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Welcome to ICRISAT 

C.R.Jackson
 
Director for International Cooperation,
 

International ('rops Research Institute for the Semi-Arid Tropics.
 

It gives le great pleasure to w\elcomC you to ICR ISAT and to this conference on rust 
disease of groundnut. When I iited ICRISAT in 1980 1was impressed by the work 
being done on gIrot und nttt problthun and, since coming to work hcre in 1983, 1 have 
similarly bcen impressed by the v\ ork on this and tihe other ICRISAT mandate crops.
We are here to discuss gLrotndnut rust, and I consider this to be both tinclv and 
appropriate. In comparison w\ith eal-spot diseases, very little is known about ground
nut rust. A tc, vcars aigo I tried to assemble the \orld literature oti this subJect and 
found it to b limited, the discsC being regarded as a curiosity confined to the 
Carihhean uind South Articrica. I distinctl\ remember Ray Ilamruons, who is in our 
group toda.\, oing 0t1 to hiS groundntl plots ii (eorgia to see this "curiosity" of 
groundnut rust that had presunltbl. bcl crrilcd to our North American crop b%the 
violent winds troum the Caribbcan. 

\Vhile rtst Is.still as. 1()a1d1isitor to the ISA. it is no longcr a cutriosit\ there, and 
it is now established i .\si Australia and :\lrica. I lic sp[Cad around the w\orld of 
grottdtnut test in :he past t\\o decades hats taken place despite quarantine precautions 
arnd care in the exchange of urtplgts. Rapid ail rai traxcl may have assisted tile natural 
spread of the rust ott \\ituds and by stotiS. I rCspcCtixc of lox\ it was spread, xe now 
have to Ii\c \\ith it. (irouttltit rlst is no. all important disease itt many cotrie, of the 
x,orld and thrclorc has high priority in1ou.r ICRISAl' research program. 

Our research has beCn carricd out tlainly at ICR ISA I Center, but we also haxe 
established a prograiu or gound nut rescarch in southern Africa that is based in 
Nlalawi. and hope to initiate t simila;r unit in West Africa in tile near future. We would 
like to establish a network of scientists concerned w\'ith research oil groundnut ru ;t
throughout the \world, and hope that \'ot \ ill consider yourselves is part of this group 
wvith interest in rn.i. tt indeed, in otherdisases ofgroundrtut. I hope that you will give 
a great deal of tho-uuthtito the groundlut rust problem over the next few days and that in 
the concluding session on [rid-ay vott x ill iointly deterimine tie direction of the research 
on the discase at I('RISAI, atni( perhaps how your own research as cooperators should 
proceed. 

I wish vol every success in your deliberations. 
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Origin, Distribution, and TaxomMy of Arachis and 
Sources of Resistance to Groundnut Rust (Puccinia 

arachidis Speg.) 
V. Ramanatha Rao' 

Ali)straet 

Tht naturalocc isrr' c,,ll fittI/ :t'Sni l I1li,jr.IiI'S/1, l t's ii , c' tri,. , i . .1rgornA. a, Bolivia Brazil,
I t 

aragnav',(1ttd( Til, /i/ii. ,/tc'lcti, elc I / ut,o di/ .lf1' "r i / t)'(In na/A.lattt (,'tro.sso is con.hidcre d 
to be, t/'f 'it,( 'r ./ L-,in s/t/i 'ini,. ts,,t i't/i ,2 ,ii no ui'I/, i Igrnilfiing s/sin 'I an t ?/" 
/Writ's tnInto oll s', uil f i .fel,.t I tolris th't,' i ,ti i, s.s t'71,t1(I., () sps' 's ill t/is'.gt''lnsArathis. 'I'/,

('tii aft's!2u, nsnnfh ArAr,, hi-tsIx !,'41111...1,L / ,, in i l'a o / f i/lf tll'i/i.,w' amlnorthict'st'rn 
1.rltl'nut n t/i,' ,', t'l s ,, ultf ' i /l ',. 1/i, s,,' i's Is sn/1s/it i ,'s! intt . i's jspi/ is!, /l' iicalhot 

Ia' ietl" u lbJi. ' /,,',sl /iti,/ to lisl "'o If'''/i,'pt .L', /li/tp ifhtissr in "South .' it'rlis. rust,(,isinsnn 
('ull s'/ i' itizi a/ra,'sLss'sit' t " .> ,r.. is o/in His,' rsiisr itsn,' ,,t Isrlsisii u/!'rtt.n iiri4'inuts l in 
. ol II ( ,l / '/ll S It.1i t/il' ,.'4r ,1ss5is's./l s'tis'l / ts/,I I 

Isto i/is'. ¢Il _"I-t it1 list,'ss ssI ,it , t,1Is t 1 ' /,'/ iti, itq"'sIs ut sit/(//I."s'; /Is'/oft" to f/it' Iihl 'd raht'n(ijl 
t1/n'I itI.!Il ilfs's/ is, PIs' ...'s') i is ,s /i5 ,/.',/ f/i'l ,',ift1 s/is,' 11lsft i1 f/it',c'ilil',t',/,"r iliIsIIr, ltr'111,1a 

(Tl',ill IP'sI.(l/sst) l's! lit //,'rt,' f/isis' i,Is Il,'s'/ /lot poltl,',/ Is', loni,n l Pit'ti to oltd' ther li'tsist'i 
(ri/,isi' 2rs', p o/. II /s/I ra h ,'l, t, I, ! t is,o--h/ , 'sift scs's'tsn /ls h't' /,',' fun/ ind to i, ifthir 
t'.si.sfunfssrjiiisiinsi' s I11st. /'/isIsfs s1i' ins/si s'sii is iiti/i1,' sit/I h l it I tt i t .,'.sIstiscl fu .l4'i't ni/hltoldl 

()istrt tiiu . in /i ,.'ls l ,'/ts l,,i i 5 i s ts' fhal it IN// 
 .ra, hi-, ini/i fi in ll, vI s lsl't anf oiite 
/ithis'iio
i' t'Ill/ii'ss still ,'si e' fsfs ii s It I..t/,/ .\rat'it , ,I'lis oo. 

I~ i eIII 

)rigin.. di Iri b li mi vI laxonolii (It i gv rv Arachi. s vI. sourecl.s dl*v 'isis Ii l .(.fAlIa rot Ii IhI-de 
I'ara'hidt. ( ili'vinia ara hilik. Spltg. I/)/,r'i, Ate'll't son'.sfnint' /(It'w ttati.n naturcifi nt'//'ist' 
s/'il n i s//l s st/ iion,/ . .. tt ' . / /'i 'is',/?rtsil/. /Par4'gnouv I "rugti a . L' c''it it' ,'origint ,'/ 
gt'tii,' o'tiis/u /a, i/as,'i ,' W,, (s ssi s /,isosr's t, /(It l r7 . /.tt favata thiG s' ,'tr iltt' a,tt itonomi 

'trIi' 1 ', p ss,'ii s/l/ r tf's,; /s'l,-ion/wt' i r ,i s s 'S irls'/t T ' t st/if S'jtl s f tit ('ncor
lm i,00,. "ii.'/i,/ .u/li is's',. fTii 1' . h1rii.sgm': .... i.is ,' /a rec tl tzone rant sud li 

iBoll t Is,, /,'I ,/.',t s/' /'. IlI. illtri' sI- /s' r v t . .. I N t ' st di is e , I'lls l.st v'l',..I 'lr o I I's ., afts,'i \. )Igava 
i tf s,t/ i , ai t uni s' s/,triistiiss A2,olrt/ittqhit riti i .isp ,if/t/i 'n t ' Sil. /Larouill(e (it 

/'ul ''i,/s' sits' JPil cillia la 'Iidls ss'. s'sftii'l iia /ile i mr Tnt/o, e atta nt o'Ift', ul/tur.tif I'/t.5rait 
sig~/,i4 tslr .' H,' /*.l iii is/ts d/id .' o' / sil s//1. i f (li( t '1 /rcs ip/l..s'' te'.
 

LIa //dt as t d/,/s's . m 'i sl i sii t,' s
ls 11it1t, rissiiflli ls i /titltl t' lpcis It'tiri t l ,.(/'I (a/ntii.stri, va p~lovenlam t,.41l I',:o l. W)'te /a Ioc so rlsttqm / IIIt:tttcl f' l l/e/ 1 t wut t ,:go'lrmcntoriginairtdu 

I, bpoo/gt:niqo.,. IItolnt. (Ccitanes
5re t ' s 

v. l,,ccs .sonvoge,,s X1 .Arach11 oppartrtntto}ditll;rviatessectionls ont .fait1'91 1 ! st '.si,Ia 'r it 7 /i ' s'l /' i lit /it i it s'/ ro5i 'ihi (li-t /5 1 tlIt / ' otlsss 'i l I i/i ll i eriT't/ 
rtistat'1 fain d'amfhorir Ituc ,, d' arachii. , ' 1s'tu ie r st abi tat nat urel indi trt,qu tPi.rachis 

(ic4lcic. puts! Resotsi ssirl.I(tr ln''1iwit l. ' 's t'lt'olp IrS nWIt til/s/ift \till l to(pics,. it'Tif hcrt. . P. 502 324 Ind. 

tISAl ' tH rtI itt' , C'1t' h ii Itilt t lts iit i S s'I/sll-\ i I1,1.5 ' ll llltlt Olt s c t, ct'itfig, oIl ( i III ([s Dfifcussion 

( I ' f I X\cr'itl . 24-2l,sS R (I -X Ilif. ii I' So2 124, I'p it6 . RII' I . ,1si h ChI'Ict, I . 511 Idia IISA I. ('P 413) 
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.ao 'age scerait plu.s ,los ei P 1m, li hia ranil, maladies (il 'o nmratt supim.'. l)'A./i'ata td'atltre.s 

ref/ercc c , c//iee tt . en . inr iqueel'drc'S aJl))ruleer o c-rtn ildcisi,,lJ ,,sptur tliher I variation 
C'(et'if lle do /at/ 'ene'alincsi que' 1 aa ( Ici rcicauimuille chez les e's/eCe sal (a't.s ' Arac'his. 

'he Genus A rachis 

Origin and distribution 

-lhe natural occurrence of the genus .lrachis is con-
fined wothat area of South America that is bounded 
by the Arnamon rivei to the north, the Ia Plata river 
to the south, th, Atlantic to the cast, and by the 
foothills ot the' Andes tothe west( Krapeisickas 1969, 
(eregor) et a. t9(Q0) t[ig. la and b). Ilowecci, plant 
explorations hasc vet te be made in mi;env areas, and 
the distribution o the genus max exCentually be 
found to be much ,,idcr (Simpson 1982, Vals 1983. 
Valls et al. 1985). 

lhe geocarpic habit has largc l determined the 
evolution ot the genius. I he aeriallk Irmtec genera of 

1Ib(et10 41K); ' , e 

5 

I0 /I ,I 
 :.t( 


30 

- A rachis 

....... Ahinerw sae 

. .
Caulorhi/ac 

- - tel/ n7 sae 

7o 60 5 , 40 

Figure Ia. Geographic distribution of ,]rachiv in 
South America (group a) (after Valls elal. 1985). 

the subtribe St'losant/ineae are more widely dis

tributed than Arachis (Gregory et al. 1973). Specific
and supraspecific differentiation in Araclis follows 
the drainage basins and river beds of the continent, 
while the greatest diversity occurs in the headwaters 
of the Paraguay river in the region of Mato Grosso, 
Brazil. Iis region is considered to be the center of 
origin of the genus, the oldest forms occurring on the 
highlands of the Brailian shield (Gregory et al. 
198o0)
 

Ilhe natural occurrence of Arrlich species is res
tricted to Argentina, Boliia, Brazil, Paraguay, and 

ruguay. Species belonging to all sections of the 
c is -. occur in,et ra/fti. Brazil, and four sections, 

,Imhncri..vc, 
 ('atlori:ae, Evtranervosae, and 
ir'mmlac. are known to occur only in Brazil. 

7) 5040'. ... .. •-... 


70 0 

O of 0 

1-0 

3 30 

I- recfoides 

-- iFxtranervosae 
------ Iurli.,onatosae
 

, -- -- mlsef inalae 

70) 6(0 50 40 

Figure lb. Geographic distribution of Arachiv in 
South America (group b) (after Vails et al. 1985). 
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Species in sections .1raht.and A'hizo o vat,occur

in all five countries, but section krcconh, is not 
known to occur in Utrigua.v (Valls etal. 1985). 

Taxonomy 


lracitthil 
 ,i'awas first described as a species Mv
Linnaeus (1753). lienthai ( 1841 )associated .tAioili 
for tilefirst the genera Si lo. lh' aiidtime Nsith 

(hill al,"llin,the tribe NiaI
ar,'at' of the 1at11is 
Li,'miiiiii.iae, laubcrt I194) setaraictd the Ib 
IIi'/1 ril'u into six suhibec a l, . rh /hi \ktas 
plced in the sIb.ribc hu/hiiicc t ciera
Ofthe slhnbribe . ln€a sl/,' i.e.. (C/hapnil/ra, 
.Ststl'~ ari l
:t~ra, 
ht Ca i islilrrict lubulm 
s1p3ilt lui plillimrtecs aldlea i tstlaill Ceilw, o.
 
It Y lus .
1rn /1/Ndlfll fmlii,.X l/sssauli,, inl 
(ha ma/ii/ b. \ iir2 A ecc Ic.,p )C. il in.der
r lindiiiflrltitlliihibit. iid h%pli tteig ills.tof i ti 
lsr,cr il [le hu\er llse i 1,ttb(] i r 194, lli it1919, loellic 1940).. i/ isrunt placed il the 
til t.h ,/ i ( icith.),,,,ac iluitchi.,
li lsh
CoIlttderld.
iobe Oi. (1Ithe ,UbtltibeS ol '' 

Rtld 19s ). Ih . ii 1 tI the gen'ii> is niot \kHell 

deljieiieul itd ne\s aidllu.iLtlrtldeit.l i,. are ,ten-
larIl% rcp lletf 

.ieciliC pci'ies shot, 1 .  oar ttersptc Vuia-

lion ill %,iiou. (lp, ),. 
 sitit tfes. itir,

atil;,! and pteitqllliil t 1 
1,,m miaridillsonic easc 

this character t dilicult 
 e 

further subi\idel into sectionN and se' ,., 


toi I ih citu,, v, 
(Klri)s-


\ickas 19169. 1973. (;rnce-r cila 1973), sshich ale 

how\esen, i, ilimaduceordtig, t lli I triit tlnAil 
C(ode (;tI fltaticil Nntii litture I(Resslar 1980).

Nirtkrlheless. tilet 
 wliseries groupings ii 

been) usei extetisisely It the hierat 
 ltre arid itiuisi 
groundnut s,orkers arc finrihar \with thi!, syst(tIillOf
grouping. the key (fable 1)to the se\Cn sectiotWs I 

tile ..trarchi is itt
genus tive attempt to highlight

certain ilitpholhgica charactcrs 
 tha iht\ beeti
used ii the sui"d i\isin otthe genus into sections atid l
series. Belore 1839 onl ()ie species of..Irach, as
describe,: tilecultisated groun dilut, .1r(1 Ilihipn-
.Pa'a. Iclrthan ( 841) described lIe species, and
Chesalie- (1934-35) recogniued six. In the earls tit\-
OnOlic treatlnCn by (ehalicr (1934-35), Iohnehic 
(1940), and Ifcrmann 1954), mnly thc abuse-groutd 
parts were considered. (iregor, Ltill. (1973) and
Krapovickas (1973) recorinied and cnphasied the 
importance of untderground parts oi stem. root, ild
reproductive structures in the classificationi of Ira-
this. At present, there are 22 described species 

assigned inftortnally to grouips (sections and series)
based on Iorphological structures aind tilecross
compatibilit, and tertility of hybiids (lable 2). 
Apart fronti salidls published names. 12 specific 
198)). been] innames haVeIle use ofused the literature (Resslarinvalid .lrachi. epithets has 
createt iii11ih confusionIi lherlore, until authenticdcri-ptions 01sa rious species come available, it is
d C tiieit to iCfer toIl lI.enotVpes accessions by
thiC cllectol nmIIbers. Ihese, as well as more 
rCcetlilcollected species, are expected Io be for
iiM'ilv described inthe teiar 1uture. Ile genus Atra
c1h] is likel\ to hase 71) species (A. Krapovickas, 
1ON.F,I) personal cottlttnuniciitio 1984). [hisiniumber itVi' exceededbe is mtiore collections are 

made ilSouth America. 

Arachis hypogaea L. 

Origin and distribution 

lie ofII/,center origin of the cultivated groundnut. 
rltalsli\ I1i1s,,at'a. has beetn discussed many times. 
ttiil tiisconsidered to be tie center of origin by
ieunthai (I859. Mendes (1947) believed that tile 

giiitnl' tit ligittated ini the state of M\ato (irosso, 
Bra/il, sshich is generallv recisgni/ed as a itmajor
celti of diversity Ior tilegetills. llovevcr. Krapo
%Ickas (1969). who collected esteisivelsY in South 
Attierica, postulated that .A. hipou'au'ta probably
otigiriated iii Iholi\ia and niirthsest Argentina on 
le easter nslopes of tileAndes. This area veryis it 


itlrottit, centte 
 i1 \ariation for A. ]/'logadasubsp 
/itil,)t.a, A1.motit oi/a another tetraploid species

itn sectiount .- raclt,,, also ocurs in 
 this regioni. A.
mwitii,/a which is fully cross-compatible with A.
 
i'ogaea,call be Conidered 
 to be the closest wkild
 
relative of tilecultivated formt. 
 This species resem
bies the culivated grcundnut closely and differs 
maitilsy in characters suchtas catenate pods (the seg-
IenitsI fruit ,are sepatated hs a lengtii of isthmus),

sit. lontger pegs, Which enitable it to survive in the 
wild. Krapovickas ( 1969j also considered cthnobo
tinical es idcrice, such as the diersity of the uses of
grutndriit illthis region. ('ardeias ( 1969) supported 
tilefili\tan origin (itgroutidiitt inld u.1lindepend
cnt orlgn iB lta,il Is unlikely (Gregoyet I 1981).
In additiot, six secondary centers oi diveusity are 
,ecogni,ed, amd a brief description of the genocen
ters is givea below, followinug Krapovickas (1969) 
and Gregory etal. (1973). 
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Table 1. Ke.' to ,,ection,/%erie%iif.Iruchis .. (after Krapovickas 1973, (regor et al. 1973, Smartt and Stalker 1982, ,id A. 
Krapoickas,, IJONl.,-personal communication). 

ii;,1 ith1 'hi I li /Iol'ic, 
2 RI i/tillNc hali 211 2\ 20 

2' Rhiiaitiiii - 4(0th.ikend, dcc: 2n 2x 
I' Plant 

,,  
m il,ot r1hl1I1111 

" 

. P IIlt IN l ttl1111101JIt' 


l'lants tulositIcLtialtohitl: 

,4 ('i" liit i CjIICJI-looted. %lltl+st. l+ Ytamltoolscp 

6 R i ;1 c kllllillllhtltict iy ld c i i he 

%kithh tlloy\ ,toa.i 
W i\'thtOLt 111.%, allootIltlf nedeJs, lllo tl. 

%%101 sluII,solid 
7 L-tdoi pUilcr inaiking', onl both file 

Ijc,,., tt [liet Slll d.~t 211 ::2\ - 20) 

7' kl+itho[ii atl piolt illl l Illlaiklilgs 

ol (hi k heit 	 IfIC,'Ii(Lidi 

211 20 
)I t,j.I1% 'inthi1ihm', ,mallet 

9 [1 i",l crciiiti. thYieCil 

P' lant, o)II11lh1] 01 Itc- thant ailllltNih 

Iihri-]ic'. 2ii 2.\ -10 

ptLgs, ulsli.11.. %Alth 10011" W ,I'*pill+,lc 

s on hi 

4' t'gs ilmoiast iati/oiall
 

cilor IliIkg ' 
hti' k of ti' stiandard 

I 	 I {',ujjI%. lthl111,111t1Ilt1) [;IC colhf 

IziIlii ,
l itht i11011i 

1 
I;iC' of ti' 

stailidllr hay ci sillil I11111, 
oftcn 3 cginctitcl 

I0' No puiplc niarkins o thelilnt face 

o tih stai ii(. ilimnis i.ii1tCi 
I1 I lnts puoxtraItL" taf)-l t edt.'+, 

%kithout lily ittl [lickcillngs 

I I' P'lants prtstriAtc tit clc. t m 

rti thickcncd i nt; sometieslc 
%ith tuhtih im ii hslpcm:tyl 

I. 	The Guarani region 

This region includes a large part offthe river basins of 
Paraguay and Pa'ar.a (borderiig northeastern 
Argentina, eastern Paraguay, and southern Mato 
Grosso and western Sao Paulo in Brazil), probably 
extending up to Rio Grande dc Sul, Brazil. This 

Section Rhi zomoiiti.ia' Kriap. ci(;reg. nom1.nijid,
 
Series l'rorhiztiatae Kiaip. ct ircg. nqmn. mid.
 

Scries z't'Jhi:iomioau ,' Kiap. ct (icg. nom. nail.
 

SectionI b-ice iia' h ,+.,Krap, r1umi1 .nlud+ 

(z 	Ser. 1riliiohj, Krap. ciGreg. tlom. aid. 
under scch l:t'c/i'e.%K ap. e Gireg. loa. aid.) 

Scctiot ('auirhi i'nKra. et Greg. niim. nud. 

Sectionll.l+lt'x 't+ KIai.+ et Gireg,. noi. nud 

Section .Ira/ii. mwi. mid. 

Scric .. tinmni Kiap. ct (ireg. noi . n di.
 

Scries l',r'nii Kral. et Greg. aont. nuil.
 

Sciics .Ami/tpi,h' Krap. et (ircg. noa. m1ii. 

Section IK'cl.'wmeri'i.ia, Ktap. ct Greg. noma. ItL 

Section Trintamac Krap. ci. Greg. niom. nd. 

Sectioinhio,'tei-.ai' Kralp. ei. Greg. num. nid. 

Ser. l'rni nm/,'i. a' Krap. ct (Greg.notl, nud. 

aiider sect. L/rc( id'.s Krap. ei. (Greg. nom. nud.) 

Sectioi 1l'trmrciumil' Krap. ct. (reg. noti. nil. 
Sc r. li/ira/i/ihtaeKiap. et Greg. non. nil. 

trader sec't. lr,'ti iih'.i Krap. et (reg. n'om. ,d.) 

region is rich in subspfistigiata; varf/stiiataforms 

are more common than var vt'lagcris forms. A few 
subsp hipogaea formns also occur. There could have 
been some introgression within the subspfastigiata, 
since some intermediate forms have been found. 
loth valencia and spanish forms could have evolved 
in this region. 
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'Fable 2. Valid .. rachii epitlhels'. 

SpeciesScciian2 	
Series ploidy level Aiilh r cihion 

.- rach/n ,IMwn1ie A. /'af':oci Krap. et (rep. 

P e' r . .4. vill//h. 13tCiilh. 
A. dioii floclchnc 
A. /t/iidt,.e% Nliri. e\ Kiap. ct Rig. 

elophildide,% .1. /iiI)og'aca I . 
. mamola/i Krap. ci Ri. 

C itarhizat, A. ri-lm [ land 

Ere,'l det/'%hIlrm ,i/i Io (1, .'1. ld,'l, a lenth 

'ro mtmemi, 


Evtranirio.sue 


I'rarh/ii aaii .am,, 

I ar/mm:,aialaJm 

I______ t901,li 

L itAlmKrampm-cka,~~ N1.2 N a mpc'I' ]~~hrii t Iuii'tl ~ .', 

.I 'iiii,-,JP71(a Chad ct IlassL. 

/)O/m iari',:imw ! ('hod 

'I./l'alg/tm m Il adlo 


.m. au-lm IL; ho 


, t. ct IlIassl 

I. ra,'l !ii iv c,'t (ilcg. 

..I. fIramtra!ia lcilit. 

.'1. liimlllta ( ii md. 
I. 	 'mi/I mit/i l II aclhnc 


h,/ tia't. K ap. ct Rig. 


..1. /~'irkatlhl I alt 

..A. L'/ahlb aI lcnith. 
.-1. /ia ,'1'/' IL1:rns. 

O/hi Iih. 

(ttcpiit),t ~ .t'[ib lmh t 
t 11. 1,)~I ~t7 ~~1. though geimpkism~lce'IanI .- u'/aitt'r 	 I,7iil(. Oigh gcmllip[dln Ix a imil.ihJI' 

20 in Krlipmickais c al., 1974 

20 lHe lithaiiti 1841 
20 Ihlchlict9 11 
20 KNIPa-, Ick-i ald Rigtwi 1957 

40 I.iniaen 153 
40 Kriapsoicka and lRioni 1957 

20 Ilandh a I ) 

20 lenmhamim141 
20 (hadiil 

20 ( hOdid 
20 Ilandro 
20 Ilahndlor 


mmndI Idl'Icr 191)04 

ad IHla,sler 1904 
1958 
)5s 

20 K iapa\icki and ( uegtar 1960 

20 Iliithi NS-.I 
210 (aidiici IS42 
20 I Ic c 194.4 
20 Krdpmii.'kai, ad Rigoni 1957 

20 Ilindr ) 1958 

40 le3tfiani 1841 
40 in Kuni/c 1898 

1) Ilctharni 1841 

2. Southeastern Brazil (Goias and Minas 
Gerais) 

This includes the river basins of Tocantins and S-o 
Franscisco. A predominance of subsp fastigiata
forms was observed sith an increasing frequency of 
spanish types. 

3. West Brazil (Rondonia and northeastern 
Mato Grosso) 

This regiun still needs to be explored properly. The 
so-called A. nam hyquarae,which is now considered 
a form of hyvogaea with variegated seed coat, and a 
few fastigiataforms with yellow seed coat, occur in 

this region. A. vilhmsu/icarla, a diploid wild specieswith fairly large fruits, was found to becultiva:ed by 
natives of .luruena and l)iarmantino (Hoehne 1944, 
C.E. Simpson, personal communication 1985). 

4. Bolivia (Eastern slopes of the Andes) 

Var hy7pogama form, predominate here, featuring 
extensive variability for various morphological
characters. A few valencias have been found, and 
even fewer spanish forms. In this region, a great 
range of ecologically distinct ,.roundnut-growing 
areas have been found at altitudes of up to 2W(}( m. 
[here may have been significant introgression 
between subsp hpogaea and subsp f/n-tigiata in 
this area. 
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5. Peru -Ir;]t/1.s has hC'n I_),Iteti tnno PenLt, atf ol(nults rlon 
g'onti.ntltii fit ll'.e hin.ttce Iee!l iflit igtictIltir'

Mostly ptitnitt.e s.alcrtlas (\al /.sti. ita), ctharit.- Cttiltl Il. ttiibltedtIuiy to te then Ievel if civiliti
tcritd h.\ <'tt,,trhi.ted hiit,, with promincrt hik' thin (Kit oj'\ ckt., I(O'). 
ani hightl\ Netictltatud, thick shells, occur InI thi, (irotnd inucttUld i \c spreiad to tie Atd world 
legio)n. S1IIIi;t lolul s S r' ih c t dr i ,l i.'.- *t\ , tit ", till % Pis .. t ;tCtilhe Spl l',h 

+,tto lt Ab it' itll ,iciil rlliillt ill (ois ,titl ilt,, OtI \tlt1etsit. IlCi(] is no 7dit lc lt+ides fth 
lIIdIC iI tH ttI tf f l, '+, t tltl h lt o iL tt',t Iltl' I ti ll t i - i il l l)t_'ianip otf lstt tis ti t I) hatllic 
lilt' llIt'ie ilt lAI i'i tttlel o ISubsp b .]u- le \, i;i. \tiat.';, ,, tCIC i 'O I ,it IL 1111 111 tse' 
V(,f,'l:t!tI t slhs,t tif tlts e l( it tit\i t OeItl , 

' \sit tl itoft,C e \I itictt t l tsp iii e ti) till/).t:'1t t V)tiS,
d[, It ith slli ll i /I h, . t pIf i ff s lt +wli(t',ii h T il risi+, Is .1 , '/ltt ,'.u'"h a i itc-I tl!tilt i\cli\ tticd doff y

f.t)At+. ' It+e\ It !i ili iiithI 1011c1tile', tleCt oi (itht ttt
lte l%0\ dteceist\ hl it . .1)7'). i li) e'r, ti e 

)Ildtt Ill tl,, IC itL t tU iii tls 1te i\tt ttt \t-tlt . setil lti, ill i ith gis thnt. - ille I ,gCilSlpl I"-

lt ti l Im(ii teh c .f\:c :SiImIh it ille'. l\s tlat ith i illl S t)llt c.r Ill gi llttplets i ll 
 d ht ilt _ W alrii 
liltic h l\c ti teiti ]b 'it'[slc Vol ti.'l lrsihe' i t II da t cttlp. 

0. Noilthcitl,Icf If 11t1,'tl Taxonolinv+ 

( ldc h,,b te'tit t\ i.".i'l s l f itf ttii lnCi)c- AN ill lt'c CaIs otl Jt c(p ci i" tat xool) te it ttL'llls 
i,'tit ll I t, ,tlhp e1 tt 0 ; f. ' tl lit'll tl oll- 'llst.' , 111ie lic clss i to ]i i']ttisti;l'ir lit tlioll ' . is 
Itldtt' Otfitl ie.)( dI f I I], etIt.'tlA-.t_. hi. f Krti l,t' lttt lttt' tck 'v \,IMIt kt. 

it /lle 11'I(t oi l t ,tt ) 't.ttI II> I tlsttslitM oist Ot th' I/'t Ie'.,tt _l ile oil gst ilN\ \'r 

1"OItetl i ] 
 tu (.l' 


ctlt 'd t ()liit l hit' ,.Fl i It1t tI<'le. 


; ' ;ll t it, It" htui1t. lllitj L'Ht IbSiCiIt' O((Itelr'. \t a t[it
!.t "17ti it,' sI 1jt l't t ), t, )tle(s ler lll p \vtc 

l ttiIlket ll I t t I ]l ft;tnldllnIl !, 1+;ttl + I,'tl ()t lilld h;Iitio l 0llrttlitilg 
it i ll)h eI tltllifl i tI"tt.t 19i f kfi ttlttHt, .+c! \''l\'llch0it. ; tC )I'it f , 110 iC, i)ia it 

,il it ti 1f 1t.'titbe 2'.it I-t l t l , IItl i 0i 0 li.l " ldr ill 11 t r11 pAsh l dI i tnii . pe( C cd inar, 
ot .I tiIctI)ItL t11' e1 i lt i'd titP M I Qoii- .\ eit i I i.ttithtisell Ie';en tle').., C.,t , i li th, l d 
tries icin tt'l ttltl htIte tl it ti - hit iti , ,tljti -titi ..l t i h oftintl l nting 

, 

tinls, bl u pat t -
J[I It J II \t I, toti('1%t ittu s 

,, ' hc t t 
,tt t Id ilisitetl j cl I(1)55I L'stt'tttlet l ,titIr,. tile ithS tO! ,(\l %\11(1 + I I+ by f)I Lt + ) k' Il dt ;a k ot I!I . ;IhICIrC (- l CJ+')ItO LI:Ju'lII C 11 ( 1t(t! O il tile Illitilt l i ;sif J 

.30{)u-2,11 0111h Itttlbu (on 1 t lttiC s+ (tI) CL'C [}H t , 
Il'l(l. tttifie 'neC;i teltO t rtiptvLic iti d .I (IIlI ,W+'C I0 I -11,J, '+( ' ( , kat[l t Rtll tiit"d Il(JILL'- (I)Odt.' o il tilt' JJI~tl,tl' idllt' ICIM o f SC,.(]Ut.'Itii.). ) \%,tFCr 

iI ' m'IV ~ j;!Cj +.c[( i.it d , ( il 11t1111.M C0.' i l 'd t hIni. ~ i c c a 
s +W 1; l, '~ 1 iIV l it il t i 

.i. .+ K/:ItIp 't ( I Ic 1,',lill+ , /" ()rI i lit- hIm'., 1litc. +,11h[+1cii.'c' c l .';a ,.1 li ofl hi 1.,og at'lI." ll '. is 

peri rnal , t iet ltt.l l t ut nj ilt! ti I ick). ibb1.nil it )t1t t ttii I 1tt l ha Ito\k rfill K( tt)) et1
 
t1lit A) 1 I Kfill) '--t (, c, ,i, in i ,! i )


" ) ' 1 / , 1 . SLi , 1 11'1 ).,I ,11 K -it ')(.)%ick as,1 li l 1"fl+ C!.ii (J I cl_ Ill')N I. tlllt; I+'o)HJId h I( It' l ll Il 
et 

pI 'I t h.' 
t.';,c~o ,ti[i] .)? ,Iw .'I , Ifly ,,I(I ito , , Ly- I h/ Ipr/ lv(a \'irginl m r.\pc (\kestern Brazil 

.ic,,Icd tII;)t .. I, ll'llalsl +I+ tp. c[ (OI, m l+. ol ) ' 1,1 and iIf 

UOZIt I)(' 0'11C ofl ()W ' I L:~' hi Lthtf.. ld %,II t O~h I,Ct. It', 2. It /h , su,,la Kol ler ( Pet ti) ,+ubsp /f .ll ,hata 
0(\', C CI 11ih-k.I ( ftlit 11 %, I')..t L t/980)J1 ld! t~C ,l IpL'L't" \ a olt 

!M "',tilI IIt hC' ,I Cdh, :c d M OltI, L'. hil I IHt 01l t]lI101 I . \%tI las/.n, llww Vatlncia tYp'c ((G tlriI. ll, 
i1 r(,' tI tftd hC+IMCqt 111C tLIUCtO' 1 fll C pullt ik ill".p'Lt51- ,0.)tlt C;l",tICM BN I~l idt Pt21LI) 
tfilt',O HIC kh111.ltl\ ('d IHI) llltt C'lil hC. tICO/t_'t. 2. \atr v'tK'uris Itfl-]/ Span;l ish type ((G tarFanlian, 

'ilhtt1.CI h10 11,!h th(' Jllllt i (Cdt't1111)(110 111lt O I)+ ; Ill S.,t+111hc. te if Bra..id, and not~rheast Brai d~i) 
,

A' [C.\k Hiitets/[) hls~ been. del i M arcte tile chts-
Soth, .\111C'lI',, it 11, IlM)V C.LIll\;it 'l d Ill l!l\ L.'O)llfl- to 
flies att.or,i, t!l(-' \,so)l , hchkccn JItilt11dc,, 4(0 \ iintt SIit_;ltlOll 01 l Ct1lc fis~ tCd gro)undf~ilt by) 1Bunting
40"'S. Ill JP'II. gIO Il()~ t l t h CII t. U')lsnt t.d ,III,+ ( 19-'5-5. ItQ5 ). CM,,t'ldtCd h%,S"lm',rtn (1961), with tile 
3WOt+-200 H.l . (.hohnso~n 1904. P.. fixik.,,.S .N ;Itaxotomic tre c,ic t oft Krapo)vickats an~d l,,ig~oni 
personar;.l c.ommunl~lict_;lionI~ 19.8)5), but ii n,t of ilil11d (It,)()) nd K rapip icka:s (1909). G.ibb(;ns eta;,. ( 1972) 



or a r gro iin \a on c inA. 

Ill dti/ iljl', 1 an hctdCC ill %,It r lFai'l 'il I
 

d 'ecrihed It cu It i. , hieat'a, Resistance hypogoea 

these cull atlt roups as suhd tideti it a uin e () ttf ahut 90M({) OunL'Inul accessions seerld so 
t ,ultlar Ch",! ,d t.n ,sa t(tusi ltlInp tl )i,..cil] al. 39 hate ,ho%% n r"istance t) gro und r; ut rust, but 

Atl stItl a ppear ic he d tuplicatesh i, erIls SUghilS pi, ': lli .t d t dill uted. (I fait iniris, these pro
,haracier,. I his ci'sllicatln \\at,ljci '. It ctuft tuigs . Ilttscsr 5 ititus limo philogical chal;ac
ti le iflatlli ial l it .\til:_ii . I ctll Ifii e Iclent refs IldlCate 
 that Ithe\ Jrc llot d tilicits illthe real 

atMlili !" Ih COastl,tt el f h itAllCi 58 ( Rtcdi et itI.. t C pro ccelingsI. \1 st of thc\ it' scls th 

o fltdaf\ .'cnlitro ~f -t ..A so.t lt+\htllcMlt! Ic,,itaill ac'ce'ssion.. hei lq! it) thie botanical ar:.ety 

,..~t,'+l/.,thl %,i!HcHt , 11,,: Ii /Ili,+[,.xhilc%%~~itl~tt.h , thil Ito, bh mog to \ar Imp/o

lit teh hL.r Il'3 h5 l , i'lttiC I0h t\dttI eil. iltd Ithe it) \ar \i ':rtt (fable 3). It is not 
inattiial intt 45 dllt-:,ft \tltltl I ,\\cs sutlptistl aill dt tlotup,- I l \ct. that I., oets include rust

+
tnctCl;silicllctl sl s fitall to , ,,.plltii \ttlt ts;1 1'li t+p s ,llst spatih t\pc lal iraces are" ott, 
lLIuCIt lelICtLitt0tl Ill Ijuh .lMolt tiL. knitt, Iom Pctl (Krapo\ickas t0f. .\mtng ;he 

C sldeIIt.ill. I l IttI Ills Il,/oI't Cststnitli nslli 'l Iiontileh INIL -Dl Htll lld]ith lo\\ ' t pts, t\, ic'ssii 

,a'i 1hi:Lt 11) Ci I,, I( dtira mligintld t-l') it
Ilahlc 11 c1 ,)I]L' I: I,I')\ I, (R (G 7v;91 ind7900)() C'ross 

11 d rlltl'.' .Ailsst Cl tlt i h, \\it rss.ti Iii;ea apttt )frontdl clt'lt lc i it {sat /1'ltt~l/(\. 

Iltd tllt lltnm \ lt) tcl \ ilh nttl I t:mlt\ it he ti 
 Peril Is !eCt tile a%,dtlI Cl' aSill CC'ftIds. lIeset eiiln 

MY%%,title in:,11a tilr t ri h ,l I P~sillhtl. Ic s il rIt aletc fitlJ 

\\hit.'hIi;I t ti '!ti i , I(-l ll' Ie IltJLCp ods,l 111,: d 1 Wll i I 1ll'Sources (if Ruist Resistaince s%.hiCh ie C'Insi ] littd andtcollttcwd. tlucntIi 

t:,I Or eaClt it.ls il.eithecrpinrpi le ia \a mipglec ',,kilhl 
(}tIIll t ii/, 11i/l s']
tl[ , MW ("W / ) Is all im potalillt )Lisht,hn liptipc. red,otr tar. ] c _llct ,hal~ca;

loss ]l I o tl -heresistaits h t tial \old Ito llttl lall pe' doist ol tlie 


(ilt)Ilhi'lti Its M I',n JrIt/ ( hnIh andllat cilelitsti are poortnllllC.tt rh \'other tedr-
Lttlt 

%,1CI)I,i~ld l , Ru;st, IrnCOHtlla kit fl IWL' agttloillic ohalati (Sut lrihr a nllt JOH lea1 e f s ct al[. 

(:,!t
SIput,,, ctt c tcil ho,,t'sc w' ll: W, (}' (iib- lNS0Ji. tlirahllnaill and M cl~onald 19)S3). 

lid MC' il i.Ir *se.l
tOtl, it .l jfl 'W ; t b ,ih% .lst) lc'.tal.d that about 9)( of the 
f Inl CIt 11,iCCd.Cdt ,it I( R lis.%I ('t.:lnt'f ih l~ iNtH i'c's tlilpelrtw t pt s arfc ]londliidc!, frot Sou t ht A llier'

[9)at tilt 1->-) \lhl tt il tilecdisese Cill he It. Or ill stllic \as rlet 'd tt such i,(eatrial. origi
Co{lltltd b:,ltlill11l ,,fill,lPPlo~tt'hi lth , pcl- [lli is wconldary cenl',r oftit rilingll Peri. \\trii it 

sL\t lor+twan d'-%chopirn! 0,+urltt
It,,. (1%Cl'it\ Ior the stuhsp/hi,g£mw \ar.!a.\/{ iala ((he

SctltCt'llilte ol rt"l,.tlle 1 rtii ,lltu ht'CCtl tIccC', t\ ic al.1973). h1lrigins lines 1('( 2710(froml
ltull, , Mut I),% \kolIL't' ( Ni\lso CI'al. I ganda) alnd [(U( (}W.2 (lIroniS<,udan) are uncertalinfIii.d hAMIl ,tl,, 


ttlll]Ct..tll93). \ti1RI -\ I ,t tale CI lti\,ttd htiplilllt ail ptd cililaCt.'ls suggest that they \ere 
1
21t uiiil llt. iltI t's las h atscll lilItltdl.cttln, A plo ably fttri
0l' t% ttic lcn t.td ftrount South l,.erica, 

lb\the (icnictic ko'ollu I lili it t9S(). Petri. large Collection at tile InStitutocc Ra I ,att an~d ]\Cn in1tile 

Sadasjsatln t03). ICrl%' sC'CClti!ill tlhCa\aiIhlC Nacional dc tcilohgia Atgroptctiaria (INrA), 
gertnipLasni for all tile m1alr gltltrldilut pests and Manfredi *.'\ignthiia, the ar f.%tiiaa forms with 
diseases \tIs cttthlditCd IlltltiCl Ito idClllil Oslul,.t's characteristics, of the resistant accessions described 
ttf resi ,niilce tll 'tlcotlp fintill. yteitic 'tsistalCe heret Cle ll 0lc froutl Peru. and ni1]attl*lI he sc'arated 
IItohiih- iti C-iuhi~lr',. Stcrellil, t) gtrinplan taxononlicalil aNsvait'iana Krap. ct (ireg. noa. 
lor restist;ncc tallst illst aiind lt lea) sptot \Wais lnld. (A. Kraptsickas, I -ONF, Personal coinmuni
carricd tltli dLililltI 19t7-4 lilder nat ilral disa SC cation 1984). So it is logical to asstile that most of 

pressure i llt iil aId setl I SOUIrCscr-a 0i rCsitanCc the rust resistanti lies originate tfrom Peru. Of all the 
:to tiIsNai il( tlie leal sptot ha\C bieen reptlrted bs cuiated gcriiplasi accession, screened so far, 

:i. Ctirahiians'ati 62 originate Pcru; about 501" ofSublal'iliiit aiti c'i (ItSla.b). et ttllls abotit froin 
al. (1983L anid Siubrihltanain aiitMc)onald these arc resistant to ruist. Fie coilection data indi
(thes_ prttceetin.iost. (tuhttatcd grtndnutt and "it cae that ahmto all Of' these acCessions could be 
-rut]hi.t species acCS SittnS kvith rCsistance to rts.arc traced it) lhlarapoto region of Peru. Thus the 
listed itt I ables 3 and 4 \ith dctails ol their identity., existing evidence suggests that the resistance to rust 
origin, and botanical type. in the cultivated groundnut has evolked in oraround 
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Table 3. RuuIt -reisttant (h ted IgAr uid:i ,e,,iot .,(after S uIra 11lum am et aI. 1980(,,b). 
C'C 


BI:lmncal 
 S;eed Rust 
IUll
Itt 
 O)ri %al %h. fiil i-olor reaction 

1697 N( c I7090 Peru t l.a.t 
1701 

I ight flal NI R\N Xc 17127 Peru /Ini;i 1 i purple MR 

llipes 
170 N .\1 c 17129 Peru Ili/ 1 ill tal MRuig,

1705 NC Ac 1713o Peril .I'rii,,iaia lan
1707 N Ac 17132 Peru 

MR 
liiuJI: Purple IR171 0 N Ac 17135i Peru I/oi'u1, M RI'uple

1712 N k 142 
 lrail iu ',ula I 
-It(I C '64411(292 ) Ugandala 

MR 
l Purple R 

3527 1,1purpleX 3 6l ,Iuta
35'si) (' No 452 R" 
 a'~~anM 
-
- 3 4. - _. (ll' t,,, Ian M R474, 
 'I 298i 13 Israeli USA- tllp,.,1)u MRhte


474" '1251,.1 7 Peru fa.1Il)utui Purple47{) K ,p s.,, t|R
Argentina fuattat, Purple R

419\5 N('., 175), Pereu ulut MRla t; I'urple
6)12 N(" x"c92 7 S.i'dai 

6'2s, N( A 17124 

/.x vaba Purple M RPeru Ia Hege'ma I1l purple M R 

stripes
 
i 1 I'! 2708ll6 Zihbahme lill,al i Purple R6,14( 11 350(1; Ihorlduratl/s 
 l 01,i Purple R
7() N A 71231) j4"er
*c /Piertou, Purple

I III 215(m, lei 
R 

Peru .xtli'wt, Purple R
21 1,1 114 7 Peru 11.tt'lIt Light tan R"'3' ,t11 IsraelI ' ]pugai. Purple MRI 3.1S79"11 Per 11 liuligiafa Purple R 

N5 N 1I22 Ihinnuras /fl. lSig'ttll Purple R7'- Pi16)6 Peru firmVi,11ta ighl tall R 
II 391 


Ni'. 'iq.151 
1 - Peru /.lvi leil(I Purple RSI Peru 
 /Oligutt~u,l White red RSP1 393517 Peru i.lfiguatel Off \hite R
/S9(0 PI 39352e 
 P,:ru h.1'i'gaio Red7>02 I'11.193527 If M

Peru ./.fli.Cta Ifar purple R 

stripes

II 393531
7N93 Peru fiin.st,iat I.. tan purple R 

strip:es
 
7894 Vi .393041 
 Peru fl.igt '1,(t I. tan purple R 

stripe.s
 
7895 P1 393!,43 
 Peru aIstlgiila l'an R7 596 I'I 393646 Peru in,ii(Ia Purple R7SI97 ' 4051 32 Ecuador 
 /00lliRt'aja Tan MR 

VelezI Iela , 

789,,, I'14()7454 I cuador' /imil'al:: Fan MR7899 11l 4143.11 lira s n (I( /Il/l1), Tan R7900 11 41-1,.32 Ih,:ldrlr s /i, 'a Tan MR 
I (it.i'l
OlgltS Il Igd~datlr]] N 
 r-irc k m'~tei+ ix. I'm tT, ow IC.rmnII.r!i/i\ thlProi tJu pod and1 planitcharacters. 

2. Oclcin ini krl 
6 

l r11, S.i I \ijC.I kl i;n lin rl ii 11 , h+i ; larlipo;aillartfl. .
 3 M O llJ 11IIsp)C 11Cd 1hod;I Clt-OLJI't11 ij(51idlliia 

4. Redf1l.,i+cr o w Is,\ i lirianmlt,:cnlltei plopulattim fromr lr, 
5. ()/ iglI 111,'t[1,-t ll++Iror ilemI~ jrPccjiLs al], kil-i; 
istI:lrjjpt~jllelIn
'
 
(I fired in lt diiirui. ilcits I llip n ltinlr malpil;; ifprobably 111259747 Ioll Pcrtl). 
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'fable 4. Rujsf-reistan l d AchiruchL%pecics/ccessi ns (. ubrahnifi il al. 1'13j. 
W(G 'Ncct~Io n Col lect lo .."Ica Rtlist 

124 

,12.; 

l I-
1 '6 

81931f 

49N3 

12 

SI l 

Nl1 

S12N 
S I 
,I 

.44 
<N,952 
StI8s 
IN954 

," 10 

S 12 
812S 

8129 

8142 

S1.49 

1508 
NI53 

8) 

S 167 

8,6; 

8912 
OS) 
.9.3 

S)3L 

N91(, 
S941 

,15 

8170 

817) 

S938 

8146 

891) 
8922 

844 
8154 

8156 
8158 
8159 

I ai:z, ,I 
I ,'an,1,'s 
Ira( .p 

Irp hll ,p 

l/11 .. 

I , l,, ',xav 
. ,x 1 ,,,,, 

, .. 0., ,,,,-,,11,11 
TII, 1rr','

1 

l ',,c'/ltl/x 

,,xixllh 
I .101L' ?1aJ ' 

,,I 'i m'aI' 
I. It,,, ma,' 

'/,, 
.0 l,,3 
rl xi 

1r, lm Nip 

.1./i,.'# aI'ailI 

.1. ap/,re'lpial 
I. ifpre.sipila' 

.A. al/,rewIm'al 

..I4 I/ll aria 

.1. Jirai 

.). 1,/aaraia 
I 'lraua 
. .,Ix/rala 

..iI{Drael/ua 

I..xahilla 

.-I. 

1. l,/arah. 
.. IuhraG 
,-1A,,/ahrara 

.' ,lairata 
.'I'atrata 

a. ,,labrata 

.. Ii /rata 
.. ,atura 

.A1. i,/'raiafj 

.A. hliloc11'#x Ali 
A. ha,,'nte, ki 
f.1. aK'''clki 
Irathi.%sp 

.4 ratho Nip 

4 rachi.%sp 
'rachis.; sp 

ArachL, sp 

K 94S.1 
K 

(JKI )0031 
(,K 4 1((6 

(iiK 100 1 

(jK 1 ;(OIL 
(K)' lI,(02 

.U I 
(rIK ' )310 
K ;,' 
K fl-f 
III K 4Ilt -

III K -41i 
III K 40)) 
Il1 0554 

K . 18 
'llIC'Lh- 5)1R 

i!k A13$S 

K( i 11462 

(,N I' 9990 
(K I' 9993 

(iK I' 10002 

Itl KIlo 552 
I11 K lIh 553 
Il K Ic 5W60 

(i )K P 956 
(K 1) 
(KI' 9813 

39,)) 
K I 97k7 

(K IP 9,8+27 

(iKP I, il 
(K I 9915-p49 

(iK P 9649 
(iKI' 9834 
GK P 9882 
(; K1) 89 

3( 
Ill 4S6 
.\44 11 
IIL.K() 349 
Ill ()3.13 
K 7934 

GK P 956)7 
tiKI ) 9580 
(;K P 9592 

.R A N 
A,<.\R AN 
A R AN 

AR AN 
k\) -N'N 

..\R PI 

.\R I 
A'R48.I\R I ! 
AR PF 

.\R Pl 
,.\IIA IT 
AR Il'l 
A Il 'Ja 
A R I't 

I) 
A R PI 

Ill 
AR IT 

tR I L 

1 R PR 
I R PR 
FR PR 

LX 

RZ Lz 
RZ l/ 
R/ iz 

Ri F/ 

iS06i/Fz 
R/ 7Z 

R,lraaRZ L/ 
R/ [/ 
R/ I-Z 
RZ I / 

Ri L/Z I 
RZ I,,' 

F/ 

RZ IZ 
RiZ F/ 
RZ FtZ 
RZ Z 
RZ FZ 

</ iz 
RZ tz 
I I 

R/ Zi 
RZ LZ 
RZ LZ 

I 

('oi Ii. 
saNha 

Mlatt ( IosNo 

N. (ilros~ 

R hl 
lictI (.,,ado 

(ItrwnIc 
(oI l"1tL's 
(o rtcutc , 
(o;rlitcntc 

PIio n'! 
IlI ni. 

I ai, ;i 

) (ilrvols 

Matto (lol,,. 

('ordilhra 

, (itoG'osso 
Mih'o (rosso 

Mat, (rIsso 

-

S Mlato (i oso 
S Mato ( , sl,, 
S Mlio ";lo.si 

Irhlidad 

S M ito (iIkNo 
S Mill o (;lxN.,,o 

. MaI ( Iosso 
S iato, ( ',it 
S NI.I o (i i,s 
S Nt,, (l'o.o 
Malto (il sso 

S Mmto (losso 
S Maio (ln.,so 

a, I ( ross. 
('lpllxil. 

Coirnt..s 
(ori'icte,, 
M,NI ,isionCe 

Irinidad 
Asuncion 
Asunci',n 

AR 
A R i 

AR 
lHRA 

lRA\ 

1101. . 
IPR Y 

AR(i 
AR(I 
A R 
.\R(G 
BRA 
BRA 
13RA 
1RlRA 
[IRA 

BRA 

I'R ) 

BRA 
BR A 

BRA 

BRA 

BRA 
lRA 
BRA 
AR( 

BRAI 
B RA 

IRA 
BRA 
BRA 
lBRA 
BRA 

RRA 
HRA 
1 RA 

BRA 
BRA 

AR(; 
AR,; 
PRY 

IPR Y 
IPRY 
PRY 

I 

I 

I 

I 

I 
IlR 
I R 
Ilk 
I 
tlR 
I 

IIR 

1 
1 

I 

I 

I 
I 

I 

I 
I 
1 
1 

I 

1 
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lahte 4. ( ,immw/ 

W6"Secioii 
Ntl. o\flit+4,I ino isin-cSl., 

sI<tf' 

S144.2 

X4s 

51)4,9 

I'.925 
5 )2') 
.S.9;7 ; 

11,,/it 'jI, 

t1t(aip 
.rP1 ,.'p 

', /a+'p 
,I/ his ,r) 

-10 /11, 'p 

Ibh:, 'p 
.4''., il s p 
I1, llh p 
F'5I":ho ',p
?131i fI/,u,+// 

{ 11,!P <96 1',R 

(K ' 9634 
(K I' 4964SttS 
lKlI'1)(q,7 

19l60No 100 

.'\5 3)1 
(,K' 1)55. 
(IKI 1'9S9I 
(I KP) ).3(pl
(ilKtl:" N 04S,.)}}
(ilKI' I 4. 0 

2 

N NmlI~p.ul N. N.ll 

4 

' 

4.. 1 ,.;' 
/ +;+t 

k-11'l,'+. i Ih I1111,,.iiIl4,Iumr,.L4 

PeCr idlld\tnea isll.q tlis,05 arett sh uj pi ohahv 

distillct flow otliet iotunildniut,. 


\0iC ICeCeI cllec11CCiN Iioill Peru ,ire arli\ inf 
a 

IR ISA I arld pl]ielllillll\+, t41444- indicate 

tlila) ,oll4c of the :CCe it'lls hilseC rcsii,tillice to r/t, 

Resi ilc ild ,,Ilr'h s species 

.\lost Of ih_ iet''tN,4,4l leC il 11 tle seC'tioll . il,,/iI 

ie.lcecilthi ulimi l4iiehh ,iessintIi t, l
lt4i_4 : ,t ( IiihICablelazi 
4). I he prohable iccitil ..I.b.'/!,tiil 
14111M4. A1411.,.. 1 (1*11'/114 11 l illL/.. Ild -I. //Ill-

.
O'CI.4.s /140Mll4.1 ls4l\c_ i mi llet t leI lliLd ,+i o \

l,p1f t"hktl.Cl,1. t11401414 p e clos, t 4Cl:.4l\1' to 
. /liy' lJl 5a5iSuscCptiblC I he S,)lC'Ie N lllsIcI-

11141/c,t4141s 11T1'1c 1.4\1itam44 , 4' // -omall4,'[11Ja . 

nlldi'rIc'niii/ ,' tlt s\CrC tistedl \seie 111UI4ll4ilit{0ll 
rust although the I14 bci of accessitll ' Icst'd Ill 
sections t:tro'rul lacliuil1l' ml . .% v n 1.t14llhl-

lt' \s.rc \ery fcv Stibrahniai3)anu et . Set.-
cral herbariun specimens at ('- NA RGFN 

\iBRAPA, Brasilia, 
author alld rust pustules werc ohscr\c l n se\crlal 

F , Brazil w\erc cx alllilcd by the 

specimens of species ill scctiolns ..lralho. I:r1 l',tv',
/xtranet'rvo.suit, and //hizol nma'. Nt pustules 
were observed on speciittens belonginig to the sec-
tions .Almlbiitr4t'(li. (ua/r/lz:o'. ;id Irit',ona-
la'. A nuimher of 'pecimens 11 .I.'/ol/rthlhad rust 
pustules. A siinilai sltuatioln \\as replted for speci-

4 
( " ou n ,.\4,t list 

t- t', Ntl e ( o1\[ it 

t h t 

IN SI 0t N'l.IRA I 
/ IP/ (il.) ,, IIR \ I 

R/ I S \tIm BJRA',IIt,. 
R/ 1 1 
RI/ I: 
Ri / u t, , \R(6 
R/ I/ ,\'atlrRelIl I'R 
R/ I! 
K! I! 
R I 

\ ,ll os.{1m.,
I'ivt.hc.uho 

ol il 

lI A 
11()l 
itPI,.\ 

K Kr.i
K.,'mx . 1 .k,. ,l c'rPl<'i Pil1'iIarc lli; 

trcos of 1. glahratacollected by W.A.Archer and 
A. (dhert (IBromfield 1971). 

Mild to scry se\cre rust svnilptors werc observed 
h t(li ltlihof oilSpecies belonging to sections -Ira
(116, I L. .,v, andt Rih llil(utmatl, wlcll oil a col

lectioi expeditionl durinu April 1984 in+the state of, 
\Iatto (it' ,so do Sil, BIra il.Rust kas;ilsli ohsers cd 

.
,'ll a f1'cp lnts of .I.t ,/o,/rl: ill a srcutr hoise,. 
\+til
s ilt~v i loi illil is aiailkihlc 4i4tile occur-

C c l pt", iild disaSes 01 \sIld .Im/4I " illtheir 
h4.ihtdi,,. ()h,,rsatioi t helb 11Miatcs l1 ritMi 


r ild l plunts by the authol h
4 !I\' (btll 111 plants 
Illtile ,' I Iholse lMidOil itrtlla pl{pilllti ,is dUr
111:1
! CIt, lli exIeI itillis indicate thiltIraIl. spe

,
-I' Iti\ he in lctt(l. t t eir degree than 

Cxpected, h} tltiilher of pilthogelts including rust. 
Ileice ii o l he iiL.ccss;irV to gather mol i iiftlrma

t 1l4o ticlh natural tlcciirtence tof pathogens and 
tl., pathogeilicit . )ilferential reactions were also 

1l1o([(o/
,hsc\ed ill.-.Io llOltnfield and Ce\ario 
1970), Ilammvinnns 1977). 1hesc differences could be 
due to %ariatioi illthe pathogen, host-pathogen
ensironicrit interactioins, or even to confusion in 
the Jdentification or to intraspecific variation (Sub
rahlnaiyar ct ll 1983). As -. iotttitola is highly
\airiahle and it is difficult to maintain its genetic 
identits since it introgresses easily with the culti
\ated groundlLlt (iregory ctal. 1973), the variation 
in rust reaction ii- this species is probably due to 
variability in the host. In any case a number of wild 
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+peL~c. I,., ,'h dle [rie nlhli\ illia ixmhl \ixar%-

( (n1(c1lusio ns 

te t , tlnl-lhtiui,111rr It) ltzernhte ihe nnlC il1 Ol[In[ 

i \H i 'ni I lit ethril'I I i hIL tli ilthlnItL(jCN1:;. , . ,, 1 jlnxi nLcv i ilin~xdiziL'. ti teen. \ 

I: imfe',U ,.Iii ' t he i)l n/liie L x,I nnit 

irittnie i .r\ tI+.: I~ e', Ii[ 1i I I 
 o ,dL i cu.i tC < 

i h 1 i 1 I ILIII. [li : (r,'t \(w , I ,I/ C I ior 
t'iI 'Tlli.1% r ii L l iI I I I i I 

I n/LT Ili I rIt ,nIil nt/ 2I1 nItiitI 'A I I 1 1)Ii\1 I,11tn 1I 

III:L i I rIe 
.\11111 \i 11 2l1 I OIe 

iin tiixx 'xii \11,r tIrir. i rt I tn Ij/L'nII Ii;roli 
, 	 mnir l IH,J in ir tdlr tild 

tIlLle xLIlxi 'l h r2 tillrr III ri,i irj ,rIxl 1iii' 
t .;'; Mdt 1 1 ] n lI I irltuti 

it ' 1' , h C II i IIW II Il "illHf H("h 

\ 11ci, i nt ti '-,IC IIL", lt i;L ,tilnl 

CI . . C 1 h1 il I it11 I niIll[ M ci e ii j]\ tllm ii 

L. .. ItII L I I ,III L'I I 1 rel t.III I1L.LIBI :W ' I .tr liL \ l I I ! (it l<t ,I.\Itih11 1~ cl 

11 h '' 1 + 1 -11I 16C ~ l>1 '.1l \ 'pl l l xt I 1 SA It[1 	 1.;1 11 0 1 1 L(,ln)nI I t I\L",II/S I Incc I I. 
II I i I 11LIiln 1 ' n I ill I InL I I U11itL''t :;i \ h~t Mt'I-,Ik ;L1I :Jd ) 1 R I .[ 1 11dlh 

IL iilln in:i xll ,mini. tt i u'. \ ~* < t IC S I~ ll l l liitin l C' ill I I{ 1L i: Iht H ld . ll x flir' ; it + 

iI ',l\ ri tire p ' r e dx111in I e xtiie L hi " o -
I1| I It u 2' 1 1 ll I I n)Hi ni ti' III) i\ 

p .\ilhlI m ilel itin / I 4nL i l l I2 11,1\lt inL 1 

I Ii I l htll l l l I 1, Cc Iil InI ! IteI l I\thx Q.It ! Il111x1Y l[ e rr. 1li1!1!I id 111C .n Ii L',t I I 10 /.iltL' 
pe% In> LL'Ik , ILtn I L i ( S tIeL: j +lt uIt1 \in I' Ii t' 1liv t

1ii: I ti\ iii j t I +} ;1 i p,)exIll I \l/ctl lo. IliaH'll 


IM \C Oi e , 'i ir 1 e e \ LCo' l i tI' -,
oldlh ,L'Lree I
A' H [ t I : 	 I I 1 1( /11S IINLILICS A&Ih-£SStIO11I a I 


IIIIIII111iC ltH hllll] 
 ILt.'sl t,lilt [0 L-rI tMlldILtl f USt M 0 Ct[ 

S\eCL'Wl t n1,11 IS1r COIIti l()ll•[,h i , 	 t [l ihI 1<. ]+] , + d/I " (, I IL' [I IC SC 11t(I bL-COllilg 

tl \ dildhlc a d li IIdtJd t LCId Ilof LI; I ,ll',ti 11t .1hdhe sI tI 
• tICfllpliS III'HL! Ill'ldt.' to IlllII l t luarfa tcr 

Ilt l \ It.ielIIIL ill tilt e' iIhtx xI Oln lllIlhtt. 


\\ I'd p C i
ele' I , hiC ( lh.IlCIlt 1IC'itlllr-ir , 

; .[ldIr.m C ill" i( 1 t 
 IlC pn',,i'IIIl\ Otf et'tCll in-

1112 1li I ll l C ,I ',\l IlMiLIII l l icd. to 12f\C 
n1110: ' ., h e CIlirLrL' n, IIl II I,l[1. u 
t c+' ill t I poN liW \ :lI Ill till Ill tile paillto eI. 

IpL I inil l'' tu . Illr ,nlII I .' ll lC+i. 120CSt titi ]. 
I lit' lit, SW IMl nIIICC in! 1ll]\ Ill rInnrlI't Itllt 

Liltll[l.CII1IIml i. bLi tlL t:I1: L et\ of Intrim 
tlnt iii : el' 12- n1i'O tf l i tIlurlk in.l. il t [tnxf- f 
p)ol neLn pn'tld tini peciLIN lil iccd t) be tralns-

efrred Ill tile inOritllIl ' n Lxx, plant s,Ltlttll, I 
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Breeding Groundnut Cultivars Resistant to Rust 
(Puccinia arachidis Speg.) 

L.J. Reddy', S.N. Nigan 2, S.L. I)wivedil, and R.W. Gibbons 2 

A btract 

ar.,jir/t t t /orr,/c ii., ni i7'n.'t. /tom el,'ctuiollit un, ifrtrt-,r'rtrtuilt riI c', il., /)"',, r'nrftd ,at/(.R.HI.-l I I 

/I hi t ti, I ti/ tilI an,/ / irit A/Ill ,,'.re,,1:12,,ium il " I filledilat', s, nii mall s fi1,14,' tie'it ,ef 

itt'/j / /,,tIlr C 0/ t/im jli,rI/, . feiterm t/,t,'r,/IUI. lirt, . ti,,,'/,/ /twi/. /: v iit ,'ra'?,,i'! n /liIn/il /i iir. 

(lit, " /m .?r rh'l/I i, , / tIII/Ior1ito) t//r':1 ts (1, . iio fi ritli/er, I'si/l / I i -s, I/1.,/ I ,1ii eutr ' e /il ,rI'!. 

i, iturl' t ,,'t I/r , / .t I,(,rcI IVst,', tIt i, t e/ie,', t I , t I Ii' t Ii ,tr,,eses. PI' IIIl III IFiI,'r I,' 1 , , /I I 
× 

,tjr//,r, . t i c/lti, t f/u, ,Iti, , , si ' rtt,, ,/jtI' tt ,t i//l ,, thf l t I// dt/ te I,e I ii'/est , ife I d? ei i/ 

, r/lit 'r'/ ' 0/ r, ,r /itI l/ I / rI'rI ti, 

.ri/Iq-ht i I ll'cult it r, 'Ni// rH j iis Ltet' i im ei . arit irah idi,, ..I Centilit I-/I / Sp g. i 
ICH II ' " ll11 1d/,. ,'1,1flt,,/ t fill,, do 7 1th(,,/1,116 , ,/,1/,ctlon io;sitquv t,,s ,) /,I im alb, i'Iartir 

r/'/ trtri l/, r ip nt/ tr Lr'tat. I I'llirfru/ '' I ft lli "ff r.i'fl'ii r al l I',llo IrI Ills ,I lil . /tts 

,'rir, ' j n/, //,,,in- t t? t ,/r , ,j n ' lj/ bjr/t,.tri ! iIt runowrprr,t 's ileli;-'.%I , .- l,1tr r rls r . l/ I?'i 

' itin'r,ar r ri l 11II111 tIl ,1r 1,r ,1 1 ii I'iljl l ,' j 1i/I iati iatlll 1b )"I's,! i f Ir 1r f I ' 11 t,rl" l I en '?. 

' ,1 t,', , k] !V Iti'. [,li l t tt;t lt "/I,'[I , I,1 ' ll t", II,.'', ifii.a ', , / 'lit .. Pt" itat [If 'lid'/ttI / 

i ; .',r/l ,? n/If I ,/r i '; '1 il//ir mt mrei's riae'i.1tI t, f I t,'r. : 'n I irr" 1/,4 , t it'. ,pti I ti sir' 

(IOtldllct ust. cal/Cd b the2 lnlgus Pti teHl (Ira- Prior to the establishment of the Groundnut 

'11,1 .l I a tolialrdiseasc I m, Inproxement I rlogra IWkiSAT, few 
groundntr-g'rltt,1111 cOItlitric,. ( lHitomfild 1974. resistant sources had been ieporled (Mazzani and 

llanimoii' 197, Stibrithmavami .t al.1980) caus- Ilinojosa 1961, Bromfield and Cevario 1970, Bailey 

Ig,secc ,eld hisscs iBrecr 921. Muller 19501. At ct;d.1973). lFxtensixe field screening of over 9000 

I('RISA I IUntC.rI',,t II Conjunk-l'in Nkith late tca a.cessions from the xlorld co!lction of' groundnut 

SpOt call cAise eld los,,s itoxcr 7ll 
¢ gerilplastn at ICRiSA l Center, "xhere severe rust 

Spec.. ser.is ot iat a rust

11, iI stScepIble 

its o0,k11 disease occur in rainy 

CiltIsHl to 50?; ield loss (Subrahimal kim ctal. resulted in the identification of new source- of resis
clIl!IxtrS, x\hilrust dIa,,silt is capahle of epidemics the season, has 

lp 

198)) 1I addition to the dilect yielld losscs, rust tance and resistant gernotypes are currently avikailable 

J Pr~i Scal loweer seed quality bv reducing seed siic (Subrahnyarnm ct al. 1980; Subrahrtanyam and 

(Arthur !929,South 1912) and oilcontent IWastel- Mcl)onald 1983). In addition, 61 wild Arachis spi

cies accessions ha,,e been screened for rust resistance lai,195). 

iIj "hill Pltogriim. I'ji 
, 

tifiii thin'com-AridI Plant icii rs 2 IP1 rM Iljct'lcls. I cguIiiifs lllllrijitioial/ s Rc it.iijl tropics.
12 

Pailil/it i. \ P' S! 2 I11,h 

I - nLI/t ru iId5ctlr, ii 0R I ,\ ltc rhuiilI I, , I;., irI l't , , 1 Ii t Isl/!C I IItI Si'ljii-\Iid I itr 1',N,7(itwl t c Prici..IIltgl, 1 1)1iCtlsskll 

inruil ,  \cchtm.j2I 14. ., P.1lTii - 51)2 iIlht 1( R t 4141i 're"fC 1 RIt's I ( cli India icItu. 0' 1. \1 I('I 
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and "lo)st of HIicro kLICIt oI~IIId to he IIiimimw I hciii 
frighis r2 :an d 2 111i0.ptIhIC' Il Kll' yihlloyei
fSuhrihinu m~cl A IQ(SQ., 

1*1natlCti'ILC, 2..1i i pivitOf ise~is-
rCSislja litthe . i , ,I Ih(' 'lost CllccLtIi and 
practical (dw2i,i lo: 1111s'i ' Pclllis:1itp 

curs Ill (t ",;!, ![1,; p r' i ap' dc' 
t00 t hi 'a Ct;p lhii uIC i i. I ncilcf 

deseloiln it 'II, Iu. %wI~i~ihp~ccIl 
e)llipiissha . V' i'to2 i 
ce . aa.: x tax'scli. 
\Iclil :C\Cst '111ilh Ii .. ,c'' 2i, .2:ld SIs l~ 
of thn isiie ' .. xi.i l't: III iddnl][1ti11 

gcnt'i lislilijc', ! I iil~ld 
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itlillo the 41 fger1PLl ac:cessions ideintified 
is Inst-resistant i V.1<. Rio. these tlcecln4s) wcfr 
csaiaed inl replicated rasfr\ioi thpoi-
Ical and apjollotnli cfhalactl including yicld and 
yicld attributes, Con~rsiderable %miiation skitfji the 
iil-ieslstaiit pir!lmini NSas obsenc d f-or most of' 
ilit t laiefs sllliici d ( iahle I). Yieldf trials %kerti
It( ')"i 2 entier In the rainly SeasonRISA I 

kOhCII 11int cfiScaSl is ieC\f! .122 III the postrainy 
toll 112222 illl I trils \%crtiit also conductred at 

ii~~ii; Mici.2 1 liele Itnt Is :2 is cnrois problem in 
Ilt fill5 stIsN01 I Ibest JItIis 'IliNeCf that s)Ile of'
the IIJS-ICsitaIl fll(",s Kid g.ood 'Nield poMenuill
( lahOukc1bc2). I1~e~ l a~sttisoj fiad someI nndedSrahle 
(lit

1 
Mid) SCtd Cha~laCtlicti, iuiilidiie hard shellsi liwO %c r e d i l ti eizlt to o pen), dIce c u i nc ti o n si, 

id dfiik pin pie iii \i.iipitd stceid. 
I lie cLhOof hit pt~iieIli a lhbrid/aitionl plo-HIt 

ydall Is oiji \ ipoltma toi2l (oper -Cs(,.,irc(. itifla12011, IILnf !11 1i1i Irt~ltell,2 1iol prguii WIe tho 

latiiis 11 Is csseztiiI to Ilse dises parents inl the 
losllu pionr_ Ma.Nhillilobls' D.' analysis and 

2'2Ii iiicaiL l \ 25ccetuc llfpitc..,f ii)asscss themai~g
1-]i~e (d1d I kClC IIn.C i Itlit, Iii-r-,sista lit gcrrnplasnit.

Ihi~le~st n based on21 st's 14 Jfift etent agronomic and 
1121phllo.6~cal characteis, resulted ni the idcntifica

noni12i 5 tIlSIists based on2 rust resistance. f le first 

itle%res~istantIi 11 foliuur disvasce. 
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ClUstet kInsisted1 A 31 Jt. ,5tilt seCOild Of 2 
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aI1d111 th 11'(.111', ItL Cili I I ablC I)I 1 

t i ln ct IM k - I ; ifV T O lestlta t t I OUn ' , rie C ( I .t! lsi i i O 
til e Itiset 0 J I. n u b1\i l T 

iac-i tIIl,'I Iht lc t til l sct i u.s'I t11i II ',,1(1! L i ,I I\ 4. 
gcnltt pcs h ifid thm t citl"[o III IllI Is l i~t.'s n, 
tiaxC i . tie tt r t l l +,l, t fl' ~t o l\ .I
\Mltil)Ic'!h1tl cL'I -llltd llillct I):tt,ul 1. 1he+III( +, -Lisle: 

J;IuC'Itil 'l lIn d ItlOitl ellI
l C'Ol[<+d Se.lecting 

U tilization 

\h'lhldoiogy (F1;. 1) 

)\el '(i ,t1tlc. double. and triple cloasses \12rc 

lllilde tilet SIIIe iphlla linet+s andis11i -I t ltl 

hlIth-\ildIJln bii u,.i.ptiblCreieasCdclIti\ars frout 
\iL OHtl HtLli'. \ \tidc alIrra\io itist-rcsxis~ia t 

hrcedini pipunatitn, \'CIe' iCNMattd iLd '.upplied 
it oOpCrIrS \t I(RIS.AI (eHie. s\crethe F, , 

genet ilk gititi at . tidpiucme it, tle postraili\ 
s.iitI Ih '.t i ii ,cid it.'ltllll tint. t1011ttitl n,. I-! ll 

I icttttt. tit ::,::r:! as,to\\ nitih di'sease 

t,/i t S.'\ 1t11tcIt-r5 H I l it-IlVlili itl tiMttI td blaiha 

tn\atinid \Hl) tiahlihCC ptoCCCiu s. I h 1irun-
cation linctlod it selection lot tcist ittl 'is 

adopted ind plnts hit reeds ed sctes ti ts, than S 
•oil(thc9-pmnt dixsc~t clasis l scaic \\terc licd as 

tait. Plaint %tl 01t1c, I! 5 tii classed as\s t,.,c 

tooderatel\ lcletitit. tliose scorestreaterilid IIthi 

thtan 6 a1 sucepible. I ticthitec tciitcoties '.'er 
I'irther subdis dwdl iitltigh-nto ldi nlodeiatel' .-

_vidting aild lImk-. eidingt bulks i tihe basis of ain 
e eball iidcx. ()i l csuceptible and lo ,k-.,t editng 
hulks \wete repuected in tile earl cieratiotis. Inttlte F, 
gencraio, sister lines wkerc bulked otntilebasis of 
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FigLure i. lBsic %ctiiit for dteopltent of rlut
re,s isn ground nt cultkars. 

thei It", ol eslstMItll. sMII .iildpoIf <d seel,.ls 


Chaiaci'riSic,. I I( 1, bulks \.Cie evalhlated at 
(k ISA I (eCterIdetl both high-i nput (60kg PO, 

ha : slpplellet il itlalltion and inscW ticide spayS 

h, c iiitd LI and hiss-input 2(0 kg P'O, ha-I; 
alilllcd n+c iic iry, sd pn,nd lf o d to 


tie t n\ scison. In tilepostraiin se.ti the trials 

I\sCC conducted only tuIder lthih-htptt conditions. 

ilhestahility of ield .i tl'ln t arid rm-i ss

i the proinising linofs ICRISA Itdctntified lit 

(etnter \sas checked by conducting inultilocational 

tests k \ititin India at Htisi lagiar (red graslly 
.\lisol; II N latitude). )lhars,,ad iVertisol; ly'N 
latitude, ..\lAiltaptr (shallo, Alfisol, drou,ht

p:oe ieta: 14 N latitude) and Ifisir (sandy loarn; 
21)N latitude). Io identil, lines %vIth hioid adapta

hilit\ and litles stilted to specific agrctiilogicai 
/oties . od\ itccd rust-resistant line.,breeding are 
also hte'irig c\inis\cl' tested in India throught the All 
India (ooldinatte-d Rcsearcht Project on Oilseeds 

(AI(OR I0). 
Most of the ruS-rCsisutant atdxaned breeding lines 

fue also beeti e\aluated or thei reaction to other 

mutajor diseases and pests, and for seed quality. 
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Progress 
Table 5. Pod lields offoiar-diseawse resiklaniu anced 

Iiles, (UISA I ('enter. ain% season 1983.Infra- and intrasubspecific hybridization Pod ,,Md(kg Im ) 

FIroI1 crosses involking prcdomillinan\ ],cnti:
Ii 	 Ill' 1 U Sco'wtype rust-resistant germplasni and some high- l Oi DRS) 19 1710 2'll) 3.3ieding rust-susceptible virginia andi spaiih I((;il)R) 2() 30 25.10 .3.2cultivars, , large iiniier athigh-\'ieldin rust-rcsis- 11(1 1).iS)23 199(1 2500 1
\,'ith
tant lines coniwiiiecr'illv tcce pl -bli. pod and I((;(I-)RS -i .;29) 2220 ..3seed charliCkeCislicS hic hcc n bred. Several oI these i".' Sf 3o.0 42,0 2050 3.0h reI' liaid%,ilCed Cdill.1FCles \Jut." ', d the I MI)pu1,1 260 2150Indian CUetily1irs 	 7.8Rohm 33-1 ind .1 2-1tinder bth , h 208) 2150 7.8high- tindllow-mnput JaditionsI abl c4. In the hie,h 1 S.1 check) 2890 340 8.7 

.- riilnx, lOlnlinput trial Ia) w sol\il iNt rc, dtt ±213 +148 ±0.4

liteis such ti 	 M'l2 ) ll(]t It( i ) ('((V'I)RS ) 3 1)

p Iieed t i)!1 400) lhlt inar;ed t, 289o k ( '
11 I C-an 2 13 7.6I: fi tt O eicbest I u.Y -'tisCCpfib e ClIc'k c1il ,irl J IIII i Itl lt Klti 6dfid) ' I I,ia \ill Ill, iloll dilil24 1hc iiiics \ ce also supe ia )i, .11. 24 in the i11<ii:ltc ylaii %ilheniirl'c )ilx
l1 ,-1!t1 lt ()lidIille 5). i\cl in the poslII2In ,,ei- II II IIIpitITIiaIl(20tk l ' 1,111 Iltltlc
P (), lIi, 1d.' IlidIl) icide 

011',A ilgl is"!'Nn'leIefflig iblc s o meorti e re sis- 'Ft i cdiI O N ACI1 10 nid 9 50 tO l0 iO f 
-111! brccdli lilics ield \cll (lable 6). ,\ lew i C'IC,.c'\t
o1ilii'l'H I ISI tic ih.ailts .
 

in--	 ac I( (i('I)RS)
I i. 21, It). "2 id WAI 1d27 sh t'nsi1ICnt1V Ilighel 
\ Icihsi.criis \citrs and s'xiIaii il ( R ISA\ ('ICerl"

thanthc riist-suceptiblc 
 'ti\t\ Rl'obu 
3.1-1( lIabic
7). IFabltv 6. Pod ields tif fttlialr-discitses resistant lilies, 

I('RISAT (*enter, piftmrain siionu !983/8I4. 

Yield Rust 
4 I i il It'ltlitI able 	 (kg ha i) stolel. S%uurir ft he rii,t-reiiita ntadvanc d 'ro nd- I .(..[. .. (..4.. (.292)-I 111.. 3.2.. 832))nut linetsi eld trnls, I(RIS.. ('enter, raliny cttlon 19s1ea. ( P- '59747 )-I. l;J.Il1 I' 	 890 

2.825 7 7lII 7890 
N1iiibciL of ite. (.\tS254 - Nt c 17090)-I-, 111 7860 3)0
,i~llliIL,
I]f 
 k obil .1-.-1 00)30 8.7 

Ni. of15 ilhiig 
rckllll u 
 2 SI I ±322 0.3
 

1rial 'slCli i 8 16..
12{u111i 1 1I( V i ; 
 4 1 .
 

S2) 9 3 16 20 	 -, (NC'.Ili 14 170901-F91 8150 2.5I. 	 35 25 . 14 3)) Roh:il 33-1 67410 6.7I, 	 610 52 13 56 57
 
.7 10,,I) 6 8 31 
 SEM ±246 1"1.4 

(0((il0dli,

sclIc('tiiii,) 15 0) 2 4 14 ( ( ) 
 .
 

|Ii.Fi (iitkld 22 7 I 13 13 
 NIiIA N CAc 2190 17090)-f0M~I N"A 1( 79111lB 8331 4.38373) 4..5SilC'iCli l 19 	 3 6 .SM
.NItihiltocutliill 0;, 	 I [F(" 76446292)- 1:11 8170 4.546 14 I 1) 39 Robi 33-1 (260 7.0
 
I DR \ %'
I 17 3 3 9 ,I+

Iold 272 123 3S 133 27722t1-4 
1 fIl Ilihaiplit(f6 kgP,- 1-- Im h iirwmhlto21alld~1.1'ecticidc(_Vi').3
- ( (t 1i 	 7.0 .3 17.0pio.i M ilueniIItccs,.ii i Ili I Scrtn' Iio1t1s. l)ll,I l ll 120i k.Q 	 scaosnt 9 .2 1 1 1 f)U P (), 11,1',hllll11CdiIII 1 KIM 	

Iii) O tt point Scale; I i.1 ISI Cid dislcav.! - 50{ 01 O ialgeail 9) fol(r dtesloy .d.
 
iprisi
1 1.1l 2. M II -M uilitocalioinalllial.
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TabhI, 7. Pod . 

Identity 

IC( i(I-D RS) I1I 

l("((-I)RS) 2 

IC'C 10II) iRS 

l(Ci) I MS) 22 

((Ci( I 1RS (27 

ld% gtha- I) of soie rust-resishu I wleseIion. (I er svass lo Id ears a I( RRI SAT ('enter. 

19NS2R 1983 

ill 

2650 3010 

(1350), (273f)) 

20 353) 
15(260() 

3020 354 
(I350)) (2730; 

2400 30140 
(135o)) (2oo00 

232)) 3761) 
(1510) (2-111) 

I III I i thIl Inlput iihlI (to kg P (.1),ha %%vIth itI'fIrl~a~tloll andl 

2 I"  II , r ,1 '0 k?' , l lL A III I C ( 1110I 1 l r l CL P A rill 
1 P It 1; J'tlllltht'Cl ICICI 10 NIt'I 1 (f Ililt"1W1'CL'p)Ilh[-C k RI 

R Rmm, '*,l.ITlx talm c'llI-ll\ IP-


Exploit:ation o1' tiMIL(ral h.brids 

Although na(ral outcrtssing poses problems in 
maintaiining the perit III cultisars, it cai also serve 
as atsolrce o) aiditiona( genetic thit ci) 
be proitably exploited, especially in atcrop such as 
groundnut whr-re artillcial rissiing is tedious. Se\-
eral workers (llaninons (96-1 Gihhons 1971, Ililde-
bran)d and .Smartt, 198)I have indicated the 
usefulness of naturial hvrids in groundnut itnpr(1)c-
otent. Recently a I(.RISA 1, Nigam ct l. (1983) 
denlonstlatcd the uscltlness of natural hybrids n 
de6elhping hlgb-,digin lsC,. 

Inl 1'73 (he htnated States Depa trlent 0l Agricul-
tic nd the Virginia Agricittua Fpetinient Sta
:ion releas d 14 rust-tesistant scIecoions teade from 
the proeeny of a singlc natural hybrid between Ill 
298115 (Israel 13w and at unktioMvn pollen do;tor 
(Bailes et aL. 1973) Ihese (ounteen F,-deried rust-
resistant lines (rcI( rie-.d to a IESR lines) were 
receih ed b)'(N RISAI in 1977 and their progeny 
segregated (or rust reaction atid for some morpho-
logica character s.All the lines wsere progen, -roveOC 
in tile next generation when they were again segre-
gated for rust rcacti(. Sc.eral hundred selections 
were purified and adsanced to the IF gecration bY 
which stage they ,,ere fairly uniform ad tllorc or 
less true breeding. Some of these V, rhtst-.eistant 
lines ,ere ai.o found to be highly resistant to late 
leaf spill (Nigam et al 1980; Subtahlanyamn et al. 

R 983 S4 PR 1984 R 

I III II 

25(6 

(2251) 
3640 

(3250) 
5850) 

(4690) 
1080 

(610) 

2310 

(215i)) 
6720 

(626)) 
5990 

(4190) 
920 

(610) 

3250 

(225(0 
362o 

(32511) 
5620) 

(469)) 
11)) 

1 610) 
2211 

(2150) 

7100 
(6260) 

5880 
(4690) 

990 
(610) 

1670 

(10(10) 

LClmdk yp~lI 

6131) 

(6125) 

x%.hril Ilic-e'sar% 

5700 

(4690) 
970 

(610) 

d'h IN[). 
t l 31-I 

1980). While these Fl-SR selections in general were 
Jo'.' yielding compared to popu,_:a, high-yielding, 
suC:eptihiC, ldian cultivars sucih as Robut 33-1, 
h,. served as excellent parental ,,urces of rnultiple 

resiriation (torist and lte :-.if spot. One of thercs.stance 
advanced FhISR selcctions. IlG(lI)RS) 14. that 
showed consistent]y superior yield performance 
ocr Ihe ice-k cultisars at ICRISA FCenter is cur
intllv beingl t\'stCd in sc\eral Indiatn Iocations by 
AICO RP). 

Mtiation breeding 

]he direct use of mutations isavaluable supplemen
tar,,v approach to p!ant breeding, particularly when 
used to improve a few easily identifiable characters 
in an otherwise svell-adapted variety. 

fhe rust-resistant genotype NC Ac 17090 is widely 
adapted and has good yiell potential. 1however, it 
possesses the undesirable pod characteristics of 
thick shell', and long, reticulated pod. In an attempt 
to eliminate these undesired characteristics NC Ac 
17090 was treated with gamnra rays (25 kr, 35 kr), 
ethyl toethare sulphonate (0.1': and 0.2(.') and 
nitrosomcth,,I urea (0.001i and 0.00317j). The pro
genies a:e curreiitlV in the N, generation and some 
useful pod mutants have been identified and ;,re 
being further ealuated. 
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Slabilty Of yield 
resistant lines 

I testlI the staihilits 
esi',tant ;idwilccd 

Ilnes+ k\It rC., I N;tI;tInIcc s +,t ,)rd C Ieatft h IIfoil tI I lil,11' 

spot. \sCl' t:'\tilltttI tt, ,clilt .sitl: lilt Iist-iCSIstaiit 
eCnlttvv.' ,.MC 17(tl alid 2 tlts,-,urptihle eiiu-

dIr. I! 24 trid ROhUt 33-1, 1 i (risIi untltilitisit 

hlin!ii. >itt i 'NSf:t5 t lilies !iC chln ici itiell t lds., 

t011 iiti I,lt,,-kkill 'is, pthIlIL eiiltilt RiOlut 
-{,an,( 1 i ", ,\et cchrtlcl thIm lit lesisti;itfarcLit 


N( \ I('Mlt \Ast.lihlt ;ii ,% ,I Mii
lN %% CiffI'd 

,ici.tldti, to the incthd t, Fhbrhart a 
nid tissel 

(er,). I ,,, t ,:,
hiccdfllr t %ttillCombinicd tcslstitacc 


t) i l:st AId 
 lile lCdl ,,'ot, \i 2-I 'I 259747) 1-111) 
anit I(;,.\ ( - 'I §5t,'.4_7)1 )ll(S2) slios,\d cg:'s. 
1Ol COttitlrtl't, tIOs' It) ildtrit', 110ltt il wasi,iltt 

II'\ ii Ii.,I (- ) \ilIilLS) 
 It a t il 1i1l . /ieC 

[.!],ithll flit it l)tCk . ,ceptible Ct][i\,l 1 ( I a l ei 

I 1itf S". .sabilil 111 ot-Irol,rs for s itIld 

peit tmance of rust-

,) s i-llptcrf'):t.lliit2, 40 lost
hiccdiiig li[(s antd 0 hiecdIng 

k,,ha I o f lit , st- moil hilt' Itlr f s 

ll' 
ill I" \ , i- t),t o 

S'.2: 1 
 tV' Nti, 11 

"I t \ I I I Si SI i 
N . :1 i " N", \, I '(t I)I s) f s21 

,r 

t, \i {, I 
N N \,
<M' ll{ii 2." 

'[ i.t N 

ii . ' Htlplr 
. i > 1.t)tI2) 

( W. :21 .
I% ;' rK lMt+LI. ' 

,,c 1pIhI), I .,.2±30 

I the '. Potd \ itd, Ik g ilt of Som vrus,-rtsisni 
I YI,3. 

1~tl\nltal)h11,11\ad 

iP (i( lDRS ) (i 241) 4240 
If (, I [f RS ) 2 I' Q3 3019 0 
W(10
1('(I(( 

DRsi 4
'(J,, VI)R S) 17 

20 
199;0 

2772 
2470 

If 24 
(Sus. cult s.i ) 1lt0 .MI) 

SF 2 2Qt394 -

I'riaI nican 152; 2971 

(V (C 21 20 

8). Sihnil(lv\ seeral riust-resisanit lines showed bet
ter stabdlt 'er'crt)ss ile l\ce-nsironments than the 
susceptible cili itars. 

Y'iueld. peroritu.ne of reslsiant iines in
ll it inal ttJ;.ls 

In India, fite rust-resistant brc(dirg liles deseloped
it I PISA I atu e ing tested e.\telsi\el, ilt (he Fol
a l)is.ases Resistiance Valietal lrial (F)RVT) 
+I itlittt.,d hs A l(()I' O, Io date, .31 rust-resistant 
iics I;1ic bee. culleeteld if these tMAls. lie vield 
ldhftlaig t IIIriis-resisiittIt ales \it rotll loca
itof1 to location. and the best line, W(( F1)RS) I0, 
shosted a 171( yieliad a\itagecmsel thle lglies yield
ill,, rNst.scplihi culti\ar II 24 on the basis of 
meiall ineai yie d during 
(l hle 9). [ie )R ()Q).I( 

tesii hetore ai1s culti\ r 
tultisill llr.('urrenitlY IR( 

l-rI,,islant adv 

NIC'ii \tI l .I 

29S0 1.42 
284S 1.58 
2fl2S 1.07 
262) 1.25 
25 ,86 0.93 
2512 0}.90 
28'.s24,s.t 1.54{( 4 

1.2t 

tlie 19,3 rainy season 
tltirCes tour stages of 

Ir icleaedi fotr general 
I(--)!(RS) 4 is in tile third 

clotwt]lits. 

35179 
56592)9.. 

240)261* 
271) 742" 

176300 

142899 
11800 

58 8t01784 .)4ii 0"* 

(9 484 

t lines iloIhe foliair disea'se, resistmnce ",ariefaltrial, India, rainy season 

V(iddlia-
Kadirl R 'k IS.A\ I I iru ltl c..'la Ill M ean1 

216t0 

25 o0 

-(50
2i41o 

3250 

I Y1)O 

..2020 
t,40 

IW0O 

2 111 

1960 
18 50) 
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214 ) 

2480 
IS3r) 

2683 

2355 
2192 
2303 

2 (1 t8.,40 21040- 2140 2285 
121 I88 - 3 46 

238o 21 60 173o) 1850 

I1) 17 0.3 6 
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stage u testing in the PCninsular Zone of Indii. check cultial, ihen artificialt inoculated. Seed of 

Iine, IC(F(I)RS;) 1. ('(il- ,S)RSI0 and onl of the [[SR lines supported production ofonly 

lWf I'J)RS) 23 arc in the scecond stage e.aluation .er",h,,v lels of aflatoxin although it was readily 
il all,ixtecstinl. /ones f India. \znotlt.r ,ight colo 1/v0.1 Ihree [[SR lineshne's i/ed . i . lavii.k 

Mc illtilefirt stage of te,.ing. sl ',d tolerlaice to termuites (lable lo). About 250 

Illthe Philippics the rum-icsrsstant lines showecd Iust-resistant breeding liles %yore evaluated !ot their 

troili 4 to in \eh iicla (ievr tire local Ins:- resistancs Itodotulht, Itilhoppris, Ieaftlint, and 

siiscepthl check euiltisiir Itiraa n a trial con- bUd-leco"is discas'. Si' linecs ,lioscd tolerance to 

dutcd 11h,tlheSafrI I th: (o,poratio, I lie ttCrmina! dnoUglit Stlcs in tMOyat, of tcsting(Table 

Sic-,tallft iiu had secd a 10)S se\nl ui Sht%%Cd good ot rcststalice toi.,, laimr ant highter s 5lll -+.ls 

shelliiay pcrcitile thiaifn a\.a. leathoppevs, bud-nectosis, diseasc, and leafininer 
Screening is continuing to conlirmf these resistances. 

rust-rc:itant to 

discasC', n11 Qttalit, 
Reactitn of in,.'sother 

ticests aspects of rust-resistant lities 

Sce.il rir-r,,rtai r,ecdiig lines ierc found to I lie qtualitl at, ibutes of advanced bleeding lilies are 
haC: sisr,-I itlate falt Ot (incited \ 11toi- rottilii mn to ensure that tihe are ttOt infeto wed 
i/.ir f' oitmllala k.afr (lrt. . f)uring to conlnercial The mostf Cul .\f). nlor existit, cultivars. 

the It.3 ions ',ti is len the ate lea! spt discai, adsanced rust-resistant lines from trials i three dif-
Its .c,, hi Iies shroted ltfe Icat ,,p1 sk-\trilt\ terent locatiotn,, il India were analyvsed for oil and 
scorcs of lt thin oil thel - tIllis, ,,ale ait plotein coltcnts of seds,. 1li oil contents of seeds ofl )rrirt 
IK ISA I (Cenitr ust-ristatit iliies ,,lightiy higher Iin those of 

,irt p 1(Il J1 dIlii Lftrlllillce to pci- ,ti'CfbIe chck cultivars and the protein con-I MI rUsI-it-t 

llotlt I, 10i d l tt %c l '
i m \11w t 11 i , yiI o Col ilm l tell', ilitost identical I abhle I I
 

t,,,lli 10rh l I M \ 2,a usitefiilI
 

(enetics of rust resistanc, 

tOl11). 'Ioirt iijst-r-,si,l.miui liies mill olhir uefitl 

ri liot,,s. () ,,r!alions in ihteI SA by Itrotnfield and Bailey 

h:lk <itrrurI19. (172) il F plants of a tiatural cross between a 
rtist-resistalnt fetrale paret. Pl 298115 and atl 

fItt,I l ilt t r 4f icriil to, cirut iinktnown pollen donor indicated digenic inherit

atter, with resistance beitig rce-ssive. turther stttdies 
II>, I Il fI-'r-f allaoI11-\ oilad\iatced deiivatikes (F,deried FSR families) 

pt uiiiil.ll 1111 of e satieCcIoss it .'RISA I(e+nterconfiriled the 

fril 0 . f ( ->1.tii f ito ght e IIrtUir resistanee, but continued2'12f]f.t l irr ,sise the 

1ffi, ' 2 1.1 i I I toitIiIt segregation within the highlv-resistattt progenies!P1 Dt ough 

2 91 t iOht tolclaiit that than 
f 11I , M , \C 17090)1 1i1 Ifliou' l tolirit (Nigan et il. 198f0). later studies it I'RISA fort ", 

I i _*i - \NCf 7()lftj I I )ttugiltolelai plants from crosses itolving three susceptible and 

I(7 ,f'Ac 11711l1 If t tr lift torlerani three resistant parents suggested digenic iniheritance 

1 P15 7111 i If , stggested more two genes were involved 

45 7+1 I t itnI .. 2 ) 1 1-II ftl I I all Ssikl (15 susceptible : I resistant) some crosses arid 

irArI 27 ! 25 7. 0 f.fit ) Rct,uiint t,)J si N trigenic inheritance (63 susceptible : I resistint) in,2 Ih 

IN I . I)1 1 200 )I.,1fIitnI to aiSsi(IS others (Kislire, 1981). Hased on studies of F,.. d F 
1.1,f 1 17 .) 1125O74"7)J. IfrSr !,iirI to aslinfs Cencrations frotmt crosses between three resistant and 
((;Af:f I V,"Ac 1Itil it fRCs,iit to olsie-susceptible cultivar Knauftotte and Norden (1983) 
,%I( IA ,lles~tato,1;Isid reported the in olvenietit of timo recessive duplicate;) ) e--i41920,t 

Asc1709t'1 Resistiit toMA(i S) N( 11 as'id, geties itt the inheritancce if rust resistance. Recent.,\hf N(C A,'1-1001 R'1 1tllfl jiSY'd,0; 1 tol 

studies at ICR ISAT (Nigain, personal communica

[-SR I, lion) havte this interpretation some,ti3-l~tf Iiufent totfeirltes supported in 
I-t{5;.li . ftt iterites crosses.. I .- Ioleralihit 
F.;R 2-Pt-ft,-ft - I f lrl teinlillcs Genetic analysis of parents, ,F, BCi and BC,it F ,
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Table II . Oil and protein Content of tlhe g urndnut en rie if] the filiar-diseames resistfan %arivialtrial, rain season 1983. 

I iI killO 

R P .' i\;iilI I I i Nllcan1 o)\ ci lOCatiOis(i ( Ito ,pe il ; 	 l'c (6 !l l wi t ei 1 , lcI 	 f)i + Ii-0 h 1n;I( I(-I)RS1 I 45.1 23.3 506 24.4 40.7I( ( 	 2,). 47.5-(I )RS 2 	 25.641.1 23.5 4(,. .14 43.0 29.4I 1(.l)l('S 4 	 43i. 25.845.3 249 1S 25.2 46 6I(' -fI.w) 5 	 2L I 46.,1) 26.441.8 7 461 2S. 1('( I.I)RS) 6 ,16.5 23.4 478 
46.1 25.t, 447 25.8 

25.3 443 30.4 46.2 26.4
I(( I-.I)RS 7 45.5 24 3 46.8 28.2 43.2 31.1(G() I.I)RS) 8 	 45.2 27.948.7 22 7 48 2 22.91(((I.I), ) 	 46.2 29.o 47.7 24.9t) 45.9 2,1 49.8 25.0 45.1(('((I. IRS) Io 	 3.1)o 46.9 27.846.7 25.1 49.6 26.1 46.8 28.5 47.7I('G .I)IRS) I 	 26.642.o 22.9 47 I 251 43.1 29.9(I D WS) 12 	 44.1 26.042.9 24.2 472 25.1 43.1 31.1 44.4 26.8R 	 l I ,) I3 4(.5 23.3 43.1 
, 
 26.8 41.8I(( I - S ) 14 	 30.1 41.8 26.751.2 24.0 49.7 29.? 484R ( 	 32.4 49.8iF IRS) 15 	 28.541.7 23.9 48.8 23.4 46.0 29.6('(;(1 DIRS)I 6, 	 45.5 25.645.1 23.4 47.A 23.4 43.6IC( 	 30.9 45.4VI)R S) 17 	 25.944.7 26.4 44.7 28.4 464 31.9W(I)IIIRs) I 	 45.3 28.947.6 26.9 47.7 27.2 46.6 31 7 47.3 28.6 

.JI1 42.2 23.8 48.3 24.5 43.1 30.8.11 24 	 44.5 26.438.4 30.7 45.0 31.7 44.0 30.8 42.5Rihut 3.3-1 	 31.139.2 26.1 45.2 24.4 13.2 28.8 42.5 20.4 

S : +0.8 ±0.7 -(1.7 (10.9 -1.0 
 -1.7 
CVc 3.6, 5.8 2.5 6.5 2.3 5.7 

"'bIble 12. lAtilates of %ariots Comlonent
 
s for rust disease Score find percentage lef-maa dmlage in six 
 crosses ofgroundnat, bj ,inks arid ,Jones' (1958) six-pararneter model.
 

Pa r i 
 I Cal alca I Cal ircaRimil: crge 	 Ilea areadam l(ot "cofctl;inliage Rust score daioa1 . 
(ialiplill ," .cA 1709)0 (iiuigaptri - FC 76446(292) (angaptri < i)l 259747iM 8.3"* '(174 S '77 7.4 6.7** 0.7 69, 5- 6.5 	 4.2** '0.7d 2.4-' '0,05 29 4** 	 49.1"* + 7.21.3 	 24 + 008 24.4** 	 + 1.111 	 2.9"* +0.03 27.0**15 +2.)W 14.S '200 	 1 0.62.2 +1.7 23.0 '16.6 9.4"* +1.8 	 68.8** +19.81.7 " '0.74 '3 1'* 	 + 7+5 0.14 +0.6 3.9(.32 	 6.4 1.8'* +0.7 13.70 '0.611 8 7 + 5.9 	 + 7.2(.6 '0.5 10,.3"* 5.0 3.0**2.1 	 +0.5 15.9** 6.0+1.2S 18.7 +13.1 0.10 +1.0 2.5 +110.3 4.9"** 1.2 13.0"* 413.0 

.J I f NC" Ac 17190 .1 11 UC 76446(292) .1 1 , FIl 259747 
m 7.4'* +11.5 71.0** 4.4 83** "0,7 77.8* + 8.6 6.9"*d 3.' 	 +0.6 69.85' + 6.60*.7 27.9** 
h 	

+ 0.8 2.7* +0.09 32.9"* 0.74 2.4** +0.07 24.7**1.4 *1.4 24.4 '12.9 0.20 +2.0 7.2 	
+ .l 

+24.5 3.3'* +1.7 	 28.2 +18.0i 1.5"* '0.5 8.9** + 4.3 2.0** '0,7
1.7"* 	 20. 7* + 8.6 0.3 +(1.6 4.0 + 6.501.4 15 5 + 4.2* 2.3'' '1.7 28.0 1 7.8 1.4"* +0.5 13.2'*( 	 11.9 + 5.80 8.6 +10.4 0.5 +1.42 4.9 +15.9 1.7 +1.1 8.7 +11.7 
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Groundnut Rust Disease: Epidemioiogy and Control 
P. Subrahnanyam' and D. McDonald 2 

A )Mstrat 

H'srfirch oa,'ru ,nthdeu,,' !i ontoutiai I i /C I/.5. I Ce ,i I IIoil l ,t) to I 4 i, h ri,'/A I 'l co. Spo'r'' 
il (I' in , (I, l , lttt iii , groit d itt Ii )iptii.'se0'Il ( Is.(oitnIln f'. fit:,I ' tlo/ I I'lIl atitn o 4 atiolo4the
,hiwo'u.'e ';cld,,i. ',, )z, ,i/)eu// , ' , m u ,i:, pi ,' enti, ll,'t/,(,J, ,fl'' ic ''e~ ('tl a t m 

4ic.v1(1 i Ims e Ilt,J/(it"l (111(1,-~l~~oIlhi Jfoll n 
(I' ,n (, ', I li toI,' i; Il,- Ii, nd/l'l, i' f'i Iit l, (,c tot-uc / ,It rf'.'if,lf' I'oteI/ow'of,m ru t 

((11< ( i cc'fio ,''it " ) [i stcco cmd 011rc1 cc/r ,-,e its,i. doI('IcIf ois te I r,a 1 n I"i,'al ofI(-(aI l,'1r 'II cf"' 
,hfs ',ont nll orpi o t c cf/ tit /ail mT.i'cca ruerr, o .tI c i uler,' cih/tIe 

d"Iff"crit 'L!1olwol,'10,11il II t(1, I / olIl 4S i ,( 1 

Iollilie dt I'arachide, q'-pillii hfffgih Cl lot t : I.cs auteur J)'leit Ic retvue h'c re'c/herch/i ren:t,'e 
.sir!, reu iI' h, /'olm,7',i ,o (:'I,'h' ; I.F11 i,1,' 1 ) 1 (b'I ' I L 0.1t.iu ,/h I/,fro'e.ssion (It' I inudhie 
,n Iuh' hbsil ,' r/c I' al , ' u/ltuI 1 u 'ploag tior (h [i ilul , lIe.n ( ' Vi , pItIlotir tioie h' cIdo 1 ,[/ jt 
initI, .s , , n ', h, (I. . ,0, /o I 'c t( '.. , ct ,e/h,,/ ' '7,to, ,' I , t l/i, SoftI jor, I(I ,/I'(('Iip:O/5 '.Sillt lI N f' cI h' 

d', rci c/ II(1(1, ,(t Ii(, ;I', ,c' , i 't tIN 1hi cu'. s c e ,c!I, Iti,'I',, / 11(,; I ,' ; t lul it e /t h'do.os I.s(Ir, ,l s nc IIIltil, ,, ; , . /, I , I I l to I"I , Iitt /It 'I~ ,nI /an, I1.stl ,:nt t (.1 lt 111 tc t 'titionlh i ,'1 ?;s(111si /I .' lf 

ro ,'rt ,'//,- riltI, /f, ,:l Il li ,lf, ,','' ,1 1rfifI r, Ic't hl,/fI 1t1,, l t, t, eI, e oultihu .' 1 (1,

t, (/(/c//i: h c/,c 1(1 ll,''O,(If loch,:,. 

The rust disease ofi ground nut (.Arachis h-pojiua I..) Yield losses from rust are substantial, damage being
caused hv'. I'ia'cwia uruch ili.s Spegazini has particularly severe if the crop isalso attacked by the 
increased :n importance in recent years. Prior to two leaf 'cpot fungi ((',rc'osj),ra arachidicola Hori 
'969, the disease was largely Lonfined to South an'd and Phaeoisuriolf.sisIcr.%onala (lerk. & Curt.) v. 
Central America. with occasional outbreaks occurr- Ar'x). 
ing in the southernmost groundnut producing areas Rust epidemics are regular and severe on suscepti
of the USA. fhe disease ,as also recorded in the ble groundnut genotypes at ICRISAf Center. This 
USSR (Jacewski 1910), Mauritius (Stockdale paper briefly reviews research on the disease carried 
1914), and the People's Republic of China ( fai out in the Groundnut Pathology Subprogram from 
1937), but (lid not become permalnently established 1976 to the present time. 
in these countries (Hromfield 1971). In recent years 
groundnut rust ha; spread to. and became estab
lished in, many countries in Asia. Australasia, Ocea- Biology of Groundnut Rust 
nia, and Africa (H-ammons 1977, Subiahrmanyani ct 
al. 1979, and Subrahmanvam and McDonald 1983) The life cycle and taxonomy of P. arachidis are 
(Fig. I). Rust is now of' economic imp(rtance in described in detail by Hennen et al. (these Proceed
almost all groundnut-growing areas of the world. ings). Investigations were carried out on the biology 

l rI P'cchlgue: and ., Illill, 'ia] ( if/c il I'crccccT'h c. I cpjlrie lic grccim, Ill rr'1',,i'. l ( 'I'op. Research Instiii' ilot [le 'CClni-Arid 

I -lpc . I'tchl lLc u.I " 5 .32-V. IShc 

cc , I(/( 111 If'n 1c1]l-KkIS,\ I iIhitr'cItl l i ;c'c I c c l t \1cc il I It jelc'c. c/7 ( IicIiil 
2 2 

1111t1It1N th/ ciCsC: Ilcc'cdi g titi Iiscussion 
(ilccp \lccice i 5,'pSCI I . VIP 324. IN'RISA t- ('I/IS NI (ccc, lucdl I',a'lwhci. 5102 Indi.f I (('T 405) 
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Figure I. Geographical distribution of Puccnia arachidA (top) prior to 1969 (based on ('ommonitealth
 
M)cological Institute map 16, issued 
 30 June 196 6 ) and (bottorn) in 1983 (based on Commonwealth
 
%Icological Ilnstitute mal) 160, issued I Apr 1080).
 

of P.arachidi.s to determine what factors influenced pores could be stored for long periods at low temperits perpetuation and spread. Biological data were atures without loss of viability, but that at highalso needed for the development of resistance- temperatures they lost viability within 5 days (Tablescreening methods. I). Temperatures in the range of 20-25'C we-e opti-Laboratory experiments showed that uredinios- mum for urediniospore germination (Fig.2). Light 
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Table I. '[ffect, of storage Ienviperalire on iiahiliti of 
urediniosport, ifrom Stri .ri'arl and %Icto. loo 

0 ( . . * h 4 , ' - 'm 1 2 40, 

f, ; ,> , 2 ;, I s 
>', >0 24 II € I (iJ I) 

202', ,',1 

4)) (I , ; II( 0 H 

O .~
 
. 

0.5 1.0 2.0 3.0 4.0 5.0I~ h ) ILig h t in te n ,.11v ( . IWO) L X ) 

Figure 3. Effect of light intensity on urediniospore 

\OJ7: 	 germination. Arrow indicates germination percen
tage of the same spo,e in dark. 

(-	
)5000 IIx a1nd ahoe) lishound to inhibit uredinios

40 	
pore perminattnri I Fig.3). IUrediniospores onexposed infectcd crop dchus lost viability within 4 
lw\eks under portharcst conditions at ICRISAF 
(enter ( [able 2,.ocrops PoJN and secr)s front rust-affected 

tie com'mon s'map' coitnatniited with tire
diriospores at0 . . --. --	 harse-st. Iests ol urediniospores----

n rf ac c- eo i t a i i aii tr d se e d s t o red 	 a t 
- t ak e ll f oit-


S 15 21) 2~if) I .il5tperaroo 
 lrr shnrsset abilit y to decrease Iroin
ICHnI'I A IC(tuCt) im Iritial 951'I 	 to /ieo aier 45 days. Inoculation olF igure 2. lffect of temperature on irediniospore Ps o-day-old seedlingr of a rust-susceptihie cItiivargerlinioon. 

gro)ti in pcridi.Oies sho%\ed that urediniospoies 

Ial 2. \ iabilif of inir%,jhiilr, arioils periock of isposurt)to Hrtitr il ifectd crop deliris tfron Suhrahnau 
i nll damlIcl)oiald 1982). 

Pt'lLt'llr: C'LOf Iticditjn. st,siablc 
..............................................

... ...... .77 

1970 77 1977-78
 

0 65 906 .36 74 892
 
14 
 0I 	 42 1
20 
 022 	 260 	 010 	 00 0 
26 0 f 0 0 

13 Dcc 1976 7 Nov 1977 4 Mti\ 1977 2 May 1978Pcriod to t 0 toof tesr 7 jhll 1977 	
to 

21Dcc 1977 30 N\n 1977 28 ,May 1978 
RIf' 0714 h SO.7 83.5 60.7 60.71414 h 26f 46. 26.) 2..9I ( Ma \. 2,.7 2s.f 37 6 39.7Milr. f.1 4 19.5 24.9 25.6 

IslW pOrc, per imnplc I ru olt, , hlv r.c.ocsr iurnil 
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I IldlitI lie 
VI,L1.11tiul1 

iniportant 

tL-cdilllION11Ilt C' (tict ia ln, it riot the 

oL Iti, carl,-t, ci and dilssiitination in 

fpi'o Ic (iccf rlfuitL iSnCL il c Ils atn n of 
iii iO h1t0tlh11India (I ig.5 ) appears Lohe an 
lct()r in the perpetuationliI groundnut 

srus,in fhe cO'Irr, (Stibrahnritvain and McDonald 

19,2 10 ) 

Surs c of groundnut rust in India 

I o' 1971 to 1981 su es,. were made in all major 
groundrut-groi, irig stattes in India to obtain initrh 

mation on rust and otier distases of groundnit, and 
to assess their relative importance in different 
regions. Rust and late leaf spot were the most com-

Figure 4. (a) Teliospores (' 800) and (b)Urediiio- mon and .,ccrc diseases in all major groundnu
spores (x 800) of Puccinia arachidis. gro\ ing areas of India. Rust was particularly serious 
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Table 4. ( ,'moue,. 

(;'(tyt' 
No. Secd Country of Rustcolor- origin score.
 

P139351 7 7889 Ol-\,hilt+ 
 Peru 
 3.I SA 63' 3527 Purple lISA 3.1
 
'.\c 7133-R1" 7013 Purple Peru 3.3 

l'1215(96' 7881 It pl . 'niu 3.4 
l'13'935 I 7893 lJanmitl purple Petil 3.4 

,tripe,

Nu. Ac 027 61122 I'urplc SudanIP13910595' 3.57887 Ptnplc Pe,uPN27132r,' 3.56330 P'urple ZimbahweN' Ac 7132 3.7717 Purple PeruP1393641' 3.97894 light tan nith Peru 4.0 

purple ,tripc
NU Ac 17135 1710 Purple
II 19352f, 7890 Pul ple 

Peru 4.!I'cru 4.1 
N, 7l27 1703 light tan kkthb Peru 4.2 

purple stripesNC Ac 17129 1714 1glift tan Peru 4.2NC .c 1713i 1705 Ian PeruNu. Ac 4.27124 6280 tan Peru 4.2 
II1298 115 4746 (Mi -khlte Israel 4.2
P1 35 6¢': 7888 White with red Peru 4.3
 

Krap.st. It,' bI lu es
4790 'uoplc Argentina 5.0 
1 1(RI . Accessn~"S ,t''+ion Ntimbe.5.
 

RRI ;Ic-hm p I
Ic hn t ,,1, clittlll7IQ rd tlfft IO.l~ 


V - "I II to]Me laic c . ' po",ltJ' ~ +[ '++h! l Wl,.l~
(R IS,+,I.
 

Table 5. Pod and laul t ield and shelling percentages of some grotlldilll genotvipes resistant or susceptible In rust and 
l('? ..late leaf spol (isease, at 11I ('enter. 

I
1982 8.3lu.tralm, ' 19 3 rain' .,cason' 
'Yield(kg Ima) Yiel(kg Ia'Shlrltg -Shelling 

Gcl t,
Sp l'd, Itotlm 1' ) Pods Ia uhns (%)
[IMV 2' 4267 5989 71.7 849JI II 914 66.74177 5657 71.5 11198 914Rohtut 33-1I 71.32989 9978 66.2 1112 1062 70.7J1. 24' 

- 1117 1012 69.3NI 131 2519 7164 57.8 -
Pi 314817 5610 7104 66.8 1528 1778 69.7PI 393643 
 4826 6923 64.0 1547 21)49 66.0PI 393517 46111 7180 61.1 910 
 i53iPI 407454 65.74459 9051 57.8 1547 2074Il1393531 68.04445 6532 58.2 1453 1432 66.7 
PI 393527.11 
 4436 6317 51.3 1242 2074P1 390593 65.74400 7398 56.9 1404 2296 64.3 

Continued. 
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'lablc 5. CUlol~in. 

1982 83 postiany Season' 1983 iainyNcami 

Yield (kg hia I) Shli_1 1ng ... Yield . . kg hia 1). . . . SlIcling 

-lo) lli (PI' PdusI atilms (-) 

N(' Ac 17142 4294 7475 64.5 1252 1901 68.3 
PI 393646 4225 8644 51. 3 1722 1803 62 1 
I'1 259747 4211 8497 57 2 1333 2543 65.3 

NU Ac 17506 4184 832 56.7 15,19 1753 62.3 
I S 63 4169 7961 6(I, 6100 2099 66.7 
I') 40,;1.32 4087 7,80 57.8 1607 2.370 67.7 
FU 71764416(2921 4037 8510 58.2 1573 2642 69.0 
N IC.c 17090 4028 8376 59.6 1668 20(10 64.7 

N Ac 17132 3995 72811 55.1 1357 1704 611.0 
1 IS0680 3953 7913 5,.6 1421 2939 66 0 

I 31 I 79 39(15 8707 59.6 1437 2469 66.0 
C \i) 45-23 3815 9097 57. 1I16 1358 64.3 
NC Ac 171.33-10. 3797 S371 55.2 1573 2543 62.7 

II O93526 3777 7910 57.6 607 2296 62.o 
'I 3)35(. 6 3771 8497 56.9 320 2296 53.7 

Ki6p lo 3767 9483 55. 1 1(26 2370 63.7 
NI .. L 42" 3'61 993.3 55.5 1778 2469 63.6 
RM 12 3721 456 61.9 1157 3531 69.7 

P! N0595 3712 8.29 52.0 1(12 1753 62.7 
P11381(622 17(6 8027 56 1) 1746 2840 68.7 
RNI P 91 3642 7667 61.3 1064 3728 65.7 
PI 2156 35.2 S825 55.9 1079 2444 65.3 
N( c I S'( 3477 8010 51.7 1382 32111 64.3 

P'I . ,1-;I( 3068 10264 57.2 1168 1951 7(1.4 
IP13N,641 145 71084 46.7 1486 1506 63.7 
NV \ I7 

12
1) 2995 8196 44.3 1364 1333 65.0 

N Ac I,12" 294 ) 
7317 .43.5 1196 914 64.7 

P] - 14332 2520 i1209 (60.0 88)) 2124 70.3 

1'I 298115 1982 9120 52.9 1036 1877 65.11 
I'I31560S - - - 782 1605 66.3 
N( \c 17512 1198 412.1 64.7 
NC Ac 17135 1888 1975 65.7 
IN 270806 - 1741 242(0 4.3 

S !277,511 z557.201 ±1.511 130.20 ±233.12 ±1.24 
±279.385 ±563.)6 S 

±1.54s 

C'' 71 9.1 1 8.50' 3.198 17.49 1948 3.26 

2. ltihr h di'rac picNui 
3 .Silitt~iid hi.ndlaunp cht'cc cnmllt 

4. Stalnda.rd r tF i ill i ti , 'mrifcs .ippt'.lurl. r Ox amicMl ock 
5, Sliid rildt i t memI t-cnrilt, no( ippcaring In [ie sanme block. 
6. 1 fhxcccnL, 11(lllc oucr 1Ill) is l(XM(.85( 
7. I (Ihmlrmi,:\ t iter' ot RIll) (63I~53c7 
71 Fllicm-nc I! 1.L Cc ocl RIMl) i 112.29"' 
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Iaffle t,. Itlie is R (I tFetrai I-pjiew Res earchi s a- 9C iincrhs we'rc grown i)n the field and screened for 
tion Putriio Ricu) brttdi g lines, arid hlt.r",isiint to rui rust resistance tising tile"infector-row" method. The
leaf ,pot at I('IAT (eniir. populat1ions were classified as resistant (2 and 3 on 

I 
- hli 9-point scale), mloderately resistant (4,5, and 6 onI)t~c~is si)i s,' tlie 9-poillt scale), aiid succptihlc (7,8 and 9 on the 

ho\p, 
 RuIs I a'l,p 'PI-point scale). Selected lines were advanced by pedi-
MV 2:M U €grec and bulk pedigree methods on tile hasis of vield 

21 20 ; reactionand dise.ase (Stbiahinanyani et al. 1985,
"R 5117-11; 2.o 
 3.0 Reddy et itl. 1hcst' p' cedings).tl) P 7-111 -Ij, 20I 3.(0I SR QI')-11 2.o 3.0 

'F:R )-1'.-I1, 21.0 4.3 screeIniig of wild rWhis Species
 
I IS , t'7-]t 2.7 3.3

II5,R 9-1'-11. 2.7 4.3 
 Sixty-one acccssim), ol wkild species, representingII SR I'si. 2.0 3.0 ivu sections of the genuts1,.'lrait1, wNere evaluated forSI.1, ' 1. ,, 2.0 2.7 reaction to lut during tle 198) and 1981 rainy 
IISR I ll -It, 2.3 2.7 seasons at IRI."AT (enter. lhey w\ere further 
I-115,1k
12-114-11, 2.0 2.0 tested in the laboratitry by inoculation of rooted
1.[SR 12-1'5-11 2.0 2.7 detaclieU lea\es (t-ig.7). Most of the speciesI5RI2-'-, 2.7 3.7 

were 
immune, 6ss re highly resistanlit, and 2 \\ere suscepti-I IS-R 12-1'14-11, 2.1 3.3 ble (Subrahnman 'am Cl al. 1983 d1). [The reactions ofI I'SR 13-I'W2-l, 2.0 2.7 selecled wilt .frachin.i species to rust disease are pres-

I N I) l'.M I m dl',eawt ii9 fhhe50-1ii ented in Table 7. 
,tc,t,d. 
 Several diploid svil ..ra hi.ospecies resistant to

pl[wN.1lt'.-r rust and or late leaf spot were crossed with high
vielding but susceptible groundnut cultivars, aii)d the 
resulting stelI or fertile tetraploids w\ere treated 
witl colchicine to produce fertile hexaploid.;. Foltogetlici r itli yields of ftour disease-susceptihlC ;owing field t.valuation of hexaploids for diseaseIndian culiisars hor conyarison. Several of the resis- resi:tance, promiisng selections were backcrossed

tint genoty pcs out\ iclded the established Indian cul- ,Aith the cultivated groutidnut cultivars to produce
tivars. Inaddition to the sources of rust resistance
 
listed in lablc 4, sesoral other sources of resistance
 
to bot:) [uist ,id late icaf spot diseases have been
 
ount)d m hrecdng lines iromihe Federal Experiment
 
Resear,.h Statioi (IS R), Puerto Rico (rable 6). g
 

for resistance to rust in] Puerto Rico I)+ U.S)A 
scientist,,. Although these lines hale lis yield poten
tial and poor agrontmic characteristics, they ;Ire 
"et\ good sources of resistanlce to both rust and late 
leaf ,polt,and are being used in the brceding program' 
itIC', ISA I ( 'enter (Nigam ,titl. 1980). 

Screen.at, of breeding populations 

Seeral ol tile sources of rust resistance listed in 
lables 4 nd 6 ihtse been extensively used in the t- J 
breeding program at ICRISAT ('enter, ;ind crossed 
With high-yielding but susceptible cultivars (Nigam Figure 7. Susceptible groundnul cultivar TMV 2 
ct al. 1980, Reddy et al. 1984). 1he F, hybrid plants (left) compared with (ight) wild Arachis sp with 
were normally grown in the greenhouse. Subsequent immunity to groundnut rust. 
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Ta)le 7. Re-action of somt v.ild .4 rachi ,,pvcic% tf)tIuceinih arachidi (from fituraljrun.ami vtal. 1983 a1l. 

t".,AI 'rit 
Sectioii. N.leo il\ t.ol 
ind ,ptlcc! (PI) numther 

SCtill"1Ara( In, 

SCI 'CS I /1ta'' 
'I./W:1-0, (1 298639 
-1. /1t1lmjtl~l 219823 
T /''WLq27itjIt 202133 

.1. ,, , rrlt11, 33 1194,l* 


.1 m /'il 338280 
-I, aIth im 262141 

ha wIlk" 276235 
.. 1I/!o a 210554 

Scct ion: :'e, tl./ih., 

.I. i ,,, k%u/a 
'1- /101pal,tttli(rt i I 

Sct mmI 'touuuu/,' 
I /,mil/ 338449 

Sectimon Li ~'- o, 
- Ittlmid arpiou 

.'wiltI l i lktIC ,lll wmll i l' 

. N 33830', 

3382t, 1 

I '. 'I litllIi't,tVnP1att', I'.'WC:u, , mIt" %,1kr,,t- 11 ll t1) IM )A , 

breeders' liues with 40 ctronosoties. Ilese tetra-
ploid, or tear-tctraploid. lines were evaluated in 
field-screening trials for rust and late-leal spot rcsis.-
tance, using the "inector-mow"' nncthod, and several 
lines with rust resistance and high yield were selected 
(Singh ctal. these Iroccedings). 

Comiponients of rust resistance 

In studies of components of resistance to groundltut 
rust, it was found that teither the si/e nor time Ire-
quency of stomata were correlated with resistance. 
Urediniospores germinated on leaf surfaces ;Itnd tile 
fungus entered through stomata irtespective of 
whether a genotype was immune, resistant or sus-
c".ptible to rust. fowever, in immune genotypes tlie 
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ICRIS., I gioum rlnt 
access it R tis 

numllCu I ICG) reaction 

124 liminell e 
8123 Immunellnn 
8138 Immunc 

4984 Imnmune 
8126 Ifighly resistant 
8216 lIlmIlLile
 
4983 Immune 
;144 Ilnlle 

8129 In1'1111111C 
8130 In ntulle 

8131 hmmcite 

8142 I tlltme 

X922 Inmttmimte 
814) Imune 

Iu.1lus died ,hil tlv alter entering the substonatal 
cis itysubrahillanvanl ctal. 198(0 b). I)ifferences in 
resusitlicc %%ctcassociated with differenes in rate 
and extent ofimcelia deelopittetit %%ithinthe cavity 
and %% lhe rust resistance at presentithin lcal tissues. 
available in the cultivated grotnduitit is of the "slow 
riisting" type i.e..resistant genotypes have increased 
incuhation periuo, decreased infection frequency. 
Iin(l reduced pjUstule si/c, spore production (Fig.8), 
and spore germiriabiljtv ( l'ale 8) (Suhrahmanyau 
ctal. 1983 h),1983 c). 

IIe possible use of the resistance components in 
grcenhousc ,creening ol gerinplasm has been stu
dieCd. All lie components were significantly corre
lated \wilh mean field rtist scores. Resistant and 
sUsceptible genotypes were readily separated on the 
hasis of resis.tance components measured in the 



Figure 8. Scanning electron micrographs (x 400) of pustules ofPuccinia arachidison (a) the susceptible
cultiv,-r TM V 2 nod ([) o the resistant genotype NC Ac 17090, 

Table X. Com()onents of resistance to rust in groundnut genotypes (after Subrabmanyan et aL, 1983b, 1983c). 
Rust Incubation Infcction IPustule ustiujs Spores Urediniosporefield 

Geiotypc 
period frequency diameter ruptured nmn-' pustule germinationcor' (days) (lesions c11-) (am) (':i; area (M


rMV 2 (Check) 9.0 
 9.3 13.5 1.12 100.0 855NC Ac 17090 2,2 75.15.9 0.68 0.5EC 76446(292s 
19.3 121 37.22.8 17.5 6.2 0.59 13.5 61 48.1

IPt 405132 2.4 18.3PI 407454 8,1 0.63 5,6PI393643 2.8 18.5 127 48.13.0 14.7 4.75.5 0.58 4.70.73 9.2 139 42.6121 .* _- 43.3 
I. .ican rust cort s recorded ,it the I(CRISA 1 ('cnwrIu o er I%' ,rtcas utsng a1979-82, 9 

-0 
-point disease scale. hlere I nio disease, and001,',( foiage destroyed. 

greenhouse, but classification of moderately resistant genotypes in) this way was less effective than by Table 9. Rust reactions of four groundnut genotypes 30use of 1ield scores (Subrahmanyam et al. 1983b). days after inoculation at three physiological stages ofThe extent of rust damage to foliage is dependent desetopnent in r 
on the physiological age of the plant. Young plants 

el at 
1980).are most susceptible to rust attack and the suscepti-
 Percent leaf area damaged by rust
bility,declines with age (Table 9) (Subrahmanyam et
al. ~ih~). "Plant stage at inoculation 

Peak Nearing 

Genotype Seedling flowering .maturity 

Stability of rust resistance rNv 21 l00.0 85.5 41.1NC Ac 170901 4.0 6.5 2.8The International Groundnut Foliar Diseases NC Ac 171292 26,7 38.1
2597472Nursery (IGFDN), a cooperative international pro- P11 50.1 

5. . 
30.8 2.9gram, was initiated in 1980, Through the assistance . -. p trof cooperators in locations throughout the SAT, the 2, Cullivar ristant to rust, 
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Figure 9.1 redinia of Puccinia ai'achidiv parasitized 

by arlicillium h'cani. 
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ill iaIbo m l llv cll\'IIIionIIcsts . Pil imlill V ilI esti

L;iiow, oiltile hiolo!,icial conltio] of ills(,xih1'. 
I,'('illll Ill (11C+. lilhO~l flllV I ftlr (ICU Cl1hLd IC;1VCS 

NhIO\\Cd COn)SIdICrIA~dtliCliOll [liL. \ehOplllillc ill I Cd 

I Iable I0. 

I-Ipiph,,fofics of groundnut rust in different 
agronomnic Si Sitvili 

Mitm SmlltSc;i!c tarlicrs it the SA ititcrop 
fitotlllIltlt11S, I olth~ ili.11o 11Sof tel r_t l I Co llJ ll i 1n \ 

Ill p ti ' cluiI \Alp\Ith ozltlg tiot isIt ittfIirlla 

asailahle oileiiop colttbiit;itiiitt gttt,tvpc interac
tliit1. p ipu0t11 l1t eilt clop il ti 'intcrcropping''.>trn. ll d t.'qtIM .c.. ,.CIv little:,h',,ailO. iS
 

K'ltimisu A it Ml:s :ltcIe uitT iiit! it;cc(5 IuliatI (Iliseiises 
o , mo-d. I fil IN o t at I(RISA Iiititl I, ekcccarried 

HR' (I lItttl IcIir' I'MO, 198 1 am;11] SeaISOIs1982 t-Aitt 
iI.€'""i itQ;t tCeCiteIett ci l i 'rOtltii ru p piti g dlltt 

toit %cilcclc In tll ofl tiifica n%L i ols ilt-dcscloliticit of Iist and Ical-spot

Is,?I.S I, t Iase :,th r e \ ( ;til t is t id I Nca ti e-

C•j~I~ 'l-" frcncc,, Ill pec entalige (I fI 
C. .II Ii€ I as,) rCl 

imfillnt (lIl 

and perccewage Ical areathd maged from rulst 

l Iat ioI 
:ind h.'af 

Sf[ot ,hct\\cn sole-cropand intercrop systems. Rust 
and spot eAeeity \as igher oi ttr1u)Mlut 

itsa sOi crop thain illilterlcrop S ationS. 

Results ohtained Iron the I)SI rainy stiason were 
rpel.s Illagleettcilnt. iitlte 1982 raity season ,here 

\crc to signi fiica fJillnt rences in percen tugc defolia
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tion or percentage I' a 'a iii raeed I''lrrrleat spots StlrI ajjIuun, P., Ifammiros. R.()., NigaRm, S.N., 
bh.,I,, n sOlI. aldi .rltCrops,,.stens. hut the percen- Mc)onald, )., (ibhons, i.W., FFI, M.Y.,d

s 
Yelth, WI. 

tag.'e eIIa aLd (hilla 'ed 1ti1i liSt \IdsIh)rCl ill tiltcrlietriIll lI 3,. p'rlele creenlng tfr'resls::rrree 
illii'il'r;)p
sittlatlill. 

llrestieu tiiirr,, (I flit.Ctl .s ii hleclding rut and 
life Ie. 1-,pI tIsIt ,lit Mi t+ rhi' ngfIt\tRII l Ic %I S Oit 

file dixeIC rprirIrlt t these dis iN ,,, alld Oil \i lds 
.Lc eai'r'Caid nut dulnrir flit. 19M-2 pSt', ilI., 982 

r1t111a., 8t. 1982 S3 p tllii l 'N'+,.llN,. I \%0 tiIti;,ls 

\%Cre 'iirtICItedJ il ie II seir.s}) %\fll.1\1 t %\(1 NIsts f 
'esista fitt arid suscet fleptibl IotI\ pes phi.% icaiilk' nl.,cI 

ill di.ticicirt lltiats. In gerieril, the r .sltlnlt rPel-ttpe's 

grtt , l i i xel'(t rti ,pssho\ 'ed hilherl percerlta cu 

detito llt t ii l Ii Ithoek_' li1ine ops. I hee 

\%Cie lit significanrlt \,'ild( id\;rrltahI bleucirig
L WenIdi 


r'SisUl t ;111( Csceptibl . pes.
id 'eItH 

References 

lrorrmrfield, ,.H. ant ritis: fltitIV7 I. a lrettitrle. 
in[I.[ .'\iii'ri ii 'erlli rlid Assi+trLiri[ l<esectc [utire;tIrtriIO 1 111-121C.111 ; Ibrahunarinr, 

Grcgnr , \\ .( .. kr:iprikas, A. und (rre nr. NII'. 1i9W) 

Sttireni.. C;%rIniietiltilitlr dLliii l A
I. d e~ts'rlie ofi .Irl-
hli.I' u, , 4uW)..0s I Ill \ '1nCtCI, Ilei rMi seiciILT, \'(I 


Intill atitonld I tnri e ('tlleLrl C, ii l.i-. .\iiP 1'7 .
 
Kc\i. Sliic. I s TSiiliild.. and lmtm .. \. .I 

o-its 1. Kur. SirliO>. (srIa (hirricn,-.I 'K: liritirnie 

]lanrirr ,r.r). 1 1977, (imi dmi t ,t i ile [ rleid StalS 

Ind the (;++ihht+',m IP.\ 2": 


J1,tski. It191 ('. ir k MII thL'dh-teaseer i pl)iAIs,, 
1 p. 
(u u il4f5 (lil i, io, luhh',hic It k , i I 

Nigall. ,N. l)oisnndi. S.L i (iltlibns,. . 0. 
(iitttll lI t heciClr .itI( 'l ..I I 'dC,W,,2-ti ii l'rieecntcd-
Irigs tlie \\'tu kiih ptol (0ililiitlils 13-I 7of hillcill;iiirI 

()et 19ut ('18lISA I (unler. lidiai Pati;ihrri. AT . 
~Iii rru:lc~ ('fip, 

ceuauch I for thi tScirl-iiuihii slitrult 

Arit I roii:,,. 

Rldd%, I.I., Nigain, S.N., StlrrrainaNam, P., I)ssicdi, 
S.., (ibbons, IRAN._ annd ,IetmcDnald, I). 19N4. I )CcuIp-
rnlt t otf tllr dis cie rsisl lt gl'rouni lt linies a I(R I-

,SAl. l'i'ioietIrIdl ill .\nleCri;itl P'cr11t CSCeir1ih1diii 
[~ctiiiiii ticiet\ 1.:3," Nhlid'. ,,\~ibi~. I S".'\: liii.Sticai PA 

Stockdralt. I..A. 191-..\ nnual repott. M at ltirs: I)tpal-
lInlcil o A 12ll11cutil 

Subrrhmranr I'. Gibuons, Nigam, SN.. andP., R.\, 
Rao, V.R. NNW{t;i.Srcirig nmethonds aird Irtitcer sotriLres 
tf rsisl c tr Pe llli tl .iSecic'e 7:10-12.[list. 'ei t 

pearit it rIIst andi tiitl ll split. lPlant )isease ( 
7 

:1( 8
ilI I. 
Silriirlmian+pam, .', Nicr )onlli , I). I 982. (tr ilut 
Ilist its Nti\All "l; C0"i . -t0\cl ill hdia. I't ccedings of" 

the Ilitll .'\erid ,Of. ii ee'. lint Sciences 11:93-10).S lI 'rre. 
Stnbralirnnim rram,P., d [)onald, I). 983; Rlist diisas' 
Of tgoc Lni lt.irL(Siilliir\ il Jr11.) hrt1rn'iu n tiillet0il 
ri. 13. l'itmitli i A..l', 502324. India thiir+hatiorld 
(lops les,:silih iNIrtut tot the ,Sei-A\rkAid Il pis 
Sul r aih nnr i, P., .M Do)nld, )., (Gibbrorn,. l . ., 

Nigairr, SN., and Nes ill, I). 1982. Risis tane tot list ;nid 
alca Icdl isee Iltls )2IlTlgC \MI- t .'lil+l' /liil'0

l'e;rl1t, C';I. Sc IIC ),0t-10, 

Sulbrrlman,ilan, I'., lcl)rrnd, I).. (jiblbns, RM., and 
Rlao, \'.S. ji.h. (trilipotlr ris hi Pllrs of tidliLc /to ,'il(ia 

7 3 2thIri. ll\ trtiulrtiuriitrc' :2S53-S0. 

Snnl'rninubrahmamI., c)ornht, and ,Uno, I.S.ar, I)., 
1983h. I lu nc ol io t gent ,i+ji tii ltisle prodtr

gcriii urailits 

og 73:726-729,
 
tiln dliid it i. il \ tpntht-

I., MIchI n, \.K., N_'ejil. I).J., and+,.2cnaldt, I). 19sth. Resealeh til iuingal ilisea'ses of 
griu.ndit al I('RISA I. lPta;s 1t)3i198 i, l'ioccjdigs tit
 
tireleltt'Cun tiltll W trk',11ht)p till (dilittll i.tltM, 13-17 (c:
 
19811. (I I ('r'tci. , il , A. , 502324,
. ilidt I":Zl' ii'rri 

IlldSIM:lhlC1'ildtit: t, (rips RC'ilrLclr [l l rtItI l' tlii
 
ScLi-Arid Ilrtpis. 
IIulrrahnlan +llr, '., loss, . ll'., RidI o, V.I. I 3d. 
Rcistnrie ito prc;trtil ill .trIIt'/iru species. 1'1rr1tfirst \hnl 
1~-Hl)iscasc 6'7:209.-2 12, 

Snrllirrrmnnr' . I'., Ridd, I).V.I., (;ilhonm,,, RMt\., Rano, 
V. ., anid ( rrer, K.11. 1979 Ct ICIllt dNIribtiini of 

Pid.gtiiurdrrtrt r'lit ill 'ANS 251 1):2.i-29. 

SuIra m anrarn, '., li'rd , I... , (ln ns, lt. ., and 
M c[)onld, 1). 1985. 'eriLitlst: ai ljlitor tIllidIitoPidi,ut 
priouctinirin flite rtipics.eii-irid lalinti)iscasc (i9 

:8l13
819.
 
S ulbrlhran : , I'., \\illiam s, MIcII.,'lId)om al, I)., aind
 

(ibbmon, It.' . 1984. lie irillrine of ltiar rliscas s arid 
their ctontrol )y sclectie firrgicidis oil a range of grttund
[flit (,-lrru'i.,, li/ittgrrtn L..) gclltotlpes. .nllilsof Applied 
ltiology 104:467-476. 

Tat, I".I. 1937. \ list of tuingi hithiirti tinknt\i 1 Irorm(.hina. Scienrie Repotrts of the Nitional l'sing Hlla [niier
sit', Seri's 112:191-639. 

39 



Incorporation of Rust Resistance from Wild
 
Arachis Species into the Cultivated Groundnut
 

A.K. Singh' , I.P. ,lIoss2 and Bl.C. ]Rao-1 

(i fit' /rrt.ri. iiiri t ii , III -t41 .. i'/ iit t i rti n 1r11iti /n tl A 'rat iI/i,,' \, hlr,l t tii,nrtir 

ri fur,,,!,,tt is!t ', I/i n.' t/,,' /rer t ii.tr ir /,,rrm,,,, ,it /i.,. ,' 'i/fs/n,-,' It ri(s' - t tii)/ tt'fiili it',l
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2up/i/inir/i l c'a'ltrn lth iii fist~r 
rli/nri/rrnr r lii 'n /t nit H tii f /i, ii, , 
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IorI !C"Is.a I tcc .( list aind sce~umi I fclioi81It ICCCs- x ild spcies~ into ule culti~aed tetraploid species 
xiinolix been dcniiiicd (Siibiiiiiinaill L-1 al. thtiii. dI~fIClere IIOli ploitixd.inonead Inanipulat ions. 

ICII It 1uhiAteCtI pCCICI. :1. iI ,(i a (2ni -40), 11as 

it I I' I C I ('J120)1 HIii sCCH11(1dII kI ~C II . X/1aterials and MethodIs 

11l hdC1 cC i 10L]Ctii 1 IitIliCC ()iIIIt [II tiiiIis iiui illI,, I IIC NIIiice' anid Idt'ntiIIeS of' the eight dIiploid wild 
fl ilililli\w (iu isi)IC' Iipiiiijtoils ix Ipevcisi- 'peccix 2i- <20) and the cttlnat-s belonging to two 

ti\ lIt% ft fe~lt silliii ;lL'i~ilc iii-spiiliiiiii2 piolil- sLIlhpcueiiiof, . hiptiiii w , 'it 40). A. hjvpoiat'a 
01.' 1i)I Iese AIi- Q00d sOiiii~ 01x1flist reI'sis dicc )xfiecx hi/c o'i Kiap. ut Rig. and A1.hi-Imuua 
10 ll( l iPi tCMC IIIIIICIIIIx "!iei-fI. hi''luud. xihNxeCIe /''hIluuu t(Wd l. all of setuihon Ara

I'IIclx\ (1liiiCi-cc lxI iiitlbt-ixieeii mid mi10, m iIIiu. i onII i e IN. 1f\IIx~idl/tiIu hCtxCein the 
peuICxwIll scClioiii Iouli hiiiicixii11; ie , toi iei phu)01icsICICS anil 1,iihj of iii . hvipuuavac \us; 

iiiIIo)I cxxl~i .A liic iiileIidiiildiiue iii u~iiuiiiC doiiic mi a stitciiiuii t ii lRIj5I Centel. [he
NiiI]IIililiil lieiiiiiili htCixe f, it:c yfccicx ICChiMIIOCjl ilhui'ulti liii li hi iiioiuii C"vtolugical 
ix, hCiePe2illi 01c xcecioiui ki jliuicdllC, fhat ilii iiaiix ix.Jiul pluiilx indcltiuon, antl sceenling

eiiiieiic' I1;iiiiei. I 1lieficili I'l iejouii i ils lus it illie it i]u aind iter latltintior\ iiondi
iiIiuecx 0I %l. liitP 'RlSu. I Oil Ihc I~IINIxr (It uonx liixe been dextrihed earlier (Stibrahan'am c 

.ciic, llflI i r iii ie',ixiiicIi 110i11 ;i cxx% u~)lplill 1980), siigl t . 193) 

I itbI I. Lot vsu tiui lIit o i sijutusii ofii ini tru ritefiu diuu xter of resitalnce fromn iOd speicies. 

Il I,"L[ ii 0 I ~f) i ( I No Nf N ii ( )uginl 

T ill,, I fi i ii 
- S144 I Iri ax 

j/dC11,, kif (ue1,1,i K 1) 10017 210 Bioll\ ia 
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.111101Iii1iiii,/ KidipL (,icc. K 71)55 S123 A\I gennfIi [II
I /u;. K ~tI,I (yII ii K 9484 8 f24 A Igentinna 

LlItI I :cd 

(ii icp ii1738 India 

2. i9i) 1472 Unknotx n 
3. Cicou 476 USA 
4. I ilspani 3497 LISA
5. 9 1f7 4117 India 

I. hiyiiiiul-11, ssxp hip" 'I'uu 

K rap. Lt Rip! wi hipi/x i'di I IfiIilit 

0i.Rouj .- i 799 India
7 \t1 1.3 150 India 
Ii. .\akinfii [Red 6391 Za inhia 

I I, I f. i. 11 Ihmiici,. K Kiujicka,. I I .uigufidi. PI'iireifi. 
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Results and D~iscussion Wil spCC t m1010OH C, %%if!) [1C nonl-
Ill1l01222222, 22c2(l22c of A. /2 2').g2,'i1 resuiltd ill 

Trans~fer of rifto itesistatnce II2Ielp'CoiO 22IC il in IolHll2lo (II 220cL!222 the 

t11hall I 10 2 12acl22N,of2 o2) 2 1l2\l il '2l 222c pollenl 
(itJellm it222(1 si'. lit life secio AlatT hIi s22 12222ctcJicd 21201l2C Cells 11%\1(2 (Sl II2 1 985) SUC2 l INI2 ill 'L!l 

O' . I 2222 . sc2C2.2C22 N, Ith/I22 a 1,1 2lilci2.2lJiid hcha2( 2(o1 u22.ic;2222, 2121 2222.b121 i2c((122l)1222114( 
N22o vcl22n222.'. "A" a2k! "it", ca22.1 mill base,2 211(222h' h2.122.cll kii 1(2:mil j\ I JCICs CC2, 2 
MI. A\222(222 'lit dIj2ipoi spe2cies 2222.22.alt. scc m 4c-sii 

2. (1(of' bill2(. 

OW2 '.ifIICiCs SO 10MI22C1I A)t:Il d1.! ILSt2 ii~ lliloll22mI 

CIL. \%]Ill life "A \- 2.C222222C 12!22((lito2 212I('i C222'2.l )\l2Cl22
22 2(lthl22l'I b%22.2~ 2!-kH-I,2' thusl.11
P IOtip)Cd .l \ i I2I 111C s pCC2C's. I h~C L2 it LI 1 
 Lfd l 122CIlit I l '22 I C 11 2I222c M IV Ill 


kill 0I '. 2ld 2A 2.21C 2'lIt C2C22CC,
22 IC2 t' . 1! I %22ItIllk)
 
.. Ae 222221i 11c, f Ill,22212:id M1, 195IIM2,192 4; 1: 1 of' mnh
i) (i iplohidk (lie \a ploid) of t ripl'nid liI's ri%. 

t lie I I C 2 IN I CI)IC222Cd IC I1II )102ds222:h t' 1 I)\ .2 s221IP I lc2., Sl CIAIC %C C22~ Cl kI111 COICI11ICIIl2 I o (lot]1 
1 /2:.'.,L'i 1)(2 CI J 1. 10 7Sll1,t: 22111 W li I feIl l 0.l I2,lklC ICI1((222222222C2222222hl)Cdild lilll\, 
>2;lkC'(2221.)1222.I I ) - r , Qirl l(]2\los.s l~,~ ll bl(C Ilk212C 222k'.1212 m 0 2C~llkolll H2 2)1 L'C22Clic 

-A- mid2 "IF 11 (Io2C\ IllilI -!/2'C2I 22(222 il1Uj)1Ctl h% 222222 22222kci (>2222121 iind (rILt'222o
 
I)i CLI1122.11 \ \i% s II)I~lC111 11.: \ -I I ! 2122CC-
(22Wk1CH I,. ? C!t iI 

1101111j I)222 2222! Il.2222\C2, 'Ut.11 i2StI2))jI'11H'2Ill2o ', If I .
 

1)()7 1 lli r LWI(. \I ., I1>1)NI e2(1j1CI 1 
,(222I' ;iii II It W N ;. I (L-r1Ici. t IiJplo(id 

p22Io 2222i t c L1I o2 n 112 Ill [d22 k%22it \\2I I ) ti'~lc 1,1(i (2 21.C I 10 he \ iJ)L22 ' NC 11 I 1 .11 2 sc 1j2. I'- (21 di . 2 /2.\ 

SI)LLI" l 2t2, I Ol2 1 1,h ill222, 222 1:112222(222IC 12121(ll to 1(2 f4i.1122 1.1 22o 1 11;21L c c ohsc~2l22. (2(2222Lh 
hI \I~t2 sti(22)12 li illd 122( A2/'(22Idk - Ii9S: 222.2o1 i.! IfI 2.' ) 2 1 CC2IC N 2222 \%1(1l1And 

I)222222L22illit22II R2)SA2 2 1.111 212222C,ti222.1 ;it.22I2:( 2' 222 2k1212!2l2C Cl22,222%W 22 1)Hillis2Of1 221 

dil id '2 2 , 2 2222.t2 222 Ill I( ILll. I 2.)kI(.2I~q~ L2 I2 IIC2222 222112ICC122L)IC 12221fe I 2ii1cL.\. ' 

(112122(1~~ 1/ ~ ~212 ~ ~2I1222.I~ ~ 02l.j2C2\I2. ai2tC2C 7 ((s 1 I1Cjai ~ ' ~ il2(1 2)2222222~~~~~~~o >CICCIt 

('Ut .22.2 hI~c\kccll lerllohtd A. Iilpii,'a nd~l1( CI222Cd \k ith I /2 '2 2()' 1!2C tlifi CIII'O2!((
diploild ')ccIcS 2,OIIIC I1111!lI)CI2, 22(2(2(t,22!hi IC-!22,11 I2lCig M I)L ll'.it of 

Spcies and22 Idi22.l 22 l-flidl/ai21!l)C2C( 111cr!! and22 !cstil12. 22 ilt l 2(2l22ik!o of 32 . /)2/'((24 1w/-likc 

fpr2)p((,,l. I 1.21222'k-2.2.;22 d24 22 .1.212'2(2(21dtiloidl spe((cies 22() . I. 2)CC2C'. lI IK 410. 
%k22 2c asI22lIvpac k212N1 11!I( I\ it2I> 2(-l(2I --C 1w'. 0., . 2 ' f222 .,,2 I'l2!cr Iose l .I 

I2( II 1hNl f.2 Q2! t I2 !2(I ( 2(;222ri I I (1111i2tk 1 ee I.c2 l. I !o li2.1 o 1(dll(( Illy N cCi lf min sci(l 2l. 

(2(22il, and11 C1r.11 2(!2 IC2IIC '.2/Clmi 22,! . 2111222 2.1C)21l Ill 

lc;(12222.2, lit list1 .jc22 t i' IC12. l 2C2. 2..2,( ut Itelltu Ileh.cI li'% . I \lll(2u1 li li C22II2IC 
11)'l(21( 22 it([Id222 1 01 'l dsIC. s tndse CrldI 12t n' tlJ2222.2 II se 2I I 22tI 1:2221 o s812)~d 2 1.12re 

10 2 2;21\~ C0111 11 22I2tC122 h.\i I222(I c Nti le l (2 CII I222 tote2.CCl' li I 2a . c2.222U1 11211ti.\lihioll 1511 uIl22l

hollil(2go(h2' 222.22222224(1A. ;i21 I' 1222 of(2/2.2 22 to join WI Im clC( plaills2 Ill Jpl(((2.'22.' Ifloi2 12if1iI2. 
hka2(cl'111q I1lie 102.lio2(1h2(22(2u21 of th1 'l2C22-homo22l- 222.22 l22.\;2p10(d, 10,' ,(22C(( 1)I2id, and1( S52 le.1ltilioid. 
()gmis2 gel'22 i222. III . I. /22/2 p12clilik I 22(22.' C(l2 f. les I l2,. (0.'02't pla lIll)' ha12( '10 11(1 
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Tetraploid - Diploid crosses I etrapFiod - Tetraploid crosses 

A.hvpoaea x Wild spp Wild spp Wild spp WIld sPp Wild spp Wild sppAABB AA or BB AA or B AA BR AA A'A' 

ryploid 
HI brid Hybrid

AAB ABB 
AB 
 AA* 

Unreduced Sterile
 
gamete. &
 

unequal segregation 

Polyploidi,'ation Polyploidization Polyploidiiation Polyploidiation 

Autotetraploid Amphidiploid Arnphidiploid
AAAA or BBBB AABB AAA'A"
 

L .-I.hipogaeu A.h.lpoaea 

AA B1S A A B B 

Progenies 
 Hexaploid Tetraploid hybrid letraploid hybrid Tetraploid hybrid
2x to 6x AAAABB AAhBBB AAAB ABBB AABB AA'AB 

Successive c.cle () hackcrossing ssith 
hill,aea(AABB).At. screening against rust. 

Stable tetraploid (AABB) 

Resistant to rust 

Figure 1. Manipulations for gene transfer in Arachis. 



Iable 2. N !rrrrht: f sta)l imtcrspe ificltvrapud( l(tIri%aik sIrluticed :111!ilIItIrIU' Of III tSselect,.d fro' theirpopula
tiomr fir resistan'ce, I ;itsrt,. ( RI, ( l r, 19N2, t9M4. 

kolilIC (pLI-, l453 ('8454lit 

H.'ltlr:+pltt . , ,a7;:; 511 h) 4) I 14 (21) 

))x i,.td', . 

I 
,,' 
hlh , 

,,, 

n 
I 1123) 
5(9) 

1 (229) 
2 (4) 

(6t 
(33) 

12 (258) 
? (46) 

I1 K 410 1(0) 2 ) 1 Ii 13(7) 

A.w .tr,'h l. I1,,,,':,: 
I. , , i ln l 

2 4 ()1 (2) 6 (3) 
2 

I si'(iK ' ( IIIS I I 
I IIIK 4'I 

.A 1 1 1,,1If b q S 2 
"1 .?~l~t,i1 ,+rt,~ll~ 2 2 

1. q'l ....,4 . d,hla,/'vis 
I ,r l,wm ,j I lai , , , -

I 
2 

2 (27) 
2(I) 

(484) 
II 

3 (511) 
15(I) 

1 'H'liihll I hI. , 'l0 ' 4 4 
I. ,,,'it,,,m • I h, ',w I tird'na.ii) I I 
I- 1 t i " I I!,!,l 2 2 I 5 
1 tlltl,lt ;'Od"11,II I I 

•I.,hl k till, •ii 
! I. . ,, 

%,, 
KP.p kl 00"1 

[ 3 (I)
I 

4 (I)
I 

-I , , 
Ilt,,'a.' 

F :' -',*,,, 

(I) K+li 
2 
2 

5 (18) (I) 7(19) 
2 

1P,,,aI- i t,h,, 1 ,t I 3 4 

I 
,-(K ' 

.T III K 
iw; ",, I ..p I I K 410 

•11 1 ,t i,h ',, 

I (I) 
4 

16 17 (I 
4 

I )1 11K .1I I (,K ' 1(0 S I I 

I,,t.1 41 (45) 48 (297) 43 (526) 132 (868) 

c.s the numher of hatckcross c"clcs retquired (or the Crosscs between tetraploid A. hllpogaea and 
production of ,tahle .1. h/p,,aa-like tetraploid synthetic tetraploids 

" 
dernsatlse, c ainipil)to the ninbei i)t ba.kcro,,s 
c'clcs required ltin hc.aploids I lie difference In phorLdV leels between diploid wild 

P!:ckcissing the prnicnc,,from triploids mthlr A. .lrahtu species and !.-traploid cultivated A. hypo
hi'.1/gjcau has rcsulrcd inI th ItIoductiol 17 stable tgava restricts ,c.xtual genetic introgression, because 
AI.h]ip,,iua-ikc teirapluiis'. o ing ..I.Iha(tela of the los, tertiliitof the t-plhuid hybrids. Raising the 

-I arih RuI -rcsistaid '1. i. it ,cg gant, kerc phiid.N letel c) thcdiploid specie,, to thatofA.hypo
selctd hb (icld uilfcr-lnthcste tettaploid deti, a- .a0a arid thcn crossing withi A. hvpopaea at the 

Ct1 NelectionS 
rc,,istnt to lac lea) ipot(/iou'hilw,'riefuq perlila 

tIes )I ablC 2) n lre ,lt) 1(u), ttraploid level isr useful option 1orgene transfer, as 
incotton, potato and tobacco (Knight 1953, 1954. 

(lerk & ( u:._) . rx.) Wa ngenheiri 1955, Sta'el et al. 1973). 
lie , allale )h 'rtIlit,oi thcc triplidsic (po ' I 

also Inrica tes that th'.kcan hc hackcrocd kith-I. 'se of autoletraploids of diploid species. 'he 
rr'ti,'at'u, toi rodunIC -1,hIlp,tea-like tetraploid autotetraploids of diploid species not only facilitate 
deriati, cs. a, ,'as hccn done In %sh,:at(Kerber and crossing at the same ploidy level as the cultivated 
Dyck 19731 species, but also provide an additional dose of the 
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Ii/tic',n .]t'tl + 
i~ ),~]ti",t'sl' t h Ilil\ l}tfI~ ,tcio t ~ tlii I'midr;t,+, ilhcc i'n d di lro pot'tI t.J'i'j 'c" , i II lti i',t, i tihalfotlte enit. spotll'I,,lf 

. I h''N hi ],,,\k ,ii 1 ii /' u ,,tli i fi "gl" tiI ./'ui:n, hak cies nIdi 
-f.i' II]o If. ti NI f I l I c ii ) C1 CiiNl.,n (ii'. u i iStlta /n.' n'ni le il ll r i utnde 

ii h2"[1 i , K A +n 'l ' tt fil p111 i. roductrisl" tio tit tll . -d ;iti to a".'riitetia 
,ca ,' 11rt:i'r: l,)1 i it,'* i piilt t i 1tt),,.+onu i t"<ogt- ,i ,tsi ,t+'.IN .' lte csl tC_1, b e-c 

ht-L~l ' ) l-lI ' ' . 5C~P+'t+'l I I ' 1 . -I-lh ) Tti'i. ,I ia , ItNI'• la I iii ~e'l ititli th pitul itt'l ,pot) 
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.
the remtaitling leaIt.es d; imaged I,'% ',pots( I)IhcaI IItlI 
rust (C)) at I It dta,ateiA t in . RCiIt'lllitggiccti 
cat" (R(I.) was estlatltd h 

R(1i. (+00-,\) t(). ) l ( ) 10(0J 

Ihe yield telticel %\..,hm1iilkIs lated t) Ri( . i 
itst gclletlpc , ;llthih tli ,e \t-epm) e,pittetril 

ted cositmlieta loti e\milltle a i e plrofei Ittl II 
[igiitic I 

Illtilte t rt Roltit 33-1 the siet.l, , ce wh pc 
,
licr hs 


I(I ,hut iltheejict ial tiiclItIf,lcgtItI , I 


\%;I"tlatlV b.d tt Ict thltt ;tIctcl' 

p\,p V 2 
tie viltei, ,c \tepois\Lsa iI,_h ll IIsts-es\ sttlit1. 
timt l t tt -,pt' of t"litse ste et cteft.'-'()tilte 

lhiti pcs. it cvairiple FC 7()+3+it, te IMnilt(21)2, 
(util\ S 1hi0hitiI tlr ,t,+d 1(1 hiJt tile elttp I 

i firt '1 t>+0.'25t)747 shu sl..' 111 Lit i,elis i ilitteicitfle."s 
thit cuild noti t tituhitil it chaiit.ii ill'I l I c 

' 
ai 1 (it lllcte-'t r1t f( l !t'Iltl ii )h I)'' Itld 

i ttlce ,te{Suthi tll1tt\lll tc i i. il)t'A 

I hiesw results s+hit li u(hupllti t (,I,ic ,ti:tt 
ili the tecspltise tuit le+ltj' lot'ipplicitoitns ni-
iduil 2_itttpc, It is leatlhs erroteoti, to 

.1 

* \ 

to- \ 


S \ 

SS 

extiapolatc the rcuilts oflfitigicde trlials ti tile 
peeiI,t_,t2 t)tlthC gtiotvlI)CS.
 

li results also suggest that the )-poilt disease
 
rating systcm, when used alone, ma b I poor midi
citor ol the effect of dis--se oit yield. Ihis cctrs 
hccau c the Rilaeouttt, for a large plroportionl of'
 
the .%icld variationl, and delt lhaton pceItttagC dotli

natcd the Ril.. llts,.ee'r, lRGlalso hias its limita
tIlli

, hc-tie dcltol tio llnot Solely attrihutahle to 
disaise . 

Saiitel iIt liecitio :an tlso tidn'e deoliatiot. 
C
hceC tIhe ,i0ntlIL n irtil intt ill Mli.lh the crop 

, p1 ct1 tua ntineuce etiltS ;1;Il1;1\ 1 tie ,.1l disCases 
JiLe Mite se\Cie, an diletoliatioti gicaltt, Illhigh 
plit popitlaittt, thihi \ l auIIt re. \widely 
SpaItd. I ll zis 1.th. takull ilt cosll+i. ile whello 


tSC,,i liar"disC;te. . Perlils the titnlittte In(ii
tItIClt lit el lting eIldto foti; it pheltitlltietta will 

h. IitIceteif)t tIldkitutll ild the I'Il'ctitic of' red 

L ld (lrtt l light. 

tIa ifso 
tileisscul;ItIt t tittO \icltt 

t"itC the i'dv it \ ,ilu ,ossihlto itlucstigate 
i el t ti tl t i.t'., illtite 

( attl levln of 

ItNl( ; to 'l ii ',fi;se 

,ihs i.c tit,it.s) itt i i\ tl] ii sistutll'. 
se. I P' \ts dtne h' plttting 

(fit 20 geiotlp ) (lie yield lith absetice of disease 
;iaIltts (Fig 2). It seas ohservedre, ,li,'c (RGiI.) 

1980
 

0 \ 

0 

0 \ 

fi0n10 2000i litii 41000 5ttOt 10011 0 0 3000t 4t000 5000 

't lic] \Ii chemical disease iotectioti I ha 

Figure 2. Resistanice to foliar disease as measured by percentiage of remainig green leaf plotted against yield
potential for 2\groundout ctisars groln at IIISA 1'. T ost resistant cuitisars and til greatest yield 
potentital are joined bhe~fu broken line (Stlnualnnansant al. 1984). 
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that soni genotypes had high _ie'd potential h;,ut
 
v,'rc susceptihie to disease (Iow R(il); others had 400-- .1. .0.009 (0.275)
 
tox,\',e~I Potcnitials and k ce also kuxccptibh. Ilo%, 

(xcr,how, \\fil discisc resixtaic: had hio, yicld 0-]'A'Spacing (3;5 10 cm) fl 
po ten tials . N o l e Of thCIC MIiatxp Ce Vt ir L IdCo 0in- ,7 3 00 .Spacing 710 0 cm ) /
 

mited higzh yicld potcin'na \,thra high lceel of resis- E " " t 
 (120 I0cm)
 
tanicc.
 

I lie ph i ,.lica io tiOef lii iioi,+ir a i,curre:+tiv "
 
Heieai\ ",tiI,'iitd.
i i, le Inlpactt Of hitearing r 2O 

fiiar distaisc sio oicint'.Il i til tf ix s iilitial ' 	 At i 

CeainiTICd the' scCns ti \,ihl 	 7hC ;IL sititi 	 El-
ic., ltie Iilrlic'tiis of this toIcloaj iripto aent "+ ).--J/
 

i ticNlii- ll ltat.
 

I , klt.otiM bh0r tc',tilL'cs ixs.di,otiaiilctad iii ,tIxe:,c 

liiik mucihl iii III, 5' 	 ictdscietei't n lii;I1 \xI,11tiaxta 5lo( 75 li00 125 ,
hg i ttala I lp Itc 'it 11 t o Ilre IIc;i I ) tIIt -4--sptol I (n.)
 
I t ? I 
 I 
II the rcistCId ilIcr i, it1 ',! l\ 3. r ,Iheu tr tospirrilioIaI ' h h1)il01 l'iIIgurt' h Itriolslhiip t,ii 
hitcd plreiorhieIMI. then lie ,frat(,c. lot ds- and ttaldri Iaiss a'.t'tnnhriat'd(4icliUdinig roots) for 
e;rae COlt l'i o11.i'aliiptx. since the pnaahil-- .rotndiiits ((v. IM*. 2) at ( ,S.X I (I('ISAT 
Its tilt ticl ai LILof-tictars Itich i- .\ inualRetport IX5 . 
clri lith ciaalg rl;i, tie t llhixaOI.th'Ila!lj 

(ltat .hiiatil h h;i''i ala *.OiaaUi. Of j2 L''
) l 
Cotirtl )a thwic lie',' It lih ;axlxt ciaa'\Ictal t. t.(I )d lCt showi ci tA(97)an i DLl)tit at.jIl978), 
Mlxiilet a;ill 1the ax 'lariaC. 1lien aliatIa;I t COil- tHIM, piaaIdxLd tie'Fig), t iiitcrc'p theis c+'i1tptctc, 

ii a'l ,at,d sceLi Ittbe tire h st,ia atijli \+,]ti L aland 22il 	 LL' CIOP iiL-iitiilll;itC, I)t%ceti III2 lay I if 
c rne IcI iil total shot llirs 

mi1ndtie \ icild floicttil nl I Ycit fi cai he htcecci 

tIe' 1i4, t i,tili I o li i]a atte, i his , , "-e I matter 1w 
I and I. t a r \wcek gt Ityp%that 

iachieved \tiere tie I, () I ll r 1 tr1CIC C iIC SI iaIi hr litrrCI o \%an i li' t hall II ha\e ip tot\% C t et,;Icall 
I scnisio1c t, L, , I dilxCou1atter til r-L tliingit IIia, hc l I' I ,CiilI.Cc pa,rttijai]t . t h;i tIIIV\ tha e mr-Ill 

Ccel.tic, l (teiIi tilL ,'heiitPcI cai al tie disCas,, Obls grounidnut 
..I mllatl to days. yield 

lC. \ViCIiione l that ltil('RI
+rc ill80 110 sc e fol 

hIdeulCe ItratOIthC clOps Mitd iSPC.Ls potential to x;,\OthICIt Li'i tkith duiation of . ) growth is
 
groundf tPit ph\ Siolog, hake heCnIirs+,setrlcd it) \xer. cx. cr, ii adjustmernts arc
IagC. I I m\ mnade f~or the
 
e.xplait 
 te phtelloilll i i nd til ptalsol, ditlfcrclic++ Il timt1e ti Irratit then tiltc relationsihip

thal CxiSt it tile hi.cC h potheci.S is ccrct. FI tis. htt\kecl 1I\ matter accumulated and energy tinter
thc p_\1isiclogical hils:s tio \ichapoltettiul arid he ccptcdi 
 it. 3)is cii.nxtart for grourndnuts (Aan-i-Ali 
possihile phltvsoitgical haiss la01 iC-',t,IIice IISL'CPti- 1983). iltis is suppirtet h tire oibseration that crop 
hiiiixticedx ta hec discussed. 	 Itpmroenletlit hy selection for yield itt FHorida has 

tit influctnc.d crop growth rates (DuneCan Ct il. 
IL7S). It has been iund that tire growth rates of 
susceptihic attd resistant gellolpe ,ire sirnilar, pro-Yield Polential in (rotndnuts %iding thit tire interceptioan of radiation is 

coin pa hile.
 
lie \ieil potential oigrititndnts i Ilire
dependent oi hcrruriailil! hactor that itfltiences yieid poteI

three lactolrs: tiledurati nlofi gro th, thei llltliro t of 
 tialis the distrihution of tire carbon assiliated 
energy ittcceptcd. and tire dlitribriirm of growth i,.tiecetl iruit the parlition factor.ticl and shoot 

hel\tci fruit ;ild stetx. 
 Ihis hils been fiunil to be a imliajor deterninant of 

lie duratioil of crop glo\th l, aIrmlar factor In dilfierences in \eld potential wbetween elltypes 
deternmining tire vdici potcntil of ih. (Dincian il.1978). Recent research at ICRISATa gltitVp'. I l et 
authors' unpublished data, ind the flrdings of \%'i11- has shown that up to 95((' of the assintilates in high
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\ ieli ellee, I &S.Rohut 33-1 ;I)( ifs (leii Ias fouind fthe (it genotype isSoICh h,- biei that vield this 
auls . IS Uisd 101 rep)IdIIiiiieiieIeOii iii. fIe iSjll influeiieed h.\ phoimipeliod. 0]I. Zhu reports front 
ge notl\pcs ll:i\s e pCiiloili.(i th :1 eiigrh iS longer rt lIta ICRIippfcciailv. hItmei (\%lite:1C 

SA\ Ihafii *\N('c I7(190is mufrililoitlltiyresistaniit 
10 rlist IIr(i iit~dili. pro0'iice althou1.gh If is hlighlyo

1'Ivtoaievt I'r'tctsors rcsistarnt at W(foS,%I Cenltel. NMiri reimajins to he 
imcstqlltc f it this hili but tife possibilities atre %ery 

Ic'lk ICX11 11>lile llulLllliL'). ii .silipi s 


hCU-!l %WIIiill.;irlIjukll to) (1ielsCl illct()t IefjI(?IL
 

Col Ii Iif i I ;1 i W i C,~Its Il I Ii paI~iC S Of R efe ence 

fILt Itllel"'llujL fi;l d l ll il II)Ilteie I l I H. tpillCii ;iiI il 'iI.iiss liiiio 

If till lLic(l\ e IlltlstIuthre cLt li ssliiiilm .illitI 1tfrorn fit, K.W. m.idl tilma o, SA. 970. Greirfotise 
sL'L~~~ll-t;eSUPUlie iltl culliO iie ~ h,uu)iuii) 

. iiiol LIc i 111.11 i ol s lill Joist Iii ;ilii il II 

li hL l thi1 cios C III1- cLe l %ii til I ri/, /; i III fCsiStlc to 

L1i oilld bc~ tha l I (P1'1:, lii Lu l'Iint Reporter 

o~l ilisluiie iS ie ilCCIll Bowei,;i 10"S\il ll 11hLLl ,kuk K<.J. I'lluuluiine:i ill/e s if pealot oitlel 
%MiIt MA\ ilhsChli Hil lu) c tlll)IiIC iesllllillee lllluiclrlril ( i,[ uwwce 18:101f5-10I20,
 

ii itiIli ,I' ll j/uilp '.-ltl~l I Illiu pul l Ill 
 piiiRISA I Ilille uliiiuuuI ('oll Ructch fiiliiiie for (lie
Io. s lb.' ()!i'e \ il1u0l1 l11M 1111!11', ik t alit. ii ml- I lu1) liii \1i1d Reflu PaXie 19S.1.A ,\ii 19o . I'iifii
1Ii R If \ke eIt I(' 10111 lI eel he Illtlt' .a liuit\ pes thil .*i'52 31 ffa IflS 

ill~ili iisliuis 

Ilill)\ 


.\Iii~ iliin~eieI lise ~i Subrhmaitisiaiir, P'., (Gtibons, R.N., Nigan, SA., iiid 
LIt'llill a ul I~LL\I I I LiliiRil( i Rao, VA?. bI.Q8j Siiuiiiiiie iitols and iiriier .huIirCV, 

I IlsI le lilf ullse,eC plell iiidL1( sMULl Of tile cIi:c .Nie. 'mill ')d o 0IaltI1 Ol 2 

1111c, 11ii o: % ei \ ill ic L1 )IIt Clsrili.c ti lle or Sibrlmniiro m, 1'.,M cN n.u V.1K., NN ill, D.J., andl 
iriirei () ilt isc ihlc. \\'o l Rid h;I~c Ni ClIoid, 1). ti980l Resrcirchi oil fiigai dlusrlss of 

Clit 11 killk ulIl'OiI hiee hi, ueel. Ih~.e liililloillIil aItWRPiu\ I fuq~c '11-19N it) P'iucceditigs ')I 
hiteli~iili .\ikhi~ Ill liiuiiiiiuliiiir.l)cx~t'' liii.1il. 3-t t1e7
 

AI f /C l i I l l I .: r ll I ui e e I s I Mi CIs sLI- u, I l l lAii ti lt ' 19 8 1 . R (R IS A-I t e l l e r. In i ai~. f ' it in cf li , A\ P 50 2 3 2 4 ,
 
:\ie pii\lii;ie.\lilisis lsisl li~' iii. flilell;iollal~i ( rips f)LceuIil fINtii lll ur tile swilihIL II iiiii fujo 

gl-Iolp1 I uiiiiiI LIi ie lLhC ii. All lei.StIAIlL.' .\ifId ifpits. 
bilsd 1 

1l OHMie !lllttl;iilill lie( Idi)iiiiiiit lld cx\
/lii d toiIi L t ii ii ih i-%wi potil ii R(I, bi; - SitI, IIItnalrjnIilni P., MAiiiimi, JAI- .\cIowtifd, D)., and 

CXM Illtil, feld hw(t;itrh nis, IA . PM-1, ie :i,ilelet iii lolilr dIi ssiht,rlt 
ulliiiil li L iii/ili/Llh i~i's liie (:i tiOIirflvu IteI t-I IllIeelItS Oii i rilgr Of Irlrill~il f/Iluiiiiieltll 

%-fri ;l eehiirift 


olf/ t c l! tl llu se ciii d 

d~pCCI', tf(2 (d theui 10:6746hoIIMUC fMlmcii Aninials iii Appied 

ilt. IloI cloyIl i I :i llpr i IIe li lt Wtiuluuy liam,J H , W7i.oi a f, 1 7 i 
hilo:i l flI I m ll I pc lllt oteI I c e sI cI re SIS  :i ll f c l d l l a l l n o cl m l f.g o n 

"milcc lllleloi laills I the possile clt-LI thaut fillitui- drs matter~distrjiution Ill griiinTniiIS I-tafiii/im hl'ogac.I 
ptluf ll ilk M 01~ssirlss MCCe.\\'I(Iilie Ii I LI .\akilti Retd). Rliuics~lil Jourrnal of Agricultural 
Ire lifillle lil : l l o fiphiiiriperiiud call lake f<ILML1l 11.f11-117. 
flillil ImpactI~s lul ll Illimlig. Iiii thiose piloti-rpes 
ki lelC \ lid /uu1lel:ii11t r~ Icslsl:ilcc ire Interacetilng. 
tile eslSUlilIL 0I al genius friJ to diseaise liay i/c 
cil;IILcit aiLL'liin ii olitiiufC. ( ii lliiolt/f. tire 

geneticists \%suiiiio 1lllpIiitL races, hilt this ria nolt 

il)i correct. So) Im tile ee dence for tisl, effect is 
currertli fivliied iio o11Wvcurs tfaita oin tl response 
of1the rus-rcisrlnt g'rtlpisii fine NC Ac 170)90. It 
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Groundnut Rust Disease and Plant Quarantine 
B.K. Varma' and D. McDonald 2 

AbIst rait 

P-lant qtrailfinrrin.lation
, 
[e' and ,iroe''dn re..s ./ir 'tioll l,;t ', o spread oflgro ndnu1 rust in gerinldasat 

offdisu.sd. "T'e,exchiange ae rerent ,re'a] o/' t t4 itt//I' ,'Stein he'mi.sphi i.attfthnted to long.distance 
dislfrsjio ftrodfiniocres I inmd. Their should le littleo tio risk o1 rn .thi.a'ireeing spread through 
r'iChange o'geri/uitsm eithe'r a.s+edt r .,t tif,t matt,'iof, pio tic/ol i i,condo'tc /through theproper 
platttq taroltiir c anvt.s.eji 

I'tllili, eIll. I', i ii.iljildIhglhnei i atior ihvlr% Ii)anlitaire e i.t' 'tr~s 'tturnirli'nl/0 ri ,em'ii' a. 

tion vt mi'utc,, phito anitirec., put li fritilion (b,lo piopoglion d' /f rouill part's tfhliodu 

Iintvre iir ti',, 'l i frogri,',cion ricentt' ile fit ronille ,/(titlc Ifl itl rphere Est est/,iti '/tmitti t/Oi' e'i'hii.,. l.t 
ulttriilni('i /(1t c I ,ni loin eite' ,/e,o t',/'Isfpcor f / oit I,tIent. 'Yl /. te cttifI 'tic li, soil elI :i ' Ie'/( 
S0'i f'it c r fecI.' fee'lt ol / t.s,' tIsc/ e' , f'cntiii ll tIf' htl'nl r'.s ei'ctet'r l/'ei rino/itfc'c.it entIll'e'lti,tetler tf 

ph ttis titce,.(iii 

The internat ima I exciange of grou ntdnitut (A raciis 

hi'p)ogaea I.) gerinplasm has itCrCa sedI rapidiv in 
recent years. Much ofthis is associated with gerii-
plasm collectio and (ist ri bution but there has also 
been antincrease in the movement of seed of 
improved ciiitiVars and breeding lines. Ihe activities 
of ICRISAF scientists incoilecting, evaluating, and 
distributing groutditi aid wild .'trachis species 
gertiplasti, inrunning international trials and supply-
ing cooperating scientists in tnyiv countries wkith 
breeders' lines, anid segregating populations have 
alrcadv been outlined. Inthe last 8 years ICW.ISAT 
has sent groundnut seed to 73 countries and has 
received seed from 26 countries. Ihis iovement is 
necessary for the development of improved cultivars 
worldwide and is essential foirthe effective function-
ing of international research progrants. 

It is essential that the exchanges of gcrmpilasm 
should not result inthe spread of diseases and pests. 
The ICRISAT Plant Quarantine Unit works in close 
cooperation with the Germplasm Resources Unit 
and the Groundnut Inprovement Program of ICR 1-

1. ( Ihtl 1;, ll ()ltt rdl ccti1 1 lllit e (11c' 1, 2 t l (1ci i li it 1tl. 

.itlIIrhcu. N P. 50 124. h 

(' RIS I (Ieetcqitct (lopi1 , c 1,cirtI illtl o tiht' ctil- \1ed 

" 

SAT and tie Pla it Quarantine Services of the 
(overnments of India and olf' other countries to 
ensure that this does not happen. Rust disease of 
groundnut caused by I t 'ciniaarachidis Speg. is 
recognized as adestructive disease in manycountries 
and is of considerabhie quarantine importance. 

Distribution of Groundnut Rust 

'tie Commonwealth Mycological Institute in 1980 
published a map (Fig. I) of the distribution of 
groundnut rust and listed 58 countries in which the 
disease was reported. This number has increased 
since then (Subrahnnanyam and McDonald-these 
Proceedings). Until the 1960s rust was largely con
finted to South and Central America with a few 
isolated outbreaks inthe USA, USSR, Mauritius, 
and the People's Republic of China. In the late 1960s 
and early 1970s it spread rapidly in Asia, Australa
sia, and Africa. As plant quarantine legislation for 
the disease was based on the earlier situation, the 

t 1tcililli tlill( les rse ';itlle olthe lsut-Attlid Itoptc". 

ci. Nlt1S", t(lottllttte lltlis.t tIs.'dsC: jt'teCCcthtlttg. o1it I)I)Cslisstii 
(.1lt p Mr 2--2 Nel)1A.l.k "I \hIt ier le l i ti'lchill.\ P 5102324, irnlt;l: .S\
I. i I('RtI.i(' 40s) 
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Fiur1.b Wol itiuino 1 aahti ngonr 
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I PI I + P l~lan l~e ]q alio

Plan Qar antine Legilati o 

o nmGri u nR s ts 

.\c+o lding to dw,+th \cl 1lu1 nt l I ndia',, I )++'str tcti\ e
I ,,eCt,, 111(1 rut,.\C'l)I It . of+cCtcdj tip to %ijt+ .+i 
1907, thc imptotmillol 14 ,-!lotllnlt sC+C_.&Nalnd Need-
lill,, hl+<l) Sot~h mid< .Nortil Alm-I{ca+ le hu \\Vust 
hIndies,, thiltl oic',, Relmhhic of ('11uc1a. andlt tiile 
t S.SR is, prio hitild h(TdltJ,,t+ f fIthh tll .,r0111Ii ftu

111U' Lotllldfllt[ f i bML 'ccl, nM+;a~ l catn he 
111lpollctd fol scit'IIIlilo++ putliosesC subject to spc.ilic, 
Conditon,,. I lit'>,,. ale (hat tile sUCeds mcILfictated( .o IthI 
anl appropriattc ltmlgicid ciiorp to C'.poll, mild 111;11til
ildd ifitOlla] LICC~la ill 111eIu,hL' .g \cl (lm tile officia'hl 

olh\'vio.sallifl -v Ccr'ltfJ ';ltc sa 
i 11,11lri.k1ol ind l listtn;1 not pl-mialent ill file c.\poltlile! C<muml\ 1.;tc.l and 
Malat\%i 11 1 Sillil;li VCqucleen~l~t,,, 

Des pite this I ,leislol gltlild losItl, flals spleade t 
to India andlt .Mam~i. Ill Indlia it aIpf,calcdt 11 OILt'
Purija b ill 1909 <(Uhalla and ('hohian 1971), il Mlad-

ras ill 19,71 (1hama 19,72). andt i, 
nm\% \\idcspicad ill 
tli, country, (Sutberehllimo elyl t ;id. 1979;). It is tceatthatt these phmtaill lllnillic J)occdurle , havelnot ple-
\'tilted grolueediut !uts. fi-oil hCll11HlelLc,,t~bliShCdill 

India. 
E{ither the ce'(.dures \cce not l~ccoll.llc , as 

.,6
 

1 
I 

d a . - I LI "i 

but in+tile iterest of t_'calrch it is permitted to nmove 
,,c ] flout coutiic, that now, ha~c grouldinit rus t
prtmidcd theft proper im.cctutions are Fa+:clor 
e e d b e_i nrp s t_ m\ otl, o~f In d i vy WC s ta teta R I SA I , aIC+III+ tile effecterliltis milli re to that rust is presenlt butthie seeds hlil ht.beel) fttlllgdfCd With lIlU llllill phos

phidcaIlltI lle.a let \m itla mInixtture of a'dr~l. ill ,++ t 
ilidt thilal prior ito palckling andt dispa+tch. Steeds 
impotetd ioto Indtia have't. also) to he treated w',it~i 
appropriate protectant chemicals.
 

El". a+lt e 
 of Cct.tal+\vd m rlltla has been limited.
 
It \\iis fllct.,s .al. 
 Ito llloVc Cuttings fl-oml SOllle w\ild 
ArmIn((Jl.%spp lhl thatdo not read€ily set seed, 'Ihese CUtt+-
Ings \Cc rs slu~ hoII ot~
ll ctciOlls +ill the Atller;-alS
 
Ito Reading [Ueihcrs+ity' 
 ill tile IJK w\here they w\ere
 
:'0o ttCd ;tIILI gi-o\\'Il 1ellder p ln quallralntine superxvi
sitoll. (0'1etings \Yoere 
 theni taeken fronm healthy planllts

andl(JIow\ne to New\\ Dllhij 
 w\here they Were eJxamlined 
1)y Indian plant tqltarailtilC offiCial,;. CLuttings~judged 
oIt) e hM1' 11Vt ' 1 ht~el HOW11'lto Hyderabad lind 

gioml tundt-- plant qu.rinel-l supervis+,ion inl an

isolation sciectnhouse 
 and plants \\ere eventually
 
icleased to 
 (Grouendnit Improv'ement P'rogram 
scientists. 

I hi, procedure, whillch was set tip malinlly to pre
vent tihe spread of virus diseases, aim;; precludes the 
possibility ofl' rust disease being carried into tile 



country on vegetative material. There is the addi-
tional safeguard that almost all tihc wild Arachis 
species moved as cuttings were of Section Arachis 
and all but one are immune to rust at ICRISAT 
(Subrahmanyain et al. 1983). 

The fact that rust is now widespread does not 
mean that plant quarantine in respect of this disease 
should be removed isthere are still several ground-
nut growing countries where it has not yet become 
established. Furthermore, there is aiwjays the possi-
bility that geographically isolated races of Pill,imiu 
arachidismay occur. llowever, the possibility oft ust 
being spread by seed exchange should be reviewed in 
the light of recent studies on the biology of the 
pathogen, and uniform quarantine regulations and 
procedures shouli be agreed internationally. 

Implication of Seed Exchange in the 
Spread of Groundnut Rvist 

Neergard (1979) and Richardson (1979) list a 
number of rust diseas-s that they consider to be 
seedhorne, but so far there is no definite proof that 
Pucci aramhidi. is seedbhorne ill groundnutit.hlw-
eer, a nutiher of pal,ers on groundnit rtist coUntain 
references to Iuccitma arachidi.m being seedhoirne 
and quote other papers as source:; of this info-ma-
tion. Whcn the source papers are examined it 
becomes cvilent that there is nodefinite proofof tle 
disease baaing secdborneand that tde authiJ's of these 
papers have been merelv presenting their own opin-
ions and suggestions. For instance, West (1931) ti 
Florida, I SA, in 1930 founid rust ol some plants of 
the cultivated groundnut, two wild .trachis species, 
and a lybrid bet ween one oftile wild species ald the 
cultivated grounditut. Seed of the two species had 
been imported in shell from Brazil in the previous 
year. Ihe disease had previously been found in Flor-
ida iin1918 and 1920 bit iad not hecomeestablished 
there. Because there was no proof of rust having 
maintained itself inFlorida from 1918 to 1930, West 
assuied that tile 193) outbreak was from the 
imported material. 

M ore recent studies (Van Arsdel and Iltrrison 
1972) liave shown that 1solated outbreaks of rust can 
occur inTexas and cal bc correlated with air move-
ments from Mexico whcre rust isendemic. Another 
commonly quoted paper is that of Peregrine (1971) 
who reported the occurrence of groundnut rust in 
Brunei. The rust occurred on a groundnut crop 
grown from imported shelled seed purchased from a 
local store. The seeds were treated with an organo-

mercury fungicide prior to sowing. The only other 
groundnut crop found in the locality was also 
infected and had been sown sotne 4-5 weeks later. 
From this data and front the knowledge that 
ground nuts imported into lrunei are mainly from 
China and lha Ia nd, Peregrine makes the entirely 
unwarranted assumption that "there appears no 
doubt that tile disease has been seed transmitted". 

It is difficult to explain the very rapid spread of 
rust in Asia, Australasia, and Africa that took place 
in itperiod of cight years in terms of secdborne 
urediniospores, but easy to do so in terms of long
distance aii dispersal. Indeed O'Brien (1977) quotes 
Pitkethley's opinion that tilerust outbreak in Aus
tralia probably originated from wind-blown 
irediniospores. 

Longevity of Rust Urediniospores
 
and their Ability to Infect Plants
 

from Contaminated Seed 

Podls from a rust-infected crop commonly carry ure
diniosporcs that can be transferred to the seed at 
sdellitg (Subrahnianyam and McI)onald 1982). 
Scvcrc rust epidemics occur regularly at ICRISAT 
Center but urndinia (pustules) have not been 
observed ontpegs or pods. 1his is not the case in 
(uangdong Provitce in the People's Republic of 
Chtina where l)r. Zhou has found uredinia oi pegs 
and on shells. This latter observation underlines the 
impoirtane of movinig groundnuts as seeds and not 
as pods. 

Resetrch at I'RISAT ard in China has shown 
that urediniospoires lose iability rapidly at high 
temperatuires. At ICRISAT spores lost viability 
after being stored for 45 days at room temperature 
(25-30(C); inChina spores only survived for 16-29 
days at summer temperatures, but remained viable 
for 120-150 days at winter temperatures. Storing 
seed intended for export it a high temperature 
should therefore reduce the chance of viable uredini
ospores being moved between countries. 

lhe question has been posed as to whether or not 
rust disease can develop from the sowing of seed 
contaninated with viable urediniospores. In trials at 
ICRISAT, seed of rust-susceptible cultivars dusted 
with viable urediniospores were sown in steam
sterilized soil in atnisolation plant propagator. None 
of the seedlings developed rust disease. Emerged 
seedlings of the same cultivars had their foliage 
dusted with urediniospores of the same ba:ch and all 
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Discussion
 
(Chairman: R.\V. (;ilhbons
 

Ritpporteurs: P.kV. kinin and R.(.N. Rao 

R.o. Ilt1lnnlonS. Rust dist'lst c)ollilol tculr ,rs Ihthnill thl [list dl LC, CLOld he fotnd Oill, i.-Ollldtllt 
t~l i l ' it ud S f a ilt I ) CII ,l l 11 t o~ A p, I iCt.!hItr Ine ./l I 	 C lops SoI(laC l t ~r,,t d i ll SO) l1 ' RLI Sth lf o~ un' 1 C . 

( SIl).,\), nletr di. LIIl l' to 	 rut;llll , I' ItI t. tII tL's tcci \t , II h stesleitt isl%% ul 'rkill. onl t-ca 
<I). l0 20 \ t s ti t p hlI;EI hCtCItt,, ditsse So(Iptt itld slr'e C;IIetnlIl -XAmillin2g the
 

dlijd.lllno td AS tisf i s'ti, Itos;IlIIf'. parts j eii, lindfl t lfoii e.
 
tilt I S ., sI 	 ll'd (ill dt i, hurtlmi . ioiltliallot
 

,t Ill ptlom p I K . . .\M . Icl i o( i l l it 'uri I nI e 

h tok lLl. a n dh 	m i l~+ .. t ) H [ , t) l t,s t_\c l a l id dlt o n)l Ilic it tit O c¢ c 'i 11 
k\LCkl,Old. ()\Cf till'I)C:t'i \kC: C 1101 l %%i1d (11 	 1,1\ R LN a[l:,:Ohtt ullt'd. I.tki 0!t Iti ,)IC 	

, hasc(. till alltt.iocltlt+.N identification.MuV t.tI 	 ll'ihi ;'.1\[ S ofiHt lI0 t R IMisl\ tI'I) 21 tl ll ihits ltlt.,t ltlidhIe
 

milttletillI tlt:tul \,ith t)lll..Cep icislil. ),t Cases,Illott speci
Itli+cisof til_l tl ,N
I( %kc l lot dt.po),,itlj ill co)llect-'ions,, 

(.I). ,l:lt. (1 atCii1>iu isrt i,,lHot lILClS (I)h lIend !lost plaints Ili\ lilt htIL' hte,+p HLulel identli
spl'ttii oiI iiltiL f J s t' . \\t' 
 lok , . p11n1t,s ldt. \\e ,ht1 ldi he Ct dlI ll t 	 ollti t \%t 	

I I tlilie 
'.M'+U,e ], '+ltc't ill ltl~ Al d lt. k lhICIl ()It1\1+.CL iHI 
 P ,l oCL'(I HCl._'l,'', 

k\dtlt ilAl IllfL)tC itli.hL'\. NO l i ti n lilttM o-+( ou 

fPiltlilIII till! ,! L 
 I'.
Iihl'< 	 Soma(lll rt a. \\hilt Inll of hennoirvoI is used for 

weed tlet t he\ 1) IIRISAI', lant Quarantine 
'
K.,..iddlehoin. I \totlld l hiot+ l poltall l i l ( It St'\.ill hriatd isdIi: ;\aillf' oIll tile mttarket
 

tia \L.1IIl p lt i t llJll llihl.
lao ll.;<!t.P. \ CI't'h\c' iHIlld
s lne. mIIchL'ttI thill Bl.ll L". 

hOl d thd~ttiiL\CI.'lh)\\il l h )iJI'% M! A ll.lldlhkl1, 
file.+ it I.'_ si tlh,lt ll illt1halll OCC.I't+ 
 oi opct t ll m all B.K. Valrlnil. I'm lliltinelw of gloundmtlll see¢d %%,c. 

hIat tttknl tui.\tiktt;iln 	 lielvliate' ;Iu ti lthiali in 5f.().50 tixltlre, itd thislisinIt h oilets. Ist,, 

git s golod conit: l ll the surflce lora (lolseed. Hen-
I'. S lhrlnanulNarn. i \e t.uilk thotlL'h gldlll- te" is not etictise for the control of rust disease,
 
11un1 ill lt plots oecollec alti..hcd to out biut alpptlicaution l (C(lixin" 01rchlorothalonil gi\es
 
clotite, \\L li+ 
too ll nlilel Ille)\% , , sutcl spoel s e ttI te co')ltrol.
 

rel ll \ituhht it hit ef.IllotiC is this nlldt Iol
 
disswilinttliol. 
 1).I,. 	 kwn .Ira /ij(ole. \lYt, iljje 'fhi t\ild species 

itnf ectetd \ ith rljsl is tii, titw silite rust that tICcu's (Ill 
A.S. Rao. R lst is alilhst ll ersall v, preselnt ill titt ... IlT/IP ,i'lU'.) 

grtllltdtnll-grtx illgCoIiltr I i of [lie \world, id so it
 
ispossible thtil .\ltliiellrs Illaivollt I.F. Illennen.
dissemination 
 Rust OCCUi atlilatrlls' oi many wild 
he importpltnt unies's [here occur gelgruphiaihly A lit. species in lra/il. We are not sure if there is 
separated racesi tilteIlIInits. 	 t l O11e gitnntt1111 rust f'ungus throughout the
 

are' ,tillB.K. Varma~. Ihe-re- so)me cunntics,froml 

\'lijcllgrundllt 
rust has tlli Set bletl reported and 1'.Raintaittha Rao. In ra/il, rust spores from 
sO tie LtllStiOlll 1 uisseininattion retnlaitl, iJliportant. pttstie I)l ,.rac/ti.s gU/hl)lru were inoculled onto 

.A. /lI),IXl,,I bitt no disease ih\cioped even after 
I). MCDonald. .\ thototl h sCitCh for grottndtltt 600-70 days. Ilhk\vetr, rust (lid not develop on A. 
rust has 'vet to he mtrade ill sntie conttries. ihe Ob/rata control platnts either. 
disease has nilt vt elen reported front ltrl1 alirt on 
atvisit there ill eall 1984 I four)td thedisea sepresent. 1P.Suhrahinanyarn. At ICRISA! Center we inoc

i sur\c' in Nigeria w\e haid to e.'xamine iany ulated six aeccessionts of .A. gla/rua with the local 
plants arnd scat lcaflets usintg magnlling glasses isolate of rust 	but there %%as 11t infection although 
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rust deselopitd ,in A.I /io/n C'Cite, pillts At .1.1 -Itferivl. I)o iso hase tns evidence from 
present ' tjt1 Oil h e c IItt lI I'III I uI I I . Il IhC' balci c l sIl
 
exislt e a illt , 1t 1 ,1
co h pu I P~tl+!p , hhh,]l 

,K. Singh. Ie ,cregitlon pattern in hybrids is 
r.O. [arnmtlnis. .I , 1(1'k,,p .ts;Iic %\lh'6-8 ithnoii il, aid mmrc 'Akk'k is needed to understand 
speciCs, S0 %%C C tili u'It hI IC;iii(ii I/ it" ll III puf llotliclltl 

R,.0. Ilurnnimns. Iliac \off souht to obtaini). M Cl)ontlld. IhIl 1 )lit' (i t fill' tiulls ll .h\ VC diploid .'. :Ti,' '1('(0 antl the Cl loss it \With diploid 
itAil, s tqo ; tcCss1 I i lllu K 'A'Ml.ht Ipl i t i ill .;11 .' li;llll pCuts'

tI1i 5C-t' s.t s't l it iLlp i i il t' s pecile
i di-ie i u I C 

... K. Sing,h. N. tvt' ot l hitiI :liploitd acces-I.P. M ohtss. I), \ NC liit\' I t
) t liL I I /u/rif u slim of .1. J 'I ,i, 0 andIml s ha l riot buen able to 

Iis,1-1iLicpll ic ,1 5 us at 1( 'R I 'S I IHlti iii li i ' 1ttIdY1 lsit1 ;it tli leel. 

V. 16m iniallha 1a 1. No ,J.P. \Ioss. \le , t)Is i,iolllo iil I h\ lids. 

,. . l(Cllnln. \ c 1iC 2 7 cIIl'Ciiiiis o; ritst liron I).l,. (ole. (.,11 ilC Vica-'c;p'(LIlU Opl et;ichCie
'Aild piCip s III iha/1 ciialle In the ]kielh il \ het co c'ritCt %%ilth 1hii ) 

the liel"' 
L.A . S1illkLo. IIi Nigeri1:a if) tdItlii to1 rust. iAe
 
h ilt pI IN' III oI carll%IsI l spi. I his iNiiili lt C 
 P. i-lural ai'alln \\ , , ii li lii cti this olr at 
iln'ie li lmitlilt t L ,A', tilass ini l)(ii Coiwiiti\ lare retiuiu Ii ill cc' hi pct . RcsstuIIIc' screening
\\lish i sc \ I Iiitioii l thisulisitsc 11sl11t i ,Ikil l s 'l tifU sepltrNiulitii ol resis

l'ifl 1 ll(",1 llle c rotsl\ pics 'ifi this ctrlelilles1'. Subralunaniiai. \\c tk, l ,iiir inii 
, 
vull ith lieild's,.uiiu' a: . I fie hauhlat ory

! C ai l N l h l i 1 ,, L l l UIr x,t~\ % t H 1 I t ( 1 ) l t i l i t 1 n l ~di i i o , -1 .121u f l l , l , t . ,! i l e l l e i . l 
'A. I ( t'Cl11Cl, 1)(ll lt <i t ,i~'i ;mi c'!k ck' t'lt' t l g ll IC',Cl Ill lT's il lrit' ilt 11Mk 

tol PCltI11ll 'i'-rdctl t' 1l111l i ll 111t" fie'ld ( )III 

rtesi ilth h,it l.'Li : iim l, .ii i it[ in li i ultt snuil 1).1. (Olt'. It is li suPI, loi Citeil iuie screeiing, 
ihlusiiSC, \liehi ')t Hli I ul it 1i",itlt' lc ci bitt this us i 2 rtILTlilt l' etilt l) volt linld that 

ptoeld pllants hehlalic III the samllle \iav as detached1). M COl)uli1i . I,, s ii '1CLlii. 'Al IsL rectinir t l ) i st!l i ) ii t ' lta\ cs iln 

CwiCeint'Crl!; t'tc mi lul .ise[ . \s \ kilo l C ill ht
 
lIcid %sit doJ huts il
ki pllco ti Lil' Cidl s it 1)'. Su rihiun a n. Yes. We also, find thatI(RISA I (ciutct itrid \'C tCi '),leir1P L'1 tdCIlihiC gie'ilhtiise- g1i' il phlis are more susceptible to 
eurpl ofisustii rcsiiielh Ii :tiisAtliIll,,t ilep resu,- ,t is thait ire ield-groiin plants of the same 
l1l1CC tl lith lUst il Liic ea t [inl\lIl Iclur't'spot us pc 
a t aj r prihleii if ,ili ii andil i ull in \.Ia I i I is 
gli-ing high plloiut il l f)iet' 1nit. R. , Strangy. Resistace to I'. trtt hit. is a post

pericilliton phenoiienon. Is it ill ait way related toJ.E. PIarletlitt. 1011 t ltit' d till s011te A Ild h\periisitl I\s.('(itll . ot dilerentiate resistance on 
.ru,/Iu species irl t illare' to 1il i om-rist. (iii _, i this hasil' 

itIl oil the ulutitlICC (d this iMn tlltnlt i 
? lit' !he 

expression i imi niiti riclnaiti slitilil allter P. SuLbrahtniit . Resistance results from failure 
translcr'. ol rlst hvphae to establish contact with host-plant 

Cells of resistant genotypes. ITthe case of hypersensi-
A.K. Sing'h. We hieC ScreelicI It hrls itI lie tiiity, its in A. . viotLarpa, tie hiost cells die imme
immune wild species p' rn i ll t -A. ,tiLp,,awanrd diatelY after they are invaded by the rust fungus, but
 
ound ihem to he highly resistanillnot 
 l ittiruine t) in resistant genoltypes this does not happen and 

,t. This probahI\ re.ullcd front partialdominance limited development If disease ensues. The resis
'rom incrcacd phtid' lesiel from it dillerent lance found is ol the slow-rusting type.
'c background. 



RN. Stringt. Iim ti),Oiu csan.u c the lust fun- identify true genotypic diffcenc.esc, in the field in a 
gus in groundnut leaf lu.LIes, reliable and reproduciblc wav. Ihe essence of an 

aSSsI'lletit scale fto selection purposes is that it
P'. Subralnan'an. %kc rLCJI by hcat inthei\leae allot sCotig to be (lone rapidly and by relatively 
ila l-ophrIOlt nd sttll the tine ustl, the untrained people. Its main Itiction is to help decideeLI.,l de 

i ,itto i- Iilkittip lilt' ,tue,
l lenI tllu (ala then be xi.hai Imaterial to retain atnd wkhat to Iiscard. [or
L'\;Ill11 bIC I I iIC.ifWkI r ci'.I();)f -'pidctli oIo ic l rI inlie itIan[Ice StudiCs Imore"c ,ien

tilic data are needed aind a different assessment
S. Ntigamrajt. I hC 1-9 dIsest' IC 1)(illt scileI) method itN ha c to he used. lhe modilied Cobb's 

+
W11 usC at 1( fR ,iSeaseLiS \ I liu p', d CtcthtsS.t scale fhi', ,oti. disadiantagc,. It i,too curtmbersome 
itd pustuill. [pC Ic,' atliets,o quite difte1CeICt tot largce-cale ealuitiott arid the epideiic has been 

\%h% dit%iIll 1lit1l11! I i hIllIll tIl I CI% dI
+ 

NrC them N.C is l-e lpillg tr ,time tlttle be tre it can be used. Al
do])e IM'CIC lIts'tI I i1sd (sen(tSCeC. itld beI 'hio ii liter scalc of ltiseseacesiirenrnllen may there
peIct-it c.,!IN.i i l ctiClt~d I t., - btsp isC s"IClNI [inlt Ilte Ctc-qtlcd. 
allS it' ,isltit. til eiClslCk stiiscfctifileC. i M isc'pti
file' Sc'h u ul.f t 'il h .1p Yomr
s s,'.tem] 'h -. \agtirajm. 1-9 scale i ,atcually i 1-0 scale, 

Nlites ot 0-t -)bncing \irtually identical.
 
P'. S btrfllmln m iiJ b St lb",i ic
nliii. \,. did Ik 

Icsil, )iii I j. 
 ntltlh IIIi Il , t I).Suhbri:) i. w t 1, %h I ahinansamrll. We fi',c Mealitated several 

lh.Il: ile, ccL-i'l r,.t, i h tiilli [ci ) i tui l scales. inc.luditng that developed for soybean rust, 
cdtol t iiI'tlo Ic s siNIt,",s,'e uhf antud irom ciotideratioii of these \we have developed 

I /,,Uil,il1li.1 M 1 l )- ,lfjM" AL \\C U-lld\'i+CLI 
 lilt- t-poilt scale ft selection of resistance in germ
i Ic I", C,,;tOl tll11s wclh, ' , us i tlt(iii ie,QC-las tiarid breediig litres x htereit timsomlnl\'lnecessary 

Itt 
 .I Jtt' t1ciles l theltlii cc trld Jti i to ditiCltCiltiaite isNaItillit. 1Itideranel1' resistant, and 
p~i I +<,, ,,l.,ICeptible malte rial. 

S. .NmSu j h I-t; m ).,Ii. llli.Ic hils ccilli.lll, ( nlt. A loailiitiic scale his ttif to recoln
olilt c, Iof c\fmnpkc. ili 2. tedl tcilliii soi hich it, larls xM icilaialynilg the data. 

Is IC' 1 is \ICt, -ilt c . \ IititIli tf ibbsNkldt JI 

scalc kwuxh ue bcttct (A). Nui, cc. IhCc arc basic difftleies,,betwecei 
grtiiunidnrit iiid cereal tuits. With groundnti rustP. Sllfriallnilr.i c t b-cisc stile sitlitton \,it dui ialt get the entire leal arca cosCred by rust 

Ill OS l l I'IIpnlc 2 c;it b1 ' .3,billICc.il ii t sOctcf is pisNul Inlact. Mien soie 371 of the leaf area is 
scolc I lilt hlkcl itoi \l mm i c tihanit iglC tltii. co ised, tie leathls fall ofl. Ihisdcloliation compli

" A IllilhiilCl scl(ioh , I)enif used but hole Cte ifiuitit r ex'ti iftI bb's scaleisused. 

P. ;ubralinlrn~uin. I)hefiaiitiin is normally asso-
S. Nagmrmjmt. fhl1 lits 1 ,ll I iCtilA I k lliPtlail dited \%il the lcat-spot disease,,: rsti-iffected 
Mhieni dcilii v xx%ilt\ Ikthi i i the basis oItifr lCaCs tend Il leitriil alltachCd to the plant eset after 
ta.icet' \%t lit \Hit,l icHtlla1C .steCIn arid tie rthe h\e shrielled anrd dried. We tse the 9-point
9-pitiii SCdleCilts iio be siiii!C. scale for field ea tliitil Of resistance and the 

Cobb's scale tir ieaSluring progress of thi disease. 
1P. Sbrnhlnniam. \ke di io! tL' lC9-ptll 

calculaing tscale in \AluCN* ic'usCIa titidibeLd AK. Singh. Ihere has hecn rititci fiWIussioll Oil 
C(obb'a, t0i t1Ntiald itfti puipilses requitritg the utilit\ of the 9-plint scale. I sotridcr if the differ-NciIC 


flatilltitati\ e icciCtlc\ 
 eics in rsIsanI l t sorstiC '.I/ gciol pCs il'l ,/iia'u, 
India arid ill(hina Culd be due to crors it tIhe useS. Niguarurjn. In xx l-,ht-lts studiCs %seUselOne oftfie scale. Pethal'is the scale sltitld be shortened. 

scale for bttll the selectiit 'Ind qftantiticaioti ol 
resisttance. CI)nnlld.
1). .'1 [he 9-pohit scale is simrple to use 

aind it gises reprodutible results. 
I.E. Parlcflie. [-or breeding puirposes it floes til 
mriatter whichlscoring sstet i is used u long as it can (.). ."Iaxe,. I\tpersetritisity is an extreme sus
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cc ptihie feaction. I )o %if it;cr at x pica!I ,- Ile IK1NC- Inc 
Mi ity rea1ction) t I List III . /L )hip,'U4c1 

1'. .'tjbraihrualn~ajn. \o. hnftxxc: it inldo findI olilc 
%kil(A rat his spe12ILs NUeLhits -I1 101 ru 

1'. Suhrahniartiarn. I ie Vt i II/1'l1111 (11c0 ee, 

IR.O. IfammIIiCni,. \kh i m~illimi 

P.ldc 2r p0 he 

Li1'.) iiea ma .2 c iii t
Ii \\ Iico. Itii o JIC hL 

111tlicr I t(fhl fiilem cil'!l \k11fli l i leqo .1111!i 

C1\1 1) 11K1L1-If) 11 ill I lelen pll fl it1 t( l [llh 

Lhlillicop I Iii III I iII, (Q11 (I Ori~lldreitlan \C.
 

11ii\c 12et1ild tl lfilnitil.%ta %N 11 1 /it
ill) li i'e 

S'. Naghrajiatt )fl le -I L'eolllIf KII 4 1(1 0II.K 

I ie il~t111 K 41 1111 1ii ti\ rhixa(d1IISI 011 to1 C 

tlfillr L1 eIlfIi 1If HCi tha 1IA ISJ(. N OIS01 . 

k OILiW\ ei I(9lplI ll N(II I ll l Ir NIllAiCtli11 iH ltM IH 

fI_1 11 ll I Li l It l isUT1 l 011Wi pIll)M \l (11 t be11 

Clldtt i ed iltlCt( ceMll I ICIUCIC oC~f)N2NIeC111C 

it.librha no iid am. I Ioci ulllttlitiltl IllK -10A. 

IecriSC ilti% 1 It heC an itidI it Ildli II l te 

leI1 iCICISI. i c itl it) IIIehvpiial ck ,lllloslil ol cell,, 

N111,1t IiI C h ,IL~621U 

sliviIt] n~o( hC CiltCLIC Mtli h\ p)Cf Cfiji\i iC'l 

\h\ dC) \ic [lot lIf\ a% IIIi \11 e l! I\ c re Itiollit) tile 
Cilti\ilted 12Li diiiotlllll to II k 11I isenI hix eIactIon 

C011111oii %wih offhet rIlst andhl1NoIs'
 

1'. Sommrl %Irii. In III)stiihe \c bonld tat thle 

J!'II1i~ 1111 il thr eICAlt in Id \0kCIi kmn,adxantagc 
ol p111111)11101 Ill (oh''/lIaJ-tIlle i4idini, species. 

1. Stirhinmin. WC Iillld toc0irC hit .LInCh 

1111.1Ielectro\\l.~u~ir L\r 0'iirIll 1it (11IWOI 

lili oso



Region and Country Reports
 



Groundnut Rust Research in the Americas 

R.O. lammons' 

Abstract 

Gi t(IIIlnitmII t 11u, /Os It,,d,'t'le I e In1/"82 1! P ai (I 1 I. / v ,t's fl%ii, fow stabilhed I/ the 
gitoundrutit.,rouloA fl Oilntr m,'ri( Ianmd flow Ir .,,t ]ioliv.. ()or"''. ')l .otth an , . tbrtrksoftr t (ire,A ownl 
lotIl Im,.,(If(vf ,"m tI/I I 5 1 I, I I'. O'rioItc dallite h /1, e N beci reptif" Invfiroffeth w R bt f ,twt.%,, .I( rtd 

.sf II/Ilth I"'I (I.,tol fire"v -waS o96 . 1Of. tm4 ,I"I,,fill "I' Is (, ,Ios li,IfC~f)(VIIr as (1l ol IIII.nnt ( (4lit Ir'-t at 
t/r'.tlit/li1i r"" 1t I a,'t.' ' '/tl/'. ut,! irit't ofI 1ntl stotttt't itilli in I/i' 

fi 'I t'/titdttte i
 

.Jt tv.,l eii"I 1t 111,'r1t,1ir /,'it oo,I ' 'I itoi, "'uti tc tiiii. , t' 


t'! .1t'tirsc t t'ottcl r,'i/lt Ii 

tt i s' ti , ' rl PP10s . ltA uore i.5.. r:'rI 1?,:,.r, tw t, / wm..,/,,, fi,d d. ,mtit , ,,, "I/ ,'t ,,,, t,',. v mw !.otm/oad,.,viwn g d tt .sc: rno'bte-din[ 
t

I tult ,Ilrrt ., itt.1ntt II1 l ,iI I, ,I m ,'to . (121t4rarlis iI i hai rtt,,n /owedin IrI ,rcw%, andthere 
'tW!'?' , W,r,, ,, Itth :/I, , afl th" : ls l mtt" title) thf, €I t t eltd .g..litlr ,tt . It should r6ot beo.+,Ij~pI",1 M h 1, "''''t' Iwi0 a 'lp ", w,' 11O holt '. d 10(1lt t 11t~,t. eat'rtillt ti . 

I 11 ,'l Io,, f q I,t I , *' t,, 111'! I , I,If ift',, ,if1d I, /,v,' ,iti IIIa , t,1 or,if1o t (.'lAI .%.site h,'. oil ph v.sl ogi. 

, ,t 11'sttm,ll" ".l,Fl , III lowf. ' t ,, :ot,'-t',t,,t ,m , off Im ("s. "P irgerit'etics oi'r.st re~st.%ance vshriell " rI er' 

111'Il 
 ,iol ,t as tlus 1, ,I ,l,',/ In fol' 6, 1)_ . K11,11/1 III thelf'e. ;,t ,',,,hng..s. 

11i;Sum11i 

lIt-cht-rcht. mr III roiuilh, dt. I'antelhidc 1.' Aim.1ri(Iu : Ixpathomgtqrlc tit Ili towtlhv (h, Partichidefudt 
rf,; o /to, / o n Il/ p/ t ' l /, t 188t! IIA 1 p a r Blt e w n . tt/ ~ j v imit t' l H . 1 (41, ll I H . B(II(l I~ d e st t l rln/tit, (IliliS 
It's .;on,'.oltmhohttob, do,'/P Itn1111fl, 'cltr",,-f ,I4dalr 11,1114u'.ltille.s. A.l bIz17,1aie,1 !'.'lv:s, 
"list'. ,t,'ldis 1'I1,'? stil, , ftr, iif I'b",,. ,I,.,:,fi tono,,,llful/fs Stil/ ,hils It,' sitl Ih l', Tva. prondwrt li t.;riode 

Itri
/ 1 p t,' I,'/,/ 1 [pI-,ll tt lil t,, ' lpt~ir dt'hozllx k 't . ts oil toutc .s r'a itt""t1111"71,10,' 


'Idt , tl t'/'nqi ,,t'ddi/, ,of ,I'tl d'or b,[t'Ili wod le 
t'Jow" ti delhut de' soniwsr risqueVde 

Il;t., Wl . I,'v, it't l l iklolt ,/,,, fill fit (. , lapir,' ,' so lt 's *drrwslm t',', I f. ltll~ lf I ' t1;1I?;futln ':lgsltallI ("S 

litllts; ,Iln !,wltlt,.s /tr,,l,,,titn, ,/,', etiont. I f', wlltk,' X1.'\ tt,s'/a"'i achis. t litz halit Iii'vatl 
(,I/t I;stII IIot, tl J ltl, ttt ]), protzirl,ttt l (ow,t r0sftitti d'POllettt,,t, td.anttl'ts I'.s 
oilmilo!, '011/llr % / bliltlot~r pietz's I'sI S ,ap/ t'll I I /(It t"ol .~ ' foiltn (III~t r 'Sltt }r';tet 

lra tiflt~ro:lw lrt ai pt h,, ," l r, I',I wmfle,' 

Laltlitf,' I/,.b/, 't i, , .'I hIt /w t/, ,,1t ;/ ,t:'110Ole tot,;/e:tw'tt v I t~/Ii w ,;r's part ,Warion C.ook. ttr 111 
I Olslof ' op.c/!lt,. hI )IImnn 1 1 ",,11, s f . lsd, t Iv ort, l . fi, ire, ,. l 40,,11retr,, ,li.[Nrentr.rc ph of',,it Iv I 
Im , ,S( I l i /h ,i, : ,itt h s, a, te i t , pl/ , ! , ,nt , t l i f / ) I , , apl i t i' s e l l 4 ; t t t u l /' (I. t o' s .s i r c qui sera 
aplor'01/,11 Ill hatn doll, III collniftiloltli parot '1. hfnlt. 

UCIilcd St:lit)V, ISM RCS.c.r (iuIt.+Cllt111 R+tC'iCU11h 0)11d ICIdC. Age cultural K-.csarch Scr ice, ( .S. Department of Agriculture, Georgia 
3 171)1, 1I'S 1 

R('R IS. AI (I Iftlfi] t,,p, IriLI C 1 11,trt.'U II-Af opis197'll ( C I Rcwx It 1 tII I)t, I CI ou (Innotrulst isease. Proccemings,of a IDiscussiof) 
(mlfl' Mccirmp. 2.4 2.S ell J1984.IRRISAI I Ville[, hlldlaj lalanchctul+ A P 502 124. Indila: U 'R ISAI1 
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Grondrltlt rust. caused 1\ thle utins I'm ( ia wa-
1,6 S.<peg.. has heen knIi II to i citdolpisgs Ill? :I 

century since (Cartis luigi Spegri//ii ntliallitf a 
described the discaie floil .Ira l lli:lterial :u)l-
lected byv13. iallansa in .niimi Ir i2 neat ((i:eiiu , 
iiril a.lit' iSl4v i, iS the' 111%(.p gz/zli 1'. 

rst[ retorde.d Oil tile ,eim . 
W ithill -1) , e ie LLlel l ill l ie1 iuel C11;01-

lishlhd ftrolt .\IlC tm IId Fct it I l li iliou!li 
lie ~tlt!ii tliit 

\iueiie, Fld nt 

IIlill liii 19,7) 
Il Siut + \llX 

tiiini, I~ll/il, ('i~ 

ii111il l, I It11lit 

'\ aC l t l i ( 
11 1 \ll Oil.l +!, t 

Re ul ,l. ( ie ii 

\il2 diLe, of '; 'o~I lMih t,l CH, i 

the \e., , lLc, ( Ii,1tlititlid I 

III' tis, h 01ld Ill \iXi-. eliI 

(Jl A Ilnldtlktt %10,L,+lt klitt. ,Ji,. 

PuIett, llo.. tSd NSt i ei'i 
Ie 1ttt doeimnnteCd oillr,,. iil heI'c \ 

,e iiiilCd Ill illt id. ut \\,I, ltilid oul 30 Nuk, 19iN 
Iiitiii , 

,S\I (S 

lFt It, 

itn '\,,%iii 

I I OFlutlI 

hi J-,l-,II P)2 I lir)Ill,i u to si plt.llts. 

i,, u . 11tcr fltc d I lOil - Ii . 

lI )2"Io, j -S() iw,, rll u,' iil lit (6 II 

1 O I, \jtiI!itiltitltC I . I(Ill-

! ]. ofI '", V irP. o , rIiitiuki.eIls-,m I l ,,arld III ke I fec-

tIhl)t-, . I ]cnl (,HllIM1, 12)I le iih tttl Ie 
ifestIiCliCs rlettlll iu lie il ti.11%lleIt 

PlAint j;,ltlll_] is., hillt hleI't.t' l d Il_ luS 
ohs:tt+, l~c,. groulldtll :11',1 Ill N-,oult lc ll I'SA.- 1c 

III(THIMecu l i I ;teI Cil' 191)15 i t sp ,iadiCt .CeiI
IC1h'C, O)f[t i ln(c ill Hilt' gl ,I Il2 '-VCAS0, II llll "\ 

i elts t Co .lell lc tt sed Illi lt'ti elrn ieLIt -

I i, u Iciiia. limitrNi\, 

i;i, t sIaluid "init 
1977). ald il 198 i 

pCltritli.itioiiluittion 

NeMs c\icos NIrlr h ('ailI-

( f uii iclf 1971, l la l tns
 

il i i I(A P. l ihlitc', 


1,2) 
)i1 the' uncdfiiul stagC ha s beeIi tliHItd ill tl' 

SA. Aecliti nd ptll Iertlg ina ale tiHt 

ktien tilignilts 1950). Iht1t gliil dcileriptiOil 

iCetLfCd illk telia antd teliiipor.s £pecga/ i 
1 84). 1lie.\ hit;e Cell had 0nl, ately sltnt 

(Itltcnn et i 1t)761). Niole dettiled ,,u. ntl ,:I tilt1 
life C',Clct ot iut'In ulIIt i '' , tt ,,I 

liien il (these Plocc diusI 

"0 illthl it lil St-ics aire k tniio oltd the 
getllt, .hl /1% ( iilttliii \ Itt 111d ."l JolItild 

1983). Airborne mciliiiispoiics tdscilli lti t the Ii-ue 
gus. As hilggins I 195() rcpolrt'd, tile patloget tloes 
ntot u\ci\utter ill the I SA, hlt blows in frolm sub-
tripical aleas Ivan Aisdel 1973, 1974). 

imi. iitF .. iiii. ju1;trnaitt;i i iJ. 

' l \ t11,i1dli III (itilll 

iiihb'il+ I its liein teI uteif 
itt +h/',,, 

' , 
)oll lJill .' n('H"tlb t. 11 

( jlel i ipqlpCIit A At}il. loll-

Except in 'iithcn lexas, where rust caused e.o
im ic losses linm 1965 to 1971, the disease has not 

bncr considered at maj~o limiting factor in ground
lut produictin in the IUSA (Subi litnaraNlli et al. 

S-)d \\Ihere prescntise applications of fungicides 
is tI;I it chlmt atstandard productioni thahnil) air 

;llt,)i .CC, s( is Iinili/ed.
dli presstlre 

(Hitllflitit ills[ hits heell tlhsreld in sottthern 

(Ictita tilutng 22 of tile 32 ctrip vcars fIn 1953 Itn 
It',u I hc Ilnst geCeral field Cpidlelnic occurred in 

. Sptrnhcil 1 35.1, rust had been thiseralthough i\cd in 

hCCIdIII ! ph il It tHie (Ocurgia Ix eriitlellt Station, 
I \p niilt.ull. (;tilgii, aith ,l 20 vcis atc:il (W .K. 
Flu'C,. iilIIllN. ;oilt. repoit 1953). Rist \was llot seen 

\i iis of sc leic dotlu ght stc,,s, 1954, I1)5 , 1910, 
Nt(i . aitti NIl, . stlitit lllteetl)Il \sll, light or late in 
t tC +,,t~toll. bil eI tCI£Ielc , \i.]CdI~ut tn 

.111d .. lop lill/,C hCCul rcd ill the \t ar.s 10 3, 1955. 
j\"tts"ll, 196llnI 1971. 19)73. 11)8-4.t,5 1, I1976, anld 

hIr is. hui\seC l, aNst fo COntcin. \ll culti ars 
pjtctlu in clltt atii tire known to bc st:.eptihle. 
iipuimed prodtuction tcchlltocgy plili arly irriga

tl1 it 1 Itl t Ccti',C ICA Spot Collntrol \%Itintilte 

gist I5 l itts has extended the preVious growing 
esIN II\ 20 to is much is 50 days in Georgia. Also 

thereI s lii fiiisSibilit,\ that ino niCUl in appreciablei 
\ill alrike sulticic lly early in tile Season 

to pcillign t the tieein lpnent of several Ilredialcycles. 

thi, ictltu . :1 ,ide itad aldtie astating epiphy
totic INdistitltik possible, particularlyin theabsence 
oflt) lesitaill[ cu ti\'a]N. 

A, ieric atn Sources of Resistant 

(,ermplasin 

ltundl eds of piimiti\e or ad\anced cultivars and 
breeding lines of A. hl'iogav'a1 him been screened in 
the Aritericas for rlst scnsitivity by exposure toi nit
ittal or artificial epiplhtotics under field or green
houilciens iiotiients since the early 1940s( Bromfield 

1971, IlaiiiiOns 1977, S, biaihmarilaniImlitil. e 1983). 
Ihlilished tsidcnce showss that Glenn Kenknight 

1941 ) first im estiilted host-plant susceptibility to 
u rust. All 5 entries that he exposed to 
irtlicial as sell as natlural ittcculation under field 
'OllditIis ill sttlItH ll lexas becaime rusted. The 
apparentt greater susceptibility of the runner-type 

ll'),i liat'la VarIs sp i l'p l..l aea) entries was attrib
utcd to their "rccner" loliage when inoculated. ( Ihe 
present writer itnterprets "greener" to refer to their 
longer growing season.) 
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IIItlt
Vet'litilt. M a old I.llltJ, illol' t 190ttIf,~t l c lm al iih([' s t llil tds illtltt{lil.t Isx, Ilsi ,I Ilev 

c,>t',lt~ ~ IS I!l c~L'tIll~~ ~ + ,,'r~ d , h Ir~~rll ,r , lt \< ,illI lv-c).\I,cs dplica,, ll
, otl. 

I~ci,tllfll'l~ N~t l, I i\)rf i , I\ 'l, \ + 

t'~ HII'l lit t l~ r! Itt+ll~ilt ' lltI II 98 2 17) 

,
It',l't~il~ Irt~l ,1!
I++l, lll,,t]. +,c t~ft(!,' llilt" ", 1 s I t( L , III0 10,2l .I,ti1(.11 C'. I I fi Y Ck, iII 

'+Jtht'\l~ lll1 Il , "I 'I) lIlII i'll\ it k(lllt 

ir.t'l, \ ( >l l if,+'l .', ' +? .%<t , 


il N (ILI'~ 11t1tiI,hhIp l l ,lin I1 CS HMllli11d s 
t ctihil.k: I'tt IIi tIl ; - , I I .I IIfi to i ll,m 't(lctI ko v~t(l i oiil 

, .I,.k if;IffI I> hc "lill-1 S \ )Ait l tc' ,< htRI' \J'AIc 1c bt i kS
< 


I I f( It 
\<,:illllc'ttlll ' tIi ! 1I ? + l.; 1''
1 t li i1r'I t I' ('(\ II dlll I C! lI l ll .J LI 11, 1 1,l)t itd I L ' t t ijtl ~ [II 

Iltlri<,~ ~ l't('11il ,( , 
 1'1,i'I<",1' tL l ' l l IIllmo 

,cti<i Il<'l'1i ct ilt ll~rl ltttt 


Il.~~t 11.1~'~' 1~+,i-11fI ~I.) ,I:II I'I,I n I )7 
I'i 1,;' dlc' I' 


I] \; I(Ii' I w~l,c < , 


i~~Ill( I~h<+Ii Ift('lit r~ltI ,1,I;t[It 01 gll oito 
I ill Iit 'IIl t Ii tlc\ fhi llI I P ;t'i C ti f l! I ')ih)l ltINl lilt' "d1,0 5 1 .12 

,li,1 7,l k~t , I hlcttl:,, Ih - % . i tIi ,Itc h<ic'l\ lStO 
t," IIl " [ ll I I t t'I-ldt'(ikIoft I l 0tiiiI " Icslit,
 

d, !lI t ilt!l,1 , [ .!1 tit' ) \i P t) ltllli ) 1,1111rt'i liit.'d I h., \l
dI tilf Ih ll tth " O, 111 1 S 1 ,I 298J a~ll 

-,P< ll i t ,I~<," t,,i IhtfitI' 'I -iI 1 IIc 'l l i ol't N i IS(0' l1<elo'tpl I l++allt't 
ll.it 1l1 il l . <l 

~~~ ~~~ ~~~~~~~~~~ti,hi', 19-,! rml~tlitlv.t'll~llt,~ll \k) idll~ ll I<,l"il hciu~i crI IN 298'11-5anlyllttCt' 
,I, .lJ i lK ' " I I I IY Ii [ l S Ii 11 l kli )it11I1 I ! ('til1 ' I s IItl c fit'l t Vtll Ill-

II',t i \ +-t ;1fitl ,. li , \ +,,tto[I,, 1, Iv. hiI IIIAtlt'\ C1LIt; Ii LIt' tI riC CI'-ni tto tI t} l' sI i, ii 'e 
r~l~l, i fl \I i' Illl,'t illl' r< i 
 I,h h}i \ IN ()I Il illtI I 11"I I III IllI[ ( r. 'llit lt '14 1,ic( X Ililies
 

! 1 \kl I C!iI~J, I I CtI,i II I- 1 il1 l '~11,1, 1'i li: ', -l 7 l\i il t'c't 'IIt L.1 1 i tll t-

I,\Chu i! 
 lil ( 


, <
\t '\v , )l,f ldI thI I t , tht tI., dw,,' I IIII \ \f,lt ( L rI0 '\1 J 11) c'cd-,tl l t i wi(. )Iti i i IS tb ll 

111p,"
l~'1 i fi,t lcP '!,II P' ' iI "t\ll , itI ,,,i I'u~ R IA I.'t, I IsIlht [IitL't'11m' C ( t '1 Lc'11,tl.ll n tliicC 

l f<t~ I '1 1 , I t t ,,' \ t't,, I I il df illI <'" IIctll t'l 
ICI i I l ', ,ihl t il I 'I (' ic kJTii t 
" 
tll P.il,t lf II,i \,, , I i', IiC\ k.1'~,L1i " tl .1- Ic lidt il c~ltl+ t on'd fillt i II1oc I I l ( I)+)o 


tl fl' Ii) 1: 1( h ' l li'
PU't' li Il-l, i\ l it'hl .Il It(Il o'1 if c 

" PCl;]hi +I , 17k illitm I I ] \ !(t, tt'l 'tos,tIro',pPIc
 

,lrl~l.I~l~tftlht~i 
 lt'tl
'~l I~tk lll III(llt.tL%i ;tIX
\ lth fI t CtMI it\t11, ll { i ,IlkIIt III~lt 
,
 

' t ill I%IIII: ,I i rII o 41, o ,l L .[f an IN,Itclail'li t 'l'l Ll t't'l Il if)Jllcrcd 

I +-p m i,iu !i,(t \ 1 zIl't 11, )llht , 'I[,+!u ,Ill I t .1111o I t'. ,\RI uS t~ l~I i,)tAc;I l llntilk I',LOrt llfii [')fllle 

'
I-1,11lI oXillli< L~ l;<l ',Il)C'O",'tif , l ;lIji\- r ilW '1 Ill tM LIt'ills (dt't 311t'I'I 

(~lilt] 11 1111l'kl htJ!llt1 1C'l , l W il'. I ;l+hc , ( l ) l Iht \ >ih t, h 

it 'Mand 3 500), for IN' 
R 11 , I llh1, 111 I'd 1-'1817.i m,,(1 lkt7 S,' laict clst+ Ill 

+ 
C,111crdl lti.0' , l il'111d. tiqll ic %kt , 11w,,lmtr ".ClC' II ill(' <,lillpL'S S IRC~tca , P1 )n2 81 h ad a 

s 

JlL.{\c~t~lI<)~ %iil' ]t rt lt ( t.\ill t'oPP1 t .llilt' ItI 0l+tC , .))H1l!. -11, d h tirlt' f eIii i t(l lc u ,reaction 

(IJTllIc ,l+'l I I 
' .)Al,t' p wx,d h'. J' ! <'Ill 'nt.c tLI)I(I11tt.',11 t iI ll li'linltii. I\ilt ' ftlr ilt Jm aica 

P ll 'I,,t I 0 ~WI # uhl l Iti ''i+hl fl ,11" .I tl i L 0li'kL7 ''I,.L i([g rc l il. 111 fIi l 1. 

Pticlh (.,i to) l iLS'i.R7.csis,~imto ik.o (,i c ,ts htoth ,ut Cookt (19)72] 19J75) ObhSCi kCL_'I ()ItIll A igh IC'V~l 
I12>59747 1 Itiptoti)l mdilJ\kj) SIu,.L'CI1llhlt.<s',ifrll- rC",iNlintH
t IlilFlIt.NU II htCldITeill i e.bt'ithillgtCn(
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allttiotlm phitt 
' IC _lpillr ofl itl 

iiptll tho lIill 

l i .eitiil~i slil

d\tk ii't:tCl-

c a[lN11lclithe ilcc:i iltli(s a b[c ttei 
ilksl titi t 1 Ihost Ceptibil-

a cs. HiOCIllllIi ct' 'ilCeit;ttitl ,S. 
, tmid ;ill-'lis 

P OItllCll.JIi I i((L'L 

'Ir ilrl Il cinniill,
11iN,!XitlI 1ZtClWi'i" 

ciic itrlt:II Ii1lI-rcI 

ll 01 #Cti"'.. III tic 
i tihiii ni 

\tI (illr:ll iltt ill.ti 
11111101111Mt OfI Ihc( 

lin- (lIit hith 111I( ,illnit 

ate titltl C. llti ittll Ill (1Li I l tl. I li . I C \i' s tII/.ia 

()k littia I t( Is \ ilt I n li illiI clhiI tcl IIIIM! tre , 


iitet:le f Itt: ;i eCptji.Jl1ClCiii ttphir'ic'itet t ille 

antI expt -t lia lkct, 


Srachis'Species ais Soutlr'es 

of Resistance 

Ifigll els Icttilitiii isllOit- d i Vit Ii LtistoteT ll 
,11 OlInle \tild h.lt speics (Subhl aillitiian inn 
Ml)i)onald 198.3). Ihown e, lt pttlylhid liltle tfl 
Species in cetilaill scetioni, of fie gentis, the tcin-
r'ccilbIttaicaf S rictlCsai theliciliOtypichCic-
rogencity twit-ved( ii collectinois ofl the Sa,:,C-icc 
ili i co11inoi Iticality or flroti widely di%Lerge-'nt gco-
graphical regitins suggest thai caution shouldl be 

t'+)" katll't\ o.tlmI m il l 

t i lI"ahl P i It P,![s{i 

1 wil .III 

rpil e t 

III l ,1111)t_",1 1011+~ l;PIi1;::h\il 

\ lte \\ilh 

lId bhicics 
(1ill-\ llt 

Pitn lhi 
1it it\%%it 
pirlrit l iip 

/17r4a Rcd 
I )I) iir 1%k ;SA, Israel t SA 

a, h I ilil I'm Pk-I u 

C+t\ i trIL'VI hI ilIT l lt I, ICIC.1 C. 
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C.XtrcViC,-! before caeCgorically" itssoCiilill, auLt 
rc tioi with all of the \uai tiolti designated by the 
specific epithet. 

(Iticlich ( 1 -1) Ire' tld that I'. anil,idi., it) the 
ttlial "tic o11ll\. \ktl collectcd o)1 A.1 'PiUlat,'I/t!u 

(II ntl. nit (tiii t la o f)til e rlra/iliall fr oicrt Ihli,
ainlhtorl-f tlitd .-1. 1,1111'!# # I ill-(!rio ,-,l,f l t lilli inl 

1ild jr c sIC,ill IrW ;iiCin 5 L'rhcild h) ( iarch and tile 
ieinl t'ritehCIl 

UJ# Ii.1 

NI.Vc\ (pcI soItiil 

A, I' i'i/,ttu Ile i 

Iictt k\0 ililii(c( t 

(1)7)) nitlictl liM 

bv 1rint i )fte tilaSc ti 1. 

'i lliiiuilCtt1iti ll ) th'rscr\ed that 
theI '5+';)\ itille' il Pucito 

Itlist iltoliil id aditf Cev ario 
,lit! iCCCsSiOl labeled A. .la

]/,u (Pis I I1457,2 l1,18, 2621-11, 262287. and 
262801 ) ia IOlrat accssirin ttl ,1. #o ll l'h/tI Ktraft. tI 
Riv. )Idlucd tt01l\ small, \kcaklv sptrtilatiig pit!,

ltiles Mhll tilh Pierto[itsel lcii Rican culture 
III I tt 

In ttu rscalch A,. ltlnollhtt)/h (I 405933) \ss 
killed b1w Iiiattia oittbca of tt l tat hifton, Get

git, itl 1)76. I httucrf, t one acccssioni of AI. 'i//o
M/itcatpa lh ite (I 1 336985), there were no 

actic ipic lesinns oil 66 plaits e7Xp)osed contin
tiously to ieavily-sporulating rust frot ea'y Atigust 
until the frost in Novcmber (Hlatunons 1977). 
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Simps on (personal. comimunipati on 1984) observed Q ',vidually,'for the ' male"t and"fe ale Iet4s ,an for 
ruto'.gqraa .rpn Hoehne A. margi- theh797 total F, lans theoberved vaiati'onwere. 

S'nata,and-A;prostrataBenh. inteir native habitat. -P- -onsistently nonsignificant fror'the'bigeuic'(l 5 1) 

1ipciesni~ the gnus. Germplas exlocrwildsptes*, 	 Inm e er' 
made 	 wild Arachii 
m'iaterials collected in South America in the mult98 
ionaj0 ponred by the Internatihloe 
,fr Pja nt Genetic Resources and by ICRISAT C E. 

Thes species have beenjrported to be resistant or., 
i mnmunSe to rust in various putblications 

so fr en no breeding program inas is known, 
South America has the specific objective of transfer-
ing rust resistance from wild to cultivated ground-
nut.'Work in this area, initiated at the Campinas 
(Brazil) Institute of Agronomy, is now inactive. 

lgenes.withisrl 

The Nature of the Resistant Reaction 

Bromeld and Cevaria (1B70) reported physiolog-
ical resistance in P1, 259747_1 1 314817, and Pr 
315608 when repeatedly tested in the greenh'OuLse' 
with rustcultures from Puerto Rico and Texas. 
Reactions of the three accessions' (two genotypes) 
were idistinguishable. 

Cook (1972) described this reaction as "resulting 
in necrotic spots or pooiiy-sporulating pustules", 
She demonstrated an association between leaf wett- ~' 
ability and the extent of infection: the abaxial sur-
face of leaves of 'resistant 'genotypes became 
~appreciably less wettable as the leaf matured (Cook 

Reerposs1972, 1975, and 1980). The rate of change in wetta-
bility varied amhonig genotypes',affected spore rcten-
tion anhd probably germination and appressoriurn 
formation, 'Physiologic resistance 'became evident 
with the: failure of chloronemic *'flecks, to become 
uredia (Cook 1975 and'1980).'''' 

'From m~ultilocational testing it appears that host-
p ~'nt resistance is stable over widely-sep~arated geo-~ 
graphical locations (Subrahmanyam et al. 1983), 'At 
present there is no authenticated report in the Amer-
ican literature'for'the occurrence of rac'es ofdiffering 
patho'geniicity.' 

Genetics of Rust Resistance, 

In a followiung paper in these Proceedings, D.A. ' 

Knauft reviews tile studies' on inheritance of resis-
tnein groundnut germplasm, Iconfine my discus-
sinto work that was not available to Dr Knauft. 
CSook (1975)'" experim'entally confirmed the 

'"76''" 

tr bigeimodel of inheritance postulated by 
fieldand Bailey (1972), She made reciprocalintra 

s pecif'ic crosses between resistant parents PI298I15 
P 25974? and two nonresistant She) 

100 seed each or pti tBardohef hasuttpled 
eight resultant woway crosses, Foreachcrossndi

distributo.Teewr no cyolsi fet, 

The test cross ratio,'31 for duplicate genes, was 
obtained in each backcross geeration,(n = 398). 

'~cat> dtstnbtmns~ 	 'e
Crosses between resistant genotypes showed that the 
duplicate genes are carried on the same chromo 

' 	 somes for both resistant parents, 
sl Cook (1975) tenttively designated the duplicate

ution~jhgaewereer'onaas sr]tand srt srs 2 signifying 
either resistantgenotype,, ......

Despitethese results goundnut breedswiren 
fully satisfied withithe prpsd ecicmie h 

'i:;~~~~~n utaL " 

F, distributions are sometimes ske edindicating 
involvement of fewergenesAlthough good fits for 
15:1 'ratios are obtained uising the 9-point scale for 
scoring progeny plants, ratios could be altered based 
on the. plant age at scoing.S... Nigam personal 
commununication 	 1984).K''5 

Similar concern' has been voiced in Australi'a,2 
where 'new sets' 'of~reciprocal 'crosses are, being 
screenedfrpsilquntaveeitnc rm

(RdrSorteprsoleunato'ive #jtne1984), 
Many of ou w eci'nesiaii ,wt 

'allotetraploid groundunut have 	shw thajsiii~ 
gnetc mde:Tligenetic ratiosare far less frequent than was formiel' 

thought. Scientists'who study this species are cau-1 
tioned to be certain of the genetic integrity and iden- ', 

'tity, of any accession employed in their research. 
'' 

'* 

-
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Occurrence and Management of Groundnut Rust in
 
Australia
 

K. Middleton and R. Shorter'
 

Ab',trae, 

.Area.feItit'atet find arerag' ,ii/vif. irinif an/d an/i-.t Ipetwan: n/l.r (rea ere'nted for f/i ' period 
l977-1982.10r the, mau garoaif/lilt-tran ii ro4'tifi. n'iftrn/ia. RusIt ih.ea.if racs fir.'t r'cordedin theonf 


'orthernTerritoriin 'pi/i / d ni nan eqnh/nie 
 if! the, ot/i rir . hei/hf I.' sti'in ost sv'verv ili t/
taaria, a'' rt/i a , 

i 
,' rt', i)o . l i fls/iIa if 're i'ri ns ifdi)agf ' can fi'n,iloti it ntmtnAsi.s nls.tto unprottied

crop.';. .-I// /ti: a, , 'r l aitel rf'c.'nt ale ifsii I/e. ['uit and the le,/f.pa? disea.) art, co)troied /o 
app /l a f 1of n i'ti"b' if hit /i ,')ifiit)f/if'rt ,/ if)) if tt l if)!ifif f',ititl (i ofo fl f'e. .. ircra/t and(mt ar.1110t,',l spia i tv , iw i,',lvdo cotntr./,l.,hld,,ltou/ icoll is hwcoerngpplal¥hr. Intenstrl'?, rp.o rittnie. 
(ir,, nedcd mo,,,I i the, north than Il the, oiath. 

•I hr,w'f'i/tn if r ) tilf a I(., i) d ti ifl)'11 f fili)ti, r)'i'f.it )l) , to Iflit tjii ( l ffli rs sui)t'e to tIhf Al).fra/ianIfl ,,t~ 1 2 1 1 1t. ,', of't) loIst'im If wd',iti, hid,' Per 2.-)') C,7. P/ IH T7.lI / 1-3),( .' 76 .1t)(29)2). The 

".11'l.fi's o/ It stl-t 'st t',l l " t t.' i li ft i/u l i,f )/ii,'s / It' i'('n iti ltif' stifs! tible/i-ihrif ieldin. 
( /1)tIfi ' . Il ir ttIf) I/,"ii s f 1// ' ti r t , r..'t uiti. i iitf) .fitgicii' , eipp(ica.Il ti rlt I m lt,"'IW et'd l)t ll 4 l-t 'l.le's M oItt l tt,at g st'lll.r s 

Pll uili(I,i, h'arac'hidi, (,I mt il tt v'n A. tsl rih. : /.or su/pericit,cu/th-fo ef les rendemntrs moivens :/ks 

)ift)i f/I '!.Nh l/,/'.-In.%tralio,' tir e lf) pur .s mi/ r gi /lti .'s I'/ 
,ot s 

S
(h,' /ei /l , /I')cd, ,soifrit pr f/i if / I 'ife) ,o. imhidico/ft, if'o,h,' 11C7.-82. 

/,(I ni/adih,(,df ei roni//-.e sft. i l /a/o'ipnr.h tjptiir s/ldarts 

I, 'r7 Iir Nl d t atif'if/l9 ifif1 if/Ierrto (i ii) '))tif/siit a /t ; '/ l hift; ) f,[ if.st.u, Lfs.i4iaiaf 'i is(; it .surtoid 
dl)i '-.s .,iir) ,, ilfhoifrd.,,,if)) )trd/tiin/ fcatutrv.s no~n /prote., ;f-, selI,

,t 
. /It s 

htif'.ifI f'/ florables, (if miliu ,itant to/,'?ar,rper,]h Xt"I~0 at ;, le 

lt,s tqrte l;t; /rs 

' td' duhovs lin /phipartdes..sai.son.N. 4 ',Iltant'plu.s qu etolltes 
,~ so'mlm.ltf s h/l, (I lei tmalldt,,.. L'oplidcittloll ,,.s "Olngictdeh, ,hit h's phis

V:/;'c'es sont chlorwhti~~n t ct hiol, 1irnct ,/t /att'r coritre /ei roiilhe et I,'.s tralohes dtes tacke.s 

/o iiair, Lr.a f'ltifr/i , tif i (Ififif')i '))) , ('st o r i/)) ' 'o) i inr.n isur'/ 'ti p'aI uorn i)o / f'i;rf.sat!ort(.'es 
tr i'I)ir f ii) ?r[ a'it if. i if))(('if' ifi/i, t;e. coifil)te)t(',tl/. if if 'if'). L'ill!nsi5cIpult e;risationt ,.st t} [prlfm, dlut , (11 'oli Sl . 

er. i/of)n r2t8115 sdel h- nlotf 

I ntIroarane rio, de-'ttio 
 n cii(out s teriltf, rifincorporerlei rt .si.sfuncdtil.sh,s cullit ar.s tzapqi(-,s aux be.soins 

the ,nare,Ili astralitin. L~e.,"ol,u b, , ,.slslanc, llti/h ,;s .sont : tq 250..17, P 31.1141 T. P/ 2984115 et EC 
0-.1t(292). if),Lp/if',) f?)i/ii' / ifro: ifta 'ce /( ro iI/if v t if'!)udii' a /' ir oifrtlr) if ces cu ti ar 

) 'cdf s 'ultiii'.s sf)' idf)es irm ti)h ))t r,'I) fi'):) t. I i i, ,/ '/(iftlopifj,, /es c' hivarsrf.ist(fnt.s .serotitilis(i's(11;',' opl co' i )I tiil.f ,h, /longicideb.s,t-lol lef s.stfstnm inttOgre de litte cortre-lc. maladies !1oliaires. 

Production of groundnut in Australia is concen- pies approximately 80% othe area, with the balancetrated in Queensland, with some movement into the being divided between two spanish-type cultivars. 
most northern parts of Western Australia and the The 1983/84 distribution of production and theNorthern Territory. An upright virginia-type occu- average yields obtainedin the five years 1977/78 to 
I. Grauldruit Patho)logist and (iound::ut Breeder. uceenslandlD)partment of Primar. Industries. K lngaro,. Quecnsland. Australia. 

ICRISA I (Internati ,r)n l Crops, Rcsfarch hf, tnt'trt for the Scnii-.rid I ropic%). 1987. (irt'jndnutrutI disease. proceedings ofa I)iscusson(iroup Mneeting. 24-2S Sep ii84. CRISA1 Ce-nter. India. I'atancheru. A.T. 502 324. India: ICRISAT. 
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'lble I I)istribution of produclion by regin and hy 1 pe (ifgromndnut grosin, and aserage yiels obtained during 

1977-1982. 

Vizgma Upvs pank'h ty-pes 

Region Aica (li,) "Nwd (tha '1) Area (ha) Yield (I ha ) 

Southerrl (uzt.cusland 2,1000 1,44 5400 1.04
 

Nortlieui Queenskih d 5600 2.,11 400 
 1.71
 
Quccnislaidit) ilih ) 1500 I.01 200 1.71
 
Norilrii WeSIiir1i, 200
,tli;ialii 3.5
 
North inI i . itoi. 40
 

19XI/82 are shown in Table I. All groundnuts grown ern and northern Australia, a different approach to 
commercially are susceptible to rust infection. Ihis the use of fungicides is recommended in the two 
diseasc was first recorded in tie Northern lerritory areas. In northern Australia, the application of fun
in earl. April 1973 following its discovery in Papta gicid,: comnences when the disease is first observed 
New Guinea in December 1972. Rust was observed (usually 4-6 weeks after planting) and iscontinued at 
in northern Queensland a few (lays alter the report 10-14 day intervals until 2 weeks before harvest. In 
frot Northern [enitory. but was not found in the southern Queensland, fungicides are applied when 
major production area in souther Queensland until the disease incidence has reached a low level, and are 
February 1976. At that time tht distribution mdi- rcapplid at 14-day intervals while conditions are 
catcd that low%!,vcls o!finfection had overwintered in suitable for infection (i.e. periods of rainfall or heavy 
southern Queensland since the previous crop. Sig- dew). Regular use of fungicides in southern Queens
niticant danaiwgc is nov caused (tip to I(XCi yield land %%,ill not only be in excess of that necessary to 
loss) to any unprotected crop in northern Australia maximic yield, but the fully-protected crop canopy 
in every season. In southern Queensland, disease appears to deplete soil-moisture reserves, corn
incidence varies froniscasin to season but some pounding the late season droughts, which corn
fields suffer yield losses each year. (iroundnuts are monly occur. 
grown in Australia during the November-April 
summer season, and the earliest reports of rust are 
usually from southern Queensland due to the earlier Application equipment 
planting date in that area. However, warmer and 
wetter conditions in northern Aus:ralia cause amore The fungicides are applied either by air, usually 
rapid increase in the epidemic in that area than in using Micronair equipment applying atotal volume 

-
southern Queensland. of 22-25 1ha 1,or by grower-operated, tractor
mounted boom sprays, which apply 150-250 1ha-i 
th rough hollow-cone jets. There has been significant

Use of Fungicides adoption of rotary atomizers (CDA = controlled 
droplet application) on booms. Most are using 

Producers currently rely on frequent applications of spinning-disc atomizers but at least one unit oper
fungicide to minimize damage to their crops. In ates hydraulically-driven Micronair atomizers on a 
southern Queensland, 3 or 4 applications may be boom. Most operators of CDA equipment choose to 
made per year, whereas in northern Australia 10 to apply the same rate Of fungicide as would be applied 
12 applications per season are usual. This represents through a conventional boom, using any gain in 
over 40% of the preharvest costs in that area, efficiency due to CDA principles to improve disease 
although fungicides are also necessary for tle con- control. 
trol of leaf spot (principally ('erco.poritlitun 
personaton late leaf spot). 

The fungicide most widely used ischlorothalonil 
but bitertanol is finding a place in the industry Resistance Breeding Program 
because of its capacity to eradicate as well as prevent 
infection. A program has commenced to incorporate resis-

Due to the different intensity of epidemic in south- tance to rust into groundnuts of an acceptable type 
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for the Australian iarkct. Ilie resistant parents PI 
259747, PI 314817. and P1298 115 were used iniially 
in crosses %kith local and introduced \irginia-type 
cthiars and local spanish-type culrisarsl-arlygcn-
eration (F[and I4) mass selection anong and within 
crses w'as conducted in the fieldfor rt-tand lea 
spot resistance arid for kernel traits ifolox.ingharv-
est. Subsequncrtrlv, I,(lerivcd liuies from these popu-
lations s,ere selected for rcsistance to these diseases 
and evaluated for viell iunder disease-tree condi-
timts. On ,i tno diCase Or h.\pclsesitie reac ion) 
to 9 (severe ifiscasco scale, comnneicial criltir, 
rated 9 arid the selections I-2 lor both diseases All 
selected progeny %kerc dcrie d flonl Ite 1 11 2597-1-0 
reistant parent. Kernel yiclds of smle selectios 
approached rthose of oiimIci;;lcoius, lie 1ost 

promising progunies arc being used Illii second cie 
of crossing kkiiitecCt irh-viehding Iinrirdcetions. 

[he :',,s tait parieni t. t4.( (29?) ha, also been 
l. d iiNcIsOVC,, 160h iii ,ih-.\ieldirgc ulti a rs. 11ok-
c\Cr, I-, poptulations fron these crosses showed 
mtluch less tistrt-sistanc nit the field thatn progeny 
dCi ed 1Frou P1 259747. 

Genetics Studies 

I hree resi staitparents (PI 259747, P1 3148 17. and 
F.C76446(29)), and MO+,susceptible pa rents (SIr-
lamit aid Virgiia ltunch) are being used to study 
the genetics illrist resistance. Parents and progeny 
%xCre assessed irr terins of components of resistaice 
(infection clficencv, generation time, lesion si'e, 
etc.) identified cises,.here. is Ifroml susceptible 
resistant crosses and their reciprocals gecnerall. were 
siilar to the resistant parent or were intermediate 
betweri tire tci,ttnt and susceptible parents. lhese 
preliminary ic>,,Its sriggest duminant or partiiallv 
dominant i(diii, egerc action for resistance. licv 
contrast wkilh B,niflield aid ta ilev's (1972) report 
that resistance I,:ecessive to snsceptibiUty. I)ifferen-
ces among reciprocal crosses %%,ereevident in sonic of 
the crosses. 

Disease Management 

While genetic resistance to rust isan important aim 
of the peanut program of the Queensland Depart-
ment of Primary Industries, tire sources of resistance 
currently available doi not confer immunity to the 
disease. In fact, immunity may rot be desirable ii 
durable resistance isto be achieved. The :esult isthat 

disease management will become more important in 
future. 

Li northern Australia w\here foliage-disease epi
demics are predictable and seere, the cost-benefit 
, cqe/c will ensure that growers do not make more 
appijcations of funrgicide than necessary for nraxi
mrn1 reurns. While rust-susceptible cuhivars are 
being grown, an understanding of economic injury 
lcxelx of tile disease on these culttivirs will enable 
grmcrs to sae nnnecessary appilicatioris. When rust 
resis,ance is intriduced, the economic injury level of 
leaf spot wkill lictate the tining of fungicide appli
cantonms. When resistance itboth diseases is incorpo
rited into coirnlCrcial cultivars, fungicide 
-pPlliC1athos s ill be reduced to a supportive role 

drilng periods of sseather conditions highly corrdu
c1A e to inrection. lie rLqulirenent for these applica
lions %kill be indicated by disease incidence as 
determined br monitoring, and a knowledge of the 
effects of diseases on yield in these cultivars. 

It southtern Queensland where disease epidemics 
are less predictable or less severe, thorough scouting 
of susceptible crops has alwys been necessary to 
enable accurate decisims about fungicide use, based 
on economic iiijtiryileels lor that cuIltivar. Introduc
tion of genetic resistances to rmst (and leaf spot) 
woUld enable growers to significantly reduce the 
costs of fungicidal protecion forthecrop. However, 
itWould then become more important forgrowers to 
regularly scout their crops fr tire presenceof disease 
.s their crops would be normally unprotected by 
fiungicides against epidemics that could lead to 
daIage. 

Lius genetic resistance to rust (and leaf spot) will 
reduce both the dependence on fungicides and the 
costs of production, but will not reduce the growers' 

ranagenent decisions about use of fungicides. Pre
cisc knowledge of tire method of action and the 
disease control spectruni offered by fungicides 
becomes more important to enable selection of 
appropriate fungicides when chemical support for 
genetic resistance is warranted. 

Reference 

bromfield, K.R., and Bailey, W.K. 1972. lnheritance of 
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The Groundnut Rust Disease Problem in Burkina Faso 
P. Sankaral 

Abstract
 

(;Afrdift i/o i f . (i-litt c r titi ."?N'i/lPltlist fu u // i 'III /,/ i'Iir/,iti fi I oi /177, Ihi.t',ot
."uft '! , /1(11 ,.rh]trocn ii ii rr t , ,o litr,, rI/litiA,' tI,,;in ' ,Latunitrit il I t /t rri,'Itf/ /, .ffniti ellrit
t'L rr i,'titt arto

ci, /t' -lII ,i. I ' /n,'c'/r f/.iainut u'. rir ,,/I ('/it.
 
/,'t'i,'rw,/i r , lI,'t 


! / ii'/ tui Irl/o (I itc 
i ()/.'r.iti I lii,, lSi'rtil// / hiot tu, n /i,,I.r' fnult/1m/ st

i,!ri tlfl,, urn /', / i in t 41,l-, o ll Itrrr tdioi ft-, st,/a llt t'ltI' i Soe.t l f'r III / ittP'o/i woItwlelt si 

Io i IrI I,intr i I nt/,' I'/- :rl. "I r.FIa/Is /,' ft /r oili of , htrIt/,rIII (t')t IrI.(Itn It /t . raiif 'r. I 't. 

l~I iilh" u1t" li iu'l~ i jt .aut I hu z 'k i ~a "a . : 1.., ,t / c. n' ', tf ni '/;jr/ ' nut i'' ll,'r.l lj arat'hi t irr 't".'.firi 

.itn'/ on '., l /(/pI ''f /rt, oin /?If, Iin um?'r 'n/I l /)i's tn ous .m 1i ri//i I Iti tit l'/t/li' /vs de.tfisson/it/ l .,rI ' ol i l/p, i l tft0,.n tiflst ,lsle/n it'' l )n 1 tIi, / t'/ r, In Itf.'I. .glIft tit st', -/ t1tit ittit rtlIt's .1/i1t of s /"tiII t nif /Il,itn's /i; t r n ll Ii,'/ Iit It'"in/it' ,t' . /,riIh., !rita
It , r , stll, ittiji/'S -I,l/ ltu

(//I?/ ,'() f)ti, I, t/ nireI ,IrrIi, lf/in/Ifir / ' I . l/7'. sntttIe, t'rr,, im;,.,lor oi/riirr cialt l ch(lipf.On aI mIl I /, f Iit ,/ t rt,rn tti s t'1 Ini/n,,s kr I', urnI1n,r'l,!i, ' f it' ' iii /I/rlariitrtrcII- ' /Ohul/'.s
i/r'tr'/t,,. ,1o fl t,' i,,trn', /I.rn , /in/n t .I,'/'11t1I(i r.i t.l,ic "Ic,l ,;cstallf". .s'runt 
nfolllrftfr+, /IIi/,.irsn'll /n', iii /", o .. ' ' (flu' t site /itsi/t'r) I(fita rut Iv.ftrri .fnrlsib/es
I rIrIit I,. ,1r /,I I 

I' t
/ / ,r'lrl, i r/t' Iii 'I11w ,'(IilI/IllI 'lw ,' ] I r I ' l' IIf/II i It'-11c r'rs h liti rteitist'ttljijitr nl t'li /ti itIt !l 

itiitt ll"itfiri /' f p/li ,'./I(;th.n 

Burkina I1-asois itctutryof the senti-arid tropics of Rust Disease Surveys
West Africa. It has im annual rainfall that ranges

from 500 ml in the north tt over 1200 
m in th in Burkina Faso 
southwest. Ihe econonv is based on agricuture,
and groundnuts are grown in most parts of the coun- ['he groundnut rust disease situation is summarizedtry by small-scale farmers who grow many other in Figure I, vihich indicatcs e severity of the discrops. (toundnut rust caused by the lung us 'iit"Ct- ease in different regions of the countlry. Ru.;t is mostnia art/ndis- Speg. was first recorded in Biurkina severe, and ca tlS-Seconomic damage to the crop inFaso in 1977, and it itd that the cultivars that the southwest %%,herethe annual rainfall is 1000-1100

oun; 
IRIIO (Institut de Recherche pour les Iluiles et 1111m,minimum temperature is 19-25oC, and relativeOleagineux) had been working with since 1949 werc hutnidity averages These are80--'. environmentalall susceptble to the disease. This paper considers conditions highly favorable for infection and bluilddata from rust disease surve's anld describes resis- tipof rust disease. Towards the north and east of thetance screening o! ltcal and introdtuced cultivais and country rust is less severe, and in the far north it does
gerrnplasm lines. not occur.
 

.
I.Pa;IhoIog[ lIs
I , r,IIC.()l I 1 a ,l li~ . 11itI,l 1 (1. h 1 

IS, I (I nieiitc ttrrtti I(( li,, IR''1.',ih 1:it Itt ICNtnIUR tile rCnll- lItI tIopcs).I ( tilt diseasc.iA tI)5 tillit rtlst trI'oceckttgsr i ia I)lrcwssionGroup \tccting. 24-2 Sep 19 .,R(R Ists I t 'eitter. Ilidi..t.'tanclieuit '. 502 32,1,tiin a:ICRISAtI. 
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m Rust wocr\ .economlic dia tnagc 

F:1, IRust disease eisdent, hut only moderate damage 

SlRust disease occurs hoot t Iosk incidence and severity
 
[ Rust disc,)so rit fund 
 500 mi
 

iwh cf (i)m l .aint()O 


I 
---- shallig~~~~~~~~~ROtal .-- omaaJ'.. 

b~Sra.MALI 85 mn\ 
- 7S 

K\\''-o'\ I I ofI t ,o. I-,1 K L I ii 
7DcdoVto I\i 

( sIII r il t 1 ).Rus 

i bt s l.a [ 

stat ted p o b e ai ,"t,~i a ,' o tie~ otI, t as. e o ai i ai a ' ',
;, Hoho lDiouli,.mo " . "1",' , ', / hrce\>\. .. " f 

to(;OLnd\u Rs "\ ","a',\i present" b- IGERIh..... tin p. 15"-e
"Nialngolk ol JI1' \1 [i 

t
Ilhso iii rus Iti(17, \ h\, " J, Ni N -Acicvo the "JR R, NI'\ '2. , \'\ "ian31. llw sr 
Fied sreuiu IA bi cec0 aCOI)FlDA'VOI RI- Ia(R Id N(e orite rit loiii 

igure 1. The ocurretnct and seecris of rustdisetse of groundnit in Burkina i msaso. 

Bedfresista iiplasii esantheir peirs scsseeit Scale roct 1982).ra. Rustscreein o R sist nie ettacl oer %%auaus light o 24 sAig brita, disceao was 
0t Grosundneut[ RSt preset en itpllgenotycs ht 15 Sepllaki a).[asle 

cuhirhr, IV 2, ini R bIt 3.", -i"cd asiswIcpti-
Fticdhiscreening iCentel.icrs e Checks al I'RI.AiI alto highly

Si,,cclpihlc to just ;it Niangolo~ko. as %,cre lT"76446, 
t'0110h)\inU tiC. O!iSt.t)\ l'V 01 ruIst ill 1977, the IRII( RM IP 12. R.Mll 1] anldt V ' Ac 3033. Ih)w\ccr, 
,,tatltcd ,t rpi,;qc - rc i -- ogratn at Nianyo- illIINv Of e , IiSCil gCInOtl hlid \ C I' 10WX~ ,Cscor'es. 

lki Rcscac h Set n III the ouri est (oignri i . A cos1tih t 350 wilr )\ an\crgc in 1983 ando iii tch 
(r'tI i M CtniSri tiiih CIs-,isej - oI w AI tcrial shot ld bea on rip'. thritceedng Ral Mrc,,i,t, f I,,cMill~t',1 1111C,itnd tiheir' 11r0g(!Ic,, wplea~t.d in nib l nhil witsonls before definite 

,_C .c jigl I iesll do i l o ieA w cihalu nicrillr h s t .i h ofn tiet uIslt III1C l nlt4 (11'im\l aIt rle tancdl ,at o pIS t'' i lle..A\ alllt.'t'd. I [1 1-rc:'is.ta itl wc cctiol,, tc',t Lt_'lloll\PCto'i t i) ill ~ a lF- sto. 
an,: no\%athmt,,t ttnilminl ;Ild \%III hu lull\ c\;luiltcd 

Id ft\ cwlti\atS ", cp aris lin,, WIrli A i bntr I-poidiLseseboratrory creteui 
78c c lt I",htl C) tll [ ill file 1983iam.%l.ciisoiil. %c, 2 .[ .u ofScc_'' \\u ) mi 111l( lAntin ' -]; Ai cost alppro xilatelyv S400 antl inICtbator wa'ts 
ptistHu l pl )H I ()pc;,m U,Ccptihlt! CCIOt~l , , bY ! CollStru-LctedC. I his w\as, basically a wooden box lined 

Aug.."qc M I, tt dlW'.,. Xl-LV', doetittl 24 A m! witill lllinllilll foil. It was cooled by ana;.ir condi
a nd fil 15 Sc;p usinL2 thc W('IIS,. I 9-point disease,- tIt0nor ani jl lnli lCLdby 3 flu1.orescent tubes (30 
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Table I M..an rust |isteawe scores for l( I INA I grouiiid 
llit acceJolr', III fit andtli lalimratrir screvitig at Niango-

loko Itesc;ircth S1a.imi. Bturkin Ia j. 113Chos 

1c 
" 

,ot m)Ow -tiplication 

tl,)m 
 I"k 
Ict,I r I ",ICCIMIJL 

I t l ' , 

( .. 

NC A, 1o09 1 2 I 

N( \L I '1' 2.0 
 2 
\V \ I" 121 4 4 

Ni \o "I 1' 2.5 2 


\i I\ IN, 2 t 

\ \I '142 1 3.1 2.5 


I '64it r:,1 2.1 
 I 

S 1441 62 8.5 6.8 
I'1 2l+sII 2 3 2P1 2*7. I 2.2 

Kiap St N, Ih 2 2.1 1.6 
M Ac )2- 2 3.3 6.5 
R .11 12 2.4 8.3 8 

RM ' 1 2 9.5 4.8
 
l'l 2708(5)6 I 2 5 

P1 5.S680 1 2.3 3.3
N( Ac 1(1328 .34 .M AC 1033 2 8.3 4.8 
It' 2A5696 I 4.2 3 

Il .t1I 2 2.3 0.3 

Ill 14187) I 2.1 0.1 

PI13Y1622 2 
 2 2.6 
Ill .39)5)3 t 2 0.3 

Ilt 390595 I 2 2 

Pt 393510 2.1 4 
 3.8 
Pl 393517 I 2 0.3 
Ill393520 1 .!I- 6i
Pt 393527-11 I 2 6.5I'l 393531 I 2 .3 

Il1 39364; 2.1 2.3 7.5 
'l 393643 I 2 ().1

'l 393646 I 2 
 1.8 

Il1 405132 I 2 6.8 
P1 -07454 I 2 0.6 
Ill 414331 I 2 I 
Ill 414332 2 3.3 7 
1 ust diseas,Scored on i I-9 scale,. whcC I rindiSaCS. 


and 9 - 51-l011 ftoliage (ictroyciI.

2 . R liq li e a s c s co e d o il | Jl l lra rv 9

) 
A C .2I. Sindi~scscoredl ot, ;irar irbirra 1

-
S ,C. -in 

watts). Iemperature was maintained at 20"(Cand 
relatise humidity at 4()(' . Ihese conditions were 

en to facilitate incuihation of groundnut leaves 
with 1'. arac'/hih. arid to en Uir good rust-d sease 
development. the incubator sas used both for mul

of inoctlurn ar(d resistance screening, the 
pr being essentially thcilsame, and usinglIcc'dules 

detached groundnut leallets. 
e)tached, hcalthy groundriot leaves rooted in sterile sand were inoctlated With a suspension of rust 

spores in watc (10 turediniospores nil 1)as des
cribed by Subrahranyan et al. (1983). After incuba
tion in the dark for 12 i, the leaf cuttings were 
subjected to a 12 h light 12 I dark regime. Rust 
pustules appeared some 10 days after inoctlation otn 
susceptible genotypes. Inoculuni was harvested, or 
genotypes scored ho resistance as required. [he 40 
ICR ISA I gerroplasin accessions field-screered for 

rust resistance in 1983 were also screened using the 

detached-leaf technique in the incubator. Disease 
severity was scored ott arn arbitrary 1-9 scale, and 
rust resistance rankings were in overall agreement 
with those obtained by the field screening (Table I). 
Hlowever, further trials will have to be carried out to 
determine the stability of resistance. 

The nature of resistance 

Rust-resistant germplasm lines introduced by IRHO 
were Paso ardfound to be susceptible in turkino 
this raised the possibility of there being different 
pathogenic races of P. araclridis. Accordingly, 8cul
tivars were tested for resistance to 8 isolates of P. 
arachidis collected trom different parts of the coun
try. The detached-leaf method was used and the 
disease scores are shown in Table 2. There was no 
evidence of races. 

In the course of general observations it was noted 
that rust pustules on a 10-day old local cultivar 

were small and did not rupture,susceptible cultivar 4710 
whereas on the

pustules were large and 
ruptured readily. Spores were collected from both 
types Of pustule and inoculated independently onto 
10 cultivars. With both isolates small, nonrupturing 
pustules appeared on cultivars local, PI 341879,and 
P 259747 whereas pustules on the other 7cultivars 
were of the susceptible type, large and readily 
rupturing. 

It is thought that the differences in pustule type 
are due to genetic differences in the defence reaction 

the genotypes tested. The defence reaction may be 
influenced by the nutritional status of the plants and 
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Iable 2. Mean ruj%idiw~am, svorv%for 8 grouirdma genouljjpe%ill detachied leaf ioetialjon lest' s ingi 8 differefr ioIutes of 

I 26 
9 6 

7 6 7 

Rouii 13-1 

Rli 11 12 
R \1 11 

I!31;I2 

'I2~'- 2I2 
2 

7~\ 
6 

6 
6 

7 
7 

7 
7 
2 

0 
7 

6 
6 
2 

7 
8 

7 
7 
22 
2 

6 

7 
x 

2, 

6 
6 
2 

2 

cik(II01i,. FlU Conditin.1F F 1.1111 clsul r 

iii I-cshllce. 
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Rust Disease of Groundnut in Maharashtra State of India
 
C.D). Mayee 1 

A bstract 

IniaII.S4IIti I / o /44 1474 1111 4 I 4. 41,11 (In,'I4,.1 4.' 44.4Ica a/) 1 4'11 744r/1,-II' T.- 7.1. It,,ii,,, ' , " 'If o (;t ol fdr)ltIt/ i b,,',m,' ir,dd/,m. 1 1l~I(,'l/,IaI(b / ot,I ,, iIqs (;l Iitt ,,iswi,, z ' teit 

pro,4h4,t4144 14/44,11,',4,t//' ,'',17t (111114'6f7l fin / ha, itll /, I4 41 q I ht,, .w 4Ihllportai/lllt/u 
il t/ s ploh74 ' 4/4%o a lf4 4' /44ll,,) 41 iF,+4Ill ' l471) II ' /n4I'fu4l I. 447w ,l 11hill /1,11/ / nnIllat ltnr ant/il 

141t4 t 
I 

o4-7174 /,' fir, II 1 , ,I '1, /4'1:',uI4 4/ tI,' (n ,',, /hq. 'nl Jo,, If I, he , //'( Ill ,'. (.'oltwl oll 
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1'7 1I I4l,4, qlld/(I/1 ' 1,'t 7 1 l I4)4141,, I , ll it olpi'4w,l, c 44/ 74.t I4l4t4 .4-1,l, 'Ilt , , 'h ' 1/1I7 l) , ' 'l7lll l' (1.s 

/4 t4,'s/brno' ,1rall,.,,. I I t' 1,4..4,411fpI I,I IIt at, , I, 1 (t , ',1. 

Uo Iti I - . I 11,, F It I ir i I til ' i 'hidI'ira IIIII (It. MthI tII',Ira n In.I li. d' /'a, ,' o 
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Rust of groiitd:!!, inductljet I)b\ I'll( t ia arachidt s It is thought that rust discas, fib Q!/iited groundnut
 
Speg. \'%Its first rccordcd il Maharashtra State of* production in the state by lowering yields of the
 
India almost sinlltltaneIusly trllnlfour locations rainy-season crop and h prolmoting the process of
 
during 973 74 (Patil ard Kalakar 1974. Shukla el reduction of area cropped to goundntt in the main
 
al. 1974. Shinde and Mire 1975. (jarud ct al. 1976a). ,eason.
 
Rust disease assumed epidemic proportions in As a result, summer cultivation of groundnut,
 
1976 77 ((arud et at. 1',76b)and since then has been little known prior to 1976, has gained momentum
 
economically important in all groundnut-growing and now accounts for 19% of the total area and 40%
 
areas of the State (Mayee t al. 1977a, Mavce 1982). of the total production of the crop inl the State. High
 
During this period tihe p-,'uILICtion of groundnut in yields of sumtiner-seasolv groundnut (ca. 1200-1400
 
Maharashtra declined b , 35' rom 639 )000 t ii kg ha' - ) have compensated for tie yield reductions
 
1975 '76 to 419 000 t in 1982 83. Nearly 25"'1 of the in the rainy-season crop to keep the productivity
 
reduction in production appears to lie ditle to) a level around 600-650 kg lia lhe scope for further
 - . 

decrease in area undergroundnut from 855 ()) ha to increase in production through expansion of area 
640 000 ha, the remaining 10'(' reduction being under slumle cultivation is limited. Henceanypro
attributed to unreliable rainfall, pests, and diseases. duction improvement program in Maharashtra 

I. Prols.4,r ol Plant atlh1)4l)4,. ma\t,4 t I ricClltm ,. Pa')i i 431402, India.4 tlh;44ta .'\lg cill44 nltb 

ICRISAI (tltcril:4114414a1 ('r ose;'nic. nsiti hr the Setniu-Aid 1987. (iro4 dintt rhlst disease.ob ,tc I opic,). t])occedings o4a I)iscussion
Group Mecting. 24-28 Sep 1984. I('RI \ I ('enter. Ildia. Pataichcru, A.P. 502 324. India: RI'SA 1. 
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should concentrate on inereajng and stahili/ing 
production of the runl-(f' srm n Crop. Ittit,, context 
it is iflipera.itise that diS .,ic-ianiige tneustrategies 
should he cx olsedi1 t0t1ol Ius!. 

Losses if]nelo 

lPocl-\iC u les l tirt diseaseeommtols' escd 
51)'arid the dirilrauc i,pititlcil s sIl re slien the 
disase,t ccur1 em'+ l,'A hs) cc(k r,12.hICol \ l'd +sotCAusled 
( l,"Osyl'(ra,]bi,,/o Ihlni and or late leafl spotl 
Citused \ 7' ."/',tr /+1 'iO,11, (Jlkk & 
('tilt.) lie t%\()lcatsp ,it ireoftclI)croilti, 

in Inil ,.
Cle d tit) i kk Ic,itspr tise,oit,\ 
IlOssC dle(t I I Uis id ,k t spurs C ' e Irrlliltit i 
M t) IJ.'Jl r- '.i'tk. rec lhltlIlistC\pClill IiI . s 

c+,ould hc sch-eIrrse u11ilnhi dl I li lu:eile iride-
lii ph iN-trldtcx I-2. ('-dui1uthrhcr\lr1 r rhr'nc), aild 

tO:,e i, l'alsp 'tcill he cxeliel htstked h 
cuirerr~ln'irIIl2-1 iuuerl, ), mfrrslIcr Itnrial 
INlIX,LT'CI'Ai J \,\ 1 LCC.'t t II 9- t, (ihll2 ClIJ 

I )srI). 

Illthc lilltl-ccciicur tlebhlnch ciultikl\ l N i 
1. t iisca t s . I[ic p1,d lch fd.f4 ',ur 
lCtetcdilie k eltl i.ccl it h I', ct((dliL't."il. 

IQx I . I )rui Ji1I I .c I (of l iofbesci 
rcltc \euL'hl h. ipplx, io ditr r 1r iiiCcHrlltes, fi 

spri; , \ iliii
 

ill .irltriciail\ -ir l riit[ ics 


trnrleriir ' , s irt ', 
ulircril[s. Itsous ltiirc 

CpuideL Cirlcd cjIls 
ICtiucti ilLipto 71),, i111 i cich.l \Whlitu itntialrllst 

t/i,lIiIe it ftJrther 'A.tiplllptl-I eloprt'! Ili 
fited b. cietri llSpl!'. u cs [crh losscsi lipotJ 
yield rtiged Ifroir 4.5 to '1.9, . s rile the kernel-
\seiglt redulithiil sas Iroril 1.0 lo 34. P i (N sec 
19,.1. Nlasiee and liaheti inpress). 

Biology 

Perpetuation of rust 

P. hth1'11]0pr/rduces, ottslyti urediniial stage on the 
hoist, and al'teilpts to ithice other stage,. specially 
tclia, 'Acrc tmiutccesslil. Noalterintte. ilterniatise. or 
collateral Ilust Cotuld he lound. /oOtfia i/ipt i/ol ai 
legutitittis \\ecd cullllotllv fotnd illdrier ofreas 

lhiarilsliila, \ias e.,tensisels sirs eyed for r'tust a.,it 
has heen reportcd ;Ist ios:.,of iachsch' rcatil;t.drust 
(I lelen etal.1)76). 1lhoever, no rust was fotind ott 
this species cd it could tnt be infected artificial lv bs' 
I'. araillidi. 

I rediniospore arc short-lised under the environ
menitl Condition, pr\csiiling alter harsest in1 ha
rtshtrai. I Its retaincd .iable" for 20 days on field 
dehibis, and flr slightly longer when the harvested, 

dieid plants %%ere stored in hags. At low tempera
iturcs(-6- 0 iirCdiiiO -,[po ised beyond 52 dayssiir 

os ilaeid ![.bote 1983). Pods aind seeds from 
Itinst-affected crops aire commonly stiiface
e'natn'late;til ,i t butohuediniospores, surlace-
Conttiiniatcd sccdlhinled to produce rtst-diseased 

tCedhligs. ihe pllt 1 ol Cropping illMAhlilashtlirais 
such that gioiitlnit cioti~p, arc asaiaiti" throughout 
the .Car. thus ensuring perpetuation of rust in tile 
tmlirll stage. (iftolind ('tt tllreier t ot Jillilanuaryi 

it s depending on the asailbility of water.etlp!tlt 


eason ltilgtl
tfadopted Culli\is s \ilei's froill90 to 
() une-.ill '%so 

,0oitrlifet6-1) cycles, 'A tile on [e- ruutry-April sown 
,

151 clsI. tit l Crops the pathogen 

ericlt rits. ttre: high,\lel terICpeii S ie it has 1-4 
L\eLcs 

Iiiteration and( dissemination 

\iid-propelled spie traps set at 0.5 n above 
'101ii1d \iietC opeliated ctntillUOUSl+',dtrinlg 1979and 
1980t. I rediniospr 5 wece caught throughout tile 
',eiii at Pilhh;i ii tt at los' IeqteItic ItIontI 1.lirutiry 
to .'\ril, . IHigh spoire-eotutits \ere recorded illSep
telIbrCI Mid Octoher. I )epositions were greater- in tie
 
dastimc harn til night (Maece aind Ekhtte 
1983).
 
Ni\cc and Ikhotc (1983) demonstrated tiledevel
tdopmtetit of elliptical itifcction centtes governed by
 
\kind directiot prior ,tthelarge-scalespread of rust. 
Rust is ser eflectiely wind disseminated. 

Numerical threshold 

Munde and Mayec (1980) studied the factors 
influencing development of rust on detached leaves, 
attd determined the optinlurn conditions. When 
inoculated leases were incubated at 27OCand 100% 
relatic humtidity for 120 ofand subjected to fluores
cent light for 12 Ii altrnating with 12 h of darkness, 
thete \as excellet deelopncnt of rust. Even under 
these las olable conditions, no rust developed ot1the 
leaces ihetn itoculut/ cotncentrations of less than 
700 spores l.-h ere used. flowever, usitg the agar 
leilf' disc technique of inoculation (Mayee and 
Munde 1979), single, viable urediniospores were 
found capable of' initiating rust disease. 
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Variabi ity 


(Cook ( 972) sitcd that I'.cracz,4lcc Ilrolahl' exists 

in mic than ie raci; ctoil.
forinl.",]c ( 1979a) 
bsersecd ( it_'lnCtiAl Oisom1c otifi-Snt.'Cp'tihiilit\ 


,
li cllt \p cti+cl1Ip Ociit ,i cc ,..lihepaIl c,-

ii Of 
I_'Cil l+/ictillI+ccdlc tc lili it'diiOlc IIIplctcv l]Id 

geltiit alci;lhi]it list iuitiiimiit hts licilici 

the t .im
ctit.itc,, c\c5t, csiitit,' ltsili ititc (hit tIi,. 

pIthlieci poputltic , iii 	ic C O,Ci \o.'J]f ipt ic10c 
t'tiiiilli hoistti,, cic;iiuiacci, ticicci illsic ctineilc 

iiicii~,+c u iictcitlicu i~ccciIct c i ul+ titcitct' iciitctctUit. 

i.\i e12iciciciciw \iilitieUiiihi \i~lcsc. ii)'L)). \ 'sel ci 
Itcecciiuiitii ,i.rt\ pc- ccc)liniiisi" rci."l',:ltllicif+ 

t iu,.tciitib]i.
t,litit:ie i'ii.+,ul i.',.ttccii,\\itic 

lIed c ciii lI hci'i!cics' icc N'ichc,,sii . ,Nil hicci'hli 


cc liii ~liciiiicsl.'ltt" Ilithic cit'cc ic.sititnn'tc stc 


;ccc:i iccnicicc, tic linicici . cijeis,,, ciii St_ c;icc liii 

.c iit! pc,,. cidictticic tic pccc+,,hlcitcl c,.ct\ pt.'s, icc 

tih:tuit icPccp~itic 


1 pi deCrih0I 	 (0 

C(hiltdnrutl oto% , , ti c l,.dsesnIcic.I iH1111) trI 
iiutiiciiic l tIlt 'tc lllc..llJniclc, 111cttltS t9,ci.lictld l 

he ciisccicd iriltie jccrtpeccnticil ccigicclilcrtui ctuisi 
ililcll',i I cric;c 

ncniii2i nIsd l)ihc 18.. lTc crliiipici alc 
sicll-liJd;icctk,d cccv In.clcds,ccii cicci sroc-

o cictside l c S it \ll (Ilh,,ifi,ni-

icilac\ ci~hi'liccicth' 

I\ Mc11ci1a1ihihc IC l l i0Ctci. 0 Of 


ssciiiic he.. cci is-ui~d1 Ii,ccis, 
ric icrcic ii+'i-


iiiL pictuc ;! 1sic c i
lltci' ilci te ci RCc 10 
h it !iJiL ii .".ii hIecIIic 'Sll j'h1118. ll 

liiil' l i s cii\illciIliii iclist I thriclccr--5.'iiit D + 	 r.
Il t p ic l i'i'i ti .illy ccil-

dccr icchullcciil!c.cc K .-]I. I I+ N. ccci I++	 \i i. itl , 

;ticc il cills 

lice suticluIIcc phcuci rig c.'icitllcii es ilchccinryni 

t> p+' li Ii I il tc,. ii ticllllici liens 

'ctti"c itc caci Miv. Iicrecre, thp uci'itlCuocs 
ciitm fis nioniiccppcir, b tir singlerc :c t 

mniist 	 iioicf tclc PcicrIr i pselptical-i cai idl cc 
chcrccsiclrci NI iti ti'i, fer, prctilce l cVfOMirIIucls 

. 


193. Riist deslOplet \as recorded oi l[he crops 

at iti.leals (tI0d\ws. Rust des.'lopetd i plots sown 
Iin %efViumnth, hut lie (ieccopilent was sow in the 
.hiniaiciv- and Ichriii*,-,swrn piots. the disease 
ClCtIhhpiIIl'It \k;l', lln %i-scsci1IdIMIit -iii Crops as 

COci I;t1i 0 iipc,0cstlAicIIV ,C~ii l jilidti illiilr Crops. 

lI ,tiitiiiiiiMc
p-ctioci
S\dis proloigcd under (lie higi 
[CIiiipCIllcis t'Ccijti clii 0c lireStllillICI 11101101hs. 
W hen liid oflacpl he;ihhyileavessallic,ics ciclilv 


L.'CtCd ticijnrttuil Ac ilctii Mil\ 11cii1 pic'ts Siivn ii 
ihll;i mci lec ,Erste .it27'C' lindu ikC ticHi tci 

iliiiieihatc ciihiyilicetc lit c t ilthtt, thenicl.1tc 

piseiit lioiiid cclyic.citiiiiiiit ,.Iti,.litcsijci ciiilinti
,is" it tils+ iicitchuc litips+ccce..liliste t+ilS-OiSCi cif 

tice rtit, ljpiih,,\icl, c i cctl.i llctire incuI]-seso2+ nO 

ciccil titijici up t;cili, 
ilii hlti'i lie ltins'\ icsei
 

.\ppntIrclt itih-citln i;cte,, (ricilrust ranged firn
 
(18+tcc (l3.cfc nllts itriiV Itithe ciroips sciwn inl 

tune Ic A.ugus-t, \bilec scil ci\ iliecticrlnirates scere 
reccrdtcc tl,.t' ccItml l)etecicher to April,+t.ccps scis 

(ilLiye anici(khccc ic)).l itilcal of
9inalysis 

pcidicni inricciciin race.,15ci a pericid ccl5 yeicrs isprestriteci icrligcre I.IEacs irrtecticr r+ftss plti ICto
 

t rl .li( I i . a*reciuir4)i eill S,'tieei(i r high t"r"I aces 
c crdt i ]O,.Itji lllltCIIIt, icticc ith enhanced 

s+piclc ti ciecit cciis'+cciilaxrcchie venticer 
t'ccidcticcO ns diCicg htli I 'senl'kcOll. 
OILi rust cpiimiiic istfepenliclt tilnirlny hiotic 
icltrs such ais tie hcst byv ercctirtm plai lts 

pnthcct~g'ris, iiyperparsiti/octicnol ciredoso~ri, etc. In
arcCexperimrcin ifectiton the i/itecactiir heo eeri pct 

0iil,2- +Irs Ist i was ictcnd that infection
nutt ri6cmtle niuti 
.i te sius pit, i rus+.t cl.cIfationr ateslcd rust 

s<,t.'tlits Sciset: et ii. 9?cgh, N'li Ctai.1980). lihe
tIcilcits,.ii t 	 d ch fungiasjccci tiICire ctteci i;isitc by s )tril 

]hic a li/mliii (]ix. Cat. anid 7ic/c'rciilhr, ia.rcp( 
l)uring 1983, sers' Wet year. rustS\ ci It. a evelopmioent 

wxccs l inehsti 10 fIcijarr u iped b f Coparasites 
Rust ciloe dices crtinduce high defoliatio, but 
when imespit) ,ccccipcn rcst.hievy leaf fall 
Oiccl's. It is ch'lccillcthiereficre, lhat bintic fcnr 
base cl'iriitc iiehecptic buildtup of rust.ru epidemic 

aicc aVdjoilouiti iliciid cl.ic mit rlic S.'m -licIlrnl OILi 

cnlg sciuthc.rc lal es i, uibrahcciinrrvrii cicti \ict)cnait 
Il982j, cud ciucitiic irici ticese cacacs ;ccccd he 
iimportanti ,epicicri ccl.'ru ust, t+ inin lice luy 

Maiiarccsittri an expcnmr; 193 inros. tiwtond 1 tiycd 
groirulict cutisarm",;iXl washs,+cii cciis ihtCrsoc 
the 5th di cl each monicil IfroiJtti 1978 until Sep 

F'orecaslingl 

l)criig tire last e8 ars it Las been noted that rust 
refection ucccirred regularly on the rainy-season 
crop hut the developiir of rust was substantially 
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Figure 1. Rate of groundnut rust increase (apparent infection rate) during eight intervals between 40 and 120 
month. Each bar represents infection rate for one time interval averaged over five years. 
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il irom toi% IC d O ff file ' hC~lirI j

cltiN. Rusz t pliges.., iS ptikitixilv Coi -l+iti with 

S illXndJ eg o m id -ni l la it I)lil'tmt mg Mo d el bl .Si+ W -," 

( ,,ILIttt~ c'K'tl'i'mx(z) ililillI llIII [t+laIti:t iv, and aillltlm pelalltlic, 11nlt1it 

, 11,iir'ci1-t'hii(w it f ll, ci 2 \ titl 0(-22-C .e tl uck.c', l Icilti 
'nI t~ ~ tI l httpk -L'll rd htlnli1dit\%Ilt+' albm)\t85, ( land .3I",Ia l rIl~l it %k.ck, if' 

tiii,) N I A tiiii is d ,tia, iiideitlkii illhliliai oin 
l,N1,.i il. ().490+* life ifi h iic' ol 5 teiipe1iatt:i i pUtzIMI tIRle,,s 5 i c itive 

l,.hm JIo ( ()004Z 0)(.I4 , llotrallion ll ,ttl,an td,lll"1 
• 
t hol s',o(l hit.latentII 

Siilh,- i ttl 1121hpt i itl Ullt l CiIs~l f i l 
' +,Of Itr s diS, e . All 

il it~t(t0,04 .61 5) 0.11 , Ndiill)c), t_'\' l laiiiiilli. sl hiiie hours. .iii( 

l ,l~ltt.II ii~ I iiiiiiihdll i ofl (lit, -
,ith ti.-mlcitli: ielowi 20"' 

\liiinli ii;i (.(l07 0..525** ( i tI nic/h S. IC/lx cIiI it i rittesie IrC ill iiit n 
i 0.6X2- n.5 2*' w lcrpioslthiiClY C iiiciat'! %iii th lii period while 

N\ulli iLi, uidi Id'ltiuse hiil1ditv, e\CCI)llng iitiiihic olid v5 %,with 
i0i,,i (0All *l' (., eit IhIcla t n iliityidhhi)ehuo8()17, wc icil.gativel' curre-

Niliini ti ii di\, ill lifited (I ihle I). I lie i lltplC l llcss.'in,i ik\si if 
11)(1- I Iiaiii Sil, (10.33.34' 0 184(* .si.x eo it1i1i;111uiiuI of eimiliotiiiital pairatiicterIS 

Riiiil Cxpliillcd mole thain 9(f o f i inthe liillltn the 
I ,! 11.n2l I. * I iit t latento ( I 2iWe2).i.i I he Iep tiltl I igie OinCOelli
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, 
,ii1.iiiic 115 Citiig high Iru ito lilliClittiio ShiIp o1 these priiln

.t rs,\ ith t iotl)ClOft0 ' ni l iRlt. 
• A ic.esce trend of icl;tioilhilsf as iti>erved 

betcmecn apparent inlletion late iof I'. uzroiiidiv lin 

I ili 2. JHermi ion ciiffit ljti, i(if latlenit pvriiiii wid apparet iuifetlioi rales. 
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the lh,~into -disease management.tt fi 
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Table 5. I'h. sitlogical and hiochemical changes induced bi rust in Sit Xl and EC 7o446(292) groundinits.' 

I ( )cr Inonilocinulati ('1 ( ),),cr noninoculatcd 

f1aanw'er .l11Xl I C'74(.21)21 P l,il1clCI SI 3 I I("C 70440(292) 

I2 I.6 
lotl, chlorph, II 27 ( 2_1.1 

RCS 1 oIldlIlI ' 4).5 1n.5 
Nugars 43.0 *17.4 

Red ,Lvm, 2 2 21.5 
Amiuo aink (,.3 2.1 
.A\ oi he ct1ak 2(o5 7 ; 
Ihelm k '103. 1 ,72.3 
R VA I 3.).3.2 
1)NA 19.4 -224 

) , LhM1111.11 i. oI 24 h ;de l inctlulmi 

(hernical 

lolar applications of fuinticides have been reported 
to mlarkedlv reduce rust spread (Sn ith and Littrell 
1980, \tavc 1982). Inorganic sulphur fu ngicides 
applied cithel as dusts or wettanle powders were 
ittiallv reconimended for control of rust and leaf 

,pots (l'atil and Kalekar 1974) .h;,bsequentiv, the 
organosulphuis such :is manco/ . -:,1 nanch were 
Icind superior ill reducing rust and increasing the 
pod viCld ol thl rcconnindcd cultiva r SBit Xl 
(Miaece et al. 1977h. Patil ct It. 1979, Wangikar 
cial. 1981). 

In a seiics of trials conducted over 3 years, it was 
found that 0aeystecic fungicide trildcnorpl was 
highly s1lecti\e lot contrilling ru.it, anl carbcida-
/ira for conlol1':rl) leal spots of groundr'it (Mayee 
et al. 1978a, 19,'c, (ilugeet alI.1980). t1ue efficacy of 
these ctlmicals against rust and leaf sp.,ts was also 
proved in tie inultiscasotl experiment at ailother 
Iocution in Maharashtra oil four caltivars of 
groundnut. tIhe cost benefit ratio of ie combined 
application was 1:2 Wlatil et at. 1984). However, the 
cost of these chemicals is high for groundnut 
fa.rmers, and it is essential to work out the condi-
tional profit fiinction based on the number of'sprays. 
Mayee arid tBaheti 11983) found that early applica-
tions of tridenmorph ssre more effective in reducing 
the rust epidemic tln applications later in the sea-
son. Four or more applications of the chemical gave 
significant additional increases in yield. Under 
resource constraint conditions where funds are lim-
iting, it is necessary to apply the sprays so as to 
obtain maximum profts. In the case of rust manage-
ment, it wats !,outd that when funds were sufficient 
for applying only 2sprays, then to derive maximum 

Pclro j,ies 176(,6 +65.9 
('atal;i.s 20.6 +16.4 
AA lxidacs ,152.6 42.8 
I'P wid;iscs 45.9 10.3 

N1trolocli 24.9 5.3 
Mlosphotl us 10.9 12.3 
Po'.i.sjuil 13.7 9.7 
(akciu i 22.7 .10.3 
.a"li csitllll 15.5 16.5 
S1ulphur 31.1 I0.1 

)alA tl\ llgC, dC p'CIdlJ) L l 19 i. (L cri mltlu l limtmill. 

profit the first spray should be given at 30 days after 
planting and the second at 54 day,; after planting 
(Mayee ct al. 1985). 

These decisions, however, could be different for 
leal-spot management and therefore a complete 
foliar-disease management strategy needs to be 
established for each agroclimatic zone depending 
upon the relative importance of the diseases. Wank
liede and Mayee (1980) examined the possibility of 
reducing initial inoculum of rust by use of systemic 
fungicides as seed dressings, hut it was clear that 
after I inonth the chemicals applied as seed dressings 
could not give adequate protection. 

Smith and Littrell (1980), pointed out that though 
breeding for resistance to foliar diseases of ground
nut was under way at several locations, release of 
agronomically acceptable, disease-resistant cultiv
ars was still awaited. Therefore attention should be 
given to refinitg ctemica! and non-chemica; control 
strategies. 

Host resistance 

None of the groundnut germplasm lines available at 
the Oilseed Research Station, Latur, was found 
resistant to rust. From the elite material received 
from ICRISAT, several sources of resistance were 
identified. Accessions PI 259747, P1 350680, PI 
407454, EC 76446 (292). NC Ac !7,0, NC Ac 17135, 
and NC Ac 17142 were rust-resistant. These lines are 
being used in the breeding programs at all the 
groundnut research centres in Maharashtra. Deokar 
et al. (1983) studied the inheritance of rust resistance 
and found that resistance in PI 259767 is governed 
by a recessive gene. 
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Future Research Priorities 

B}eca USe of the in ercasing cost! of purchasing and 
applying fuirgicides for management of foliar dis-
cases, there is , need to dvC1p nc ,Cul Iars with 
disease resistance. Additional itlfolltation On cultuI-
ta lllanuigellitllt ftor ICtucip ru:,tdisease wIl he 
useful illformI!ulatig integrated titanagCennt. Sitn-
ilarly, spraying tichnolcchg,, and scheduled appliCa-

basedrions oilprecise preictiotns . oi.]d gi ti long 
Wa' in combating the disease economicallv. I ht' 
tlng-distalnce2 nIm 'iciit{ it)h l-tl rust lnct:'(.s l 


sirf hefo~ri' a Perfct s stetit is des isCd tic predict 

rtt oCCLtlrrclci' int diliclelit pril tl i' Ciuttltr\. 
[here is tide gap in tIhe,a prestnt ktosledge of 

pathogen variabilit\. It is tICeCCssar to intake rit ill-
depth stud\ Offile raC'C st) thlc rccd InlgSitutllionlIfiat 


proglalls Cll he UldeltaktiC soiluIldI looring. 
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Groundnut Rust Research in Thailand 
S. Wongkaewl, S. Kitisin2 , P. Surin 2 and W. Boothanu 2 

Albstri'.,' 

(;ritianut
rust cnn ad bv P'uri ia Ir1'arhiliiI S'.n i'. l/Irft sen in hailaninil 1970. 7Th' disease soon 
spreadto all ni/rtttl-gn a ni ciA, an(rM'I . n' ,'adiic. u.it ocurs on gri iridntl crops in all th1ree 
grocil'ng ' . 'rl s ou(4 n e ewTit'olln /s it rIi'tlV-SOL.onf crop irihe ', in conJn'fncliot wit thie nf spol 
d'.ia,., it/lt win /it /h I, n I '' , ' ,sile , pod/1 ild of - '
 

Onl M,' a.,''haIoI ,ifn,' /, ,ln foni 
 onrs ol peandnt. Tlere is ni 
OicCIi'n " ,l//o,,'nf i ,tiaiti o/f , 'hidi- il"Th iland. -1 nvcona.s t,D)arlca sI, occurs 

.' ',he , ift /'(Intli indication of 
ri '! 

111,1 il/ t ltllfld n iltl' lfil A lh" (A' .wte'ppi' '/ til('l,'.: '0' ncSi. on tie/. /'!ants (wlz he 
ill IC( ICUl tIt lilt L ,' .
 

,

F"ol tilllawll, , fit ,)/ Ile'I ': q/~lt(,'lliot /I. t i i e t o cltlltl, chinlit al, anld .ilnc tre in, 

ap/) .'Ii i Itt. /h1tI/ l i,,i' , of i/filitl nn ', ,,, Is intited. .c oral /iinn'icidc/s har h'ow tested fr 
I'oiti0/ o/ rti itf a dI,',/ /al spot, /)if li''a Io ,'. /Iot of/ al/n t'l, ati dia coatinn tio o" hen ofOl'i indOAICH ti,.1 llt ' tcI // eff/b ftl ,,. lY. ?i/.. l "1 /','l,! d ,'ea w,sc i 'n tn r ond scorin g l oc hn t'qn es w'ere intodu ced 

it-t ae,1ld /)lot o'l ,/?i(I 1 Il lIt l 1 'fi-e s'.iistctil 4.ilill thi'si/a 1 wit g atse' it the iastrc.sisfance 
/,r,'', lit4&I/Iiin t!'l 

Recherche sur Ili roille .de I'ariiciei i Thalihde I)'.at apparition nitsoft 1970en Ihafande, la 
ritilh,' i/cr'cltd (l'ii''ijia aril'liili') s '0.t irolleei' dtit% fo te.s /('.SZones ara 'idicle.s do pIa.s. LaIlim , d(it"',,n e ,'n d f"lmi,. ttt o q u , /l' cu lture sde ro ote s /Icttrois cam pinlee .s a g icol . s .C op nda i s u lelei cdcl i',' iirt,,/, fllqahi'lific.ialla n.27,- i';t r ti aendiego. s'iS; ,alai tio if ', /, ' / in, rinit c/nt.sci sont 

(Illt'N ai l ll" 1111 / ii rlctt /s ' i,tl/ ' l i *' lei io'4 l q' i//,' l fli'./r
 

/LO'U:tII' ?,il : li/1'
lol,"tl'- a S fi 'tll laeiilt fliil iit e Iti T f,'Ii (.u' (iif li'i/i' ir,1 /a iaclfdh. /I n 'i an i ,' / ' ' ' jttn i 'hc t t om o , . I't e v i(t, 1,/ , , ,/ , I, l t v t i'es / l at / o g, , ', s b ,' 1 ' . a ra ch l i i , -'n ~Pl la d , 'e . I ,/ i t o p ula it e 

o darlu ca ' dIti 1"mt by" uic/n 'll, clc'e pg..o,,,/a ro ,on ',I/% tte sic,.sis. nde/'mchide surl 
wailrthoerllp. in(' fe/tthentsl/t e l iont 'll arll'/e r. him, contru lioll wnf;[ ofuedt' /'the ltR)u11.s 

Tha ila , /in ,n t97 etr /a. .71,,ctu).l,, (' iius nut iae,ngectowinler'.steance.
Kanlon, g bun es.It, Il"Mt theiandlebs(.11lole.s,dr/tt,'11n,'W ItMt.Al Ie, /e.ndar,.. '. 1liiI,,s./otigi,'td.%tris t /',,.ssai ' nfrteh/ rouillt, 
,qIv, tlet,i,1'l'fe." .l'1 lo:calh/,li(tc, I, c/t/nothalonil e te cm ,nai~on It,!.:nornn I e.-(Pox)carho. 
.rll, W,.01 olo 1 Lo'strriln:, c'.s(it c'rt'do/alf, till c ai"1tp t de!notation n int pal'ltrs rc f:1,;St/it wles. 

so,'1C1¢1S.-IlT , ',:r,:,(itlti/,-'s , .s l'!'loie llicoionl e. n / ' rt".sit'.ttf s. (,e ~to T , sontI ortut'lle
A,rollll..rmien! uti/tfs damns It t' e. /'!loll /oilr/at/t;.gtisltltt¢( t'i /a!1tll][:t.. 

Groundnut rust caused by Putccinia arachiefis Speg. 1978). Jlihe disease is now endemic to all groundnut
was first observed in the northeastern region of' growing areas of the country. Rust can be found on 
Thailand in 1970I :Kanhong et ;if. 1971). Two years groundnuit in any growing season, but the highest 
later, it had spread into the northern region causing incidence and seseritv is observed on the rainy
considerable yield losses (Schiller and Indraphun season crop where conditions are most favorable for 

IPthildlgits,, D)cpl).om milt i2. (i ('top A. 'rcll tLitt. Ihlililand. 

W('IISA I Ilnlollillll Rcl cmdhi Inl otihel t lli- a if I topics) 1987. (iroundll rust disease. Proceedings ola Discussion 
Giroup Nloonfin . 2-1-.s' qj 19i4. I'RISA I I'cntc ldia, Patrichert A.P. 502 324, India: IC.' 1f. 
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its development. Combined loss from rust and leaf 
spots "ia;estimated in1978 at 27-85"i (Schiller and 
Indraphun 1978). 

Prior to 1t)2, the main reseain acsitics were 
screening for resisaince t) rust anl in;estigittonsoi 

cheriical contrtol. At present, nore attentitn N heine 
gis en to the [iolog, o P oro~hio and to epiilernii
logical sililies. I itolilatlon concerning these two 
aspects '-ill the .grocosvstemsiaigcl\lacking 
ot Ihailnd, 


Biology of Puccinia arachidis 

()nls the urcdi nial stage ol the pathogen wa:, lotnd 
in the rust disease samplc. collected from the dilfer
crt regions of I hailand. Ihere ha, been no report of 
the telialstagc in the coutitr. I he tucdiniospores 
,,ere similar inboth si/c and appearncc ittthose 
described bh('utmmin (1978). I ltlesions induced 
by tilepatloge serc eiter otritmutipustile or uni-
r'. Ille typc, dt-pending on the host cllitr. A 
TrcopiiraltC. 1)or/oha s . %%itsusliallv founid asso-
ciated with the rust pathogerl ill discie samples 
collected frlto the niorthern and northeastern 
legions (Wonrgkaess and Surin 1983), \t present, 
there is :- 111ldicatliol ol race \'iilitiou artillrrg tie 
ISOsiate cIllicCt,.d 1ot1 tie rhfteet grrUrrdnUt-
gril\ing rtgrltns I\Worrgkae and Surii 1984). I corc 
hase been .o repoltr titaiy alternate host for 
grounduit riuts. 

Epidemiology of Rust Diseasc 

Although tiledisease cart he hund throughout tile 
country in all three growing seasons. nt farmlers' 
fields its peak incidence is it,tiltearls' rainy-season 
crop (sown titmid-April to early March). loth tile 
incidence and sescrit\ art. ro1i:1r itt tilelate raill-
sesonr crop (W) n11i Il lld-.iris to carl\ A,,ugust) aid 
tiledry-season crop (somi inirid-Janurv). I here is 
variation ini disease incidence and sCerity depend-
ing on tile location rather than tire geographical 
region. lv monitoring tirt epidetic pattern of tile 
disease tit e\perirnental fields atKion Kaen (north-
eastern tegiqr) it \\as found that plants could be 
infected itany age, bill tIlsioften itthe flow\erirg 
stage. The inlection rate \\as Ifastestit crops sown in 
rid- or late little ard it late August (\\'orgkac\ and 
Larppariva 1983). Inthe 2nd \ear of mtoitoring. 
groundnut plant! growi successively it tie sane 
plots were observed to be less affected bv rust than 

plants grown after antther crop. It was speculated 
that the buildup of a population of the rust parasite 
I)arluca sp may he linked to this reduction. 

Management of Rust Disease 

Although such Cent rlal prac:ces as sowing graund
nou a specitc date in a specific season havetint at or 
proved to he effectisc tireducing rust damage,their
 
applications hase inpractice been rather limited,
 
due to the diversity of cropping cycles inthe country. 
Ilherefore, research has been conccntrated on chem
ical control and breeding rust-resistant cultivars. 

Chenical control of rust 

[here hasc been two types of experiments con
dulcred on chemical contrl of rust disease. In a 
disease nursery where screening for leaf-spot resis
lance wkas being performed, theie was need only for 

lu1giCides that are specific for control of the rust 
pathogen. For this purpose. oxycarboin {0.05% 

:a.i.) applied at 14-day irterIls was effective in con
irlllling rust -ut did not give any control of ('ercos
powra leal spot diseases. A larger dose, is 

recommended for other crops, was tested and found 
to be very plytotoxic to grotridinut (\Wongkaew et 
al. 19S5). Psvracarbolid and carboxin were noteffec
tive against rust. The forner also c.,used injury to 
groundnuts (Wongkaew et al. 1983). Since leafspots 
caused by ('rco.s oridiuoplr.sonattlt and Cercos
/ora aram-tidi-olo are also found to be destructive to 
groundnuts, tileother investigation in tile experi
ment was to find chemicals effective against all three 
foliaf diseases. It w\as lound that the combination of 
henomyl and oxycarboxr (Chompoonutprapa and 
Sripoley 1973). and dithiocarbamate (Kitisin et al. 
1976) were eflecti\e amId econonical for control of 
the foliar diseases if sprayed five times at 2-week 
interval, ii each crop. Chlofothalonii alone, or 
mixed with oxvcarhoxi, swas equally effective 
(C'hornpoonutprapa and Sripoley 1973). The yield 
increases front chemical cotrol ranged from 47% to 
3)0'i (Kitisin et al. 1976). 

Screening for rust resistance 

Prior to 1982, sc-' ning cultivars for rust resistance 
was conducted almost entirely under natural condi
tions using only the natural inoculurn source 
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Table I Rust scores of certain groundinut linestested it) the rmit-disease nurser at Khon Kaen [nkiersity, Thailand. 

Pcdigrc. (at83 
Rust Scow, 
ad fteisuing)' ('omnents 2 

(GAIIG I III 279747)-5-1-145 Hypersensitive 

(Ci c 
1)1 2%9? 

I'[25 /747) 
115 

l-1-1 2 
2 

reaction 

(hico 1 11 259'4")-1-1-2 
IN(' Ac 256.1 NC Ac 17)90&i,2-P128-111-111-11 
IU i 23,7 N(' c 25 
.110 10 ( 71(416 

MI13 I)ht20o 
KI,1', 0.,, 

3 
3 
4.5 
4.5 

4.5 
4.5 

C.R. 

C.R. 

KI 'P 3o2 
K1O1s3 
(()II, -I N( .\c 1709)1:2-12-1-1 
I(' SOS; S1 \(' Ac 2433 
1( Gi P,97 \( Ac 17090 

1('C 2)S "% 5 

4.5 
4.5 
4.5 
5 
5 
5 

C.R. 
C.R. 

C.R 
C.R 

(C II III )259747i-7-2-I-I-I>5 5 
1.* 764-h' 

Sin2h 
292 5 

5 
C.R. 

P] ') 9839 5 C.R. 

'\2 1I1t Rc". I('R.ISA I 7 
(N(' Ac 17135 Robb( 31-1)1-2 BI-ll 
(75 24 N' \c 17090)2-1'11--111-11 
(li ',9 M' A,, 700)112-131-131-I1t 
1((i 4(991 IP\(' Ac 2)) 3 

5 
5 
5 
5 
5 

C.R. 

1Ci 237 ,"1\(" ,\ 2()4, 
JU(( 2309 SI)N(' %c2155 
IN( Ac 17142 - IM%2) 
(I-'70446I 2)2) - (iihut 33-1) 
Robit 33-1 - I)hi211 

5 
5 
5 
5 
5 

C.R. 
C.R. 

Argentine •(''c 1709 
NI 145 M(' Ac 17091) 
KIT' 009 
KIU1 08.4 
KUI1 370 
K 'P -197 

5 
5 
5 
5 
5 
5 

C.R. 

C.R. 

KIT 21, 
(Punjab 1I 2597-17)-7-1-10 
(RS I It f(-' 70440)1:2-2-2-1-1 
INC* I ,'(' AXc1709)1)-2-12-1-1-1-1 
11 314' 17 
IPl259747 

5 
5 
5 
5 
5 
5 

C.R. 
C.R. 
C.R. 

(Gadtah - II 314S17)- I.-1-30 
(CTS 1)3 P)31-1817)-3-1-5 
(.Ill171 N(' Ac 1709))1.2-131-131-131 
ICC 1703 S) N( Ac 17127 
(.11 89 1I14074541-2-13-112 

5 
5 
5 
5 
5 

C.R. 

C.R. 

Continued. 
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iablc i. 'otiiueld. 

Pedigree 

(NC'-tI I -1 -IF 76440(2i2))!.2-1-.--
I('( 2254 Sli N( Ac W 
1( 6 240(0 S t N( \c ,672 

(laiss 2 - '31-1 21.--., 
1,1irinll 9 { .CCcpltHI)C chu_'ck) 

I \t..rol ior l rP ',rc hr rI iCtI.r of KitI' 

2 i"It co riU i[l[ crld Ml
 

((Chonrpootlutprapa et a]. 197,, Katisin ei al. 1982-
1984). As a conilsetjience, results %kereiflconiistetct 
aitd tin reiiabhic. I lie titid ot creeig and sco 
ing tot disease sexcrit' v, ere also not standardi/ed. 
hence the rcstIts obtained 1rorn dilferent sources 
could not h,. compared. Itt 1982, ttte intector-row 
technique developed at tWRISAI %%as tested and 
tound to be \ciN elfcctile (\Wnngklew et at, 1983). 
Ihis technique and tile ,:ssociatCd dise~ase-scoriIg 
Inlettod (9-point scalc) are now widelv adopteqdi i 
are currertilv used ot Khol Kiten where the central 
rust disease rltllSev I i,'.'ated. III this nursery tIre 
native tainair 9 ciltiuar is used as a sisceptibie 
check and as art irnoculuri spreader.I lre intector rtn'' 
to test ross+s ratio is 1:4. 

Screening under gecenhouse conditions has alsoi 
been pertornucd regular. v by tire )epartlmeint of 
Agriculture atd the resuts compared with those 
obtained from tile tield (Boothanu et al. 1983). In 
each season, about 200-300 genOtpes or cultVars 
received tro)nt domestic agrieultural institutes att(l 
from abroad are screened itt the ci.t ral rust nirscry 
at Khon Kaei Universitv. I('RiS,. V and tire North 
(Carolina State trivcrsitvare tin' ... 'jiarcontributtirs 
of resistant sources troin outsi,'e ,it coUiltry. "abit 
I shows sonic of tile lines that Iu'n\e found to bebel 
highly or nmoderately ri!,istant to Pwciria niracidiiLs. 
A breed ig p roig ramtifor rrlist-dis se rsisanc ha s 
been initiated usirg local cultiva's and identified 
resistant sources its pare nt lmate:'ials. In 1983, anl 
experiment was conducted to determinecriteria suitablefor uise int esalatiurg rust resi.;tantre nit test 

gen.OtNpes usintgaIdetaccd-leaf teCinique. hxis 
found that lesion siue and incubation period were 
two assessed criteria lhat correlated ws'ell with tbeld 
resistance. Cultivars that produced small lesions 
when intfeced witht tre rust pathogen wer- evaluated 
as highly resistant in the field. The pathogen had 
longer incbationi perids oilthese cultivars (Wong-
kaew and Tangthiumniyon 1984). 

Rust score 
(at 83 days atter so%%ig)' Comnrrents2 

5 C.R. 
5 C. It. 
5 

5 
8.5 

1',11.1) .rr1rc 0ch 9101111ii sifh i 1N-ri %a. I no disasei. aid 
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Groundnut Rust in Central Thailnd 

T. Sommartyal 

Atstract 

(;rout ttdit isI i]ortantlisew.st i titi', l "l wit, g t, nati .. ' .iii . crp.intl ('i, /Itorf tt irai nt e , it the t'a',a 
.Ilr t il ot/ tust, lil!f the itl,/iol ,i i,it d li l at,'' , l at,' l iev, nihd. High n/t ll, Ighiatm tpher 't 

ui, t t nt tI t t, " (i tilt (It t ittmA.It -r 17 ICl Ni. I r, rtngdtI i itt ,'iei 't, 0 . int i l th, " tt.ei Itie. 
i t r.s rodt t i it K tlste t t uPtolit Ia.r..id-It .'ItatIli, o p/g 1pa1soilnIorno H fto" ellw- o I tlt d res stfn thew. 

onelet tp Il oiea,( It Irnd urf s." pletse tion r t e, Id , 1asrt 	 ..../ ,ut, ,s t tlea e ,'[hetltttoolut,/
11/1IfI// ,I m t t, -,, t Iit 


t ha cusyst/ l, , 1, 1 ', 1ri at1Ic, ad ap wa
 

it ,',I. b~ltIIt, , ,.... t/I ,. _' , 'Ii , ,, !"I, , ~, olmIIII t. .1 (1/1(1 0'c ent o /' the 

Il,,, t ' 1i1 (1r1 1 I ,atllth 

RooiIIhI dr I',ra hhhdk.I1111ton),duinid" 1. 	 ,I//ff dI /Irm IId, est.la 	 '1(hailanh. : La 
tInIf'II , ,'t 'It, , / (1 , t Ii I'l.t s. !.,'.S 

.sI IN/it ;In ft, t /,I Io III/,, "t hIIImor-old -vf.litItlthoie/,nt ,,ir I d, I tIs. / I, oittepl u I to st t omttsi t1, -I 'hurnI(t ttf 
0 , t t," 1 (IIII tv, (,it 11,'oit l II ' ( ) 4 "1,; :'( I.,;f,,t 'too,"conditionI /(I I)m 'tt, Is fil k I, t~t ltr, (If' /IIIroil ..AIII 

"' 

I lHirI d,m I If I(1/ 1de on) Ill II.s'p/ot wil, , des', Iil;f,- of' t /II Itt'tIpf/ 

h'ayt ti l lnt hhAl JulI a I i, , I ita 	 iSep.In, ehrt,.he, If, aiti ,. Relearch,C , h ,llot Ip, ; It I i t.stt Ii' ;1v' tl,p6 h /I 7' 1"I IT If' II.., . ' ll I ,, II., l. nI I,,i h / tl l/it. I'/ut ,'lor Slon --I(tld 's oll's o,lift' fir srt.sot 
too ~ ,,,, ,filt, ,i, o's (Il ,to-h,:.h pot:.. rlt ,lit/'11 P'fmid11 olom Ltese,''hvi es,',, 'm , h Ihll,L Iv o't, 
"I".or,, , Ilnlah/ill,. .Lq1/uth, Iotitt,' /,I tolitl/c , " , til 111tio'cotnld l ,' 11'ttl t I t,:.s~telts of de's / on il dt's. 

Groundnut rust disease ( Pt ciniaarahidi.Speg.) is appearance of ellow-orange pustules on the lower 
one of the ttwo most important diseases ol groundnut surfaces of leaflets. The pustules enlargeand rupture 
in central "hailand and throughout the country. lhe exposing brown urediniospores. As the disease devel
rust epieic ge al curs at the saoe time as ops tl e affected lealets become chlorotic, then ne
that caused by . ,t spot ( rco.voritiu etr-	 hrotic, and finally theyuither and ay fall off..wlmauJI41 (Berk. . ,.rt.) Deighton), during [lie 

heavy rainfall to Sep. Research ore saonth, enltgroundnut rust is being aird out in IThailand by 	 Morphologyef 

the Department Agricuuduris Kron KaMn Unirer- bf 
sity', and Kasetsart tjniversitv . Research by Kaset- The rust-susceptible cultivar Tainan-9 was used in 

sart University is conducted at te Suwan and laboratory studies of pustule development. Inocu-
Kampaengsae stations where tpe major objective is lated leaves were incubated at 20'C in petridishes at 
to assist tie breeder to producea groundnut cultivar high humidity. The incubation period was 5-6 days.suitable for the Central P'lain. 	 Pustules developed from pale yellow lesions, which 

increased in si/e and eventually ruptured to release 
the brown urediniospores. Mature urediniosporesRust Disease Symptoms 	 are binucleate and Measure 21.9 ,x 25.63,u. In the 

presence of water and at 20'C in tile dark they 
lh-first obvious symptom of' groundinut rust is the germinate within about 3 hours. 

I( RI SA I (]I [l'i [lif OII I C i 1111 o1 l Se,.il-A11 I ropic,I tI,o l , t'I1 ,rIIt ie . I d I I9S- t Il l t il ,¢i ,,ta for octed 1l 44 

(roup Met ltifg. 24-28 1,,.1 I I A,'. 512 32,4. 

J m tll~ olg I)ictlission 

. Sep I(' (S\I truint ti iulchr il. 1IIdtijI(' RISA 1. 
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Occurrence and Importance of Rust Disease 
of Groundnut in Nigeria 
E.A. Salako and P.E. Olorunju l 
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N . - 1,h I,If, i ol w lol IIIIIIII/ ig, 'riI I'l I \- 1iofu ui ih'. 'it i~i'ridi , fof fiti.rii.lit'sl"11, 11f,' 

Ho1U ilv 'I/ h id ilo : tA 'I 'a1a/1A Nin. -ii biecii/,'. , ,arh doou a 7tom, hiett. t, 
/'Uhi/h/,/, lll \,,mi tf (' If no tlieIt p u/ItF hoift I )/i I lied'. i -t th " iil O'st ,I6ei ' 
I. I,1lt fil flu P 1 t aitd ,, I I i' ,,. oi,11/,I' t I.i,/ e". I ;/"I IIf t itIII,"/II

/",qq,,.m.l . flooI' m/ , -'. i /,/h ,/. ,/,, It'/'/I ,/,p,no "Id," , ilfilllol. Ihml, /, :, 

lo,' ,, , )., ,/(1 ii'. t l1s tl fpi ,ir i l/pa III la I' 11 )/I,.e' ust ee ?1d11 t 'ea1 t 
Ii' /1/ ,t t'iI/ ,!,'/I ICt /irs th p/11 t ft- I att/ItodIe" hrlet p t tt , , /I i, itt, t II lal rd a 

seeC,,Ot/.t t111i t ,' I ! a , . /I///? of oe,til . ,t ttt , I l t iof u e'I eleorliortand di a
!',:tf,I.: ,l : ,11,tol,i,i,,;,ol .. 

OLllr duem ps, itlheisrs h0e was 
.t1-)i} ll Nige l I c Cll-Is][t-alSIMIt(.All II- appaientlyv unkoer n i A rica p iorito 

Ili l ' loi a l h ,e lhte(A I1 /it s ] o haind 1 e'tnt of gi'OllIldclat 
f 1969. By 

f I~ /1/N I )CI 19,83 tile io oftIlIll l ttl 
 Mld: N i: ("'r - (listigri is e disas e had cotepeill'larity ntI"e !,"'to1ears r d 75i
Occlr Irce/ RCl I I. Io I stpof orthIec disase i

hut (foes otplectrd each s. In lthe drier area olf orthittv
conlinni. Ir irtst recorid olt 

(I/i,. dpliacie'/o,1wr/,/h'lt cnkin .t'om J: Nigeria ttii. i 1976 (aroKoi) etial. 1977) ro n theo \I.W.\. Stff:
C ,(Is'tfJpw (It+ttllWtrtilt ( lie[rK. , I l l r om iFlt' 
 )'l'. t'l part of tile cot inl.lt MF e rht'it rapidly 
lD eighto ll), 1tlh 10li g . ) a n dt t o lta od u c in gua r e a;l ( /Pld( 'iIIttol' ll s S p e , s p re a d a ll iio r grou l d f illt -pr s . HYV 

t cittc 1981, o .cl 8 d the areas soti 
OI'. s/II/ltl'/old N1)1(WC ' w11S%\ith sofile Irv- I IitIde I1'3 0'N %\hJ:re \iN%csplcs1)red (I li.9 C 

gro tt o efttlko,1982. 198\,'eI 90, rust x\r, %%ell.sl. li. s i o 
11 1A'/)If 

ifIarfityI \ spec iaifinthIfe s (Ioes 11{I OCCU [tIe each '\ ari.InI htli d rier itrels north of*\ \k t:ir \cari buiit I 

sccil 10 threatt tile tile_C011stitute if tot Clop ats i'llaixi- I I"30'N latitude tile otjllflc of [-itand damallget 
l1111111l C\C] of toccurri_'ncc ' v 01(',,'I (life to tile disease hashas, nlC\t_ l bo . riot hcenl signilicant. 

Ii file Noithern and S'othe.rn (Guinea Sa;.va.nna'; 
/'one,.,of Nigeria, it is possible to conduct fieldOccurrence of Rust oIf G-rounldnt scrcltil lor rust lesistalice w\ith conlsider-able suic

cc s.Nllh or \\ithout artificial inoculation. But ill 
Basced oil til .\.m,,.!th !nstitte! t.. r 1983_t),?o_lifli M.\)colhgical I . hough t-_a.s e.~., s.ccess,could beattained 

I('RI I" \ ~ f11~ RVoII-M I',lt lltd I )I S~/nlcll ](t li lllc h.1[ OwltS l i ld I I " N J N (II I)111) t 111 1I d INC,'I1C, PI (CUCd IL'ilrg CI ISS I(I 

G reoup Wk C(Illt2.U .4 2, S N lu.S I. 1( M .Is I (oiliecr. a, Il'tll. \ I 0 .. ',Ilt z (R >A I i1ltht 
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!It1 - 'tlll2. ,Jl, V 111 II s h [21k s ISL Itlh! o 
Ih*.rdls~isk~t U CII t it( (1 IL ist'1( 1 A O 

NO1111l~ k kitIII (Itlll~l0C. W d ll 1ilt'Sd~d lik 

I)., IU \LIt 1c lli\ II II ![1Il k. 

II \1 o k t , 

140r-. anfl anki 1r9Su.1s oidic t.~ow 

toI itC[ )~ hlii i I m n . hco Ab 
Ii ,,Ic l po~ d~ c op d kela sh mibyI n ar 
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now being bred at tle Institute for Agricultural 
Rescearch arc released, it is expected that grolindlut 

culi.ationit) tihe sotllirnt iareas 
 will rceie, i ereat 

boost. 


Importance of Rust 

Vhrc\ci it occurs, 'lt disasesigrritrcairtir reducres 
tire Nicl.! ii) thc cron. In cot.trctior \ith tile leIf 
spots, the ,ieidi,drasricalls reduced,. Ire foliage
rapidl5 \ith (lig rise to "hol spnts- rif 
*chlrrl" plats). Illistcduce, photo, lthctic 

aicti, itN arnd tile tillslocartiorl oiphtitoss tesilts to
 
tire dl.e'lopitlg sced, (Sal~rki 1 I1) I afuic 
 I Slli, 

typical! IrCsults uobtarincl froltt ield trils ithr
fiu/lgi-
ridets 10f COitr ilof utt lld IClfsOts,l Oilctlltikiii 
1-452.4. [stillrtCd pod .iclhi)l ll tls ;liiric 
rtrged Ir in 0.7 to IA t ha ',,.111lC:tList irll rt si 1 1S 
could jiril\ caluse i.5-2.0)t hl ipod yield losses. It 
clcl \ dcsirabl to Colilof '11itile thcc tnlitr iis-
cases. especially ;istle,\ illll st rictrI 

(rgCthCi. iikilt 1ipplic;tion of t1 ipici (e aItlI 

gCerlic cit~irice ircthre tlitttjot cottll ticalisllletsfor 
tire diseasc. 

Control of Rust by Fungicide 
App!ication 

Mf;rrIcoeb (ITV ll.rito W' t rritlatins)VT rnd tride-
rrrntrph ttlittch f ,\stelic, IT V aind lledittllll ilstittiointlts iii several parts of rite word, facilitated
solirle applicaLios), ale quite clcctivc i! colrlllol- the initiiationt of a rtist-rc.,istarci,.c brcedrng program.
lirg rrust atiid crl spts f Sulako 1982, 1984). 

Anothler dimnscsion to fungicidal Contiol is tile 
possible inttcraction betecil fungicidcs ilte lcel 

"ahle 1.Itrngicirlr cintrid u groundm l rust and%[)ott,
iii te fild triait, ill.Satrlilri :tll(i lft
.\lnik,il, 1982.
 

M.cli pod y\id 
(kig h; ) 


i' tiriun,,.ilc [C itri tn SuiurrlirI .1\ l~, 
Rust i- it ui, 
Rctrl'Ind 3021 .lr 

Rlot nl, uinoleICd 1981 1296 
leatt spots lliscritrofllel 
No diiscise cmtol 

232.3 
1567 

155( 
1024 

77.3--1Ei. -1971 

(T'C115 23
I- -----

of applied phosphorus. Plants that (i ' riot receive 
any fertili.e.r (single superphosphate) billwere 
spraved with trideitmrph nm;muions were either 
scorcied or stressed, ,'hich iC.llreidrcducedill 


yields.
 
P'relinlinat v rcstills mriatitat *lokwa in 1983fo 

itl rCpect o0 Sf0(110 sirre SiitpcrphoSsph;te) and S4 
(200 kg hiaI of sinrgle supcrphosphate) had rite fol
lowing highlights:

Pod-yicld 
rtrartrch arid HAS 350 titced plots were S0 

P dillcences bcteenr tridemorphi + 
=325 

kL ir I illd S-1 888 Kg I- kg 

* I'ud-.icli diflcrencc betecicn tridCrnorph + 
rtrieh anrd rrraricricb treated plots ,,ere Si) =421 
kg ha I id S4 40 kg ha 

idc atl l I,.Iel 0IILtsI tIy. fcld(H. l if sperptoslIIte 
Irtiliatior rcittireif 

tungicides. ialrirllrs slsIt 


fe, is lor effectie itiliation of 
Ntyrot be illa position to 

pIrviic tie opriillll l it) lertili/crshoild be able 
to cihiOnsC ict\\CCll lirtgicidcs. Ihis option is what 
til, proiect \s icsigled it privide. 

Breeding for Resistance 

Ilie increase infrequency of rust outbreaks insev

erll grotndilit-grt\ .tig aCas, ar1d tileIcquisition
nil itirs-resistarit geririplasi front reseatrchers and 

1ie pat int lines uised illtite prtograir had varying 
levels of Ieal-spot resstalrcc. 

Ihe ibjccti\c, of the hirstituite's giouidllnt breed
ing piogritl ( Lirkness ard Salako 1982) are to 
ic%eluop: 

• I)ritiught, riosette, irnd Iclf spots resistant, early
inattuirlng. iigi-yicldi g lines Ir tire Northern 

(iirllea S a aIna / orire. 

Rosette, leal spot,. atid rhrst-resistarnt, early- to 
medirrnrr-rratirritg, high-vicding lines for the 
Southern (iita Savala /Ore. 

* Rosette, leaf pots. anrd rrust-resistant, late
rtatriing, higlh-yielding lines for the more south
crr. .icrcoldalv'' groundnut production zone. 

irotr ations \were set of cirsss made itt 1977, initial selecmade in tire F, generations in 1979. 
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turhe r single-plant electioni kert rniaditl in 180 
Lil;ie 3. Redilicins (if late-imilurini seliClo)I%, to eiarlh

and 	 ISI. eIiIO I o l and ic.f %pots;lild I92.S N \%Cie i tietlo to latlea rust, 

and ,ill Npoit , h -eldptential. and oilier iag,nolic
 

traits. lnlecto, roA,, ,i 1452.4 l:d CtoicCsn
i-idiLcatot ctltikiii c' i -' SiC 'd
 

\\tc S M 11,iI, * hct\%ccli c 'S alid Ct
N.\ i aticallk Ill: w IiIl,, 

al-lllid l,! Ii.ti .\ I 1hiIw. tee :Le<ihio cl .,d L 1 , t Rlttrst 
initllatel S ilh I, 'L4t. at4 it ltast 4 t 343 0) 1.5 4(0 

a t l 5 -1( ) ppoius s' tW il th piissc t S90 S I I 1 1) I. 4.5 
tile oter d sitC tiad,. III ! ltlrCl sclC_tioli, K 29b4 .l 2.1 4.5 2.5 
\,CIC lllitldC I he eietCCiCel: es arid til e,! Irc i li N K .>1t 17 i I; 2iI 4.) 4.0 

to llSl! and lu'l, pots ic ill a le ,llid . K 2 oIs'm I 1.0 1.0'hoxt .iN 

I I enl.%tI- t tIII-'d1111l-Ilhi Ilitl1i1IK eIlccti Illil tlilF,i- 3141 So 20 5,0 3.8 
9)5-) 5 li\s I lic tend !/it,I e ,i l\ ici he t (itt ie %1 4 l 25 3.) 5.( 

141)
/one 	 I I itllits 2- 10i ieiiited IIroei: tliet r,,s K H I 1 1 , I 5 50 

' 424 - 1 I1w ,tilt,\iIi K i 1I') a1 rctl-ies",tillt l ' I " d iincII.CI ' I Ia'' . 501 ir, irt• 

. >lc711'c eercl is eoI]} ,Ihi,, l,}er_' i tial ,ilso< ithile d 

424. 4 ;ItIC the II sI-i tIsl I .t . l ' , l is L ttI 

Its p~ile'lts.,, lhe hO~ saLktc pLitts ll tIl,.es elllies' 

\ ,ClC 	 bLIIked hi .'1i -lllltlliL llk kno .i ie le 1 kstan (0 S ilsld late lif spot.Iis 	 ilk. h 0 l e)i e tC 
i RedR , el I'SI:lllt 1iltlk (tl,RIO) is p-!1ltline \cll. \CelC eIts. iiOICx ' ce et madc using niore 
-lx ill pod x lds ,000-350I ke hi . lidI , Itc l 'lt a itilible tISt-[Litilllt aCeCCSsiOts. Fhe pto
idaprCd 1I ! tle lil eit(dIC (,ueiU[ i /, tine I IL' i 'itl s ot thl.cl lIosses c lo\\ ill tie I", stge, and 
othei clllic I, \ it i ] I lablc 2 hiel,' dt'iIhinsIw!IlC Nletioll \eii 1c oinllnl cc in the NS4 g t/\ itg season. 
silIlill h ll1-k icld potcllilIII. \pa rt 110111 tIIe R,,J 'Reisi,tilt .tilk made from the 

I Il i c-iI:iilt l-- elC'm !oilos shtI.nti'1i I .b 3 ir,, e.'Ct los, , it In iokL cultixurs \kill hopefully 
dkoI t iiall. hih \elditi. .IrciiIs \'see riaiilx c ill c. it ,idltitili, 'lectitlis trom hoti tilte earlier 

o 	ctL!c-IlC,15 .LiIt tti CI,, i l IINI-rIL"Iii ll tI",,e. lltd thI iCe 'lt CL N.I 1ii hie illitil ll ti ti the 

K I)i,I'0 s II t Ijir its ilititltc's n di,casc i.,talcepaiticulli iitilk ftS 	 tlitpl ls pr ljeict. 

laible 2. fltiiclioliS of, car;.%- I1)n iediuln-inalnring2 stlt,t

tio ll a'l and flarehIaf spoit :anid ist, 1982. References 
\iean d'iis ,e lC I I- 'Lcal I 
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The Groundnut Rust Situation in the People's Republic 
of China 

Zhou Liang-gao' 

AI)stract
 

Rust dis'etvf.of11.1f.,/ / t /ouii ilthe. i/''lip, pi i/h ' in I .It;i/ n Ut ?" i ('tiin '.1 .p,'e.red in 
(hiti a di's~lle
soluthe'rn it, I0.5ta '/ callwd .'1j,/if (ilot/Ih til, Uoli t/' 1/'I I)1 '1 . In l0T0 til/ ,ilnI'inged

the lutunmn (rI in (;thli tIu, /'ri ,( l, (l h, l an a pritt I., le. I .st, 'ni the,' i 'ioi Over sin,S aptxml %,/, /tiI,/i ;j,. ti1111/",toI., ,,1, o,, 
1 
I,1, , -I dmt'll ;IIf;,~ f " /),) f . -, t.1,/ .ilIl'(. 

(i i','ral '1114 (h iti-/ litil: , , , 4 ,'I , h .l,';. , !I,/ t oi i;r,, 
imp/ltoit. vu,' , 11 tit,' 

(tO Nl/'/l . (C00I i ufn1t',1t llin,,,d ,ale.s 
l ! 1, lare /o r cftl o/ ruo!'t itiit ttn' i o1plolltttii I.Smost 

i/oln sol'ntlt.inIc"r 0 lls, lln t ej t l ' 1i-lI (,',ito€ iili :.lu.," itt om " ., l /l ',, lt r ailt.' I n ,
W, il, 2 d q jw'.Lc t 'O's
hilc iti.,eplo.ll tnl.sonw, r;1,1t-o"Ill ,~e'hull , t! h" of/rc.istatncf, 

ith,1i l( l 'dli ( i ll liifliio ,.t /,,m I/i// I i/'li/ Ind l/ mil i, ,l'oT. iS ( i a', t t lI'. i ' 'hiIll a race 
~rw,'/ Pluici ilara,'l'' l 

DoIilbutiond arachideI'lrtceilhl, donglair.,(dhirun.:/I.,;l'i ,de Iait'chi, inan Higbi, 
oour t tbitll, .prvt,nu lt , 16to flloil,,th..m. , 'i. '/.Jit.on ,ap) d io, Itua, I1 ndta i n.s 

opg tt 'tlo e isas l M d n(/n lSe,- 'i l/e,t /mi se rou ntru/, 1),n lnogita. ,ealhsprap .l urtin 19ia7attc u si' 
dsease I,d'grout u l,t I oIl ,,po",(It. I ,hm11fo :IP,, le/ I l ie , t,i 9u ret nI (ma-.dw,4.1,' twr(If',( /[
NcIM ptIles,/a tIrovi .t. i /Ia/ Ii,3./,, t , , ' doI,' leie in (tn! r i n/d,, ,od in n'o l inc. i 
r ,m'rits t ieoitt,rtIl chi alo ti,ld twhcn t u ecet e.'r m dr ies l ltheisas'tehastttor o se 
'find, ott 'I",111[h eat,I spo aIditc. ,C,,.ni !/'/Sill, t rlr:ri th, i c,7i.l,,lt mainhgru d ut 

heakser mnoteoper the next 3 y ,.(n ang ha in , ro teil gmtiv'n eachtlear. Th piwng!oissowr.i 

I t , ul lot rtll (In(.,411 :111,it:"! ,,s ('11,1.,J j ot ltr,'-R.RIN.llt..Im/c.Ims,w,,.uppo , /"-I I'st-II', ll,','l 0t il
" il o" I,l'ucir~'i~ Ard,'h 1ii-. 

Oistributiori and Imlportanlce ,d oniig t;aligxi, Ftk ian, H urrahn,J ianj:xi., Hubei,
 
of Grlounlldnut Rust 
 1-1ebiti ,..i S fl+l [I:,,ingsui, 11tdo Sichua 1.and Liaoning
 

1)rovinrces. In 1969 there x.atsitn o ut brea k of rtSst
iroin d 1U t ruIs 

o n 
t d isealseCa Us'ed by Il( -('in a arma./I" the auumin crop in Guangdong P'rov'ince and the 

(Ii.s'Ijnt tdljl'It,tree ' of r, Ct ,. iSp1e.g.is Li,,,tilei'tccmoreiiti/ ztin;tserioussal'. foliar1 islrlolafungal C~li/ A tin.Iiiittspreadtrl'ICm,S (iii I',itiii djisease ;,itt'ng c.pt c'sRdrapi.lly during 1970 197,1 Causing
diseases of groundmit (A.rachis hv,.)( ata L.)in ilhe sl,\,e da, iage in 1973. Rost is now a regular and 

(il sioNllflRepubdlic45 SPof China.I,)4 t Ihe, disease liii!,. P~lultfirst ctiimportant5ol 2,Lt'12 limitingut (It flactorul,,[Iiedfor groundnut,AS production
People's dclft %%ias 
i'.-ctordcd in Hebei Province in 1934 (Tai 1937), btl in Guangdony, (Guangxi, and Fujian Provinces. In 
rm more was hecard of"ituntil 1950 when it \\%asfound recent \cars the dilsease has bt-corre more. severe in 
at Xinhu Agricultural [FXpe:inltent Stdaio ;n [lie central anid northern regio.is )fShai|,donlg.
Guangdong Province. Thereafter, sporadic Cout- Inisouthern maink nd Chir,.a, two main groundnut
I5reaks were noted over the next 13 year in Guang- crops are grov,'n each year. The spring crop is sow\n 

t, l 'II[ (mtanlgdolg AcadcnimI Plant latliolo n rolctlahlsilmutc, oI.Agiiculltural[ oiuamdong, Petopie'sSciInecs, (itian~g/houl, Re
putlh of( 11111a. 

W(RIS \1 (Intcenatitmal luJij('op, R~c+c,jchj ttc oj 11-c.Scm,-Arid Ir i 198;7(;rOM unnll rust diwaw,.Ita ,:igo Iisud l 
Group Mcctng. ?4-2h Sq, 10S4, KICIS.AI (Iltr. h Pla.Ialancheriu, A.P. 502324, Iowfia: I(RISAI 
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illFebruary-March anti harvestcd Iri.1une-.uly.; the 
auturtnl crop is ot,lliII Arlist ald har\ested in 
l)ecemher. RList i,i!creraI' nrorC sexC ee on the 
larger sprmg crop than or, the aut rnnn ciop, Mirich is 
the ilili ''t't . ,_'.,o uC of for- sft)"I illnl c , rust 
cat be ,crol oitei aitrilninn crop insomne seaslos. 
aidll it rguII .\ciWCs sIgniliicant darragC to this, 
crop ill-uiian d .lialrrrxi l'rts ,.ces,. 

WYieldloses, filI rt rrnic Ilow iS-51), ,.dp[crl-
iHg lpOi tllhies'cril\%o01r til,e Atick intl oilli 

stage of ictloprcri if lie crop ssMlien lie aittack 
beiis. [s\peciItIc'ir, tsil l r ti.,l iQiociil,'ior 
I l [hLrnst iriCk lhmvltire! crilr Inaitss i i it 

hid-\ljilo,sIOo 41 ,+.Mile ' 1aLick at )egging. , 

pol IIii li l,Aid It he miiddr of1p,d foliiatior, 
caus,' lo,,se.s 1'f ,11, arid WS Ic.pcmisCe,. Iln 
aiddrtloirll rtltir/iLgLrirteis Or iraliurc pods asarail-
hi.o Lii tiirscr. areCf rduIceiW l\C iits ;tild 
oil 'ollerir of s'Ctfs. 

The Infection Process 

\1101,' Ieal'rs \itiCeLciliieli'd h\ the iietlid L1e-
wihd1f Ie\ Clitlidc 1)inI srnlre ( iriCCtioll 
pitLeCS ii Li iintfiii fis rl (:Cr irlilulon of iiletl-
isf>piti's sraired a I11ii iiicirlaIioi irttl 
inpiruiC loir,'d i Ihl'1ips Or te ceritithe inc 

11. Infe'Cin peC Icfi liroinefd 10i Ire appiles-

soll ll rlitle ilii\cCliitr .ri rclfIhelheall Ilih 

the sir lcirerairi tfrecrls Il1,1111,1 It-e!i-
IIriama. 
dci iis tirs, s seen'l: hitook plico: hce\cicpidcu_-
!ril cells,ui\ \I, 10 tiiii1ttt 
()ncCC\ithin ftheleafIer, Ie rus ris elliu 

illlc'a'tf m ' trLiniirig S2..57 I Sirrdesiieff , I? 5' arid 
\sithiii (.5.14. itl 201Ii, ir'pecrisel.\ , icr??7 h.tie 

lliscliulli had ptluccd biilicfhc 
 anritl iriricd haus-

oii. and itlorllell ti lolollll Sld . .\ter f120 

i h e ,ccliiuii Ihrad 11 a fc
rcs iilraiet 1/c antI 

iietiinia Irat been rrtIlaret!..\fler P, h, i s.as possi-
Il 

bie to discci rririllrirc. is ritC plllule. (urcdirria) tha! 

coliiilcd irefirirsptcs lhaithad acie,.'L their 

lliisIriii Iirlisiotn. I li Liiiri % i eXtClrnsiC
ll 

Mnridl upi pitts itfisi IIra Listrii. IP\192 Ii (8 

dtat).rypicI uinia Lh:id
tlc\etCtd Mid ripturcd 

to c\ptts fle eidish-birmi,rt.nrctire urcdirnio-

spores. 

Sympt oms of u st 

Rust disase syiitptorns ha\e ieei \\elldescribed by 
(C;arreiarrd lackstill (1973). lie rust furigus carl 
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infect and produce uredinia upon all above-ground 
parts of the groUndnrit plant except the flowers; 
ur'dinia have also been found on pods. On the 
foliage the uredinia are circular, or roughly circular, 
iii shape, aid airtoftenrt u rr;unded by- ilarrow, yel
low hallos, leallets v itlh many uredinia rapidly 
b1eCOmC crlorotic arid then necrotic, they dry up, 
slriel. and ecrritually fall oiff. Plants attacked early 
if) dc\elopllcrlr alre stuited and iav trature some 
2-3 \seeks cariie thai healthv plants. Pods often 
becomre t.crlched arid are left ill IrCgrlouirrd at 
frire st. 

li e tlirria ol on are similar illrrirtIlled ,tip iles 
shape but rather larger than those oinlcaflcts. lredi
rlia tir; petioIlesirid steISale elliptic ;aid up to2 iin 
in lerigtll. rcdilii formed on shells are circular to 
irrcgilnar inshape anrllup io?' in rIdiarleter. 

Biology of Rist Fungus 

()rrI\ tlre redinial stage if /P'utia arachhis. hias 

heeri found iii (hina. I uldcrfitrrable conditions 
tie rltatIitc Irredirtisopor Cbeginsi to germinatr\k ithin 
I Ir. .\lhoigh rhere arc t\kot gerrrpores, the spore 
tlniillk porodrices olll\ ole gerrltitibc. W ith optirial 
ritWAtmisriie aind icriperaitre tIre developrieit is rapid
 
intdiii,-ction takes placC \ ithinl ) hr.
 

I lie optilirtit temiperatrre range for redinios
j<,ite gerririrationis 24.5-2SLC'.
v I herrial death point
 
i, 5O ( In Ill riimi. No gerlliialtill tccurs below
 
S ( arttt \ery htile abs)e 31't'. Vibility declines
 
rapidle \\heri urcfiritnu.porcs are kept at high
 
IfCerilt tirles. \! mrrrtrirer seasirr room tempera

ii (tiarlg/ihtin. spoics ietained viability for
 
16-2t) Ii',s. \\lici tlev \ ere sttiCd at 40'( tley
 
rilliaincd sable lot 9-I I days. ard 
\her stored at
 
45 (' thes '.crc sble Itirtirtll 7-9 daNs. However, at
 
s\intcr and spritre teinpcraltres spores retaiired via
hilits ltur 120-15) davs. When stin.d at 5'C spores
 
could rertain \table lor over a \ear.
 

I iglht has alladverse effect upon urediniospore
 
gcrrrnitiation, I)irect. intense sunlighrt inhibits germi
riation, but solne sporre germrritation cart take place 
tin shadetl iealets inthedaytile. In tire laboratory it 
\as ftndrtl lit light of over f0100 lux completely 
inhibited gelirirratio, sorre gerniilatien occuirred 
at 30110 lux, ard spores gcriinatte \well at below 100 

(Zhou ct al. 

rediniospore permination 


yusX 1980).
 
\\as also mliibited 

under atacrobic cond ititoins arid also by high conceil
trlitos nif spores. the latter effect probably being 
tife toproductiorn ifi sell-irrlibitor. 



Disease Cycle and Epidemiology 

Rese:,rch at (Iang/hou (Anon. 1974, Zhou et al. 
1980) has shossn that rust inocult can come from 
various sources. 

1. 	Rust-infected crops: t. rediniosporcs from the 
rttst-itfected spring crop lay itfect tIle sumuer 
crop that is sotnetiles,gros\I in southenl ('hina 
and spores frout tile summer crop can then infect 
the autunIll ,:rop. Spores front the atmn crop 
could then iIfct tille Wliltel crop 1 I!lill finom 
which spores could intect the next spring crop.

2. 	Rust-ittlected \oltnteer pliait,: Volunteer platts 
frotm the atilin crop can sail oerI\,inte- id 
Itefi o',orOS p:OditCCd ol them call infect tile 
s'p ing clop. siitrilal':. rust-illitctcd \olultecr 
plants fioni the ,pi lug Crop Ciln o-e.xist \s itl tile 
aILIttIlU cI op n sIsI C ;is IlcilCI I I11 

3. 	Infected crop debi,,: I redtiniOpToics on licectcd 
crop dehris Li;nl the iit ,iiIIILiopctif retaitI their 
siahilits :hliiilih the s\Ointer mouths and gi\e rise 
to 	inleclois ill 'i ,Spting crop in tie tollowing 
year. 

4. 	 Rust-inecicd pods It was touid that n-dinios-
pores (n'infected pods, or dusted onto healths 
pods, could retain ,ibulit\ ior 132 dls at 
teiperatuic, ot I,"-21 (, indicatlinganotherlps-
sithie earty-osci tnrechi~iiini 

AS iO hOSt ot iot etrli lhill the gli(otlldLt hals 
been foumnud ill ( hini. tihe /ibo\c iiuOCiloiutl sitreeS 
are cotnsidled to be cspolnsible for il call\-o el it 
rust in southeit (hiia. Rust-infccIed s.rltmcer 
plants are prohabl> the mot iiipoiita, ',o-Jrccs of 
iloculumI. 

No detailed tiidics hiuse beei tiadc if ,tri:nlaiy 

rust itictilui 
 sources if central and northern 

China, but the main source tInay'\ell be ind-blorne 

urediniosporcs fio) southern China. 


Optimal tem perattires for spore gernlinatiott and 
for inlection have aftead\ bect described. Another 
effect of high temtipetature isthat it spceds ip C\ipo-
ration of wate I oiri the Icallet surface. thus dcrLcas-
ing the tate of itfection. Inctubation period is Also 
affected b\ temiperatiure, being increised whell it is 
belosy 21' C or ahose 29 C. Ipical iclUbaticn pe-
riods tt dillderent tetiperattlics are is follows: IS 
days at 1S'(, 10-14 da\s at 24('. - ulays it 24.5-
26" C, and 9 da vs at 29,(. 

Plants inoculated at the 2-1cal. 4-leaf, and early-
flo\wering stages all dey'ciopcd rust ind there \\cic tut 

differences in infection success or in incubation 
periods. 

Ii umidity after inoculation \as important for suc
cessful infectitn. In an experiment, inoculated 
plant , were kept at 25.5-26( ' in moist chalbers for 
4, 6, 8. and 23 h. Fsei after otl"%4 Ihin tile moist 
ens iroimelt, infectiot occurred bill ill los severitv; 
alter 6 h t high humlidit\ infection \tas 1001", but 
rust ses crity increased %kithlongcrpriomds of incuba
tion ill high humiditY. (limatic conditions ill south
ei China in the sprinig and Stilllllll are [highl' 
conducise to rust infection and to rapid build-up 0f 
the disease. Se\cre rust is often fountd after 
t.\phoons. 

Rust dc\clo)pnlett is asio allected by soil type, 
s i Ltg trigatiot practidate, lertifi/ers used. and 
cos, \1ith soking date being tile single most impor
talt lfLctor, 

Disease Mianagement 

(ultural tnw;isures 

Ri.'ns+al of crop debris tnd eradication of volunteer 
plants can gicatl% teduce carry-over of rust inocu
nut b\\eeen erops. I-arly sowing of tile spring crop 

atidilate sosvii,g of tile autunt n crop increases the
titte gap bctwcen then lot sur\i\al of uredinio
spores, it also helps to avoid enironmentital condi
io, lastriblc to rapid establishment and build-up

of rulst epidemlics. 

(lhetmical control 

Mariv clemicals have been tested for control of rust
 
disease. flighly effective fungicides were: Baycor
 
3(I0lC ' (1:1O001),(.517 oflBordeaux mixture, chlo
rithalonil (75%1 Daconil 
' 1:600), experimental fun
gicide 1 849 (1:500). 97('1 sodium IP-aminobenzene
 
sulftnate (1:(00), and experimettal fungicide BAS
 
3170 (1:1000). Moderately clcctive fungicides were:
 
colloidal sulpltr (1: 150), 45(' Atbam (1:800), 50%
 
Fermtiatc. (1:300), 50(1 ""olet (1:800), 50.- Zer
late (1:31(0), 301' captan( 1:300). experimental fun
gicide 25(7 3050 F; (1:500), aid expLi1ctntal 
Imngicide 3191 (1:500). Salts of fluosilicate, RII 124, 
caused ptvtotoxicity (Anon. 1975 ;tidl 1977). Non
effecti\c chtemicals s\cre: experimental fungicide
(W 524, 50(' Ilasistin", and Valid-ilvcin'. The 
uIsectiotcd leaf Method McIrtyde, 1936) demon
strated that application of 13avistin" increased the 
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amount of P. ara hidis ft veelium in the leaf hv 10 
times compared \%ith anluntreatted cOMttol leaf ica-
sured 5 days alter inlection, so it is not adsisahle to 
apply this fungicide on its own to control Itl spots 

M\ l I-lirstpleselt.i's
atlso 

lime of spity\ing isthe ke to good control of rlst. 

[Cll ;a itodera elCet ci\ fungicide Callgive good 

rust Colitrol it applied at the right times .!)tCl\ in) 

stillting spray applications trom \\heit 45i of plants 
wrCIC iti.tted to \ hnIIll Nere infected rCdlced gillls 
from tung.icide ;pplication Ilout 64 to 311. In 
(iuant gdong Piux cc it is est fir strt spl'ils \ihIen 
501 of0pIllts are ittletCI. 5'1 Ot lCaCs ite luiteted. 

or Minhti the disease index is less than 2. 

)isease resislaice 

SCrteetll of lcal euhiats ns; tied out i sesceril 
Pros itces, inltl dItlitl.1974-197(0 oser I000 acccs-

shiOls \\ideCcxulttiteil i11( iiiarIgdl g l'u-lrx i ie hitsions~I,,,c~o
Gagdng2iiic hl 
\\ils lUst.Ih,5thc IlsisLillt to I'ollo\%lll co ideatstofll 

Of the IItetiMtrC On l tst (N1ll' 1971 .ICsislitu'C t1ie 

1174: itotul iei_ and 1974,('t\iatiio Ila'llnots I)S(), 

stbiallitltanl ct ili. X)s2). rust-resistant gcto-

t pcs %\etebtl Itticd Ito ll tt I 'S.\ anfd litllI(AZ,1 

SA I . Sclenitt m this lilaclii] slho\ied that (lie 
Iiilitpotl littes (PIN 250747, 5 ff,"(.3Sf 622), Isricl 
liue 136 ([PIs 29s1 1..11I-S landd Itt 7Th441292) 

2
\kile hiIllN esisttlnt thrust. lines ) 1 2lflf(Pl 00 

314S 17iand JIf 39351 ,sshrs\ed lhirrciatc csisti tc 

o llist. IlI(ituiollodnel1. Pf 2981 15 ittd Ill .31500(S 
shtl/\ed tll C totii t ,-ill, stg s ofillllellllC r[List ' 

gltowth. adil hid orl\ a ten irCdinia oiltileilo\\Cr 

lea\s at hairest, bill ill( RIS\ I tile\ n\ete rilted as 

ott Imotdtoierctl rsistant: N( Ac 17f09ffsltowCd 
ligh resistance to r'Ist itl(RIS\ hut \\as ll\ 
HIi 1fCrItate reISitlt ItI itateifL',Oite. (kina -

I Iubci Pro inces. I firs ,lriatiot ii reactiiltl of spe-

cilic gern t.pc, to Iw I sotihetlt ('itta and India 
suggests that rralhooelie ices ofI'. lJrlll/l'l rcur. 

ilrust lilie's1-12 \ -V jll la'"wte toiscCptiltie 
rust aparl Irol) lilies, 7.S,and 12. \\hich sho\ed 
niiuderatc resic:rCC. I tic \ild species ft('A11 his g/Li-
/ratarf l.l 231318. and 1N1262801 ,kic inittitc 

to rust.1.(hiia.J to 

Collpotnents o IcsJteillce Included ltlllter inlclbii
(1111 period, reducefd si/c of tCirdinia, tihrie of urCdi

tilator rupturi. reduced 1pitC plOdtletioll, itildlo\i 

infection freq uctUcy. 

Rust-resistant genotttpes hii\c been crossed with 

local high-yielding cultixars and sotne promising 
lines obtained. Breeding for rlst resistance is des

cribed in more detail by Zheng (iuangrou (these 
Proceedings). 
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Breeding for Resistance to Groundnut Rust in the
 
People's Republic of China
 

Zheng Guangrou1 

A)straet 

in init/ernRH,.tdi'smo le4' irft1 (.. w.etzr1tu nunit poid I itl /1o,),sofl 02.50'' China. Rust-resustant 
irom IC1i1,.1 Here' (re.se si n.h 1 × 

prored toIl' t ire il , rst -tf',is t ,e'it''tion.s h1' t Oeemade in the F,-I', 

llvmpt v,'s tite I i-ri -i'';i 1104 cultruir.s.i-1 11 EC 76 ./6 (292) 
,elc,0M1 'ti;tIlon. Noen' t. 

At/'e'r etd,e,'r,' l', 

./il-difi/ ere,,it,. itter t ,',' ntm i ,tel, t is cith itil 


''entro titrs'. nt Itsetehtitt th,ithrrittnceotfru.st.t'eievtint' tid invoo/red h lfand 
l ,t't tel e.rt'. t,/t.t. 

d14 tr'aulidet'n Jitst'heti oihlr' it tt-i~t~iI'tt A I.roillh HtIplblijlui. popilair' de Chine: 

'cc l I iMclo/iIII I'lies (h- 4ctii'el . ii o's l'~ t itx e e n,'eet4 l/lee t'e,l 'etI I t''H , L tes t.'ti ts o' I('Iti.'sl,1,,'.,i iu/to. iel a ,'/.r:equehlut. 
l P;oi I(bt, 't'e else,- //t r

sei1', 


,'te'ee,'-,,tt..,'.' ,ie a.:le't I", e ]IteeetV
iee't ,e:cfIt.e l(tmn Jt/ .[ ':tte)..I tlettee,'se t , /it dls.?z (i i C'stt l ttt 

,1/,eltiel/(; ) *ettet V;t 'ei'' re/, tie,th'r.i'¢tt, ',t ti'd/ ,,' , e.!,",t ,en 'ie/ t,,//u.s ,t't'pcit'eerrtelore 
tesett~~tel' '/ior.c'ob'lc;c 

GrouHtndnuLI hiCCline sltylreu 1io lil cojii's RCpub- SAI. and 2 local check cultixars, i.e., lBaisar Aiyon 
lie of China In 9S-I iltlit (Ii;ll.:dong Ecoinlic (cry susceptible to rust in southern China) and 
Crops RCse'ile InticItute (il-('R ).Ihe main objec- Y\ui-io 116 (tolerant to rust in southcrn China), were 
tires of tile prtlii2inl me lt bleed illgli-'ielding cul- scr'eeneCd in two spring seasons and one autunin 

ithr,itlice 
ctrml'i-.jt Spec. I and bacteri \%ill i.(c'atised b' P'l- fairi' constant across 

ti\itrs h s ltst (caused h\ PutI iia season ( 1gXl-82)at the G1CRI. l)isease scores were 
seasons. With the exception of 

)Oita., ttlt\'ttilot(tl (01 1 1.-. Slilith). I hese te tile tour check culti'ars and the genotypes NC Ac 
regarded is th llst ',elous disciases of grouldnlut 1307, EC 76446. MI[12, and MRP91. all the 
ill St utlt'rl 1. lill. It has bCCn c.tinl;tcd that ill this ctltrics slio\kcd lesistaimec to rust disease. The Israel 
region riut ie!tdarlv c.aseserld losses ol 20-50li. Ii line 136'1 298115, Ill 315608) was highly resistant 
rust reslstallce ottuitl be lncorporated inlto a ligh- to rust hut susceptible to late leaf spot. Seventeen of 
yielding adapted culti'al, then groundnut p,'odic- tile rust-resistant genotypes were resistant to late leaf 
tion insouther China weild be grctatl. increased, spot, and of these I I were also resistant to early leaf' 

spot. 
Screening for Resistance to Rust lhe yields or1the rust-resistant genotypes were all 

significantly lower than that of the local check Yui
F-ortv-tl o grouniinut 11etllrpt., lcicllung 38 rust- io 116. and had quality defects that precluded their 
resistant gcrlp L'sm lines, and 2 rust-susceptible direct use. H oever, tle\,could be used as parents in 
check cultivars (TM V 2 and Rl~but 33-1 )from ICRI- rust-resistance breeding program. 

.I. i 'titcIl, c!. I'hat t'Pt cttwtt te,ttlu'c. (ieart doqcnlae m-\ltl AgriculturalSciees. Guangifcou, Guangdong. People's Re

p u b lic ,tC ; n 

InRI , I (ets'.-F'il;lnalre ps Rt'scarLh theSemi-A id I tropics) I1"? (iltmjlettl disease.Innttcut lo' rust Proceedings ofa Discussion 
G(rupr N.ecsttg. 24-2s Sep IQ54. ('cler, Patancheru. AT. 502 324, Indi: t('RISAI.('RiIS I Itntia. 
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Breeding for High Yield
 
and Rust Resistance
 

Rust-resistant genotypes wyere crossed with high
yielding but rust-susceptible local cultivars. Back
crossing and multiple croswing %as aliso done. Some 
mutation breeding %%as conducted using ethyl 
methansulfonaeti and ("o secd tatents. Progenies 
were used as parenl, in crossine. All materials w\ere 
field screened for rcsistancc ht rust, leat spots, and 
bacterial %%ilt. 

Some pronsoiing lin e seleted mm the [-F 
generations. I he slho~cd hi'h scistance to rust and 
had good Yield potential Y t-io 116 [I!C 7r446 
(292) prosed to be a an escellcrit conbinatiti lnd 
many lines hase bcc selected irom it that hasc 
ntoderate Itist iesistancc. loge nuthers of pods per 
plant, lar,,e seeds, and high shelling percentages. 
Yindnlil api is also a good ,ontcc Of rCsi4ICCto 
rust and bacterial sN;dt. Ihe line Yui-io 39 N\as 
selected Foll Y11i-io I 'indti uapt,tile cros's IP, 
and tlt: FL,Is highk T'snt to [list aid is high 
yicldintg; it is lo%. hcirg tested i wield trials. 

The Inheritance of Rust Resistance 

'1%%o cxperirilcnts ke rc conducted at (I:CRI in 
1981-83, one invol iag a half-diallel cross, and the 
other a full-dialll cross, to stidy the inheritance of 
rust resistance. Resistar ec to rust ksas found to be 
recessive and prelitninar. resnlts indicated that more 
than two genes xere it'sohs.ed, agreeing with other 
published reports. 
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Rust Disease of Groundnut in Southern Africa: 
Present Situation and Possible Interactions 

with Other Groundnut Foliar Diseases 

Desiree L. Cole' 

Abs~tract 

(;rou i tim r.tt ifo r,'tttr td /foi o 7,/.Ittir , ,tt /Ilra -lilt, 11i , t ,tpidv, anti i. now endernicill 
t re tt ist t'llI tttIIs ,',' S o/ t/t,'i ,! /ltA rut ,' r to/ t otn/Iit-d tt ! tInt( init roiting areas, atd tIedis,'a.,e i% ,o/ III'll t ;It(W t (i ti 

o,(tII I,~ ,' "It",.U~, I/ th, I, -. [1. IHt,st-lp.i on a.s (tt, (it loi altitudes where,'1 at c,,' anld fli dit t ,flt' I tite. , Ii f/i I 'at, In . oit h wl Ir'tlri a 111t'). he li ited hv the 

p/ erab-71', il1 1 I ar i oi/ 1-1, / Ifstf it/ l 1n .,'top /long dri, i t,a tot l wa. i tI stastns. Iirel'dintg for 
Ii, rt-'".1 ti ' /ii., litiI Io If Itin ' e inI/t.nI lit ',tf a/t it'inf, andhre'w,1tn, lit? 's /ri'of I(;USA ' 
itt ant1/, tt',t in WeItintil , tntflita' .. ll if t's itl I t/a I a1 ( t2, et/cinli.the' rasitiIttlaiarn laeiin ttie 
c,,, n. //aa nia hIt 'f t (OO / t,,t Ia t/ /Itl b/ i ,lIl s' st' that t1.' coninilon in sothern .. /rica. 

R I I iIl de I'araclide cII A Iriq ItiIraIt -- I Iiltion i('tl Ie t interaction eventitiIIeatve 
d*i t reI I it if( is ftIdiiiiirc I iIII rI i v : [q i deiott'le ,mn/' ',t].aut sign ta/h'cHur li prenicert/(is 
' il1/9 ,1 1. [o ,t/ , ' ,' ' e e!n, " a sa'l prolgationrapide dans la 

'N'..s, tta ,, 1 /tt r" iIt i/i/I' ifill rt't,'l I sn it'la,.s rtios ra lichidicoh /s;elle's sonlt 
ttiist.t~l's's/i 5It _trilti i t i q/',,,st ,;,/.,i .I nt /12vtu,,, t ,lltitt't .s ,ici ur ) . I e s!pirature
,5tftili/ ' ' I/ / 'II,,' i /, , '.i~t ; I o i si , tf/itt' l I i 11 t 'ttrti wraithIt ito,,11110N ,, /, ,iel ,Wt ts t'. l at ',, l, l le Iongu's1,;tIfotllIwit m ,/,'/'tli, 1,111111,'tilt,'ctnplte glircoh, 'l 'malre. L ats1elcion 

powt /(1 1,lli, 17 ",:!,!;! I'>ll, " 'I /ttttlilol , .mlf1, 01 "Iltep'lerd ac'tz/¢tll 'tnet dt, . .smti, de nalteriel 
,*b,,t '.tl/> I I ,tit,, . ,/: . potl , h/'/ V /, , :Io tfalc. Le, Inl, fp ra.sitves .seraterittgalemn t 

lit I,,, a Is / , / ', , ,;i,, M I f, n /i , i 11 -It ,. Ii t, tlijrrt'l(vto 'it it ' li rouil t -i-c (I'antres 

It is I) ,.%CI theL'cc I ept itt fa (h ,,/1t11a rusl.,t outbreaks ire confined to specificleort 't serious 
tll/ 't/f11d S pek!. ) k)I the .'\ cI ciColltinfie t cail ' teo I grou dnut-growing areas and in the remainder of 
Zinllabi, e i MIlI.h. 1974 (R, if,iell 1975). Rcptut, the production areas, its presence is somewhat spo
front othe! southein . A.licin ctluin'l'l' t moed in radic. Partlv because of this, very litle work on rust 
quick successioln. It ,aNls tbci,\cd in Zambia and has been done here. 
.Maiai i19> /5IeCiIAkCrsand 'iestotn 1977Iand 
:ilN,, Ii the I [.ms~aii region of South A.lica that| 

samC year (Youiig. hfLanflm. and ('haptan 1), )), It Location of Rust 
is IilsO present Ill %\031/ai (bi11Ca id all/iiIaiia. Its 
slIddCni appcJtalllce id the 'speed \aith \a01eh it It appears that conditions in many groundnut
spread thioL'hl ,OlutheriI *\trca eisc cause tarc4o12- producing areas of the region are tnot optimal for 
cern, but although it is nol, endetilic in the region, widespread rust outbreaks. The:e are two factors 
I Plantl P Jl~ llk gl.41' I 1 ,; %uLlt ' p rlll lt , [ i tI *!,lll\ H , {llafat c. 1/imll ah%%c, 

t('RIS\ I Otlllcrl lll.J I I,Top, r, ll IoflL' 1 ll[ ."t' Il'\ltdr t ropic,) 987 (rttithiltii rust diseise Proceedings ofa Discassion 
Group Meti'nig. 2.1-2., "t, is i',s4. INI \ I .( I'li\251 cr, lrltit iatachetu..A t 502324. India. ('RISA 1. 
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likely to limit rust. (ne of these ma bc high altitude,
 
and consequcentlv. IoN% hluIimdit.. W\hCr gi OtInIdluts,
 
ire grossn hnlo aIn I l. caln hc
aitIude t 5I ) tlist i 

major constraint to pioductitiol, c.,e.. in tie lakc-



shole alil O1(Ce tllMalaM d.l the' N i) IrIll and
 
Southern legioins (S'uhiahnliuiai\itn l9N.1) s Inch all
 
lie belos 500 (11i2. 1i. RusI \,iS Ielloitcd ls oli_of
 

tile motst impiilitai Iilsci5lw ott jldlt ti Ill tile
 
siiiijtll it LthsiriCt (atltiitude 0-1000 i ) of M oit'ill

hiqtt e illllll t tM4i \llthano l'Alt.iout IMO l 19 ill ltillc o)+ 11 

ii' J COHNI, I Jlrlt 10 I1 M llltdtIllit I)[ otitiloll ( "M a;lithil no 

1l ) ) l e 2) "l
 
I lic Nali ,,lc d Itl o,Il ,c t [I I an ilia lies
 

hlc tecci S 1 1 0hi()Ill Intl l tt i e ile iiajol
 

''110IAIC P,~~- 01 1Alfeir
I; I iLlt 01l2 [I k, M IICI thil IN, ek li t- l the IllillF 

,i ,,ie ' tiC i ioi ithtitt ll He1 vi-, cli. tt l i is faIteh. 

@111, V II4iiiCo hr iifI~i 

NI,)iiiI N11L.150t10 011 :1 

" /f - F'igure 2. Main groundnut-iproducing areas in 

Sis 1980, Iolhon (I -li) Illade no Mentit of it in his 
report. All othct owing areandnnz-ciof inareas 
,ania are at higher altitutdc,, hut little information 
on the iriipoitancc tof rust iN masailable (FJig. 3). 

I ike I iaania, much of tile groundtiut produc
. %.IJhuI,, tion in so iithert l rit'i occurs it e!\fited levels 

l * : hctseen 900-1500 i...\,t these clevations the humid
itv is gcneralh los\, and although day temperatures 

icl conipartill\ uigh, about 27-30)'C, night
temperatures drop helo\ 20 C during the growing 
sca.son. I '(1Icr these conditions. urediniospore 

Ll,/1. (Prtuodunt'iur niiiun rr od t[i' olluctitih l and hiildiup INp, hably much slower, 
/ l so that it Is olll\y to\\aIds the end of the season that

Rust 115 C\),_. . sufficient ilhlitii ii i, preseit to cause measurable 
si,ihlc infection. 

In /iniblhbe ,here llost roilndntlts are grown 
( n 4 iu in the middle (900-1200 ) to high cld (over 1200 

in), rust is not ; prchlcm, and it somie ears it is not 
Nsan~e tibserved though more usuallY it appears shortly

:fore ldtring. It seems fortuitous then that the first 

Figure I. Main groundnu-t producing areas in report of rust should come frot Zimbabwe, but this 
,Nalawi. was on an experimental crop in the lowveld (altitude 
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Figure 3. Main groundnul-producing areas in 

Tanzania. 

430 i). \which is not traditotiallk a rotuindliut

growving tica. -1lie tollowitig ,car I o i;, it \%as 

recorded iom all areas (1ig. 4). 

ihe main rounLlitit-gro,,ig, areas of South 
Africa are .itujatcd at altitudes of o0cr I10)011a a'r',nd 

rust i, ocisoiillk recorded. hut the',e ae sm ll
areas of groudnut in the Iastern Iransvaal groxnr/ 

belo\ 900 at Mhere rust is present every year.;tlthtough s+erious yield loss,,,s hecaus+e 0! rust htae not 

vet heen rcportCd I(S\,alCcldC,. pcrsonal cotnm1tt1i-

cation) (Fig. 5). Yet at similar altitudes in tile West-

ern I ianssanl and in adjacent are;,. in llotsv nar, 

rust is not of alny consequence (Mayeux, personal 

COtnMettioll) (Fig. 6). In Zambia, rust was 

initially recorded in all groundnmt-gro\ing areas 

(Raetnakers and Preston 1977) but serious, Otit

breaks sc,.m to he confined to the hiastCr 1 Provine 

(Sandhu, Kelly, and Katotaiyan 198t5) where IMucht 

of the groundnut-gloxitug arca is helow 1000 I. 

(Fig. 7). 
A second factor that limits rust spread is likely to 

be urcdiniosporc oxterwkint,:rii. C(ontinuous Crop-

ping is thought it) be important in rist carry-os ras 

the urediniospores, which arc the oil]y spores pro-

duced by 1'. arachidia.in southern Alrica, do not 

survive long in crop debris (Suhraihtnanyat and 

?..- MIDI III 

.. *f~llltlt .l~l [.)l'MdS5IO I\ i 5K I 

(olnitnel cia) pi oduti on 

Zimbabwe.nllioI MCA pro) on(bo net 

stilot I scasofl) 

Figure 4. Main groulfdmlhl-produciflg areas in 
Zimbabhwe. 
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Figure 5. Main groundnut-producing areas in South 

Africa. 

Nlc)onald 1982). With the exception of southern 

Mo/atnhique where the first crop is planted from 

Jllv to October tid tit,: second crop in December

hanitary, (Nialitharto 1981) all other areas grow a 

single crop per season. The main constraint to dou-

Wie cropping is the short duration of the rainy sea
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son, which starts il ()cI(ber-Novmberand tails oilill March, e.\cept in sotlc parts of lanania where if 
continues rainit' until May-Jutne (Mwenda 1985).Rust ttrcdiniosl.ores have sonlehow to o\erwintcr
for 6 dry months. Volunteer groIItllIUts are not
responsible to any extent for carrying uredinios-
pores over the winter because the dry conditions do 

Groundnut production 

s
 

arnzania 

Z amb ~a 

S,,, -,
 

southern MainFigure 8. groundnut- producing areas inAfrica. 

not allow filan yplants to survive. It is m ore likely
Ihl
tlespores are transported from an area where 

th(\ are lwavs presct, e.g.. southern Mozambique
lhh,u h rust
, " has not been reported itsa majorproblcm iI this aica) to the inland areas (Fig. 8). If 

hirs wkasso1, it could account or the %et-vlateappear
of' rust in) he interior even at susceptible siteslike tite Irst-protc i eas ')IMalawi, where it appearscotlparati\elV late it the seaso ntalthough it spreadsrapidly and tnav cause "substantial losses" (Subrah

tmanaif 1983). hiZimbabwe rust appears 15-30 
before ha rvest atid is often confined to isolatedplants in the fieil. Een it it does spread beyond thisinitial focus, the le els of infection are still low 

(Table I). 

Table 1. The percentage incidence of rust
on the longseason groundnut cultiar Egret at Ilendersoit Research 
Station (alt. 130)0 ni), Zinmbabwe, in late February 1982, 3 
%ieeks hefore hariest. 

Incidence of 
rust disease(%

No tunpicide 
9.2

(hlltorothalonil sprays 3.1 
Mancoeb - benomyl sprays 7.5
Iitertanol sprays 4.4 
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Rust Management 

Breeding for resistance 

Hreeding Ior resitance has had a relatively low 

priority in much of ihe region. iFrom 1977-81 (A non. 
1977-78 to 1980-8 I) tile I:FSl, r ist-reistant lirics 
obtaiied troi the i lnitcd States I),paimeIt ot 
ArilCi tt'C (( 'SD)A) xeCre SeLeed 1o rust resis-
iitLcc i Zilmbabwe. Ihelit trsistrice it) rust %51s 
saitisf;icto\, bitt :Ihci1" V:el piitetiial \5.is oN \.Nh 
of the lilies had uttdesithle/nC t kHti g Itl il sitLC 
isp oo hiellitt pe ce t;ge purple seeds. ,'Id a hijgh 

e)CeltiltagC 0 sili\ tied keiels. hiceatis-e of ti,., all(
the lt'. t!Ct'ie' Oft rust, tlt Othet Iotre prCssing 
bl,:Cditg prioities, the pir terai was sispetdled. 

Rtst-Isjs~ itlt ltitle,. lc heitli sleileI d ill ,loailll-
hiqti: (M alh allo 19, 5) anid lail/alnia {MNtclidai 

1985) \ihcrc slcctitoils aie heitteltiac. cspci;ill.\ 
trom i(CRIS A I sgegittil ltlial. \'ith tile
estnibiishtttett ofl tihe I(I'I..\ I Reeitiril ('eliter ittahi. tlst-tesist ioft lites will e totre realdi\ 

Malm i, 1111-lskttll il :1ole lealiies h il \ 
it\aili ltc lot tcstill, in the 'cuiiltiesot the tegioll. 

B io lo gica l Co n trIo l 

'Ihe i ytpairasite /itit'ltFr052.324, 

has beel regularx obserted ill rust plistlies i"I /aml
bia IRaittakers andl Preston 
 1977) and ill /irltibjbe 

(Rothviell 1)75: (tolc, personial observititi), 

Another t tcopalitc bclotiLteil to the gentus lAir-

]hic' lihis heel1 IC1poF-ted t10111 l\+ (Ntlib'llh ilal-


yan 19S.;). Iiese ftiiti ktUld hid. ! little Cltcl il 

slowing i1 i%%1 rust epidcetitics bilt ita\ hc imporltit 

ill reducin te Hllilt H fi(i itiipii'eS pI t l'CC(I 

totilrds tile (1d o the scastit hel'ailttl tttt [It palt-

asiti'd prstthle,. ui ue1editiispoes ale visible 

(Cole. persotnial obsc ,,o;ti .
 

Interactions with Other (;roundnut 

Diseases 


This has tiot heef studied it Zimbabwe becuse oft 
the late occurieit of rusl. It is titlite Fossible that 
earlier C0itIt1ers such is the leat spots wttUld 
deplete the lea\es of Cssetltial t1itrie1ts atid make 
themi ia less stltlIe substrate lot- rdst gert111ilation

an n 
aind iileetitin. C'a'rt i),\[)orit/ul,/i pi'riitl~ta t aIls[) t.'il 
oni,,es tle aibLixial surface of lea\'s lllder the sItlne 
condititins as rust atid these pathoeetls n'iv coipele 

for sites. The possibilities of pathogens producing 
fungitoxiC compounds that Olteinhihit atnother, 
teeds to be Studied, but preferahlv in an area whereleiaf spots, both calya itd late, and rust ate econoli-
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Discussion 

Chairmen: 1). ld)onald, I.A. \Wighiman
 

Rapporteurs : P. Subralhmnyam, A. B. Mohanmmad, and l.J. Reddy
 

1.-1. Wildd I he tlok blec illne(1P11414331 and RO. Hlhmmons. Of lhe 24 accessions oatrust-resis-
P 4143312 ]in lI ]]oHlm) 111\. l, , fo.'ilu, oi l the timt ]ip'',a firto PcIl, S hivc been teleased. We 
Illll l I lld iat 1inaittlilttIC I)tl chWILe ihbliit. art \%a% hchi-id othet rcl , apsi1s far as ttiliatiotn of 

.. +s.h \ Ctc lo-,h ',C(!o.] t IIlIIC\% Hletted \AL' ICed+ I FItCC is C01I il.Ct.[, 

++:t llidt.-I th t.+'1t !o h+t+L l n (]I+, t'+t+ ), e .. 

R,\. (;iibbos. Manv of the Souith American 
U.(0. 1larr1111u01s. I h t.' t: t tl\ 1,. (Iatittlle\ t1n ,. lianl lilies MC in LIt't llarket sanmple:; and are 
hltt.ii alt liCne,) lnd I ih l tildlllc\ )Cdil'Ct. ,, 1111\ti i . lli iall, Mietn soll1 il these collections 
' H m shi, l R, IidI 1t('111 I-, 111l i p+lt iiLA of it a SItl' ,CItCCtdi \L fotlllh d ;i ltlixtile o lust reactions 

itftl<-%ili\ _' ,, ill' 
, 

i lilL-h 1Ant llll lel PC llo- alld \%C tllai d rsistam ittlid susceptiblc lines, e.g., 
type, t., ItItC ( itO 1tllt ,Cil lltti. I.AIi hll itn limes .iot1 \( .\c 17133 s\ 'e called NC ,Ac 
sa'lll ,raclp, ttt.s',, kllllito tl]'c oI ca, ales-
ttMtp~iilCnt gL10111) llumCrCit l', t[ l .t l'1 L .' t ll'tt."It) l 

I7I 33-R I- hcealiise tit ttcitalit 
lo\\ciled (R I-F).It is,. thc+icJItoi, 

plants \\ere red
imlpor'tant to qul~ote 

111S,\ tl l % \X l heMl VliJ I lh t l \, telIfI, h \t.' Ito 111C ]i(lraltulr to a woid 'oltlti',ltll. 
ca ed r t the il illilli111 f11 a aIllIdClnilI I ;15 

tic.of t i iltIjI',ll hI tlld i ./i 1 .. ,1111111%.\\tlh a tL.'ki-li /1 tn. l11 I lat Inseitori (P1)svstCil 
/i.\/l,'icll .iid Vii!/,'r ;teL.', il I SI).\-.ARS scicltist:- tothe Cticoiitiees doil't-

IClt t ,LIChI Se'p11tale lh'lrlotypcs \\hhi1 a liew P.I. 
,I.E. Ihirle i:ht. Il \Nal fllt.t'li:ti1101 . %11 iltatd inmber. I )I \ Mn lit dilf,+'tellt 1(C( llittthers for 
tit lil t' 'ct '',t.cpLtlhl It) I dc'.+tiOc 11lld V(' Ac 17A133-RlF and N ' Ac 17133? 
tillk\ tl 10I C.\\it., ,.I illl I , [Ii l t 

, 
', t ,U .,t it (111,CO\)illt- V. Ramalbha Iao. Yes. NC Ac 17133 is ICG 

!lion', iii'-+ ibjlitln Iqthi', d~Itid ttcI net 17,I ain tht rust resistant selection NC' Ac 17133

-l[Itr'i to l lt tlhit l ',,tIjI~ l llR ,(. ]I l l olll s . \\ h1 
Is (S l ,J,,: '.1 tI \\ edhxl',, .c lnilautati, ;t e'.!uiim. lo

illil t' ,l'.1(5 i Il a iI.F. 10 Iell tei . ill 11 IS
h il\i ~tC; l , \,c~ I ]H h ?-. \nt. ii~a lt . 1 1 pt+,t i \ihat is the explanatio for rustL to c' ib t c+, le s is t i Ce Ce lltC lil m" i nl P e ru"t? 

tCoc ,'sloll., fllo ll] PI /tl 1llI thosI o' l c llla1

./,.+igiii IN\pt'. \IL. it ihl: t hi.lil I d i h,..'\ ItO. II.(,ll ultios. llhis is aln interesting question 
rcttlIn ito , lstla IIc.uall that h(t\d heCCt , Cr the ofid \illld btrice Ni delinitCly 11)1 place of origin 
possIibIe .Ith latt, lI I ,:IlIlpIC. ldt clssiC ever, lPCru arnters giew pea-I\IIIil ritI !rotllldinult. IIaIm ian 
cise i, that of c,-,istilce t) i tclerili kilt ill tro rid-, nli, ill it talli\ "Itlodel-" agriciliulal venue long 
1Ilt .'iScIh al, ' il d )Ill .i t 'NS sI llS\\ illg pli Illi l 111 . It is posihlc to giless that 9(1('( )1 the resistaint 
had '.lls\ at Stil',eiC t t : h line adsCilLSid '(l-dilCa. itlC Ct iltllial l lt tl tIt ll tIll could he descended frllom 
samc iCld It'd to tile dit%.l pll l-lt r i'., I tilt s\ll' ,ilt. ,itlI t_,pe. A Illole ctoncentlated effort has 
Scihlsar,' 21 tulit tli. Mlit.dh "isAec " li1 !1tIlo0l1llltll Iccte'tilI hCtI ailtc to obtain and screen Iertivian 
ildtlullr\ ill .l\a (i Srals ico. Mittel Kll.lll.I lpll ald 1)H1 200 (A ilrust-14) both 

tialilt 110i11ltPCIlt,,M i1112 Is Io postulate that loca.-
V. Raillliailh:i RII. I X\ol 11 like t0 lll lailsi/ Ihc tlill IN itei i 1 aig rd ,prospect lot a mnore intellsivc 
illtpolMltllce 01 tL] CllIllClelt titIt kt'plI)ll ' 11Ill i t (at ,L ll.h. 
material \%,ithi it,, light 11t11111bel (idelIltt_).0, 2.'iill, CC.. 

so that no lirther cltll0l \kill he calsed ill tile (D. Ma. cc. I lo%% mutch are the wild species of 
gCrliplall calic0tilil 01 Ill tle litCrati1,c. I his Most Arll.hi%heing used ill latin America for resistance 
he taken care tfI ile sclecnilnLt and rcp ttirilg breeding'? 
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R.O. Harmnons, \\ork III this area ' under- thing bVoIld lcal wrttability is involved in ourtaken by Dr. A S. Po11peU at ('anipinas(S. P.) Insi- Obhcrr ,ed differences in suscep'.ibility of juvenile andtlUte of Agrononv. but hais eCCeicc setback o de l,.a\s.
 
because Of his illn's \s 
tar as I can as"'eiLail il

alking with rtcc;lt .lra(h,\ gcrnr ;,srnexplorrs, KI. Middleton. All the plants 
were of tile samethere is no suIchI xi: illg done at DICeelt. age Mthen \e compared juvenile and

, 
old leaves. 

,.N. Strangv. Is tile association o1 tCtctahilit\ of* I.F. PIrleliet. )rfflfrences in cultivars could alsoleaves wkith sliceptlblit, to rust diseases related to he importaut, thosc %%ith sinks nay be more
tile leaching of a seit-inhihitoi frioi the rust spores? susceptible. 

D).,. (ole. A.r inhibitor is klo\ti. K.,I.Middletor. All the plants weie in the vegeta

ti\e ,,tage wvhcn ested.E..A. Saitko. YoMr disC,i e scOreS \cie based on

nribhrs of lesins If)c1 
2 t leaI aICa. WII' then did IR.O. Ilr1111n1on1s. l)id you cli oose the leaves fromollr sCOe, irICICase ald difel froi tile It) tile the sanlle location.'
 

\tith increase ill 
 dat ahtl iIoculation' 
K.J. MIiddleton. Yes, tiley- w%,ereof tile same age.Ki. Middleton. Ihid could be hcCauise of pool


idCItifiction oflCall. 
 c-iohl leion dt\cloplln'. {.,. Gibbons. Spanith .vpesare mnoresusceptible 
than irginia tYpe2s of the -ante age because spanishI.J. iedd). [i. "inilc" l.. es oid iinlr" t\pes du ha\ sinks ,arlier during theirgrowth andeUaCS LIo NOIt ilICdt JUst \ OtIll , l 11 old lea ,l s col- appeai filor susccptibice [here is nuch in the literalcoted at tie samni plaint age, o \SeIc Ilie Atollctd tulit about this. There are also rmrphological differitt o tiicictilr planlt aucs. dices bcet\tCi spanish and \irgin: types. Why dolie pattein o leilaniiee iii he CUIprotl cros-Cs NOtI hatC More rLst ini lBUrkina taso than in Nigeriasc'its to follot tle pattclni of tle Ilerialc palients. arid Niger.'? :,n it lie explained purely by climatic

Ilf)\% ' ic; ,i. 11ilt Olie' ritls teredge tIr cC'.tIC ndiiols' 
I hic coii'. I , ' )e: s-cll . 

P. Sankara. We hate rusLtin thesouthwest of Bur-K.J. Middletitm. - tiI lie cat c iCl I ik. n hoii clile[- kina Iaso because there \w hateagood rainfall witi,nt niode posi tioms, ploit of tile so iiC a ge. Ile lo\w telliperatures (19-20('0. With these climaticdala hlit I ile lltheitiof sC~l plailt conditions, the rlsl de\xlops tery quickly and sus
ceptible culti\ars can he completely destroyed.J.L. I'Herleiliet. Ihis is a icmiik in llcilti 1 to fie

sitsceptihilit\ of oiung . sti ilitturi, e¢at cs. Not P. Suhrahmanmani. ('limatic conditions can beunjv ilie :ag of tie leat. bitil 1so the age of the plant important for rust development. Epidemics of rustaiid the positioln of tile lealoil thle plant ritay affect its do not occur in northern Senegal. 

(ibbons.G.. )o v\oi grow ttwo crops a year inK.,. Middleton. Acknot\ledged, bit all plants litrkiia Faso?
 
tlel ill this study x ec of (Ie .aci 
 age [he import
ant thing11 te is tile re\ ersal of trend between to P. Sninkiira. No. we grow only one crop.
susceptihlcs phIlts one resid.talnt parent; and the other 
tto re"stairt pafrelt,. R.O. I ininions. Is wind nioemcnt a factor in the 

rapid iuildup of rust in Burkina Faso'?. Suhrahmin ti. \',c studicd cl fects ll plalit alec 
(30, (0, alld 90 da\ S) alid leaf age on rUsl Iet chip- P. Sankara. Yes. there is much air movement inmernt arid clrtillelts o1 rus r',tesirnce and hotilnd tle production fields. Rust was first observed in thestrong elfects of plan! and Ical age. Young lea\cs It rCoast. 
\tic1¢titor2 stiscelitible trat oller lea s. We did notfind any differences bttccn itenilc and rnlture 1). MeI)onald. When rust was first found in Nigeleaves in eaf wettability and wc believe that some- ria in J975 it appeared to have ccme from the north
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east. In sLIhCLqttcent years the rust disease sprad 
from the south%,cst on the nonsol.t \kitds. In Nigc
ria the rust prohahlv sur,,i\ s ill the ,,et southern 
litas of the cotr whetcrrorut 'tt arc glo\ n as 
,tLck,, a d cuOp'. 

J.F". Ifeninen. i)i \ !o,tud\ the d-,elopuental 
niotrphohuey of soft fto tuitiatino t spore luruta-
tut1. spot iuAOLtcells Mnd nnthct- Ot sporeS pro-
ditlt.Ct per SpOrOeCtiotis CCl.' 

1. Sankara. I)uiinL oir obers\ation, \%c did not 
",idyv the deschoptcitil ttorphohr of s(r. Wedid 
net ob,,cr., dlferLtnce, ill theiorphologr t rust 
spoIes, 

We i... S. ",u e tnll.te.lsttdtng the histo-
patholoys ot pustulc deloptitctit fronm the tit,: .f 
Cliff.\ of lie' pailhogctl tp to spotilatioti. itt ,tsccpti-
hle antd restit S herC flits tot beert an- rcu arI 
nthli flcd iiilettn itt l ont th . \Iotecser, tie te 
Of jNIICtle de'.Clpiltit is \cry ,nuch dependent oi 

tempe_'ratutlre. Ptnlc,, do [lot oten abo\: 35-C . 

ti sl % ,,uniform tit nos ing the rate iph \ l a d n k 

(.1). Masec. Rite t dielopt ient of pustule has 
itipo-rtit epidctioloiuc,l itifpications. 

1.W. (;thl)ns. \,,tt is the taeli of the ctltis,ar 
that shout, sel\ ijt1-i rust pustules?dr 

. ankara. 1I is the IO iae Moaga and is 
ohscr o cnti\ar. 

.W. '.,i;ihhons. 11,itse Vim loked at it.s rua.tion to 

le;,l spolt'? 

1). Sankara. Ni, but i!t wII he te,.ted again 

R.N. Strange. Io \k hat stage did infection develop
in le:tses incubated ii darkness? 

(.1). Mayee. Ihis is difficult to state because 
leaves kept in the dark aftei intocUlation became 
spoiled after 72 r10urs, 

A.S. Rao. II your detached leaf test there was no 
infection because of leaf deterioration. However, it 
would be worth trying to germinate tiediniospores 
on detached leaves floated on nutriei:t solution, or 
on leaves implanted on agar. 

C.D. Maye. I ageree that this could he attempted. 

P.W.,i!il. he alount of work vI hve done 
o rIst disease is Cumutnllrldai. In the fight of your 
opinion that the stitinter crop s,,plies inoculum to 
intfect the rainry-season crop, can we coniider con
troting rust ott the stInmer ctop in order to; reduce 
tut in Ole ainy -scasor, crop? Ihis should be a possi
hili:- is theiarea tinder sttnmer crop is mitch smaller 
than that ntderfrainv-seasont cultivation and only a 

1ek ftLuItlei sprays \,old he nccessary to control 
Itc-season rust ilzICctitt. s;ectidly, th. major con

stiaint in adopting a spray schedule is scarcity of 
cleant w\ater in the quitanity required forfhigh-volume 

spraying andlthe dilticlIics in olved in carrying and 
storing it. (,ai i i't-ore concentrate on research 
o, applianct, , particularly to reduce spray volume! 
I(ow-volume spinfnittg-disc type applicators would 
be rmm ,ete use.'f, l. 

C.). Mayec. ihank You for coinniending ou 
work. Yes, this is ver itnportant and can be done. 

1Ihe ollIv prohen is that in Muharashtra there is nopractice fot sut iner groundnut cultivatio ,
so\ing heing done at any time from late Januarv to 

early Nav according to ihc cropping systefris us, d.

lhe infector crop planted in .ummer is thuts availa

hie at any time fromi .turx to September. The sitiia
fior is nmre complex whe i traners plant cultivars of
 
different durations, especially' in irrigation coin
nand areas. Spraying stinler groundnut at critical
 
stages of di:,ease deveopment holds promise, pro
vided it could he done on atmassive scale. I agree thatwe shottld work ott low-.volutre sprays. 

E.A. 	 Salako. Your yields from fungicide-treated 
-' .plots were low, at approximately I t ha Why was 

this so'? Also, have you considered the cost-bencfit of
fungicide application, especially with respect to 
calixin appfication? 

C.D. Mayee. The yield potential of the cultivar 
SBXI, grown in the heavy soils of Maharasltra, is 
not sery high. A yield of I200-14O, kg ha-I of'SBXI 
in the rainv season is considti'ed quite high. Con
cerning the cost-benefit ratio of Bavistin® + Calixin® 
for total fiavagenteit of foliar diseases, this works 
out at around 1-5.5 while that of Pavistin ® + 
I)ithanc N145 -"is around 1:5. This isbecause in spite 
o the high cost of Calixin (., only 2 sprays are 
required to get a good level of disease cortrol con
n.red with 4 sprays of Dithane M45 ® 
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V. Arunaclalarn. I %.is surprised b the observa-
tion that phisplhrus flt'i/tion results in lower 
incidencc ut ,rit. Is it an e.\p.2ririrital result or 
incidcntall ol,,,s ation in a eCy, tiletrials? Insol;ir ,, 
bisrc i;iiitilhlc sl pi.)spho:I, is -I mao.ior tietor. 
\\l)uld .%O111hi11kon. Can Stlg_,tc, h:\(lailOptillL sciL 
ofP 101 Ihtdti[ii/rst ilCidlunLC ill soils Oft 

I II,%\its(.D. MaIe:. nir()tidnitrl ,)obssituril. 
We coiduIcIc. t as ,ui+,.qiirlt or tklo Scar an)i 

lilo btilt utpdis Cxci.:iriliCiillk . I think %%c 
could duic!iiinc alliipliiuirI 1) hexiOnce sic hst\c 
niilthilc'irlnal trials takill into accouhnt tilebisic 

arijlabli 1). 


S N aarrajarr. I(, IIhcibcic\ that ec logical esS 
exist? it1\ (it)\oLi .XIl iliaitI-epideIlC in tlh I 
\sAucs ot \(iii lli\\ .0' RIt is
I i-d dilt;' is it that 

IIg;iti\ci\ coire l. 


(.1). MaCeV. I LioQicill riCes in R, (raJi.A do
 
eist. ()iic nceds tt)
has+csitable esperimcrutnor to 


I)ro\C it.. ()Iricettisc I \ahlit,.
I di inotconsidt.r-Iicryc
tIicsc ti he itlti-cf~idcnic pr)idci the\ aliotailned 
at the clldt iile.i+c tlt'.ciop.lict. 

1'. Srubrahnrarmun. innMiiid \0u iC auNr !hetil-
,'itliriod 

(.1), *\a.t c,. \\c tsed the deliiiton iitdoks 

,uii dNLicii 1979,1 ,i', iStire rtile peri dii
iWO i.e., it 
.di i')'.bei\n tihc ial it iioiicrition aind d i\on 

hlich obsclcd. Inepideriitie taxi, open pustule i'. 


ohi\. IuOiullsilCI t h litstippcararncC OI ipenl
tl 

p' tiic is \c:.% iio;tirnt b .ca.'itsc ix giig to con-
it 

triitic miucdittc] to sub.Cqi:elt irriection cycles, 

,I..Parrle liv. I)r Nisec used the first ruptured 
tIIN-isas 11 Iiiii !;:Or Dcr.;isr. Sulbr-ali lanvaill 

tused the SO'' ruplied shiri. Bohthieistire lateint 
pcii. i, t te.C t! ' cariie, isnIaller crrir titlltIme 
lorIii:_i. x rIkh iitiiitl. I )r. %lae rennirlkCd 

lie mui pii' rIe of ptriles is tie inist 

Illp)iii i11o.il cpidcntiilogica]l poinit mf \'iCs'
i:rl 


1P. Surrhnlanin. l)id vui test the pathogenic 
Iitnes,,of.stitr trosr initie isolate.s oni a difflcrri-
Iual Series. \shat is i-1basis lor \our assumption 
that ecot[cs rif gri, - .jnurt rust exist in India? 

(.1). .Mayee. No. Ilie isolates \cre pathugenic to 
culti\ar SBI and all produced the same type of' 

pttstule on this cultisar. 
The a sumption ahout ecotypes is hased on the 

Ohscrsiatin thai he SULsceptihle Cultivars do show a 
differential progress of rUst when sown at different 
locatiotis. Probabl\. \weneed to exa.mirte tie disease 
dsclopment () itset of knowin susceptible lines at 
millnlocations. 

1). Subrahman. an). I)id vsyou measuce the yields of 
sonic of the resistant breeding lines supplied by 
l(RIS.\ I? 

S. %%rrngkae'i. Yes,\%%C did grto\ sonle of the breed
ing lines but the ciluation wkas done hy the agrono
mist iand wVe rl'IOrted tileresults illthe agronomy 
section. I illsor that I did riot include the results 
in ly presentation, but tIesv eair be obtained from 
tire repolt sent to ('R ISA . 

I.F. IIenllen. l)oes direct penetr io uredition tile 
Iio ,proe gemI tube into tileepidernuil cell occur? 

1).SOnrllartia. (bscrvation under- thre scanning 
electron res that germning tneditcd 

Iniospores could penetrate either directly or indi
reti into host tissuc,. l is occtrs 20-24 i after 

iillol~itirirn ilileases inculihted ila moist charmuber 
at 25" ' 

(.D). MayCe. 1hC leaf penetration illgroutdrnut 
rlst can be direct or throught stonata. Direct pene
t-atiotl through tile epidelllis is Icure Con wlinwhell
 
detached leases arC inoculated. 

iOierF.A, Salako. You t ted that farrnmers in lhai
land di riotapply', fgicies or fertilier', but you 
foulthat tire uLtuIrC of rust control lies in tile use of 
Ar/hiao
for bioigical coritrnl. )o you believe that 
wil" fur \wold accept thi'?armers 

,
S. 1\'ongkaes. What I Imrean was that biological
 
contriol coilul 
 be used ii such a was' that tire fIarnlers
 
vOtUld riot have to pairticipatc in the treatirent. lhe
 
hio-cointriol colld be done bv letting nature take its
 
coulrse \\ithotit Ilch itrrrArference fr"no tian. By 
retfaining from spraying ,lie crop with broad
spectrum ftt'igicides. or hy not arplVing atry fILnngi
cides :rtall, the hvperparasitic fungus could build Lup 
its own population and be able to keep tne rust 
population in check,perhaps at below tie economic 
thireshold. I do rot .ee why tlie farrners should not 
accept tie idea when they' do nrot have to do any
thing other than be more selective in using fungi



cides, or not use them at all, wvhich Isusually the case. 

I).I.. Cole. Is l)arht a casy to culture and ha ye you
applied spores to rusted plants? 

S. WVongkaei. Yes, but I has e not vet applied 
spores to rusted plant,, It is 'n1\ intent'ion to do so. 

1). McDonald. You mentioned that rust and leaf 
spots are important .ield reducers in the southern or 
ri\erain eroniidnut-gro\ ing area of Nigeria, anld 
hase qLoted argc increases in \ield rom Iungicide 
applications, iftmoeser. if vol hope to use resistant 
cultivars \on s ill ha\c the problem that you kills 
neced resistance to rust and to earls and late leaf 
spots. Availible foliar-diseas.es-Iesistant genotyvpcs
ltave resistance to rust ;IlonC or to rust and late Ical 
spot, bill llc itot resistalt to tcarl\ leal spot, A e ion 
checking on the Proportional importance of tile tko
leal spots in the fkuksa, Santarti, and Kano areas? 

E.A. Salako. In tidei of importance and ot poter-
tial to cause sicld Lis c.]aeleal spot is followed by
earls Ical spot, itil ist ianks third. Ilowcver, all 
three (tfi CiI s,, Ae bei sll ind tostldiCd resistance 
them i, bcii! hicd for siniiilhatieouslv. \Vc now hasc 
lines that shtosy apprcciablet lecls of rcsistance to the 
thlee disease,. e.g.. the tll resstant bulk (RRl), K 
2990, and 'I 362 moinug others. 

()iCec \s ci nget a stitable les cI of resistancc to all 
these disea e, the pojitiportiial iniptrtarice of each 
of them iIll not be :hat iIlportatlit invlowC. 

R.W. Gibbons. Sonic tf the late-niaturrig, stable, 

interspecific hsbrids liii I('RISAT. with rust and 

lcaf-spot resistance. Ina he suitable for Nour south-

ern ones M',here there is a long growing season. 
They, ho\e\er, %il not hase resistance to rosette. 

EA. Salako. We tmuch\otld very i like to have 
sonie of these promising interspecific hybrids for use 
in oir prgrant. 

P. Subrahmanyan. Ilow do vou evaluate vour 
germplastn tr breeding material under multiple-
disease situations? 1)Dovol e\aluate vour tmaterial 
for all diseases itt tle same field'? 

L.A. Salako. f)ut interest is it developing multiple 
disease-resistant cultivars. Our germplasm and our 
segregating generations, as well as lines that have 
reached advanced stages of testing, are usually sown 
in f'.lds that are often exposed to the major ground-

nut foliar diseases. This helps in the rapid elimina
tion of susceptible material. We still get lines that 
hold up even in the presence of all the diseases. 
D.A. KnaufC. While screening for resistance to 
early and late leaf spots. do you face the problem of 
tile occurrence of one disease masking the expres
.sion of susceptihiiity for another disease? 

F.A. Salako. Our screening is done over several 
years at several locations. he lines \e retain are 
those that are not susceptible to the diseases of inter
est except when the.\ are just being considered as 
sources of particular resistance gerte(s). A line that 
has at least toderite resistance to each disease isless 
likel*y to bc significantly affected by the masking
effect of one disease On the other. Since our field 
triAls are mltilocational, it is difficult for the same 
disease development type to operate at all locationsto give a sifilar masking effect. By and large, we .re 

st i'l able to sort out the lines according to their true 
it sistanee patterns. 

1. Subrahnitayarn. Is it not possible to identify 
hot-spot locations for various diseases and evaluate 
the material for each disease separately? It would be 
a much more reliable system. 

..A. Salako. In tile Northern (tinea Savanna 
Zone rust is usually unimportant, and it is more 
itmportant to screen for drought resistance. In the 
Southern (iiinea Savanna Zone, rust and the leaf 
spots usual]% occur yearly. In the Mok wa area, they 
occur with great intensity almost every year. while in 
Samaru. rust Iay not be serious in sonic drought 
years. By replicating our screening trials in these 
areas, it is usually possible to deteriine resistance to 
the three major fungal foliar diseases. 

C.D. Mavee. Do the variations in resistance to rust 
observed in some genotypes between ICR INAT Cen
ter in India and Guangdong Province in the People's 
Republic of Clhina indicate race-level differences? 

I). McDonald. The ICRISAT Groundnut Pro
gram has been cooperating for several years with 
scientists in Gtutigdong Province in evaluating 
germplastn for resistance to rust disease. The screen
ing and scoring methods used are compatible. Most 
genotypes gave similar rust-disease scores in India 
and in the People's Republic of China, but some 
differed. Perhaps Dr Subrahmanyani would corn
ment further on this. 
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I~.Suhttn~a~ at.I he li:i1't\ tiehc ilo[ pCS 
t'lund Ic.is an 1o10 ~s(i NIted"11 k R I SA I (eIIci-icr % 
s I i iIII e\k tI ci cc X 1tese ( ltfinoIf Is,iit xhcn I 
dongiL Proilicc. I ll'Weci. lite icnot\ pc NC Ac 
ITW "(9(as ti" asdt hicll re'.mani iii ICRIISX 
(Centel but oitti moitilel., icsistalnt ii (iiaitgdng 

Iro2ec. IS Iith ,Iil~ioe I ;i-hom-oinvfintclac' 

tilins itt8 he tl;'irioleH lot sonle1 ofi the tfjticeces 

noitedl ht thei 1'0IiM.hi Oettlirtec l iilu\pf a 

not he fililed 0. lilt.Ithi rC CMCItI IS letinlied to 

1). MIcIuonald. I) ( oie has (]ne an e\eciiett joh 

inott ande uceTtilet o ,a )ifi l tlist uin tlioiu 

.\fiea. Sitttlflit \ilot' Iitoult he doine loi- otiher 

ilion lMe tAken 110:1 I ui. Stihiaihirtiiit'S ICLCrt't 

1'. MIIbra alna ill. l01 1t '11in oltaint djsca". 
if) tile hitV-i~lHtiiil tiulici ii 1 MietitNaluii and ill 
thte I ike Shttrc riewi Ini the tii gnoundnut

aplisal hate ill tlt ife~jn Seuli andl tdoes [)ot 
taiuse iit\ ippitttihie (ldaigo 
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Distribution and Spread
 
of Groundnut Rust
 



The Epidemiology of Wheat Stem Rust and Implications
 
for Study of Groundnut Rust Perpetuation and Spread
 

in India 

S. Nagarajan' 

Abstract 

Urediniospore of F[i'Ciii a gra ilinis. sl. 	 during the hot, dr', smmer monthsIri tic rapidl) lose viabiliti 

in the plain. of India, but sir itcei lar', nurnher. throughout the' iear in the Ailgiri anl Paine, Iilis of
 
sou Ih India. Th iri r'ilitu I th 'c.seair'a.i is elo lat ored hI ithe verl-rou (dpresence of i/ial and other
 
collae al /if, t..In In ha, e/crt ,the a/ternateIc i/ role. fluring .. oveoler, when there
r hot, floti-s not plaiei 

Ia ctith.,hI it eopeIit c lamiiA adu or.'it
o 	 /l c'entri / Il,t, trn t I' clone, that cros. dh ra 1rae'h (in(d 

eo l '/,!ra/In/a tran t iri'1,'e-,eantittcs o Puccinia graimni is1' sc;triici urelinio ores.e/cs I/ ' I(l I ( /e 

Th,'.,I'off's(re'cc rri,'ed Ireorn tlel, sielthen cueItr' c 
 te't rain scrn Ieliecr central In i it In,coflettions heing
 
, ,'le , '/deie'i e/,'i /,p lee
c/, i ewos't,', -ore'ca.st.in
ieere' m d-Alarch. )'ta/' climatic rule , , pro'eehore-c, 
oldcon'the/eol/cei'i ,i testeed end Ialtdaed./ /wee'afc'et/' t,/eeatheent e, ,'. cthuardne'e through a
 

/I e clicece/ floep t/ief ee
,'nte1. , //ell ''1"l uc'inia |path". eso fcs eeol 

fl /i,, it e ' //ic't epatii o(cu itesrwing Junc-Jo/v. S.itlariti he'cti'en c/i'crent pathogenf are
 

,'l;.,S1if tl ael se, ith e deoieOr P. arachidis 
thesie . 

t'piifhiliohegi tieiihroiuill d's tiges diiut etheson infltienice stir I'tudc de lapropagation 
de la rol ilI de ,rachidt,en Ie il.e': re iagraminis F. sp triti'iperdentueraerers de/ Purvi 

cilii cetcoursa amcJe vf ce'li'danr plaine.s de Iinle', ta dis qu 'el'srcieiellmn t eu/eitet c itlei soni c c I.e 
-amicl'nt filit t i i iic' danleeti c l/i e,, c e .t .il,ri et de Ialni n I ud du Le rs .It, alys. 

coi ii cvii" c/clice.e rc. r 'tIs e /ae Ic rlaetente fc 
hh. I,11Inc,/c , , i',tc'e (i ncui re-l, ale'rilant. kiiileletihe lorsqu, in 

rc, .io c t eli /re'ce / /e.e elt .'-/ t iernacitec rhnt le 
' 1,11' lric) le /ctci'it e Xtet 

el/fir,' t'elec 'f Ile /),% - ect e i',i ccii, ele' ran,'q antitt gca iniIc'e'c c/c em ,I 	 ;eture/olmre. eI '. i f.,/e c of' (1 s ci1IIecee . , l ccw, I i I eeu Tan ti I'I
dolls h, /'/l11hhc,po'rc rt ./cnt ,,tir ih phiti danl I , iles 

i eec/t c/ , i I t I i froier.ent It im lhre Ii(t, sh r 
,t till stil to/ic'h \ centre o 


i/ft lpeltic/t/ cPo fcee cl c-ciit,/ c 1 teoe.scita ior /es.Les cii'tel n atiques
(c it' ' e/it I et 	 on cli 

lmf~t~moo'oiqiuo atnsi Ili,, /a, tillotilaewr ont ilt '"l/opo '' , I",fpto,,,ll de t,,?iston 	 in (tho,tolo ..lv d'",(-tan/ettecc '!titime/ cc/C it heei i . L e lee ,'eeriel litlt e eiri/n e/a'ra fi 'l,ic 'ccrirct t lec i c ri lenord 

ape'/ /,'"',l''eit c/c 11uc ia"(I lll ia path). IC s.ste/lne nt ,,la'i/,este'gilve pour Puceinia
 
iractil,i, ret i t/i hjici//ct., eria' che-i ii fol.i cri ]il Les points d/' similitude entfre c'sde'tox pathog'ne. 

I. Headf.Rcoy,.hal"lho. h11than .,ApItclthutalRvsvcirch histitutc,-Hov~erdide, inmlla.
1711 )2.Indiha 

J('RISA I intcraticmalt ops RCer cat c ot the eii-Art I opte,:t), rcist Proteidings of a Discussionh tcciie i 1987 (roundtieil di,lse. 
GreoulMcC'Ing. 24.2 S , 1984 IC('RISAt IcdetVatace ril, A V 502324, India: ('RISAI.('Ienei. 
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Early Work on W'heat StemrIn RUit 


ill India 


\the'll Ni+.11+ +I ,,t Inittcd. b\ P11, ( ,1111a i:, )l'nll.S1. N+p 

W ''++/i ft ,.Jt'J1C1<.', 11A( h11,S ht.) ttdIC(d,.,l: L'lt+'%+ 	 ', 

S imt t' kit tht %,.irl,. I 11C 
ft -l?_'it l01C ts ;tit' tt it+ th_ 

tutte c " It l C u',,c !ttICCI)it h,, n Aif h,i- LtI: %'dl 
doJ 11.'t1c+c'!+ ( 11,111, Cl ,Ik 1~18',l 

li(tILt .'I. %%~h~i~ 	 tri ti 1\\',1.'11,tCui1 ,1%W,t111 ,rI'l lJl lt 

d I't ill htvti lt ilh it: [ i, '. dc Ittt: 

tI11at .itt;ti . nti'lI.t \ i) 1i 1itis 1,', 1 'I. -

Itnf' t.'hitt +ut; . St/.d vI t., fk"pcl rti'citlt".C't; Il rid , i th,'qllt\ \V k'+1. Nt -10() ,+.'i 

tt.tir sItf,ttt'lit 011t "I/ ,' I], . t,1 tc!r11lttic 'tllt ,, 
' / t i " ' ,'h I ct t' tt-tt l tit J+1tit' 

+it: ' /2/i t p'. 'I I tntd &c '!i [Il , , ] t l .If - i t/"1 

[t'.itlt'" 'Itiilt 11t'.i i t ( i /'1 c lit t'Lths't,t 
ti/t II:W,1k',t ItI) th' p t 't 1\ 'l 0I],i)AI1 sttl 

lhtttt ',t a" ,' . it r t i h it' tj mtl T, i 

'.ti, ie' ii)I)i < i tslit,,' s ',1' 01O.C,iti hl-

it Jt. lo! t1% Tp't, t ,'.l cl. \l, t 
+I 	 's) . ;r , t,'' d t1.,1 / 't lit au" I' tiIIit]litt,... ,l "tJ-, ;1 t)'11 , .' .111dtl, ,_' 	 l 'l lk,\ 

,, 'tt... , fi ,1i/it ,i ttti',ttett it'ilw iI-

% 'ht"l tt-., 1: lI Ill"c Ih I,t'lt , i 'l', oI it \ I-
' ll t i t 1\kthI)I t I .' i, ',!, ,i' u.ds to 
.tl',' t,'' i it .t h l, 

Rect' \\ork on W'Ieat Rulst 

in 	India 

ih(11I lic. it:h-\ ifthit t t \u;,i en s \tle 11iti 

d+uhcli't j ,,tNl, ,i' t.i'%l _itt, ,tti.a si ri h ntic 

11,,tlt; .\e t ti t',trC I \ vNtl I's1. tlIst.tittt ( 

)t.'hit (Itt l ')l 1tti1 p1;i jtii t.i, t'iiidt tar-
it'etlCt_'d 

tilt' S",H' ii ll'tt ihittit hhle-. i i't h J tiufd titt' 
itld fke tIJLcd it uAitM' Jl,.i ,,i., ,,tiCit )hsc, ,tII0It 

;I\ +'t\ ll' \ . i(d 't'I 1Il /5 ,e. iNol. t'.,u l sil It pt. 'I ttL,]d 
clii]) o ',lo it tilNic . lt1 ,t1 rlS tt'l ,'c'l tue Il ';tt']l. , 

\k ,,'fi \ttl N 1i rlt lrlltti 11 tllo''" t.'p .,tci ,tit '. 


Hit turfd JtiiI A 

Illull i tthe Mi. l it ,st, hcrt ttc %k.% 'c 


lute i i'stu M , 1t11Cfit ltteCtni0 itus L'-

ll ( si 


I)?i .
 Ihl it t . i I , t ihSt ti oh .It'tc 't' 
Spt'eid ,Itr ,t t u h \1iletti I11 l Iitt k itt1 
.suitlt_'ri . It i, m t~cl' t1utt se t'' It',Indila. tliu Ste 
e'pinleii-c ti, u ttllatt.te Itttt slit irr:tittt tiki 

I2-4 

itiaN uN,%1c all ;ilotrig the IIinial*\-it. ard that 

"preadt rinm r , inoctilhini i tiuidirectional, being 
frtlie tt Itto ll, Itll r. 

Ililt ,,plt+'dl of Jtrt'd.J~lOtlj'h !t], of tile NtCnl rLISt 
;'+:ith01_tCII 11011; N.,t tO .CItl J1].'1iill IOC , tO Cf+,..'u rltr' a < l 

antd rol frth. INtd,Im plie -], Lr1-d.J:,tallk dispersa+l. 

I.J, 1spi ] dk.l. oi. m olet thlll,S0) kit ;att stletch 
cIIIIntt he dtttih'\td ihitwuh itiird lt'\l %kill(]cur

t'Nt, iti f I s,istfitc'it .,c LttiiItCI t f t, i.,i t uliet
ptlltli r P. 1. NI)IIIII Hil1110CU't u1110 ]'.ku'l/M /H/ 

111didi trIfll ln + t+iSl ,+L:+ tt' Rlt+Ot~~_'jal g 

1 
) RaItt'I satniplets \%i+'c lahiicatcd lit H.\ ilnd 

\riit' L I it l11W)e\ it lte t il plotI tOtOf Stl',C r)t

,;i i \it IpICtC i i e N IIC [[rt , tIorsillsipl heOl A/t¢'ttll I i111hi'111C 1 111111 . Ila L!CklltlnlhlCr' FA. Sa les , 

-ic.iH ;l!\/tiJ 1Mui, I1 tile p)r+OcettC Of Rocl's ct 
iP ( 9,)7('I: Spo' Vi Atit \t iriontolltol daily 
i. Io i glth l a s s-rp i p ,.t oiiNn dl ie d a e o f i p p e a r
,liit_' if t ltdisease oit swi:c ptiblh ilc t bi1,s was 
i]Nt .cOtil l. \\' l ,ttstiuicil%tI std., 11\\,ASl cleair 

t the' h edirniospt 	 rcs l, tht' tnllrl e nCIt ith ' hi,' 

iI',titt\ lile f 1'i ,st IS tmISCtin It\ spic rd by 

uIp , 	 it ,ii, 1ntpt,.1 Ct it hrinnutt';ItJh] li ' ItiLItnll 

I t ItIther"(i,) i \,t CI Pr iO;1 ,d, ta t ,x ll i the11"ttk-I lk'. of the dl isa +c (N +ip iijiiiiti andh S inguh 

1)lie IrhJ cotilitIi lS1t) '- o.'l l t h citistitIlif (h lter.les., 

ottit ssrr be 
fite a, l o ll Sca het 'i 

I \ dcpi , s oti:!,l fIrmied cither it 
t .trtll i fi if) teile .lai 

(u5-t.5 ! ,rd lI-15 atnl , o er'-ceri-,riiF N. s hnnld 

ti] India.
 

2. A peISIsltnit hll-p',cs'ir cell i ust he present 
i\t t. ,itu th- .ltr'n Indlit (not tar frtil the 
Nil gIi,,). 

3. 	 \ ( 'p ttOuighi .tL'\tetiItI2 up to NOtithltrttI ]tdil
 
Alldt Lit L' l 1t th rti rd 11t1 titill of t lheeast

thtt 

IItm:tt ct ,1 it hitito i ial these Condition s are 
cil.Sttt',s ts 's ill ce tral Iridin. So lil ,1lSiTI %ilt 

tI Ic!. list 1 -cits iNt ItI 'c n2 . ,stedI i ase appear
l't' stttslie lies cles. W lerr the tirst 

Ie1i 151lt IS, ;Ittt'id, tile dis S e aippe 'll+s 
suc', t uli, \ it, i'r' th tru ial., t'tclntMc dISSn INte. 

It /ietfit'rl1s t'ii l IhHIiII n.itt-M itirable,.d tilr a rarc h 

Jn 'flist',t t'It'ir&ic lt't'its it units it';ihlc, isolated 
iikO t,, if l irsa C,,itCCll. 

Ii i titlh tlli| altl t'x[itu ill disease d illiage 
lt'-petid, ti1)01 Itt' nIrItiiIIt Oi %i tle! pt'l i al, irnout'-

J t1 d p i ,,'',d ilntl the ItCk\i;lCrCC Otnf iLtSnCi.lrlt 
li ',l t, .. ltt' t'n rlttiit . I he ir ;lrti oft spores 
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that take-toil rm the NjilliIissee lls to depenifd poI 
the track of the cloncs. Itha's been found that 
whell urcdilliOpTOiCs ;i' iransported italtitudes 
prosdinl armiind -(I() (tab), after 120 I of travel in 
lippc ilth' a itlotU <-

ltn this; hw CAitiot llisc llts. Ii , ' o

iiililie. a i,l'ctii et ll'I iliLe i s'l~te i t lib[ ,lpplcfil-f

oilCC ' I-tIli.piOiCtI hIoteI lcchl 
 loped (Naiill a 

and siiieli 19(I4 

I 	 ('hUck iItheI' hiCIs 'h Cll ,i n khlIL Ni \CiilLIeI 

inl ":Ciiii ,1lIn i . coupledl kt.1thisoiiheils 5 iti s. 
( ICk h lit f(I~I~II HIti )I hle rilli.pIOM L C~lt 

( l ic t s(Li0101 It li l diiL I LCII; ti l IN 

'c(,'K Il t I m d [tItie 


Iihlalternate
h \ iIxI ll 

til\ lilt. l it Il Iii i h i ~ ~ +<l llJ I t'i 
. I idh'. Lth mhit mili limi-L !i tLikillte, 

iii . ' l,! 'l l~ 

1. e k lII "h 
ll tt i c lLmI l Ii c.txitcl 

t ,l l iLLLLILhL' ii.'hlIlfCsiL' Iha li . i I i,'. Lc 

h tas 111,11L' 'I- MI MIIL '\ LLL iL01111 )111S I' 1 fi 2le 

" ii .LLt) Ni eiti'ii ft,.lil L thu') L AlI.i 
, L iii i[,tIN)I h lil .! i5'Le'< s i ti~tL 

0ii.I' ,1 l1 ' I t t0ie LSLLit .1tNi II 


ihittlel i/ i't Itil hi ,i h s I ilL\, t c L Iil l
Ic 	 +lIt 

( tli Q~ jil t ,LeiVI L '.l_ I ilIll .hLgh,i'Ii ill ailltd 


il ili li, sllti'!. to'I Lt t ;lit hi'illi SIIlli'

hitd.'il tI; t.l 'i tLIi~t ,~li t i '. Nc ilL'111\.I hilu-'il'LhI 


H lii 'il \ l icti.tL'h I SILL I Oii LC'ttll edtt
i 	aii tJiti dP 
J1 lt c I' \.i'I II,ith!O11u12h1 1i -11 -hd 11j'11\I) IIIi+I 0 Mid 

)0,i 	 1LL N !! l .I.n ti tIftitl \i ll-
ci III, mli ,dt !l k~ c+lc'l 

t 	 eit Ius iLii i i 

u 	 '\IiIlIo' il i)i tih.\,i /'i, \ tlt i Ii li 

Ilhicallltl , 1 !h1, lclificti/tllc fro ml111C \ 11illli idt 


pttiejiL 5 liiti.'~iic'II I~~h~t tI~ h\\ 
de hli 1menit) il c t intl-'ICLp ccl ll litil eildb". C lc'd[ I. 
iiiiu l ui Iinill il a i lh liit. ril'll mti . i 
l i sl )i 'ili~i~t_ Li luh~ i'L iSh i Llt.'t 	 t.,~'l uhliii\llttsL

tielict Ilili t e l iffeeuit LhesLl PLin S'lit -h i!tL.'ilt ill li'lH , IlsJt ili~ Itsh ,sn [lilt, I ,1lidt "1,111al SLs t\LLilln,lit. ; s L oN+1. ]'./l", 1 ,[' I tllu'ItIII t' Lsl 

t'C'a1C,111 he' tu 1110l't 

1]i~CN had 1tli lt' n11ild' ILI JI;l ,-l 1II l uc< 

plel , IN itdul' 1Lht'i Sllbit-

i lliaL /Iili tilLs IIlit . it Ii ti L c teiii 

Itli l icill iI thle' i ft il cnl 't,i tii.ns I 
m ltiillmus,'lit'1 mll"h.\Mitli the dc. iblC 1 t
IC\u l l T i LXt.hI~IIIiu ;illh' dChIIC'k'd, IIle Cill

,ciclc% 11 lluuclnt : sl\a, iC'+idih Icsm .l 2lr c 

have heen rec ommlended for usage and incorpora
tion in thie wheat improsement approaches( Nagara
jan et al. 1984).
 

Cilonlparision of P. graninis f. sp
 

tritici and P. arachidis EIpideniiology
 

( roniidiihltt (..lroihi]s ]i,'to I.t";can he+ gross ti
 
al mst all fotii ilthe \ a t illsotlhern India, pia itici

t
jarl' in' the states of A.\ndhrai iadesh, la lilNa(l.
 
MndKarinataka. I his asailabihiit of tihe host ill all
 

sill \ ikai itt 	 illiii"s permilts I'. aij 11'/1/ inullt onIIlilihotst itself,. lie c lial ,;iacis lot coi nio 

ndit' litistsa! tiikrit Iitiii l lust is
klliitla ittatlack seililtllhlci' Iieillbil tof thle gelils 
.llX I ift ;cl, ' l'~ [o h ' lcll~cl l it' 'l
 
.eipet IatiIl t:It \ C',iiihuIi iti\ ti leim ttit in ie 

ICis sletlillil f ,11 /iflii, oll"r CiLitih .\lilicriii 

l ti . i I . h ll t ill 


10_10i t ii gIpe sliII slticl lttiiin. t 
ins llciitit aw 2.. cl\,i ltaIlcdliii llivlite \illll
 
anditd ;t% ,llll' 11O IN l ( 1ilidl nll 


I 	i ilia llillii ss lltia n ) la l 19,i2i [e 

NIIIIIIi', 1 .\I -l ll ll

Lu'\C I i d-s eft' IOp nclctlu lst l \(is el iihiilt Iill i L i 


i.'LlifsIII li i X heiil s Il ittli i. li
iit ll 55liit mt\t90 
, 

i ca l\\tctlicsstlpcCtledst1+ t 'cl I ll hrItil llhiitlllls.c, t-


Liltc 
, 

miti iidit tI'- ; titiiitiiii i-' illitoits
i .( ils l
 

elilI iii il l i iiiltti.l i [lillt th ltiil )illt
;IsII 
-


,il ul-
,
\ilplo Ail teI)it thI u tle+i'tIC' i, ilt' \h IiCitt 


Mltille+C,\L'C'C'lN30 hi IM lk i , h
( .All 111 M'll o!tl 

N.lIII*IIt' i ' I tt lil f ii leI I L iStli-Oiiri-.tl u 1', 

C'l'ils,,
t 	 t_\cllip lllcrll
 

SCt ILL t lI ll it JWtith IlWcl I fili ,ilHi e)is 

L i it'lithattih i.iillltlh iiil lit /o.ult l l defined , c'cillialaliill'd u Indi. Ill (Ihlls tract. lanld I, le 


IiLII('t 111t 111C ihl lth d s l~riiui'ti-
IIIi~ teIse \LiiiN I 

I Lt1 lOiLn til '\ii r h icl llts t I 

I t) 'I IthstViliilo lito IS t ,tll'ti l lha\\illt p/ill oltll\\i/t lrl/
Icte \lii sh i L liL ~'lli ti il lliI\lHllt Iiix ii''jtj~zsp 

,illdih% .iti]lill ta +i it l I I ill hl Iutihi n/tt ratltliLll tlii" I,,lL'td.tilitt) andt l]ii + llt'uui rc'm l ,,tucIN s' ii ~ltr l de'positedl) lti flttli(fm ei+lt'lll-ill 

liltli'i I Itun thcu. the lcalt pIcad~t no~rth

lilt'l!. s lI~.1!;,s l paih_ ll iofspicild of thi discasc 

I'rln f 1,1lu C',ire h ttts\ :i /li1;il rthe dcrli[ed
 

t 	 Ige.i i Ithat itial i liilis rut 	 isas s tir 
I(. L,h:,, vIlil'L#'ji,).h;Irao v , 1 t h%Jm m#~ll/I 'ilh,.\)

Itit glltIk\lIn tCCilr~al 


I2tllt_lt mlillitilll IIIln~lilN lul filndA ildhr'i
 

anfijj!,l~ tl It.;filt. In~dia. \%hCIiiS. 

f e sltil 


llt~kl\ li/"llies,(ltilt!III lhc' I)IC'0; iIC 01utPlt~tulade'.li (he\ aile_gJltlli [hiolighotu file ye'ar. lIhci t L III IC 

pitlhl.%lpcN I hclclic, thllci t .vi~tic pathotgens, that Initiate ihe\aijtis rtL,tdiscases oncomibiniatins 
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th s Lip ..("1"'. ...., 1111,j ~ ', 1l ~ ' l .V1'111-C I" .tC .-19#401) 1110rItllh l' ql~ l'l I ntdh ti,p2(I111, 11,11'It jIIc /'l~ 11,1 /11,11o lshllim i t'I out lld ( ie_ ' )clfltlfiic M l ll apld~ 11(,,14 Vu' Il)LIlh, IIldia:Imllh ij I'~l 

ia ],a fill-p( N. Ntfl, N,[t 1t k CHI Ind i d Lit 111L! u f ) lurtlh ,tl ttitsnaidIh 224 pp.1111-, I'\t. t)\ III('%ils (,! [II,'\\oilht'jc ld illolls 2ltcllt 
 M l ilhla, K .(".19.) 1 illt l Nltilt.w,oil t't~ll] mts s inlIndia. 
W\ Ill': i I kitNJ tt.'d Noill\M qst i lit, c,)inc lt (IIfhtc S,c'itlIIIC i I I ; "',I )I),lhtOc(grIII'll \C , h1)(11i Ind1(ianl 

N It I? i II),, II- ), I!i' Ii Ind I I ji "I 16S 1/)/I Vi ' I tl .I ii!IOf in1u I,, ti l. 
;It~~ ~ ~ LIls %II],''OoI',
~ lit ll)!)c,,d Nagarijaa, S.. Iaaudur, P., atntdNai.=r S.K. I19";4 ('oil-

ICIt 11ill-III I, ti l lIit"t I 11hIOct.11 I CIce ti tf ' ge 

g, it.' l,'tait /ll', . LIIA
Nt't~~t h iIId' t ,I' (r'd,I P hll "phl lthill, ,\ I '.49)()1I I 
 -N 

itL f/it ii I ft/ ItI /i t ll)Ili i,( t) 'tIc-/iI .ii 21 11lit Nnialraljall. ,oI.-,I M . N 7;,,,S., 4111k ... '\ wa Illom(dci lot al 

L'\ull11h11 11 1W itkit' 1 Il II-tl1 [ It!IL'11t'11 12t' t!t ut.,s ', LI l~ pl 

d I,I !I I ,[ ),'ll! G iIh lhc \ c,t I \\ I:1i II l-.
 
t st, Ith lt \,. 1 ld,+H 1 h 'til'
(t 3l.l 1~ .,1t,1hishi, i!1ltj~l SI)) I.V. P)1\0 im 0l~',1ga-

I)L !ljl,!ilII jII .,hP'h\ hop.11,ih ) L L, / ,i, l'H'ili tl9)4 IN.4-90. 

ofl it' i ;pt Il~i f 11 jlll '.?,t.Ht lif III ',l:1:H' !lt , :liltaij',llI,
"s_ 1111 i If. JN-N hlLi ,ll Il 'IllrItP, 
lih Iic, I l I I II-' Hdt~ I I' i\,II.;lt tI'I I,lItc Itl,-,II l,!,I'll)' 11 Or i It %kt L It. (IllI Il' I I)I',l l i t' I 

L)ila I,L 'lI I i!, I;:.I, ;II, (c II 11,t'lItllit , ' Zt,,ILIc;t 
 I I;'i I )', -,I I!, it I < 
i 


lt' ll!111 hl 1) 1 1.'1 11,1 
 k)c r 
' ll, l I1 '1 L Ill '[ Lc,Itl L-1 I \ ;ig;iraijalll ',inglh, t'fiS ., ,l 11. 11 ") lCIIIN,ill\StlifIlt- O il 
IIt'!-i,!f ; 1! i th ml ihc l I, H !ht %% Ih 1 1; , l l 11 l,' hi li*t,11,Hll\L 'lJt I i l[t' ',ilUI ' l t' l l l l , t'C lh 

,lu I L~lcI11) ld I !A~ f i I)' .1 Ihh i q sI u'hL ,,ii l 'C I ] ll \ 

t 1II1 ' ~d 1 11 1 I 'd il P li I l It~ 1 .st o ll%.11 ,I.I1 ,'I"".Wn,1 IdR o mig, . I Ill of\tm c I, 

f i l Nt l\ tId' il l, t i t, tii h ft ht',IllI ritfIL'lofi ,to:% i l hi ll lIll I ,illlt ', 0l .
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indian \lil n of SC'lCilt-c't 1) 1 1 -10l)., PIlalll, .-Icnct-es 
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i t- I, ltil,lit, Luli I \ k I t h llit"c l
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Aerobiology of Groundnut Rust 
K.V. Mallaiah and A.S. Rao' 

Abstrict 

Itportatt ji liIIIa d.w,, ,i 'u,' li/i!n I t// i 1unt/i ',t and T/e lit' iau' on urciu/ .u'udu,tirorn I itIs f,' 

i.rotlifln/ltt IlistWIt,'l ..'ll,01.) tt,,cs ll on,, ti
4oi,'iu/ / i,/n att itnite'ev In/dia uul,'/nof/ '! ' lu/l 
g , i/ m / ae. ilim-iia~tiot Ilit : 't'tltt t, IIItillIf I''ll lld s 'Otlwl/ , ((¢l:t#lit( till t ll ft ttl tll 1 

,ditatin ' itu ar," t' f 'l i, itild /('ur t st isrpm ', vi . 1 1,. . in/:rn' ol;n/Ittlations l!tol( I/it' 
pJilt'rl '// 1 w lu i,/1 1,1r ,t , Ind anl/' il'lto ,tuss, //I -lu:I oi'l,' tlon, t -,1S, wIII,f . o(c 

t~*II l t lle'.ti ow lt/, t -cc,'/o rl.ni,(/ /t lt,']nh.l' n11w/f ,in i d.w/w I'rltt,1, / ,/ l'. 

! / arl I/ti,.' t ' ', n/n.l / /t ,a, " ' 'r ,' u i' i ,ha/ rot1u/1 I,'/, ral/Ii'.t 

I"rnd gf. b 1:1tr/,ii,n 'i I l-I',rach id, a , t,,. n'u' Il. lt' /.,.,''h/ l, ,'uuts ,s i .f/uunu,".do .,'1tti n 111 (,no ib- ll,tr;i(1116's pol Ic Ifwt,'r filltil/lt Ilit 1110(71 rolp,...tiol ,' hIr de 

i'..- ,/e. L-,'. 't-,,uud'u,,, ./ui ,,/', u/u!.' I , ' I' ,,, ,/,,l' /I, ,1 /',u,'/u/.u .t' rlt ,'twt,,.,ili ct ,ll ioh. 'Is it ,1 W11111.,l rntalol t t i,I',;ilt/
lU't , t jo, 1,1/'c,u/',o ,l!,/t.(M ' d,' iftt, 

tnt14 'tllt,drc, lal izld,,/L ,/.- , . 1, tot.(1/110 ',t, . ftl ild'. 1 o/ot~,,ttt,, 1'Io /1~tu, C . I f I/,.lotis/t
 
t~ I,/ i h ' , l/ I t ttr, l t A.a , t,.,',i,'t, tt,/,'l!c,oll',f ',l ,lol,' o', vllltI dom l 

n 
s 
r ,l." 


, .v ,()I-,Ii ,Iti,,' ,;",,,,, I' , ,,, t,'Icnt ,,t 'l ., , pof ,(If, Il ll,,ldv ,h/ I, ,. 'i " tl,: / ( t, ; t, .o:I1ll 

M'lore than 41 ung:d dircaNsesIh,!hccii repotted oin o0 e ourjtid ut. (ur ,ierobiologicaI studies in India 
gr'olllldilti(./ri. lltsITi (.Jlackson and Bellu, I )h'wa ( \laiaiah and Srceralllri 1976: Nlallaiah and Rao 
1961)). 1 iesNt he ito aull-br TCaln hu(dl+it(kdixidCd 1970 and tIhose of Smith and ('rosbv (1973) in the 

di'C.aCeS and i ihoi'reC disCa C...\Itliough a lartC I SA clcarly"sie\%that pepper spot and leaf'scorch. 
nun1 h Or tril iilho'irc,il disease, ,ftihe Crop airc caticd vll,/t .cuiit ta ri.ia it (Sechet) 
the airhOinC disease, ire of Lrelater eliCMI. Jackson &n \\orId- Bell is also an airborne disease. 
%ide of) account of Fh.ir wiidCsplCd ocurllelicc and 
the los,,es Zhe cuw. Ii ;Limhorile diseases are 
mainli' ida r lpi h+illice are omenently placed for Aerial Dispersal of Pathogen 
take-oil, Mhich is air importalnt step in elfertixe dis
pcrsal 1liirst 1959). lcakin (I,973) class.ifeCl rust Aerial dissemination isof paramount impotlance
(I', 'mila larnm hl/nspeg. }. eal spots ( ( t'rl-' r01' tor grolnldlitit rsit as the urdfi niaI stage is th1e o11' 
urn, hudi,)'/u If)))i. atid ( ',r, uiji'tdtii Jr.oioittwni stage of I'. aracindi Iotllid most of theill parts
(BerK. & ('mrt.) DC-ighton), and SCab ( S')p/W'1Olr world. Ilie rapid spread olrust through Asian and 
iai',11i41.' 1Jit3iaroUr( &Le.tJnkins)ius airhotne diseases AIfricai, countries in the recent pa.'timplies effective 

Il1 ill\.I l)ep*'rju l Itii Nai'., ji.a I l7 . si'.,'r'i 'oom.a N.r,Ar T 522 S .,India 

R( 10 1,*11 (1ll lllttll (i!ol[: Rt.a'llch 111'(1tt11C Itlltht'sct.lill-A.lldIIlopi',S).101,7. (jr(1l11 1dl Ot I, ieNClse.11olCted11g ,(flifJltSCtlMlll 
i1.ll)(1 ,1t l ff.2--2. ',ip IIA i4.III ''ll'.' t; 1(.l laichciu 32.1, Indiad iV . AVP 5112 J'RISA I. 
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JLJ 

V. OI 

Filure Itt. F rediniospores of Puccinia arachidis. Figure 11). Conidiurn of ('ercosporidium personalum. 

20 J1 

Figure Ic. Conidium of Cercojpora arachidicola. Figure Id. Ascospore of Leptosphaerulinacrassiasca. 

aerial sprem. H%'naldO2 \.ith the SprCad Of s,+heat in the fields 10-15 davs later. At that time rust was 
rusts. long-distance dispr,,,l of tediniospores of prexalent in a region of Mexico 1290 km distant. 
groundnut iust has also hcen assumed. Iiggins Mallaiah and Rao (1982) reported aerial dissemina
(1956) SXtied that he Htlolus did not apparentI,, tion of tirediniospores under field conditions. Aparl
t\er~in'cr In the 'nited hut hlo.., 1101 studies,States, bla, I in) these the acrohiology of groundnut 
:ron ri;glhtoiii:i2 sIihtropical regions. Van ,\rsdel itit has iot rc.ei ed ilh,: attentioa it deserves. 
and !Iarrisoti (19721 relpofrted that initial infections its firstSince report by Spegaizini in 1884, rust 
il rotundlu:t .idsil l exas arosc Ilroll tltedicllis- \,as al ost confinei It) tile Western hemisphere for 
pOuCeS WIilltll 101ot1 Ih:\ieL Mexi. tIc ripCd spotcs ninety years (U'NI nap 160, issued in 1966) within rain \k.iterduriil .Jul-.\ug IQT0a.aitl oh.se ed iust \kidesprCad Oceiurrence ill Central and South Ameri
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J.; i For utrerihobioh.gica studies the crops were 
raised in three seasons in) each Near, i.c., in the raittv 
season UI I-)ct) i n iltcr (1)co-Mar), and in 

-. ; ,. .. , summer-(.pi-iti): the cultitiused ,,as rMV 2. 
F~or sp5ktir t'ppaiie sse used tile (tisella iniodel of 
Ilitst's A tititniatic Volunetri spore trap (-its( 

,. 1 21, an itficiinf, itolnst, poter-opcrated spore 
,, trap. tnd also Ih mutch less expcnsise "vertical 

' cvii nici Inco 173 n""4 . (t \ 1973) and "rotorod
m"- " sinpleil," kills 157). 1he ,,iraps %%ere placed it 

Z, the cIlel of sqtare held plots (0.5 ha) wtith theirtr" ppine surfates .5 itIiAn Osegrtund les\C, i.C.,just 
. .  ,o e the ,ia h. slides In 'he ilirst trap and thC 

J e adt(scoited cellophane strips ill ertical .yfind
- ,. , "" is Metc clhinicd rcgularly hetween 0700 nd 0800 ht" '" " "J',, dai and ,clc expsted lor 24-h perlods. 

A+ V.t.rt,%,.it ,I l)tlrin theL t u cdiredit e 1por]I.1roC/JdiS,C )s 
le..l micrii,,colcripure fiti of sport-trap ;uhid Ctidha of (vo'i'ri Om per.Nimamm ant (erco.i

ShI~ing h~i~iC~LTitr!imif ilinitispores of ptiir t'/hiioht/jt , and tiicospores of le/todhae.
rtma ,i. vk rc i h sti. lrahi .i.'a crt d (I i. I a-d ). A heavyCOlIL"l.oatiotl if1 'itiiiits,poreC, at the peals hour of 

itCCtlli e ti sil Itl: iltCt Ose' lpiL' licd under low911cat 

fiti()\st Io);II I i'i llo 1c.sh ft 

C,Liii i.llltllls tlo l ( nba tit .\rAet' t1l1i,Jilh occa
si1nailll occurrletn1ce inl Ille 
 Iats f .( lhilla. (tngia, Sealt;OllilI pl ri dicif,
 
Nolth ('artlinat. inld Iexts iii ih, I s\. (utside
 
America it s.;s teptOItCil IlNIn Rt,il Ill I) l0 (,t'i- 1) is -tiIili\ cld II 
 Itl ittioSpoirc concentra
lc, sk 19l1) , lalitit, ill NI4 St o kiltl 1911) tlions ill the ain o cr io lditi tt fields %kcrestudied
anl i (hiia 3l 1937( 1193'". I hl, HIsi liCt , ; ,t lot a period oft .; \t its (1974-70) coering 9 crop
COnsodCletl Iti htof O'l,' 1011i0f itIMi MIi t t :11 ,CasOil1 CI iCtilth i ',, ie,C tttIMLSIttitle: SCISOIIS. 
t1111 t'e. it.l i! the \t i'tsl In tIll' i i'I C\C- it ithi- ihh ed tos otcs \%Ct preseilt i tlhe air oercrops 
tlhtlu 'i 01iiit)i etc'i :i 'il! Ltie 19is) Mild eatl\ ill it. 1in, .7 ittittl i ,p se s n.'m19JTh 5'M, ipei riit let!ipl \ l, hoitli IMosi Filat I tnc the of 

. e.h I ' \iuirlia. ntl A tica. andi hteCain ospote Illt'ciie ccll it ,i Ill [lit-te 

tIIafl t iops, Ottteturedini

tirrlc e of rust 
the ;e t, tstitice\ disease of fle crop. Il tlei ll sh \ i i'iiilt \,a a'ionll. 

I he i;ipt l spiail at Itst sti csts, aitrital tfispcrs;tl I)urinl , 19"4 (lig 2i,. the itrcdiniospres were 
Ot iile ti),tti tO)m last Asiall re.i 'onah i tli, iel- preetit In the ait'spoia in high nliuitheis during Sep

tcr, it)itl tilil (i il triel tt niv",the vCst atiol tCillli a Ihe amount and periodsildt Cnei ()ctiher. 

Atst1:ili 1() the sitilih itt i sItII . l \c o nitl in 
 Nerlrainflll I Orutal hut the ust incidence in tie
 
1969 t 
 t eld \iet lhe alt Cto .t of lintlIi tIC to field and ti c icntrafittns of ailhttrtle uiedinios
a lct-c:' dcl ,'"s InI n il ht: Ba ,1 litllutti coull ha\c pores elt thai itt indloer 1975 1970. The 
helped ill liltrodl, it1 thee tIist io)C-tltlIt intotile lii'ti le -spti)e coincentratiols \ere higher on dry
Co)ttIltl\. -,lli '" Ith' netil111al t,;!C of th,- tisease ini ia] 's hetclls perititis of railall thll tin rairl days.

lItia st, !s1It i c Cthe
t,,cI. lutie111C , t IllII1971. R;ii tll was tio ial it! t75 Fit:. 2hi and rust 
[he tu1t 1C p nitght terure uti the Itetud itquitlcd hIl aippeaticf i lt' fieldi th inihile it August. In tie 
inctease of lie d-scase to IncOiIiitiDittlepropoitiorls e;IlttI polt I , eptlebet litc cr,: licax'v ramins and 
Farlier stuthie, f ' Sftcialtilui (1970) ii India and ilist ulSth - hicarm ,c, etc oc;n altersvards. The
Smith anttl ('rtshs (19,73) ill lite I'SA oi aerial is- urcldinispuite cotneetitrations wkere highest during
semilatio of grotindit pathogetns ltt not indicate his ,easotlt. I hi' seasonal peak occurred iii the last 
thc presetice til lust. [lecatisc of the paucity ier, ,eek ,'vA Septemtber.
biological infotrmati tin this inportaint discase. ssc I)uring 1976 1Fig, 2c), there was a very long dry
started a study itt 1974. spell ol tver fiour weeks froin the end of (he first 
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week of Septemnber. The rust disease and airborne 
urediniospores appeared in the middle of Atugust, 
but unlike in 1975, the disease and airborne-spore 
concentrations increased graduall , reaching apeak 
only towtrds the end of October. 

In contrast to tlhe pattern of incidence ofairhone 

E 15 

60 -. /. \ 

40-

C

e\ul 

utediniospores in t0-. rainy season, tile pattern dur
ing the three winter sea sons was rernarkablv similar. 
The rust appeared in the field when the crop was 
30-35 days old and increased gradually. The spores 
were trapped in very low numbers in January but 
concentrations increased gradually in Februtiry, 

Oct No% 

i 974 

Figure 2a. Periodicity exhibited by the airborne urediniospores of P aruchidis during the 1974 rminy-season 
crop period. 
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Figure 2b. Periodicity exhibited by the airborne urediniospores ofP. arachidisduring the 1975 rainy-segson 
crop period. 
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Figure 2c. Periodicity exhibited by the airborne urediniospores of P. arachidis during the 1976 rainy-season 
crop period. 
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Figure 2d. Periodicity exhibited by the airborne urediniospores ofP. arachidis during the 1974-75
 
winter- season crop period.
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Figure 2,!. Periodicity exhibited by the airborne urediniospores of P. arachidis during the 1974 summer
season (rop period. 
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reacingit a peak towalds the end of the month (Fig. 
2d) in 1974 and 19's and il Carlv March in 1976. 
TIhey %yoretrapped till tle end Of tie clop season in 8 
all three sears. 80- Rainy season 

In the summeir crop of 1974 (Iig. 2e) -otcentra

tion. of alirhorle ucdiitiospo , ' crc\ 'rs low tiiitil 60
.]Jn 20. BILL i st \as prsaletlt alter the tirst muon
sioil litisl till JAtn i 6 iliti 17. ;111(1\ithin 5 t0 dalt s 
alter the rain it l dinit- iic'sp tcolIClttli isl _ 40 
inrciseil ose 5)) i 1 aht lCittig l pe0k dtrne 
mild lul In 1975 herc \as o rlist iit the feld till the 
cnd of .111iC. itild lit), rs \%Cie tripped flitilI sthis 
period, loNC\Ir rutt did appcar Iii the field prior to, 
hal\cst alitl lica, tais Ill AlIs. Il the u,tImIeri Clop 
of 1976 rinst did 11W.appCr ,id nrediinospotCs \%Cr e I: 
not ohscrk ci ill all "porn. 

80-i Winter season 

Circadiani perio(Iicit v 

I'sitig a lliit p c trlap the circadian pcriOdiCits ,Ii 

by\ scallitlt the slideC at 2-1i intCr\SalS, throughout thI 
Caesliit. 

Ilie Ilcldinispo cs lori enldpia:t o) (lie dhil-po 1, :, 20 
\%itl it peak accuirtit hcItccn I)0 and 1400 I. . 
IloicCt. ihie- cre caluht ot the ttIp slidc 
thiroiliout the 24-hours (1.iv. 3). Ili liv Io nilit 
catch rattio 5: 1. 

In o cthe l;IsI Cilsol, i jlpowis shIlo.cd t doutil-lc

peak pattctil ficlicadil int. \I lit a 111111lrcak So0- Summer season 
at 1000ih and the main peak at OlIi. Ili ritc mid E 
fall of coiceitatiotms ,cie gLt dlul C\cc~p lot I 
small stllllp t ilooll itltle \i CtCtldd 60()- /de 

at 	0400I and 180)l h. 
li \6ii. Ithepeak obseisif.it noos I lie use 401n1100i. 

ol cn.cnhlIIat lon-,hetoI r the pcak \tis Steelp ' tilt' 
the Lill %itstJilIC ti i 1111iil:1iA occ ili1igat 
0400 I. 20 

lii ,ul ri i at i %t,, d as. idle peak sohscr 

ill 'AinterI. hut ihIerct iis aia riltiali nciase ill Collen
tiitiins tCachinL! the peak at lott but the fall was 
steep, ith loCst. COnceilritours rccirdcd at IS00 I. 2 6 10 144 8 12 16 18 20 22 

Time of the day (hours) 

Highest daih mean 	 Figure 3. Circadian periodicity exhibited by the air
borne urediniospores of P. arachidis during three 

fhie hiehest dii\I ica it co nitirat ions tihsery(I ill 	 different crop seasons. 

dillercnt crop seasons together with the age ol the 
crop are giscti in lable I. [he highest daily mean of summer crop of 1974 and the ruin,'-season crop of
2755 cm 2 of the tiap surlace was ohsctved during 1976 ihen it occurred at a later stage (105 days),
the rainy-s son crop of 1975. 1 tc peak occurred perhaps due to a slow buildupIof rust disease in these 
when tlit clop w,as 80-90 dayvs old. except in tile seasons. 
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Table 1. Highest dailk mean concentratimns of airborne uredinioslures of P. arachidia in different crop seasons. 

Age 
Iighest of tile 

(Iop .Spore trap .spores da11 crop in 
Year ,eason used etma ted mean I )ate days 

1974 Winter \'ertica cm :ol,slide 208 27 Fel 74 159 

,.%
h nde!s 

1974 Summer Ilirst trap in ,t air 1786 14 Jul 74 105 

1974 Rainy Ilirst trap In ol air 87 30 Sep 74 87 

1974-74 Winter Hlirst trap nii of air 370 12 Feb 75 85 

1975 Rain, Vertical cm of slide 2755 23 Sep 75 85 
c., linders 

1975-76 Winter Ve t ical c-nv ol slide 1350 5 Mar 76 82 
cylinders 

1976 Rainy Vertical cm 2 
of slide 501 19 Oct 76 !06 

cylinders 

Sessonal mean 1O0-

Seasonal mean concentrations of tile airborne uredi

niospores during dilferent crop seasons together 
with mean temperatures, rclatic humidity, and 
total rainlall recorded are presented in lable 2, to 80

demonstrate the general elfcct ol ',cather factors oti 
aerial spread. Ilfi seasonal means directlv reflect the 
aniourit of disease present in the field. Airborne 
urediniospores were cauehit in coisiderahle numihers z 60
oser h, Ebroad range ol tetiperatures, relatise hunid-
It.\ and wind speeds. 

At the temperature range ol 28-34 C (ilaxinIUi. I11 

and 21-26'C (minimutm), urediniospore concntitra
ti'.ns of more thav 1OIn l aii serc observe %%hen - 40 

the rust was present in the field. 

Table 2. Seasonali mean concenitration%of airborne uredi
niospores of P. arachidi%. 

Sa;soial Soores 
Y.ar (rp scte or maln estimated 

1974 \Winter 38.72 cii 2 ol slide 50 60 70 80 90 
1974 SUrInier 113..) rt of air R.h. (H ) 
1974 Rains 9(N) in of air 
1974-75 Winter I 10,0W in (if air Figure 4. Effect of temperature on the incidence af 
1975 Rainy 258.00 cm - of slide airborne urediniospores ofP. arachidispresented as 

21976 Winter 27.X) cn- of slide percentages to (he maximum recorded at a point in 
1976 Rainy 96.0 cm-2 

of slide
-the range observed. 
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Effect of temperature 

lexels of airbointe spore concentrations were ana-
lvied in relation io temperature and are presented in 
F[igure 4 ias pelceltages of tile hight-t num111beCrs 
recordcd :ta p, nt the rarnge. lhe optimum range 
was 29-31 ( and spore conccntrations aboe 320( 
aid helok 26 ( ,ce cr,, fot). 

Relative hunidit, 

Uredinio poics Sstc trapped over the relatise 
humidity rainge of 45-951j but highest concentra-
.:ns \%.rc recorded Mhern relative humidities were 
bt,'ce 75 dotrd851'. [airl- high concentrations 
%,ulc rCcorJCd n the rallge of 05-75"1 RI aridato a 
lesser c\tent inthe range of 5545c RH. [hey were 

t\ery lo\ helo\ 551 RH1and ahove 90(i R H (Fig. 5). 

81 

.- 6o0 


C 
4(0-

E 

20
 

201 22 24 26 28 3(1 32 34 
leni.p. Ut(' 

Figure 5. Effect (frelati ehunridit (i the incidence 
of airborne urediniospores of . arachidi. presented 
is percentages to the niaxiniurn recorded at a point 
in the range observed. 

Effect of mechanical disturbances 

)uring the study it "\a; observed that concrentra
tions of the pathogenic spore t\ ps in the air were 

uIISually;high oilcertain da s or during certain 
times of the day. which could nOt hc cxplaincd h\ 
changes in \weather conditions hut coincided with 
such field operations as \\eedine and \%atering. 
Hence, the effect of Imechatlical (listtlihatice olthe 
spore load in the air \akt deterilined in tlh.raiin\
season crop of 1976. us'ing jutorod samlers., sIch 
wFerc operat.d cortituonslY fur 70 tnitl. changirng the 
rotating units at 10 min intcrvals. he plants around 
the trap \cre shaken geitly' for I rin after tIw firs! 
10-Irait
intersal ol trap operatioll. I hc uredilniosporc 
Concentrations %%rec\ery high lnilndiatel\ afte) the 
plants werc shaken, hut tie co1ceHntratils fell 
rapidly and predisturbance levels wCrC rccordcd dur
ing the third 1ll-m11rapping period. Ihe ne:CiIse itt 

cOltleettratitrls duLe to Shlakilg \kas io11C pro
rioutnced fol tIre uredinios ires of rust thallhr coni
dia of ('. pt'r' atin (I;alWe 3). 

Vertical profiles 

Changes illcoIrcerltlaticis oIfpathogens in the air 
over the crop fields were ohscrvcd hlv exposing glass 
rods with stickycellophari strips at Iiffercnt heights 
up to 3 ilauiove groutld l\el lor 24 Itduration. The 
urediniosporc conicentrationi at plant heights of' I tn 
and 3 ft %kere43..5aid 4.21' rcpcctikelv. olthat at 
0.5 I (Figure 0). clearly sloi Ingthat peak concet
tratios occLC at Ioliage lcel and decrease ao c tile 
crop \with r steep fall ahve 2 itl. 

Slieolbsered spore concentratiorls shioWed that 

though tire proportional decrease in conidia of C. 
/)Ir'riAWa/Ida Utrediniospores of rust were similar, 

0 'u_80- -- I'. arachidis 

40

0.5 1.0 1.5 2.0 2.5 3.0 

Hcigh above the ground level (i) 
Figure 6. Vertical profiles of groundnut pathogens. 
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Table 3. (hanges in the concentration of I)athogenic spore tspes in the air caused h, mechanical disturbance of infected 
plants. 

('oll.u. "IIroli"S 	 t' ot dilterelnt pathog.llic spore i.pus i 
cojel'callse tO-in trapping periods (itI ot Mr)1 

Spoic ip,LI. 	 IV112 V V \'Ill 

L redirii.,pofs O 294 7933 384 294 271 294 316 

'onidia t 158 3005 2013 181 158 226 181 
C".1Irwi lium 

ritndla of 0 220 0 0 0 

I I(r t tcitii creI a.t \tterae tifurhslis tti 
2 lirlcitd pLit, tcr sh.ikctti it hv ,til itithis trappln rip od 

the tredinitosporc concentration., were almost 10 r 
tines greater than those ofl ie conidia of ( ,or.onba- - 1). arachidi 
111M at foliage lesel and 5 time., greater altile3-n - Is-.. C. pcr.sonuIitm

~60 level (fable 4). 
- 40-

E -20_ 

[(orizonlal gradients 	 * - 1--V-I-T--T
0 2 4 6 8 10)20 30)40 5060708090100 

Slie deposition oi pathogenic-spore types at diffcr- Distance from one edge of the field (m)
en) distances Ifroi the field w;s obser ed by cxpos- Figure 7. Iforizontal eposition of groundnut 
ie gavit slides Io t24-h pernd,. for 10 days from ptgtre . r 

one edge of A90-1}0 da\,s-old rFop field in a wind- palhoens. 
",karddirectil for up to IOtti 'rediniospore con-
Cetititlolls decreased gradiu;lls with distance, but 
were present at all distances checked ([1g. 7). At all 
distances the nnUers of frediniosporcs wkere Deposition on leaflet surfaces 
ailays higher thati those ot conidia o)fC. 

,/'r ,(mlto, 	 The deposition ofa:irbornc urediniospores on ipper 
and lower host leaf surfaces and its relation to air
borne concentrattions was studied using the sticky
cellotape method. Ihe numbers of spores deposited 
on the upper surfaces of the leaflets were slightly 

F'altle 4. (oncentrations of a hiogenic spore t pes at dif- higher th an those deposited ot the lower suifaces on 
ferent heights atnoe the crop field. each occasion. Filenumber of spores deposited 

slospssed itpositise correlation with the number of 

heighl aihte pgtlldltCel of spoles trapped ol the particular day of study. The s11 
.-. --........ ratio of number of urediniospores deposited on
Spoic typc 0.5 1.0 1.5 2.) 2.5 0 upper it)i Unibr depo!.ited on lower surfaces ranged 

ihed:ionpire, of 23t, 102 83 7.3 21 10 1rotit 1:0.65 to 1:1.142 with an average cf 1:0 795. 
I' 'r/J, Ilie ratio bet ween the numba'er of spores estimated 

(olli ot 25 12 9 9 1 2 from the vertical cylinder traps on the particular day 
/srriuulioti to that deposited on leaflet surfaces was in the range

of 1:0.084 to 1:0.351. with an average of 1:0.199 
S . chiges or iJ1c ohcrs'att+nv 	 lTable 5). 
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leaflet %urfaces.
Table 5. D)eposition of uredini,,pore%of P. aruchidit on 

Av Cage 
Ratio olNo. o11fio. o( airbornesporess!Ores 

oi iJp spoies to 
Ritio et deposited1pp:! I otewr 	

+ riacc d pitiicdCot iitiIupper to 	 o itirli su fiiaC 	 esrP
ice 
It.i lovt-er 2 ai a, on the day

:)
loin1
Date 
1:0. 130(2 321

57 1:0.850
2 Mar 71 67 	

120 1:0.2514761:0.719
100
139
8 Mai 76 	 1:0.232632146 
12 Mar 76 72 131 I:0.0S4119 1.0,.091 

III:0.91
13 927 Sep 76 	 1:0.131176
231:1. 14221 2429 Sep 76 	 24X 1:0.21453 

5 (dct 7, 64 

108 307 1:0.35 1
42 1:0.656 
1:0.6918 (Oct 76 121 95 	

283 1:0. 197
43 1(0.023 56 

10 (c-7 69 
, 


il I11O~)l +itlii'iO
I. I at'c!rItlinflt'l is at edge~ 

,pic de oticid ii tppet t lk st l t',ilci ltit' I1.9S. 
7 ('ICi1'(ll CoefiiICIcII ih tt'cCIl 

i ioits l pm1 
, 0 0s 

I p l , i p i cktied il calltA I l 
3 1 tl .titi t w, l lhll belI pt. 

rain6). Ihis indicates that tilewashing down by 
Effect (if Leaching 

wrater of airborne spores has a positive effect on their 

subsequent germitnability, which is the most impor
[he uredittiospores ('I grooutdtiit rust contain a get-

initiation of successfultant initial step in the 
inhibitir, miethvl cis-3, 4-diinethoy cin-

miniiation 
infection.

hich is stler soluble (I-oudir, ald Macko
natllate, %% 

1974). l)urinig tie %washingdown of airborne spores 

bv rain katcr. the spories 'will be subjected to Icach- (onclusions 
Hencce the efiect ol leaching ol tnediniospistesing. 	 effi-

I. The urediniospores of grotndnut rust are 
on their subsCqutil gcrtnini:itiotn was studied hy sub-

ciently dispersed by air currents. 
jecting them to successitc centrifugatitns inokater at 

pattern of
2. Airborne coicentrations follow the 

in. Ihere \\as a steelp ilcrease itt
5000 -pi forI10 

disease incidence in the field and can be used for 
leachingthe percentage (if neixtilniitiot;alter the lirst 

disease assessment.
did not incrca:,c apprcably when

but gerninatiol the airborne concen
the spores \werc sub ectet] to Witther leaching ([able 3. 	 1)uring the rainy season, 

the rainfalltratiotis vary greatly depending on 

and weather contditions. 

4. )uring thle winter season, urediniospore con-

Fable 6. 1ffect of leachinlg (b centrifugation in ,,ater centrations increase gradually. 

5. Higher urediniospore concentrations occur in 
51110 rpm for 10 minutes) on gerininalion ftP. arachidit 

in the range of
tileair when temperatures are 

ot No. ol Percent oi 29-31°C., relative humidity in the range of 75-
No. 
110res spores gerlnina- 85%, and windspeeds in the range of 4-10 km 

I.caching 

with peaks between6. A clear circadian rythrn321 6-1.2Conitr.l 
 500 	
1000 and 1400 11is exhibited by airborne uredi

no leachiug 

niospores.
12 82.45011)I leaching 7. 	Spore concentrations decrease with increasing 
height above ground level, with a sharp reduc

2 leaching 5011 4211 84.0+ 

tion above 2 m.84.83 leaching 500 424 
for more than 100 m in 

8. Spore deposition occurs 
425 85.1)

4 leaching 511 	 windward direction from the edge of a field 
4lehin 52a 


containing anlinlected crop.
I. Aerage duicethsbersatnis. 
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9 Meha n cI di irniha iicc , icl- iiicrinjcterd ~ ~ ijj ('1.l!~ n g (ii itaici. A ales deCornepor tile laiiltirlti, 
cr'CCan01iiilccicd ScCc.tl ('niika ArgeintiM. I hetra tio of ailho r iic npor e~s 

17:69-96 119-134. lsoin 1 hone ( ICp o i teicc ( iriierv u c1i,.i ,I , ij970 ICoI idi d ip iig~f 111ii .tooii le Ilcit sililcC i~ i iis a oiit 1:0. /ijIX199. 
/1hip U I Indian Jniiroial of Agl~iijIra! Sciences 
40U:17.3-17S. 
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Stoc"I'le cu!it 193 AtIti Maitre.:ep 

Feaill, S.I). (edi.) 197.1I3l'c , iiu l i f) puiiii, 3rd fi, i.L. 193. A liN(t I mci Inlifcri iuiknnwn,%t tionlinitI'ciRncltcl 
lor ()LI II oiso tile \;(II').1 jlg Iopn~.-

Foudiui, AS., in!d Macikoi.I) iciii~~i~i Ot tile
seli-Infliitoi %ii Arsdej, EK-P.,ind IlariknrA..1 odi iii i ii[ll - 1 1972. 'NxNmIclcii,iIce ic 0)Jc- ii pliii "iMn clidcilics ill ~~n II.Miipiitnoi) 62:794. 

fill[ HISI(,.jqL)()1),X(A bs rat .)(.reC'ri , I'llI. Iittd \1i11.u~f 111)' e d iii l~ie 

*Iaftigil 1.1. itl') In 1AS )N1 \ ti!d n etirdii 

SmithI nh Jowl., (ii \k173A 1111oliRaiii \c1) f. ,IL
dpiall !'hs I \n~i 63:7u37NI'tnilt"nl. 
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Discussion 

(hairman: ,.A. Wightman 

Rapporteurs: P. Suhrahman 'amn, V.M. Ramraj 

,
P.A. Arniul. sprc ire t.' l i,a mioIhe rust mc i 


currents itn heieht, the e
c nsdeldhf 1 11t1plhk, 
,
and iti,kans I thiatt ,ikh fierito 1111i [tikieAli*e 

\Cr\ Im . I, it posshibl illt1lC I'm ItI+ljaLl,lC, 


SIOls tlCOMltIl t II tttliHtdt.'ts rftr SC
 
tili 

Cild 


their \iabiliotmsnord 111 120 Ihquoted b\ I, 

Nagil aiiiji.' 


S. Nagarajin. At CleC'itltlls 11Cthe arC highI.;il 


Ic.c!>, of isO(tllell! aIfd this i,the cauSC Of'ldldtl(ri 


vors Ibcii, killed, 

I.. Parh,liet. Stcrn-rust sporc, do cetllI o be 

a le t Ills xcIfoir loCer perioids. Ihte is good 

Cicnrstllll; l \iai that O occasilsC LcdeC on Cr" rte 

sterrl-rrust spolc dcti\cdltr oirthcrr l .\rica Ca rt 
realch Aut.raJia. SpoCre sred tror11 Atrrtrii to) 
Nev'\/c.eaiilnd kll) (,ccrtirWOO31(t %cil,. 

S. Nagarajan. . lia ceti lYc I): \'t ;t-Is,] 
reaciedi the ,lric ctlilcltl.sir bihcrlaciricilthtroich 
testrlrg rrf sporc. I h Isathrr paitterr aids spread of 
stem rlst, 1i1011 Ni/rnriqe ort Softirprbabf\ irrl 

Africa. tlo\tCecr. tlir is not i legtlitlot.ccrrr'rrC 
because ofI tile sgicii ditarices i.loxed. 

E.A. Salako. Since tile Nileiri lills Ii soutflcir 
Inrdia Iia\c been idlrirliret tile oil\ ofas tlrT'e 

whCat rustil oi fo otier )arrts Of the co itrtr*o,, 
would it be prrssil.k to Cliriifate tie pathogcIj Irlii 

there b\ use of eCsr,,tiilrt cuitiar-S aind Irngi.iide 
application'' 

S. Nagarajan. i tie 19 .lff I)r Miehta recoin-

niendled breedlin tise2 trristrlt cuJltis ai, for il 

Nilgiri Hills. Irr 1953 tile (iscrirncrit hanireid wheat 
cultivation il tile Niigiris, but this \%as rot clectivc. 
lhe patirirger srurvi,cs il gasses is atlc liatike 
hosts. fccrusc Of tlre topteraihri and di licult 
wcatlhert cirditiis, llierurcaf ct.orrt)[l is I)t priloica-
bie. RCsistatrCC breeding is tire Mtkilfruictical 
approach and tire whet-brccdirg statiorn at Wcl
lington is responsible for itltroduciirg resistn cul-

tivars. hlie pathogei is ofvrrvllric and resistanice 
breaks down illa matter of 2 to 3 oear,. CI N I N I 
considers the Nilgiris to be the graveyard of wiCat 

ktilti\as,. It i,prrbahly better to allow the pathogen 

it cnrarn in ) ecological equilibrium ratheri a state 
ruin to inducc it to produc n\\ pathogcric races by 

lcqulent I .trodit.'l:rrl of csistalt hosts. 

KI.I.Middleton. I> lhe stcat lust umoernctt ill 
India (ftll\ t:anstcr from south to north?a one-w\a, 

I ItoetCtett Of 
rectioll. eL-caisc dilferent harvest times 

S.N aratjan. Yes. le ust iSunidi
ot the 

chance of tire rust feeding back to the source is 
minlimal. Ihi., situatjo i,adalltageous for gene 
tfcp)lovtIelrt 

P. Suralrinanyatn. %\rhlt isthe distribution of 

collatCral frosts. atnd wiat is their contribution to the 
pIpcttU;liOtiO o ireat ['list. 

S. Nagtrjan. Braohi/,,drr:,r .,p aid Ihromtrs sp 
;ie tile collateral losts. I lise ltZsses are %cryCoill-

Irion ilntire Nifgirisanrd tire p)rtllogcn sur,,ises well oti 
thell. 11rortlrcu India oi tie plains ti1.chances of 
tire 'athogern r l these grassesoli.is awc Slim 
because of tire high feteIltrIreCt s illtile Sumitnmer 
lrtllt,. 

('.1). Mayee. I feel that the In(,,i/rh path for 

wheat ster1 rust nm not bC \aid for groutidnlt rust 
i:,tile groindtlit crop is glr\%I1tilrrrightrrit tire year 
arnd sescral firci of intlheti latc prcsclt ill soutthernl 

Itdiai. 

S. Nagarajan. li \i\r of the parucitv Of irrlforna
tin tie MIcrinro palh' Islcaiiice for groundriiut 

rust c.rl lcithe ,e actptcd mrirejeccted. lagree that 
there can be twuo or three loci. )epending upon 
xshere tire cvcloric s,,teris operiate, ovet the Ara
bian; o+;COr tire Ba o of tire focus couldovNer elngal, 
shilt.(IrirtrdrrUt rust could surie iti southern 
India becausce of tile pimritngo\tirrlr crit)plilg patterns, 
pa rticularlv soutth of the Narnada. 

A.S. Rao. lere is aigood possibility that ground
,ntl rust call Sulr\ivc ita dormrant state in tile host in 
tlie sitlrler tItIs when ttelpcratures arc high. We 
have lotund that tire fungurs does not produce pus

141 



tules svhen the ambient temperaturc i,ihoc 35' C. 
flowever, wkhen the itonsoon rains airie and 
temperatures fall, pustules appear oilsuinnier-crop 
groundtut plants \%ithin 4 to 5 days. We therefore 
Consider that the sumilelcr crop is a Iltent carrier of 

and thal
jiust ,kith the ,erlappioe ciropping plttell

ihert Is aI itoliloLIes sstni. 

(.. Mi,,cc. \%Ith l o I.eCs heI ;(Ijec )r ican 
tctachcd hrn its i shios no s,lupItluns.t fiiis 
al it the. IlepLacCd undeiCIconintonscu!dIuciC tto 
Iust dlu'seplClt. ooStrilCIe .heu:lretappe l 1aid \Cel 

short tililic. 

B.K. Varmi. Writ ,uas the s:%midspcut- s lic 
hot mionta;l dilplAcCHCnn! Of gmlrtilndUl l.St iedUit-

,osporcska,w tlas dit 3 111CrF\r hlciflit b.NIlls %lallaiah 
and 160o. Wind speeds are \els iiuportalli iII disper-
sII spoc, oel listatiocs if] cxcess of 100 i. 

K.V.-Mallih. Wind speeds uscrc not measured. 
Ilos\',Ac. " c fel ti lhe o)b 'i.Cd 4'1' colnccntra-
ltio -)I spote> sas \cr\ lihc trti lluch higher 
thri lti iltIti lttiuMIcutircd hi1 CtCtisC dispersal 
IIlcbIw h\e o oIulldsit id 

A.S. Rao. \\e \Ct( actl\ rumdllgdisper;al 
tiii t 

dispersal, k\ist! Altl ttrblnCeI.T i1 theiupper 

MsCI sf. )itufi ltiet 'I rteitLc o ilOmu-distlaice 
spceds 

,tilltoslIhci
plx, imiiporta:t rules. 

1'. Uarmichar. I lie phuiticrrmgrluph of uredtinios
pUlejs sihocd nl rne kind oif spore present ott the 
slide, (',i it he inleesld that the air spora contained 
,!Il V one ktld of spire*., 

N.V. Mlalliilh. )ifferernt kitlds of spores were 
trapped. Identuilicatiouu of1groundIuti-rust spouCs 
s\as based in their mtorphological characters rising 
slides of rust spores from authentic Puccimiia "rachii
u/m Sources. 

I.F, lieuilnen. What is the thcoretical possibility for 
tileairort introduction of griundnut rust into 
paleot ropica fromti ricttopica c:unsidering the length 
of timlie that spores te|I:ur viable under tlhe prvalent 
\eCathe| cond itoils?
 

S. Nagarajan. 
Inthe case of whear rust there isthe
 
evidnce already quoted, bul for groundnut rust 
there is no systematicalfv collected information to 
permit any definite conclusions being made on this 
point. 

C.D. M ytee.Ohviou;iv the concentration of urte
oiliospores illthe airover a crop is greatest when 
rust disease is most seserc Is it possible to use such 
aerobiological data to niaste the amiount of rust 
disease present'? 

KS. .Iriallh.I tecoiicentration of lrusispores In 
[he aiican he correlated \\ith weather factors atnd 
u\sh the amount t dise.sc present in acrop. h may 
\,ellhe ictI Ietlo lile amnUo t o! disea.scr melSu 
plesert in) a rp bY ilicailtrip tileair spoia than by 
counting us ,tilles but would be iecesoIlplts it 

Sivi to ni/' metthdndiriittlds. 

S. WmrgLavuw. ('an ire iemthodology employed 
lfor studying the epidemiology of Iilt rust be used 
to obtain aii undrstauding of tie spread ofgroind
nut rust'? 

S. Nagarmjan. )es. I Icel thait nethods used inthe 
study of wheat rust and -.Iomec Of tiledlata obtained 
Cano be of coiisiderable benefit to research workers 
c)lCerIIeLd With groUndnut rust. 
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The Taxonomy of
 
Puccinia. rachidisSpeg.
 

and Possible Occurrence of Races
 



The Taxonomy, Life History, and Evolution 
of Puccinia arachidis Speg. 

,J.F. flennen P. Subrahmanyani2 , and M.B. Figueiredo-

Abstraet 

l"he etrl tIlitov anI i. mem'lute,of the eri'n lisIl is is Iritil',l1 revieied.IIorm Oliationoiltht ig, 

of',iriinl ol tehtoic on the culti itied,rotdn'i(/it a.ndwid Araeli se,ie., .ntilaritized. Tih ()lisi 

/,-,IIllI 0 '1 t li/(-ci(t i a.2 "l em Ut,',t , 1 t. , (I'i rueni ,iti .so/ l lth A onom ic pit.' it t o goil i(iiit ro it i, 

il t oiit I h in ti IIi t i . " Iv'/i,'t,'/in/li i i itIountlit f il! ' een P ,'Ciia is sos/leet. leeOtlse 
t/ewt i, l, /,W' ,'c'' tfItt ,III, ! h lhIt 's will il l' ch of/noi i' iiti,t, tan st. ai.ioiiiqmI i't, theil 'l 
i'll iot ll t 11, , 1111biolf atwi /tl/ /,', 1. OVlo'i~ itt m :)/ thle.};At. i, o/Jl i ,mfl tcillatit I,..everal atrva.s 

I .tk :,t t, /W ,'tt,'I amh,/'I'tll,[i ltl onl/t'iu ition ot/ Lrotm dtm~t tit it IIre Muggle,1ted./ t, i thi, t(I m 

Ta'l'om iliv .IN.',hill- %i te (-l ftit i~ I, IP ie ia jrra iddi,, : Le 1.., tills I,"t'wflitil t'lI m've 

, tm,:::t: 1,/hotmptlm ,'/ ; no ,11 ,}A(Ilpgilnt o.'sv t t~1, 1011/1t1,t ,dehl lolill,",t,'ll,twtlid< 


d/,, ,firi'l -..m , III , /::.'t ,,, ,.tt' i,," e, /11,10, l ., 14
,',f 11,"Z.I'mz ('11til"If "t /h's.-N f ' V'aI's xi ,Aral hik . 

I", :, 'm f t it ~,t, ': ~ I h/t i I",' i ' ' it pa¢tilli, ll, fll ',I title' t,, I''"af , Nt ¢ill- lo l 'f solit 

f'lc",11":,'../ I:'l. b \ , /i 1:t, ti, , : wt d,' Vw' tt, hil San ent,' PIccillia".it ,Ilite'lste,. /'111 dc i, ..t If', 

tt, ,.ilo !,s ."ll,. !t~lic.( (t's /Imt,Otlt ,llt" ,: '1 'd/ : mq: ,'" , ,m t~ ,lw c , IIIt . le,.s ;', I,-, h , di.,sl :es It If, 

(!,- , 1, 1',wti// bit ,t .I t ,I/a.ttI,,p ol I~O,,illmomt-,,Il chltnlptr ,,w tel,,t im prf;'iii'et provisoile. 

P1q cuit'tdwtnaiile, d," Ill I, ,io,', /,J,' P (lct;,lt(ileIliel I com~li llhe /a po'Itimm ta 4olm l,m (" Ia folillet 
,!"/*ao, lltt,,, I i,,..mIIllt 

-Ihe 1ill't di ,waeC of1lngouiiditi .rt '!Its /IIpogIit' 1.. ) lhiorfield 1971). [he disease has been reported as 

caused hl /illitinl Iah.'tls lpg. is hypotlhesiicd lar north as Virginia (Smuart 19(2). Hammons (1977) 
to hl;i\'C (1iQIIl;itCi iii SOtt :l concluded that Al' 'lolgh in general, groundnut rustAllite'ca along w\,ith the 

d(l0nistc:,tlio of tile i!tridIllut, it pielhistoric time is [lot rega'dCd as a serious problem in the USA, the 

Ilcppik 970. ( 'oinein cial production of ground- disease causes serious economic losses on a few 
nut,, in .-,outh America scents not to he escerelv larms nearly ev~ry \e-ar in southern Texas. The dis
affected bv the rust now r but the discasc restricts ease has' the potential to become epinhytoticc ausing 

groo1111.1t production in the Caribbean islands :Mad widesptCad damage t(- the groundnut crop in Texas. 

Central America Ilanilions 1977). The time of Beflore 070 eroottdnutt rust was also recorded 
ttovellIcilt of tie disease t on South America north- tront Maurilius (Stockdale 1914) and ('hina (Tai 
ward is unknown. Occasional outbreaksoccur in the 1937) but we know of Ito voucher specimens for 
southern-most groundnut producing areas of the these records. A record from the USSR (Jaczewski 
United States by windblown spores from the south 1910) is erroneous according to Tranzschel (1939); 

I Itc V", 11111 Il r, ltuill, In,ld Planlt IP.1thoho n . Ptldtj, I' i ,t). \\ , i~ I ala ,,- Itc, hldliana 4 790)7.11 D1) :1111i llt tl m ism US.. 

2, Pattirl, 'l' . I - 1111m., I'loill[,tn, it'ta > ra lop, IRc~catch tr l otl i t "Cr,11-A\rhl I rolt.,L, I( R IS \I,. PilAL cICM1l, /\+'ItlhrI 

, !2 i, I ,t
 
3 P.1111oioel't. h II (Itl) H whnvh ,n }'l o I"Itlo. .1 P . i|/.a/tl
 

I(RIS \ [ I lilt, I ttioUltl ( ,It,p, R~a,o h In,titutc lot the ttcim-A l [h opic.), [19N7 (jii tidrltl 111,1 dlica_;te PIm cc't.1t gllg al Dliscussion 

( to it I) tIccIiiii. 24-2s Sc 1, ; 4. I(R IA I (CcI ti Itailicticiit, A.P. 502 12.1, 1 t.i lU', IS . I l' 109) 
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no voucher specimewns were 
further reports of the IIt ,,I 

Since 1970 gltllndltitI 

grOtl.dllt-14ot+.,,i lle., t l 
sia. and Occania where, in 
reportcd a. On tI ith i sltnllipotailnt protiithLitll 

Constrallts fol ItltlldlliLt- (Jackson and Oke/it

1981 Ile
S t.i tOUr01 Of iloctuli littlid Ilicals 
oftspread rspctsJliblc It tileIllmtlcint of the rut, 
initi thCSe, ; ill %c not beCenIIci,-uItnitd. 


I here arc il]-
 a i\ ,, iccoid'. Ol the oIcuirrelice ot 

tclioprol t ciutis
ill ited gt litldits, the patilogcll 

heing kntittll illnt t cX.cIijsiklel h !iS ilcdiiiil 

(Cutidial) ,tat. Recnth clii 
ha' C hCCii 1t0itd ii 
~itll.ll(\ ,.lletclfct i tIttila hit ,pccics IromSotuthfii cil ise their i, lot kIlOlfci.,Ot 
speItlOL!loI aceLi, itridll(-ItN that hsiitlpotics 

lxiii inIcC, tle fiull fife 
CLt, is iliikitit ind tIl' 

l.tlltilllt.e 
 l tiIi th 

leit til e 


po litll tllt ,'llis ohlillc 'illt 

[lii- pI .1I I 1 i rsa ell he' Ir" seo \tIt\
illlllaltllligitf Pl0iit1/h! illfjt Jlh/i c l esi'rt:,cl:. 
Iroill c\;iiIIii ' spe liie'l s tm ilfir tcct!fitlic it 
telitsptii C l,,ill. l i,,l i ,outI ,kn buwi lie1lho'. 

,avcd antd there are no 
tn tileI;SSR. 
tIli,
has s)IId 

/\,lic~i, \Sia.j \IIstrjiItI 
il.iv ct n trics,It is 

it gcoeographic 1licc oii mihd spccics ttI .l . . 
ih itls illIlIltIttloi Il d \ i'lrlll liill~ lltrpiitile
of ilie t US,c "liCUitculates iltui tie lie elc,tro11 

iiliti ,ilild Cei tliitl, sutncet- alcii ot lesullch
ticeded tt clail\ otel I Ilie tsuIttli rased. 

E~arly I 1[istdory a tld N( nch jre 

I lie Iit CorOl t0 Ituiitmt I t l u .tAt tllectiot 
madd le S IIiti inr 
II li \\ S ell 

Sl\toll%itt illik 

illIN28, stIi 
Aliltl hisk 

nii)ill i trI 182 h\N hy ir..iWeigclt, 
(isItt . i i t v\ thile (tts eriiti i ofi't 

holtliicillo collectin. Ih'died earl,\ 
hi ,lltier atirial tSlc'.iisti 19711. 

.peculllcirs\\its i Silill cttllectittnrlt 

tAkC
f\\hi \kai, h'\hic(20ml1VnI0n ;IDI'Ihleit. thtle litlltills illcttlo-ISt I.l\lis );I id til 
Sct\einiu.
mhlin Imclli,\llia \litt had 
stdidC, it) ';iti\ h oic le \lltit tt PClIel\iiiia. 
Sch\,,eiiit, I r kct ,tctsthe tcollection, assigtiili 
tctatis e nllilc, and pl rir ii hricl diagnoses, 
w\hich he Ile\r puILbliSlhcid. 1ttile mt1Iidintii rst le 
assigticd the le I "rt't/th ar//, )c'ilweirlit. but 
did ritot write a dcsriptitni tr it. [lie host \as 
idultiliecd, presuiimbly by\ Weigeit, as rm/Iun.%hij 
g'u T. RectCds II tile Arltht: !lrt'litini (PI.UR, 
herbarium ilbhre\iailtis tlilt ll 11 lnigren and 
Kcuken 197-1) shto\ that tile host identification was 
conlfirmed in 1915 by tilehtiaist Percy Wilson at 

tl ,.IhistoiicIll iiterest, hvilc no scientific 
li--,tandill accldiip tt tie lilternaiotiOIIt ('ode of 

Botanical Nomililircllilri . 
lrkelc and (uiti,( 1853) \\eic the first Itreport 

tili this lmiltiltll tmgii citllctiuim. 1hey'mistakenly 
iditified and published the groundinut rust asio o/t/ )tt,. l'emsttn. [hc noted that the specimen 
\'s illbad ctidition I lie portior oiWeigelt's col-
ICLeton lhilt Sentwa to Fries was studied later by 
Nils (iiusta\Ili lagerheim N\rt recogni/ed itaisa new 
spccieS atid published it its I'reel/ art/tic/r, Lager
iciilin 1894. This is itw the correct bitnomial for 

the atitrmttrpihic tredinial state tileof groundnut 
rIust, the Stage litiot olteltlericotill rred. The part of 
ticlWeiglt coIlection inrite Stockholm Museun is 
tileimeinclatural type lot ti speecies and any parts 
or duplicate. t"fthe original collections trom Suri-
Iit ti fotid illother hierbaria arc isotypes. 

Kiln/o's part of the Weigelt Collectior finally 
ended tp inthe Reichenbach herbarium in tire lerlin 

wuiittl and was evenrtuallv studied by Paul Hen
niieis. Appaictitly unaware of lagerheirn's work, 
lrlennings published the gromtdlltir rust as a new 
species (llernings 1896). lIedescribed the fungus as 
itspecies tf IUro,'nrct.tas follows:
 

"'U. .Ara'u',s/1 Henn. (ni. sp.)
P. 
NIaculis subiavis 'elnuillis; soris aniphigenis gre

gariis vel sparsis, ninutis, ochraceis, primo epider

tile New York iota nicaI Giarden. Probably before 
Schlcinit/ died in 1834, the Weigclt specilliens were 
Ito ito sets. ()le Set Nits selnItodivided ias Magnus 
:lies ill Sidcll and tile to (usta' KtliiCill Cipzig,

(eilrnan,. Hoth lies and Ktn e received pieces of 
theIlisted prttindillit le A. I'-. Schweinitz died 
hi, lihibalinui \as placed ilh I Philadeiphi 
Acatlcm\% tf Sciences,. lrom Philadelphia ttc Wei
p l tiritiaim specimens w\cre sent to Miles Joseph 
ltcrkelc\. inl Ftlcan,! for s.tudy. Al tcrcttpleting his 
tid Becke'le' kept pits ttlf'lh selcimens for wvhich 

tilece i ,lsslillicictit maerial arid returned the 
tieiiuitiid r to Phliladclphiia. I ills, parts of'thieorigi

illl\\'CIIlt ttIndiiiii ist COCCtii cine to be 
fO th'dt i thul lllereit colilectioms i.e., Kunze's,
ries', Herkeley'S nd tire I'llihldcfphhi AcadCmy. 

Althouih Kiii/le sent oit Some of the Surinam 
cttllectittns i ii ha,hat hettillc kno\\li as "Weigelt's 
CXICCIti", tile dite., itnlIitIer, iaI distribution are 
iikill i Ii (Stel\cisl l ) 1fiegItnndntl rust,19711. 

lti c oti iittt o 
lls ititiHi t list nto 

, 
g them . Kiille eiIteted tile 

his htehariii itnider the nane 
o I t'tS/ i) t Straiss \illt i&i t/'t K ,i/ebut 
lie !ic\cr ptillidhied this tianie. [Inp hblished herba
mum nlaimics,,
stltsilcxsc Nc'h\liiit, ,and Ktunze, 
iitdiflotht 
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mide intlata tectis dein lihcris: telutospot is 	 gaa. Independently, Lindquist (1983) came to the 

ovoideis, liiete brunncis, sa me conclusiotl. 

22-28 x 20-20pm epispoli cininnanomeo. tcnui sub- When lagcrhcim published I 'rtvdo awchidi.s he 

Spigaizini 

suhglibosis, llipsoideis ll 

levi \el llillltC \Crleltst,. pedicello lr1igili, hvalino, 	 also reported that I'idccii ora imhi.o 

oecurrcd in] Sotlh Atierica. lie di6 not, however,brcvi. 
Surinam. ftlalttian \oil -ia Ji /rt 'a<t,'a. make the conncltion of the ('rUdo to tile I'uccinia, 

plbably hecall e lie hal none iol Spega/inI's mate-Weigelt in licr. Reiicibchiauo.'" 

IlCnnines mistook the 1tdiniosp1rs rial compiisoii. l.ageaheiiii also suggcsted thatIar telios- tr 
lteril is the list data supported tilt hypolthcsis that Soithpores o I o'CiMV+., hut IlCiniug5' type 

rCpoied by Svdow (1l)) lo;1\Cli ll]\Ulsritllios- Amllcrica as Ow oriitial home if the groundnut 

tiiiniigs' binoininal %11n rather 11th1 \trlica.pores. hihtoe isv t1\111 
the oietliliclattr' otfot I ' I l-, (1 tilis/ I aecrllclinlt 	 Ill ml attcllpt to bling 

iCCIdiI- witl his ievisionsecolld rcCold (t l tlkl \as II eIlsMC 

the Irch bot'lllnit 11clcdict AlinsA. whocollcLtd ol the I (7 ('o, Ilotanical Nomenclatuire" 
lh .e uLriitinltl iihe b\ t plillts into 

t Bl'ari 
oile l q 1737 is the starting datetihe Itm ili ( a-i lialti, Pil;tliP.u \ inl ISiS2. collc tliut and his ilistcllc o 

ilillbcr .1441). lie- sCllt his sp i ci ilh . l i\t , I itl lto ceiteric lamilcs (t plant,, Otto Kililt/C changed 

tmtan atlthii 1un1gi. Ito (arhil S.peiIii iii )tiist+ licirlk 101)0 hplait nmllcs (/.aioni 1980). ationg 

i/ published is thcsc clmiigcs lit, li ell olt lillinlrolis speciesAirec.. rcl tillli. Sp ac lii it iie\ ,%as 

spt' 'i;1. Mil 10a 11/0 Snea2uM/li Ill INS4 1li i l'uA mill. including '. araInio, to tile gltius 

c t H? I. thuls 1). ar-achi is(Speril t spt'tiiiml Lon ted i1111t0ts sil cliis',- I)ia,',ia S.I. Gla 

tn1is, thC, lils Uli~ lii Sllcii/iidc rcibtid. I his gl'://ii) (). Kiit/c, i 93. ,ccordiiig to the Paris 

c lC0ilitdc li ic Itir ( ide.kii ia/ r s llctl. the CiIIIs name Pov'i'iiahe.oillirphiic nill i the lllt_ 
coticept tf Micheli tindthe ,rIiiilihltiilt it hiuhnliiph IhIc dsclibcd lie 	 applied to the originil 1721 

h ,
latcr \,alidated ii 170.1 -\dansoil. According totiliitls as lllos,: 

"I'lt, 11141a /hl! S s thlis Coillccpt iilit ]lliitlal to the Cur.11. n ) 	 tile Pi ippliCd 

(ia .. NIicii;iie illie . is I\iALIiictic. par ilat , lC.Cii IClls l (, to#lrl.loa+l.l the "Ce:dir-apple" 
' liits. .. s I'oaIa h w'as il available, Ku el/cfoliindiiidtclllioeiti. IUtli c"cccilt's.wtc ' ii hi\ ptIlliiiitli 

?()11 ,lq() diaiuiin p1w, ililliisC list tame published that \w savailablei .	 thal lt ilidepiphlshi, ijilitil 

"spo hictiisthilci 	 tU 1 cul ilt colielpt itl i ll was S . . (i'aly's
-C eult2:tll 5 . to pi tli, Iltiiii ill 

p!inll cpldiii idC lclliilssinIM \clhiti, diii ili 'se /Ii a , ii iii 8I21. Ilossscer, allie reccn cliodes tf 

gail si~q.Icui Uleici. tc*lcititas /itac't'ili~tic' . abs- tlli ;ilit litlliciiclittic e,,p cily 18)01 asit'he strtiing 

\alat' (38-.2 1.1-1a jill). stiillli th lis otitunl atic 	 date. %litch is the 6 -'v t piiblicatiit/ ot Perstoon's 

\icit'itlict ibiqit i- iiiuli' tu liltatac, lltdio I- S\, itopsi, MNithim ica tii lligotlit . It is this \or'k that 

scpllet, plice c '.tl Iitac . (IColliiitIll llilci 	 lsalilatc,, us1age ol li ( ill in its illtodcr ill Itll with 

iYi ]ies1 i. f m
it ir lt , is nioeinieclatural typell itilil -tl I ilscllic. topil 	 /'ii ta/ thei iiiitic'. 

p pltllin it:l u bi ltl+,liec, ]t l i ,c liwii. lii specie,,. 

)5( ) 0 I-5 p,itn. i',aliriti, 	 I lie pitatiC ciniectiion o tile iurCdiniial 1ii
50 

m ai 0 l iti l lii/,>, IrtillC tntiph tl the telial telc plh \u s tirst publishedl lab.A l tohi; 	 p'i it 

MI'i stub 11 .C.(.\thtii Mains (19,221. Records in 

ihe\ stuidicd both the Sulrinatn and 
s ll\iliicsi-i.till.. 1,";2 nil 	 and F.B. 

344)). 	 l'I R show that 

Spc it//In (fi ll it iiltiii i ictliliiio',pilre it tik the llialiuav ,pccililclis. tite types of I rc,/a n'm'ii

dcscriptioi. Niits in flit- Arthur Iliriuhariitim 04h R) . and PooiilOarai'li/ihirspctli\ely. aiid found a 

showo that I.(. Au thiur vil incd the t\pcltnatlial lel. urcdiiiiosporucs in the PIaraguaY speciieti that 

ti)I 1 IC ;111(1 tiitd itieditiiosporcs lroull turiilal. lhev. 

%(uiicit ldinileup lic 01:itii ltlsillc 23 . 5 i i(i. . iowe er, tialiisferrcd . a,'I+lidi.%tl I1d/ari(lara']i
supphie h-\ ltC'g(1//ini 1121 i 	 iiatchtd the 

('tililliltl, WIther eaillicd pcSlla/Iitii" tpc llatc- il (Sp,gai//ini) Arthur an Mains 11922). 'They 

iial anll hut 1931 aiid Ilotid Nilrit' 3-4 cclled tclios- bascd tle generict coliceplt of /.illari tilt tile nuiber 

pores, in :ildt itiitlii t1l h ' ctulliil prcCilit 2-celled lild kinds oh sta cs in the life c\c c iather than strict 
tel SIIo lC". iLce\:mIined SpC~elil/inli'S , t Vie 	 n1l rphohonical r.Clationships. 'Ihis lil'ecyc:Cconmceptl \\,C 	 ' 

rist getiia ias not Il)Cen suppotlCd b\ urcdinolmaterial il I'R 13 Ilui 1980) ai ctrliiol the aiboc tr 


obCr\iatlilns b111 \\ L.. ieutiiu the idCIttific;itiOn if gists ind \as later abanidoned I\ Arthur (1934).
 

the hist as .1. /ii<iga. We hlic\C that it is a Id [hthe tirst experilental proolf of the connection of'
 

species ot ..'il /his. aind [ot the cultivatcd A. /tlqo-	 I '. aracii.%and P. awacii.\ was reported by 
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elenenl et al, (197o). lhtis, /Ill',tIli at101(11.1 Spc-
gallilli is the curIeh/lV :".ccptcd teleontorphic and
holoriorphic bilrmial or the groltidtt rust fun-
gus, Ihowccr. as discued lIter, tre%%Cvidence indi-
ctles that the Lrout ;tit rust is not it ]lc ' im.. [he 

proper genits Ittust p'obal * 	 \\tlit tile detcetina-tion of spernC/lzialto aeCial ch:tracteristics, 
phases of the life '\v'c th~al CLIUirCitV ;ire tttknowtr, 

Teliospores on Arachis h,;"ogaea 

lie occurrence of teliospores oi culiated .. hi'pu-
it,,rl1 seems to be rare. Ithe folholssing sirtiilriles tile 
reports in the literature and our own observations. 

.	 Although Spega/ini ( 1884) reported that the 
hoI ot his tiev. species 1'. ll'G/ta was .wcru/n. 
/il)o,ll I we coitchijlue thait it is aill iilter-
itieild wild spCcics t . I'1 by' Itidepetideritly
l.tidqutst (I983) canieIti the sa nc concltsion. 

2.	 .Jac/U\ski (910) pol i td [hiit N.V. Spislttnc 
obsers.ei I'. lTh/1h/l/s L.'i'1, I litst ( rit 11d ti 
in 190 1 ill I Cekaran, 'i clicsin (nea1r the Itirkey-
trail bidCls, hUt\cel the [(lack and Caspiat
Seas) Mid Kar'l-W/ii 

h , l1tilt I t i,CsltlgsiI 
region o I'SSRt. 1tl) icliop, res \e re reported
Ilhis is the list ietf) ;I eronlltl ltrLst OtshIe 

the \\tseiC nt I lenl1tsplIe..lacWe\\ski belies ed it
possible that Ir-12(. ora /ulh I . Iletilnings,
%khichpied riot to be.a I tm2 rv. bt aturcdin-
ial stage. \ka, amither stagc of '. arml/hi., 

ilh)t tui,[tel\, n ioi t ario 0,, Vi\ en about 
the tiotrphlaoL\ ilte Itllttus or host aildit toii 

lthete specittienis isere re'portel to hia\c bcen 
pite"'cised lI rta/clhcl (131)) belic\rd that Jac-•'srski e oasicport it: cLih. We doalso riot 
acCCIt lie rLepir beCaasC thli ate til stltbsctjtlttt
rercords horini the I :.SR arid there are tl \tcheler 
specitells tllocolliill it. 

3. 	hli.tllv 1921 .IiA.!aris collecLte rt st on ..I. h i/l0
' t '0 lie t IF l li l , ! ; ll ho ] )o llln g t Inl (Cc l l a l
 
America and tile ,peciicis were deposited in the 

IBokl\ii B3otanical (iardetn lrlbarotn. 
 ,,\ poi-
tion of the tiate-ial los tlirelint iportesi tl telios
pores ol the !rollidi lItri pathopll. Ilictcliosporcs are 2-cclled ;andt 0-1 	 - 'I pill. 

4. 	 .\nother cllecliti (it rut l)ii h.lpho/lcila( frlotl 
iear (iainessille, I lorid. collected h I iu)l illd 
West ot 4 Oct 1930 ill Ill'I also has both ureditti-
ospores and telilspoircs. I hc telicspores are 2-
celled and 53 , 17.5 jim. Fhis is the firs, record of 

the Occ lrenceW o0 teliospores 01 f11oundnut rust in 
the llited State,,. 

5. ()n 2 Sep 1936 (iBPI), W.A. Archer (and A.
(;ell,?) collected rust on .lrahiA hrogaa L. 
sub sp laseir Cite\. (No. 23) near the city of 

Campo (rande, now itt the state Mato Grossodo Stil, 1ira/il. A portion ofthis material was also 
setnt to Alttur at Purdue University (PU1R
[6251), cither directlV front Archer or through
the National Fungus 'ollections. We believe that 
the identity of the host is tiot correct. It is probably awild .-lrachi, species. Ite material depos
ited in both herbaria has ured iospores and
teliospores. leliospoires were predominantly 2
celled hut sonetirte 3-celled. 

6. 	C'halral and ('hohan (1971) reported the occur
rence of teliospores of groundnut rust from Ludhiana, Punjab State, India ott piantsgrowingina 
greeiIouse. As t,. authors did not give details of 
spore nlorphology artd we know of' tto voucher 
spectctns, this report cannot be col irmed. 

7. 13rorttfieht deIerrtincd the occlrreice of both 
trediniosporcs and teliospores ot grotLndrtlt rust 
frot .+richiL2hi/igawa (cultmivar ('hibalianda) 
cillecteid h,V.S. ('hung in Sutwoti, Korea on 30 
Aug 1972 (BPI). We examined this material but
folurd on]\ urcdiniospore, and in some cases 
col idia of A/lltlar' spp.

S. 	 Ilennen et al. (1976) reported tie occurrence of 
tcliospores of groundiut rust( Iig. I) developing
\within uredinia oi .- 'achio htr/potaea (Cultivar 
Tatu) after artificial inoculation itt agreenhotuse 
at (ianipinas, Sao Iaulo, B(ra/il. A portion of this 
tmaterial has been preserved in the Arthur Hcrba
riumr (PIJR-"I9745) and in the plant pathologi
cal herbarium or Itistittito Iioloiico, Sao Paulo, 
Iail. 

li slltirttlr'. oily three corfirtmred records ofteli
ospitres of P. arallli.lol o -A. logu(iea exist: one
 
from Sntoiti l)ilin,o, one Irotmi Florida, and one
 
Iromti Sao Iauli stare, [EIMl. 

Teliospores Oi1 Wild Species
of ,4rachis 

Six records ol teh2ia oil \wild species of ArachisknlownI. are 

I. 	 We knlow, riow\ that Spegaizini's type from Para
gtta v reported to be on A-.hy/)glea was on awild 
species of . rmlhis. 

2. Archer made several collectionis of tclia on wild 
species of .Alrachis in South America in 1936. 
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Figure 1. Teliospores ofPuccinia arachidis on A ra-
chis hyIogaea (cv Tatu) in Brazil. 

lhcy include the , llcction cited ahuc that ssit-
erroneously identified as -I. hrl'ogava I . %arvav-
,'iro front ampno (i,,ndcr . NLatot;itsso do siil. 
ra,il. I wo other collectios, b\ ,\rcher frort 

Campo (;randc. %%hose lhost, 0crc identified as 
A. 	 Igabiraa(lhl1-IIhS4495. F3I'l-I S46491, P(1k-
F6251) %krercportcd by tlrorfield ( 1971). 

3. 	 Archer's collection firll I lupecerceai 1 Rio 
(hiriIe do Si l, No. I I, 19.31 ( ll1-l 4652l, 
Plll-l '.4(527) has, tthspoes. I he host, is probi-
hl A. hilrortln and iot .A. nmrai'ilial/ as oii'l-
rriv identified. 

4. 	 (itiarlh (1941) reported telrospors oi a tcolec-
lil (of .1. 11tr1'ilhll frol I ll!rli_, i itil" hiirave 
riot seen Iotichelr specilinls. 

During tie past fcs\ iars %%eliae collected 
grondilUt rilst oil ph)l;irCrog;iltic hrbariuiiir speCe-
ineus and in tle field ill lBraidil in 19X-,,. fSpccilcils 
of ,.rachiu. species \were e.\aiiicd lt the following 
itherbaria: Instittito lotitiica de Saio P~arido. Sao 
Panich Hra/il ('ENAI(M N, Brasilii, I). 1. Isaif/; 
the lissouri llotanical Garden. St. I.ouis. Missouri, 
USA; the Field Museurti. Chicago, Illinois, IJSA; 
the US National MIuseum Washington, I).C.,
USA.; and the collection of C. Simpson, Stephen-

lcx.\s, ISA, rorn this \\'rk w\c now have 66 
i neh ctllctic 	 33 tia, rust oe v,id species of . rachis of 

which 33 ha,.e telia ii telioslort. We cocllcitde that 
telia are I 1il1l:f produced oii wild species of' Ara

chis intSouith ,\ilueica. 

What is the Best Taxononiy for
 
Groundnut RuLst Pathogen?
 

ideally, to determnine the best taxonomic position for 

rust, comparative nmhrploloical stu-ies should be 
mniade lot all of fle stages i, its life cycle to determine 
its oserall imritv to other rusts. Unfortunately, 

+for t, tianr pltleiiorphi, rusts \ ho e life cyclesare 
1iit,1ikil ,i this t, riot possible and onily pr-eliminary 

Xtii 1~Cla ilplro. l~tis Ciill be itide.iti ill 

Rust life 'ycles 

The basic Icat fres of rust life cycles are suimmarized 
helow. See (rmmins and Iliratsuka (1983), and 
IPeterson (1974) for other details. 

A rust species may hisc up t) five spore forms 
(r-irel \ siX) inid two tIxonoiicillv iinrLlated hosts 
w'hile coumpleing its life cyclc. Sckcral lifecyclepatt
cri for these spore loris aic known, the commoni
est of which are modifications of the long and short
 
c,,clcs. A single life-cyclc pattern is [iot always coit
,laiti \kithin a species. lhe different spore fornis of a
 
speCICS alrC often separated fron each other not only
 
Oil diffCrCnt hosts )ut also 
 hoesmy occur at differ
ct tlues dilliig the growing Neiason. Within a spe
cies soi Spore trtins mav h prodiced only rarely,
 
soeie spore oints iay.v he iliore widespread geogra
phically thir olthers oI the siaim species, and some
 
spore forms ini hi\as a itich wider 
or narrower
 
host lange thimil others of tile slile species. Thus.
 
frqlutllyl.\, it is f
f,,, :-ppirenta' 	 ilust colettn!n 
tllat uslialv iras onil one or tvo spore forms, what 
other kinds o! spore form1s oct ir ill thit rust's life 
c\le llcause of this lri;.'ls es\lopcd pleornor
phisil, the taxonomys iv! loli,, has d(veloped by 
necessit.y' mostV through cLp;ratti\e studies of 
titicitires that represent oinl part of tile complete 

orgalisi. 	 alifC cycles of r!t aire tisualily inferred 
plc t i stages that are associated inail time front 
hc barriun collections. Proof off a life cycle requires 
'xperitental verification but this has not been car

ricd out for most subtropical and tropical rusts. The 
taixrnlotllie positions of these species must Iherefore 
be regarded as tentati,,e or approximate. 
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Stages in rust life cl ices sact I \. hich haI III'li heiI lt.,. coI Ift ms hosts ot 

lllflfowlitHi rH tair. hut prihbibli, no ire spee:es of 
Ihe Liltteten:It 0 IIIpidre d KhiOWLillei~lt NIt;If.cs III ' 111 lllireM II t'IMO il: ;rr1Idl teii oil ICet!IrtICS 

r', i te L: \ dIL 1,~\ C h'C11 WIieI ILi Hf tI in10% I (' [1- ((lIllI[IIHI s Yt~ ep p IsI ? Si\Ic 19 h) SevcrIal 
mils n lt1I~it,4 . 11.3 Illsts OCCUn rnIlleIM nn iflai~Ced ill 

I sf'Cll10'1i, ,k111L11 .: L jillirleLkli hIoll011 11 Illh t 1m ha\ c h-eln iiieii I) [ie ulietri ora l 

Iiitetn.iu~i 11hid iiI Ille iii leI. I 11) rfF oh d ( 'nirlinni 19). I inerc arc 

L;I t. d il L. n o 1/, j hlI I' ill err h~ll thn i triv i.t i ot [lie ! grlttnIi sae 

. I~i~l'Il7 iI iu e t % I t- 1 1) )h\~iiItii P.iri d afnit'. ud i ilro iatu 

- : -, '. Ii. I'll ,, Inn , IllelI its heinruu n ieed lit iieccusativl be 

tI ( II0:ll I i I I, i I .	 1 I'Iiaiki ciltiIa o ofP c (11 i isw ,a l
4 u'.Y 	 k 

ul1u !1. ;.~'L Ic I II 1 Iou ilIt 

hulcll IOII 1! 1 IIIt1 1; IL1 11 I 11,I til IIlI it CS T16 1 I Pt.' i/jMO filed ~~Spc111ir/i.11i 

1L 1U I~i Iu', 	 i nnrn., I" I - I~ l )] lliL hjleeIt.itiaIL lin r 	 herenit na iid tin r 

d ilul l im Id ,;p" 1 H. pilI.- 1 l/t-I 1. 1hC infl.dnhhri stUrrte I w~'/u arac/rhi Lager
tN\Ii. lineii. iflt-e picdlllilitt and []lost commnronly 

13Jd jIui Ii 11WOI L' VIielbilloh %c10 Lt 
I md h \ I \ , ~~~IlotIeh clrtleled t~ (on ab xirce's rfce) 

iii A l'U I 	 iLIII ii a srt arc~pelr at nd 

ilhljd I 	 f lipiC iii lli.0 h 11-I 1wI,tlill Mid 110unHll i~ l'III' () i Illl 2I0Urpedl 
In jhI I ] I iiLtrti l loiii. ornobiuiiiu. rieidcit ia~ l ill irigili. 

ciened h i;t11n1. 11llel1tilloriul. fiIIl- pli r-

RL-CCL'iu1!1i lIII' WIN!'ut ildIII) tII I t11ll'iL ;u al dium andlt2-I.Miseil -ic dIIk ImIilifilcIriee 

>i')Cl,u P, tI uan~1 ph'II Ilul iWIilCIhldt~fi. Cdii 	 iliptilILel cpiilL-m s I)~ l l~ pl lls.ol Iit~ljilio

1 
LiIlLCi iliiniL Im III( Il11"oll1 , flit. hilolil 	 23-29) 1- i li lr Ih-2-iorii n.l pm 
IitplIIL 0 lLhe uII I 	 thick. hlcllnnre crrnuur - imaIpari. 

%,,illtnt'ii\ 2 oicldioili 3;or 4, tltlrII\ c(l 0

torili rgeil1pmne., often ill lkrtleulid al.s lii-

ISilitl IlO t AIii ~on rn;%iit grouindit rust M1 .\W iil)( iiiI I "d i ii eIt110lpirieC. 

ljl. leira elnicti If.\ pipiylliirr. ().24).3 mill1 Ili 
( Il -W I'l I [IIIIllI- l 'it1i 11i IdlItilILd lIiIllettt sk'rttefed. plltllttcill SO It iked.luldi I jltlh 'L 

hClllN Ill lile' L!ltl P lul W h~Chrim-L tile tiniu- [1111 [rlac. cliilllit hiiim'itlio r houit civitl;ittt(i1 
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Figu'Lre 3. Geog~raphical distrihljtion of IPiccinia offuvca:a oil Zornia spp. 
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ifcifl'itl 111C &%cliller III! and1 thteir tips termi

:I! Nfhc !I. If kIII Tc Ih~ I I (IC i IfI~I L- IO fItL' lit~ h-Ile;lI(1 0i1C CIpl IINi..\AS ~ t COnJ
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ifx i it t,. lif K' lff~uilL Io 111C Cpl(ICIliII dlL%iOpS into1 a thin~-%\aliiid, 

iid~. cf~1f. . II I'!K !%%~Jil ~lhiILik fi~iLLl IlLC11,1.XiIII tIte Lh;iJIiS 
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Fig ure .1. GeogJ.raph~icalI dstiribu lion of Puc-iiia %tt'le.santhiitin .%SI/muwhes spp. 
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On the Likelihood of Pathogenic Forms or Virulences, 
in Puccinia arachidis Speg., that Cause Groundnut Rust 

in Arachis Species. 
S. Nagarajan' 

Abstract 

Concepts of verticalandhorizontal resi.stanc aes applied to rst ,iseasesare discussed andpublished dataon 

reactions ofgroundnut genotypes to Puccinia arachidis are criticalli, sanined.Additional points are 

brought to light. Better mnethods of craliatingthe host-pathogen interaction in groundnut rust disease ire 

suggested. 

R & itti o 

Note sur 1'existence 6-entuelle lie formes pathogenes ou de virulence ehez Puccinia 

arachidis Speg., responsaibles ie la roille de I'arachide chez les espc4ces d'Arachis :Les 

p ncipes de /a r(",tancehorizonta'e et rerticae sont ,ihordes par rapport aax inladies de In rouille.Les 

Puc-inia arachidis sont cornenentiles.donnc'.s dclutinentf1v.s sur le.sreactions des gtnotvp.cs d'arachideta 

I) tcilrvs f'att.s rils lumriirc. I,'a cis rnithodes pernnettant de mieux Jvaluer lesstnt en iicur propose 

interaction.s entre I plantic-hctetIt,ptho e (ie cotte inaladie. 

the Origins of the Cultivated 
(;routdinut and of Groundnut Rust 

Ilhe culitiated grotiiditt ilr pcanut (.Iractis hlpo

gc'a I.) is nati\c to South Amcrica anid issaid to 
river1i1\'C _\ol\Ctl illIle rego n soitlh ot the A" tllt1onl 

l itnl 

chi. hich includc, thc grouliidltt and its man,, 

wild relativ., lis grcat ,2ertic dicisrit\. I he culti-

rated grorlrudnul is ai tetraploid. anriral species that 

contnills gcritvpes with a wkidc imteci! lf mth 

habits,. s ason lenglh. pod ailn setd typ,. and adajp-

tation to many ditterent cnvironmcnlts and stresses 

didilg discise.s. I hc discsit\ il the illainly 

diploid v,il t spccics is ccn Creamer. ( it0tlltd-

and cat at1the ..dlldeC,otl~tills. I he Ara-

r/1.% 

nut rust incited h.\ I'o i(1 aracilih Speg.. is alo 

beliesed to he natie c South At in \1Itere\ieic i.C 

I iccta t ai. ,r'tcl Rcca I h t i,I .I d.Iicdcgt1 w la (L. \cc .c uc 

I o 

Gocp.... ic g. 24-21 Sep 19,4,(Rt . ctcwndia 
ICR IS. I tintcrniccici.al (r cscI.trti tslc tIciltheie cIII-.Ar 

(\ nt. th Ptancl 

it has spread to Central and North America and, 
more recently, to most groundnut-growing coun

tries of the %,orld (Subrahmanyam et al.1980). 

Variability in the Pathogen 

,rclyorganis has to adapt its evolution to others. 

liI, interdependence is especially pronounced 

btwcen a host atnd its parasite. The host defence 

against infection is matched a by counteraction of 

added virulence by the pathogen ( MacKey 1981). if 

tire rust-iesistance gerres in groutdnut have exerted 

a selection pressure on the pathogen, then variability 

ispathogenic forms must occur. But current litera

ture does iot sulstatntiate the existence of physio

hiogic lorms in 1'.ara&hidi. (Blromlfield and Cevario 

1971 Lin 1981. SubI.trahranya et al. 1983a, 1983b). 

ttch , cltltIc. Scmia. 17t002, t11(h.1 

Id ropicsJ.1987(i Iounrtrti rust disc ic. I'rtcccdings ofaDiscussion 
i.A t', 502324. Int,&c 11I SAI. 
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Present Knowledge of the 
Host-IPathoge,] Interaction 
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disease (rlust) 11etss llllf. 

I )..s,.llrofti 
I,~~~~~ N,-. ..~.

NO dlistx~sI'S 

2 ' 1il1,i\t! iitlrtlh',tn ld lac , 
p tw
A In%+'x jtl:, (11,1111k )If i~dd l k.;C S), 

it l ritl l t i .hs p,,t' t il t lit ilc f i sc 

4 PtitLik, ',tllt l III 
 l 
 o n t\i'
'm v 

(If t'Ia t, i'.+,~. \ d II[ot 

S M ,iI1%pul,111',.111 tl\orl hI\\claIrl Illiddtle 
,


teil\( tlt \ hll dt-,1I}l),11IC E,L 


7~ IU Ct l l 

c i.t 

S \S ftlil 

I) itlllls 

'
 
1 )Xtl111C 11!ll!',!111\t Mlidle%C driltl 
w it lilc.an 

iill t Il't1t'i' 

C,.tt.tcl. 

I .1- d mI5 bil . m' Im A 

Ialeh 2. \'irialion t tdnseen I, 


I l h i~R 

PIlt 14 3+2 


Iltl.11) 132 

1)13)34S 

-..-.-...
. ...... .
 

Bllitlical 

detmlc%(ll't 

hi ,,,uta 


itl'tIta 

] 1 hetill 


Il14 1,133I i,.,1lli 

I'l4017454 
 uI4lpiti, 

S-'440(292leti tt.4i5at 
Ilt393527 If1 
I'l 314 I7 

It) 39-B43 

Ilt2 1 115 
N 'Ac 17142 
NU Ac 17131) 

, ,tu.u 

/aiiit ta 

lei 


h/I ',,tti1 
fil.stgt, 

fi gitt'tala 

11it i\tIt 

h I C,l 

i iHl 
r I+,l~t , [ L ,m 

ilscsSlCtIt of killar diseases. I heir scale lor, rust 
ca tltiaittnii i,* 1\cIt iI able I.this sale covers two 

'cll ties,
p ril i.e. (I)dicitsc sC erit.\ , nd (2) pustuleI.opt. I ic9)-poli sc leiI crgood Ior Luick evala
lion ol trcuopcs. htlltltw s il frill'
mleet tile 
ICcItliClclti i tll tltiici allit ,tltlollOf the host
pthlt intcl-acltio. I ahlh 2 has been reproduced 
1lo1i tlll tltIt:ltl\itIII tI :11.( l98t hl \hlierein tlie Iield 
discW st cot Cs Ofl30 L't1101\Is sCIc ed ItrCprescIt 
rtlt't of l , eslslil'tsillat e gi\c.l tog .hel \%filhdata 
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Vertical resistance 
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hoitii lal(iIR) IrcsstIance. lie frtlther stated that 
\'R inolkes dilletcititl host-pailtogen ilntercaction,

i s lice specific. Sitltiti lss onittl red byS ubl ianl aiti l ill.iah ( t)9 8 b ) (lil le 2 ,\where som e 

caletm%arieliisof.-raehiA hYoguet, that has ,''tic tliu liced. 

,
('oll1ptolwllt
oflrit anice
 

RLstlpti
leld Ihlicitb
it hon I o Rupturedm 111c.'
I(II l iusttle f ustu~les (I';) 
s.' " pfetidl llIt; tltlc dtiNtiCi 20 das aiter

ln l\S) (Ic~oriNtill(da 
 (mi) 1lltCtlatill 

2,4 14. 4.1 0.86 1.4
 
2. 1 .3 S.1 0.t3 1.3
2.4 I.I o.7 0.57 
2.s 11.9 1.4 

0.6 
(.57 3.8 

2. S I. 5 4.7 0.57 
2.S 1 (.2 
 0.59
3( 5.

15.1) 4.2 (.51 14.4
3.0o 15.2 3.2 (.49 2.4
.3oi 14.71(, 
 5.5 1.7.1 
 3.0
4.0 9.2 11.3 1.10 90.53,8 .) 12..3 
 1.12 96.0
-1.2 I0.1 10.2 1.29 97.1 

5l5 Ii[ al 
 rcc~od lj oinSubralhmhn%,ol vi ,f 09SA) 
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genotypcs hIaC lIIge, hcil II -spor[Ilunahn p[IstIIl. irIuiIuC gCnOtps (found 0n1 in soie %ild .Aluc/is
anti .othcs lei[' t ,tIiL . i,ptll l_-,pitialititn g ,itIl e. .t/'Siiiv,", ), tlttie gMili tube died ,thottf tltheI devel
indicate the c"sistcncc ll illerCittial hltist-pitlhogeir Oplicrt. ant in others. dillCrctcs occurred in the 
interactior. As per Van (tcr Plank ( 1901) ,,.h, diilcl- 1',Cl uf p olifeltioi ot nmcicliilnl itt suhstoniratal 
cntial hist-pathogel iliclaction is dfue to %R. ind it c;i iti,C'.
 
is iipjuilper to conclude it to be tI to i 
 It.
 

\'aiou, it.tultptN his, hcuc m;tdc to L',Ilhiot the
 
rcsisttilcc tuis Prl+enI i 'kI 
 t:, of the Culli- MIeasuring horizonlal resist.nce
 
ste+d 2roinltillilt. I ht' I ; ixI h+ h t x.'tt IcCli I Iist I-

SlINeptible Utihli,;rii i ,d 11i111ik+ It)I;ploIts. itild Redtlction ill ithe appiltCit ltrate of infectito 
 is theu iIdipoI0ds ilnolmw,,t .I 00M ,+)c'C'IC, c'hisek- mal) ) epidznliolmgica;l effect oll hoti/lontid tecsis

i.l Ittcd t I. ' d- . i/i k,'0 cc lhtci It) th.ir tance. ,andCan he ncaUtid olyll hy tshil iImatching
rCSistuiiic to '. I /I helCliN1,t;ll conldition laces of the patliigei ( Ktlklit aiin-d Chopra 1983).
IC"istilic+ Clc litilId tl hu partiallly dfiillailtt I or purposes of Chilalcturi/ini! shiw-rtsting beha'
(Singh ct ai. 19SI), iliadicating that \R ,c.nl are iotr. the tiscepti le sprh ,,,hcithat, lctiC62 arid Potl
p1lohihlk kpctilillpe i aitl grouiilliilit rust if) these .all' 02 t'lCe takeni nid collipied %\ithI the 
.10h SpcCie,.oll slow-rustilt cliatr 5S ltl;cim their "r' salue 

(MacK.,ic, 1N70), F:xplal..itmtm such as shoi, spme 
rtOductioI ad shorter incuLititll period, areIlorizonlal resistanlce palraleters that Ceotribute to IIR. 

l slart xith. ItM should he qu'iitified il tile 
\Vhc.1 teslincet is cx cil% SIpiaid al[ itilxt All rac.s Of ilstCiecc Ol ltijor VR gene. (irou+ htIit t'arielieS 
i pittliogen it iN lioli/lltal or kiterall, and is clearlt\ I MV 2, .1 II, N(' 30333 niid Rohut 33-1 differ little 
reflectcd b\ " the ippire-titr l. tit infection. ir fil "i," pustih si/c, ind forl percieitage of plstilfes 
ittiesIii Iii R iti iSiecCC,,irx to ilsitllrC ic'ctr it\ itipticd, ctc. (1fale 3). All these geiote,s are 
"Y'. tie lccl iof disc sccriiy (iVan der Plink Uifi)i l\ siiceptihlC ind it tit' tiffer for their 'r'
 
1963). liI (hell s tiihltt,;o ci al.
Ci\eu iiliti xalu, ICI otIfy tile presence of hiR cali be itt:erieti. 

iit ls iill 

lich silillur iltiCdoNi'. 


198 1 h) 'ilk Ci l', I i id I olh, ill the 9-poillt .cailc of I('RISA I, il"r' is to
thmlii hail lll atel Isi- be CatlculitCtl. ihcte tkill he sic error beciIse it hais 

tallt ii susceptible ',..\s Acil !hCC reC;ltlil Itlliped hot'. rt, aitf pustulle type togCthC. It is 
i)sC , saricf lo "". iilili1t t p)Cs firoiliict'lc. tichcui e necessary to ricorti disease se \Crity is a 

I .pusttile ,eC. ec'.I tilt'x Couclittld li:i rCsisiac xxl . IcetCCite'., tie.'l, ScalC will liax e to he dcxce ild ai 
ill thit hrilo tiIipc III kict, tliet , 

hld ctolnp:iiCd ]lotCd for' this plrposC. h~ithcroffthc twk'o interntition
esistnlll M is Sccitile cibe,,loispCs. \Vhlcn tile Icel All% ace.lptcd approaches call he followed, i.e.. (

of Njsceptihilits is 1111 idCl;tiaC;il aisrltiicf lot, ;i- tiking totil geell Icaf alrca as 1009' against which 
liiatiin IIRI ii dLi Pilink !-63, such tfif lerencs arCl occupie.d by lhe diseise lsiotis is scorcd as i 
ac hiitiLti t0 occLr. Ies, liae cCII obsCtd thiL ill percentage (Jilles 1971), anid (2) !aking the niaxi

iabfle 3. 1 nifiriil %usCpiilii, ntlisltpI"s lack %arialionfor par,'.,mf ,p, ihutl ,,trs t ciiontri I tsixsards hori/onlIal resistlnce. I 

(oinpoiitts of rssistane 

)custiplion of Rust Roptured 
ild inctbatitin tIfncctioin Pustule pustiules (%)

iotliliucal score pcriuifd lieqiclcn diaineter 20 days after 
ltitixl\ li ilncaI) (d y~s (lesions Citi ) ([fi ) inoculation 

II I/] /ri )0 9.7 16.4 I. 15 100.00
 
INI ' 2 1iirt 
 9.0 9.3 13.5 1 12 100.00 

NU' 30)3. /ii.',,.t 9.0 9. I1I0.8 t 1 100.00 
1:(- 76446 1ulan % 9.0 9.0 14 9 1.26 99.60 
Rthtit 33-I /1ut,r ' 9.0 9.0 15.5 1.08 99.80 

I . I Ila cpriiacfd from Subrhiinxiii e.l i t198) 
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l ,ikuo L,Iiiild i'd"\cIltV 1'%c l '81 ilL 1' licic'lilt~wc Jil siohwc Joint ((' 00 11)721. .'\ul tilecalli 1 liciu 
IPCtL'1101l CI al. 1'4X' I I JlL'N(A1 J)~CL'liltilil! 110i he' iA VIkii.i I ill 1)[00i it',dIl ' O(d 101 U cd \wrst 
ilc polaiiuii llidiljl~iI'( c itldiim of '%N('L; LL kILLl I'CLIL'tl1'.PCIW--li';CI1 IitLL i 0ltcile 

lI 'it 1"(e Iho c 1 "IL'" lei lil L'C1;d L' 0 M I ' i 'CC IL'rItioa I II'(OH .ii IL(' SSI i II I l C11 

H P I 1111CII. IllO(? ~~ I( \ !1i (l\' C'1d12 101 ~I\ IIl1 :1lht ',teNC'O Ioll f lCC 111C W'!1iidii1 M) 

l IiX l (0 11');11x)1i1s'ltIC.1d l l')(0. 1l9S7;u 1 1 11 dIii %l'l i ll on'\;ilie ll--h .1pi 

(IjtlllI , t' l~k, 1ci ' l ' ). A.'II t L'01I l ~il i\0L L',iilSL'0 1.ll\ if 

Iiimi'. 111.-ji.. Irt'ztIWIrI 'oluij wdfor f ret'rld grouridit ~ti[J lurh -Iit' o i o ti t'lll ji of IjtI.I Iu'nottacs. 

I l 'i I hL II l i il Iiij Cj;L ot 11011 IIiII1C )l CiI C ld lkC \it, bW A t 

I: I-, W % Lijllllo Ilkl111Ci1diL',' CC I C1C 

II NiIIiClllllL10 1 ). I IWlL''llldl'.p1 1KI4111. (iKo1C0no 

Aliiiow Sysiiini iuto ilc.rchi(1Ktf)30)135. 


i Ifh oHitiI'til ol
P s h o o lill I ((ii thiiI fl'IL' BI,( 405)37 ~ ~ ~l]'11 2~I( ! 

liocdti' Ic L'd( toi 'cLt OI "1 ciiw M P.d 

3 I'ili tllhLl')V u L /I I1%. ill~l)lui it filL iltc . I '1ApCCI If7t3~ III) I t)1It 4.2 \ t 
itghc f iccciioti fpitl(! tiwie (lialtdN 7 a''lrd NCI~tAc :jl- O 5.40ClitiI314iI 7)42ULC( 

rlpliL'llii\hi~u cu~ivlil . N co Jiceiolo 9, 
heill%%f t aii1 m i l~liiLo~ltilP! illil iii.' IC'.idL' ii \ du uuciuli ii.\ On Ii d at Amd. i[ rht % ston e1500 2 \klh iilruiwd 

Iale 4. needed to lig. ll~'lintrcion giutrolhuig forx puriposeaths gen. ii os Suhailiioin~of grudi l g earranged., 

lciat6(11Ra knga 

http:IWlL''llldl'.p1
http:11');11x)1i1s'ltIC.1d


filasuch i',-IraI ,pccc, III K 40,",II IK 409, .lanc%, (. 1Q71. \ antial ti a ,,,mnc t kc. hiio plant 

roth.ci .- Iruahis .+pcic (Sth i alna ct SilC,, ('aiadia IO i\gIiicttIuilain al . I )cpIIItIIncnt A lication 

cl (i liIur ,icc p Ndnls. 0.(0lml no 4 S. S 'iPiil. \iiir ,t I S \: \inlricai Ntop iot_ ilIl/983h). A l mIi 

ctcl in ill rlil(acceptin i.iL'iCail N ci ,in ri;lln I).2N 111111 11,Cthf 


pnuitll IN clici,+ i.l ( )cciqi~iiall,, fict, prOdiicc i Kulkarni, R.N.,-rid (lh pra. 9
.L.. NS (iliiccinfuhiitm
 
ncci ti.: tile 1 t I .lt, pii)l N. iitlll- ihiili \ciiaHil Aml hIMh in il rcNi,,im c. I Ihllt
lll;;illitilld ii, Pic'a 


tiOll li d piider ilI mp t tc;ctimil PUc,Mc
t.' CtlldC I hi' SCciHcLt h I 101-1l0
 

can he filled , I. (icin\pc, ,,a ,i I 1 3i3N1622 l i. .S. r9J, I IICC l, im1101ui1L'ltCrniitliiiil Ofi
' s " tihe 
,


prOdiI.ce ptINlInfC ()1 11111 Mid I (l )1 11n ill Kilml - ICIIiM ICC HI lW.armt , to hill m w i! ,'/]u/iI of1.. irlial 

tcrhui ll Ilh 1100 1 ioii iil uful. fcd \mI l IL,.Ic 1.Of(Ii 1(0:124-33 I)i i];tI e Cfiifit ii1ll ihitHIA (hiia 


ltupillic. itlu an he f;llediA 2. ill N l iii I).Il. IL) , \pp IIumI1 O upIt Iilli icieaI
ti',Cil .;tttill I\pc.' l/ (1 


III thild I\pc.i , tulec,, lth I 1ri ll
i a I C. ' 1 iu ilic
le)0t , ll11 ( ) ti I llN ill ( 1 9 0 ' , f I IL I~ It i~ IC [:]"tl l ' IM th le.I IC1110 CM 1h11 ll h0 %\ II IIIlg,I ill \=Ile all. 

fill CpIdR i I- , 0. ulmIiN. A\,u l 01ith ILN tl' IN 1111 

c' tlim c i IC I \I \ItcIiijIi 

gciuit.\pi.. I(<e'ic'tiii 4 i pc ha. lhiu ,lIO ', fliidol - .,pc:iCCpiiWi1iuii. Ihicmrctlical aidi .Applicd clnctics
 
i.e.. tOlCe tMuh> I;IL l hIu C liete ,iiit tkt., .1. 11sf, c 'llaitcie\ Ino filliglal Ice

iili: Oil I'iiltsrin,.. ll, ,and Ilann h,A.I. 1948.
 

lis)Lie\ C101 I , mui lkC I5M21 N ;ill tHL',i dhiam!orl itic ceui cH latineIiim l hnii it\oil
 
,illiicCi the lCit1 ()cCait ol> ., uCC \ .ll tl ( anillph .I 

hI Nl \ llulli 

. ( ll iilI JOUI 11,1 ol Re ,CailCh 
uucCjtIfIlc ll , lt 

I'I\ tI ItIl t ti ' k 1 II INfi 

NC .i ll ( ) 21 9 dil) 
o f I.I IlliII . I t.. , I IiC /C I C ;i nu tiCCiiiCv il 

I'LCNINitlit m , ile, 

IitbI . li I t i lT it\ thAtI )o dUrCufths. ,.K..N ubralmmani aai . liI it', [)C1 c igl, ., P.-Ind ,,l.Il 

ilistiiil:is.e. icieli't i a\c", .t t I ij,,- niatti ti 001h+ 00,,I/ui iii
u .iniiti 1,(1.',I.',\ ufihrllrihri c ,I i,+',i.tanic iu 
d i ICIhItC. I Ci l I Ii N ItIi 12 IN+L- 11110 V.hII II.t/ICiCs.IS,I-r(i iiiiin e I-I. l agi-I lltt. th st', , utlt 5 , I 

-, h -igc_ lto h,,. il I jilt shdh l heti es , liiimu f ncu\ ;0 532 ' .lltid 

i c;iltIIl I mtolctuil i-ul;iIs li )II iciiafphiiicuill\ S hibra ima , I'., M 'l)n ald, I).,(ibolni,,iia R.AN
 

ki \ rc tire.C I ;il;ii lI t hl,,Nincuilm Itihil al Nilgamo. S.N.. ld N il I).. 1052 RcSiiaiice tIoIistand
 
,
mt ,. .* ulIii cai nI .lif iti inCl ,m ve ll h /I 

ililhict FIil i[i1l help either u tm llm ti;c, of Pe1antl N Cie'9,6-I. 
25 (" tsiii,,I I IICt;iCiu'I ci. I uI It cs I Ital I w ,:Ci ul .Ir I hllli.$o 

it i i 

[ccct flit! tilit\ of I hiC( ICfcic iiiuil i Mclti- lyiiig Sulraimnanam. I'.. Mc, onald, D., and Iao, .. S. 

p;il Iih CtiiL" t s, 1983a I lfhcruic- i c-ritI pc III trcdiipiirm_ pitliduc-I thw,t 

Iiiiiion h unrc1 t, lqitOpitholnfo litiin uiur ]H/iii. 
,og -3:726-721). 

AcknoeI ed g en Stinirahmani~ . I'., Mc)nald, I)., (Gibbons, .W.,mn and 

IRao, I'A 98. .C. piiticni It toPulii iaIn'o iC ,i aNitice. 

I Ihltik ICR I+SA I lor pfum iding the opportlnnity for ir(i, iis cemijut,. 1'h1\r t ltiitouluin 71:253-250. 

it sha un\xcit,,uinid IAuR I Ion permnhting nc ti SNulnrahn.a.m, P.. '.ichan, N K., Nmill, I).,., andnure s 

parlicipite illihc conle..rclcc. Mtl)monid, I). 1160 . ,scalch diseasesoil liulgal of 

glutildnut aitl IS.\ I Paets )3i9)-198ii: Pltuccedings of 

he hlie atintal W p on (hi tl 13-17 Octik'.,h otuti,tts. 

198O, I(RISA I (cntel. India. P tanchucrtl. A.P.502324. 
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Discussion 

('hairnan: I). Mcl)onald
 

rapporteurs: S.L.. D~ivvdi, K.N. Niallaiah
 

1).1L. In /tiw ioia l I tceCole. wh II cia Ilook like 
uredilia, and dceieop lloill c'ilsidlio,,pi inlection, 
t\,, \. iuld thile U di ,,lciO' eCitCll ' il\ OtiiC?Sph dt 


J.I". Ilenumk-1. I dto rT,t kllom . 

,I.E. Parh'lict. IPthisihh t h I tiimtoImII s (lill-

g bl+li [ ...n e ti n 

.II1l.11101'l. 'lc t llOtiM .''I\Vhu lisll S OCC l r" h111, 

Iir ot 5I t i t)i i .lIlLeIlt 

l,.Cotile.) Oluhirc i. 
ol 1'.1 5 ISil l.it, l ili;I ht+rbiritlll ltil 
Ilo ill fill'rll ial 

+ 
*
' 

111 

.11 . Ilhne t,. lit'f ill t' i Ci.lltcl that I heIncon-
film1t+ ,.clalldto\cI' againl ;IstllitIpto t".-i l r ']l 

',e
h i cic lth hId1;\c lnP l la irt l 
l ill the
a plant ( i\\I n illioulatsd 

I... Puorle. Did )ital Pct hasidliospirle s CII nit 


J.li. letllell. attempt thlt Ii lo, Idid [liot . -. 

(l.I . a l_,e.ill 1'1( ,I a /1 the oriti thas (dlte-
iiped ii ll blastd t epilpt t thokicml iti a likebt
nlia, M lth(10 Wu Gill lit'[]) ICkL'? 

Sl lell. U C il 


Cycle. , _c l'dilg ll oli thd t p 


. l. HCti tha i lp1Ct n ill tilelife 
t/iu/ lit'e ,dii d e li Pli duced inlicdiatclv aftr hlsitditsptore Infection, it 

not tca. alet accia, 

.I.E. PaIrleflict. lDicar~otic hitidiospores occiU in 
-
solme other 1u1sk, him\often dtothese occur inllt-t 

Iia species? 


,I.,. Ilennenl. Inlsho t-C,wlc I'm'cirri; species it i's 
IltlaIt.alltilllUoM/lllltHto find dicalr'tlic basidio ,-
pore~s, bill I hit\c tileimjpressionl thi this is [lot 
colllon<.l ill hlle-'C Clc I'm (.millspecies. 

E'.A. Sala'ko. )'oi mn tion thalt tilepclidiunl scc 
in IPuccilliaartlclhidi. resemlbles tha.t of tile Melilnlp
soraccae. C01ncctCdI Mid sessHiArt tile tclia illso s 
in Melnlsoraceae? 

,. Ilennen. No, illtile 
t, sell of ('til11i lills' 

ClisSillcIlittll. itre are 12 famiilies il tileIUredini
ales. Ili,, breaks up inaiillv [le old NiellipstOMi
c ac. PIrobihi , PI'i(111e ltlhl] drs/ bhelong ,l l t heRal\Cen lilCCJc ill
\\hiL'htherC iilei-O other gu'Cllfi.
 

01Mt 1t Ch )~OCt'LIFtl I CLtlllllIOsilC.. Ail pltJ~ d ed 

pCdiCllatC llltejli OlCS Mlidt1lt)! ult ;I's iIt'.Nl t i (lie 

Old i_iI I il 'Cti i i ' N '. L it'. l Ch lldICtCI0il 

pedi.cellte l. 'illi Osla,is [lotIi i.ash+,ti plrelslfinCl;issilicalltll. SpIIIIM10 1ai fllUt e Iote ullpol'i 


1,1lt i'il'lding totile'(llIllillill'stS tclI Of 

Cllilt ict.' 

.. j(m it tlidettitlit2spoliis 
.e A..R a., I r als ' ilh t\'ttl elli o pc iditlln 
tclio,,ol.,.
 

. ".iflei le. I l,,tstud\ that. 

,A.S.Rao. Ih t' tll i lha/il and te r,eerch 
flict+llh.at erftoe n t r u e o 

.e.. ltillesl. A g od pint. \tcllecd to .o the. 

C.I .M a I cc, D o o.tlcoIptit tie si o lr . .li e n e Us-ih 
o le and its lppClerill'Ctail ute sai ri1 Oil tle Upper 
l eafi istlrl arsl-p tl alleiiiCtiOll tieLT. cu il'iti 
aeedi-

S. NaIgarajanl. Ilie \ei ctlsisteiwy of pustule si/e 

(0.)n11111)sh' aclee.lvii cl dthis tilehos -priasite 
in lraction. 

A.S. Rao. hlitie stusceptible ctlltilr IMNV 2, even 

iaeinecuiea.ltion
ismade oile urper suirface of'tie
Ica~cs, pusttdles first appear olntilelowerCsur-face. 

1. Sulbra+lunanl.arn. 'huptihn of pulstules oil tile 

t iiupper Srllee-cctI l l susceptible r action Most 
o (tilles+ions inll-_'SiSti t elowe,6tCUltl .rs it oill r
leaves, [ihemiddle and top lei,.es arc relitively,tree, 
\\hile ill itlcuteastic, nsiare lfound onlthcp 
all lecl\cs and disease decelopirent is nmuch Ilaster, 

('.D.,Mayee. Ilagrcc, but Could this be considered 
aClls infection type? 

,I.E'+.
Iarlevliet. The, call it reaction type bill it is 
nut tile sanlle reaction type as seen in cereal rusts. 
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C.). Nllayee. But it'Vou inoculate the plants at the 
seedling stage, you have to wait in such a case for a 
very long time for differentials. 

S. Nagarajan. Io record ho:t-pathogen interac
tion and pustule t.pes, you can clip off the first two 
leaves ol the grooId nut, inoculate it and keep it for 
20 days at 25 C to get the pustule reaction. lfot are 
able to dilferentiate the reactions of a Pervian iso
late and isolmttes from n dia and China then we 
would consider that there is differential reaction. If 
there is nodiflfrence of rcaction itall, irrespective of 
th,:
source of isolates, then they are similar. This is 
only a proposition and it has to be verified. 
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The Physiology of Rust Diseases
 



The Possible Role of Phytoalexins in the Resistance 
of Groundnuts to Puccinia arachidis Speg. 

R.N. Strange' 

Abstr-aet
 

(.Chemroth t 'li id Imunizati) Ol /ar It,/e'n'tc1.1 ¢lt''il , i,I m t a (me'dic e hut little aittentiooni(I beenn 

giten to inctrasing the,tsa it- lfO ln)s to h.
i b-,~l(i.ianc~ing f/ir diTehfonie imelhmusi.s. T/h'(fit/lot

(ne' iide,en , de/, 1le/ .'i rnr,ui, t vi .i ills,C/i 'i o ph !i tafiti o/i( h/f tot nu ke amnaorcontribution 
to t/e djis'eas rcsit,l;i ofi I pfl li, and,1 sl,t'Iut /0lloItIl ht. ,r tof{ Trr'o.,i' rt'st.sotn., i'ndolltArl i 

grourldnot to impolont /0l,1h pf/tht', tis '/ii II'lCP ,i'inii,araichdi.
 

h(iltii'/iinttl.I
denn i.I uo/lcn u'l, iI.v. l('/,i/hI,tm .id IIds' arachidtiiNele vinia raehid(':La 
,'o/noth Ipl twI monIa'if/ r Prof on oolt tlel ;.s,.//ic"atl,o 
uvto /hs /)rolocIn' Jltp/iio/e;. ndant u 
X'1;,1ldcol t ;t,:I.u/ ;u slit l/ i lla'llo/0P 0 1do /a ut ui I esp an/tIl I' n' f]ioratou ( i mlr.'ult i u 

o";1f1ll'pro ,sfpr pA/ tl /n f ,u"fllI,/ d01(1 1)0111 41,/rtIt ' / 0r 1 / P /17o1t1.i: . /. "lIj1jp.jv 

//.
plo;
'otittle'llti lo 'pelit l oit,hiuhpowsrri.pa.x ',de Irii'o,.rutf'lrrcr la i'i.iistan
pallthoi'-nvs10hamt-l, dowtlPuccl'imla atrachiir.. 

)oling tie last100. \ca.,lht'cili' heel y'cpcttactlar that crlop plants are ilhmsch, S susceptible to dis
progress illfilt' colntol (l soe' of mnikintd's tmtoist some Ci'tCast, which ill rclllstamtince,. exlcl enIormo1)usactite diseuiscs which. iintIc past, ht\c 1-1t ulan ,\ tolls illtrls of yidd losses. I-or example. losses in
peopie disligtcd. i.isuihlt, ortic d. An urderstanld- gruntdtt itts to folir disescas. including 'l'uinitaitl f toile llicrlohial natt'c tldiseae and tie r'stiit- (itM/ldis ma \exceed 501+ ((ihotts ,1980).
ing itllprot\llictlt, ill salititlioil and hygiesint' iue Itlditionallv. man has attempted tolcurb crop
playCd \itAl WI', it) til' t itltherlactors losses Cuseds h , ldiscase h.\selecting and hretClillg


n tS tCCShi 

hu\C peli ips ht'n C\cl illore itilliiltl, thse dict

ch'emothcrap\ resistlitt cultisali,. oiiitillyi uiconscitousl' hutand immuni/,ati.x Mlillions ha~c 0Clcelitl\voe colnsciousl\. Also, chermical Contro~l
 
beetn spuit. lollt pelt'ds of illless. ii not death, h\ has become %kideh;ivaihhlle mtid thele is ull eaerthe titlyc autlttliiistr tioll of aittihiittics \while iength
the ning list iii pcsticides oil the market. lhcscCtadicatiiin ,llp a cntccrted 

iltill 1i/attof isa triumpi Il 


if st >xh_\ progiall ol t1 hfactors, coitpled witil the \idc rallge of"plait
medical scicilc a tlt atll specics I\,itlh lich tilte crop scientist has to s\ork ha.isoutstandirng eititple oi conltiol throutgh tlie tllcaitt thit scanit atttntiot hais t'en paid to increas

nhtlluctlent of anaturalnatnrui host-uielcte llcchlalis l, ing the resistantce il poipantts b' ellhlailing their,
Of coutll' tietst ssnccet ii\s lilll that ticr cl tlc'nccallismls. Inlother \koids, there hu.s beenate mict. people to hendiill l tin hii,thk itl it'd to an tto ststaited elfot il platt patllogy attalogotis toilcreased ui\\mttint'ss tii tilt' \tihiiiahitv ot man's ilt hiigily snuccessful iillliitli/atiin progrmli in
food siupplits. Oricmt'lI Ior this \h1 lhuimtla n patilogy.Ilabilit\ is 


I. 1DcparllnelloIi ioIan aunidNIicru hbouug. I ).ir Buildding, Iu'iu'lt.\i ('ojIcgt Iondol. Giocr Street.L ontdonI W 'I F61!1,UK. 
ttRI.'SA t(llwltrumaril 1997 s.
(oup Mseeting, 24-28 Sep 194. (RISAI Uttcr. 

Irolis Research In.tatuc hi i lie N'ri-,.ril tropics) (irOiril.ul iru,diseaPrucetdirigs ofa )iscussion 
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, %,111a\lllt It.",NlslI lilt' tdC'Q 
' S. VJ iii he I(Ill' (11ll IC I "til I~lkT' t.' txMiA 0iltl 'l' 

t0;ICltXInltill (",\ ,! Il1toll Ml \ IItli!'lILc'' 
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t, ktltilt- it iJ onl,1,lll 
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late'd lininconipatib-lk:a c tilll ill \llthiat~'~ tilet' 
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tht.-htostino~culaited \kith t\\kolaces (Ilthe ItingiuS it 

,'ariety ill ttcationsl kk%,erc obhtained hitil highly,.\ 

tlit to Susceptible., lie ph)'toalexin" ;xtcliilt ed 

to inhibito~ry concl.entraltio~n% %%itiin 36 itl01III-IIla-

lion in resistant reactions cotncerttatitnsbut sulchl 

were never attained in Susceptible reacttins. ie-
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f (1l it l(R IN i ('e n InfeCid l 0aIis- lcl) 

species 	of l utne S t r \tiivnh 	 c, 
\llll~'llI(i ittt' Iultltlill l s ill Itss+U' ss ililtt'l lictlithes olvhement i] tie 

, 

Resistance ofWe e rIe e. 

ciroundsittoa Surngeal Parasites 

l tIll19Ml\ c itd il ow hii i rnd sttlli i I'll alllls 
()I l uc h\ lt,ilc'\m Nitrtom kcilick' tillviotuldtlm tst phLt. 


(u IqsIlllill h Lt Ait. we_'as e , 1ht"UNlea smpl esli++',
(.\Il~t	/tnbabsseN It I, ( )IWt't.t"illhedllhj+d [it'll ft 

IIs h 1' C' 
ksamleslL'Mlgctiraii WMtietulilt,e I[. I;ltS h 
ClIaCtn hill llt:ut \1, ) \\bCutn \cl (I-il. 

'ill I mirinillo \\hich( \\C6llpo 	 a2) 
l\ g~ 	 i t. IllaiCt',,IIi i i , 11, 1ith ;+li!I111l\('llC ( 1i I HATl C 

OtCtflel 	\liltit \\i'e andlt
ali hctdt ke'lttcIl Sliced't 

ttfttfa wtth rm i (tb dnit\ il t 	IlhIIC' IJ~ll\t' ll i a~.SIlhI)SOLltI VitI111~ .V. 

\%.iS ll'evienct l [ l thereforel C'lliH aindlIltP l i lC'dbothI101111dlIh.ll 0 14 %;1 1I 
en l ati iIie oI u t actm lae ph ll l .'lI 11) 1 ti I M Y ' iI csl \\e'ight) he.ill coldt 

Ohl~tiIC'LIEidceit a r tie hetnialesrctrskt.'flN'fsoeo unlderhV,Sht'li sWhlLt'C'-SIC'liiI11d 

,IC'lIic Cotlidtilllil", 7 iltiin lti 96-120{+id lic'tlhilili Ih
 

ait25 	 . Vtli\ e t ].\-lll tinlciationl(C , II c %%ith D .- I .1.. 

('ilIl /iiihahx\c, Nll_hai\tc;miniv/td hlal sal plesttf( o 

pitotlldmit p~lnt,, infetedltt \\litPhomaarachlidicola 
' 

Of ( "Opora trailhla.aI]+ff We']lave allsoreceiv'ed 

Na11inp1¢cof leaxes infected %%,ithP. arac'hidi. from D)r 

It1. \11c oldl~l ofl IKARI A ('entep r. Infec,'d Jealt 

Samles2 generall ' medicarpin (Fig. 2),;i1CCIunLuL~It 


a phytloalcx\in that 1;iha beenl folund ir1oo~t', 20 o~theri 

SpeI [t'legume. titiars; s nthesilcd othcr'klccies ofl Some lll 

antli gal com~polundst, \%-inch renmain tolhe idenli

lied]. IIhC'rCIS goodl CIdelnCCc Iher're tc hat both 
+


kerrc nd 	lel c S of groutndtnots alCCtUlnal~te phy

an;lxh chemnical of' .some+o.f'ld tilt: structure~s 

thesecompounlliids tta~ been21established. 

\Vc hao~e tested (lie antiltingail activity of the alra

clicdins (W otton and S"trange 1985). A.spergills.[la
-


v'u.was inhibited in the low jug nl. 'range as was 

Cladlosporiunm cticumerinu~m, but C. arachidlicola 
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Arachidin I (-)- Medicarpin 
oil (del net vIihonropierocarpin) 

OHi 

AracIrIdIn II 

OH 
/ \ 

HO 

0111 

AraChld l III 

OIl 

\ // / 

Olf 

Figure 1. Structures of the arachidins, three phyto-
alexins synthesized h. groundnut kernels. 

T hiable1 .kntifingir al aciit ,, ,if 

lest IUrltIs 

(' oporitti i uiti,'r tmu 
r , arachid,r,,,r/ od 

.tA!)! rgi'l.%llavid 

ift Ariiactidins. 

.A\achidirl I 
GC11¢lna~- 1INPphal 

OCH 

Figure 2. Structure of inedicarpin, a phyloalexin 
synthesized by groundnut leaves in response to 
infection -ith leaf spot fungi. 

%kas,le," SCnLitic ( able I ). We ha~e nort tested the 
anltif medicarpin, but other workerslirlactl',it\ iof 

t/hase reportcd FD,,, \ains around 100 g mil; for
IIIrcehia of /I I 'p i:/ , 'ifir'rJid I . ',p InW'dlia

.,l\airi e'aal. I9811. / o , ir .(I)orwmand 
Ilt'ml tilhml )riiai,t I brafrIic a., or/'nttI i 1982). 

(
WIWI) t J,'odnuti rk, \sr'IC hydrated to 20i 
loirstlueaid illoclat'ed srt{ ,porcs of ,. /avu.\, 

luIIIgal gross iiocCUlMrd but \,is hahed \henItile 
C0e1CCItIrai OioI it+I;ritICfII di ed auIC;IIus th1tC e 
hisc becn sho\ii to ic inhibitotr\ in ir (1-ig.3).
 

(iltisatr' oi glttulldi lt \,i1rs\idel\ it! their resis

taMr \tie ifetio't0 b\ .I /1irS ili \%ntCt hasl\found
 
that tis sllaioli ,IiiCdarl'%\It)t16 lbii.v to
 

ltI'aceriIitilat la hldila a itna1 r lspolns1to oulld-

Mg iC\ llr1i , ;itCI tclieitat i.L'said drought 
sties, hlc hoth beeln tocpilltcil rIICe,.slC the SIS
c.tibdit> t glotillIIII It, ii'CfIeoi by 1. flaridA 

(Sande Ct a1). L,4). ihlitIls I .inCao the capacity 
,o kciriels to tcculotc ph*vtoilexiins. \Whell 
irihihe11 scifed ;irifkciiels %CLC inicubatcd at 37, C', 
illaxirriiiiIioaileill coilclftithaioils ittailed wereplr.\ 


oill. one tillf to oci- hall those ofkernels sinilarly 

II) Valucs (Pg 1nli ) 

.\rachldfin It .\rachidin III
 
ticrimnla- II ,halI (ielma- IIyph~aI 

[loll e.Ieilloi tioni e leIllso non esiellsOri 
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Figure 3. (a) Insasion of groundnut kernels bi 

..I pergilit.i .flau.$, (b) phhvtnalein accumulation, 
Fungal growth iteasured 1I chitin assay 311d phy-
ale\is Is Iili.(', bars represent ±SF. 

trcated but inctbalcd at 25 (CandC\esl lo IC\cls ot 
Il uiliht SHtics., ilakCdl\ iCdUcd p ltoallsCin 
acciuluillatitoi i ll lcspoll c to Illoctilltioll %\itlhA. 
1 ( livI igh ) t. licm ;icctimtilazon \\as nieca-
tlsel\ correlattd ioh lual ,i sion (1-ig. 0). 

lhius tile potential to accunuilic olil\ IO\ coil-
cerntrations ol phIoale.IixIs. \ICther this is caUsed 
h.\ gCeetuc or en1\ironliuital liacltos, is correlated 
%sithincreaised ins asion h.\ 1. flal iN. We IaC nol 

800

, 600-

S400

- 200- T 

0 -
S 

20 - 00 0 -zr- '000 
at rj r

_ 
C 

40

60-

C 

100-

Figure 4. A comparison of phytoalexin accumula
lion 24 h after wounding and dry seed resistance. 
Phytoalexins were assayed by HPLC. 

yet aploItacieCd the LuiiL~t1Oui 01 \ariation in toler
a;re of strains of .1. l/v'u.s to the arachidins and 
\whcther the morc tolerant strains are also the more 
ils\asie. but \ c haeC initiated a ploglatil of Chemi

cal sxuthesis hor these coiimpounds, It is hoped that 
this \ ill leIad 1o bulk pridioiin of the phytoalexins, 
\ielt Ilia\ then be ued tor screening isolates and 
possibly rltutalltits tr \;laItlotl in sCisitivit\. 

I he lolc ot ntcdicarpii in limiting leal'-spot fungi 

otrouLdiit. iiIuhdliigL '. wrac'hidi/. is unknown, 
bun the lill-Jini ill IC(RISA I thlat urediniospores 
froti rore resistan plantts germinated less well than 
those roirt susceptible ones is intriguing (Subrah

itnaui\ani et al. 1983). Could nindicarpin or other 
phoelo.lcxits be responsible for this phenonenon? 
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igi.rt 5. 1 ite relation blc ,s cttll drou ght stress and ph d'Ii xin acc ul ula tion 72 i after irnoculalion,.~rgiIu.qlut). witiK ernels from grounrdiiit pirtls (cv I(( 221 ) that had received var in Ceululali t. aliiountsof .sterfromn 82-118 da.s affer sming stre iinoculated, and accumulated ph\'toalexinis assaved by 1II1,C. 

Furtlher Evidence Required the fungus. Ilowccr, caution must he exercised hereBefore ,Ascribing a R ole to as only limiited development of this obligate parasite
-)ly alexins in the ResisianceJ)of ;O~l~ll o aacidology 

occurs outside tilt, host. and dilfrernces in] its physi-Miehn groiwing hiolropically may be reflectedof Groundnut to Pucejnja araclididkin differences in serisitivit.\ to the phytoalexins. 

Prelimin y CxprinolCet hasc shown that in some 
cultivars Itorc thair ole inhibitory conpound
(mldicarpiii) is produced hb groundttut lca\cs il 
response to infecti(n \ P/101 aruhid arid/l( hrhl 

(C'vrco
Iv ru arau(chidi o.It is possible, that 1'. ara-
Cl.iA, too. %ill hc oulnd to elicit oihler phyloalexints.
These will require isolation and identilicv.tion. Ilie 
effect of tile plivtoalcxirts ott spore gerrmitnation arid 
hvphal extension of P. ertch/ ill v'iir should give
stinle idea of tire acli\ ity of tire compounds against 

Once the phytoalexins that accumulate in 
respoonse to I). aa'hithS ittlfectiots are know n itshould he possible to quantify them, probably by
nicaris of, HPLC (high-perfornance liquid chroma
tograpliy). Quantitati\'c data otl phytoalcxin accum
ulatiot may tlien he related to tlie growth of tile 
fuiigus within the Icl. A good correlhtion between 
tile tite a whicl tile utngnts ceases to grow and the 
accumulation offphytoalxis toconcentrations that 
are inhibitory in vitro would provide circumstantial 
evidence for phyltoalcxin inolvement in resistance. 
Ihe cvidence would he strengthened 1)y art analysis 
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I ifgurt, 6. I lik it I I t, flr,- % ',I e I ni .I.ir'lI ,t s% and f[II lo tionl) 'ergi/ius.f[ai'u.s. Kernels from 

groundnil plants c, II 1,221 I ftrutt.ci'i- n g cumt lali,,amounts of water from 82-118 days aftertihalt it 

soAing vtreinlollaI td ltil tii , r.os h tv %(I b.at\ i i I llW,%, 11 . 

i 11',,\ . .. , , P rospects for Improving 
II ileC e lhe Resistance of Groundnutsfi, 


111cli~ill 
 o Parasites 1) 

I] , ,, trlti tihe lex i1"'I-,itlllr, '\.:_r'.' , , i', , y R esponse 

01 Ifl itl IililltfhIl('I :1 \W%%1 111C I p .[ I ic dittiICpltted illtis paiper ateC onsistent with 
iildlilic"! lilc' h,-,I ;)]. llilt 11 \RIt'\ HI [hilp)t I lCXIn iC IM.' llilttioll m al~y b~e an 

It :I H l ie t i . it t il ll Ihcitaoll t groundI i ILIeitli'ith % Ii()plilt ill Itte'Iticchiislitl itts %see 

dIsilIC I t p, III e tlltla it%,li I-gs. 3.4.5 and 0), It futher \work pro\cs that this isI i t. I I' ith 
dcticats idtI'lll\ 10 ph\ ti \I"ii. Nl'.1 sNoi thli lectitiilofelti\ars cap)ablotalnLadeqtate 

Imlightl pit tlt.' phtiuiw\mI conditionsntlt s \h 'to hr Ilit e kS il t Il icsponse under norimal of 
\ltldI i ajenai se nIllt hi to Nelet'- %l1dIsolates tulti\atIoti could proInide itstartirg point front 
that WIr Illtheir thLt'i i'1t the Ciiilipt 1ids. I hc which plants \\ith high levels of reslytance Imlay be 
absolute rIqCIrMICntCil p(11ti 10iI 2oletaa Since r,:lytoalCX, aeutlLccumlation is anr dchcloncd 
high degree of ii ulcnctktuld be ttdicatic ol atrole actice rc:,ponsc this mcans that some reproducible 
for pltytoalexins icsistit wray of tiggeiing (or. to use tiljargon, eliciting) theill cc. 
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Discussion 

('hairinan: R.W. Gibbons 

IRal)plorteurs: V.K. 

R.W (;ibons. W'lat i" tilerole Ilisucroso: plhN-ill 
toalexin productionr? If it stimlaics p[ ilcuotil, 
co uld th is ex pla in tileincrease d rf;ill ai:,'all s_dby
iuSt ind ti leaf spo ts late i lile plains de eloIpfint 

. ,wVhenl ;ISsIuil;itts ire hCiln JiCitCd to the flits.' 

RA.. StriigC. StMIrersC ifpe)i-l tsr Ie the "cIurb
genIrOis Clicitri , phOtuilelL 55 tit'iS illpigeori-
pea leaveL. ItIsalo, etfectil Illpct,. I hee' aMe rio 
fi'ill fat vet Oil eronlridltll 11 ,UcrosC isalso tlhe 
.cIld( ,criontls elicitrl illthis specics. iI kould b 
itite1ctill to ktlir, if lie Icl)seertlltet ollgoinrllfd-
nut es dcrCLasCs ile Illthe saso ito a tCi all 
lIh its cfteLr\rctJ, is ;uri eliti'tor is irrpailed. 

S. \\oinkarrlI+ule( t ich crrfll.tills itilst-CS-
Ltr e'lii slo\.lu llcplsttlets otltire l(rtct 
leil\(ct'h ilh,' "Is i Llut elrphietll sit ptsltIlC Oil tile 
upp 'et'l( ",;sil' lieill i I lrlcctl ll.(Cotuldt tllis 
be tilIi lh ll ! itiil',l<,,Afife paodl Creidndtcr ti 
phytvthi',l,' 


R.N.Stang.. I ,t,m krilOr lctfrp,,thle is a 
.
trarslhcatabl I ' ,. 'hAlt pttllllts tIre phtNloa-
' 
I-\ii r'cpslls+s liar it OC ii rore rapidly il 

cl'.ileiYc 

S.I,. )lnisedi. (oriuld ph,toalcxris he crlllluOt 
inltihitors o true Ihair one disease. 

R.N. Strange. Yes. iPhstoaleins are ellccti\e 

agillst Illaill.
parasite,, 

A.K. Singh. A pitlisigeni causirtlg ititiIi itrjurvcan
 
result ilr phvualcxit prodhctitn ill tile hist. which
 
thuen becires tioire ltcistatlt to otIte pathogens.
 
Irhis has beet reflerred to as induced rcs;.,tre. 

P. Snrulrrmiun. .re plyrtssalexinrs specific to 
pa t hoget'? 

R.N. Strange. I'lrhtoalexins are not specific t(the 
iniading parasite, they arc specific to tire plant that 
produces thetr. lsowever, since the' are rclatiefly 
simple compounds it is not surprising to find tile 
same cottpound heing produced by several plant 
species. For instance, over a dutleti legume species, 

Mehan, A.K. Singi 

including the cultivated grolrndrrrlt, sy'nthesize 
nediicarpitl
 

II. Sudhakar Rao. If ptvtoalexils are only effc
livC agaitlst specili p;ithIogttlS, how do VOI screen 
fo nIItltipIC 0tiseadse Iesistarle.'? 

R.N. Siraninge. Ihc nIetlurd for scrcenIng fur miulti
pIe' disCaNe resistance depentds t:ponl tie particular 
parlsites ivolved. IInbreeding progrills wc need to 
en iurethat e do otntimpairthe basic defelce mccl
allisl L hut should seek to ellallc teClm. If they 
shoul still prtove ineliectkie theeltucidation of ilte 
reason ltf athis might suggest novel procedurc for 
selcction. For exatrple, tire para!,ite might produce a 
trxill that inithitsiltedefetcte respollse: selection lot 
tolelallc tio tiletroxitl iight allh\u expressiort of tire 
tlsl'lt:rllcert Illcirtlistill.dul 

I. Somnarta. I ntiderstard that interferot is tire 
substance that is initiated hN infection with a virus, 
and this isthen spreiad throughout tle plant. Are 
ph"turalexins produced and tratslhcated it a simnilar 
ailshioln? 

R.N . Strange. Ihyhalcxirs aer tlruglrt to re sytn-
Ihesiled arid to acctllllUate locally. SytSetlllic

acquired remistumcte is a human phenrnienon. IlitIe 
case of curcurbits ligttlication seems to be tire 
defence mechanisun that is iromoted, hut tilesignal
that traels tfr:tuigh tile plant atrd potentiates this 
response is tistkno\tn. 
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Atimrvt 

FromtI /,' i il t't aihost, tAolt.ilI sit lit/ ,athin,', i ti !i lie, ivinto thre',Iof' 1. a en n fi l cn clasIsifiedrou. 
,.'roiif s; ilhnoa,patl/I, N, ths /iI /it/hilel,I, td /t t/izeNi t/i/f/ui , ",pecitiii.Iie il -sp'c ',ll II/('it ,'rz
ztitiun i,'/et l( ll/iof t' /ii,,t l,'fioaimreait' t/' . n it tlf/itigen/ /i,, tal!4,,. mnsi i / /m./ 
('a lttlii iii' ! t,li ti! t at a iit' te'It ,'tiati rinti t, ' a! fi./iie.,nit i hat !iest. rfl.lostt,r 

I/il l,'it I'l ' ,111n"tt(tc I tit tnd o'f a ,' itf tiff//i ' sti iltewe, ' of' A: It,' (Itlt't )( 0/[ 1a)(1 0,:01f /01 t/ll 1 s Iv, 

tut! tt I -'it/i, iti , t/iMeneup ,' ' t,'tf fitittl, rea tttl' r.Otlltlto', ita ogfpo i ' ll I,,t,'. t."'liii,trntti 
(l 11t t ,it ,'. ,u N'f/(,'t. i/an' 'f/ct ts, litt trer, te fti ti t/enti/v rates, m ,;:/, ta'.fI11 1, ii oai! 

H1', t 11t Tf,, ututhal , ,j'11 ,1 t ,I/i l ,t/ 1 titIjI, tit' . ( lgelititpt' I Iu,/,ti ,I/ t',' i-fl I NIto teit'.t'of 

;A1,'ttt it h h , t I Ialt a t I haul ti 1 i (w/Isiftug' tI,'s l ,i. ,t' , ,tt tlfIi 'ofnte ltvIi' /--/It'rs.l ut bte171toll " 

trti, to ' ith'dt i la it ac' lil'r1.' te r nmis 
l'iatlr/si',t~iitlt i attaC/' ~,r' s t 'ftu tsg as te rnjfli e) t 

inn)t.e v/e 'l/.s Sftlt I i ' ;i i e. I t Ia t'e a gedlnC 
tst , it /t' /]' 11/a/ann't 

('fll tloit, i ,tdincl e t'ohtllitt i I trt . Oti ru /ll rfiei/e ' I rt [t' lti tot'I i/ttlr ai nit.rlt d1' 
it,'!s/ul'mIiti,i ctN ' d,,rfrt' ' t 'p t' t a i/s t' tt' lt il'. li v t '/e.st, ' a, ' ' it ., t lu it' tf / dt slit'Itli infirti es /ti ftlsnt is racs.s,) otl' il a , t'-ape'd t.rtt ig tac'tiit o i s' s 

Ialohpnr ,ati is ii -Is 1dntd 

l~t tl ,t/tirfid i,l t0 .ii I/ t' i l eI. ,'/tt,' i stif it t 'tlit a utsi/i/ .''. ille .' rrtti,stitesitsold1 ]t '/lf ,'Istll f-,,ufi t'liuc'sol' .l , i ,.tlliu ,f'll i . u pi'llit,,11 1 ll W iriig i o fi gen's O1ww n in htij nr.ses 

('t(I ,A,'tlI'lltillmt, ps IlIlti .,tl['. t. rtlld i q , ma .r sce't s.i,tlt l liot f'sell li.rl t87. (i I l, die . nedi tendaI..lat 't ~ ~ on.t l "O ll sla ll / oil cl c,Oitoli'd'd t~ t i. ot ort c.io.vfta 11 pe~ (Ilr so t losu 

,
rl. ,NtSt Irt idelp 'leiin ltlreI,'I ]tit ' ', ' 'rt itIlI . pItltnon p cll':lt A , ll isle.stf2 f laresi~ist r a r.l:C~ ic 7tti fild'i, tfep ,[ i,11ltl tl Ial isars.tttf. o .ti/-lC. nce aIlrSohA'!.n'edyknownrace 

1.1 flltlllolllr'.(Il tJ 1. l at oll(tht a th 'n,tr ~ince lreay klo) sotieft i'14 'ii,! r fl' e s ~s 
l.t, nPorlntl , n ie ,mflumt~ rcl'llatJi eie I~rti/ril d fih,coilg (Kt'swo d/I'll.% v.s1970).bt/(,s ntweur.sinlon17gc iers plt.h.norn
ho ; tlr,ug ne~t , lcdaht ioo 
' alo'r.


ofrei ace genes' intro it n',' c'l r alivze a 968 deeopedne Ii bredal fztull Vah n. de n 

'hic i~ IrifrfliI /Ii of s e th ei leintses phier 
11 with f II - h a r (I968 

frquncNI y h~gn e-)ethi scf ler1 t ;ieIbef',oilIre o ths om,,non was 
ofreitacg n est11nroied I'Ml rg /IoluI 1Ii illy leio e. df lnkre-d( (. lit o-eveloped a 

I.r alr.u 'itt1Ie'irstr pocc, ullra : .tl. W [,nn c herti Netherlands.Wc
 

e htic uropstilInR.q [ro t dym ch it e th of tilAre loivas . (ou h res st cd sa reedi nsown iscuon7 

Group Meectnt, 24-28 eniter, Patatw~heru. 50)2 India:Sep 198.1, IWRISA[I India. ATP 324, ICR;ISAT. 
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general hpolithesis it e. plain the dvnanmics lof ltach fiittliogtcnt hethe 1i1,.ither hand is surrounided bya 
lost-paltioel rclationship, lieclliifcdhto!t-plrint \ ide rance of potential hlosts of \vhich it appears to 
rcsistanc.s aiNholi'ir it ll scrtical. \ccoldilq To a r trictedIInu iber.para iliC 1111.\ this restricted 
Van dc l'l.,ik ,.citi,.alC ritii.c , (VRI r,_ ai,..ICe- tholutgh. \,idCl.n ,uli., saric. Sotlc pathogcens

-,i/Cd hIs il;,:ci orl heissee hot) eI ltix\ ps ald liii spcilist'' (hcortielerms of* host range). 
patho c pc'. the eI,.talicc i lite ht,! Ile paraiti/c ( l'[]hosI species helonging tolilto- oli
 
depcnii., II lie I paiit,)Ith.., p,ccot, ic \R .coos (if a k.,\I Clated gene ( diao horl'ei, bar
i, Ikc i , l l 11-1,fcilc ill illlai cal I i i Nillu /I ' ttiioispecies oll\). Othersl il ic'i,,"tiec. i/ Ic'\ 

lclstaillcc I I R . lie siaic. i Ie iiilicici i/c(., h. iLe haiC k 
 ilcd to Cxphlit a sIide host rallge: these e 
abs cCC (It IchHI I)C clk I er ' h I I2cllt c+-Pattl._I.cl ,i ' I liaI t , soch a S,h r i t .k I rmuI,ia k h, 
iltCrIt'lClisi iH Is CiiliiiI to iace-ioiiiipcediic ifetteliiiiiutcds of plant pecils hlongincp to 64 
reistalic. tfiiilics. Iic t\O cexiiiiplec ftreCnti e extremes 

Villidc[ PI'llik o lle l ll,i[ is ImalI- of a mleo or less collilltuolls ditrihutio ll rt..ipheYR 

ic'liiciil iih lc O reai eciic-iii-,ic
1114i. t, i oii tro~iii, theIiM pottcal\ ltLCIIc ipafasiti/est1 grasSC.,, 


basis aidl 1s iiii-iiilihl , liimitt R isplc'td ICt1ts spcies ut the1thei sets lgI
loife l the (Oamni-
I0 be pi ilieeiiiLlI\ 110l ) piiliuigc'ilslici C ii 'Plu iiie,,, d, Iteac'. OthIe lia\allect pecics beloniging 
Cc'ilc-lol-sciieLiCl Lisi. i,i tle testi tlir to a lilillic'. 

,
I his lf ltlc'si. iii li ilici1s i'ci e it ti\ hos rg isillS \itlhi aII lotr i tc (ile pathocenic 
SMillIjcIi\. ,lc'i.o ii lt iiii111 Its lili collcici atidI sia\ Of life cati bc LitOiieL'd ito threC ealCgories:
 
I.poitelC h', , ikwi l tistl . IlII
 
Il It hi.ii f tis ll t) ,iielc ill ll11 i ci\i tietk lll 


iilid hcheiicc -,sii ciiili alic 1.
the riiich irii [hit\ likc'l\ J t/i-p ttiliget1ls
 
c iii Is3is ii+ iii c'ii tiiu , iis i i\
litc'tit,i iic' i' . I his, 

0f tic '', ciiiliiit hc CriIiifc'd i1( it\. hiiiplalx\ A lpIitlhotcns thii dtoI lt infect a gisen host are 
s-ltil ii,ritiltlici ic,i dci it -piathtpciis fotf tl ,iii I'Iaiik did thai host. Ilie stem siistof wheat 

,ccii is\e. etililes ,tIliic Cillieitiii!ts itllc is I1tAkii-liiltt 'leifor gllti ll ll.aid tilewheat is a 
ii, 't,mw11e,(c'/ wi [ ' .i 1 lclkii .i hililsll/ iil-hol, tmnt lile fi tildiutl tust. I he mechanisms 

I]liI ",k)~ 1 l'10 llllci llildc'lkin tile'liton-hlo)tInol-patlhoge,l situation 

I ls i' iii'l 

(liltc' ('11it'I 1 idalh'' M) It',,lA 11t'c Iall~CC 


I icel<'hii illl m imiilc' ill\ hc all hic ot ) kind,,:t li host hts ie or mtore iesis-
I(' Al', rl'h il-, l, ilwlchamli'mll thatl cti\c ains t theseairc ,elf agq 


1 ),
it'a' litd .l .zili eItlc,,hi Ilic i lii c of iiiii-PAltli c1's atd 01i tileittt-plitto ctLis lack the 
ci I h i t' i'llie p l i t\. hii l ti',itic iid liet)(i.id ' PathIec'ci !tallack the noti-hlo ,ts.ostsdohave 

ii~ie, 0 hir'l., ie",lxi/ cs .. Pi,1'C.. i1cI COlitact Ics iicc uicliuttiiIIs (hlat ae clIcCtisc ag.aillSta 
lmhe ctiicitiZ ,imsl c'%cIP- lc oe uif1 l. I is -"I i aildi \6i patillleu ,.liiisis " lticral resistance-'
 

ill l' > im il iic I mil lic '.C li)[Ic'allk W aillclict 19,Mf). I lic plikti alexis for instance,
 
mckh'ije rii:],h.ii .iii. it 1 i iIlic.Ilinii llthat liclpN lhlt plat" fulo\\iiig cell daillagc.ar
PIifiiccd h%Illliiy 
1i,11 !i, c, is S\Ilh ili 1),1mi1slic. sll l it c 'iiitiiIt(lu i1 eflc t ' ilt 111,Ibil int all flngi. S 1itite" Iungi
a1\iiif leu i, i,ihlu\c Icrtic'd ii copc iitll tihe plyixtialexits oii a 

\iis,ll ili.lt i ,. asmmlt clim'il tiiMdicc ,ccii c ttaill l is lolclating oi prot\ riitraliing (lie 

01 C"iticd itIipm t ilice.
lt i hit.s) li i lie '!iiCi' diceld irhmytlexiris or hipreienting their pr(iduc
\diiiliolii i ' uiic'ii ,ciidl. sliill ihciiicc,i)!ii- tiiiii. I hc'.sc lutgi _becaie paitht ugetu st andI. it is that 11(h 
tl i lc ii Lii 110H]i lMie_'h cudm \\all( rcsit:iic to stlt pl iogetis. (cilcralc, i I' i cIis Reistitice oi 

Ilicl iakil is 'utuiils tli<i dillicull to iil ,iildI rcsisitancc. tleu or_, is iot likely to be of great 
liiilk cas\ ito cl~ ii/c. tlfcu:iic iof his,.l ih fillst iiiiplituallcc for lcctil- lcist htedirg.
 
iiie iliSC[ussm is cctci'l liiii ICsutallce' I
i CiW 

f Illio ,1cii<. 

2. N'on-spcciali/cd patitogens 

('hissificafion of Ihost-pailhogen Also terited genieralists, tllCeeinclude several 
Systeils P :im species cauiing seedling blight and root rot 

in mal~ny cifs, ]Rlu ria sluii i aid Sceh'rotinia 
tdach hIst species is exposld ti rlllnmerutits potential .S'h'rolioruoui,1 a hich have \wide host r iges. Resis
pathigeils, hut oInih aIe\%of tlhesc acntrallyattack it. tlrce to these pathogens is nearly always of rlt 
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ificomplutc limule. \ki(Iiiii it llo ( yccics 
Na I,'\1 ill dCj,'1 CC Of I CNma lice, t I oill lm to Illodcla IC. 

I )Its ICNIstillICC k Of ;I IIoIj-Nj)CCIj ie I\ pC Ill I lit, 

III;tI file ICSI LHILT Is CollIM Cd h.\ Lmlc I'lat alc 
iII\OI\Cd Ill _'O\C1IIlfIr OfllC1 CIMMOCINIC', IC IS- 
t;IIICC i it IIIOIC (11IC il)CRICIIIJI RJC-CIIL'Ct. IIICICil 
ilIg [Ile ICCI Of fLN SI;III(T 10 IICII 11011- I)Cti ili/Ctl 
IMIIIOfi('Il 1 . OWICIOW. \CI.N (1111ICtIlt ;IN ollicl clim.-
;lCtCliSHC ill(' lIIOI\Cd ill the JIIIC little (BIlW ill 
1983 ) I 11h it' INIMICC 'WCHIN to be of .1 MCC-
IIOIISIIC0IW IlAtIlIt', ' OIIIL' 01 tilt' WNMillicc, to non-
J)CCMIIICLI j1dIIlOPL'Ih 111;V\Ako I),' dCfI\Cd lioll) 

vclv -Ial lo: M;MCC IIILTl1;mmw,. Rcsl tallcc to tll(: 
,L!IiilII Mold Of 01.0111111. it COMI)ILA Of difICIC111 spC-
CiL'S Of ItIllel. ol )Cfill(' alf dlll l d1l Of [1)(111, 

.1. Spcclah/rd patIlogcIls 

If',' CIICI d I WIMMICC 11)(TIMIlhill', I CC 11011-
IMIhi (10 Mit oflClil IC Ied IH',[ I)CCI;i IISIS stlCh ;IN 
mil lv Im 1, fill 111, Ill (11,pokk dcl % ;I Ild do\\ Ir%of Ildc\% 
,[)CCIC , I 1WlloS11 L-11co-11XV 
ilgdlll l ()Ile IMIllo 'L!L'llJICTICS OII1\,;iIILI tilt' IM11101,T11 
CdIM", l);IIIIojXIIWIl\ itild JWCIIIC till it 
ild I I Okk I;Itl.I!C of llfN SI)CCICI MUCII W PIIMWC 
hiccillill'-, dc;lk \kllli llo I-p;ItllOgCll lildl CAII 
he CIAS Iflo'd Ill flll LdfL:I?(-l % I lit' ICHIM MICI Of Ille 
dl CIIWOII do" OWd (A)llll Cill(TOI\ 

PaIllogen-Specific Resistance 

I 111 Wsi LIIILT OJ)Cl;llt' ;II-mlM ()Ile IM111OPL-11 ye-

cicsollk. Ilw fc l kjllcc Of %\
lical to%\ licill NMI) Ilist. 
PM( 111111 1,'1(711,1111 . J) NIIh 1, k rO%CI Tied 1) V i I SCi iCS 

Of S I -gC I I L' . I'; 101 (11 1 IfC I I I o W I I I; Ill '10 N I - !CIICS is 

CfICCIIoC ;Igallht MR-M SICIII HISt MCCS IlliA (10 1101 

CMIV (Ile COI WN11411](1111V \ IftIlCIICC LCllo.' . 111is it I VI) I-

C;II IiICC-sj)LTIJIC IC MiIIICC I hCsC gCfICs ilic liol 

ClIm m, agalli'd Mleat leill Ill"(, 1) w, INp. 

irrim 1, iflc pcclic of ill(- \ 11111clic'. pune oI IIla I 

IM1110IT11. TCI'.NIIICV 10 \kIICM lCilt IIts: 

is Ciitl Vtl h) mow th;m 30 1 i-Pciies. Wficat if lso 
CallIL', IICII IM1110 ,LCII- I)L'Cillk. dIld IitCC-SI)CCif;C 
gerics Iof %C I lo\\ Ilist. 1'. \ It I//()/ Im %( Y I '), Iof 
po%\ dt-I lllildt: %, [I IkIp/If 'I"I(Imlius I.sp it-ill, I ( Pill-
gcflc ), and lot loose "Illul. I S111.11"t)/1110(i I.sP /I'/[/( I 
(I And illso file I)III-gelICS ill IcIttice to 
(10\%t).% IllildC\k, lit( tit( (h', IIIC ill 
;11)1)IC (0 Cdll, I 011110d 111di'(111fl/1%, (Ile CI-gCIICS ill 
tolliato 11)lCill Illoll:d, hiltia lulla, and [Ile xa
gelles ill [fee to bactmill lcill blight, Xmilhomotill.it 

IW I 111 )t '.,,I I I -S 1) \ ( 't, I :a( , aIc cxiIII I I I I C s o I III is Ii I cc -
Npccilic and paillogcil-"peo.-Ilic rcsi,,[;Ilkcc, AliMuch 
111cle ille so fililm . 

Scleclioll lot till', v\pc of Icsistillicc is gencrally 
0ItCII L'IICCliNC WICCIIiIIg 111011MIS 

li;ic bm i &Nrlopcd that Call disclifilillatc effi-
CICIIIIN I)Cl\\(:Cll IfliIIIIIN Of lil)Cs C;J1It\iiIV IICII d I'd(T
SI)CC111C IlMjOl gCIIL' iold plill)(s of lilies not 
',tIClI PCIIC . 

Ill file ;IML' 110 1-I)iIII)OPCII 'ASICHIN Otte Cilll OlICTI, 
it HC( dl%ili, , 1111d dIIOlIICl 101 Ill Of IC.SPIiIJICC \;If
iollsk III(fiCiItCd its IMIllill ICSISIMICC, R-sidtlill ICS;S-
1;11)CC, R' iStdll(!V 01 \tit[] ItIsk, '110A 1-11tillg. 
, hiS Wslsmnce is of :1qualititati"o: mid incompletc 

Ij;IIUfC Mid INJ)O sihl\ gO\L'iHCt1 1),\ j)Okg1_'IICs. Vittl 
(lei Plank (1908kind (it1wis IMIC 111:11thistYpeof 
IC I'dilllk'C I, hICC-flOll- I)CLA11C dild dumble. Accmd
illf.! 10 I)MICOICI f 1979), illall lack-spCcilic effects 
OCCIII ill (his I.\pCol lo',I tilllcc. About thc dtilijbilitv 
(if 1111,,1C LSM IICC he dpl L",", NkI1111he It11IIICI . I Ile file( 
1 I ha I t 11IsI.%J)Cof ICNIIil lice I,,;IIs,, hOf k pa Illogell
',PL'CIl It' I P l 11(-'% 198 1). Pit IIlit I ICSI'dd ])CC 10 tIlelW1 

lclaml 
 lims Pilot mw I'm("t'l and P, Striilormi.s 
OCCIIIS indclicild"'ll(k of C:IClI '1111cl ill file urious 
11:111CCtllfi\ill', ;Illd 10%\_IllstilIL! Of MICM 10 PU(Vi-
Mot t*1,(0IIdiI(l doc" [lot oliciato. lot (Ile other two 
MICilt lusts, P. -:rwillitoand P. millmmm. 

liccawC of lt 'Is"Illilctl (fill ithilitv, pallial I-csis
t;lllcc hils lrcc! ".(! Illost attention ill rcccm wars. 

Partial Resistance 

I Ile I)ICsCIICC Of IMIllill IC'siSUIIICC Cill) Ile (ICII10ri-
Ilillcd ill mo \%it\". 

I If OfIC StIldiCs iICCIII'il(Cl file SO-CAIM SlISC12116111C 

cillikars, a liiligc Ill suscepilbili(\ can oficil be 
OhNCICd its Ill HIC C;0,V Of bill !C\' ilgilillSt h;II-ICN' 
.,!ill lust, Au ( ini(I hold"i. 
WIJCII Ill-W Mth 1110110"Clli(: ICSiStMICC 
ilic ililloduccd (heY are illilialk, quite fcistallt, 

(file to (Ile appediallce of 
IdCC sthC CHCCIN Of IIICSC f'CsiStiLIICCgCIICSMCS00I1 
[lei) IIa If/Cd ( I a ble I ). I Ile IC.sista lice agilillst yel
lo\k Just and pomlel 'v miltink decleascd and the 
It'\Cl Of MSI UIIILC 1111ifilafelY leached vatied from 
scoles ill .3to O Illost cultkars fell back to 4 oi- 5. 
h is [lot difficult to till(] amollp. exotic Cultivars 
I'll' Mole stISCCI)IihJCgCIIOIYI)CS 11111 WOUld SCUIVil 
1 (111tills scale. Altcr (lie majoi f-ace-spccific rcsis

11111 new Corresponding 

ITSidUill ['CSiStilJICC 1.11OWS ill). Flik residual resis
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Table 1. (trarge inresistance le~els (t107 extremic resis-
ranl, I : extrmel , susceplili) of 4 teat cultiars for 2 
prathigens acording to tile )utch lists of recotmminie'ed 
cultitars after intro~duction (first cipher) and some .%ears 
ltat r (second cipher), 

( lrunt , S 3 
\l n,+l S ( 6 5 
( rh, , 6,0 
N il .7-, 4 

---.. 

22,2- mn, ,,,i1i)2 

' /2 2,,'/2s' ,.',,,',22, I , ,',m.compared 

t',ttce is the slrte isCAtile ICsistat.'e ci!rSilr s;iai;1-
toot ialIoI the so-c;lled' sttscctibc 'ihleltJists 
t1tertttc1tred iII tertn I ahoec. Pailill ltts',;tlc 
tlitilllSt rus ls,, chitL'ic ri/ctd hs iaricd Icdratel ot 
Cpidetttic Iitcip,itdlis iiaircedielhC ulal 
stllilfer' atnd thIee il lcs\ser of lICt.II. ,clois, olotan 
ttlarkCl lisi siitttdltttr the,,nrIal pt ttlC, 

so Ct_'hlt' tc Lt 0I ihe' rlC-spi' lltt il L HIc' 
tesi,,rtnce Ihlt S P,.., trt t\ j. 1\r,, la k ie. Io des,-
ci hC pa+l tCstI:.ttc inllit 1k.ut;1rltre1 d;ut 1 
collkcted %%]llthille\ itaiitt h;ItIlc ca.l list. 
1t1' 2ll2h2/ (2"2't dlt t-crsLsd. 

Partial resianc, in barlc. to harle , leat rust 

If i lt.tllthtL's of hoIle. ttliC\ tis ic stt It tllll 
tc' ttcc to h itle,, +eaf Its, hs itttult0t[ir. ceidifl-Nk 
tei rti ttiLcit;i 1,s\ crtct ,,itisct\,pe 

,t lcstMl~lt c '.lf tllht'l ctftll ;1ts lki)\k [the itilr l 
sttscCftl e atI -ittl t 5tlf-Jt,' il liti. I ttikI 
Ie trit c' IslC iM catl t sirtall i ll 
tlill'c . ittlsi/ ritIhe ',i,,t tll, s 1 Isc si\t,, 

taiblte 2. iinitter ofharlte I-ifrit.(race 1-2turcdiniapetr 
rilhr f 4 harh,. ciilifiarsat 3 fh hl-irhui sifiiatioris ltarhes-
(ic,-iaind 'fi r nt ini I ')75.g 

I ffld -t -'ItIallil tIce 

Plot, .. 
hts\t~ilii 

. 
i it. 
. . ... . . 

(tit~is+trs 
- I .. 

iittelid 
iss 

lIf(t Iit 
ii 

1.25q itt 
........ .. . .... . 

1.94 Sitfn 12.11 2510 
Stltan 100011 71 SOill 
Julia 17 10011 250 
Vita I+I 35 100)(p 
tiltt~c. 450011 36 25 -

Cultirars il the field in plots ,ClIllisolated rorn each 
other 1I ple lentiiitelploi ritcil'lclrce, large ditler
es in th," a mol Of rustl appear. lie cult\ars 
air grcallk in parial rcsistancc. lable 2 shows the 

rtesults of -i cultikars Lromin In 3 dillcrent test-plot
,,itittjions. It plots isolated from each other by 
. .heat (to pILecu t jitcrpit iJ11crif ceLcc)the true 
partial resistince ISllhca tred. Ill ad;icCntplots, tire 
k\as\ liles arid cuflr\il s arc nroilriall. cttompilled, tire 
patil rcsistancc i, undtterestjiatetd considerabk\. 

Ielc cl of baitrl fcitl lu tll n adjccli plots lot r 
rows \wide \its milk 30 lo\\r oi \'ad11tan otl 1.94 

\kith th 450(1 - dilhcenc-c in the iolatd 

ntile resi;tait 
ICcle mouist of tiril illocllcull Irtolll tire neighhour
ll ,,IceptileL Ctlti\,,Irs. Hut thIe MAiA ,l orde'r of 

tie cttltislls rains rite satme. A icedlr. therefore, 
cll select we\t_ in p)Ots. lie 

plot, this is heca uic move cultisars 

\c'r\ ll siltalid .lCCrrt 
shtold. toses ci. cl'i/c that tlre esistanIclei scorcs 
i ;I clear undrcstirtatitlt of realit\ (I iPrlelict and 

Or1r1 trc1 i975). 
I Iris patial Itesisliarrc is the [tirittlatise elfect 

(ot\L'I sC\Cral Icses el ,lr-ritcti.l) of dillerences in 
latentt pcohd( I P). ittlectiondCnsitr Ill)). artd rate of 
splttiktIot (O'sR) pci pttstttlc. Vad iilhs ia Collsidera
hhe lll,:iI ). lo \rt it), aitd lo\cr SR than 1,94. 
I lic ultI' tiotlt ill thle'e Comtpotnetts i partial resis-

C h i\r cittcud: it 
jil\ssi ss toyetltel \ith it reduced II)and SR. Partial 
tesistlacc dIt.r rcoteislighl+\ correlated (r0.9) 

ti lt hit Irll ;, oll r I 1goes ic'arly 

9\itl 
I P l'tItCsIet atd Vnt ()mmcrr n 19751. Gcenetic 

, sltisctd that I ) tttd st filtill les itttc . s 
inlic ited inlt p tolkcrtic \kitv l ltcklicr lt)7,ii). \adt
 
krlris. tosttc'dcartl tJulia4-S. Sotltit 2-3, and
it -(. 

2),1 /ct tl l Oil 1 1).4 itlt_,t s itIit)t!L'I 

tis fttlm ctIttc rcsi nceIt tlt h. titi Ilollwnots 
ic l acc-titspllcclic pilttc il. Ilrice pirtially-resis
lailiC',t' ctltisats \\cic estcd l iiist 5 harley Ical i tLt 
lace, (lIaIslC 3), aind allhitrll thhc iatirn is. h), and 
lrllge, f i rit c-ill ,llspccili,: aliltire, tiletrc Was tIre
tlilrt;i diflcinttal iriferactittn, hetsseetl culikar 

.Itilia anid race I; (8(Pils ict 1978h). Ihis itteracitioi 
ac, itiicccl si\ic'k th it Ic'lIticl IT Ol lilia tr lhal 

all alttuIt- itt ( 19 7 
8lbI)assutilled thalt ilc' ell cl otf 

rite' itl Ire fi-\ gertcs tof .thli a snis )\1ts olll byillucc 

J\lslritttlv ptld.ienic iesistatcre also shows r ce

spc:liicit, althiotn lh tie ellets are small. Race
sftccilic tcsistance is cii ,sideied to he based oil I 
gClC-(oI-gCIte actit. Fach resistaitcre genie ill It 
hist hIas I cllespolindirg \ irulcnrce .ee it tIhe path

igert.It sec'r IIhI I ,. i,chaIIr' uIne partial resistancc iS 
lso bascd t nai gercr-fltr-gete action. 
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Table 3. Percentages of leaf area affected (coered "ith 
lesions) of 3 harlei eulti,,ars infected Asith Sharlei leaf-rit 
races. Each plot ',a%separated from all otheir h') , ide 
strips of it non-host crop (Parleiliet 19781,. 

.. 
('rUixiro I-I IN -2 22 24 

lc SA,I 67 j.11 O. 
.luli 4.5 121 Is I. 0.0 
Vai, 	 )l 0. 0.; nir, (.2 0. 1 

. -- - -f- - c hroin 

v 

IIloseer. 	hisulogical studies (Nilk, and Kuiper 
1983. Niks 1983) clcairly sho\cd that the hyperselsi-
tivc t\ Ipe o esistance alnd partial resistance repres-
,tt t\\o distitict resistance mechalnisms that do not 
intelact \ith one aillther. Ilw, horicr mechanism 
appear s to opelit. iltel the haustoria are frllned 
ijiside the host cells, the kittel betole the host cells 
are pentrrated, 

I here is also a iarked ulilfrence in durabilit; 
het,.eeil the two types of Icsistance. Ihl hypurersi-
tis e typeol resistillce Is ot oilv higll rice-specitic. 
but it also lacks dirahilit \. Piartial tcsistirnce, how-
ever, scems to he r.i\ dvlialble (Ilabgood ant Ui-
ford 198 I Plt leslict 1981)as it has bctn exposed ill 
Western [iiurope hcarad v for a long tute user a large 
area xmithout any sigits of adiptation in tire patligeri 
prpuliiorl despite llir fce-specilic effects.a 

Selection for partial resistance 

In the absertce of itaijor genes f lithrpersenisitivity, 
selection fr piartial resistance is not difficult in tile 

Table 4. Laten periods (ll)relatie to that of 1.94(z 1001t) 
and partial resistance expressed in number of uredinia per 
tilier 1-2 iseeks after heading of several harley cultiars and 
lines affected i barle. leaf rust. 

('riltivar Rclatie No. ot uredinia 
line 	 1.' pet tiller

1.94 	 1 

Akka 	 H3 5000
 
Sultan 	 137 1000 
Vada 185 100 
421-9 212 
139-8-4 234 7 
17-5-16 281 0).4
26-6-lII 291 	 1.0) 

case of .alv and ha rlv leaI rust. Selection 
appe:ured pos.,ible in the seedling stage if) the green
house as \well as on adult inglc plants and single 
lines in tih, field. Ilte selection antong adtlt plants 
\\wcis Illore ellicient thall selection allong seedlings 
(larlcxliet et al. 1980). 

It is also possible to select ii tle greenhouse for 

<e ot tt;e coipornents, I.P. Ilt the cross Vada 
('ehada (apa. I'arlevlict and Kniper (1985) selected 
in the [-. . :,, and F, tIle plants,,with the longest IP 

the lines with the longest I.T (mature plants). 
In this kkar it appeated possible to obtain F, lines 
that carricd most of tie polygenes of Vada and 
Cehadi: ('apa (together), giving a 1.1 considerably 
heond that of Vada Ilhese I, lines had a partial 
r,:,istancc also tar beyond that of Vada, thie caltivar 
with the approxinlately highest level of'partial resis
tance rirrong the 1rtiropcln barley cultivars (I able 4) 
( Paileliet et al. 1985). 

I, however, Major genes that are riot completely 
o ccole ate present, selection for partial resistance 
is !nori- difficult. lhe major genes may hide the 
partial resistancc, am]din thecfield itisverydifficultto 
discern tile two types of resistance. When the two 
types of resistance occur together one should, if 
possible, avoid testing with a mixture of races. 
Parle\liet (1983) showed that using mixtures of 
races, when partly-efcfcti e major resistance genes 
ale present, selection for apparent partial resistance 
is largely a selection for the partly-effective major 
genes. 

One should always bear in mind that genes with 
large effects ;tre more easily recognized thanr genes
with small effects. Major-genie resistance tends to 
hae a higher heritability than polygenic resistance. 
lhis teca' that: 

I. ense selection for resistance tends to favor 
riajor geries, and 
,Mild selection for resistance, which is the sameas 
selection against susceptibility, tends to favor 
minor genes. 
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Inheritance of Rust Resistance in Groundnut 
D.A. Knauftl 

A bstriet 

tI.l- sit sofJpilNo' 4:.en tIf I I'- /P . PI I. (ti,(o IWi fII,l 'IIIol /t nnl titin "ori t r), ntn'n II, s .mt/ l iblh 
A,'iot i w t.sboth n tiloni ldtilt'l",,1l. ,'t l u1 It. I tit (.' rI' w/dOtier /n 0/ludi o.I rtNtne.s.sui t' OI , 

%n /t"to/i., ,r'Istolr it, .tHolt , o ! , lilt,,,l /,to 0, or tt'li/(f'sit /t. Ho/ t l t , il P1 
0¢11817ar I tt, )iI/ ,o ,Is''itIlit,,,(ifill f6I',t1tt' td (pCl ,,l ,,t',it -elt ,. A.UXrI ,st wnsistatnce and 
l t,sit"ri tl do/i,,,, , t ,,', I -t,,be ,ip/ mItilmtu this III t-, ,t m, ersa'id. Iclli it/ Ir diishours on l 

I r li 1'' la,Xowf,'oh-l 'I la rolilhIf, dol ciifg DIo, I t/rctCi'f, c t l, nro;sistant, (P I~0-1t' 1-/ Piq ],' , P l.- I C u',, (It'ea,t . ,a O 't'T I') ) lit rtol///v arv(/ kg,;tIl j, ,s'.t'l dchlt(t F".439. 

't \'iit'n/ 0-.)" l drCriifiC t IIttt iI1t' ). h,, n ot/it l d t t, lo al InwittIittC ( .s. , 1 11(tylt 

(.'t'CcdC. t ft't pt t'tn 1,,t l I liv ioC" i'll ai otr',tt .st, I i ,ut ,/ittttl I -it'h . i I, iltce dd 

t t'ut ',',;i~ ,ltitt ti; \lc it'ljan tt~ ti,,ia .,;~ ot I'CNlitt ~lC l'/t. I it/t l'i't'.t til l,ii'id,.z curetttto,.c h 

,Itt ,tin pFett , t ' tilt 'Oi'alt t I', iI ,i-Hlt llit. ttitle Vitet- hals tI,.II )llltlt i-lnt ripPi'C.- '\ht ti,' m 'olit ,t t tlil t Itm htii,I i'C' 
oC, Lf i. 

rust inran',' t:s,tttlalC ]" llod ati tlL'itI tt.\ a ll Iotff l ttlt,/eit it'tlitCt ' li]ll it l it'sIing li'la t' ttt r 'st il utt. S tittt ti o c In-Ific d 0 i nterI . 

M10lt S1.h%\\Ct Ill N O.) IMil It'NINt llt.t' ill Mwt"itt to genelt. r rt.ici llnct.. Ili co\%,pc.ii, Il u'/tilliltIlcidw .
 
.,,-elhokk Itlist \%;I , q ii ,oltcd I i t M lc~ 
lian Itlls i I Ic'qitllncet: o I *twDml' 4,.%Iml, W, W'llat is cot lle~.d b.y
(hitllliclttsriuthrf19) I. \\hc heIII:1 ei lr ,wt e .I n,11tot a lilt'I 'lo' it "lt stit,'clitil-it.o:i I l mih i .,ingle dominantt li 1970).t d tI v.'~ li ld genefid(11 1Ai lIn soybean.l~e~a C f rrcms,il it pl lt, III: Ob lillt_,d all F-. fal I ltltccptl- Oitll W 111 X, d'1111 li 11i it ld( I larIt \kig (1980)

111CI l toli II c',s',tallntm to'~l t~'hl lillfci1, dicti ttII Ic,,,,al.'cIwo liC
ltti l +lthtot!tlhle It Itotro d i Sttitn IPutC11011t(CLIo if hi1 hiI i (10tnimanitr198genl ot ndgr8un dnS011Uti rl lc1, SpeS I 1 Ot1ll' 10I -rCsis,' nCC t(, 

ill It'oi pi 9 Ica : l4l-.ind p ' te llI.1 (lliir. I t illilt, tio.. al3I4\%o1K h s bueen done oil il inheritance ofRust ort l. ,, tt Illliill, IOOtLgroutldtwil. llC SbCidC, r.sis- t o rusts ill theIll ,- l Of tho: Illlpota~ ll.e.of [Ilhe plill)(,. lod legumes.Ill OltdtIr 10 St~il thC flllOtd. 01 i[llhcrllnCC 01' rHI

Off1[l :1 IC V'.1!HIC~S, 111 \t.ChCl t 
 I',tu to & M 11.111III1C' Pill ( tllt'l flr'tl ]ttdt.k ."p g.} I're [sistn o. ill gi-m i~ldltt 
thk: lU Of of,lloo ilit-i itatce rc',istilcc tol the rulst (A.rma hts /]lloltw I .). s.oill tCes of resistanllce must be
Organisms. it life comonll l hcatnll. Phl~ -ltl u,%ti idk't- ak.ailahle. Plant, from1 i1 illlt.ci" (if %\ild .Arachi.s 
r6A, OIIC Of 1ll10lC 11tlll aI.llflI ire'Oraltil~j l*\tJOlliillllt NI'tClCIChake Ilc hel llmll ll the llll lle of highly
gelles cont I-ol ,t",i,,tllat: itI If" ( It ( ittl cI phil.seti'l} resistillt to P.artll hdi., lIlt.?, inclutde A.. hati:0Ooi,
dcpenldijiv Onr the host face c-ombinatillon!. Ba/lli.m~- 1-. dttrmeakiti.s .A ]'klzl/, A.. corremtinta, 

I. Ass,l)tlLt:II P! 0 1 ,,C I Cp~titt It I I .IAgI "o. IMe n s1. [otd a "k. I: (IItlU11IInI t ifIC of d .11 SC'JIICCS. I Ili ,¢e st%, ofI Ilori (I . (iairie,%.i Ile, 1:1.
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Sp. <~,/a. . I , i . /I , i ...

, ,'%ifih. A,. /lwi!mitirwmi% l, A-. /wtl a./ '1. vl/ lul-


cCl'i,. l . h atltill t it a it. l l t i ilbtt'tlh

i ubraiit ml ini Ilitnd M cllI_ l n LI I.M)3).Not all ild 

.species h c been IC stCd to lie c Ora tr hihl 5 
r it rtlillt.- li m t t si'll, A. / t[ . 1.l tlI tl1,i ,P)
ad ;Ilsttlet ion f I If- lc, t ltl h1;C h illt Ip lCt o 

. WC fl .t h Il d ! 1i A iu it !1uiiit.h St11,CC fil l 1 M3ti58 

.%(")NIl Of IlIII C.it( (i 1 t t l1C CaI. ilaI h I 

. itI/l S(N 1/t)Cl( '(I. alH S )lll'e, kl2 I. IIu \ie IIn 
tile CtlltI\,aletd ,,pCCiCN hla %C hC'CH t,111 1hl. M al~//a In 

I i ihIi ll) )tI t3I iti
1 alapoto IaS l-,iil,lll t l I I atlliip ol ll lli ststlia, o 
S c ictal tIlI ltu t iplantt LIl]%'lltl (P) ) nl liml,+ 

171211] o lIt-1 LI d It I le-\ Itl,-

li CL Htsti l el itt il P . Ilili2l5lulia. . SIi(l ( anldl 
4( 1)5 I Wli 19ilt') founid 1tl and .,t-.tot
314,W7 (also krumn\l 0 0) d 'a , Hl an)( P~li315(,0S 

t'd+ + 
IIl'(also, k",,\\ In I, l J lilt' I."()) tO+hC i ItS_' Adl~ ll. 

IP 2 lIt 11 i I lliS l liu\,ll I, ,ili l I I5 1 . ', 

tI972)i ci lull ItI "l S Al"ttIlI 'litL t. llitli3lti5 
lClCtritd 1/ !1i11Cs t1 1)it'1a ltt \\ 11 Llt tl IIii 

ildit n a ! tlt oltl 195)j-). tt 

l'Stnhidiftait ill t i Ii i( I',(I ICI'M tC't ,'\C al 

OHtL~t:CS tlILT_'t, t%\\ landt la ': ' (VNOflkI't"l Ilvltll 
-\C 1ti,)(I andI ( 76-4.16) odand N,'%C* I ()illt alt''_
 

,itllS (\(" A\c 170X() 171 11 1'12% 17135. and! 


17 124). nlhih ma mal\llt t'I All ( I'M I) ICer

IcpI' l t ofI P[l nHIIII)CItu hat
11111111)(~t'fadd][11i,1t1al 
ila\C ,htu\\u IC ,lhtaIIL'C_ Ill PUIClHO R(ICO. Indtiat. andlt 

14t lh5C aIStCi ) 

1i lrablC4 lItltnbt o, lit'lit gc tlw pCS kklilt 11C l \ 


ie'1 t1s. ! 3C 7, ) d151d\,llslhrtC ts l- 

at lea;st Ill latc t- lc~cl oftrcs,lance. Ih c:l l II't d 
h% .Stlh~ahIInaII\,io nd M CI )OHl~ld ( 19".3). 

Ill spitte' ofli e iIllptl tlance't of Itlist di Ca ,. andlt IhC' 
-]laic llulll£bcl, o 111ICI lugt.l ol pct l h \llg Tests+t th tmk_' 

tatut.t_ tO Itl.,t, th;' Inlt)dC tl ilIht+ ' tCo rist ance;ll_'_It0 

thi,, di'sca c has, ntl h)CCn \Cul C tahlishwd. Brom fildh 
,andt BIIlc' 11972) :upi wdctthat it Inattiln l t.los+' 
hot\\c r and an unknom l lctu d]onorI1 NIl 15 pol~l\ 

',Cgic N tM I hla ",t11,Cl-ptIiilit > and [ dI'lCt"1.1;1Ilttio 
' 

O 101llll tllhtstl~ tMil h fft l 10 I It' lMlIlCC'. %\\Ith 

M' O Us gC' ilc l !tHo)lut )/.%Oll- '',.,l C x.' simr rest,,-

ttlJcc. A\ plel' il i'm %C[Nj n (it fil lq)t::t \w',,, l\C11 
ilt ft,., .+\ clicaln iPC:nut1 IRcs'calch andlt I d!l+.allwll 
.Socict Ilctilg inI \()[li ('atltlilaI ['SA, ill 11M .1 

(Knalt and N )ldln 19' .;) I hlcc p ell"C~,to hc. little 
o)ther Inlorlliltorl ill tle hitcialuic oill inhiclitilincu (tl 
I'uit TCt dutlCC Ill 

Materials and Methods 

Genotypce, P!1 314811. 3508%),and 315608"ere used 
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l'-i'l I.1 ( r(e ses to %tud. inheritance f rtis! resistalLC illgro)undnu. 

Ill 3148;17 • 'l1 4.19-I1 -J10-31 

I 35ilI'I 350080 1 1 439,-16-10-3 

ial 

51s l 1Itie I t. i pr4S 

1111J1 I t llt I ri IIlt' klu(t ICiiI til 1 1 I I()31411)71 
iiC l 

S I lilt,-tI \la t (lititelld \%,lC CO CI %kIt 1 ei
 
tco ilet li I al ie ll i ioT 43-
of lo let.i . I'
3 (I able I). 0toS,,,Nc \%Ciefmade e Ssce ptible
s!tl ~ 
t LI22, l lt9h_'5lt Iul c Pil2lltl i5 
"as useld ,as aa ilLlt s , butIb th tis lacn,
all( tile N+-Ctga~lllg Oll,,intg M-.C so tlltt~lCti\C 
tIRICIt t.' C)lld'~ ltlt tll , thatI illstlillL 'illl Ilatl Cl'ial \, 

h\ilila , V,,1t tlll trnt ICtul iitntill,
, 
tiscu ssion. Itl 

ilit 0NSt tjhli tlt)c iit111 \ itIh ll 14 i7 to te s for 
t'ttt iitalltlitt. 

i\St, CI Il I It i Jl -llI tCiCA.t1d In t 1he Ii UlHIi
 
fungiidet p llrihc I n tI pinsalt e \au lahilitr of lar'ge
 
llla lltii .'ltl1 S' CCti . Rtl l l',tt t a ilte. l id' aIp li

l t .Callon, 1itl ll' lest . 1 1p in si Stis a\aildI t n
 
Il hcspgt an"tl ",cell "m;l ,glmnt ll ith the "m~tpc+m'-


Il il of the i tic (hi t'e[2al (ltlllpallV ill I heir
 
c, iinnlal lru n near \cL-o t cth, lHonda. t'SA
 
NOIht+'l ttI tlll Itlhl IL'%CIS are SC\ e'lC HlO)lO I ChI.' Call 

It kill us ceptibl beiosorlt1r cpla nt" oll0i n i F2i 
lol niS and inlits \\Crc glot \ ll 981, and F:. 
F', aindl palctills+ tk l' + l(m\\ll Inl 98,2 along %%ith the
 
1 ilrust lincts' 1-14 %%ec te \,I- l Ito cxatllinlc tile
that c r 
Ic,,italc ILli.onlt N that theset. lilies hatd totl e na~tti

la11 ILlha pop)ulaltHin inl SOtll h olI da. 
A ll thile S IClI nllt-Ili'd \Vlhht\kn cull%%as ill lo w\, 91 

apait, \\ith 30 cut Npaclin~g bect\c n plants,, l\-'-ry 
flill( lim Nka s\\itt\l \kith cultial. I loltllnl~ to pro
\ule+bhoth , ,.-hecuk and tl So rc 0)LlttIl"+is t hCU1:1l.[~ 

'SC td \\Cc , \\Il till ' ull 19 I anld 9 .l 198"2. 
lillldt glOtlIndllt pro dutlionl pratli+ces as> rect.o<)ll

mended~t't h the 'hmlida ('topclilti\c F-meris ion Ster

\ it' clc t ,1Ct.but nto fu~ngicides, \%ere applied. 
Natutla ftirt Ji IC01tmn \%aS ralted 140 days al'ter 

O \kl . IhIle hlilt. 1011111, and~t filth fully expanded 

Ical\c,, oil each plant cjc tilet(] using thie modified 
M ~//alrll a.nd Ilitll itosa ( 19011 sc ,,:t i.e., 0) 1 no ruISt 
puttlsilllth lId . I 1-10)putle Cet pe+r leaflet',+ p'resent: - l erst'l> 

2 -- I1-30 p+Ustle, per~uIcallmt 3 7: 31 o~r tmore: And .+ 1 
ratin~g of -1 \t,, used1tl pI[lan~ts lthat \%Cie (lead. Ilie 
aIbaxiatl Sides ofl ICa\CS \\Cie exam:irned. Ratings 

icpriwnt all a~crape of tire 12 leaflets examined per 
phint. Plants \"ith ratings ofl U or I "ere- consvidered 



resiStant, su ring, irffil+2 or ,ihoc Indicated tle 
plant %%a sucptibeIC to tL'st. 

Results andl)iscussion 

.Slll; l + i:Ill)liIt. l I ci ', IIC + ) l )I tih I 1ti',1 
Ir ,, \\ct c loddt+It , kICOf1i% ,. it ' 
tile sltk il tIhrcIritiIti ' tilW *\i,, I I'tItiLI lhlt 

thew, i ., 'b1,L ' Il th ritt.il [til t plptll.itit, 
PitLltill I tI lL t I !m i lI LIN(' it i lie I i lIs,t
lfile,,. til Il t lip,1 )ti ll( ll , tw ill M ild ) III(-% %CICItil 

sl ttLd ltit l'Ie liuiCt IIIll ,Ititik Ill Ilit 

likId ilI Ii ih ICN ,,IN', l ii.., l, CI t' I lttilt' 

i. tl lt "_ri t''' Ill tHilt' IIIM d 0I II% I1i 'W Ci+_ ICL'JI 'd rt.'1!1t,IrLt'. %kill) 1 1 1 til+t ". '. . ,Ilt j I 

Nhi(M irl V , i\t CI, d I t l ) ' 1 It ltl C+ C;I.C. +,I 1 111 

iril II I I rI t . 'l C.1tL lu ,i , ,tl 1 1 ii'.i \ CI 

l l' 1 C I I ll l+ " 'I ll i 
 I ill itI . ), Alld 14 

I iil,,l \ 11i,, 110ih,, LCd 1tCt.l0.i,,pIt xIIhit 
%,I,Illk t11 I , lt, JdflI ,,111L11 It i Ill i d IN, 

btcI- tiur tL,,t(L l (,,(I Ne, I 11 1mrttittlnitt\l+. It 
IhtI+itIIlt+ tlttiL Lt ItlIsthil p4),I I\1 silL , 1,il 

Iabi 2. )is,,cI, rtalitimis of li 14 1ifrust lin's iil ir-
eni l lint s rused il crosses. 

f)Ic;iNSC
1 IIP1 \k, tilMclt. . ... . .. 


IIritsr t 2ISrpr 
 16 
'ilitr 2 110593 (ti 
lihtlsr 3 390595 2.( 
Iirtut .1 4i)745.1 1.3
lutrist++5 t91(( 1 (.7 

Iifuirtr 6 .19-1643 t.8 

litruist 7 39.164 
 2.0 
Filrust K 393510 0.4 
l'irust 9) 393517 
Jifrurst It .11)3521 

0.2 
2.1 

FifrIt II .935.11 1.I 
lilrust 12 .39.1527 . 
I ilrust 13 1156 , 2.2 

I iltriust 14 3t4 17 0.. 

Il 314S17 (1.4 
'i 35008 0.S 

I1 3156A, 1.5 
:lorurine 3.8 

I +tilliplof 0 fitlrustipu istulsfuil 1 I liUilLL Cllirci, 
prscil llt 'liti -ti) p i LCe . 1 1 1oi2 l l c tersper Irlcl 
iirelpost lc ceunt si cr IcaliLt a ill iit ld-itilticIo[lis 
iatilgs mi t. calc , of 12 lal tisp erplilite 

sCelctit fIro itl - -I-V, 17. oite of Ih Int itlldictJC 
tiOnS USed iII iS Sturi,. id both l itlust 14 and the 
plantings (i Il 148 7 l(on the ecd tltiice ted for
tile' IM Cl't'lI III Ih,+!,,u NIIdICN, S.llo\MC(I e I',S+nt+.IIy tileIi I ir li tiirr 
si,;liii' tlliI +,l,ista r ce.t 

lh tillt jitlLtlhcL 'l~lIuiiit iii thiS, .tiiil\. I>It+ilL I 

N +31 Ist e c h1ii1llliJ iltnj here.l. as It IpreIlse nl(s 
tiiLltl ;Ie i.t'P it,iitIL Il tillt,ti;nt eic ,Ss+' tihlsv It 
it rst Mid othet'Is thll Xet l' ici iajt rgs f 3 l lherh 


tiiti pllnlts %\ithlatllls ol 
 I ainrd 2. ilrust 1.. wlich 
Irpc ",CSClt', riIe tro111tis, gCIltIOt\ JI . %%;Ss lc"tiON I 

theilll ostt i S t hlic II ti I l' l t ies 
 eCeCIClltlid 
111 Cll\ CtIOLCh Ilflhiltlillgs hhit Xsi 'utisidLS cLlJ res',i

ift It l l i tP ltO IC ll . dItic e c'" treIs('h1telcr.tih 

-. i 't ' KI't' hr tiiSml" iet"' h tJ)\\tN .C'l, %\:I pli.,t,. l ,: Ito he' Su .Ceptlhlc 1)v 

I+ OA+It (I')-' 2) .)ifll It I IN k 110%%,1l \%\hCt IICr(' 111 W it'+. , 110 

111 t tIlISIi tC readiiigS ;ire ho t \u blli;libi itssed 
oi tist geLi t. ,pct andit t li i i ,t i . l ctlter th'..v 

t su afdihlci'ilt genlic 

liust populationis at tIt"c dillcl t loca ti 


i rit e e lt', h it m akeUlp of tire 
nis. 

1)ata Irorr the segregalrig generations of the
 
cioiisses stludied listed if) lable 3.
arc No reciprocal 

ddICrticC, \ CIr Itild,Osir data for tire cross it the
 
diicction uixcn hal c been pioled %%itll data for its
 

ic uil \isii r ii r c re fiiiird b een 
eairs. No thes dita ir\' also hii pooled. I11thebeert 

ross II 314817 - IT 4.19-10-10-3, 20 of the 263 F,


plaits \X ii.r lcsistitilt. I his lecs ni gnii nt chii a 

it .S , riberrtheltiqtlLati ctl a\t h lle t l ( i .? II li t i' tcs t itci tir e ir yp t li hre is ofla 
'1 15I til t f Icsitir it t iltsusceptible pl;ints. l ie F
 

Iroriltc cIoss
the 0l I'l .35(06 ( %%itll IT 439-16-10-3
 
gilLv siliil,ti iititS. \11th 22iut if 3(4 plarrts show
iCL' ICaINI;IlICC, ;lid itClhi-' liu;irC \altile of 0.46 was


reitnecIilc.u1iluiei'tl i "lieu g tirehsi Sante 1:15 hypothesis. 
I hisC IeSUits i I iilll iitCClllc'II h tilte obseratiorts 

iofBlriiiecl l (I-1972)i ; chance cross of'ard ile 
Il 29 115 \%iil ; (prCuirnCd ,usceptible) pollen 
ditlll otl Irl rmiul\rl oliill. 

Iri tire Ie , ite reSiSta, it I-, planrtts shlould breed true 
li rehistmirt. andil ii Susceptible plants should 
sepc gate I resistniit . II Susceptible. Ibis ratio is 
i nbiitedbc ZIs. 7 Ii ii th F plants iave at least 

lilrt eri.liuItii O/\Ciiiis dornirrarrti aidt will tot stow 
art\ riCsllil sgrcyate,, I( of the I-, plartts are 

+ltlclrlo, . ,r lt i)lt_ ie a llll ' recesiltl tto -gous 
sl\c lor tie iter adln %ill Segregate 1:3, and 1 4 of 
tlt- planrts ame hltl't/.\ios lr botlh the gerees and 

\ill sc egat lc 1: 15. 
li tlre IV, 34 t tle 3(2 plarrts frtni cross 

.14817 I1," 439-I -1(0-3 ere re istatl. lhislitsarl 
i gerretic iltio i-suLuaiC Valu UOfIi I I ;Is tlhCC 3l't.38 

I 
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Table 3. Resistance class distributions and 
analysis. 

GcnoplC 

t 314 !' 1'] 4 19-16-14-3 120 
PI314 ;17 ( L 419-10-10-3 I 

Il135t0 Al4W 6-)+1,-O 10-1 
tl13S0suS . (L 439-h-lt1- 3 I 

I'l 31508 t 1 4.19-l0-10-31: 
P13156)S • F-439)-10- l0-3 

probabilities for goodness-of-fit to designated 

Numner oflplants--.. . .... . .... ... .
 

Re.isu..it Suscephible 

243 
34 2ts 

22 284 
33 262 

1 162 
9 176 

ratios based on chi-square 

R a tio 

.ted Piohabilit' 

3:1 
11:1 

0.5 . 

0.10 
1':. .20 
1' .0.05 

3:1 1 -0.50 
11:1 0.10 P 0.05 

3:1 /' (.01 
11:1 0.10 P0.05 

lable 4. Segrega tion patterns oif F, families derived from F, susceptible lilant+. 

I+lIIIhii\l ritl
 

(lo_s 


PI 31417 IT 439-1l-10-3 

Il350680 t "439-1f-10-3 


PI 315080 ( T 439-16-10-3 

was non-signiicnlt. Ihle I[-data frot the cross of PI 
350680, UI-439-16-10-3 did not. how\ever, fitthe 
expected data sery wcl. These data indicated nany 
nmore resistant plants than expected. One of the 
tsventv F, lamilies produced 16 resistant plants, sug-
gcsting that the F , plant that was the source of this 
ftniilv was actually resistant, but was misciassilied 
as susceptible. lhis skewed the -,data. Without this 
family the chi-square value is3.15. which is not 
significant. 

Although the number of dilferent I; latmilies 
sampled was small, the number ot lamilies litting the 
expected segrecation patterns %%as consistent with 
the nunibet ';expCcted fron the two-gene model. For 
both the cross with I)N314817 and with PI 350680 
(Iable 4), the 19 fa rilies (excluding the one from the 
latter cross mentioned ahove) should have had 5.1 
lamilies segregating 3:1. 5.1 scgregating 15:1 and 8.9 
not segregating (all susceptible). ('hi-sqtlarc tests 
were run ott each of the -, lfamilies, which were then 
placed in the segregatiton categories they best litted. 
The iuntbers of latnilies segregating for each of 
these patterns were then analyzed withi a chi-square 
test. All crosses segregated within the expected 
values for each of the segregation categories, 

Analysis of crosses involving PI315608 was more 
difficult. Of the 50 plants of this genotype observed, 

3:1 15:1 ;l) ,tlsc. C l-saluare 

7 4 X 1.04 
5 4 It) 0.38 
i 2 9 4.03 

14 were rated as susceptible. In the F,.from the cross 
of this gcnotype with UF439-16-10-3, only one plant 
was classified as resistant in the 2years of this study. 
These data did not fitthe 15:1 ratio according to the 
chi-square test. However, the F,data did fitthe 11:1 
ratio. Note, though, that for the other two crosses, 
all resistant classes had more observed resistant 
plants than expected. Tiis was most likely due to 
escapes. IHowever, in the cross with P1 315608 there 
were fewer observed resistant plants than expected. 
If a certain nummbcr of escapes occurred, this may 
explain the resistant plants from this cross. It is also 
possible that these resistant plants, many of which 
had ratings of 1,were actualy showing a moderate 
form of resistance. 

Genotype PI 315608 does not contairt the same 
resistance genes as PI 314817. When the two lines 
were crossed, 44stsceptible plants were found out of 
66 inthe F2, atnd 36 susceptible plants ottt of 74 in the 
F,. The genetic makeup of this genotype is unclear. 
The 44 susceptible and 22 resistatit plants fita 5'3 
ratio, h,.t would occur if the genotype contained 
one (ominant and three recessive genes. There are 
inadequate data from the 1 to further test this 
hypothesis. Also, it would not explain why some 
resistant and sonic susceptible plants appeared in the 
parental plots. 
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Discussion 

Chairman: J.P. Moss
 

Rapporteurs: MJ.V.Rao, A.B. Mohamned
 

J.E. Parlevliet (addressed to Knauft). What did 
you consider as resistant and as susceptible on the 
5-point scale'? 

D.A. Knauft. Scores (,ild itstcsistilllt, aid 2,3, 
and 4 as susceptihle. 

J.E. Parleiliet. Were the susceptible and resistant 
groups of plants in i', susceptible resistant as the 
parents'? 

D.A. Knauft. %cl\ lc\ susceptblc plalnts %%Creais 
susceptible i;sl ruincir and nlost,"Sco[ed .3o thle 
5-point scale, In general, the resistant plants had tile 
same Iccl ol iesistinCC as tilelesistant parent. 

P. Subramhnl amlr. In sonic (d the ci osses bet\een 

two lesistant pilrertal liles at I('RISAI (-'enter, wC 

calne acro0ss soic pIlants \ith lte resistance thain 

the parents uiidel high dis iuse pressure. 

..,I.Redd. to Iood.,'IIt could be title diSease prS-

sure, Muhich %%o. ld gise an upward bias.
 

i).A. Knauft. Probably that is wIy \kcdid tnt 

obser,.e such differences. 


R.W. (;ibons. Should we go for a detached-leaf 

scoring technique to look into this'?
 

P. Subrahman. an. Yes. We have plans to do this. 

P. Subrahmanyam. )oes .1.F. Parlcvlict think that 
it is advisable to st ud, components of resistance in 
F, plants to get precise estimates of genctic patterns'? 

,.. Parlevliet. If I had studied barley rust in the 
field, I would not have othained the results that I 
have today. If you must study, you mlst take leaves 
of the same physiolopical stage and age. Maturity 
differences could influence the results. There are 
several advantages in greenhouse studies, particu-
larly the elimination of' effects of other factors. I 
think that in such studies, one must take into 
account only ane of the components for genetic 
studies. Latent period and infection frequency are 

difficult to measure on a large scale, and tile),are
 
related to one another, so I would not do genetic 
analysis on these. 

r.W.Gibbons. I think that leaf spots complicate 
rust studies in the field and that genetic studies must 
he carried out separately. But, for practical plant 
beeding, dual rcsist.anu1ce to lust ,atd Icaf spots 
shoild be tie ain. 

i-.A. Salako. (ould tle discrepancies in results be 
due to di ffLencc:, in) juvenile and adult plant resis
tainces? 

I.E. Plarlevliel. Ihe \ariationlfor resistancearniong 
commercial barley varieties was far smaller at the 
seedling stage thain at the adult stage. 'his was also 
tirlehor wheat brown rust, rye brown rust, barley 
yellow rlst, atid ballcy powdery mildew. Appar-
Cntl\, it is a general patrctn that partial resistance is 
best expressed in the adult plant and only toia 
limited extent inthe seedling stage. 

R.N. Strange. Pisatin is an exceptional phyto
alexit. In pigeorpea wehavefound 10phytoalexins, 
which have quite complicated side-chain structure. 
In Arachis we have found 3 phytoalexins. I want to 
know what mechanism controls partial resistance. 

.I.E.Parlevliet. I agree with Dr. Strange regarding 
pisatin. Regarding mechanisms, inthe hype'sensi
tive reaction, the cell and the neighbouring cells 
collapse after the haustorium has been formed inside 
the cell. Recognition perhaps occurs and results in 
cell death. But in partial resistance, an early abortion 
occurs in about 30-40% ol the cases, but no single 
haustoriuM forms. In the other 70%, we get at least 
one haustorium formed. In partial resistance, it 
happens before cell is penetrated while in thetile 

hypersensitive reaction, it happens after the cell is 
penetrated. But, in both cases, initially haustorium 
and host cells interact. 

C.D.Mayee. Phytoalexins are naturally formed as 
postinfectionary products. There are several fungal 
s'gecies that do not attack plants and I think it does 
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not fit into your schemle of itonpatlhogelic interac-
tions. I)o you sugge.st that scIeeIiig Io IStrIonig Iesis-
tant genes k\ould reult in loss of minlor genes 
especially in groumldnut rst. 

J.E. Parlevlict. I do not think that it vou ,lect for 
strong rSl',NlIlC. v\o1 \ould lo0e minor genes. lt, 
you ;If tavluring majol Yunui may gain neither. 

KJ.Middic0n. I )o \ us Cany intOrItlih on 
etteets of itocuiliit plrssnc on latent peril? 

,I.. Parle"'lie. LatentIpriod i,iifluenciled 1h a 
nutriher of [actos such a,, inocitln le c,.I,inlctiol 
freiqnerlc. locatill oi le'af, eic. So. se shouhd take 
thee factors lilt) corsIdclalloii helole stuidying Ia-
tent peiod. 

I'. Suhraimanyam. We had tlie samc prohlcm 
s%,let \\eiltoculated the test plants with higher dtises 
tOt(liedillitospOres. tient Iul)Catd tet:'nIdOWn 1111)
 
dha tu Is there ;fit
f davy, in resistant line,,. risk 
illsolcd illselctilw ftt iinlor ,elles lild'! ht, di,-
case pre,,urc ft, st.' so, h5particula' I If (t) 

perllmtht,se s,ctlis cli sfiti lelcd litler high 
(15isc ii c . SI]re? 

... Parleliet. In hatlev hs s.lccliing 1 lallit 
parLent, I cuid eL'fcLisi',Ch select Ithr partial res-
tiFcl,. Ileritihilitv*\1 I :clt period is higher in the 
grectnhots thall il II' lield. Partial resistance and 
latent perid aitcirmglv coriclated. But in the field, 
I Wtllild use mole )r less the sIme sv\sten \on are 

lisin '2. 

S. "onf,kav%,. \' hai\c ICC'iedd stolle material 

frtm ('R I.S.A eIls tte resistant tIanI that mlIIr0eI 

the parclts rinim sliich they are de ived. Why is this 
the case? 

D.A. KfIcufl. WC tt nOt know why it is SO,.But, 
there could be iajior and minor genes involved. 
Ihere are some studies shoswig dominance of resis
tance. Sone others show simple recessive genes. 
Maybe there are two different mechanisms operat
ing that have Colme together in the derikutives von 
nmention. 

1). Subrahmanvam. ()bscrv:itions on (.RISAT 

breeding lines, lor example PI 259747 or Ill350680 
den vatis es, showed that some were more resistant to 
rust than were their resistant parents. In 1979, when 
we scored t lie F, populations in the field trials, some 
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F, plants wvere niore resistant than the resistant 
pa ren[t. 

S.Nagarajan ()l.lrohservations in wheat rust have 
in dicated that sometimes the greenhouse ohserva
tions for resistance do not cojrelate with the field 
Obser\atiois. Hlave you ohser\ed the same in your 
material! 

I.F. Parleviiet. Seedling-stage screening is not 
'v. ic preseallfatie. Hut iI balevy rust, wC have beeni 

ahle to select for partial resistance even in the seed
ling ,tage. lowever, the see'dlings should he close 
togetiler aid the spCcific Control CUltivar should be 
adjiacent to each set of seedlings for use as a 
reherence. 

S. Nagarajan. \W'e a \ays put the ref erence seed in 
he lighlt side of each bread pan. We later transplant 
the seedlings in the field. 

I.E. Parlefliet. lransplanting itself could influ
cice i !lts. I suggest vol produce seed from the 
traMplaiitCd seedling and use that seed for 
e\altatiuln. 

T.1. Yada va. I he chances of emironnuental inter
ilctillns \ith genlltype are much ire in what you 
are suggesting than in transplantation. 

I.E.. Parlelielt. Partial resistance is not very sensi
tie to environment because I get the same ranking 
l)r(ler in itrange of environmenrts. 
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P. Subrhmannyarn. I he rccotinicnded pacing for 
spani.l type grotfllnttits is 30 tt bcm,ewen "o\ and 
10 crllhcheein plants in tlhe ro%. 

I).L. ('ole. Yes. But at Mhat spacitgs ho faritmers 
acttnallv mk? 

R.W. Gibbons. Faricrs in India ,o\ groundnts 
at \erv iiutch higher poptatiotis than ifo mot Afri-
cillfartierls. 

I). Mc onal)d. Vcgetatisegros th Of glotindtfilts is 
etteratlfv putorei illIndii than it) Alrici atld if plllis 

are \kidclv space.d tile.\ ss Ilitoi pro idc fullertitJ 
(Mcl. 

R.O. lialmons. Ihigh plant densities cotld lead to 
fotge reteintion of satcr onl Ical surfaces and (his 
could fsc interesting intctactiots \%it sarictal 
resistancc as Marion nook has ;-cp;tcd \arijetal 

difereics ill leaf sCttabifity heitig related to 'tlst 
resistance. lteractiots btselen iicrloc!ittitlC 
effects and feafl \\ettahilitv could influetnc Irust resis-
tance csaluation Of bleCdillg ilaterill. SCCllCo 

should confill or diprtsc )r (Cook's Cottention 
that leaf \ettahilm is aill nportatiti factor illtist 
tesistai e. 

J.,. Ilennen. s kti ofitvtluntng io.l tife effect of 
secds oinrust ,fisase I ;till repothinking tif ts ot 

sonie sai,ciltr plants ilillibititig the growth of tithcr 

\atilal plants. 


1). Mc)omld. I lbase not ficari tuf ai such inhib
itiig effect of vtfls On itu- rust.
ioItltltllt lthwe\cr, 
leas+\ keelt gti tf inhLrItrtdnlt Crops Call fuse ai 
effect ointhe microclintati similar to that o. high 

crop-plat poptliiitt. I hece \%its sonic evidetieC itt
 
Ni:ea tfhat htca,\ .cfgrowth itt giouidttut fields 

led to inccased sscrit, oil leal-spt diseases. 


BiologicalI cotinrl 

i). Mcl)onld. I lictc f\c been seseral comments 
on the pt,si ble ie if biuhiogical cintrol by hyper-
parasites. I ,,itsparticularl.\ interested itnthe con-

metit ot their tccurretnce late in the season and 

possible efects ill reduciig carry-o\cjof \iable ure
diniitspttrc incttlun. 

(.1). 'layee. Reduction of :ust diseases on1other 
crops by the action of hvperparasites has not been 
very effective, 

).1.. (ole. I lie hyperparasites of groutdaut rust 
are not likely, to fiae a serious effect upon tile dis
ease inlcs, fhle e he changed in their favor.dc tit 


S. Wonglkae,. No tClioSpore>S have been found in 
lIhaifrd and grotitinit't rust !.pcftids solely upon 
tiredinio porcs or pi..ad and perpetuation. life 
effect l foperpaite, in reducing uredtnospore 
puptlaitiiS cOthi be iiprtattt, particlitfrl. late in 
the seilsul. 

1'. Subrallhniam. ,\pplicatt(,tl of conidia of the 
f\pcrparasitei i f rlh//iio /ol em to grouriinitt 
ofoliage SotC 2da \sprior to iHnoUL61t1o' with thc rust 

pat Itogen %\as electi\ ei reumincing itifection and 

dcstlopllleiti of rust. 

I.. Middleton. lirce ate reports of /i(i//UA, spp 
being effc.'tivC against leaf spots. Are there any 
report, of /.. ii.s or B. tirin,'iit.isbeing para
sitc on or antagonistic to rust'. 

IF. lleilnen. I kitoss tf nt r.cord of hateria 
affecting grotdItti rit, but thCe ;Iretepiits of 
b:ctcria being responsible for reducing tlte oserwin
terittg of ccical rusts in North Anmerica. 

li Hra/il it \\as difficult to fitd grtmuinftnut rust 
\\ithtiut hyperpa :tsitcs, including insects. 

A.S. Rane. !yperpa rasites arcgenerallylastored by 
coil svct Condit;ois: tiles\ are therefore no[ likely to 
be \c.rv cIective in reducing rust severity in the 

semi-arid tropics. 

1).L.. ('ole. ('ould f)r Suibralimansan comment
 
oi the distribution of Oar/tuasp oingrotninut rust
 
inl Malas\i?
 

P. Subruhmaliran. I found l)ar/ma sp. in both 
te cool highland aid warite Iake Shttire regionsof
 

Malawi.
 

). Mcl)onald. It certainly seems that there are 
initeresting possibilities for use of hyperparasires to 
redT c rust sc\erity, and rese, rch shauld be encour
aged, particularly in thoseareas where the hyperpar
asites connionfy occur. 

Chemical control 

1). McDonald. Moving on to consideration of use 
of fungicides to control rust, I would like to indicate 
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a,fles areas for possible di ,ctission. It is most impor-
tant to obtain accurate data onl crop los,es Iront rust 
and associated ioliar diseases, and ol benefits that 
can be o tained Itrin chemical control. lionl 't 
veI, ew cases h\ve rcscatch s\ 'kets cor,strincted 
proper response cttr\es to slit, llcrca,+e ill'ield 
associated %%ith incicasc in coiiccitratiati of tlingi-
code and nuirleis ot applications Ihere has not 
bcen sutficictit tioflseinent t ccolannists ill this 
,,(irk We also hasc to% eMtCitc[In the possihilities ol 
combining chemical cotrl t ith u at1esistant 
cilti\ its. 

(.). MI.lee. What do 'antl Icait by proper 
resptse cur, cs. 

).Mclontth. .\rCptise cur\C call he ob:ained 
by plotting icl,.incrcases agains nmtnbeirs of tumigi-

"IC applications, having prC\iously det:ritined 
optittiutilinm sals et, -ellapplictti( i id opti-
tititti htitliicle toHi+ttia. Otis HlltlCtlCentraiomusNumbers at applie onmi. eu 
to a tnaii\ afsrcsluircd to prauldtce as\irtually disease-

d id cntra tinst 

iee c op at hlt\ est, 

cificall\
1) I.. (ole. Alte\ tlta',.tng sp abouit inst 

discase' 

c.l)onald. No. lhi apprtach cocr, both 
rut aid lca spots. We cart Obtitn separate epidC,' 
its o rust and o leat spots b\ use ot sp. .ilic Iiungi-
cidC hut tar practical plirpes), %kc should deal witl 
hliar diseases t+gctlhet. 

L.A. Salako. It Nigeria chake been iniestigating 
the application o Itingicides \ithcontralled-droplet 
application (cda) tachines. hut ha\c had problels 
\sith uisitig sutc tot itititions. 

i).l.. (ole. -iltes can be used to impro ., ..:con-
ditiut at the pfa\ ChitiCAS. Ili imnbabwe we use a 
mixture of I kg at1I)ithane 10 45 atnd 25) g of 
bemmnivt it2.5 to 5 1\ate, per hectare, and this is 
applied ss.ith cda richiines. We get ery giod control 
of ru.t atid IClAspots,. 

E.A. Salako. Good resut ishase heemn obtained 
fro use OtLungicides to cottrol rust and leaf spots. 
We ha\e input fron cecomnists "hen considering 
recommendatioms for control. It is also important 
that recommendations should be easy to understand 
and simple for unsophisticated small farmers to 
implement. 

).A. K-vauft. How readily available are cda 
machines? 

E.A. Salako. Ihey are available in Nigeria at acost 
of around se\enty naira. 

R.W.Gibbons. I'llective fungicide application is 
;clatimely easy in de\cloped countries where farmers 
arc gi\e over the as whenad\ice ra,'.i' to they 
sIould spray their rops. li tany developing coun
tries the tnitearological data on which such advice is 
based itmay not be available, nor may there be broad
casts to !ariners. Recommendations are usually of 
the type that require a specitic nunber of sprays to 
Ilegi\en at specific intervals starting at a particular 
crop age or following appearance of the disease, if 
sUch a recommendation is strictly followed fungi
cides can be wasted when applied during drought 
Ceatdi: its. 
KJ.M idd t~ton. Isen it developed countries, but 

tat- inportantly in developing countries, we 
should have a scouting system by which the farmer 

examnites his crop I r occurrence and severity of 
dis . mmd'rom ttsdecides whether or not to apply 
l -iies.
 

1) Nlcl)onald. There is alh;ays a danger of scien

tists being pushed intotmaking general recommen
dations for regions that do not have uniform 
conditios, Iltsome areas rust epidemics occur with 
great uniformity atnd severity e.g., in Hyderabad. In 
other areas the disease may be important in one 
season and relatively utnimportant in the next. We 

have also to consider the risk of crop failure from 
sudL factors as drought atd pest attack. Some 
farmers in marginal areas of India may lose one crop 
in three fron drought. However, there are areas 
where fariners have good land and assured rainfall, 

or possibly supplementary irrigation facilities, and
such flarmers could well find it economic to follow a 
set procedure for foliar-disease control with 
fungicides. 

R.w. Gibbons. Research should cor.-entrate on 
cda fungicidal control of rust and leaf spots. Expe
rience with control of cotton pests in Africa has 
shown that small farmers are quick to adopt cda 
technology although previously reluctant to apply 
tilemedium or high volume sprays recommended. 
Ihis has much to do with difficulty in obtaining 
ready access to water in a semi-arid tropical environ
ient and with problems of handling large amounts 
of water and spray. 
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R.O. 	 IlarimotS. Insutticient attention is paid to 
problems of spra drift and this can be particularly
important in the case of cda. We suspect hat drift to 
nonsprayed plots in yeld loss assessment trials call 
reduce severit" of rust and leaf spots and lead to 
unrderestiriation of yield losses. 

Genetic resstance 

V. Ar'unacihiliin. Shoull ~ on\Lcncl~lentratle at few 

specific rust-resista it gculotypecs ill breeding or 
s,,id %cus itas a us socnres as possible and try to 
obtain rlSt-iesiSillll glotildllut populations ratherp 
thall 	singleigeno\ pe'.' 

I).A. Knauft. Art thrcr hIitiCS60io is, hali cIls if 

ield aind resistanceiare %%aiming at'.' At wlat lecel 
iof liistallcce ale e going, to get yields as good as ilte 
atitliers are cirlrlnll. obtaiing'! Ihere Should he a 

yield adsanlrage. 

1.O. |lllnornlons. It is recognised tit there i a 
Strltlg reliltiltloship bens eeti resistance aid ield. 
Illost resisM itt breditig lities Iti\irig lok .%elds. 

1).... Knaufi. W\e don't kilo it there is a speLnl 
linkage of rcsi stalict gettes \%ilh o\k \icld, or it tht 
\iclts ate losc because tite resisanut gCitorllies-rihsccre 

otitbheeti SLuhiect sIelectior l't good ilgi illilliC 

hia racrerutie. 

R. 	 Gibbiins. \e to ll h,ie bredtr line ii th 

high les-ls of lesistiict to rist aMid llodetIl' IC',l. 
if r-sistalie to late reat spot. Solle of tlhese lie 
his eicceptible qtIlith Mind gotd \ield pOtliridl. 
WC are cticilyk rrxin2 to get llte tilt'Mtes ill(t) 

sholet diratiion ctlltiuti suitalile tillt t lrtsrich .
 

siib-Sitehlitt \Vcst Atrtica sMhcre saiscii s 
 atc
 
sithirt. 


l).A. hrnauUft. Iiceditg rlics i, its. ;i;ibteail 

tiL Iriserstxll ,1horuda that calli i 1111t h 
 i 

il i) urdier s.sere lie eal-spur diseise picsue.
 

R.N. (;ilOMBS. It %%ui1ld he uht iiL;I I ilidi 
arid ICRISA I PlOgraitSl coulul e.,silte ti0liir di,-
Cases restsra:,i e rtpsLI Aiild hlciC l ltesitlll i ittoit-

pale their pcrtollrnttalice agaillt le)'l poit arid rust 
discea- s in botih eis irt liletts. 

Disease-scoring methods 

K.J. Middleton. We have had considerable discus
sion in tihe various sessions and in tie field visit on 
the suitabilitv of tie 9-point scale and other methods 
for scoring of rust-disease dainage. ('ould we now 

discuss this Imther? 

R.W'. Cibbons. Yes. It should be noted that each 
disease scale has its ad antages., arid each should he 
V d oassessedi t eddin relation to the particular rise for which it 
is intended. 

S. Nagarjai. If there are definite susceptible and 

resttiit ptule types, then the 9-point scale in its 
present fortn is tot sufficient f . disease-resistance 
scleenting. It is difficult to modify the 9-point scale
uinless \ie call est;blisl that there is a definite hostx 
parasite ittriciol. I[or most screening purposes it 
tity be tcessarto\ ise the modified Cobb's scale. 

.I.E. 	Pairlelict. Coinsidering the data presented in 

the l('i ISA I putblicitiot oil cotmpornenits of' resis
tatice to rtst (Subrihiiaixar'. ll, P., Mc)onald, )., 
(iibbois, R.\V.. atd .Stibba Rao, P.V. 1983. C inpo
ittit, 0l t.sir lke to / Iall1id lrl-i hi,/%ill peantltS. 

PIt t opitholog, , 7312): 253-256), of lie 26 cnolt"ypes 
studietd 4 had a mean rt st field scoite o 2.4 oi the
9-pOilt scae arid had t MIlleanilllbltioll periods If 
17 	6 daNS. I he CeXt group of 9 gelot\ ples had a field 

if ar01ircuhatio 14.6da"vs. I heilMd pcriods il 
IIt grop of8 genotypes had field %iscre 4.1 andoe 
initbatiiirt period oh 9.9 days. [he list. antd iost 
st-ceptible. grotip of 5 getiolvpes had a field score of 
9aid inctibttion peiiod of 9.1 diVs. ioilthesedata 
ollte Call Sic tfhat le relationship betveer field rurst 
stole itd ittctibitioi period is nor linear. A linear 
irlionhip tigltti h uichiescd by tiodil.ing the 
9-iiit scale s iich is after ;ill t arbitrary one, 
IitUi by truakirtg it logistic. 

K..l. Njiddleton. \1e yr blsing this argTItCII01]Ot 
ritC Iiite pliriod (incubation icriodt being tile mttost 
iiportint factor itt iesi:itart'e? ('oild there he sonic
otlier t. Ofl rit 1iCld Score that is netHM iOpolilt 

Losl.edct bv latent lciod? 

.I.E. Parlihliel. rotir te data it is clear ti at latent 
plid is ittporruritlrligh it istiirl s rtlv factor 
iriso\ed. I-lor disease-scoring Ncalc to be mtost 
uiseful,i :ich u1nit ill it should represeiit a siijlar 
cpideltiological distance; this iot true oftte 9-point 
scale ill its present form. 
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R.W.(;ibions. Ilf the 9-point scale was to be modi-
fied in this way, would it still he suitable for both 
resistanc screening and genetic studies'.' 

J.E. Parlevlie!. Yes. 

I).l.. (ole. I hase re,ersatjonsi thout the suitability
of the 9-point scale for uise where statistical analysis 
is required. If it could be modified to a logarithmic 
scale then statistical anal,sis %\ouldhe facilitated, 

S. Nagarajan. I p ilc aiscoring systeni in which 
pustule tYpe is taken into consideration as well as 
pustule numbers. \'e could probahly s\ork out such a system uset the next lc. years. 

R.O. Ilanions. Fortua tel. tie breeding pro-
grain is riot deptidcnt upon ts rCsol\ing tIle qtcs-
tion of what kind of scale to use. Field resistance us
agreed to he the nIost imnportant factor. 

i.E. Parleliet. Ior tire practical purpose of selec-
tionalmost anyI l c1 hIjeused, Howvecr, it \,oud 
be useful to h\e a mtultipurpose scale. 1agree that 
for breceding purpuses scales shotld be based on field 
data and riot necessarily c greenhouse or labora. 
tor,, data. A uniforml groundntt-rust scoring systein 
is indeed desirable, hut it slould be retneihered that 
it took many \',ears to deelop such a systett lor 
cereal rusts, 

D. McDonald. In tIe meantimtoe we shall cOtiMiuie 
to use the ()-point scale in rating the resistance ol 

getinplisu and breeditIg lies in the field. For 

res-.'arch into genotype - n
pathog'n cironiment
 
interactions and fir stud\ of discase-comttol systems 

we call use tire modified ( ;bb's scale and make 

careful measurements of remaining green leal. 


R.W. (;ibbons. I('1R SA phlysiologisis should 
continue to vor. in clo.,c cooperation with patholo
gists and breeders to elucidate the various inrarc-
tions between rust disease, resistant a]nd suscepttble
genotypes. ci.ironniental factors and crop protec-
tion treatments, 

Stability (4 resistance 

P. Subrahmanyam. Ihere is broad agreement in 
the disease reactioms of genotypes to rust in different 
parts of the world. Some differences have been noted 
in the reaction of specific genotypes to rust between 

ICRISAT Center and the research farm of the 
Guangdong Academy of Agricultural Sciences, 
GuangzhM, but these have been from resistant to 
moderately resistant or vice versa. No genotype
changed from resistant to susceptible or susceptible 
to resistant hetween the two locations. 

T.I1. Yadava. At how many\ locations in India has 
the ICRISAT International Grotndnut Foliar Dis
eases Nurser, been grown? 

P. Subrabmanyam. It has been grown in 12 loca
tions altogether 

1). McDonald. Feedback of information from the 
disease nurseries has been of variable quality. We are
considering modifying the nursery and possibly 
reducing the number of locations. 

K..i. Middleton. It is most important to have an 
international nursery to monitor possible break
doss.n of resistance. Such trials should be sited in 
problem areas, and it is important tilat they be 
visited by platit pa hologists. 

R.O. Iliitihns. Nurseries should be sited in loca
tions where rust disease is severe. Ihe lirk between 
Peanut CRSP and ICRISAT could be used to 
ensure naxinum utilizatiol of such trials in coun
tries such as Thailand. 

J.,. 1lennen. Are thcredisease nurseries located in 
South AmtnIrca.7 It would be useful to site them in 
Peru and Brazil. 

P. Subrahnlanynam. One rust disease nursery was 
sent to (iuyana. We would very much like to have
 
more of them in South America, particularly in Peru
 
where ma)y of the rust-resistani genotypes have
 
originated.
 

Origin, distribution, and spread of rust 

I.F. Ilennen. It would be interesting to learn 
where rust canie front. Perhaps this could be investi
gated through study of the disease in wild Arachis 
species populations in South America. Rust could 
be collected from wild populations and used for 
cross-inoculation studies. The data could be exam
ined from ar evolutionary viewpoint. The rusts Puc
cinia zoroi'w and I'uccinia st.vlosanthis should be 
studied to determine their relation to Puccinia 
arachidis. 
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R.W. Gibbons. We should encourage more 
research into groundnut rust in South America. It 
would be particularly useful if collecting teams visit-
ing South America cou!d include plant pathologists. 

Field Visit 

The group visited ICRISAT Center Farm and were 
shown the various field trials being done on rust and 
other foliar diseases. Considerable interest was 
showkn in the field screening of germplasm and 
breeding lines for resistance to rust and late leaf spot. 
Comparison of re.,istant and st,-;ceptiblc genotypes 
stimulated discussion of reactions to rust and the 
suitability of %arioum: disease scoring methods for 
particular purposes. 

Concluding Remarks 

R.W. Gibbons. We have had several days of inter
esting and useful discussion on groundnut rust, and 
your comments and suggestions for improving our 
research on this impertant disease are much appre
ciated. It is gratifying tih,! 1,m, have on tile whole 
endorsed our approach zo the pr,,blem, and our 
meetinp will give rise to much useful cooperation in 
the futuic. Our discussions ha\e concentrated on 
breeding for rust resistance and on the disease
screening methods available for use in this process. 
It is to be hoped that this will stimulate development 
of more accurate disease-assessment methods and 
that cooperative research will lead to the identifica
tion of genotypes for use in checking for pathogen 
variation. We shall continue to monitor the reaction 
of genotypes to rust v,orldwide, and this will be 
facilitated *y ICRISAI-'s increasing inputs in both 
Africa and Asia. The importance of research on rust 
in South America involving tihe cultivatCd groind
nut and its wild relatives has been rmted, and we 
should all do our best to support Dr Hennen's plans 
for such work. 

The progress being made in several countries to
wards breeding rust-resistant cultivars is comilmend
able and we should soon see the release of material 
that should have particular relevance for use by 
small farmers in diseasc-prone areas. The integra
tion of such cultivars with cultural, biological, and 
chemical control systems will require considerable 
research and extension inputs from all concerned 
and our ICRISAT Program will do all in its power 
to assist national programs in management of rust 

disease and associated leaf spots. 
I thank you all for your contributions to making 

this a successful and useful meeting. 
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