,uperumarkots is a majot prbleiri.
To avoid this [rObleCi. beatns hluldl beeand'n.la,,ted thrshed tuliuir dIk\ Conrdition-,. lhICnew 
developnent progralll fr thc h 2 alet\ olistriliitiiim iniphai/,,e hifl plartic by uneclanical 
plaier and tile use tl' thrsChinc ial irtC', aild iie\\ p)OStha,\r S inc' iitllIh ds slCh Is ,Sun-dryire. 
and tile use Of rie\ trlleimca t. trOdt lCC I the pridu l ll lttareas. 

Table 8. Farrngate and principal market (Bangkok) prices of black gram. 

1984 !USS kg)' 1985 rUSS kg) 1986 (USSMir:t s .. . ... .. . .. . ... .. . .. . . .. kg). 
Farmgate Bangkok Farnigate Bangkok Farmgate Bangkok 

January 0,29 0.35 0.22 0 29 0.24 0.30 
February 
March 
April 
May 

0,27 
0.28 
O.32 

-

0.36 
0.35 
0.36 
0.35 

0.23 
0,26 

-
-

0 27 
0,28 
0 29 
0.32 

0.33 
0,37 

-
-

0.40 
0.43 
0.44 
0.44 

June - 0.35 - 032 - 0.44 
July - 0.35 - 033 - 0.43 
August - 0.35 - 0.33 - 0.43 
September 
October 

0 21 
0.21 

0.35 
0.35 

-
0.21 

0 35 
0.35 

-
-

0.41 
-

November 0.23 0.34 - 0.35 0.19 -
December 0,24 0.35 0.22 0.29 0.22 -
Average 0.26 0.36 0.23 0 31 0.27 0.97 

Source OOAE 1986 'USS 1 00 25 Thai baht 

The girernment. it coorperation %%ith the Maiz aild Other Crops Trade Association. 
organized a conference %ith f'aricm's, local bu\crs and local extcision workers. The objectiv. 
was to discuss and introduce coiltrol Measures tIo )iverciiie f'Ulirll diseases N.'ich dallaue tIle 
Japanese bean sprout industrx . The .Japanese Black Grain Importers \ssociation and the Japanese
Bean Sprout Associatiou/ also piarticipated at the ciionference to speak f' tile prrblein si that 
inmproveineits wruLld be Made ill tile priicessirL. BUllal irsMN black crami in tile dry' sveason 
iii irrigated patdd\ fiCId, arid Thai farIniers Cold benefit ilrrMi kiuV.-ledgCe t1 tile Burlnese 
technology to overcime tile fun.gal prbleti ii Thailand's late ratiny seasont. 

The abrrve-nrerrtioned orgarlizations donated approxinatelv US$20,00to1)ti conduct a farnrer 
demonstration ol black grai to overconie tile fungus. increase yield and to challenge farmers 
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by witnessing the improved yield tionl hill p1lant ing anld following recmmnended practices. The 
sponsors guarantee to buy the production ot this prolject at Mininum income of US'g325, ha. 
regardless of thle yield obtained. 

The Thai geo\ ernment also cOlllributes t0 black glInll de,,'elopment h\ ailoctin6hg hfindS fbr 
the seChn prograin I'r tile farier. I also dmtr1 ,n'atedtile LSe Of Modern tI'rcshCin 
tnachiles , lich operate at a slov-k ctc and thresh th bean saf'l'. , itliot damaig thc hillin . 
Fartmers are becomine increasinls are th1e problenm. tuLlrC tile probleill Illm,..a, 1' In the )ir 
be the uncontrollable \",.ather .onditions,. 

The0 amIOnLIt of blatk .:rain i CiphrtedIndia on its dolusltic prdu.titmon capahility.b Lepends 
,inlce India inipot, black .grain t hiarli. tili. ernin',tin qulloi is-not important. In 1986 

the export of black \ consilcral\ licir than it 1985 ulable,raw olas )). Other black ulaui 
Imuporting countrie,, are the 1, itel Arblt iniratc,, I.\I. Pakistan. Saudi Aahiat. tile United 
Kindon. KtMait. Silhi.apore. Nala. sia. Sri Lanka. the Netherland,,. Bahrain. Hlong Kong and 
hdnimesia 'Falc 9). 

Table 9 Thaidar, ,.,:- zram exports to varlIous countris, 1984-86. 

1984 1585 1986
 

Countries QuantIty V',alue Quantity Value Quantity
 
mlion lUSS: ti ;mllon USS) it)
 

Japan 29,519 14 45 38 440 15 56 33.436
 
India 13,396 4 5 41,999 13 44 19,310
 
Malaysia 2,441 0 94 2.771 I 08 2,760
 
Singapore 2,160 0 96 2,227 0.9 1.930
 
UAE 934 048 665 0 32. 942
 
UK 715 0 34 513 0 22 311
 
Saudi Arabia 339 0 18 45i 022 600
 
Pakistan 100 032 1,475 0.44 5,Q9
 
Sri Lanka 824 101 49 0.02 432
 
Others 1.532 0 27 386 0 18 2,241
 

Total 53.960 23 44 88,)76 32 37 67,061 

Source PMOF 1986 'US$1 00 25 ha, baht 
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Mungbean for Cropping Systems in Vietnam 
Mal Van Quyen
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Ho Chi Minh City, Vietnam 

Abstract 
This paper presents the importance of the mungbean crop in Vietnam, especiallyfor rice-based cropping systems. Mungbean is one of the most common sources ofprotein for the Vietnamese people and is traditionally planted by small farmers. Thepresent production and economic status in the different regions of Vietnam are presented. Some common cropping patterns involving mungbean are discussed and themungbean varieties grown and seasons in which they are planted are described. Thepaper emphasizes that although mungbean encounters many production constraints,the farmers will continue to plant mungbean and, therefore, improved varieties andtechnology are needed to increase production. 

Introduction 
Vietnam is located bet cen 8-23 north latitude and 102-1 10 east loneitude. The countryis divided into two distinct climatic zones: theisciiteniperate north with f'ur ,'seasonsand thetropical soutih with only a dr, and a ,e,.t seI.am Tihe artbitdrvN,Oundarv between these two clinatic 

zones is the Hai Van Pass nearit is aIl,, kno\n asHue \%hich 'CloudV seaBecause of the relativel cold \\ iter it' the northern part of the countr., n inchean is notnormally planted there du)rin& the iter ,caso However, in the south whe"r the averagetemperature is 25 C and prccipitation rangcs froim runI. can be 
ill Ilost of tihe Southern reg ll

It is difficult to detCrnlille e\alCtlv the total ar.a planted to iriunebCall because of the variety 

I.4(0)0 to 2.60(0 li, e12hearI rown 

of cropping patterns in M.hichI rmubain is included as one of tle crops. h'urtherrnore. whenstatistical data on ra Liuthbali arC g'atliered. tIl e\ are colnibinCd Under the general categorv of'legume.s. Nevertheless. the estinated area of rInurnhCan under cultivatip il Vietnani is not lessthan 50.00(0 ha and the mean ield averatcs 0.(6-0. S t! ha.Most .f the ununghean produced in \'iCtnanil is consumed donsCtically ifn various forls.The most connlon mrianner is as cooked bean sprluts hich arC coinsuinned daily (Thuv 1969).It is also consuimed as rnidles,, povwdered bah, f'i0d. sweets. candy and also Used as ani mal eed. 

Cultivation Patterns throughout Vietnam 
The production areas with their respectivxe rain fall distribution and corresponding time of

planting are shown in Fig. I. 

North and Mountain Areas 

Generally. planting starts in early March, as in Cao Bang. Another planting is done in thefirst week of July. or earlier in sotne areas. Further, south at Nghe Tinh, there are two crops:the first crop begins in February and the second in October. 



670 	 Quyen 

300 CAOBANG 
AOBANG20 

100 

ONGCAI 4C0 VINH 
30 

HA 0120 

<2~~ ........
.

500- DANANG

VINH 
400 
300 

"200 -zz--u-
E 100. . 
-600 -PLEIKUE 0 

LAOS DANANG = 
\ / \ 400

*i 300-PARN
200O 

KAMPUCHIA PLEIKU 	 200 RAN 
100 

0100 
200- ANGIANGPHANRANG 

HCCHIMIH 0 -- I 2 3 4 5 7 978 10 1112 
GIA GMonths 

8 to 23°N Mungbean Growing Season
'to ° E [102 1100

Figure I Rainfall in some of the major mungbean production areas, Vietnam. 

Central and Eastern Areas 

The central coistal area is tic atca arnl 11dDX Nang in Fiere 1. Here. winter-spring is 

the main scason for ininghean. hut in irriuated areas tihe crop is planted all year. In the eastern 
aland other upland crlops.area. InlLI is generally intCr roppCd anid rt nalted \%ith C01rl. caSs'.aea)Cnlll 

Mekong Delta 

There are ,aricd a\s 01' cullivatinu niunehean in the Mhekong Delta. In th ,iorthern part 

of the Delta, arners planlt Innghean in raiCd heds, and SOw, the seCds in tie hirro\. In flat 

field ell and harrow twice pri,r to sowintg. But when it is rIelayheavy soils they plow tile 
no tillage is practiced.planted with rice in the deep water rice or lowland areas, 
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Weed Control 

Weeds are a serious problem in itinnCbeari I.ll\\Nev,hen lad preparation is poor. Except
in isolated areaS w.herC herbicide is applied, ite commo xlCcd conllt111 pllactice illVietnam is 
hoe v,ccding, 'ombincd v. itlh hand . cekdine. 

Insects and Diseases 

SOIlI IItodll'rn ll'IIIerS. illOI'dCI t0 Obtain ! S Idol Ifl01l I t0 1,5 1 ha. sprix, insecticides 
at least once aI\ +ck. IlhssesIer. ,mir altoid ito do so. and th .s ti, IIn heanI 
,ihloLt Sprax ire incCto,...idCS. 

Amjion" lie ine,,cts ssrich infest the :,re podILt lreilschke. Stcmikc'i'/ni, bo~rrUllie,,] 

bolcl (A ih. -%01iiad
1'hoiim1ro/,it .Spou/ uirol litura il.).lratssomli 

[lie IIpIotHilnll diCtCS ar HIMiLmmnbeItAll \Cl (aIl c%",IIS (iMY.MV . pos derAriliildCw
 
ItiF'/'.\.ili 'l1,)/i,' , . see'dli i t I/?/li: 'i, 
 ,l;l ll pldllt (,/(n ]lomuirl I)/pif.% 
(Trinli calil.I8), 

W 0I, lid \ r'o 'oli) 

Varieties Planted 

Local Cultivars 

Farmers has.e been m1s, in local arlid ll.hich .tradapled to their local conditions Iim
 
a lone tine. In the north, 111Ci ones, arC drii anh l i11e. d1i1 Xanl
for iristlnitlicce popiptilir 

)inh "l'tirr-. du'h \anll l ailtd 
 in. dL~iii r IonehKhnlianLd dll i6 Al Gianl". 

Since retnihLIation ;I dcadeC' . loCal1at : a ICe% alictrc ha\ e bccomC ppOlilar. The I)ru Ni
 
ieloss. beai 5arit is dSl-rk 
 elrn. round. iI 1cCded and ias a shis\ luster. Dau ,16tc(dull

heanI). isi Snitll-SCCded \iits'l\MImh i, Clliptical at both C..lIS. IroMI01 %%itli dull color1. easy
 
to cook. rich ill aromatlIc and hs Od taste. It has an erect stCi .ildmtatures illfrollistartch., 

55 ito 75 da\ S.
 

R.centls . iC Inslitut[1to *\eruculiira leclinoloe i IAl ) relcased a eloss heatn \arietv with
 
'ellos pod1. s hich istolcrant t) .IYNIV. ItiSa selection of thre cal
1 10rietvKhanh (Trinh-oire 

et al.1986).
 

Introduced Cultivars 

Folli ny arc the irtiOducCd varieties Mhich hase beCn tCstCL, ulliplicd and released for 
use by the larriCrs. 

I)X 102a is the VC 27 XA selection wthich %\iashred by AVRI)C. The external appearance
is similar to the tt bean variety fromti Art Uiange . Tlhu 1)()-seedL svcieht ranles f'roin 55 to 69 
2 atild lllttlrCn in 62 to 75 dali .the cnltis ar It has tlniifo'Illtllur'it\ Ilich 1its1wcll for scquence 
or relay croppi0tie h A llii icld ot I. I to 1.4aIIn ias 
 t ha. It Ias orte decrec ol resstnn,:e to 
local dlisCascs. 

The )X 113 \ariet\ is also a sclcctioti fron .,\'RI)('NC 2763A. It matures in 67-75 
dayvs,. hla,55-06 '' 1010 sCe, and is nlot Utllilotitl ill Iatlltlrit\rLeo.ires fromt 2 to 4 harvests). 
IlossseCr. the crop is ehi" h ',iCldi12 55ili 'ro0 1.6 to 2.2 t lh;.ItiS ICss affected eyrcspora 
IClspot. IVStetii. IMYNIV and it cart cross sirlinie soils. at 
drollii tolerant. 

Duringcthe 196 dr, season. 2.51 IlawCrC pluutCd Im these two introduced vatriCtiCs along 
the Mckotie 1)Clta proIs irtes. 

ill Sli2litl\ acid illd Itis so relatively 
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Some Promising Cropping Patterns 

Ii An Giang Province, farmers previously grew late-nmauring rice varieties and were, 
therefore, only able to plant one deep-waer rice crop. With the introduction of' high-yielding, 
short-duration rice varieties, mungbean is used in a multiple cropping system. Mungbean gro\ n 
in cropping systens with floating rice. sLgarcane,. corn, peanut aid with ordhliry high-Vyielding 
rice varieties is illustrated i Fing. 2. 

2 5 0 ..
 
AN GIANG (Average of 1910-30 &1957-79)
 

1 /-//,UgarcaneNMt 
E 

0 Murqcir P c 

00. .. 
Corn+0Mn~o~r, Flo~ngRice 

50 ~ Mungbean, Floitng Rice 

Flooded Period Figure 2. 
0 _ A . .... t--- Various cropping patterns 
X XI XII I IIll IV V VI VII VIll IX X XI XII involving mungbean in the 

Month floating rice area. 

There is also i new teclnolog.v of cultivadit in nulebcan. When the witer subsides after 
the harvest of floating rice. usllIY in l)ecetnbcr, farmers miake holes with a stick, sow the 
seeds in the holes atwd cover them with ash. Althochi ther is no tillage. nor f'ertili/ation, farmers 
use two or three insecticidC spr-t.,,and obtain it yield of from I to 1.5 t ha. 

In some areas the %iekong Delta. farmicrs % rice.within er' wintcr-spring fl'llowo ed by 
mungbeaii intcrcropped with corn and both rela\ ed \ ith loating rice. The yield 01' uung-ean 
in these patterns is normllv albiolt ).6 tO (.8 t hl. 

On the alluvial river hanks the follo%%ing cropping patterns ate practiced: ntngeanhpleanut 
(yield of 1.2 and 2.01 liha, respcCtivcl ): pc'antt-cortt-Igillbcan (yie!d of 2. 4 aid 0.6 to 0.8 
t/ha, respectively);sugarcanenunghean Ivield of 40 and (1.8 i ha. respccti\Cl I: uiproved rice
mungbean-improved rice (yield of 4. 1.5 an1d 4 t/ha, respectivelyh. 

The r,-!ative ields of some upland crops rotated with floating rice arc given in Table 1. 
The pattern in which the floating rice is rotated with mungbeatI had higher net return because 
of less ian-days compared to floating rice rolaled with jUtC. 

Table I. Efficiency of some upland crops intercropped with floating rice at An Giang, Vietnam. 

Gross return Man- Total cost Net return 
Treatment (t ha) (USS)' days (Us$) (US$) 
Treatment Yield 

Floating rice: Rice 2.40 953 121 494 459 
Mungbear Mungbean 0.92 

Floating rice: Rice 2.40 792 134 418 374 
Sesame Sesame 0.75 

Flcatig rice: Rice 1.60 1,221 724 1,046 174 
Jute Jute 2.78
 

Source: Son 1986. ZUSSI.00 = 50 dong. 
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The different patterns (f ctrn 1nd ntMIn 
 bean .at va riou , planting d,.[sities and row spacings 
are shown in Tables 2 and 3. It is explicit that one row of niurgbean intercropped with ore 
row of' corn iave the highest net return. lowever, as the number of rows increased the let 
beriefit decreased. 

Table 2. Efficiency of intercropping patterns using corn and rnungbean grown on Latozol soil 
at Hung Loc Research Station, Dong Nai Province, 1983-85. 

Treatmnts Yield it ha)Corn Mungbca,, Gross return1US$ hal Total(US$ costha) Net return(US$ ha) 
Total 0, of corn alone 

I. Corn alone 
2. Mung alone 
3. I corn + I mung 
4. I corn + 2 mung 
5. I corn , 3 mun 
6. I con, + 4 nung 
7. 2 corn - I mung 
8 2 corn 4- 2 r iting 

49 

5 1 
3 5 
3 0 
2.4 
5.0 
3.9 

0.95 
0,21 
034 
0 46 
0.62 
0 10 
0.28 

249 
151 
290 
230 
222 
218 
268 
225 

147 
112 
143 
136 
132 
135 
142 
141 

1u2 
39 

146 
94 
90 
82 

126 
83 

100 
38 

143 
92 
88 
81 

124 
82 

9. 2 corn 
10. 3 corn 
II. 3 corn 
12 3 corn 

i 3 mung 
+ 4 mung 
+. I mung 
+ 2 mung 

3.4 
3,1 
50 
4.3 

0 37 
0.43 
006 
0.13 

212 
222 
261 
233 

133 
130 
137 
136 

79 
91 

123 
96 

78 
90 

122 
95 

13. 3 corn 
14. 3 corn 
15 4 corn 
16. 4 corn 
17 4 corn 

3 inung 

+ 4 Mung 
+ I mung 
t 2 mung 
+ 3 mLing 

38 
2.5 
5.1 
4.6 
4 2 

0.23 
0.32 
0.05 
0.08 
0 is 

226 
225 
264 
243 
235 

134 
132 
133 
133 
132 

91 
92 

132 
109 
102 

90 
91 

130 
107 
101 

18. 4 corn + ; niung 3 9 0 24 231 127 103 101 
Source Kim ot al 1987 US$1 00 50 dong 

Table 3. Comparison of benefit betveen mungbean and soybean intercropped with corn. 

US 1Net return lo to corn alone 
Treatnwnt Corn: Corn: Corn: Corn: 

.mungbean soybean mungbean soybean 
Corn alone 102 116 100 I00
Legume alone 39 28 38 24 
I row of corn I legume 146 158 143 186
I row of corn - 2 legumes 94 10 92 94 
I row of corn - 3 legumes 90 102 88 88 
I row of corn - 4 legumes 82 102 81 89 
2 corn I legume 126 135 124 116
2 corn 2 legumes 83 95 82 82 
2 corn 3 legumes 79 99 78 85
2 corn 4 legumes 91 105 90 90 
3 corn I legume 123 127 122 109 
3 corn 2 legumes 96 101 95 87 
j corn 3 legumes 91 94 90 81
3 corn 4 legurres 92 II0 91 95 
4 corn I legume 132 108 130 93 
4 corn 2 legumes 109 104 107 89
4 corn 3 legumes 102 102 101 88 
4 corn 4 legumes 103 93 101 80 

Source Kim et al. 1987 US$1 00 = 50 dong 
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Problems and Constraints 

The major problems and constraints are:
 
There is prk 1enl
- Lack of good seeds. . no0 seed corrrparny supplying seeds to arnlers.
 

- Chemicals for crop protection i!re insllicient.
 
- Large tracts ft'problem soik. SLch a,aid Stlla't1C and Saline areas, prevent large-scale
 

cultivaktion Of nnbean. 
- Lack 01' s-,Ulport tor the tnnILtbea.tn illilro\Cllelnt prograrn. 
- lack ofoovernmrcnt ,l\b,,idieS aid price ,ppnrt specitcall. fr tngbean. The inadequate 

lund,.,available are earmirarked Ii- all ICuruieC crops. 

Conclusion 

MNngb.e'ar carr he on thr imitLt the '\ear II ,itilti except ilthe c\trerrhon north durn1 
•
winter'. ihere is a ot d [tt.ritial 10 ,,+. ngl' ill hot lick ofi 11 pr dILtit0n \'ietra.l+, 

inmproved seeds, fertilizers. chemical ,,li\ trldfrehSater. especiall, in the Mekon l)elta. 
prevernt rapid roth l rIlurigtetall lIOductitir ill \tiaMr. lIe e\aIuple', of croppil patti'lrns 
being practiced il .\i(Oatne lPrImince. ,,mch a," Itercroppiu and rotation ol nrrunebea with 
lloatirre rice and sonic uplatd crop,,, Crned hich herelhrt tanners Ill the and ,ho1u.ldfor Ime rilea 
be transferred to othelr ro ince . Millll-eea . iItetCoIppI0 edl\\ill " 'ilal+rr. ti I:Ior 
rtow basis, inl Angiaric and I)on m) a, the highest 1r10 r CI 1ipIcd \\I l .'tIhe ,1e I 0I th ie irIilatioils. 
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Production and Breeding of Mungbean in the U.S.A. 
T.B. Cupka and L.H. Edwards 
Department of Agronomy, Ag. Hall, Oklahoma State University, Stillwater, OK 74078, 
USA 

Abstract 

Although mungbean is not a major crop in the United States. it is an important cash 
crop to many farmers in central Oklahoma. The vast majolity of the mungbean seed 
grown in the U.S. is used in the sprouting industry. Mungbean sprouts have become 
very popular viith health-conscious people because or their hi.h level of vitamin C and 
low calories. !n recont years althoug'i die quant~ty of mungbean sprouts consumed has 
risen significantly the number of hectares on which munEbean is grown has remained 
relatively stable. The main reason more mUngoean has not been grown is the abundance 
of high-quality low-cest nmungbean seed which can be imported from other countries. 
Recently. researchers at Oklahoma State University havw increased the size of their 
mungbean-breeding anr. management-rdsearch programs, in hopes of producing mung
bean varieties which are both adapted :o the semiarid climate ot central Oklahoma 
and also caitain the quality characteristics required by the sprouting industry. The 
present production practices used by nungbean famiers in Oklahoma, the breeding 
program being developed at the Oklahoma Stc.te University, the economic aspects of 
growing high-quality mungbean seed. and aiternative uses for mungbean seed in the 
United States are discussed. 

Status of Mungbean in the Courtry 

Production, Utilization and Economics 

Production potential. l're uneh ,, ci .() ()i) I, ,I iiirmunhar arc p'lanted in the Uniteid States 
C %CrIA \Ci' + iIa I - tA12)\k nIde t idl I rp..l'i)1).. eIr.a' d I that I iii ce l . ;i 1 nd at a C el 

\t prdenit le. thim 5.0i) 0 lIlI. ri h11\ c"ted l0r NCcd, lire \ a t litali()it\ 0 the1 iiunthCMe crown 
ill i: t_... \. J pr'necd Ill the Stiih\\ t. \ ill the Nie t (a)klahtio'loapri.ucin, e r 9V); 

r .l Clop IH.cai Ick) lii ", vv allrmiled.\ rN, ' . " C\% pathouice allect the crop 
t1.1 lhi-Illti . ill-'ajil 1'I ln raCchin,e tshire it I, ini C dr ,lctl tielilN. hiiv, \ kCp

iira l Um j\eIld Ij) rCi;,l -\T \r.l c,1 rearer tlilal ().7 I lla-c tin 'iITiii MtiIne", 

i1clds. 1'\,12 tel "Lio Il. !el kieili . \ ic' , Ill ,: '. lI . I h are ll co' tiii I 'l.h - irohlein 
, Ti hppethe i t-d:\ conditin the , li ,11%sC'u,.l-1i!liii_ period.. ' ,.'trum: l d C ,,hich 

Cilise llIatt\ 11I eV '.L,I i ? lilt tpkd,i ihm i. 
At prl-.,u. thIe t S..A,. pl, d 11inahout 25', 111tIle imiuiL,+i n vhi,. ik nCmLnCd in 

tile t . Th,: re't iiliprt,, ll Lillntries slcII as "lhaiindand .\ustralia. Rotughlk 10.000h\ 

t . rv rl1.heu ci,,n ed IllA.tiie 1.n ar ii tilech* C . rar. 

Environmental aspects. The iIt udC at v.i cii tntmmcau is Lrcm\ n rawes from 275 in above 
,ea level in noCrth-,'utrl ()klhonia to ,,5 i aho\ c se level I "iltIth-centrd Oklahtma. The 
latitude of the lli, rv nl + Cll-llarea 58, ill thC southcrn part tolte:s lroi 35 .,6'25' in 
the northern area. l rii L1ra.l,prtiilniiie i the ittlhl a'. Cra,-es for da\ length. eliperature 
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and rainfall during tilemunbcan-urI inL ,caseon folthe cntire row,\in area in()klahona is
 
given in Table I.These a,.ra-es 5erec irned fromt2(1 \ears of veatlhe, inftormation cathered
 
by the ()klahomna Shat' I nirit .\rrIcult rIal l:s,,ierAnr.rt "lthton
 

The predominaint soil t 	 area are l)tue\ sidS 1anI ',in(tie Ilurih.an-cros , ic d silts, and
 
also Western Prairie Plains soils coiarposed of cl,t\s. have
sIrdstotiCS arnd ,,haldCs All these ,oil, 

excellent water dritrae atld soil acrattio. This is e\tr,,intc\ rtlportaill t0 200d rtLIl+bc,ll VrOwth.
 
si!l.CemlrceaLri appears t0 do \ ci poorl\ ill hca\\ soils .i:lbad h.laagc. Ms! of the soills
 
in thle rutcbt rCakl\ to \ith ranee It7.2
it id neutral a pIl ftrot (1.2 

aceordL ,id (I;Ii ,s,'as,',)t.
liltlo'(or;tr\ Ltt[ 

Table I 	 Monthly averages for day length, 24 h tejmperature and rainfall 
dRing gr1CWng season in Oklahoma 

Rainfall

Day 1etngih Temperature

011mh(iC 3 (cm) 

May 14 37 20 33 12 42 
June I4 53 25 06 10.52 
July 14 33 7 67 9 25 
August 13 5I 17.39 7.16 
September 12 42 25.56 10 19 
O.:tober II33 17 17 7 29 

Management aspects. 'lurrcl' e\suIsI% 7rope:d after .inrer wheatrI,ilitrost l\diMrlh-1.i 
Preparation of the solti, l lni of tile , steps. wheat fi-'driLurreatt) 'il,sis,, folh ill, TIe is 
harvested, then the stuhh: ;s either disked under ifcorr, errioriall t1lae isused or le'ftstandinig 
if the crop ist lielarneld using ,a ritill plairter. Ifat lrtt-,,til-rnkri'ptirited herbicide such 
as Dlual, r T[rihrifrlarn i,,s, field i,, ,rdirc,.timrs and the sr:oothed v,ithused. tile diked in t\s 
a spring tooth or spiM. tiioth lhe field is then rea',M he planted. Itthe ficd isbeingarnharis.. ti 
planted under nutil ,onditi iri+ then the fiCld is splra\Cd %\ith;I hrehicde such as Lso which 
does not reCqirre iOrt'orMat it.and tilerirttgbein ,ced is plantCd directl\ into tie \,heat stuhle 
usine a nitillanter uhell,Aa('rrrt Bister' (Shrlar arid 1984)rd,It)X4.
 

IliOklahomit dhe har rCur's 11 tile two ir three \ceks,otf
wheat est t dutriu1 firt' June with 
mLungbear hing planted imitiatcl\ alter iartest. lurigb,.in ,-iCd 1,plainted at a rate of 15 
tu 20 k2 lta. and i,tLNallk drilled in rs S , rth a, owk \widtl of 53 to 04 ctii. SI r'ille seeds 
5 to 8 erri apart it tI rus\ is desirable under Miost conditions. Ir.a \\ell-prepared Seedbed with 
ample littinture. plantiin., it a ,ldItlI ofl2.5 Cm is suflicient. 0)n l0,xe,. dr., sandy soil a depth 

tsls l
of' 5 cii vir\ ho ad\ sable. The as crc C&.. fri Itrieberir is 6(01 9t0)das [romi planting 
to rti.\irltl/ IILatulrit\ . ile sholt gross\irg sltaui atllt nv he hats, sted i,ss t Ilturtberiti t i 
mid o late septciilmer alloing plent, of tine ii the fallfor t:,efield to he prepared for the 
next wheat :rop (Shtolar and :d\.%tds 1984). 

The rtajor \ked . corvInrl)I]\ ,bseled ill ric i (Iklahomiare Johnson grassrr11,iLuCill helis 
(Sor.1,tihi 'r'ini i1 1Per.S a I sp. ). m orningL. t . Crah_,rass (I)i'ihtiu ).pius,.\cu (A ralitonll 
gl,)ry ([ponoi a'pt :lrea . I Ruthli arid rter+ Chen,:.diion atullm I. ).Early in thelnIb sq u I 
grossing Season hoe be it rent \ir trori ariolgotar' cart useful s ssceds the vungbean 
seedling:,l hove\er. orce the plrts hre gro\n taller than 5 cm the rotars hoe will break tile 
munchean stens. rtouhosrr the rivin, scaSt., herbicides he used.To contril \ceds tMust 
The igrasses can be controlled h the herbicides Lasso. Triflurolan or Dual. At present \ e have 
serv fe., chemlicals,,hich adequaiel, conitroil bro.tdlCti \ u:eds%vitlihtut dariagine the mullgbean 
crop. Also-. no post -merge.r chermicals are presently labeled for riruntebeaI in the U.S. Therefore 
the best postiemcrgent weed conitrols seCedlini and if narrow rows areare hand-Iho,:irwg weeds 
plantc the rapii de'elop shade rut germinatinig If theent of the crop canip + skill weeds. 
tnungbeans are planted in rows of t60 cii or more, iiechanical cuitivation is anither useful method 
tc Control ptistelilerternt k% causeseeds. Cultivatioll, howveNr. increased Moisture loss which may 
derimental Is affect the iunbean crop. 

http:lurigb,.in
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hae y'Qilds anost as high aN our best d\ aced Ireedi, lines. We ar presetli incrwasing 

lirediuc hopC o+eats.sCvCral promi sing ilies and o r ',leaset \ andy' \Nithin the ne\t t%\' 

Economic aspects. .\hho.nlh t e dCiaid lor itLumiebai sprlut, h,, ,,hN,,t a sillilicant 

'¢ ulltp the 
llbeit 2 onitct itie \k ith 

inruaset in the last It0 ,Cais. illiportatito ituolnebanl,+ see.ds hake taken larest Share 

I \w .s+ilapp l-.r ,c tliltu'hC;an troi 

foreizt nt t. ,crs,. The list +Ca on ' t, hieh lt\,..hIngeto le I..S. hdlar v, 
ofthat nl Casc., rea to k ._pin, IU.S. 

e,. rate itl forl:n 

hils has uIT ill it I .\e \,..nsttItan iitipmrted.urrencies. auLIl mHlnbLeCall te past be eltlCCll 

nltiunbt+i. tltss sI'll the dc\ lltii t I S. do~llar. at rl in the\ \r. reccnl atoi thle llituti c osit. 
picd. I Ihe l't.' interior0 and 

laek of unil0oijiist\ l+Cill piec iitl. t our laiticrs. AS Said eirlier it 
U.S. Sho)uld bCoiii II nilt ltiikC'lk otheru 1 isthe qullit 

the inlntif beinCi ,tt,it b\ 

i,hopeCd lat hr relesCt,,ijii 1 tC', ,IIcru i i ll'\ slc ill he ablC to 1e1tjulit t0Itl.ekC iiiIpr s\C 
Seed beille Seti to or bsti . 

Ac.ordinii I0 C alNb etiilcs rcle,C'l Is the Ag'ricuLilIial I'.c t1011c1,I)ClitiiIe.ntir\ et 
at ()klahoita ,tate I etu 01 Itll")Li tIltit,o aries 5alieN \sitlh thle liillian'iliti\ l\I UNl. he.ci1N ." 

" 1, oti .otl
,\tclln. liliitbc ,i aC plilIted 'in I d uiblCr S11i;utiol t ie. l io1W leit the l 
it the taltitr T its his land Aitd all his e.qctuipluitpriotuctiol fiobti 'Aheat aild bCai 


is (SS4400.iX) li. inCiludiiIL lsesl and operatinal osi, Oss prItt per heetare i,t SS42().5S.
 

%,ith ssheat tnrakitt uLpI ,SSI(P411 ha at a prie oft Sa lit t1ald atier el of 1.54 ha.
 

and tiun'thcai/ itakiiiu up tlte ieiiainic I S"25 IS hatat a pri c o 1 1 and an aseag
 

eld of [lie net itonics Is ' I9 42 ha. It the faniiuel cose toliit theOW(N,Ih itarer 

tiun lbehal '.  i,i lull -,Cai tic10op. _ otl , SLS233.il if lie ()\k tie.d
it, iilatet l ctist 55 uld be . Ila 

allhis land and itaclhilners . oiisS plit p tche tai oi.t (t at oliil bu I S 435.0 p 11' 

tV.S ( t a a sa\Cti e'-'Ci h tlie laiil'li in_ hla.icld .I t I l us. sUet itie. sonlId beI "S202 


ili,es t il.es S 1II1,\11H.lt1i tilt IIletlhcii priCcs and the asitlit10ittt ital
C- il 
+ alc l00se SICelS. 

" 
the Illicl po ucntktiUebetitseditt tch ci~iuh ,iualit ,i' Ibe *ieeeped Ib the spinititi.! 

idusinslr .! ese ,'el,illli\ be obtaituthle i h IIpI \ilh the ijilt'iut' iualitrtIilUt cd tlarietiC.. 1(ut 

Seed prlstntl\ altn cattliti Nlell their sCed Iu tihe htich priceCS paid br the'ti. tallrillis 
r)aLit iiiat11t ci tll-sp co i_',.. 

Alternative utilization. 11the l.rier cainot Sell his cto hu the -prutini imarke.. another 

alterati.cis , teed the nuitut.can it hi, lisestock as a prtin Supplemiinti. Fio illan sears. 

eattle ichctS in ()kahtttii hls C led their iILtItlileaI Splits anid itiitnlurC ,Ces t theircCalkes 

01otheir Noleatlteal re.Clni reintt. .\eeord-tin tot.lit , pllublisheCL hrreplaciny tpiottiti 
the Anittial Scienee ltpa at o 1.5 t oflititib ami iteall.lisI)e ttitt (klat a Statel. iierit\. 
C.Uii\tailent in pDotei oit-ei t to I I of iliba\ith • tof itlealt eal. ite pleseit ptele. No, beaun 

liitlii li ittitbeatii uli 5t151itop t keICC.ilL'SS2(t.)ti l i.the eLuii\ iltuit to 11()I ta_ l co)SIS 


lherefue. itnias be co),t ellectim,.e lariuelr it pIitlce idllull'ial ia tuts Ul!
Suppleitent 
c,tock bu s \ all t tttili'eilr hi lis railier than ) i i Calliteail. 1his, i a ,lp'iall uselul ss r 

the land. SiinCe S0 tess cil',to1CLectltC \,orth hast cros llU se' 'i 1hort e11t0t121 o Ile double.

Cro-)pped s,iths inter k,tiat. 
b,
Other Studies A tiltal SoiClice at (A lalihtnia Staltc tI.iCIrSit\ estiitteILt. I)cpalrtuitii 

that imia S til to l the Lupple Iltial I.,intejiun ,lsbeau neal cal Ibereplaced0pel'alth i Lip 50t' 
iita inishing riltitinrass e ua it ,sULppl I.ins ith utit1+i Meba. il25'; tile lenettal tieian be rplal cCd 

. t neal duritte Ote I.I. all. Also. illwith I t'ailCa rt 02i h C f ei\\kt IULS(t) . a sutv 

itst iteal.. dic 

that u illto9';) tlhe prtein llit .ccould coeiC it rav ittulitebCalil Meal s itll Ill\set ililtor 

eflect, otillitteu eiht. l s ai that foitu if(W.b111i ar _, l\kCr 

ctllpailIt thec etlfet of ' li gtiubeat i c.al1o gill ' ad t sI Ieaitl ther+ hidn 

b eli d sectiO tnealtlc ties ith 
tr p>iti inhibitor h.es,.el, llhossll t ntea;lh ~n~lt.l i l~c'>t\~T;i~ +iouldl itti-mibatIf\p i i'111111-ICOI1:LId ~~k ~ to) Ctuipletlrl repla.c eat dtait% lLrass dIHIJ sir 

as tihe -mircc to ISinc iNlascill et al. tl96a. 

tlrt 


which haWe a gcod spmt s h...to S . seiht ratio. Sch as 9 g of 5pnlils pnried Inrtn
 
Utilization aspects. lh tIa uoseed qualitr rquiremti tis ol. ioUti. iludustr are sCeds 
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I . of seed (NMatlock and Osalialt.962 . Another iiitporlait character is Sed %\hich produces 
sprouts with thick, long p)ocot\ Is. It is prferablc that the lhllcotl be grealr tlhati 5 cl 
in length. and thicki thain 2 asumn in dianter, l itcot.l thickncs i,, espc"iallv intiportant

it affects the crispness of the spro0ut l. be as [lie\
Roots ,ho1uld short ire otlen distracti'+e and 
st riggy. The sprut color shuld be as choe to s. lite as possible since pimeul tihe cots ldoms 
and leases are ofteli bitter in taste "+hile bro nig indicates a .ack of' treshnes, (Bluesoher and 
Chang 1982). U.Ithouch there amsbeen no tud\ otw da te hich pr)\cs this hs pothesis. there 
are nitan\ peolle iii the sprotine inul Sr \1to0 bclles that seed si/c is positi+els Corladlted 
w+'ith hypocots l leneth atnd dialteCr. Ilicinlr. il I be iprogran Selection for large seed 
lines devoid ot off-color. pgnieniatitu s oilM prodlce atnunebean x+hich wal\ill satisl\ scveral 
ilportiant tlillit\ r lossCe ihe!e appeals ItotlUirCtncnb. er. be a ncatis e correlation between 
seel si, and the sroui %cieLht to seed s,ci niratio natlock and ()sss al I902). Therelorc. 
selectit for larger seed si/c 55 WtCt selCctiti 10r Ai lil sl)iriut .\Cigllt to ', eiht ratiIsed 

nla\ Piridticc ia ariets sshich i, ,till unaccetable to tile spLouting,2 indnstr'.
 

RCCent Cotltiiiat+Ioitsl,, s th bUs 1 tll, lpItiz t.'oipIlie sug t that the\
sClin s 
are not concerned h\ diflcrlrt seCd color ,r luster. IhiCicforc. althugh all tiunebcani \ariCtics 
pres.ntlv grosn in theL ..S. has c seed I reCason LL\ 

with a diffe.ring Seel Col't t JpC \k Mild loIt be accepted 1. the sptnoutin industr\. llti!, is especiallI

iuportanit bcCaLuse prelintinars ohsCrs tons sthe, t thait lites 


rcn slins coats. ire is 'to \%h a sI'i'tt\ 

Rth it dull Seed coa'.histcr Ire 
Mote resistamt to storalc insect Itos.sec. thi, lrs CIation has tot et1beenConirtitld ts'
 
c periilltentatioi alrid. thus fi t.'Ctel Isi Ita\ beCp 'rellatulrC.
 

Research and Development 

Varietal development. rmntiI Iis ca;rIs ago tir munughean breeding prTgrant at Oklahom
 
State L'Anis rsits cnsislted iatilso(4 n aluatin brclin liues sent 1t LSb,, AVRDC. \with the
 
intention of\fCnttuall\ rClCsing a satistactr%linle 
 ). It bcat.tle alIpparcnt that. althoughl mtanv
 
of the breedini ltes beine Sellt to us cotntaitted omieC0Ior o1tthe characters %%c \erc searching

f'or. no sintle line conttained all the cltaracters, lelt ss ccsential to prtdu0ce aIsuUCCeS4tl
 
\ariet\ in Oklahotmta. lhereforC. a crit'g progratt \\ as begun iii tile 
 't83. 

in the crossi t blocks src elec'ted Irotil those AVRI)X liles s hich \setc ntit adapted to 


ptinzo ()1 I The parcits 
our
 

hot-dr\ cliitate ;tttd or ck tuitited charctcr, such its lar' C seed dctcrni nite 1ros and
si/c. Mtth 
early nIaturit\ 

Bs the entd of INS0 t, er 13t0 different crtosC tad been MntadeLusing the ero ,Sing technLique
described b' (upka and 14hs1ards ( 18 6i. We ase att piesent selcted prtuge\ thtrolth the F,
 
eniteratio . licktitik: \c atc ;itsttall IWi r;ltlll v 2 utili/c a 11it ie bulk bre 
 ding ntetltid itt 

sshiclt sse liar\cst I-: and I:. popultilis .s ithII+t nttaking arts sjctlittt li aeroiotm ntlic chlraiclrs. 
We th.n take the lirs e\+t.l seed anid rtn it throiuL at srcen seed cleaner wt'4ich retiies all 
seeds that s,ould pri(du.c I())-,sed sseit I less than 7.)) -,. We IeCl ssC call succcss'uill\ 
select for laree CsCd si/ c ill carls, cncrtions because of the relatisels hi, h Iteritabilities (.44
toi .6t0) s\hilh ,.k: hove Absecd Ini our cuttl stuii, (Liputlbli,,hsll) SelcCtitit of" individual 

aclChplants is itnade ill the F! gecCrat(ii Iroun bulkl pukpuIlaitioit.it1iss%-eh r. if a ptip)ulatiot looks
especially p r it ua\ he dropped fuit the pitititra t that titie. Artut te F; throuch tlte ,
gceneration. breeding lines arc selected cinpmaul to HIrken fN lodging and shauettrit resistance. 
early IntatALritu\. seed siC amnd plait alChitcCtlrC Slctiiitt *ergraint sicd is alsoit tade Using 
a visual Cstitltation tllpe'itir pltettt\ p ,-Fs atnd F, t teIttlt breditte liue, are tested in 
replicated trials coitsisting,, l'4) lines, per rl\ antiad thrcc I'plcitiolls. Those lines sshtich \ield 
Ibel(os the mear t fI thl turserS are reIild eaIch sc;,ir. lie 1-,, aItld F i,uccrittit line\s ill 
be tested itt se oral locations thIromghlumt the itughitneat-prodLctiot area in ()klahmia. The\ sill 
he e iauated for thein \ield ittcnial.. Also ill the F, and I:, g.tteratitlt. siVLthtin studics "ill 
be lnductd itt the lines ti deteriie their sprlt qualitv. Seed froita iuse i s welected 
in tile F , .Ceneratioll nue.CriC ssill be imcr'teaS to its ide breeders seed. 
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Management research. Man 01 thc niantacccnt tcchniqncs uscd hsed nlciln grocrsll 
in OkalNulma vxcicr L.kcWen from trc:.,a ich dinc o l s bca. ()ni,, rcccnly havc xxc ated rcsearchiniti 

investigating :o%x \oidth and population lcn:sit, paraicllccrS, anl thcil cci ol ,icld.xlin Wc
 
arc also istcclicd in Mee',ct of ced wic on wseedling noot ic and IlWcclcci of moil tcnlpc'lnIrc
 
on sccdling gloxth. loxxc cer. at prcnt/ "x-c la\c no results Irom1 thcc c\pcritlcnts.
 
Utilization research. .\t Ipcscnt the Iiain tirlst of thc rcscat is ccarcd hxx aid piodchng
 

ltlchean x,atictlcs \% ith stlperior ,prolntilqc capalhilitics. ()thcr icscarlh x-hic.h appcar, prollising
 
,
is fhe clcxcliIiclnt tlxtrl.icst+ Uscl l t10the lixcstck iidustr. 

Constraints that Remain to be Tackled 

The majtor IIIailla'cllc [ llol \ . lctace I ()klahiota is our lack of itknox, ILl'C a', () he
 
hcSI r',l, c, hot cItrx har\ cst antd 'ctsthe II1ilghcan sceel so ts,Itoiia\illii/c cconomtic
 
\yielThe mtiiit tcal ltitarici-, in tilt, tca htx.c I talitioii oIJ,acinglhc'ili portiancc of their
.
 
ntnLUth2call k.'-1) v.cl I lk thc i11lrtatcc ii! thciir \\wcat cro. 
 I3candsc Oi this. ol'tcn the 
llltnn h are' platncd to( and. thcx dhill L 111 ll si pail of th1C cllllllCr.,ans latc Itst',. flov,,cr ot , t 

Also. tile cd n cl,tccLq ltc\ pCprccl Ihciic p]lllill and o nlltlo+[ Il IC
SccCld i- . x,CCd Is naIclLtrcducecs ,x it ,tncl l1 i ncatcs.tx,hicl iiikc, harx ctin,_ ii cicanm sccuIalnitqc d.ifficult. crl,th rl. 

iliallagt icl 'oist: f''C IS th c.It,liInI thI lk'faI!Ic Is icit I.'c C \,c hat\k. to c f I[t pItc titl cci ni itic
 
litns 1) pro)uk ing1 h -11-u;ilit.II cd-lIc. Iieldsuni1lhc,chcan ecccnt chtaiiiccs inithec 'i.S.
 

tittarkct fo r o\ bcalu. Cl Iin'Ud %,Ilcat r' l,ix c,i.ril. In..casccl tlic itl)Ical (t12 ix0,\\111-iitIilt hcii 
htItialux lanit cis IIItilSotlth\,s., It Is ii i\, johito,1i ,ctal\ l ,culti\ars 'k ili iu' iicl tlpouicttial 
and iarhac.ticllit liiuccfiics ',Ilikl xill c ploit that \ icld potcntial. 
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Discussion
 

Creighton Millier, Jr.: (I Bascl (itnc nI)trom %khlcli \i hi( threeusiIClt \oir kiirk ~hip. 

food IlLLIflIL' ;IInCtcur'[Cnti\ (hLC uMost 111)1l I 1dtlm \Si
ll~ruS01n1 aknmhd S01imm . .\j'WhCr-C does IIIIH)[I~ tllu 

d~L, I li poil I I I11 LIIIIk1, 

L S1...W alis~k: \h. it .it ~ii~ i lmu01)'A dI 11011ii.~I~ IdIu Ii \ll Ik I it) I Ilk uiI I I l! iL iuu ()mft 


IILI[I-IIIfI (ldII\~k I 11.II~mtl 111(c.Itto tin pliol c olI
0al hI iccn ll~111 Ail i Ict-mitimL 
i ii IC 1,11 \-ktChLIL' imI . 'iii k\ . klI NCUSLt( Ill dIL)jir HOi\L 111-iIit i l((2 m,C 11) .\(ill kild 

P112l Iik ' IUk!. (' IN11IY it )ILL1csll 

ESA.. Sal ih: Il t\ hohIt\, i mcuui l li1 111\ 0,11 10IIII )I~M CHLmmICIiit 111C JLI Lu 1l 

WI.\ I I( T\1S. j1\ . fhCI~r)kI ll fi II''ic im( ii i k Ili NIHI rm l~ tsiimmInIL 

IilLC~d\ IiitlL h 1,1i ll lIlL\ il 21 'O 'Iniid l ~iiL2 \Ltilik. II -i ll\ L \ (IIIL\CC11CCI
 

pc 'Lmlcil I I (ANI ~iI . ct~mnlt.i~i~ln I~t~n Lilllii 
 iLAnl ~~ii ~mtNnc 
E.S W i s:ii 11112;I fI\CI-I\ Illm\11, )iIiij 1ii -Oifa1,2I '_L hr t imili.h '' M ort 

i 111,11(1 lls'Im l'' \\Imt ~ cmiiim 1111J"t. ilICkoh j hIl L mh l IIII.)k IIIh iit l mnI ,1m1 0111 l 111C 

IJCO I cLawn:l I I11I( Ii k. it tn 22111ii iik hlp dlI iisII iiL ,ld that J111ttcit 1IL l)iLLk' tm I l 


FA( ).\CW ISA . lt 11,1',L'm Illh iL\ iOllkiIiIiIt kl I %k 1sI ll Asiat.l
ii t111 kIc ' IlI IlL m ] ilkdiit 

Dht.P l. i ingh S\ct'~oLI llcc Is titi\L\I thu ItL l C[111mh11L St\LIl~i~l 11011t m I i. ii IIII 2 

llk.S Csd 1hHabra: CII" I tIii ' k\k 11 1iliu2Li ' Id ( uC\~ CF.i k iu I 'Ill 111 sk.I (Ild.i hik dnI12"Ci 11. 
hni:dk: imci I liih lichhdIIId s1:,1~ idIL- Icclil ll i tmntlAar in;11c &o %1dtdul3)kkitit.u1i k 

IN cc i1 tItitI' I I lJ t idIt11 iiIiiL' LhdI Il t LIIitii t li\ Id
Sh l iiMnIIS,~ imit' ac 

11Ihi~L I i! O\IC ht i~i(4 )u'12+2dl f2)I~ o \, titii l, isro 'L aiut~l iiim :rol ai i~l~luIl\',t\kclldL 

R.J . Lawvn: Ii Ih ltii ag ll Lau1M\ISlir ii(11 h mA~I'k: l11 aI hIC killi. mimi.dIC uIiijill\ and jited 
to IILILh2IIItil ilr~\~ II~I, oidlinp thrcc hi" itl cIk ail\ orl uilinh tr111mLoiri nt-ltIoI t12S.Australia 

li, Iti lt t1111k (2 ta% \kdi 
ircatimh o mil miii'u t inph c hi 3)(C t1mrttmcr. \kIl i EI p~\.uL hr ctcq 12i 1 

iitcl tct c 11til tl 01111, I i1 C .lpICl jlI L c d incinuclilth'Ic Nimits 
Iml Rim im. All11lW_ mi 

kticmp rcLlii till L s id t tihmti Ilil Clkit I oiL l'ld)1 1,i p t~ it ic-a i 
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Ruben L. Villareal: W\hat is. tile i\'cri Iii .i/C iOor 1111, IioftcaillA\IIIJ'lil2a Ill 111ost 
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'.0I0110 IVOI00)0(II Al\u'rahi I'.
Gurclip Singh: ). I Ilt'0 diOIIC ii, 0[1 111111121)il. .\osi'.lia 11\0.1112 

Ikc~o.1i1.'c po (C'0,Cos'poor' h. inP.M'. Chay: 10 I"I0'I h11'Ioc.0 .oild 1Cal spot hit ac.1.1110.21 

the10t:.11201Sh I ,Ltc'. ) ~llI IN 110111ho.'"C .'''.001( IIC\14K iIL' . ll201 1)0, 00,' ,II 0,0.' ,I00 . i m il 

K.S. Chihabra: I iIli 'omL . isI \\ ii...siN~ll,' sl100\%.,'I t \il ,'' . 11112 20..1 Iill ('Iind.U01 0.,lIC 

I COHILI0."CC0,111JI,11111 ', C11i0..1:M (i0 2l.2 IN It d.UC. 10 I)Cs''.'o d01' s 0 hollE (2) W\hat111N02o.'I orl.21N, 
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Illotilc till 1110,N'o.'o COJI1. I'.ii c l(Nc ll1N0,'2h1021Io.' (01111 111 

o'.lhdIlIllI )HII , S~'0112001 I 111i11k
h'i 1112., O. 
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vares Cannote plantcdwith the rainsMany farmers plant them late. But in the lateplanted
crphere:Nill he pe'st-and disease pr6blem~s-.e be-another-problemVedznd-lapd-prcparation -vill 
for the late-planted crop. When planted carly with therain,they' will get caughtin the: rains 
ih'late December or0early Ja naryTherefore, late matirity varie s.'canstb planted wnith the 
rai (mid-late O r ad t h a re during thle dry priod inV late JanuarTiiy. "Kb 
RB Singh:' I undertand thatcowpea has been displacing niUngbean in re.cnt years in,Sri 
Lanka. Wuld you 11ke to commeant onl the easons behind this isplacement. What ar ethe 
socioeconomic actors related with this trend? Is this trend being Spmotedby tie Government? 
SJ.BA. Jayasekara: The Sri Lanka Government imposed a ban oientil importation inthe 
early, 1970s. As i result cowpca becane a Substitute, thus increasing the area. Co pea is used 
(like lentil) in split form to make a curry. Howcver, the iungbean and black gramn area has 
not decreascd. 

JL Tlckoo: While inall other Countries mungbean grain yiclds are modestly increasing, your
yi .. hav gon donr mask/ao5 6 kgoha during the last 10 years. This is despite
the excellent support of' AVRDC to your f'armners. Will you please explain the reasoni? 
ShulpHo Cheng: The reason why our mungbcan yields have gone down froi 604 kg/ha to 
506 kg/ha during thle lakt0 years'iire likely due to tihe f'ollow4in: (1) Since m..ungb.ans are 
grown in the spring crap in Taiwan, the Starting timec and duration of' rains during the harvest 

o Period of mungbean are quite critical to complete the harvest, fthe rains coce early and continue,
farmers may only be able to harvest once or even not harvest at all (usually, harvest is finished 
by hand.picking two to three tims). (2) The mungbean harvest is very labor-intensive and
the high labor 'cost has made f'armers econiomical]) unwilling, ?o l'irish thle entire harvest, In 
~fact, I'arilers~usually harvest Iniwgbean partly'or even, mainly, by 'their own' labor,- totally in 
accordance with their convenience, need and tile local weather conditions. Onl thle other hand,
the Asian Vegetable Research and Development Centr, of course, does have excellent support
in the production of' mungbean" in Taiwan. Howev'er, problems, both in~the high production 

S cost and in weather constraints at thlebeginning of growth and during tihe harvest period, still 
remain tosbe resolved.' 

R.B. Singh: I notice that inungbean'production has declined sharply'in Taiwan during the,
~m~last decade or so, So much SO that mfUngbean's self-sufficiency has stabilized at around 2~% to 

'23%. What are the reasons for this sharp decline and maintaining this low level of self-sufficiency. 
Iit psilththecountry may eliminate' production Of)JIungbean'altogether'!

Shul-Ho Cheng: Thle negative net prof-it due 'to lo~v yield and 'high~production costs. to thle
farmers who' grow muiibe'an has' resulted inl a sharp decline in mypigbean production du'ri ng
the last 10 years. The niungbean imported froml foreign countries has a shining (oily) typeof*
seed luster; ho~wever, traditioiiallifarmers still pref'er dull-type beans and consumiers believe 
that local beans are m4 e fresh and suitable for mfaking products of whole beans as well, Therefore,
alow level ofself-suf'fJciencv is maintained. The above-nientioned situation implies that Taiwan
 

~y would not eliniinate'production of mlungbean' altogether. ' ' '-


K H. Chow: The n,: return of growing mul~ngbean is negative. Does tile Government Subsidize 
the farmers for rnungbean production?' If yes. how much adWy?
Shul Ho' Cheng: Yes, but only jin thle case of those' farmers who gro~wInUngben asa 
substitution crop for rice in either crop season. 'According to the rice field diversion program 

'implemented since 1984, mungbean has been listed as one of the substitute crops, Farmers who 
grow mungbean as required by the program can have a subsidy of 1.5 t/ha of rice, whichI' 
cquivalent to about US$950/ha j7 ;&'' 

9~">G. Shalaby: Is there a possibility of using 'mechanical harvestinginunbn '' 

B.C. rIe: ~In Auistralia individual farmiers miay, grow, large areas of mungbean. The whole ~i !W 

'~*'A j 
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crop is harvested by headers or combine har\csters used tr cereals. Minor inodiih.eations are 
required for mungbcan harvest, other\ isc ,ced lossCs na\ be hih. There should ie opportuntities 
to use direct heading inl smallholder I"Mrmers inl Asia hy contract harvesters. I believe this is 
done with somf1e crops ill Taiwan. 



Strategies and Recommendations for the Research 
Priorities of the 1990s 

The ibjectic, of the Second Ilrcrtinait',l S\ miposiunl on Munebean vWere: ( ) to reiew 
the latest advances in ilin..eei', re,trch On breeding. pests and diseascs, physiolg.p, crop
nutrition., cuIIuta pr'acticC,. IJftlinin1 "\ teurI. hiochclisIItr\ and human ntriritn. adlllutilization: 

the ,c,.ouic, Ill(2)to ucdersta1d ILt),-tir a proIu.tion. har, cstinl. handlin, and mlarketin,:
and (3 to determine the prOduction constraints and identit, ptCntial areas lOr future research 
and 	 International Coop,.ratinm. 

The .\Asian \'ectrahlc Research Alld )e\C..helonnt (einter +
iAVRII)(' \o, to be activeill continue 


in illu l'sCeallch I 9)(i,,. riiti.',
igheall;.n lturin. the The pr of AVRI)( are inrcreasi lv to ciniiplem+lt 
and support the researchL capabilitie t the natioiial prouiralir, and help build Ohcii capacity to 
.eCelp and conLduct lnunll2hll r'ClaCh ln plr con protra., Basic research de,i.nCd It 
cain ni ,,,kno,\ leeleu fi, the dc, e,'hpmunI of tic ,li', .uitei iII tie pri hletn area". actis ities 
designed I i de,clop the ,apacitics II talnl 'Inalscientiot dtl,recarch appropriate to their 
cunditions. and acti\ ities, that piiducc to.hruill rs,\,hi,:h can. throuL,, ad.laptivC research. be utilized 
h\ the fariiie the dIn elpng L ,tiitrie-, durmn the Ii)9)0) s.,iiuld be cinipha,i/cd. "he priorities 
' d ratc-ics for acllc% iL.irill*pr,\ C l e nintebean h\ the participantsll ,'tl ', 

of the Seciud Iter nattonial St lniIii/c behos
\IullLhca. lliItp)Oinlll are 

Strengthen the Conservation and Utilization of
 
Mungbean Genetic Resources
 

SinceL1.Irplarsri is the Iu.LLatirin lit cIiproimirirtCliert. the collection. ctservation. 
characteri/ation. docuientation. enharrOentit. LlItli/;atln ll listribution of birth cutltivated and 
\k itdrnunghCari 2CrniplaSrrt ,hOlIl be CtruilteCTlL. \Vith the adva'certnCt 01' Mlodern agriculture. 
genctic cririit and habitat dc,,tructiir threaten tiam il the I 7mna species. hence priorit should 
be ciern totie collectitn itlan+race. v,il relatives. at.lil p e itir ,pecics in bith the pririary
and centers Orif di\r-,tt,,. The dLplicate Ifal'thCs valuable erllechCrts should 
be citrsl, o.Iat the AVRI)"s vtirILl ba,,e ciillcct itn center. There is a si/cable national ,ollectlon 
that is et tii be added t the %,',rld cillection. National pirgranis arC eteirUraged tor deposit
their nattnal cirlectirr at AVRI) for ,ate-keeping and v,,irldvkie sharing. After sstematic 
C\altiatirr at the 'VRI)C (cnetic Re,,ources, and Seed nlit. the infurrtatimn and .,ernrplasrn
Shtld be aliade st\ tie interestCd lor their urliatiiion in crop improvemllent.alabC toi sciCntist L 

It is riirlctlen,.lo that intCrrathMal aricultural orcari,',titsue,h as, IBPGR and FAO should 
cillsider prio, iliIIu cititimuri, support fiii CiiirLhirtatitmcg the collectioiir ",issions and inaintainine 
the cenetic ri.,tirec in the 1ii1,2 -term and ctivCe Collectiotm,,. Natiinal [)r graru scientists should 
be Cncoura.edL to ennrich their br-eeCdig pricrlt,t, ith the valuable onels fri rn the native landraces. 
The hase crllection iAVRIM)i ha,,a respionsibilit\ tr eltermine aps in the geographic coverage 

ft the base collection. 

Assess Progress Made for MYMV and Other Pests and Diseases and
Identify the Future Areas of Research and Collaboration 

Considerable priu re,,s miade inl last decadehas been the inthe identification of resistance 
sources and incorporation if res istatnce to MIY 'I\,Vand other major diseases into the superior
tnuncbean cultivars. To utilize these valuable gerinplasin and techrruloey more effectively, these 
materials need to be disseminated rapidly among both national and international researchers. 
Identification and characterization lof the ,irLis strains nced to be strengthened since the mutation 

http:riirlctlen,.lo


688 S.l'drl'211' ll Id01'1tm1t211dalkn, 

rale l' \ i,aI uIIu tLut1NIll.rhic ari hIIIhi. I-1iCLLILI.Ili)N 1 tir , anod their \ cctc l aorI cvcStliud 

COI'JTICILi 1iC11 


ell\ isl i nlieiCtlali II ,li ' lll litliiiC Oic CI huic1\ I( 


ThiC!CttIc. I1 C II)IT~l IS HLICC10 Ill1111 l I!1~dCI-NIIIiI' 1 till112 I hi1IL)CiCal 
C i ll 'll i III \CC +LI \l diNC&'c 

traiLL u lll LI IkI I101i t. CN ILCI IINIThI ILl Ih \tIi " ,I i o IG .1o.i I , ,Il ILI he tN lRiled. 
MadeHiCClliNCl ll, . i pi\lt)I\ 'S IIicC l 11C\,dI 'IfI I\1)!IIC III l S1IL1k'1l1iii ll 'ilIN ha1\tShIllift. II II,' \I I M i 1ilk\l l IISLkijL cCIl [ 1 lk'lll ll lt I II,.lll (lietb~ It~ Cll Il ll All,

iiail iLiticiun i C t t thilciicL , \I'uNl\ Nl i. nchh, crrtutt L India aII "ic 
th .dilh t 'iui. I , t r I , LcI IIlL dll aktli, .lIII(ti.Lc ,,l ' jtL, c ,.' lnl.+tIIn1 

(iLL'lliLl ,N . lII I ,t TI HI lIt1 11i)l LII I IC%,LII IC Fli t \ I I I d II 
IL ii~~ii:Iii' II ii clIL i ilLtINLILLLILNIN. I ' IILIN Iii~IL ; tttI IL Nloilh LtrN 

Research on Weathering Resistance in Seeds to Improve Seed Quality

Needs to Be Intensified through Closer Collaboration
 

with Australian Scientists and National Programs
 

I w-ixtl l 11 ,((GjilO d ,Il kiIL1,ttLt\ I d L L I I! l [iI , pLIlllaIIII11, 1i uiL it\ 
M i.tC I CbL1,1hl II Ci, III l IlloIN lNtt1i11 . 'l IIL iIuIl' h IL I l utiLi.Jld. 1Oli1LuIc\. 

.1. ~iLto.Itc l~'titiI~ IIItLI LiL N 't x !~Ll 'Hl' tLLL. I Lx .11 1IL1I0I it It11I. t 'It.LLLLI t ILltILLu/ ki L I LJ.L \\'~ tLLL IC~dil'\Lt. IIILI IL+'+ IiiLLL(L +tLL~LkLll. 

I'tdl ' .T 1,111l1''Il Illttn NIL' I.i,\ CILt \llki oC'i I,IAtl',C'l', L J 
tilIT Ii l xIIIth i,i. iiiiti l I III111d ' y t tI,"Ill I t l .'tIIItILI." too C ilat II,.L' LII.I ,.U'ilLt\ 

I h x I.L\ \\,l t LIL t .III 1tltc i, ,C il,. C Ilxl i Ih 11I tIll iiiiu1, ,. ont1,LI tl i ,1,1tlhall'Nthelr F,"kil ,..., >; ,+ 'l,+ll,,+'iH IIIth ,+tit,..' Il'illmtl lil H,.Inl r 1Xti~M1. prlo i+,ill,. 

Strengthen the International Mungbean Nursery (IMN) Evaluation 

YLLILI!1ItktIi.'I I IIL\ tlIiNill LIttLl Ct\ IIIIILIIi M c i L' it Ill lc la ioll it clillatic
 
Anul tii I, jtIthi': li[ ILll tLL I IN. Slk.Lc\ , atItI qL)IIJi l dc .i ilttL LldclNtatlLditl ' ftlhi.
 
CIIcct I I,.. I,,t it,It l,, tI, I \, lii rlktl lt\ ( ,ItMIu C iltlt.I 'l ,., di,ttI llIt,'d tIll[(L1211 th . 

il ,rI, ,..I 1 , I lu' ld. N d 'iCuuLt t l CiL\itll, lNI N ,. IliW cI M N A ;t l Ic I I , to.Itil III 11 
lhan 211 \\RI )(' il L I ILIc.,N Ltdi CI."NIttx ,' , CLICClI FIL.rIL,CLdAN IIlLIVI)%LI ntit n;jit lltI\ 11', 

I I LI.- it ' Kc % ICINIL L 11111 ILi NCI.I.Sk. d . iIIL jL - 11112 . IIi li lulCN lc.uItaIt1t 

".IN 
01ill , llt l IIIM I Ill ti I NNitrII I 

l ni11111 i ll',., .' .i,, l I I t ,.ll' ,N LIIIhLtIllk.l Ii M illu l l.I ( tIl Fil 1i1tl) l:tlic 
, ,I )h'tl ,lLI I I ll ( )M i hlutILIp Illit hul \tld)t i 

'N\
, N\IIllIII IL llIII . ll IIIrlf, 1\ I;LI I.MlN Irkil. I 1 ' LL IIl t0h \ ,h ll hc cnI.L Itra.'d. 

F i,xI h IM Il , I t I , ILotI,\ ,riliit LILIN x I t N irC0, L ILLILI that 1luLniII2 ,Lcnf ics like 
th \sial I )CIc LJ mpni t i'Lk I -\ )I I) (. th2 .\uItralian I 13.11'C,I)c' thJtl I ..VxNixai iI 1 
\I).\Ig . F\( ). I N ) ' tIltl -\( I-\R 1l ihtI LTIOLINI\ :OIINIICV 1il I\ Idinl I'lflI lliII Su LI)(t. 

Expand the Current Utilization of Mungbean 
by Diversifying Mungbean Products 

Ni,,nC ll i ', .efati1flii\ d'C r t IIILLCfh,';+ lla kII,. t u t..iiI N I ll tilL' IIdin S. bctiiitin nt. 
Thuinilild arnd ([hiIL l\pII,. in t [' ll LII'Iai, I. I: r cutrLit iti.i Lit,.IIIiiL.OllM ,1hiLid 2 hiaind 

.prILdIILtIII, +.., ll LtCat . . to e clhlariIe Iic,, s 
infotrmation M110 ! t2c lSCILlt ItN I(' ll tlICc aCa". 

in hand woith hIIc ii ', ,Ic d 1I lhccIN a ee and 

It i rcct,nrcndcd that research on rlhcdc\kIu)piln il and ,I'\1l7 llltiiti.l ncIninclbean 
products hu1Iuld he CrcIlUraiecd I)\ kimannrIatIional priu'rai LIs 



Analysis of Biological and Socio-economic Constraints 
in Mungbean Production 

There is t,uall, ,J' Cid gap lI:,c !,ttfl ' hId, h'Htarni \ichls dueep,.'I clInti ;ii 
tI)phvsic :l.ltith~i~iCd and , . + t l ,(1t, ttl't.. ,ltl- lr 01 tI.llllltlitC\ (0ll)e elid inate 

the ield c m onto it) ,+,inl 

prtit)le i,,1,hou;Id be ICC 1011) i I a, l' ' 


inspro Nb;l\the ll nt o Affcti\ inCedC iiitHlll pltutUthil. I rl 
nI.ed trim a IIt2111s", ,IpC 0t 11\ iC\\t a d aI I ihl 

tileI'eCNOhlut l those iohl mhi -eatttLlnpted throueh ,Father thint d freUd ,i t ltuMtIltOther 
techniques, SttlIdies IiitI/.ttdlt to p'kItI ,the Ct( st.qlitCee 01 1i\iltIIltIgh aC.1 t.l pHo~dteltirtl
 
teChntI heg,, 011d SOL 1o-eo.tn ,CsCe eltd I llr I. eti Collaboration
(t +lI,'I lliI it)e tue tI tlth in \%,ilh
 
nttional prO raiit,
 

Information Exchange Among the Mungbean Workers
 
Should be Strengthened
 

RMApid e,hatuIe Of r ch rwauh, mmtt d h earcher is eseunal to itake pToore,, in 
mncreasit i i l'.\ catn
et. ptOImd tih',ll111n1tiij ll/a tl . 1l,\ l illittI adlld sIpCCUati,\ C re ,ults 
he .,ettill t0he:i Ie JiL' ,IL\Cd in tle pIOpc1 pcipccti\c. ( uretcwl .\VRI)( I dis,,,Iinalittc
int((rtt titit tnLttItiiul a It titiiL1h tile l ipit.l \C ,.ctlihc In ml Ni ,iPlal tSC .c lIN,. a pticc'+t
of A\VRI)(' stp,)rttteh IDl,, II l \'1.S Is I~illIhh'V S ii ct . thi t:le 0t the art nIiti.ba..icm 
prtA Lin,2,,.atlihIb niOt" aIh\.,a dirt t\ t c 'Is. h1i1dI ,CI.II:EI i 1 V,,ttt c ./ ItYSi t t.It..",tCe .\'(

Other '. entleN tOf i tiOllttt tt \CII ' lee thr, ich At I,,< , AI.,eum and-\(l\AR t itst lic," 
F.\() [.NI V 's Lccntial ('Ait ll ltlt; I chtpiIw (III ')C' [ic00 eu,uit tiitCC) "Dt ' ] an(

G 1r1101) I'()('1(1/-",' IIC+k.sLltCI 'tlsltllltheL 111n 11, 01011t~qC.\tJhj IXI Ild 10 ,,tlX,. ds. dI\01'hIClhM. 
Ftibni'hine tatitll'tIltebeatt ie'c',~I'tr hih IS printed ' Iinue,... Itccii', ttitntld,,.re.',l I Vl "+,hld t[, It I-. 

that II)R( sI tul.d 011'.&tiJIprM ,1112 IL thcv ulLfIit h, \\RI )("101 the *;',ltIUnaliOll OfI the 
"]''1 ,+' p r etq II l tl l"1 ,Illll H 'C [ C' h ,11o d t o C lll t n , 11t IILIlI: 'hC II I Il l, )l I l tt it~l l '+ l l l~h Al o+.i teill\ s.
 

Panel Members: G.C.J. Fernandez. Yilu Ling, Kenneth T. Mackay, S. Shanmugasundaram 
(Chairman), J.S. Siemonsma and R.B. Singh 
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0., on sprouts 536 

plant population densitt 385 

tillage 385 

weed control 385 


Effects of EMS 17C. 181. 182 

Egypt: ntercroppng 


banana 586 

citrus crops 586 

corn 586 

sugarcane 586 


Electrophoresis 48 

Elite yield trials (EYT) 61 

Embryo culture 61, 201. 206. 213 

Empoasca spp. 638 

E. kern 366. 367 (see also Insect pests) 
E. moti 319 

E. terminalis 319 

Endemic 21. 137 

Endem:sm 20 

Endosulfan 147 

Endrmn 665 

Environment 652 


Environmental conditions, Korea 610
 
Environmental factors 675
 
Environmental index C2, 84
 
Environmental limitation 160
 
Environmental pollution 506
 
Environments 169
 
Epicauta albovittata 638
 
Epilachna sp. 319
 
Epidemiology 65
 
Eruca sativa 336
 
Eiysiphe polygoni 65, 352. 653 (see also
 

Diseases Powdery mildew)
 
Ethane methane sulfonate 178
 
Ethiopia 14
 
Ethyl metIahie sulforiate 174
 
Etiella zucketielh: 67 t (see also Pod
 

borers)
 
Evapotranspiratuon 253, 255
 
Evolution 2, 47
 
Expected genetic advance 103
 
Export 450. 657
 
Farm income. Keny.a 603
 
Farm size 659
 
Farmer cootf'rators 400
 
Farmer's iicome 613
 
Farming system
 

Asian 548, 549
 
grain legumes 406
 
Sri Lanka 641
 

Farmyard nianure 407
 
Favorable environnient 159
 
Fertilizer and inoCulation 634
 
Fertilizers, chemical 603
 
Field pests (see also Insect pests)
 

aphids 352
 
beanfly 352
 
defoliators 352
 
field crickets 352
 
flea beetles 352
 
pod borers 352
 
thrips 352
 

Flora indica 1
 
Flower abscission 240
 
Flowering
 

in mungbean 226
 
period 239
 
seascoal distribution 239
 
time 147, 164, 182
 

Flowering responses to
 
photoperiod 227
 
photothermal conditions 227
 
temperature 227
 

Fluchloralin 378
 
Foliar pests (see also Insect pests)
 

Acrocercoos phaseospora 320
 
Agnus convolvuli 320
 
Amsacta lactinea 320
 
Chrotogonus trachypterus 321
 



SUbJeci 

Colemania sphenarioides 320 

cutworms 320 

Cydra ptychora 320 

Cyrtozemia cognata '72C 

Diachrysia orichalcea 320 

Epilachna sp 319 

grasshoppers 320 

Hedylepta indicata 320 

Madurasia obscurella 320 

Myllocerus undecitnpustulatus var. 


maculosus 320 

Oxya veiox 321 

Phytomyza atrcornis 320 

Spilosoma obliqua 3)0 

Spodoptera exigthi 320 

S. bItura 320 


Food arid Agriculture Orgar iz;,tion (FAO) 

Regional Oftice for Asia and the Pacific 

(RAPA) 558 


Food leguies 5.48 

Food safety 506 

Food web 356 


defoliators 356 

herbivores 356 

parasites 356 

pod borers 356 

predators 356 

sap feeders 356 

seed pests 356 

soil oests 356 

stern borers 356 

storage grain pests 356 


FruLt trees 36 

Fusarium spp. 65 

F. oxysporum 577 

GalerLocid beetle 366 

Gametic sterility 198 

Gamma radiation 174 

Ganon 14 

Gene action 120. 146, 153 

Genebanks 15, 26. 81 

Gene exchange 20 

Gene flow 205 

Genepool 8, 9. 17, 137 

Genepoo: concept 62 

Genepools 


Vigna aconitifola-trilobata 9 

V. raiiata .mungo 9 

V. umbellata-angularis 9 


Genetic advance 106. 107. 108, 302 

Genetic effects, additive 100 

Genetic erosion 13 

Genetic improvement 

mechanized production 566 

resistance to Cercospora leaf spot 566 

resistance to lodging 566 

resistance to pod-shattering 566 

resistance to powdery mildew 566 


Inde\ 711 

resistance to weather damage 566
 
Genetic linkage 35
 
Genetic resources (see also Germplasm)
 

cassava 42
 
groundmut 42
 
maize 42
 
mungbean 42
 
soybean 42
 
sweet potato 42
 
Vigna 13
 

Genetic variability 103
 
Genetic variability for
 

dry matter allocation to plant parts
 
270
 

maturity 269
 
phenological devulopnient 269
 

Genetic variance 146
 
Genetic variation
 

,ntia line 133
 
giality im)rovement 152
 

Genotype
 
differences 19
 
improved 19
 
isoresponsive 169
 

Genotype x environment interaction 62,
 
131. 153, 169, 236
 

Genotypic variance 106. 107
 
Geccarpy 7
 
Germiiiation test 132
 
Germplasn 

a(daptation 28
 
agronomic traits 81
 
base collector 17
 
catalog in China 37
 
characterization 17. 26. 30
 
collection 19. 21, 36. 37. 43
 
collection, evaluation arid selection 90
 
collection, evaluation and selection in
 

the Philippines 88
 
collections 17
 
conservation 26, 27
 
correlation analyses 35
 
cultivated species 13
 
data base 17
 
directory 17
 
distribution 17
 
documentation 17
 
early maturity 37, 80
 
economic characters 26
 
evaluation
 

IBPGR directories 17
 
in China 35, 36. 37
 
in India 19, 21. 26, 27. 28, 29, 30,
 

31
 
in Indonesia 42. 43
 

exotic 109
 
exotic, in USA 677
 
exploitation 36
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exploration 27 

food legumes 17 

future use 77 

genetic diversity 81 

good seed quality 80 

high yielders 77, 80 

improvement 36 

indigenous 35 

International Board for Plant Genetic 

Resources (IBPGR). designated 
collections 15 


introduced to Thailand 73, 74 

introduction to China 80, 81 

maintenance 17 

multiplication 17 

mungbean 228 

National Board for Plant Genetic 

Resources (NBPGR) centers 22 

origin 104 

photothermal responses 228 

quarantine 17 

related species 19 

research 35 

resistance to diseases 29, 33 

resources in China 81 

resources in India 24 

screening against MYMV 283 

screening for 


M MV. LCV and CLS 30 

bruchid resistance 334 

disease resistance 23, 624 

multiple disease resistance 291 


selection 37 

stable yield 80 

survey 21 

uniform maturity 80 

used in hybridization 60 

utilization 29, 35. 36, 44, 60. 71, 80, 


103, 108. 495 

variability 23 

Vigna in genebanks 15 

wide adaptability 80 

wild 


forms 19 

relatives 13 

Vigna sp. 136 


world mungbean collection 77 

Germplasm collection 15. 58, 164. 565 

Germplasm evaluation 


agronomic characters 58 

disease resistance 58 

disease tolerance 58 

nutritional component 58 

pest resistance 58 

pest tolerance 58 


Ghana 16 

Gliricidta 407 

G. septum 409 


Globulin 49
 
Globulin banding pattern 195
 
Globulin of Vigna species 196
 
GLRC 566 (see also Grain Legume 

Research Council)
 
Glutamyl-methylcysteine 6
 
Glutamyl-S-methylcysteine 6
 
Grain Legume Research Council
 

(GLRC) 565, 566
 
Grain legumes
 

black gram 619
 
cowpea 619
 
importance in farming systems 406
 
photoperiodic effects 226
 
rice bean 6 19
 
soybean 619
 
Sri Lanka, cultivation 643
 

Graninae 282
 
Gramoxone 388
 
Graphic analysis 153
 
Grasshoppers 320
 
Green gram 19 (see also Mungbean; Vigna 
ra(llta) 

Green manure 112
 
Green Revolution 548. 555
 
Groundnut 639 (see also Peanut)
 
Growth analysis
 

area cultivated 441
 
production 44 1
 
yield 441
 

Growth characters 619
 
Growth pattern 264
 
Growth regulator response 211
 
Half-sib progeny 148
 
Halo blight (Pseudomonas phaseolicola)
 

563
 
Hard seededness 132, 140
 
Hard seeds 100, 131. 499. 635
 
Harvest index (HI) 98, 147, 150, 164.
 

165, 166. 182. 268
 
Harvesting method 351, 677
 
Haydonta 3, 5
 
Hedylepta indicata 320. 646 (see also
 

Leaf rollers)
 
Helicotylenchus sp. 577
 
Heliothis armig-gra 64, 344, 366 (see
 

also Insect pests)
 
H. punctiger (Pod bc:er) 563
 
Helminthosporiurn carbonurn (Maize leaf
 

spot) 294
 
Henan Provinces of Agricultural Sciences
 

580
 
Heptachlor 665
 
Herbarium
 

African 17
 
Asiatic 17
 
E-,ropean 17
 
sturvey 18
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Herbicides 378, 562 

Herbivores 355 

Heritability 


hard seededness 133 

narrow sense 120 

nitrogenase activity 111 

reproductive traits 103 

seed appearance 141 

seed weight 302 

various traits 108 

weather resistance 131 

yiela 106, 107. 150 


Heitabilitv estimates 148 

Heteropogor 2 1 

H. contortus butnch (speargrass) 144 

Heterosis 148. 150. 297, 299 

HI (see Harvest index) 

High risk environment 350 

High-yielding varieties (HYVs) 555 

Himachal Pradesh 7 

Homologous chromosome pairing 205 

Homologous genome 203 

Homology 47, 51 

Hoploiaimus sp. 577 

Horizontal resistance 294 

Horse bean 552 

Horse gram 553 

Hybrid characteristics 209 

Hybrid wnvability 205 

Hybridization 48, 71, 139, 559 

Hybrids, mungbean x black gram 263 

Hybrid vigor 139. 298 

HYVs (see High-yielding varieties) 

IAEA (International Atomic Energy 


Agency) 607 

IARC (international agricultural research 

centers) 549 


IARI (Indian Agricultural Research Institute) 

103. 108. 109 


IBPGR 14, 17. 18, 19, 27, 59. 104, 201, 

558 (see also International Board for 

Plant Genetic Resources) 


ICAR (Ind;an Council of Agricultural 

Research) 21 


ICRISAT (International Crops Research 

Institute for the Semi-Arid Tropics) 109 


IDRC (International Development Research 

Centre of Canada) 450, 624, 647, 664 


IITA (International Institute of Tropical 

Agriculture) 16, 17 


IMN (see International Mungbean Nursery) 
Imports 610 

Improved plant type 61 

Improved varieties 488 

Incidence of 

jassids 310 

MYMV 367 

pod borers 310 


whiteflies 310
 
Incorporation of
 

14C sodium bicarbonate 246
 
14C urea 246
 
15N urea 246
 

Indeterminate type 164
 
India 

area 589
 
area, summer crop 592
 
average yield 588
 
breeding 594
 
center of diversity 8
 
ciitirRr, kharif 5c)3
 
culivars, rice faiiows 592
 
cultivars, summer/spring crops 591
 
cult;vation
 

kharif 170, 573, 588, 593 (see also
 
Cropping season)
 

rabi 588 (see also Cropping season)
 
rice-fallows 592
 
summer/spring crops 591
 

germplasm 16. 19. 21, 29
 
imports 590
 
improvement problems 590
 
insect pests 316, 317. 318
 
intercropping 589
 
origin of mungbean 20
 
production 103, 441, 552. 589
 
production, summer crop 592
 
productivity 589
 
productivity, summer crop 592
 
research achievements 590
 
wild relatives 18
 

India. eastern 7
 
Indigenous varieties. China 580
 
Indo-China 8,18 
Indonesia
 

agriculture 597
 
breeding 598
 
cropping systems 597. 598
 
diseases 599
 
economics 599
 
genebank 16
 
genetic resources 42
 
imports 596
 
pests 599
 
Phaseolus calcaratus 
 7
 
P. sublobalus 19
 
productian 552, 596, 597
 
research 300
 
utilization 596
 
varieties 598
 
Vigna umbellata 14
 
V. vexillata 4
 

Induced mutations 287
 
Infection by MYMV 240
 
Infestor row 309
 
Inheritance N2 fixation variables 120
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Inheritance of 
cv. U196 50 

differential N2 fixation 118 

dsease resistance 99 

hard seededness 133, 141 

photoperodic response 150 

resistance to MYMV 282, 285 

seeti size 298, 299. 301 

temperature response 150 

tolerance to MYMV 298, 300 


Inoculation 
need in subtropical Australia 418 

promiscuous 418 

testing the need 420 


Insect control, Insect:cide sprays 355 

Insectic;de 562. 563 

Insecticide evaluation 


bendiocarb 50WP 362 

carbosulfan 40 ST 362 

deltamethrin 362 

isofenphos 40 SD 362 

oniethoate 50 EC 362 


Insecticides 

1OG/phorate 315 

3G/aldicarb 315 

aldicarb 315 

azinphos-ethy 353 

Carbofuran 315 

Decametlrin 315 

Dimethoate 315 

endosulfan 315, 353 

fenvalerate 315 

methyl parathion 353 

methyl-o-demeton 3 15 

monocrotophos 315. 353 

phorate 315 


phlosphamidon 315 

Insecticide residue 665 

Insect pests 


Acrocercops caeniilea 646 (see also 

Insect pests, leaf miner) 


A. phaseospora 320 

Agrius convolvuh 320 

Amsacta spp. 344 

A. lactinea 320 

Anoplovenus curipes 638 

Apanteles spp. 322 

aphids 99, 315, 352, 355, 586, 605 

Aphis craccivora 319, 366, 557, 638, 


646 

apion weevil 605 

Archips micacaeana 660 

army worm 599 (see also Insect pests, 


Spodoptera litura) 
bean aphid 366, 577 (see also Insect 


pests, Aphis craccivora) 

)ean weevils 677 

beanflies 563, 557, 586, 660 (see 
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also Insect pests, Ophiomyia phaseoli)
 
beanfly 65, 352, 355, 366, 599. 632
 
Bemisia tabaci 65, 282. 298, 308,
 

319, 366, 626, 646. 660 (see also
 
Insect pests, whitefly)
 

biological control 322, 375
 
blister beetle (Mvlabris spp.) 646
 
bruchids 30, 187, 194, 321, 577, 605
 
Caliothrips impurus 319, 638
 
C. indicus 319, 577 (see Insect pests,
 
thrips)
 

Callosobruchus 	spp. 321, 646 (see
 
also Insect pests, bruchids)
 

C. chinensis 336, 351, 577, 599, 660
 
(see also Insect pests. bruchids: pulse
 
beetle)
 

C, rnacuiatus 336, 35 1. 638
 
Catechrysops cnejus 366, 577
 
Chaetocnerna sp. 646 (see also Innect
 

pests, flea beetle)
 
Chauliops fallax 319
 
chemical control 322, 355, 361
 
Chrotogonus traclhypterus 321
 
Chrysodei~is chalc,tes 632
 
Clavigralla spp. 319, 638
 
C. gibbosa 316
 
Coccinellidae 317
 
Colemania splhenanoides 320
 
Coleoptera 317
 
control in field and storage 350
 
control methods 345
 
control strategies 344
 
Coryna spp. 638
 
cowpea weevil 586
 
cultural control 322, 366
 
cutworm 320. 660 (see also Insect
 

pests, Spodoptera litura)
 
Cydia ptychora 320
 
Cyrtozemia cognata 320
 
defoliators 315, 352, 355
 
Diachrysia orichalcea 320. 577 (see 

also Insect pests, semiloopers)
 
Diacrisia obliqua 577
 
Diptera 317
 
economic injury level 347
 
Empoasca sp. 638
 
E. 	kern 319, 363, 367 (see also Insect
 

pests, leaf hoppers)
 
E. moti 319
 
E. terminalis 3 19
 
Epicauta albovittata 638
 
Epilachna sp. 3 19
 
Etiella zinckenella 671 (see also Insect
 

pests, pod borers)
 
Euchnysops cneJLis 321
 
farmer perceptions 350
 
field crickets 352, 358
 
flea beetles (Medythia suturalis) 352,
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362 Mylabris spp. (Blister beetle) 646
 
flower and pod feeders 315 My/locerus undecimpUStulattis var.
 
galerucid beetle 366 maculosus 320
 
grasshoppers 320 Mylobus convexior 638 
Hedylepta incicata 320, 646 (see also Nezara vridula 319, 563. 577. 599, 

Insect pests, leaf rollers) 638, 646. 660 (see also Insect pests,
Heliothis armigera 64. 319, 344. 366. stink bug, greefi) 

563, 632 (see also Insect pests, pod Oberia brevis 320
 
borers) Oncocons spp. 563
 

H. 	punctiger 563 (see also Insect Ootheca mutabllis 638
 
pests, pod borers) Ophiom via centroseinats 64, 318
 

Hemiptera-homoptera 316 0. phaseo/i 64, 318, 362. 366, 563,
 
Jacabiasca spp. 638 577. 599. 632, 646. 660 (see also
 
jassids 308. 310 Insect pests, beanflies)
 
Lampides boeticus 321. 366 (see also Orttoptea 316
 

Insect pests, pod borers) Oxa velox 321
 
Lainp!osema diemenahs 660 (see also physical control 367
 

Insect pests, leaf rollers) Phytomyzo atricornis 320
 
L. indcata 577. 632. 660 (see also Plantia affinis 564 

Insect pests, leat rollers, leaf webber) Plusia signata (Semiloopers, green)
 
leaf caterpillar 375 577
 
leaf cutworm 366 pod borers 65. 308, 310, 321. 352.
 
leaf folders 99 355. 366. 563, 599. 632. 64 1. 660.
 
leaf hoppers 99, 366. 367 671 (see also Isect pests. Etiella
 
leaf uiners (Acrocercops caerulea) zinkenella, He/hothis armpnera: H.
 
316. 646 	 pLu,ictiger: Laml.pdes boo ticus: Natuca 

leaf rollers 646, 660 (see a/so Insect sp.. M testulalls)
 
pests. Archips mCaaa: Hedylepta pod bug 366. 599 (see also Insect
 
indicata: Lamprosema d(emenais: arnd pests, fiptortus hnearis)
 
L inclicata) pulse beetle 366, 599 (see also Insect 

leaf webher 57 7 (see also Insect pests. Callosobruclus Chinensis) 
pests, Lamprosema nchlcata) Pytiuan sp. 660 

Longitarsus matiilensis 632 Riptortus sp. 319 
Macrophomina sp. 660 R dentipes 638 
M. phaseoh 660 R. ineans 563. 597 (see also pod bug)
Madurasiaobscure/la 320 R pedestris 366 
major in the Philippines 359 R serripes 563 
Maruca sp. 660 (see also Insect pests, scarab beetles 355 

pod borers) 	 Sclerotium bataticola 660 
M. 	testulahs 64. 321. 366. 557, 563, seniloopers 316, 577 (see also 

577, 599. 632. 638. 646 (see also Diachrysia orichalcea) 
Insect pests. pod borers) sem/loopers, green (P/usia signara) 

Medythia 	suturahs 362 (see a/so Insect 577 
pests, flea beetle) Spilosoma investigatorum 638 

Megalurothrips dlistahs 319. 577 (see S. obiqua 320, 322 
also Insect pests, thrips) Spodoptera exiqua 320 

Melanacanthus sctteilaris 563 S. litura 320. 366. 599. 632, 046, 
M. sjostedt: 638 	 660, 671 
M. 	usitatus 660 (see also Insect pests. stem borer 671 (see also Insect pests,
thrips) Melanagromyza phaseoi) 

Melanagromyvza 	phaseoh (Stern bore,) stem flies 315. 318 
599, 671 stink bug, green 65. 599 (see also 

M. sojae 64. 318 Insect pests, Nezara viridula) 
mites (Tetranychus telarus) 344 sucking pests 315 
Modurasia obscurella 320, 322, 366, survey in Philippines 351 

Sylepta sabinusalis 344 
mole cricket 358 Tetranychus telarius (Mites) 344 
Monolepta signata 577 Trichogramma spp. 322 

577 
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thrips 64, 175, 352, 362, 367, 557, 

605, 660 (see also Insect pests, 

Caliothrips indicus: Megalurothrips 

distalis) 


Thrips pa/mi 362 

weevils 646 

whitefly 308, 310. 315. 366, 660 (see 


also Insect pests, Beinisia tabaci) 

Integrated pest management (IPM) 348 

Integrated pest management strategies 

343 


Intercrop 112 

Intercrop muingbean n 


cotton 367 

pearl millet 487 

sorghum 487 


Intercropping 

banana 586 

cash crops 556 

cassava 555, 670 

cassava-mungbean 408 

cereals 556, 605 

citrus 586 

cluster bean 412 

coconut 100 

corn 586, 670 (see also Intercropping, 


Maize) 

corn-mungbean 408. 670, 673 

corn-soybean 619. 673 

cowpea 4 12 

finger millet 619 

fruit trees 36 

in young rubber 392 

kidney bean 412 

maize 36, 44. 555, 619. 637 (see also 


Intercropping, corn) 

patterns 673 

pearl millet and mungbean 412 

r,.d gram 412 

sesame 36 

sorghum 36, 637 

sugarcane 100, 555, 586 

sweet potato 36, 408 

upla,1d crops 670 


International Board for Plant Genetic 

Resources (IBPGR) 13 


International Legume Database and 

Information Service JILDIS) 18 


International Miingbean Nursery (IMN) 

61, 62, 71, 73, 76, 82, 94, 127, 228, 

558, 615, 619. 660 


International Rice Research Ins'itute IRRI) 
350, 356, 386, 641, 664 


Interplanting 36 

Interspecific 559 

Interspecific cross 187, 205 

Interspecific hybridization 9, 200, 207, 


Introgression 20, 214
 
Ipomnoea batatas 407 (see also
 

Intercropping: Sweet potato)
 
Iran 14
 
Iron-efficiency 143
 
IRRI (see International Rice Research
 
Institute)
 

Irrigation 252, 563
 
Isolation of starch
 

air classification 528
 
thermal treatment 520
 
wet milling process 520, 528
 

Isozyme studies 195
 
Jacabiasca spp. 638
 
Japan 7, 16
 
Jassids 308, 310
 
Jute 124
 
Kamptichca 14
 
Kasetsart University 566
 
Kenya
 

agronomic conditions 602
 
alfisols 602
 
land resources 602
 
production 603
 
vertisols 602
 

Kharif 170, 378. 393 (see also Cropping
 
seasons, Inaia, cultivation)
 

Khesari 552, 553
 
Khon Kaen University 566
 
Korea, Rep of
 

cultivars 611, 612
 
distribution
 

Vigna angularis 7
 
V. angulans var. n;pponensis 8
 

economic aspects 612
 
environmental aspects 610
 
management aspects 611
 
production 609
 
research and development 613
 
utilization 613
 

LAD (see Leaf area duration)
 
LAI 98, 99, 159 (see also Leaf area index)
 
Lake Chad 5
 
Lampides boeticus 366 (see also Insect
 

pests) 
Lamprosema diernenalis 660 (see also 

Leaf rollers) 
L. indicata 577 (see also Insect pests)
 
Laos 14, 15
 
Lasiospron 3, 4
 
Late maturity 31, 649
 
Late rainy season 659
 
Lathyrus spp. 570, 571
 
LCV (see Diseases, leaf crinkle virus)
 
Leaf area 182, 254. 265, 276
 
Leaf area duration (LAD) 159
 
Leaf area index (LAI) 244. 245 (see also
 
LAI)
 286 
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Leaf blight 557 

Leaf caterpillar 375 

Leaf crinkle virus (LCV) 29, 32, 292 (see 


also Diseases) 

Leaf cutworm 366 

Leaf-diffusive conductance 1I5 

Leaf folders 99 

Leaf hoppers 99. 366, 367 

Leaf miners (Acroce,cops caerulea) 316, 


646 

Leaf rollers 646, 660 (see also 


Hedylepta indicata) 
Leaf rust 599 

Leaf senescence and abscission 244 

Leaf water potential 253. 413. 414 

Lebaycid 386 

Legumes 166 

Leguminosae 282 

Lentil 571 

Lentille de creale 7 

Lentils 552 

Leptospron 3, 4 

Lesotho 14 

Leucaena 407 

Leucaena leucocephala 409 

Light penetration 395 

Liming 433 

Liaear regression 169 

Linkage 141 

Lipoxygenase 635 

Macrophomina sp. 36. 660 

M. phaseoli 660, 671 

M, phaseolina 67. 638. 646, 660 

Macroptilium 2, 3 

Macrorhynchus 3 

Madagascar 5. 14 

Madurasia obscurella 322. 366 (see also 


Insect pests) 
Maha (see Cropping seasons) 
Maize 36. 350. 367. 659 (see also Corn: 
Intercropping: Mixed cropping: Zea mays) 

Maize leaf spot (Helminthosporum 


carbonum) 244 

Malang Research Institute for Food Crops 


(MARIF) 42 

Malaysia 14, 552 

Maldives 552 

Management 633. 671, 676, 680 

Mnagement inputs 


description 401 

package of technology 401 


Management of pests 64 

Manchuria 8 

Manihot esculenta 407 (see also 


Cassava: Intcrcropping) 
Marketing 


export 458 

information 458 


price 458
 
role of private sector 457
 

Marketing channel 663
 
Markets 450
 
Marnca sp. 660
 
M testulalis 64. 321 (see also Insect
 

pests)
 
Mass selection 107
 
Mat bean 8
 
Mauritiis 7
 
MaxiLul yield 86
 
Medyttia si'turaiis 362 (see also Insect
 

pests, Flea beetle)
 
Megalurotrrips distalis 31'. 577 (see
 

also Thrips)
 
NM.sjostedti 638
 
M. usitatus 660
 
Meiotic, irregula ties 210
 
Meiotic pairing of hybrids 202
 
Mekong delta 670
 
Melanagromyza phliaseoli 599. 671
 
M. solae 04. "I
 
Meloidogynie spp. 65
 
M. incognta 67
 
Metabolism of 249
 

14C- and !! N-urea 249
 
Methane ,ulfonate i78
 
Methionine 67
 
Methods of cultivation 71
 
Microbiological studies. rhizobia 567
 
Micronutrients
 

boron 432
 
magnesium 432
 
zinc 432
 

Middlemen 458
 
Mites (Tetranvchus telanus) 344
 
Mixed cropping (see also Intercropping)
 
cassava 556
 
cotton 556
 
maize 43. 556, 604. 605
 
millet 60, 605
 
red gram 556
 
sorghuum 604, 605
 

Mixed cropping s~stem 406, 407
 
Mixed planting 36
 
Moisture stress 252. 260, 272
 
Mole cricket 358
 
Monocrotophos 389
 
Monoculture 88. 
Monolepta signata 377
 
Moth bean 8,15 (see also Vigna
 
aconitifelia)
 

Mozambique 14
 
Mulching 634
 
M'ltiple disease resistance 26, 286.
 
290, 295. 627
 

Multiple regression
 
five characters 32
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protein yield and its components 29 

Multiple regression analysis, yield loss and 


pest abundance 360 

Mungbeon (see also Vigna radiata: Green 


gram) 

area 452, 463. 166. 631 

area, production ,lda 103. 487 

area, Punjab. India 378 

area, Sri Lanka 645 

as an intorcrop 392 

average yield 631 

AVRDC lines released worldwide 68 

base collection 17 

bean sprout:, 508 

brandy 40' 

cake 498, 503 

cll.,vi:cal composition 470 

consumption 464 

corisumption patterns in Taiwan 498 

consumption survcv 499 

cropping system 398 

cLltVIatedl specie, 6 

cultivation met/iod/ 34. 350 

cultural practices. Philippines 388 

demand 446. 461, 465 

desserts 50.' 

distributiof aid tnrage 460 

dry land 351 

economics 440 

essential arnoo acids 471 

export 72 

farm price 452 

flatulence factor- 472 

flour 508, 514 

food value 491 

function l properties 472 

genebanks 15 

genetic resources 19, 29 

goals 59 

grading 460 

grading ann storage 459 

growing regions in Sri Lanka 64 1 

growth rate 450 

history. Thailand 451 

import to Philippine, 632 

import to Taiwan 65 1 . 652 

in crop rotation 350 

Indian recipes 478-483 

industry in Asia 447 

in Somalia 637 

rnercropped with young rubber 394 

marketed surplus 464 

marketing 465 

marketing channels 453. 465 

marketing constraints 468 

marketing coordination 461 

marketing trends, India 463 

noodles 498, 508, 509 


Index 

nutritional quality 470. 472
 
nutritional value 492
 
P20 5 requirement 428
 
per capita availability 498
 
prices 440, 446, 460, 651
 
private sector, role 450
 
probleis 59
 
producer's sh're of sale's price 468
 
production 440. 452. 466 (see also
 

Mungbeai pr odLuction in)

production and utilization, India 486
 
production constraints 487
 
prod,;(tion factors 453
 
productivity 466
 
products 475, 499
 
protein foods 508
 
protein kaset 508
 
pro\xmate analysis 471
 
quality improvemint 152
 
rainfed 355. 398
 
recipes 492 (set? also Mungbean
 

recipes) 
residue 520 (s'e a/:o; MUngbean 

residue)
 
response to frtlizers 427
 
rice porridge 4198
 
salhm starch 506
 
seasonal responses 188
 
sequential crop with rice 392
 
soup 498
 
sprouts 498. 501 (see a/so Mungbean
 

sproUts/
 
starch 498 (see also Mungbean starch)
 
starch nood/., 502
 
starch processing by-products 520
 
summer cro) 124. 379, 463
 
supply 446, 465
 
supply response -144
 
trade 440, 444
 
traiisport 458
 
trypsin inhibitor 472
 
uses in Taiwan 520
 
utili/ation 440, 444. 453, 470, 492,
 
631
 

utilization, China 498
 
Utilization, Somalia 639
 
utilization. Thailand 508
 
varieties 27
 
waste liquor 520
 
wet land 351
 
wholesale price 488
 
wholesale price index 465
 
wintrcr type 124
 
world pronuction 59
 
yield 73, 440. 452
 

Mungbean Advisory Committee 27
 
Mungbean and black gram
 

area and production, Thailand 451
 



Subject Index ': J 

domestic utilization 454 K 851 185, 245. 412, 413
 
export 455 
 Kabuli 298 
farm inputs 455 Kamphaengsaen 1 77. 174, 657, 660
financial sLIpport and credit 456 Kamphaengsaen 2 77, 174, 657, 660 
marketing channels 454 King 89 
private sector, role of 455 Kishoregonj 125 
seed 455 KM 1 344
 
variety 456 
 KM 2 188, 5;,4

Mungbean cultivai (see also Cultivars: Krishna 291 
Varieties) LM 66 188
 
13-7-1 394 
 Lincoln 537
 
1790/4 188 
 M-28 629 
6601 298 
 M 333 615
 
ADr 4 344 Maledman Phak Dam 72
 
ASD 2 344 
 Maledman Phak Khao 72 
aureUS 572 Mash local 291
 
BPI-M 95 
 MD 15-2 633
 
BPI Mgl 401 Mtrak 385, 386
 
BPI Mg2 88. 95, 633 
 MG50-1OA 633
 
BPI Mg4 633 
 MI 4 648 
Belet 386 MI 5 641 
Berken 112. 131. 537, 677 Miracle Mun1go 39
 
Bhakti 386 
 ML 3 101
 
CES 2F-1 401 
 ML 4 245 
CES 2G-1 401 ML 5 159, 244, 291, 308 
CES 55 633 ML 62 291
 
CES 87 633 
 ML 131 159, 308
 
CES ID-21 174, 401 ML 267 159
 
Chaiiat 60 75. 657, 660 
 ML 337 308
 
CO 2 344 
 ML 423 308
 
CO 4 188 
 ML 428 308
 
COBG 10 291 
 MS 9724 188
 
Dau Mo 394 Mubarik 127, 239
 
dau mu An Giang 671 NA 10 188
 
dau mo Long Khanh 671 NM 13-1 629
 
dau xanh Dinh TuOng 671 NM 19-19 629
 
dau xanh ha bac 671 
 NM 20-21 629
 
Dull Green 2B-i1 89 
 NM 121-25 629 
DX 102a 671 
 No. 54 291
 
DX 113 671 
 No. 129 386

E.G. Glabrous; No. 3 633 Oklahoma 12 615
 
EG-MY-7 564 
 Pag-asa 351
 
EGMY 17 89 Pag-asa 1 73, 88, 89, 95, 99, 388,

E LU No. 1 35 
 401, 633
 
Filsan 637 Pag-asa 2 99. 401, 633
 
Fu, Koa 660 
 Pag-asa 3 95. 99, 401. 633
 
G 65 291. 379 Pag-asa 5 (IPB M79 13-60) 633
 
GBS-15 179 
 Pant Mung 2 184 
Glabrous Green 89 Pnilippines 88
 
Glossy Green S1 89 
 PHLV-18 245 
Hybrid 12-4 291 PIMS 1 291
 
Ilag S-6A 89 
 PLS 41 188
 
Ilo-ilo Yellow 89 
 POP 88
 
IPB M 79 22-62 615, 619 
 PS 116 412. 413
 
J-781 245 
 PS 16 616 
Jalgaon 781 291 Pusa Baisakhi 615
 
JU 1 291 Pusa 101 103, 108
 
Jumbo 677 
 Pusa 105 103, 108 
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San Pablo Yellow 89 

Sri Samrong 72 

Suptr Mungo 89 

T 44 253 

Tainan Selection No. 1 654 

Tainan Selection No. 2 654 

Tainan Selection No. 3 651, 654 

Taiwan green 403 

TAU 1 291 

Type 51 648 

Type 77 648 

Typica 572 

UI 291 

Uthong 1 72, 174, 394, 657, 660 

V 1381 35 

V 1968 615 

V 3476 612 

VC 1168B 639 

VC 1178 660 

VC 1560A 566 

VC 1628A 654 

VC 1973A 82, 298,612, 619, 660 

VC 2523A 615, 619 

VC 2719A 615 

VC 2750A 615 

VC 2755A 394 

VC 2768A 395, 671 

VC 2778A 35, 660 

VC 3061A 615, 619 


Mungbean cultivars in India 489 

Mungbean diets 474 

Mungbean meal 678 

Mungbean mottle virus (see Diseases) 

Mungbean noodles, import and 

export 511 


Mungbean processing and cooking, 

nutritional quality 474 


Mungbean production in (see also 

Production; respective countries) 

Asia 443 

Australia 560, 561 

Bangladesh 441, 573 

China 484 

India 103, 441, 589 

Indonesia 596, 597 

Kenya 603 

Korea (Rep. of) 441, 609 

Nepal 616 

Pakistan 441, 623 

Philippines 441, 631 

Somalia 637, 638 

South and Southeast Asia 555 

Sri Lanka 441 

Taiwan, China 441, 651 

Thailand 441, 450, 657 

USA 675 

Vietnam 669 


Mungbean recipes 

adai 479
 
bean sprouts 518
 
dhal 493
 
dosai 483
 
halwah 495
 
iddly 482
 
keer/sarkarai pongal 479
 
khanom cheen namprik 518
 
kichidi 480
 
laddu 481, 494
 
masala vadai 479
 
mungbean in light syrup 518
 
murukku 481
 
namkeen 494
 
omapodi 482
 
pakoda 482
 
papad 494
 
payasam 478
 
poli 

spicy 481
 
sweet 480
 

sabut-dhal 492
 
sundal 478
 
tao suan 514
 
tuaguan 517
 

Mungbean residue
 
bulk density 522
 
color 522
 
degree of gelatinization 522
 
microstructural change 526
 
oil holding capacity 522
 
texture 522
 
trypsin inhibitor activity 522
 

Mungbean residue preparation 521
 
Mungbean sprouts
 

nutritional quality 473, 474
 
production 536
 
recipes 518
 

Mungbean starch
 
air classification 502
 
characterization 530
 
fractionation 534
 
isolation and characterization 528
 
utilization 534
 
wet process 502
 

Mungbean x black gram 140
 
Mungbean yellow mosaic virus (MYMV)
 

19, 20, 32, 67, 124, 159, 174, 193,
 
286. 292, 298, 557, 583, 619, 625
 
(see also Diseases)
 

Mungbeans
 
early 146
 
late 146
 

Mutagen 
dosage index 180
 
lethal oose 180
 
optimum dose 180
 

Mutagenesis 126
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Mutants Nitrogen fixation, host x strain interaction 
characteristics 185 418 
gamma ray induced 125 Nitrogen sources 112 
in mungbean breeding 127, 174 Nodulation 112, 418 
sodium azide induced 126 Nodule number 423 

Mutation breeding 174, 178, 184, 629 Nodule weight 423 
Mycorrhize x rhizobium interaction 491 Non-additive 147 
Mylabris spp. (Blister beetle) 646 Non-dormant 184 
Myllocerus undecimpustulatus var. Non-parametric approach 169 

maculosus 320 Nutrient uptake 430 
Mylobus convexior 638 Nutritional quality 634 
MYMV (see Mungbean yellow mosaic virus) Nutritive value of mungbean 508 
Myrothecium sp. 577 Oberia brevis 320 
N fertilization 112 Oceania 5 
N fertilizer 113 Old world species 
N2 fixatiOn Vigna juruana 4 

diurnal and seasonal patterns 114 V. lasiocarpa 4
 
estimate for mungbean 112 V. longifolia 4
 
enetic variability 113 Oligopsony 467

5N technique 117 Onocoris spp. 563 

National Agricultural Research Centre Oorjeca mutablis 638 
(NARC) 624 Ophi omvia centrosemnatis 64, 318 

National Bureau of Plant Genetic 0. phaseoli 64, 366 (see aiso Insect 
Resources (NBPGR) 14, 16, 19. 108, pests) 
109 Origin, mungbean 20, 21, 47 

National cooperative test 95 Origin and diversity 
National Cooroinated Varietal Trials Phaseolus aureus 6 

(NCVT) 647, 648 P. calcaratus 7 
National Dryland Farming Research P. glaber 7 

Station (NDFRS) 605 P. mungo 6 
National Pulse Development Project 595 P. radiatus 6 
Natural crossing 20 P. setulosus 6 
NBPGR (see National Bureau of Plant P. sub/obatus 6, 19, 20, 28 

Genetic Resources) P. torosus 7 
NCVT (see National Coordinated Varietal Oxya ve/ox 321 

Trials) Paddy 463 
Nepal Paddy rice 61 

agronomic constraints 619 Pakistan 8, 14, 15, 16, 552, 623 
area 616 Pakistan Agricultural Research Council 
collection priorities 14, 15 (PARC) 624 
distribution, Vigna angularis var. Palynology 3 

nipponensis 7 Parametric approach 169 
environmental constraints 619 Parasites (see also Insect pests) 
genetic constraints 619 Apanteles spp. 322 
nerformance of cultivars 619 arthropod food web, Philippines 355 
production 616 Trichogramma spp. 322 
promising cultivars 619 Partial dominance 133, 148 
research 616 Partial regression 32
 
seed production constraints 619 Partitioning assimilates 117
 
trends and prospects 552 Path analysis 119
 
utilization 616 Path coetficients 32
 
varietal improvement 615 Path diagrams, crude protein 154 

Net protein utilization 474, 634 Pea 51 
Net return 658 Peanut 272. 427, 582, 645, 659 (see 
Nezara wridula (see Insect pests) also Groundnut)
 
Nicotiana glutinosa 313 Pearl millet 367 (see also Intercropping)
 
Nigeria 5, 16 Pedunculares 4
 
Nitrogenase activity 111 PER 634 (see also Protein efficiency ratio)
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Pest control 

antifeedant 367 

attractant 367 

biological 356, 375 

cultural 356 

growth inhibitors 367 

insecticides 356 

neem 367 

parasites 375 

predators 375 

recommendations 375 

repellent 367 

resistant varieties 356 

use of plant products 367 


Pest control strategy 

economic coefficient 345 

linear programnming model 346 


Pest management 

economics of 343 

in India 315 

in South and Southeast Asia 557 

itegrated 343 

linear programming model 343 

nonchemical method 366 


Pests, in storage 329 

Phaseolastrae 3 

Phaseoleae 3 

Phaseoliri 5 1 

Phaseolinae 3, 4, 7 

Phaseolus 2. 3, 4. 5. 47, 51 

P. adenanthus 3 

P. antillanus 2 

P. aureus 6 

P. calcaratus 2, 7 

P. dolichoides 2 

P. glaber 7 

P. hewIVlus 2 

P. mungo 6 

P. peduricularis 2 

P. radiatus 2, 6 

P. setu/osus 6 

P. sublobatus 6. 19, 20, 28 

P. torous 7 

P. vulgaris 118. 338 639 

Phenotypic coefficient of variation 30 

Phenotypic ccr, ;elation 31. 132 

Philippine Council for Agriculture, Forestry 


and Natural Resources Research and 

Development (PCARRD) 400 


Philippine Islands 7 

Philippines 


agroclimatic map 399 

base collection 15, 16 

collection priorities 14 

cultural management 633 

future outlook 95 

pests, major 359 

production 631 


Subject Index 

production constraints 
edaphic, climatic and biotic G32
 
socioeconomic 632
 
technological 633
 

trends and prospects 552
 
varietal
 

development 88
 
improvement 633
 

Philippine Outreach Program (POP) 89
 
Phocoisariopsis griseola 638
 
Phosphate 563
 
Photoperiod and temperature, interaction
 

226
 
Photoperiod and temperature response
 

160
 
Photoperiod and temperature sensitivity
 

62
 
Photoperiod insensitive 63, 127
 
Photoperiod sensitivity 228
 
Photosynthesis 161. 256
 
Photosynthetic rate 253
 
Photosynthetically active radiation 253,
 

413
 
Photothermal responses 226, 233
 
Phvtomyza atricornils 320
 
Phyletic relations 8
 
Physiological studies 567
 
Physostigma 3
 
Phytoalexins 99
 
Pigeon pea 329, 363, 552
 
Piper nigrum 337
 
Plant breeding 58
 
Plant growth 276
 
'Plant infection' technique 422
 
Plant population density 98, 160, 245,
 
268, 380, 634
 

Plant products
 
Azadirachta indica 374
 
Datura stramonium 374
 
Acacia dealbata 375
 
Andrographis paniculata 374, 375
 
Ocirnum sanctum 374
 
Pogostemon sp. 375
 
Pongamia glabra 337, 374. 375
 
Sansivieria litura 375
 
S. mahagoni 37" 
S. marginata 375
 
Solanrum sp. 375
 
Swietenia mahagoni 374, 375
 
Tribulus terrestris 374, 375
 

Plant type
 
determinate 98
 
ideal 99
 
indeterminate 98
 

Plant water status 277
 
Plant-water relations 253
 
Planter 389
 
Planting date 72, 619, 633
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Plautia affinis 564 

Plectotropis 3, 4, 5, 137 

Plusia signata 577 

PM (see Powdery mildew) 

Pod borers (see also Insect pests) 


He/iothis armigera 563 

H. punctiger 563 

Maruca testu/a/is 563 


Pod bug 366, 599 

Pod feeders 65 

Pod length 50 

Pod pests, Maruca testula/is 321 

Pod set, seasonal distribution1 239 

Pod set rate 240 

Pollen fertility 208 

Polypeptides 47 

Polyphenol 634 

Potato 109 

Powdery mildew (PM) 66, 557, 563, 566, 

583 (see also Diseases) 


Predators 355 

Price 662 

Price index 467 

Primary gene pool 136 

Prince of Sonigklla University 566 

Private sector 


and exporter 459 

arid middlemen 459 

market rforniation .159 

role in marketing and trade 459 


Private sector in Thailand 

marketing 450 

production 450 

trade 450 


Production (see also Mungbean 

production) 

Arabia 8 

area 556 

China 36, 80 

China, south 8 

dry beans 554 

Gujarat 8 

India 29 

Indonesia 8 

Iran 8 

Kenya 601, 603 

Korea 609 

moth bean 8 

northeast Africa 8 

pulses 553 

Rajasthan 8 

soil factors 427 

Southwest USA 8 

Sri Lanka 644 

Thailand 71 


Production 	of 

main dishes 515 

mungbean desserts 515 


mungbean flour 515
 
mungbean noodles 511
 
rnungbean protein isolate 513
 
mungbean starch 510
 
protein isolate 510
 
salim 511
 
salim starch 510
 

Properties, ioungbean residue 521
 
Proquality
 

methionine 152
 
protein 152
 
tryptophan 152
 

Protease 156
 
Protein content 101
 
Protein efficiency ratio (PER) 473, 634
 
Protein rich fraction 503
 
Proximate analysis 520
 
Pseudononas phaseolicola (Halo
 

bhlight) 563
 
Pubhlic policies 491
 
Pulse beetle 366. 599
 
Pulse crop 19
 
Pulse crops shore. India 464
 
Pureline selection 61
 
Pvthium spp, 65 (see aso Diseases)
 
P. aphaniderimaum 352. 646
 
Quadratic response surface model 
 63
 
Quality, nutritional 37
 
Quantitative response to photoperiod
 

228
 
Quartitative short day sensitivity 143
 
Quantitative traits 190. 192
 
Quercus 21
 
Rabi 573
 
Rabicrop 103. 108
 
Racemes 132
 
Radiation breeding 297
 
Radiation, mungbean breedmig 174
 
Rainy-seasc,, ,irn, 3
 
Rapeseed 582
 
Rate of progress toward flowering 229
 
RDA 612
 
Recessive 133
 
Reciprocal crosses 50, 207
 
Reduceo tillage 390
 
Regression analysis 169
 
Regression coefficient (b) 84
 
Regression models 232
 
Regression technique 62
 
Relationship, yield and seed weight 303
 
Relative sensitivity 227
 
Relay cropping 146
 
Reproductive compatibility 47
 
Research 565, 587. 609, 633. 639, 663
 

(see also Research and development)
 
Research and development (see also
 

Research)
 
Australia 565
 



724 Subject Index 

East Java, Indonesia 596 

diseases 578 

India 390 

insect pests 578 

Korea, Rep. of 609, 613 

management practices 578 

Nepal 616 

Somalia 639 

Taiwan China 655 

varietal mprcve nent 577 


Residual effect, rock phosphate 432 

Residual maximum likelihood 147 

Resistance to (see also Diseases Insect 

pe. ts) 

anthracnose 625 

aphids 99 

Ascochyta blight 294 

bacterial blight 283. 491 

bacterial leaf spot 2., 290, 625 

beanlly 65. 366 

bruchids 187, 194 

calamities 36 

Cercospora leaf spot (CLS) 24. 29, 32. 

33, 35, 65, 75, 76. 88. 93, 98. 99. 

103, 108, 162. 174, 283, 290, 394. 

491. 625, 626. 648, 660 (see also 

Diseases) 


cucumber mosaic virus (CMV) 65 (see 

also Diseases) 


damping off 103 

diseases 64 

drought 8 

field weathering 64 

foliar diseases 161 

insect pests 308 

jassids 308 

leaf crinkle virus ILCV) 29, 32, 33, 


290, 490 

leaf folders 99 

leaf hoppers 99 

lodging 35, 80, 679 

Macrophomina sp. 36. 660 

maize leaf spot 294 

melo disease 294 

mungbean mottle virus (MMV) 99, 108 

mungbean yellow mosaic virus (MYMV) 


24. 29, 32. 33. 65, 108, 161, 162, 

187, 189, 194, 290. 292. 308, 378. 

490, 625. 626 (see also Diseases) 


MYMV in related species 284 

pests 64 

pod borers 308 

post harvest sprouting 184 

powdery mildew (PM) 24, 25, 65, 76, 


88. 98, 99. 103. 108. 648, 660 (see 

also Diseases) 


Pythium sp. 660 

red leaf spot 162 


Rhizoctonia 491
 
Rhizoctonia root-rot 25, 108
 
root and stem rot 283
 
Sclerotium wilt 35, 99
 
shattering 80. 679
 
weather damage 130, 131, 134
 
whitefly 308
 

Response to 
N.P and K on riungbean 429
 
fertilizers 427
 
fungicides 396
 
hill planting 396
 
inoculation 421. 423
 
insecticides 396
 
irrigation 381
 
managemlent 649
 
management input 392, 393, 396
 
micronutrients 433
 
nitrogen application 381
 
plant population density 386
 
rhizobial inoculation 113. 381
 
rock phosphate 431
 
soil amendments 427
 
soil moisture stress 260
 
tillage 387
 
weed control 382, 386, 396
 

Responsive to high yielding environments 
126
 

Return on investment 403
 
Rhizobia
 

effective strains 100
 
indigenous strain 113
 
ineffective 113
 
introduced strain 113
 

Rhizobium inoculant 634
 
Rhizobium inoculation 378
 
Rhizoctonia solani 65, 67. 352 (see also
 

Diseases) 
Rice 13, 263, 343. 350, 355, 582, 659
 

(see also Cropping pattern: Cropping
 
system)
 

Rice bean 2, 7, 287, 427, 552 (see also
 
Vigna umbellata)
 

Riptortus sp. 319
 
R.pedestris 366
 
R. linearis 563, 599
 
R. serripes 563
 
Rock phosphate 430
 
Root and basal rot 283, 599, 660
 
Root-knot 557
 
Root-length density 277
 
Root:shoot ratio 265
 
Rotylenchulus reniformis 65 (see also
 

Diseases)
 
Rust 557
 
Salt-soluble protein pattern 195
 
Satellite genera 3
 
Scab 557
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Scanning calorimetry 530 

Scarab beetles 355 

Sclerotium bataticola 660 

S. rolfsii 352 (see also Diseases) 

Sclerotium wilt 35, 99 

Screening for 


drought tolerance 64 

flood tolerance 6.; 

high nitrogen fixation 100 

partial shade tolerance 100 

tolerance to high soil acidity 100 


Screening for resistance to 

CLS 623 

MYMV 283, 623 


Screening method, v\eather damage 131 

Screening under artriicial shade 412 

SDS-PAGE electrophorogram 195 

Seed 


biomass production 245, 247 

dull 142 

glossy 98 

large size 98 

nitrogen requirement 244 

photosynthate and nitrogen requirement 

247 


protein concentraition 244 

shiny 142 


Seed and fertilizer drill 388 

Seed-borne fungi 125 

Seed death index 132 

Seed drill 389, 390 

Seed exchange 664 

Seed-filling period 247 

Seed germination 179 

Seed multiplication 83 

Seed production 488 

Seed protein 47 

Seed qualty 131, 158. 332, 605, 678 

Seed rate 380 

Seed size 101, 133, 


679 

Seed sterility 191 

Seed storage methods 

Seed viability 333 

Seed yield 147 


147. 150. 160. 


351 


Seedling vigor n9, 6A9 

Seedling wilt (se-- Rhizoctonia solani) 

Segmented regression analysis 62 

Selection 


artificial 20 

direct 24 

intercross 24 

local varieties in China 37 

natural 20 

objectives 131 

phenotypic 114 


Selection criteria 29 

Selection for 


characteristics 24
 
delayed shattering 20
 
disease resistance 32
 
environmental adaptation 20
 
maturity 32
 
multiple cropping 32
 
resistance to diseases and pests 20
 
resistance/tolerance to MYMV 286
 
stress environments 32
 
synchronous maturity 20
 

Selection methodology 159, 161
 
'Self-destruct' mechanism 117
 
Semiloopers 316 (see also insect pests)
 
Semiloopers, green 577
 
Sensitivity to waterlogging 354
 
Sesame 36, 71. 659
 
Sevin 386
 
Shorea robusta 336
 
Short-day plants 227
 
Short duration 146
 
Sigmoidotropis 3, 4
 
Sink capacity 160
 
Snap bean 338
 
Sodium bicarbonate 245
 
Soil pests
 

field cricket 358
 
mole cricket 358
 

Soil type 643
 
Soil types 676
 
Soil-plant-water relations 414
 
Solanum nigrurn 366
 
Solar radiation 161
 
Soluble protein 156
 
Soluble protein patterns
 

black gram 197
 
hybrids 197
 
mungbean 197
 

Somalia
 
collection priorities, Vigna aconitifolia
 

14
 
cultural practices 637
 
diseases 638
 
pests 638
 
production 637. 638
 
research and development 639
 
utilization 639
 

Sorghum 36, 263, 294. 367, 418, 427,
 
659 (see also Intercropping; Mixed
 
cropping)
 

Source and sink 115, 159, 162
 
Sources of resistance to
 

MYMV 283
 
MYMV and its vector 284
 

South Africa 14
 
South Asia 15
 
South Pac:fic 14
 
Southern Africa 18
 
Southern blight 599
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Southern China 19 

Sowing method 380 

Sowing time 378. 379 

Soybean 51, 262, 282, 427, 645, 659 

Soybean meal 678 

Spathionema 3 

Species 


African 13 

Asian 13 


Specific fixing ability 119 

Spilosorna investigatorum 638 

S obliqua 322 (see also Insect pests) 

Spodoptera exiqua 320 

S. lItura :366 (see also Insect pests) 

Sprinkler irrigation gradient system 272 

Sri Lanka 


agroecology, mungbean-growing regions 
641 


collection priorities. .,Inaaconitifohia 
14 


crop improvement 647 

culti,,at on 


irrigation schemes 644 

rainfed uplands 643. 644 

rice-catch crop system 644 


domestication, Vigna acontitfolia 8 

production 644 

production constraints 


biological 645 

physical 645 


socioeconomic constraints 646 

trends and prospects 552 


Stability index 62 

Stability parameters 170 

Standardized distance analysis 169. 171 

Starch 101 

Starch rich fraction 503 

stern borer 671 

stem flies 315. 318 

Stem rot 557 

Stink bugs 65 

Stomatal conductance 254, 413 

Storage pests (see also Insect pests) 


CallosobrLuctus chinensis 351 

C maculatus 351 


Strain index 119 

Strophostyles 2. 3 

Sublobata 19 

Sucking pests (see also Insect pests) 


Apriis craccivora 319 

Bemisia tabaci 3 19 

Cahothrips indicus 319 

Chauhiops fallax 319 

Clavigralla sp. 319 

Empoasca kern 319 

E. moti 319 

E. terminalis 319 

Megalurothrips distahis 319 


Nezara viridula 319
 
Riptortus sp. 319
 

Sugarcane 109, 343
 
Summer season crop 316, 623
 
Sunflower 418
 
Survival rate 182
 
Swaziland 14
 
Sweet potato 36,406, 407, 582 (see
 

also Intercropping)
 
Svlepta sabinusalis 344
 
Symbiont 111
 
Symbiosis 113
 
Symptoms of MYMV 282
 
Synchronous maturity 34
 
Synchronous podding 98
 
Synonymy 17
 
Taiwan. China
 

constraints 655
 
cultivar aspects 654
 
cultural practices 653
 
economic aspects 654
 
environmental aspects 652
 
management aspects 653
 
production 651
 
research arid development 655
 
utilization 655
 

Tannins 634
 
Taste 500
 
Taxonomy 

misnomenclature 
numerical 17
 

Testa color 141
 
Testing network 77
 
Tetranychus telarus 

Tetraploid 7
 
Thailand 

17
 

344
 

black gram production 665
 
climate 659
 
collection priorities 14
 
cropping pattern 659
 
diseases 660
 
export from 662
 
germplasm introduced 73, 74
 
insects 660
 
policy 664
 
production 657
 
production areas 


Thailand Outreach 

660
 

Themeda 21
 

658
 
Program (TOP) 76,
 

Thermo- and photopenod-insensitivity 
108
 

Thrips 64, 175. 367 (see also Insect
 
pests)
 

Thrips palmi 362
 
Time series analysis 440
 
Time to harvest 164
 
Tobaco mosaic virus (TMV) 313
 



Tobaco ring spot virus 646 
Tolerance to 

acidic soils 121 
alkaline calcareous soils 140. 143 
Cercospora cruenta 24. 25. 648 
cool temperature 140. 143 
drought 35. 64. 80. 121 
environmental stresses 136 
fire 140 
flood 35. 64. 350, 
high temperature 34. 121 
insects 24 
low phosphorous 12 
MYMV 24, 25. 26. 297, 648, 649 
multiole diseases 25 
PM 24 

pod borers 6,19 

poor soil 80 

saline soils 140, 142 

seasonal tire 144 

shade 413 

soil N 121 


TOP (see Thailand Outreach Program) 
Toraphene 665 
Total plant dry matter 166 
Toxic constltuent' 152 
Toxicities 567 
Translocation 117 
Transpirational cooling 255, 415 
Treatment with 

2.4 D 536 
0, CAA 536 

P-CPAA 536 

ethephon 536 


Trianthema portulacastrum 382 
Trichogramma spp. 322 
Trifluralin 147 
Truckers 458 
True digestibility 474 
Trypsin inhibitor 156 
Uganda 16 
UK 18 
United States Agency for Internatienal 

Development (USAID) 640 
United Nations Children's Fund (UNICEF) 

664 
University of Missouri 558 
University of the Philippines at Lor. Bados 

(UPLB) 400 
Urd 6 (see also Black gram: Vigna rnungo) 
Urea, foliar application 248 
Ureide concentration 114 
USA 

breeding 675 

cultivar aspects 677 

economic aspects 678 

environmental aspects 675 

germplasm collection 16 


Subject Index 727 

management aspects 676 
production 675 
utilization 678 
utilization, alternative 678 
varietal development 679 

Uses 
cover crops 13 
fodder 13 
forage 8 
green manure 8 
green pod vegetable 8 
in China 36 
mledicinal 36 
mungbean liquor 

USSR 16 
Utilizatioen 26, 651 
680 

Utilization (uses) 
bean sprout 602 
chapati 602 
dhai 534, 602 
dhal soup 573 
feed 564 
Kenya 602 
Sri Lanka 64 1 
Thailand 

36
 

663, 665, 675, 678,
 

bean sprouts 657
 
starch 657
 
vermicelli noodles 657
 
ugah 602
 

Utilization of pulses 445 
Variablity 104 
Variability estimates 30 
Variability for 

days to flower 105
 
days to maturity 105
 
disease resistance 32
 
economic characters 29
 
grain yield 106
 
nodes per plant 105
 
plant height 105
 
seed size 32
 
seeds per pod 105, 106
 
1000-seed weight 105, 106
 

Variance 
genotypic 108 
genotypic coefficient 108 
phenotypic 108 
phenotypic coefficient 108 

Variance-covariance analysis 155. 157 
Variance components 147 
Variation 

characters 23
 
early maturity 37
 
environmental 154
 
farmer's field 22
 
growth hebit 21
 
late maturity 37
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Subject Index 

morphology 37 

phenological 143 

plant characters 35 

pod length 21 

range 21 

seed coat 21 

seed color 21 

yield components 267 


Varietal Adaptability Testing Trials (VATT) 


Varietal development 679 

Varietal improvement 


objectives 89, 619, 647 

Philippines 89, 633 

Sri Lanka 647 


Varietal testing program-

Varietal trial 618 

Varieties (see also Cultivars: 

cultivars) 

adaptability 84 

ASVEG 78 68 

Bangasa 68 

bold-seeded 27 

BPI Mg2 68 

BPI Mg4 68 

Chai Nat 60 68 

characteristics 35 

disease resistant 27, 29 

DX 91 68 

DX 102a 68 

DX 113 68 

early maturing 27 

Filsan 68 

Gelatik 68 

high-yielding 29, 35 

Imara 68 

improved 27 

in China 36 

INIAP 451 68 


101 


Mungoean 


Kamphaengsaen 1 (KPS No. 1) 68, 71 

Kamphaengsaen 2 (KPS No. 2) 68, 71 

King 68 

Kondaveedu 184 

landraces 27 

M 986 68 

Manyar 68 

mungbean 24 25, 26 

Nuri 68 

popular 27 

Pusa 101 68, 103-105, 108-111, 
 113, 


114, 118. 119 

Pusa 105 68, 108 

Seon Hwan Ogdu 68 

spring/summer season 27 

Station 25 68 

Station 27 68 

Station 46 68 

Tainan Sel. #3 68 


Type-77 68
 
Walet 68
 
wide adaptability 27
 
Xu Yin No, 1 68
 

Variety
description 96
 

improved 33, 34
 
Vatovea 3
 
Vector for MYMV 283
 
Venezue:a 16
 
Vermicelli
 

characteristics 475
 
formula 475
 
processing 476
 
quality 476
 
shelf life 476
 

vetch 552
 
Vicia faba 118
 
Vicilin 47
 
Vietnam
 

cropping systems 669
 
diseases 671
 
insects 671
 
production 669
 
rainfall pattern 670
 
utilization 669
 

Vigna (see also Wild species)
 
African 5. 17
 
Asiatic 4, 5, 7, 17, 19
 
old world 4
 
V. aconitifolia 8, 13, 15, 16, 18,
 

19, 21 (see also Moth bean)

V. angularis 7, 8, 15, 16, 18, 200,
 

205, 210, 212, 418 (see also Adzuki
 
bean) 

V. angulanis var. 
V. angularis var. 

V dalzelliana 7
 
V. glabrescons 
V. hosei 7, 9
 

angularis 7
 
tpoonensis 7
 

7, 61, 65, 335
 

V. lanceolata 137, 561
 
V. luteola 2, 137, 561
 
V. marina 137, 561
 
V. minima 7
 
V. mungo 6. 13, 15, 16, 18, 26, 28,
 

47, 65, 67, 72. 187, 200, 205, 209,
 
212. 285,313, 418,470, 553, 665
 
(see also Black gram) 

V. mungo var. si/vestris 6
 
V. mungo subsp. silvestris 65, 67
 
V. nervosa 5
 
V. perrieriana 5. 6
 
V. pilosa 3
 
V. radiata 5, 6, 13, 15, 16, 18, 19,
 
26, 28, 29, 35, 47, 61. 72, 80, 111,
 
169, 187, 200, 205, 209, 226, 239,

244. 252, 260, 272, 282, 290, 313,
 
343, 366, 406, 418, 470, 486, 553,
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623, 658 (see also Mungbean: Green Whiteflv 283 (see also Insect pests)
gram) Wide adaptability 463 

V. radiata subsp, sublobata 136 137, Wild forms 8
 
561, 566 Wild mungbean
 

V. radiata var. glabra 7 	 Australian forms 139 
V. radiata 	var. setulosa 6, 19, 20, 21. characteristics 139
 

26 distribution in Australia 136
 
V. radiata var. sublobata 8, 19, 20, 21. Henan, China 580
 

26, 47. 134, 284, 285. 286 Yunnan, China 580
 
V. sublobata vat. silvestris 47 Wild progenitor of mungbean 134 
V. sublobata var. sub/obata 47 Wild relatives of Vigna 
V. subterranea 7, 9, 13, 15, 16. 18, aconitifolia 15
 
200 (see also Bambara groLIndnut) angularis 15
 

V trilobata 8. 16, 13, 19. 21. 19, mungo 15
 
418 radiata 15
 

V. umbellata 	 7. 13, 15. 16. 18, 61, subterranea 15
 
200, 205. 209 211. 212, 285, 420 tunbellata 15
 
(see also Rice bean) ungutculata 15
 

V. umbellata var. graciis 7 	 Wild species of Vigna (see also Vigna) 
V. umbellata var. major 7 bourneae 8
 
V umibellata var. rumhaiva i glabrescens 13
 
V. ungutculata 2, 5, 8, 13, 14, 15, 16. grandis 8
 

18, 234. 406. 418 (see also Cowpea) hirtella 8
 
V ungoLculata sihsp. dekindtiana 5 hosei 13
 
V unguiCulata SliiSip. stenophylla 5 khandalerisis 8
 
V. ungUIculata suhsp. tenris 5 	 rnalayana 8 
V. vexillata 4. 137, 561 	 nakashimae 8 
V. wllosa 2, 5 papuania 8 

Visual seed traits 141 ref/exo-pilosa 8 
Water deficits 252 riukivensis 8 
Water management 260 trilobata 13 
Water stress in amphidiploids 263 vexillata 13 
Water use arid efficiency 268 Wilt 557 
Waterlogging 100 Winter rice 124 
Weather damage 130. 140 Witches' broorn 557 
Weed competition 112 X-ray diffractograni 532 
Weed control 378. 603 Xanthomonas campestris pv. phaseoln 67 
Weeds Xanthomonas phaseoli (see Bacterial 

Amaranthus sp 386, 676 blight) 
Celosia argentea 383 Yala (see Cropping systems) 
Chenopodium album 676 Yield 
Cynodon dacty/on 383, 366 and nitrogen fixation 114 
Cyperus rotundus 383, 386 average 85, 557, 658 
Digera arvensis 383 average, China 80 
Digitana sp. 676 average, Philippines 88, 399 
Eleusine aegyptiacum 383 between locations 618 
Eragrostis piiosa 383 biological 165, 248 
E. tenella 383 comparison 348 
/pomoea purpurea 676 components 98, 99 
Sorghum halepense 676 cultivar differences 403 
Tribulus terrestris 383 determinants 31 

Weevils 646 (see also Insect pests) different varieties 661 
West Africa 18 dry matter 257 
West African Savanna 14 due to inoculation 424 
West Bengal 7 due to seed rates 381 
Wet season 131 economic 165 
Wheat 13, 124, 263, 463, 488, 582 effect of spacing 267 
Wheat and mungbean flour 472 effects of shade 414 
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grain 106, 257 

highest in mungbean 161 

improved varieties 33 

in amphidiploids 270 

in China 36 

increase due to fertilizer 428 

increase due to inoculation 113 

in India 489 

in intercropping 672 

interspecific derivatives 192 

irrigated niungbear 381 

lines in the Philippines 93 

moisture use 270 

mutants 176 

nitrogen as limiting factor 244, 245 

N nutrition 118 

of straw 257, 417 

performance in ddferent seasons 110 

plant dry matter 149 

plant population density 270 

potential. Philippines 98 

response to nmicronutrients 432 

response to spacing 4 15. 417 

seed 61, 149 

stability (-1, 62, 86 

stability parameters 84, 85 

testing rnutants 175 

trial of cultivars, China 84 

under different moisture regimes 274 

unruer moisture stress 260 

variability in Asia 443 

VC lines 76 


Yield and stability 305 

Yield components 


Subject Index 

evaluation 104. 245
 
frequency distribution 106
 
intercropped and sole cropped
 
mungbean 409
 

pods per plant 105, 619
 
under different moisture regimes 275
 
water stress 258
 

Yield constraints
 
drought 350, 353
 
flood 353
 
insects 350, 353
 
powdery mildew 350
 
weeds 353
 

Yteld gap 490
 
Yield Icss
 

drought stress 355
 
dLe to diseases in Pakistan 623
 
Clue to insects 356, 359. 363
 
due to MYMV 283
 
Insect pests 355
 
pustflowering 356
 
preflowering 356
 

Yield potential 98. 161, 648
 
Yield stability 620
 
Yield trial
 

in paddy field 393
 
in Philippines 88
 
in young rubber plantation 392
 

Yunnan 4
 
Zaire 14
 
Zea mays 407 (see also Corn: Cropping
 

system: Intercropping; Maize)
 
Zimbabwe 14
 
Zinc 563
 


