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Allium Breeding 

Evaluation for Onion Yield Performance During Different Seasons 

Summary 
Ten ,ernplasni ealitmion trials ((1I1) in%,olving inlore than 450 otion entries \'erC CodcLICIed
 

during ,viltucr. spril. and idh the
sumncr. Yield lve,.ls wrl ngtlrine No\ enit-'r to Deceimber
 
planti tigs. l iCld ofi latcr planthis duwiaccd gruiiillv. Il nltin da ts al Ibriuirv lad [)
yIlt 

drastic reduction i:n)IIb yield. I)uring sunhiiter, most Of the lnes did uot str'i\ . IIowt-ever, a few 
trpical sirninier strss-loWrall lines With tkrirlv hilh bulb \'ild (25 t[/it) \ere identifiedt. 

Introduction 

th Conion br,d-.LliniThe mllaill goal )l' l-rogranl is to d,'luhvIp varictics sirituible lor tropical regions. 
The rCeqirCIrinnt for such \'arieti-s will be tolerance to iotic and ahiotic stresses which ar-C mainly 
Isonisibli h'r loproductivity inthe trpiCs. The niCCthailisin omlthese ',tl'sCsalta silel: hocation 

C eun h[anliltte m.lual v iri ns. Tl kine tli<h 

I0 evaltuation trials ,,Ci condUlictC( iln ioicthan 50)) 

,it ion.l h, u' oti iilto coinsiderationt, 

entries collctd troUt ditl'rnll parts mt(lthe 
wou'.rl mainl\' to( I )idcntitv the yield polteittiul oi variots lines at ditleCut planlin! dates,. anll(2) to 
select prilUini sing cnlties hinr ln.Iulher tst 

Materials and Methods 

\ total otl4.5.3ni wrei included in nine GEVTs condted at sCVn different planting dlCS 
he'twc0n Novcunh 193 to .lul' I9 4 talC I).IopIiarComiimCrCial variCties (ranex 429 and Texas 

Marly (hiano 5(2 were nmed as checks in all these trials. 

(ilFs \v\c planted in airandoiniiel completC hock design) l(BI)) with thrCC rpClicatios. Each 
plot consisted otal I .5-n-ltte and (0(6in-wide hod. Spacing,bewcen two rows in ibed was 15 cilland
 
II0 cii hetweei plainls in tr\v'.
 

Results and Discussion 
le\els weure.hiuh duIiin. 3) with iorc than.ulb viehIld the Noveirberplaitting dates KllT I t FGIG 

5( Of theUines xieliir over 51 t/lha. Bulb yils ol later- plantilgs (ElT 4 and trThradually 
CecrCaed (<5( t/ha). The spiing plantiing ( )(n drastic rcchictiin in bulbWead to 'iCld (<I 5 t/ha). 

Durin.p the stiinnier trial iT" 7 and GET ,vIuritier reduction inhu lb yield wus obse'L (<I I t/1a). 
In tilesumlimer trial (G"t] 9)which included lines with possible heat stress tolcraice, pIertorilance ot 
sonie of the lines \was very god with bNlb yil up to 25 1/ha. Those tropical stllnille" stress-tolcralt 
lines have bCen idetili'cd for use in the breeini- iproglaill. 



Table 1. 	 Performance of onion lines for various yield categories during different 
planting dates 

Total no cf Pomnnt of total line, with hi lb yielw 
Trial Date of transplanting lines evaluated >50 tha 40-50 t,'ha30-40 t/ha <30 t/ha 
GET-i 10 Nov. 73 58.5 10.9 96 20.6 
GET-2 16 Nov. 32 53.1 18.8 15.6 12.5 
GET-3 30 Nov. 25 64.0 12.0 16.0 8.0 
GET-4 21 Dec. 66 7.5 2,12 22.7 45.6 
GET-5 28 Dec. 40 0.0 32.5 45.0 22.5 
GET-6 5 Feb. 22 0.0 0.0 0.0 100.01 
GET-7 25 June 96 0.0 0.0 0.0 	 100.0L 

GET-8 6 July 36 0.0 0.0 0.0 100.0<' 
GET-9' 26 July 63 0.0 0.0 0.0 100.0'1 

100.0" 
Also includes heat-tolerant lines 

1 	 Bulb yield <15 t/ha 
Bulb yield < 6 tha 
Bulb yield up to 11 t/ha 
Bulb yield up to 25 t/ha 

Development of Tropical Summer Stress-tolerant Onion Lines 

Summary 

The pi,+'\aifilit. u t ciici,,trcssittiloin ill the tr peis is mne (t thc n1t.itor lfators responlsiblC liir 
l',,. lro)llo , i\l' in nlln1l0. :,ttlnnler ,trc,-tolera a viahle, solution. AboutI)evelopin, t liuies ,Canl Ile 
20011 uiiit,:i litiu>,, U aCeSsions, and three A and A.Inr'\]]Afiji/,MIii .ioini 	 IF hbtids Ietwcn A. ('fU 

,,;Crc C\vatla1lt, (IIIn pe op 33 .	 wierli.Iu/o n durine (lie su Cll- rraltire 1(o .till ,0 l0( lines 
itleiili I i i, hb vin L hih I'\ el sm n uI r stress tolerance with bulb icld raiioin. Iroil 15.()to 25.9) 
I/l..-\j . . . acccsions as welil as the inc'rsjelepit h,,,bwfo1l 1.li.\11mlm n 	 alIl I rids had filh levels ( t 
tt1l111 'V, l. - t'., LT . 

Introduction 
,
"troptiC~l 0i MM Iln 'cenertl sultl'r t'r0in lw Ipro(dCtivitV cueMIC Ul btiec Md abiotiC stresses 

Ifr1\ ailjnr in,the tralpics. Ainnn hc aboit'Lio stresses. slislivitv lo hiat andI lloadinu stresses at lon 
dayfneuh illthe mtllilcr is the naior fact ir. Devclopilcntl ot onioln 	 lines with lt.ralnce it)tropical 

,SnlnlnCr HIMspossilylIcad tothe iniprowi\ec'inl in lihc tropics.nia\ 	 o1 iproductiv'it 

Materiais and Methods 

Ali i11112 lines. latw lines tCnllaively' ideCitil'iC'd tr sirCssn(nu1(il nIChid i lpr'viously utllnitnCr 

talerticc. four A. ixi, .iii icessioTSill, ailnlrcc 1 hyhrids eteClen ,A.(TIM .ndl,A./i1m1/axm were, 
VliatCd urin suinict in n (tlbeCrati'.tinal trial. ( )Ilselvationstithe Ilune-SetCleriCll-r 	 row were 

reCCirdJc for suivi',al ritC, plant growth, and bulb yiCld. 
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Results and Discussion 
Thuwiy~t~tt'tl~ tm c,rlitus ht iL'h sCunSiti,.ity to sunirer stress leardirng tti o rSl'i,'f 

-ILI t 'nrVivaThe nIajor,i~tv lth onlion line,, hadl jCIs~rv ar111 

"rmvil. lant sIr)i,IoII,\n rate I . oldie prm ins II Itried 	 tto 1.4 -Soni check varictics like Granex 
L29, Texas lkrlk' (rno 5)2. ,11il Slpcrx lIdcx trere lv v,,lwsurvival rates: lilnes AC 443. AC 425. 

AC 444. T:\ 2,2. AC 47. arid. AU 325 hai the best ,urv\ ival rates (>80' ; I.Six onion lines. ,AC 21. AC 
325, AC' 12- I. A( 444. TA 207. and T,.A 271). were identitid as,a. in hich lee'll of s0nnrr sltr'.'ss 
toleralnce with blb,1)s, ii raneine froni 15 to 25. t/h'a (Itahlc 2). 

Table 2. 	 Promising tropical s',mmer stress-tolerant onion lines identified from 
summer trials in 1994 

Entry Source Yield 
(t/ha) 

Bulb wt 
(g) 

Survival rate 
(%) 

Bulb color Bulb shape 

AC 425 
AC 426 
AC 443 
AC 444 
TA 262 

Holland 
Holland 
India 
India 
Nigeria 

10.5 
11.9 
13.8 
17.8 
12.9 

39.2 
44.5 
51.6 
e6.8 
48.2 

82.2 
74.4 
91.1 
83.3 
82.2 

White 
Red 
Red 
Red 
Red 

Fl2t globe 
Flat globe 
Flat globe 
Flat globe 
Globe 

TA 267 Israel 18.6 69.8 36.7 Red Globe 
TA 270 India 22.4 84.0 34.2 Red Globe 
TA 268 India 16.9 63.4 73.3 Red Globe 
AC 48 India 11.4 42.8 60.0 Red Globe 
AC 412-1 India 15.6 58.4 56.7 Red Globe 
AC 21 India 15.3 57.3 66.7 Red Globe 
AC 47 India 13.2 49.6 82.0 Red Globe 
AC 325 Holland 25.9 97.2 81.0 Yellow High globe 

All the lburA..i.tuIloslunaccessions (TA 104. TA 106, TA I(8, and TA 198) vcrc summer stress
tolerant with excellent survival rate Ml planl growth. SiniilarlV, the three F, hybrids. ,i,., FA 198 x 

AC' 50. TA 198 x TA 71), and TA 1(8 x AC 5(0. were also highly tolerant to sllninler stress indicating 
the possible dolinance oflthe eee for this trait. These sUnnmer str'css-tlCrant lines arC tlInder f'urhCr 
in ,esti.atitll. 

Breeding for Improved Onion Bulb Storage Quality 

Summary 

Storac studies with 0ion .wcrcconducted ttnder bient teruteratture (2,8-32°C) is well as under 
Ilo tCiIICNpraturIC I l"C') conditions. Otit of 130 onion lines valuateL for 5 months trrder ambirent 
conditiols, 10 liines had -ood bul trohr.gC qualities With low storage losses ( 14-37'7, ), collpared to 
check varicties ,hiclh hIrd rliotrc than hoC6O storage. out o143 liies Cval+tttdlosses. At lov terlrperatur 
l'4 moutlhs, two lins -AC' 325 and AC 429 \vere hotrd highly lrmising with only 4(, storage 
hisses. 

http:trohr.gC
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Introduction 

-. istine onion varicties, particulrly ' th'C grown in the thtropfics, havc poor bulb stolage life 
le'at to htigc lo ses; tliirin2 stor)i'e. The nce]d fr developingoion lines wilh long bulb storage life 
has leen given prioril ianAVIlI)C's onion illprovetll1c lu.ogran11. 

Materials and Methods 

\Vell-nceurcd ulh,llilli 14()0lliul lines \vcrC stolCd tildCr aimbinl conditionis in a wcll-vcntilated 
room in IpClr'11raC(I pl'tiC crllCeS. IF'ac'h lillperattuelCInyiwas replicated three lines. The during the 
5-1 inth sloraLLg IC1iiOLl rWCd trol 2 o 3810 . )se.rvations nfl sanrouiirig. rotting. and weight loss 

\wcc takcn it montliy imtcrvjl,. 

hulb l143 lines werc 4 monllls 
at I1(C. NIbntmll lscrvtilomm, wcrc taken I"or spro tIilin, rotting. and weighl loss. 

\t low tcuimp atrc. sltr"lLa storcd in perirated plastic crates I'lOr 

Results and Discussion 

Ambient storage 

f 131) onion ilne, cvaluiltcd. II lines, vi/.- AC 141, TA 239, 358. 204, 266, 377, 378, 382, 386, 
and 387, had -,o)d hull) storagc qualities; (table 3). Total C1UmlatiVC lossCS in these linCs dIlC to 

rilian.Cd 14.0 to 
Varictics (iancx 421) Supcrx id 'lVexas I'iarly 502 had more The hIcst storac 
SiWL'tiil-,. rottil,and \Ciht los 1rom 37.5; . In comparison thc commercial check 

(irano than 60.'l lossc. 
lincs - -''A 382 (141.; u( al halldigh dry ilattronlitnl indicatinglosscs aITA 36-1 ( I 1 hos C 
the positivc• co-rrilalion hCtween Ihtsom rait . sprouting loses in geneIill wCIc vcry lo\, (0.0 to 
1.51/;w\hich may be detito Ihc high tcllllu)ilt'r ire\vailin, , te11c .), rC's dLurin store 

Table 3. Performance of selected onion lines for bulb storage at ambient conditionsa 
Entry Variety name Source Bulb yield Rotting Sprouting Physiol. Total Dry TSS Pungency' 

(t/ha) loss loss wt. loss loss rnattor('Brix)
(0.) (0%) (%) (0) (% 

AC 141 Oignon Rouge Francc 23.8 3.0 17.0 17.5 37.5 16.0 15.3 5.9
 
TA 239 Galil/Grandstand Israel 31.4 20.2 1.3 10.8 32.3 6.6 6.6 6.6
 
TA 266 Ram 710 (H) Israel 28.6 27.6 0.0 5.4 33.0 8.2 7.9 4.5
 
TA 358 PSX 2789 (H) USA 36.1 16.9 1.5 7.6 26.0 6.8 7.3 4.8
 
TA 364 Creole Red USA 23.4 4.8 1.5 13.0 19.3 12.2 10.7 4.7
 
TA 377 XP 8'103 (OP) USA 33.5 7.3 0.0 13.0 20.8 9.5 9.4 2.9
 
TA 378 XPH8407 (H) USA 39.9 17.6 1.2 10.9 29.8 7.9 7.9 3.7
 
TA 382 Dehydrator no. 3 USA 24.7 1.0 1.4 11.6 14.0 13.1 11.7 5.7
 
TA 386 H-675 (H) Israel 30.6 10.8 0.0 10.0 20.8 11.4 10.9 3.1
 
TA 387 H-817 (1-1) Israel 36.5 18.7 0.0 13.3 32.0 7.9 8.4 3.5
 
Check Granex 429 USA 42.3 52.6 3.2 18.7 74.5 6.7 6.7 4.4
 
Check TEG 502 USA 33.8 35.0 2.2 26.3 63.5 6.4 6.5 5.0
 
Check Superex Japan 32.2 27.8 19.2 19.8 66.8 7.1 6.5 4.4
 
Mean 20.6 3.2 12.7 36.6 
CV 52.9 60.3 72.6 27.4 
. Temperature range: 28- 32'C. 

Unit of pungency is micromole pyruvic acid per gram fr3sh weight 

http:rilian.Cd
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Low temperature storage 

,,\t l.w lnlpcriatie ,torauc ( 10(C), 43 onion lines wcre CVlutd [Or 4 ntrths (table 4). 
I 1SVOUtinh hOSCI, "weeVCry liih in llsot of these lines rnl 'inl from I -,'lo Two lines, AC 325 

and AC 42). v\ere identified sllhiuhly 1ponlisir,. as these had only 2.0t1 ,prontine losses, conibined 
ith1 , er, low rottin, and wieht los. Alcr torile for4 months these lines hatd only 4,; total losses,

coimpared to cheek viariety (r",c\ 4) w.hie htd 35., loQCS. hSC lines seem to tintaihiIch 

dtrimattv vcel it Itlow. temlpcratnre Co,.d'tion", whiech my he anl in1lte'rcetine trait for brceline, Otions 
%ilh Ioln StoraLC lite. 

Table 4. Promising onion lines identified for low temperature storage ' 

Entry Bulb yield Rotting loss Sprouting loss Physiol. wt loss Total loss 
(ta) () (0) (0) N 

AC 169 58,9 6.5 40.0 2.5 49.0 
AC 325 70,0 0.0 2.0 2.0 4.0 
AC 326 56.0 2.1 33.6 4.5 59.1 
AC 429 62.0 0.0 0.0 3.0 3.0 
AC 446 82.5 11.3 16.8 6.7 34.8 
TA 211 55.7 0.5 43.0 6.5 50.0 
TA 212 72.0 0.0 20.0 3.0 23.0 
TA 236 68.8 0.0 18.0 5.0 23.0 
TA 239 32.3 2.2 19.0 4.8 26.0 
Granex 429 (ck) 71.9 0.0 88.2 7.6 95.8 

Storage duration: 4months at 10 C 

Breeding for Stemphylium Leaf Blight Resistance inOnion 

Summary 
RCsistlanlt sourCes have CCn identified in A.. f. tlo.uM, accessions for stcmphylini leaf blight 

r.:sistance under naturally epiphytotic conditions in the ield. CrossCs havc bccn maie successlfnlly 
be,cln A../is'lto./fil and A. ceia lines to transfer the disease-resistant trait to onion lines. Initial 
,bservatios indicatc tile possible dominattt tlatctlC of genes 1kw rcsistance. 

Introduction 
,\mnong the prlleC\nt diseases casitng m,.ior lamllaigc to onion crops in the trolics, stcmpllhylitml 

leat blight catlsed hy S('wlphvlim e thC t I PtrpfItC el disease Causedvs.carim ranks a log with 
hy Alteroorio irri. Very little work has been c;lrtiCd out so far On host-plnt resistance for these 
diseases. IPrioritv has b+en ,,ivon to developitg resistant onion lines for these liseases at AVRDC. 

Materials and Methods 
./ist.[ oouint lines (ITA 104, TA 1(8, .arrd TA 198) identified for resistance to stemphylinm Icaf 

hlight dring the prvis year vercrossed successfully with several Onaion genotypes. F, hyhrids 
thus prodCCd \were eval. ed for disease reaction urInder niaturrally cpiphytotic conditions in the field. 
Studies were also condncted ol the fertility behavior o1' these crossed plts for generalion 
advlimlcerner1lt. 
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Results and Discussion 

Sources of resistance to stenl'liumtI Icl blight idlcnti fied by our pathologist in Ii \'e accessions 
o'I. fistuh/.sn1li and some 01 their clrosscs w'ith '1. lines were evaltted duri1g tlhe year. Out oI 
15 crosses thus wade. three crosses, 'A 198 x AC 51. 'lA 198 x TA 70. and ITA 10f8 x A(' 5(). e\aluatled 
1'0odisease reacti*C,n found resistant in tile initialiidI tulral epiphtotiC condition in tile field wee 
observati ois, indicatinv thleossible presce of a dominatl enule ol0rresistance. 'Iiese hlbrids had 
a high level of te.rilitv Ieadlin! to serius lohlems in .,ced-St. Nleiotic studies indichated nor1mal 
IluCiosis inl llotl of tile cases with few iteroinlorpfhi hivalents. occasiolti univalehnts. and It+eglloe 
choIm-otsomes. Variaition wts Ioticed Cor pollen elrtility in di ffelenl crosses raniiiii-'e lt 15It) 5(; . 
In tle plants having hi,-her pollen lrtility, occasional fruit-set wias observed al'ter selling-, with one 
ort tWO sCeds per fruit. A pr rL ll isSu idrw to idetifyLIy crossCs Willi be.'ter Irtilitv to alv'anc tie 
Lce'eraltiolls 1f01o \'altliitont andiselection.further 

Onion Heterosis Breeding 

Summary 

I)eve lopnent of Ion ionr hybrids is(ilcol tlle laior activities inontion imprwovement at AVRI)C. 
The Ipri nIe I'equisite o'r1expoititIg hCterosis in this crop is tile availabily o lale sterility. The Iropicil 
germplasm line AC 26 with cytoplasmfic male sterility identiflied during tle ltS yeir was evaluated 
'or its stability in di flerent seasons at AVRI)C and fMnd highly stable for the male sterilityIrait. This 
trait will le Iransfcrred to differcnt genetic biackgrounds o'Oruse in icterisis breeding. 

Introduction 

IHybrids general l have yield and adaptahility advantage overupc-poillilted varieies. There arC 
several hybrid varieties Comnercially cultivated in very large areas inl telperate Coulntries, but very 

few are available and are grown only in a limited ar_'a in tropical Countries. ()lle ol'the main reasons 
f'or the lack oI FI hybrids il lie tropics is that mnalC sterility is not widely available and very limited 
research work, so Ifar, ibreeding in the tropics. A stable male sterilityhas been conducted Oil heterosis 
sy steIn, prefecrably uisilg tropical male sterility, is the basic requirenc t f'or"developfing F1l hybrids 
stitable for the tropics. 

Materials and Methods 

'liel mnle-sterilIc line AC 26 was evaluated during winter, spring, and stin1ier for1- the stability of 
the mate sterility trait. Plants were g ,rown the bulbs, kept inl the vernalization roolm, and plantedfnr 
at diff+.'relt dates to get fhOweringu during different s.easons of the year. Flowers were olbserved for1 
pollen ste i limy usin.e acetocarmine stain. The pollen grains which did nuIt slain \w'ere considCIed steriIC. 
Cr+oSSCS were also nMade hetwCen Il selected onion lines (AC 2, AC ), AC 8, AC 47, AC 50, TA 4, 
TA 59. TA 09, TA 7ff, and AC' 32) and the male- sterile line AC 26 to transfer the male sterility trailt 
to different ienctic backermnds. 

TI'o develop inbred pt latios, selfing was carried out in 151)llants 'irom 3()o(ion accessiots l')r 
further ev'aluation. 
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Results and Discussion 
The mahl.-sterile line AC 26 was forrd highly stable for the m1ale sterility trait as the poIlen sterility 

was I0()0/ inl all the plants evaluated during winter, spring, and stmmer. Ciosscs were nide between 
I()dil'lterct oiol lhles and the male-sterile line AC 26 to truser male sterility to dillercut genctic
backgrounds. All thel hylridS thuts wCrC 11(1Irp+,rdIuced Cvatltuted aud d malC-stCrilCe, mdicating a
possibly st'ronrg cvtoplahsilic control ohlle sterility or the widespread availhbility of recessive male 
sterility cnes iu hlrii./yeous condition v,ith lertilc cytoplasm (I m .s int all these lines. 
Biickcroscs wCre illso matdc inl (]lost ol" tIe liles to traustcr male sterility to di ITcrcut genetic
ilck grI ,, kur ,possiblc ill prirduciulg [ hybrids w'v ,litrosis.d use ithIhigh 


()Ie htndrCd I iltv 
 litc werc produced trom 30 onion accessruins. Selectious \were iiaIde fIm 
utiforuity arid bulb viel characters. Tv,'nty-ti\,, such iubred lines were Selected tfir trirthcr 
ev'ilut at ii t. 

Development of Early Maturing Onion Lines and Lines 
with High Dry Matter 

Summary 
Twcity-sevcri orriuir linies rave benCI+ ide'itil'iCd flr early bulb maturity (<10() days after 

trinsplanting). ()f these, 10 lines were selected lor high bulb yield anid quality traits. To imlrove 
sttrilgte, q.allity these lines rc now lbirre used in tIle crossirng prolram. 

:i\c liies with hi itr rricontent o'rnmirv mtter (I I)M) ranging 15.9 to 17.2% have been identiid. 
l1ulb+, viCld inl these IIDM lines ranged lrorm <8 to 23.8 t/ha. Twor o" tIe III)M lines, TA 363 and TA 
32, hatd white btlbs arid thus rMav be sC'ul f*0" the procCssing industry. 

Introduction 
lFarly uratuirii+tr ion lilues cal easily fit in cropping systems, cat escape majuirdiscase probleris,


and allso help inl setting til lyimarkets. Similharly, lines with hi gh dry mrtter may be tisetful ir
 
developin1g lines which can plrnduice high dry 
 lraUer per unit area. There isan estahlished correlationi 
lctwcn hicgh dry rltlcr and long storage life of bu lbs. 

Materials and Methods 
Iore darn 40t rniotr liies were evalurated l,0i. bulilb attirity (ltlriirg winter. Bulb rnatulrity was 

measured as the tiie it takes l'rom transplantino to the harvesting of bulbs. 
For dry In1atter evaluation, the llbs were dehydrated after making uiniforml slices. TSS was

deterinied by using a reftractorecter, lurgenicy was deteririned by using the pyruvic acid rniethod. 

Results and Discussion 
il~lbs which matured innless thar 10(0 days rfter trarnlslflirti n g werc considered its early rIrtturing

ilies. f 400 ine1s CVdiuIitCd dirringr winter, 27 wrce ide.Itie'iud rs eairly nailuing. ()f these, I) lines.,
TA 172, 175, I80, I83. 186, I88. 192, 201, 229, and 23 1,were selected Ifr high bull yield (>3(0 iha)
ard other quality characters (table 5). 
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Table 5. 	 Performance of promising onion lines identified for earliness towards bulb 
maturity 

Entry Variety name Source Days to Bulb yield Bulb 
maturity,, (t/ha) color 

TA 172 ELAD (H) Israel 95 34.7 Yellow 
USA 95 58.3 YellowTA 175 Numex BR-1 

56.2 WhiteTA 180 Rio Plata (H) USA 88 
YellowTA 183 Rio Unico (H) USA 88 40.7 

88 	 YellowTA 186 Rio Rings (H) USA 	 61.7 
USA 100 52.2 WhiteTA 188 Rio Blanco Grande 

TA 192 Gladalan Brown Australia 100 84.3 Yellow 
YellowTA 201 Baia Periforme Brazil 100 41.3 

TA 229 Early Lockyer Brown Australia 95 38.6 Yellow 
TA 231 Early Lockyer White Australia 85 36.7 White 
Check Granex 429 USA 110 71.9 Yellow 

Bulb maturity after transplanting 

days. ()thor highly promising lines were AT I86 (61.7 

t/ha), AT 175 (58.3 t/hal, AT I8) (56.2 /ha), and AT 188 (52.2 t/ha). Sinct all these lines have poor 

storage quality, work is ilprogress to improve this railt. 

TA 192 had a bulb yield ot'84. 3 t/ha in I()(t 

'SS, andIn a Scvrate expeu'rimlnt, 19(9gCrInplasIn lines weCrC CValuitcd for high dry Illllt., 

plneencv. Fi vC Iines.-. 141. TA 2,3.'1"A 264, TA 363. and T.. 3,2, were selected fir hiih dr nailr 

Coltent allille loll I5.9) It17.2(;I ltable 6). C(omparcd to tlhcse, check varicics (iranex 429 and 

Tcxas larh'(rano 5)2 had onIl 6.7 and 6.4'/ dry lllltter, respectively. The line TA 363 had high dry 

matter( 17.1 1;)and 'I'SS ( 0.3l'; ),but very hw lMgency compared to TA 382 which had a very high 

pungcncy ofl9.4 1i/g and high TSS (10.5,4 ) and dr" matter ( 16.51/( ).This line was also identified ais 

having he longest bulb storagclife. Bulb yield in thesc lines ranged f1m <8 (TA 263. TA 264) to 24.7 

i/ha (TA 382). 

Table ( 	 Performance of selected onion lines identified for high dry matter, TSS, and 
pungency
 

Variety Source Dry matter TSS Pungency- Bulb yield Bulb
 
Entry name (%) ('Brix) (t/ha) color
 

Ac 141 Oignon Rouge 0 France 16.0 a 15.3 a 5.9 23.8 Dark red 
TA 263 A.H.I. 	 Pakistan 16.5 a 13.3 a - Red 

TA 264 	 Phulkara Pakistan 15.9 b 12.5 ab 4.3 h Red 
USA 17.2 a 16.4 a 4.6 20.3 WhiteTA 363 	 PSR 11390 (H) 

11.8 ac 9.4 24.7 WhiteTA 382 	 Dehydrator no. 3 USA 16.5 a 
YellowCheck Texas Early Grano 502 USA 6.4 c 6.5 c 5.0 58.7 

6.7 a 	 4.4 YellowCheck 	 Granex 429 USA 6.7 c 71.9 

Mean 
 12.8 11.3 5.1 
5.9 	 22.8 -

CV (%) 
I Unit of pungency is micromole pyruvic acid per gram fresh weight 
b Bulb yield less than 8 1iha 
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Garlic Germplasm Evaluation Trials (GET) 

Summary 

A ttall ofl I X garlic entries were evaluated during the veaar ' vild and quality traits ill seven 
dilerent trials (GETI"l -*GFT7). Bull yi:ld in these lines rangcd from 1.5 to 14.6 i/ha. Fourteen lines 
hive heen identiftied or hh b yildc (> !() t/ha). 

Introduction 
(;airli vClipitpln evaltim reniains t nalitor activity to identitfy useful gelotYl's.,twilh high bulh 

,'ield and (it '.it, trails. Mlanv( oI the accessjtns (IS8 lines cCollected niainlvl'rtom Taiwan were
'V\:lil1Ld ill '-sCn rCplicated yied' trl' s to dntity hi etl- es.Mi h-vicldin , pl 

Materials and Methods 
1\ total 01'1 88, citti, \setevaltdin sCCn dilerelnt trials conductLd during winter atli .e r 

differcnt pllting date',, ljomi Septicibehr to Novmbel+r. The trials wCre planted in RII) with three 
replielati,. lckt ctmited olIa 1.5-11n-long and (.--wide bed..1 pciilg hetwe'n two rows in 

aMid 
eroWtvh tli I c anld, finally, at harvsCt stage timr bull yield and quality traits. 

a bed \\ts IS cmnn 1I)Cl between 11Cellilts ill a tw. ()hsrvations were taken dturin thew crop 

Results and Discussion 
\limio dit rI'Cletrials conducted, bulb yield range'd troum 1.5 o 14.6 I/ha itn dilCrelnt garlic liles. 

ltirtece lines wv urM'tirtied Ior high Ilb yiCd (>1(0 I/hai), and of' the.sC, the six best liues Were 
selCctCd, (I. 062 17.3 /i), GI. 51) 14.6 t/ha), GL 51 (13.9 t/ii. GI. 50( 13.2 tlha), I 28 (13.2 t/
h(t), and GIi. 4) 12.2 t/ha)(tahle 7. Gl, 62 (tad the largCst flb (,t\g. Itlb wt 115.2 g) I'ollowed by
Cl ,59 ((04.2 . and Cil. 57 (I104.) 0l. 'Thesc lities ils( had largC clocs. Further Cviltatio otf these 
lines will be carried oIt to identify SUetlort- lhntes fior vield and qual itv traits. 

Table 7. Performance of promising garlic lines identified for bulb yield 
Yield Avg. bulb Bulb diameter (mm) 

Variety (t/ha) wt (g) Equatorial Polar Neck 
GL 28 13.2 65.6 54.6 430
GL 40 12.4 69.9 59.2 40.0 

8.7 
8.4

GL 50 13.2 61.4 57.5 41.1 8.2
GL 51 13.9 70.0 61.2 44.6 8.4
GL 57 8.8 104.0 70.2 46.4 10.9GL 59 14.6 103.9 68.3 42.8 13.9
GL 62 17.3 115.2 72.3 43.2 8.91!si-!o (ck) 14.1 52.8 60.0 42.2 9.9
FG 1 (ck) 13.9 78.7 61.3 48.9 8.7Mean 5.1 65.0 58.1 41.9 9.2
CV 35.7 15.9 5.7 10.4 24.8 
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Garlic Clonal Selections 

Summary 

CoMal selections calrriCd out in 125 individual bulbs ohtained from 14 garlic accessions led to the 

identification of superiorlcines with high bulb yield and uniformity. Six clones were selected lot high 

yield (>20 t/hli) In high hulb uniformity. Tile yield increase inl these lines was ahout 801O%' more than 

their respective bulk checks. 

Introduction 

Garlic is piopogated only by vegetative means hccause of its obligate apoimlixis nature, which 

makes conventional crossheeding or varietal inmovment almost impossible. Cloal selection is 

considered onee1of tile best methods for varietal imlprovement ill this crop by ttiliingthe available 

variability within the lines. 

Materials and Methods 

Ten biulbs \\crc -elccted I'rom I I differCnt accesslols olf'earlic, similarly, 1i\e Iulhs were selected 

from three Other accessions. Inl all, 125 individual bulbs (clones) were selected from 14 accessions of 

garlic mainly collected fl'tOlaTianiIl. These selections ,Werebised Ol hlh sie, '\eight, aOd clove si/e 

and numbler. Pl'lting was done scpriately for all clones of'a single bulb during tile winter and tile crop 

wias Oscrved dutring the gtosvth peritd for variations in disease incidence and othI., characteristics. 

Finally, selcctions were iiiade at harvest based on the yield and lifornlityl"' hulhs. Selected clones 

were storcd For nultiplication. 

Results and Discussion 

O)ut Of 125 ildividual hUlbIs (ciones) selected from 14 accessions grown during winter, 10 clones 

were identiflicd rthir superiority in hullb' yield and other majortraits (table 8). Tie highest Ilb yield 

(22.7 tlha) was obscrved i n tie clone G1.76-7 showting a95 ,"increase over tle bulk check ol'the samne 

variety. This clone alsk exhibited tile highest hull weight (85.01 g), average clone weight (7.2 g), 

equatorial bulb ,diameuter (02.2 mam. and polar htlb diameter (50.2 miml). 

Table 8. Promising individual clonal selections in garlic 

Bulb yield Avg. bulb Avg. clove Avg. clove Bulb diameter (mm) 
Entry (t/ha) wt (g) no./bulb wt (g) Equatorial Polar 

GL 76-7 22.7 85.0 9.2 7.2 62.2 50.2 
GL 68-1 21.3 80.0 7.9 6.8 61.8 46.4 
GL 79-1 21.0 78.9 9.6 6.6 62.0 48.6 
GL 68-2 20.7 77.8 9.9 5.2 60.4 47.6 
GL 68-4 20.6 77.1 8.8 4.4 59.6 43.2 
FG 1-9 20.3 76.0 12.6 5.4 59.8 40.2 
GL 65-10 19.2 72.0 9.8 5.5 50.6 48.6 
GL 79-2 18.0 67.5 7.5 6.0 58.6 48.2 
GL 77-5 18.0 67.5 9.0 5.6 59.2 44.8 
GL 77-4 17.5 65.7 9.0 5.7 61.2 43.6 
GL 65 (ck) 10.3 56.0 - - 55.1 44.8 
GL 68 (ck) 11.6 54.7 55.1 42.5 
GL 68 (ck) 11.6 66.7 59.3 45.9 
GL 76 (ck) 11.6 66.7 59.3 45.9 
GL 77 (ck) 9.4 56.0 56.3 41.1 
GL 79 (ck) 10.7 63.0 57.7 44.0 
FG 1 (ck) 11.5 70.3 58.5 43.2 
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Other high-yielding clones with more than 20 I/ha bulb yield wcre GI. 68- I,GL 79- I,UI 68-2, 
CI, 68-4, and FG 1-9. In these clones hulbl-yield increase was more than 8(',C CotImared to their 
respective huk checks. Thus, clonial sClCction was I'oLn ble i 'Cry IfctClivc wy olimprWoving yieldnd to 

and tliity inI garlic. 

Development of Long-storage Garlic Lines 

Summary 
Storage studies condLctCd SCparally for bulb and clonal sClcCtions at ambient condition (28

320C( for 5 months lead to the identification ol'stperior lines with very low sltorage losscs. Inl the bulk 
selections, fIour lines ((;1. 66, GI. 71, GL 73, and GL 74) with \crv low storage losses (4-6.47() have 
hCCn idCnt iClied. 

Introduction 

Garlic stora.c losses in1the tropics remains a maiJor concern. At AVRI)C, development oflgarlic 
lines with lomg storagc bulbs is given majior attention. Preliminary Cvaluation trials have lead to 
promising results. 

Materials and Methods 

Wcll-cutrCd garlic hulhs fromi 53 bulk and 50 clonal sclections werc stored in hanging net bags in 
a wel l-ventilated room with three rcplicationIs each. VaLatitons Were CarriCd out at monthly intervals 
fOr losses duc to sproulting, rotting, aid Weight loss. The temperature during the storage period (5 

110t1ll1s1) 'al.Cd fr ii 28 to 32-C. 

Results and Discussion 

()nt 0153 lincs evutetCd in the btulk selection group, four (GI,71,GI, 66, GI, 74,and GL 73) have 
been selected fr theiroIng stojage qltIalitics (lable 9). The line GI, 71 was highly promising with only 
6.4'Z( losses dtiring the 5-innit hstorage period. O(ther lines showing good prmise were GI, 66 (9.6(/ 
losses), Cl 74 (I().7(, ).and GI.73 (11.4(/, ).Storage l)sses in most (litlhc other lines ranged from 19.7 
to 65.0'. 

In the clonal selection grolp the total Iosses dnring the 5-month storage p-riod ranged froml 1.8 
to 35.5('. Thile 16.9cloie CIl77-7 was the best with the Icast stora.c losses( I.8/ )and high bulb yield 
t/ha). ()ther promising chincs with very low storage losses were (L 67-7 (5.6(,/ ).GL 80-7 (5.4(), GI, 
8(-6 (6.1 (/I, and Ul, 79-3 (6.2',) (table 10).In these clones bulb yield ran1ed 'ro' 10.3 to 15.7 t/ha. 
Sme f thchi gh-yiel dil'g cloncs, GI. 68-1 (21.3 t/ha), GL 68-2 (20.7 t/ha), and GI 76-7 (22.7 I/ha),0 

had comparatively high storage losses ranging from 22 to 35'1.. 
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Table 9. Evaluation of garlic lines for storage qualitya 
Entry Marketable 

bulbs
(0%) 

Rotting 
loss
(%/) 

Physiol. 
wt loss

(%r) 

Total loss 
(%) 

Bulb yield 
(t/ha) 

GL 65 63.8 e-f 25.1 a 11.1 b-d 36.2 ab 10.3 
GL 66 
GL 67 
GL 71 
GL 73 
GL 74 
GL 76 

90.4 ab 
61.3 g 
93.6 a 
88.8 ab 
89.2 ab 
65.3 d-f 

5.6 of 
19.0 a-c 
3.7 f 
6.7 d-f 
4.3 f 

23.2 ab 

4.0 fg 
19.7 a 
2.7 g 
4.8 e-g 
6.4 d-g 

11.4 b-d 

9.6 of 
38.7 a 
6.4 f 

11.4 of 
10.7 of 
34.6 a-c 

10.5 
8.4 
7.2 
9.1 
7.6 

11.6 
GL 77 
GL 79 

80.3 bc 
71.8 c-e 

15.1 bc 
18.3 a-c 

4.6 e-g 
9.9 b-e 

19.7 do 
28.2 a-d 

9.5 
10.6 

GL 80 77.4 c 13.1 c-e 9.4 b-f 22.6 d 11.5 
FG 1 70.6 c-f 14.4 cd 15.0 ab 29.4 a-d 8.9 
Hsi-lo 
Ho-Mei 

73.7 c-e 
75.8 cd 

17.8 a-c 
i 1.3 c-f 

8.6 c-f 
12.9 bc 

26.3 b-d 
24.2 cd 

10.8 
8.0 

Mean 77.1 13.7 9.3 22.9 9.6 
CV 7.3 32.8 32.5 24.9 18.4 

Bulbs were stored for 5 months at ambient condition (28- 32 C) 

Table 10. Results of storage studies in the clonal selection of garlic 
Entry Bulb yield (t/ha) Total losses (%)a 
GL65-3 17.3 31.7 
GL 65-9 15.4 22.5 
GL 65-10 19.2 25.4 
GL 67-6 13.3 12.2 
GL 67-7 10.3 5.6 
GL 68-1 21.3 33.3 
GL 68-2 20.7 33.3 
GL 68-4 20.6 35.5 
GL 76-7 22.7 22.3 
GL 76-9 14.5 15.1 
GL 77-4 17.5 17.2 
GL 77-5 18.0 19.7 
GL 77-7 16.9 1.9 
GL 78-6 13.7 12.8 
GL 79-1 21.0 28.3 
GL 79-2 18.0 22.9 
GL 79-3 13.9 6.2 
GL 80-6 15.7 6.1 
GL 80-7 12.6 5.4 
FG 1-9 20.3 18.7 
1 Total losses after 5-month storage at ambient temperature (28-32°C) 
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Garlic Flowering and Fertility Studies 

Summary 
IDurin, the l .Lil'licines we- rid ev\'ludt r vrhi id f' i lit,''ear. 24 ,oweriln collected t ol't)lh Ilil 

belvior. (0)l'hese. It0lines were denti as prolliskitr.e llr theeC recCordeh.,d liOrehed traits. Vilritiorr.S \were 
nurlibr ol lower Stalks. numbr ol' topsets aid flhovr per tInbeIL ll e1n feI.rtilithv. and peCrcent huit
set. Variations for llen rtilitv andl'rut-set were ntel IetwCen lines a,wll as within lines. lant>s 

pIleu fertiIitv and fruit-sct wcrc Sclected in (ii. 0i .Hi 2. (ii. 35. and (I 107. 

Introduction 

itv, USInU \-vCtIv. planting 
seve'ral productiol prolemsISuch iassevere ie, ld viral d,+iseass.i, vtiinerability 

(GMrliC. Ibcuse 1 st.'rilis prpIaIteLt mtateriil. 'I'lIhas led to 
, d loestcanseuu l+v iilctlrdllr 

to Several ot her disetses Carried l tlIe V'Ct ativC ptlatli nlritt'ill. "lIrese disea.ses create a Serious 
hottlenck in the lovenit'nt eriplashi eulationLLs. ar'lictterility IMs also1--1 cuCse 0'(11quaranltirC li 
hamipered genetic mfaipulahtim. All theselalctrs necessitate the eeloprh(irent or tertilIc garlic lines. 

Materials and Methods 
A totall 311 lineS wLCV C\ IOr flowCir,-i pitl' illealIKated ad ICrtility helhavior. 'irC lineS werC 

lobsrvtioll 'oVtrl nd obServatinls wrl I Cere r'cordd r rrlbIlher 0of loweriLI Stalks, arid prscr:I1 
alid IIItiiber ttol+Stsari flho, l w' r f'ol he+ads usinL l1ilCf 'UiCcSmders. et%o llee'emIov all the nIUbeL 
to allov lwMVrs to NILiCiotic conduclCd Irsiig ynrI flohwer huds, aid prl)lCndC',d.lh. studies wer 
fertilitv was dterrrirred lb usinu acetocalrilllilic stairrii, mthod. Ilald-pollinailtion was arried out to) 
erisure pollination. 

Results and Discussion 
All the plants in all 3I lines produced llovers l'oini Fbruii'yr 1o MNia'Ch. l)etai led Studies rI'eltCd 

to fllweririe anld fIertility led tot s ' ltable In all these lines therethe ideritiCIfatini o,l ()prrimfisii hulitil I I ). 
was,1normal I'hower dev ricnt al'ter the rerillial otltopsels. Variatiins towilrds pollen fertililv (I
341,1 )amiong the plaits within the line wcrc rited inl all the lirres. Plants weret sCectCL f'or the hilih level 
of pollen fertilit'y. I larrd-polliatimnr resulted inl the developmient o l'fruils ill all Ihesc lines. 

Table 11. Flowering and fertility traits in selected promising lines of garlic 
No. of 

flower stalks/ 
plant 

No. of 
topse.s/ 
umbel 

No. of 
flowers! 
umbel 

Length of 
flower 

stalk (cni) 

Pollen Flower 
fertilitycolor 
(%) 

Fruit
set 
(%) 

G 27 
G 30 
G 31 

1 
1 
1 

25 (15-40) 
18 (15-32) 
40 (30-55) 

21 (13-28) 
21 (13-32) 
32 (25-40) 

53.3 
56.0 
50.3 

0-28 
4-25 
0-15 

Purple 
Purple 
Purple 

10.3 
3.7 

10.3 
G 33 
G 53 
G 61 

1 
1 
3 

25(15-30) 
22(15-33) 
28(20-40) 

18 (15-30) 
25 (18-38) 
20(11-32) 

55.8 
66.3 
70.2 

0-24 
0-5 

7-22 

Purple 
Purple 
Purple 

3.0 
5.2 

21.0 
G 62 1 5,1 (35-62) 38 (20-50) 52.3 5-20 Purple 6.3 
G 34 
,186 

1 
1 

15(10-35) 
21 (12-35) 

18(15-20) 
12 (10-15) 

73.0 
75.2 

22-32 
15-30 

Purple 
Purple 

30.3 
22.0 

FG-2 1 38 (28-60) 30 (22-40) 55.1 0-34 Purple 25.2 

http:dC',d.lh
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Fruit developlenI ill all these lines %\'itsnormal in tie initial sta e, and wCll developed growing 
Clibryos were obsCrved inside the fruit. Irnit-set variCd l'rom 3.)to 3 .3'; in di l'Crent lines. Ilowevcr, 
fruit developmmCI was adversely aletCd at th stt., which rCsulted in the lpriumrelti divin oi"lateMC 
the frnit within 25 days, thnS hainprim, seed dvclopment. T'aking thcs obs riations Intownsideration, 
future programs hav, planed to stndy the I'ertility bChavior ill all these lines inl detail, possibly,'e'n 
usine crnhryo rescue tehniques. 

Breeding for True Seed Shallot 

Summary 
Sixteen lines collected from Taiwan, Ihdon1esia, India, aid Thailand had good I'lowering and seed

setting ablility. Seeds ol'thCse lines vC'e irWOduCCd in nC t cages isilng hoselflics as pollinators. Seeds 
produced flrom cach line are being used for evatuation and selection f'Or bull yield and cuallity traits. 

Introduction 
PIrCsCntly. shallot is culivaltd y tilsing vegetative planting material. 3eauIse of this the crop 

sufl'ers from problntlis such ts (I) viral and other discases and insect pests carriCd 1y vegetative 
plintinlg niteiial. and (2) higher prodnct ion cost. ConIseaqucntly, prl'ehiIIs rllClSo cotintCrCd ill the 
m,ovement ofgermplasin. Taking Ihcse intoconsidcration, priority hias hcen givCi to the deelopmcnt 
of' ittc sCCI shallot varticties it AVRI)(. 

Material and Methods 

Shil lot bollbs '(l0ducCld thruough seeds in 16+varieties were vernalied lor atout 6 veeks at 5-IO'C 
and plaCd in ()ctober. Flh\Vcring staited ill 10) of these lines after 50 days, and all plants of each 
variety were covCrCd vWithl net cages. When the flowers were in ill bloom, housef'liCs were released 
Iol" ClTective pollination. Seed, were collected front Iflines f'or further evaluation. 

Results and Discussion 

Olt ol' I0 lines plhitIcd ;iltl' vcInili/atiOn traCtmcnt, II hLl good flwvering., viz. S 24 (local-
TFaiwan). S 311(oeloc-Ihilippines). S 32 (Biinia), S 34 (Somdcng Local). S 35 Olilijo), S 38 (Kuining 
Tablet . 31) T et). 4(11 lhcI-Y a-YaSk0rta). S43 (,ocal-Thailand), S44 (Sisakc). and 
S 78 (l.ocal-hldia). Seeds produccd from these lines arc beine used fI r ev,,alution of bulb yield and 
quallity traits durill wintler, aMd further sClcCtions Will be made for bulb yield, quality, and seed 
prodtctiol efficiency ill these lilies. 
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Allium Pathology 

Virus Elimination and Indexing of Garlic and Shallot 

Summary 
AVRI)C hats iolptl it virus flmination atnd indexing sclheneu that uses merislem tip (0.3 mam)

culture o,0'r ihe IInIIIc-deL'Iruved IFe ibserved For" two growth cycles andvirus eliminltion. plantS 
subject to three I' .ISA tests I,:+ ,llioin yehow dwarf v'irus (()YI)V . .ar'lic Common lttent virus 
(G('VI), shtlhlot lttnl virus (SINA), and lek ,'ellow stripe vicus (I .YSV. The bl.ectiv' oI' this 
stuibproLjc.i ist( improve the etlficieN,,' thli s schemeI While C'6nliltUin1rou1ltinC Vitfri, eliminttion and 
imdcxitiw olFall iIlt._O{Htill. grlil ld shIllot grlrplsllln. TWO hundiCd ind lrt lr i and I' shallt 
liles were Stuhjected to the scheme in IN94. 'Fie basic sClCh1u adopted ill 9 vi, wa's slightly itloditied 
with an alditionail virus elimination step, i.e.. voing the Iniristeins Ol litlillill contaillineg tie 
antiviral Compound. virliole. B\' doil so, vills int'ctioln inl ieristCmn-deri\d plants wias reduced 
hv 2J1 ill the lFirst Il.lS.\ test (1:1) and by 74; itt the second LIISA (W2 "cI. 

We haive also ad.Iell theeC ntet antisera inl the list II .ISA test 1II cndute'd alter the mueristem
derived plants have reatched the sueoIdlI'll-Inirttiy cycle ii the sereuChtoIse: toIbcco IloSaic Vil'us 
(TNIV), mlitebo-rte luiIIeIrol'urS vi l lV.iand ateClieral tilonlolortal antibodl ortany, tuellibers 
oF the potVtruts group. There has beenI i) positive rmlctiin \\ illi these tar.so 


T\unty- lv virus-tee arli,: and six\virus-tree shallot line have beCn obtlined so l' 
 hy tie virus 
elimination selenl:.. A.,\tlih,40t)'arlic al I()shallot lines haivealratdv,lini\shed the lirst ertowth cycle. 

In a related sttdy,', two vI-Is4I' C te l'iel l -propa'ted lines OFIathll citltivar were Orown and 
compared. The yield ot one o, tihe nneristetv-derived line was 7(.4 hielmr than that oi the l'ield
propagated line. This indicates Ihat ueristein culture*not olyl1' eliminates virIuss but also increases 
yield considerlbly. 

Introduction 
Last year w,e intI'oduced a virius elinninttion and indexing scheme that used ncrislein tip ().3 rnm) 

culture fII24-li plhistrixin (1F0r insect climination) fIuinicated clovs and five I'l.lSA tests ot the 
meristcm-derived plantlets at vriouHs tinres during plant Ce\'lCopment rip to the second iaturity cycle. 
Teln virus- free earlic atnd two virus-le''Ce sll ltt lines werC obtaincd hy this mthoCd hy tIe nld oh 199. 
hmprovelnient (t this method was thought itcessat,'. 'irltictila r' to 'urthcr increase virus elimination 
and ireucC tire nub11e1r I l' viri./tole. iarmantivirmil chlmical il tiletl F lISA tests. '[he incorporation 
tissue culhure mClitmu wmrs testedito Incre se virhus eliminatit Clticicncv. I 'tirhm.'llrtomt. muhot water 
treatment tf lulhs Wts tried to pre'Vent ptssible cntRrtmmtiointit t the lissuIc culture and eiowth root 
Facilities with Slem aitd htllb mnermnttodus, which are ol'tn Imnd beten\CC the oter' scaIle.s ot'hc htlhs. 
The el'fect :t virus Clilirantio Onyield aitd virus memintlcctmo was also iorInvesticated. 



Materials and Methods 

Routine virus elimination and virus indexing 

..\ tt l M 2)4 trlai' ,ctn 1i) :,halknt linhA w lvtrsii.jtc lc Ito virus climiiii tifi/timi itxi! i I ) 4 by 
i s~,'h+I.li~uhtly the. One. dC,T~C'rl d if] tht+.,\VRDC(199 P.t_ ' RcpIm-t. NMritnis>1110dcifi,.'d 11-011 hur()L' 

,+'r,.p. I~t dtm(d ()JR ti 	 v,.1 [ cci,Ill,l[ ()l NIS t1tt.cLill ii d 1()L',t\ ,; lakt,'r i' '.,sl l'Crr I tON+ ln ll al u d d With 

tn,_lier a \ISV llve liots. ao 
n N)I)S i cI l . 1 t1, I.i . I4) 

Ho . (tretnV iial)..Altc shallot c+.+ 0. 1- tI()lo.v-c's-l' ht(t(t was 
i,.I'\c',,cdc l ) LtnI (lt I (n( IV . Fi\CuttI r 't tIl tiI '\ tc., (tI' ui 

Atl!t hi It )t tlti t) t. i l \' c'a ,,\ d,,'t , il'it. L tWlit' cc'it 1Lti lii\rc i \tt ic \ il-,. -+llktt tent \, tti". 
dild ],Cuk \,.'Il +' ",I iI+C \fill-, ,r,.' iW 11UrltIm AI, I)Wri,, lsII ,,.rlT d. \\'its" 	 u ()Its" FI'Sl",,\ tuCt (Hi)) 

, 	 I i I iIl l ll T hu'i I'i h ' tld itL'tt',. 1 It ) t i iiC'iIll u ,' i tn t t iritts i It tt.' LttCilll,' t+l ttlrC. l 

llt,'tf l t.- iit i' c tli t's hi a1]Cnlt , il ai titn\ 2fil tllisilltt .'lig u t' , +" I't, slao ltt v.-l'i\,lni 

Hot wmater treatment of garlic and shallot cloves 

lkut.I'>.i 	 tit'r4))l ilictiltd 10C,11) \itu u h ave" t+ti\ Iitill' (fl itCh line) \rtil ,td .j lc t isih'a t 
hthich,' l l +,s,ill fltl) v, t, C. ' . ,ld the.nt II 1h'm trcil,.' l ,+\ 1 nitu t l Lt+Ihtt t c 	 I0) lOic~i o 

CV> ;tIiit C). A.I't. rt)Ih rtt+c"i t ,'i. I siiS ll+ crtc C isete 

hAtntlit ' m C I ' 11tC >ltitl ii,,,\'ihil d ic trli it'r. 
' Ir il I r ttlv lwith1 t ' t h laCi1itt inch., 

.rl i it,._'t 

Yield comparison of field-derived and meristem-derived garlic lines 

' ill it 

t~tluulIi,';lul ,u ', ttt+~d triatl itn (hill'u .lit+,. :i h] i~duald AuuVit+Tl ',' tt+l. ,,css\v, tud 
thaft (fl the tOlig._In+i ~ l ~t~+ l.,l line (dt the ,,amIC atllti l' lilt'-CI L+IM'+IM."linet+ \,CrC Used 

l Tl'ht+' Iul+N 

mit17 \lit,\ itl ,i 20) C' ]thl(tit ',t l"tI ft~ I(, the f1i d )tm dtv Iil,.clrttt~an ,]lat~ll( .11INlr,, +ill aiutW .ltC'aV 

.-\ I.I (+stilnl~ ',;i1.l: lu' h ,, '. =. : 1 : I I and_ Knt)w\n-Ytm lan1t Meu tmttt,.'(,til:,.mG~ ,t 

27 : 1 1. 'H Ii M61i Inl Atir Was, PLIC ll'c i t jI~ io-ic-Iitncd ( I I. !) \ ().75 \ (0.30) ho~le, the Nv~tlminl ()f which 
\,'l CO+\dW 'dc \\ ith i M(-1_'11 Idi\ C'rt ~tl. 'l C'd s+,;il . Platllth -ILhiltl dlistiM C'C\ its 12 a'li l d C(W ln

,
1)111'At~t dLlc'j l I st'".,crw n'vvw.r d "\iih ;i It caix ()1' 1.5 \ 1.0) \ 1.5 Il+ l 40 lilch/ci.l+ Indtif-L'.'' dlut 

1.1 .IS.,\ tsIm h+ll ( )YlI WV.SI XV, (i( A1N. . andlI.NS \ )\,\ L'r C'o Ct dai .2. andit 3 ni t[ish. a.fter+ilantinli.1tcl'ct 

IWihll', \%CIrV haii\cs,,,.d 92+1,> ailr dt WulC,na~~tl;t \iClM i'COctrICLI'. 

Results and Discussion 

Routine virus elimination 

,kdetaiile'd list ()I tll sh<illt anid haiVC"101t hl Ih t-lh and arle CUl'leunlly ' under.goinl1ar-liC' lines' [illt 7 

the iptwcs,, i,, shtm~n itn tal l a a~ill Ih. "Tu now hmivc 25 \virlls-Ilr+' Q a nd sillix M ui't lllc. shalhlt 

Iitk's...\n10lha+! 40I L'JIr lilc i 10+s(hlillkt lintc havie ailiready\ fiished the firs+t finlwth cycle.+N tic islt n 

stv\'V ial 1*01r +i t'i t and shallltt \\as, hi h. with 92] aid 981r; , respe+ctlivel.i ' i]F IAT Itests(1€())take[)hI~tl 
hutl'- nl'isqtltC'\Cisitoilt' trl\ ' Shlt Ihill Vi'iu, inl'CCtion ill inct ingi+ in+aleria:l" is high ill garlic_, will) 

Chuli ii+ titml/itndcXitg. ,C'lIC'i1_ thait w ill pr l ' [tihe iinr (l1ucili l '1cw \'i,ill ().it' tra ins. 
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By shijceting Iic,,c viris-inI',ctcd i)\ sto Ilucri tc Il tip cultiir virtis ilciden,, could bc reduccd 
,yappr iinlit.ely (R),; . Ilhi.. otl, (.0 ( d lit, ,irlie anld 4 1; fl"N, ihol tl p'at own I'm 

iiiI\s Itm s (fl, vstti-tIl +' cl \IrI It tn'-H .-vl t..'i . ''tilliitN L t ill1Ar ill IISA I 

()nl i IHI I I-IuL'ti,Ct. I)It llC'1111k1 ll ltlrsliv th,+e i t ,.' illruiste ION to llt I I l, c\1ln). W heno 
titIl -ICtI i I.\ tt(ii\ e t sI l ol e ithl i ed elll abl"e .,h lcsc ofdh),i\ '1,CC IlJ (C,( i L 

i \ee]\iii,n let)t.hi vidt) 111atlt'Lrl t il llisn lvCIi lilt d iICti (eil iL',. Til, dia lI[..a,henr which, 
MnM h)ndui ,, / d t'l'u'i d ifS'i~I iCC\ C\in1t.L,I(%t,,l 11 cit+ tllll\11 ,, Mu,..mur ti ilia'IIII 


IlIdLi1Ial <MIS\ ,111C 111n )l-r+ i ui,,h~ pliull, cmtlld IvuhIthc.r IC(duct,.d flithk' 2). The LIC (fl'( itt lll"t I,\ re~lttitla t \, Ltlil be ll'ed luth c;td ,+unflit Nt " selri '.lkuu~lmi,+ . 

Yield comparison of field and meristem-derived garlic 

Th l tl li lii; %teiiv' M W;it,-iil Ct ,, iil I'ri.' tilI- Ilii ",'- . the cit'i'CLd tSite 
Il'itlIid lrlCF 11\ ' N111 lflt) Cd I the lle 't i IIIictyctlil ta l"ini.I M i1't,ntll htlVLF -t( ,I"),ii Ilfil h"ld t 

1'tt'(C,:tisC IXlt0t' \Ls -1.tjhI ii'siu l ilIlC,N.'t ci1 -dttri\Sd \U'iI P; h thIill i tllttO[I 0' t Ii,,. t't'i [llthe(qtlcr n ic+.,rihini-ticri\,cd Il 7W 1';Ifhl,rthiln th'll (d 111.lC d-rtl+ ald lin,..01'0h,1C s,' i+' \Cr 

tttl i in \ Th,.F N ,uN NS ptttattt. i , j .l,,Ndvei toi raw.shas ist tsesl el.ra',ttlt.i iuld fcth Itoss ever tt Ih, I Iu 

in suI,,_ ,ini -l*i, ;1,, ul to [h ois.d pllp lifl ,N ,,u h1 Flants i ust field ,.ibditi 

Hot water treatment 

The ht \'ater IIttlellt aeiicrally did hot result in hwcr li risl,,: arlie_'. Ihmwcvcr.survival in 
a rc,.duitii)I t)l30"; i Iiii t'cill sHii i.l was Iitcd in 0ine iol the tvi shWllOt eultivars tcstcd. Chrc 
was no ittll chan. c in virus inlCetion in ()anid E . Thus, lis treatnct canl be iiscd w\\hen nccdcd 
mily, i.e.. w\lci inetim iiy bulbls arc lii1nd incstcd \%ith bulb rclttid,_s. 

Concls ion 

PICe\ itIS\V ,luslIutd"luhe viruS Clituinatiun schemC is mtirC e-ltetive vilh tie imleirpirahm fl'the 
miti\iral ettituMillrid ,,ira/(d in (lie sceme. W",l i meristCIuI-dCri\VCd lant letS were .!rti'\vn in tile FiMl 

Cimisidcrahlc 'ield in,_r',ss wr o)tbiiid in suile in's. When stelh limtlet ,, w'rCruitl'tetd hv 
iMscCt-priti(l netting. virtLV ttitl ,lid tieii'iStilll OCC'. 

CliitIIIItii( oF1 IIs iiII. this iIlIp)u vcd 
sche.mC. WeIi1, plWn Ihip ,'u'.b' fuIrtlur cliaaliri/atitu 

We will cttitilluC routilic \ iltiN, allinde.\in ness' ucces1-VsiuS 
i r [lie"C Df new" i'tus and dilTfrcul 

SC'rl 'I known nd ilhle le iunc t antiseraland/or lri w\ith l wiil' e airii eIpih itl .s Tspecil'icity. 
StLudies Will ilk(t be cuttinueL.d IoM ile FtC-m etect iml +meristell culture on .ild and on ht;wv 
reinleethon with \iriuses takes place. 
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Table la. Virus elimination and indexing of shallot as of 1994 
Item, 

Thailand II 
Total no of 1nes 

No of meristens excised 
No. of roeristenrs survived 
No. of cloves tested 
No. of plantlels tested 
No of positive cloves 
No. of positive plantlets 
Postive for OYDV+SLV 

OYDV+GCLV 
iLYSV-SLV
 

Poty 
MbFV 
TMV 

No. of virus-free i s 

Thailand III 
Total no. of tines 
No. of merstenis excised 
No. of rneristems survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV±SLV 

OYDV+GCLV 
+LYSV+SLV 

Poty 
MbFV 
TMV 

No. of virls-free lines 

AVRDC Acc. I 
Total no. of lines 
No. of rneristerris excised 
No of meriStiis survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV±GCLV 
,LYSV+SLV
 

Poly 
MbFV
 

TMV
 
No. of virLs-free lines
 

AVRDC Acc. II 
Total no. of lines 
No. of inerist ems excised 
No. of menstems survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 
,LYSV4SLV
 

Poty 
MbFV 

TMV 
No. of virus-tree lines 

Before 
meristem cultue 

I 
9
 
9 (100%)
 
5
 

0 

0 

0 


1 

3 (100%, 3 lines) 
33 
33 (100% 3 lines) 
13 (3 lines) 

0 

0 

0 


1 
13
 
12 (92.3%)
 
6
 

0 

0 

0 


3 
31 
31 (100% 3 lines) 
11 (3 lines 

0 

0 

0 


1h 

8 

0 
0 
0 

29 (3 lines) 

0 
0 
0 

12 

1 (8.3%) 
1 (100%) 
0 

31 (3 lines) 

0 
0 
0 

After meristem culture 
2, 31 4e 

5 

0 
0 
0 

5 

0 
0 
0 

5 

0 

0 

0 
0 
0 

15 (3 lines) 

0 
0 
0 

15 (3 lines) 

0 
0 
0 

0 
0 
0 

6 

0 
0 
0 

16 (3 lines) 

0 
0 
0 

16 (3 lines) 

0 
0 
0 

0 
0 
0 
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Table la. continued. 
Item 

Indonesia I 
Tota!no. ot lines 
No. of meristerns excised 
No. of roeristems survived 
No of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 

Positive for OYDV+SLV 
OYDV+GCLV 

+LYSUiSLV
 

Poly 
MbFV 
TMV 


No. of virus-free lines 

Indonesia It 
Total no. of lines 
No.of Imieristerns excised 
No.of meristems survived 
No. of cloves tested 
No. of plantlets tested 
No of positive cloves 
No. of positive plantlets 

Positive for OYDV -SLV 
OYDV+GCLV 

4LYSVi-SLV
 

Poty 
MbFV 

TMV 


No. of virus-free lines
 

Before 
meristem culture 

3
 
39
 
39 (1000%, 3 lines)
 
17 (3 lioes)
 

8 (47.1%, 3 lines)
 

7 (87.5%, 3 lines) 

1(12.5%, 1line) 


5
 
69
 
67 (97.1%, 5 lines)
 
36 (5 lines)
 
C6 (5 lines) 

4 (66.7%, 5 lines) 

21 (87.5%, 4 lines) 
15 (62.5%, 5 lines) 

1' 

35 (3 lines) 

3 (8.6%, 1line) 
3 (100%, 1line) 
0 

27 (5 lines) 

0 
0 
0 

After meristem culture 
2" 37 4d 

16 (3 lines, 12 (3 lines) 

0 0 
0 0 
0 0 

0 
0 
0
 

25(5 lines) 

0 0 
0 0 
0 0 

0 
0
 
0 

Thailand 1:Ja 92-246 (1 line); Thailand I:TA 169 (1 line); Thailand III: Burma, Sri Saket, Bang Chang (3 lines); 
AVRDC Acc. 1:Philippines TA 297 (1 line); AVRDC Acc. I1:Thailand (TA 316), Thailand (TA 329), Philippines TA 
331; Indonesia 1:Bima Brejes, Sumenep, Kuning (3 lines); Indonesia I1:Suinenep, Bima, Philippines, Balijo,
 
Kuning Tablet (6 lines)
 
ELISA test conducted on meristem-derived plantlet (when leaf approximately 5 cm long) while still in the test
 
tube 
ELISA test conducted on plants grown in soil for 2 months 

d ELISA test conducted before harvest of plants grown in soil in insectproof screenhouse (approximately 0.5
 
month)
 
ELISA test conducted on second generation of plant grown in soil in insectproof screenhouse (approximately 5
 
months)
 
Dot ELISA on NCM membranes
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Table lb. Virus elimination and virus indexing of garlic as of 1994 
Item Before After meristern culture 

meristom culture 1 2t, 3' 4-1 
Thailand I 

Total no. of lines / 
No. of meristems excised 277 
No. of meristerns survived 261 (94.2%) 
No. of cloves tested 262 (7 lines) 
No. of plantlets tested 159 (7 lines) 38 (7 lines) 38 (7 lines) 38 (7 lines) 
No. of positive cloves 151 (57.6%, 7 lines) 
No. of positive plantlets 11 (6.9%, 5 lines) 0 0 0 
Positive for OYDV+SLV 94 (62.3%, 6 lines) 2 (18.1%, 2 lines) 0 0 0 

OYDV+GCLV 130 (86.1%, 7 lines) 9 (81.8%, 3 lines) 0 0 0 
+LYSV+SLV 

SLV 0 
GCLV 0 
TMV 0 

No. of virus-free lines 7 

Thailand II 
Total no. of lines 1 
No. of meristerns excised 20 
No. of meristems survived 20 (100%) 
Nc. of cloves tested 20 
No. of plantlets tested 19 3 
No. of positive cloves 8 (40%) 
No. of positive plantlets 
Positive for OYDV. SLV 3 (37.5%) 0 0 

OYDV+GCLV 7 (87.5%) 0 0 
+LYSV±SLV 

Poly 
MhFV 
TMV 

No. of virus-free lines 

Thailand III 
Total: o. oi lines 3 
No. ot meristerns excised 52 
No. of merist emr survived 52 (100%) 
No. of cloves tested 72 
No. of plantlets tested 
No. of positive cloves 16 (63.9%, 3 lines) 

50 (3 lines) 9 (3 lines) 

No. of positive plantlets 1 (2%, 1 line) 0 
Positive for OYDV+SLV 24 (52.2%, 1line) 1 (100%) 0 

OYDV-GCLV 23 (50%, 3 lines) 0 0 
+LYSV+SLV 

Poty 
MbFV 
TMV 0 

No. of virus-free lines 

France 
Total no. of lines 10 
No. of meristems excised 34 (10 lines) 
No. of meristems survived 34 (100%, 10 lines) 
No. of cloves tested 32 (10 lines) 
No. of plantlets tested 24 (9 lines) 17 (8 lines) 16 (3 lines) 12 (8 lines) 
No. of positive cloves 19 (59.4%, 8 lines) 
No. of positive plantlets 8 (33.3%, 4 lines) 0 0 0 
Positive for OYDV+SLV 5 (26.3%, 4 lines) 7 (87.5%, 4 lines) 0 0 0 

OYDV+GCLV 19 (100%, 8 lines) 1 (12.5%, 1line) 0 0 0 
+LYSV+SLV 

Poty 0 
MbFV 0 
TMV 0 

No. of virus-free lines 8 
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Table 1b. continued. 
Itern Before After meristem culture 

meristem culture 1" 2h 3, 4d 

Local Hua Suan 
Total no. of lines 1 
No. of meristems excised 15 
No. of meristems survived 15(100%) 
No. of cloves tested 15 
No. of plantlets tested 14 11 10 6 
No. of positive cloves 7 (46.7%) 
No. of positive plantlets 3(21.4%) 0 0 0 

Positive for OYDV+SLV 6 (85.7%) 3 (100%) 0 0 0 
OYDV+GCLV 7 (100%) 1(33.3%) 0 0 0 
+LYSV+SLV 

Poty 0 
MbFV 0 
TMV 0 

No. of leaves tested 15 
No. of positive leaf 15 (100%) 
Positive for OYDV-SLV 15(100%) 

OYDV+GCLV 15 (100%) 
+LYSV+SLV 

No. of virus-free lines 1 

AVRDC Acc. I 
Total no. of lines 40 
No. of meristems excised 
No. of meristems survived 

639 (40 lines) 
563 (88.1 ' , 40 lines) 

No, of cloves tested 750 (40 lines) 
No. of plantlets tested 
No. of positive cloves 466 (62.1%", 38 lines) 

483 (40 lines) 182 (40 lines) 25 (5 lines) 

No. of positive plantlets 5(1.0%) 5 (3.8%, 6 lines) 0 
Positive for OYDV+SLV 445 (95.5%, 38 lines) 5 (100%, 4 lines) 5 (71.4%, 4 lines) 0 

OYDVtGCLV 370 (79.4%, 35 lines) 0 2 (28.6%, 2 lines) 0 
+LYSVt-SLV 

Pol/ 0 
MbFV 0 
TMV 0 
EM (poty) 10 (7 lines) 

No. of virus-free lines 

AVRDC Acc. II 
Total no. of lines 11 
No. of merislems excised 161 (11 lines) 
No. of meristems survived 117 (72.7%, 11 lines) 
No. of cloves tested 174 (11 lines) 
No. of plantlets tested 114 (11 lines) 63 (11 lines) 10 (7 lines) 
No. of positive cloves 121 (69.5%, 11 lines) 
No. of positive plantlets 

Positive for OYDV+SLV 91 (75.2%, 11 lines) 
9 (7.9%, 5 lines) 
8 (88.9%, 4 lines) 

5 (7.9%, 2 lines) 
3 (60%, 2 lines) 

0 
0 

OYDV+GCLV 97 (80.2%, 11 lines) 1(11.1%, 1 line) 2 (40%, 1 line) 0 
+LYSV+SLV 

Poty 0 
MbFV 0 
TMV 0 

No. of virus-free lines 
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Table 1b.continued. 
Item 

AVRDC Acc. III 
Total no. of lines 
No. of meristems excised 
No. of meristems survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 
+LYSV+SLV
 

Poly 
MbFV 
TMV 

No. of virus-free lines 
Local (DAIS) 

Total no. of lines 
No. of meristems excised 
No. of meristems survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 
+LYSV4SLV
 

Poly 
MbFV 
TMV 

No. of virus-free lines 

Indonesia I 
T',tal no. of lines 
No. of meristems excised 
No. of meristems survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cioves 
No. of positive plantlets 

Positive for OYDV+SLV 
OYDV+GCLV 
+LYSV SLV 

Poty 
MbFV 
TMV 

No. of virus-free lines 

Indonesia II 
Total no. of lines 
No. of meristems excised 
No. of merist ems survived 
No. of cloves tested 

No. of plantlets tested 

No. of positive cloves 

No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 
+LYSV+SLV
 

Poty 
MbFV
 
TMV
 

No. of virus-free lines
 

AVIXIC 19)94 Progres!slRcport 

Before 
meristem culture 1' 

10 
113 (10 lines) 
112 (99.1%, 10 lines) 
126 (10 lines) 109 (10 lines) 

52 (41.3"o, 7 lines) 
0 

50 (96.2,o, 7 lines) 0 
31 (59.6%, 6 lines) 0 

31
 
478 (31 lines)
 
461 (96.4%, 31 lines)
 
501 (31 lines)
 

403 (31 lines) 
462 (92.2%, 31 lines) 

6 (1.5%, 5 lines) 
437 (94.6%, 31 lines) 6 (100%, 5 lines) 
399 (86.4%, 31 lines) 0 

1 
15 
15(100%) 
23 15 

5(21.7%) 
1 

4 (80%) 1(100%) 
5 (100%) 0 

9
 
130 (9 lines)
 
130 (100%, 9 lines)
 
168 (9 lines)
 

126 (9 lines) 
117 (69.6%) 

37 (29.4%, 7 lines) 
112 (95.7%, 91 lines) 30 (81.1%, 7 lines) 
56 (47.9%, 9 lines) 18 (48.6%, 6 lines) 

After meristem culture 
2L 3 4,1 

134 (31 lines) 11 (6lines) 

6 (4.5%, 4 lines) 0 
6 (100%, 4 lines) 0 
1 (1.7%, 1line) 0 

0 
0 
0 
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Table lb. continued. 
Item 

Dominican Republic
 
Total no. of lines 

No. of meristems excised 
No. of merisfenis survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 
+LYSV+SLV
 

Poly 
MbFV 
TMV 

No. of virus-free lines 
Breeding I 

Total no. of lines 
No. of meristems excised 
No. of meristems survived 
No. of cloves tested 
No. of plantlets tesfed 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV4 SLV 

OYDV+GCLV 
+LYSV+SLV
 

Poly 
MbFV 
TMV
 

No. of virus-free lines 

Breeding II 
Total no. of lines 
No. of meristems excised 
No. of meristems survived 
No. of cloves tested 
No. of plantlets tested 
No. of positive cloves 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 
+LYSV+SLV
 

Poty 
MbFV 
TMV
 

No. of virus-free lines 

Allium 

Before 

meristem culture 


11 
114 (11 lines) 
111 (97.4%,11 lines) 
114 (11 lines) 

104 (91.29%, 11 lines) 

103 (99.0%, 10 lines)
102 (98.1 %,11 lines) 

8
 
109 (8 lines)
 
109 (100%, 8 lines)
 
116 (100%, 8 lines) 


116 (100%, 8 lines) 

116 (100%, 8 lines)

115 (99.1%, 8 lines) 


4
 
53 (4lines)
 
53 (100%, 4 lines)
 
53 (4 lines)
 

53 (100%, 4 lines)
 

53 (100%, 4 lines) 

53 (100%, 4 lines) 


Pathology 

After meristem culture 
2b 

- 3 4d 

57 (11lines) 

17 (29.8%, 8 lines)
 
10 (58.8%, 5 lines)

14 (82.4%, 7 lines)
 

82 (8 lines)
 
82 (8 lines)
 

5 (6.1%, 3 lines) 
5 (100%, 3 lines) 
1(20%, 1line) 

21 (4lines) 

0 
0 
0 
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Table l b. continued. 

Item Before After meristem culture 
meristem culture 1. 2b 3 4d 

Breeding III 
Total no. of lines 17 
No. of meristems excised 238 (17 lines) 
No. of meristems survived 230 (96.6%, 17 lines) 
No. of cloves tested 273 (17 lines) 
No. of plantlets tested 
No. of positive cloves 271 (99.3%., 17 lines) 
No. of positive plantlets 
Positive for OYDV+SLV 238 (87.8%, 17 lines) 

OYDV+GCLV 244 (90%, 17 lines) 
+LYSV+SLV 

Poty 
MbFV 
TMV 

No. of virus-free lines 
ELISA test conducted on meristem-derived plantlet (leaf approximately 5cm long) while still in the test tube 
ELISA test conducted on plants grown in soil for 2months 
ELISA test conducted before harvest of plants grown in soil in insectproof screenhouse (approximately 5 
months) 
ELISA test conducted on second generation of plant grown insoil in insectproof screenhouse 
(approximately 0.5 month) 
Dot ELISA on NCM membranes 

Thailand I: 7lines TOP 92-67, Ja 92-118, Ja 92-383, Ja 92-395, Ja 92-419, Ja 92-423 
Thailand I1: 1line TA 168 (Var. Sisaket) 
Thailand II1: 3lines Ratchaburi, cv. Chiang Mai, cv. Sri Saket 
France: 9 lines Niger TA 127, Gandiolais TA 138, Guinee 91 TA 142, Meneses TA 145, Mallorquat TA 149, 

Ti Vacoa TA 132, Jamaique TA 158, Senegal TA 159, Martinique TA 151 
AVRDC Acc. I: 40 lines Philippines TA 275, TA 276, TA 277, TA 278, TA 279, TA 280, TA 281, TA 282, TA 283, 

TA 284,TA 285, TA 286, TA 287, TA 288, TA 289, TA 290, TA 292, TA 293, TA 294, TA 295, 
TA 296,TA 298, TA 299, TA 300, TA 301, TA 302,TA 303, TA 304, TA 305, TA 306, TA 307, 
TA 308, TA 309, TA 310, TA 311, TA 312, TA 313, TA 314, TA 315 

AVRDC Acc. I1: 11 lines Philippines TA 318, TA 319, TA 320, India TA 322, TA 323, TA 325, TA 326, 
TA 327, TA 328, Thailand TA 324 

AVRDC Acc. II1: 10 lines 	 Indonesia TA 336, TA 342, TA 345, TA 346, TA 347, TA 351, Thailand TA 324 
Indonesia I: 1line 	 Lumbu Putih 
Indonesia I1: 9 lines 	 Angkrik, Jatibarang (LEHRI)C, Lumbu Kuning (LEHRI), Bagor (LEHRI) 

Sanur (LEHRI), Layur (LEHRI)D, Ampenan Lumbu Hijau, Angkriks (small bulbs) 
Breeding 1: 8 lines 	 G65, G66, G72, G74, G76, G77, G80 
Breeding I1: 4 lines G125 - G128 
Breeding II1: 17 lines 	 G129- G145 
Dominican: 11 lines 	 Katin-R, Katin-M, Hsueh-chia, Katio-B, Taiwan-B, Taiwan Top sets, Morado-
Republic M,Katin-F, Katin-2G, Morado-R, Morado Top sets 

Table 2. Effect of virazole on virus contamination of garlic 

ELISA Treatment No. plants tested ELISA positive (%) 
El No virazole 234 3.6 

Virazole 193 3.0 
E2 No virazole 111 5.4 

Virazole 73 1.4 



Table 3. Comparison of yield and virus reinfection in field-propagateda and 
meristem-derived plants of the cultivar Black Leaf 

Line' Total yield (g), Virus infection (%)
MGH2F, 151.8(11)
M,,GH,F, 246.2 (+45) 

0 
0F(ck) 170.0 100 

All plants were protected by a 40 'mesh/cm 3 net cage
MGH2,F=virus-free cloves originating from meristem no. 8,grown to two maturity cycles in the
greenhouse 
M,2GH2F,=virus-free cloves originating from meristem no. 12 
F = Farmers' field-propagated cloves (ck)
Number inparentheses is%yield increase over the farmer's field-propagated line
Measured by DAS ELISA at 1,2,and 3months after planting; antisera used for the ELISA tests: 
OYDV, GCLV, SLV, OYDV, TMV, MbFV 

Evaluation of Allium Accessions for Resistance to
 
Stemphylium Leaf Blight
 

Summary 
A total of565 al 11in accessions representing 28 Alliiun spp. were evaluated in the fielld at AVRDC

With nalural inocltlll for their stemiphyliuli leaf blight rcactions. 'ighty-onC acCessions wMere rated 
resistant. /\non&g the resistant accessions vere 13 A. lpelpruavui: Ii);each of A. cepa and A.

./i.srlhu.vn:9 Am.\i 'urn: 7 A .sch]ocphi-S/ ; 4 each ofA. /O)')'111, A. Fu/l(e1u0'lI, lld A. Iu'ruOSIMuI
 
2 each of,'A. (//,,utlo .l. r, /.k'/Cn 
 .'i/t'S I each o*l/..e', a+lnd A . stld, s; anid tbiditfi,,4. (Iscalonictuilt.,,1entm /1. Ili(t.,ol-ramtli , /1. dr1olbovii, .1. liltear,"/1. orcol-rtsutniA1.pr-ostr-attlin,, 

A. pi' re'/h/icitin; and 3 Lmidenliied A//iu/ spp. None of' the accessions wcre complictely free of 
steitphylitml leaf blight symlptoms. 

Introduction 

StCplIlium eial' bliOhlt, caused by Si/mllphyli/uI vesicari/u/l (Wailh'.) F. Simmons, was f'ound to
be thC ipredomtinant0 ilar disCase oflalliull crops in Taiwan durinjg a year-round survey in 1993. Spot 
surveys condLcted during 1993 and 1994 suggest that it also nay he the precdominanl disease otfalliuira 
crop1, in other i\ill cOu1ltries. It occurs ontl m11osl allium crops including onion, garlic, shallot, Welsh 
/li. allid Ick. Stenphllitm ealeaflight cainllcasc seevere losses and e\'en complete crop l'ailure when 

conditions ,tiu hiihlv co/d/cLivu fl' disease devehlment unless it is li/nagCd bh'regthlr flungicidC
applications. ' address this proleticI AVRIDC initiated a programIto identify Souilrces oflre ;istatnce 
to stenllphylit.li lll, ight ainlong A/lit// spp. The objective of' this study w/s Iti cvalt,/ttc the 
stemphy luii IlCi,-ht 1'eSl1ilises of lie accessions included in the allium ge/'/iltstm Cvaluatio field 
Irials at AVRDC during sprintg 1994. 

Materials and Methods 
A totld 1(1'565 AiIl/iiii .a1lccessiois rclprescniting 28.Alljui spp. wcre grown during iter 1993 

through spring 1994 in \VRI)C fields and eva/lulated for their reactions to/stCilpliylium leaf bligiit.
The accessio/s included: I A. albiduni, 5 A. (/ltaicu/, 15 A. anlpelol,./isuu/, 2 A. aiiul'ul,,16 A. 
a.sc'aluIih'in,29) A. cepa, I A. cer/nou///, 2 A. dicylvu'A'u/n, I /A. druobovii, 12 A. .jislu.losit,I A. 
/it.covio/acioe , 2 A. /edebourianuu, I A. li,'euA.', I A. u/'c/'/'sun, I A. oscluuinii, 4 A. pourrutm, I 

http:stenllphylit.li
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A. pirostrWtin, I A. 1)s.-udownlplopisiin.2 A. pIenoepa, 3A. pskemense, I A. pyre'flicum, 4 A. 

1-78 A. saoiv'ion, 7 A. scho',wr swun, 2 A. scn'sen,%, 4 A. tui vwm, 3 A. 11-i/o'ii, andrjm(o) n, 
4 unidentified A//ilm Sp. Young plt'lts were transplanltCd during Novembcr and Decemtber in the 

helds where they were arranged in a randomized complete Mock dcucign with 26 to 6() plantIs per 

replication and thrce replications of ,:ach entry. I)iseasc devclopment was loin natural inoculuL. 

Disease ratilgs were mel lot'moin early March to mid-April by visual ohbservationl as the accessions 

were rated on a scale of I to *;inwhich I = very resistant, noapproached maturity. l)iseasC ractiontIs 
symptoms; 2 = resistant. < 51;( of leaf area affected; 3 = moderately stusceptilc, 0-25M of leafl area 

affected; 4 = susceptiblc. 26-50' of leaf area affected; and 5 = very susceptille, > 5 11,, leaf area 

affected. 

Results and Discussion 

Mean disease severity ratings amllong accessions withil each Al/iM spp. are suinniarised in table 

these results that most accessions of A. e/hi (onion and shallot) and A. sali'iufl 

(garlic) are \ery susceptille to stemphylium leaf light, although various levels ol'Cresistalce do occu1r 
4. It is clear lrom111 

in a few accessions of both species. 

Table 4. Field reactionsa among Allium spp. to stemphyliurn leaf blight, spring 1994 

No. of accessions 
VR R MR S VS Total entries 

A. albidum 	 0 1 0 0 0 1 
0 5A. altaicum 	 0 0 5 0 

A. ampeloprasum (great-headed garlic) 	 0 13 1 0 1 15 
A. angulosum 	 0 2 0 0 0 2 

0 1 2 6 7 16A. ascalonicum 
0 10 22 49 209 290A. cepa (onion) 

A. cemuum 	 0 1 0 0 0 1 
A. dictyoprasum 0 1 0 1 0 2 

0 1 0 0 0 1A. drobovii 
10 1 1 0 	 12A. fistulosum (Welsh onion) 0 


0 1
A. fuscoviolaceum 	 0 0 1 0 
0 2 0 0 0 2A. ledebourianum 

1 0 0 0 	 1A.lineare 	 0 
A. oreoprasum 0 1 0 0 0 1
 

0 0 0 1 0 1
A. oschaninii 
0 4 0 0 0 4A. porrum (leek) 

A. prostratum 	 0 1 0 0 0 1 
0 0 1 0 0 1A. pseudoampeloprasum 
0 0 2 0 0 2A. pseudocepa 

A. pskemense 	 0 2 1 0 0 3 
A. pyrenaicum 0 1 0 0 0 1
 

0 4 0 0 0 4
A. ramosum 
A. sativum (garlic) 0 9 17 31 121 178
 

0 7 0 0 0 7
A. 	schoenoprasurn (chive) 

0 2 0 0 0 2
A.senescens 

A. tuberosum (Chinese chive) 	 0 4 0 0 0 4 
3A. va vilovii 0 0 0 3 0 


0 3 1 0 0 4
Allium spp. 
54 92 338 565Total 0 81 

= 26-50% leaf area affected;(VR) = No symptoms; (R) _5% leaf area affected; (MS) = 6-25% leaf area affected; (S) 

and (VS) = -51% leaf area affected
 



41 Allium alhology 

A useful level of" rcsistancc wiIs id1ntif'ied amol.accessions of 'other cultiValed Al/iNM spp. such 
is A. anlptin/stun (great-headed garlic ), A. ./is ulostn (Welsh onion), .A. poitum (leek), A. 
sclwenoprzstIiz (chives), and A. tt/wro.sitni (Clinese clhives). Resistant sources were also ohbsel'ved 
in Several ofther Alin, Spp'., but only small nllmbers o" accssims wcre availablC for testing. 

Amntu thc 565 ;IccCssi(Is evIIhMtel, 8 I expressed gi(Od levels o1' resistance (table 5). Tl'hese 

resistant accessions received mean severity ratings ofl'2 which lces themii in the t',sisltnt category 
with less than 5'/; of their leaf' areas af''ected. 

At this stac e aie encotira.edl by thef tnbelr ofaccessions thit IossCss hi.gh levels of resistalce 
to stenmphyliunl leaf'blight, and considlerIhc outlook lpronisin for the develoimlent ofl'steinpl'hylitu 
leaf blieht-resistant onion and .earlic lines and cultivars. Our obictive in I )5 is to levelop a uscful 
labIoaltorl/gieenfhouse dliseatsCscreening technique allind toleelllitle whether rCsistance screcning canl 
be done in the seedling stage. 

Table 5. 	Allium accessions that possess resistancea to stemphylium leaf blight 
identified in the field, spring 1994 

Allium species 	 AVRDC accession numbers 

A.albidum AC 180 
A.ampeloprasum AC 189, AC 190, AC 196, AC 214, AC 226, AC 234, AC 243, AP 123, 

AC 203, AC 209, AC 218, AC 231, AC 219 
A.angulosum AC 244, AC 245 
A.ascalonicum S 19 
A.cepa TA 69, TA 70, TA 357, TA 363, TA 364, TA 367, TA 370, AC 134, AC 324, AC 345 
A.cemuum AC 248 
A.dictyoprasum AC 249 
A.drobovii AC 251 
A.fistulosum AC 117, AC 439, TA 104, TA 105, TA 106, TA 108, TA 204, TA 209, TA 214, TA 218 
A.ledebourianum AC 255, AC 256 
A.lineare AC 257 
A.oreoprasum AC 259 
A.porrum AC 208, AC 120, TA 208, TA 222 
A.prostratum AC 261 
A.pskemense AC 253, AC 269 
A.pyrenaicum AC 270 
A. ramosum AC 118, AC 130, AC 271, AC 273 
A.sativum GL60, GL 88, GL 89, GL 91, GL 99, GL 106, FG 1,FG 2,AC 274 
A.schoenoprasum AC 115, AC 277, AC 279, AC 283, AC 286, AC 289, AC 303 
A.senescens AC 296, AC 297 
A.tuberosum AC 116, AC 305, AC 306, AC 307 
Allium sp. AC 299, AC 300, AC 301 
* 	All accessions received amean disease severity rating of 2, i.e., resistant with less than 5%of their leaf area 

affected 
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Prevalence of Foliar Diseases Affecting Allium Crops at AVRDC 

Dut'iwu November 11))3 to Oc cr I n)4,t onthly, pIatings olgarlic. onion, shallot, and Welsh 
onl1ionl I lwrce l'r pltt'posc I'the stuldy was to assessmde at AVRI)C and notitored fungal dise ases. 'he 
the rclatIvu itIportaucc of lutgal l'oliar dise ases of allI u cro ps 1hiu1ughotit th year. I)iseasd leal 
samples, I01 "l', \crr collectcd at raudhn, at utontlily illte\]s I'olmo3-mtoth-old plantins oI 
Cea.ch cra0p anld CxaniIteCd IIIicroscaSpically far diagttstic spores. Among the 7,550) disCasCd leaves 
col loctcd, 7(' werC l'cted by l('l arie by ( '9d/e1lrbia , idd,.,7 ',ill h 1,V/u meY'.'x 1)+, ,s 
by ,,i 1'clirne/a :',i. ,dlldW;"%by'nl'e'jnia a//ii. Stemlphylitm leaf blight. S.'I'frill, was pre.nctll 
thtouulemltt the ycar, but it wa,,s tritos r\'em tlh ou all the alliutirtni Nott' bcr thrit .hune aceurrim 
Crops fir'. I. Alit racnts,. (I. lo+'.v]n+,r/ d,. atd purpeIC blotch, A. p0'i, w re nIMost severe Ir-oi 
.litethroulh'SCpICIbiC occtrrine On all tIe crops. Rust, P. elcbruary throtugh/)+/lii,was ptcsetnt froiml 
Juc. but It ot tCrrCd only on Welsh otniotn and garlic. 

These rcsul fl'uther illustrate tlte potential threat ol'stiCphylite loaf'blight to alitun pioduction 
itl Taiwan. It (ee'tltlS with a very hi-h incidence throtghot the major alliuit production per'iod frotm 
Novctber to March. PUrplc blotch and atnthrtacttosC occur mainly on the latc planted crops that mature 
durine1 Wiihewarmer and wettet' scason. The outbreak of"I'lst ol garlic and Welsh onion in 19)4 was the 
flirst obscrvcd OCCLItr'CIICC f'this disease oti allium crops itAVRDC inl recent years. 
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Fig. 1. Incidence of foliar fungal diseases on allium crops throughout the year on the AVRDC farm 
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Allium Physiology 

Characterization of Garlic Clones
 
Using Random Amplified Polymorphic DNAs
 

Random illplified pilvnrhllit' )NA (IRAPI) rlyaisis %\',tsapplit'd to a ga'lic gtrniplasin 
collectio tor assess Ilte crlee ol v','aritolln within the _toliectioil and torinrivestigat iillhis apprich was 
suitahle 1kirorlMil dt'itilicaton. l iill-ttri cloIes froIm ArL'cntinla l3,ratil. China, India, Indonesia. 
Mhilippi nes. l'i'wv,., aridhaliT land wCrC Cvilted risill"i set of 1801randlorI ()-In.r prinrcrS. IliYehiect 
(f)"the 8 )1priners r'e'talti sCtoraleWC polrlirrphi,.ns aitourig tetedSlu clones. Variations iti bIatinrI 
pofl'ilcs hCtveen Cl_hns were b-srvCCd with ailno.t ;ill the I, prierllis. 

,' iil wrl & ,C; >se Cti k'or l in v",tCl 'tti Stlslis within tile collcCtion. S Vc\ Ntv-tlhrcC 
ilnl p0,ositions were ',L'r'd -/-) 'W all X- CIotn'e, Itdied. ('I ,.,'r allmnisS \'ts tSCL !oi) llcl'erate at 

, etwenCCEI A.-;,\ 
MIi)S) tt lit. I) inldit d thalt tht.' 84 l el'S \.it' t'mu t're i HM) tilleC tlistilict protlps witil very 

d'r ,l',inwil pic'-r tic rclationhips tilt chln. rntidiniu-iornail Scalirl 
nd 

little ovt'rlaI p. Tl'h sirlt illrity lie\els atnioli tilt thitccl.t', t urps \vtc ().5(01 tiwr ,, 	 tp().5 respectiveiN. (' 
I t'I lC' iali t' liTl1t-it'CCI Ie'l\t',. Inlti grtips 11m idIll rlak-Lr't'cnc lav s. lilt' simliha'ity levels withill 
each ernip \\ t'rchi'l' r thanl 0.78(0. T Il, iglh sinilit it c'Vt' iillil tilt' s tire grOnllp iltilca.tl tinat 
t- 'rlt5I(f0 tlil ,arc ,-ronl \v'rt likely otaUint't i il a litrrow get'gralphical alrca. Clones frmll 
ArUitinlaatiM I'hilipplinet I'lhuIi to grotup I1l. ih'lltrsC frorl laiwublongIh t-n( grotlps I alld II. Only 
tlIcL tih)nICS oriirlilrtnti iroill il. citiines trn TI'hihila dI ilting.nmi I. 'hiles I'mfom India and 
[ildorleia !h. II ,Ltnd 	 . to gttl 1otrpsml+ Ill. All IFhoevrle tihmns tc 
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Fig. 1. 	 Plot of first and second dimensions of multidimensional scaling analysis of 
genetic similarity matrix of 84 garlic clones (Individual dot stands for one clone) 
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Current theory sggcsts that there are thrrec basic ecogeo graphic rLC'iors where etlrlc evolved Ils 
a erindoriicsticated pla'. Since the historical Iov CInlt fl the tested cloCs iI this study is hard to 
trace, it is not vet posibic to tell whether tile three clstered . rotlps _cr"tSord t(o thSes three 
ecoCeTreraphical repion,. 

Base)l t RAI ) tl&& la. +rI.'on ttur' garlic cr;h.'ctio s are gcrieticillv ,iilr . Th'r.'ltcfo . restIlts 
indicate that RAII)cO tld be a th,+liful tool r lic pcrrofllasIII nrl,rrCnlcnt:it can elilrirrate l'tLtll 
durplicateS in the collection+. Studies Onl RAl) Var'iattir,s ill: ( I) plait derived frolidiflfrent bnlbs 
ofl tile sarrie clo. 2) plint, ol slc<.:te d alnd LnIselCted bnlIbs oi' tismeillI CloIC, and () plants ol"the 
sane clorre ,ulhJectCd to ald lot sulbjected to N,irs clirinatior, are still in po glCss. 

Agrobacterium-mediatedTransformation of Garlic 

Summary 
Plasmid p11I 121 carrying NPTII aid GUS marker genes were inlrodurced into garlic vial tire 

A' ,(obaeerm-iediated traMsl'rtntim Method. Shoot lips and halved shot tips ofgarlic, cv. Black 
Lcal'. were excised arrd pretrrlturcd for 2 weeks and 3 days. respectively, on Modified 15 shooting 
mdCliLrr. Arid thlereafter, Cxplalts were iluhrrlatcd with trarsl'orICd A. 111u1h)i on rtModilied B5 
mCdia, with 5(1 ng/l kanamrycin. A inUil-r Of"reroCIerated sh olS were obtained with tile System. 
Ploly icrasc chain reaction (lPCR and dot blot nalses of' tile retgnlrated slrmotS shIurwcd tht tire 3 
kb (WdS frwrncrit was succcssfrlly integrated into the garlic. Root rciencratior it transl'otmed shoots 
is still beirie ii'CstiItCd, aid stability rl'irItrodncCd f'reign genes in trarsniic garlic plants will bc 
fIrt her examined. 

Introduction 
Obligac iIapuIixis causes garlic to be propagated v ,asexnal rnrCals arId rrCndCrs crrlvnCtional 

cross breeding for varietal imprrernrict impossible. Because of lack ol'cross br-cedirrg activitie; for 
garlic inl tle tropics ard subtropics, triiIIIproved chines arc tistally grown locally. A( present, AVRI)C 
breeders ISC cloral sClCction to iiipr'OrC ,garlic. In tisi sttudy, we tried to establish tile eee 
transfornmation system for garlic, whichl ay serve as an alternative niethod o1" varietal improvement. 

Materials and Methods 
ClovCs oI' sproutirig and dormnat imlbs of cv. Black Leal' were collected separately and their 

protective nieiibralics rCilo\ed. The pCClcd clovCs were dipped it 701/ cthanol arid framed flu" 30 sec. 
A fter storage. aele Vrc,,cs\ carfcl'ully rcrnrvd arid I - to 2-rum-log shirt tips arid halvd shoot tips withI 

basal plate Were dissctCd as cxplants For transforrnatior. 

Agrobacterium tumefaciens solution 

PLasrnrid p1121 carrying N'TII Mird (iS rnarker genes were transfcrred into Agro acweriuun 
t /iire'ievnIs.B3A4404 strair by lrccc-tliaw mcthtod. The concentralion of A. Iumefilienrs for 
transflormatir was 2.4x I(" to 4x I0I ' cells/iil in (N)iS"; ediui. 
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Transformation 

lo \' IlodilCd B5 n'di',L (ic.. ,5 basal iicdiini + 0.I tug/I NAA + 0.5 ng/I 2ip + 21;4 sucrose. 
oI. l5 basall IIdIiliiI - 0.5 .inlNAA + 2 mn/I 2ip + ;',, SLucros) \vl'rci usits shtoptil- media, xlilits 

v, rc pr,'cllttlrCd ill tc,l tulhs Cotalilinill Mnl of iIcditin uiidCr 25' and 12 h 300)) ItIx lieht 

I[!tenitv. 'IlTrec day, (4Hlcel-C'tlllrc is o1ptillitillItorexpllts llhll cd shoot tlps, and 2 wCcks 1,0h those 

ol -tllt',t tip". l\plaits ,\;vCrC thC jtittinreiCL in ,.. 1tooiJ1'h'ri,.n solltioil I ' l.'cw sctItIds,. bhottcd dI 

ithIC IIL cotulturd oil tie Sliotl(lin2 nIcILia 1'0or 0 t) 14 lLS. HICrcacltr, cxplantssterile lIitcr papT. 

\Cr,. Irl*,ltnIl-ld h ,' CNlion shottin, i i ia iih 5) ig/I ka m t and 5()hyci mg/I cirblu'ticillin. 

Kaimnam,,vi n \\\, Il, t.dIs Lr IeslcCti ot!lic pr's;cniec oI"N"IHI pmitc. a,kiiinaNvcihi-rcsiStant ,cle. ili 

c . Itl tI(\\th inh1iibitiotl (fl. .ci,.'illii !tlon 'i'm,. 

Dot blot analysis 

(cltili'c I )NA, c\tractcl hu1 reC iIeatd shots by t IudiliCd 'tOttcol, wals dotted onto 

Aitlcrlr,,hlti I I\ hotd-N Il,.lttil'inC. and LIV cLrssl inkcd Ifor5 min at 254 nut wavelcngth. A 3 ki EuR/ 
t IIlidllII fl uiit tol 'CiV35S-(i IS ci wasIlaehCd With l)IG-d andl hv'idizied onto the 

iCii;,'c.Sintignl5 \\cIV dCtcted I, ex\posil. to X-ray Iilm. 

PCR reaction and Southern analysis 

lP'olviiirua'C ,hili rca.tilln i l'( 'lR \k is iphucil'd OaCetdiine 1t the MalalltltCtUrl"., instrtliotli ill 

25 ml \roinni cmntaillil (0.0un0itit/ polvlicriC I Pcrkin FlImcr ('ctus) and 5) ng of plant )NA as 

teliplatc. !Ittlit',I PC'R .atilt li1i\tulrc,.) n pHll21 )NA wasaddedastilatt. \iilplilications 

wCerc pCrloriil ll al',.crkill Hliicr (tus 4 o atI)NA Thicriial (yclCiMdcl C(1' (rii J4c'C, loohw,,d 

hy 3) cycle, ( I iiill at 9-4 C . I mill it 55 C . 2 nin ilt 72"C). and l'turtlicrextension at 72')C for 7 mil. 
,I', prtdlit L wv clC tIo pltorescd ill I4' ;'laaros, gels ru at I(1) V ilA' ,l bnllr fo" approxitetly 

.1h and lohttd to0 A.,n si"un I lvbond-N nuinuiramc I' r Sotthern analysis. hlie p1I1121 was digestcd 

withl X\Il and ad rp/ilrIeIlltcd ill it 3 k5 (US adi 1.70 kh NPTII lragnicnts. Both frtagnienls were 

labeled ancdnila.s prbes for Southlrn analysis. 

Results and Discussion 

I'lllil't (f hitlv,.',I shtnu lips filonlli Sprouting clows expressed higher regeneratimn rate after 

illocu llhml : seCen (tlt (fl'i pltiits rcgiuCratil shtoots mIselectio shlootilig neilia whih ().I lg/ 

I N.\A ± (.5 in-/l 2ip + 2'; stnro,. and ftt io of eight Cxplants rege.ncIrated shoots on selection 

.slootinL iedi \it\h ).5 im.l N.\A -+2 nw/I 2ip + 3'.11sucrose. Shuots regenerated on the latter Imdita 

wCre in nc \ i nis.' 'splauilit of shoot lips flroilu either dollliait l"s-;pro1tin1g coves wCre ablc to 

rcucratC ,hooitts tili ,l'ctioll shtwotin midiai wilh 11. tufg/I NAA -r (.5 m,/I 2ip + 2'I sucrose only: 

six Il .tlliuc exlant, 'rml dolltialt dovc,, r,'ctCI'irtCd shots, and 5 otil of I I explants f'rom 
Splllitilig Clo\ is 1yLCI'tcMlCdiltots. 

l shot~s 

origillatd lt[o dil*cfrctt dhmcs wrc hl',ridi/,cI with a 3 kh (iUS atglicitii probC. /\all ri ative 

deterniilli \\as niuatlc tishti l'('R. lihe 785 bp NITII aidI 1(97 hp CUS gentes wCr detectel us'..n 
eclotui.c I )NA tom tratt ilued shootrsas tciteplate, and NPTII and (;I ISgetIC spcd ficipriiers. 'l'hTese 

PCR pioduct ,, wrCv alc toi(t0 'iili],. with the NPTII and ( ilSfragulnts. The rCsults coi'itCd tha,t 

NPTII and (t IS enes had eCIi ilitCtleCl ilho Soni1C rceCeicr~ilCd slhotls: htcver, rol renCnerationl 
iln tr.uislttil slhoots is still beintg itvstinlted. 'l'ii transfolIriatio n svstetu couldi be anl el'ective 
atna'l ti l'etttII d f(Ir gatllic vatriCtal I Il I \'i'cnlIII. 

ltl/ll~slilatilIi \ls tcrtd,.CuliiliCd by dot lOt anilVsis. I)NAs cxtractedi'l1rM tlllsllltiiCtI 



Environmental Effects on Growth, Development, and Yield of Bulb Alliums 

Flie goal OHlbulb allium inprviueVnH t ishigh yield 1ilhigh quality lprIrducc. TIIC inttainrrr'nt nil'tlis 
L'oal is the ecld reSult 01 utiIty processes ol I-tOWH aid dCeVclot1Ctelt its il'CtIlt Iy ".'i;uitts 
entvtiroittielital factors. Rcscarch on I'udalicntal principles anrd cnIvirOrtctntll IachOrsits lcy alect 
yield OC bulb allintHs ill the tropics and sIIbtruIpicS is scarce. Ill this stiId\ . arious experilliellts \were 
conductCd I d~lisccrn basic principles nl' growth. developlicnit, and 'iclnd lorntatiorl ill lblb alliunlis. 

Monthly Planting 
lwo entries each o!' garlic (Black Le.al I and the hcalBlack I.eaf 2 f'rori tiarkct) ind onion 

((iranex 429 and YcHlOv (hairIucx), nd one cntry iof shallt (ILglit Red 1'orm the local inarkct ) werc 
plated at the AVRI)C experimental l'icld 'rom July 1992 to Octolber 1993 for a total of I0 plantings.
All RCBI) ith folr replicates ( 1.5 x 2.5 I1) was used Ior this expcritriert. (anopy light eictration 
and soil temperature wcre teiastred throtmghout the cxpe.rincntial period every 2 weeks. Three plants 
each wcre rai IIy sampled fron each replicate at (0, 90,)and 12) days altcr s)\ii rI (I )AS I aid at 
liial harvest (abtout 15(0 IS)ASIid investigated fiedl'orvarius .growth paraMiicters. I larvCstcd brulb:s ltoml 
the Iinal harvest,tal'tcr curingi and dryirre. werc stIrCd tinder airbienirt cldiriits in deterurinte their 
stirabilitv. l)CtaiLd rnwth analyses irC still itl prt eCss. 

l'rCiihIIriary results indicated that yields o1,farlie, iitl ad shallot platted iIuIIlCpttCbCr In0 
I)ecmbcnfIr. Scptitmbcer to .lauuttary, and SeptertI er t( I )ccibC, respectively. re',chcd targeted levels 
of I()t/ha itearliiC). 25 t/hia (onion ).and 15 t/ha (shallot . Yields oI the tested entrIies phuIlrtcd in other 

t01nthiS did iot reach these t]',rguted lCvls, trainly dirC toiearly bulb inlitiation trCstii illarrested
 
ovr'ail erowtlt. Garlic bulbs harvCstCd frrOIit the girod yielding months coUIld he sht'Cd 1rincr than the
 
target periid ol'5 rinttlts, whereas, nmne l'the ullitim and shallnt bulbs flruitt 
 the good yielding mithls 
could be stirCdl tl' 10 tIt',rrocre 3 ItIioitlis LMidcr arirbicrit conditions. 

Effects of Daylenoth 
Bulb alimiis develop hulbs il response to long daylrigth., and cultivars or clones grown in 

trqpiail rcgions rCui rC the aibility t0 bulb under' dIaylength less thin 13.5 hurs, irc maxilin natural 
daylri th in [lle tropics. This study was done totinvestigate the daylCngtl rcsponsel"f selected bulb 
alliunlls. 

TwCily 0itiiti Curl' vats werc tested IOr 1ulI heveln)nniet in three daylergthIs I l), 12. and 14 lighthI). Ntrc of' thc 2(1 otniinti cultiv.''s dcveloped btlbs at 1(-h daylength X() days ater errircei1ce. Bulb 
hnrriialion was pinrotmoted by 14-11 dayleNrgI. ittlrtste cases r'estilting in leal'senescence (e.g., AC 326, 
AC 380- I. AC 384-2. AC 429, TA 215, TA 358, and Stiprcx). AC 36, AC 325, TA 232. TA 246, and 
Grarix 429 dcvelopcd bulbIs w:,ithout sacrif'icin, OvCidIl "I'Iwthiunder 12- and 14-It drylcntgths. 

Iri a separate experi nint, two clorteseilC local garlic (dark-grcn lcrfand lhowering tyvpes fron 
the lical 11arkct) arid slllt I litht nedI arid red bulbl types frotl the lical iarket 1,and three onion 
cultivaIrs ((Grancx 429, TA 188, aid TA 2(7 ) were tested fiarlhlbiig rCsllse loodillcrcIIt CorIi iatiotls 
il'daylcrth. i.e., 41 day:s eilch nI 10- 10(-l). 12-12-12. 14-1-1-14, 1(-12-14, and 14-12-I ) light It. 

()nilnirs werc cxtrclly scensitivc toecontstnit 14 ai d 14-12-I (,daylentt hs itt tennis oh'htlbirrg,restihin 
in miirtlum mcranhl growth. Garlic and shalht had sinrnilar trends ins ionints hltl i a smiallcr extent. 
Ilighcriiont arid shallhlt yilds wcrc obtiied increasing daylen.gth f'rum'Jwillt 1)tn 14 I. Ior all three 
bulb illinitIs, the sccdling stige was; receptive Io daylentgth. 
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These results suggCst that the liing ol bulb iniliatioli in relation to clal'developmelnt, and thus, 
the ov'crall growth, is critical inl dcCriining yields inIhlb alliums. Under the condition Of 
progressively increasing daylenglh in Seltelber to )eceulnber, test entries (i.e., so-called short-day 
bulb aillius1)could r'dce suliciCnt leat growlh bClo'0rC bulb initialion 1o p)rodce larCe bullbs. 

Leaf Photosynthetic Capacity 

I ealtlhllotosynthtiic pCilicity varies greatly illOllg Sl)cCieS LilIdCl' S)Cilic CoIlditinSOlltililni l10r 

each. An cxperiillcInl was set up to investigate how varying irradiance levels affect single-leaf 
hlot(osyltllctic l'atcs oitwo cltrics each olTgarlic (Black Ical I and Black Ieal 2). onion (0railex 429 

ail Ycllh)w (hanilc). and shallot (LIight Red anlld t_photosyithellic iralcRedI.MCaSutlrelCnts 0" Iohe 
for inuact lves wre deter il nia cIOsCd esi-CXChanec syslem. Al infrared as analy r. IrH-620(0 

W,-C()R, NIE. USA) was 
arimi' tsC sl sh w that IMoiiasiniti lcaflpholtlosynlshCSC werc inthe ran, ol7 to (1(,I'CixCd 

Portable Photosynthesis Sy'tel I I Inc., Lincolin. lsCL lfor diferntial CO, 
. R 

-PIM/inl per ,'cc, sini'ic'mnatlv lowcr than those ()f other AVRI)C mandalt ciops Lightwhich aie the tos aturatli oln(i.e.. i ciasiu[ i nohlon(ht e i ncreascs Ilo t( syNI'lh si ) occuIri CL ill 'al'eOf 15( 

I/l(IClCe'ir suimer sunlighl. 
I ow pholosyntlhctic capacity and li1ht SaurationmllIlay be responsible forIthe slo\v growth rate in bulb 

alliillis. 

2()0 p M/n: per sc'photosynlie(ic photon Itinx( PIP), which lii'eabout ( 
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Development of Heat-tolerant Chinese Cabbage
 
Composite Populations
 

Summary 
l)u'i li the 1993-94 cool sceason, the composite was produced hy randomly irtercrossi iig withini 

lpopulations in an isolated scrcenhouse. Mass-pollinated seeds of 13 composite populations were 
bulked in equal proportion. These bulked composite pOplhtiols wCre grown in the fheld in 1994 hot 
seasoli to cvaluate their heat tolerance level. Dilferences anong composite populations were not 
signilicail except that C lipositc Ill had a signil'icanily higher head shape index. All composites
outyieldCd the control variety, ASVEG No. I, and had higher head weight and colmparable solidity, 
indicating high levels oflheat tolerancc. The polplaltions wvill be further selected tor heal tolerance and 
composites to increase the frequency of heal tolerance genes. 

Introduction 

Since tie main goal of' tropicalizing Chinese cabbage with an economically reasonable yield level 
has already been attained, tie Center decided to scale down the research activity to a maintenance 
level. Thus, the dcvelopment ofta few genetically diverse heat-tolerant composites was adopted as a 
gcnCral strategy. This strategy vas designed to nmximizC the uttilization of previOusly developed 
octictic materials and to lprcser'Ve the materials 1for fturther research. 

In 1993-94, vC continued to work on the six compositc populations which were developed earliet. 
These c(eposite polpulations were evaluIated fr their general PCrform ancc duriig the I10t season in 
1994. The feasibility o selection procedures to improve the populations was also investigated. 

Materials and Methods 

Ilnnidstlnier 1993, selfed (Sd families froni lhc firth composite cycle (B,S,/SI and BXITSI/
SI) were sown oil5 JlnC inid transplanted to the field on 5-7 July to observe heat tolerance 
perforiance. In the 1993 [lot season, three hulked, bee-pollinated composite (131,131SI/13, and 
13lq'S /13popu lations were compafmred to the standard hIeat-tolcrant check, ASVIiG No. I.They wereI 


sown oi 29 July and transplanted to the field on 24 August. 
In late Sumlmcr 1993, new populations were obtained from selected heat-tolerant plants ol'the 13,S

cycle (tohe designated as cycle 13,,) and from sel fed seeds (BI'PS )of families with a high frequency 
of' heat tolerance (to he designated as cycle 13I-TS) which means they are derived through a progeny 
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test using S1 tanilies) 1,0r obsel'vttiol and selection. TIhlee new, 13 S, poluhltioJs were sown on 6 
August and trlnsplatnted.1 on 26 Augnst. Fiach populatiot consiste.d o1' 0(0 plants. Selfed seeds of 
BYPTS, f'amilies were sown in It) Angnst iand transplanted on 30 August. Composite I (Chang Pul 
type), Composite 11(ASVFG No. I type), ILI Comptosite III (semitropical type)colntained 26, 35, and 
25 BPTS,popnlations, respectively. ASVIXG No. I was ised nit CollSistedas the check. FIach p1)ot 
or two 1.5-m-wide, 4-m-lon , and douhle-row beds. The spacing Used was 5) ciii between rows and 
4) ci betvecn plants. 

File prcedtlreS ill hlwer interlbueeding indeveloping comlposites inlclnded selection, dllllctioll, 
an isolated screen cage, hulking ot seeds, and hield e\vahlatiol. The ip'ogeny test and selection were 
also applied during the develpment cycle. The criteria for selection (I) treluency ot1"were: heat
tolerant plants, (2) rate otfbolting. (3) incidence ot1diseases (such as soth rot, downy niildew'.'. 
Alterinaria, 1nd tipnrn), nd (4)tother hortictiltiral trails (e.g.,\'igor. maturity, and head shape). 
Duriig the 1()()3-()4 cool season, syNclironiatin (it lowernlg aniog the selectedCLnIpot)ntns \wis 
carried out in the three 135, ctinlpo)site poIpulatio1ts anod several faMilies otf'thre13 P3)TSe i'ii)ps. After 
selfring by hand. gitp's \verc all Isoilated screen cage 1it' mass pollinatimn byrandolinly arranged ill 
honeybCes. Seeds trm each selectioii were harvested inidividually and conipiisitCd ill aniequal 
propolrtiOi to c'eatC iew base pipluhltiois of tIle These new base fiopulati(insciMipOsite. were 
evaluated I'or heat toleran/ce ilthe 1994 hot season. 

Inwinter 993 , another thiee batches fiom iiass-pllliiated seeds (if ,grgoups were siwiil ill 
l)ecenther. They were transfterred to tilevernalization chiander (5 C) i'r inducing thuwers alter 
gerhmitioii. Seedlings Vere transplanted to clay pots atter tie trealtenit. Fiach group wits mived to 
all isolated screen fiOr p)lliltion hlocybeCs. Seeds troni each plant cillectcdcage mnass Il were 
individually and conipo1sitCd il an equal outln1)i tiocreate new populations. These new base 
populations were also evaluated I'Or heat tolerance i the 1994 hot season. 

linthe 1994 hot season trial, a randoumicd conplete block design with three replicatioins \,its 
employed. A unit p)t cojisistCd ol two 4-m-hiig, do(uble-r(iw beds. Spacing was 150 cm Iromn center 
t(i CenlCr (it twVi adjacent bleds. 50 ciii het\een i'ow:-; Ol tIlebed, and 4( cm between plants withil the 
row. They were s(iwn ()i12 August and transplailled to the fie;d on 31 August. The composite 
ptiulalis were evaluated f(ir heat tolerance and other major liorticltoral traits. 

Results and Discussion 

Selectioms were chosen I'rom the three 13,S, composites: 89 plaits i'im Comlposite I, 86 t'riill 
Coimpisite II, Conpositc 111. oF Composite 11,8()1'rot 1lhiwcver, ounly 68 plants oit Composite I, 51 
ind .) (' Comp)site Ill survived. Several selections Vere alsoi made three other l3l'l'S2Ini'(m 
c(mlpoisites: 85 plants f'rom Composite 1,89 'rltn Composite II,and 75 m'im Composite Ill. Only 67 
plants tf Composilc I, 40 utlComposite 11,and 56 (itComposite Illsu'vivCd. The selectiuins that 
survived were induced to fHower synchronously. Seeds Ihat either selfed or inulercrossed werc 
harvested separately trumii Individual plints to produce new bases o pipiilatiOns. 

Inthe 1994 hitl seasoin trial, ditf'erc'nces in ,'icld aiimig the nine cimpuosites wic not signi ticalu 
except fm' the long head confll 1it un. Three Coi j'osite Ill sclectiuins ilIpleared toi have elongatCd 
heads with head-shape inidices F1" ,:,itestyielded the control varicty, ASVLG Nou.2.0-2.2. All c(iml o 

n, (ti I 1,T1li,. a iigh level ut' heat tiuleraicelld had higher heaid weighls Mnd comnpaSrable si !ity 
I'requencyC oullld be selected I'r'uimi the cnip)sites. Fuither selccdiu', an1d improvenment of the heat 
tolerance ui'cOni)psites Wil IhCconltinued in 1995. 
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Table 1. Performance of compositesa compared to the heat-tolerant check, 
ASVEG No. 1, at AVRDC, 1994b 

Entry Yield Maturity Harvest Head Heading Head Solidity Heading Soft 
(t/ha) (DAT)C rate weight efficiency shape (g/cc) rate rot 

_(%) (kg) ratio index (N) (N) 
Composite I (13) 37.6 ab 44 ab 89 bcd 1.3 abc 1.11 bc 1.5 cd 0.70 ab 100 a 12 abc 
Composite I (BSJB,) 38.1 ab 34 d 98 ab 1.2 c 1.13 b 1.6 cd 0.69 ab 100 a 2 cd 
Composite I (BPTS,/8) 36.4 ab 43 abc 88 cde 1.2 abc 0.99 c 1.7 bc 0.69 ab 100 a 9 a-d 
Composite 11(B,,) 39.3 ab 44 ab 89 bcd 1.4 abc 1,17 b 1.4 d 0.68 ab 100 a 11 abc 
Composite II (BSJB,) 43.2 a 41 c 92 abc 1.4 ab 1.16 b 1.5 cd 0.62 b 100 a 8 bcd 
Composite 11(BPTS..B,) 33.4 bc 42 bc 83 cde 1.2 bc 1.11 bc 1.7 bc 0.69 ab 100 a 17 ab 
Composite III(B,) 38.4 ab 46 a 80 de 1.3 a 0.98 c 2.0 ab 0.77 ab 92 b 12 abc 
Composite III(BS 1B,) 37.6 ab 46 a 78 e 1.4 a 1.03 bc 2.1 a 0.68 ab 97 a 20 a 
Composite III (BPTS..B,) 40.1 ab 45 a 85 cde 1.4 ab 1.13 b 2.2 a 0.81 a 99 a 14 ab 
ASVEG No.1 (ck) 28.9c 33 d 100 a 0.87 d 1.4 a 1.5cd 0.65 ab 100 a 0 d 
CV (%) 9.8 3.3 6.0 9.3 6.5 9.7 13.9 2.2 54.4 

Mean separation within columns at 5%level (DMRT) 
Sown on 12 August and transplanted on 31 August 1994 
Days after transplanting 

Development of Heat-tolerant Chinese Cabbage Populations 
with Long Head Shape 

Summary 

Selected f'amilics witli tite desired long head shape and dense head formation (indication of heat 
tolerance) were taken from four segregating populations. Most ol'the selected families were mediurn
early to mediulml-ate m1aturinlg with com1pact, meditm-long to long heads. Some F families from alt 
intercross population were C(litnl tMatUritig with very hlg heads hicll were the typical hanhoo
tvpc heads ot'l 61. Several S, families derived frol tie matcrnal line selection (MLS) ot 77M(3)
27 vcrc tcliutm-carly maturillg with 1i)g and lrgC lCads. SClcCtiotis with thC longest head types 
Werc takcn I'or with tihe aili of rccapluring the head conlormation of'B 61intral'aninlv intcross ig 
aii the" heat IolCIaiceot the tropical parents in the Subsequetit gencration. 

Introduction 

()tie of the mtjar hindrances inpopularizing AVRI)C's tropical Chincse cahbage in some 
couitries is its rOtluti to elCir-r'otnd head contoriation. Cotinstmers are apparetitly Famililiar with 
cultivars with at elonllgated head Shape, particularly Wong lBok which is popular in the tropical 
IIIghland pruiducliIll regiotis. A hrCCding prolject was initiated inl 1985 to develop heat-tolerant 
varielics with cylincrical or elonlgatcd head shapC to ll the COilsutllCr )r'feincC in the tropics. In 
I 9)4, several popllul aliins developed Ifrom various sotces were p lanted for futrtle r selection. 
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Materials and Methods 

Four hatches o"segregating populal itos selected in fallI 1993 and screened against heat toleraice 
illsummiler 1994 season Werc planted for further selection. Batch I consisted of SiX F,, families froi1 

intercrosses between promising and cylindrical-headed inbred lines of'the backcross program. latch 

2 consisted of" 12 l 'amilics from triple crosses between proisinig, cylindrical-headed inlbred lines 
with h+eat-tolerant inbred lines. Batch 3included 40 S, 'amilies which were derivatives ol'lhe maternal 

line selections (MIl .5 'from lrived 'r'on177M( 3 )-27. Batch 4 included 22 S, Iamilies which were MILS 
oF 77M(3)-35. Forly ildividuaLs of each o'Cthe selected iamilies were plantedl. In addition, 40 plants 

oF'ASVFG No. I were Also plantecl in each batch as a enceral check for heat tolerancc. The segregating 
Fam1ilies and the checks were planted to tile onl U1it [Ilots consisted of dIMble-rOWI'ICld I.i-n beds. 

and 4-i-long beds. Spacing between rows withill each bed was 5(cm and between plants within rows, 
40 cm.Seeds were sovn on 4 Euly and seellings were tratlsplarrted to the field on 25 JuINI. Selection 

ofIpro)genics mlihasi/ed the combination of, compact head Formt'nlation with elongated lead shape. 

Results and Discussion 

Table 2 shows the general characteristics oI"tile 'amilies froun segregating roplltionsselected 
possessing the combnhation oi" desired elorigted and comipact heads. The firs. two batches were 

related to prIlmising cylindrical-headed inbred lines. Tie rest were +:electionsfrom MLS of" open

pIollirnated varieties. Most selected falilies tended to be nedin-early to Iedium-late Inaturing with 

comipact aid mllediulll-long tollong heads. As expected. ASVFG No. I matured the earliest and mad 
ver', Crinpact round heads. 

Table 2. Summary of selection for heat-tolerant families with elongated head shape 
from various segregating populations, AVRDC, summer 1994 

Population No. of General Heat Head 
families maturity' tolerance' length,: Disease' 

Batch 1 6 M-L 4-6 M-L 2-6 
Batch 2 12 ME-L 4-8 M-ML 1 -4 
Batch 3 40 E-M 5-9 M-L 2-4 
Batch 4 22 E-ML 4-7 M-ML 2-5 
ASVEG No. 1 (ck) VE 10 S 4 
.	 E=early; ME =medium early; M= medium; ML =medium late; L= late; VE = very early 

Rating scale: 1= low; 10 = high 
S=short; M = medium; ML = medium long; L = long 

Some F,, Fa1milies of'iritercloSs plpumlatini Were leditum maturing with very long heads, typical 
ol'the bamnboo-type heads oi B61. These selections produced heads that were very tight on the bottol 

and middle parts. bll partly loose at the top. Several S failnilies derived from nM]LS of 77M(3)-27 were 
inediui-early llaturing with ilng mud I',ge heads. 

gene'al, the seui'eatlit materiais deviated appreciably Froin tle barihboo-type head Collbrnlation 
il" 6C1. Selections with the longest head types were taken fi'" iritral'anily intecrrossirng willi tile 

Ill 

aim 

of' recapturing tilehead conlormnatioi of H161 mnd the heat tolerance of (lie tropical parents illtile 

suibseurernt gerIerainil. These selections will be further tested and stabilized. Scl'-inconllpatilility ol 
the selections will be examLined durirng the selling process ti isonlate potential inbreds for hybrid 

de, elipnent. 
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Development of Heat-tolerant Common Cabbage 

Summary 
To developcheat-tolerant common carlgc lines/varieties, 99 varictics wcre grown in the field

during the 1994 sutmmiier-wet scason ohservatim trial. The 77 headed varicties InaturCd from 41 to 87 
days al'ter iramplanting ()AT) with a mean of 68 days. Thirty-sevcn varieties (48/( ol the headed 
entries) had llore than 901/, hcading rate, and only I) entries had less than 5011 . In contrast, only 19
varietics had har'vest rates more than 9()/, while 31 varicti s had less than 501.4. The distribution of
hctd weIclit revcalhd that 50 varicti (731', ofthe headed entries) produced leads less than 50(0 The 
incan head wcigh: was 4.32 g.The hacavicst heads were obtained f'rom KK Cross with an a'CragChead
weight otl 878 g. \1nong the 77 \'aities, yiels rlalgCd from0111 t/ha with a mean ol' 7.4 /ha.0.4 to 2 1.1 

"'+ai 
 l the best yiclI of,2 I. I t/ha was pinrCdutlccd by KK Cross. The top lc varieties were KIK Cross,
KS-Grccn, l)elicou,. Y-R Stmnmcr 5), and Shia Foii, No. I (taeIC 3). TIhey vielded 18-21 t/ha,
exhibited perlet hcadine and harvest rates, and werc lice frlm sol't rot inf'ection. 

llevcii sclected varieties were plantcd il it 'cplicated elite varicly trial in stmer 1994. 
Signilicaut differenc+es il yi eld and somC ho0rt iCI ItLIral chMractcrs were observed ait1The mecan yield was mug the varicties.542 g.I().8 I/ha, wh ile the averageC head weiguht w,;as Five' varieties: Chooun Chioti, 
.ian.g (juan. KK ('ross-, V-k Stm~mer 50, anid S~ha Chog. pro~duced yields betweeun I1.5 and 14.5 t/

hia which wcre cornpatrahlc to the yiclds ofl control varictics, Shia Fong No. I and KY Cross. In
addition, all extraordinarily early rnattnriin variety, GoldeCn Cross 40, alleard to have potential value 
(or tlsC inl trolpical cabbage breeding. It had small compact heads, high h+Caling&ability, and isfrve f'rom 
Sotl rot infe"ctiol. 

Introduction 
I Ical-itolerant cornmmlion cabbage hybrids have hcen developed and released to cabbage growers in

the tilopics by scveral seed companies. However, seeds of these hybrids are inordinately priced. Tie 
quality fl'thc sceds also tends to be lower than that grown in high elevations or during the cool season 
in the lowland. National programls clarilor lbOr less cxpensive sceds ol tropical varicties. The 
dCvClme1nt ol heat-tolerant colm1111on cabbage l'r the ttopics is a goal of the center's crucifer 
illprovemenclit i11erall. 

Materials and Methods 

Observation trial 
In the hm -wet m11onsoon season of' 1994, 99 accessions were grown under hot and lhulmid 

colditions to observe their heat tolerance, disease resistance, and general perlormance. TIcy were 
cucllcctcd ornl+Taiwa,,n, China, and commiercial seed companies wNorldwvidc. These accessions were 
sown ot I I May and transplantcd to lI field on 14 Jtne. Seedlings were nur'sed inl polyethylene pots
tinder screen met tLnnels. ledr unit plnot consisted of'otle 5-1i-log, dulelC-row bed. 'Tlie .splacing was
1.5) cm between beds, 50cm bcetween rows, and 50 cimi htwen plants witIhi tile rnov. There were 20 
plants in ch1 ph1t witluont reCplicatms. Beds were Inulched with rice straw uInthe top tor reduce weeds
and disease irfectii by continuours heavy rains. 
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Elite variety trial 

Eleven selected varieties were planted inii replicated elite variety trialI in sumllmer 1994 to evaluate 

their hcat tolerance, disease resistance, and ucelcral performance. They were Shi a Chng and 01oon 

Chi., F[ hybrids from Noongsheng Seed Con0;y olfTaiwn;l.ian Guan cabage from China: and 

six FlIhybrids from Takii Seed Co. oflapan: KK ('ross, Golden Cross 4(, Y-R Summer 50, Southern 

Tr'easture, Tight Globe, and Green Stone. Thcse varieties werC sown onl I I May along with two F1 
hyhrids 'roll Japaln, namely, Shia Fong No. I, and KY Cross, a.s checks. SCCllines were nurscL ill 

pl1yCthylCne pints under screen net tuncls. They tvcre to the field 14 June. A RCBII)Iransplantled t 

with two replications was used. Each unit plot consisted of"21 plants on a 5m-long , loub',le-rtow bed. 

Fhe spacing a,its15) cm bctwecn b.eds, 5(1 citm between rows, and 5) cimi between plants within the 

iow. Beds were ntulchCd with rice straw Ol IhC top. 

Results and Discussion 

'Fhe 1994 summer trials were se,erely daillaged hy conitillioUs iea vy rainls. 'i'iCre wa s a total00f 

1424 mm pLccipitati~i accumulatCd I'ml 31 July till 16 August. Exccss water retarded growlh and 

prom.+tCd softlutinel'ction during the Iheading stage. 

Observation trial 

Aniimg the 99 colleclions, 22 varieties did not head. The 77 hcaded varieties matured Iron 41 to 

87 days aftetrtrasllanting with a meanl'f 68 days (fig. I ). Thirty-seven varictics (48c of the total 

entrics) had moiC than 9((/ headilgi rate, MId only 10 eiitries had less than 5()'/. In contrast, 19 

varieties had harvest rates lllore than 914., while 31 varicties h:id less than 5(/ . Soie varieties have 

high heling rate but low hmirvest rate due minly to soft rot ilfectioll. Majority of tlhe entries had less 

than 3()./+soft rot in'ection. 

'[le distributill of lead weight revealed that 73'7 f'the entmies pr<dtUccl heads less than 5(01) g. 

The mnl head weight was 432 g. The hcavicst headls were ohtainCl f'roil KK Cross, a icat-tolcrant 

variety, with an iaverae head weight of 878 g. In gencral, must of time variclies proiduced relatively 

small heads indicating a low level of" hacat tolerance. 

Among tile 77 varietics, yiclds ranged f'rom 0.4 to 21.1 f/ha with it mean ol 7.4 t/la. Again, the 

best yield of 21. 1 t/ha was prLLduCCd hy KK Cross. The top five varieties were KK Cross, KS-Green, 

lelicious, Y-R Sninlier 50, and Shia Fung No. I (t:ble 3). T(hey yielded 18-21 t/ha, exhibited perlect 

heading anIdl harvest tItcs, ad sho xed nlo soft rot infection. 

Elite variety trial 

Sieniliclit difl'Cnces ill yield al'd somic ho0rticulhtural Chi'acters were obsCrvcd among the 

varicties. The yields of this trial were relatively low colipared to those (f*the observation trial. The 

11meanllyield Wats 10.8 tlha, while tile avcrage hcad weight was 542 g.IFive varietics, Choon Chio, liang 

Guan. KK ('ross, Y-R Sumimuer 5(0, and Shia ('hong, [-rtluced yields betwcen 11.5 and 14.5 t/ha which 

were comparable tottile yields olShia Fong Nol. I aLd KY Cross (table 4). Apparently the low yields 

ol' tihe eItries were attributed to smJlI or loose heads and/or sol rot inf'cctionm. An extremely early 

variety, Golden Cross 40, imatured in 41 days after transplanting. Althougl Goldcn Cross 41) -riluccl 

small compact heads (325 g), its Ca'liness Mid tltnil'rtll heMling ahility have poteitllial valuc in the 

development of"tropical cabbage varieties. 
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Fig. 1. Distribution of horticultural characteristics among 77 headed common cabbage 
accessions in a summer observational trial 
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Table 3. 	 Yield and head weight of the top 10 varieties of common cabbage in the 
observation trial, summer 1994a 

Variety Source Yie!, Head Head rate Harvest rate Soft 
(t/h) weight (g) (%) (N) rot (%) 

KK Cross Takii, Japan 21.1 793 100 100 0 
KS-Green Kaneko,Japan 19.5 733 100 100 0 
Delicious Watanabe, Japan 18.7 703 100 100 0 
YR Summer 50 Takii, Japan 18.4 690 100 100 0 
Shia Fong No. 1 Nongsheng, Taiwan 17.9 671 100 100 0 
KK Cross Fratelli Ingegnoli, Italy 17.6 878 100 75 25 

Shih No. 1 TSS, Taiwan 17.2 645 100 100 0 
Copenhagen Market Petoseed, USA 16.6 665 100 94 6 
Tropical Queen Takayama, Japan 16.3 713 100 86 14 

Shia Chong Nongsheng, Taiwan 16.1 603 100 100 0 
Mean of 77 varieties 7.4 432 80 59 22 
, Sown on 11 May and transplanted on 14 June 1994 

Table 4. 	 Performance of common cabbage varietiesa in the hot-wet season trial at 
AVRDC, 1994b 

Entry Variety Yield 
(lha) 

Maturity Harvest Head 
(DAT) rate weight 

_ _ (%) ....(kg) 

Heading 
efficiency 

ratio 

Head 
shape 
index 

Solidity 
(g/cc) 

Heading 
rate 
(o.) 

Soft 
rot 

(00) 
BB 006 Shia Fong No. 1 13.2abc 63bc 83ab 0.6labc 0.99c 0.82oe 0.48ab 100a 18 

BB 008 KY Cross 14.lab 59c 80ab 0.66ab 1.01c 0.76fg 0.5lab 100a 21 

BB 025 Shia Chong 11.5a-d 68b 94ab 0.46cd 0.72d 0 94c 0.36b 100a 7 
BB 110 Choon Chiou 14.5a 63bc 84ab 0.65ab 1.01c 0.70g 0.47ab 100a 16 

BB 111 Liang Guan 13.6abc 63bc 69b 0.75a 0.92c 0.75fg 0.49ab 81c 23 

BB 112 KK Cross 13.3abc 63bc 79ab 0.65ab 1.21b 0.84def 0.45ab 100a 22 
BB 113 Golden Cross 40 8.7de 41d 100a 0.33d 1.49a 1.38a 0.65a 100a 0 
BB 114 Y-R Summer 12.1abc 66b 100a 0.45cd 0.78d 0.92cd 0.39b 100a 

BB 115 Southern Treasure 11 .Obcd 63bc 76ab 0.55bc 0.98c 0.91cde 0.57ab 94b 19 

8B 116 Tight Globe 6.8e 73a 82ab 0.31d 0.52e 1.12b 0.5lab 97a 16 

BB 117 Green Stone 10.5cd 65b 74b 0.54bc 1.01c 0.86cde 0.56ab 94b 20 

CV(%) 11.8 3.3 12.5 13.7 6.5 4.5 17.4 1.3 

Mean separation within columns at 5%level (DMRT) 
b Sown on 11 May and transplanted on 14 June 1994 

Flower Induction inCommon Cabbage 

Summary 

A series ofI'lower induclion Cx pertmCnts wcre repeatcd under arti icial conditions with combining 

vernalization (5 0C for 5, 10,20,25,;nd 301days) and daylcngtlh ireatnlcts (24 i ol light or darkiiess). 

The results conl'i rmCd thait there were no significant differclces in days to flowering bIctwecn light and 

dark trcatncnts. Oin the other hand, 20 days of vernalization at 5°C was effective to induce fIowering 

iln collIolln cahage. 
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Introduction 

Sced l r ,:LtctLo[Ioilcil'ers in the Iropics is di flicult duC iIinadequate Viter chi ling 1t inlucC 
Iltirg .and I'hv\,rirg. I lich tclpCratelslC rcsLul in alorimal Hot a! devellprl: enlarged sepls, 

dClecCtivC anthers. and lhw-viahility pollen. Tlrerel'c. the seed-set is poor. 

Many lrassioospecies arC induced to flower hy trw teupIrC.tilleCs. The lrmotivc e,'fect ofl" low
 
tIInpCralir'CS on ItlovcrirIL is called vCrrr.ali.atiorn. Il'ects ImV ICrperotidtlrcs Oll Cn011111101o
flw cablac 
are apparlnct orly when groivne plants arc treated. Corirrorn cabbace i, colsiCerCed as the green plait 
\crialiationr lypc. Many flroi.' ',.pcies are tlUranititIel\' I ho da+y plaits. The loImIre tile 
daylen.eth is. the trt:I extcnrsivC aid earlicr the Ihrwverirne ecot c. Marry Ilrasxsi.'c species which 
re,;+ni to \er/nlatilori ire. ai( sensitive tn horr-liy stimlahtiorn to Ilwemrire. lihe irrtcracliotl tt 
these twt lactors are Cither spplcirtale ry or corrlIcnlirrnry. 'This, Imirg-drst irr0l1tior nay\ 
qtliantitaltively diaplace the Itw temperature reequirercelt. A (rrilhirliltionl oil \ Ctrnaitlitnr ard loIre 
dilVlerrtir tiny he rCltirCd Ior the irraxiriortir ihowerin.e t) c'rIrritr cabbahic. 

Mech'anical treattment b, cuttine Iriads irr the lild wis lCriptd 1 to hniC C h112 aldtin 
IowCrirr ini SClCctCd coIrr11rr cthace varirteiC, tIre I )t)2 winlter. ('ilt Irreacross tie lheard wasdtrrir h 
tire iro()St eltectivC wi to idtlucc Ih\wcrirre and also pl+roducio irore branches on tire plarts. In 1993, 
:averraliiatimrr experiment revealed that 25 days o' verniul/ation (5" cinhanced Ihlwering in 
C01tr11trr callbaC. I tmg-dav reiatlrlet did r1ot allcCt vCtrirali/atior. TO Coil1rrir these reCstills, a.Ser'ies 
tlt IhOwTr intdtcti):r CXpCritrrCrts wcrc repeated trrder arlilicial conditiors, crloriningr vrriali/alio 
il dhvltintih trcitnrrlC ts. 

Materials and Methods 

Il tire 199 experiment exploring the rclationslrip hetweerl delatio of vernali.atiol and
dItylrCr-tir. t,o F1 hryhrids, Shrialo'rg No. I and KY Cross, were sivri oril SSeplcIcr arrd transplanted 

tot thl ireld on 4 ()CtnhCr. O)ICr htId l'eldiltty pllants otteach variety withr nrorra1il hcds., wcrC sClctedn t r 
and trimmed (rrr 25 Noverihr. ()ne hun'dred ivnty werc induced to IlowCr tider dil'CrCirl 
vernali/atior c,milioris. while tire rermaining 30 were osed ts cirecks and borlers. 'ire Vrriali/atior 
trcitmcni hegim ont 3(0 Noverrher. There werc live plants for each treatrmrernt. lacih plant was 
COIrmlctcly trirrrred oIr tire read arrd r0tts. lavirre 0rrrly a little root 1orrc. The strIpIIlS werc \Vra d-,. 
ilrnewspllers and placed irr plastic bags. Vernalizauion was trrnder5)C witlh 12 dilTcrct coirrbir[atiorS 
(t)I ov-tcrIpeI)traltir duraioin (i.e.. 5. I), 15, 20, 25. and 31 days) arid light dtrralirr (24-hr coIlirrrn(ors 
ligit and cotmplcte darkness). Altcr tire v'riralizatlol treatrniert, the tiCld experiment used a 
rrrdrrri eCdComrplete blo(ck design with two replications. Datain days to IhOwcrilig were collCctl. 

Results and Discussion 
In 10)2-o)3, atverirtltiurrr experimernt revealed tiat 25 days ol" verrmiliation (5"C') enianced 

Ilirwerl-ir ill crrnllllrrrn cabbirgc. I mig-day Irrtllrlrlt did nut al'et.c verrlaliaionr. The experiment 
corrrbfirirr vernalizatirn and long-day treatments was repeated ii 19)3-94. Althomrgi variety 
Shial' ir llorweretl earlier than KY Cross, both rcsponrICd tin Vcrnraliaioit trealtriertliits siiilirly. 
A,ain. tie results corlirilcd trhat tirere were tn sierrilficalit dilr'crrcCCs irr days tot flowerilr ICtwecrr 
it aLldlddark treatmrrerits. Frurthrtrrcir., tire lnri-day, iCuirenieCIt lfrI'lonwerircnay be rhelacCd by 
stullicicit driratonrs 01" trw terriperatttrc trea.tlrlln ill corrrrrorr cabahile. ()n tire otlrerirarl. 20 liys 01 
vernalizttinrrt 5" iscfCclivc to indrce I'loecriig irr conrron calkae (io. 2 ). The 25- anrrd 3(-day 
verrnalization duratiris wvere as clTective as 2(1 days to cnharce f'overing. 
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Fig. 2. 	 Effect of duration of vernalization and daylength treatments (50C)on flower
 
induction of two common cabbage varieties
 

The 1993-94 i'icldlexpe'incnt suffcred fromlldcvernalilation due to the warmer winter after the 
treatment. Research ol lower induction On lahlns derived flrm tissuC cuilture and rooted ctttings 
produced lro il SProuts of'coilmmon cabba,,g,'e will he explored. 

International Cooperation 

Seed Distribution 

In 1994, a total of 753 secd packets ol Crucil'Crous crops were distributed to 84 cooperators in 38 
col1ries. MINost of the seeds consistcd ofo'peln-lollinhated aud/or l'hybrid cultivars, toUCther With local 
checks and the slandard AVRI)C heat-scnsitive check. A few shipments of parental lines o hyb'.rids 
werc also providcd Itnational plograills for un-counltry sced production experllnlctlls. Parents of 
,,VRICI lvbrid No.02 were se tiothe Sccd ('onpanv oftllo('hi Minh (City'fVk sce pr dtlct ion. )vCrC 
tlircc-vCMu" Iii~IS. the s compa nyi~l'rnv tha'lt tle vtricty hits grcat pi )tiltial ijnhClev 	 ViCtnlau. 

\VRI W ('h1incsc cahbauc \ ariCtiC, havC crCatd tsun er ('lines cblal,ge industry ill ('hlina 

since I981 . hrc tiall 2) variclic', of ('hinesc cabbauc usine AVRI)C lines as parents havc bccn 
reCeasCd to lfduilnCr',. ,SCed rCqtuirclnCnt has incriasCd trieICndousIly ycar by year. Rcpolrts ol'proiisil" 

rl'Griaance of AVRI )( brcedine materials 'rom various c0operators wCrc rcCCvCd during the year. 
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China 

\ SVl111 iUnl the iCti'c hl ilild p)i111ttitl o lhcat-toiletrilit Ohtncc calth ge in ('hina t\\',, heL 

in Na.ijino ,on 20-28 Scpltnhcr i994. ('tnIllr,,'vWid jlle ItCSiC,. 11lcnt , itndtIhe hcHe'lI 't, 011ZtcC.;nl 1im . 

iIlL .\\VRl,)('-ci\ hic-d hcatt-tilcrant ('hin,. c ctlahht c in ('hi1 1M erc the itI litpi., &hi t-i,Cd. 

.\V'RI )(" r ,hie, caIhbIc \ arhetio, hid ,rctt,.Id it ,,tnionler (hinIC SC h . iniditv inl ( it HiC 
I 1. N i1 AVRI)( c Cut+,hii_ .Cd ..\V I )("-devChied hCittire Lt/ 201 \;tiIelCe (hinc tr dIl:iC t 1 
ttolcritnlt llitli,l h1,1\c h)CCn rclu cl ito filriur i11 (In lt (Ihl~c 5). 

Table 5. AVRDC-improved Chinese cabbage varieties released inChina 
Local name AVRIDC ID Releasing agency 

ASVEG No. 1 Hybrid No. 62 CAAS 
86-4 CAAS 
Zhong Za No. 1 a CAAS 
Zhong Za No. 2 a CAAS 
146 a Heilongjiang AAS 
Jin Bai 45 a Tianjin AAS 
Shandong No. 19 b Shandong AAS 
Xia Bai 58 Hybrid No. 58 Sichuan AAS 
Xia Bai 59 Hybrid No. 59 Sichuan AAS 
Xia rBai 62 Hybrid No. 62 Sichuan AAS 
Hwa Xiang No. 1 a Hunan AAS 
Hwa Xiang No. 3 Hunan AAS 
Hwa Xiang No. 5 Hunan AASI 

Fu Bao Hybrid No. 58 Jiangsu AAS 
Xia Feng Hybrid No. 62 Jiangsu AAS 
Shuong Guan d Jiangsu AAS 
Nat Re No. 1 Hybrid No. 5C Guangdong AAS 
Nai Re No. 2 Hybrid No. 62 Guangdong AAS 
Nat Re No. 3 Hybrid No. 59 Guangdong AAS 
Nat Re No. 4 77M(2/3)-41-0-2-0-0 Guangdong AAS 

Hybrids bred from one AVRDC inbred parent 
Hybrid bred from aselection of AVRDC heat-tolerant open-pollinated variety (Nai Re No. 4)as one of the parents 

Philippines 

itl 01tin 
IBlhwl .P iuht~ l I|t)dtlCtit l ('enter. COmdIt~Cd \'icld tr-~il "lhil-IM't . litflwtl. Ito C\ lu',ttc Itmr 

Ir. Eugene C. (,tltil,, Ni d ,II. Ri/alin',i U. Gunihait. r,,, r cr te1 V',,.ei., hICSeI the 

(Iip n-pttI itleIC \ .riM_'tiC, did ,i h\ hrid, (fl .\VRIK, \\ Ith the ,,tindtrd ICt,-,Ctlni.e CcheCIIk. 40...\ 

d.\ ,.tCit ) 1t l ,\ t 'n il 21 (O)itcher ttl lrll l elltcd til I I N\' t nlhcr w) o sh,1 ,,, )3. Rc' it it-, 
In lI:Itc 0. \'ilicttl dlil'tCren.C e, icttifieati l \\ e check Mid ..\VRI)('crc l, it

,IflCI. triti .', i \l IvII. Illi' Ll MIL. hd ,hinu CI ll V tltio. li tIl Jllp, illdc\ (I ISIh, . Ilt ' Mlli . x t 

hL.';tt- qllrcrl-t CIL- k. I I'.l ,rid Nt. 62. v,hiclhl be,.ul I trnII. rcletCd i lthe lPIiliIyIn1lC'c it" R,,, li 
IdeiC . 1\"Wt lIt\\ (i)ci- I liuttl \itriti. 77M 3-27 ("l.S , and 77.h.-3 (. IIS.). Mvhich \yore 
1 1itn IrM\ d It hl-I l IlltIt'ltn l line ',election. ',Iw\ Cd ;III (t~tl lidilnu h(IIL head \,hkldlittt.4I o1 2.13 

m,.d 2.(,2. r-C,,p leCi\r. 'hev ,tre c\lcdc l hi mI,+tch Rc;'lil ert 1I,;I (f I .. I. it it urlpas, hicil 
plelercncc v, hich i,, determined it) 'tIIe C\ he Citll'tiillttitn.lit h\ ed 

http:rctt,.Id
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Table 6. 	 Yield and other characteristicsa of AVRDC entries in a dry season trial at 
Bohol Agricultural Promotion Center, Tubigon, Bohol, Philippines, 1993b 

Harvest Head- Heading Head- Heading Soft
 
Entry Yield Maturity rate weight efficiency shape Solidity rate rot
 

(tlha) (DAT) (%) (kg) ratio index (g/cc) (%) (%)
 
77M(3)-27(MLS,) 18.5ab 46 95a 0.6b 1.54abc 2.13b 0.65ab 97a 2 
77M(3)-35(MLS,) 18.8 ab 46 97 a 0.6 b 1.29 bc 2.62 a 0.73 ab 100 a 3 
77M(3)-40 15.5 b 46 97 a 0.5 bc 1.25 c 1.50 d 0.56 ab 97 a 0 
77M(2/3)-46 23.4 a 44 97 a 0.7 a 1.62 abc 1.77 c 0.84 a 98 a 0 
Hybrid No. 82-156 19.1 ab 42 98 a 0.6 b 1.71 ab 1.45 d 0.65 ab 100 a 2 
HybridNo. 82-157 14.5b 46 92a 0.5bc 1.37bc 1.30d 0.62ab 93a 2 
Hybrid No. 83-20 19.5 ab 44 100 a 0.6 b 1.91 a 1.47 d 0.53 b 100 a 0 
Hybrid No. 85202 17.3 b 46 95 a 0.6 b 1.68 abc 1.87 c 0.58 ab 95 a 0 
Hybrid No. 85216 18.2 ab 46 95 a 0.6 b 1.92 a 1.77 c 0.69 ab 98 a 3 
Hybrid No. 62 18.0ab 44 98a 0.6b 1.66 abc 1.46d 0.61 ab 98 a 0 
B40(HSck)' 9.1 c 46 77b 0.4c 0.78d - - 77b 0 
CV (%) 16.4 4.8 8.4 1?.4 14.9 7.3 22.7 6.8 224.7 

Mean separation within columns at 5%level (DMRT) 
Sown on 21 October and transplanted on 11 November 1993 
HS = heat-sensitive 

Vietnam 

A 1cr lestIin AVRI)C heal-tolerant Clhinese cabbage v'arieties, Ms. Trian 'lThi Anh Dao selected 
I lvhrid No. 02 Ifor its potcntial for imduction in Victimi. I lybrid No. 62 had high heading rate, low 
so!'t Chi Minthrot incidCnce, anod ea'Iy maturity tnder hot-wCt scason conditions in the subutirbs ofI-ho1 
(il,,. are being encotragcd to grow this hc.Lt-tolerant v'ariety and prodUtctiot areas areThe Fa.11-rers 
he ing"dCVCh pCd I'r the Cp. lmParents of AVRI )( I lvbrid No. 62 were sent to the Seed Company or 
lH Chi Minh Cit,' in-country seed tprodnclit.r'" 
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Crucifer Entomology 

Effect of Host-plant Age on the Parasitism of DBM 
by Oomyzus sokolowskii 

Summary 
A fli hl experiment wa scondthctcd to Study the in fluCncC Ifdianiodhack moth ()13M) host-plant 

(ta lhaee) age in the plras is In o I, I ivae by )On,,'.u.ssoko )Aw.,kii.The re was no significant 
diflference inI piarasitisml whenlI)IM was l'cedbig ,cI cablbaige plaits that were grown inl the iheld I to 
8 weeks after transplanting (5- to 9-weck-old plants). Oomnvzus, 1litis, catn he introduced in the field 
at Illi dlill the, cabCh -row ine.llseasoll. 

Introduction 
(Omit v u asuok/oowkii. ai larval p'aailC suitable for the control of I)BM in the tropical lowlands. 

has beeI' hnlpoted and studied at AVRI)C Since mid-1992. Iiltially, wC deve_'lopeId a Im;ss-rearing 
lp(ccetlire which e'naleld LS (0 rear this insect 1u"our own stidy iMiid iftroductfoi in Taiwan ais well 
as ,.\VNI' and SAVIRNIT coutntrics to control I)13M. This pic'ilStC iS now' introduced in Thaiind, 
Mal'sia, and the P'hilippities. In the meantime, at AVRI)C, arC tgadually stulying va.lrio0uswe . 
hicdogical and ecologicaLl pinIihetrSto utMderstand the characteristics ofits paIlsitisillolfI)13N which 
will enale u, to.id+ the suitability of tis p'ilsite tInder various i.gr OcCwhceiCicl conditions. In [he 
first of t series of' experimunts, we studied the ellct of I)BM host-plant (calblac) ge onl fhie 
parUisitisni of this pest by (.v oololskii. 

Materials and Methods 

A par'cel ccl land was rotctilled and worked into 1.5-i-wide beds. The heds were f'lrther divided 
into 24 single 1.5 x 5.0-ni beds. The plots were arranged in three rows cifeight plots each. Each row 
coIIstittcd 011Ci rCplicate and ctCh hflt one treatment. A distance oFl 1.5 11was maitatlinCd bCtwCen 
twoc adiaccnt lhots and I ill between two replicates. The VwIolC arca (cif fotic Sides was confined by a 
fine mesh. 2-inm-hich nylon net, and the saie mesh nt was used to cover the top. ()nce every week 
I'Mc8 coIIccScuLfivC weeks we translanhu"ted 4-weck-cld cabliaic SCdl in es in thr'e randMhL SclCcted 
lIts. with ccne plot per replicate. Plants were nmaintained I ) IM- Fcc. \Vhn the cicbbagC plaiihts ini the 
last traINislaltCd lIlct wCrC in the field for I weck, we intrccducCd I() third instar I)BNI larvac pIrlait 
OI ciech oCl1( plants selectCd at raidccii it) Cach plcit. The plats Isilat reckei vedl)IAM hl'ivac were 
marked. 

IiimiediaCtely ;tl'r the iItrccdIccticul f I)BM, wC relCaCd 5(1)00 cI')o,,' adltls inside the cage. 
At 3 and 5 days aft'r parasite intlmodtcticci1i, wc collected 30 larvac fron each plot aiid 'CLrCd IhCIn in 
the lbOrtccry Utlil lNUlatiion. We reco trded the numbcr of ()ol'nzit, acid I)B1M pupae that develcoped 
and comp)utCd the percCnt iarasitisil. 
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Results 

larasitisinl varied betwecen IS anl 54'/, in the first observation (3 days) and 30 and 5(0, in the 
secoildofhscrvation (5 days). Tlhre was no statistically signilicatll Irc lationship between plant age and 
parasitism (fig. ). ()OIn\ Iu.s'kolo.skii parasitism of )13M is, ihns, not affected by host-plant age. 
Tbis parasile, IhCleetore. cal be it'odnlced in tIle field for thle bilogical control of" )BM 11ally stage
of planit growtlh. 
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Fig. 1. Effect of host-plant age on the parasitism of DBM by 
Oomyzus sokolowskii 
Upper frame: observations taken 3 days after parasite 
release; lower frame: 5days after parasite release 

Preference of Oomyzus sokolowskiifor Various Stages 
of Diamondback Moth 

Summary 

In a study of preference of'om.,n, .oluhi.,kii for parasilism of varions ifinlature stages of 
I)BNI, freshIly f)rmed I)/IM pnpae and larvae of each of the ltn" instars were exposed to parasitism 
hy 0..',,ooowskii.Tihe parasite ltailed to attack the pnipae. It preferentially parasitized the third and 
fMlTrth instar I)BM lar,vae. Parasitism fl the first two instars was significantly less. 
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Introduction 
It has of;tent,.t been srated '.,,is la ]pa .. butl tint clear'ly dertirnrslt'ated, tha+t (Onrvxzrux.oo/orskjj , paras~ite 

of I)HN'1. lasd (III hese reports, in I)92, We Sttudied prelr~+I'ce rOf this lpMrasite lmtr pplel and th'id 
aridl frrth instar I)IM,,,I larvae. \Ve lnd tha tis pr'sit tdoe rIot parapiti/ l)lB timple and equally 
prCl'ers third and forirth ir,,tar I)BN1 larvet. Like ('e.vir lt'llew'.(..rkolo.ii is Ilar'ail parisile. 
Since 0. okolrrlcm.ii and Clduelhm' have s/ri'ii o'Mr i1l, it isv,_ ar ltempcl aurl-c rqurricrlit'i devh 

ossible that thse lritU .uld comipete with each olther lrr I )IBNI la'vaeC. ThiS could af'ct ovCrall 
bioloiia coltlol ofI)DI. In this experint. thcrel' ore v.esttrdi+<d prefel''renc ofl'O, wskii fool'l)r 
all fmr lrv'a,'l instars. Since 0. .okolorwskii is t much smaller insect thiLn (C./1/H'//r. it \wIs tioight 
that 0). woki/mvskii cotild lparasiti/ Carly instar I)BIM larvae as well. 

Materials and Methods 

WC l~ht,.'d 2( iidi\ idtritls cilCh f' 'rCsh I)I ,N'1 tIu)ljr arid klavae (if thC tirst, secC.rrd, third.irl'trh 
n,"ornta 1' I Ilttttil Npr\'erita lrge dctwcd calbblageC lef'. The puil tfriSl't aIas wrlppd in rIoist tt)l 

dlryi Ig. The Cah!aL l was then placed in an llic cylinder c+'rLttitnlrr 2()()-?()()2(0i300 Iedadults Of 
S()A,1,v.o/okii. We ll ed the iparaite Itolay e+gs Ill the difl'erent l)lBNl ,tacs for 24 It. Ilrvae and 

iptiupaC e'+recollcted rildcth irStar"Wall, riaiitiind separately,. [.lrvale \we.re iCared trtntil pUpltion 
t fi1d oiur , hretlhr they plateltI in the I)I(I orohonv.us prit. l~ur + elxposeL to0 pal'siitiSrill werC 
riairrtirred rrtil adrIlt errt'rn.cIrCe 1o find ort whether they' could he pa'alsiti/ed hy ()on1Vc 1Nx. 

Results 

As inl pmt sturdies. .kolovs'kii failed to parasiti+ l)BM purpac (table I). Arrinng the larval 
instars. the piarasite eqully prflerred thIe third ard fourth instars. The first and Secornd instalrs were 
plrsiti,/Cd Substarntially. hut the pilrsitislnl was si.riliicantly less Ifalr that l tlie older larvae. 
()oorvmlz i ,t 1 parasite. slmallerh the neomrte larva ofl, )IM, Sltin than hut its plrasitisrn tite first twot 
rrslttrwas less than tIe last two illstirs. For ()OwnlzV-lls Iar;In,l'Cilell1. WVL rUse thir.l aridWill cotntl in to 
foMrth instar IINI larvae. Since ('olsiaalso ittacks second and third instars we will ied In Study 
Orrt'Illtiori between ()rvI Mid (o'.ViJ+.a.\Y.IIS 

Table 1. Parasitism of various stages of DBM by
0. sokolowskii 

Instar Parasitism(%) 
First 25.0 
Second 41.2 
Third 73.7 
Fourth 76.2 
Pupae 0.0 
LSD (5%) 20.8 

http:ohonv.us
http:okolrrlcm.ii
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Effect of Various Insecticides on the Survival of Oomyzus sokolowskii 

Summary 
Commercial foriti lations of SLVeII C1i11101nly used insecticides at rCcommended rates wCrC 

tested for Iheirtoxicity to pupae ol'Omny'zus.,o 'o,skii,aiparasitc ofldiammodback moth. Bifenthrin, 
nevinlphos, cartap. and prololos were highly toxic to hoth stages of the parasite. Bacillus 
i//1,in.ie''sis and ahamectin were re'ativcly less toxic to parasite pluplae. 

Introduction 

()tinr experience at AVID)(' indicates thi, elCsplitC hst ClltOrts hy Iesearchers and extension 
authoritics. Soime larmlers colintiluC to use insecticides in CRiCifer-rvingareas where parasites are 
nevly 'salished ad I)1-,M is no longr a Serious pest. Solllol'thC insecticidC tised is 'Orcontrtlling 
insect pests other than I)M. It is possile that sounIC Of th insCcticides used could adversely aflcT 
I)INI parasites and therchy exacerhate the l)BN' prohlem. We, therefore. conducted atlaohratory 
experillicnt to Studyv the XiCity O1f c01ui1ly used insecticides to (0. Yokoluwcskii.cull'IOlS a l;'val 
parasite which has p ential in controlling )1BM in the tropical lowland. 

Materials and Methods 

('Cunmmercial cirlltlatiis ct,"se.ycii insecticides aIid Ile onicmmonly used sticker .vere diluted as 
direC,:tCd oll the insectici.IC container l'r use in the field. Ircshl ,rined pupaeLl()..ishkoluswkiiv,,ere 
tleu tllippCd in nsecticide -solution For 5 sec. TreatCd IUIpL',. were air-dried undera .ntle fllow tl"air. 
TLhe dry pupile %,.ceuiutained at 2+±2'"until all eimergcd into (). sokolacskiiadults. The pulpae that 
failed tC.Cnre .ere considered dead. The total unherotladults that emerged f' i each pulpae were 
recorude._d. 

Inl asimultancmis test with adults, the insecticide solutios we.vre prayeS d Oilfresh cahagC leaves. 
The trteC leaves weic placed in a 15-cni-diam acy lic cylinder. Twenty ().vokolowskii adults wcrc 
released inside each cylilder and iiisect mortality' was recorded 72 h alter treatment. 

Results 

The survival rate and the iitinifcr oI'O.sak'.lskii adults thatl emrgCd f'rom surviving elltcare 
shown in fig. 2. I3itenthrin was the most toxic and Blcillhs '/nc1iugIc'nsi the least toixic insecticides. 
'hle Order ofl toxicity was hilFnthriii > mIeviulphos > cyrolatinle > cartap > albaiectirn > prflenol'us 
> B.11111-icu,i.:. toxic While B. I/hu'in.qi.'nsiS wasFor adlths, nieviunllphos and caruap wCre c(iaKlly 
the least toxic (f'ig,. 3). The order ofl, toxicity was mcvilphos = cartap > prcdloicls > iil nthriii > 
abanuectii =cyroit nla/in >BI. civni.u,'. The sticker was nIOtoxic Icadults and its toxicity to P l+= 
was lovCr than My insCcticide inchluded in the test. Bacillu, rhurii'nieLmi.,, was the least toxic to hoth 
adults and puaile. This biological insecticieL i f'requCntly used t contIrol )BM. :\baietin, t present 
the most popular"cheimical F," tie control of l)IM, was relatively less toxic to hoth stages of 0. 
.ikolo'skii. C\ imin/inc is crcquently used tocctclltrol leal miner. This chemical is relatively Safer to 
0.(sokolosi'.Ajiadults hut It tic pulpa. Ncvitphus. an old hroad-slpectunil rgamphcsplhoris 
insecticide, iscf1CeI used in I )BIM comtil. This cheuical ishighly toxic ti the parasite: sc ishil'ntliriiin 
I newly intrcduced synthetic p[yrcthir, id. B. 1lhurin'i'sis.alamnectiii, and cyrcimnaziie seem ti be 
acccltahl lFOr integrated pest lgliealelll1t (IPM) in cruciler. 

http:insectici.IC
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Effect of Storage Temperature and X-ray Irradiation on 
Survival of Oomyzus sokolowskii 

Summary 
Ina study of cflect ol storage temperature aiIcl storage duration on the viability of Oouny,.s 

Skolowskii pupae, we observed much laster loss of ,iability at 0 and I OC than at 5OC. Inl general. 
viability loss increased with tImpIerature and storage duration between 15 andI60 days. The X-ray 
radiatiOn used in airports to inspect baggage did not al'l'cct pupae of Diadegiaviability of 
SCeliclau.siml, Co,.sia pl/lae,1(w adOM \'usskLIski 

Introduction 

Whcn shipping large numbers of parasites abroad, we are often required to store the parasite pupae 
i Ithe t1 

survival of parasites. We either air-freieht or hand-carry the parasites from Taiwan. Air-freighted 
goods arc physically examinediad arc [lot, presulably, subject to X-ray radiation. Ilowever. hand
carried gools. incitiding live specimens, passing through Taiwan's airports utidclgo X-ray irradiation 
wvhetler speciincus arc placed in checked-in luggage, hand-carried briCl'cases, or carried in pCrson. 
Since we frequLenmtly ship parlsiics 1t \'irioIus dCsthlatiotns outside Taiwan, toiiprov efficiency of 
siipinciit, we s.tudiCd tie effect of storage tecmpcraturC atic duration and X-ray irradiation on tIe 

produced dali nutl1 ( ired numir isreaci ed. The storage te inpertat uie an dduciirat ion affects tile 

survival of()0O..kolowski.
 

Materials and Methods 

tIe fi
Ill rst stucly, freshly I'0frCd O)..skolowskii pupae cotil ined in plastic petri dishes, were stored 
at 0, 5, and I '{_ for• 15, 30,45, and 60 clays. At the end of each duration, we moved ulhpaC to 28±2'C 
and recorded tIhe number+of those that emerged into adults. 

Inl the secomd study, fresh pupae of . sokoloiskii, ('u,.sitaylut'lI, aMiL I)iadegma.1emirl1usIIu 
placed ilpctri dishes wcre passed througph all X ray source at tOle Kaolisiung hiliernalioiial Airport hand 
baggage iispection bhel. The duration of" Cxposure of"pup0Ie to X-ray was tlitee ti rues loigcr than 
nlormnally used for1 inspectinig iatdibaggage. The irradiated Pupac were then mailitainecd at 28±20C. 
aildthe inlhr fpplL that eierccl into adults were recorded. 

Results 
Results of effect of1storage temperature ard duration are summarizcd intable 2.Pupae stored at 

0 ald 10 °C lost viability nmuchi faster than those stored at 5°C. Inl general loss of viability increased 
with time at each temperature. 

Table 2. Effect of low temperature and length of storage on the emergence of 
0. sokolowskiiadults 

Temperature Pupae emerged into adults (%) at 
('C) 15 days 30 days 45 days 60 days 
0 91.3 70.7 52.7 34.0 
5 84.7 80.0 87.3 68.7 
10 55.3 37.3 62.7 26.7 

LSD (5%) 13.4 14.1 13.2 13.2 
Data are means of four replicates
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In the X-ray iradialilm study, wVC did not hscrv difference in the ratc pupal emergencean it' 
ilt( adults tr uLpC wCrC I'rtdiatCd ol not. It 1l0t po)ssiblc 
ilei tlftln tIfX-rIa.V radiation I'rom thlairp!orIrt salfl,. The X-ray radial ion at iiirpIlrts are, thus, lot 

considtCd harilul t)parasites and these insects can be safely sent via an airline light. 

whehe the was to0 Ct quan1titativC 

Inundative Release of Cotesia plutellae and a Chrysopid Predator 
for the Control of Diamondback Moth in Lowlands 

Summary 
AtteImptls \\Cre imiaie to control I)IM and otllr cruciC'Lr pests in I\vland aias with inundativC
 

rclceti,St p/il , and aciCi'sfIpid pf)y phagtits preda tor, Ala/dla lba.alis.
,,l,,JX iasite. ('.a 'l/a ,

Cabbae was tranpl'-,anted ti our w,,idely spacCd 0.05-ha parcels in a I ))-hai field. )IM was 
initrtLIiced 2weeks a'trtransplantilig to initiate inltestattiland lalturatl CnemiCs I day later.,alld agaill 
on1Ce -a'h 4,7. It0, 13 weeks aIfter transplanling. Oncc a week, l)BM adult pp()ulatio)n Wasll allId 


itn ittltd bv ',C\ lleih tleMC traps, and larval and pupll cotints h o)hsertvill 5(0 randomlly selected 
plalntls il cth IprcCl. BOth atlidts and imuiliatiirc tsaics l')HN1 were sub tantially less iIllparcels where 
bhth nailtiuril cncllics wrc LSCd. /d/hlwaIba.ta/i.S was less effective than l)1N-sp cii iparasitc C. 
p//a11, fit I)IBNI. was soic synergism bctwccn the t\\o natural eineimies illctittllini There 

:()tI l li n ' I(I IM a
I larac iand pI bI it tt aldilts .Sl/1tlo tera c'. iti,,tt illd Sp O lh'ratlitl' inftested
 
cthba ce duriig tHie sclsitil.
 

Introduction 
,,\lthl iig COl's t/ti'//aC, a.larval piasile i"I)BIM, is wll establishCd in most I(Vtland a'Cas 

itt ripietI tu, subtro()picalz Asia, it d es nt c()ilsistcnltly ctntrodl)IN'M tieie asB,Diale'masntic/aasuni 
o()Cs Ill 1y Cases. C.phtllalt/ )Cctlis in adIiCItlltC ii IIinbcrs tily aftei I) BM Iasin the highL!allds. an 

calscd stibslillIaldlamlave t)1die crop. It is pttssiblc Illatf IlaiSpaI'rasitC (Cs ftt liltillyrapidly ordtoes 
itt lila\'c Iclhlell athcrimatliiht s durimJ tie itC-seasiin and lutist wait lr stibstailtial il flestitioln d'Dl)13M 
liti' its imllIti liciltiitr. A field expcriment wils carried itul at AVRI)C wherein this parasite and I 
cIlA'sPllid atrrltr. Aa//ada /ta.sa/is, were ieleased at regular interva Is '1"tIt lie begin i]ng 1' Ilie crip 
scaitlm t(sludy their ctmilltr-l t)I' !)I3N'l its well its tither cruciF'er lcsts. 

Materials and Methods 
l:'till parcels lil d chat lieasuriig 1.05 Ila, ill IMir coriers of a I())-la AVRIC field, were 

tramlsplamited tw C(illilltl cabl'agC. l-ach planted airea, starlilg F'rtm tralsplating date, was cordmied 
tiff by aI 1.2-ni-hielh nylm net fence. At 1,7,and 13 days al'ter transplainling vc placed l'ir sex 
phlcrtmlilmc traps i\criiight ill c ch parcel t t1()ihtt inine Was Fitnd.the presence o l)BN/Iadulls; 

trtnmi d\'s althr iraiisfliItin.,We iltr)idu'edI((1 pairs it1' l)IIM in each parcel. A day aiter )BM 
iLitrtIdtictiti(. wc iIlltrtlccd (()) C('oh,.ia ill ti-lparcel, 4)00 larvae ttl'A01///a /t.,,a/.sis iil the secoind, 
ant I()()( 'h'sit aid 4)10) NI alada Iltie tIll il parcel. The biiituh p-arcel \, maiiintained asia lcleck. 

'Tlle ilttial cicilieS wCre illtr()dlicCd iaiin ill Identical Iashit 4. 7, It), and 13 weeks al'tcr
tr'aiisfi ii.Llng. Star'tin,,e I weeck al'ter iiatuiral eiieimy release aiid itice a week thtereafter. we placed two,€ 

ID)I1,M sex plie'lmlc mralpsivcrmliglht illeach paicel ald ictrdCd tilit lheittfr I)IM adults llll)pCd. 
SiiltaneCMIsly. We t)bsCrvTd 5(0 cabbagc plalts ilcaech parcel and rccirded I)BM larvac and plip'e 
()I eich plat. %h)iittriig ttl' I)IM c'()ititCd until Ili'Vest. We also recorded occurrence o'other 
Crticiter LCSts duiriilg tIle sctsItIl. 

http:C('oh,.ia
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Results 

'Fhe results of tile)BM infestation illthe check and treatment plots with natural enemies are 

sunimlarized in fig. 4. The number of )IBM adultsn rappedinthe lot where naturll enemies were 

released were substattially less than in the control plot during the f'irst 'Mrohservations. Thc adult 

folulation remained low in subseqtent obscrvations only in plots where (C>exiawas released. In 

Ala//ada pflots, the )BNI adult popilaittion \wits Alahua is not a sp~ecil'ic predatorsimilar to check plots. 
ol, DBN'I as ('tsia is. I lence, it was probahly not ahle to keel )IMN in check. The )BNI lar'vac and 

lupae foulation fo llowed the saMe trend itsthat Of I)BM adIlts. larval and lpul olulation 

increased In Ilots where latutral enemies were released during the last two ohscrviltions. The increase 

was substantlial inl Alh/to plts hut mhuchl less ill (wasia plots. This is bccituse oflthe sfecilicity t" 

('atesia towards I)BNI. At this stage htowever, the cro) wis nearing harvest and the pcsl LaMage did 

not cause ail nolable loss inl quality M"(ulintity Ot cabblage. The redulction1 inl larval and pIIIAl 
foFtilait)i in the check plot duri ng,,_ hbservations is due to tlhe natural occilrrelnce of('C siathe last two 

in that plot. 

Mther inisect Pests presCnt ineltudeC()(idolonil bllotaiS., which ,'Witsobserved at the begCinnng 

l1the selSol, but its inlteslation tapered off at mid-sellSni. ,S/d0/o/hlz e'i.ill and. to a lesser extent. 

,S' lhra lilura wec lFrese it tIiirogliotitt [he season. Alalada bIsli. tIi d n10t seem t(0 Ihave 
significant iiifleice over these insect peSlS. Siice the crop) Wits gro.vn in lour parcels located iasfar 

apart as possil'Ie, soil Icrtility liiay have differed sullstantially. 'Therefore, we did iiot cMt pa'e yields. 

Inl ulture tests we will increase fretluellcy o f iatural enemy release early inl the season to fprcvCnt 
buildup t other pests. sfeci fic iioniiisecticidal measures sucl as sex plieorione and possibly virus 
f'or ialrmyworin contro0l Will be adol)led. 
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Fig. 4. 	 Population of DBM adults (upper) and larvae and pupae (lower) in the control and 
plots with Cotesia and Mallada (Transplanting date: 6 October) 
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Crucifer Pathology 

A DNA-Based Assay to Detect Xanthomonas campestrispv. campestris 

Summary 
One clone (1pXC233), contai ningt a 2.9-Kb insert o"Xalnotlumas 'awinpestrvis pv. canpestriv


(Xcc) )NA, Was idlntified at the Washingtn Stalte Iniversity-Pluyallul as having suilable
 
charactristics COr use in the devCelollllet o iapolyllcri se chain reaCtion (PCR) assay. The 
NA 
sqcucnce oF the 2.9-Kh insert has blien determined and used to gI erate oligonucleolide prilers For 
lPCR testing. The Spciticity of'primers 4 and 14, 4 alnd 5,and 5 and 16 were tested using genomie

I)NAs CxlraclCd Fromn1 crncilcr leaves showing hMack rot
125 strains isolated troln symptomis in 
'aiwall.The pathooenicily, l cach straill Wa det1orlllincd by inoculatiing cahha"c Seedlings. Onehundredc and tenl patho>c,nic Xc.c_anid onle nonp~athogenic ,strain were PClR-positi ve. Twvelve pathogenic 

i Strains wereXc adtWO lOnpaltllocic PClZ-11eeiativc. 

Introduction 

Aa,\,I1holo/las clin.'trixpv. c(anpestij (Xcc),the causal agent ol'black rot, is perhaps the illost 
sciOLuS ipIhoge ol'.rucieL'rs worldwidC, It ilttacks all cultivatcd cruci Fe's. Al'tcr entering through ihe 
h'dalthodCs al tlheC Ial argins ol through wounds, tle bacicria colonize the vascular tissue and llove 
raplidly through thle vascular sN'stcillwhell telleratures excccd 25'C'. Invasion of tihe f'lowering
stalks ICis to il'ctiin Flthe sCL. Since XcC is seedholno, with no0 reliablC sCCd ll'0ltlllltnto 
ClrdicatC it. it is civ inlotllant to have iptllhoCn-Itreeo seeds IOr disease Control. Thus, a reliable and 
Ceficint sCCL dtcClionll tlod is re(quired. 

Culrrclt assavs lor delccl;n this pithogeln involvcs the isolatio andiclturigl ,tthacteiia trolmll" 

sCeL waSheS fol owed hy paiilhgenicity testinig otlsuspecl colonie 21 . These are time-consuming and 
nlot ',cry scnsitive. A tast. scnsitivc, and Specitic assay incorporating lpolylil.,irsc chain reaction was 
thus dCvClold. 

T'vcntv-onle onllollnuclcolide prinlmers gencratedwere 'on pXC233, a clone isolated frotin a 
gcnonic I)NA lihrary o thc neopalhotype stralil and with sulfTicicnit spCciicity to iitholgenic XcC 
strails. Three pairs olprimcrs (5and 1,4 and 14,and 4 and 5)have shown promise ampli ying )NAs
iromlpilt ogenic Strains of' Xec. This study further teslcd the specil'icity of these thIcc prinler pairs 
IoMrdetccling palh~lgelnic strains 0t' XCc hy coMpiring tilersCults o"lilhogcnity tests. 

Williams, P.H. 1980. Black rot: A continuing threat to world crucifers. Plant Disease 64(8):736-742. 
Schaad, N.W. 1989. Detection of Xanthomonas campestris pv. campestris. p. 68-75 In: Detection of
bacteria inseed and other planting material. Saettler, A.W., Schaad, N.W., and Roth, D.A. (ed.). American 
Phytopathological Society, St. Paul, MN, USA. 
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Materials and Methods 

Bacterial strains and oligonucleotide primers 

A total o ' 125 strains isolated 'rom crticiferous leaves itn Taiwan showing black rot symptoms 
wCrC used in this study. li inunIncleotide primers no. 4, 5, 14, and 16 were providCd by Dr. R.Al ine 
of Washington State Unliversity-Puvalhlu RcsCat'ch and ExtClsion Center. 

Genomic DNA isolation 

Baciteri it were .rown ovctill t in nutriCnt broth at 3°C, harvcstcl, washed twice, and 'CsuslCended 
inl TEN tffler ( U0mM Tris, p141, I mM EI)TA, I0UmM NaCI). The bacterial sUspelision was 
inicubated at 50C 'Or I It with proteinase K aid ,I)S at final concCntrations ofl(. 15 ig/mli and I(, 
respectively. Plhclol and~l chlorlo rm01extractions were pet'rft'rme'lt'd and the DNA was precipitated by 
iSol)o0yl alcohlol anid aiml iuml acclatc. The pellet was \vashCd ill Cthanol, dried aLiid disst]lOlvCd il 
waler 

PCR amplification and gel electrophoresis 

PCR amplification of' DNA was done ill the PC-1()1) programmiable Thernal Controller (M.l 
Research, IC.). Individual PCR samples (25 1.11)contained Ix PCR buffer (1RI.), 1.5 mIM MgCI, 
O3RW .), 2(0 pI of each NTPl (liroiega), (0.8 lpM ol 'ach primer. template I)NA, and 0.5 unil Taq 
DNA polyierase 1BRI .). Templatc DNA was initially dcnatu red in the thermal controller at 95°C I'or 

" 30 sec. The potlyiuiiase was added at 05 . Each reaction was overlaid with 25 [tl I mineral oil. 
TwClniy-livC P('R cyclcs ol denattiralion at 95"C for 3) sec, primicr aicalin I'or 3) sec at 0()6C ( For1 
primers 5/I (), 57"( for primers 4/14), or 58"C fo*r primers 4/5), aid )NA cxtcnlii il 72( l'or I 
1/2 miin were done after ihc inilial dCllllttrtioll. The Sililcs were cooled to 4"C altcr a I'inal tcp ol 
72"C I'Or 5 min. (cl tracking dye (2.5 ph was dlelCd directly to0 citdh rect.ioll tlbC, and Id)1l thl'he 
'ectioln iittLres wleCeClcCtrophorcscd at 50 vIts using, 1'3 agarose gel in ).5x "131. The gels were 
stained with Cthidiunil hromlicle and photlgraplhed with a Polaroid MP4 Camera System using 667 
Polaroid Iilill. 

Pathogenicity tests 

Ei ehl- to tCe-tay-lmd cabbage (Brassiaoler'neaVill'. 'apilata) seedlings were inloculatCd With 
bacterii by cttlling olie cotyledon frot each plant and applying bacteria to the wound ising aicolton 
swab. Ten plniits cach were inoculoated with each straill. Seedlings were incula+tCd il a roI\vl chllbffer 
it 12 h-day pluhtmo an0ciid i known22 1-28C (ight-day ). For each assay, i set olconltrol isolates wih 
reai.ctiols w'r incluCLd. Thece Controls arc: a highly and ioderalely virulent blick rot isolate (Xcc); 
all avirulclt isolate (Xc): and anl isolate o ,lX tllihtliol la, Ical'liot \'.c pv. arinl+ra'ija, which is closely 
related to ,Xc. Plants were ratcd oit a 0-9 disease seveity scale 2 wcks after inoculation: 0, pllt 
hcahlty; 1, slight vaLcllir dakeni at the inoculation site: 3, vascular darkeiing Cvilcit inl stcM: 5, 
one ir llll'C IrnC caves with indtlistinlct black rot like lcsion; 7, well-developed typical black rot lesion; 
9, plaill nearly dead or dead. The lisCase sevC'itv ilCx (I)1) was catltculatLd eci'h blactlrial strailIlr 
is f'ollows: 

(No. plants in class ( x 0) + ...... + (No. platlls in class 9 x 9) 

Total ntlbllr i" Iplants 

Based oit the I)SI the virtulence ol bacterial strains can l classified into five categories: 0-I = 

avirulenl; 1-3 = weakly virulent; 3-6= m1oirately viirulent; 6-, = virulent; 8-9 = highly virulent. 
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Results and Discussion 

PCR tests 

Bacterial gcnom ic I)NAs were extracted from 125 strains isolated from cruci feIous leaves in 
Taiwan showing black rot symptoms. The spccificity of'three pairs ol'primers (5and 16, 4 and 14, and 
4 and 5) were tested. To suminlarie, 14 strains showed no ampificl'ation1 product lSillg any of thesc 
primer pairs. The other I IIslrains were amplified using all pairs of primers. 

Pathogenicity tests 
To see if tile PCR results match the results of traditional pathogenicity tests, 8-to 10-day-old 

cabbage seedlings wcre in(ocuited with bacteria as described in Materials and Methods. The fllts 
were rated and tiledisease severity index was calculated 2 weeks afcr inoculation. ()iehundred and 
twelnty-two strains were patlogenic Xcc and most of them either hilIy\' virulent or virtlent.were 
Three stallins wcrc nonpatthogenic. l'wo of thell (Xcc43 alnd 103) wcre yellow andImucoid on 523 
mcdia and were ablc to hydroly.,c starch. The other (Xcc 1(8-I )was isolated f'ro alstored cuIture ;IInd 
was yCllow but lot mucoid on 523 iediit. Lven thoughLIlI bacteria were isolatehd from diseased 
crucifer Iclaves, there is still itchalce oflicking up sonc epiplhytic Xc wIhich look just like Xec oiagar 
media. XCc I08-I lmay be aspontanetous mta',nt inthe storeI.l culltl'C (ortle stored culIture was 11t pLIfC 
nMugh at thei eginnin. Since XCc pditidces a t10(I'fextracCllt~lr fpolysaeharides, it is easy to have 

mixed culture stored without knowing it. It is necessary to repiri fy the Iacteria several times after 
isolating rluidiseased phlt tissue. 

Correlation between PCR and pathogenicity tests 
:or' most ofI* tilestrains, the IPCR results match the pathogenicity test results. I)NAs from 12 

pthgcnic."slrains cannot be amplilicd by any 01 tilethree primer Sets. This could be due to sotlle 
de.letion or ipIln lutitions ini the re.gioll so that primers cannot alneal to tie )NAs. Actually, four 
of tlleillvere found to have a 400-60)) bp deletion at tilcinternal Banl I I site and vere probably lt 
sailme srlainl baIsed on restriction Iregmnt,..lenglh polymorphism (1R,1tI palterns (R. Aline, personal 
cWilmt ictimi ). The other strains need to be further analyCd to see if they all have deletion in that 
recgion. [cii of, these strains wre',. isolated flrm cablbaes in the central llu)lntatinous itie-ilill
''aiwan. 
The other t,,o strailis werc isolated 'rom kohlrthi in another ccntral mountainous irea. There is a 
possibility thit the first I()strain. were idCntical M'thie bacteri in the,ini litain area were soleh,ow
different from tllose ill indthe hlow arel. The noupatfogcnic but P('R-positive strain maylie a real 
Cxccpti)o to0 these primers. The tests need to be repeated to make sure that this strain is really PCR
positi ve butl nt[iatho.enic. Bliscd on these results. I)CR is recolmmlCnded s a substittC tiiditional 
plant palthtgclicity lssil to detect pathogenic XCc. 
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Eggplant Breeding 

Observation and Evaluation of Eggplant Cultivars and Germplasm 

Summary 

A total o9 1 eggplant entries, including 2 commercial varieties, 32 handraces, and 57 germpnlasnil 

accessionls, were sownr in Auigust 1993 and ev,.ahited in the field. The twO commercial lines and soIC 

landraccs from China and India pervred very well: they represented 8 o1 the top 20 yielders. The 

yields of the top 20 yiehers iiaged front 40.7 to 59.9 I/ha with an average of 46.7 t/ha. Almong the 

top 10 yieLdcrs, only two varieties had cylindrical frtlit. 

A large diversity in yield and hortiuulal charaicteristics was observed. Cylindrical fruit type and 

'een iltid purple Colors were the pledtllillallt shape and colols. The u bIl"er ofbacl' heslllIC,ralnged front 

5 to I I per plant. More than 731; Of the eltriCs natured ill 73-95 days after transplanting (1)AT). The 

ncan marketable yield was 30.7 t/ha. Varieties with good ho0rticuturlal traits, such as e'CCt plant type, 

less bianches, early matumity, and others, were identified and will be evaluated in future elite variety 
trial+s and used in breeding programIs. 

Introduction 

Iiggplant (So/tinmnuchoige ln) is widely grow inirttropical and subtropical areas. According to 

the 1993 FA() Production Yearb-ook, Asia has tie largest eggphlat p)'0tLctiOi area, which is mo0re than 
9()'7 tf tie wo'erld prodction area, and X617 India nlotuImltced f the world iwoduclion (data I'lol 

inclded). TO date.. AVRI)C's eggplant gem'platsnm collections is comnprised of 1807 accessions, 
ic ldiig 89t accessitms ofSrn / ic/on t,,ens and oltther 42 Solamnm species. The olbservation trial 

(OT) aimed to: (I) identify pIre ising varieties for I'Lt'e evaluatlio and testing; (2) del'ine desirabl, 

genotypes and ptstumlate for tropical lowland cultivation: and (3) look for genetic malerials to be used 

in the eggplait hiCeding prtIJects. 

Materials and Methods 

Au observation trial consisting 01'91 entries vas cotducted in 1993-94. Tie entries included 32 

landraces. 2 commercial hybrids, and 57 gernplasn accessions from AVRI)C. Sceds were sOwn on 

13 August 1993 and seedlinigs trarnsplhnted to tie field on 7 Septenher 1993. Single-row plantinig was 
applied on eachl bed (phl). Spacirig was 1.5 i between rows and 0.5 il hetwecn plants. There were 

12 plants in each plOt wk'itllot replicatiois. 
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il,, Culttiral proetice \,is i.s,_ ,.i lii'thIt I a laru ro c c dwlt,,i b, trilterN'lw10 i L-u',lailt
 
pnlcduetiwn. Cheniti,,, ',veto >,prat,,+d v,hen iinc,'c,,ar\. Frut~ \,\ ele hI;Ir".le,..,u. v,..cl- I\t~mc',nt 1e,,,rctit \,,
 

\,vcc,.+s,,,frt mi l]',\ C ) II I h()lr(ler p ,, t licight. III] IIIher(d hlirm chu,,, I ]Icllr r.h+lu t-SIC lt! l s . Pl>n t 'ilc'tc.ri,,I ict., 

Minii lirtit lltIitV v\CIr , t teVu ircii (,)tIu.tlit\ traits v\ rc c,.,iluatd b\ A\'RI)(",, A.., ivti i 

Results and Discussion 

l)iersit (I' vollevtiins..\ ,rIc,it l,,ritv i fruitt I tItaeColor,I'tuilfruit ,i/c. pla1nt tlypc. idlii
 
nunii elr M! ,r,r ir'e \,I" ln,cr', ei Inllth tr181 I tall II-niii. I l e i.liiirlin;l l Iille
rfln eltries hadI 
diic So) lhil iren [',I r rtint ,+et~ci*i.". elItri ,' 'ies dMii llt, trk iL. Arnloiilh Ih) ,, pli teIld. nine related wild , 


rtlt...\ilt r , the tther lrI_ l itld ,ltie ,. 1111ll ndrac'c and ,c'rnll ' were pill+
,,itll aCcNi i, ,+ Fr ,an.i 

itd 1,C\,e' l t; ll,,1L C ,r C A el,) erhlu s. 

Table 1. Diversity of color and fruit shape among 82 varieties of eggplants, 1993 OTa 

Color Cylinder Oval Teardrop Novelty Total 
Purple 31 8 5 0 44 
Green 16 18 9 2 45 
White 2 2 0 3 7 
Total 49 28 14 5 96! 

Planting dates: sowing: i3 August 1993; transplanting: 7 September 1993 
Total no. of varieties was not 82 because some impure ones had several fruit shapes and colors 

Plant tpus, lPlant,, \ ,trie.'dl a Ill eIleelie. pl,1nl IT i ll. LIi fill illernI brdniithu,, l'i1tt heiight 
t \%1b1a l'iU. he11C hil h icit,tstrIIeiicd Irlt i ,'L) 154 e_m. it1,l il I I',:; (+111 I ).A rwtMitli MI -thiird 0 t e ltliC 

itl the (11nI1()-1211 m. I ll\ in IC., hi ulIeS 1,i a (hd trail in ec'pIant bcI use it eilib tue tii 
rIuLCi pLiting e ,sts. ( )III\ thire cltrie,s ilid less tita ,i\ brat lies pe,r pluill IhIi. I ). M il,"tlluau hill 
nil the ttil eirtrie, rdiL,.d 1,\ kt e1iit bral'i el,,. 

. attirit.Si\1%Ceiri ic',r r ,. v, iihn11 l).\T (lie. I ). Th c tarlicst eitr, vi',P.P. lhmi lti 
lfih tai \%h,h ti l,i k .7t l,i\ ,: 'IS 7-, il itttir i in 1-t da\ ,. Thehu . %ild spCciCs i lMnt liriit v, litit 
tl , triil ,\ Ai eLtiC . 

Ntmlwtr of l'rttit J)pTr p11it. lhuitributinri tiitir ilf ruit per pliltt is sli',wi it . I . Patt 
Satrit Itimi pird ,almosit 72 lruit./pLint. It hid iiark I)itiC and SitrI ,iMidiiCiI"LillIi,.ii; clcc S101 t e 
sriitIbie lor 'ai,.r w;ipur )r1we,,iin._.pirii tr,, ().2 l'rnits/pllnt. A'\Lrc prpriln wIthe entries 

htld less tht .11 truits/pi t. 

lrtit ,+,ightt. Fruit v.cieiits 'I th: 82 entries raited Irwin I rl'crat lrwiir Nialasia tow 17 e 
l( ir,-ra lI rwin (ihir r I ah r;ite lrn , citht was I IX , . ,iitwii all eltries. IX. 23. :mi 33;' 

Il te riC e titRidl i r, it eieirt,, ii th .'i ,..' tee llli ( ' . '50- 2. ail I1()()- 15 11. repLe'li \Civ. ,\ Lii ,wI 
Alieetis'e iriril1t ilV, Ciii rit si/C rii ijiriblr wIl lriit per piil. lhe lar-er thte fruit. the iess 
lire rIirll r 1I rt Ip r llt. 

Fruit alit,,, )r r t i sr r a d l l 2 eiitrius 
I)r\, mattcr (.ed (.2 . \titha it' . ssitli 

I nilicl ). c'teillClts wIdie .Cie ;al,,n tCertiinIICL. 
1twri to 2 1A' wIlX . Kapal. wsil 'lsnailrtlit. cwntaitil 

the ri-he,t I AsI. \% tilleiie lU(hiih.it are lailic. had the l)NI l2< .liia t-lrntil t Bnnth 
siltri atird I ler cltIIlts \;tid 5, d kl'. The dilti util ( nil tMil tidlibr I' wliteltS ri iiC Irw ll 4. ( 

tw) 4.,Y ; and . ;i[ 28.2';. repeetil\. ll itit i , i'itis cl\ crreLilcd %. i ie:i enultclt (r= 
0).710)11but il'i'lti ,..l\lSi\ iltuthsuIein c ' iI -01.7511). A ieC tis Cec'realini hc c cllwe'ar
 

Itnl iiber cw lterit \. is i-l Iriu ldI ,he iti'lu initicanit (I - -0.79) I.
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Fig. 1. Distribution of horticultural characteristics among 82 entries of eggplant 

Yield. Hle yicld distribltlioll o1,i2 Cntries is givell in fig. I.F ive cntrics, i.C.,Chu SnLI Chich, PLusit 
Kmant, "Feng oi('hich, (Ching-1ho-pan, Illd Piilt Rlilrai, iiOLCCL N'iCld higlhi- thall () i/ha (table 
2).The lowchl\'iwltwas imluy M acocallll, which also had Ile least Il1n1mlbLri hol-nit iCriplant. 
Man ,ield was 30.7 i/li: "'l;of the 82 cntries ViClld in r1 ihln 30)tha. 

Overall perl'oriiance. [hc iuolictillturail ciiaeters and y'iclds ol'thc toil 20 cli'tis arc sihlwn in 
tabic 2. Thesc 2(0 clrie's hlad a high acrac yield of 1-4.7 /ia. comliparedi to thc total ivirac of 30.7 
i/ai i". I ).ThCsC hi-h-vicldinl, vie_'tie's hald m1ilin hruit wecllit f[13(, and naltred 86 I)AT. Figlht 
oftile t(op I()vIlders hmad [Ime ICtrdm)or OVitlI'ruishape. 'lhc adaptatiomiamid sti lily oi IIhse high

vieldime valictus wi 11hC Iurlicr testc d il elite varicty trials Illvaloi'InS ScisoilS. 



Table 2. Horticultural characters and yields of top 20 varieties of eggplant, 1993 OT" 

Variety name Plant No. of DTF DTM Fruit Fruit size Fruit Mkt. 
height branches color' shape wt L W L/W no./ yield 

(cm) (g) (cm) (cm) plant (t/ha) 
Chu Szu Chieh 89 7.0 35 86 GP TD 189 17.1 6.8 2.5 23.8 59.9 
Pusa Kranti 117 10.3 35 84 DP TD 140 11.1 5.5 2.0 30.0 55.9 
Teng Pao Chieh 111 6.1 35 77 DP 0 229 9.6 6.8 1.4 17.4 53.2 
Ching-ho-,Jao 106 6.0 41 76 GW 0 317 9.5 8.4 1.1 12.2 51.6 
Pant Rituraj 109 9.1 27 82 DP 0 183 7.8 7.7 1.0 208 50.7 
Fu-chien Long 91 7.5 41 85 DP C 101 20.8 3.7 5.6 35.8 48.4 
TS 79 107 6.8 41 89 W C 196 16.4 5.9 2.8 18.2 47.5 
TS 10 121 6.1 35 92 DP -ID 211 16.6 7.0 2.4 16.4 46.1 
TaniaF 121 7.8 35 89 DP 0 298 12.5 7.6 1.6 11.6 46.1 
TS 110' 118 7.7 41 88 DP TD 164 12.6 6.2 2.0 22.2 45.5 
TS95 111 7.1 41 91 G TD 219 15.1 6.8 2.2 15.4 45.1 
Agora F, 117 7.0 41 85 DP TID 251 12.2 6.5 1.9 13.2 44.1 
TS 120 111 7.6 41 90 GW TD 108 lu.9 5.8 1.9 30.4 43.9 
PantSamrat 115 9.0 35 86 DP C 46 12.1 3.0 4.1 71.8 43.6 
TS 75 113 6.6 35 94 G C 129 2f,.7 3.6 7.1 25.0 42.9 
Yao Khaew 116 8.7 49 99 G C 133 21.8 3.4 6.5 24.2 42.9 
Pusa Purple Long 99 10.7 35 77 DRB C 74 16.6 2.8 5.9 43.8 42.9 
P.P. Long 95 10.1 35 73 DRB C 74 15.7 2.9 5.4 43.0 42.7 
Uttara 114 8.8 35 89 LP C 58 12.9 4.0 3.2 52.4 40.8 
Pai Chieh TZu 118 7.1 37 86 DP C 150 21.0 5.2 4.0 20.4 40.7 
Mean 110 7.9 37 86 163 14.9 5.5 3.2 27.4 46.7 

Planting dates: sowing: 13 August 1993; transplanting: 7September 1993 
Fruit color: DP: dark purple; DRB: dark red brown; G: green; GP: green with purple stripes; GW: green with 
white stripes; LP: light purple; W: white 
Fruit shape: C: cylindrical; 0: oval; TD: teardrop 

The two commcrcial hylrids and some landraccs trofli Chitin and India peri'0rm vey'N' well and 
represented of the top 20 vicldcrs. Two Chinese varieties, Teng Pao Chich and Ching-ho-pao, 
cx hibited carly naturity (76-77 I)AT) and also produced high yiclds ot'iorc than 50 ti/ha. Sonicentries 
with good horticulturall trailts were identilied and are listed in tahble 3.They will ihe observcd inl tutarc 
trials and used in the lrceding picct. 

Table 3. 	 Promising entries for some horticultural traits from 1993-94 eggplant 
observation trial 

Trait Genotype 
Erect plant type Yao Khaew, Jan, Cruz, Taso Hung, Duen Ho, TS 124 
Fewer branches TS 117, White Round, Ching-ho-pao, Teng Pao Chieh 
Early maturity P.P. Long, Ching-ho-pao, Teng Pao Chieh, New Hsih, KT 4 
High yield potential Chu Szu Chieh, Pusa Kranti, Teng Pao Chieh, Ching-ho-pao, Pant Rituraj 
High no. of fruit/plant Pant Samrat, Nurki, TS 76, Lai, Terong Keul, Uttara, TS 80 
Large fruit Ching-ho-pao, Tania F1 , New Hsin, Tzu Yuan, Islam Puri, Agora F1 
Small fruit Perat, TS 78, Bulat Keul, Telunjuk, Terong Kecil, TS 53, TS 80 
Processing fruit type Pant Samrat, KT 4, Nurki, Kopek Putih 
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Elite Variety Trial 

Summary 
Promising entries from observational trials were selected and tested inelite variety trials (EVTs) 

to confirm their adaptation and yield stability. In 1993-94, three EVTs were condncted in Splririg and 
SloimeIllICr. Unnl'tuna(ely, the 1994 stlnmImer FVT flailed becanse of typhoons and heavy rain. 

The IVT ent ries were grnl0.ed into cylindrical and teardrop fruit types. Signi ficant dilffcerncCs 
iii marketable yilds were found in each trial. In the 1993 trial, mean marketable yields were 20.8 and 
21.1 t/ha fo cylindrical and tearcdol'p fruit, respectively. Fie yields olthe 1994 trial were much higher 
with averaces o)f 48.8 and 49.4 t/ha frIl both fruit types, respectively. 'I'S 33 (cylindrical type) 
perftrmed consistentlv well ill both trials. Marketable yields were highly significantly correlted with 
ntmuber ot'br'ches, days to1rimtnrity, and tinibero flriit per plrit. On the other hand, th1e corrclation 
between nlmber ofl"frnit and fruit w\eight was significantly negative. 

Introduction 

The obtjective oflV'F is to test tie adaptation and yield stability ol'selected entries froni tlie OT. 
Selected entries are ,oservedin a replicated explerimental design in diffet'rent cropping seasons, mainly 
inI spring, snrtnIeI aid autunn. In 1993-94, Illree EVis were coiducted in spring 1993, and spring 

tild sunLnCr 1994. Fit'ies of tihe spring 1993 trial were selected front the 1992-93 ()T, while those 
of ilte spring and stiutner 1t994 trials were frotii slble yiCldcrs ot the 1993 spring FVT and 1993-94 
)T. Util'ortunarely, tile 1994 sUnnier EVT failed becautse of typhoons. 

Materials and Methods 

BtcaIsC Of the diver sity of eggplant plant type, fruit shape, arid fruit color, priorities are set to 
select entries t'r I.VFs. I'rrple fruit color is the first priority and fruit shape is the second. Only 
cylindrical and teardrop frttit types are selected. Tile selection criteria used are high and stable yield, 
crect plant type, less branches, disease resistance tbacterial wilt, plioniopsis blight, and others), and 
pest resistance (Nclrh as fruit and shoot borers). L.ocal varieties l'rom Taiwa, were inChclded as checks. 

,In the 1993 lI-'T 17 cvlindrical truit enttreus arid 22 teardtop cntries werc sown oil 30 March and 
transplanted oi 30 April. For the 1994 IVTs, 17 cylindrical and 17 teardrop fruit type eltries were 
included. The 1994 "prin I+VT was sown on 4 Februtary and transplanted on 15 March. Tile 1994 
surriier trial was ,owioll 3 N'lMay and transplanted on 31 May. The cultutt'al practices arid field layout 
used l'r the ITV'I',s were the salme as those for tie OTs except that each entry had foiur replications. 

Results and Discussion 

1993 spring 'IT.The dillfCirences ill marketable yields were significant aritnoig entries within 
the trial. For cylinidrical fr'uit type, tile highest yield ot' 38.5 /i/ha was given by TS 2, a sinall fruit type 
suitable 1'0r proCcesSillg (table 4). ()iita IF', which was selected b)eca.LtSC Of its CeCeneSs, had the lowest 
yield of 8.7 t/ha. The nicari yield and fruit weicht were 20.8 t/hia and 92.2 g, respectively. The malln 
yield of the 22 tcartidrop type nitries was 2 1.2 t/iha, slightly higher than the cylindrical type (table 5). 
Marketable yields ranged frorn 6.9 to 41.7 I/ha. Fruit weight ranged fromi 134 to 321 g with a me1can 
o11245 g which was lmutlC.h higher thanil tlti t'the cylindrical type. Ill gCli'al, teardrop fruit entries had 
less numLber ot'brancihes and a i'gen'"t' il,hut less ntulnlbcrl" irtrit per illanit thi cylindrical frlit types. 

http:grnl0.ed


77 Fi lgla!1t l reedinu 

Table 4. Horticultural characters and yield of top 5 cylindrical eggplant entries, 1993 
and 1994 spring EVT 

Trial/Variety Plant No. of Days to Fruit No. of Mkt. 
height 
(cm) 

branches maturity Weight 
(g) 

L 
(cm) 

W 
(cm) 

LAN fruit/ 
plant 

yield 
(t/ha) 

1993 spring 
TS 2 97 6.5 93 40 8.7 4.0 2.2 73.0 38.5 
TS 33 90 6.8 95 154 18.1 4.8 3.8 17.7 36.2 
Uttara 97 7.7 94 45 8.6 4.0 2.1 51.5 30.4 
Sufala 77 6.0 86 58 17.0 2.8 6.1 34.7 26.6 
Ichiban PU F, 86 6.5 80 113 17.8 4.2 4.4 14.9 22.5 
Mean of 17 var. 83 5.5 84 92 15.3 3.7 4.4 22.7 20.8 
LSD (5%) 6 0.7 4 13 2.2 0.7 0.6 7.9 4.1 
CV (%) 5 9.0 3 10 9.9 12.6 9.7 24.4 13.9 

1994 spring' 
Daikokuden F, 101 4.8 81 134 12.5 4.6 2.7 33.0 58.4 
TS 24 116 6.8 88 146 16.4 4.1 4.1 28.3 54.2 
TS 33 111 6.2 90 133 16.0 4.4 3.7 30.5 53.4 
P.P. Long 94 6.8 80 81 16.8 3.4 5.0 49.4 53.4 
Shanshi Naga F, 93 4.2 81 100 14.2 4.0 3.6 40.2 53.1 
Mean of 17 var. 109 5.8 87 132 16.8 3.e 4.5 33.5 48.8 
LSD (5%) 8 0.9 3 14 2.0 0.5 0.5 7.8 9.3 
CV (%) 5 11.2 3 9 8.3 8.6 8.6 16.3 13.4 

Planting dates: sowing 30 March; transplanting 30 April 
Planting dates: sowing 4 February; transplanting 15 March 

Table 5. 	Horticultural characters and yield of top 5teardrop eggplant entries, 1993 
and 1994 spring EVT 

Trial/Variety Plant No. of Days to Fruit No. of Mkt. 
height branches maturity Weight L W L/W fruit/ yield 
(cm) (g) (cm) (cm) plant (t/ha) 

1993 spring, 
Othello F, 89 6.1 94 321 10.8 9.2 1.3 9.8 41.7 
Oria F, 125 6.9 95 306 11.6 7.5 1.6 8.4 34.0 
Bonesa F, 110 6.2 90 246 12.0 7.6 1.6 10.0 32.9 
Fontana F, 120 7.1 96 314 11.8 8.2 1.4 8.0 32.4 
Queen of Sheba F, 123 6.6 89 355 12.1 8.0 1.5 6.7 31.5 
Mean of 22 var. 105 5.7 86 245 10.9 6.7 1.7 6.7 21.2 
LSD (5%) 9 0.8 6 41 1.2 0.7 0.2 2.6 7.4 
CV (%) 6 10.4 5 12 8.0 7.8 8.1 27.6 24.7 

1994 spring' 
Agora F, 116 5.9 87 285 10.9 7.2 1.5 16.1 61.0 
Galine 131 5.4 83 275 8.7 7.1 1.2 16.6 60.3 
Tania F, 120 6.0 86 304 9.9 7.1 1.4 14.7 59.5 
Edna F, 134 5.4 89 257 10.9 7.4 1.5 17.0 56.4 
Pusa Kranti 116 6.9 85 160 11.4 5.8 2.0 26.0 55.2 
Mean of 17 var. 129 5.7 88 269 9.8 7.0 1.4 14.4 49.4 
LSD (5%) 10 0.8 4 34 1.5 0.9 0.1 3.5 8.5 
CV (%) 6 10.3 3 9 10.4 9.5 5.8 16.9 12.0 
Planting dates: sowing 30 March; *ransplanting30 April
Planting dates: sowing 4 February; transplanting 15 March 
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niarketahle yicls I'r thec.:vlindrical anti tCardrop typeCs were 58.4 
aind 601 l/ha. 31.7 tihL (tahIcs 4 and 5), rclspcctivcly. Irilt wcights of 

1994 spring EVT.'le iiigihc,t 
.) antl iic ho,Csl y'iclds 38.8 ilndl 

,oi IoI6 L,-IthcyiidriCai typC rlill,-t! troi t' ItcardropI i.types rangetI froii 100 l 7L,.NilllhcrotiLi'ui 
pIr plaiI differcd lir,_'clv hcts ucCIh lthewo itp',,.('\'lindrilal frn1it rLioduCC naerage ofl33.5tI'C's 1 iiVa 
I'rit. win C ICaidrlo run ltype,pimiiitt'( lil a llevall t0o fruiI.i o ' 14.4 

('ollpille t'rie" , ill [hlI.ulnlhICr. of fruilt p r plailt anid linarkt,'labicviltlsiL'IC SiniCludC'd 
,hillr 	 wias tlife toIbcler j)lilll ti-owtllin tlhe ]Q94 ITVI w'c all ithall in liei9 l3.H'lhi	 and Crop 

II itI ' il 1X.I niix ll I [lItnI well inhloth trials. 
FlrI1L' to.% il eik.'ld )( 1:1 I ItltnI I:1 and llCSia 1:1wCrc stI ah . but 
ilfilllitL liC'l l. AloII I I 'C\ li ndrical cii'i>. 33 peI l t t si 

I toillrisC,. IIL' o )thelhlo ( )-, 1.I , 

, 
,c'hll!_'L'k ihC ad ilion of 'olllw Ilie\Ihicir lalnkilin cio' (h) CnIlIC". 

'latitnilkili'lyi ,ll\tC Iliilketibl itldiw siCili Iiediis' cOirt'iAttLi Witi l rillit c 

hIiltiC'CS. dli,hi li ilirit ,aiInI iiiinibt'r of'll it rul "plailt i able 6).. Ill lircc iiIg. ICss bIrait'ilIing is 

irtCfctiCd hT'taIIc it C'illtrililtC, to lcssprullilig, cost. I Iowc'vcr, \ihen IIIIIlleCrloflbr'hiiclies decreases, 

il ie'lt illi,,hl decrcase is \wCll. Nulilbcr 0) fruit per planll Wis ltlilltl to he itcLiiVClN' coTrrelalcd 1( 

29). lilclrailg tilIII ol runi the fruit size is Ilh 

kcN' Iictor to icicifle the icltio iitt i l \'ariet'v. 

fruit wvcielit (Ir-= .7 	 iIii1i' per plaiilt but inallia litn"a 

Table 6. 	 Correlation coefficients and probability between some horticultural 
characteristics of eggplant 

Plant height No. of Days to Fruit No. of fruit/plant Mkt. 
branches maturity weight yield 

Plant height 0.385", 0.581 " 0.086 0.094 0.206 
No. of branches 0.584" -0.065 0.457" 0.742" 
Days to maturity - 0.165 0.541"- 0.648" 
Fruit weight - 0.729* -0.110 
No. of fruit/plant 0.660" 

Planting dates: sowing: 30 March 1993; transplanting: 30 April 1993; N = 68 
'significant at 5% level; **significant at 1% level 

Effects of Pruning on Yield, Number of Fruit per Plant, and Fruit Weight 

Summary 

rl'ulill! atnoi tiC1eliation are ci11l1101 cultural pt'aticCs adoptICd by eggplant growe's ii Taiwan 

to pruitihce strait anllulliunitrom coloreti fruit. Thcsc practices are very costly. oI'slitly tihe ec'l'ects of' 

prinill I yiclti iIiilIbcr of fruit per plantl, ant I'ilit USiine lo ilictiCS waswcight, an1cxpcritllClnt ur 

contiuicll it il-Ifloi sprini 	 tile lateral shiols hclow h lioeill l9.IPruning was t(le (nll 

.itllllh.l the fii-Sh lsli Ihe in icill.I'llte iei 

RI,siiit, of t' ill N snis o liviriail'c jiiltilol thal Ihe cff'Ct ol piutiiln1 was highly sigiflica'lit 'or 

yield and 0, 1 ri literactinl betwCen lulling aniti vlt' oiI' yieldi wasilllilc.ir pC'r plait alIo 

sinlfitcainl. Yit'ld tleu''i.Cs Of I I-25,; illetci hypruing were osbClvcd auil11 the i,it1- vui'ictics.ias 	 b' 


Priillii, Ith'LuiiCCL 10-20'a less fruit pcr pillt than tile clnltrol. ('oiit.ri1g tie thic andlIeraililCll 

labolr ots involved ini priullillpg lhispractice is lilt rccomllleilddI lo'. 1gpanlllt tlliatuliln untIder' 

AVRI)(" contlit Wns. 
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Introduction 

TIic long cylindricll and glossy purlC eggpIllant type isthe only type that Taiwanese constmerIs 
prefI'r'. TO ipdLuICe long and str++ai_.itfruit, they should he bornC at least 3(fcm abovCgMind. To 
cnhance unif'or lruit 'Color,dCl'fliailtion increaCise ie lilllIt ofl'sIlliglht1 must be done. periodically Ito 
on the hut not stl'0el,1 to cause snscal. runined aiid a1C thlsfruit surflce, Cnotugh dltoliat ion 
comino0Ily practiced 1' laricrs. These. practicCs arC Vsry costly)' hCcausS LaboK ISLluite CXpCnsi+v in 
"i,ian. Aln CXpIctiIment Wis condlucted to study the f l'fccts andof lrnilng On yield, l1nmber of fIrtit, 
truil wei..ht. The fealsihility otisingz this practice in qgplant cultivation at ,VI)( was investieated. 

Materials and Methods 

Four vi trietics, including two each ot the cylindrical and te(Iardrop uLit Wsre chosen for thctypCs. 
experinicilt. Filch varicty hIas two trea.ttnesnts: p)rItning and nop)lruililng (Control ).The experiment was 
tsplit-plot w++ith pruging 'or the maui plot ald vtrietics for the suhplot Ircatnments with foulr 
rCplicaItions. Flach SuhtrttInlICent conttined two-row plots with 24 pflants per plot. Spacing \vas 1.5 in 
betweenl rows nlld.5 ni betweell plants. There wr two lborder rows Ctwecn eatch IllnliftI)IOt. The 
bordcr row iiext to the pl'lling trcattlllcilt was also piltlllc(. 

Seesl wCIs Oii Ill 9 Mar-ch antd secdllil ,stransplanted on I I April. 'i'lie First Iiiiin,.., w ,is done 
oil 18 Maty h++, ust unlder tic first bi lutc;atio ()iothe main stem.remnovin,.u lateral shoots hlow tlie olne 
PCriodical rinllvoafl of ltteral shoots ,wiasallso practiced. A 1.2-in hanoo stick wais Stuck heside the 
plant. Along th elgl,es of tlc pruned heds, sticks were also stuck and nylon ropcs evre tied oiI top of' 
the sticks along the Cdge to Suppl+Ior't the droopling t'itniin,- sleiis. (Other"cultural lpractices uscd were 
basCd on Ile armers 'tOLIIction. Flruit wCr harvcstedstandard procdlures adopted by l' 1thegpllnlt 
wcckly for () days until tlhe plants wCr Lstroyed by typ~hoons. Yield, nubLelr o"f'ruit per plnt, and 
fruit wei eht weure calculated. 

Results and Discussion 

Analysis o1fvariance for the split-plot experimental design indicated thai pruning signilicantly 
affected yield ald nmLIfI~hr fI'ruit l'plant. lowever, pruning had no significant ellect onl fruit veight 

1
 reduced yields of lte 
was ist I6-26'/ 'ruits/plait cotIparCd to 

(tahle 7). llinr Ig Olmr eggplant varieties hy I -251/(. Nubl'1r oFF''ruit rp'r rplant 
I'e.duced si gui fi cantly by . lruned Othello F, PllCduiced 9.5

12.9 ortthe unI[uned. Iteraction between prfIinningand variety For Id visldas Iso sigi'ificant. Pin. tng 

its
Il.01ii Wit,a thmSt tffe'scted ',ariCty' while lFpic FIwas tle liastla'ffcted one. Fruit weight ol'all lItlr 
varieties did nOt differ widllv bet,eeii pruiit treatments because expericticcd w+orkers harvested 
fruit itthe il2it st u . 

Table 7. Yield, number of fruit per plant, and fruit weight of eggplant as affected by pruning, 
Yield (t/ha) _......No.of fruit/plant Fruit wt (g) 

Variety Pb UPb P UP P UP 
Shanshi Naga F1 42.8 54.8 31.4 39.7 102 104 
Epic F, 38.9 43.5 12.0 14.3 243 229 
Pingtung Long 32.3 42.8 19.0 24.3 128 133 
Othello F, 39.1 49.5 9.5 12.9 310 297 
Mean 38.3 47.6 18.0 22.8 196 191 
F test' P * p*" pI 

V.. V.. V" 
PxV" PxVns PxV1s 

Planting dates: sowing: 3March 1994; transplanting: 11 April 1994
Treatment: P=pruned, with 3main branches left; UP =unpruned; date of pruning: 18 May 1994
 
P= pruning, V =variety; *,**=significant difference at 5%, 1%level, ns =not significant
 

http:str++ai_.it
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Pruning slightly enhanced plant and growith. Regard less ol'the variety. the meuan plant heightgro 
n11d length wevr 11( cm and 14.(0 cI ill the.pruned plots compared to 103 Cm and 13.X ciii, 

respectively, in the unn'prtuled plots. Yield is positively corrclatld to mer oI ranchCs Mid nuLtmber 
of*I'tui per plant (iiitormlli derived I'r1(1I FVTs. lPruine decrea'dsCd yield aId increased laohr cost, 
ild hLIs, it is lot recommended IOr c lllt cultivation at A'v R)C. 

Crosses and Generation Advance 

ween vM 
bacterial wilt rcsistance (I3Wl) (table X). Pedigree selections 0l I(F, tpoiplationIs are be.i IL colceL 
in the 'icld Cor high yvield, earliilCss. eCIt llit ty ,,, anod 0d ho0rticultural traits. ["or-incorporation 
of WR, I(IF, populations Were screenCd inl the greenhouse IOr rCsistance to the discasc. 'hc selectcd 
resistant plants are being .row n Ill the ield four flurlher evaluatiot anod selctiM. In add(ition. 15 diallel 

A total of' 122 crosses were bet\C p With Idsirabhl 1rticuittrall traits Or with 

I.I cro()ssCs Were dCvehluoped to study the eCIlCtiCS oi"resistance to bacterial wilt. 

Table 8. Crosses developed in 1993-94 in the eggplant improvement project 

Objectives of crosses No. of crosses 

1. Development of breeding varieties/lines with erect plant type, earliness, 37 
and good horticultural traits 

2. Incorporation of bacterial wilt resistance 85 
3. Genetics of resistance to P. solanacearum 15 

Determination of Natural Outcrossing Rate 

Summary 

The ntural ute'trossilig ratC ill COgL t was dCter-mineCd iln eICxperiment Using a 11rce-steiiimcd 
variety, 'S 501. and a pimrple-stcinedl varicty, Slim Jim. Plants of 'VS 5613 were grown inl the field 
suirutnded by plants ol' Slim .1iiii.Scds harvested 'rom 'IS 5613 were gerilitid ini the greeilhiousC 
and the hypIocotyI co[I r (I' seedllings was examiined. The result indicated that the natural outCossiIg 
rate ill ei'gplat it AVRI)C fields was 2.71;M. ()n the olther hand, only 0.)57( outcrossing was delected 
in plants cmuelrcd will screen its. 

Introduction 

MatogaNIMoS specics. It is normally sell'-pollitMed. The amount o1 ntMiral cross
pollimationi may vary delpend(.i ng oil ,gentype, location, nd ilisCct activities. (;Cneic reCnironmniCital 

iiiodil'icatim ol'stigmlma position can also atf1ct the degree o'crtoss-plhination. 1.ong-styled ind shot'[

styled IoVi's are clmmonl ly 'und in eggplant. Thi hig-h rate olcrossing1 poses prnillIis in .;sl'iiig 
inhbreding and nai ntai . iuggttic purity o1 varietiCs inl seed podtliOcli ald brCling,2 P+Igmrus. 
Furthermore, a successfl breeding-p~iria le' cos.sinlllg 1t0" the 

Ilggphlt is an M 

ml y uireC the determinatiom of"rattcs o 
particular aiea where it will be conducted. This study, therel'ore, investigated the percentage t 
otitcrossing i l lie I'ieId b, uIsing" hIypocotyl color as a marker. 



81 glt'plai Breeding 

Materials and Methods 

In e-pIait. tile gene expressing i purple hyptcotyl is dominant. ThIs, the pUrple hyplocotyl was 
used ;is a imarker to deterinel tIle re'uteICrossiug in the ield. To determine the natural outcrossing 
rate ol c.eplat. two)varieties. 'S 5613 and Sli inJin, weyre used inlthis experiment. TS 5613 has green 
hVpcoty,'ls iind StCIss, while Slim .lim1has purplC 'oneS. 

'IS 5613 and Slim .Jim were sown onm19 kihuaryv. Seedllings were transplanted to the field on 2 
March. Spacino, used was 1.5 Inbeiclen ims and planits. SlimIl in was planted in1(odd iw()\\,s and I'S 
5613 in even rmvs. The vreen-steinined 'TS 5613 \was surTudeld by iprplC-stCumed Slim .im1.When 
Slim .1i1in was ill full hlssom. frul mind lhwcrs ofl'1'S 5013 pl'mits ill (otl ow weie removed. Five of" 
the plaits were then covCrcd with screcni nets. The screcn Iet avis1.5 Il l(og x 1.5 Ill w%ide X 1.5 Ill 
high aMid there vas onlV oIne T,'; 5011 plait in each screen iiet. Miaturi fruit wva s hlarvested fromn+ both 
opln fild ald net-covCred 'I'S 5611 plants. Collected seeds r both Sourccs were siilIlo in a 
g icc tlIut sern 24 Atlgust. Tv) weeks after sowing. tie hypocotyl colors of seedli igs were exami ned 
and the omtrolssing rate was calculted. 

Results and Discussion 

I"peri)CI1til 'eSulits sho,.ved that tclier very car'ef'ul observation, pirplC hypocotyl was a failrly 
CCII'ItC iarker If0r identifying tile outcrossed progenies at tie seedling stage. Under open fie.ld 

coatitis. , total of 261 outlt Of 9534 seedlings had PilC hypocotyl, which indicated that tile 
see_'cdlings were pr(dncCd f(rmtecrossed seeds ofI 'rS 5011. On the other hand, only 2 olt of' 4328 
,Codlin,'+ were found to( be otCI'trossCd under sce'con-net covered Plaiits. The Istults Sltowed lhat tile 
naturlal utlcrossilg rate of eggpllant in an (opC field with a sptcing of 1.5 ill was 2.7, (table 9). When 
plalntS were covCrCd with screen nets, tie ()ltcl()ssill ate ws only ).051/ Thlus, tiseuse ol'screen nets 
iSreconmiCnndLd to0p1mnlotC inbreeding and sCCl i-rouIctiom inl the field. 

Table 9. Outcrossing rate of eggplant when grown in screen nets and in open field at 
AVRDC, spring 1994 

Category Open field Screen net 
Total no. of seedlings 9534 4328 
No. of seedlings with purple hypocotyl 261 2 
No. of seedlings with green hypocotyl 9273 4326 
Outcrossing rate (%) 2.74 0.05 

Identification of Sources of Resistance to Bacterial Wilt 

Summary 

Six batches of eggplants, includirig one hatch of 19 comiercial varieties, two batches of 
gcnfplaism accessions from AVRI)C's GRSU, and three batches of gerniphsmn froll India, were 
screelled for1lrcsistance to bacterial wilt (13W) inl the greerihouse. No rcsislmntce was found along the 
comiterciitl varieties. Among time 76 accessions from GRSIJ. 24 were classified as resistait and 3 
accssinis. 'TS 3, S6),A (Pale Green). and 1'S 89, showed oIwI It syniptonis. Twelve ofl'the 95 Indian 
.'ermplatsnl acccssions apelqt-rcd to have t high level +.'Lightflresisiance accessions. Arka Nidhi, Arka 
Kehav/ Arka Neelkantha., 13- I 1313-44, 1313-49, FI) 49, aMid Surya., hild no symfptoms. 
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A field screening trial fOr I3W was CollductCLd inI Late SummerI11c1. F)ty-nine"selectcld lcceSSiolS 
which were screened for1. BWR in thc erCel I eie grown in the disase ILd (pIrepared byilte Plant 
Pathology Unit. Among the 49 acccssions, 8 had highlr'esistallc le\'els with less than I(01; disease 
index ()1). Six v,.rietics. TS 36. Troneg [.tlap. I'S 75, 1lijau Bcsar, !['citnii I lijau Kcil. and lerong 
I-li jaiIexhibitedcon'()sistcnt resislance to 1W in btlh gru'M'lIhtse and field sc'Cnings. Incontrast, eight 
resistant accessions sho\ed eitr moderate Iesistalce or lloLdetleia slsceptibility in the field. The 
inconsistent results In resistance screening ofl sOliC of the IccessiOnIs Will he reUxamined in 1995. 

Introduction 

13atc teIal Wili. caiiseCL by l S0etl t0as , (Ta'lr,,. is iIIpu't anlt disease inl lggLIlatit.solo anii 

prOdtictiti. The disease was identified as oIne' lfthe mlost imp11+ortant diseases in our survey of vegetable 
researchers inlAsia. Yied losses (f'5(0'/ were obscrved in the J.S., and higher losses of 75-8 I'/ and 
50- 1())(;, wcre rcportcd in India and IhdOe:;id. The pMthogen can survive in thie Soil in areas with mild 
to warml climiates (or years, thus this disease is a serious constraint in the subtropics and tl'opics. 
Identifying SoLIIcS o rc'ICstiStaiile and breediI g frl' rCsistan+ce are major focuses of'the center's eggplant
breedi negiri''tlil 

Materials and Methods 

Commerciail varieties. In 1993, a total of"47 commercial varieties were evaluated for resistance 
tio 1W. The results ' ir28 v'aricties had been iIcl uded in the AVRI)C I993 FProgress Repor.t The otiher 
19 varieties, along with 2 check varieties, were sown on 27 August .nd itIoculated on 29 Septembetr 
1993.
 

Germplasm collection from (;RSu. In 1994, 76 eggplait accessions from the GIRS U collection 
weC' sceled 1or" resistance to 13W. The first 38 accessions were sown onl _8 JuliC and inoculatCd ot 
28 ily. The scCond 38 iccessions were sown on1 16 <\lgUSt id inoculated Onl 16 Septelbher. l'wo 
tither varieties, 'S5611 and Blonn'. were used as the resistant and tlie stiscept i l checks. respectively. 

Gernnplasm collection from India. The screening for resistance of')5 accessions collected fn'11 
India was done ill three hatches. The three sowing dates were 26 April. 14 hu, Mnd 12 August; ilild 

the inochtiatine (fates wcre 24 May, 13 July, and 13 Scpteniber, respectively. The two check varieties 
were also includedd inl eichi batch. 

ixlperimental design. SCds were sown in 7.5-cm plastic piits inthe grecn mse. The Cx peri ntial 
design used was R' 1A) with three replications. I-ach replicaion contained 15 plants (puts). 

Iloculailo.ion,. liiocilalioi vis done by cotubining iot ,wounding and soil dfrelclhilng. Rots were 
wounded by culling wilh it knife and then 3(01nl! of P. solnacearuit (strain PSS97) inoculumI was 
poLIured O the soil. The coticcn'tration of the inocuiluin wils ( bmcterial cells/iiil. After inoculation, 
the media were kept moist ind tempcraltu's were iaiitaintied at >25(. Rccords were taken every 
other 2 days OIlthe tl oflsyiiiptOnil itpCaraiicc until plt deith iid experiients were tcrminLated 
30 days after inoculation (I)AI). )iseasc readin.+was the samie as fori"93, hut the grouiping of BW 
reaction was sligitly different from last year's. 'line variety with a )l less than I(( was classilicd as 
resistant (l) I0-2011(, moderately suscCtiblC (NIs); id mloiemoiiideratcly resistant (MR), 2()-4()/', M 
than 40(11,, stiSCcptil-C (S). 
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Field screening trial. A fiheld scrccning trial for I3WI was conductcd inl late Summer. Folrty-ninic 
selected accessions Irom all tih lour 13W iaction grloups had hCCn sc'rCCnCd flor rcsisllce in the 
crCCnhoctS trials. Seeds werc sown onIl I AluuSt Inl tI' greenhosM C and ranpllSedItI to the diseased 
hield prelired Iy tele Plant Patllihloy Unit. I lowcvcr. the tlyploils il .htily-AiguSt lCstr1'OyCd the 

ociiled tomaitonhl pltsil."l'hicrelore, Fw Cathe pallthogcnl distriniition Wis not eVCn, and ol, yi I'Cv%'ggilll
 
,,howed smpllltolms. Arli Ficial inocilulilt [w( a ine ii 3, ()c1'ltoercy' eIA),'Cutline1
lots anid dhrchillgwith 
2)) ml ilnoculti+/plhllat. The Concentration was I( bacterial celis/inl. I)iscase riealill was the Same 
d-, Fr the crCellhiousc:oCrvationls wer ended at 77 I)AI (the Ii'St inoculaltioln, i.e., trsll anSlhllting). 

Results and Discussion 

('o nile rciall varieties.'[here esisynt viety among011i I9enll'iCS scr'eneL in I993. Thewas no the 
)1 I'licel Io'm0l (' t0 i ()t); with i Incan oF -J(m . ie lovest DI)ul'68/, was shown byIPatch Bulat, 

\%hich was ialso classil led is suiscepu1tiblC. I lowever, So varictics Ilave od yield poItetials ot good 
holrticiltulral traitls aiid ile_ included i lr I'.VE Thus, the iipro\llilt of their resistance to BW is 

Gerillp)aill collectiol'lfioi G RSIJ. Tlmere were sloiiC iCSiSi/It aeCeSSuimliS I'illd ill the iR,11 
"ccrllpla"Ill collection. Ill the first hatch. sCvCl :lucss>ious were classified is resistant and 'I'S 89 

Iihmwed tmlsilli lli s at all (tahhle I0). Ill the secolld Slrcriii., s llalln a 6accessilons had I)1 cqual 
'I' (TS 

icstiiallt accicn,,slll were mainly olletcd Ioill Indonesia, Niala sia, and ihailand. 

or Ie, (haii I(Y;9.adT 3 and Pale ('CCll \ t wer\ iceCI'i'i wilt syllptollis (tilile Il). These 

(;lnlhin colletihn Ifron India. Amng the95 accessionscollect d inm India. 12 appeared 
1i ha\ve a ii21 ,el t resisanceSitail H Ile II. Illht accessions showed no wilt synptollms: Aitka Nidhli,
A\rka Ix~eha v. ,A\rka,Nee'lkanltha. I+1- II 913-44-, B13-4t). l1p49. an Sii',+glya. The r'cn'irliniig eXpeCri lientls+ 

alC ol,.1,till1 ill the clo\VIl room11. 

Field screening trial. Alii ig the 49 entries. eiehlt had lilch rcsistance levels with )I less than 
IW; (I(iieLhidine,(, I'S 36, Tcrong I .alp, "I'S 75, Hi jante rCiSaiit chCk TS 5693, tahle 12). Six entries, 
klesar, Teimne, I limm Kecil, and TI'o'g I lijim (TIS 5613, the resistant cliheck) showed consistent 
rCsislinc ill hoth greenhouse and ield. In Contrast, Cight resistant eni'ies ('rom cllholliise 

resistant or moerately,,eieliic v'ere either illoderately h iuctihle or slsCepltiblc in the ield. 

'lhe iliconliseint results night he altliultecl to Iaclors Such is elv,rinllital challces ct\Ci 
c-1reCenlouMs anld ield. crowlh i fernce'CS Of ilasill,, ind llnOtypic dif. eienes within the accessiln. 
Thee d i Ireic iillhi haveinill'lunctled the dCreC ollSCii.CeiihiliIV otleh accessiollsi. The expeiimcnt 
will he repeateCL in I99., ilid the resistance of the resistant accessio ls will he confirled using a Soil 
dreilchiilc with root-stvering Method. Ill adilditLi, 'asculiar disCeIooratin, FILISA, and selective 
neCdiuil will be Clliyed to characterizc resistanlce. 
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Table 10. 	 Disease indices and percentage of nonsymptomatic plants of resistant eggplant 
germplasm collections of GRSU inoculated with Pseudomonas solanacearum PSS97a 

Acc. no. Variety Disease Index, Nonsymptomatic Bacterial wilt 
(%) plants (%) reaction. 

First batcha 
TS 7 MTE2 7 89 R 
TS 55 Terong Lalap 1 98 R 
TS 60B Pale Green 15 82 MR 
TS 61 Hijau 12 84 MR 
TS 66 Marukan 0 96 R 
TS 69 Gelatik 13 87 MR 
TS 88 Ihijau 7 93 R 
TS 89 0 100 R 
TS 91 Hijau Besar 7 93 R 
TS 103B Terung Hijau Kecil 4 96 R 
TS 56B Terong Hijau (Rck) 5 96 R 
S 120 Bonne (S ck) 98 0 S 
Mean 41.9 
CV 33.2 
LSD (5%) 22.7 

Second batch, 
TS 3 0 100 R 
TS 12 Manggol 9 77 R 
TS 15 Bulat Keul 17 52 MR 
TS 36 3 87 R 
TS 38 Sarikel var. 7 91 R 
TS 43 Dayak 1 96 R 

TS 46 1 96 R 
TS 47A 1 96 R 
TS 56A Terong Hijau 11 82 MR 
TS 59 Terong Putih 10 80 R 
TS 60A Pale Green 0 100 R 
TS 74 14 80 MR 
TS 75 4 89 R 
TS 76 7 84 R 
TS 77 7 82 R 
TS 79 10 85 R 
TS 81 2 91 R 
TS 82 12 87 MR 
TS 85 Hijau 4 91 R 
TS 90 1 96 R 
TS 56B Terong Hijau (R ck) 1 98 R 
S 120 Bonne (S ck) 98 0 S 
Mean 29.4 
CV 26.2 
LSD (5%) 12.5 

Planting dates: first batch: sowing, 28 June; inoculation, 28 July; second batch; sowing, 16 August; inoculation, 
16 September 
Disease index = (Yjix i)/(N x i,,,) where n = no. of plants, i = 0-5, i ,, = 5, N = total plants tested 

R = D% less than 10%; MR = 10-20%; MS = 20-40%; S = more than 40% 
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Table 11. 	 Disease indices and percentage of nonsymptomatic plants of resistant eggplant
accessions from India inoculated with Pseudomonas solanacearum PSS97 for 30 daysa 

Batch no. Ace. no. Variety Disease indexb (%) Nonsymptomatic plants (%)
Batch 1 1 Arka Nidhi 	 0 100 

2 Arka Kesha" 0 100 
4 Arka Neelkantha 0 100 
6 BB-1 0 	 100 
8 BB-49 0 100 
9 EP49 0 	 100 

15 Green Long 1 	 99 
21 SM6-6 2 	 98Batch 2 141 Surya 0 	 100

Batch 3 11 BB-44 0 100 
10 BB-13-1 10 90 

7 BB2 9 91
Planting dates: batch 1: sowing, 26 April; inoculating, 24 May; batch 2: sowing, 14 June; inoculating, 13 July;
batch 3: sowing, 12 August; inoculating, 13 September
Disease index = (Y nx i)/(N x i,.,) where n = no. of plants, i = 0-5, i_,, = 5, N = total plants tested 

Table 12. 	 Disease indices and percentage of nonsymptomatic plants of resistant eggplant
accessions inoculated with Pseudomonas solanacearum PSS97 or showing
different reactions at field and greenhouse screeninga 

Acc. no. Variety Disease index', Nonsyrnptomatic Bacterial wilt reaction,: 
(N) plants (%) Field Greenhouse,


S 014 Slim Jim 11 
 81 MR RS 026 M701 FI 33 56 MS

S 030 Senguro No. 2F, 51 47 

R
 
S MR 

S038 Masumi F, 	 45 44 S MR
S 042 Daikokuden F, 61 33 S MSS 116 Ma-su 	 17 58 MR S
S 117 Pingtung Long 42 37 S MR
TS 1 11 61 MR MS
TS 7 MTE 2 13 78 MR R
TS 15 12 80 MR MR
TS 33 12 70 MR MS
TS 36 2 94 R

TS 55 Terong Lalap 

R
 
4 92 R


TS 56A Terong Hijau 21 72 
R
 

MS MR
TS 60A Pale Green 45 47 S R
TS 61 Hijau 	 18 81 MR MRTS 63 87 6 S R
TS 64 Jackpot 	 16 67 MR MS
TS 66 Marukan 24 70 	 RMS
TS 74 Bulat Keul 4 89 R MRTS 75 4 83 R RTS 82 2 89 R MR

TS 87 Glatik 10 
 86 MR S
TS 88 lhijau 	 28 64 MS RTS 89A 10 78 
 MR R
TS 89B 27 67 
 MS R
TS 91 Hijau Besar 3 97 R RTS 103B Terung Hijau Kecil 5 92 R R
TS 119 10 78

TS 56B Terong Hijau (R ck) 	

MR 
8 89 R R

S120 Bonne (S ck) 94 3 S S 
Mean 40.6 
CV 29.6 
LSD (5%) 19.5 
. Planting dates: sowing, 1August; 1st inoculation, 7 September; 2nd inoculation: 13 October 
b Disease index = (._n x i)/(N x i,.,) where n = no. of plants, i = 0-5, i ,, = 5, N = total plants tested 

R = DI% less than10%; MR = 10-20%; MS = 20-40%; S = more than 40% 
From the results of the previous greenhouse screening 
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Inoculum Concentration, Seedling Age, and Bacterial Wilt Severity 

Summary 

Experiments \yere desigced and coMducted to study the CfftCcS O"f inoculuiii concCntration and 

sCedling agemon the bacterial wilt scvertly of rCsi;talt and susceptible eggplant vatreties. Susceptibility 

to 13W decreased ill resistant varietis as the secdling ave increased from 20 to 4) days. InI tile 

susceptiblc Ionnc variety, there was no sig I' icant decrease in suSCCptibility with increase in seedling 

aC. l)CcrCasiii2 the ilOcUlhinli conccntration I'loll I0 to 10" cells/mIl did not decrease [he disease 

severity on 2)-to 40-day-old seedlings o" 13onne. I lowevcl', it did decrease disease indices of' thC 

m1dCrately resitSanil variCtV, Pingtungl ong, and the resistant variety. TS 5613, wheii seedlings weie 

20-3) days old. 

Introduction 

The technique i'Or 13W resistance screening for eggplants at AVRDC was derived lroml that used 

forIomlato. The inoculunI concentraiion of' I) cells/mI is LsLd for toniat and pcpcr at AVRI)C. The 

rcspolnse of eggplaits to this cmncentration was fine in tile precedi ng screening trials. Ilowever, the 

effect of' iiioculunn conceiltration On disease dCvClhpiniCltin eggplant is unknowvn. ( )in the other hand, 

resistance to diseases in somc c;ops soieutimeuCs iiicrease ,'licnI the plants grov o)lde. u('rentl'., 3D

day-old seedlings arc used I' screening: the followving 3(t days arc set aside for"sy iptoiml observaltion. 

BW sCvCrity i eggi plant at di ffercl ages a1SlsolCds to be stuidied. I'iiivestigilw tile cffect of'imocu luir 

comcentratiorl and seedling age on he 13h\V severity o resistant and susceptible eggplalt varielies. aii 

Cxperimen waits contduLtcteL inl Sumlller. The experiment airmed to dcvelop the metost clfectivc screening 

technique large tnLmbers of plats uder geCCnhousC conditions.Io'r" 

Materials and Methods 

Three varieties. TS 5 11 (a resistant valiety). lBonne (a susceptile variety), and Pingltlng ILong 

(a imoderately resislant variety) were selected forw this study. Scds of tile three varieties were sovn 

at 10-day intervils oil 3. 13. and 23 hime, respectively. Seedliiigs vcrc inocuLtLed on 13 .luly when they 

were 20. 3(0. and 40 days od. The I'..olamu'arm, illoctillull wis prepared by the Plant Pathology 

Unit in two concentrations: 1(" and I(t0 cells/mil. Each variety received six treatments of diffe,rcnt 

comlbinations, i.e.. the three difterent aces o'01seedliucs were inoculated with two inoclhlnl 

conccntrations. The tolal (f I t'eatmlents were arranced ill RCI3I) with three replicatiois. .ach 

I'eplication containCd 15 plants. The ethod ofinocuilation and disease reading were the same as those 

for the screeninc trials. 

Results and Discussion 

The different inoctlilalio methods were not compiired. I-HmWvcr, soil drelchilg with rot

severing shoved fairly good diffCrentiatioi between resislant and susceptible plants. A decrease in 

1he iiiOctlinl coIncCnlrali I'rol I0 to I0" cells/nIl did not affect disease severity on 21)-to 41)-day

old seedlings of' Bonne and 41)-day-old TS 5613 and Pingttmng I ong. I however, it did decrease tile 

disease severity in 2)-to 31)-day-old TS 5613 and Pingtung Long. 
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SnsLcptihi lity)' 13W decreased in both the rcsistiint TS 5613 and thiiIloderit-Ielv resistant PingtUng
I1.1mg as the seeding age increased from 20 o 4() days (lie. 2). There were no signiflicant di l'crnces 
in the snISccptihlc Bonne iII this aigC range. According to the results, tile) ol all tlrcc varilics cihnot sieni IcaIV diletr whCn seedlings wcrc 20-3)0 davs old. Ilowcver, tatnre plant resistance was 
obelrCld ()tt olllderately resistant v.iarllics. Ilnonlltion ol 30-dav-old cgglplantthC r'sitiln and 


eCCdIliiL'Ns ing eit tim Wsith a c ncctrattl lsti "(Peell s/iil a goctd nat1e
cave relative levels
of resistatt. ""oelletivCly' mass-scrCCn 13W resistance, a \Ottner seedling2 ac tighlt he tIsed in 
I'tIMIrC arihrvI't 	sof 
 hrCCdin- progrimis. Anitlier reconfirmation trial is 
ottni tl timeihcgrcnhtlsc.
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Fig. 2. 	Effects of seedling age and pathogen concentration on the
screening for bacterial wilt resistance ineggplant 

Seed Distribution 
The Eggplant Breeding Unit distrilted 193 seed samples to 24 countries and territories,

including Belize, Camhodia, China, FIlhiopia, Ghana, India, Jordan, Kenya, Korea, Laos. Liheria,
Malawi, Mozanmbique, Naribia, Nigeria.IPhilippines, Seychelles, Sigatoka, Sri Lanka, Tanzania,
Taiwan, Uganda, Vietnam, and West Africa. So lam, no feedback has been received. 
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Eggplant Entomology 

Control of Eggplant Fruit and Shootborer 

Summary 

Our sitrvcy of1vegetable researchers in Asia has identified cggplant fruit and shoot horer, 

li.st(iltel itsihe most destructive pest ) eggplant. A pest 1110oh"oring studyLe'tinod's orbo 
resulted in the liscovCry of a arvat palasitc, Irihomus sito'ns (Ihlmgren)that attacks Leucinodes in 

the held. We will Cxplore its utility Ii 1995. We are now dcvcloping itsimplei ss-rearing pl'ccdttrc, 

A sex pheromone blend nviich could aid in monitoring the incidCncc Of this pest is bCing tested in 

Bangltdcsh. PhililplinCs. alIndTivwan. Afterwc Sttct'Td ill insect mass retring, our research on several 

fronts Will he expanIded. 

Introduction 

Since eggplant is arelatively new crop Ifor AVR)C, wC condtctCd atslrvCy ill 1993-94 ofnational 

program scientists iti Asia --where 701/ of' the world's cggplant is grown - to find 0ttt major insect 

pests. The results oftIle survey arC sutmmarized in table I. Aimong the lozciAsian cotutries sttrvcycd, 

except 'or 1Indoncsia ;tnd Malaysia. all countries considered the eggplant fruit and shoot borcr, 
pest. Species of'ii'inotudt'sorhbolulis GtICIt&c (XlpidojptCra: PyralidaC), itsthe Imost destrtctive 

the first or second imlost important in live countries. Among theEpil-']mu betics were mentioned its 
other insect pests cited, none was important itl more than three cotuntries. Ill vicv.' ofltllc survey results, 

AVRIDC's cnttnological research thrust fr Cggplant dtring the next few yeat's will be conlfiled to 

the control of, the Cggplilt fruit antd shoot hrer or Leu'inudes. 

Ongoing research 

l)tnilig 19(94 wC conductcd an exhaustive survey of literature on this pest. So far, we were able 

to find over 350 citations on this pest. The lion's share of this itblication volume comes from India 

- 293 of 351 publications, Most of tile research, thus, is conducted in India where this pest is 

onle of the top tlec economically imlportant insect pests. Unfortunately a tlarge portionc)lsidelrcd its 
A' the past and current research in Asia. particularly in SoLuth Asit, has bcen devoted to chemical 

cotltrol (table 2). Very scanty information exists oil biology, ecology, and hiologic:il control. As it 

to dcvClop)tlintcgratCd pest tianagelietnt (IPM ) prt.icct Forrestlt. initially at least, it will he di eitCUlt 
this pest. Sotne (ftle ational progratl reseatch l tneedsto betrdir'cctCd to develop alternative cotntrol 

nlcasittl'C , ht reduCC tile CxccssivC dCenlenc ott Chcmical ittacCticidCs. Countrics in South Asia llavc 

voted to include l.i'cinode "as a targt pest tor collhtbrativc research to be 'undCd, hopeCfully, by the 

Asian Development Bank. starting ilearly 1996. 
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Table 1. Important insect pests, of eggplant in Asia 
Cou try Priority 

Pakistan 


India 


Sri Lanka 


Nepal 


Bangladesh 


Thailand 


Malaysia 


Indonesia 


Philippines 


Cambodia' 


Laos' 


Vietnam 


Eggplant fruit &shoot borer = 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

Pests 

Eggplant fruit & shoot borer 
Epilachna beetles 
Eggplant fruit & shoot borer 
Epilachna beetles 
Eggplant fruit & shoot borer 
Green peach aphid 
Eggplant fruit & shoot borer 
Epi!achna beetles 
Eggplant fruit & shoot borer 
Cotton leafhopper 
Eggplant fruit & shoot borer 
Thrips flavus 
Thrips palmi 
Epilachna beetles 
Epilachna beetles 
Green peach aphid 
Eggplant fruit & shoot borer 
Cotton leafhopper 
Eggplant fruit &shoot borer 
Thrips palmi 
Eggplant fruit &shoot borer 
Fruitfly 
Eggplant fruit & shoot borer 
Green peach aphid 

Leucinodes orbonalis; Epilachna beetles = E. vigintioctopunctata, 
E. duodecastigma, E. indica; cotton leafhopper = Amrasca biguttula biguttula; fruitfly = Bactrocera 
latifrons; green peach aphid = Myzus persicae
Information for Cambodia and Laos are based on ACIAR survey 

Table 2. Publications on various aspects of Leucinodes 
Topic 

Occurrence 
Biology 
Ecology 
Physiology 
Taxonomy 
Damage 
Alternate hosts 
Mass rearing 
Sex pheromone 
Biological control 
Host-plant resistance 
Chemical control 
General 

No. papers 

15 
19 
14 
4 
3 

13 
9 
4 
5 

22 
63 

153 
42 



90 AVRDC 1994 Progress Report 

L(I'I'W,';/,S Occurs in all Cuntttries of1Southeast Asia inludIing China and Japan, South Asia, 
Saudi Arabia. and(] all countrics in AfTrca hord.rin the Indian Ocean. This pest is also f'ound in Zaire, 
Ghana, Burundi, Cartlrootl. Niecria, Sierra .eone, and Ucanda in Alrica. 

len'ino,,.%lys on tegplhnt leaves and itoalat. larvac hor 'ruit i'lfruits]v. in teuler shoot or 
are l'OrrIrd. Ltarvae lCd concealed inside thle Shoot Or fruit. 'The presence ofI t larva in the shoot is 
indicated 1w fresh lrass at the hle itmade inl that plant part. L.+ater the portion olthc Shoot distal to the 
larval Cntry hole wi It's. The' presence o' tle insect in the ruit can be ICtctd '1ythe larval entry hole 
wohich i's usually plugged hy friss. After f'eedine." 'ull-grown larva pupates in the soil. Because Of the 
concealed nmte ofl' larval and pupal stages, this insect is dilicult to control b'y couIvCutional means 
such a, insecticide tlpplieatio. I hossever, du," to the lack ofl suitable practical and el'cti\' control 
rmeasures, 'arlcrs sli.' insecticideto control this pest. ( )ur sUrveyv inl tile Philippiies and lai wanl 
show that I'ulrierIs Spray up to 5() tsecticide sprays per croppino. season ol'5- munths. This pesticide 
Misuse has rCSultCd in rCsur-ence of other pests such as Ihrip/mx p;/mi. 

In 1994. \wc llollitol'd the incidence ol lits pest at AVRI)C hw planting .ggplant once atilltoith 
and rCcordingL, tie uLiIhcr 01' plauts dar;iue.d once every 2 weeks. We flicintluv' visited the C'hinan 
Branch Station oi' Kaolisitim 1)AIS and the National lolytechntic ('ollege., hoth located inPhiittrl 
'inttIltg ('OMv ', to osherv tile insect daIIdtn il the sothern ipart of Taiwan where Illost o, tihe 

eggpldiht is cultivated. This insect Occurs praci.callv throuiiout the year. but its ilfestation is rathcr 
low, wilh IM-15'4 plants exhibilitng dlamage symptoims. Insect incidence vill increase at AVRI)C as 
the arla undereg-pl;nt experiments increase, ,,willt little. )uirine the monitoring, exercise at AVRID)C. 
we touind a new h,, tun' lpterus wasp parasite which was identified ats lii/.,o., si(i'.s hI loingrCn ). 
A llaxiIIlmm l.Y,; A)o/'rilo'.s larvlc verc parasitized hy this larval parasite in March-April. We 
will intensil'y ()ircecarcthon tis paasite in 1995. 

TWO research groups. one il ('hinat and the oth.r in Sri I .anka, have identil'ied a sex pheromoe 
of l.i'e'inlode'.. We have purchased this clhmictl and prCliminary trials in the utilization of this 
pheromtrne are under way ill Iiln Ldshl. Philiprines, and at AVRI)C. We arc seeking collhtibrttors 
in India, and Itkistan. and Sri I.anka to conduct this research. In all these ctuintr'ies, present inlfestation 
of Ielcinot''s is nuch higher than in Taiwan. hence such trials can he done much ore Cfficiently 

Top priority is being ci a mass-r 'r l,'is so that we calg'en to devupin ? procedure 

conduct research On this pest yeTa-r'ound iti']'aliwau as Well as elsewhere in Asia. We lound that 
clbi'oild('X call feed on a blackgram-lased artificial diet developed by Indian scientists, hit, sO far, 

we have u lcd to get this pest to lay ,ggs on artificial surface such as paper. alurintm Iit, or cloth 
to CIthlC LIs to harvest the eggs easily. ()nce we succeed in Mass rearing, we will initiate research on 
Sources hIthis plesI. Reports f'ro(lof resist .a[ccto InItIlI ndia r'eveICCI[tce ain wild ,S'u(l1/1n11 Species to be highly 
resistant to this pest. We willIreconf'irm this olbservation hlorC deciding upon the feasibility oIl usiig 
these Inaterials for re.sistancC brueeding. 
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Mungbean Breeding 

The nirungbeit.an brecding pnirg' III was tr' Iislerred to the AVRI)C Asim Regional Cetter in JuIIle 
9)3. The ntir lcatr bireding pr()rrms I'AR( md its host institIc, KaseIsart JtnivcrsiiV, have been 

coIibined I anxaI in th lisc lile "Il' the plo 'ai is tic deel IiisciII i'ollteiCtrces. ligh-yicldiil 
with resistaince 1illmaiodiscaiSCS aild iinsCcts, Ceilv aild uni iclri, tirtvillu.ltv inselnsitivity to pilhtopi od 
all ilperaurc' I()shattcrii g, aid inprovcd seed qiulty. Maimr ss inl 1994 wereC isl.illicc ci 
llillcienllilitllillin-4cail yelhmw lllosaic virus I Inaial.enCllilnt hi i ltac insc't,aildMYNIV tl 

reSt'i.l l 'itagiellt length pilli irhiSill ) illaiplilgnIJ' ol lan and its application ill(RI rn rnllg 

Yield Trials 

The 19th and 20th international MNhnglican Nrsery WOZMN) trials, one Advance Yield Trial, two 
dilelrcnt Interlcldiate Yield Trials., six dil'ienlt Preliminary Yield Trials, and three dill'erent 

)hservation Yield Trials were conducted ill1994 dry, early wet, aiLd late wet seasons it ARC. VC 
354 111 )1 the It)IllININ and VC (07513 otltht 2()th ININ olyielded lire check VC I973A alnd.showed 
rowo1d ..!ei'tlolronlic trails. 

Mungbean Yellow Mosaic Virus 

IYMV is tihe nlISt sCIiOtlS cOlnstrainl in titlnlebeail pIIrdIIiuctioln in SoIth Asia. Since the 
lie'lratinill MYMV I'xlert ColnsultatioinIWorkshop 'as or'ail/ed by AVRI)C inl Itly 1991 il 
tlani.kk, collaboration irnilon AVRI)C scientists ad iltioinal progtilil pllnlliers Ias been very 
active. The I'irst International NYNIV Nursery 'T'rials have bcen in all Asiallcoducleed Soitllh 
corttlries. fo'tratll enities.N'IM V Ne'w I)elhi, lindlia, ari Fa'isa++l~rad. simnilar'.tlirgs ini alakistan, werec 

ildiclmtiin no clitll'rclce in race betwenll the Ivetw IlBangladesh, tl'co)ultrics. howevcr, onlyitr 
P~akistanri litres (NM .I,NM 92. NN 91. arid NM/l 210-21) were lighly resistui. 'is is prrnal-I' 
bcaurltse tllhigh ll ir tL dbis races.r. i 1tclrillt 

A cirrixlltiii'irl Cnirctic Situdy, iLdiciaicd Ihaiht'Csi]staicC itNNI 92 WIS eritritlled byIre isile+ 
rinajor recessivc geie. RH1P linkaC IinalysilcitCd the MYNV rsiSiMIcC 7eli n'ill" the hruchid 

resistanrce gcli. Since MYMV is iri present In Taiwamn llThi'laii larrd, alshutltle brelilg pr'ranil has 
bell estalish d ilrlini ll the Nuclear instituite illc ipati with l'Airiculture and liolh),y (NIABI) 
Pakistar. The N/iYMV-resistritt 5I,NM 92, NW 94) dcvecIchedilies (NNI illd 9hwec Irrr criosses 
Ibtwelnl AVRIl)C hreediriri iles arid it Ilcal MYNV-iesistrrnt line rotf lPakistrim. 'lhey areillre 
resistant toi M%,MV thni their' resistilirce sorrce, inidiclating tine pIh )iii* r i '/rrdil'tiilrcui'c L l the 
gernels).'l'hes lines w\vrcrClt(sseLd a,,airr with lheAVRI)" lines ttirrrprove ti i traits irlner 
SoInic lines selclteICd ti'0r1ih sitIltl, I)'bredig iCh MYNIV\reistanc Ci highe'r yie_'ldlrlrwed NYMV eeltli 

aind l11111-seed weight than tire panrenits. They arc very proinlisiig, rnrt ilnly in Soith \sii bltl in 
irtiher regiolns. 

http:tlani.kk
http:nirungbeit.an
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Bruchid Resistance 

13ruchid is a Nvery serious insCC.t pest0t mlunghellan and othCr ICgUllCS during sloragC. A wild
nlunighean laccession, Vigmi rahiatassp. ,u11h/ba ( (TC 196 ).and I tiglean accessions (V 27(09 

and V 2802) arc hiehly resistant to bruchid. ('a/hasxro,/'is(-/imuc'si.S" (L.). (;CnCtic stUdiCs sho\Cd 
that brlchid resistance il each resistant line is ctmntrolled by a single dominant gclc, and that these 
three resistant Cenes wvr nonallelic. Iriclhidl-resistanit lines 1protducL by conventional backcross 
eight times shrow p)romlisC, and the resistant linies with only' tWO gcnC'ations o' RF .P-basCd backcross\,' 
pertdll simi lary ats the I'currClt parent. 

RFLP Mapping and Application inBreeding 

The University of Nlimcsomta has developed a imnngbean RFI. map) with 220 markers. The ttotal 
legth covered by this linkageic map is 1776 Centimorall (cM), and the average distance bct\vccn 
markers is 8 cM. Stonc otthc most imptrtant R 11 loci hac been converted into F'CR-Ibased markers 
because RIl:j. markers require the tlS t, radiIoactiveC lun'luidcOes. 

RI.P-bascd backcrss brdcclile has IbCC dInC in cOlithoration with the University ol'Minlncsota 
using Tl I9T19ts the dLono I r Csistanlc ani VC 3890)A as recurrent parent. Thei'trnt or bilchid 

'resistance ceucs t1orbot h bruchids and NIYNIV wcrc ITMnd to be Iticatcd On linkage groul 9 near R1.1 
markers R26/i3g I 10/l13m-04. IcMatLSC these loci arc closely locatcd but dcivcd roih differcnt 
Im1ungbu1Vn accCssims, I )N% imarkers cal be Used tt0 select Sp1Ccifically f'or those lines that have the two 
resistance gccs . inCd together Ol tile Samel"IC chIromnosolle hom1ologue. 

International Cooperation 

Some 691 seed packets were distributed to 25 cooperators in 15 ctmutries in 1994. As of 1994, 
54 murtgbean cultiVrs from AVRI)C have bCell released by thc natiolal prl-lograms in 19 countries and 
arC cxtclsivCly grown in Thailad, Chiia. ILoncsia. and the Hli I)I ines. Recently, M YMV-resistant 
lines have bCn dcvClopeCd using AVRI)' linies its parents. The planting arca devoted to mmgbcan 
with high MYMV resistance, high yield, anid (ther good agrollollic traits, is increasing very rapidly 
in Souttlh Asii. A mnmitgbean session cmphasiing MYMV was organized Ik AVRI)C during the 
International Symposium ofn Pulses Research in April 1994 in New Delhi. India. 
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Pepper Breeding 

Genetic Resources, Enhancement, and Varietal Development 

Seed Production, Observation and Evaluation Trials of
 
New and Advanced Germplasm
 

Summary 
Sixteen AVRI)C hot pepper Szechuan purclines were inbred for two more generations Ior seed 

production and fu'ther studies to lest for inblrcding depression. Three evaluation trials were 
cndtictcd in 1993-94. Twenty sweet pepper F,, lines, one parent check, and three commercial hybrids 
were culuated in the 1993 hot-rainy season. Average fresh wcight marketable yield of the sir: best 
ilies wis 19.8 t/ha, whereas thc mean of all entries was 16.1 t/ha. Nine of the lines were resistanlt to 

bacterial w It as confirmed by fplrlt's in Sri L.anka. Five hot peppercrturics were evalualed in a split
split plot design with three replications to test the effect o'shade intervals 1ind shade intensity on yield 
and ltality trailts. The siglificant fiuditucs from one cXperiment were, in general. that bhoth frlit color 
vatle and piulngCncy increased under s-halCd conditions, whCrCas, dry matter, lipids and yield (fruit 
number) significantly decreased under shaMdC. Genotype by shade intensity interactions were sigtilicant 
for all the (Ifaity traits, fruit num.inbcr, yield and plant height. The sigmilficanrl Otltpt stlggCsted that 
Itriality trait evaltuations under shAdCd coMditions led to inlflaCd or dCltCd Cstilalcs of gCnotype 

an iilportant coinsideratio n IfOr 
The line Szechtran 921206 appeared to be relatively shade tolCranl. Another Cvalutlioll trial was 
conrdiuctCd in two seasomns tn test the interaction of five hot fippcr gcnotypes with three methods if' 
scedling establishmnt. Based on this preliminary work, direct sowing of hot pepper may be an 

perhirni, lceco ipired to lion shadcd prodcLit, gerlIIasnl Cvalatiot. 

t pritcl ice to red tLce ilira 
on yield selectim. 
Cffctiv m in g menll t .tldCost offtrftplallt ttartgenme withi It out cotllSeqlelCeS 

Introduction 
The objjective of this subprolect is to maintain seed of breeding lines and to identify superior 

gCnotypes for advartced testing or breeding via observation or evaluation trials. New testing methods 
are explored tinder evaluation trials. 
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Seed Production 

Materials and Methods 

SixItn 11t ppX' SC/,.cclln purel ines were inhred for tw oire generatiOlS tilldCer screenhouse 
cOnditiois. live plIants per line werc sown ;lnd ol'l'tylies, if any, were IoguCd. Seed was hulked per line. 
Seed p)r oduction llLnder 'iCld-lIot cage was conducted for INTI lOPE 4. 

Results and Discussion 

Most hthc S/ccliuat lines are now hbred I theoJIlS (Ol uP(on-pllinated; S=slf pullination). 
ThCse lines will b used fo further inbreeding and f'uture studies to lest for inbreeding depression. [or 
the distribution of" the INTI(I)Pl 4 hot peplper sets, seed production was achieved 1'0or 14 cntrics. 

Evaluation Trials 

Experiment 1 

Materials and Methods 

Twer[Ity sweetCppper F,, lines (of tapered shape), one parent check (CA 8, waxy tapered, rugose, 
rcsistant to bacterial ,wil), and three commuercial hybrids (Gypsy, Chung Chiao No. 5, and Mito Lee) 
were cvauated inl the 1993 h t-rainy season. The experimental design was a randonlized complete 
bock with thrc,: rpcllications. Plant populations were 66.667 plants/ha. The breeding lines and check 
wcrc derivCd fror1 Sri l.ankan swet pCppCrs carrying 'CsistancC to bacterial wilt (screened in Sri 
l.anka and 'lTiwan ) aid tolerance to CVMV and CMV (screeIed in Taiwan). 

Results and Discussion 

Average freshi weight niarketable yield ol the six best sweet pepper lines was 19.8 l/ha, whereas 
the mean of all entries was 16.1 tUlm with ilnaverage frit weight of' 19.3 g. The average fresh weigh! 
marketahlc yield of1 thle three hybrids was 22.) t/hm, and their average individual frLlit weight was 34 
g. The aver'age crop d(riration to the first harvest was 1)( days I'ro111 sowving. ThIe mean sIrm of 
marketable frits per plant was 13. Average fruit Icneth., width. and wall thickness significantly 
dec.'reisCd bctween tile lir>st aid the last harvest (,r 7-week pCriod) hy 4.7, (t., and (0.)3 cu. 
respectively. l)ct'ailsof this work are reported in the 199I)4 training r.port l ,,isitinlg scientist l)r. LIe 

t'Thi AnhI lon ron Victim. A\a ses of variaince aniid 1e1an comlpirsois are on file with the eplpcl+r 
Bi'ccdirnei. it, Foutr of* the lines tunCd out to be iplngcnt types so they are targeted instead Fo0r-[lot 

le ppcr iIlluproverIlct. Three Ither l'ogpFled SC of'101 Fpoif or nnut1i1fo1rm0ity.lines werc L r Mrnin1nce 

Resistance tobactcrial wilt was confirmcd utdercoritrolled screerning conditiois in Si-i lanka in 1994 
inl cooperation with tie I lorticuLtiItt'l CroplS ResCMch aid l)Cvelrc nt Institute (IICRII) Mid ild 
Crops Research anrd fevelopmC nt In'stitutC (FCRI)I). Nine of tile lilies wcrc Most mHtstandirrg fbr 

resistar;ce to bacterial wilt. 
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Experiment2 

Materials and Methods 

Five lit pepper entries were evaluated inasplit-split plot design with three replications to test 
the effect of shade intervals and shade intcnsity on yield and quality traits. The two shade intervals 
were shade at transplantilg and at flowering, respcctively. The three shading factors were (),24, aid 
421.4 shade. The experiment was coIlnduced ill two seasons. 

Results and Discussion 

The significant findiings fIoii the fir-st Cxperimentvll \c thai, il geieral., [oth fruit c0lor vahie and 
pungency incre.asCd ulndCr shaded conitions, wvhCreis, dry matter, lipids, and yield (f'rultnumber)
Si-iiliaItly decreased under shade. Genotype by shade intensity Interactions '.veto sinil'icai for all 
the quilit' t'ilS, fruit inibCr., yield, and plant height. The significant ouLputIfrm the first phase of 
lie ov<rkwas that quality traitcvalutions tlilder1"shadeld cCodititsledIto ill l~ltl.ud OItrdefIlCited estilates 

'gc1Io t'pe prio 'incc coiil Iared to sIandaird noshaded production. This has heaing on gCrmplasnl 
ni'Iiigint. qualitV Cvaliation procedurCs, and perlITrilnicc under tected cultivltion or mixed 
crolppi ng. At presert, AVRI)DCcolducts quality tiait atialyscsolI fruIit saIiples grownl Ider cages with+24(. shlid. On() positive note, the puigency a.nd colorlcompotsition of'hot peptper col sign;iicantly 

he iiiiprovcd when grown in intltrcropping schemies or protected cultiation that keeps the pepper
nder sligit shade. A shadLe thrCshold lus Still he determined to;iCl'lavetlegative correlation with frttit 
yicld. Th AVRI)C fine Secluiuai 9212(00 appCiirCd to he relatively shade tolerant. The experiilent 
was repcalted in fall N994, l)ctails ofiltC studyl iiiay Ie fIund ill [lie training report ofMr. Yayeh Zewdie, 
AVRI)C rcscarch fellow in pepper breeding from Nai.arelh Research Station, Itlhilopia. 

Experiment 3 

Materials and Methods 

\l evaluation trial was conducted intwo seasons to test the genotype by envirlomlent interaction 
(' x c) of five hot pepper genotypes with three etholllhLds of seedling establishment. The experimental 

design was airandOmllized colmplete block design ill a 5 x 3 f"ictorial al'rrangeienl. The ihree mllethods 
Oi" seedling estiblishinlenli were: (II direct sowing, (2) containerited transplants, and (3) barellroot 
transplants. The purpose of the expCr'ilmlll was toI find a way to iiipro'e sclectioi efficiency and 
populatilo mllieimellilll l'or lh pepperhrecding proigrili. li tropical hot pepper piodtuction areas, any
olle of these iilhlds is already colmnllliln ill collillillili practice dpellndinlg til i'eSOlr'Ce and labolr 
ivailability. Rcgardless of, the hest melhod for collillmerciail crop prOILductiityil al IhsCIlCC of' g Xe 
interactions under test conditions would stiggest that plainibreeders could employ any ol'he seedling 
lethods during selection processes without adversely affectitig selection. 

Results and Discussion 

The signiIficant Ouitpul o1'the first season cxperiment wivs that the g x ewas noit significant I''l fruit 
yield, wxhereas, it was 'or days to flowering. Therefore, based ol this preliminary work, containerized 
transplants xvmuild l(it need to be used foIreffectivc selection fIryield ill hot pepper. )irect soving may 
he a cos- alld labor-Cefficicnt ImelhIIdLofestahlishing birceding phits. I)etai Isolfthe Study may be found 
in the training report oif Mr. Yayeh Zewdie. 

http:l~ltl.ud
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Hybridization and Selection of New Genotypes with Combined Disease
 
Resistance, Quality and Regional Adaptation
 

Summary 
Second hackcrosses wer corn plctCd with CVMV-resistant BC, plants to I8 recurrent parents ot" 

tropical hot pepper vlrieties anld live recurrent parents (fl sweet pepper. Irm Itine 1993 through 
Deccinher 1994. three generations were cmllpleted to advallce selections 'ronl [,:F,+lilies to F:F, sced 

in athot pepper pediigrcc selection activity. The seleCtion criteria Used were ( I)survival alter flooding, 

(2) plant vitgor. (3) held resistance to virus, (4) 'tiit-set. (5) held tolerance to antihractose, and (6 field 
tolerance to pO\vwlery mildew. A testcross anfllysis with tsuhset of, these lines indicated that three of, 
48 lestcrosscs had the hest IHooding survival: nine hld good vigor lind vegetltive develplmcnt, anod 
two were Illre i.sislilllt t) batcteriall spot. Iwo gelerllions o' selectioll were CoTLducted fr lumS elllllller 
1993 throlugh "prilig 1994 n)itwNo)s\\eet pepp r ('Pl and SlP2) and one hot pepper l-(1Il ) populaitioins.
 

l'otal C selections 'roll SP 1, SP2. an I N wFIVere respectively. olall the plants
32.4. 26.7. and 6-1.41;. 

inc 1ilated 1or ind.eplenIcnt discase scrceniny. ''wo cycles of' it honeycollh mlss selection scheme 

were carried out in 1993-94. I"rom the first cycle of selection, 38 plants (5.261/, selection presstIr) 
wer selectCed baSCd n total dry yild (g/plant ).The Te'ge perl-,riniice ofthe selected plants over 
the hse population was 4 'tilts/pla,. 49.8 g/planit, (.2 cm. and 0.2 cml for total fruits per plaint, total 
dry weight Vie.d. 'rut11 length. anod fruit width, respectively. S\\eCtepper was aldvancCd 11rm F: 
lines and 02 new crosses \'ere lattle il the 1993-94 cool season. Dturine stumilmer 1994, 526 oflthe F, 
lines w\,.ere scrCenLed I'WO Mhidand heat toleranCC. Despite sCvcrc lhooding stress, many lines perl"Ornied 
hetter than commercial checks or new sweet pepper accessions. Twenty-one lines were advanced to 

K::F, seed. [lot pepper was advanced to 337 FI:F, lilies and 23 new crosses vere nadce in the 1993
94 cooml seas(oni. 

Experiment 1 

Introduction 

'The objective of this activity is to incorporate resistance to CVMV in known hot and sweet pepper 
varieties or landraces. The breeding method employcd after the first screening and selection of F, 
resistant phlts is flow continuous hackcrossing with screening and selection for resistance. One
hundred and one diflerent crosses involving nine sources of resistance were initially used in this 
breeding scheme. Six of the resistance sources were related by pedigree, but were not necessarily 
carrying the samlc genes for resistance. 

Materials and Methods 

A sccond ackeross was nade involving I8 recurrent parents oftropical hot peppcr varieties and 
Five recurrent parents of' sweet pepper. Of the 18 hot pepper parents, I I represent market types for 
AVNFT countries. 4 I'or SAVERNET, and 3 from Mexico. 

Results and Discussion 

Backcrosses were commpleted and preparations are under way to proceed with sowing and 
SCeelilg to devclop the BC. 
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Experiment 2 

Introduction 

The oibjctivcs ol'this activity were: ( I) to develop hot pepper brceding lines with field resistance/ 
tolerance to CVMIV, CMV, anthracnose, and powdery mildew via pedigree selection. The F,selection 
process hegan with 925 F,.: lines among 62 single-cross coibinations thai were largetcd to 
incorporate CVMV and CMV resistance into various Asian hot pepper market types; and (2) to test 
'(4rcoinlbi ning ibi lily of'somne olthe F lin in an carly-gcneratiol tCtCroSS with a virus-stusceptible 
IEthiop1ian variety namedlMarcko Fana thilt has good color vahlue. 

Materials and Methods 

From .nnc 1993 throngh I)ecemher 1994, three generations were completed to advance selections 
Ifrom 1:F+ lines to I::F,, seed. Selection among F1 lines was basCl on an angiented randonized 
complete block design with furcheck lines in each of 10 hlocks. Selection among F, lines was hased 
On ain incomplete hlock-partial lattice dlcsign (6 x 6) I'mr larger fruited types (> 4.5 - 7. g), and all 
atILnieCtCd randinliCd complete block (with two checks ranllmizCd ill each ofl nine bhlocks) f'0r 
smaller Irniltl types (<4.5 - (.8 g). Final F,sClctions were doine on single plants only and self
pnllinatiOn was aissnrCd by nylon hags Ilat covered individnal branches. The selection criteria used 
were (I) survival (alter hcavy winds and rain), (2) plant vigor, (3) field resistance to virus (CVMV, 
(NIV . (4) I'ruit-sCt, (5 field tolerance to anthraenosC and, (6) held tolerance to povdery mildew. 

Results and Discussion 
Teii of1tbc hCSt Fs linewrc derivel from font r single ctosscs involving five parents. The testcross 

analysis indicated that three of 48 testcrosses had the best Ilooding slrvival; nine had good vigor ailld 
vcgetativc development; and Iwo were more resistant to hacterial spot. In 1995, the I0 selections of 
the 34 ]arger fruited lines will he tested in advanced yield trials j(F,, f'or main summer; 1: in fall (maybe 
'atARC-Thaillndl ahlog Wili any other F, derived from the parents that hid the bcst cmhuining 
ahility. Final selections will he entered in tLe INTIllOPE 7 set in 1996. Testcross F,seed will be hulked 
ilmnig the best crosses and entered intC, a mass selection program under Ethiopian and Taiwan 
conditions. 

Experiment 3 

Introduction 

The ohjective of this activity is to develop germphasm pools of hot and sweet pepper as useful 
sottrces of" disease resistance and heat tolerance in various horticultural backgrounds. The breeding 
method used is mass selection for disease resistance with progeny tests for heat tolerance. 

Materials and Methods 
Two generations of selection were coIduicted from sunmtner 1993 through spring 1994 on two 

sweet pepper (SPI and SP2) and one hot pepper (HPI ) populations. Cycle, (C,) was screened by 
inoculhtion l'Or CVMV resistance in two of tine populatiolS hel'ore and after transplanting, and 
suhsCjucitly, all populationS were selected for heat tolerance tnder suiirnCr field conditions. Cycle, 
was screened tinder conlrilled conditions Withi independent screening against 'ive disease reactions 
(bactcrial spot-/1s2 or Bs3 resistance, bacterial spol-qtuantitative r:siStanicc, hacterial wilt, cucumblIer 
rnsaic, and phytoplhthora root rot). 
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Results and Discussion 

Total selections from SPl, SP2. and ItPl ,c r 32.4, 26.7. and(4.4'A/, rcspec Lively. (WaOll the plants 
inoculated. The prObabllities of selecting a plant with all types of" resistance were 0.03, 0(.9, and 
8.58/ for Sill, SP2, and 1111, i respectively (table I). The prolmilities o1" recovering plants with 
resistance to <3 pathogens were neCh hie1hcr. Seed was blked Ifrtom the resistant plants to form C, 
ptpltlat)ilts, a sli.1ht lel tre fr'm origin;l plans to maintaiin the selctCions 1V1diidtplatlls lo 
progety testing. The C, are now atthe S,level of inbredini, IF Sf withotllcolsideurationl 'tlitural 
outcrossine. The t1lvowi, enideliles trC sugeCsted 'or"minaging the pla)OIttions in 1995. The Ill) I 
can he distribnted to Other pcpper b-,rcclers as it is fl'rdl'ivineL inbred lines. At AVRI)C it Sh)otld go 
through one0rontd ol lmultiple' diseculsc screening oin inclividUal then progeny' tests tplmts, atndl 'orheaW 
tolerance sfihould he c seed derived from11 inldividual reSistant plants. The nextllhLuctedl I'rom11 phrase 

would he prelimIinary yield trials,ild quality' tril anPysis tait the selections into market types. 
The swct pepper populations need to be improvcd o'tr fruit si/c. It is soggested that they be screened 
for two disease resistance co mliilatims. c.,chili 'Cilnail mosaic virus (('VMV)Or cucumher mosaic 
virus CNV )plS Ibacterial SI)l, CVNIV(or CNIV)I)Plus hirabacterial Wilt, and CVNIV plus plytoltl 
blight. Resistant plants shlould be erossed tolarge fruited sw,'et pepper types. Seeds f'rom these crosses 
becoie new C lpptolatiolns lray be advanlced hy pedigree breeding. 

Table 1. 	 Cycle one mass selection controlled disease screening results in hot and 
sweet pepper, 1994 

' Disease/ population SPi SP2 HP1 
% resistant plants 

Bacterial spot (Bs2 or Bs3) 2.5 17.2 na 
Bacterial spot (Ot.) 14.8 25.8 29.6 
Bacterial wilt 30.5 16.1 53.4 
CMV (tolerance) 53.8 28.8 82.0 
Phytophthora root rot 41.0 45.1 66.1 
Probability % for all in one plant 0.025 0.093 8.57 

Cycle, was selected partly for CVMV resistance after inoculation and heat tolerance under summer field 
conditions, 1993 
SP = sweet pepper, HP = hot pepper 

Experiment 4 

Introduction 

The ob.jective of this activity is to improve yield in an Ethiopian hot pepper variety through a 
honeycomh mass selection tccliquce. 

Materials and Methods 

Two cycles ol a Inmcyconh mass selection scheme were carried out in 1993-95. 

Results and Discussion 

From the first cycle of selcction, 38 plants (5.26% selection pressure) were sclected based on total 
dry yield (g/plant). The average perlormarice of the selected plants over the base population was 48 
fruit/plant, 49.8 g/plant, 0.2 cm, and 0.2 cm IfOr total fruit pe, plant, total dry weight yield, fruit length, 
and fruit width, respectively. The second cycle of selection is still under way in the field. Details of 
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the study may be fund in the training report of Mr. Yayeh Zewdie. C, seed will he sent to Ethiopia 
f'r cottinuous selection and variety development. 

Experiment 5 

Introduction 

The olbjectie of this activity is to advance breeding lines through pedigree selection and to 
continue crossin igCnew gCnotypes to improve heat/flood tolerance, disease resistance, fruit size, and 
yicl potential. 

Materials and Methods 

Sweet pept.Swe pepper was advanced from F,:F, lines and 62 new crosses ,ere made in the 
I993-94 cool season. summer 994, 526 of the-F, liles were screened for flood andI)urine I adheal 
deraice. Re lativ'elv small Ipophtllaions (_1<0t)ftlants) were used per line but the priority was to detect 

the best faMmiliCs lfor further selection. 

IHot PeIper. I lot f r Wpewas advancCd to 337 F :F, lines and 23 new crosses were made in the 
It)93-94 cool scaon. 

Results and Discussion 

l)cspite severe flhoding stress, many sweet pepper lilies perl'ormed better than commercial checks 
or'new sweet pepper accessions. Sixteen (3%) lines had the best fruit-set, but overall, 126 lines (24%) 
were selected itsfirst priority alld another 41 lines (97 ) itssecond priority for further selection. 
Twenty-oue liles were advanced to F,:Fseced. For 1995 the fbollowing guidelines are suggested. For 
sweet peplpefcr +. rettiani F, seed as well as the select groulp of FI lines olthe first priority lines wvillbe 
sow,'n at largcr populatiou sies 1fortselcCtion during the 1995 spring sowing. The new crcsscs were 
adVaincCd to0S :SI lities in a 1994 tll planting, along with 155 crosses that wece made in 1993. F'or hoth 

pepper. the 337 F:I, liites, 23 new crosses iswell as 466 crosscs that were nade ini1993, will be sown 
in Fchruary I995 for sclection of lie F, or getieraliol advance of' the Fi.
 

Collection, Evaluation, Multiplication and Distribution of INTHOPE Entries 

Summary 

The International Ilot Pepper Trial Network-set 4 (INTlOPE 4) was Cvaluated for ield 
pertfirilallCC ald quality traits at AVRI)C instninier 1993 aiid fall-winter 1993-94. Disease screening 
was completed against the usual lI) patholgcns (see Pepper Pathology). Of the 26 entries evaluated, 
16 were chosen for di.;tribution based oitheir overall lierfornance. A nmltilocation analysis has been 
conductcdotn the INTI lOPlI I I'edback to datle. 

Introduction 

The objecctive of' INl-lOPE is to introduce adapted hot pepper landraces and elite gerinplasl 
I'ololi
di Herent cotuntries in to appropriate proiduetion regions and to comipile a dtllabase for h(ot pepIper 
pioLLctioll and is tse scrcei ning results over many geographic regions. At AVRDC, one new 
INTI lOPE set is evaltated per year comprising two growing seasons. 
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Materials and Methods 

The INTHOPE 4 was evalutCd for field perfrniance and quality traits lt AVRI)C in summer 
1993 and fall-vinter I99)3-9)4. The experimental deIsigns were randonfiizd complete blocks with three 

replications. The summer planting involved two experiments, one tralsplaited t I .0-in bed.s (TI] 
and the other )n 1.5-in beds ('2) with p)litiation dcnsities of 44.444 and 29,63(0 plants/ha, 
respectively. The fall trial was (oi1.5-n InCds at 29,63) plants/ha (T'13). I)iscise screening was 
conmpletcd against the usualI(1 pat hogcns (see Pepper Pathology). 

Results and Discussion 

(A' the 216 entries evaluated, 16 weV chtoseI1for outsidel distribution based (orc their overall 
pcrhrlflance. Summaries of*the CxpCriment means arC pCseIteIlt in tahlcs 2 and 3. Fall season yields 
were signi licaLntly less than for the sUmllm+ller season, partly because thLre were no typhoons in Stillvni++er 
1993. In the f1all trial, howe,%ver, virus and I'ruitwo'ni incidence was high. Is well its somC loss due to 
rodCnt daiacLlC. ans (I elnties arCpresented in table 4 for the summer CxpCrimnls combined 
Omostly nousigtilicail I x c) illd the kall experiment. The highest yielding enities were LX'-SCrdane. 
PB(C 581, and Niatikas, whereras. lianglcn, PlIl 592. I.V 1592. and Pant C-I (chck) had thC highCst 
l'ruit numbel11fr 1'for su nunuer trials. ()Ullity trait analyses are suinari/ed in table 5. The llman0ll c0lor vilue 
silguIili cantly droppCd ,' 21 )units (x ((() in the ftall season trial. Otherwise there was little seasonal 
effect (Im(ltuality traits. The spccilics of all the analyses of variance and mcanl comlparisonls are oi, file 
with the Pepper B,rCCding Unit. 

Table 2. Comparisons of INTHOPE 4 field performance in two seasons, AVRDC 

Season Marketable Total fruit/ Marketable Total yield Harvest 
1993-94 fruit/plant plant yield (t/ha),: (t/ha) index (%) 
Summerl 146.7 180.3 8.7 10.2 36.0 
Fall/winterl' 55.5 67.0 4.4 5.1 46.1 
t-value, 27 df 6.30** 7.26* 6.13"* 7.07"* 4.28** 
.	 No typhoons insummer 1993; crop duration: 209 days after sowing (DAS) 
b 	 Disease pressure severe, virus, blight?; crop duration: 209 DAS 

Fresh weight; " significant at P=1%, two-tailed paired t-test 

Table 3. Comparisons of INTHOPE 4 field performance under different bed 
spacing, AVRDC summer 1993 (no typhoons) 

Bed spacing Marketable Total fruit/ Marketable Total Fruit Harvest 
fruit/plant plant yield (t/ha)': yield (t/ha) weight (g) index (%) 

1.0 ma 95.2 117.1 9.2 10.8 2.84 30.5 
1.5 m 146.7 180.3 8.7 10.2 2.71 36.0 
t-value, 27 df 5.7" 20.1 2.16" 1.90' 2.60' 5.7** 
1 Crop duration: 208 (DAS) 
b Crop duration: 209 DAS 

Fresh weight; ', - significant at P=5%and 1%, respectively, two-tailed paired t-test; ns= not significant 



Table 4. INTHOPE 4 summary of yield components and fruit characteristics, AVRDC, Shanhua, 1993-94 
Yield components Fruit characteristics
 

Name OriginSource Season FN CN t.ha CW tha 
 HI IFW FL WD FL/ TH EX 
00 fresh: ° dry: (g) (cm) (cm' WD (cm) (u)Athi slim KenyaKenya Seeds summer 39 28.6 1.5 18.8 0.5 8.4 0.9 4.9 0.7 7.6 0.1 62Athi slim KenyaKenva Seeds fall 3 16.7 0.1 10.2 0.04 2.6 1.3 4.6 1.0 4.9 0.1 62B.L. 39 Sri Lanka RARC-MI summer 203 14.7 12.9 10.0 3.00 55.5 1.8 7.3 0.8 8.9 0.1 63B.L. 39 Sri Lanka RARC-MI fall 35 41.1 2.4 31.7 0.6 61.2 2.3 11.5 0.8 13.6 0.1 73Bangchang ThaiandARC summer 53 23.2 9.3 15.1 1.4 36.0 5.1 8.2 1.2 6.6 0.2 48Bangchang Thailand'ARC fall 30 27.2 7.1 20.2 1.2 58.4 8.0 10.1 1.6 6 5 0.2 62Banglen ThailandAVNET summer 315 8.2 10.7 8.1 3.0 34.5 1.0 5.2 0.7 7.3 0.1 48Banglen Thailand'AVNET fall 136 5.6 3.8 4.5 1.2 41.9 0.9 5.1 0.8 6.4 0.1BG-1 IndiaMARDI summer 219 4.6 11.0 3.5 

64 
2.7 34.2 1.5 5.6 0.8 7.6 0.1 52BG-1 India, MARDI fall 148 7.5 7.1 5.7 1.7 44.5 1.6 5.5 0.9 6.3 0.1 72Cayenne Cajun 1 USA.LSU summer 20 29.2 4.9 24.3 0.8 22.4 6.5 8.4 1.2 7.1 0.2 37Cayenne Cajun 1 USALSU fall 4 14.7 0.7 8.8 0.1 13.9 5.9 12.5 1.5 7.8 0.2 69Chilli NP46A India United Seeds summer 121 29.4 6.7 23.5 1.7 29.7 1.5 8.2 0.8 10.3 0.1 83Chilli NP46A India United Seeds fall 29 49.1 1.6 38.4 0.5 42.1 1.7 7.0 0.9 8.0 0.1 58Chillies Giant Sri Lanka'AVRDC summer 199 15.5 13.4 11.5 3.4 48.1 1.9 7.4 0.9 9.1 0.1 51Chillies Giant Sri LankaAVRDC fall 69 26.5 4.8 16.3 1.3 59.6 2.4 7.9 1.0 8.3 0.1 72CNPH703 Inia.CNPH-Brazil summer 45 25.9 1.2 20.0 0.3 7.0 0.8 5.7 0.6 9.7 0.1 48CNPH703 India CNPH-Brazil fall 10 48.3 0.4 36.2 0.1 14.6 1.4 6.3 0.9 7.3 0.1 58Kalmicho Korea KPNU summer 66 26.6 7.6 16.5 1.8 45.9 3.2 6.5 1.2 5.5 0.1 73Kalmicho Korea'KPNU fall 21 46.8 3.7 29.8 0.8 66.2 6.0 9.2 1.5 6.1 0.2 72Korea 11 Korea.HES summer 52 27.6 7.7 23.0 1.4 34.1 4.3 7.3 1.4 5.3 0.2 53Korea 11 Korea.'HES fall 24 28.2 5.1 18.7 1.0 64.3 7.6 9.6 1.5 6.6 0.2 82Korea 13 Korea'HES summer 66 29.2 9.6 20.4 1.8 42.6 4.1 7.6 1.3 6.3 0.4 61Korea 13 Korea, HES fall 34 21.0 6.2 12.4 1.2 66.7 6.0 9.2 1.4 7.0 0.2 60Korea 4 Korea HES summer 70 20.9 8.0 17.9 1.6 29.5 3.2 6.9 1.2 6.2 0.2 67Korea 4 Korea HES fall 41 23.6 5.2 ,1.5 1.2 61.4 4.3 9.3 1.4 6.6 0.2LC-Serdang MalaysiaAVNET summer 78 16.5 18.3 13.5 

65 
2.9 38.7 6.6 8.4 1.6 5.4 0.2LC-Serdang Malaysia,'AVNET fall 31 23.9 7.4 16.0 

53 
1.2 54.9 7.9 9.4 1.7 5.3 0.2 57Lv. 1592 Indonesia/AVNET summer 223 12.6 10.0 8.5 2.6 37.3 1.3 6.4 0.8 8.0 0.1 51 



Table 4. continued. -

Yield components Fruit characteristics b 

Name Origin/Source Season, FNW CN t/ha CW t,'ha HI IFW FL WD FL' TH EX 
00 fresh 0 dry: (g) (cm) (cm) WD (cm) (u) 

Lv. 1592 IndonesiaAVNET fall 65 31.9 3.3 21.9 0.8 39.7 1.8 6.5 0.9 7.6 0.1 83 

Mareko Fana Ethiopia summer 29 19,6 3.9 11.7 0.7 23.3 3.7 6.3 1.5 4.2 0.2 58 
Mareko Fana Ethiopia fall 13 15.4 2.8 9.8 0.6 45.6 6.5 7.2 1.8 4.1 0.2 39 

Matikas PhilippinesAVNET summer 93 34.4 13.4 24.0 2.2 -13.3 4.0 10.3 1.2 8.6 0.2 62 
Matikas Philippines AVNET fali 23 30.2 3.0 18.0 0.5 47.4 4.3 9.0 1.2 7.3 0.2 72 
Pant C-1 India/IARI summer 261 28.1 12.5 19.3 3.3 47.9 1.3 5.8 0.8 7.3 0.1 58 
Pant C-1 India'iARI fall 135 12.6 7.0 7.9 2.0 58.3 1.8 5.3 0.9 5.7 0.1 63 

PBC 455 India'AVRDC summer 63 19.3 3.5 14.7 0.8 15.0 1.6 5.8 0.8 7.9 0.1 64 
PBC 455 India'AVRDC fall 49 16.9 2.4 15.0 0.7 41.9 1.8 7.1 0.9 7.8 0.1 69 
PBC 539 AVRDC summer 154 33.7 8.4 26.1 1.8 42.9 1.5 7.2 0.7 10.4 0.1 49 

PBC 539 AVRDC fall 184 10.1 10.7 7.2 2.6 67.4 2.0 7.8 0.9 3.8 0.1 54 
PBC 581 MalaysiaAVRDC summer 79 12.8 15.8 10.6 2.6 33.3 5.6 10.3 1.3 8.0 0.2 49 

PBC 581 Malaysia,,AVRDC fall 29 11.7 6.5 6.7 1.0 45.7 7.6 11.1 1.6 7.0 0.2 72 

PBC 582 Malaysia/AVRDC summer 81 18.0 2.4 15.2 0.6 11.8 0.8 4.5 0.4 10.3 0.1 52 -

PBC 582 Malaysia/AVRDC fall 37 13.8 1.1 9.3 0.3 10.8 1.1 5.2 0.6 8.4 0.1 55 

PBC 592 Thailand,'AVRDC summer 258 9.3 13.9 7.9 3.7 49.7 1.6 6.1 0.9 6.8 0.1 48 
PBC 592 Thailand,"AVRDC fall 97 7.7 5.2 5.1 1.4 44.4 1.8 6.1 0.9 6.7 0.1 54 

PBC 622 AVRDC summer 203 12.3 11.9 11.1 2.8 45.0 1.7 6.1 0.9 7.1 0.1 49 

PBC 622 AVRDC fall 127 7.2 8.0 4.6 1.8 51.1 2.1 6.3 0.9 6.7 0.1 69 

PBC 632 Bangladesh'AVRDC summer 93 30.6 5.9 23.6 1.4 23.7 1.8 5.6 1.1 5.3 0.1 56 

PBC 632 Bangladesh,'AVRDC fall 58 19.5 3.7 13.5 0.9 36.6 2.1 5.2 1.1 4.8 0.1 79 

Prapadaeng Thailand.'AVNET summer 208 6.8 11.4 5.1 3.0 33.6 1.5 6.1 0.8 8.5 0.1 46 
Prapadaeng Thailand/AVNET fall 74 11.2 4.0 8.2 1.0 28.2 1.8 5.8 0.8 6.9 0.1 65 

Szechuan 8 Taiwan,'AVRDC summer 64 23.8 7.0 18.7 1.3 27.3 3.0 8.5 0.7 13.2 0.1 48 
Szechuan 8 TaiwanyAVRDC fall 32 15.6 5.8 9.1 1.0 59.5 6.3 11.2 1.3 8.6 0.2 60 
Tumpang lndonesiaLEHRI summer 35 26.6 7.8 20.4 1.4 29.7 6.2 8.1 0.9 9.1 0.1 58 
Tumpang IndonesiaLEHRI fall 17 25.6 5.6 17.5 1.0 59.4 11.4 13.3 1.6 8.7 0.2 86 

Mean summer 121 21.0 8.9 15.8 2.0 33.2 2.8 6.9 1.0 7.8 0.1 56 

Mean fall 56 21.8 4.4 14.8 1.0 46.1 3.9 8.0 1.16 7.1 0.13 66 

Means of three replications of two experiments for summer trial; means of three replications for fa:. trial (or < 3 for a few entries) 
Marketable 
Mean of 10 marketable subsamples; FN=fruit number per plant, CN=cull fruit number, CW=cull fru't weight, HI=harvest index, IFW=individual fruit weight, FL=fruit 

length, WD=fruit width, TH=fruit wall thickness, EX=exocarp thickness 
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Table 5. 	 INTHOPE 4 summary of quality traits as determined by near infrared
 
reflectance spectroscopya, AVRDC, 1993-94
 

Name Nb Dry matter Capsaicin Sugars Lipid Color value
 
(%) (mg/g DM) ((C) (%) (100)
 

Athi slim 6 21.0 2.69 10.0 13.3 145.11 
B.L. 39 9 23.0 1.76 14.0 11,8 151.74
 
Bangchang 9 13.1 2.49 
 20.1 9.1 150.21
 
Banglen 9 26.2 2.87 13.1 
 16.4 145.01
 
BG-1 9 23.9 
 3.93 9.1 16.7 119.04
 
Cayenne Cajun 1 3 13.9 
 1.16 27.2 7.3 145.00
 
Chilli NP46A 9 21.5 
 2.58 10.1 12.2 119.76
 
Chillies Giant 9 22.6 
 2.85 11.8 13.5 140.30
 
CNPH703 6 26.4 1.41 
 11.1 13.8 129.01
 
Kahnlicho 9 21.0 
 1.79 22.2 12.3 153.98
 
Korea 11 9 14.5 
 3.15 19.2 10.6 151.24
 
Korea 13 9 16.9 
 2.15 19.8 11.2 155.60
 
Korea 4 6 21.0 
 2.78 18.1 10.8 153.24
 
LC-Serdang 9 14.0 
 2.14 19.6 9.8 148.56 
L.v. 1592 9 21.1 2.62 12.0 12.1 143.16
 
Mareko Fana 9 15.2 2.28 
 15.5 9.4 185.41
 
Matikas 9 13.7 
 1.71 18.5 9.5 143.37
 
Pant C-1 9 23.9 1.55 
 10.5 14.1 125.40 
PBC 455 9 21.7 3.05 10.0 15.1 129.41
 
PBC 539 
 9 19.3 1.88 12.9 11.7 118.60
 
PBC 581 9 14.7 2.35 20.2 10.2 147.59
 
PBC 582 3 23.1 2.39 11.0 12.1 141.84
 
PBC 592 9 22.9 2.17 15.2 13.9 124.87
 
PBC 622 9 21.8 1.34 17.9 13.2 139.22
 
PBC 632 9 21.3 3.01 11.7 14.8 155.31
 
Prapadaeng 9 22.9 3.08 13.7 14.8 137.42 
Szechuan 8 9 15.0 2.33 18.8 9.3 154.94 
Turnpang 1 16.6 3.60 22.9 11.0 147.89 
MEAN 212 19.8 2.37 15.3 12.3 142.68 
SD 4.8 0.96 4.65 2.45 23.20 
SNIRS assays were conducted by AVRDC's Analytical Laboratory 
b Summer experiments (2) and fall experiment (1) combined means, three replications per experiment unless N<9;

'Tumpang' not included in grand mean 
Note: Hungarian paprika standard color value = 20,274 

An updated stominariy ol' INTI OCPli; evaluation, dislribution and I'CCdback is presented in tahle 6. 
A multi lcatiMn analysis Ias been conlducted on (he INTII-OPF I I'cdlack to date. Wc arc awaiting 
the return oI mo10re data sets to supJl+rleenlt the analysis. A summary bulletin for INTII()PlI 1-4 is 
expected to be cotnpleted by l1995. The INTI OPF+. set is Iresently being evaltated Md Will lhC
distrihttcd in 1915. The INi I()PE 6 entries will he e'aluatCd isuSu.ll in 	S itnimmier 1995. Itand fall 
might he timely to dcvclop an evaluation questionnaiire to send<.lto all INTi(OPE participatts to 
undeh.'rstand it the network nCds to shi l'tfocus in any way to better serve the participants. 
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Table 6. Present status of the International Hot Pepper Trial Network 

Sets Entries Disease Reciplents Test Countries Recipient 
evaluated,/ screening' sites feedback 
distributed______________________ 

43/30 A, BS, BW, 67 94 28+ 22 

(1990-91) 
II 39/15 A, BW, PB, F, 50 72 24+ 10 

(1991-92) V, VW 
III 30/16 A, BS, BW, 40 74 18+ 6 

(1992-93) PB, V, VW 
IV 28/16 A, BS, BW 46 73 23+ 3 

(1993-94) PB, V, VW 
2 or 3 seasons, horticultural traits, field performance, chemical traits (NIRS) 

Anthracnose (A), bacterial spot (BS),bacterial wilt (BW), Pnytophthora blight (PB), [Fusariurm wilt (F)], Viruses 

(V) = CMV, CVMV, PVY, TMV, ToMV, PMMV, [rEV, PeMV, TSWV], [Verticillium wilt (VW)]; [items in brackets
 

indicate outside cooperators]
 
Some additional country distribution through regional offices
 

Note: feedback column represents a normal delay between seed distribution, implementation of experiments
 

and data compilation from outside cooperators
 

Strategic and Supporting Studies 

Genetics of Resistance to Pepper Diseases 

Summary 

PreliminarV results indicated that resistance to CVMV was inhcritcd by dominance and interactive 

eerie effects at two loci. The resistance to 1IVMV was coIntrolled by d,rble recessi vC alleles at two loci. 

Cultivars, Percinlial I lI)V and PS - I I aplcared to have the same gceries for resistance to CVMV and 

pcppcr vcirIal IImIttIC virus (PVNIV). There was no evidence of linkaec of the resistance genes for 

CVMV with those for l'VNMV.(f32 F:lines derived 1f'o111each ol thC crosses ChcOtg'yong/Percnniial 

I lI)V anid Clioneri.r01 ew/ PSlP- I I,five aid six lines, respeclivCly, e'crcnearly fixed for resistance to 

three viruses, CVNV,FVNiV,and potato virus Y (IVY). 

Introduction 

A study was conducted to undcrstand thc inheritance ol resistance to peCpper viruses CVMV,
 

PVMV. ar1d I'VY fir111
tWO solrCCs ol"resistance, Perennial II)V and PSP-I I. Both these accessions 

originatcd from India ard arC being LsCd in the pc)lpcr brecding program. 

Materials and Methods 

lopulations dCvclolCd among three accessions, a susceptible hot pepper variety ('hcoligryong (S) 

from Korca aid two SoIu'CeS ol'resistance to CVMV, PVMV arld PVY, lCrenniil I IDV (RI)aid F'SI-

I1(R2) indirectly of ldi an origirl. were irdeetd'CIdCLiltly screrilld for resistaicc ti CVMV.1VMV, aild 
werc approximalcly 12, 12, 12. 40. S(,PVY. Thc population sizes for the S. R,F1,BC-R, F,. arid F', 
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and 32 (with 32 plants/line), respectively, fHr oachir\hu-Crt),Ss colihilatitll tested. The BW-S Crosses 
wcre tnsucccsslul at the t1e1. hut rpcatcd With success in I)994 he repeatedevure tnd tilstudy is 
i It)95 With CVNV ald P"MV oll,. Relllnallnt seed oihe F,IS\ R I) own, to test thews svr catin 
lrot InIltiplc-virlsinociilatiol in COmlpriNonwwithsintlC-viris, ioctlatioll. Inocuilnl \\as prulared 
and itlOCl1htions veyre cttliictcd y the Viroloy Unit, ill hatClieCh based Ol plant ph,'nldoI'y at the 
Ihree o fo1ur-tUC l.al staigc. I)oiihlC atllihod v sllndwich-Cn,ineC linkcd iiiimninosorhnt assay (I)AS
l ISA \ as colndtlcctd approxilmiately 2 wCks alter tie last inocuulatiot of each hIltch. also hv the 

\;irolo, t ;it. Visual sylliptlliiis wClC rCCorCd I itlli atltelImcr List inloculatiott oleach hatch. I)AS
11 IS.'-;,l,/or foctlltitn Iilrcrlmnnimo)\\imepeiuteil it ew citC's \vlhciC sviipt)inl C\plecsiolt did 

not corcoid \tthl tll F ISA rct._lit. Pllat,, itOCulitcd wsith (VNIV or F'VY u'vere raised Minder 
.l-,,Ihtou,C colliioi, with coittiold tCiiipcrattuiiC, whereas, pllnts inocilitttd with IAVM\; were 
raised ill a ,.lutrtliitHiC-.ceienscicenhtims tinder ntluratl anthiCnt condition-S. 

Results and Discission 

Irl mhlVresult V wIs inrieLd hy dIliminCC and interactiveindic'ated that r.istaitt tlv' 
LenC Cl-cts at two\0 h'ci ( 15R: IS li1Cnic F, ritio). lh resistance tomPVNIV was controllcd 1y dlotihc 
reccssic llclc,, itt !oci (15S:1 R dicnic F. ra.ltio). PIrCnnial I II)V and PSP-I ap ieC'Cd toIhaivc 
1C ,;itue Lcne., r CsistalncC to('VNIV, as well itstheoilier scto l'cnes lOrresistance to IVMV. There 
,,as no cvidctncc of linkac ,thc ICsistnn,.ic LCemms for ('VNIV with thos 1,[or PVMV. The iesults with 
rc"cct to PVY wrc iricomcltisi hCca,sc tIme eCed lot of the putatlivC sIsccptihlc palrent resulted ii1 
I..IS,.\-cegltivc rerctiols iltCr inloctlattion. Of 32 F, lines derived routn h the cro,,sCsec,.1 1of 


'heUomrvol / F'crenmiil llI td ('iheot0r111ie / PIF-I I live and si\ lilnes., rCspectivclv. weyore 

l yi'iv or IVNV. anid PVY. SemU'ega.tiln ipatterns hiseCd OnI'IxeL esistalnce to three viruises. ('VNIV. 
I)AS-FIISA of I, populations thait 'CIc ioculilacd with one or Othr did tot itliChthe Vil'tis 

se,._Cil ti p aimixed intoctiltiti e virunscs )('VNV. PVM,".PVY). IntIact, no F,iatrnts fioin 0 tlnhi 
lants.were FIISA-positivc Ir('VNIV or had strol'-, ('NIV syiulptoills. despite lIlSA-positivc 
i_,ctittonS Ior inlectivity Irlu mixed inoc ulition Oil TlchesCe indicatc thatoalterIale hosts. ldinlimnsg 
indlCendCnl "crCening and sClcCion CdcsCl)tI IlloreIItlist he carriCd out to VilrielCkIS with i'CSiSLilCt 

thall ome oflthcse potyviruss. For I99t5, the cpistatic gene eects will he comll,'ii.nmed y t llltolC set 
oflCxplriicl;ts with larger F, and all hackcross potpulitions. Io he coultelL.Cd for-Field slcCltli sholuld 

tCa tole'ance' and siue on the I I IF' tniained CVMV, PVNIV, aiid PVY resista.tice.uI'rit liues lhlt had 

Genetics and Adoption of Unique Traits for Pepper Breeding 

Summary 

T'hCC activities were colnducCd to adopt un1i(luC tiaits for tropical hut pepper imprverent. The 
three traits ofiinterest were (I) s;hlirtenCd intermnOICs to incraCisc the hIarVCSt index cf IO) rectlrrelit 
piulclnls. (2)clcistoiny lcls.d fhluwer (+./) to assillC self-pillination helbrIeC]tilwcr hNill ill 14gene 
rccurreit parents, aund (3)fac'iulalte (clstered)ultintirnuldCs I improve Ullilorin ripeiling and lalhor 
cfficicncy at harvest ol three recurrent pacilts. 

http:coultelL.Cd
http:ICsistnn,.ic
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Introduction 

The ohjective of this activity is to adopt Iraits such as fascictnlale growth, multiple fhowcrs, 
decidutos fruit, cleistolainy. and male sterility intropical pepper breeding lines, 

Materials and Methods 

lrUeC 1naC fti\f ties w\ere conducted to adopt unique traits for tropical h0t fpCr impl-rovCment. 
All ot the work was donet at the itlCrCt o1 Otlrti'linin scholirs (,ole reearch Intern alld one rescarch 
chowh) proLrans I'rom i ")4. The thrce traits ol int.re"st wre (I),ho ined the pCppe 1993 to 

hatrvest hdxhotrtened itntode, to increase, the.' off(c tlnl) parnlts ( 'artl o..trlll: Indoncsia), 
(2)fclLtamy cosed lhmclN/CtlC Ito sse bfrt loon of 14 rccurrentelf-polllina tion1,. crIo 

part [tlar'cl counlric: Indmcsia,. thio~pia (two rcnirrent paCl,'ts ) and Sri imka]. and (3) 
fatsciCulate (clutreIrd) intrII,, to i tnifo1rm and lalbor effi':ncicy at harvest oftlhrcctimlre lI''in 
reur f arentil ut (ttrg't coutrly: Indol csia). 

Results and Discussion 
tCti,.'tics
I)etail of the may b" fou1nd in tie training reports of Ms. Yenni Kusaldriani, research 

inte'rn roin the ILembag Ihorticulhural Research Institute (IN IRI), Indoncsia, and Mr. Yayeh 
Zcwdic,AV RI )C rsearch fellow Irom Nazareth Research Station, Ethiopia. 

Seed Distribution 

Besides the INTtHOPE distribtion of test sets, the Pepper Breeding Unit distributed 50 seed 
shipmilents to 22 cotttntries ill 1994. 
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Pepper Pathology 

Greenhouse Screening Method for Resistance to Bacterial Spot 

Summary 
\ dipping method wvith srifactant (Silwet IL-77) was developed for grecihotisc screening Ir 

resistitc toe hacterial ,pot in pepper. Whcn ().75', of IL-77 (vlv) Wa, tit'l It the bictCrial 
Stlspel,,hl 1)1 .\o' mihomomn ., c'am/p'.ri.A pv. rvi,(,l'( ( ii, 3 )" ( (.1 ) t 'tiol1'0\0 11 obviotus ldC 

inl actrill )tpullioll \vas obse-rvCd. Pepe'r ,edlings atl tilte three lire-lcatl' static wre. kept untder 
shIde beore illoetlil I),intt)tid eedlL ing s i, Itped illt) the Xv slSl'Snill ( IPtre. SitatC;ue 

cli/nl) with [,-77 for 3(0 'C. Ih ltlhttdi plant, ,,i.\ere kept in a 25 ( growth lil with tlaltSllri liilt 
anld hi1h211hMIliditV \\, ItlW61tiilcd h\ mc)\e i' td,l i liklt) iliJatl 1. ().()5(" or-( (). I'prVhlll ol" 1,-77 

lhe ctl;i araca 
25 to 5(i', o5 ). whici; were ,ienifiatitly 1ratint rtnuo Il)in the reNi.t',Ill tlltivils. 
\'vas AuIdCd 1totile beterial tnion.infeettd il tie snCptil: elttivars rallgdLd 1 

ielher than 3' ill 

N) daillate iI obSersCd iI pepprIlv I s,.Is, ,e tllelrati oil I .- 77. T[he di pping, mehodith these L' ll, 

,vith (1.5; o .-77 was ti to sereel two sets pplllter ttilil HltI hot !'eppr'irTrial Network 

SINTI 1()1'1 4 and 5. The rsistal Mid stisee)tble eoIt os call blearly,, tieleltiated wilitartilt 
()I'I.,N and 5.2. rcspc'tivcly. Si\ accessions froin INTII(HIO 4 and three 1't11 INT 10II 5 verc 
ietl tiiCl stresistant. 

IntrcJuction 
ti at-iSl t tcILused by Xwl/t1ollIona (i'(lplelv'SI/i.s pv. v'.vi' tol'il d ) didg,..' I)v'e is o11 1rthe 

tlaior colltritlts oi pepper p)rotnletio ill the waill and Illlid tropical attd suhtropicil regiolls 
I'lamltint resistant unihivars is the bCst alpproalch10r liseasecoltrol. Both qntihtative all ltitative 

re.islta llC ',MItrt's have heen tised ill ilt' 'csistallce breetlilng prlo l'rtillo hictcriai Slpt. I'rCsttlllv, 

;tilli/till ()I, bacteriai sl C'ilsion is tseti ts a -'rCenlilmlscstreelinglleth I'or til~liitillIve 
re.sistlte, . hw C r, tilen te t -l Id t a I;Ir.t" v lt)Litl' itcii I tltIt, i.ltld the stictionr tis i tillir C.,tlts alc 
tott t()rrcittCd 5,it elhitd Stl'CCtil! rCsults, si.glihclltlv. Thus. it is lt'cessarv Wldcsveip it 111ne 
Cltiuietnt aidI rCiiahC Lrcenhol.Se :tretlIlCCitiiLt'tlltl. Siivct L-77 )i SIpCCiIttiCs+ IuC. IJS:A). a 
Il MI It lt) uiIolsi lilt'n Sll'Ildilllt, Ciltl+ iCdnee tile stluitee teIISioll t sater oll I;Ves hMit ltS hl)C 

.rellllrtCi to) t'llhi',tc tilt' iliar iniection ofl' paltho cllie bacteria tirltl gil stolltltl or hilvt~thodes 

l)iCiverv oi bat'tt'ria tIirCtiv i11h tItI ti 01 2 M itfr i,tIc _c w;lt prcteemltd itt'tcria I'10111topellill tIl 

elnvlr lt 'i al ,-,ltai rtiliutiot tlt tlIeSICie ltiolt. T Slihis Llt' iIIt 1 tOU lest the pttClltial, sts Sti.I a, stItlV wts, 

I'or IsiIIC tii ',uriattatltto kicilitte iliettion 1pCppCr s vith the hat'terii spo(t pa;tlOt'tllli iLdtiCvCIp 

t 'cclltlm sc leIe iIilli! IIethtl tor (titatitativc rcsisth t'e. Material. Is 10r1 INTI I( )IT' 4 and 5 wlce 
CrCC Ictl I(o-r resithliltt' h this thtI . 

Zidack, N.K., Backman, P.A., and Shaw, J.J. 1992. Promotion of bacterial infection of leaves by an
 
organosilicone surlactant: implications for biological weed control. Biological Control 2: 111-117.
 

http:rcenhol.Se
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Materials and Methods 

Effect of different concentrations of Silwet L-77 on the survival of Xcv 

The baccrial ssnSioI i Xc''28. it straill o "race I of pepper Lrotlp of' X\aluni11]IOInox1" 
C'Im/,O'.!i.% JSp'. ACV.itori\6ith a COICCnratiol l" I(fcfu/mI (.\,,,:).3) preparcd.Xc'v). was 
I)ifl'crn iiiiotiis o1I.-77 ((.5. I(,and 15 al)Iwere alded to 211 nmilo Xcv suslns.inscparatly, andi 
each slpclnsioll wan mixel \'.cll and kept at 3()'. lThfiial conlcentrations of I.-77 incach treatient 
arc (). .25, (1.1)5. itl .l()75'; aIIch has three Iopuilationm was. tre'ttnent rplicatc>s. o*hactcria 

Iniiati .tl;it ().2,4,antl 0 I alter ncn i nicthlod oil523 niedilml.
btation Iy dilutio plain 

Effect of different concentrations of Silwet L-77 on disease severity 
and leaf damage 
S"CJ 'arl x (al \,, VW.I "A('\ F11,,1N(\-20)R, ntI ',0 k~ ret(F ,l( \V- I anti I!,('W-301at three tu 'O fUll~y 

,.;alcd la)i'" \crc kepl tintlr shadc bcirc inoclatio , to avoid the closure iil stonlatal. 
l'i''atiiiciits,cn ,ictl o t r coiinc. tiatiiini ',.()25,. and (1. .v/v) illllSilwvt I.-77 ((), ().1)5. , distillCd 
\ alcr w.ili or %.ithttl XQ ,12, at itconC1taliol l I( l /mI he CXlcminmciit was based On 

-
ran~thoiicd conipmlete block dc+' , t,) )\+\th s+ix ctuien R!I t t'o blocuks iiidt rep~l icates. Sectllint.!s wecre dlipped 

-ttpemsli5n catHicilt otrii+ o~f 3(),., and kept in a 2' Cgrowt,\h roomll \611inatural liuht. llihf 
-hmuimmidiv \\ a" maintaintd illthe ttohloolm t ;ve'lcad spiikln irrieatii',a a frqcnencl' o 3) 

Sec" every 2 h.I)iSCALc ,c\ crity o1r dailagrco tlhelcaves w' rated b;hsctlin the Iarralt and I horsfall 
Scires 12 (it\l t r it-IclLtioni. 

Screening of resistance to bacterial spot inhot pepper 

A total ond2t) ,mc:cs"iims of INTI l()FIh 4 and 2))of INT I )' 5 were screened FIoresistance to 
baterial ,,pot by dippim ii Silwt IL-77. SCelliings at Ilour I'lly C i ttlCd Ica stage were kce-t tinder 
shadeox enilt ',and inola'dliltill as conlctd in thc earl' muornin.,. The cx penrient was based on 

'
RCII) with three ilocks replicates. Seedlings wCrC dilled in the XvT28 sLSp-Cision Ofintl cielght I0 
cJn/inl with .)5' v/v II-77 Ior 3) ,cc. Inoculated plants were kept in a 28'"Cgroxvth room with the 
SalmC condlitiionl mnctioned earlier.I)iScase severily was rated based Oil IhC BarraltI and I lOrsfall scores 

7 dlay's alCr immoeilation.+ 

Results and Discussion 

Effect of different concentrations of Silwet L-77 on the survival of Xcv 

Bacterial population was maintaincd at aroutd 10' cfu/mnl for 6 h at 30'C in alltreatments. No 
obvions reductionl inlbacterial p)op)lulation was (IhsCrVcd when as high as 0.075% of'L-77 was added 
to the Xcv suspension. Itus. in, culation density can he maintained at the sane level throughout the 
inoculation peritd. 
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Effect of different concentrations of Sil'vet L-77 on disease severity and leaf 
damage 

Am+out 4 days ftler inoculation, circular raised. and water-siaked lesions aljppCareLd onthe lower 
leaf ltlrlN.I.cSis bhcam lecrotitc 7 days after inoculation. LIaes with a hui-h peCr'Centume of 
inlCstCd areai dlCd and Off. No m I observcd ne,0 l't \\'tll IIowthl)JisaC 'eVCritlC11 sniolr) wa , on r aea. 
increCetd,l iII bolth rsistant and susceptihlc peppej+cr liiu Mhn 1-77 v,;, aadIldl tothe bicterial 
snpenSions (talelc I ). Resitant and stseeptibleh line can only bl differentiated when ).)5'; o1). I. 
(f L-77 tAdded The" ne,, inlfted lef ill the ,u,,cptiblhIa to the inoluIll. of1 in Inc,, we\re 5. i 
in l('W and 5.4 in IX'W-l)lR: the nlela i the re.sititnt lines ,\'re' I. I for bth '"-2(fIR and I.FCw
,( IR \ourc n() ', i1 di,, , -,u 'rI1\ l ic lnie ll of' was the-lhc Itcrea more+thatn .f( -77 added to 


intWuiuni. No) . ,,uaL+lIlt- was obserl ed on leave, with L-77.
 

Table 1. Effect of Silwet L-77 on disease severity of bacterial spot in peppers caused 
by XcvT28, a strain of race 1 of pepper group of Xanthomonas campestris 
pv. vesicatoria 

Concentration of ECW ECW-10R ECW-20R ECW-30R"
 
L-77 (0 in v/v)
 

0 1.41'a A" 1.4 aA 0.7 aA 0.7aA
 
0.025 1.9 aA 0.7 aA2.4 bA 0.9 abA 
0.05 5.1 bB 5.4cB 1.1 bA 1.1 abA 
0.1 5.2 bB 5.5 cB 1.3 bA 1.3 bA 

ECW: Early Calwonder; ECW-1OR, -20R, and -30R are near-isogenic lines of ECW and each contains resistance 
genes of Bs1, Bs2, and Bs3, respectively 
Means of Barratt and Horsfall sco.'es of plants in two repilcations 
Grouping by LSD of treatment in same line at 5%level 

- Grouping by LSD of line in a fixed treatment at 5%level 

Screening of resistance to bacterial spot in hot pepper 

Using 1he dippiIn ttthod, the resistamt control II3C 137 and sisceplible P,C 416 can he clearly 
dilfrCntiatCd with the rItline )" l.8 and 5.2 in INTI l011l" 4, and 1.5 and 4.9 in INTII( )1P5 (tables 2 
and 3). repectivel,. [he' teted line, can he divided into resistant, modcratCly rCsistant, mnoderately 
stiSceptilelt_, anLod and 4.5. Si.suc'eptile based on tle mcns ofratin.gs ()12.(),3.(), resistant accessions 
wer sClctd fri no INTI l()ll 4: lBI(' 043. 455. 58 I, (32. -150, and 4,.3. 'l'hree resista t accssiolns 
weyre ,clctcl 'rmi INTI 1()I)l' 5: IllBC 743. 142A, andiVC 44a. 

We, therefore, concluded htht the dipn 1itid had the 1lt]lowine ad\Vantacs )vCr atojiti/atio)n 
fo)r rCsistatnce screenine: (l less inocultmt rClui'Cd: (2) lesions with more tunil'orn size can be 

ClCraCd: 3) dillfeCnc hCwCn resistant and stusceptihle contro)l is more consistCnt. 

http:ofratin.gs
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Table 2. 	 Results of greenhouse screening of INTHOPE 4 by dipping in 
XcvT28, a strain of race 1 of pepper group of Xanthomonas 

110 	 ,\ I)( '1)9 cR ell 

campestris pv. vesicatoria 

Code no. Name 	 Mean Resistance level 

PBC 643 Athi slim 1.3' R" 
PBC 455 1.5 R 

PBC 581 1.8 R 
PBC 632 1.8 R 
PBC 456 Chilli NP 46A 1.8 R 
PBC 137 CNPH 703 (R ck) 1.8 R 
PBC 483 B.L. 39 2.0 R 
PBC 582 2.0 MR 
PBC 600 LC-Serdang 2.2 MR 
PBC 464 Mareko Fana 2.3 MR 
PBC 142A Pant C-i 2.4 MR 
PBC 612 Banlen 2.6 MR 
PBC 550A Lv. 1592 2.7 MR 
PBC 539 2.7 MR 
PBC 731 Korea 13 2.9 MR 
PBC 150 Cajun 1 3.0 MS 
PBC 592 3.1 MS 
PBC 074 Szechuan 8 3.1 MS 
PBC 613 Prapadaeng 3.4 MS 
PBC 522 BG-1 3.7 MS 
PBC 621 Kalrnicho 3.9 MS 
PBC 580 Chillie Gi',nt 4.1 MS 
PBC 534 lumpa',g 4.5 MS 
PBC 615 Maticas 4.6 S 

PRC 830 Bangchang 4.7 S 

PBC 622 4.9 S 

PBC 730 Korea 11 4.9 S 

PBC 729 Korea 4 4.9 S 

PBC 416 YJ 81032 (S ck) 5.2 S 

LSD 0.63 
Means of Barratt and Horsfall scores of plants in three replications 
R: resistant; MR: moderately resistant; MS: moderately susceptible; and S: susceptible 
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Table 3. 	 Results of greenhouse screening of INTHOPE 5 by dipping in XcvT28, a strain 
of race 1 pepper group of Xanthomonas campestris pv. vesicatoria 

Code No. 	 Name Mean Resistance level 
PBC 137 CNPH 703 (R ck) 	 1.51 Rt 
PBC 743 Chinda 2 	 1.7 R 
PBC 142A Pant C-1 	 1.8 R 
VC ,t4a PI 163201 	 1.9 R 
PBC 715 Jwalla 	 2.1 MR 
PBC 074 Szechuan 8 	 2.5 MR 
PBC 583 Ruhunu Miris 	 2.6 MR 
PBC 619 P1 244670 	 2.6 MR 
PBC 636 Galkunda Miris 01146 2.8 	 MR 
PBC 075 Szechuan 921207 3.1 	 MS 
PBC 549 Lv. 2722 	 3.3 MS 
VC 19a Paul Smith's Serrano 1534 3.4 	 MS 
PBC 717 Sheetal-51 	 3.8 MS 
PBC 711 Dedo do moca 	 3.9 MS 
PBC 584 	 4.0 MS 
PBC 450 Cayenne Cajun 1 	 4.0 MS 
PBC 593 	 4.3 MS 
PBC 559 Tabasco L-167 	 4.6 S 
PBC 416 YJ 18032 (S ck) 	 4.9 S 
PBC 602 	 5.4 S 
PBC 065 Szechuan 921203 	 5.6 S 
LSD 	 1.0 

Means of Barratt and Horsfall scores inthree replications 
R: resistant; MR: moderately resistant; MS: moderately susceptible; and S: susceptible 

Screening for Pepper Virus Resistance 

Summary 
From the results of'sevcral years ol'screciing we were able to iCntif'y ,maniysources of'resistance 

to the mailor pepper viruses, i.e., PVY. tomato milosaic virus (ToMV),Itobacco mosaic viruIs (TMV), 
iind CV IV. I lowcver, only very !fwgooLl SOuIrces oCreIsiStallCC ('MV, ind 0only t\o lines with 
,pprnlolIdImottle virus It(PI'IV IrCsistincC Were found so Iari.This War, therefC'ore, we Concentrated 

ol (j\\ res]tillcc. wilh cmlphiasis on inprovenlltcl of' the scrCenline iCthod andl/I conlf01ir1i11itioll Of 
rcsiStancc pre\ ously lcntil'icdLe lt ilisc liar virusestrwas,onooilig.ie inlg oflcteid linesIor the i[0 

Twenty-two IllW lines, I0 new W" iccessits collecCtCd I the Viroloc'y Unit, I919 S 1SU 
alceitllssons md viious other lines were Screened fo0 r resistance to all or some of, th aIlllior viri ses. 
SrclrClin ne Mrethotls \w'ere tho, previously aloptCd excClt Ifori'(NlV where two plainl stagcs (coltleloi 
itnld f,%C-ICil Sli'C. dclilpitaleCl io\ve tihe third leafl) were used for the inoculation. Alotllhcr 26 liies 
f'(tilr res;iStanti r illcrateklv resislant to (AWV in previous scrceninris were rescreenied to conliriu 
resistancc. 

On. PIW' line 11[1(' 522) was identificd to be hiehl' l. resistant to ('Mv at the cotldolhn st e ancl 
morcleratly resistant att the thrcc-lcfil'stge six oilier lines \ere resistant at the tihrec-le'fst'e but onl, 
ni"lrciy surst.libhlc at tilh cotyledon slac. VC 211 a was resistilnlt to b101h C\VMV aid PVY, \while 
VC 216 was found to hliave i high percniagC ot MV-rCsistainr plants by, both iirll.:ilot.liOl mlhoLs. 
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Among the accessions screened, ( 0)4)923 was resistant to ('NIV at the threc-'-eal stage, but 
tniidcrtly susccptiblC at the Cotvldoii stagc. C 00((205 was resisLant to CVNIV and C (130(3 to PVY, 
TIMV. Mid T lil tv-finc (I.S which were nililv(. chili'flsi ind C. lrtiNi'wevis.'NlV. it't..sitlws C 
typcs. wCrC resistant to .uh T'NIV ,land TiMV. l.uitie to CV iVandIPVY \s li also fulnd in SomeII 
tCee,'S llns't cCCi\ d Ir-nln I-Onislina Stite UItiv,.,itv (I.SI Iliotmleh )r. I... lack. 

'lie lIC,1in,+,_ %"\w.,, c. iitlritlb the t () lloenl'ation ill Of the 26 liniest 1t ('1 o mt_)tho d>.S liv 

e,cieenel: I'lt(' W)-5 Ie, 'C 1I1 -5- 1 (Le. V(' l0 ,t-2-4 e V(' 10 a-l -4 3. and P1l, 549-3 (3) 
In nie othCr lies. res.,istan att the tee-lea staCe' and I)deratC esiteIC lC\cls,t the eotyledon 
staC wa, oCmfi'tnd. R'istait plaints will be sel lfed, aid ,'Cd v\ ill beollee(dI to inere'tase ant"d stathili/e 

the rIt',ainee' level h\ bth intioeilattio Inethoikd,. 

lBv nn'' twne I\ iltiim n,'thiod,,, \\ir able to disliili sh cn'ewratl re isitalle that is often 
CprsCCd il o plalnts noll ty cther snch ais the one whieli i expesscd ,it th early, olresi,,ltnec. 
cross th staqcs. ()Ilk if Ioth type,s od esxi-taic arev co)nIh~ind Wvill tduhtrale resistance he CsurCd. 
,iitrmitaivH I(I.SA tests I()liCt ncCssait or l19v,'er, they Nay be, usel'ul to1'( ontine screening,l. 

ei( i Ii ii l stXii]eL. 

Introduction 

R(utine scruetiiig methods beCn delope',d fIr All major iip-er virhses, CMV. CVMV,hbase 
l'VY. IVNI\VMVad tle tobamoviriscs, and rutin screertintl elils. enlrie, alofI'PBC INTIIOPI' 
Aueesls has been an uuniiiic activity. Ilany diflrtcnt sonIIeres i. I'sisIIlc to0 VY and tWO 
tibauiirnlse,, "'T'Ail aind TMV - and smle for)[('VNMV have been] idetilied. \We have thercfwo, 
soIed dos\ Sereeiitt! for those Virtss. lowever, since ()Ilv v\ery few sotnles of (MV resistance/ 
filid tlera.iee are asli ale,tlq'. we have tinphasi+,d CNIV rcsistanuc in I 994. with t\o maltjotr obi]ectives: 
tii emil'in" the pie_iii tesistanIce tld iprlv fttee screening methodlogy. 

Materials and Methods 

Routine resistance screening 

The l'l hosi lilies svcrc sc'eened by methods described previously: 

PI1C lines. Tsventy-two lilies \'ere screened for C'MV resistance usinig two iIOCUlation mlethoIds, 
i.e., tie c t 'ldii aid tle ti'CC-leaf staucs. One linc was screened for PMNV resistance. 

VC lines. Ti nes'w aucessiiitls, icei\ci IIr1m+ INIRA. Mliltfavet (France), vere screened for 
resist anCe to ('VNV. ('NIV, Mid PNI V. scvcil of, these accessions have been rcpwted to possess 
('NIV resistalic. 

AV RI)1. acce.ssions. ()iie hiidI'tlc atId Ili nCt y-Cil lIt liies \vr screened fI r i'esistance to CVMV, 
l1I'sV. ild CMV tsing the twot inlocutlitim iethods tdescribeld in presionls reports. 

Sixts'-si.' ines \ere stCL'tctL for iesistanee tii IVY, ToM V, ntd TNV. 

()thers. ()iie linie (I.uit, I.)I 'eceised froiii Ieto.;ctd ('. \\ts scrcnetl l'01" resistance to CMV, 
('VNIV. and PINMMV. Sixteeu lilies receivetd [. wcreli LJ k'1 sC'eIIetl for res'.istance to CMV, CVMV, 
PVY, PMMV and pepper viial tllole virus (IFVIV). 
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Confirmation of CMV resistance and testing of two different inoculation methods 

Several lines, which in previotrs screenirls showed a high pecentage (48-I()( ) ofl resistant 
plants, werc rcsreened by tWO tLnatatiVt inoculation atid ralting nethods. Sc.I wCre coll'ctd 
Irotti resistant plants. Tweiity-lht1r plaitts/line \vere itloCtIlated ea.tch at the eOtt+Vledmnt aud at the live-
Ieaf statgu with UNIV isoltte P-522, oriinally isolated f'rollm peppers inl Taiwan. hloctiili was 
prepared by grindino illaV.aring bl,nder onre part CMV- infected Niotooial 'i.osa leaves in fotir 
parts ( ).M/vNa ph,,phiatc buflr pl1 'is filIrcd thrnll fotr lavers of.) 7.0. The lomiokclate 

ChIcc"cIlh. W 1ith was IaIered (M the cotYle, r on the thitd leaf
a miero pipet. 2((0 Ill of itoCl I I10t' 


. pf-,lan atatII I e tiI)\ C-I iag .l Prior to inoeulation the leaves were
deeapitated(above the tnrthlI'if. 

dtIeld \%ith e I'arboronduIn. The inolII was Ctly ditritited alross the hlaf wilh the aid ola glass
 
rod.
 

I )AS-1I.IS,.\ test wcre COMducted at 2 (I I and 4 (1F2) weks after inotculation. Frotm plants 
i laIted al the cotvledoii ,tic. twMO I-C-diio lea'disks wer removed f'ron the fMrth lea" for I 
illtd t( I -e'I lal di,,ks frotm tle seventh leal for 12.Frlonl plilts inoenlited onlthe thitd letf, o)ne leaf 
dik ctch w od leafof'die a',;illary shoots Lr1oine2 frot itnd%% relno\ed front the fir'st and sec the third 
toIIrth leala.is ( l. and one leaf disk e'aeh fro0t the third aind l'T1rh le'af of the sante axillarv shoots 
t1.12 ).The twO lealdisks werc grtond together in 4()) Il extractiot buffer pl1 7.4 (phosphate buffered 
Nlitnc \vitlt 21) L/I of I'VI"-4), indl (.5',; "l',cn-20)and used for tie I.ISA tests. 

en t -i se let ii ltls o12 1pepper liles 're tested, and the 1it1e VC I(Ia was used its a suscepItille 
,li' e,k. 

Results and Discussion 

Routine resistance screening 

I11( lines. ()ue line (IPIB,(' 522) was found resistatnt at fie cotyledon stage and had only 19% 
infCted lats vChen i ItI lated on the third leal. Six lines (PBC 142A, 455,456, 483, 612, and 632) 
showed Ito sy niptolls, and r10 virus was detected when the third leaf was inoculated with CMV. The 
,lc lits hiad 42. 42. 54. 31, 07, id 54(7( infected plants, respectively when inoculated at tile 

live lilies WI1,C )74, 534, 592, 613, 621) had less than I(014 infected plants whenl CMV was 
illoelItCd on)the third lea), but whli the same lities were iocuLateuio the cotyledon, infection ranged 
l'o'tll 21 to 02 ;. 

'l'w lines. I'I(. 345 and 535, were susceptible when hotth inoculation nicthods were used. The 
rclulinteg CIeiht liles had llottre than 20;( itifected plants whett both iiioculation methods were used. 

AI of the lilies will he rescrcetled hy both iilocltiltio methods using seed of resistait plants to 
conilill resistanlce, 

NT ilnes. All the lilies were susceptile to I'MMV. ()ie line (VC 21 al \,ts resistant to CVMV 
and IVY. I iln VC 21( was ftMind to have a high percentage of (NIV-resistailn plants by both 
illlllltiltI utttoils, i.e., 75(4:; when inoculated on the third clf lild 83( on the co\'ledoi. 

AVR I)" atccessiols. ()ne accessim (('()()265) was resistant to ('VM V and attother (C 1)1)3113)to 
PVY , I'lOMV. Fi fy-niiIe accessiolts which were comp1risCd minlV of 'C.chiinm'nsm' and C.MV. and 
,1'lctme.vcnsv werc resistalit to both TMV and ToMV: C 0)027c, 303, 735, 777, 781, 872, 874, 886, 893, 
915,942. 1379. 1435, 1553, 1556, 1622, 1706, 4402, 451 -A,45 11 -B, 4546,467-1, 4677,4678,4679, 
4680, 4682, 4684. 4685, 4686. 4687, 4688, 469), 4691, 46)7, 4698, 4699, 47(1(1, 4701, 4702, 4703, 
4704, 4717, 4708, 4709, 4710, 4712, 4713, 4715, 4840, 4875, 4876, 4878, 4879, 4880, 4882, 4883, 
4884, and 4885. 

http:leala.is
http:AS-1I.IS
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Only one line (C 4923) was found resistant to ('MV (no infection. 1.LISA-negitive) whel 
inoculated on the third leaf.When inloCnlatcd it the e'tvledon, this line onrly had 361; resistant plants. 

)thers. The ctltivar I.nein I.F ,.as resistant to ('VMV but susceptible to ('MV and PNIV. All 
lines from I.SU e.ept two (P3. P 26) ,;cre resistant to PVY, and nine lines were resistant to ('VMV 
P3,IP/U 24. P2W. P34, 41). 473 I'NIV-Tex no.P,L I,1I1('473-Nie. I B('473-TI \V-(' I. I(' 535-

CNIV 1)R93-22. 
-
T\V.) lines (ll,( 473 tcMV-'l'c\ no. I and 'l,(473 PeMlV-Nic htad no UIV infectiot when 

inlated on the thirld leat and two other lines, IP3 and PIB 535 ('NIV IR03 22, .,shiowed less than 
]()'infection When ito'tilatCd at tile tivec-leaf stage. 'leCse two' latter lines also hadl higlt pereentaCes 
(38 and 64',,' ) t resistant plants when inoulated at the cotylcdon stage. 

Confirmation of CMV resistance 

Synoptems ,.vc g neratly nere severe and the percentage of CNIV infection higher in lants 
innl.'ulated at the eotVledtt lt'ge at the fivc-lcaf stue.than ill plants ittoculated 

Six litnes. I1(' 621 (aKlnicho. MW1(' 142A (Pant R-7),(' (((481)-I (Kardee IKiew). IVIC 534 
l'l'tmlamig), V(' 224 lKltenoo Khot-2), amd V(' 223 ((lhatt Manti Kat) exhibited high levels of 

the fivc-leafstae ait 
of ittocUlatio. bhut lowv levels ot resistance wliei tie cotyledon stagc. 
r'c-istance in plerClltgC ofl resistani+t plantts whteti plants wcre oldcr,i.e.. att tie time 

onuly ihottl+]ted at 

This was tIost in 142A. only 25'(PrttittnclC line l'I,("' which ha rusistnt l+lnts when 
itottlCttd attie ctylc.il stace, but an averac of 7() resistanit plants \\ tenintocutt:tcd at tle five

leaf stage. 

()tic line, (' ((1915. was I(((1; stiSCeeptible when inOcullated at the co'tyleon stage, but when 
iltoculated at the fi\ -h.'t statc tad a hih level (83'.(o resistance. 'wo tte lines, ' 2.2-5 (1*P-
I)and V(' I(i) I ( '../ioh'. ','pc.s ISI'- ),showed low levels of resistance (32-33'),( resistant plants) 
when ittocul',ted at hie 9otvldtMM stage and noderate levels of resistance (5)-5,', resistant plants) 
wheti intoculated at the five-leaf stige. 

T\vO litns. I' 55().A\(5) and llI, 483-1(c). had hieLh levels of resistaince (906 ad 9) 
respectivcly ' i.n i ctOIltl c tt tthe five-leal stage and hili levels (87(,; 1 otlresi:;tance itt tile 
cty ledoi stage. 

Sqeven lities/selectins shtoweil notsy'liptotvs and gatve atnegatitve Il,ISA reatct ion when itiocnlhtel 

t the third leaf: VC -la-3-1(3), 1113('521-2(c). VC 41 a-2-5( 3), VU 4(lt-4- 1(c). PIB 370-2(c). PBU 
522c, atdI P1, 1-16-1 (3). When hic tilatcd itt the cotIlecltI statge. these lines aIlso had high 
percentages of tesistant plants (9, 96, 92. 92. 92. 83, and 78(/,. respectively) (table 4). 

Ih\%ver.,six lincs/sclcctions ve,'e fo tnd highly rcsislant hy bIoth inoculation methoils, i.e.. lone 
oftle plants shotwed syiptotmis orgit'e itpositive I1ISA reaction: P!('56 9 -5(c ),V(' I6a-5- I(c),VC 
16a-2- 4(c). VC I6-I--13), VU4 Ia-3-1 . and PBU 549-33 (table 5). 

This qu-titativc screetttg sltowcdi thtat fOr platnits itiOcultccId at the cOtlilti stagC one I1.ISA 
realing at 2 v,ceks after inioculation was stiffic'ient. Alluntgh the pircentage o"infected plants wits 
genera Iythte saeii IorIoth .ISA tests, the overal verae LV;\gAF, vIlties were slightly higher in theI t 
secotd LLIS A test. indicating Ihat tile virus had toved into the ttpper leaves rapidlly and Wts 
miultiplying there. 

Il Iecapitaecd five-leaf stage plitnts iloclatecI t the three-leaf stage, there vas I :i significant 

difference inl the percentage of infected plants anid the 11 .ISA valtes whether the ratings were Lone 
Ol the third- or- I'orth leaf axillary shoot. Ihowevet' the atveratz' LI _ISA value in the second EI.ISA 
tests (conrLIcteil 4 weeks after irlOculattl) ,,\was FLI,SA test.agin signi ficattly higher than the first 

http:ctylc.il
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Table 4. 	 Reactions (% resistant plants) of selected pepper lines previously found 
resistant or moderately resistant to CMV in a second screening using seed of 
resistant plants and two different inoculation methods 

1st screening, 2nd screening 
Line/ Description Inocul. " resistant cotyledon 3rd leaf 
Selection method' plants E1 E2 E1(3) E2(3) E1(4) E2(4) 
PBC 522 BG-1 c 100 83 83 100 100 100 100 
PBC 370-2 not known c 96 92 92 100 100 100 100 
VC 41a-3-1 HDA 295 3 95 96 100 100 100 100 100 
PBC 621 
PBC 142A 

Kalrnicho 
Pant C-1 

c 
c 

92 
87 

79 
25 

71 
25 

96 
87 

92 
75 

96 
100 

92 
67 

VC 41a 2-5 HDA 295 3 87 92 92 100 100 100 100 
PBC 549-3 Fudi Jiao 3 85 100 100 100 100 100 100 
VC 216-5 Rama c 83 67 67 87 79 87 83 
VC 223- 1-4 Chau Mau Kau 3 83 87 87 96 92 92 92 
VC 16a-1-4 Perennial HDV 3 79 100 100 100 100 100 100 
PBC 550A Lv 1592 3 79 87 87 100 100 96 96 
PBC 521-2 Trvari c 78 100 96 100 100 100 100 
VC 16a-2-4 Perennial HDV c 75 100 100 100 100 100 100 
VC 222-5 LP-1 3 74 37 27 58 58 62 58 
VC4Va-4-1 HDA 273 c 71 92 92 100 100 100 100 
C 00480-1 Kardee Kiew c 70 46 46 87 83 87 83 
PBC 146-1 Lidlana Long 3 70 78 78 100 100 100 100 
VC 41a 3-1 HDA 295 c 69 96 96 100 100 100 100 
C 01915A not known 3 67 0 0 83 83 83 79 
VC 16a-5-1 Perennial HDV c 67 100 100 100 100 100 100 
PBC 483-1 BL 39 C 65 87 87 96 96 96 96 
PBC 534-3 Tumpang c 65 74 74 100 100 96 96 
VC 160-1 C. frutescens 3 62 33 33 50 50 54 46 

PSP-1 1 
VC 224-2 Kheenoo LJbon 3 60 38 38 92 87 87 83 
PBC 569-5 not known c 60 100 100 100 100 100 100 
VC 223 4-2 Chau Mau Kau c 48 58 58 100 96 100 96 
VC I0a (Sck) Yolo Wonder HDV c 0 0 0 0 0 0 0 
Avg. 75 74 94 92 97 91 

First screening was done in 1992/93 by two inoculation methods. Rating was by anonquantitative ELISA test, 
conducted 4weeks after inoculation 
c = inoculation of the cotyledon; 3 = inoculation of the third leaf of five-leaf stage plants decapitated above the 
fourth leaf 
Second screening was in 1994 by two inoculation methods (cotyledon and third leaf). Rating was by two 
quantitative ELISA tests conducted 2 weeks (El) and 4 waeks (E2) after noculation 
E1(3) and E1(4) were conducted on leaf disks one each from the first and second leaf of the new axillary shoots 
emerging from the third and fourth leaf axillary bud. respectively 
E2(3) and E2(4) were conducted on leaf disks, one each from the third and fourth leaf of the new axillary shoots 
emerging from the third and fourth leaf axillary bud, respectively 
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Table 5. 	 Average ELISA values of selected pepper lines previously found resistant or 
moderately resistant to CMV, in a second screening, using seed of resistant 
plantsa 

Line/Selection Description Cotyledon 3rd leaf
 
(initial inocul method) _ l E2 E1(3) E2(3) E1(4) E2(4)_
 

PBC 522 (c) BG-i 0.031 0.081 0.000 0.025 0.007 0,000 
PBC 370-2 oc) not known 0.075 0.025 0.000 0.000 0.000 0.000 
VG 41a-3-1 (3) HDA 235 0.072 0.000 0.043 0.000 0.035 0.000 
PBC £21 (c) Kalmicho 0.153 0.298 0.000 0.066 0.000 0.049 
PBC 142A (c) Pant C. 1 0.952 0.760 0.053 0.242 0.040 0.330 
VC41a-2-5 (3) HDA 295 0.036 0.061 0.000 0.000 0.000 0.000 
PBC 549-31, (3) Fudi Jiao 0.003 0.001 0.000 0.000 0.000 0.000 
VC 216-5 (c) Rama 0.353 0.279 0.049 0.140 0.026 0.183
 
VC223-1-4 (3) Chau mau Kau 0.056 0.079 0.000 0.071 0.000 0.082
 
VC 16a-1-4 (3) Perennial HDV 0.016 0.000 0.000 0.000 0.000 0.000
 
PBC 550A (3) Lv 1592 0.069 0.000 0.008 0.000 0.081 0.097
 
PBC 521-2 (c) Tiwari 0.000 0.000 0.000 0.000 0.000 0.000
 
VC 16a-2-4 (c) Perennial HDV 0.000 0.000 0.000 0.000 0.014 0.000
 
VC 222-5 (3) LP-1 0.144 0.445 0.162 0.348 0.159 0.360
 
VC 40a-4-1 (c) HDA 273 0.019 0.066 0.000 0.000 0.000 0.000
 
C 00480-1 (c) Kardee Kiew 0.434 0.727 0.047 0.100 0 059 0.147
 
PBC 146-1 (3) Ludhiana Long 0.258 0.198 0.000 0.000 0.000 0.000
 
VC41a-3-1 (c) HDA 295 0.000 0.007 0.000 0.000 0.000 0.000
 
C 01915A (3) not known 0.232 0.873 0.007 0.159 0.044 0.126
 
VC 16a-5-1 (c) Perennial HDV 0.000 0.600 0.000 0.000 0.000 0.000
 
PBC 483-1 (c) BL 39 0.086 0.050 0.024 0.040 0.026 0.061
 
PBC 534-3 (c) Tumpang 0.254 0.186 0.001 0.000 0.029 0.006
 
VC 160-1 (3) C. frutescens PSP-1 1 0.596 0.448 0.461 0.453 0.534 0.518
 
VC 224-2 (3) Kheenoo Ubon-2 0.297 0.335 0.050 0.088 0.000 0.127
 
PBC 569-5 (c) not known 0.000 0.000 0.000 0.000 0.016 0.000
 
VC 223-4-2 (c) Chau Mau Kau 4-2 0.175 0.401 0.000 0.039 0.000 0.032
 
VC 10a inoc. (S ck) Yolo Wonder HDV 0.451 0803 1.038 1.388 0.964 1.667
 
VC 10a non-inoc. (H ck) Yolo Wonder HDV 0.024 0.026 0.036 0.025 0.036 0.025
 
Avg., 0.166 0.205 0.035 0.068 0.041 0.081
 
* Inoculations and ELISA tests; see footnotes on table 4 

Bold indicates that the line was 100% iesistant by both inoculation methods and after the first and second 
ELISA tests 

c Average values (without check) adjusted for healthy check values 

levio slv. French reserchersls had noted that in certain lines inoculatcd oil the third lear. virus 

was otilv detectable fle'cil il the fourth+ leafin aixiklary ,hoot romithe third leaf txis, but not 
aixillary shoot. This was attributed to a resistuncc nliccaistlu ial prevented the virus from moving 

latcrallv tont onc sidc of' the plant to the (th,,:r si.le and then up. Ve did not obscrvc this type of 

resistance ncchani sni in 'nyof the plants tested. 

Tle :esults indicate thatl quantitati\e' I'l1SA csts arc necessar when,, latergc scale screening I'or 

resistance to ('MV in peppers is conducted. lhey ar usl.tl,however, to .flccti\c] col'irml tile 

absence oh virus in resistant plants. tlo\cvcr, the two screenine uilhods, cotyledon anld third Ical 

should be maintained iil routine scrIiMinuLs. becaIu"s plants that show resistancC \vWheui inuenlated at 

the thrc-leal stagc may inot ncces 'arily be resistant at tile cotylCdonP stauc. TOl breed fr stalC 
resistance, it is better to select lines with confirmcd resistance at both+younng and oldIrov,Wth stagis. 
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Conclusion 
,\dditinllll sources of 'esistance to CM V. CVNMV. ToMV/TMV. and PVY have hcen ideniftied. 

lOr CNIV rOtine Csistance screening both young plants (cotVledon stagel)and older plants (fivc-lIal 
staeC. clecapitated ab)e', e should le inocuhled 1t distinguiish hetween a resistanceth0o1rth leal' 
nlccllnisin that is apparenltly operating in older plants and other resistance llechallisls that protect 
,,IiLug seIdIlines 'rot inlection with CNIV. (tuantitative HI+ISA tests are not leccssary for rontine 
sLrC.nin., b~ut shotulld he used to Collil1 sistanlce in plants where a resI.l:tlCe mechainsm basCd on 
reducel virusi nn lti pl1icatii m is ex pectecl. 

Detection, Characterization, and Production of Monoclonal Antibodies 
for Pepper Virus 

Summary 
\Ve haj\e priepaied highly specific po)lOvcoal antisera to most oflthe pepper viruses, except T'MV 

and TONIV. which polyclonal antisCra+i cannot distinguislh. Therefore, two nionoclimal antibodies 
,NIABs)were preprcd with hi.-h specit'icitv to loNI V and pNIV. lhCsc MA,Bs only reacted with 

homoloLotis antiell, hut ot with leictcrolon s totbainoviruscs present singl,,y or in llixture ill plnt 
,tp. A detailed l1ISA protocol has hecn prellirl, d. 

'I)lbaIno'. irtisa,,,ar very irIpO(rtanult bcausC of*their scCd-tran1sniittcd naiure. Most commercial 
pepper lines ,ossess rcistilic,. t IToNIV and TNIV hut not to PINIMV. , hich is present worlvide and 
is kno\n It)cause considerable damalc to pepperlruit. Thererore. l'hti + seed reatlillnts (F1(1. heat. 
Naol I. and NaP( )) were investig'tcd lFor their effectiveness in eliiinitine sCCdhornl e PNINV. One 
hot nl ole see\ pepper cultivar (lassion Yoh) Wontdlr, respectively) were mechanically!_t and 
inoc 1 latecl at the three-lcalstaie. The prcsenlc ofl NINIV on an. in the seed was measured hy FIISA. 
which wa suppl+Olementecl bl a hioassay .' heie seed w',shi nis Is lits grounLd tIp seed were ilocnlatedIv 
()n ,Vi 0i'ju1 ,tl1ili.s. Tobacco 'csl with PNINIV with local lcsions. 

1HAISA test, indicald that viruis was still present il all sallples Following the treatments. 
I lowecir. hioassavs indicated that the I f(' and heat treatments had eliminated lNIN V f'rom hoth seed 
coMt aitd cildospctNil in hot pepper. In sweet pepper. only the [lCI trea.tmnClt had eliminated PNMV 

'01in both seed coat anl eidosperm. Germination ,' as redlced hy 1l0'/ ill hot pepper 'y HCI, while 
sw,.eet pepper was inoit al'fected. AlIt bi lig I to detect seedborne virusCs, they doFIASA tests are usefl 
not give any indication of virus infectivity. which cal only bIe tested by bioassays. 

Introduction 

Spcil ic diagnostics are important I'Or resistance screening and surveys to deterrnitc the 
distrihution and importance of'viruses. Tomato mosaic virus and tobacco mosaic Vivirus, both members 
of the to!bamilivi HIs gr0up. commonely iiflect tomato and peppers. Since the two viruses are very closely 
related, it has not been possihle to distinguish them by ruIlychonal antisCra in either indirect or I)AS-
FILISA. Similarly. I)NA pr ies which were developed last year were not able to diffcrentiate the two 
viruses ill lncleic hybridi/.tion tests. 'le productiont of monoclonal anti hmdies was. therefore 
attempted since they are known to be highly specific. 

In I)92 and I )3, several seed trea'ltmcents were tested l'or theirefliciency in eliminating seedborne 
pepper mild mottle virls (PNNIV . ( )1ly the teat treatient was fould effective in eliminatilg virus 
froll the seed coal, but not fioll the endolsperlll. The presence of virus on and in the seed after tine 
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treatnents was measured by FIIS A. Ilhwever. this did not give any indication of the infectivity of 

the vir-us. There flwr, the sanic seed trcatinct ts were rcrpeatcd aid the pricse ncC of virus was inca siUicIf 

by I.ISA as well is a;infectivitv tLest. 

Materials and Methods 

Monoclonal antibodies for the identification of ToMV and TMV 

Virus puriticatitin. TIo"vV (isolate 1511) was ultil'lied ill Nicoiama tahl:'u, Sainsun and 
TNIV uisolate 15(N) in A..\'etrix.The viiuses wveic" purleu'd using the mthlod slightly modified 

frot0hat descri bed l, (Giii-ItulU-I( t l. ( I ) for pe IdriPId.Iiotle virus anttlitolba.novirus. 

In this Imethod. 1)1:(; and Tr'iton X precipitation was olltowe'ud by two cycles il diflcrential 

ce1tritugatiOii it I(,((1) 1. 

IninLtuization and hhwidnm1 pi'odtitioii. FOiir- t0 Cilght-wck-old BI .3/c mice were used 

for inlluni/iatim. The nice received two illjctions: the first into the tail \'eiii with 50 [tl (5) 1g)otf 

sCmipuriiCd \irtll,: he WOun. I litter, dirctly Into) the spleemI itu ivfius. The lusion wastck with 

done 3 day's atier tile sconld inc_'tion. The f'ionls and cUlturC Of hy+,ridomna lines were donC using 

the mcthod emphloyd 1\ S mlivtI 93)t c i eihteen days ater the lusion. Ii)()illee9mitc\n 10[1 of' cmltUlc 

StIpCrilatitws collcted troun hivbridoinila rowiin wells und tested h, indirect lI .ISA li' antiboLdy 

prtlduttii0II Usiilg eXtlcts,I "hlh i itI1l \'iriinlWit'cied plat tissue or,' coaliilg fih plates. Antilldy 

I'lr in hvbridl.mmi, \\erC then tested bw itsecon d indirect I ISA a ainlst l,ate1CxtrIacts (I()t illll 

f pu'e isolatc, ol TIMV. I'TNIV. and PNINIV. 

I Iybridonas which ractCd 'ith either 'IIMVor 'I'oMV bit not with PNINIV were cloned by the 

limiting dilutitu ieCtod. A third IiiIS,\ tst \'its cotidutCd ttilts hybridonis usin the mCthod 

descrild Io the sccidOII ISA test. AntibohtdV isotypcs \wCrC detCrined wiil) the llotitlsc-lllollocloll 

antibody isotypimLe kit (,Silni IS()Ifdllowinlg tile suppliers instructions. 

Antibody specificity test. To test the specificity of the selected nlm al antibodies, an 

indirect I IISA test was conuLtedltCI using it dilution Series o)f v\irus-InfctCd leaf extracts (TMV, 

TotMV, and I1MNlV) ia 1:1 1:1), 1:20, 1:51), 1:1()), 1:2)(), 1:4()), and 1:80) forcoating the plates. The 

MA i-producing sUIcriitC \ycor Used ill 1:1) ('[MNV) aitd 1:5()()'l'tMV) dilutions. ForCultuic w 
conipitiison. 'TMIV ptilychIlal antistm at( 1I()h()l i' 1:1 ()1(1'TtIMV IgG) wai used in I)AS-HI .ISA. 

The Cfficiencv of thC NIAs l'or dtCtiIllI' M V or I[MV in doutIc-iIl'cttd plants wis tested ill 

the susceptible toillatto line I, 484). Pllts weie artificially intoctilit.cd at tile two-leaf stagu with a 

mixture toI'TMV aiid TNIV. Itidirect FLISA tests weme perfornd 2 wceks after inotculatiot. L ISA 

plates wee colted with I 1ttlviruis-inlucied plait extracts ( 1:5 \/\,v)nd challcuncd with TMV MAR 

citliutc Illid lt 1:1())) ind ToV MAB culture fhlid at 1:51)). 

PMMV seed transmission 

SCCLI (mI1Cin111Cut sVlt [CIAk1tlld oil seed collected fr'toml hot Passion) and sweet peppel (Y(olo 
Wonder) incch',nicallfy inoculatcd with IMMV at the two-leaf stilge. l-Our sced treatments (76 0C dry 

heat, lICI 5.3(,;/4 11.Na()Il 217M) min, NaP()1 I017(/2 If)described in the AVRI)C 1992 Progress 
RCport were tested. 

Garcia-Luque, C., Sera, M.T., Alouso, E., Widce, B. Ferrero M.L., and Diaz-Ruiz J.R. 1990:
 

Characterization of a Spanish strain of pepper mild mottle virus (PMMV-S) and if relationship to other
 
tobamovirus es. J. thylopathoe. 129: 1-8.
 
Suh, S.K. 1993. Production of monoclonal antibodies against turnip mosaic virus and their application to
 

strain identification and resistance genetics inChinese cabbage. Ph.D. thesis, Dept. of Horticulture, Seoul
 
National Univeisity, 98 p.
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For eitch treatment, hatches of 30 seeds wCre used with five replications. 11+ISA and infectivity 
tests (Iyinoeulattion ofN. gluti/1su ) wvr Cnducted (oealch seed batch. In1cctivity wa,,s evidenccd 
by the a))CarariCc (dlocIl lesions oi the inoculated leaves (f . g,'tlitinosA. 

The plre',CtIe 01' in on lit o'teI seuLe waS llislredtL wv ti seeds FOIr 2surc co.ts shikill 
Las ill3 nl C\11ictio htlfler. The hllerf was theun used IFor the F.I.ISA and infectivitv tests. Tu seed 
bhtches. wv t11h.n riled Ii and .rotilld ill 3 il sodiitum r (i-I)17.0).tiiue s in (tll) wa",teit phosphatehlle 
Tiu , IliltuolenAIC %,. IleasurL F the seed endospeUriln., u'sd to the prescIce ald infectivity \'virlIS ill 
A gcninlat in tct (onin)i, filter conductcd spia',t sCd hItlhCs which haid undleu'eluhutpe1r \wa,, i 

the ailie "Ced iiCutiliCiis.
 

Results and Discussion 

Monoclonal antibodies against ToMV and TMV 

Virus yield was 85 mug viruIs )er I1(0 g ill'cted leaves, tising antextinction cocfficicnt of 
F1 1,I, a 2(1 to1= .18. 

1iie fusi'L wCr 

ItONV ,iltibtly-+)riodtiing hy'l-ridoiMa lines and only ( TIV linus were 


A total Of ,ons ma\rdeith "ToiVand I) fusions with TMV. After cloning 14(7( 
N.5( obtained (table 6). The 

itioiiocfotal antibodics I'or 14 and ToNIV 3 wCre selectel lot Fu(rther testing.TNIV 

Table 6. 	 Percent antibody producing hybridoma lines in the three ELISA tests (El, E2,
E3) following the fusions 

Total no. 	 Antibody producing-hybridoma lines (%)
Virus of fusions El" 	 E2 E3 
ToMV 9 	 41' 21 14 
TMV 10 	 9.2 2.6 0.5 

El: culture supernate was challenged with homologous virus ininfected plant sap and healthy plant extract; E2:
culture supernate was challenged with healthy plant sap and ToMV-, TMV-, and PMMV-infected plant sap; E3: 
same as E2, culture supernale after cloning from single hybridoma lines 
Average percent positives per fusion 

IsotVle tests showcd thatl MAI3 TMV- 14 blongs to the grotup IgG3 ind 'MABToMV-3 to the
gro)up IgG2at. 

Spcificity tests, in which tile 	 wcre challenged viithItwo MAlls and FtoMV iolyclitral antiseruni 
three toalllovirtises, TMV, TOMV, and IMV,iil crude plant sal). shovcd that the ntionclonal 
atiboll)dies were much more speciflie than the Ip)lychOtal antiscrm1. 

The TNIV MAI (1: 1(0) did no0t react with tile hetcrolohg]outs antigens. ,even a dilutions as low aIs 
(.5x 111 'antivcn. The T()V NIAI (1:50(0) showved hackgl(OUtIld reactions. At I)' .andl0.5x 10I'antigen 
dilultions, the heterooous and homologouts aitigus could no hmgcr he differentiated (fig. I).In 
contrast to this, Ihe T)NIV )lyclonal artiscrnm could not differentiate TIMV at any of the antigen 
dilutions used bccause Of strotll cr(oss rlactivity. It was. ho)wvcer ale)l to distinluish I)MMV. 

Scrccnine whre TOMV and TIV are S)cuil'iC 
l()n()cl)nal atitihodies have to be used: TMV MAW-14 at 1:10 antd plt sap dilLtiotns ranging truuiii 

Xx If) 2 to 111 'and TOMV N12AI it1:500 and) planlt sap lii)ns ranginIg from Xx 11()2 to 2x 10 

Thereforc, Fo0r tests Or surveys 	 to he (beleecld. 

The t\'o MABs a'c atlso useful'l to(decet homolhogouts virus in l)lants that te' infected with s1ore 
than one virus (table 7), althiotigh the FILISA values ob.served wetre aht 5()/ lower in the dotible
infected r)lnts. I howevr, these values \were still significantly higlher than the F .ISA valucs of the 
hcaldthy iflant sap. 
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Fig.1. 	 ELISA OD values of MAB TMV-14 at 1:10 (a), MAB ToMV-3 at 1:500, (b) and ToMV 
polyclonal antiserum (c), challenged with three tobamoviruses in plant sap at 
various dilutions 
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Table 7. 	 Average ELISA OD 405 nm values of TMV and ToMV MABs challenged 
with homologous and heterologous antigen and a mixture of both 

Antigcn.. MAB TMV-14 MAB ToMV-3 

TMV 0.5777 a' 0.0279 c 
ToMV 0.0307 c 0.7873 a 
TMV + ToMV 0.2692 b 0.3957 b 
Healthy plant sap 0.0095 c 0.0095 c 

In crude plant sap, diluted 1:5 
Mean separat;on within columns at the 5%level (DMRT) 

PMMV seed transmission 

T['l -Ihilt lit' _ 'ccltrcu;n1ca.illt'. on ocrt in;iltin aid ll lNINI\' CtLC'CC il[ l il'c."i vir,' arc 

..,hM V iniP I' ic ',. (6i llil. tinu Wt;;.fl'ctc, I I\ tIl. dil'trCli d It'cIlllCtI'l, virIN Clitmintatintll, idsC 1)I % 
,ht Iren etr liI nf ',\%,T,.t r tIlt ti'cauiict'ill~ . Il1I10t Ipepper. the I W I lit,] Na( )I Ir CiI". ,l Iutlv lr r, Tlp +I l 

Iratmllicnis 	r .criilliiiion ind 71; , Ir ',,L't'ti\Clv. In "%% pC l lC"._c ,,tC'd Lu_'llulLVClldltL''lI h\' 	 C IIt 

hlitt. Ni NI ) ,. tll Ni( )II) ICLIth , I LC'rliHiltlnll , 25. 30 , IL 77 . r ,;ti, e l . Tiu II ISA test 

,. h\ th% \ lt, ,cnt (LIl T t, lntile ,'l tt t i the 

iC.%tt v; nl.clin u , .
o l\Iv indiat_ LI i v, i il ,,'ili ld ',IcrnIl. 1I v,. l lt 

ir s , qill ln' . ., hiI IC I ISA LCICltcl \ iitI III ill ,,c d , i l ,.', tltcl"all the 
I th t il \\ id I'utcin ', in Ili, .C, o tI t l'C l i 

+coLI, Ir-cilt.. teU it lI N ) l r s,'Wed,, x il11 (1 ll hea..",tt. 
IIcitltilclt". inlcti\ 0 I ,-tt ,Io\\rC lilte t,, 	 0nal, ) r 

\%ih I1(1, at, Il lI ,'\rCCt pCi Ir.t.Ir 

Ih .\,\'. olly'the It(1i tat IritiiiC Itsl t I tV the ,i.'lnspLI',i)CInl t lito PelCIlet,nId Chititillcd lNIN 	 i 
' \lic oily Ih I( IUI titln. U ll titin antedl I?1NN I rI\tl tile , tcitil i-ti ol1 \. e t rePf el'r. 

Table 8. 	 Effect of seed treatments on germination and virus presence and infectivity 
in PMMV-contaminated pepper seed 

Seed Hot pepper Sweet pepper 
treatment Germi- Seedcoat Endosperm Germi- Seedcoat Endosperm 

nation nation 
(O) ELISA Infectivity' ELISA Infectivity (o) ELISA Infectivity ELISA Infectivity 

positive, positive posiltive positive 
I0) (0) C.) (0) (0 (Oc) (I) (N0 

HCl 5.3%(4 h) 890 b 100 0 100 0 911 a 100 0 100 0 

Heat ;3 C (3days) 96a 100 0 100 0 71 b 100 0 100 20 
NaPC, 101 (2 h) 92 a) 100 0 100 60 66 b 100 40 100 80 
NaOH 2. (10 min) 900) 100 '10 100 60 22 c 100 80 100 100 
ck (no treatment) 97 a 100 100 100 100 95 a 100 100 100 100 

%of seed batches showing positive ELISA reaction/seed batches tested (5); 
Positive ELISA reaction: OD 405 nm absorbance values of 10 times those of the untreated check 
Positive infectivity reaction: appearance of local lesions on inoculated leaves of N.glutinosa 
Values are averages of batches of 30 seeds rach and five replications. 
Mean separation within columns at 5%level (DMRT) 

Conclusions 

Moinolonal antilhdies wcre sliont il be toic tisel'ul than ip)lycumtl tntisera or nucleic alcid 
pI)Ihes It) dil'lerciitiat, tc acco tmisaic 'ltiulitotliat) llnsatc vl\'irus. Thexy atC usCtltl in detCctil, thtCse 

Vi,.ruses in sitiglV irll'ccted.I llalitS as \vll .is in plants inrhe 'ted with a Illixtrc of vittscs. 

"r( elitinate iitcetious Il~N1NV tlti hut pppr sceldcats as, \\cll ts clIdos)clrin \while not 

ad'versCly arcCtin,- gcrtnitiatin, a hicat teanit i 70"C/. days is trCCtuuuuiei,.ed t lint pppCe))Cr. 
while for Sw.ect P).'I)IClr l treatnictt of' IICI 5.31//4 It is rccnommnded. 

http:trCCtuuuuiei,.ed
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Evaluation of Pepper Accessions for Their Anthracnose Reactions 

Summary 

lPcpper acccssimls in the fourth International I lot Peppcr Trial Nct\vork (INTIIPAT 4) were 
cv;hIltcd or their reactions to anthraCWsc hascd on th rerccItigc tl"It'tt that dcvcliopcd symptonis 
\hen grnvn in the held with nattra] inteultmn. Thc percentage t fruit devcloping atllthractlose 
,lyllvnpholns I'allnelII'ed Ihit , the 2S pepper acc'ssinls testcd. lIrccnt intcction . d234 ;antltn. av,.r.lci

FiId 'F~5i(,..ssthanl 3'; in twot scp'ar:.a,.h~cxlcrinknts fhr SB entricsl'lW,(455. l'B( 5",2. . PBC' 6I2, 

P,( 01 -3.and P('B043) suggecsting that they'-+sscs resistance to althlaC tisc. The predvtithlallt 
pi,tllm,.l \vas C d'lh'n /richumm . , /,ro%,l i+in'.,. 

Introduction 
,\nithlitcntisc mruit Is of" tihe nimost imnpuirtanlt discascs of 'Cl-,pcr: it frequent Ivcauses severerot mmc 


yiel -swIhn p\p'cr is grmwn during the rminy scsonl. (olltoirich'/lnClii (Syd.) F..I.
Butlll" & 
Bishy and C'. Qlo'o.i,)id+'s (I)cn/. )Pcn,. & Sace. ill sI;liPcn/.arc .generial rcptrtcd aS the ItWO ma.jlr 
causal aents (t allthracIns. C'. v+.1.lyorit)id+cs is prcdotmllinnt in Tlaiwan. Rcsistant pepper 
acccssimoIs have hCCn rcptcLd, hut Imost arc imt suitahle types Ior"cultivatiun. The mhcctivc (t4 this 
wtndy \vatn) c\ualttlc pclpcrentries includcd in INTI I()ll 4 For their reactions to anthractose utnder 
tield cmidition ;. 

Materials and Methods 

INTHI( )I'I-4 incltdd 28 pcppcr entries. Fach accession was planted in RCI) with three 
rCplications in tWO SCpalc 'icldII'(F'I)3SU(2. transphlatcd 21 June 1993: I193S[J(3 transplantcd 
22.1nnc I9t3 . Each treanent rcplicatiom ctisistcd oFl"tt4.5-nthog dhmhlc rows. Iti evallatioms 
I'i- antlratcnise sy niphmns werc inade on thc 4th (22 ScptcMher) 7th i(12-13 ()ctohcr and I1(th (2
3 Novcmlihcr) har\cst ornneach ficld. Ihe pcrccnrtagc of Irnit showing syn/plonlis at harvest was 
dctctmlillCd NvisnAllxv and CotlirmCd IroCt¢-sctop'ically Iw 0hscirine the total frutit at(each haurvest. 

In addition, a 20-truit sample 01 asymptmmiatic twit was taken troni each Ireatlment irelication to 
ftmtit dCvClped 

washed in tap w;ater. itnmersed in '; sodimimit hyl)ochhritc IBr 2 Min, rinsed in distilled water, and 

dCtCrfetinC the percentage t that syphtmis dtring posth',arvest. I lie fruits were 

tempcralUrc 
t'trtlt 'o1m t accsio that epd Sylmptomls trolti latent was 

inClhatCdat WHII) kor 2 weeks On a wi'c screen in anmtmlchOsCd plastic hag. The percentage 
d,\h anthracnose intctions 

determinedI Lv \'isual )hsC.rvation and cotirtimCd hy miicrscop-,ic exatmination t'tIe sporcs. The plc
and postharvcst percentages ofI' svinponhatic 'ruil werc comihincd to determine time percentage of 
infected frutit kor cuch accession at each harvest. Finally, the percentages (t inl'ccted fruit at three 
harvest pcriods troul two fields were avrct d Itoderive the incanincidence of anthracntose infection 
m'm)r )ata from the two fields were treated as a comhinld experi iunt analyzedeach pepper ac.'cession . 

hy AN( )VA, and the means separated by ILS.). 

Results and Discussion 
"
AlIthgh IIoth Ucl 'mlximi and C. i/OV,,h 0'riOi'Swere assmCiated With lesions in this study, C. 

ghtwoSlU rioi/.N was tIe catsal agcent in m1ore than U)5'7 ofthIlesioms. Responses of inrdividutrl pcpper 
accessions to anthracnrsC \wcrc similar in separate field plantings: thmCrerce, data Froll the two fields 
wcrc highlv currelated (r= (.83). The mean incidence of fruit I'rom h0th fields that developed 
antlhact ose svnptmils ranged IlI ahimat Itm 239A amumg the 280ppperenftres (table M).Entries with 
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the IOvc:,t (_2.8, ) nlean incidence of inlccled Irutil he ioC rle,,i,,lalland prcsumaltI to ailthralciose 
,,ere P1B35X2. F'BC 61 2, PIW 043, I 3, PI(' vil I -est6,I 92, and PIW( 455. I'nltris tie hi h 

14.8X; ) mCan inCIde.nC _ l(PI( 142, PI( 530, and PI.(
includedI 7.3 1.P!I( 456. PI( 0 15. 

sircH w v'I,, ..IV to p!e Iiet dAnthrenosc pI int(Ih.,'iCld rCeL i hl\,comp redp ;-. Sit I[lIIlt 
lt'll 1993 \vcrc vc'rv 1r.\, \ Iil raini fal II %IWrIitI. 1"\C II h di,il,c I)IrC,,', re ti1)wI( I l I C \\ , I it I. 
distinct diltCrenee . obl serCd th es iCc I i 'sIi\oC iit i 1the t eIeWo'IV i. ri'\Ithec',i .'IIIIi l 
of their relt]%,Ch Ield r.ilctiOnIS to IIthriC IWCe ',CId b ' ).%/(o'lr x.( oi 

oh illidiCIC2 (f1 appealr 10 he C 
lIe tIIod (dC\ al il Cl'pep,si~o hie.,0I i , itl iIilrCiiO We. eve'. \\tC nI iIi 

FiCL reil.tIM,, ie,,CdiClive \\ nipl'inlic Iruit a rCpro deileU 
llc' rIf to 'll 

alout all Ic fiechr, Iliit citlriulih e dilter'nt ieaeoit, ainoe tIh .11 tiiilar we 
it t 1I ' "i I r u IIo C\ letI 

t hII. aceWiin. III 
aC unale, at prs,. to cli.,tiinui h hewee'i dilteenCe na)iy he dutC1hL.'Cceal hasedWolLervei that 
0n flit sI/C, nttnber, o0' W lit on the plalul aMd inherenlt iresance t inl ctioli and/ni disease 
developitcit tlhat Ina\ occiur ill the I'rhtith,l.
 

Table 9. Incidence of anthracncse-infected fruits among the pepper entries in the 
INTHOPE 4 field trials grown AVRDC with natural inoculum at AVRDC 

Symptomatic fruits (%), 
Entry Name/Origin Field 02 Field 03 Mean" 
PBC 731 Korea 13 230 22.8 22.9 
PBC 142 Pant C-1 10.8 26.8 18.8 
PBC 456 Chilli NP46A 19.3 15.9 17.6 
PBC 539 (AVRDC) 13.2 18.5 15.9 
PBC 615 Matikas 14.4 15.2 14.8 
PBC 729 Korea 4 11.9 12.0 12.0 
PBC 830 Bangchang 12.4 11.1 11.8 
PBC 730 Korea 11 9.9 11.2 10.6 
PBC 600 LC-Serdang 8.0 12.2 10.1 
PBC 483 B.L. 39 9.8 9.6 9.7 
PBC 581 (Malaysia) 8.2 8.6 8.4 
PBC 580 Chillies Giant 3.6 8.2 5.9 
PBC 137 CNPH 703 5.0 6.7 5.9 
PBC 464 Mareko Fana 6.3 5.1 5.7 
PBC 621 Kalmicho 3.8 7.3 5.6 
PBC 450 Cay. Cajun1 5.4 4.8 5.1 
PBC 534 Tumpang 3.9 5.6 4.8 
PBC 632 Bangladesh 4.8 3.8 4.3 
PBC 622 (AVRDC) 6.7 1.8 4.3 
PBC 074 Szechuan 8 3.8 3.8 3.8 
PBC 550 LV. 1592 3.0 3.4 3.2 
PBC 522 BG-1 0.8 5.3 3.1 
PBC 455 (India) 3.0 2.6 2.8 
PBC 592 (Thailand) 2.3 2.7 2.5 
PBC 613 Prapadaeng 2.6 1.9 2.3 
PBC 643 Athi Slim 1.4 2.0 1.7 
PBC 612 Banglen 1.7 1.3 1.5 
PBC 582 (Malaysia) 0 1.3 0.7 

Combined pre- and postharvest percentage; based on means of three replications in each field; correlation 
coefficient between fields r = 0.83 
LSD = 5.4 at 5% 

http:inCIde.nC
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We initiated in 1994 and \will continue into 1995 studies on laboratory inoculiattion and disease 

evaluation techniques that hopl'ully will allow us to assess the degree of resistance or susceptibility 

to anthracnuose aniong pepper fruit of various si/es and shlpCs. Current laohratory methods do not 

appear to be reliablc Ior this purpose. 

Evaluation of Pepper Accessions for Phytophthora Blight Reactions 

Summary 

Iwenty-Ilur pp'lcrcntties in lNTIOPtE4 were evaluated in the greenhousc at the seedling stage 

for their reactions to /ltvquqtlttro r r. theucausal agent of phtoplhthora hlieht. The diseasei+' . 

reaction of each accession was derminfCd hasCd on the percnlagCof ,Surviring planlt 12 days afler 

inoculation (300 ml ol'a 10f /oospoire/ml suspension applied to the soil surlace ofeach planter fll at 

3() days al'tlr Sowing. (n one entry, IB(C 534 (Tutnpaig from IV.lIRI/IndncsiaL was lnd to 
expres it',usfull leve of resistance withq of the plants surviving. Survival aning the ther 

accessions ftrnd I to 21 

Introduction 

Fhllytophihora hlight of" pel'l, caused by I'hyophthora1'1sir'i I Conian causes severe losses in 
pepper crops in both tripical and temlperate climates. The disease oiccurs in both rainfed and irrigated 

dry land pepper crips. The lfinutis is soilborne and causes riot rot, stem blight, fliar blight, aind fruit 

rot il pCper. 'lhis study Was conducted to CvaluatC pICrepw entries in INTI 1011E 4 for their reactions 

to '. ipuil in greenhouse inoculatlioln studies. 

Materials and Methods 

Seeds ofth lipeppcr lines to be lested were sown in a steam-lsterilized soil mix with four lilies per 

sWOil lat (32 x 48 cmm)and thinned a'ter elmrgenice to 2) plants par line. Fach line was replicated f'our 

times with Cach replication planted in a dil''rent flat and ilrrallgC in it randomnized complete block 
design on it barlti:ebech.In addition to the 24 INTIIOPF, 4 lines being tested, highly resistant 

(PI 2(11234) and highly susceptible tBlue Star) pelpr lines wre includedais ontrils. 

To prpcliare time imiocluhm, isolate l'c-4 of P. ,('ot.siiwas grown oin V-8 uice agar in ptri plates 

l'or I week. lEach plate colony along with the agar medium was cut into tour equal sections ind each 
section Moved ase 1ically to a sterile petri plate and diced ito pHproximately 0.5-I Cm' pieces. Sterile 
distilled Water Was added to cover the agar blocks, the plates wer incubated at room temperature lI'r 

1-2 hi,and tme water dcuanted. Sufficiet sterile distilled water was then aided to each plate to bring 

the water level even with the upper ,urface if the agar bhocks aid the pltes were inculted under 

Continuous light at 28V ltfr 24 h for sporangial development. The plates were then transferred to anl 

incubator ill 4C'lor I Ito trigget /itlre ftrmation and returned to the 28')C inicubator orI h1f'or 

+oospore release. \Vater Conmtaining /lSoIrs Was icanted f'rOlm tie plaItes aid diluted to I(0' 

/.oospores/ll. 

Plants were illtoculatd by drenching the soil suiacc ofreach flat with 301 ril oftlie 10" oooreMS/ 

irl suispeilsion 3(0 days al'ter Seeds Wr sown. The disease reactioln ot'each eltry was evaluated based 
on the percentage of surviving ptant 12 I)AI. l)isease reactii categories wete based Oin the systeml 
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descrihed in the AVRI)C 1989 Progress Report: highly resistant = 8)-l0)()4 sutrvival: moderately 
rcsistant = 50-791/ survival: modcratCly susCCptiblC = 30-49'7 survival; and hiehly sLSCCtiblc = 0
29 n! l.Stu'ViV\ 


Results and Discussior 

I)isCIa eI'actions almonet IIC24 entries rangedIrom () fto67.5<;; survival 12 I)AI (table I(0). None 
ol the SuSccptible check. BInC Star. survived while 1(01/3 ol the highly rcsistant check. PI 2)1234 
Sur'i\'cd. ()nlv oneaccesslon . t1W 534 (Tumpang 'rom I.EIll,/ ne.ia. was lound to f~5C5.; a 
modcrate le\el o resistance with 07.5;" su:nviv'al. Suvival otf t'hr ICCCsIosM raneCd t'om0(Itoall 
21 ', thmcil tL1SCC fhi, sltudy is a, ot a larger cffortlalfplacing., in the highly s ible catelory. portion 
,A\VR I)JC toeutel p rccessions trticirireactiolln to pihytilhthra blight, to idcnlity additional 
sotrces ),t resistance, alld to dC\elopI mlmoraiisiihrn p lines and culti'a's.ihy leCr 


Table 10. Percentage survival of pepper plants among entries in INTHOPE 4 
at 12 days after inoculation with Phytophthoracapsici 

Entry Name/Origin Survival (%)<,
 
PBC 534 Tumpang 67.5b
 
PBC 592 (Thailand) 21.3
 
PBC 830 Bangchang 17.5
 
PBC 612 Banglen 16.3
 
PBC 731 Korea 13 15.0
 
PBC 581 (Malaysia) 13.8
 
PBC 550 Lv.1592 11.3
 
PBC 729 Korea 4 8.8
 
PBC 613 Prapadaeng 7.5
 
PBC 580 Chillies Giant 3.8
 
PBC 730 Korea 11 3.8
 
PBC 455 (India) 2.5
 
PBC 539 (AVRDC) 2.5
 
PBC 522 BG-1 2.5
 
PBC 622 (AVRDC) 2.5
 
PBC 632 Bangladesh 2.5
 
PBC 456 Chilli NP46A 2.5
 
PBC 582 (Malaysia) 1.3
 
PBC 464 Mareko Fana 1.3
 
PBC 483 B.L.39 0.0
 
PBC 600 LC-Serdang 0.0
 
PBC 615 Matikas 0.0
 
PBC 621 Kalmicho 0.0
 
PBC 643 Athi Slim 0.0
 
C 01176 PI 201234 (R ck)c 100.0
 
Commercial cv. Blue Star (S ck)d 0.0
 
LSD (P = 1%) 11.4
 
. Values based on 20 plants in each of four replications
 
b Moderately resistant (range 50-70% survival)
 
c Highly resistant check
 
d Highly susceptible check 
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Pepper Physiology 

Identification of RAPD Markers Linked to
 
PVMV and CVMV Resistance Gene(s) inPepper
 

Summary 

Bulk segregation method in conjunction wilh ranId~m amfplificd polymorphic )NA (RAPI)t 
aillysis was Cilplo ed in this study on rapid idCntilication ofr genetic markers which are associated 
with cithcr pepper vciial mottle. virns (IlbNIV) mr chili vcinal mottle virus (CVMV) resistance in 

I)NA s'mpl.s wcre ,'ceratcd oin I: segrgating populations origin'atdl epfr."lo pals o,1bu Ikei DN 

I'1m(l tw ,twoifeparatcd ,iIele crosse, between a u,,-cptiblc pepper breeding line (S. PI:W" I861 and a 

resistant pCpCr brccding line (i.e.. RI, V(' I6a: and 1,2. V( 10)h. PIW' ISO is soscCptiblC to both 

PVNIV and ('.MV. v,her,._a,, V( I l and V(' 10( are rcsilant t bwoth PVNIV amd ('VNIV. A total 
olF 25) primer, \\ crc emnployed in seclII_ liroL mIhomulh all bulks, and more than 1410))hlwi were dic.CLd. 
Several p)tentil lnuarfkr ,CIC I'mihI lobeassociatcd witlh eitlier('VNIV oi PVMV rcsistallce;primIer 
( l(' 71 iolduCmLl rep)roduciblC bald in VNV-,uScCpliblC bulk but not in rcsistant bulk. Thirty-eight 
of lthe tCstcd pr1incrs I- I5',; Ihdctectcd bId variation bect,'2in the tv) F 'amilies derived from RI xS 
and R2xS, which revealed hihlm cenctic diversity hetwcen VC 16a and V(' 1011. 

Introduction 

VNIV ald ('VMV canse virus di seses and resulinIst i e lossess inppClp'er prodnction. Thus, 

tile introductionl of resistance genes into cullivated lines is important in breeding hInr resistant lines. 
PVNIV resistance is deterinined hy donble rcCCssivC alleles at two hoci, whereasC'MV resistance is 
dlCtrmi ned bv domIiInant aind interactive cne effects at tw other li. l)efi iivC conlliral ion ol these 

resistance nmechmiisms hiv not vet been (hC. The newly devCl)Cd bulk seregant analysis 
pI-)c(ICucIe bvI'R )lp,,'i(Ics a shorlcut which leads to iap,id identi ficatimim o'geneticmarkers linked 
1( itufprtant gCns. The objcCtivC f this study was to identify gcenetic markers linked to PVMV/ 
CVNIV rcsistlance Cens anod thus facilitite resistance brCedin.. 

Materials and Methods 

Plant material 

TxWO Fk I'am ilies verc devopedfrom wo spaiIted single cnIsses bCtwCn a suscCltible pCppler 
brCCdime line (S. IPB(' I86) andi a resistant fICper breeding line (i.e., R1, VC 16a; and R2, VC 160). 
P3C 186 iSsusccptilI t both I VMV and CVNV. ,whereas VC I6a and VC I(0 are resistant to'bth 

VNI V and ('VMV. I:1 segregating anahlysis fo0r resistance to PVNiV and CVN'V, respectively, was 

done by FIAlS,\ in coopcratim with the Virology Unit. 
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PVMV-resistant/susceptible bulked DNA 
Ftifty-twt F, progenies derived fttl the three stronest PVMV-resislant F lines I(t(. 97, and 

88, ttl the F, pruoetijes ftom cach line were resistatt to IVNIV) uricitcoatd frtom RIxS were hulked 
to g7,enerale the rcsistant hulked )NA. lilty-two I;Fprogenies derived I'tutli 16 susceplilile F, lines 
([ItaltiVe hotul>O/Vt0tS dOtnlliltlllt) tlintted froItl the SIIII cross \w'ere hulked to cenerate the 
,Usceptiblc bulked )N.A. Anothcr pair oI ltlked I)NA oriittated fronm R2xS were gcnerated by the 
sailiL stratc-\'. I)NA ot the selected lites %\tse\tractCd Separa'tClyv as prvu\'slv reported and bulked 
illqu,+l
l[+rop[otytit~ll,
 

CVMV-resistant/susceptible bulked DNA 
F, Itdi\'idLtals \ere testeCd lor ('VNIV resisttce susceptibility. Ten resistant and 20 susceptible 

individuals were hulked lpatritely to fortn two hulks of )NA for RAPt) analysis. 

RAPD analysis 
RAN,l, ) =e lclt10t ,ere iprepared acL'eorditel to standartd 'IOtttSMttdatuplifi'dLi=SIt Muodified 

tltrtt"tnc~vc'liinci.diti . I)N, tliplicatious were peri tmrted in 25 pI \'lolitm ttitmt 510 tNl KCI, 
IMi.,,lITris-I ( Ipll at 25 ', 3 mMN NIe('12,tt. I tNl .INTls. approxitmatelv .2 111 pritmer, 0t.60 
unit T0,1 p'.vytcratse (I'erkin Flimer ('etut, inld St ng l, pl+r template htukd I)N,. Two, httdredt 
litytItrilir which were ,,elected titLurelil itimtarv sreettitl' of 14() prittrsll ttll ()perou kits A,. I. 

Vand \\' (2t) plirs per kit) prilttiers from Ill,(' wt 
R.cition iitixtrtts were+ MViWrla\d wih I d'op t1 nittittl .il.ALttpli"titiotsw're_ ',rIttILtIl it a 
Pirkit Flttr (C'etiSNI)N,'l'lierml ('\''ler Mtodel -8t 'l'htritol\ Ie TCleprettiure Trtie' Therital 
'ycler for 3 ccls II in at 94 V, I itilt itt0'C. i1d 2 iniin at 72 (). fllowed b, 41) c''cles (3t sec 

M. T.T. V. itd S()t)tt I, 2, 3. 0. dut7 were tested. 

,at 94 C, 31) sec at 4(t I min at 72 '(')ad fItrther extensiot t 72'C l'or It )itt. lP flettrttse chaih 
I-Cilctitm (P II )]'0tdutts \\ur attalv/.id 1 hl+ ."iS it glelL."Isat in T I3Felctro o.se; u I()V 
hler forapproxiittely 3 1h.(;cls weCr staitned itt Cthtidlitl brtIide solution aiind. phtogtraphed tunder 
( \' lieht. 

Results and Discussion 

A tttit]Iof 250 priiers were tested against DNA hulks which were resistant/susceptible to either 
VNIV or('VMV, attd morie thtai I4tI)tprOducihl, loci were scored (5-6 loci per pritnt'roil avera e ). 

Severtal putential loci associated with PVMV or' (VNIV trssttance \vre iditil'iCd. 

Pritter tI 071 (1 '-AiGCAGG I detected ptlymttrphisns het\vciI IPVMV-t'csistant/ 
stusceptible I)NA bIulks. A r'proClucible t0.78 kb ICR irOdIct was vielded w,,htn I'VNIV-stuscepitible 
bulked I)N.\ and the I)NA ofl the susceptible pitrent vc used as tctilplatt. Sitnce IVNIV resislltnc 
is cttolled hy dItblC rcesive alles at twit litci Mitd the I",sCeL',ttin rattiu was 15:1 (suscptihlc 
resistantt, ). theme ,s itto ttr dottiltti allele itt tile tusi atit bulked IDNA. Thorctically., bulk 
scgt'cg~ttt amttl vsi, in ci)ntILntitctttt with RAPl), is ahbl to disCt'imtinttti this dttttittttt allel 'Int tile 
rcccssi\c tte. Ilowkever, \vlicthtis 0.78 kh P('R prtttduct is tightly litked to it It'oittittatti allle ttttOt 

is still beitt invustic'attL. Iitner(PW 15 ,CA('CCGAAC i(idetitilied \'.friattin it hadllittcttsity 
between PVN1V-resistant and sUSCeptibhe bulks 'rtmttbhilt R IxS and R2xS crosses (i.., briliter inl 
resistant hulks). Aectrding to Mihcllitre ct itl. 1991 ). bulk scrceaint antlvsis is sensitive to aty 
martkcrs ecueratCttd withi 15 cM Iuni huit SiICs Itt the tarLt+ (I3),rctttltinttiotlocus wintw ),and 
the variatiohtt etwecit hulks should edectabUlel t leaSt its itndS otulttel'tltl ituIshy. Irinmt'( )IPWIS 
mieht detect t muarker loosely linked to the recessive allcle. 

Michelmore, R.W., Paran, I., and Kesseli, R.V. 1991. Identification of markers linked to disease-resistance 
genes by bulked segregant analysis: a rapid method to detect markers inspecific genomic regions by 
using segregating populations. Proc. Natl. Acad. Sci. 88:9828-9832. 

http:attalv/.id


128 AVRD( 19)4 IPiIiCs,, Rcpori 

('VNI rCsistailcC is dCeterined by dom1inant and intcraclti\'c Cffects at two hOci. Priienr 

UI3C6I() ( "(:\A(;,AAC(C( tC' hII cci CVNIV-rcsisinlt and susceptibiedcctcI pol'mnorphi si , 

bulks. A 2.) kh '(CR product was obscx cd only wlhcn ('VNIV-rcsksthnl bulked I)NA and I)NA olt 

rcsistant pailclls \wcic tid as teCIpiitC. ,ascd onithe hulkiig straltc' thcre was no doiinait allele
thi kbin (\VMV-,,t.,ccliiblc bilks. thus pItclitiali, 21.0 '('R prodnctl uight link to thc dominant 

to doe ill the Ituturic. 

'hIlirlty-cihIll o ilc tCstCd primers (-15', Ianl IIc\Vccn the wo F Itaimilics 

alICIC which dccriiuii-cs ('VNIV rcsi',iancc. Ilurlhcr confitriaiii nccds (t hc 

ICIccIcd \ariatil 
h1l Lic dis\crsiitV bctwccn V'C I(i and VC 160.dcrivCd frmm R I xS and R2xS, which gcvcLdc21 

Transformation of Truncated CMV RNA-2 Replicase Gene inPepper 

Summary 

1571) and hot pcpper Scchuan wcrc translormed with a truncatcd CM V RNA
2 rcplicusc o,_cnc via A.,,i'bwriin-ncdilIcd transftkmat1iioni. The t11calctL ('MV RNA-2 rcplicale 

iuc" liuicd with ('aMV 35A promoter and NPT 11ulcnc (kananiycin rcsistant t.Cilc) Ipo\'idcd 'D. 

Swcct pctpcr (7lJ(t 

M. Z/,itlin (('ornlcl !nivcrsiix) was iraisltcrrucd to A ,robac'in'hmo tnunfelicens IBI\ 4404 by frcc/c
thaw inclhol. lxciscd cotlc 'lsfiou 5-da,-ol sccdlins wcic iinfccicd with thic trinsfoIuc'd A. 

,omi,1tuico ullld .ilc of thcshowi,, dncc'd within 3 wccks aftcr inoculatiom. Ahout 7()f' and 15',, 

calli of s ccl pcplcr C 0I) 1571) and hot pCpper S/cchuiiiamul, rccctiv\'cly, dcvclopcd shootis oit Ihe 

sclccliol inc'tilln conainin., 5)) n/f k'nainvcin. Thc shoots wcic Irilllstc'rtCd to Ilodific MS 

nlicdiln SUtpllcimcilic'tl with 0.I in/I NA\\ and 25 n./I kinain'cin for ootimc. Scvcrahl m'c'lcrtilcd 
planlts wcic o hklinc'd. Thc tllbhl anlsilsI, rcvciilcd tht thc rc'CllCcrllcd shloots c1tiaicd the 

inlroduuccd trunc;ltcd (AIV RNA-2 rc'plicaiSc gcnuC'tlc.r coi ination with Soulhcrin and Nortlhin 
blot anllysis, alld ('NIV tcsiing arc still inpiogicL'ss. 

Introduction 

('uucnm" los'ic1 irns Canscs lar.Uc produt.ilmn iosscs in ('alsiciiin tropical Asia. In Taiwan, 
C(MV ini'cctil Lond'ci'aSc icppcu• iClds by )t3 orilloic. Sincc there is no cflticicnlt way to pre'ent tile 
infection, tihc vailubilit' ot ('MV-rcistlanlt cultivars bccolincs a prioriy in the lpclppcr brceding 
r.iaill). .\de.rsonil al )2lrallsf'cirCd it tInlCacd ('NIV RNA-2 r-plicasc gclic into tobaccocli (1)) 

plaiits. w thluincalcd ('I\V RNA-2 icplicusc pcnc was chumcd i ll the lu stlain of CNIV and 

moidi ficd ai tlclcti (n itQt--lxis,C-plir rCin',li ,,pani iL n11iclcotiLhcs I.,57-I QS(Il.Thc dclction caliscd 
a shil'i in the opcni rcCdilnp mflnlc aiditcutcd inaittrunc;tld translation piodirct about 75'</ olthc full 
IcrIglh prOicil. A rcsistlicc to systcinlic (NIV ill,.Lll lcgrcc ofl discasc Will,(bscrvcd (IhC Rand R, 
liL.s ihal ighlbel'thc trallsucnulic tobacco pliuil.. Sonic r"cau-hcrs colncludcd icsistiaicc to CMV 
ilc to suppr-cssiol of rcplication aiml Io ilhibilion olsystcilic ino\'cincnt oI('MV. In this sludy, 
we planu to trniiscr this ('MV RNA-2 rcplicasc gcnlic W s\wcrC pcpllcr C 1)01571) and hol pc)lpcr 
S/cimial via -\,,robui',iuuu-nicdiaicd Irasfo'llalilo sylciln to obtaihi ('M"V-rcsislanillt trallsCilic 

plants in pcppcr. 

Anderson, J.M., Palukaitis, P., and Zaitlin, M.1992. Adefective replicase gene induces resistance to
 
cucumber mosaic virus in transgenic tobacco plants. Proc. Nail. Acad. Sci. USA. 89:8759-8763.
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Materials and Methods 

Preparation of Agrobacteriumtumefaciens 

lasmnid pCNIV N/I,-23. containing an insertion t 'he nlmodified Fn"-CM1V RNA-2 replicasc gcnc 
( I'l )r. N . Z/it inll('r [ll{ Jlicrsity I. wil transterred toAiroactriun ttnflicf'ie.s I.BA 4404 
StI I t t ti,1/jic/liv wil, selected by a suppIlnicnt ot'50 nglh% te ,Itlltlod.The tt(riaI(irmdi. 

I kanmnmti\ i and 25 l /i,tr,.l n t+inth,tile I diul . 

Plant matei ial and cotyledon disk transformation 

SccdS t \l,,t peepr ('0)0 1571 ) ald hot peppeCr S/c;hLnin \,ere 0CeliildtedoIt 1/2 IS iedinl.
 

Ti' 1 I -- M Sit v,,._-e idp;ree'LlltrCd ) olitIuln
1otedlhN -, Stripped +lul mS31k (NIS + 3Nedlilq oil 
n ;l/l I,,, tI. teS,ti. oi , c r,Sed ill A. tlill/i ,l at i ()11' S d , ., inm cit i 1 1o11tAt ilt tiot oi-h 


eClk/l! . ' ilCllI td ,,tril-l01 , t peppelm ( t()(1571) ;tlll th ppp'r W'ere then Cultured
t IC ltlall 


I,NI S,,.\ and lA Ill MS + m +-I , rc,peeti',clv I'muit2-
B l I mCdit (IRllI Ille illlll: I( / B1HA Hl!/I IAA 
Iht t Iand ,((II ilha StiplelmlClmlt Oftsa\co-' tlltiitka ll. lll l ixij1sie ed h ,%iS3B,\ ,lil eleetit mitetlia ,,1 

9,)m,/I .ll i eit n dt i) -,Itlt , ted1,.. the dCvCllpirIgLw/I e'areani,_'illin. AfHmter 3 v.;t+k,. I 

.,li \4e.Ctlrz it.lrcl to IB-1 edI um ilih llp llleT, I*t n Iliiv -ilOitoI . 2(0ml+dia (Ms i,lin I ll il llg/l 
ddlllill! Nilate. 2i0 lue/I in lldtillvdit.C,4 lw/I BA. I) lll\/I andiJA 15 toNI Silsci Iliosulltcite)
 

i (h and 21)1( l t'e utideu .le/Shh)i uiilliln
5()mL/I kalnainyci :lbel ilt 1 tix illltintatioul or shoot
 

Il'l atllTe. mIIncrlted 5 1- were e+i.Cd and tultured onlt ()NISSN mitcdlitlll I -i-
Ihe+" ((.1 mg/l 
NA\) 5\ithl2 vl/ kaiiiincjcin untti 30))) Ilu, jlhIlnliitjtll to i ti' liI. 

Dot blot analysis 

toal I)NA wa, e\irted rtin the rmeelrated s hgiitlsit milligrams Il l)NA wus otted ottl 
I iSlI11ld-N miculliramle and Fhriized with I)IG-dUTI) labled 3 kb DNA rragrlltn il [ICIMV N/
2i-.
 

Results and Discussion 

Rce,_ltratioln is ikey to the success of tiaSiornation ill tiiiicrtt plants. In this tludy, we iund 
t1hatle~enrat.,unit rate was dpCCndClit onage 0o the Sccdligls aid was ,pecics-dcpcndcnt. Tile ntmher 

t ! Uated iL'lil'ieianly redtict] , Ill the Cxlp lats w+ic exeis+d trOill older seedlintIsrcener ilootN, 

(mre ntlai di\ Nioldd. olliweet pCppe+'r ( )(1571) ,lliplsilillS:ita I ll'etCd exlll prtidtid more r 
Imlinctcd CplantS ot1'11) l S/_'htieltalIlwer shot1l r'iratioll ;litl 11t explaltSpCeppe h'lad r'AtC. tC1C 

hceamc in eeLs al'tc"r.. viel i alitioil. i;,\plalts I parts ol tilecc.eutie s i thin 3 \ 1littl('/,I(j in trt ellcrnt 

-C'h
ilt+ lllnll had dillilemlt Nh lolliii! P' ittial. Tiii InItli with ipetiilCs were Ilore 
clitctivc ill Sh( . Cbeeaiise d tte tilt etioles.U11 titlm, lli"st t1ltultiplic ,h51t001 lopeth i dilrOtlnc )etI 

A:\it 71( j'i I5 i f tlhe inteeI CeXlilltS olfl, wetC(pepp+mr C (i 571) and hotd r SicLhtian, 

IeSpcit ioelv dC\elod Shoots (n Cmlttiit i e 5) le/I kanalvin+i i.The dot bHlotu. 14 ,o-election mloedilli n 

anaii"i, Conlirllecd that thcse irecnClatCd shts eowl':till tile iodeI ritla ('MV RNA-2 

rephical . gCnC. Ilcl-altct , tlece rceeneiated N oo, etC trlnsnleUed to I )NISSN lledilmill withi a 

sUpplemnlet od25 ng/I kanalnvein andIT().mg/ NAA ll ot Urim;lltioln. Solam. ye have tbtaitted ilC 

r+CtcieeratCd pflaill f sweCt llepper C ((1571) alld tt,et tci'atCd lants Ofol" ht lplet-r SeZCeCitl. 

"lhtese three regenclatted lants will be transtcrred t the ,oil flirtier itb. luriler eotlirniation 

by Soutlenull still itl lirgi'e+.and Northerntlblot analyses and CMV testing ame 
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Soybean Breeding 

Genetic Resources Enhancement and 

Varietal Development in Soybean 

Breeding Rust-tolerant Soybean Lines 

Summary 
SOiyean rust caused by 'hakapsoorapa hvrhizi results in yield losses of tIpI)to 9517( Ex tensive 

rescarch illAVRI)C aId elsewhCre has showtlthat single-eonc resistance is not dCpendal'eC due to 

nultiplC viruleIt genes in the pathogen. SoybCanirust tolerance and partial resistance appear to he the 
solution to the sOVbeaiu rust problem. Ireding has made considerable progress in making selections 
'O"rust tollerlnce. the advanced yield tcial data f'romltilizin spring ald anttini, arust tolerance index 
RTI) similar to a stress tolerance index (SI!) was dC\'C ped. Data f'rom 4 years of research showed 

that the SI is able to Cffecti vely di scrim high-ieldig. rust-toleranlt selections il cnvironnients1inlate tile 
with and v,'itlioit RtIst. 

Introduction 

The yield loss due to soybean rust caused by Plakol)sora i)acl'hizihas been reported to be 5
9)5(/( .Four independent single dominant genes conferring resistance to f'our specific races of' the 
SWlyhe llrulst I-1atll2Ct have beenM identified (Ilartwig 1986' ). However, they were ineffective against 
othcr v'irulent iICCS of the pathogen. Although rate reducing 'esistance has been idcltified, tile 
difficultiCs associated with the idCnification ild quailltificaiion ItIade US change our Stl'ategV anIId 
select gemntypes tolcrant to P'. ollerancc to I'. piochv\rhizi infection wasl;1'hvrhizi ilstecad. defined 
as the v.iclding abi litv of soybean genotypes grown iulder severe rust stress relative to those grown 
undcr no or"minimum rust Stress. TIIC obectivC of this stldy is to select gmClotypes with high yield 
potlntlial and genes ill usepartial resistaice and tolcrancc to soybeaniiust. TIhe aim is to 1niiniC tile 
oIffuMngicides.r'sultiin in reduced prOuclctin cost and yield increase. There isalso a need to develop 
a reliable selecition crilteria for ideltifying bot(h high yield a.ld rlSt toleCrllCC. 

' 	Hartwig, E.E. 1986. Inheritance of a fourth major gene conferring resistance to soybean rust. Crop Science 
26(6): 1135-1136. 
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11I ))2. a stress tolerance index was found to be a herttc predictolr ot soybean rust tolerance and 
high vieM potential. STI is estimated as: ( Yp x Ys /(Yp : where Yp = the yield under no-rust 
environment or potential yield: Ys =yield trndercenvir'onment with rust: and Yp =mean yield potential. 

The rust intensity (SI) was determined Using one linus tile ratio between the mean yield il a rust 
envirn,ment and nlecl potential Nield: I -(Ys/Yp). 

Materials and Methods 

lwi advMncCI yiel trials ( AYI' I and 2)were conducted in autumnI 1993. Elevcn breeding lines 
and three check varieties were planted on 7 September (AYT I ) and 8 September (AYT 2), 
respectively. 

.\ split-plot design with fingicide and no fungicide as mail plots and gelotyp,eS as subplots with 
I'ur replicattions wa& ulSed. Ftlrics were plantd i iI-m-long, six-row plots. The harvest plot size was 
5 \ 2 Ill t(lur ndllI cdlH IS). 

in ,ic'iidc-trclcd plots were alvowCd to have (only natural disease infection ( i any). Tile plots 
withotit fungicide were inoculated with sovbea i rust pathioMen iliOCultIn prepared by the Plant 
iPthloey Unit. l)ata on percent soybean rust ilfcction, grain yield, and I00-seed weight were 
collected and subijecCd to poohed analysis oi1 variance to det1rilne tihe Sour'e 01 Vaiai1tiOnr[VOIriOtS 
compoients. In analyuig th1e d I; lie genolypes, treatments. and seasons were all fixed while tile 
rCplication was considered randoiii. 

The rust tolerance index (AVRIDC 199 1)2 was calculated is fd low,,s: 

RTI = 	 Yield (Ys) Or I0()-sced weight (i10( SWs) w/o fungicide x 100
 
Yield (Yp) or 10(-seed weight (10() SWp) wilh fungicide
 

= Ys or I(0)SWs 
Yp or I(()SWp 

A combined analysis o l1993 spriig and attLln plantiig was done and an estimate ol'coiponent 
Of v'iance was also determined. The stress tolerance index, as reported in AVRDC (1994)" and 

.Fernatidez. (1993) wis al so computed. 

Results and Discussion 

\Wheri ftuitieicide was not used the maxi mum rust severity was 71%, which is similar to the 199 1 
and 1992 seasii;. In AYT I, SRF-)- 14A had the best WI oF"96 'Or yied while SRE-13-1 5C and GC 
82 1-16-43-9-9 had an RTI of 94 and 90, respectively. However, based on STI, SRF,-D- 1413, GC 00()02
100. and SRI'-I)- 14A wcrc superior in both stress and no-sttess environment (table I). In AYT2, again 
based oin STI, GC 84((40-16-I, GC 86017-17(-I N, GC 86049-35-2- 1-I-8-IN, and GC 8405 1-32-I 
a)pear to perf'orm well under stress ant rio-stress conditionIs (table I ). 

AVRDC, 1991. AVRDC 1990 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
AVRDC. 1994. AVRCC 1993 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 

" Fernandez, G.C.J. 1993. Effective selection criteria for assessing stress tolerance. In: Kuo, C.G. (ed.) 
Adaptation of Food Crops to Temperature and Water Stress: Proceedings of an Intematio'al Symposium. 
Taiwan. 13-18 August 1992. p.257-270, AVRDC, Tainan, Taiwan. 
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Table 1. High yielding lines se!ected from AYT, autumn 1993 
Entry R'_a -.. Yield (t/ha) STI 100-seed wt. (g) Rust lesion (%) 

Yield 100- W W/O Yield 100- W W/o W W/o 
seed fungi- fungi- seed fungi- fungi- fungi- fungi

wt cide cide wt cide cide cide cide 

AYT 1 
SRE-D-14B 82 87 3.2 2.6 1.3 1.4 25.8 22.4 16 49 
GC 00002-100 68 81 3.1 21 1.0 0.9 21.4 17.4 15 51 
SRE-D-14A 96 83 3.1 3.0 1.4 1.4 26.1 21.6 13 45 
SRE-B-15C 94 89 2.5 2.4 0.9 0.8 20.0 17.7 16 52 
GC 82146-43-9-9 90 89 2.4 2.2 0.8 0.9 20.5 18.2 19 45 
AGS 302 (ck) 89 85 2.8 2.5 1.1 1.1 22.7 19.4 21 58 
AGS 129 (ck) 89 91 2.8 2.5 1.1 0.7 18.0 16.4 22 43 
Mean of 14 entries 2.6 2.2 20.4 17.8 20.2 50.2 
CV 10.6 9.2 5.5 3.6 31.8 13.6 
LSD (5%) 0.4 0.3 1.6 0.9 9.2 9.8 

AYT 2 
GC 84040-16-1 70 77 3.5 2.5 0.98 0.7 19.8 15.2 12 60 
GC 8CO17-170-1N 77 80 3.4 2.6 1.0 1.0 23.6 18.8 10 47 
GC 86049-35-2-1- 87 88 3.1 2.7 0.9 1.0 22.6 20.0 15 55 
1-8-1N 

GC 84051-32-1 87 90 3.0 2.6 0.9 0.4 13.1 11.8 9 43 
SRE-D-14B (ck) 80 86 3.0 2.4 0.8 1.4 27.2 23.5 10 50 
AGS 129 (ck) 85 90 2.8 2.4 0.8 0.7 18.6 16.7 10 47 
Mean of 14 entries 3.0 2.6 21.0 18.7 11.0 48.8 
CV 7.8 5.5 2.8 3.4 36.4 13.9 
LSD (5%) 0.3 0.2 0.8 0.9 5.8 9.7 

RTI =rust tolerance index 
STI =stress tolerance index 

Combined analysis of AYT I and AYT2 data from spring and autumn showed that the differences 
between genotypes (G), seasons (S), and treatments (T) were highly significant for bothi grain yield 
and 100-seed weight, which is an important yield component influenced by soybean rust. Among the 
first order interactions, G x S, V x T, and S x T foryield and 100-seed weight were highly significant. 

The results of soybean rust screening trials in the past 4 years suggest that 62F was the major 
component of variance ,oryield in spring and autumn, with the exception of 1991 in which 02S was 
the malor componenit of variance. 

Conclusion 

Four years of screening for soybean rust tolerance suggest that the use and non-use of fungicide 
effectively discriminates the tolerant lines. The stress tolerance index method isable to identify those 
lines with high yield potential under both rust stress and no-rust stress situations. Occasionally, 
seasonal differences may play a role in the intensity of soybean rust incidence, which may influence 
the stress tolerance index. 
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Breeding Appropriate Vegetable Soybean 

Summary 
Vegetable soybean has great potential to enhance nutritional health in the developing countriesof Asia, Africa, and Latin America. Many Asian, African, and Aierican countries are currently usingi 

grain soybeans as vegetable soybeans. Therefore, AVRDC's vecgetale soybean programl isspccifically
directed to dcvClop varieties adapted for thie tropics id subtropics with high yiCl potential, disease 
resistance, and good consmLler qlualities. A total of 1589 crossed seeds from 41 hybridizatiols were 
obtained. Selections from the crosses were entered into Advanced and in yield trials atnntCrmediClate 
AVRI)C and at the Tainan District AgriculturalImlprovellCnlt Sttioll (I)AIS) in sprin_, Min alttllll. 
New breeding lines with standard pod yield ol'up to 10.5 t/ha have been identified in the 1993 trials. 
In the 1994 trials, the :tandard pod yield was 10.1 t/ha for selected entries at AVRI)C. In Tainan DAIS, 
the highest yield obtained was 13.8 t/ia in88 days. The quality characteristics differed between 
gcnotypes.
 

About 255A 
 of the total hionass are pods. About 7517 of the hiomass and the N in itis recycled 
into the soil. 

Introduction 
Vegetable soybean isharvested after the R6 and before R7 growth stage while tlie pod isstill green

and the seeds have developed to fill 80-901% of the pod. It has great potential to enhance tie nutritional 
value of most cereal-based diets, particlarly in developing Asian and African countries. The green 
beans can be shelled, cooked alone or with meat and other vegetables. They have a slightly sweet taste 
compared tograin soybean. lit the past, vegetable soybeans adapted to the tropics were unmivailable. 
Therefore, many countries used gra insoybeans as vegetable soybeans. 

AVRI)C's vegetable soybean programu isdesigned specifically for the tropics and subtIropics. The 
spin-ofI from ic prograln could he used for telmperate enlvironnients as well. The major breeding
o .jectives in developing tropical and sulbtopical vegetable soybean are higher yield potential, disease 
resistance, and good cmlSUlmer qualities. The hIorticultural (luality characteristics include pod and seed 
color, appearance, flavor, texture, taste, size of pod and seed, and the numbler of"seeds per pod. 

Iligh yield and quality characters are some of the criteria used for making new cross combinaions. 
Selectiols from F, to I" genrl'ations are used to cross with better quality vegetable soybean to 
incorporate quality characteristics. Large-pod soybeans from the tropics are used itsmine parent to 
retain the tropical ada ptation, while tempcrate vegetable siybeals are used itsthe other parent.
Bacterial pustule, downy mildew, and soybean rist resistance/tolerance are the other objectives inl 
crossitng. 

Crosses were made between large-seeded tropiclly adapted selections and vegetable soybeans
adapted to teliperate htitiudes. Selected pedigrees were backcrossed to vegetable soyheans to recover 
the quality traits for tropical adaptation. AGS 292 (Kaohsiung No. I ) has been found to be adapted to 
the tropics since ithas already been biack-released inThailand itsKPS 292. Similarly, AGS 190 has 
been noted to be adapted to the tropics: it is promising inSri ILanka and the Philippines. Additional 
crosses and backcrosses have been made to comhine yield and quality traits. 

Vegetable soybean breeding activities include grcenhoutse and field observation o'new accessions, 
generation advance, pedigree evaluation, quality assessment inthe lahoratory, and yield trials. Yield 
trials were conducted both at AVRDC and at Tainan I)AIS. The restlts ol'crosses and yield trials 'e 
presentcd here. 
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Materials and Methods 

A 111n1111her Fii I"are u: Cd in a hackcrssin g pIrogral to iminprove tie quii alityof pedigree s lit 1t-

traits and select f0r high yield and tropical adaptation. 

spring, summer, and alutunl, 1'oulr tlAVRi)C and two at 

Tainan DAIS. In spring 1994, live trials were conducted, one at Taimn DAIS and four at/AVRDC 
(table 2). All trials were conducted using RCIl3I). AYT VS had four'eplicltiols while IYT VS had 

two. AYT VS trials were planted in t'our-row plots of"5 x 2 in,and the harvest plot size was 5 x I il 

(the middle two rowvs). IY'I VS Wits plantCd in 'our-row plots ofl'3 

In 1993, six trials were conducted iin 

x2 in. AVRDC's suggestCd cultural] 

practices were I'ollowed at AVRIXC. At lainan DAIS, vegetal-e soybem was planted followi ng rice 

with land preparatitm. (Obscrvatitns were made On day's to RI and R2 growth stages and (It0-sCed 

weight at R6 growthl stage: graded pods (two-seeded unblemished pdsI). weight, and total plant 

weiefht were taken for ive randomly chosen planls foreach variety from each replication. Number and 

veight of'one-, two-, and tlrec-seeded pttds, and Ipd length and Width of two- and three-seeded poIds 

were ntoted. Nuinher and weight lfdiamiaged pods, iswell as hiarvest i idex ft rgradcd pod and total 
pod, were also calcutated. 

Table 2. Vegetable soybean yield trials at Tainan DAIS and AVRDC, 1993 and 1994 

Experiment No. of entries and (checks) Date of planting 

1993 
IYT VS (Tainan DAIS) 42 (3) 12 Feb 
AYT VS (Tainan DAIS) 14 (3) 5 July 
IYT VS (AVRDC) 17 (3) 13 Sept 
VS-OT/New Acc. (AVRDC) 56 (4) 13 Sept 
1994 
AYT VS (AVRDC) 17 (3) 2 Mar 
AYT VS (Tainan DAIS) 13 (2) 4 Mar 
IYT VS (AVRDC) 47 (5) 17 Feb 
IYT VS/COA (AVRDC) 48 (4) 25 Feb 

Results and Discussion 

A total of"1589 crossed seeds from 41 cross cobltinations were obtained. Eighl cross combinations 

were made specifically as part of the ROC Council of Agriculture's special project. All tie other 

crosses were made Ior adaptation to the tropics and to combine resistance/ttlerance to downy mildew, 
bacterial pu stIle, and st)y bea ilrust. 

Yield trials, 1993. Sixty new vegetable soybean accessions were evaluated for yield in spring and 

autumn. The results clearly indicated that the standard pod yield wVs inl'Lenced more by seasons than 

by genotypic differences: 0 2S = 86.88X/ (P = .01/'() (table 3). Six of the new accessions gave more 

thal 5 t/ha graded pod yield and one had the highest 100-seed weight of 79 g (table 4). The quality 
characteristics of these entries are not presenlted here. These selected entries will 1e used in tlhe 

breeding program. 

The advaniced yield trial I conducted during autuni gave a maximum bioniass yield of' 11.4 t/m 

and a. 77 days. Seven entries gave a yield of'6 t/ha or more, which wasgraded pod yield of 7.2 l/ha iin 
significantly higher thian that of the check variety KS No. I (table 5). 
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Table 3. 	 Estimates of the components of variance for standard pod 
yield of VS-OT/new accession vegetable soybean, 1993 

Component of variance SP + AU estimate 
OG 3.92 % (0.0001) 
OS 86.88 % (0.0001) 
O2SG 3.88 % (0.0001) 
0 	 5.32 % 

Table 4. 	 Promising selections from VS-OT/new accession vegetable soybean at 
AVRDC, autumn 1993 

Entry Yield (t/ha) Harvest Graded Days Pod Pod 100- No.of 
Graded 

pod 
Total 
pod 

index 
(%) 

pod 
harvest 

to 
matur-

length/ 
2 seeds 

width/ 
2 seeds 

seed 
wt 

graded 
pod/ 

wt wt index (%) ity (cm) (cm) (g) 500 g 
Neu Ta Pien No. 1 6.8 12.9 49.6 26.2 80 7.3 1.8 74.2 141 
Neu Ta Pien No. 2 5.9 10.9 52.0 28.1 80 6.1 1.5 71.7 189 
Tsuzunoko Daizu 5.6 10.5 45.6 24.3 72 5.2 1.4 65.3 210 
White Lion 5.6 10.0 45.4 25.4 72 4.7 1.3 67.4 214 
Shoya 5.5 10.2 44.4 23.9 72 4.5 1.3 67.9 211 
Hakucho 5.1 8.9 49.4 28.3 72 4.7 1.3 63.8 240 
Hiden Edamame 3.8 7.4 43.9 22.7 77 5.6 1.6 79.0 173 
KS No. 2 (ck) 5.1 9.2 43.7 24.3 77 4.7 1.3 53.7 255 
Ryokkoh (ck) 4.8 9.2 40.1 21.0 75 5.2 1.5 63.1 223 
KS No. 3 (ck) 4.7 9.0 42.9 22.3 80 5.1 1.4 59.1 223 
AGS 292 (ck) 4.0 8.2 48.2 23.5 72 5.2 1.3 65.1 193 
Mean of 60 entries 4.6 8.7 47.3 24.9 70.7 4.8 1.3 61.9 234.5 
CV 16.2 13,2 6.9 13.0 1.1 4.6 4.4 6.4 6.4 
LSD (5%) 1,49 2.28 6.51 6,47 1.58 0.43 0.11 7.97 29.85 

Table 5. Promising selections from AYT 1 vegetable soybean at AVRDC, autumn 1993 
Entry Yield (t/ha) Harvest Graded Days Pod Pod 100- No.of 

Graded Total index pod to length/ width/ seed graded 
pod pod (%) harvest matur- 2seeds 2seeds wt pod/ 
wt wt index (%) ity (cm) (cm) (g) 500 g 

GC 87012-10-B-4-2 7.2 11.4 49.7 31.6 77 5.0 1.3 64.1 202 
GC 87012-10-B-6 6.7 10.6 51.6 32.7 74 5.5 1.3 67.5 186 
GC 87012-10-B-4 6.7 11.3 48.6 28.9 74 5.0 1.3 65.2 202 
GC 87009-71-1-8 6.2 11.1 46.3 26.0 77 5.2 1.3 61.5 196 
GC 87020-20S-B-5 6.1 10.2 48.7 29.1 71 5.3 1.3 73.7 172 
GC 87021-10-B-1 6.1 10.5 48.9 28.3 74 5.6 1.4 68.3 163 
GC 87021-10-B-1-1 6.0 10.5 49.4 28.5 74 5.4 1.4 70.5 164 
KS No. 2 (ck) 5.9 10.4 44.5 25.1 74 4.9 1.3 60.4 227 
KS No. 3 (ck) 5.2 9.6 48.0 25.8 78 5.1 1.4 64.6 199 
KS No. 1 (ck) 5.2 9.7 51.0 26.8 70 5.4 1.4 72.2 186 
Means of 20 entries 5.7 10.3 49.2 27.0 73.1 5.3 1.3 68.4 190.7 
CV 10.5 6.8 2.7 8.5 1.5 3.2 3.0 4.8 2.9 
LSD (5%) 0.84 0.99 1.88 3.24 1.58 0.24 0.06 4.63 7.85 
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Yield trials, 1994. InAYT I at AVR DC during spring the graded pod yield was not signil'icantly 

difIcrent tron that ol'the check, KS No. I. Three entries had signifricant ly large pod size refliected by 

the lesser [ntmbLner ol'gradedlpod per 500 g (table 6). The quality characteistics oI'these selections arc 

not presented in this report. 

Table 6. Promising selections from AYT 1 vegetable soybean at AVRDC, spring 1994 

Entry Yield (t/ha) Harvest Graded Days Pod Pod 100- No. of 

Graded Total index pod to length/ width/ seed graded 
pod pod (%) harvest matur- 2 seeds 2 seeds wt pod/ 
wt wt index (%) ity (cm) (cm) (g) 500 g 

1.3 60.1 172GC 87021-10-B-1-1 6.6 12.0 55.1 30.7 79 5.2 
77 5.2 1.3 63.7 178GC 87010-50-1-15 6.1 12.0 57.6 28.9 

GC 87020-20S-B-5 6.1 10.8 56.1 31.5 78 5.2 1.3 65.4 169 

GC 87008-65-2-12 4.8 10.2 50.3 23.9 79 5.2 1.3 72.8 177 

KS No. 1 (ck) 5.9 11.7 57.1 28.9 77 5.2 1.3 58.0 188 

KS No. 2 (ck) 4.0 8.5 36.6 17.2 79 4.8 1.2 57.4 217 

KS No. 3 (ck) 3.8 9.2 44.4 17.9 84 4.9 1.2 52.5 210 

5.6 11.3 53.6 26.6 79.7 5.1 1.3 60.8 192.2Means 
CV 14.8 11.1 4.6 9.3 1.0 2.9 3.6 5.4 3.7 

3.49 1.09 0.21 0.06 4.62 10.13LSD (5%) 1.18 1.78 3.5 

The yields olithe new breeding lines were at par with KS No. I (check), bul (lie seed and pod sizes 

ol a few selections are larger than those ol the check variety, making them more attractive Ior the 

market and the consumnlers (table 7). The (Itiality char'acteristics of'these lines a enot presentedl here. 

Among the intCrmeliatC yield trial entries belonging to the ROC Council of Agriculture pr0ect, 

two entries significantly outyiCldcd KS No. i (table 8). TFhe highest graded pod yield vas 10 t/ha in 

83 days, comparled to the check variety's 7.5 t/ha in 77 days. 

Table 7. Promising selections from IYT vegetable soybean at AVRDC, spring 1994 

Entry Yield (t!ha) Harvest Graded Days Pod Pod 100- No.of 

Graded Total indey pod to length/ width/ seed graded 
pod pod (%) harvest matur- 2 seeds 2 seeds wt pod/ 
wt wt index (%) ity (cm) (cm) (g) 500 g 

GC 89008-3-1-3-2 7.2 12.8 49.4 27.8 83 5.4 1.4 75.9 159 

GC 89008-17-1-4 6.0 12.8 46.8 21.8 85 4.8 1.4 77.5 181 
5.2 1.5 84.2 165GC 89008-7-1-2 5.7 14.8 46.8 17.9 88 

GC 89017-4 5.5 9.9 54.2 30.0 83 5.6 1.5 95.9 141 

GC 89008-5-1-2 5.2 11.2 49.4 23.1 84 5.3 1.4 82.1 183 

KS No. 1 (ck) 7.4 12.1 58.3 35.5 76 5.5 1.4 68.6 165 

KS No 2 (ck) 4.9 10.9 43.8 19.3 88 4.6 1.2 56.1 213 

KS N(,. 3 (ck) 3.3 9.3 45.9 16.1 91 5.0 1.3 54.3 195 

AGS 190 (ck) 4.7 10.1 38.5 17.8 92 4.8 1.3 56.6 218 

Ryokkoh (ck) 4.6 10.0 50.9 23.1 83 5.4 1.4 73.0 186 
5.1 1.3 69.8 187.1Means 5.5 11.8 47.6 22.1 86.1 

CV 14.7 7.4 4.0 11.2 1.3 3.7 3.6 4.9 3.9 

1.63 1.77 3.81 4.96 2.20 0.38 0.10 6.84 14.66LSD (5%) 
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Table 8. 	Promising selections from IYT/COA vegetable soybean at AVRDC, spring
 
1994
 

Entry Yield (tha) Harvest Graded Days Pod Pod 100- No. of
 
Graded Total index pod to lenglhi width/ seed graded
 

pod pod (%) harvest matur- 2 seeds 2 seeds wt pod/
 
wt wt index (0%) ity (cm) (cm) (g) 500 g
 

GC 89038-10-1 10.1 16.1 51.3 32.3 83 5.2 1.4 69.6 175 
GC 89005-50-1 8.8 15.3 48.9 28.2 83 5.0 1.3 72.8 184 
KS No. 1 (ck) 7.5 15.3 54.0 26.9 77 5.0 1.3 67.0 171 
KS No. 2 (ck) 7.2 14.0 55.3 28.6 87 4.6 1.3 63.4 197 
KS No. 3 (ck) 5.6 11.5 46.5 22.7 87 5.0 1.3 59.8 191 
Ryokkoh (ck) 6.5 12.4 51.9 27.0 83 5.1 1.3 66.6 189 
Means 6.4 13.1 49.5 24.4 84.4 5.1 0.003 69.4 188.8 
CV 11.7 7.6 4.7 9.3 1.1 2.9 3.8 5.2 4.3 
LSD (5%) 1.51 1.98 4.65 4.56 1.81 0.3 0.1 7.26 16.22 

)uringi.sumeLcr in .A\Y'T i, Kaolisiung No. 3 was the highest yielder with 5.7 t/ha in 80 days at 
AVRI)C. Four lines Knifiatly outyielded KS No. 1, the check variety (table 9). 

Among the [YT enti vs. at Tainan I)AIS in spring 1993, GC 87008-65-2-5 (TS 81 - 124 V) gave 
a graded pod yield of 11.6 t/ha in 76 days, compared to 2.2 I/hit I'or KS No. I, 8.6 t/ha for KS No. 2, 
and 11. t/ha in 85 days [Or KS No. 3. 

I)urineg summer GC 87010-15- 1-I8 gave a yield ofI 13.1 I/ha in 73 days, compared to 12.0 I/ha for 
KS No. 1. 

In spring 1994 at Tainan DAIS, eight lines gave a yield of 9 to 13.8 t/ha, compared to 7 t/ha f'or 
KS No. I (table lo). 

Table 9. 	 Promising selections from AYT 1 vegetable soybean at AVRDC, summer 1994 
Entry Yield (t/ha) Harvest Graded Days Pod Pod 100- No. of 

Graded Total index pod to length/ width/ seed graded 
pod pod (%) harvest matur- 2 seeds 2 seeds wt pod/ 
wt wt index (%) ity (cm) (cm) (g) 500 g 

GC 87012-10-B-6 5.2 8.3 62.0 39.0 77 5.1 1.3 60.9 214 
GC 87012-10-B-4 5.1 8.3 60.1 36.6 81 4.9 1.3 67.5 218 
GC 87021-10-B-1 4.9 8.0 62.4 38.2 77 5.2 1.3 58.0 207 
GC 87012-20-B-2-1 4.9 9.4 60.3 31.2 81 5.0 1.3 62.6 225 
KS No. 1 (ck) 3.5 6.3 66.1 36.0 77 5.1 1.3 57.5 233 
KS No. 2 (ck) 3.3 7.4 48.8 21.5 80 4.7 1.3 62.1 237 
KS No. 3 (ck) 5.7 9.4 54.0 32.8 80 4.8 1.3 58.5 224 
Means 4.0 7.2 61.0 33.2 78.2 5.0 1.3 59.0 228.6 
CV 22.6 17.7 4.7 13.2 0.5 2.9 3.3 6.6 4.3 
LSD (5%) 1.26 1.80 4.09 6.19 0.52 0.21 0.06 5.51 14.04 
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Table 10. Quality characteristics and yield, Tainan DAIS AYT, spring 1994 
Entry No. of Seed wt/ 100- Days Harvest Total Graded index (%) 

graded 500 g seed to no./ weight pod wt ck 1 ck 2 
pod/500 g (g) wt (C)maturity 10 m' (t/ha) (t/ha) 

TS 82-01V 173 250.1 72.9 88 209 36.5 13.0 107.2 
TS 82-02V 163 266.8 75.1 88 208 30.6 13.0 101.2 -

GC 84129-6-1-1 
(TS 81-115V) 191 288.5 69.8 77 213 23.3 11.8 - 167.6 
GC 87010-2-1-28 
(TS 81-108V) 202 281.4 61.1 77 253 23.6 10.7 - 151.8 
GC 87008-55-1-24 
(TS 81-105V) 189 287.5 69.4 77 223 23.6 10.3 - 145.3 
GC 87010-35-2-6 
(TS81-113V) 164 283.1 74.7 77 221 24.8 10.3 - 141.7 
GC 87008-65-2-B 
(TS 81-126V) 157 275.5 82.4 77 224 22.2 9.7 - 137.4 
Kaohsiung 3 (ck 1) 163 277.8 79.5 88 218 30.6 12.9 100 -

Kaohsiung San 1 
(ck 2) 180 256.9 66.2 74 195 17.3 7.1 - 100 
LSD (5%) 14.8 11.0 4.8 ns 4720 1828 

1 % 19.8 14.8 6.4 ns 6280 2445 

Evaluation of lxixGene inElite Lines 

Summary 

The incorporationl ()f isz.ymlle IipoxVgCnase nll genes (l) into p omiising AVRI)C liiies is 
expected to make them ll)' atltractive de to the lonliany t'lavor in soylean milk. The shelf life of 
soybcn oil rin bietter. Thereore, a backcrossing lipxy'pCnase ntl] varieties is also expected to hbe 
prorainl his hCen Started todevelop tcar-isogenic lines ofAVRDC-iiproved materials incorporating 
triple nnlls (lIA-112 andI.3).The programi is in backcross three gencration. After back.ross five, the 
lilies will be Cvllatld With pai'Cnts. 

Introduction 

In the plst, crosses have bcen maLC to incorporatel ipoxygenase n1ll geies (Lx) into pronising 
AVRl)C-inltprrvcL i'Clinrg liites. I,1 gtCIIs a-C IrCSOlsible fbr hthebeally I'lavor, aind the presence 
olthe crtlixc makes tihe shelf Iil'e miniimizes or clitninatcs theofoil short. The recessive allele /l.i 
heany flavolr anid improves shelf Iil'c of* o;1. In Sourth Asian and m11anyY AsiantOhllcast 
CLorntrieS,c0nlleuirCS prel'Cr soybean milk without the beany flavor. At AVRI)C, it was obse"ted that 
some vegetahle soybails lack the lipoxygetnase cnlymlle. Three iso/.ynies ifll/genes, ll2l, 
have bCn re1prltl ill sr ybearl sCCl. 

The btjicctivc ( ItfiSstlndy is to ilc rporate triple recessive lgenes to selected vegetable and 
rattin s hean breedlig liines at AVRI)C. 



Soybean Breeding 139 

Materials and Methods 

Three AVRI)C elite lines, AGS 129 (Kaohsiung No. I0), AGS 292 (Kaohsinng No. I1),and KVS 
39 (Kaollsinng No. 2), Were crossed to lIxA2Lx3 LUtant by l)r. Kitainura in ,lapan inl 1992. A total of' 
22 F, seeds were received by AVIRl)C. Il1993, F''popl;atitland BI I popl+, hltiOs w,'ere own21'+Vll. 
l)urinIt 1994, three backcrosses were cornpletcd. The BCF, ,willbe ready at the end oF"1994. 

Seeds F'rom F, and backcross F,populations Were 'andomlly chosen and tested For1triple /xnnlls.
 
lor tle analytical method and to determine thle ills see AVRI)C 1994 (p.307-314). The triple 1nlls
 
are selected 'or nse in backcrossinr with the AVRI)C elite parent which isnsed as the recurrent parent.
 

Results and Discussion 

Frnm 22 F,plants, 4328 IF,seeds were ohtained. At random, 1(() seeds were screened for
 
lipI)oxyVcnase nnlls, o"which 73 were 'Mnd to he triple nnlls. They were used to baekcross with the
 
rcurrent pauet: 2(18 BC IF;seeds w'+ere ohtlined. 'T1eywere aVatle'Md to B' I,,Of the 1542 BC ;,",
 
823 seeds were screened, and 44 were l'Milnd to be triple ills. The third backcross has been completed, 
and a total of 131 seeds will lbeadvanced to F, aMid ,s'Ceedfor"triple nnlls. Afer live lackcros-cs, 
the recurrent parent genes are expected to bei- genes so that themostly combined with the triple 11111 

res1ltine lines conld be evalnated against tile
original lvments. 

International Cooperation 

Summary 

1I 1993, fbnr new AVRDC lines wcrc released and extended to lIarrnrs for cultivation in Taiwan 
('Fainan No. 2), Bangladesh IG 2120 (M7) 69-I1, Vietlam (AK-05), and Sri Lanka (AGS 19)). As of 
1994, 12 counttries have released 26 improved varieties usi, g AVRIDC soybean selections. Forty 
colerato~rs in 26 countries received 12 ASFTS and 348 other lines. Another 40 cooperators from 22 
countries received 14 AVSFTS and 203 other vegetable soybean lines fOr evalnation. In Vietnatm, 
AGS 314 and S IF-B- 15( siini ficant ly Outyielded local checks. IntilePhilippines, vegetable soybean 
G 10142 produced 19 /ha graded pod in 60 days. A total of 1300 g seeds of F, were harvested as 1SS) 
at AVRI)C during the oTff-season and aii'reighted to Korea. 

Introduction 

Researchers fmol the national agricnltural research systems (NARS) and from private agencies 
request gerplasn anlld lines from AVRDC, direct theirimproved breeding either I'FW release to 
f'armers after CvalUtion or 'Or LISC in their breeding programs. Some ofl' daulathie scientists retnrn tile 
I'rol their trials to AVRI)C. with comments ol the perforlance of the AVRI)C materials relative to 
their local check varieties. N,'\RS scientists also periodically raise issues encountered by their fr.mlters 
in cnItivatin,, soybeans el'f iciently and economically. AVRI)C recogiies the ongtoing national 
research activities, anticipates the fnture needs of different NARS, and tries to undertake research 
which can assist and strengthen their efTorts. 

AVRDC. 1994. AVRDC 1993 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
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Distribution of AVRDC Germplasm and Elite Breeding Lines 

Forty cooperators I'roni 26 cotlnries received 12 AVRI)C ASETs, 20 AGS lines, 187 pedigree 
selections, 71 accessions, and 70 other selections l'or Ise in their breeding programscvaiUalion 	and 
(lable I I). 

ComnpirCd to 1993, the interest in veg,-table soybean has increased in 1994. A total of*43 
cooperators in 24 Colntries receivCd 14 AVRDC AVSFT. 110 AGS lines, 95 pedigree selections, and 
48 aCcessiollS Ibr evaltation and use in their breeding progra (table 12). 

Table 11. 	Distribution of AVRDC ASET and other enhanced germplasm accessions to 
national programs in 1994 

Country No. of ASET 
cuoperators 

Argentina 1 
Brazil 1 
El Salvador 1 
England 2 
Ethiopia 1 1 
India 4 
Indonesia 1 
Iran 1 1 
Kenya 1 
Korea 2 1 
Lao PDR 1 1 
Liberia 2 2 
Malawi 1 
Malaysia 1 
Papua New Guinea 1 1 
New Zealand 1 1 
Philippines 3 1 
Suriname 1 
Tanzania 1 1 
Thailand 2 
Uganda 1 

Vietnam 2 
West Indies 1 1 
Zaire 1 1 
Zimbabwe 1 
Taiwan, ROC 5 
Total 40 12 

ASET = AVRDC Soybean Evaluation Trials 
AGS = AVRDC Glycinemax selection 

AGS 
line 

2 

5 
5 

1 
1 

3 
2
 

1 
20 

GC 

pedigree 

5 
25 

26 
20 

19 
10 

20 

5 

34 

23 

187 

Accessions New Others 
accessions 

7 1 
2 1 

8 

49 1 

35 

1 

1 

1 5 

1 
2 6 20 

62 9 70 
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Table 12. Distribution of AVRDC AVSET and other enhanced germplasm to national 
programs in 1994 

Country No. of AVSET AGS GC Accessions New Others 
cooperators line pedigree accessions 

Argentina 2 1 4 2 1 
Bangladesh 1 7 3 
El Salvador 1 4 1 
Fiji 1 1 
India 3 12 29 1 
Kenya 2 10 2 3 
Korea 3 1 10 2 3 
Lao PDR 1 1 
Malawi 2 12 2 6 
Malaysia 2 10 
Namibia 1 6 1 3 
Nepal 3 2 6 4 
Pakistan 1 1 
Philippines 2 2 
Suriname 1 1 
Tanzania 1 1 
Thailand 5 1 2 2 
Uganda 1 1
 
West Indies 3 2 12 5 
Zambia 1 6 1 3 
Zimbabwe 1 6 1 3 
Taiwan, ROC 2 9 
Total 40 14 108 50 15 22 8 

AVSET = AVRDC Vegetable Soybean Evaluation Trial 

Grain Soybean Trial 

A summary ot the rCsults from Vietnam is given in table 13. As in 1993, AGS 314 and SRE-B
15C have done well, compared to one ol the local check variety. 

In another trial conducted in Vietnam in 1994, the yields ot AVRDC lines were not at par with 
the local check variety MTD 176 (3.5 Ulha in 00-95 days). 

Table 13. Summary of international cooperation results, Vietnam 
Country/Location/ Entry Yield Days to 100-seed Seed Remarks 
Cooperator (t/ha) maturity weight (g) quality 
Vietnam AGS 314 1.6 aa 84 de 5.6 f 1 a Date planted: 
Lat. 10°57'N AGS 299 1.2 b 83 e 9.8 de 1 a 26 July 1993 
71 m SRE-B-15C 1.2 bc 87 c 13.5 bc 1 a Varieties: 14 
Mr. Ha Huu Tien Local check 1.1 bcd 82 ef 9.9 de 1 a Replication: 2 

Local check 0.9 ef 79 g 13.7 bc 1 a Autumn 
Values followed by the same letter are not significantly different from each other at 5% level (DMRT) 
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Vegetable Soybean Trial 

li hail d durill a rIinv scaon trial, a local checCk (AGS I INIa ityild o1"7. It/ha in 80 days 
while A S 314 e,'.c it-rlacd ipd vC I Id 6'0.5 I/ha in 7() days (t.thle 14). 

In allothell in\ ,Catson tri al, AGS 38, AGS 333 and AGS 335 pro'te to he promising, Comparcd 

to Nakhorn Savai I, the chcck varitv (tale 15). 

Table 14. Promising selections from Thailand vegetable soybean trials 1994 rainy season 

Entry Yield (t/ha) Harvest Graded Days Pod Pod 100- No. of 
Graded Total index pod to length/ weight/ seed graded 

pud pod (%) (%) matur- 2 seeds 2 seeds wt pod/ 
wt wt ity (cr) (crn) (g) 500 g._ 

AGS 334 6.5 11.2 34.4 20.0 70 5.3 1.4 56.0 211 
AGS 333 5.4 10.9 30.1 15.2 73 5.1 1.4 63.0 205 
AGS 335 4.8 6.5 23.2 16.9 68 5.5 1.4 62.0 188 
Local check 7.1 12.2 33.6 19.6 80 5.6 1.5 64.0 183 
Means 4.2 8.1 29.3 14.8 71.4 5.3 1.4 58.2 206.9 
CV 34.01 11.33 9.6 26.9 0 6.0 3.4 6.4 4.8 
LSD (5%) 3.21 2.09 6.36 8.99 0 0.71 0.11 8.47 22.39 

Table 15. Promising selections from Thailand vegetable soybean trials, 1993 wet season 

Entry Total Days to Pod length/ Pod width/ Dry 100- No. of 
pod weight maturity 2 seeds 2 seeds seed weight graded 

. . . . 5 plants (g) . . .. . .. .(cm ) (cm ) .. .... .. g)..... podl500 g 

AGS 328 329 76 4.8 1.4 23.7 195 
AGS 133 319 71 4.8 1.5 30.1 162 
AGS 335 292 70 5.2 1.5 29.5 159 
Nakhorr Sawan 1 (ck) 203 64 4.8 1.2 21.1 294 
Memis 236.3 70.8 4.8 1.4 27.9 184.9 
CV 15.8 1.8 1.8 2.1 1.8 1.8 
LSD (51') 84.32 2.94 0.19 0.07 1.12 7.68 
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Soybean Physiology 

Regeneration System for Soybean and Mungbean 

Summary 

Inthi Stid'. w.'e ueCedcd in stahlishine tissue culturc and regene'ratio protocols, prerequisites 
for the Lcenc tr',ris rriatito system, for vegetable soybcans AGS 292 aid KaIOhsinri No. 2. and 
itinugcns NN 92 aid V"c I973A. It \'eclabe soy''bean, explants from cmbryo axes orot' yledonarv 

iMt' Ie' If utOdil'iCd MS media stpllcIntCItd vith 5 im/t\ BP. In ru1tiL'heariindhucd multiple shoots 
C \l t o cot.'Cle\huCC tilti . shot s Sr miodil id MS basal 1ItediumI with 5 iti/s devcloped mIMS 
I B\P. All the rIeCCiirtCd sl develped r loos in MS The eriI\t'lt, alter s rhulluriiI eACdia. 
IralrlorioiI ll v',.'ll, CmilovIing established tissue cnltLrC prloeols, with marker cenes is still 
bCine deCelo )Cpl. 

Introduction 

MunMiianI is an inlpI)rtant sol'CC o'Casily dicstibl., but low overall protein die to low sulfur 
levels. Vegetiblc soybe._(an,on tile otlhcr hand, although rich in proteins has lw,' SS-linkcd amino acids. 
I lCnC. itS flalor and IXtl'C uStulIv do r1ot meet consueICr reuirenients. Amou0 AVIR)Cs, Vi,'m, 
or (;ly'ilie te-rlnpllStil Collecition. there are no lines with sImiiiCant Ilvel+S Of Sullt'-riCh prtetCins. 
Therckwe. any alttmpt it vafrietal 1iI[proveuienIt lor sullfur-riCh [te(Cil Ia' to re+.ly On other sotll'CCs ol" 
IMIterialI'. 

Sun cl al. t IuX7 )oflthc lnivesity oIl lawaii have pi lied froim Bra/iI nlit a 2S proteit Clitatiill. 
high levels of tllkituluratnino0 acids, I .; Met and 8'r cys: ehlrlateried the properl-1ttics. bio"vnthesis. 
tnld pru',Sing oflthiS .ull'ur-rieh pioutein (SRI'): cloned and setlirencedScvcral el)NA,. ecreodin.n the 

S,: and tra.l.'rrcd the SRI' clte into tobacco plliants anild aialve'd its explrCssion ill the trallseric 
scd,,.Rlt sh, Irtvll the tratseni,. study dCmon0.stratCd that it is feasible to use this molcularracl i 
to luanehett cotnCit ill sCl lpIotCin (by ovI thltt o' tile noruutal sCds).the Met I)to 3oY; 

Ilit .ool)Cr",ti \ C IlVr* ct al. ol' tle University oil Ihawaii ItoclolcieCt \vfitlt AVRIDC. Sui tircllpicd 
cl)NAS encodini the 2S prticin,, fnrm p;uraise ntlts, the 2S pr tein ' vhich cotains 16, 4ee and 
8cys;c for protein tquiality inupro\crIrCnl in rtgbeart arid vege.ctable sohean. It this study, we tried 
to establish tisuc ctiltrirC aid icgCICratirI llt'Otircrls. ptrcquisitCs I'br ie "eite transftrrtratiort system 
io vgCtble so-ytbell aid liullnhea.ll 

http:liullnhea.ll
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Materials and Methods 

Soybean
 

SCd of s'vbcim AGS 292 and Kaohsiung No. 2 were surlce steri IIzed with sumersion iii 71 ( 
cthanlol fo 30)sec. fIllowed v 1.251,4 NaOCI for 15 Mill, and then rinsed with sterile water. Sterilized 
sCClds were crutirtated oi MS mediuml Or rIeadiCd for Centryn cXisuiSn. Ltubrvi axes of sterilized 
CCls and lod es with part of'cotylcdonls o WCsdlirIeS wcyre CxeisCl as Cxp~lants. Fplainhs were CILtIred 

in tct tubcs eontinm,I 12-,ml of.dLitIIrI unader 25''( and I0 13) (0 lux liftt ittCSity. 'TOI tl'iCd 
lS Ibasal cdiai (i.e. %IS 'sit ltild 135 curupollitd or' 2x of' rS sailltl 1an('0empotnd) sULpp)h.'llCentCd 

li,/ suerO-\kith 5 IIA,\ tild 2-(b, C \eVr used Ifor IntItiple shoo+til,.The p I ofI all mledia werc 
aljutCd to 5.8 bCl're 0.7' ; t.iar" etcnerated slts w\ere SiCtbuurCd in MS IIIt.1tittu forwas a.IddCl. 
rii9inc uLndCr the samelC CodfitionS describCd carlier. 

Mungbean
 

itllU cv. NNM 92 and VC 
sobaCLn ;tl imbibed in wavLteI h iti the dark at 3"C.An cxpllat ol'a cotyledont 

Seegods 01' l12ebCa, I973A. wCrC stirlfaCC sterilizIed as lcscribcd Carlier for 
r fior Ib,24. or 2(2 was 

sCpartted from tlt. pltmti;tc ;ad cuLtrCd with the ibaxia.l side in coltact with ieI uCtiLtm. MS Or 
mlodilied NIS basal, mCItiut co1tailniel M,,S sialt id 135 co tu'ItOLnd was s !pplIccrIntcdwith 3 or 5 ig/ 

I BAP alld/or' (). d f'or slot recelCratirlm. all ntdia wCrC adjusted toI ni./I NAA ',L taiCd The l1lIof 
5.8 beloe ).7',; was txplanrs wCr. sc-Onltairrit 11Of IInCditill, 'r aIdCd. cuLlturetd in tCst Itit. 12 ml 

tinder 25'(C anl I wCrC exciXse;d an Ssee'teld intlo twoh3,ftfb h., lie3tt ittersitv. RCeneltratCd shoot dli 
pieces ablotwltIm the tip, onMNS to indtlucCfro'ri1 nl then cultlred ol iuCmlitIII) Mote shoots to develop. 
Rcencratted shoots were sIrulctrCd in MIS mCditm forI rOotiti ildertle siamC eotditious described 
earlier. 

Results and Discussion 

Soybean
 

On todi lied NIS basal mediumit a with 617 sucrose"or modified 2x MS salt hasal medium with 2.5% 
sucrosC sulecmetCCd with 5 mg/I BAP,etnbry'o axes prolil'eratCd multiple shtIs 'rn1 the pctioha" 
side o1 l'urnrles. Some of thecxplants develop d Calli and irCgCnerCatcid 1'1r1al rosette bt showed 
t1o shoot Clorreatim., especially intilemmodi ficd 2x MS salt basal mctlia. The reason for the arblorilal 
rosette is unknown. ()Orthe modified IS basal miedium supplcmented with 5 mg/I BAP and 6(/' 
suCros,. Ibtrr to six mullilC shoos were alsO iritnlCCL fr''om cCotylCoLia' nIdes. 

Mungbean
 

IFh.\lptis regencrated shows jIlln the bha'il alaxial side of' Ctyltedons on MS or modified MS 
hasrtl iuctlitm
StrplerlnCcntCd with 3 or5 tig/I within 3 to 4 \ccks."iwo toI ivc shoots proliferatcd per 
explant ,'otNIS or Miiidb IS m iuml with 3 or5 mg/I BAP: 1o StirOts11sil VC'ee irlrduced on media 
cortaImlirlu! NAA. Ctrttir1gs l'the proliferated shoots were alc to induce more shoots On MS medium. 
Rits wcre.iriduccd after bei rg transferred to MS medi tium. 
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Tomato Breeding 

Crosses and Segregating Populations 

A total ol 141 crosses werc made in 1'094by the AVRI')tomato improvelcnt program. Crossing 
objectives included incorporation of heat tolerance, actelrial wilt resistance, and gcminivirus 
resistance (3)): comblinin, abilitV tests 01tF cIherry hybrids (86), improvenment of provitamin A 
activity or PVY rcsistance or insect resisticc (25), and bIackcrosscs (BC,) to improve shell' life ( I). 
S)(' populIations arc being.ad vanced by si nlC-sCCd descent to improve tie 1I0 lowin1g characters: heal 
tolcrance, batcrial wilt resistance (9 poptulationls): Ical toleirance, bacterial wilt resistance, large fruit 
,,/c. andl quality (19 poplatios. Three BC Ipolations desigICd to dCvClop rcombinant inbred 

lines or0tbactcrial spot. hacit tolerance. or 'lood tolerance are currently ill the F, ,gcncrationl. and 
;mdvamlncemnclt by sinele-sced dIcsccm will continnc to the F, gcn~t'ration. Jhi'tccnI F, populations were 
CvAluKmLed for heat tolerance, and 237 plants were selected tromo nine ptopulatints. F, plants will be 
tested lor bacterial wilt resistance inl early 1995. 

Evaluation of Bacterial Wilt-resistant Tomato Lines inSoutheast Asia 

Summary 
Bacterial wiIt (13W), caused by seudomonas solanacearum Smith, is the most destructive 

disease ol tollato iti the tropics. Twenty tomato li nes/accessions previously identi fled as BW-resistant 
were evaluatedltri" 13W resistance in fieILds highly ilested witIlll. at Subiang. Indonesia: 
Los Bafios. Philippines: AVRDC and Taiwan Seed Improvement and Propagation Service (TSS), 
Taiw+an. Fnttries w+'+ere also tested in thc greCChousc at AVRI)C using a drench inculation mCthod with 
a . , strain 1Pss4) troni Taiwan. The objecti ve o'theit tidy was Ito identi fy the most slable 
sources ot BW resistaee. Mean eMry survi vaml wits 21.61/ at Subang. 31.9/(3 at Los l3ailos, 76.773 at 
AVRI)C, and 93.3(;, at Taiwan Seed Service, indicating that mo(st entries \crc resistant at the Taiwan 
locations but sutsUeptileIt itl Sub.ang and Los Baios. I. 255 and CRA 84-58-I were the most resistant 
entries over locations. Mean survival and area tinder the disease progress curve (AUI)PC) olentries 
derived lorio CRA 66 were si gri fiantly buer than the mean of'entrics with resistance derived from 
Pl I29)8(0/IIICA 1169 over ]locations. Mean survival oi"AVRI)C entries bred inl tile I 98(0s was 19% 
greater than that of AVRI)C lirmes bred inl the 1970s. Correlations between entry BW Cvluations 
averaged over the I'tor field trials and entry menl5s from drench inlocutlation in the greenhouse were 
highly significant ((.69 and 0.74 for percent survival and AUI)PC, respectively), suggesting that the 
cIrcncl inoculation mcthod is effective inl selection for 13W resistance. 
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Introduction 

Bacterial wilt isthe most important disease of toIllato ill the tropics, and it severely limits tomato 
production in lowland tropical and su-tropical regions. Disease control is difTicult because of the 
broad h(ost range, wi despread distribution, and considerable genetic variability f I'. soltlaIm( rin. 
Identilication ()I 13W resistance sources and conbining 13W rcsistancc with other trails critical to 
tropical adaptation, such its high ICperatturC ftlit-sct. have been (o).jectivcs ol the AVRI)C tomato 
improvelliclt pror. 

AVRI)C tomato lines have bcen widely dislributed in Southeast Asia. and it has becn obsCrvCd 
thait soi ies Iri 11W resistance in Taiwan are susceptible at othCr locations. lI'valuation oselected 

13W-resistant tomtato gerruplasin over many CnvironmCnts would be the mo(st cTective strategy to 
identify the best stirces OB W resistance. Recognizing the advantatg o"ia regional approach to 13W 
research, AVR DC and several Southeast Asian NARS asscmleICd and tested F3W-resistlant tomato 
accessions/lines its part ot the Collalorative Vegetable Research Program in Southeast Asia 
(AVNI-T). This study ai ned t0 idcntit'y the best somices of 13W resistance f"br1"tomato breeding 

prItgImIs in Southeast Asia. 

Materials and Methods 

Twenty tomato accessions/lines previouIsly identilied as 13W-resistant (table I ) were chosen for 
multilocation 13W evaluations. -leven entries were from the AVRDC tomato program: Cf. 1131-0
0-13-0-6 (Cl. 1131 ).Cl.143-0-11)-3-0-1-10(CI. 143),CL 8d-(-7-1 (CL 8), CL9-0-0)1-3 (CIL9).ClI 
lId-0-2-1 (Cl, II). Cl 591 5-931)- 1-0 (Cl, 5915-93). CI, 591 5-2061) -2 2-0)(Cl, 5915-206), Cl, 
6047-I - 1-2-3-2-7-0(CI,6047), CI.N475-3CF:1-2(65-4-19 (CI.N475),CI .N65-3491)5-2-(0(CIN 65), 
CIN 657-BC!1,-285-0-2 I-0 (Cl.N 657): live entries were dvCelopcd by the Insliltut National de Ila 
Recherche Agr0onmiqitc (INRA) in Guadelotupe. French Antilles; I. 285 is a small-fruited L. 
('.SU',liti,) var. cirsi/ii'maliadrace. MT 5 and MT 10 are selections made at the Malaysian 
Agricultural Research and )evelopment Institute from scgregating populations sent from AVRI)C: 
Tm2 is a 13W-resistaint line from the BIureCa of Plant Industry. PhiliplinCs. 

Field trials 

Field experiments ter eTstablishCd at the Subang 1-orticultural RCscarch Statiol Jlava, Indonesia 
(lat. 6°5"S and long. I07'8F; 11 (3 iasl); ile University ofthe Philippines Los Bafios (UPII3), Luzon, 
Philippines (at. 141 I'N and long. 121 13' :; 21.71 iasl ;Taixwan Scd Imfprovemetl and Propagalion 
Station, Taichun, Taivwai (lat. 24012'N and long. 120'°49'1F: 470 iii asl), and AVRDC, Slianhua, 
Taiwan (lat. 23')(7'N and long. 120017 I-; 14 fi asl ). Soil p-I and textures ottie field sites, trial sowing 
and transplanting dates, total rainfall, and iaVC'age maxitnL m/nlinimi tcniperattiies during the trial s 
a'Ie prcsentcd il tble 2. 

Prior to initiation of the 13W screening trial, the folhlving procedtre wvas carried ut at Subang, 
UP-13, aMid AVRI)C to increase 1). soeln arun dcns itics anid t pro 1te tlil'ormn path)ogeni 
distribution at fie1d sites. I 'xperimental tutits consisting of5.2-r-log I -m-Vide raise'cd beds, with (.5 
Il be~txvee n beds, Were constructed. TFhrce-wcck-old seedlings of the B W-susceptIl ible tomato accession 
I, 390 (Nan TZI' from Taiwal) were trans'phlated to each bed aid arranged il tour row.S, spaceL 0.2 
in between and (3.11) in within rows. When 1.39) plants werc 30-35 days old, (livc- to seven-Ieafsta'e) 
the tipper leaves vere cut with knives or scissors aid itSlspcnsionI 1"P.,'/tlllt('011r'llln,coiisisting ol 
1.6 x 10(or I x 10" cfu/mll t a virtlcit P..vo/ancat'tiun isolate, was applied to the fresh wounds by 

sprayer or by dilpping knives Ofrsc i,s( Ines in tlie ilOctl ur I tcwo oUlldilg. P. sohtttacl'urttn isolates 
used at Subang. PI,.13, and AVRI)C to piepare irnocula wxcre isolatcd from diseased toilato plants in 
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Table 1. Tomato accessions/lines evaluated for bacterial wilt reaction in 
Southeast Asia 

Entry Origin 
MT 5c MARDI 
MT 10c MARDI 
TM-2 BPI 
L 285 AVRDC 
CRA 84-79 INRA 
CRA 84-58-1 INRA 
CRA 84-6-3 INRA 
CRA 84-26-3 INRA 
Caraibe INRA 
CL 11310 AVRDC 
CL 143 AVRDC 
CL8 AVRDC 
CL9 AVRDC 
CL 11 AVRDC 
CL 5915-93 AVRDC 
CL 5915-206 AVRDC 
CL 6047 AVRDC 
CLN 475 AVRDC 
CLN 65 AVRDC 
CLN 657 AVRDC 

Growth habit 
sp 
sp 
sp 
sp. 
sp 
sp 
sp 
sp 
sp 
sp 
sp 
sp 
sp 
sp 
sp 
sp. 

sp 
sp 
sp 
sp. 


Resistance source 
PI 129080, UPCA 1169 
P1129080, UPCA 1169 
Unknown 
Taiwan landrace 
CRA 66 
CRA 66 
CRA 66 
CRA 66 
CRA 66 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169 
PI 129080, UPCA 1169, Kewalo 
PI 129080, UPCA 1169 

* 	MARDI= Malaysian Agricultural Research and Development Institute; BPI= Bureau of Plant 
Industry, Philippines; INRA= Institut National de la Recherche Agronomique; 
sp+=indeterminate, sp=determinate 
Introduction from AVRDC or aselection from asegregating population sent from AVRDC 

d 	 Full AVRDC entry names are given in the Materials and Methods section 

Table 2. Selected soil characteristics of test sites, total rainfall, and average 

temperatures during tomato bacterial wilt evaluations 

Location 

Subang, Indonesia 

UPLB, Philippines 

AVRDC, Taiwan 

Taiwan Seed Service 

Soil Soil 
pH texture 

5.3 7.3% sand 
29.5% clay 
63.2% ash 

5.6 	 28.8% sand 
42.7% silt 
28.5% clay 

7.4 	 62.0% sand 
32.0% silt 

5.0% clay 
5.7 	 58.0% sand 

22.0% silt 
18.0% clay 

Transplant date/ 

Final evaluation 


9 Apr 1992/ 

1 June 1992
 

15 Feb 1991/ 

13 May 1991
 

14 June 1994/ 
27 July 1994 

3 Aug 1994/ 
3 Oct 1994 

Mean air Rainfall 
temperature during trial 

max./min. (oC) (mm) 

33.4/23.0 546.6 

32.2/23.0 141.7 

33.0/25.2 386.5 

29.5/20.0 296.6 
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the respective countrics, and all isolates werc classiied is race I biovar 3. AbIut 2 weeks al'tcr 
inoculation, plants wcre tilled into the soil and beds were rebuilt at tie samc positions. At TSS, entries 
were transplantcd into soil natu rally inftested with 1. soleiacIartom. The field it TSS hld been used 
inl several piviosL .seaZson.s as it 'sick plot- for tcsting tomato lines for 8W resistance (Stnly Chen, 
personal commuication). 

Three-week-old plants of checks and test accessions were trinslanted into thC recuInstrIcted 
beds. At AVRDC, seeds of enti'es were sown directly in the bds. At UPI.13 and SubNg. three 4-rn
long rows were estahlished on each bed. The test accesSions were trlnsplinlted in the two otLerIows, 

established 0.2 inl 'rom the side ol'the hed. The middle row inclided resistant (I. 285 or Intan Putih) 
a1nd susceptible (I . 390) check plaints, trinsplanled alternately. Spacing between the middle and iter 
rows was 0.3 m and within-row spacing was 0.2 in. At AVRI)C and I'SS, only attest accession was 
transplalnted to each bed. Trials were arranged in a randomized complele block design (IC1I3)) with 
two rCllicttiols at Stiang an1d TSS, and three replications at UPILB and AVRI)C. The numLher of 
wil ted plants in each hed wis recorded every 7-14 days. Stems of* wi ted plants were clit. placed in 
water, amnd x i"d hacterid ooze to colnfil'ill tile presence of' 1). .Sulla e rln. 

Greenhouse trial 

Entrics were evalulted for BW resistance in in AVRDC grecnhotise with atsoil drench 
ilnculation metlhd. Individual scedlings were grown in 6-cm-dlialnl plastic pots. Potting soil mixture 
ratio wits I sand :3 soil : I rice husk : I compost. Entries were replicaled twice in ;in RClI) with 24 
plants per replication. At 25 days af'ter sowing (fivc true-Itif slage), 20 ml of 10' cfu/1nl P. 
solanaIceut'ni (AV[Dl)C isolate Pss4 Ifron Taiwmn) wis applied to the hasc of lach plant. Plants were 

eviluated weekly fIor wilting for 4 weeks. 

Data analysis 

The pecelitage of wiltd plants was (ctermined for experimental units at each cvaluttion date, 
and i standardized AUI)PC wis calculated. Final perccnt entry sir ival was based on the last 
evllultion it elch trial. Survivll dlata wcrc trainsf'ormed by arcsine of the squLre root to normalize the 
scale bef'ore carrying otut analyses of1variance. For combined analyses of variance, locations were 
regarded is ranid rn eIflects and entries is fixed el ccts; tile Iicatitn-by-entry inii SLluare was Used 
to, st the signif'icance I'thlie meallll i'c I'or entries and for lineair contrasls. Noninidependel, single 
degree-of-fieedom contrasts wcre constructed to make ComparIison1S illlong g'oti)S of' entrics:( I 

CR66-dcrivcd entries vs. entrie, with ,W resislnce dcrivcd from P1 I2908(/UPCA 1169; (2) 1.285 
vs. CRA 66-dcrivcd enltri s,; and (3) AVRI)C ines hrcd in the 1970s (Cl.I 1d, Cl, 8d, CL. 9, Cl, 143, 
CL. 1131 ) vs. AVRDC lines bred in the I980s (CL 5915-206, CL. 5915-93, CI. 6047, CI.N 475, CLN 
65, CLN 675). 

Results and Discussion 

BW incienIce on tile susceptible check, I. 390, was almost 1001 at Ull .13. AVRDC, and TSS 
(thle 3), indicating high disease piessure in the trial,. MeC'an survivil of entries, excluding the 
susceptible check I. 390, wits dramat icffl ly less it Su.1,.ng nd I P11,3 (21.6/ and 31.917, survival, 
respectively), cotllparld to Taiwaln trials (76.7 and 93.3",,' survival a, -\VRI)C indl TSS, respectively). 
Most cntries were resistint in Taliwan hut susccptible .t Stibug, and U'a,.3 

Atalyses of' variance over locations indicated signil'icant tlhflCeticCs entriesatmong,_1 in 13W 
resistance. I. 285 and CRA 84-58-I were the most resistant eniti'i(. at S and bothr g a!and U1P1,13. 
demonstra-d >80% survival in the Taiwan trials. kIntrics CL I, Cl, 9, ntd CI.6(147,ot the otherhand, 

http:Su.1,.ng


Table 3. Bacterial wilt reactions of tomato entries evaluated at four Southeast Asian locations and in the 
greenhouse 

Entry Subang, Indonesia UPLB, Philippines AVRDC, Taiwan TSS, Taiwan Greenhouse
Survival AUDPCa Survival AUDPC Survival AUDPC Survival AUDPC Survival AUDPC(() ( )
00/),0/0 (%) (01)(0	 ) 

L 285 75.3 at 11.6 a 68.1 a 22.0 ab 89.6 a-d 5.5 a 93.8 a 2.9 abc 95.9 abc 3.0 abcCRA 84-58-1 52.5 ab 23.6 ab 66.0 ab 18.1 ab 84.9 bcd 5.9 a 100.0 a 0.0 a 100.0 a 0.0 aCRA 84-79 45.8 bc 31.1 bc 53.6 abc 13.6 a 98.3 a 0.2 a 100.0 a 0.0 a 97.9 ab 1.2 abCLN 65 42.1 bc 28.3 bc 43.6 a-d 24.2 ab 90.9 a-d 2.9 a 96.5 a 2.1 abc 83.4 cde 11.1 a-fMT 5 32.9 bcd 27.9 bc 37.5 b-f 25.3 ab 92.7 abc 4.0 a 100.0 a 0.0 a 93.8 a-d 4.7 a-dCRA 84-6 30.4 b-e 0.0 h37.3 bf 85.6 f 75.7 def 7.6 a 100.0 a 0.0 a 76.4 def 14.0 c-hCLN 475 27.5 b-e 33.6 bcd 32.6 c-f 29.4 abc 86.0 bcd 2.1 a 100.0 a 0.0 a 89.2 a-d 6.6 a-e
MT 10 27.3 b-e 34.6 b-e 64.8 ab 19.7 ab 94.8 abc 0.8 a 93.8 a 4.0 abc 73.0 def 18.6 fghCL 5915-93 24.2 cde 36.9 bf 59.6 abc 24.8 ab 79.0 cf 8.1 a 100.0 a 0.0 a 87.1 b-e 7.7 a-f
Tm-2 15.3 d-g 47.1 d-h 53.6 abc 20.0 ab 92.3 abc 3.6 a 95.5 a 2.9 abc 70.1 b-e 19.1 fghCaraibe 15.3 def 49.6 e-i 43.3 a-e 29.5 abc 86.9 a-d 3.4 a 100.0 a 0.0 a 87.5 b-e 8.1 a-f
CRA 84-26 12.8 d-g 43.7 c-g 47.7 a-d 30.2 a-d 94.6 ab 1.2 a 100.0 a 0.0 a 74.6 def 17.8 e-h
CL 5915-206 10.2 efg 50.4 f-i 13.0 fgh 51.8 e 	

En 
79.5 b-e 8.6 a 78.5 b 9.3 cd 76.6 def 14.7 c-h

CL1131 5.7fgh 55.6ghi 11.1 fgh 50.4e 55.9fg 19.9bc 100.0a 0.0a 56.3fg 24.8hCL 143 5.5 fgh 48.8 d-h 16.9 e-h 34.9 b-e 80.8 b-e 8.0 a 100.0 a 0.0 a 89.4 b-e 6.4 a-eCL 9 3.4 fgh 58.7 ghi 0.1 h 52.2 e 58.7 efg 10.9 ab 74.0 b 6.4 a-d 84.2 b-e 10.0 a-fCL 6047 2.8 gh 62.4 hi 0.0 h 83.1 f 38.1 gh 28.6 bc 59.7 b 13.9 d 31.3 gh 45.8 iCL 8 2.5 gh 58.0 ghi 7.1 gh 45.6 cde 50.5 g 20.9 bc 97.0 a 0.9 ab 83.4 cde 12.2 b-g
CLN 657 0.0 h 57.0 ghi 16.8 d-g 47.8 de 79.6 b-e 9.8 ab 100.0 a 0.0 a 74.2 def 16.5 d-h
CL11 0.0h 63.2i 1.0h 77.5f 25.4h 34.4d 78.0b 8.1 bcd 57.7def 22.4ghL 390 (S) 1.0 h 83.3 f 0.0 i 66.5 e 0.0 c 57.0 e 17.1 h 55.3 iTrial mean 21.6 43.0 31.9 39.3 76.7 9.3 93.3 2.5 79.1 13.2 
* 	Area under the disease progress curve 
b 	 Mean separation by LSD (P= 5%). Data were transformed to the arcsine of the square root for analysis

L 390 not included inSubang trial 
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ranked consistently among the least resistant entries at all locations. AUDPC values for CL 6047, CL 

9, and CL I I were significantly less than those of I. 390 at AVRIDC, indicating that these entries did 

not wilt as quickly as the suisceptiblc check. Most entries performed well in Taiwan hit poorly in 

Subang and UPlI3,. Forexample, survival of CIN 657 was about 90/ averaged over the Tdiwan trials, 

but was 16.'1/ at UPI,3 and 0( at Subang. Significant rank changes and magnitude differences 

among trials accounted for the highly significant location-by-entry interaction in the analyses of 
variance (table 4). 

Table 4. 	 Mean squares from the combined analysis of variance and contrasts of 

tomato entries evaluated for bacterial wilt reaction in Southeast Asia 

Source of variation DF Mean square 

%SurvivaP 
Locations (L) 
Entries 

3 
19 

34025* 
1746"* 

L x Entries 57 236** 

Contrasts 
#1CRA 66-derived (65.3)1vs. PI 129080-derived (47.4) 
#2L 285 (81.1) vs. CRA (65.3) 
#3AVRDC: 1970s (37.1) vs. 1980s (44.3) 

1 
1 
1 

7450** 
588nS 

3251' 

AUDPCc 
Locations (L) 
Entries 

3 
19 

19913'* 
1134'* 

L x Entries 57 272** 

Contrasts 
#1CRA 66-derived (19.1) vs. PI 129080-derived (28.0) 
#2L285 (11,1) vs. CRA 66-derived (19.1) 

1 
1 

2526** 
586ns 

#3AVRDC: 1970s (33.3) vs. 1980s (25.9)1 1 1318' 
Data were transformed to the arcsine of the square root for analysis 
Number in parentheses is the group mean 
Area under the disease progress curve 
-'*-," Nonsignificait or significant at 5% and 1%, respectively 

When ihc Subang and UPI13 trials were analyzed togelher without the Taiwan trials, asignificant 

location-by-entry effect was round (data not shown), but, generally, tile most resistant entries at 

Suban,, were also the most resislant at UPI.B. The survival mean of CRA 66-derived entries was 

almost 40/ greater than the ilian ofl entries with resistance derived from1 PI 1290,0/LJPCA 1169 
(contrast no. I ). Mean survival ofl, 285 was not significantly higher than the group mean of'CRA 66

derived lines (contrast no. 2). The group survival mean of AVRI)C lines bred inIthe I 980s was 19% 

greater thlan the mean of' 1970 lines, indicating that AVRDC has made progress in selection for 13W 

resistance (contrast no. 3). 1lIowver, 13W resistance in most AVRI)C eitries is derived from only two 

sources, and progress prolbably could be impoe',Cd by exploiting new resistance sources. 

An obiectivc of the AVRIDC tomato improieint program is the development ol stable, BW

resistant lines with a survival greater than 9(f/. [lowcvcr, nt entry in this eXl-perimenl aclhievcd this 

resistace level at SUbang or UI'I.13. It isclear that different BW resistance sources lust be combined 

with the objective of achieving higher resistance levels or wilh I. 285. Advanced line!; derived 'rol 

CRA and AVRDC lines are undergoing preliminary testing at AVRI)C. Although most CRA lines 

carry excellent 13W resistance and have large fruit siZe, most need improvement for high temperature 
fruit-sct. 
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Routine BW screening at AVRI)C includes inoculation of tonat()lines inl tle grcenhuiiiiSe with 
a virulent strain of 1. sol'acr'i,',m from Taiwan (Pss4) with i drench technique. Correlations 
hctween entry 13W evaluations averaged over field trials and enlry means 0rom drench inoculation in 
the greenhouse were highly signil'icant (0.69 and 0.74 for percent survival and AUl)IPC, respectively). 
This sugests that the drench method is effectivu in selection 0r 13W resist lcc. The drench method 
is a vlta.Tgcous coiirparCd to held 13W scing , c 'otistlSt per entry is less anid results are mllore 
quickly availahble. l)etection il' susCCltihlC lines and enities with low 13W resistance such as CI. 6047 
or CL I I is probable at AVRI)C with the drench inocultion m1ethod. 1lowevr. AVRIDC screening 
may not detect lines like CL. 143 or C1, 5915-206, which are resistant inl Taiwan btl pcrl'orml poorly 
in tie Phi lippines 'and Indonlesia. l'stablislineit ol'a two-stage testing pgrolaim wI'here entries resistant 
at ,\VRI)C are sent to the Philippines and Indonesia for f'urther evaluation would also help identil'y 
weak entries. 

Routine Bacterial Wilt Evaluation 

Summary 
Over 40) tomato entries from were tested inl tile plastic house fbr bacterial wilt resistance during 

late 1993 to mid- 1994 in II 13W t.ials. 13W resistance levels were generally high among fresh market 
(FAT) entries. The 16 best fresh market entries demonstrated 13W resistance equal to the resistant 
check. 13W resistance, overall, was less among tie prioccssi ng and cherry entries tested; the best entries 

to iiprove 13W resistance il 
and cherry market classes will be planned. 

itl these market classes showed about 501/ survival. Crosses0 processing 

Introduction 
Bacterial wilI is the most important tomato disease in the tropics and, consequently, BW 

resistance testing is a maijor efort of the AVRIDC totiato improvement program. 

Materials and Methods 
13W evaluatin trials conducted during late 

Types of materials No. of entries 
Fresh market inbreds (Group 1) 40 
Fresh market inbreds (Group 2) 46 
Fresh market inbreds (Group 3) 49 
Fresh market inbreds (Group 4) 48 
Cherry tomato inbreds 24 
Cherry tomato inbreds 42 
Processing tomato inbreds (Group 1) 63 
Processing tomato inbreds (Group 2) 51 
PVY-resistant line 15 
CLN 1305 recombinant inbreds 68 
B-carotene FM 40 

1993-94 are 

Sown 
5/12/94 
5/12/94 
6/8/94 
6/8/94 
8/3/94 
8/3/94 
8/3/93 
8/10/94 
8/10/94 
8/10/94 
8/10/94 

listed in tile following table. 

Inoculated Recorded 
6/9/94 6/16-6/23/94 
6/9/94 6/16-6/23/94 
7/5/94 7/12-7/19/94 
7/5/94 7/12-7/19/94 
8/31/94 9/7-9/14/94 
8/31/94 9/7-9/14/94 
8/31/94 9/7-9/14/94 
9/7/94 9/14-9/21/94 
9/7/94 9/14-9/21/94 
9/7/94 9/14-9/21/94 
9/7/94 9/14-9/21/94 

Entries were tested in sum111er 1994 inl the plastic house using a soil drench inoculation method. 
Individual plants were grown inl 6-cin-diam pots in an AVRI)C soil leditum. [-xperimental units 
consisted o124 plants and entries were replicated twice in a randomi z.ed complete block design. About 
25 days after sowing (five true-leaf stage), 20 ml of' 10' cells/mIl inoculhm of Psetidomnonlus 
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solanacearuinstrain Pss4 was poured into each pot. Plants were observed weekly for willing until 4 

weeks after inoculation. 

The fresh market lines evaluated for 13W resistance were derivatives from crosses of AVRDC 

tropical lines and CRA lines from Guadeloupe, French West Indies. The ob ective of this study is to 

broaden the genetic base for 13W resistance in AVRDC gernplhasm and improve 13W resistance. The 

best FM entries are given in table 5,several ol'whicl demonstrated 13W resistance equal to the resistant 

check, 1.285. Trial means ol'the processing and cherry lines were low. Two best cherry tomato entries 

were CLN 156 1-128-37-11II -(46.917 survival) andCN 15I1-128-37-7-4-3 (41.917 ).The best PT-

entries were PT 465813C F,-4-0-1 (52.1 ' survival), PT 466413CIFI-3--)-I (47.9'7 ), PT 467513CjF-

PT 471613C I 1 -)-8 (45.917 ),and PT 467113C[F 2-0-4 (47.9' ), PT 467913CF 67-0-6 (46.717 ), 


I8-0- 1 (45.8'1/ ). Future crosses are planned to improve the 13W resistance in processing and cherry
 

tolato market classes.
 

Table 5. 	 Bacterial wilt reactions of selected fresh market lines 
inoculated by drenching, plastic house, summer 1994 

BW survival (%) 

Group 1
 
CLN 1460-162-16-52-0-0 90.5a
 
CLN 1463-245-14-0-0-0 73.9a-c
 
CLN 1462-20-10-25-1-0 68.5a-d
 
L285 (R ck) 84.5ab
 
L390 (Sck) 0.Og
 
Mean of all entries 44.6
 

Group 2
 
CLN 1466-65-40-30-0-12 77.9a
 
CLN 1464-46-11-30-0-7 77.1ab
 
CLN 1466-65-40-30-0-12 76.2ab
 
CLN 1466-65-40-49-0-0 75.0a-c
 
L 285 (Rck) 71.9a-d
 
L390 (S ck) 2.2g
 
Mean of all entries 50.9
 
Group 3
 
CLN 1462-140-31-42-0-0 83.4a
 
CLN 1464-46-11-2-0-1 80.9a-b
 
CLN 1461-125-3-46-0-4 76.7a-c
 
L285 (Rck) 78.3ab
 
L 390 (Sck) 6.3d
 
Mean of all entries 53.0
 
Group 4
 
CLN 1466-65-40-25-1-1 91.6a
 
CLN 1466-16-16-16-0-5 81.3ab
 
CLN 1466-65-40-49-0-7 81.1ab
 
CLN 1461-125-3-46-0-4 80.Oab
 
CLN 1466-65-40-30-0-2 77.3a-c
 
CLN 1466-140-31-42-0-0 75.0a-c
 
L285 (R ck) 72.9a-c
 
L 390 (Sck) 4.2
 
Mean of all entries 53.2
 

Means within groups followed by the same letter are not significantly different at 
the 5% level (DMRT) 
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l'-deleri,,ed recombinant inhred lines fnol ()hio MlR- 1., x I 285 were evt nuateLd f'or 13W resistanlce. 
Aiong the 65 recombhinant inheds., CL N I (5l 7-,87S, CI N 13051F- 36M, C1 N 1305F,- 178M, CI .N 
1305F7-228 MIL. CLN 1305F -293IM, and (1I.N 13)5F1 -,-07Shad reactions compitirable to the 

"sistant ail be nlISCel irm il. FlltlrC InlrellS incildeparent. 1, 285. These lines in the breC(ding 
evilualing the rcComlinaint inbrcls 1+or 13W resistinceat several localiolns and to Use the dilti to lip 
13W resistance genes in I. 285 with inlolenlir'markers its well as ito chl'aclerice the colitr+ibntion ol 
dilfercnt loci to 13W resistance. 

Genetic Improvement of Fresh Market Tomato 

Summary 
Fight fresh market toailto Itrials were coin ted at AVRDC cluring late stiinler I993 through 

carly stninier I994: however, five t'ials wcre destroed by flootdinig and gilliniviris in'ctCiol. Yields 
oflh hest FM inbreds in the 1993 sulmlr obislrvllionil trial (OT)'' ere exclptionally high, rlanging 
'roin 24.6 to 42.4 t/m. Similarly, yielCl,1 cXlperimlillll] hybruids ill the scond I993 sUmmnner OT 
rancedl'fiotm 21.7 to 5(. Itiha. Mosl entrics in bthtll OT showed excellent baictrial wilt resistance. Even 
tlo high teniperatiures ad rel.ilti\' hum1iditiCs p[eili\';.iilCtl dhiiIg snuiinleCr I )993,there wis an

iabsice o)f silgnifleiant m11ay tiltisll high yields. Addiioalfloodiltng which help explaiin the 

ceviliatiol of)these entries is nceded to coif'ill their plc r1,0,iunialice. 

Introduction 
The lai't -I'uitCd fresh market tomato is the most importait market class in the tropics. The 

characteristics olf atiLoid tropical fresh market toimato variCty inCiLde high teCperatuire rI'tlit-seI a1nd 
high miarke able yields, bacterial wilt resistance, good fruit quality, and firnless. 

Materials and Methods 

Eight ri;ls wrsc estahlished durng late slllCr 1994 Lintiil Carly suninler 1995. Trial type, entry 
numbe11t1r. and sowing, Iranslaiinaili and harvest dates are given below: 

Types of materials No. of entries Sown Transplanted Harvest 
OYT 1 52 6/29/93 7/28/93 10/5-10/28/93 
OYT 2 130 7/01/93 7/29/93 10/14-11/5/93 
OYT 3 44 4/12/94 5/10/94 no harvest 
OYT 4 45 5/17/94 6/17/94 no harvest 
OYT 5 49 5/17/94 6/17/94 no harvest 
PYT 1 10 4/12/94 5/10/94 no harvest 
PYT 2 40 4/28/94 5/26/94 7/20/94 
PYT 3 46 5/17/94 6/17/94 no harvest 
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Obsclvational trials were meiade up o two-row unrtleplicated plots. Rows were 4.8 Ii long, and 
hetween and wit hin-r w Spacing waits 0.0 iliand 0.4 in, respectively. ) stance betwcen philts (beds) 
was 1.5 ili. The purpose (),r is iticcnilrf hi'blids. Plot Sim.and splacil, iIiit1 i polimliing lines olr 
the lIi'cliinaryI PYT)is idCntic'al to the (T,hut cntl'ieS are rcplieaic'tl twice in tIanildloieZClVicld ilial 
comp~lete hhock dim.Prior ItoIr I)CLS. kg/ha olloralic compost, 5 kg/ha)200( ohrax, and 40
80-6(0 kg/ha of N-I,()-K,( )werel' bIroLcstd Inl theicll. Ahtll 10 Las\'S a sideal'ter transplanting, 
dressini of' 20-0-30)kg-/ha o0 N-PI),-K( ) ',as aipp:ied. A scintl side-de'ssinQ, applied. 3-4 wceks 
after tralsplanting. includcd 60-20-) ot'N-P,( ),-K ,( )k/hm. The third sIdC-lrssigii, aplllieCL 0 weeks 
al'ter tran llantiil, inluded 011-210-3( of N-P(),-K,( kp/ha. Phlos VCIC furrowl\-irrig ated as rcqluirld. 

Results and Discussion 

I'iits illall IFM tials,ctllstistCl ofladvancCL 1111cs or h vbrids fromt1crLosseC AVR)C tropical 

lines and ('RA lincs f'rom INRA. (iualoCIupe. CRA lines carry hich levClNs o l'bacterlial will resistance 
ailar lare'h-Iri ttoItSet well und-h high1 lperatlres.llild ni/ I I 

(OT.7:tucldl indeierinatiilC illbreds. Aerac'c illaximunlll/inlriinuim1 teICituiir lurinmi the trial 
weic 3,(.7/23.4"C: total ieCiCipittilo rClati'c huimidity were4 I mm ,and manlll i nid 78.91/ respectively. 
Markctalc \,eld anidt check,othercha'acterisics' of the niiic IbCs Clitrics and ihbril IM'I'"22, aie 
preselted inl table 6i.Yields werc remllarkably high, rallillg 'rom 24 to42 t/lia. Six entries yielded miiore 
thanm FI'I ' 22.. \tllumh \iri tempilaturcs pmevailld drin the trial, the absellCC o' silil'icitl 
floodinw ai'hav allo d Clltl'iCs0 C\tprCss their yield potltial. Fruii color (1l'all entries was poor 
and ilmost entries ,cd ttCcr vine c've_'r. All CitrisC 'IoweCL good bacterial wilt resistance. 

IneteCWriialCFNI h cic evaluatc ( )T I. MauxiinU/miin/ ill[tillICienupaltiures during the1hriL s ill 
trial were 31.6/24.1-C. Total rinfall and mean relativC huility, ec 411 milland 78.27/, 
ircspectively. Ill Ihe ci ,,ht ci in table 7. Marketale ,iels wem'ifolrltlillil rcardign hst hybrids are 
exlralordiillmilv hImlhi the hybrids and lack ol' Iloodingpossibly becatic oflCxcllent heat tolerance ill 
du'irin the trial. Brix coteiiCits \Cr abovc5. fruit clors were generally lair, adlline covrollctlis 
wasg ood. Siincetlthese entrics wcev lesled aloIle location without rCplication., further testi g is iceded 
to CO'milill their hi hyiCll potllntial. 

The I994 ,miimem trials suflf'ered Ilrolllilcollihinalio llflooLding alld gCnlminivirtIs iinj'cction; Il) 
yiCld wais hairvsCict I'momll1 cvCral entries ilPYT3 and ()T2werc notd for havinglive trials. I hlo\wveCC. 
friuit-set percentage grceater than the hcat-tolcrant check (C. 5915-931)1-I -(1-3): CI .N 1460-220- It)
(1-1-5. Cl .N 1462-22)- I(1-0 --9-) 1 ,N 1462- 1410-31 - 1(-0i-4, CIN.'IN1462- 125-3-46-3-) PYT 3); ('I 
1460-42-)20-(u-(0-I. and l .N 1462- 111-3 1-42-01-1). 

ields were PYTI 21 indteirllint buI't (<2 t/ha). Therc i.ul lectedl Il'im iie+ntr'i. we'cre ablyslly poorlill 

best enltries were ('.N 1404- II 1-31-2-01-), (I .N 1464-I 11-3(0-45-0-), CI .N 1462-.20-10-8- 1-0, and 
OIN 1462-I I -30-30-39-0-0. Some flli ollccurirCL, iut all plnts ofeverynltl'y werv if'cctcd hy 
geminivirus ('FaiWan 10lltuImal lcal" s. Average mnaxinluni/niniilcurl virus) vectored by whitcli um 
temilperatures ising PYT 2 wer. pitation was32.7/25.0C; total pli'c 585 mlln. 

http:32.7/25.0C


Table 6. 	 Yield and other horticultural characteristics of selected indeterminate fresh market breeding lines and checks in 
observational trial, AVRDC, summer 1993 

Entries 	 Mkt. Fruit- Fruit Days to Acidity Brix Color Sugar,' Cracking, Firmness: Vine Size BW
yield set size fldwer- -first (ab) acid cover- uniformity survival 
(tha) (%) (g) ing ripe fruit maturity ratio w/in cluster (%) 

CLN 1463-160-40-16 42.4 28 85 17 69 85 0.30 4.9 0.85 16.3 SLRiSA MF F G 95 
CLN 1462-220-10-0 39.4 45 86 17 66 85 0.29 4.4 1.02 15.2 0 MS F E 92 . 
CLi 1463-245-14-0 38.4 33 75 22 69 85 0.49 4.8 1.75 9.8 MCiR F E F 100 
CLN 1464-111-30-2 37.9 22 84 17 73 86 0.34 4.4 0.92 12.9 0 VF F E 80 
CLN 1A64-61-31-18 32.8 26 77 20 66 85 0.43 5.1 1.71 11.9 0 MF G F 96 
CLN 1462-140-31-10 31.7 40 73 20 66 85 0.43 4.9 1.00 11.4 MC/RSA MF F G 95 
CLN 1466-65-40-25 28.3 36 113 22 79 87 0.32 4.8 1.10 15.0 VSLR/SA F F G 90 
CLN 1464-111-30-39 26.8 17 77 20 73 86 0.32 4.5 1.42 14.1 SLSA MF G E 100 
CLN 1466-65-40-49 24.6 28 85 17 69 85 0.31 4.4 1.07 14.1 0 VF F E 92 
FMTT 22 (HT ck) 31.5 31 77 10 66 85 0.42 5.4 1.15 12.9 SLR MF E G 89 
* 	 0 = none; VSLRSA = very slight radial cracking and superficial abrasion; SLR = slight radial cracking; SLJA = slight superficial abrasion; 

SLR = slight radial cracking; MC!R = moderate concentric and radial cracking 
b 	MS = moderately soft; MF = moderately firm; F= firm; VF = very firm 

F = fair; G = good; E= excellent 

,7,
 



Table 7. 	 Yield and other horticultural characteristics of selected indeterminate fresh market hybrids and checks in 
observational trial, AVRDC, late summer 1993 

Entries Mkt. Fruit- Fruit Days to Acidity 'Brix Color Sugar/ Crack- Firm- Vine Vine BW 
yield set size flowering first 	 (a/b) acid ing, ness= cover- compact- survival 
(t/ha) (%) (g) ripe fruit maturity ratio ness (%)< 

CLN 1463-160-40-16 42.4 28 85 17 69 85 0.30 4.9 0.85 16.3 SLR/SA MF F G 95 
FMTT 574 56.1 36 89 13 66 79 0.56 6.5 1.46 11.7 0 F E E 95 
FMTT 573 42.2 26 93 13 66 79 0.39 5.1 1.58 13.0 0 VF E E 92 
FMTT 559 33.7 28 96 15 66 79 0.52 5.6 2.06 10.8 MR MF F F 100 -
FMTT 572 27.4 23 65 13 66 79 0.49 5.1 1.78 10.4 0 VF G E 80 
FMTT 557 25.3 24 95 20 62 78 0.47 5.2 1.92 11.9 MR F G G 96 
FMTT 558 23.9 31 77 20 63 79 0.54 5.1 2.03 9.4 MR/C F G F 95 
FMTT 5S0 22.6 33 88 15 66 79 0.44 5.1 1.50 11.6 0 VF F F 90 
FMTT 566 21.7 36 74 15 66 79 0.43 5.0 1.67 11.6 0 F F F 100 
FMTT 22 (CH ck) 15.6 26 78 17 66 79 0.46 5.1 1.16 11.0 0 F G G 92 
Double Fortune 4.6 17 79 20 79 86  - - - SVR S G E 89 
* 	 0 = none; MR = moderate radial cracking; MR/C = moderate radial and concentric cracking; SVR = severe radial cracking

MF = moderately firm; F = firm; VF = very firm 
c 	 F = fair; G = good; E= excellent 
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Genetic Improvement of Processing Tomato 

Summary 
One processine tomato (PT) yiCd trial was cotiducted in the cool sCalso (October I993-llbruary

I)94) to identify high-yiding entries with good processing fruit qualities and machine harvest 
chiriacters. The trial mean was 49.3 t/ha and tIhe seven best entries yielded from 54.3 to 09.5 t/ha. but 
nonC wCre sirii icantlv better than thc check varieties. Fruit of the hiolhest-yieldin.L entry. CI N 1356
1088-1-22-0. w.ere very firMn. 

Introduction 

Products iiade from pIocCssCdLtomato such as catsup or lastC arC popular in sonic tiopical 
contries. Special fruit chlreCters are required for PT varieties including deep-red color, high solids 
contCnt, low I,aid fitmnCss. Machine-harvestablc PT should havc a concClt'atCd fruit-set, compact 
vieli. ind ajointless pedicel. 

Materials and Methods 

One trial of" FPT lines wvas conducted during fall 1993. iItlry urinber, trial type, sMwin., trains 
plantring, and harvest dates arC giveri below: 

Types of materials No. of entries Sown Transplanted Harvested 
Preliminary 19 9/15/93 10/14/93 12/28/93-2/10/94 

hile prclirillary yi'eld trial \'as lIriItCd in RC 'itih ) 
of iwo 4-ni-Im, beds spaced 1.5 ill apart: within-row spacing betwecn plants was 4ff cm. Iemtilieri 
Wits broaLcastCd into the field prior to IfOrltinig beds ill Organic 

W3I)tw. rcplicttiois. bach plot was comprised 

42-100(-121 kg/ha of N-IP,(),-K.,0 
cmpost (20)11 kg), ard borax (5 ke/ha) were also afllied prirr to bed1'fnirmation. Plots were furrvvow
irrigated. 

Results and Discussion 
Melcan maxinmul aid rnirnirlurn temperatures during the preliminary yield trial were 26.1 and 

I6.2C. respectively. Total rainfall was 42.0 ri and mean relative huniidity was 73.51";. The 
onicctivc of, the IYT was to ideltify PT lines with Iliach ic-liarvest characters. prticulirly the 

.oirllcss p)CdicCl and Colpact vine, its 'luality, arid hiilih yield. The scvcnwell as 2ood frt'it firrIinMCss, 
best entries in the PYT arrc table S. Marketale ,ields ofhLIe beCst entries 'ariCd 54.3presented in1 YI'oIlr 
to 69.5 I/hi. but none vicldcd si.mnificantly iio-re than checks tiC 204A and PT 4454. Iruit of the 
higliest-vielding entry. CI.N 1356- 108-1-22-(i), vcre very firm. Color and Brix of the experimental 
lines were less than the checks. The (est entries will be funrther evaluated for hreart tolerance and 
bacterial wilt resistance. 



Table 8. 	 Yield and other horticultural characteristics of selected processing breeding lines and checks in the PYT, 
AVRDC, cool season 1993 

Entries 	 Mkt. Fruit- Fruit Days to Acidity - Brix Color Sugar/ Crack- Firm- Vine Vine Joint
yield set size flower- first ( ) (ab) acid ing, ness cover- compact- less 
(tlha; (%) (g) ing ripe fruit maturity ratio ness 

CLN 1356-1088-1-22-0 69.5a 62 54e 17a-c 61b 100a 0.31e-g 4.6d-f 1.96e-h 14.8 SLR VF G G +
 
CLN 1349-1001-5-10-0 64.6ab 55 60de 19a-c 63b 101a 0.36e-g 4.7c-f 1.64i 13.1 0 MF G G +
 
CLN 1349-1CO1-5-14-0 61.5ab 71 60de 17a-c 61b 100a 0.31d-g 4.20f 1.97e-h 13.1 SLCR MF G G +
 
CLN 1356-1058-18-14-0 59.9a, 77 75b-d 17a-c 63b 101a 0.32c-g 4.5d-e 2.14b-g 14.1 0 MF F F +
 
CLN 1350-1039-1-0 57.3a-c 71 68c-e I9a-c 63b L101a 0.27g 4.6d-e 2.10b-h 17.0 0 F G G +
 
CLN 1349-1014-5-1-0 57.1a-c 64 65c-e 23a 63b 101a 0.28fg 4.3ef 2.15b-f 15.3 MC MF F F +
 
CLN 1349-1001-20-3-0 54.3a-d 64 76bc 22ab 67ab 102a 0.32c-g 4.4ef 1.93f-h i.8 SLR F E E +
 
PT 4454 (ck) 65.1ab 67 73b-d 16c 63b 101a 0.33b-f 4.9b-f 2.26a-c 14.8 0 MF G G -


UC 204A (ck) 56.8a-c 68 74b-d 19a-c 70a 103a 0.38a 5.4a-c 2.18b-e 14.2 0 F E E -


TK 18 (local ck) 43.4b-e 59 102a 17a-c 63b 101a 0.35a-e 4.9b-f 2.42a 14.0 0 S F F -


Mean of all entries 	 49.3 66 71 19 64 101 0.32 4.8 2.1 . 

CV (%) 19.1 14.4 8.6 10.8 5.6 0.9 6.5 6.4 4.5 .. ... 
. 0 = none; SLR = slight radial cracking; SLC/R = slight concentric and radial cracking; MC = moderate concentric cracking 
b S = soft; MF = moderately firm; F = firm; VF = very firm 

F = fair; G = good; E= excellent 
Means in the same column followed by the same letter are not significantly different at the 5% level (DMRT) 
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Genetic Improvement of Cherry Tomato 

Summary 
"'wocool season and four slllummer Cherry tomnato (CT) trials werc cstahlished at AVRDC in late 

1993 and 1994. Cool season yields of the host indetcrminatc cherry llybrids ranged l'roni 33 to 43 t 
ha. alld yields (0,the hest indeterminate lines iangcd from 35 to 52 tlIM. Stumier trials were hIa'Vily 
dL1ai.taitd hv acombliinaition of Ilooding, and .gininivirtis infection. Yields of the, best entries in hoth 
suannr trIa'1.ls were Ibclow 5 t/ha. 

Introduction 
('Illrr tollill (L v. '111o111111 var. tihe probale ancestor I11" large-f it ed'erua ifrl' n('), the 

cuhtisated tOllto., is relativelyv unknown in Iropical Asia and sub-Sahran f'rica. It has bComC 
l-,rLh in the t IS,\..lpan, Taiwan. and urlpe. Inl gelneral, cherry tolviato is htter adahtpted to warm., 
humid Condition, con11parcd to the Llrte-fhielCd tollIo, So it 1ay hav pOmlntial for hO+,vland Stlller 
lMditctim. I limih tmiICr'atrile' fruit-set:, resistancc to TMV, hacterial wilt, and gelminivirus: and good 
trait tmtAlitie, "e niajom selectiom criteria.1 

Materials and Methods 

Six CTI tiAAS We co'dutCd.e f'rom Selptembcr 1993 to .IlnC 1994. two (i vhich were destroyed 
bV flhodine and 1cMnilivirlus imlctimn. '[rial type, entry numnber. and dates of" sowing, transplanting , 
nd harvest are listed helow: 

Types of materials No. of entries Sown Transplanted Harvested 
Observational 1 14 4/12/94 5/10/94 no harvest 
Observational 2 40 5/17/94 6/24/94 no harvest 
Preliminary 1 19 9/10/93 10/14/93 10/25/93-2/1/94 
Preliminary 2 22 5/17/94 6/24/94 8/14/94-8/24/94 
Advanced 1 10 9/14/93 10/14/93 12/14/93-1/31/94 
Advanced 2 10 4/12/94 5/10/94 6/30-7/13/94 

()' lot1Is consistcd ol'oneC dtiblc-row bed, each 4 i ]() lInMaedspaced 00cm iart within tlhe beds. 
lPlants within the row were 40cm impart. lE'ntries were [lot replicated. i'ri it l'ormin bds. 2)0)) k(/ 
ha organic compost. 5 kg/hla borax, and 40-X0-6() kg/ha of N-P,( ) ss'ere in the iheld.w-K+(r)i 'adcasted 
Ah imt) dav' lter trail "planting , a sidhe-dr ssing o2tf0-0-3) k l/ha of N-IP,() -K.,( ) was applied. The 
ectontd side-dressIng, applied 3-4 weeks atUer transplanting., included 61-201-6(0 kg/ha ol"N-IP ( ),-K(0. 

.1 third side-drcssinlg, applied 6 veeks after transplanting. included 60-2(0-60 kg/ha (fl N-IP,0( -K,). 
OtS Were'urlrow-irrilcated as n.eeded. Plot Si/c ofl' the 'Y' was identical to the ( Y'', bnt entries rc 

replicatcd twice in R('1I). ExperimntCl units ol'/Advanced Yield Trials (A 'llconsisted olftwobeds, 
each 4 i lon,, spaced 00 ciii aipart within the hds, with plants within the row spaceld 40 cm aipart. 
E.ntrieS ,.cie replicatCd thrice and aranged in RCIiI). 

Results and Discussion 

(iol sesonI tri,'ls. The 1993 lPYT incldCd ildCterminaltC cherry toma1tlthyrll ds data on the hCst 
Cltries re p+rese.'ntCd in talelC 9. Mean maximum/miniMlum telmperatures during the tria were 25.7/ 
I0(0Dc. Mcan relative humidity was 72.6'/ i:nd total precipitation was 42 mum. The best entri syielded 
as well as AVRI)C check hybrids C-IT 261 and ClIT 264 and three to Four times mitore than the 

http:trIa'1.ls


Table 9. Yield and other horticultural characteristics of selected cherry tomato hybrids and checks in PYT, AVRDC, cool 
season,1994
 

Entries Mkt. Fruit- Fruit Days to Acidity 'Brix Color Sugar/ Crack- Firm- Vine
-yield set size flowering first maturity (a/b) acid ing , ness coverc 

(t/ha) (%O) (g) ripe fruit ratio 

CHT 720 40.3a 77d-f 14bc 10a 50a-c 79b 0.66ab 4.7d-f 1.58ab 7.1 0 MF E 
CHT 621 39.6a 74ef 15bc 10a 50a-c 79b 0.59a-e 4.4gf 1.63a 7.5 0 S E 
CHT 957 36.9ab 89ab 12ef 8a 48bc 79b 0.53ef 4.8b-f 1.36a-e 9.1 0 MF E 
CHT 659 35.1ab 90a 13cd 10a 50a-c 79b 0.65ab 4.9b-d 1.40a-d 7.5 0 VF E 
CHT 961 34.3a-c 83a-d 9g 7a 46c 79b 0.58b-f 4.8b-e 1.38a-e 8.3 MR MF G 
CHT 691 34.1a-c 72f 15b 7a 50a-c 79b 0.64a-c 4.7c-f 1.64a 7.3 MR MF E 
CHT 649 33.7a-c 89a 22a 9a 50a-c 79b 0.55d-f 5.1 b 1. l1ef 9.3 o MF E 
CHT 959 33.0a-c 81b-e 12ef 8a 46c 79b 0.59a-e 4.7c-f 1.49a-c 7.9 MR F E 
CHT 261 (HT ck) 38.9a 84a-c 1le-g 10a 53a 80a 0.53ef 4.5ef 1.48a-b 7.6 N F G 
CHT 264 (HT ck) 35.5ab 77d-f 11 e-g 8a 50a-c 79b 0.49f 4.1 g 1.53ab 8.4 N F G 
Santa (local ck) 11.8f 82a-e 1Ofg 10a 52ab 79b 0.63a-d 6.2a 1.16ef 9.8 SVR VF F 
Mean of all entries 30.8 80 12.5 8.4 49 79 0.58 4.87 1.37 8.4 - - -

CV (%) 12.3 4.3 5.8 21.4 2.5 0.2 5.7 3.2 8.5 - - 

0 =none; MR = moderate radial cracking; SVR = severe radial cracking 
b S = soft; MF = moderately firm; F =firm; VF =very firm 
C F= fair; G= good; E= excellent 

Means inthe same column followed by the same letter are not significantly different at the 5%level (DMRT) 
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comlrercial hyblrid Salnta (Known-You Sced Con p ). IxcelelntMost developed vine cover as well. 
Ilowever, entries produced significantly lower solhle solids Content than Santa. 

The AYT included cherry inbred liues developed from Santa. Mean telm1piratures, relative 
hutidity, and prcipitation \werc identical to the PYT. The best litus, SN-240SI)-2-() and SN-664-I
0),produtced marketable yields of 51.2 and 49.1 i/ha, respectively, comparahle to AVRI)C hybrid 
checks Cl IT 261 and CI IT 264 but stupcrior to Santa (table )0). The 3ri xcontent of Salta was stperior 
to other enCtries. Fruit si/es Ofl"all eItries wcrC small. 

Smmlt,1t- trials. The summer PYT cherry trial (indeterinate lilies) Vas havily anaged hv 
f loodinu and ,cefiniiviruls in fection and lasted only 62 days. Average maXillum/inliulll temperatures 
dlutring the trial were 32.5125.2°C. Total precipitation was 1769 Imll; mean relative lhumidity was 
6,";':. The trial ieain was 1.2 lha, and the hest entry, CIN 1560-4-3-16-3-3, yielded mly 4.4 t/ha 
bint . indicating that it carries some heat tolerance. Almost one-third of the plants offrulit-,t %,'ts 401; 
hik cIItrv were infected byv _ciniviruIs. Similarly. the AYT suffered heav y flood<0ling and geminivirLs 
infection. Mean yield was 3.2 t/ha. SN-60- 1-0, SN-60- 10-0, SN-60-2-0. and SN-240SD-4-()achieved 
ruit-sets greater than 30( and may have sonic heat tolerance. 

High Vitamin ATomato 

Summary 
I)ies itiimost trtopical countlltries are deficient in vitamin A which is c-ucial for good human 

nutrition. A tropically-adapted tomato variety with high provitamin A activity (high fruit beta
carotene c0itCit ) is valu for homei gardnes. S\,Cvnty-one advanced lines derived from crosses 
Segegating gellles (d' or B )that increase lbcta-carotenC Comtlnt \w're eva.tlulatedl for fruit quality a11d 
bactcrial wilt resislance in the field. Seven entries with either dl,' (dark-grecl) or B (Beta) genes 
produced an average of 6.7 times ilore beta-carotene than the noirlnal-fruited check. Internal color ol1 

e it ted, but x cnttent tended to be low. Fruit (ofIl/?ctries \veres yellow-orangc. OneeriCs Was CCtsdeep ri 
B entry, CI.N 13 15F,-57A-30-26, was bacterial wilt resistant. 

Introduction 
Vitamin A is crucial for good human nutrition, particulrly for growtlh and prioper eyesight. 

"l'liao caln important soir'ciall olvitamnin A. This year we have renewed effforts to develop toiato 
varieties high ilnbeta-carotenc, the fruit pigment respolsille for pio'itanin A activity. Our objectivc 
is to develop lines high in eta-canrtene Citent tliutable for home gardens. 

Se'eral .enes are known to elevate beta-carotenc conlents. including Beta (B), dark-green (dig), 
;iid high pignnt (hip). Advanccd lines from11 loulmtiiis dlo's'shped ill tie mid-1980s at AVRDC, 
Segrlgating for dg or B, were evaluated for fruiit quality characters and Ibacterial wilt resistance. The 
ohiective was to identify tropically adapted indeterminate lines carrying high heta-cat'cle genies for 
ftuther testing or for mISCparents ill crosses.iss 


Materials and Methods 
Scvcity-one were sown on+30 h)ecember 1993 and transplanted to 1le field on 4 February 1994. 

Plots itcluded 12 plants ii a 6-ni row, spaced 0.6 Iiibetween and 0.5 iliwithin rows. Entries were not 
rcplicated. Ii nes with dark-green or yellow fruit were tested for fru it quality by the AVRDC Analytical 
Laboratory. 



Table 10. Yield and other horticultural characteristics of selected cherry tomato inbred lines and check cultivars in the AYT, 
AVRDC, cool season, 1993 

Entries Mkt. Fruit- Fruit Days to Acidity 'Brix Color Sugar/ Vit. A Vit. C Crack- Vine Firm- Foliar 
yield set size flower- first maturity (a/b) acid ing: cover, ness: diseases! 
(t'ha) (%) (g) inc. :)e fruit ratio (BLM) 

SN-240SD-2-0 51.2a-c 72 9 16a n'6a 81a 0.48ef 5.2c !.50d 10.8 1.04b 15.0a-c 0 G VF 3 
SN-664-1-0 49.1a-d 70 7 7b 46c 80b 0.54bc 5.2c 1.75ab 9.6 1.16b 15.8ab 0 F MF 3 
SN-60-1-0 48.5b-d 72 7 10b 49bc 80b 0.52cd 5.3bc 1.71a-c 10.2 1.09b 17.8a SLR F VF 4 
SN-275-1-0 48.1b-d 70 7 8b 47c 80b 0.47f 5.3bc 1.70a-c 11.3 1.52a 15.8ab 0 G VF 3 
SN-60-2-0 46.7cd 75 7 10b 47c 80b 0.52cd 5.7ab 1.67a-c 10.9 1.00b 16.9a 0 F VF 3 
SN-240SD-4-0 41.4de 72 9 9b 46c 80b 0.48ef 5.2c 1.50bc 10.8 1.08b 14.6a-c 0 F VF 4 
SN-60-10-0 35.1e 73 7 8b 46c 80b 0.48ef 5.2c 1.84d 10.8 0.99b 16.3a 0 F F 4 
CHT 261 (ck) 55.8ab 72 10 10b 54c 81a 0.56ab 4.5d 1.63a 8.0 1.13b 12.Obc 0 F F 5 C-

CHT264 (ck) 57.1a 71 10 11b 54a 81a 0.50de 4.6d 1.73b-d 9.2 1.01b 12.5bc 0 G F 6 
Santa (ck) 20.5f 74 10 10b 51b 80b 0.58a 6.0a 1.31a-c 10.3 0.96b 15.9ab SVR G VF 4 
Mean of all entries 45.4 72 8.4 10.0 49.7 80 0.51 5.2 1.64e 10.2 1.10 15.8 - - - -

CV (%) 9.6 5.9 2.9 16.7 3.7 0.2 3.7 4.1 4.8 - 9.9 8.5 - - - 

0= none; SLR =slight radial cracking; SVR =severe radial cracking 
b F= fair; G = good 
c MF = moderately firm; F= firm; VF = very firm 
d Rating scale of 1 = none; 2-3 = slight; 4-5 = moderate; 6-7 = severe; 8-9 = very severe 

Means in the same column followed by the same letter are not significantly different at 5%level (DMRT) 
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Results 

Intries carrying B or dg contained about 6.7 times more beta-caroterie than the check FMTT 33 
(tale I I ). The two dq entries shtowCd slightly higher beta-carotene levels than B lines; Brix content 
ol'd ii ries was lower than B lines. Because the / gcnic increases beta-carotente contelt at the cxpense 
of lycolclc, B I'ruit were yellow or ychow-orange. The dtg gec increases bolh hetla-Ca'Oleleand 
lvcopiCe cotelllts, and internal color of 4,4 entries was excellent. lincs with 4,14may be more 
acceptable lIIOl slltIIl+;CaCCusI'lleld to red-r'lUited tomto.tl 

I'1nt rics did [Iot dilerap rcciab+,ly intlruit p1 Ioracidity. ()nly ('IN 13151F 57A-3t)-26 dlin stl'ated 
si.enitic.aut bacterial wilt resistancc. This line may be te most Iropically adapted B entry. All the lines 
nced inI ipoeient for iihih tImprCttuC fruit-set andl Vinle covcr. linCs carryin hli will b evaluated 

199U 5. 

Table 11. Fruit quality and bacterial wilt reactions of tomato lines with B or dg genes 

Color fl-carotene BW 
Entry Gene pH Acidity Brix (a/b) mg/100g (%survival) 

CLN 1308Fi-25-0-29 dg 4.3 0.34 3.9 1.50 3.28 10.4 
CLN 1312F,-98-5-15 dg 4.4 0.30 3.7 1.76 3.63 2.1 
CLN 131 3F ,68-1-8 B 4.3 0.45 4.4 1.91 2.84 6.5 
CLN 1314BC,F,-32-4-4 B 4.2 0.49 4.6 0.54 2.85 2.2 
CLN 1314BC,F,,-32-30-15 B 4.4 0.40 4.6 0.65 2.11 4.2 
CLN 1315F-9-9-22 B 4.2 0.52 5.1 0.55 2.85 0 
CLN 1315F,-57A-30-26 B 4.2 0.39 4.7 0.49 3.52 79.2 
FMTT 33 - 4.4 0.36 5.1 2.15 0.45 -

Development of Multivirus-resistant Tomato 

GeminivirusResistance 

Summary 

Collaboration among tie AVRDC plant physiology, torato breeding, and virology units was 
initia~vl to intrigress genes front. Lchiifse conditionling geminivirns resistance into cultivated 
tonnati. Ilterspecific crosses involving II geminivirus-rcsistanlt L. chih,.use accessions and three 
toniato varieties were carried out at AVRIX', beginning in April 1993. Embryo rescue ol'the F, was 
iCCeCSSMay beeaIuse I"(sexual inc onipatihilily betwectI,. i/t'lnse and 1,. cmxct/ctttmn. F I plants were 
successfully obtained from 20 cross colmbinatiols, but llmost have not beell tested for reactioin to 
Taiwan to.'mato lelCalcurl virus ([IElCVT), the ICcal cminivirus strain. A grafting technique was used 
initially to screen plants IOr virus resistance, but testing by expostirc to viruliffcrcis whiteflies was 
carried out as well. Pollen from resistant plants was collected and used to backcross to L. esculentinn. 
li oie closs, two backcrosses were performed. 

http:tomto.tl
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Introduction 

Geminivirus, vectored by the sweet potlato whitefly (Beinisia tahaci), is an important produclion 
constraint ol lomato in ilany parts of the world. Yield loss can he 100% if young plaints Iecomle 
inlected. Since one virli Crou.s whitelly can CtLuSe ilil'ctioli, host resistance would be the best control 
method. Currently, there is little geminivirus resistance availalle in L. esculettt; however, some 
accessions tl.,chih'nse, agrecn-flruited wi ld tomato species, aire immune to the virus. The objective 
of this subproject is to introgrCss genes conditioning gCllinivirus resistance Irmi L.chihn.l'e into 
trlopical tolliato. 

Materials and Methods 

The Virology Unit has identi fed 4) L. hilense accessions imnnmune to tie local gemini virus strain, 
Taiwan tomalo leaf curl virus (TFI.CV). Interspecific crosses involving I I .. chih'nseaccessions and 
3 oilato varieties (33 cross combinations) were carried o1t at AVRDC, beginning in April 1993. 
'mbryo rescue tl' the intcrspecif'ic hybrids was required 3-4 weeks alter pollination because /L 

eVSwu'mmctnt and .. 'hih'nseare nomwnally incoml patit . 

Eiihr'orescue. Fruit I'joieach ol'thc crosses werelharvested 3 to 4 weeks alter pollination and 
Sull'ace stcriliZCd. These were dissected under Stclile conditions anid the imlatulre seeds excised. 
Illlatllre seed coats \ere rnioved and cibryos al the heart slage were placed on MS basal mneditmn 
supleeCntCd with IAA A. AGA. NAA. kinctin, meatin, 2 Ill, or 2, 4-)tand kept at loom temperature 
tider 12 Ii light. Regeneratcd plantlets were dissected into various segnents and cultured in the MS 
basal medium wilhoutt hormones 1(or multiplication. Alter munltiplicatiom, the small plaitlets were 
Iransf'erred l'rom MS mnediumi to sterile vermiculite and kept in tileculture room. When the plants 
showed shoot elongation and leat expalniol, they were trallsf'errCd to a1growth chamlcr and 
maintained at 25/2 0 'C (day/night) and 75;( relalive humidity. Wlien the [Iantlets were strong enOLlgh, 
tiey were transtlrrcd to clay ptls contlining the \VRI)(' COliposl mixture. 

Viruis resistancecvaluation. Iitially, Fiand BCI1 Iplallt' othmincd I'illil wereelbryo rescue 
screened fur "1TI.CV resistance by a grafting technique. The top 10 ciin oIl Ihe plainis to be tested was 
excised and grafted to [FL.CV-infected tonato. Six weeks after gr'afiti+g. lafi.'tissue o1' the grifted 
scioln WiS nill presence o"I' ITCV by nonradioactive I)NA-hybridization,relllO'Cd tested f'or file 
using a 'Ill CV-sCcific ll'Obe ire'oiuSly developed at AVRI)C. 

Pollen was collected I'l'oliresistant plants, bulked, and u1sed for backcrossing itL. esctth'ntum to 

produce 1C iFIseed. [F+ibryo rescue was necessary itobtain about 50-6) 13CI F1 plants per cross. 
I'.mlbroyo rescue is not required aliter the BC,. 

Results and Discussion 

Interspecil'ic FIplants From 20 crosses were obtlinCd, includirig at lelSt 01e Cross Witlh each L. 
chih'nse accession. Although hundreds of enibryos per cross were rescuedl, tle nuiibcr ftchlnes per 
cross was low dutc itincnpalibi lily between the two species. Crosses derived from L.A 1932 and LA 
2737 produced relatively illore successful elbryos and were more aliellalc to crossing with toillato 
comiipared to other/I. ,'hilese accessions. 

Of the 21) sticcessf'il cros .es, back''rosscs ol' 1I plants to tomato lhave bcen accomplished I'Or17 
crosses, bul most 13C, 1;, tissuC culture. 1C3F and BC,FIplanits are still ill pilants have been devehloped 
I'rom two crosses involving LA 1969. It appears that T'I.CV resistance illLA 1969 (soutrce I, I'rlm1 
)r. Rick, Uilivcr;ity of'California-Davis) nllay hut the nmtbller oIfbe dollllinanl, genes conditioniiig 

resi stance is no t clear. lowever, most F,and BCI I, plants f'rom I.A 1969 (I,)arc susceptile. 
indicating variability lorvirus resistance within LA 1969. 
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During most of 1994 we evaluated plants fli 'FICV reactioil y graf'ting, blt since August 1994we have shifted to screening lplants \ith acombfinatioti of \iruliferous wvhitef lies and TTFI+CV iptnl~es. 

Plants at ahout the five-leaf stage were exposed to virtlferoLus whitellies in the greenhousU or 
scren lmse,and snscCpti Hle plants develope1d svnmltoms ahotl 2-3 weeks alfter exposnre. Symptomlless
plants were tested for1ivirsi infection and also olevled longer for synpltoml expression. Plants free 
olsymipltos and Wilholt virns in'ction were gi venl pioity for hacrkcossing to tollaito. 

Ai oblhjectivc ofthis suhpro'ecl s to introgress genes froim . chilv's ilnto tllato which confer 
resiStan.e 1t iwide rangeLf g.'milliniviruses. )r'CreSeltl,we are evalutling plants with only the TFILCV 
Stratin andil "T!CVresiStancC Will hold ipasume thill lagainst galeminivirtis strains at other ]catiOlns.
We have sent the I I L. chi.VISe ticcessions an1d 13C(: 1 ]iPlaits 'l'oicrosses itvolvin L. /hil/veLA 
I9(69 for gen liiViRus evaluaition to the AVRI)C Africa Regional Prograni (ARP)in Tanzania. 

In I995,we intend to work oit the screenilg teclIniqLue so thai Csislanl planls ite idelltil'ied more 
tiuic!dv, permitting rapid hackcrossing and r'educilg th1e wo/1kload involved illthe mallagellient ol 
lmny Crosses. We holpe to determine if'introgrcssed genes flom L. chiletse'condioion iilmlunity or 
dClCyd snym p1tomll inheritance olrexpression. and to beler illdersiand tile 'ILCV resistance. 

Potato virus Y(PVY) 

P1 2-17)87 (/. hirsutumn ) isresistant to PVY. allinportait disease of toato in the tropics. In 1986, 
crosses were mnade itAVRDC to introgress PVY resistance ''om PI247087 into tolmato. Foltir 
backcrosses to L. ('.xulentum were performed, fllowed hy inlbreeding. lresently, we have six I3C.,1' 
lines rc ,istant to PVY. In 1995, we intend to ieconlfirm PVY resistance in these lines, preferahly at 
other locations its well IsAVRI)C, to stahlislh crosses to improve tropical adaptation of these lines 
and detcrlinic the iilritalce of I'VY resistance. 

Cucumber mosaic virus (CMV) 
TwO sing.lc-plalt selcctioms froilL.chi/'nse accession LA 1969 (LA 1969-9 and ILA 1969- I) 

were id,:nti fled hy tile AVRI)C Virology Unit as CMV-rcsistant. Inlerspccific F, plants fitn L. 
.cdentmn x LA 1969-9 have hCC lohained but have riot hecn tested for CMV resistalnce. We will 
c' lttie [buickct'sskilg to I.L .scidetmn. 

International Cooperation 

Cultivar Releases 
CI. 32)-0- 1- I -P-0-0-0- 1,C1, 119-1-2-0, and C1, 143-0-413-I -0-0 were officially released as 

Samtoln 13,Saimtom 14, and Saitot 15, respectively, in the semiiarid zortes ol'Nigeria itn1993. This 
hrings the total olreleased AVRI)C tumato lines since 1978 to 80 in 34 countries. 

Feedback from Collaborative Trials 
A'rica. )r. Brian 11iton, of Food I'rthe Ilungry Institute Afriquc, tested AVRDC indeterminate 

breeding lines in 1992. The hest line, CL 5915-2061).-2-2-0, oti) ielded the local check varieties, but 
tile
fruit size ofCI, 5915-2061)-2-2-0 was slightly smaller than the checks. All AVRI)C liites showed 
less flooding tolerance and lower fruit acid content than the check cultivar, Marmandc. 
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India. Dr. P. Vidyasagar, of KhaU itJunker Limited, India, tested AVRI)C fresh market, 

processing, and cherry tomato lines and hybrids. AVRDC hybrids FtMTI 22 and PT 4121 yielded 

more than Rashumi, the local cl'ck. 

Guam. Ms. Miari MaruaIli, Mssrs. Frank Crzt, Vince Santos, and George Wall o1 tie College 

of Agricultnral and lilIc Sciences, University of Guaw, tested eight AVRI)C tropical fresh market 

hybrids in 1992. The best three hybrids, IFM1F 22. I;MTF 138, and IMTFI 267, produced nearly 2.0 

kg 'rtlitper p1 ant, better than the best check, Chandel icr. IMIT 268, FM1TF 269, and FMTI" 301 

IProduced 1.4, 1.2, and 0.8 kg of fruit per plant, respectively, and shMVed highly resistant bacterial

will reactions. 

PhilippihIes. )r. I.L. Sall Pedro. UnivCrsily Taro Production ()lTicCs, tested 10 AVRI)C I'resh 

nlarkel b-Creedi n lilnels and live hybrids ill IMV1 33, I"MTT 3, [IFMT 22, IMrr 260, :nd CIN1991. 
65713CIF[-274-0-15-4 otyielded check hybrids lope No. I and Tropic Boy on the basis of' 10 

harvests, bul difl'rnces were not0 signil'icant. Seed muiltiplicalion and on-l'all tests are planned for 

1995. 

Thailand. Mr. Roengchai ('hnlllpiron, ('hiang Rai I lorticultural Research Center, Thailanld, 

evaluatCd AVRI )C cherry tomato hybrids, fresh market hybrids, 10 indeicrminalte tIropical breedilg 

lines, and 8 processing tollato entries. 

The best fresh market hybrid, FMTI"105, yielded 27.6 tlha, bilt was susceptible to I'usarii wilt 

and bactelial wilt. Two other hybrids, [MIT 95 and [MIT 114, vielded 15.1 and 12.(1 tlha, 

respectively, and werc resistant Itobacterial wilt (FM1 95--80(/ slr'ival and IMTT 114-91.7l/< 

survival )and lusari ul will. Five processing hybrids, PT4454, HT4563, PT4285, PT4225, IT41 21, 

and P'4446. had high yields, aild \Vel'e Iee of' I'llsariul aild baterilil will ifeclion. P'4225 showed 

good heal tolerance alboth Nokonphanormn and Chiang Rai locations illApril and May. 

Vitdlnm. l)r. Mai Vail (,)uyen. l)eptly )irector of' Instiltte oi Agricultural Science of Vietlai 

at Binh (noLi, Binh Thanl)isi. tested eight AVRI)C processing hybrids in the 1992 rainy season. 

Three hybrids, PT 4 lI, PT 412 1,and 1')' 4026, outyielded the check N' 12 (Cl, 591 5-223I)-2- 1-0), 

an oodroced gl soluIble solids Con1tents. Ile alsoCviluated seven AVRI)C tropical tollato breeding 

lilnes in spri ng 1989. The smiall-fruited l1in, C,.5915-153I),-3-3-NS B,was thc highest-yielding enlry, 

aid he requested m1o'e seed 1'or"additional tCsting in 1995. 

http:114-91.7l
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Tomato Entomology 

Screening and Selection of Lycopersiconpennellii-based

Resistance Breeding Progeny for Resistance to Tomato Fruitworm
 

Summary 
A ly opersicon pe'lflii accession is being used as a source of' resistance to breed tomato 

fruilwrni (th'licoverpaarmi,'eraI-lihner)-resistant cu hivars at AVRI)C. Resistance in L pennelii
is due to the high acylsugar contenlt in the leaves; the higher the acylsugar, [he higher the insect 
mottalily, and the greater is the insect resistance. In spring, we screened 10 families of BC I" 
Wmsistino of'232 iplants fOreoneentration oflacylsugars in leaves. Only f'mr pulants havilg grealer than 
27 rug aeylsugar/.in 2 leaf area were selected. The 13CF, progeny planted in aulttllll showed varying 
e.liteentratioris of acylstgar. Six BC, I."plants containing excentionally high acylstugar"con1centration 
(48 to 97 rug/m 2 leaf area) were selected for making cr(sses to improve insect resistance and 
horCticultl'al chaIacteristics. 

Introduction 
lo 'iOitworm (TEW), I-Ieliccwrpaurmiq'ra (] [ibull'), is the nlost destructive insect pest or 

to liato in Asia. The adults ol'this polypllagous insect lay eggson tomanto foliage. Neonate larvae feed 
On Icaves, hut second instar and Older (nes bore into tomato f'lfuit and feed coIcealed inside the Fruit 
Util ready 1'o pUlation. lull-grown latrvae leave the damaged fruit and Pulpate in th1e soil. The 
coce'Aled na+tt'e theClarval atnd p+upal stages make the control of this insect hy Conventional means 
dilicult. We have ;en usinlg a wild t(urr;ato SpeciCs, pemu'ii, w.\'persiumv,'hich is resistant to a 
wide ri rlg oI insect pests, to brecd tomato br'eedinlg lines resistan+t to TFW. The resistance of this 

tccessitll is due ito the preseice of" high concelntrations Of acylsugars inl the foliage. TEI+W larvae 
Crawling or leedinlg oil the l0diage which colie inl contact with this chemical soonl die. The higher the 
aevsu.ear cotetCl, the greater is the insect mortality, and the higher is the level of' resistance. The 
illeasirelleit o f acylsuc.ar contelt by chemical assay gives anl accurate illeasureellet of"the level of 
insect resistance. Inl 1994. we evahlated 10 BCl I1 and 4 BCF, families for high Concentration of 
,Lcv'stng'ars. 

Materials and Methods 

In sp ring, we plailted inIa g'eenhouse It) Fm1ilies o1 BCIF population consisting of' 232 plants. 
Each plant was raised iI anl individunal Cay pot. When plants were 14 weeks old, we extracted two fully 

llstopCnled, topo leaflets rl'oni each plant and extracted acylsugars using ruethylene chloride by a 
rtOutine pri'urcedujir i I. Extraction lasted over week during which wereshownl fig. I samples 
maitntained at -2)C. lach extract was ftrthlie r pruicessed arid etinceri tratii iol'acyIsti gar was te asu red 
by a chemical anlalysis illustrated in fig. 2. The same analytical procedure was used to screen four 
13("12'I families ili subsequent tests. 

http:acylsuc.ar
http:aeylsugar/.in
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(Acylsugar extractionj 
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Fig. 1. Methodology used for extraction of acylsugars from tomato leaves 
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Fig. 2. Procedure used for chemical estimation of acylsugars from tomato leaves 

Results 

The acylsugar concentration in the foliage of BCF I progeny varied considerahly (table I). 
Straight cross F, progeny (t'amily no. 4) had the highest acylsugar concentration compared to the 

rst. Anmong the 1(0 families, 'oulr plants containing than 27 mg acvlsugar/cm2 of Icai surfaceoIlre'C 

were selected fOr further Stidy by our tomlto breeder. 

[he IwF:, seeds of"I'oni plants selCctCd earlier were planted in clay pots ill i gre'enhousc. When 
plants were 12 weeks Old, We sampled soisL ltliage ion1 cch plant aILd CXtlrlcted llld aalvieiyCd 
icylstigai coltCnt IsHiLg a rot0inC analytical procedure dCscl'ibCd earler. Tle results are snnsairwed 
in tble 2. Six 3(" I, plants, coltaining exceptionally high ;icv:lsugar co ncentrationi rangine i'roin 48 
to 97 nle/cnl 2 leaf surface, have been selected I'o inakill cl'sss to imlpreiselc resistance and 
horticultural chiaracteristics. The I(J1 and l3(',L p lgcrlies will bc tested ill 1995. A hcat-lolerant 
h0lIto blIrCedin.e line, 9415X0 ('l. 5915-93D)1--3-(1-3)1 showCd n111unusually high concCntration of 
icylsugar. hIlei'elationship betweencheat tolerallce and insect resistance will itlsfhe invsligatetd in 
1995. 
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Table. Concentration of acylsugars in foliage of BC 1FI progeny 
' Designation No. of plants Acylsugar concentration (mg/cm
 

Mean Range
 
1. 	89-1047-9 x 892079 28 1.3 0.4- 6.7
 

(group 1)
 
2. 89-1047-9 x 892079 45 3.3 0.7- 27.9
 

(group 2)
 
3. 	89-1047-7 x892079 18 5.1 0.9- 11.6 
4. 89-1047-1 x894101-28 2 26.5 25.6- 27.4
 

2F (LP) F,
 
5. 	89-1047-7 x892081 33 10.0 1.5- 33.4 
6. 	89-1047-3 x892081 9 5.6 1.1 - 21.2 
7. 89-1047-4 x892081 18 10.6 	 1.3- 33.5 
8. 	 89-1047-12 x892087 13 2.3 0.6- 5.7 
9. 	89-1047-8 x892087 5 1.7 0.9- 3.4
 

2F Ys
 
10. 89-1047-12 x892087 52 3.2 	 0.7- 15.9 
11. 	 TA 209 (ck) 3 1.4 0.8- 1.8 
12. CL 5915-93 (ck) 	 3 1.5 1.2- 1.4 
13. L.penefllii 	 3 72.1 47.9- 89.7 

Table 2. Acylsugar concentration in the foliage of BCF, progeny 

Designation No. of plants Acylsugar concentration (mg/cm ' ) 

Mean _ Range 

941581 47 6.6 2.3- 29.8 
941582 46 8.5 2.1 - 35.9 
941583 68 21.9 3.5- 78.4 
941584 77 12.0 3.2- 96.9 
941584 (F, ck) 10 39.3 19.7- 52.3 
941586 (ck) 23 7.1 4.1 - 11.7 

A New Source of Resistance to Tomato Fruitworm 

Summary 

The cLfleettIf art itlsect-resistant1lvollefrotIll hirstitutn accessio n, ILA 1777, on to ina to I'rn itworml 

laival development, adult ovipositionl preference, and survival of eggs was studied in laboratory 
experiments. All neonlate larvae I'CCdine on leaves of ILA 1777 died within 4 days whereas only I10; 
of thtose leedin uOn sousceptible breeding line CI. 5915 dicd. TFW laid three to SiX tunes more eCgs 
on CI 5915 than ol IL\ 1777. More than 31 ;(' ofthe cegs laid on Cl .5915 hatched into larvae whereas 
less th1n 8(j ofi l]ose laid on I.A 1777 did. These results indicate that l.A 1777 has certain antibiotic 

principles in the loflage where TIFW lays eggs and first instar larvae teed. 

Introduction 

A wild toniato, L.','oisicto hirsulun f.t.\,icin, accession ILA 1777. has been reported to be 

resistant to various caterpillar species in the U.S. and Israel. The nechanism of resistance is different 
from the utechanisi that imparts insect resistance in L p'mzlIii. the current source of resistance in 



AVRI)C's rcscarch program. A rcsCirch gri up at1Cornell I nivcrsity ill the U.S. is utisin Ihis wild 
accessoli to breed insect-resistint tolliato. They oflCeed to shaC pro ,eny troil their iiiih.culilir 
markcr-tssis.tcd i-ccclin, pro.rai in testing Io toitt frtiitwi rni rcsist;aicc at AVRI )C. Sicc wC 

,ire workinL, t I-orcdine itomato Irtiitwormtrcsistalncc, \\ Csonuelit tie nlatcials from the Cornell ,rotlp. 

IhovCCr, hel ire ,creeniti lrge sececathtgI illtions. we iiivst gttd wvhethr A 1-777 is indecd 

reistant to TF\W. 

Material and Methods 

Ilnts l I 1777 and atkniin ,usccptiblc brccding line, ('T. 59,15, werC rliCd in clay poIs inLA 
i r'ecnliotisC. Whcil pluts were ( w'Ck.:, old. wC samlCd illk openCd onn(g tiLItilced them1I ilivs 
in plastic cups, with e e il) cn Ceach Ifor! .I.A1777 or ('I.T515. ThcyIl lal prcnp. There \', nd 
WreiV irranc ill icC rCplicatCs o1 1 cups ciCh lfor clIC acVcSSill. WC thCn iltroducCd Wto neoleC 
TI:\V Ilir',lc in ealch cup iii illowed thcill it)tLd. I-vcrvdlv 1'0ir4 coIncciitivC divS wc observCd Cach 

CLip and rc'coilr inscCI riol0rtllit\ 

A plic'li nlinuii.\ Ceplriiinlclt \%;I wlt lCIcreC i, any difce ill iicr'eCncCco ndictcd thnt lin . 
h\ TI\V ito liv c,,es on I A 1777 ind ('I 5915. In cicli ol'to ,c%ria,conincd Ifur plirs olliTIW 

Adlths i two (1 5CiI \ 50(ciii nMN I icil.'CN, calh contaiilime two putdc plaints o I(d'A 1777 o)r%o 50 
(. 5)15. inse,,c were alloc to liv ces or -ol secni\C ttdays. T[le1totll iitbeIIc'r ut ce'CS \VCr 

rcodWCLd. 'HCS weic obserdl and the! oIffthose Imlili ihto nonOilecsL', hcn dail 11iiCb hlieCl 

lair\ ac wrce" rccoldcd: thosllc that iilcd to hatch frtp to( das were cinsid'rdC'C ieaL. TiepCei'cItgC 
ees sncccssuiillv hitilmled init larvaek)was comlplt'd. 

Results 

There wis considerably' ereater lIavil lllortalilv' when insects wcrc fed oi Icaves ol'l.A 1777 Ihan 
on ('. 59) ( lig. 3). Thc trend was observed daily. All insects fcccline on IA 1777 died within .4days 
whlieas ialmlai l only Iy1P of lirviC died tin CL 5)15. This shows Illht thei are tCrtain strOng 
ailltibiholic iniIcIiples in thC foliaT of I0A 1777 that kill pest larvae. 
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Fig. 3. Survival of TFW larvae fed on LA 1777, a wild tomato, and CL 5915, a check cultivar 
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Inthe first oviposition preference stody. insects laid 2)X ecs on CL 5915 as against only 5 on
 
LA 1777. In the second test, TFW lid 286 2-,s on ('I5915 but only 12 on I A 1777. TIW, thus.
 
prefers tie susceptible cultivar ovCr IA 1777 f'or oviposition. In tile
first test 3917, and inl the second 

,
3117 of eegs laid on CI. 59 15 hatched into neonlate larvac. but in ILA 1777 only 21Z( and 717 
respectively, did. A drastic reduction in egg hatching on LA 1777 indicates ile presence ol'a powerl'ul 
atitibiotic principle that prevents hatching of eggs. 

Screening and Selection of Lycopersicon hirsutum-basedResistance 
Breeding Progeny for Resistance to Tomato Fruitworm 

Summary 
1I,(ad I1,C(IF l-r es derived fron crosses between insect-resistant liy'opwrsi on hirstuin 

tIwpicum accessionI.A 1777 arId a commercial tomat 
fIritworm. II igher ntortality of larvte feedirng on foliage and lower percent latiaged fruit were the 
criteria ulsed for selecting resistant progeny. Nitneteen pihtS that had more than 7K%, larval mortality 
atd lover than 2(); datnaaged I'rttit were se leeted to r firt le' in1 proverielit. 

I'. culivar were screened for tesistance to tomatoW 

Introduction 
Accession ILA 1777 shows high levels of resistance to awide range of insect pests inl the U.S. and 

Israel, ilicItl inc to ato 'l w rti bheet atnl yw(trill, ,-'adophr exigiul, two iIlporlatit polyl hagot sI 'it tn .

Asia. The mechanistll of resistance isdifTereit from 

ri dcctnIole- icdiated resistance A' L.pi'wonliiiand '.. hirsI1tnttt t'. We 


pests oftotnato inl tile acylsngar-tiiediated and 2
gibratutinl, respectively. are 

IIOW Itsing I. CM'ICii in tilr resistance breeding prtgrati A sourceill tile past we used L.]firs'triumn. 
with a different 1lechaliStll of resistance is useltil in strengthening the breeding for inlsect-resistant 
cultivars that can withstand iifestatioll by v'arious pests and potential pest biotypes. The accession ILA 
1777 isbeing Lsed by aCornell University research grotup to hreed a p'2st-resistant tomato cultivar. 
We are now collaborating with this grt.) aird testing their resistance breeding progeny for resistance 
to TW. 

Materials and Methods 
Twenty seedli rigs each o1"62 I(,(F, and I1CF, selections were transplanted in rows set 1.5 i apart 

with a patlt-tl-plirrt distance of' I In in the field. We bioassayed plants for 1l1W resistance. We 
sampled Ifully opened youlg leaves, anId pIt thCnl ill a5fO-mIl plastic container in tile lahoratory. Five 
leonrate larvae were rCleased (01 the leaves and their growth and mortality were nlonitored lor 8days. 
At the start of first Ihowering, we released TFW adults itl tile field. Tile iIsect was released at irregular 
intervals thereafter, depending upon tileavai ahility, and the releases were contiled until harvest. At 
harvest, we recot'dcd the tolal inihber ald insect-damaged fruit oil each plant. Thle percet firuit 
+1tlilaged and mortality of' toinllato trtitwol'l larvae in tile leafIioassay were used in selecting plants 
fo0r frt itwtorm reSistance. 
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Results 

The Jata oin perccnt I'uit damal anld mormlity olITW lIrvac for all 62 I'ainilies are stuimari/.ed 
in tahle 3.Within each Flaimily both lIrval mortality aId fruit damage varied considelrably. Therefore, 
we selected 19 individull plants, wilhIUt CoInSiJder''tioll 01'"tic peorlorm lace ol the l'amily they 
lbelongd to, which had grcaterthan 70+/ larval mio\rtality,, and less+, than1 2()M/ lruit lamakgC. These plamts 
Will hC Cvaluated l'urther lfor inscCt rCistancC and hortictltutral ch 'acrct's. 

Table 3. 	 Tomato fruitworm larval mortality on foliage and damage to fruit 
of L. hirtusum-based resistance breeding progeny 

Entry Identification Avg. larval mortality (%) Avg. fruit damage (%) 
1 93T522-3 63.4 30.2 
2 93T522-4 60.2 39.2 
3 93T522-10 50.2 26.3 
4 93T522-12 88.5 26.6 
5 93T523-4 68.4 34.1 
6 93T523-7 67.2 35.6 
7 93T523-8 62.9 54.7 
8 93T523-11 71.9 38.3 
9 93T525-5 74.5 54.3 
10 93T525-7 47.9 37.6 
11 93T525-15 54.7 45.1 
12 93T526-2 55.4 55.2 
13 93T526-3 68.1 64.9 
14 93T526-4 60.5 64.5 
15 93T526-6 52.4 84.8 
16 93T526-8 65.6 49.4 
17 93T526-9 53.0 37.6 
18 93T526-10 43.1 60.9 
19 93T526-11 58.0 53.3 
20 93T526-12 65.4 61.4 
21 93T526-15 69.6 57.4 
22 93T527-2 65.8 37.6 
23 93T527-3 61.5 39.4 
24 93T527-5 84.7 63.4 
25 93T527-6 66.0 54.0 
26 93T527-8 57.3 65.2 
27 93T527-13 55.4 37.1 
28 93T528-4 51.7 75.3 
29 93T528-8 56.6 64.9 
30 93T529-8 73.5 0 
31 93T529-12 49.3 58.3 
32 93T530-8 54.5 54.1 
33 93T530-11 36.7 52.5 
34 93T530-15 46.6 67.0 
35 93T531-10 64.6 78.6 
36 93T532-2 45.0 61.2 
37 93T532-5 40.4 48.8 
38 93T532-8 52.2 63.7 
39 93T533-14 49.7 65.9 
40 93T534-3 0.5 61.4 

http:stuimari/.ed
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Table 3. continued. 

Entry Identification 
41 93T534-5 
42 93T534-6 
43 93T534-7 
44 93T534-8 
45 93T534-12 
46 93T535-4 
47 93T535-7 
48 93T535-9 
49 93T535-10 
50 93T536-1 
51 93T536-2 
T 52 93T536-4 
53 93T536-6 
54 93T536-15 
55 93T537-4 
56 93T537-9 
57 93T537-15 
58 93T538-5 
59 93T539-4 
60 93T539-6 
61 93T539-8 
62 93T540-4 
63 TA 209, 
64 TA 209' 
. Susceptible check 

Avg. larval mortality (%) Avg. fruit damage (%) 
68.6 54.8 
44.1 66.8 
40.9 85.6 
50.7 69.6 
64.0 75.1 
48.1 86.5 
51.5 85.7 
58.9 55.1 
44.6 47.2 
45.9 72.4 
37.9 74.2 
47.5 75.3 
44.9 77.3 
56.2 94.3 
65.7 77.3 
64.2 67.3 
56.7 65.0 
45.4 86.4 
60.0 71.1 
55.1 78.8 
66.9 83.7 
58.9 61.6 
63.0 87.3 
58.8 72.8 

Toxicity of Selected Bacillus thuringiensisStrains to Tomato Fruitworm 

Summary 

In a series of labhoratory tests tile toxicity of eight Bacillus thuringiensis(B) formulations to the 

ilvile or tolllto I'ruitworm was investigated. LGX, Florhac. Biobit, Dell'in, l)ipel, and MVP were 

equally toxic. Cutlass 11nd Condor were slightly less toxic. 

Introduction 

IMM1 IIitriitwvOn is consideicdC as the most destructivC pcst ol'tolato in Asia. Insect larvae bore 
inside ton1i'ti Iruvit Iaking even sl ig'htyidamaged frlit unnarketalile. AVRI)C research on tie control 

of this pest ciopliasizes breeding tomlato cultivars r'esistant to TFW. We arC using conventional 

breeding techniques to inltduce general purpose insect resistance genes in tomato. This, however, 

is a slow iirccs. Recent advacices iIn biotechnology have made itpossible to illrodcte i specific toxic 

crystal protein gCneInun Bacillus thttigLtielnsis into plants. allowing the gne crecipient plants to 

syntllsi/e thicir own tW\in and for protection frott the insect. Bef'ore Undertaking the research, we 

want to inld out which of1 IhC crystal proiein strains are indeed toxic to T11W. In this laboratorty test, 

therefore, we invcsti atcd the efficacy ordseveral commercially available li strains against TFW. 
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Materials and Methods 
lHight coililerchialkly av\ailhIle lr1nh11tiIations. pre)nn1ialy containing diilTerent scrotylpes of lith 

otained lTaiwalwc h I'rom rcprcSCntativcS 01' vat'ioIS InantII'actucis. A prelifinary test was 
conducted to Inild ()t th ilT)[opriatlc concent rations olc'h f'ormiltiol to obalin ;ipprox IInalI, 50Z(
insect mrtaility,. In th 'inll replicated test. wC tISC(I two L hhMr andIWOt g IwO lOwCr lhan the 
probalei IQconcent ration. Appropiate qnati tiCS 01 caIch produIct wrC- i lIUtcd. InI dist ilied watecr.
liesuxhly IhrvtcIcd tillh)il ICo+IVCS wCIeC dipped hCin each solution lfOr 30( sce. The Icaves wer air-dried 
anltd Cotlin,.ed in pelri dishes. Teln SCCOud-inlstar TFW ]t'larvae were then introdnced in the petri dishes. 
Insects were olbservedl dailyl Or 5 COnlSCtltic\'C da.Iys,. DI)nring this period, dried or constmred itomato 
leaves were rcplaccd hy identiccally treated I'resh leaves. Based on inseIct mo0rtLlitv, I,., values were 
calnlatuied. 

Results 

Practidill), ll fon'!nulationrS o)I' lit were toxic to I[W larvae (table 4). 
CtlahSS and Condor w,Cr relalivCly less toxic thin" the the lrmtI'nlatlliions. Ini the l'icld, buselIC 

oI1the cryptic nature otl tile TFIV lrvac Which llleItween the inse,ct 
lela snrt.1.:ace, tils insect is not easily controlled [I 

minimiesD .cot antd lit-treald 
any of the lit l'0ornmlatisll"I they are sprayed

I'tCgiCntlV., Carly, ins.;tar;S can tCCl Onl trCted lfoliae bclore elnterilg lhe f'ruit. ioweCver, f'retiLClt 
applications arc lot conomical, ll (li t tests. hecanlsc o lrmolonged contact betwci TIW larvae andlit-trcated oli,'i.ge. we were able to ichieve the dcs-ircd level of" inscct n ortality. The plesentce of' the 
lit crysltal protein in tonli 't)liaig resulted ill the dcath of' the insect belore it entered the frtuit. 

Table 4. Toxicity of various Bt strains to TFW 
Product Strains LC,, (ppm) 
EGX a 10.89 
Cutlass Kurstaki EG2371 54.30 
Condor Kurstaki EG2348 71.51 
Florbac Aizawai 17.31 
Biobit Kurstaki 18.83 
Delfin Kurstaki 3a.3b.SA-1 1 23.27 
Dipel Kurstaki 30.15 
MVP Kurstaki 27.27 
1 Information not yet available 

http:oli,'i.ge
http:Cotlin,.ed
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Tomato Pathology 

Screening for Resistance to Bacterial Wilt and Detection of
 
Latent Infection inResistant Lines
 

Summary 
wi (ItomlI to sand 21 resistant cItivars were screened lbr resistance 

to bacterialI wilt in the greenhouse using the soil drenching inethod. Six accessions with the least 

disease severity and with similar resistance level as the resistant control, .285, were selected for 

ft riher study.They were I. 1( (L..col''r u o'r.icttn liidinnt), h'l. nivcrs ity of 

A tot al of 313 accessions tl" 

mi II'in accessionts tront U1 

the Philippines los Bafios UI. 1, ).i.e.. TNI, 114-48-5-N-spreading, 'l'MI, 46-N-i 2-N-early N.T., 

R 30)34-3-I 0-N-I1UG, F 7.80-465-1t-pink, and one accession frovil the N'lalysiall AgricultUral 
c plantCd in the arliticially ifestCdResearch and DCvChltpln institutc (MARI)I). NIT-I1. They w,,ei 

soil alAVRI ("and in naturally infested soil at Ile Taiwan Seed Service (ISS). When data Of 

,actors ol enty. and entIv by environnti were significant. Theperceniage o"wilt were analy/ed. 
environment, entry, and entry by VCiil)llCllt werc all signilicant when disease rate data Were 

entries at AVRI)C field and greenhouseanalvyzd. M eas o percentage of wilt and disease rie ol 

screening were both sgnii'tiantly higher than those at ISS. The wiling parentages ol accessions 

IroiUll 13Iwere significanily less than . 285 under different cnvironnlcius. I ltent inlfection was 

present ill all selected resistant lines as well as in 1.285 at the end of the greenhonse screenings. Direct 

plating had higher sensitivity than FAISA for detecting P. solawiceartiol in plant tissues. 

Introduction 
./mni n F . F.Smith (Ps) is an inprttlant disease inBacteriil wi It caused by PseFunuma." 

to1lato in the tro0pics ilnd snbtul'ropics. Resistance breeding has been the major emphasis tolrcoitrolliig 

ohscrvcd that sonc resistant varieties arc site-spccilic.the disease in nllinati. I lowevcr, it has been 

sources arc tlsually used in the breeding process to obthtaiii better adaptation.Thus. scvcral resistance 
is importalnt htcoltinuC screening for rCsistance sources wilh diverse .gencticbackgrounds.Theretr'. il 


It hits been ipltd y 'tresistance it tolliato haror lthpalthogen wi titt syluptolms.
tha sources 
AVRI)C. Thus, dectionP'resently. selection based oll visual sy'ptoms is the ly criteria used itt 

ut latcni infection is necessary to furlher charactlri1c rcsislancC sources. The ociivesI llthis study 

wcrc to screen for resistance to bacterial Wilt lud charadctriC tihe resistant accessions. 
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Materials and Methods 

Entries 

A total o1 313 accessions ol wild tonalo from AVRDC's Genetic Resources and Seed Unit 
(GRSU) were screened. There were 2 accessions of L.copwrsicum cheesinaii,15 of L. hirstawm, I 
of I,. pivne/lii. 63 of I. iruvianum, and 232 of L. piinpinelifolium. Another 21 resistant tomhato 
ctiltivars were collectcd froin Malaysia, Indonesia, Philippines, Taiwan, aid USA. 1,285 and 1,390 
were used is resistant and susceptible controls, respectively, in the scrcening. 

Greenhouse evaluation 

Tmiiiato seedlings vere groxi individually in 9-cm-diami plastic pots and screened 28 days after 
si,.villnIyh Sil dictl hini inoc ilation method. A strain llhettdwmnSma./ 'a rumn, INs4 (race 1, 
biovar 3 ws),uvstied as hlculil]. A volume of 3()nil lf"bacterial suslpens,ion( A,,,, = 0.3, atoLt I0 c'Li/ 
nil) was pILured into each piot. Ten plants of' each variety were illculaled ad plaiced in the heated 
,reiiliusc at 25 to 35"C. Ierccntac e w,'ilt was 'cordCd up to 21 days afer inontlalioll (I)AI). 'hose 
tcccssio ns w'ith ioire than 30'+/( survival were selected folr further screening. Tollc I']ril resistance in 

the selected nCtl'ies, 12 platis ol'ech entry were used and three relicaions ar'anged in a nidomized 
complete block desigi iRCI3I)). \f'tCr in ctlltiOli, lants were lahcedl in aLgowth'MIll 'nItl al 28'C. 
lPerclcntage f wilted planit and disease ratin based oIt Winstead and Kehnian's rating scale were 
rec< rded up to 2 I )A I. 

Detection of Ps from symptomless plants 

At the cud olf the greCiillSe screening, dection of Ps Was coLndncled ot lilts without visual 
Svlintofs hy plating ini IISA. All sylltloinless planits were cut ill the hase of"selective media and V.1 
the stem, washed with t.ill water, air-dried, and surl'ae-sterilized with 701/ alcohol. Two graims il'' 
I'rcsh tisstie were taken f'rom the collar portion ol'ach pliilt id divided into half vertically. O)ne piIM 
()I the Sample was iicuilated in 5-nil sterile water iit 2)°C for 16 I. One litindred niicroliters of' tie 

SLuSeilSiSll is lsCl in platiig oll trilphniiCv ItCtriaolinitii chloridc (I-I'C) niCdinl us;ing a Spiril Pltiigl 
Syst+ii. Illits were iicuhiltCd at 3(0)C fIw 2 days. Saiples with typical I.solauearum colmies 
weCe SCold as positi xc. 

The'ioher pairl oftlic cl.lar portion" froll the same plaint was imaccrated with I ill extractlion fluf ei', 
1)119 .6. A x'lnhiii: of" I)t) f e.ch extiact 'as addleC Itach well. The saples were iiicbtedilat 
37'V lor I I, I'licked out I'ron the pl tle, anid wells were washed three tiiies with 1P13S-T, leaving the 
liS clliliie oLuff'er ilrat least 5 min. A 'ltile o2O)() p ol'blocking huffe0r xva.s ildded to CilCh Well, 
tid the siiipl;CS were' iiicuhlCd lt 37C flr I Ii. Wells were va.shed as i)x'CviOuly dlescribed. 

SubsCoetlCy I1) 11 (fl SlCCil'ic polyclonal antihody IgG R3)3 (l r'ided hyfi l)r. .1.I-Iphhlsitone) 
diltCd I:2)0))ill hhblcking hulTCr was added to eacll Well and incuhated at 37C. \Vasliing with )[3S
" was IliltCd, aid I()) 11of sconRld goal antiralit antibody-alkaline phlisphatase (GAR-AP) 
coii'iiltitC dilntCd 1:30()) il hlcking hul''Cr aits aldded to each 'Well.These wCrC tilciieicuhald f'or 
I Ii at 37T iid wiislled agaiii With PBS-T. Two hundred illicroliters I*fresly liepaied l')ixicae 
substrtile Slt.io0n ( I iiig/inl -nit llnyl l)li0sllliltC ill s;ubstraite Iuffer) wxas added to catch well and 
llte Saiples werc incuhated ill ritlin tellipcratUrel'for 5-3(1 iil tuitil reaction was cmiiipleted. Reatction 
wis stopped hy the addition of1"50 i 1of 3 NI NaOII to eacih well. Absorbaiice was ieasured hy all 
h ISA reader it1 405 lini aiid 49) nm. Values ol 2.5 times the iiiein of the hcalthy tissuc were used 
as cut-of' points fIor pusitive aiid negative reaction. 
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Field evaluation of selected tomato lines 

Resistant entriCs selected I'roml gree,CIIISC scrCCniibg were tested in the fields at AVRI)C and 
TIaiwan Seed Servic. "l'he ied illatVR \) IranslpInting following tilewas inl'estCd with Ps Ibel'ore 
disease nursery prottcok the TSS field was naturally inl'estCd with Ps. Trials were arrangCd inl RCI3l) 
with three replicalions at AVRI )C aId two rClficiationlsat TSs. Expf1rinCrtilal units consisting of 'aised 
beds, 3 i long. I i wide. with 0.5 In hewCen bCds were constructed. A tolal 0' 21) plants arangecd 
inl two rows were transplatd each blCled. severity rating was condutcd every 7 to 14 daysIt 1)isCaS 
at least live times. The AVRIDC trial was conductCd from 14 Junte to 27 July, and the TSS trial lrui 
3 August to 3 October. 

The perccntage of wilted plants was calculated IsC t the last c'valtaoItM of c.h trial and 
transformed hy the arcsine of the Square root beftrce carrying out analyses of Variance. )isease index 
was transftrmCd by Inl (I/l-x). where x is the dlisCase index. The regression cCefficiClt o1' the 
tt'anslrinCd data was considered its the disease rate. lIoth percentage data of wil plants and disease 
rates of two grCCnhtousC screenings and field trials were used in a collbined analysis. For combined 
analyses of, variance, locations were regarded ;ts randoiml effects and entries its fixed effects. 

Results and Discussion 

Greenhouse evaluation 

Iost 1of the tested accCssions were susceptible to bacterial wilt. Accessions with percntages ol 
survivatl higher than 3()"; werc I. 1947, IL3387 (L pwriillorum), I. 14 1. I. 180. 1.4159, 1,4237. 1, 
4422, 1,4445. 1,4449. 1.445), 1.445 1 (I.. pimpiwllifidimn). Fla742 I. Rant, lotan ptiti. Magic. MT-

SIMT-I I. I'M I. 114-48-5-N-sp)rCIding, TMI. 46-N-I 2-N-carly N.T., R 3134-3-I ()-N-UG. and F 7
80-465-10-pink (cultivated tllato). Alter f'urther screening, six IccCssiOns with more than 80/ 
survival and wilh si[iI ar resistance level its the cesistint contrl were sclctcd. They wre II,.180, four 
accessions collected rolt UPI.B. (TMI, I14-48-5-N-Slpreadilg. TMI+ 46-N-I 2-N-early N.T., R 
3034-3-I()-N-ULG, F 7-8(-465-l()-pink). and oic accession collected fron MARDI. MT-I I. These 
accessions were nsed fo0r [Further field evCaluatinl nd latent inlfcCtiOn stLidies. 

Detection of Ps from symptomless plants 

At the end Of the grenCChoIuIse screCening, the pathgen was detected from all selected resistant 
entries regardless of" their degree of resistance to bactcrial wilt (table I ).This confirmed previous 
reports oin latent infectiom in toitlltcs. I)irCct plating ol 'F'C had higheri sensitivity than IIISA for 
detecting It. .slamu'oarmnu in plaint tissues. This is proll-hy ile to tlie ilisuf'icient specificity of' the 
polycloitl antibllody. ('toloi,'atito ftrquclcy of' the four iccessions collccted froin UPI.IB were less 
thlan those of the otliel resistant cntrics. These accessions were also monre resistant than others over 
SCe'elniigs coindtctCd at dilferntl locatiloS whe'e Ilowe peicentages of wi lted plants and disease rates 
werc Ibserved (table 2). More stildies Should be conducted to dleterminc the rlcationship if 
collli aion Flrequnncy and resistance cvel. This will show whcther the pelcciitatge of colonizatito 
in the stiCn of syoil-phlless plants can be a ct nlllelclntary criterion fore tvaltitilg tollato gerillplasil 
For resistanceo itlbiainling loi stability resistance to bacterial wilt. 
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Table 1. 	Disease severity of bacterial wilt on resistant tomato accessions in a 
greenhouse screening and detection of Pseudomonas solanacearum 
insymptomless plants by direct plating on TTC and ELISA 

Entries 	 Wilt TTC ELISA 
N% (%) N% 

TML 46-N-12-N-early 0.0 63" 32'
 
TML 114-48-5-N-spreading 2.8 66 14
 
R3034-3-10-N-UG 11.6 74 26
 
F7-80-465-10-pink 0.0 58 11
 
MT-1 1 23.2 89 39
 
L 180 0.0 89 33
 
L 285 14.1 83 60
 
L 390 100.0 -


Percentages of colonization No. of positive sample/No. of tested symptomless plants 

Table 2. 	Percentage of wilted plant and disease rates (x 100) under different 
environments 

' Entries GRi GR21 AVRDC' TSS' Mean" 
Wilt Disease Wilt Disease Wilt Disease Wilt Disease Wilt Disease 
(%) rate (%) rate (%)___ rate (%) rate (N) rate 

TML 46-N-12-N-early 0.0 0.0 0.0 0.0 14.0 0.3 0.0 0.0 3.8 c 0.1 b 
TML 114-48-5-N-spreading 0.0 0.0 5.6 0.2 4.3 0.0 0.0 0.0 3.0 c 0.1 b 
R 3034-3-10-N-UG 5.6 0.1 18.0 0.5 13.6 0.7 0.0 0.0 10.1 c 0.4 b 
F7-80-465-10-pink 8.0 0.3 0.0 0.0 13.4 0.2 0.0 0.0 5.9 c 0.1 b 
MT-11 23.6 0.6 28.6 1.3 16.7 0.4 20.2 0.2 22.5 b 0.6 b 
L 180 26.1 1.4 0.0 0.0 26.3 0.6 20.8 0.3 18.1 b 0.6 b 
L285 19.2 0.5 21.4 0.4 18.0 0.3 10.4 0.2 17.9 B 0.4 b 
L 390 84.4 79.2 90.0 97.4 90.0 45.9 90.0 25.2 88.5 a 65.2 a 
Mean- (wilt %) 21.8 ab 20.5 ab 24.5 a 17.7 b 
Mean,, (disease rate) 10.7 a 12.5 a 6.1 ab 3.2 b 

Means of %wilted plants or disease rates of different accessions under each environment. Values followed by 
the same letter are not significantly different according at 5%level (DMRT) 
Results of repeated seedling screenings conducted in28'C growth room 
Results of field screenings conducted at AVRDC and Taiwan Seed Service 
Means of %wilted plants or disease rates of each accession under different environments. Values followed by 
the same letter are not significantly different at 5%level (DMRT) 

Field evaluation of selected tomato lines 

Ihe percentlages of,wi ted plants and disease rates or two greenhioise trials at 280C and two field 
trials at AVRI)C and IS are listcd in table 2. The lines identiicd as resistant in the greenhouse were 
also resistant in thelield. When data of percentage of will were analyed, flactors ol'entry (P=0.0001) 
and Cnltry by location (I = (.)198) were signi ficant. The factors of localion (P-= 0.0()194), entry (P 
= 0.0( 1 ),and Cnltry by location (P = (.0(02) wcre all significant when disease rate datla were analyzed 
lable 3). Since oIly eight resistant lines were IcStCh,iedala may he insufficient to dletcrmine the 
cfl'ect of location. llowv.cvc, the lisCasC 1prl,'ssurC \was low at TSS. This was indicintcd by the 
signil'icantly less percentages of wiltCd iflirit ,nd disease rates at the TSs trial than those at the 
,,\VRI)C fiCl and to ereCnhourSC trials. The wilt pCrcCntagCs of thne fonr entries I'l0lJ3 wCrC 
sinni ficantly less than those ofl,285 tindCr di fl'rcrit CIvironmenlis. I lowever, their disease rates were 
similar with theose of I,285. These Ihir Cntries are useful sourccs of baclerial wilt resistance for 
Somuthcast Asia. 
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Table 3. 	 Combined analyses of variance of percentages of wilted plants 
and disease rates using the data listed in table 2 

Source of variation DF MS 
Wilt (%) Disease rate 

Locations (L) 
Entries 

3 
7 

160.4' 
8518.9 ... 

0.03** 
0.50'.. 

L x Entries 21 128.2*" 0.03... 
ns =not significant 

, , , =significant at the 5,1,0.1,0.01% levels, respectively 

Detection of Pseudomonas solanacearum inPlant Tissue 
Using Polymerase Chain Reaction 

Summary 

Oligonucleotide primers AU759 and 760 from clone 092-0313 col.5 (ahiovar nonspecific prolbe) 
were used in polyinerase chain reaction (PCR) to test their specificity oni semhnouus solu/uaeurm 
isolated from Taiwan. Ihighly-one Ilidal and II nonfluidal strains of I'. solallaccal't1m isolated trotii 
13 different host plants were tested. A unique product ot 28 Ibp can he ampli flied from the genomfic 
INAs by primers AU759 and 760 but not fronm the other tested plant paIthogenic bacteria. Planl assays 
were developed lo detect the presence ofl'. sohtilacaru1f in symptom less planls tising PCR. and the 
sensilivit , was Compared vWith direct plating on selective media. I'CR was lore sensitive when 
samples were taken lrm totlato extract than from direct maceration. Il inoculated lants, 1). 
'o/auI eul '1-1111WIS detectLed 2 days a'er inoctilaIi on x,hell nio visual symptom was observed using hoth 
plating and PCR methods. The lalter is faster and more sensitive. 

Introduction 

Iseltdomo/I(ssolaIIa cear1M (Ps) is the causal agent olbacterial wilt, otie o'the most destructive 
plat dise ases in trolpi ,,at andIsuItbt rop ical areas of tile world. The disease can affect Inore than 44 
fIamilies ol'plants, and most of the economic daml.tilage iscaused in sOlinaceous plants, including potato, 
tolliato, tollacco, eggplant and pepper, and some nonsolanaeous hosts sich IlS bananai, peintt, ald 
ginger. 

lecause o'ithe soil-horne nature ol1 the palhogen, its diversity, and the possibility of Spreading 
through planting materials, there is no universal way to coiltrol the disease. I lost resistance hreeding, 
use otI clean seed, crop rotaltiols, and other imeasures lay he used Under difl''renl conditions'. It is thus 
important to have hetter screening methods other than visual observalion to evaluate resistaince level 
and to detect the presence of the pathogen in planting material. Therefore, it is necessary to develop 
sensitive and specific detectiol inetlhods from plant samples. 

Hayward, A.C. 1991. Biology and epidemiology of bacterial wilt caused by Pseudomonas solanacearum. 
Ann. Rev. Phytopathol. 29: 65-87. 
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rraditionally, selective agar plates (such as SMI ) are used to detect the pathogen by ob[)serving
the colony morphology. The method is very timlc-conlSlmllillg and laborious. Serological approaches
(such as FLISA) are easy to apply, but are iiot very specific. Nucleic acid-hased iechniques. which 
require the development ol'a specific probe (as in hybridiation or'tqlotling methods) ora set ol'speci fic
primers (as in polymcir.isc chain reaction amplifications), have hen dCevlopCd receIItly and are I'ast,
specific, and sensitive. Polyfiurase chaiu reaction has heemi usel to delect pathogens froll plillt
salplcs, such isPs latent infecti on in potto tuhrs (Seal ct al. 1992 ,X.'/l'/flistidisx in grapevine
NIinuaac ct Al. I9 4)'. ald VIticilloi,, t'/('i1t/lis illpotato (Moukh llcthov cl il. I()4)' . 

The hiovar nIspccific l)NA prohc ()2-0313 col.5 was sholn to hybridieC with all P~s strilins
 
tctcd. 'hc l)N,'v, wCrC.selucncCd ad twooligonuclCotidC pirimcrs, AU75) and 761), dvCClpCd 1'ronm
 
this proVbc wecrc uscL illthe lIR tests.
 

The ohict(iVes oflhis sLudy arc to: ( I) liermine the specificity of primers AU759 and 760 to Ps
 
strains in Taiwan. and (2) develop a dcetection method using PCR 
 from tomato stein samples and
 
coinmipa'c the sensitivify of the PCR detectiol systel 
with the plaling method. 

Materials and Methods 

Bacterial strains and DNA sequences 
A [total ol' l I'hidal Ps strains and I I nonfluidal mutants were used in PCR. The fluidal strains
 

werc isoltCd fori tomato, 
 s\vcct pepl'r, tobacco, eggplant, potato, bird of paradise, peanut, radish,

strawberry. wax ,t
apple. clustCred apple, perilla, and C 'lert-siriaI.. in Taiwan. The nonflnidal mutants
 
wCrC isolatCd firozn Ps-stlorld cthures. ()iler pathogenic bactCiia usCl ill
this study were Xamlhoonus 
('(I///)('x'is pv. 'xui'ato'ia(Xcv) race I (XvT2), 2 (XvT48), and 3 (XvT70) isolated from tomato;

XCv rii us i.,dated frm pper 
 XvP4() and 4)); X.C('l'sit'is pv. c'ml'str'is (Xcc6(l and 63); X. 
Cranl,'si,"pv.,' 'ie(Xcg2 and 5 ):) E it i caw'r oo0'a st o 'o'a( Fcc); '/ l I thbsp. c 'otl hl. lttl'ltIi 
(FIch
e1; P. c 1 'cia o:5); and 1). gladioli (Pc I(). Oligontucleoti dC prinImers AU759 and 760 were 
s\'nthcsi cd hy the Quality Systems, Inc. inTaiwan. The sCqueLncCs (AU759: 5'-GTC GCC GTC AAC 
T('A ("I '[-CC- 3'. AU1760: 5' -GTC GCC GTC AGC AAT GCG GAA TCG- 3') wcre provided by
l)r. ..'l'inlilis of the JnivCrsity (fI'Adelaide, Aus!ralia. 

Genomic DNA isolation 
Bactcria wcrc grown 'wcriiighl in nItrient broth it30'C, harvested, Washed twice, and resuspended

in TEN hufer (() mM l'Uris, p1l8, I mM EDTA, 10) mM NaCI). The bacterial suspension was 
incutbated at 56°C I'oi' I [I Wilh prttcinase K and SI)S at 0.15 mg/mil and I1%, respectively. Phenol and 
chho'ol'oirnm extraction wcre pe ihrllcod and the I)NA Was precipitated by isopropyl alcohol and 
aMilniotiui acetate. The pellet was washed in ethanol, dried, and dissolved inwater. 

Seal, S., Elphinstone, J.G., Skoglund, L., and Berrios, D.1992. Cornparison of new techniques for the
detection of latent infection in seed potatoes during multiplication in Buru idi. Bacterial Wilt Newsletter 8: 2
3.
 
Minsavage, G.V., Thompson, C.M., Hopkins, D.L., Leite, RM.V.B.C., and Stall, R.E. 1994. Development of

Xylella fastidiosa in plant tissue. Phytopathology 84: 456-461.
 
Moukhamedov, R., Hu, X., Nazar, R.N., and Robb, J. 1994. Use of polymerase chain reaction-amplified
ribosomal intergenic sequences for the diagnosis of Verticillium tricorpus. Phytopathology 84: 256-259.
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PCR amplification and gel electrophoresis 
Thclail Cntroller (M.1PCR aniplil'icati n oit DNA was dine in the PTC-I (()10rgra inl ablo 

Research, Inc.). Individual I>ICR samples (25 111) containc IxPCR butler (13RL), 1.5 mM MgCI , 

(i3RL), 2(( pinl0l'each dN'T! (ilrolite a), 5) iolleach primer, icimplate I)NA,and (1.5unit Tq l)NA 

72"C alcr tihc initial 15-nin dtl1/iuraltiolln at ()('(,pol'llneiase (OI ).The polynierasc was added it 

wheln plant saimples weie tested. This step was oinlinted when IPs gcnomic I)NAs weie used as 

templates. IEach reaction was ovclaid with 25 plo nincral oil. Thirty Pl~C cycles o'93C( 1130 s. 
sec. and 72')C f'ori' I min werc p rl'Orinel55 (For P~s genomi I)NA )or 65C' (I'r plant sanlecs) f'or 3()1 

aaltcr the initial (lnilatiiration. The sam lecs weie cooled to4( al'tcr'inal step ol72(' fIr9 mini. Two

i mi'om55 r 05) to 72"C'. Gelstcp PCR was perfcrmelled by sibstilulitil the aieling temipcratre 
cih rection tube and I) 1.1 of the rctiCIIonI Mixtures weretracking dINe (.5 11)was addCd directly to 

T"hCLes were staild with CthidiuIelectropholresed at 5(0 volts lsingl.A a.51/(arose el in ).5x TH 


bromnlide and ph 1On.cralpheld with ;illaroid MlP4 Camera System tisinu 667 Polaroid l'ilm.
 

Preparation of plant samples 

One mot01h-old suscCptible toiiato plants (1,390)were inoiculated with 3( mil bacterial suspension 

(Pss4, 0)1).. = 0.3) (y soil drncl.hingl metoLd. The inIoeulaitd plants were inicubalod inthe greenhoiuse 

at 28_C. The synptomless plmits were samiplcd c\,ery 2days afterinoculation forboth PCIZ and platinL 

dctection medillods. o'wo tlhe sclls (Collar regions) were reo vel 'roll the p!s and tlhe stllrams of, 
seglLents were split longiludinally'. ( )lie hallf ws inCubated ini 5 nil st rili/ed water at 2(" for about 

8 Ih(imolil'icd f'omi crilliMilt anid Prior 1993. . The other hall was macerated in I nil SClTAlP buflr 

Idisodliunm succinatle. I g/l; trisodilin citlatC. I gfl: KI)P0 1, 1.5 g/l: and KIIP(): I i/: p11 7.0; 0.02 

M sodLlnm ascorbitC, and 51/4 acid-washeCL illsliblC po(flyvinylpvrrolidolle (IPVPP)liand lw speed 

and platll dbiris. I)il'l'c 11l)il amon1unts (2 and 1(00Centri'fluged for 30 sec to remove insolhblC PVI 

of'sam ics werc taken 'ronm hollh cxtracts of' incuLIb ated and nmacCra'td SamlelCs f'Or PCR. The 2 P 

added directly to PCI reaction tubcs. The (0p1Isiaiples were centrifuetd at 12,000samiples were 
5 min, the supernatants rilloved by apipetiin anilld t leCPCreiC¢aCtion mixtlure alded to eachrpmiI'or 

on SM I agar plates. Platestlbe. One hudel'd microlitrls oltoilalto extracts were also used to spread 


wcre incubated at 30'C I'or
2 davs. 

Results 

Specificity of primers AU759 and 760 

Oligolnulcotide priuers AtJ759 and 76(0 were used in PCI amplification to test on Ps strains and 

mom Taiwan. All genomic I)NAs isolated f'6loll81Ps strainssone other pathogeCnic bacteria isolatcd 
annealing temllperature of"55°C.of 28 I bp al'ter 30(cycles olPCR at tile 

Some of the I)NAs 'romotlher pathogenic bacteria such as XvT28, 48, 7(0, and Ecc, can he ampli fied 

ad lie samiesi. e r duc t IsPs strains (1ig. I a). When two

tested showed a siigle prlodc elt 

by AU759 and 760(. 1lowcver. none ol'ihCI 
I 

step PCR wasil alplieCL, all Ihese milunspecil'ically amp!lil'iLd IdiCtS diSal ared (fig.Ib). Eleven 

storcd ciltlre had the Same1 -LiLIductlas the fluidal strains. Thesenontluidal Ps illi"tS isOltd I'romll 
the twOi-step PCR techniqLUeDNAs can still be amplilied t produce the sani281 bp product whiclen 

speci lic to Ps but canllOt be used to was used. Results suggest that primers AtL759 and 760 are 


differCintiatC ifliidal and nonflhiidil strains of1'Ps.
 

Grimault, V. ana Prior, P. 1993. Bacterial will resistance intomato associated with tolerance of vascular 
tissues to Pseudomonas solanacearum. Plant Pathology 42: 589-594. 
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a, 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

b. 
1 2 3 4 5 6 7 8 9 10) 11 12 13 14 15 

Fig. 1. 	 Agarcse gel electrophoresis of the products of PCR amplification of DNAs from Ps 
and various pathogenic strains using primers AU759 and 760 at annealing 
temperatures of (a) 550C and (b) 720C(two-step PCR) 
a. Lanes 1:100 bp ladder DNA; 2-4: Ps strains; 5: XvT28; 6: XvT48; 7:XvT70; 8: 
XvP40; 9: XvP49; 10: Xcc60; 11: Xcc63; 12: Xcg2; 13: Xcg4; 14: Ecc; 15: Ech; 16: 
Pc5; and 17: Pc0 
b. Lanes 1: negative control; 2: Ps; 3: XvT28; 4: XvT48; 5: XvT70; 6: XvP40; 7: 
XvP49; 8: Xcc60; 9: Xcc63; 10: Xcg2; 11: Xcg4; 12: Ecc; 13: Ech; 14: Pc5; and 15: 
Pc0 
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Detection of P.solanacearuin inplant tissue using PCR and plating 

The presetce ol /. so/imicerm-11 in suscCptiblC tomat0 plaints 2and 4 days after inoculation a'ts 

detccted using PCR at the anncaling temperature of 65°C. Thirty-nine plants were inloculaled at thc 

same tin ind 13 symptom less plants werc assiayed chCII time. Some1C plants started wiltin, 4 days after 

inoculation. All plants were wilted 6days alter inoculation and, thus, n PC, or plating w.as perfrmCd 

then. 

When tissuCs wereC tmaccratCd in SCPAIF butter, nothineg was amllil'icd using either the t()(Ill 

sample or te saile samiilc with purilicd Ps I)NA as an internal control S(TPAI luffCr was used 

bCcause acid-wal.Ih PVPll >ldadl sodtium ascombalc were reported to inactivate the inhibitors of PCR 

il plrllt tisst,'s (Minsavage Ct tIl. I994). l\VC\'Cr, this result su1ggCsts that CInugh inhiOitors aC 

fICscIt inl the 0I))1 sample. When ftrifief DNA was added to the 2 pi mtaccratCd sample as the 

template, the 281 hp product was obsCrved. Therefore. only 2 pt1of" the mceral'tilt sample was used 

for later l(Cdetcttion. Nolbvious PCR inhibitors wcre ptesentleven when I(() pl extracts were tscd 

as the template. 

At 2days, 'Mr ptlatts were l)CR-positive using Ill) 1 extracts from incubated samples. ()nly olc 

of, them was detected by IPCR when 2 pl \was applied.,I lowcvCr, all wve P('R-inegativc when 

llliacCratCd s tupIcs were tested. At 4 days, II pllanits were (,R-positive with I(Itll extracts. Ten o'f 

them \were positi'VC but weaker than \\hI 2 p1 was ulsed. Three mtctCatedC +siti\VCl satlcs Were l(CR-po( 

(table 4). Comparitig theethree di flernct satlplilg emthods (2 aid I((It I1by inctilation and 2 JIl by 

1Iacratinll), 10 Ill 1f the ilCLlbatititl appeared to have the higlhcst sensitivity. 

Incublalin satmples were also used to sprCad on SM I itgar plates to cttptre sensttivt. At 2 days. 

oinle SOtmlIc had typical PS colonics -r' wi m on1St I. At 4 day., eight Samlies had Ps groVing onI!them 

(table 4). Based oi these results PCR was considCrCd m1orC scnsitivC thm the ttaditional plating 

method. Also, IC'R can be finished in I day \while it takes at least 2 days Ibr the bacteCria to grow oM 
SM I agtr plates. 

Table 4. Positive results of PCR and plating using different sampling methods 

PCR Plating 

2 DAP 4 DAI 2 DAI 4 DAI 

Incubation 100 pl 4/13 11/13 1/13 8/13 
Incubation 2 pl 1/13 10/13 NT NT 
Maceration 2 pl 0/13 3/13 NT NT 
I DAI: days after inoculation 

NT: not tested 

Discussion 

Primers AU759 and 760 can be used to detect Ps in tomt1o tisslCs directly. There is no need to 

isolate DNA from the tissue~s. Su1bjecting samples to 96'C for 15 min is sufficient to break bacterial 

cells to release DNA. 

I)i fferclnt samplinrg methods were Utsed to com1parC the sensitivity OIf PCR. When stem sCgtmcnts 

were itcIbatCd in steCrili.Cd waler, bacteria can be released from the vascular system into the water. 

Theorclically, PCR can detect as low as ote cell ii the reaction. If the plait was heavily iti'cctcd, the 

water hecame clomdy after 8 h of inctbatiomn. There was no p bhlem detecting I's whert 2 pi was used 

http:steCrili.Cd
http:acid-wal.Ih


as the lenlipate fOr PIR. When theu' w'rc onalv ,nui Olnl,0' baCleria rieislt'tlCd IriOli plalls. the 
chance )l'picking. u mii Ce'll (2 p) Ifrm tieI otal 5,-ml I'ra ls \wkoild I' ilil' er so I'r isilie 

I00 [.1 a's tlilt' tellipialt was ce of pitkin Iat hIteTriIl C'll. I (lwvt'r.1()incr'ast'lICtn' )' l) leatslt OI 


il 1( 1, w\\as , nitl,e ;eaeCil,.,rS l-rliC dCId (2. Ill ill o al ).ThI,.l t' ;inillplt' ,. \W,.r. il-s( L'll'i1H
I ed 
Iiiil't l r l I ltti n \nIIC .'(r htotitiebii -te thaie l'i I'aittl' \\Mildt h'l' wll tntheo iti lll l idded 0 thl 


il i 5i dI\n i h.tretld tM'e I'so Nr il wiI n n Ile Cttslt'd.
v%%,,\ 0 lsietit li t I \at.'n sXii'iCp 
illiIhed Ii R. N a pti entoill ihi 0r \,irs (sIi,C iir', , it;Iwas fotiil [lt i ( [lbi P Rled.I)I tlCI, 

,fih il uriPl I )N. aind l inie lbothl CiMlili. 

pl li 'itlCIi.d li-ui' siiill tlt hand, had lUelalI e +ili . ,, ,esi NIMl' ftieoo iihi r IIcs W lr l i tiiu . 
imae rte d l al pl(h l 'tiii sili , includi' li P( lt, I iiilt(r., p rCil rluscd h udcr i llte 
lItInei. "lhew,ilijII ',l l illn . C i PIR.. h , lo tille haCtCriit dl ,iin." dilstrin . n ItiC' t ' l n 

inhii it er,v.Iir,. di tl'd 'Ilret n,,iti' i ti 'li su,. t'. As.thatrlil' 'IR po 'iO- esCltl is iMTslr 
+li' t tt p()tiii' t i t' iiitl str anit aotiilICi,. "isdiCi , tllI t.I' lCd ip w i llI ri too l lintit' the.sei 
ini' i'1iles Ctn he Ustid dir isI,1'tl iitiR itch . t. itc e' tM .i.2ll uliii ctedWi n saile 

scon to) in(lerCiCts ttunc ivs iI ta 10),I ClI siitv . it \vit loato l thaet P'i \\it iatrihited. 

PICt(Rii,ti r'litiitii;,"i and iaiotr ,. ptiMCd oith tie trditii es d. li SMi.' flt'aniv Ititan Nhhitusc-pbl 
' rmllbe,. ltm' lt ,, pl nt haiditillitliv, tu ctiimi'- lolin PI'Ci hlu h 2 and -i diyv,, diititir iilillati d.The 

i'fiti l' uI theil d it lIe-. S-tAni and idc tiliiti d( ,, hM ii S rals Ili I t itICi l ii C Ci .So ] tlieI. s. 
Stuiesllon afI irus t lanud aI'n di CONS s neud tI AVERNTl lrDidCSiliCation. ISuvCor.tilIC' 

1 h)C. This is tle ad"hactoded tinh,h)' icr',lChlescutl v('lrimers uied in this elph caun 
diti. ui l restace. and nd pe,ls ' ltielUidal c1lidal ,,,ii's.ltna te lidael SotItll ,'l d),nl h SI I lai,.'s.\kvheni C\ 1ll+ sl\VC' l -can. is m oitllyd. 'Illi,,stlyg.cstst h'at thie lC'l,-p l,,iliv ,,' au.uit 

ll rlI 
thu l)IrCSCIIC o %Cv ~ ,Cd ill this SHl stil I-I <i l'S ,ill 8-11 inCtdhitlioI.'lC'()- I Z 
AlCI etabll'._,lCC eearh niu k (S V)raiie-rtlN I i h l lol'hlid. 'r V tltalietS.esarhI' r CIrani 

nl lS. I h Cl.,lh,i VNt+' t) 11t opb' r PCu 

Clrl he tla sli sd. ', aldie n h1lhe dikvCl().di.V..eiliti a()lhuraVNl liahotiheds evd to tile .titiIeluI' PS 
Iat,..' t ilcctim in pl',it tissuets. 

It has hq,..'l .;lt(m ll thtl l Illl ts l IU o .Itt) h U,IcL ialI w ilt all'c al'lricl-S, 1'lt' C I'CSiSI tltll'CdfSI'l"to1tl hI) 4 lh 

xi r, intern ) aculatiovliruths.tl t I itiheinC',itta A !h' a I al ImI i . is siniIicaltIyoiiai hso tha in tile SlSC 
line',. T 'hIS. 'tr l"Calilir,(C't ti Sottlierti Afic cmN Vl',ltinR() int'ernal ovclcrile>n dCtCCti m h ad l 
p i' lltt ioln and lesi'stalncc IC;'Cl. A. 1110rV Cli,.i,.lrt ,Cr'CCnIill menthlod 1'()I IhCtfrial W+.ill b"ased (1n tle 
internal hactcrial p ilpulmitn rathe+r th.;tt v'Jsnal Sy'lll)(tt)"lS IMnla'he ,.lvchu)ICd.. Tlhis,LICICl olnt111thWL 
Call1 he UL;S'd 10+ deIClteIlnt inl'uClio 0 i"1'P..'.;+. C,/ul,'++zlll In sym','nll'tm Icss planIts an( alpplied in 
clpid,.C ithl~I)'ical studies. A Sillilal dL+ClCCtion nlCthld C~all a.lso he d~CVtlTC ,+l)Il'r Mnid Sampnle. 

Studies on Leaf Curl Virus and SAVERNET and CONVERDS Support 

Summary 

AVIZDlC(, since 19 , 1, has aCCO~rIC.lu ili,1h l1riuritv'tO h.'al"Ctn'I ViruLs 01' t0111ato, With Cri~llamSiS ()I 
hreccdi in, I*()[.rcsistl.ncc. Si milarl,. Ieal'cul vi rul,; ol't illato and lic p~l+.sr e l.'k -lr ,_,: sol'n:tj. l ~"the S",.m ith 
A'sian+ Vcgectahle' ltcscmvh ncti ,r I h GNI'I) honrtive Vecidtdhl igrant(S',AVERF, AdlatC Resear-ch 
I'or'S, thcast Asia(AVINIFT), and thecllhohrati vo Net,, , ~rt"Vc,_tahlc IRcs+carchan DeI~vehllpment 
in Ccntral America ( I-A+)CAHl(tR). Leal' CulI VirIs 01' t<,llaht is atlso all issIIe in theC C0'al1hurativc 
Netwonrk I l" V,.': ctah~dc IRe-calrch and(I)cv'Cloilruncnt ill Southcrn Afr'tica ((C(NVI-IAIM",). lBeca.ttisod'thc 

http:aCCO~rIC.lu
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abisence of' speci ica.iugnostic probes, most strevs and assessments in the past hiave hcn done by 
symptom ohscrvation. IlOwcvcr, inscct-l'CCdine daiiac., syNrcrgistiC Cffcts by CoiillL'Ction with 
sC'c-il ,'ilmusCs. amld cthei' virnses sUCi isthe CIp(Opyr-transmhedgminivih's Or thecturly t il 
ttato elClow top I.tovirns ImIy eniILe Similar s\'iliptOIls. 

Snrveyos werC. therfcl'orC. coduiclCd to detCi'llcil',' the distihtioll and con1lirm Ih,' mpol-lance of 
whilcfly-translimited ceiniviruscs On tollat) ald peppers illthe above rCgions. 

We havC prC\'iouisl deel'oped a nnlCie aid ro ie ginst the Tiiwan Itomlato ICa!cuii virus 
CTTI .CV Iand this v'acr"have obt;incd plasllids containine I )N %framcnits of' ceral otlier whitclly
transmittedCmiinivirUses, snch ats Ipt I('V-TI'-n Vnd .lic - btoth mompatlitc geCinivirosCsTYI 


a.nd TYI .'V-'I'l i hi lrtite geininivirns. These plsoids IhvC hCC I'uilrlCi' proeCC,':,d into 
ilOnr:udn etiicI'dimnc insttiC pIhCS and,s.Cr tliC(liii thlie \Snrv,. 

Strveys I Asia have ccithriCd Ihe. prese'neCCl g2CitirnhVsCs in both lOIlilO alnd Ceppe's ill 
Nepal. India. Si I amka. Pikislan. 'I'hailamd. and'Tliwa. Stcm)ri'imcoly. ovCall ineidenC e w1as hIigher 
IpCppc'rs (I t9"' toimlato (71,'With the l1rinhCS Used,we wei., howvcer, no0t ihlC to tcCCt aInytlian ill ). 

eentilivirti in Btanelajeshi lhtm. Ildoesmit. and the Philippinces. 'IIe is sttomllg indicat, 'mhalit 
.cininvirtl\ ;sc.. so n+cv Oecctu' itiall Ol these countries.distinct from those kco,,i mar, 

it percent Ol' the tomto(samples co lcctcd Ircm Fast Al'rieCi .ave.iaptsitivc rcAtion0 with the 
TYI ('\V-tI thiat tis Vircis. oi acloselv c!tcd variant, is present there.vpt probeSt st'ongly s1ggcstingI 
I hIwcver, the Falct that ll)[ i llsamIplCs which slhc),wCd ve.r .tl lcaddistinct Ictl'cuil and yellowing 
smptmcs rcicltd with the lg ypt pilbe also) sitggcst, thait amcither' geminivirns may allso iepresent 
there. 

A n extensive stnl'vey in l'iwiln dnring I993-94 indicated that tliTTICV is present throcigholit 
the islM., with inCilCCeS s 11hi11 as 641 ( in sonmc farmers' Filids. 

We alscc assisted tlie breeder in sc'ecmning (by ,hitefly or gr'aft incihCIiticcn and sUseqntnt tting 
by I )NA hybldliation) 949 plants Of"26 lines comprising parentals; and ClOsSCs 1'Ic," crii! vir'tmS
resistant motcrials. 

Introduction 
WhIitc ly-tr Insmitted gcmilivirtseCS.ILISC SCriOulS dIlisCSeS On peppers anod tcl)I)tmatces worldwide, 

nmcstly in trIpical anod subtro0pical 'egicins. FInicrinosL yield lossCs, soletillCS complete cl'ip I'ai ln'e, 
have hCen attribnted (to these viruses. The pr', :lencC L.C. distribticOn c0l' thsCe. Villses 1mtvc been 
inct'casim inl 'Cecityears For -ilsccs mIcit yetiiider.stod. Our piatners in the national prograns c 1' 
SAVERNIET. AVNI T, (ONVI),)S, and RFIDCAI I0R. awarc O'the threat or pctenitial th'eat Of 
these diseases. Ive declared gecminivirnscs Of tollIato and peppers their main 'esearich pririties. 

It 'l'aiwan. the vircis and the disCisC it ciases were not klcwn prior to 1983. In the Icllowing 9 
years. it was cnlv rarelv cincmntercd in fIarmers' tolato 'ields. Ihcever, in spring I9914 severe 
Cpidl'iCIsccccCIreCd inl the sOtccthcrn ps f'patl"I'aiwan and llrcmnghcitt tileisland. AVRII)C', consceqoctnly. 
ha', ncisilicd its research on eCn1inivirnscs., with eimphasis cci the develnpo eit cf'diagncostic p hcbes, 
t! .iscarlhic distriblticn c'tlcsc virtnses inl ccii' nmadalct areaS, and cilideveClping stal-he 'Cistance 

tIlah'ly in imawt. I)uring 19)3, we have idcntificd several stnm'ccs Of resistance, mainly in 
/.Yc' 'rsi,-michi/eul('f' a id 1Itave dCvcl peI a mmcctle ic acid pi'ce I rIthe 'Fiiic llato leaf'ecurl virus. 
In 1994. c ir Icins wais ccii identil'yime iidditlicnMcl sonrcesCcf resistance and cil screening and testing 
prougenies Ofl'rCistilt materials and Onl cccdncling SLI'VeyS. 
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Materials and Methods 

Surveys 

SariIplCs were co+llcctel either hy us or hy our cooperators trtnl toilmato and peppers siing" 

sy l pttoils typicaI ge',iunli ni virus inl'ection, such aS yCll win and Iatlc'tu rlin+g, iu l u nlhdcsh. l3hutan. 

India. Indounesia Nclpal. Pakistan. the Philippines, Sri Lanka l'aiwan, Thailand. Taulnania, and 

l-I diaur squashcd ()tllt( The iair-driCd 

iruhranes wer trCteCd aISfollms: 1).5 N Na(l I. I NI lris pil 7.5. 2xSSC,. ch l'r 5 rin. follvcd 
by arinse intlianol (51,,. Al'tCr fixing thre ucleic actid lto the rcnruranC in theC UV Stratt linker lox 

tt IV 254 run for15 nll, the nmciubranes wecr ttcd with 5xSS( prehybridii/ttim huffer low I hiat 

(11'. For hybi-idil/atiom. 5- pl lahcled I)NA pnhc was added, aIlnd the rnCeIiranC \waS incubated 
overri llht J, ill a wtCrhth ,dhmtkcr. Afltcr washing tie membranes twice each wt .",(xSSC(( 

Ielatf disks ol4appr-xinrately 1 were tN'lonhItrrerlrhraulcS. 

t 2 l(" 
SI)S) Ior 5 rSin at lInd ().1 xS( ((. I S)I)Sot 15 aiI at 6Y( th e IrrI n w rair-dried rlird 
read~iedl tordieo~xiernt wl v,'irihhl.(I)IG; detcction vhich iojeceded fotllowing suptpliers" irrstrttrhrs:w 

ol ai-I)G(i alkllinC plo sllhJ)ItaIs and wrshinI 
in Hulle,r I (().3( Twcni 20). Alter equilibrating, tir membrane iii Bull'er 3. the mrrerlnbrlrrr was 

incuatelhid with Irmnici Il) (I:1 )1))at 37C/1() ruin. at 1073 rin, Iolowed 1W 37 C. I irn. The 

rrnibrharnrc was tirei placed o tIre intensity lte or sbseqelttfWptohIgr;hr IpCrssing2. 

ill BLulfer I. hlokine iII BtIler 2. additionll otirgitl. 

. 'I'YI .('V-lypt) 110 i (I1 .CV-lrrdia) 

Thai A (TY'l('V-Thluad). The lirst probe was previorsly developed by ris: the littler three prfohs 

vere rceCived loin' I).P. Naxwell.vl Ullivers',ity of Wisconsin, Ma'dison, I.SA. in thre oin (If 
trainslOrnmcd l','cru'hu 'hi. olrm which the plasmirid-ontairring gcrrrinivir rs I)NA had to be 
extraclCd and dihestcd hy I)%l rc.trictihir errnie. Follvirrg irlgnre gel Clect ri ipliurrSesi sid 
Ctihiditii blr'iidc triri tire grrcini virrus v erec xcircd, rc,ocred by the (iCnecleali 

Th'le bllowinL pro1,'> vere used: L (TII .. 'V-'T 1aiwar 

irrg1 )N,\ fraricnt 
I1Kit, aid labcled with )J. I huvinS suppliers' instructions. The prlobel',s we.yre eitiCr Ised sinly Or 
ir mixtureu. Smie ol' thir samrples v'C pruIl'.'d rCpCitedly With individuCl prWits depribing withhltr 

N()I l-SI)S. 

Results and Discussion 

Surveys 

Asia. The reu.ults ,f"the slurlveys conductcd in Asia axe shown in table 5. Fi flecr percent of all 
sarnples tested vere infected with a 'emiiiruS.The data suggCst thlt birth lCPl)Crs s Well ;IS turiatk 
are infCctcd with gCriniivirtnsse with infection irr peppers (11k) even hiihert trn that inl tmrniit (7'). 
Sirples frril Bangladesh. 3Lhutirr. PdriICsia. aid the Philippinl2s did nut react with any if tire 
rriurildirctive pril1es lsed] that would detect tireC Taiwan. Egypt. aid India torliatr leafcurl ,,irurses. 
Sirriirly, rune fthrc satmples frrri ,Sri I anka rcatcted with tlri's prrlie.s nor with tie T'I'lrailmnd tloriato 

yellow leafc'tl'url virurs. This Was somewhlat surlprising hcur.sC the Tlih rd TYI*('V prnibC is highly 

unspecific and is kiowr Ito ractit vith a iurirber ml dilCreit ruSeS.trrririi\inut urily tIrirsc llectiiU 
solaimccn is cro()ps. I hwve'r. when tested at the t lIivCrsith WISCVisiri Wir1 Il,,-IhC1d 1irirec 
mixture (TYlCV-lI., TI .CV-Tariwai . TI.C'V-Iridia. MYNIV-Thiaihrd. atnd ToIV-lirILL). 1 

positive reactimn was ohtained ini some ()if the Sri l.arkir sarrples. This i1ry h dire Ii) tile slighlly 
higher sensitivity of radloaclive prt'lls. IhYvCvCr, it ay illsi) he pssible that itVirus present ill Sri 
Lanka isdifferernt frrn the +Taiwan,F.gypt, Indian. urThailaid leaf curl virus, arld 1iore similar tn tire 

Floida tolratur Iruttle gemirrivirts (TuMnV-Fhrr'ida), Ihipartite gCrriinivirtrs. ( )lthrC tIal 130 ttmitr 

http:Naxwell.vl
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and )c)pcr samplcs tested, only six (4.61/ ) gavc a positive reaction with the Indian tomato TIfCV 
probe. Iorty-fivc of the ncgalive samples were reprobCJ with the broad-spectrnim TYICV-Thai 
probe, bnt werc also negative.This might indicate that another gcrninivirLIs or SomC othcr virus may 
be present illthese samples. 

Table 5. Leaf curl virus survey of tomato and peppers in Asia 
Country Crop- No. samples tested No. samples positive Probe used'
 
Bangladesh T 24 0 E, I, T'
 

P 20 0 E,I,T
 
Bhutan T 10 0
 

P 34 0
 
India (South) T 16 0 I, T, Th
 

P 30 0 I, Th
 
T, P 38 6(l) E,I, T
 
? 46 0 1
 

Indonesia T, P 46 0 I,T
 
Nepal T, P 34 1 1
 

T 44 1 (I), 6 (Th) 1,Th
 
P 40 19 (I), 31 (Th) I,Th
 

7 0 E,I,T
 
Pakistan T 20 2 1
 

P 6 Th) Th
3 (1, I,
Philippines P 85 0 1 
Sri Lanka P 27 0 E,I, T, Th 
Thailand P. T 46 23 T 

P 46 21 T 
Total 619 93 (15%) 

T 114 8(7,7%) 
P 288 54 (19%) 
T + P 164 30(18%) 
? 53 0 

T = tomato, P=pepper, ? = crop unknown 
Probe used for hybridization: digoxigenin-labeled probes of E=TYLCV-Egypt, T =TLCV-Taiwan, I =TLCV-lndia, 
Th = TYLCV-Thailand; the probes were used independently or inmixture (indicated by *) 

Thc rcsults oI the Nepal survcy strongly indicated the presence of more than one geriinivirus. 
Whent tCstCd with Tl .CV-lndia pbolc, a positive rcaction was obtained with only I of' 44 toniato 
samples and with I(9ofthe 41) pcper saniplcs. Ilovccr. when tested with the Thailand oImatoyclow 
leaftirl virus pr'iie. 6of the ltomato and 31 ol' the pepper samples gave a poisitive reaction. Samples 
I'ronj Thailand had the hieghost inlection r;ite, with nearly 51/ of the samples positive. 

The Tai,.WMI stirvey (table ()showed that tileTaiwan tolmato lcal' curl virus is present in tiilnatii 
almo1st thloghout the island, i.e.. in eight Olfnine countics. Although average diseaise incidence was 
low (9/(),it was quilte high in somc of the areas, ranging I'ron22 (Shoufeng. I lualien county), 33 
(Maltol, 'ailinan county ),to 04( (IIIsiaugshan, I IsinchL cotnty). Tromato was thle main crop surveyed 
in Taiwan. I lowever, peppers were also found to b infccted with the Taiwan 11o leaf cr'l virus 
or a closcly related virus. Twelve wCCd samples compriscd of Ochniiln hasilicum, Eri.eru, 
hoIIuivlsis., Ai.'ratiiui husloni(sumia . Euphurhiahira,and Emilia somnhi/lia, showing yellowing 
and curlin1g symnptoms., v,,crc collcctcd in aid around !omato fields where incidence of leaf curl virus 
was hi.h. I lowevr. none oflthcsc reaclcd with the Taiwan tomlato lcal'curl viriis. More wced samples 
have t(bC coIlcclcd m deterni inC whcther these weed species are alternate hosts ol FI lCV,or whether 
they harbor another type of' gCminiviius causing similar sylptoms. 
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Table F. TLCV survey of tomato and peppers in Taiwan 

County Township Date, Crop" 
No. fields 
surveyed 

No. samples 
collected 

No. ?%) 
positive samples 

Hualien Muhguachi 10/93 T 3 18 0 

Taitung 
Shoufeng 
Kuanshan 

10/93 
10/93 

T 
T 

4 
10 

27 
17 

6 
1 

(22) 
(5.8) 

Pingtung Linlo 9/93 T 1 6 0 
Likang 1/94 T 2 11 1 (9) 
Likang 1/94 P 2 15 0 
Kaoshu 1/94 T 1 10 0 

Kaohsiung Mito (1) 11/93 T 2 33 0 
Mito (2) 1/94 T 1 8 1 (12) 
Yung-an 11/93 T 2 55 0 
Luchu 11/93 T 3 29 0 

Tainan Anting 10/93 T 3 10 1 (10) 
Shanhua 
Matou 

10/93 
10/93 

T 
T 

2 
3 

6 
21 

1 
7 

(17) 
(33) 

Chiayi 
Changhua 
Hsinchu 

AVRDC 
Minhsiung 
Chihu 
Hsiangsnan 
Hsiunglin 

5/94 
9/93 
1/94 
12/93 
12/93 

P 
T 
T 
T 
T 

5 
2 
7 
1 
9 

62 
22 

194 
14 
60 

13 (21) 
1 (4.5) 

19 (9.8) 
9 (64) 
1 (2) 

Chupei 12/93 T 4 17 0 
Nantou Chingjing 6/94 T 1 16 0 

Hsin Yi 6/94 T 8 27 0 
Total 678 61 (9) 

T 601 48 (8) 

Date of Lollection 
P 77 13 (17) 

T = tomato, P=pepper 
c Probe used for DNA hybridization: TLCV-Taiwan 

Alrica. Samples were collected from Tanzania and Uganda (table 7) and tested with a probe 
agaiinst the Egyptian isolate of TYLCV, since that geminivirus was considered most likely to be 
present in that region. Some samples were also tested with the Indian tomiato leaf curl virus and 
TFLCV probes. (ut ol'a total o1"42()samples tested, only 7.6/, gal veiilositi ve rection. Three percent 
reacted with (le IT probc mixture and 41/( reacted Only with Ile bI0ad-slectrum TYICV Igypt 
prolbe. but not with the Indian or Taiwan lea" curl virus probc. This suggests that TYI.CV-Fgyp or 
a very closely related geminivirus is present in Tanzania. Recently, the broad spcclltrum 'TYICV-Thai 
probe waS ilso used bca)usC positive signals were rarely obltained with the other three probes. Since 
many samples I'om plants with typical yellowing MRd leal curl symptoms reacted with one of, the 
probes. there is strong indication tilt the lCaCIcrl virus present in Tlantaria ma' noIt be the same as 
FYICV-Fgypt (strain) and or that TYIiCV-Egypt may not be die only 'crinivirus preseint. 
Additional gCminivirlSCs may be irl'ecting the tonlato crop in the region. AVI-,DC, togeher with tile 
AVRI)C Arica Regional Program (ARP), will investigate this ILtIrther by tcS!ing addiuiollal samniples 
by the polymerase chain reaction (PCR) and by Sctlucncinig any newiy iso lated geminivirus )NA. 
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Table 7. Leaf curl virus survey of tomato and peppers in Africa 

Country Crop Date No. No. Probe t' 

received samples tested samples positive 
Tanzania 	 T 5/93 30 15 (E, I, T) E, I,T'
 

T 8/93 40 0 E,I
 
T 8/93 56 0 E,I
 
T 10/93 9 0 E,I, T
 
T 10/93 36 0 E,I, T 
T 3/94 21 15 (E) E 
? 6/94 43 0 E,I, T 
? 6/94 17 0 E,I, T 
? 6/94 8 2 (E) E,I, T 
? 7/94 41 0 E 
? 7/94 43 0 E 
T 10/94 46 0 E,Th 

Ugiaoda P 6/94 30 0 E, I,T
 
Total 420 32 (7.6%)
 
1 T = tomato, P = pepper, ? = unknown, probably tomato
 

Probe used for hybridization: E = TYLCV-Egypt, T = TLCV-Taiwan, I = ITmLCV-India, Th = TYLCV-Thailand; 
the proues were used independently or in fixture (indicated by ) 

Conclusions 

ThC resiults 1I"the survCys indicate that gcniiniviruses inlcct not only tonato hut also peCp)pCIs in 
Nepal, Pakistan, India, Thailand, and 'ai van. TIle prvsence of several dil'I'cnt gcminiviruses is 
suggestcd]. (ielninivirnscs other than the ones known so lar to occurll n solanaCeOuS crops nay also 

N: present in these countries. This Should b I'urtlhr investigated. It was intcrcsting to note that the 
'F:iwan toltoih)]o i Laurl virus lpok0e eaciCC wilh pllpP's llected tn'nl f'arlmers'1' I'ields in 'l'aiwal. 
We had relpcatcdly tried t ;-alslrit th l'l .CV 'lou intl)c1ectedtolato or tobacco to pepper hy gral'ting 
or Whitelly inlcullation but were nc\,r successl'ul. It is possille that ,hiteflies trans.nit tlie virils More 
ellicienllly in n;Miure, o 1CLs'that o slightly dit lercit vaialt of,the virus is,prieCse,.t in fields. 

"l'he I'lascin 'editerranean strain flI'YI .CV appears to inf',ct lcal'curl-diseased tolmato ii East 
A'ric:i. I lowever. silcC 11,iny samlsC witl, verv prioltlolitccd lea' curl and yello kiog symptomlis did 
not react wih thTI V-gyptwith 'II'V, ToV-,idia, or TYlCV-Thai, it is likely 
thaI still ,inothe(r t e of geminivirus ilia he lerCsCIt in illat region. 
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Inheritance of Black Leaf Mold Resistance inTomato 

Summary 
Inheritancc of' back leaf irrold (BI.M )(caused hy I+.wudoi'r+'s/.7 to /n ij,',(t) resistance was 

stIdicd in ItoMut" crOsses invOlvine two resistant I ycopersicon accessions (P1 134417, 1.. hirxsilIn l 
P1 254655. 1. 'S1'u/0'1tom) and fur stisccl+ptihIc A\ RI)C tomat I lines (CI+N 65711CI F,-2 6 7-)-3-12
7. CI. 143-0- 10-3-)- l-MO. (TN 6913CI1,-358-4-13,and (I 5915-931)A --- 3). 'or cach 'cruss,six 
"clcralions.i.e.. Cj, : lW C I ilyses 0 dattt bIascdI. I I' t lid B3 wC rCevalhated.Cl.hi- lla,'e ana t'lhC 
(orIIthe rattio ofI' res istnillt to suscC pti le 11 nts in1the I,with1 threet1Wf fourI- CI OSCS -iVC it Lool fit to a.1 
eret' ion ratio oftI R : 15S. I,(C , Illta flrml threelof, 'ou crosscs iavc all aCCltllC fit to the 

secgt'aioln ratio (t' I R :63S. The results indicate thatt resisiaice to BIIIla lIe coniditioned lI.ytovi 
iccessive gciics acting eplitztically in hoth I I 134417 and PI 254655. 

Introduction 
Black leIaf mold. also known as CcI' Spora lIf'mold, Ic.usedl I+v sa'Iul'Jr'os'loi'r.iiig'nu1 

(R lda )Icightor (=z(a'a sp.'aIi +'tl )lWias first rCpu)it Cd of) t(lil (L.\p'o)('rsi -oiIda1h at 
CWa,'tutmu N'ifljin the Ihilippines i 1938. The I'nIgus is rCp)ortCd to ie\widCslrCad ill trloical aid 
sublropical Asia aind is also knowl tumOCtUtiingNiMcria an soLthcrn lISA. Prce\'iots sttdies at AVRI)C 
failled to idCtify us.,ll levels of 1IN rCsistancc illiol- cultivirs commontIlv grown in Taiwan. 

I lIovcrvr. strces ofI* resistance to IIM have idCentil i i 01 1...x''ttii/alm accessions: IPIIce tll" 

180 72 I. 21(51)37. 254655, anL 296363: tild .. P1 120434. 126445, 127827,six Lhirsuo accessilons: 
134-117, 13441 5. ald 3(8 12. In this study. two accessions, P1 254655 and P1 13-1417. w'C selected 
for Crosilie studies with LIM-sulsceplillc totmato lines. The obh.cCtivC Of the SItudy wias to dtctCrminc 
w,hether rsl;ance is herita le aid if' so. totdCtCrmilnc the 111olc of inhcritanc aif 131IMresistance. A 
hm.gCr term lijective is to develop III .N1-rsistant tolmato liies throule] breeding. 

Materials and Methods 

Six pacnts were chosen this study iased on their 131NI/ ir\cviuns ;assays. TwO1"or t'esponses in 
acccssions. P1 254655 (L escul',ruaunr, AVRI)C accession 1. 1777) and P1 134417 (L. hirsututm, 
AVRI)C accessiri I. 1()64). werc selected as r'esistanlt ltierits. [ltit AVRI)C lines. CI N 6571,Ci, 

267-()-3- 12-7(SPI-l .CI 143-0-l()-3-f-I- IO(S1P-2). CI.59) 15-9 31) -1-0-3(S1P-3), i.ll ('I.N 698IC I;,

358-4-13 (fSP-4). were chosen ts suSCCltlihlC iarcnts. The study iniolvedlouLr cr'osses hetwCen 
stisceptihl.lc and re ,istant parents: SI-)I x P~l 134417. S1P-2 x P1 134417. SlP-3 x I1254655. aindl SP-4 
x IlI 254655. The 1F ilruts wcc ol'aiiCd by selling I)10:IF lilarits from each cross. The plillls ol'clch 

cro()ss wcI'C c'ossCd to their resliective pren o lveChl hackcross F ( 1"1IsiSCCptil.lC l)ile + F) and 
resliective I I; l~ol)Lhli were t: anF I'l'olli+S oltaincd hy sclling,30 I I Ilmts lerivcd eachcross. 

Ilarnts replrCsCntilg ill gnClirtiins derived l'r'ii each cross, i.e.. parents Fl. I It',F, , .,('and BI.", 
vecrc o*wn indlividually inl 9.5-cii-diai plJhstic iJOtS inl the grccnhousC. When lahrts wore 24 to 31 
days old, the0 wCre riiovCd ilrti the growth room at 2,±2+'C and )5±2'/3 RII with a 14-li light periurd. 
49.3 j.lJnu/s. Ilanits were ilotllihtcu atdy spraying the cmnidiall nilile tor the pilit of' i'n-off' with it 
stuspcnision. 5 x I) conidia/ml, thlt w\'as OlitaiiCd hy wslhirg I(l-dy-old coloniCs ofl' 1'./filit,,'m, 
iilaitc 11-2. grown on titmato-oaltrieal algar. Generations fr'm each cross were evaltated at the satie 
ttle ii a single iliuculaliuln expeiriment. 

http:siSCCptil.lC
http:stisceptihl.lc


192 AVRI)C 1994 lrogrcss Rp rt 

FifiCt idays dftr inoctulation,. the disease reaction of' each plant was dcterllinCd 1) visual 
estiimiation ol [lic lcrceitac of ikll'a la a'fccicd. TIhe disease sev'rily rilting scaWl was to 1()(, which 
was Cuallt thec.percentage of' Ilf Irc alel'cted. Plants with liscase crity ratings below the 
illilparil\t valic were 0Isidered rCsistitll. illparinll vale Wats bclow the I'aILC l1'Inl all casCs, the . 
se 'ri i'ilints for plants of' he siSCC)tible parelt. Chi-stlUare tests wcre used to determline goodllss
of-fil 01'flhe obIsrCIved to the CxpctCLd !aiio f rsistlanlt to susccptiblC plants ill F, and BCF 
poiluaili~ll.
 

Results and Discussion 

IAI sCvC'rilty tills rlCfnd f'ronI ) to 40 for individtial plants of Ihc resistant pitM.i'nls and 5(1 
to 9f) 'or pimis if the susccptible pIarents. The I., were as suscC)lihc as the respective susceptible 
piroill illdicaling that resistance was recessive. The foir F, populations segreatcd Ior11-Bi 
resistincc. The F,plants i'loill crosses involvilng resistant par is o 4() 
or, less were considCred resislanlt. The F,plaits fr-olll crosses involving rcsistllt parcint PI 254655 with 
sevceiity raltings of"50t)or less were coilsilC'Cd re"sistalit. SCg''itionl 1.Itleiiis in the Ihree ppilft nlsc 
werc "inilaralnt appear to fil a1riatioI' IlR 1I: 5I (table 8t. F,scgrigation of S1P-4 x PI 254655 did not 
fit I1R : 15S ratio (V-= 5.9J) 1becallsc only 3 ofthe )48 F,plants had BI.I severity scores below 
th lid-l 'npareit Ivalue . ( )f'the 945 F,plants classil'id ais suscCpile.lC.,2 i'ceivCd sevrity scores 
of 7(1 or r. well withinih ierallgc oIf the suisccl)tiilc parctl. e ofr 	 I lowevcr, 43 I:, Ipkinis had a scorS 

1 .ust above Ih LI-I)Mnit vilIc hut elow the .allo of the susceptihlc parent. It is possible thal 
thcse 43 plants carry theI'e'sistatill gcniotlypc hut Cn\'iiilllltllllclf''ccts ia.IV haivC CMfSufl susceptible 
plheini types. 

IB : l'Ipullit(liins AlSO sCg1Cglid !'or BI AM resistancc. The I ,1:,pills Frolln crosses involving 
resistant pren' PI 3.1417 with disease severity riatings of 41) or less were collsidlecd.l resistant. The 
I ' plinlt I'loli Crosses involving PI 254655 with disease severity ralins of' 5()1or less were 
coisidereCl ristiali. SCgregalioil pattrils in the ihrcc BC1F, polu laliis apr),:i'Cd to cl(o;Cly fi'f ratio 

oF1IR :63S (lablc ). SP- I x PI 134417 tlocs not show gool fit f1r B 1 F, (X=(.54). This may be duf 
to sampiliig error since only 253 plants were valft.iluCL. (Iftalt. show that the Ill M rCsiSt, fncC 'oLund 
in PI 134417 atd P1 254655 Ini.y Ie coLlitioliLed bl iecc'ssi\c genos al two foci aiting epislatically. 

Table 8. 	 Segregation of tomato F2 progenies from four different crosses into resistant 
and susceptible classes based on their reactions to black leaf mold 

No. of Reaction, 	 X value 
Cross F,, plants R S 1:15 P values 

SP-1 x P1134417 271 14 257 0.341 0.5- 0.75 
SP-2 x P1134417 905 43 862 3.032 0.05 - 0.1 
SP-3 x P1254655 322 16 306 0.645 0.25 - 0.5 
SP-4 x P1254655 948 3 945 52.208 <0.001 
. S =susceptible, R= resistant 
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Table 9. 	Segregation of tomato BC1F2 progenies from four different crosses into 
resistant and susceptible classes based on their reactions to black leaf mold 

No. of Reaction,, X2 value
 
Cross BCL plants R S 1:63 P value
 
SP-1 x P1134417 253 9 244 5.063 0.01 - 0.025
 
SP-2 x P1134417 920 20 900 1.806 0.1 -0.25 
SP-3 x P1254655 317 4 313 0.050 0.75 - 0.9 
SP-4 x P1254655 895 9 886 1.446 0.1 -0.25 

S= susceptible, R = resistant 

Fungicidal Control of Black Leaf Mold on Tomato 

Summary 
Iccur rungicide trCatmlents were evaluated on tomato variety Taichung ASVEG No. 4 for the 

controlo'black leaf mold. under field conditions. Score alone (I g of I()7 W.lP. per liter) and benoniyl 
(I g of 5( W.P. per liter) conbined with mancozeb (2.5 g of 80(/ W.P. per liter) were tile most 
effective lItneicide tretllCIts. 

Introduction 
Black leaf moldof tomato caused by IeudolerIorli fc' has been shown recently to 

cause extensive damage to tollltoeS ill Tai,,wn. The disease has been reported t cause damage to 
tollatO Crops in the i lippines, Japan, Taiwan, India, southern USA, Malaysia, and Thailand. 
('htivls ()lcrallt resistant to black leaf mold have been idenlifiCd and used in Florida to nininiluizC 
hOsscs I'cnll fle disease. Previous studies at AVRIXC failed to idcntil'y uscl'ul evels l'blatck leaf iold 
resistance amlll, cultivars commlonly grown ill Taiwan. Therc isonly little inlfonriation om chemical 
cccntrc] l"1the disease. The O'bctiVc ol'this study was to Cva.lut. aissCss fungicide.and lrllllCltS ill 
the tic ldlIcr bhlack leaf mold control. 

Materiais and Methods 
Tcnitcc variety TlaichUng ASVF-G N). 4 was sown on sterilized soil nedia in black plastic pot 

(9.5-cin-diamlii) oil 7 April 1994. The media coniposition was soil:rice hull:sand:compost = 3:1: 1: 1. 
I-ach pot was thinned tcc rie plat aftergernination. Seedlings were transplantcd to the field on 6 May 
ill twc-rcw plcts 5 ill long with (.75 inbetween rows and (0.5 in between plants in the row. There were 
five fun''icide treatments arraneeod in a randomizCd ecimrplete bhlock design with l'our replications. 
Treatictt, were: ( I ) Bayletlc: triadimef'on (I g of .SM W.P. per liter); (2) Scorc: diphcnconazol (I 

1I (1'/ W.P. per liter): (3) Spcrgcon: prcchlccraz + manganese (II) clhlcride complex (0.25 g of 5()/ 
W.P. per litcr); (4) Bcnlatc + l)ithlane M-45: bencmlyl ( I g of5(I'/ W.P. per liter) plus inancozel (2.5 
gl-cf ()M W.P. per liter); and (5) Control (no fntgicide). The first lngicid Capplication was made Oi 
23 .h11ic and. lhCrcafter, at 2-w ck intervals. A tctal cotthree applicatiois wcrc made. 

l)iseasc was assessed five times at 14-day intervAls from 9 line (2 wecks prior to the first 
ItfgicidC applic:ctin )tco .AtliUS1 (2 weeks after the final application) l)isease severity was visually 
Cstiliiatcd by 1ccoi'ding the percicntage of' leaf area inlfectcd after walking around the perimeter of 20 
plants of each plot. Data were analyzed by Duncan's nmltiple range test (1)MRT) (p < I%). 
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Results and Discussion 

At the time of1the first fungicide applicatioins, black leaf' m d was prescnt in the ex)Crimental 
field, twhich time less than 101/( of, the leafl area 10). Percentage of Icalewds allected (table area 
affected was similar amoig the l)h~tS lp-CdCsilattCol receive the I'tngicidal treatments (1P< I'4. 

Perceilage of1Cal'arall ,ccted by black Iceamold was reducCd illthe dil)hncCn/Ol, proch1ril, 
and hcnOl,,l+ mancoich treatments 2 WCeks after the first al)plications. lvo wccks aftcr the sccond 
appllication, someIC I'ClnCtio in lisCasC wits oblscrTL in triadMlimnel.'0, hot ICSs thM with the other 
I'ungicidc treatments. ()n the I'nal rating, 2 weeks after the third and final fung icide al)lications 
signifl'icant rectLionIIs inl ipercCnt le l arca allf'cCtCd werl'C 'olnlnl ll fMiicide treatments. The 
dil)h.cOnai0l and the bCtenomyl+mancol-eb trCatmcnts were the hest, 'ollowed by proclhloraz uId 
tri adi me fn, respectively. 

Table 10. Fungicidal control of black leaf mold on tomatoa, AVRDC 1994 

Percent leaf area affected 
Treatment 9 Jun 23 Jun 7 Jul 21 Jul 4 Aug 

Fungicide applications 
1st 2nd 3rd 

Triadimefon 2 ab 7 a 26 a 31 b 39 b 
(Bayleton) 
Diphenconazol 2 a 7 a 8 c 10 c 13d 
(Score) 
Prochloraz 3 a 5 a 10c 15 c 25 c 
(Sporgon) 
Benomyl+Mancozebc 3 a 6 a 7 c 10c 11 d 
(Benlate) (Dithane M-45) 
Nontreated 2 a 8 a 38 a 55 a 73 a 
. Cultivar: Taichung ASVEG No.4 

DMRT(P=1%) 

Tank mix, full rate of each fungicide 

Tomato Late Blight Resistance Studies 

Summary 

Six Comnnercial lollato cultivars with reported late blight resistance and 37 accessions of wild 
Lycoletwicon Slp. were evaluated for their reactions to a 'Taiwanl isolate of I'htolithorfl il/'lslan.v. 
All of' tihe cultivatrs were suscepti Hc,hut seven of' lie viId tomatoes showed anl intermediate level of, 
resistance. In a sel)aratc study, Lvropersi'mz s)l-)accessions I. 3683, 1.3684, I,3707, and 1. 3708, 
previously idcntiflied in the laboratory at AVRI)C to he late blight-rcsistant, were foMnd to he resistant 
inl out-ficld tests near Puli in Taiwan and at Iringa in Tanlania. 
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Introduction 

L.ate Niight caused by l',olhvpIl/ra inlf'elMs (Mont.) tIC1Bary is one of the mo1st destructive 
diseases of tomato in wet telpertille climates and tropical highlands. The paithogen attacks all 
il)Ahvcg rotid pilrts oi the plant causing rapid defoliation and fruit rot. l)urahle hosl r'Csistauce to late 
hliht is lot ivililable incomm111elrciahl cultivars, thus chemicall control is the otly alternative for disease 
1n:i.WCaenel wheni the tollato crop isgMrovn tider cIodulciVe colldhions. One obiective of this study 
wits to test ildditiollill Wild tO111illto iloCnSSi alnSoc to1 lloC 111111C1"Ciil ctiltivars for their reactions to 
Tiiviu\ was to test the durability, tinder field conditions,isolates ol 1). in/f'.stlmns. A second objective 
()I latc bliht rCsistalnce sources prcviously idnCltifiCd at ,AVRDC. 

Materials and Methods 

Disease assessment scale 

l)iseise Sevcity ratings (I)SR) were iade according to the fIollowing scale: 0 = no visible 
,,lllptillls: I = I - IH' leafarea ii'fected; 2 = I1-20% Ical'aca affectcd; 3 = 21-4017, leaf area affected 

and/or I - IoK stem area affected: 4 = 41-70(7 leaf area affected and/or I1-50 ,slem area affected; 5 
= 71 -9K Illeaf t I-I stem illel al'fectCd; and 6 1(0(1 area affectedirea afl'ccted andw 0()0'; = 91 - leaf 
id/olr lant dead. I.Ltte blight reaction cate+gor-iCs for tomatoes were based on their l)S as follows: 
)5R 0-2.0 = highly resistant: )R, 2.1-4.) = moderately resistanlt; and )5-R 4.1-6.0 = susceptible. 

Laboratory inoculations 

Isolate Pi- I Oilf I'. diseased tomliato plants in the Il sin Yi .arcain Taiwani/i'.,,,.s obtained from 
wis toied for the hlhoratory inltocuhlation studies. The isolate wa,itsmaintained ol rye A igar slant tube 
cultires at I X"'. Sporaigia ir inotiCltin 'CrcI-wudcer>londtaichCd tomato leaves maintained inl 15
un-dialls iptri dishes on moist fiIterpaper.will wet cottoll covCling the ctit end ofthe petiole. Detached 
leaves wCrc spraNiy-irictilhited wilh it sporalgial stipC'ilsioO from rye A agar or detached lealcultures 
of' I'. iift'.nslas. The petri dishes were sealed wit'i plriilll and incubated at I8'C with a I 2-h ight 
pia'Od fOr 7 to 14 Las. InlctI leaves were tr.insferred toitbeaker of sterile distilled \Vter and 
acitated to dislodge the SloWilngia. The Spolran:.ial StispellsiOn Wits filtered througl three layers of 
:heesccloth to remov leaf lMigments and thei di hited, baselon hemacylOlcterloUnts, to the desired 
concentration. Tomillto plants were inocultedlby Slrilyilg the foliage to the point of rtin-Toff with a 
SPOlrilngitil stispensionl then incubated in a growth roomll aintained lt22±2°C and 98±2% RI-I with 
14 Iof light (68 pL/m 2/s) per diy. The plant fIliage was kept wet by an overhead water system that 
nitlled iafine mist for 30-scc periods twice each hoiur. 

Field evaluations 

'omato plantings which incltded the AVRDC late blight-resistant accessions L.,3683 and L 3684 
(I. hiritatmn), ild I. 3707 aidI, 3708 (1. i)Up/lIlliiwn)were p la nted at tropical highlaind locations 
wlicre late blight occurlInce isCouniIOi. Flir replications of 'tir 20-cirn-diam clay potsplants each ill 
were iarrarned in RCBI) in the field near iPuli, Taiwiin during Septemher 1993 and rated for their late 
blight disease reactions itweekly intervals until lid-l)ecemher 1993. A simi lar stutdy was conducted 
itIrina, Taiizania froll Mirch to May 1994 in which iccessions 1,3683, L 3684, and I. 3707 were 
evaluated I'ortheir lilleblight respomnses. In htlll Cases, late blight devCoi[nient was Irlm natulal 
ill0 in.men 
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Results and Discussion 

Laboratory inoculations 

Seven of the 37 wiIld tomato accessions received lnean I)SRs or 2.7 to 4.0 which placed them in 
the moderately resistant category (table I I).The other 30 wild tonl;ato accessions received I)SRs of 
4.4-6.0 placing them inl the susceptible category. All of tle cultivars were susceptihle to isolate Pi- I, 
receiving DSRs of 4.8 to 6.(. Individual plants in sonie of" the moderately resistant wild tomato 
accessionis were rated highly resistant and were selected for mulliplication. Progeny flol these plants 
will be teSted inl the future for their reactions to I'. infi'stas. 

Table 11. 	Late blight reactions of wild tomato accessions and tomato cultivars
 
inoculated with isolate Pi-1 of Phytophthorainfestansfrom Taiwan
 

Disease Disease
 

Line/Cultivar Species severity rating' reaction categoryb
 

LA 473 L. esc. primitive cv. 2.7 MR
 
LA 1033 L. hirsutum 3.0 MR
 
LA 1469 L. esc. v. cerasiforme 3.3 MR
 
LA 1468 L. esc. v. cerasiforme 3.6 MR
 
LA 2080 L. esc. v. cerasiforme 3.6 MR
 
LA 1712 L. esc. v. cerasiforme 3.9 MR
 
LA 1206 L. esc. v. cerasiforme 4.0 MR
 
(30 additional lines) Lycopersicon spp. (4.4-6.0) S
 
New Yorker L. esculentum 4.8 S
 
Pieralbo L. esculentum 5.3 S
 
Pieraline L. esculentum 4.8 S
 
Piline L. esculentum 6.0 S
 
Pusa Ruby L. esculentum 5.0 S
 
" DSR scale is 0-6; see text for details
 
b MR = moderately resistant, DSR 2.1-4.0; S = susceptible, DSR 4.1-6.0
 

Field evaluations 

Late blight disease pressure was h.igh in both out-field locations due to sufficielt natrll intocuLum 
and conditions that were conducive to disease development. Ini field plntings near Puli in tle central 
higlhlands ofTaiwan, all fIurofthe AVRDC late blight-resistant accessions (1,3683, 1.3684, L13707, 
and L,3708) were resistant with low AUDPC values based ol weekly l)SRs throughotl tIleevaluation 
period (tlbe 12). None of the other accessions demonstrated aln effective level of resistance at this 
location. 

Only three of" the AVRI)C late blight-resistant accessions (I. 3683, I,3084, and I,3707) were 
included in the test at Iringa ilthe southern highlands (t izaniaia. All three were rated highly resistant 
along with two late hliglt-resistant tormato lines (WV36 and WV 106) from West Virginia University 
(table 13). The WV lines received susceptible ratings in Taiwan, suggesting that distinct tolato races 
of P. il'istansare present at these two locations. 
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Table 12. Field evaluation of late blight-resistant tomato lines near Puli, central
 
highlands of Taiwan, September - December 1993
 

Resistance 
Accession/Cultivar PI/Line Species Gene AUDPCa 
L3683 P1 365904 L.hirs. Unk. 25 
L3684 P1 365905 L.hirs. Unk. 20 
L3707 PI 365951 L.pimp. Unk. 50 
L 3708 P1 365957 L.pimp. Unk. 68 
L 1497 PI 204976 (WV36) L.esc. x pimp. Ph 1 189 
L 1501 PI 204980 (WV106) L.esc. x pimp. Ph 1 189 
Caline L.esc Ph 1 & 2 164 
Mecline L. esc. Ph 1 &2 174 
L3975 (S) L. esc. None 172 
. Area under the disease progress curve, based on weekly disease severity ratings 

Table 13. Field reactions of tomato accessions to late blight in out-field plantings in
 
Taiwan and Tanzania
 

Mean disease severity rating,
 
Accession/Cultivar Species Taiwan (AVRDC) Tanzania (Iringa)
 
L3683 L. hirs. 2.3 
 1
 
L3684 L. hirs. 2.3 0.5
 
L 3707 L.pimp. 1.8 0
 
L 3708 L.pimp. 1.4 b
 
WV 36 L.esc. x pimp. 4.4 1
 
WV 106 L.esc. x pimp. 4.4 1
 
Nova L.esc. 6.0 6
 
Fline L. esc. 6.0 6
 

Disease severity scale: 0 = no symptoms; 6 = 91-100% leaf area affected
 
Not included at this location
 

Future tomato late blight research plans 

IDtring 1995, lah atory inoctlation experiments vill be continued to screen additional wild 
tomilato acccssio s 1for ltee blight resistince and to screen hreeding populations derived from late 
blight-rcsislant ipUnts. Field studics designed to test durability and gcographical eflcctivcness of 
resiStlnt lines will be conltincd with additional plantings in Thailand, Tanzania, and Taiwan. A 
J)Iantig is also plaMcd in the Cameron Highlands oF1Malaysia. 

Biological Control of Tomato Fusarium Wilt 

Summary 
Seven hactcrial isolates, tvo BaCillus subtilis, IAur Psaendittins pacia, and J. aerugiosa,that 

arc highly antagonistic to klselriulml ox.'sparia r. sp.lcopersici (Pol) have heen isolated and 
identified. An addilional 14 Pol-anlagonistic isolates have heen selected but not yet identified. 
GrCnhouse stuldiCs are unader way to test the potential of thcse bacteria to serve as biological control 
agents ol tolmato I'lsarilin wilt. 
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Introduction 

lt caused hy F. oxv'J'.SIon1 W.C. Snylcr 

& II.N. -lans. (Io)is atpotential threat to tomato iprOdlction worldwidC. It is effectively conto'llCd 

by single gene resistance which has hcn somlewhait durable, but thire r-,Ices of't_halceriulmn ,ire 

Fusari un wvi SCI leCtCnd.: Fr f. Sp. lVcopeiCi (SaIcC.) 

lcth now 

known 1to occui. RcCCni evidence showslIhat racc 2,which overcomes itany ol the AVRC tollilto 

nlilies, is prevalent It Taiwan. Allil isoliltes otll eO VCo'Cl I'a0rl viOUS Ilcitiols ilivwl, 
Ioe0,volve, ippl)rtoachsC stich as13 were identiliCd israce 2 and thrC ts railce 1. Since nev 'laX'i-ces 

biolocical conlltl sho0uld be iIIvCStiiattCd inl alddition to thc ntrtoductioln otf"rcsistancC gcines thon'1gh 

tralitional bI'CCdiuc. 

Materials and Methods 
\'itrolBacteria alntlgonistic to Fol havC Ibeen isolated '0in field soils and Ip!unt rotS using al iui 

biological assay. A series of soil diltition s'iSc natdC with witer cotiaining a tispenision ol lF/l 

conidlia (I collidia/nll iand alitllls (f). I n1l/I, Ciiftllh r agtiarSoil SuSpenSlilS were spmeai Iovih 

sl'fIce 0f PI)A 1a:iiCS. BateiCril colonic, , ,,LiatCd with /olies of It'llnlal selectedinhibition werc 

I'lln the P) plates and dilution strakeCL oto1 iltriet.'lCIndividual hciterial colonies werClal'r. 


selected 1'0or additionil ICst. Spot trnilllcls of the bacterit were pliced 2.5 cmiifi tihe center of the 

antagtonisim test plate. A 4-ii'i-diaiit inoe)mlnl loin'i I'I)A plite culturel"of o/was placed in 
wasthe center of, each amtoillisinl ICst plate. The de.ree of aitagoni sm by each bacterial isolate 

estimated by the Sim oflthe inhiiition/in, i.e., the distaice between time Iacterial colony and tile 

lli'in of' the I'itl colony iter 6 dayivSt1 inlcuLbation at 24"C (fig. 2). 

Results and Discussion 

Seven of Illost bacterial colonies were 'or fiurther laboratory andtile anlagonistic chosen 

'le'e iihiILISC sttdies. A muon g themin are two Bcil/us .suhtilis., one .'sellelonlmlla.aug''ilosa,and I ill" 

i'sedlomotox cepucia isolates. More recently an additional 14 bacterial isolates, highly antagonistic 

to ,oI billt yet identil'iCd, havC hcn sClcCtCL frou AVRI)C tomato ield soils Mid Iplaced in long

tCrll storage fo0-rI'uure biological cOntrllol stuliCs. lIrcliminary grlenhousC sitidiCs havc heCn 

COnldUlCd to test tile identified gonliitc baicteria is poteintial caidliiltCs fo0r hiologicalsCveni tiiaLIM 

colinl'l 0f FlusauiuL wilt Of tollmao. The hetclia have been applied as a seed soak, root dip, and soil 

drench prior to inoculation of 2-week-old Fialstic tomato seedlings wilh Fol. All seven bacterial 

isolatCs dlaCiyCd wilting oftomato lants when applied isa root dip: I'rol it'hcndelayed wilting whCll 

applied isa soil decinch, but nonC \VCrC effective as tseed soak (tahle 14). 

Plins fo-r I'urihCr work include: tesiling aldditional Methods fo0r ipplication of ieh alntagonistic 

bactlria 1'0r c0tti1ro0l of fli'saiunt wilt, collectioii of iddiiilnal aitigilist bicria 11ro111widea1 llnge
 

offsoUIrces, Icsting of/'ol-almagoiistic bacteria lgainst otherltollato fingal patlogens., and providing 

the AVRDC Plant Physiology Unit as possible sotrces ol'inhilbitoryaittagonisfic bacterial isolates Ito 

geies that can ebecloned and Used to develop triinsgenicItollatO plants tlat Can resist invasion by Fol.
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Fig. 2. lnhibition of Fusariuinoxysporu f. sp. lycopersici growth on PDA medium by 

bacterial isolates HP2 (Bacillus subtilis), A 009, Pc 29, and Pc 23 (Pseudornonas

cepacia), and A090 (P. aeruginosa)

(Isolate Ps (P. solanacearwn) was included as a noninhibiting control)
 

Table 14. 	Effect of treatments with fungal antagonistic bacteria on survival of 
Fantastic tomato seedlings inoculated with Fusarium oxysporum f. sp. 
lycopersicP 

No. surviving plants after 14 daysb 
Bacterial Application of bacteria 
Isolate Seed soak Soil drench Root dip None 
B. subtilis DP2 1 5 7 3 
B.subtilis HP2 2 4 7 2 
P. cepacia, PC23 1 5 6 4 
P. cepacia, PC29 1 6 7 2 
P. cepacia, PC30 0 2 7 2 
P. cepacia, A009 2 3 5 2 
P.aeruginosa, A090 3 3 6 5 
. Isolate Fol-4, tomato race 2 

10 plants per treatment 
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Tomato Physiology 

Cloning of Bacterial Chitinase Genes for Fusarium Wilt Resistance 

Summary 

Chitinascs. partially pti rifIied from . (r00onusa. hydr 1ili/ .1PI(). I Slerihia coi .IMOIJ 

(pCII 1001), and (t) lewly-isolated cliitiloly'tic bacterial strains. ''cr assaevd lbr the'ireclTects on 

lmu'riiom 1.ovsporio I. sp. yvopersici (lo). All chitinase samples expressed Iheir ahility to degrade 

Colloidal chitin, hit none of them had an inhibitory cflect against Fol. 

isoltcd bv AVRI("s Nl\yCoIogv Unit andIn a +relatedexperiment, scvcn srains of bactria 
tested aainst other ltlnlal pthlloge ns oisltoli cffects ol FlIdentified to la\'c inhibitor' wer 

to;tt,i.e.. ;]IVo]pIlt;o'a c'ap. ic'i.inI ISIINL', A//, 11!11a rillT /Rhiz.clolia.o/ani. Stc('lerOlilllH P'hyt[, I). 

,holuzi, illtd librarics \were tIri the two Ihtuilis ,N'ioJvloli lycopc'rici. (;coinic constrncted 

.liili.s .traitin. inhibitory efctCts aillont the seven idcntil'icd , which had the stronwcst and widest 

strains by means ol shot gtni stratcgy. Approxinwtcly 20,0))) transftkrmatnts each IharCvestCL 'ro0meCrC 


being screned for a1ti''lgal gne) ) in a Ibiologi,'al assay involvingthesc lihraris and are 1reset Ifl 

Introduction 
o caused by lusaritnn ox.V'Fliii... 

ma.ordiseases il'totnato in the tropics and stnb0tropics. Thos. the Cstablishmcnlt ol'a controlling s;ystlm 

or1.'o! isotic t thc priorities in tomato p~rihdnctionI in these areas. Applying 'ongicide is a direct and 

ilstalt approach, hut providcs only ,hort-tcrm bncli and stimulates tiledevelopmcent it ' ncv 

physiologic races that are re"istallt to I'nngicidC. Icuanse' ofIthC concern 'o'the Cnv,'irmCnt, there is 

a tcndecy to miiiui/, chemicail usauc. Another alternative and prCt'CrrCd apprloach is to find and/or 

dc~chl /"/-r-csistiit \;'ietieV. h itv ,ithcomplete resistance will clilinatc the 

latholcn, and thtln, evic\cloplme'nt otnew pIysiologic races through hybridi/iatiot 

FIn.sa rinIm wilt tonlato(I, .v'cersici (Io!), is onie o the 

poiciti'lly prc\'ctt the 

or lltltiatll. 
(hitin is the major component ) Iug.al cell vall. Many reports have stlggectd that chitinase 

Iunal r"loth which contribtedderived Il clitherbacteria orplats expressed inhibitory c I'cts(on rit. 

to the ctnr'ent hypothesis that clitinas,," may play trolC in I'ngall disCasC resistance. For example. 
ofl rcsistancleca0uola.t CXrtssn hieLhr IlevCl chitinasc Cnhanced to fIngal 

to test whcthcr or nolchitinlolytic Acroniollus 
II'sCliC tobalcco nlld 

discases. One of the objectives ol this study was 

hvdropiilh JPI ()I (itisilatcdf 1omshrimp shcll-cnriched soil, and with digestive clTects on crab shell) 

and E.cl'hrichia coli .IM109. hlarhoring plsmid pCI IIOlI containing the chitinase geic cloned 'rom 

have antilnual el'fA. IvW li/pl1il.iJPI( I0, cts onIl. 



)clo h I0"i factorsEl'FIkts \Vwtc aIiso Ild doeIne taL'tIIlC't tie " i t, c ooft II l I Ilwi, ibitor 
from antilIllgaii iacteri. Seven triiinS of 't CtIallt ,Nt,1iel\,, inhibited rtmvIll of Fo/ hald hcn 

Io idCletifiedIc I ,'lbftili,%. b ci'tiu.is) latcd by the A\VTi.IM Iv.',oni I ;l , i , ')t, ,atu I and 

.'i.crngillosa I"II IRhi ,, il '/tIjt)IjiII?r !l"ii. !'li\/tttlhIll o ap.,,iti.The,,were Icstctd 'aIht 1' 1 'I, 

1'. ilil'.%tm .%,.,I.hrt (ri, .,,rolli. and SNhm diviiImoI y ,o cr,it -i. ThII ch IIIt )1 tIliineal c Ic(s ) .waI.s 

then atttllIpICd \s ih1 lltiaIl\ h t ;.iil lia iliine'al activities.I eCtrial strain C tiletrojin alth sideiC", i t 

ilt-rcsii,lItThis Stdt ispart of the ovwerall tr;Ht e. lod, vhop l ;iuti \,. tomalto \ riclics w,'ith clo ccl 

hc triilisl'ricl toIttillllato a the tra.nlornillatioll systcll that hasFOl icsitailt nllc( S . \ Ij_'h \,ill phints 
1
bcen previoulsly C,ihlshtC. 

Materials and Methods 

Chitinase preparation and analysis 

. l10 

shelt-eiiriChli d soil, .I l'Win.n )1 Ithl the ci dlled 
Ci Iiiitl\ tic At'I tnnuulx;hvl/1h1/t iNIP I)LI bIactcrial Strains niewiy isolated frotm shrimp 

iid Ixh r'it ,',I 109 lii-i plisillid pWI1 contaili 

cliitinais m..\. hdrhd,il wer' cultured in Ni) fliediLi1mCic ILt P)tI (provided 1w I)r. N.(. ('hai 
coltaininc ) ne./in llpiciiliii. 0.5,; cololidal chitin bu nigle'osC for 3 tlivs. ('0tlh idili Chitiii was 

r etiiin. Superniliumiit rtitglit 

to 7 ' inmi un ,Lill'mc it0 C o lUcciplatc. andil tt irciptilit s r\\ is, tvcd l in 11 1niTris 

b nttf r iI _IainiplS th b al h re IvCl 

prcpii-d.c ells ,acrv!ciil,, cd bN cclril'uwilill ilI(0,(0tifor I) HT was 

i t pll 7.2 and sait efIrV e C,\ky u ;l',SiIVCd for 
ChliinisC :!,.iviiv b1 li tirhiduinctric iethod. ( )1hmilliilr ot preiin samiple w,as itenbateti in I 11c 


I 0,.60NI tIt itl at I'or 

2 11 tt 37 (lii acti'Ii w ;I tleer nined tl t ll( ()li0 . 
colIi Ill ehliii silui ior I eolltidal hiiti. i ItI 1.2 NI 1115.11 

C I.i ,ci t hv abtllrbeIIcv IlicsI 

Assay for antifungal activity 

Antifuiial akti iv va:, CsiiitlilItCed nsing itiveeliui eCxICIIsitti-inhIibitiln assay. A disk of filter 
paper dippedil littl ,tlitlia ,iispeiisitn was plactd on he center of a ptialto dextrose agar plate, 
aid dsks dippeld il prtcl iii I acted i;describeid carlier) wer placed oin the periphery. Antiflligal 
ictiviiy wa:s tletrtiiiiiet , wlit'lher Or lil Ih C gre tiOr pceinhor',il disks BtasetI tf) this assay 

SV'SletiLI. se.e ll t Pa,ill/ .I 0 1 /,lai,,and l. 'tOStraiii ld o sl/iil '.tt,( /itI. ,up (I li/losa were isolated and 

iLentiiltic L haviiIL' ,i l inllhiborv cffectct (the ieeiicclhiin Leowili of"/o. They were then furtler 
lcstcd aeaili.i Rliwttnolii .ohi, Si. olinu r!, ii, lthopliilto ctpsi'i.I).il cst(ns, A/Itrlariet 
.S'ralli,i.und
,Slh'/1/ \'/illm l.\c'olwr~ici. 

Genomic libraries construction and antagonistic assay 

(icnnili I)NA from I. .duui/i.. lIP2 antid I)P2, tiie sirains tlitl expressed highest tntilungail 
altivilics in resiptiiic tt Iol anid other tlnlialo pailtlgeis, w're isolatetd iid parlialIV tigested with 

StiAI. The rC, ilL IiWelaeti aneing ir 4 to kh \Cwre isOlattCd b sucrtose tiensity gradient 

ccfitri neat t.i and 1Ii to /?(I) II-tlgItCd Ipla'init 1K4 tihdI I transle red;itetd pd114, n into E. co/i 

NI I1)1. Abol 20).00) trllin'lornlis pcr library scrc selectedi on 1.B1 plittes with aisuppleiimen[ of 

50 iL/il itIpicilin. Aiiitel IisiIc assay as cIiri tl tthe ltto-I iiI hyphae extiIsitti-inniition 
assiy tCscrihCd earlier. A mass tf furgal iyceliui tl the plait 16 1. coliwas placed in the ccetter ritd 

cloiiCS inlnl 5 trans lftrmiants antd IttutittItIingi ihc (/--.c(oi MC 1061 harboring pM K-1) were iiltctiated 

pc IIcralI . 
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Results and Discussion 

Chiti.tIscs. p',artially purificd 110111 A. lIvdrolihi!l,IPl0I, coli ,I 	 10001. 109 (p(1 1001). and 
n sCvIislatlcd.lIstIu .,\orc ;Is>-,aycd lo'Mchili tIc', 1\liviti', and i; iihit ' etfectsI lt, IIAll chitinaIsC 
sanipics purilicd fronI tIIhc chiitinllltic strains clprcss.Ic hC"abilitv t, di CSt ctlloidal cilitihW 
lt s,'cr, <,nlc ol tie lc 'there ar "cihlibited th lla. rIllA\'cl'rtl po1ssible cxplaiattitOns 
Ir tis diflllr ,Ceirst. the is )ttc hitill 1m l h C'Itichitil whichl itcr.. cil_ scs Is jI c..ilic tOCItj is oliIN 
.Scond. thlere ;ic ,,cs cr~tI iso~nlt's it tile"c,'itirImbe el bt cias.si ficd a.s clldoctt/vtllc ti inillilv. '.5 /c'iiiI 

C t)cl/.vNIllc. ltos 1 t l.'l ciitinascs ,,ill, Illtitt lm t'l.l ih tics aplpcarcol ht c,lod lil/'nlyics. In this 
col nccttllll. ,hithl;tsc, 1rom1 A..h'lro, i/ol' I I(. 1-. co/i .IMI 109 (1p(1111)(1 I. anli I((ncwiy isoiltcd 
strains nlla\ hC c\)cn/\nilcs. T11hind. crXb/shtrilp chitin1 .JtliL l Chitin1 Il;1' hive diilcrcnl 

Atl(ntlcr cxp erit.lllrt \\as5'set II I() ,olatc m' itli'hillaii gen,') s) Irn) a hliln,.i,l iacteriaIspCciIlic Io 
Io/. I Sit. srlill,, o1 hactcrial i,,la idMcntiIiCd t,) i cIlfccts theS. cn i,:d111(1 .,Cillhlibittir\ i 0. O/ 1v 


, c, l , crc ;LLail ,t oihcr Itli pat n I tonIa'lto. i.e., Rhi,c,. iill .0',
loh,' I lit teCs.ted ,l lnw ( 	 1i. 
'.Sc'hvrolilllir)l,/i/i. l'hsv lo Ihl)/ 11( ,Ii, t ,. I'.'lb Mi,i LiS/ 'l, IV/i'/jil, 1/.\'( 041r,,,i 'i.ti1 i'.1, ic Irl 1' bH,,/ ' 

11Cs l ' il hactcria iouM,,S 
,i'ell ,ilt1.NW,(..\+,0) inl1hi itCd tlv,'cCiKI .ro,,.,. ol 1/.. wv,.\ t, . '.,)l. i. ll ). 'lp',iri gr n tl the 
cde,.s o thc crcsclt,;.tileTal'ctcd tll'clIIV co+uld liit rc.:stu0rc 21thMk. Ill cn t11C11 to 

Tl h'bI the e It !tiltt tt dillcren'lt tiltat3o I'uL,2,l pithlltLCIns. lP1 00m 

\vcrc traIMsIcrrcd 
the. IICI\ picler. pottoh ticxtrc icar plitc. 

tcstits sltl tg't thill I'. iicr/t ,tosi, i ,\()0() his; it 'unicid Il cffcet on tic testcd fu i. 1.ikcv.sisc. 

Ibai/ht.,; .%lU/i.(I )I'2) Is a ,,ililall riicidai clcl onlk..xohi.iiid I'AC'do/)11lNC'l'iO(P('29) 
onl R..,,1,/,i ttl I'. '1,.h . ( )n 1hC oticr ltandi. 1'. (wrltli ,o.l(,A090) iilhibited th Ih'ycolitllr ll'tl; P. ,r 
()f S,. rol vii, bitt iid no~t kill tilc in ciulll. 'I C illlibtcd rl ,cclii' grew tL in vicn tile, , \.crc 
tralisferrcdi lo tile lcwIv prl.'patrcli ptitt deXItrosC Resits snggcst IIl tl I'. lr. ,i'/o.v4igir piatC. 	 ( 

(A090) 1its a fltneistatic elfect on S. r,,o/.ii. I ikcwisc. Bcill+s s/filis I(l)l 2iaid Itngistatic eftects 
on/". ,' v).vy: 1,:,,. S. Iol.fsii, andI 1). C(Ips.ic'i a.lnd IPsci+lonion .i cl'l +,'hO(PC2_Q) ()t /1. ,X.y.,,)'/, 1?.,Mill 

Table 1. 	Fungicidal and fungistatic effects of antifungal bacteria on different tomato 
fungal pathogens a 

Fungal pathogens 
Bacteria Fusarium Sclerotium Rhizoctonia Phytophthora 

oxysporum rolfsii solani capsici 
P. aeruginosa (A090) - ++) 

B. subtilis (DP2) + + 	 + 
P. cepacia (PC29) + + 

Initially inhibited mycelia of specific fungal pathogens were subcultured in fresh media 
- = no mycelia growth in subculture, indicating fungicidal effects; + = mycelia g:owth in subculture, indicating 
fungistatic effects 

Based on these resnlts, two Is llil: strains vith strong antilgal activities were sujected to 
the gcnomnic library ctnstrittjon. Approxinately 20,000 transfioriants each vere gleaned. Phtsrids 
of randoinly sclected transtornrants vere isolated and checked for rccoibinatiiit. Most of' the 
rcconihinnt plastuids had DNA fragment insertion ranging Irol 4 to 15 kb (fig. I ). The gleaned 
Ir.ltnsforillanls are bcing screened ior i'.tifnptl gence(s). 

http:r,,o/.ii
http:clprcss.Ic
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Ml 2 3 4 5 6 7 8 9 101112 13 1415 M bp 

ir-- 9416 

.. 4361 

2322 
2027 

Fig. 1. 	Gel analysis of recombinant plasmids from the genomic library of Bacillus
 
subtilis
 
M: DNA-Hind III digestion. Lanes 1 and 15: plasmid pMK$. Lanes 2-14: 
recombinant plasmids 

Inheritance of NPTII and GUS Genes inTransgenic Tomatoes 

Summary 

Trans1') rination of imonato was carried oit with the transfoirmed Agrobacteriumntiftincwie'sstrai i 

containiig the clilieric NPT[ I and GUS genes by the nelhod ol'coculivaltion. Both the expression 

of klnani)cin rCsistance and S1onthern blot analysis confirmed that tralnsformed tolmato plants 

imined the introducCd NlI'll lnd GUS genes. "I'ianslhrineLd tom1ato planls appearC'd normnal 
sellwith viable seCds. 'lihe first gCnCration (R,) IplantSderived I'lomlplC it'picaly and produced fuitl 

pollinalacd rcgcnrated plants (R,)werc scorCd fomr kananivcin resistance anid presence of GUS gcnc 

SSothern blot analysis. S'grlgation ratlio of R1 pr')gen deviated fron the Mcndclian ratio (3:1). 

which miehi be because R,planls were chimcrically trafisfirnCd and the inlrtoducCd foreien eeigCIs 

iViV,halve bee'nl lostdurine1 nilosis. Tus. these ts'o forein uenics in illato inroduced by the 

i\'H4ru(Ih'rlumo-niidiated nithind wcc inhcritable, but their inherilaincc did not follow til e]delian 

ratio ill the R Iprogelly. \Vlicthcr or not the inhCriicC of transeeniM ionitoCs follow the MenIdelian 

ratio ieeds Imore investigation in advanced generations. 
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Introduction 

ToiaZito (Ilvcoper.,ui'on t'.cmi'nr tisa valuable species for studying phlat translorm'tnatioil. Mamy 
have reported that gene tr',s olatir in tomlato can sl1ccCsslily express tot'ci y21ges and devchop 
stabic hercdihtryV cul tivars in progeny. Mendelian inicrtancc ofl'foreign genes in pettnia and tobacco 
has blen docilUllcited. In the pas , wC hyvc s(uce"'.sii developC tr. riiishlllti) Syst1ilis to 
transferlforcin eci, illt totmait, and pepper. The objcctive (fl, tis pro ject wa, to tose transgenic 
tllato obtaind,. ,t,'robotHIe''io-ilediedtletCliod to study the inhleritanccathe 1 as a',model systei 
Otficrci ec'll in tri,sNCleuce,.'s plants. 

Materials and Methods 

Plant transformation 

loiiato ,'vrietics 1. -4783 and Tlainan Selection No.2 'ere used to ootainl transgenic plants via 
,+\'rohocit'iji ir translfrllllt1 rot the cotyledon were inoculated with-llcdtiltti system. Fxplaills 
tris'triiiCd 1 IrlhitriI , InBA44(4. harboring p13l i21 cotaining NPTII and GyIIIIJhicl'/ US 
Cencs, anld selCctCd oil kalililycin colitailling iuediiMt. Regctcraked tomato plants were specilied as 
R, plants (i.e.. iititcitdiatc Clncratiot ) and self-pollihnltd to obtaill R, piahts (i.e., the fihst gCliralion). 

Progeny analysis 

Sccds (R1 ) hlrvcsted roin self-pol!ilation 1"R,) plts were ,_ermiMted aad sc(red on 112 MS 
iicdiiii contiini hg I)) m.e/ml kanamycin at 25'C for selecting the presence of NPTII gene. 

Southern blot analyses 

inTliu I)N A vs cxtractcd frtl 5 g of flresh Ica, lissue from g-reciiousc-grown R, and i 
plants. light iicrogkralils ofeach ol the resultig, DNA samples was digested \vith .'Rl and lli,i+dlll, 
aiid clectrop orsccd ill O.'Ni'; irose gel, and then traiisferred to l-lyond-N mnemnbrane (Aiershani) 
hy icutirali/,itioibttiiug prccdure. A3 kb(US fragmerit from pI l121 was labeled with I)G-dUTI) 
is plrol hvbridi/1mi iigat,inst the icmlurane to examine the presence ofI'GtS gnCe in Ranrd R lamts. 

Results and Discussion 

The regelie rated panticts which survived the kanamycin selection media were transplanted to the
soill. The iiiimcdiatt reg'nerated hplaits, specified as R', appeared phlnotypically normal and 
prmmducecd fruit wvith viale. seeds. Sotherntl b~lot aalyt',sis revealied that R+, plants conltaineld time inserted 

3 kb lragnlilit o1the chiliicric GUS gcmC (1i"t. 2). 

Tro ciaractcrilctime intcritiol Miid inhcritance of fhireign I)NA in tomnato genome.cwe atnaly/ed 
R, prgtlny dehrivCd Il sl illatCd R lines. Whether iir imit R, seeds survived the kanamnycilSCfI*-pot(l 
containing imitlm \,r\Cd as an iudicatimn of the presence of NPTII gene in RI progeny. All the 
segreatlion ratio ol R, lines src d strnely deviated froim the 3:1 (rcsistant/sisceptiblc i Melndelian 
itio. This is becalusCe R pa,nts:vrc C,.'imicriCllIy tt;Ils)ornicd, cmlsistili, ol, bIth traliShirlled and 
1i litilil[orrli'c cells, and resulted ill it high promportio ll 1 o'lltallslorii ed R prlogelly thall expected. 
Moreover, thc abcrrant ,cerC, at'ioliratils RIii1 pltnts suggestCd that R,) plants were helteroiygous for 
the transforuicld trail. It ,,asprohalh that lorcigm I)NA integrated into the genome,.o tOf[he R,, plnlits 
were pim'tially lost durinig lciosi,. Ilover., R' prIcly deriveld from R, A47 line scgregatcd fbr 
kanai'ycin rCsistattsttIl,.cptilc in it1: 1 .0 ratio , and Southern b tanalysis ol'the kanamycin resistant 
seedliigs cotl'irnlCd that R, plogCny Cm;ilitailCd the GUS gene (fig. 3). 
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0~0 

3-,
 

.].0-

Fig. 2. 	 Southern analysis of R0 tomato plants DNA samples (8 mg) were digested with 
EcoRI and Hindlll 
Lane Marker was the Hindlll digested kDNA. Lane p13I121 was the 3 kb GUS 
fragment. Lane CK was a nontransformed tomato. Lane A24 to Lane A49 were R0 
regenerated tomato plants 

~A50RI 
Kb 10 15 20 27. 

23.1 

4.3- I 

2.3- 
2,0-

Fig. 3. 	 Southern analysis of R, progeny derived from R0 A50 lines DNA samples (8 mg) 
were digested with EcoRI and Hindilll 
Lane Marker was the Hindlll digested kDNA. Lane pBI121 was the 3 kb GUS 
fragment. Lane CK was a nontransformed tomato. Lanes A50R, (1 to 27) contained 
DNA from self-pollinated R. plants 
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Wc concluded that ftciieen I)NA introducO.d into tOulahlO 'Ihtits \ ia ,,Q 1.1 4 r),i IIlcdiated 
tranloliiiation ,,tc il ks inheritable. but its ifhilritan.cC did n0[ f'Ollw the Mendl.'li;Il ratio at the Rl 
proeenv tace. \\'ork i,, ,till in p to in\csti-mic the()roc,, \pression and inheritance olthe two toreign 

ou_, in tie' advanlced t'clncrtlion. 

Identification of Genetic Markers Linked to Heat Tolerance 
in Tomato by RAPDs 

Summary 
lndoiIi aliplilictl piolymoiph I)NA (RAIM&) liti\ ipC , arapid itictilicatitin ,fienctic makers 

linked to, important tgei,,, s\ hich cil tacilitat tcin'rltentiii hich\' tTfhii study 
\ a., t) idc ti,,RN:\ I)it kr, ate,,),l.tl s,ith hefat t lcUec in tomat(. Nincty-cieht I-, .cgr.galing, 
iihliVidlkl , dki', a1hll ,rs, h t\, ccil 2(+h Iruit-lct )'int I. 4422el I\iC ,-.i. ('i . 59 heat-tolerant in 
(lu at-,li,,itis\,.e I . .'r ltlai 'l,tlA r frii'-M fruit iCMtl sC.0 ndu1t -t. ' ,ili. nd '.Cs d lhi .r yr,.Cnlol 
nllditins,, itl111 tiitner. lh dl ,tlihw im f a( erl',a ' frit s, 'iWtt itl I" ,, ',': Itit! li)ipil;iii' was 

,titlui lkt's , I cst. ' \ d ildthl(t1 111W ,'IC h.tion hlte ,, A to al el(',4()i l i [0 14 i Ih 1 linHlcit 0I t 

i ,iiiliiiipriLrN it, llinL, ,, r'Clrtd l'r atn RJ\IN ) iurkc~'l + t vw-wtjeL,ites ssih hid; lut-set rate 
(i.t.. htcai- t, SL'\L L h tit I di ll , \t'ur i. r. te hcitt. ti . 1l ei ,it iiidh\ i).u if \s\ i,C 
irinv eli,. - -,',eitt %\Iil thew hih frnuit-st icat-loidialit trujit. Sinlce (ruit-set iNalpolve'Z-eunC trait, the 

l1(1-,,,ihl-,lit ')I thI',C iklC ii'id loci lhcing linko f,H)+ tm illw y"c.m-u, canno~t lc ruled on(t. kdcnllificatioll of 

-i .ttlR.\ll ) wak,'us ate \\ ith i;tiliryecucs; ,t'high tuilt-st ha -tolcr'i t trat is still in putguess. 

Materials and Methods 

Plant materials 

(nc Ininhucd F, ,cpwgeting individuals derived from asingle cros, betwcn CL. 5t9 15-206 (hcat
tdet'aint i tld linei land 1.4422 (hcal-sncnsitive accessioln, I 3)(t7 16) wvre obtainLd by the 'O;Mato 
lirCeeling 111it ,t .\\'RI)('. "'Cn SCtIs tfl'Cuh aI'erntal line anid seeds wrllanted inl the1(0( I. \vCrc 
LircCnhtiu,,c in leruc ary 9)4. and scorcd lor 'nit-'t fluit wviht. and sCed yield trim Nla' to .1ne 

f tlei., \,'ur. Iieht euisters, t each plant w.t: ,eine'd . A\ceC temperaturc was I,8/9(" in 

Flcrurv intd 30!2- ('in .ntc in 19)4.1'\wo F indi,itltr is and one I.-1422 pliint died cCauttsc oflhigh 

DNA extraction and RAPD 

il 5 as, sinpltd f'nn 4-month-old individuals plants, and extracted 
gcnu ic I)N..\ With inotdiliCtd ("'AB inethiod. RAI) rcictions were lpCrlui'1icd in 25 pl volume' 
,'uulltaiin.! 2.5 p] ItIX bul'T'r. 2.5 nMNlge('12, 2.5 HIM dNLTI)s, approximately (1.2 pN.M prine'. 0.625 
unit T, I)N\ pilyicras, (l)rkin Fllulcr ('ctus) and 25 ng of' plaut ecuomieIc DNA fromlieach 
irldi\'idiihi. ( )i'th p(ri l rS testetl. 141) wcre from ()pcton kits A,. , NI, , 1t, V, and \V (21 priiers 
per kit)and 5(1i tfr'oim11W't I. 2, ,,. and 7. Reactiun mixtnrcs wcu'r vemrlaved with I dtrlop mnineral 
Oil. Anlulilicatiios , s\crc e),rf, rue'd iin an hOicomp 'IrunMl ('ClC'r 1'01' thrce cycles (I min at 94°C, 

Fivc (ramseal tissnC Io 

http:ifhilritan.cC
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1 iln at W%(i and 2 nlin at 72 U.Llllo\\ eLI h\ 41) tcc (30 ,c atl 94 C(.30 ,cc at 30"' I mill at 

72 (U1 and Itirthc extenion~ atl 72 V' or t Artlld h CICI0)IIprSi Si llMtmin. f(RPrifik \\ere 1w elec r' 

ueuraloL, ycek I-til at butter. lor rupfIro!fiiatCI\ ek were
I100) V ill TI, 4 1h.(;Cl I' ained ill ethidinInI 

ResulIts and Discussion 

I feat e~du(Ced kiUit,ettine 'I\ in IA422 line. ('I 59 15-05)a heat-toeraw line intermlsmir ee 
1*1it-,C[. \ iHLI~d N.') Il it ol t 8,3 10"elr pciplant:anti I 4422.alIiat-weiiitive line. Aieded 

2 ltnit\ otit (d 71),-' IloerS vi. plant. flue F, popuilsutiouu ICuutld to0IV iieau-hderant dominant 

'iuu. I:, inktidiil i1,1(1 liieiier Iilitd-Nt rite thin (T Sn I5-200 platw IiL, 4). Traiiquiiesive 

'WICLtditk(il \hichl iNthe pljuvw eotf Nolile iloinant gciueN Irouu 1 -14122. e\plaiii' flie hdevl i-st 

I1lIC dils1l1bu[i1oru (t J\ClAtee Ifilt iot I eiustiu popuilsutionl \\i~ t,, le ,kc\\L towaRIlS 

Ni/c. elusuuurteuitit 1-1I422ie -11.Fruud it l wa devrinHInel 1)wuiu11tiliCl CeiIC. anid theC 

'W11011ittlol V ~Addtihi. Ike Nkc\%ncN,. eeet that sm11all lilnit >,i/e \ a' dtiint11011 fhel aHI-\\,tM 

iu)hi icii,iuoi tihutit tccd \ieltl lil iluli km iti helotuielt11t1Oiioh IPalelital lint>, 

(l ti-il ecut milurr with-10 iiiudoii priliei\ arc~en2 ln.meforasn RAN\~f) ut Cti-1)(uLleCites 

illil Itliit, !iii i.. llu-llcrii t. Severl e il l \V tifit'tfusuait Iiiei iust 1 ) ild iduisil id~I 
hm c\ ci thcuceloi It' in o-~eeast ill &pih lruit-: at-irilit trait t tip. t).Since Crid

hNapoir emuc Wlil, til poniblity of te ideitled loci bei liiKe tomnsir nene atim ithb 

Flled out. fdelitlieatiOn (41011I) markers associated wiht major genet( ()Ithigh'I mri t-set hecat-toleranit 
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Fig. 4. Frequency distribution for fruit-set (top), fruit size (middle), and seed number 
(bottom) of F2 lines of a cross of heat-tolerant CL 5915-206 and heat-sensitive 
L 4422 tomatoes 
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F2 

C L 1 2 3 4 5 6 7 8 9 10 M 

0.93 kb) 

0.69 kb "4 

Fruit set(%) 39.4 3.2 72.3 57.9 57.3 56.1 50.1 0 0 0 0 0 

Fig. 5. 	Electrophoresis profile of RAPD products generated by UBC primer 173 with DNA 
template from CL 5915-206, L4422, and F2 individual #1-10 
The arrows indicate the 0.84 and 1.20 kb RAPD bands which detected 
polymorphorism between CL 5915-206 and L 4422. These two polymorphisms were 
segregating in the F2 population derived from CL 5915-206xL 4422, but not 
associated with fruit-set trait (M = 100 bp DNA ladder, C= CL 5915-206, and L = 
4422) 
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Genetic Resources 

Status of the AVRDC Germplasm Collection 

As ol'3l l)ecenber 199-4. th total tItuiberll rictis t cccs icss inotlse ,'\VRI)C collction wasn ,d 
41,,68 (table I ).This reprsentsa reported last year. ()th is. 1969 elotigilcllisc ol25 19 over thitI b 
to the principal crops of AVRI)C' and 571) to otl'r crops of" rcgionial importance. The eggplant 
collcCtion increased Iv1243 ei,s,,i the ISI)A collection.ilc \\,ith tie addition ,1accessions from1 
The collection includc, 1,ourt' specics reported resistant to shoot ald fruit bo~rCr: S. ilh',1'rijlhiIm , S. 
hirum, S. sisvmbril)lilmn, and .S'..d+m l /)Im. 

Table 2 shows a summallirv of the 1994 ae+quisitim;s of various crop species. 

Table 1. The AVRDC germplasm collection, 1994 

Crop No. of accessions 

Principal crops 
Soybean 13,618 
Tomato 6,806 
Pepper 6,629 
Mungbean 5,769 
Brassica 1,466 
Eggplant 1,807 
AIlium 518 

Subtotal 36,613 

Other crops 
Yard-long bean and cowpea 1;608 
Phaseolus bean (including lima) 548 
Black gram 452 
Luffa 280 
Cucumis 268 
Abelmoschus 212 
Pea 211 
Cuourbita 197 
L,blab bean 173 
Benincasa 127 
Others 1,179 

Subtotal 5,255 
Total 41,868 
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Table 2. Summary of 1994 acquisitions 
Genus No. of accessions Genus No. of accessions 

Abelmoschus 13 Ipomoea 13 
A/lim 124 Lablab 12 
Amalanthus 45 Lagenaria 58 
Aimphicarpaea 1 Lycopersicon 108 
Apium 6 Luffa 38 
Basella 1 Momordica 21 
Benincasa 14 Nicandra 1 
Brassica 41 Ocimum 4 
Bri nfelsia 1 Pachyrrhizus 19 
Ca/ants 15 Phaseolus 110 
Canavalia 3 Physalis 1 
CapsIcum 266 Pisum 4 
Citrul/us 5 Psophocarpus 43 
Chitria 4 Raphanus 5 
Cucumis 63 Sesamum 4 
Cucurbita 53 Solanum 1253 
Daucus 13 Trichosanthes 2 
Glycine 15 Vigna 66 

Total 	 2445 

Multiplication and Characterization of the Germplasm Collection 

The 1tiIipli ;Ctti0Iu itioni o1 ew isitiulns nd the retgeneration o1 accessionsand charaWtCrll i ' ilcq 
w'itlh low viihilitv or which ire li\ inqtualntlity is a contintuini2 activity o1"(RS1I. 

In I91)4, tihrec kl tintl, wcre int\'(lVCd iI multilflication and charaeteri/ation: the hCIadquartCrs in 
aI''ii, the llilippinc ', ill 	 collioration with th National Plant (Gcnetic Rcsoilurces L.aholahir,. 

' ,It niii\ N 0t he' Ihillipi ne\IC olt.0, - Illll): and "hailand in colllihariilon with the AVRI)C
.Vii Rcc ionl (Center and K ,ue(art I ni\,'r-stN,. rinorili/ation ilt itiltiplication was bised on the 
lice('c'tl, F tile ccnhr ric, Ih"_an thie '01nditim o the seeds in sltoirai0c.We. 

The Inttmibc.r of aicssions pllitnltd Io)r irnltiplication in I t1t)4 ire shown il table 3. 

Table 3. Number of germplasm accessions multiplied in 1994 
Crop species Site Total 

Taiwan Philippines Thailand 
Soybean 2,000 2,000 
Pepper 236 400 361 997 
Tomato 35 40 75 
Eggplant 86 222 308 
Allium 36 36 
Brassica 27 27 
Others 680 54 734 

Total 2,420 1,080 677 4,177 

http:sltoirai0c.We


At IieadIItuaIIers 11 1it+nlttititaiil (f OlI'CaCCSt0ii lcch 01i iV'' CropC T C'cits (pcpp'r. v.wild 
tonatOcg l~ant ,.Ilimand/h+;.+.i+.') inlml c1'C \60it v-ccsa Jtsl+llin',ttorsnet Chtm waS C t inLtcd.
 

t, 1994. 
inultiplicti: 236 act'NLJnh at GRSL, 361 at:ARI)C ARC, and 40(0 in to Philinplint's hining thc 
ttal nninher of t't'Nsiilt,,nmtilicp d and c'hatraCi'iCi/cd 1o 4011.43 ai'cCssions-,ore li the total il the 

Inctisivc HIi tiI icatiim (I' pepper wa,L i nt'ltid. In i total of 997 ac tsills \ot'crt 

co~llection.
 

Ill s\ vl'tns. tlie List 2 \ cars have 1'cnc l',ottcd tothe 1ictt a c sthi tla\'c cciii t'c'ilt'Iation ld 't 'c ii 
illstor'i,.c lowr mo~re thanl 8 ',ar,,and h'a\C ,,Clr' \iahl~ it\y.Mhlkilt'lc'alimln att10%%,' \,,s domhinoth 

hICiIdIIuatt.Cls illTai \%ill and A.\R IlWt-AlR(" Thai ild.A\st (d' the act-cs,,,itm, inultillicd ill Thil and 

plrl (f the atCti ,t tllC0titl t 
AV RIW)(-\I( '. U ndcr te ,+,tp rviSiiit 01l)r. "C't it -I t'. 'iildLt'Ii sCiClItist tlhe 
was kept ter 1t sCIrvC a,', , litMic'nttttiallv will all he tr'a I,lc'CIid 

l t,' lirt11 Pt1r;il 
l)tvclopti'ct 'd\tiitisti'atiotn (4 Kt'ai.a (tcd at'c'ssiontn vwtr' Multipit'l tedndfl200) , sm b.scihitl 
ch'il'-tctc'rJ/u".+Irl' alltil1 " \Vc'lC (1011C. ()Il" illM il~'h au LIM WOlltl~t .;lt'nIIIV",'. /AltionHl I ("h'it'laCt,.'Ii 


w,,ash,,sc tl(i20 trait,s. 

Lilcvt'n \iiu-,-,.'lt'art't carlit' at t,.,ii \ i r ttirnc, ivcr wit'ieiv o( iRSt I. ( )nolhavt' bIt,.' od v irtlt''; I nit 

I()tell IIiltlt,., tfl' 'l'r\ItHlIllo.'dia. The
Ctc'h aco.cssit)[ v,CrC Mnaintairnedc in tn liq ,.;ttn and 0 )Ct 

InUltilit'lati,,n HIicdian ti;tI \as B5+i.5 inc/I .NAA + 2 t,/I.2-iPi anid the t'ii'It 'lttr t vasv ~tliit 
.\IS+3t)c. t~crtinm,, -a .5pI. a,', +Ri.5 ti/i. N.\A ± 2<; i',mniltil. In tins tlse,,ks'rvititm nwcititm. 
t+'tiitics Cal l ltrtlnti,.lint'ti for 6 The ,'tiltni.. ,,v't' maintaincd at 25 '. Sih(tirk aii 16 i liciht 

\it ta l l tlti',uttiott atd as(-0))) Il\ I. Ihilolcts f't1r c, ill I Ci ll Ui' 1se'trdi .' ,,tatii2 Inlat,.rial i'() tie 
inltiplicatit cycle. ()nc itv'\t'In planticts orlsix Ict''ssionils lastvbe'n potted it i preparation for 

luin-ici' Itothe hrtcting tl'tp. 

Distribution of Vegetable Germplasm 
Table 4 shows 11w conlics that rived\''t AVI )' gcrillasil intiltding hreediig liines. Thi la nti 

received the higinst ir of' sanipitC' fmhwtt h'i'ai\wait and thePlhilippints. The Iarge nlitthcr 
of'samples -;it to Tvaiwtn and tlh' iPhililppfit's is the' r'stilt oI' joint pi'otc'tis t multiplication o)I'i 

vegetable gerniplasil w,'ith the Nati mtal Plant (iCnt'tiC RC ttr'CS ('enitr., "i'aiwan A_,c'iC'tltnral 
RCsearch InStitc. anti tltc NatiInal llait (entic Rtcsttmrcs I Lir:itar',r\, lhiippint's. 'iit'l 5 lisis th 
Ilnijolr in"SttHIitons that rCCCi\ Cd .. )('THIIIllSt>, illN94O-.\\"RIW 


t pitnlla,,ii ct'mllt'ccttn clttr 

tilematt'ials wtre tst't inscctccnilc or i't, J,,t .

"lahlts6 and 7 show t ul'aothi t'c h' ltt' the :scicntists. Not])l ofI 

nctttiiltrantt !oLititic antd ahiotic sti'ssts (alltliactimsc_', 
batctrial wiii latk Ical'intold. virti po ti,hdIiincI Ittat i. rtlt y toliht ,t'5. 1,tr ii ( )It ors \t'ilt 'i 

vieldti als and t'vahnatii tn a trotpical icAlv vc'c'lahlc'. Riitits[tck .cit'cion ani . i'afiiil c'xi rintlcits 
have cL dom'n ti'sing SpiS. nsnalv ,Sohtt +. lviolov I llit i''-tC 'dIItSe wt um The lPlant 
nat''ialls I'orrsti'it noctulatilln anti ir'sLrlaion c~pi-iin csnts. (G'nt'ticptdyiniii'plisiti hastd ott 
RH .I/RAPi) an lpi'ittin c'lct'ti'tippltmt+'sis was stitlitti ill simil' tmitdations. The're'wte'rc also) Stuit's 
sum Cdllgt 01' llLl' dus. itt ou, rCtlICratitrc. w c yertent the+

dta' lnaI. and Newly
• 

intrtsucd gtri i0 
v'lilolgy'glmtlp I'~vrsc~nntl.Knlown sourtll'mcsd, irablet_ iatS\wctICusd h y hrC'crS in tli'i 

llhridi/atioll irogrla ill. 
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Table 4. External distribution of AVRDC germplasm and breeding lines in1994 
No. of samples 

Country A B C G I L 0 S V Total 
Thailand 
Taiwan 
Philippines 
Nigeria 
Indonesia 
Korea 

0 
0 
3 
0 
0 
0 

35 
44 
83 

0 
0 
0 

112 
240 
496 

0 
710 
68 

2,066 
794 

61 
1,000 

7 
412 

0 
0 
0 
0 
0 
0 

970 
1,410 

217 
22 
50 

5 

10 
131 

1,010 
0 
0 

95 

0 
0 

38 
0 
0 
0 

4,298 
3,475 

6 
0 
0 

140 

7,491 
6,094 
1,914 
1,022 

767 
720 

India 
Tnzania 

9 
29 

1 
80 

321 
192 

118 
42 

0 
0 

188 
174 

10 
115 

20 
32 

0 
0 

667 
664 

USA 2 12 174 0 2 269 11 2 6 478 
Vietnam 0 2 59 297 0 18 5 0 47 428 
Others , 
Total (89) 

102 
145 

591 
848 

985 
3,357 

767 
5,564 

34 
36 

2,241 
5,564 

149 
1,536 

154 
246 

5 
7,977 

5,028 
25,27? 

A - Allium; B - Brassica; C - Capsicum; G - Glycine; I - Ipomoca; L - Lycopersicon; 0 - Others; S - Solanum: and
 
V - Vigna
 
Includes 79 countries and territories: Angola, Antigua, Argentina, Australia, Austria, Bangladesh, Belgium,

Belize. Bhutan, Botswana, Brazil, Burkina Faso, Cambodia, Canada, Cape Verde, China, Colombia, Costa Rica,

Cote D'Ivoire, Czechoslovakia, Dominican Rep., Egypt, El Salvador, Ethiopia, Fiji, France, Gibraltar, Grand

Cayman, Ghana, Grenada, Guam, Guyana, Honduras, Hong Kong, Iran, Israel, Italy, .Japan, Jordan, Kenya,

Kuwait, Laos, Lebanon, Liberia. Malawi, Malaysia, Mauritius, Mongolia, Mozambique, Namibia. Nepal,

Nether!ands, New Caledonia, New Zealand, Nicaragua, Pakistan, Panama, Papua New Guinea, Portugal, Saudi

Arabia, Seychelles, Sierra Leone, Singapore, Slovenia, South Africa, Sri Lanka, St. Lucia, Sudan, Suriname,

Swaziland, Tchad, Turkey. Tuvalu, Uganda, United Kingdom, Venezuela, Zaire, Zambia, and Zimbabwe
 

Table 5. Recipients of AVRDC vegetable germplasm in1994 

Angola 	 Belgium
Popular Television of Angola 	 Phytotechnie des Regions Intertropicales 

Antiqua 	 Belize 
Caribbean Agricultural Research and Agricultural Technical Mission of ROC to 

Development Institute Belize 

Argentina 	 Bhutan 
Universidad de Buenos Aires Department of Agriculture 
Universidad Nacional de la Plata NPPC 
Universidad Nacional del Rosario 

Brazil 
Australia EMBRAPA - CNPH 
Quarantine and Export Center Empresa Brasileira de Pesquisa
University of Western Sydney Agropecuaria - Embrapa 

Excola Superior de Agricultura de Lavras 
Austria Universidade de Brasilia 
Landeskammer Fur Land - Und Forstwirtschaft 

Steiermark 	 Burkina Faso 
INERA - Station de Farako-ba 

Bangladesh 
AVRDC/USAID/Bangladesh Project Canada 
Mennonite Central Committee (MCC) Agriculture Canada 
USAIDiFA0 	 Bureau de Renseignernents Agricoles 

University of Guelph 
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Table 5. continued. 

China 
Chekiang Provincial Agricultural Sciences 
Chinese Academy of Agricultural Science 
Hainan Academy of Agricultural Sciences 
Jiangsu Academy of Agricultural Sciences 
Kensu Provincial Agricultural Sciences 
Ninnou Academy of Agricultural Sciences 
Shanghai Academy of Agricultural Sciences 
Zhenjiang Agricultural College 

Colombia 
Instituto Linguistico de Verano 

Costa Rica 
Asociacion Anai 
Escuele de Agricultura de la Region Tropical 

Humede 
Universidad de Costa Rica 

Czechoslovakia 
Reseach Institute for Crop Production 

Dominican Republic 
Japan Internationa! Cooperation Agency 

Egypt 
Minufiya University 
Suez Canal University 

Ethiopia 
Alemaya University of Agriculture 
Mekelle College of Dryland Agriculture 
Melkassa Research Center 
Nazareth Research Center 

Fiji 
Agricultui al Technical Mission of ROC to Fiji 
Sigatoka Research Station 

Ghana 
Bubinja Tomato Irrigation Project 
Crop Research Institute 
Oil Palm Research Institute 
University of GhanaBooAgiutrlUvesy 

Grenada 
Agricultural Technical Mission of the ROC 

Guam 
University of Guam 

Guyana 
National Agricultural Research 

Institute 

Honduras 
Central American Bank for Economic 

Integration 
Zamorano Escuela Agricola Panamericana 

Hong Kong 
University of Hong Kong 

India 
Annamalai University 
Central Agricultural Research Institute 
Dr. Y.S. Parinar University of Horticulture and 

Forestry 
G.B. Pant University of Agriculture and 

Technology 
Harrisons Vanderhave Ltd 
Haryana Agricultural University 
Himachal Pradesh Krishi Vishvavidyalaya 
Indian Institute ol Horticultural Research 
Indian Council of Agricultural Research 
Indian Grassland and Fodder Research 

Institute 
Kerala Agricultural University 
Nath Seed Ltd. 
National Bureau of Plant Genetic Resources 
National Research Center for Spices 
Proagro Seed Company Ltd. 
Punjab Agrcultural University 
Punjab Krishi Vidyapeeth 
Sakthi Soyas Limited 
Tamil Nadu Agricultural University 
Vikki's Agrotech Ltd. 
Zuari Agro Chemicals Ltd. 

Indonesia 
Bogor Agricultural University 

Central Research Institute for Horticulture 

Gadjah Mada University 
Lembang Horticultural Research Institute 
Universitas Advent Indonesia 
University of Rrawijaya 
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Table 5. continued. 

Iran 
Agricultural and Natural Resources 


Research Organization
 

Israel 

Bar-Ilan University 


Italy 

!stituto di Orticoltura e Floricoltura 

Lodagri 

Seed Exchange and Information Center, FAO 

Japan 

Chiba University 

JIRCAS Okinawa Subtropical Station 

Kagome Research Institute 

Kunisada Plant Breeding Station
 
National Agriculture Research Center 


Jordan 
National Center for Agricultural Research and 

Technology Transfer 

Korea 
Agricultural Biotechnology Institute 
Crop Experiment Station 
Horticultural Experiment Station 
International Technical Cooperation Center 

Laos 
Hatdokkeo Agricultural Station 

Lebanon
 
American University of Beirut 

Malaysia 
MARDI 
Pengurus Perkhidmatan dan Pembangunan 

Pertanian 
Pusat Penyelidikan Pertanian, Semong 
Rural Development Corporation 
Universiti Pertanian Malaysia 

Mauritius 
Mauiitius Sugar Industry Research Institute 
The University of Mauritius 

Mongolia 
Vegetable Research Association in Mongolia 

Nepal 
FAO, GCP/NEP/043/SWI 
Tribhuvan University 
International Center for Integrated Mountain 

Development 
Lumle Regional Agricultural Research Center 
Vegetable Development Division 

Netherlands 
Enza Zaden B.V.
 
Leen de Mos B.V.
 
Rijk Zwaan
 
Wageningen Agricultural University
 

New Caledonia 
Centre de Cooperation Internationale en
 

Recherche Agronomique pour le
 
Development
 

New Zealand 
New Zealand Institute for Crop and Food
 

Research Limited
 

Nicaragua 
Agricultural Technical Mission of the ROC 

Nigeria 
Ahmadu Bello University 
International Institute of Tropical Agriculture 

Pakistan 
Industrial Management and Special Services 
National Agricultural Research Center 
Pakistan Agricultural Research Council 
USAID - Pakistan 
Village Qaldara (Dargai Pattak) 

Panama 
El Valle de Anton Cocle 

Papua New Guinea 
Agriculture Science Department 
Erap Research and Development Center 
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Table 5. continued. 

Philippines 
Agribusiness System Assistance Program 
Asian Development Bank 
AVRDC -Philippines Outreach Program 
Baguio National Crop Research and 

Development Center 
Bureau of Plant Industry 
International Rice Research Institute 
Los Bahios National Crop Research and 

Development Center 
National Plant Genetic Resources 

Laboratory 
University of the Philippines Los Bahos 

Portugal 
Universidade Tecnica de Lisboa 

Sierra Leone 
Rice Research Station 

Singapore 
Eastreco (Pte.) Ltd. 
IPGRI Regional Office for Asia, the Pacific 

and Oceania 

South Africa 
MayFord Seeds 

Sri Lanka 
Department of Agriuclture 
Eastern University 
Field Crops Research and Development 

Institute 
Karandagolla Estate 
Regional Agricultural Research and 

Development Center 

St. Lucia 
Ministry of Agriculture and Lands 
The Agricultural Technical Mission of the 

ROC 

Sudan 
Agricultural Research Corporation 

Suriname 
University of Suriname 

Swaziland 
The Agricultural Technical Mission of the ROC 

Taiwan, ROC 
Academia Sinica 
Hengchuri • Pingtun Farmer's Association 
Kaohsiung District A'jiicultural Improvement 

Station 
Known-You Seed Company 
National Chung Hsing University 
National Plant Genetic Resources Center 
National Taiwan University 
Nong-sen Seed Company 
Tainan District Agricultural Improvement 

Station 
Taiwan Agricultural Chemicals and Toxic 

Substances Research Institute 
Taiwaii Agricultural Research Institute 

Tanzania 
AVRDC-Africa Regional Program 
CMMLIRSTI 
Iringa Municipal Council 

Tchad 
Office National de Development Rural 

Thailand 
AVRDC Asian Regional Center 
Chiang Mai University 
Department of Agriculture 
East West Seed Co., Ltd. 
Kasetsart University 
Khon Kaen University 
King Mongkuts Institute of Technology 

Ladkrabang 
Northeast Regional Office of Agriculture 

Turkey 
Gaziosmanpasa Universitesi 
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Table 5. continued. 

USA United Kingdom 
Beltsville Agricultural Research Center Natural Resources Institute 
College of Tropical Agriculture and Human Nickerson Seeds Limited 

Resources Rothamsted Experiment Station 
Double Harvest University of Edinburgh 
Echo University of Manchester 
Harris Moran Seed Company University of Wales 
Iowa State University 
Louisiana State University Venezuela 
New Mexico Research Station Fundacion Servicio para el Agricultor Estacion 
Petoseed Co. Experimental de Cagua 
Sakata Seed America, Inc. 
Texas Tech University Vietnam 
The Pennsylvania State University Can Tho University 
University of California, Berkeley Institute of Agricultural Science for South 
University of California, Davis Vietnam 
University of Guam Legumes Research and Development Center 
University of Hawaii at Hilo Seed Company of Ho Chi Minh City 
University of Hawaii at Manoa Vietnam AgrIcultural Science Institute 
USDA,ARS
 
Water Isle Botanical Garden Zaire 
World Food Tech Services Institut National Pour L'etude et la Recherche 

Agronornique 
Uganda
 
Namulonge Horticultural Farmers Group Zambia 
Uganda School for the Deaf Zambia Seed Co., Ltd. 
VOCA - Uganda 

Zimbabwe
 
Certseed International (PNT)
 

Table 6. Internal seed distribution of germplasm in1994 
Departmient A B C G L 0 S V Total 
Entomology 0 0 0 0 0 0 0 1,279 1,279 
Pathology 2 2 220 0 455 0 0 0 679 
Plant Breeding 0 1 29 350 4 0 6 0 390 
Country Program 6 59 0 0 0 99 109 0 273 
Home Garden 0 0 67 0 11 0 33 0 111 
Physiology 1 0 6 0 17 0 4 0 28 
Crop Management 0 0 0 0 3 0 8 0 11 
Analytical Laboratory 0 0 0 0 0 0 0 1 1 

Total 9 62 322 350 490 99 160 1,280 2,772 
A - Allium; B - Brassica; C - Capsicum; G- Glycine; L - Lycopersicon;0- Others; S -Solanum; and V - Vigna 
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Table 7. Utilization of AVRDC germplasm by center scientists in 1994 

Crop species 	 ----- _-Purpose . 
Allium 	 Evaluation as tropical leafy vegetable; effect of 

planting month, temperature, daylength, and 
flooding; study on stemphyliurn blight 
associated yield loss; virus elimination 

Crucifer 	 Evaluation as tropical leafy vegetable; 
international yield trial 

Eggplant 	 Yield comparison: screening for bacterial wilt 
resistance, grafting compatib'lity on peppers 
and flooding tolerance; elite trials 

Pepper 	 Screening for resistance to PMMV and other 
viruses; studies on anthracnose, grafting, 
inoculation, and transformation; greenhouse 
studies 

Soybean 	 Evaluation trials 

Tomato 	 Screening for resistance to late blight, bacterial 
wilt, black leaf mold, A. thizogene infection, 
flood and heat tolerance; RFLP/RAPD; DNA 
polymorphic assay; heat shock proteins; 
selection for tomato rootstocks; testing for 
TLCV; compatibility tolerance of grafting 
materials with peppers; hybridization 

Mungbean 	 Screening for podborer resistance 

Others 	 Evaluation as tropical leafy vegetable; 
(Spinacia, Chrysanthemum, Amaranthus, 	 observation trials on nonprincipal crop 
Cleome, Apium, Lactuca, Ocimum 
Coriandrum, Basella, kangkong, and 
yard-long bean) 

Development of a Mungbean Core Collection 

Summary 

ProledurC for uCtUclrati nL' relativCly similat'tr gUlps anl for n1ni0tint.'accessions to thc core 
COlctiOn were dee'Cloped. ting, \VardS minilliun variance and averavc linkage method, clustr 
analysis wis doMIc onf Cach coUlllry eollccltion. The Imehr oi" clusters to he used in nominating 
ae.csrons toltheo'c wastdetermined usine l'oure.'itcria stgestud in the SAS/S'TA'I guide. For each 
L'lste,,'. mels ol quatntitativc traits werc used to de ;crie all"anaveragC acccSsio ."Thel accession 
.'loscst to the IV'an accessioll w3s nominated to he cortC. AcuCSsiMs with qlalitative traits not 
covered in the first nouiniiatO and ac.cssions \vith special 01r rale traitP; werc r'ther nominated. 
(otuntry cores inclhuding an averagc ol5l"I' thu otal were I'tnred. 
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Introduction 

of-)CI 
rc'.orrr'CC c'OrrItiairrts inl theC evalllaion. 2Cd dintion161, 1r'eceration. :1nd routinle min'tenanice ot, 

NtchIatc Ar~ir!..\,' Its iro(difits nrow trt:ri nrrc thmn 40,000r( ils. 

Grrrlphllrr Collections hlave 'rrlwn rnar-kCLx ;i si/,, and genchanks nolace problem A 

RI W( l" lit) o\cc;prnrrr trcccss1 

[ircc~L-cliter. hira iaccpted rCspnrrlsihlIr\N 1o0 thre r~thl~o ()eIlcetloml rrirrrLitr. it halsha 01l 
1IV 'Crc rrrrrrrr!Ihc2rrr to irc thlrr ll) M ccesion"\. Attcl rrrmrtililicirtiolr irrrddk itN C01LIclrr 

lrcreilild Inl 10-17 Crrtr-ir...Airilrctcri,,rtunr. \Ciaitirr i r rirrt \\ithrir h&ci~rr 

l~nirrtIicN rave~ hco:rm 1*rrlrtrcLl ~IM re',trairrine thre i/C id OflICLcctIlrr %\ rilC CllirilVunrirr W 

llrrI~rrrC11t -Wtre t' or I 11~ er~rr ,lrirlh1ihtv. toocririll tIWr huNer\c 11,C the 01nnnCc)t ()I it OWn 

n'ICci inno. A enlnrc c icr n rnrere \1Ctcpre"1Lrrtkrti\' c lrYcnll ()I' imir \5Ilil \\IiLl 

IVIreCruill. \%itIi UTM\ (0 NpcmOie I ICiltivCSi or1CC 

lrrrl I1, - ), 1lirL prrrpmn),C nl tire eOrc emnlICetimni N1too1nrmn\ I&e Lettliejerri ACCL'N tootire \0101C 

OnnlICetimni N,11irrc ennrrInnrrrrci)C:e:"Crr ,ilid emrer tire iriror kirllsl'Ll~i\ er ,0it> rCrit1. 

rrrirrirrrrrrr.rth ml%'l11 wild 

PirCiirrrrr1r\ Nirili 1)ierlinrInn tooC,111i it I1!VrmnCdtllVr tit nCiil t'(rIi(nV~dinu theiriveL L hre 

huN tumkl\ . nimn inl Lennllhnr~rtinol \%ih Dr. A.i.N. (ilionelia and kMs. NI.P. ('ahahasaty of' LIPL.B, 

I)IrCieotN tire IjrnCC7ItlrnC rirat \\is r irrillvN ICVCI0iriCd. 

Materials and Methods 

'I'Iec. naNkpinr nn itio aiCLC\\rinl nnnrb11er, namie. and! errilnirY- (II migirl) and 33 LICS106Iptor
 

rrthrrrrrtimno o eCrll (11the rirrjer accessuirris weCre irbtairred.
 

'Ihe ih liw. I rclirrrlilr arrrik'isoili all accCSSilrr entries \were done1: Ircme(.lCV diStrihtlitimtfl 01' 

iWOe"IsMir cotilNc [r'i cmhrrntr'' Computtion (dolsiac statistics, emIrpo)Ltaliron flcolrrrelationr erretlucuents 
i(d 22 nLirrMrnitkrive rIXOim l triN.i anld CmrLlirrr ii! 1 rarrrtttii Oirtimfl trts.ie mainil aalyses doime by 

emr~ll,rahic'nirli sI-lc:e IIilioltC(IIrnristin lu seue nc (crte-il[nilgst ll ie huniaie(aio)CL 

mlirortiirr~eitcCrssis irinrar(In dute~lr ,alvsyis. dcsil-rIptimrn (0t'he c'luster's Odhtiicd, anid scicturir 0 

irrd l- l 113NI it C-Crripilitiic dcskmjncolline 
theItlr(c Id \min cmrrli.enri-tm: S80(n)X-25. 60r NIl I . 4016 N1 ill (I disk. 040) K hwrcmrrrr' 

23552 K CXtCnl(Cd nrcrrrnnrv. 250 K cadrei lrrerrlorrv, Crr-prircsinstaled lHir soltitware Used Wats 
Staltistical Allirlvsis Svsterrul ( SAS ). vecin. (r.03 withr tire brloire rMrdtris: SAS/brSC Anrd SA\S/STA/'I'. 

('mnrrrprutcr rcad Smr[\ltvat snppmrrt CrInSISCLI Oilr 

A lricraiCricti Clursterl aiiSs Wats Cirirser C (re rrrs rrrpr.Tm Ilcasurres%ow1it Wden tIroeraFlll 

(d sinl it' resernlao)CC dlistarrec anld ilVCraec Iinka,'cortv(I wcrc UrSed: WardLIs rrrrrrrrrurt-vurrViArrlCC 
distkrrrcc. 

h)[nrr Critclriir, surgeested in tire SAS/STFA'Ylktridc Uccsed 10 deCrIrre111 the rrrrrrrh1Cr irE chrrStcs 

it)r he ursed in Ir(mitlinatng accessionrs tontue Cre: srri-pirrtiai RI(51A ). ctubic cIsc-n cr :i 1peak
2\:rlrrc) .pseudmr-1I (peak VlureC), 'rITII )SeuRdur-t ( l0%k vairrC 1. 

Frankel, OH1-.1984, Genetir perspectives of germplasm c ,nseivation. In Arber, W., Illmensee, K.,
 
Peacock, W.J., and Starlinger, P. (eds.) Genetic Manipu'.ition and Impact on Man and Society. Cambridge
 
University Press, U.K.
 

AVRIDC. 1993. AVRDC 1992 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 

http:rrrpr.Tm
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Fitl e-'ac klSter idCinliiCi IlnI'll clustCl aiialvsis. neCins ()l tuanlitativ traits ()l" all accessiois 
I'lint tiw Cluster were cllpitetd t Sw ain \\,hat wo"as desiglnated as the "\ accessin.'" 1Th 
disailcU t each Iccshioi iln thw cluster ioml the 'a\cia accessiol was then collp ted. The 
aCcessioitlll'st th *ire ccl'ssiN'' wkas n ollillalCd (to the core. 'I'll coVe'' all detectable 
a.iatioli. accCsions\ itl tllialitatic traits lot covered ill the firsIt noillnation were tiirt ernll-ClollillitedI. 

Acc-ssitos \\ilh (pecial trailt""rare \\Crc 1111111cr incliuded. 

Results and Discussion 

1:l1-0 1 lie Il,..'C lic\,' tlitlilitili, the tp three ol' the 49 cmilntrics cllitri lmting to the co.llection 
aic: Indiat53.5 . Iran 2w' . aiid 1hilippines (5T.2' . [le three iist variable tails and their ('Vs 

p h piIl11I1d41.2' tli\scr'l p11 ',5 t i. \ l,; t t43.5 i and nitl rlll l stcrs/plant (41.1 I . The three 
least \ariIblC tats and their ('V,',-\ C . starch cotClt (5.)' ). protcin cotelCt I ( I. and niibCr t 
seed',/pod I)U1 it 

"Iii rlmC C lC dtliitll,'\ iof traits tlii WiI i>h asslciatimmS. the t'lliitillet'c ittl cormelnmalitm 

tlCl'fi'ii t,s \, t', ,ciLilmltte ll ailti wvith hii was im.'mtiech.t iild tllI l i t ,h ill \illeiat ii theiclu ' 
iakmilis. l( Iliinili/' I', t lili, cn niim datacesit onl lscl\iltill traits \ ill l 01 mClO)R'thd 

" m ilso mit in tna\sis. TIiui,. tHC o'Imit
aci' iiiclmt. the clutcr ftIlhiil tiits \\CrC t',cl IlCd: livplt'lltvl 

ri I-l ' s I . l it Iu n mit. iitiiIlln), p)nl. h1,ii plita n. ciclt it IlI I-ri titmi i i an i ttit I tIll itturilv ( spriii 
lrlntl (spriii l+tlpithC,'cc olor isplilm,. . and p11l ptIIbt',c~ciic tn Ic spri igI). 

I siig \VI rd',, ,.(Ism tCrin imLIIlIC, tl itit Iti\c traits \er eachi'l ltItlJ t I I\\Cr tliI Inl. ite 22 
Il C oI niWas IIinIIIiCi ll I to ordil. T Ihi allows the (tlalitiitiC rliptii cI h ss.,.ati I ' i dlC o lasII 

'I'Ol ilIuI-tratt I ()I.(IIllh lt C hn', le aClaI.l,, i, lisulic coinItvI >,ell.''ale 
8 siows tme itlilit A lliiilllial c tImisemHog tlchnicU. II,,ctd oll this. \V',tI's aver'mC 

lt.' rCI t I h Indone,,iaI), as t,.'\ll i 
\\'art' adriann 


linkage. the htle nd t I criteria pl imm/()ni m ber ohf clntI_(,
itrramn atI lmel iil'ctt'rlliimg tilt' , ls. sC\ en 
etl lt I accsin', V COre ia.clulter*t \cler lll lameidI ol the C IIIIIIn i'01 IIn(tlILm 

The t tititt Ctraits ls l the mmemiibers "was tleirbasic statisticsI l)ilch ,. Ilitt' timein prittch out ait 
.clolttCd. i:ol there .1 "'a\Cra.t'access.'.' \dsas

, t.Icihd.The accssimi withiin the t-'lmsterchsCst 
Il tIle av'e , i"ast'hl nt'Iaailtln minaied it the ctl. Then lIlt_' t iutlct'Ii t ISl I Iu1lltCiltl I",iii 'thC 
clusttr 'it'C l'iiltetl linot, l'. titIll the t'c's.i-ilSi s il ttlllilil't.cti timtIlt' the erCe Ihmeil t'entliiilCl. 
toi mlllikc sui lhat ill the tlilaIIlilo\ t tiait" ale It'ln"'Clttl. In cast'l \it'c C nt lualitatiV'C trdit Was fIiilt i 
IIt() inC lud,.d Ill (Ile 11011lll sio~lls. ). tlil'firstlt aC.Lu'+.t additionial atcce.ssions ,,'Crc included. Ill tahlIt' 

sC\-l i CCT ,itlll tCI)rctiliiiL the sC\Cn Chsicr', \I.C includcd in the tirstinmlinatiomn '(I" the 
dIr ,'\nClhmt'' iceC fllll ctistCem 1I0ilt'lIdC theillleSiuncllCilltri A C' i rin 4 'its athded 'aitmS 2 and 4 
,LuIrit\ , it'spctively. 

Inllt lllatitols htl \\crc present in the ,,. 11]CCtd.ll. 
I't i c l' iatit and lotd si 'I'thcsc werCt not included in the lirst sevei 

Conclusions and Recommendations 

I si irail'hical cluistcini tchique. accessiums in a coIetithat has been characterized 
can be separated into hiallit . rmlltttI, i'riill which representatives Call be sysleinialically chosen.rilup's 
I'i itmlitiatilll l ait ase lterlurtd i'icCt'ti-iie cania Clme. T11C lO'','5s is rute t nd it Ct'oil probably bC 
dhevelIped. The tire c(llccin shmil not ie cimsidrcd its l'i XtL but tVnamic. It shtuld hC nimdificd 
and rined its additional chat'actci'i/atii ulltd cv\'luatiim data bcCOiiii availahle. 

http:11]CCtd.ll
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Table 8. Ward's mininum variance cluster analysis for aczessions tron Indonesia 
NCL Clusters joined FREQ SPRSQ RSQ ERSo CCC PI-- PST2 
45 V02059B-G V02060B-G 2 0.002 1.00 12.6 -

44 CL45 V02862B-BR 3 0.002 1.00 11.0 1.3 
43 V02255A-G V03490A-G 2 0.003 0.99 10.1 -

42 V01473B-G V01474B-G 2 0.003 0.99 9.4 
41 V02052B-G V02058B-G 2 0.004 0.99 8.8 
40 V01434B-G V01472B-G 2 0.004 0.98 8.4 
39 V02048B-BR V02048B-G 2 0.004 0.98 8.1 
38 V013,4lA-G V01434A-G 2 0.004 0.97 8.0 
37 V020,19B-G V02050B-G 2 0.004 0.97 7.8 
36 V01498B-G V01522B-Y 2 0.005 0.96 7.6 
35 V01438B-G CL42 2 0.006 0.96 7.4 1.7 
34 V01458B-G V01495A-G 2 0.006 0.95 7.3 -
33 V01432B-G V0150OB-G 2 0.006 0.95 7.2 -
32 V01465B-G V02057B-G 2 0.006 0.94 7.0 -

31 CL37 V02828B-G 3 0.007 0.93 7.0 1.5 
30 CL38 V01472B-BR 3 0.007 0.93 6.9 1.7 
2 CL44 V02862B-G 4 0.008 0.92 6.8 3.7 
28 CL32 CL41 4 0.008 0.91 6.7 1.7 
27 CL31 V02053B-G 4 0.009 0.90 6.6 1.6 
26 V01437A-G V01511B-Y 2 0.009 0.89 6.5 -

25 CL40 V01465A-G 3 0.009 0.88 6.5 2.4 
24 CL33 CL36 4 0.010 0.87 6.5 1.7 
23 V03210B-G V03211A-G 2 0.010 0.86 6.5 -

22 CL30 CL25 6 0.010 0.85 6.6 1.6 
21 V01526B-Y V02061B-G 2 0.011 0.84 6.6 -

20 V01474A-G V02055B-G 2 0.011 0.83 6.7 
19 CL34 CL39 4 0.012 0.82 6.7 2.3 
18 
.7 

CL26 
CL28 

V01471B-G 
V01504B-Y 

3 
5 

0.012 
0.014 

0.80 
0.79 

6.8 
6.9 

1.4 
2.2 

16 CL35 V02056B-G 4 0.017 0.77 6.9 3.9 
15 CL24 V01494B-G 5 0.018 0.76 6.9 2.6 
14 CL20 V02049A-G 3 0.019 0.74 6.9 1.7 
13 CL27 CL29 8 0.019 0.72 7.0 3.6 
12 CL16 CL13 12 0.021 0.70 7.1 2.7 
11 V03210B-BR CL23 3 0.021 0.68 7.3 2.1 
10 CL19 CL11 7 0.025 0.65 7.5 2.4 
9 CL22 V01517B-Y 7 0,027 0.62 066 -2.18 7.7 3.9 
8 CL15 CL17 10 0.028 0.60 0.64 -2.17 8.0 3.2 
7 CL8 CL21 12 0.030 0.57 0.61 -1.90 8.5 2.7 
6 CL12 CL14 15 0.038 0.53 0.57 -2.00 9.0 3.8 
5 CL9 CL18 10 0.048 0.48 0.53 -2.07 9.5 4.6 
4 CL6 CL43 17 0.052 0.43 0.48 -1.87 10.5 4.6 
3 CL5 CL10 17 0.066 0.36 0.41 -1.51 12.2 4.7 
2 CL7 CL4 29 0.135 0.23 0.28 -1.52 12.9 10.1 
1 CL3 CL2 46 0.226 0.00 0.00 0.00 - 12.9 

NCL = no. of clusters; FREQ =frequency; SPRSQ =semiparlial RI; RSO 
clustering criterion; PSF = pseudo F; PST2 = pseudo t' 

R2;ERSQ =expected RI; CCC = cubic 
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Table 9. Nominations to core collection: Indonesia 

Cluster no. 1 2 3 _ 4 5 6 7 4 
Accession entry V1474 V2255 V2057 V1517 V3210 V1471 V1474 V1434
 
Accession ID B-G A-G B-G B-Y B-BR B-G A-G A-G
 

leaf length (cm) 5.2 5.7 5.1 5.2 3.9 4.4 5.7 5.0
 
leaf width (cm) 1.7 2.1 2.0 1.4 1.6 1.3 1.9 1.4
 

plant height flowering (cm) 30 19 38 50 45 67 27 53 
days to flowering 35 41 48 44 48 48 34 44 
no. of clusters 7 4 5 14 6 18 7 14 

pods/plant 19 11 19 19 21 39 24 27 
pod length (cm) 8.8 10.7 10.5 6.4 9.9 7.3 10.7 7.9 
seeds/pod 12 10 12 13 14 12 13 13 
seed weight (g) 45.4 81.0 52.0 30.8 33.9 22.1 67 32 

00 protein 22.1 22.8 23.7 26.7 25.4 24.6 22.3 22.6 

0. fiber 4.0 3.0 3.8 4.1 2.8 4.1 3.4 4.3 

°0 starch 45.4 48.8 47.2 40.0 42.3 44.7 45.4 43.6 
yield/plot (g) 179.4 97.5 229.4 57.8 115.5 265.7 210.3 220.3 

hypocotyl color 2 2 2 1 2 2 1 2 
growth habit 1 1 1 1 1 1 1 1 

4b
 lodging 2 1 1 5b 2 3b 1 
basal petiole color 2 2 2 2 2 2 lb 2 

3b
leaf pubescence no. 1 1 1 1 1 2 1 
primary leaf shape 3 3 3 4 4 4 3 4 
leaf pubescence 1 1 1 1 1 1 1 1 

raceme position 2
3 

3- 2 2 2 2 2 2
wings petal color y b y2 y2 y2 y2 y2 yb y2 

calyx color 2 2 2 2 2 2 1* 2
 
pod color maturity 4 1 5 5 5 4 3 2b 

pod pubescence no. 3 2 lb 2 3 3 3 3 
pod pub length 2 1 1 3 1 1 2 1 

seedcoat color G G G yb BRb G G G 
seed luster B A B B B B A A 

Seed luster and seedcoat color used to further identify the accession 
Irdicates 'special' or 'rare' trait 

Diversity inSeed Proteins in Capsicum annuum 

Summary 

A ltal od"208 accessilols of (asic) 1n111/111/? Irnnl 46 dite relit coltnries were atnalyzed, and 

theiir genetic di versityIlleasrllrcd based on SI)S-tPAE'of iheir seed proteins. All hands obsCrved in 
the preViOus StLIV weIe noted cxcepl additional banding patterns60r the rarc band 7. SevenC were 
(obSCrvCd. As in the pi'Cvilos stud\'. this pOpualion of C".mUU was nnmolnrpi orIlbands 2,8 

bands 4,5,and 6 which was not obServed beore was IbserCL this tilme.and 1).Polynnorphisn ill'or 
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Specific hands pierfomi~latCd in soic reious. 1)1vcrsity in eirms ol'bandline paltcrn was ranked 
as Celtral ,A,"merica > Western and Central Furope > Southeast Asit = Balkan States = Africa > North 
.\mcrica = Last \Sia = S()Ith \sia = SouLthIwest \sia > S(uth Anmerica. 

Siiitil'ritv irde.' \"allCs wCre ranked as South\est Asia > Wcslern 'and('citral I'turope > SoithIi 
.\rH.I'a > VesI Intlics > lat \sia > Alrica > North Anlrlca > ('citral America > South and 
Sotthast \sia > Balkan States. Ucntral ,Aicricaand South ald SoulthCaSt Asia \hihitCd tIe l0west 
*iluiliantv llde\ value.
 

A+\ccessionswth ilnscrtcd Stina shwm lijlcsl sii.ilaritv lltulhwel 1y thosc with the Samlie
d the11 
le\el slimera a ld then by thosc with C\ertcd stiema indicatting that brcedit.e strctlurc iurluuehccs 
divrrhv ii lhe band ICCaled that [he popilaliltiour eCeircticallyl.eCd prolrcin. laitcrnil o'scll'cr; \"ats 

hmlleneotus,, c\ibitiut2 ()Ill
ouc kind tlbandiiw pattern. This atL',stcd that breediulc bChavio' 
mlav iniiIItucc diversiri'v ilseed pCrotii. 

Mljorit o theC .arialIs oFl thc sa,me accS oie exhibited the S;ime ldling patic'n showing that 
they Were Cilcticdly similar at sCd prtcins.a'last 1''r 

Scod pttCin ballilu l+attICnr w-,asassociated with morphological diversity. 

Introduction 

lPrIV\nuus tothis study, seed prteir handing pattern using SI)S-F'AGF was done on difTerent 
spCciCs o (, ' \VRl) 1t994: Cruz et al].). Itwas Iounld that thpe[i'ucim' cal be Used is t 
rapid meatns to cmlirm species ideutity okfl'acccssiomrs. to chalactcrize genetic divesCrity' in it lopulation 
and to (lctcruuicu species relationshil. This additional sltudv Was donL o aI unll',i 'biggei i of 
oounnom t0 seCL'il, I s bSlC hands ha.vC hCC dc,tCd illthe lilst
Study, to C0iipi)'V SeeCd lteLin 
Ihundliie pattitcrofsclCctcd variCticsol( '. (1111111 ohdil'ferilt Cogral+hic origiu. ttostudy seed pIttcin 
di, crSitv' in aco.,ssi ms thal di tier in 'howcrmorpholov aulnd to See if'Variauts o'the sauC acCCssim 
also) dill'Cr in seed lotcin. 

Materials and Methods 

,Atotal of' 208 aecessions ton1 46 dif'crent countries were used in this study. The proccdur'e 
fllowcd is tie same as that reported in a previous study (AVPI)C 1994). 

Results and Discussion 

Band patterns resolved by SDS-PAGE 

Based oi the ClctroCphorelic dtlitgathcrcd, seven hands were recognized (fig I ).Comtparing the 
hands with thosC prevhisly reporCd ,I noted. For consistency, theA",VRI)C 1994). similrities were 
hands identiliCd itsthe salne its those preiously reported (AVRI)C 1994) were given the same 
dCsi.lat iuus. These bands were 2. 3.4.5,6.8,and 9. BIand Iwhich Was (ubsCrveud mostly in . 

AVRDC. 1994. AVRDC 1993 Progress Report. Shanhua, Tainan, Taiwan. 

Cruz, V.M.V., Engle, L.M., Shieh, J.C.and Laude, R.P. 1994. Diversity in seed protein inthe white
flowered Capsicums. Proceedings of the 7th International Congress of the Society for the Advancement of 
Breeding Researches in Asia and Oceania (SABRAO) and International Symposium of World Agriculture 
Association (WSAA). p.621-629. 
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/1cculull and (. 'hocov'll. id only in I out of 7 itccessions of ('. allni, were not obscleved in1 
ihis studv. Neilthcr was ald 7 w\hich wa, observed hCl'oic olyl ill two accessions. All balnds oihserved 

ill the lpiri-tCis ' excpt for the rare I wlicli wsv,prcdoltinlalt il C. weR noviiCL' band 7. Bauldl 
/)(I ('.(ltf011 ,1l (C.C'Iou';,',i.S' ,, crc lot oh"crvCd in tiS ,r po ' ( lt!ltitIO . I lIuvcVCr. s tVCtldditiou,:1 

bandiln'L, tmcrn, wcrc ohcr\cd. As iin the plrcvioIs stud\', this \waitsp)Op*ulationlo' C. f11111111(11m 
ll wuOr1hiic k bands 2. S andl'). I olvuorphisi forbands 4.5. and ( which was t obserVed belore 

a, hbsrv ltlhis lite. 

66kd 

45kd -2 

36kd 
ul 3 

29kd MOO' 00 4 
rm- 5 

24kd = - 6 

20.1 kd 

14.2kd 
A 2 4 7 8 9 10 11 12 13 14 

Fig. 1. 	Diagrammatic representation of the seed protein banding patterns 
observed indifferent varieties of C.annuum (A is Dalton Mark VII) 

Table 1(0 siows the bandine littC'ns obselrveCd ndtltheir Irequcucics. TIhe niist frCluCnt hIlndingU 
pattern llat was observed was N11dino pttCri S which oCCUrred inl 5 1A or c than hall'ofthe total 
numlber of accessiits. There wvCrc sonic allitin p:tterns which rarely ap'peared. and tlhese were 
hailuli ne patteri 14- which was oblrCved in a siingle accession lrom India and Ianding pattern 2 inl two 

accessions (tlie fro11Ili/e alId aimotlier rtl" the Ihlil!ipimes ). TlhIe other ba-idimig patterns were fairly 
distribl-tcd thrmtmlhtit the other reImmaitine accessions. 

Aitmoi, the seven band umiCr>S, bMds 2, S. and 9 wrc scim in all oh'thc accessions. "'Ih'erefore, 
, io(. omuiwwall otl'opiCfor eelmh of these Ihre'C aInds. allds 3, .,,5. and 6 upplCarCd i difflcrcnt 

frecltmnmmic, (tblC 11). Band, 4 nd ( were ImC Most t f'rCunttn of time variable bands. Band 3 was 
obscrved iin 7(', and Iaudl 5 Ill only 26( ,;of the accessions. Band I was predotninant ill a differett 

,p't iCs (. / a'timm (AVRIl 1994: ('luZ 1994. BMl 7 was avery rare bin1ld obsCrved only ill 2N 
of thC aIccCssions p1rCviously ,studlied. 
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Table 10. Number and percent, of accessions exhibiting a specific banding pattern in 
C. annuum 

Origin No. of Banding pattern 
accessions 2 4 7 8 9 10 11 12 13 14 

South America 7 2 3 2 

Central America and 55 1 
(28) 
2 

(43) 
3 

(28) 
17 8 11 12 1 

West Indies 
North America 14 

(2) (4) (5) (31) 
7 

(14) 
3 

(20) 
3 

(22) 
1 

(2) 

East Asia 16 5 5 
(50) 

8 
(21) (21) 

3 
(7) 

(31) (31) (3) (18) 
Southeast Asia 11 1 6 1 2 1 

(9) (54) (9) (18) (50) 
South Asia 14 3 9 1 1 

Southwest Asia 11 
(21) 

1 
(64) 

8 
(7) 

1 1 
(7) 

(9) (73) (9) (9) 
Balkan States 8 1 1 3 1 2 

West and Central 52 4 
(12) 

1 
(12) 
40 

(38) (12) 
2 2 

(25) 
3 

Europe (8) (2) (77) (4) (4) (6) 
Africa 18 1 12 2 2 1 

(6) (67) (11) (11) 6) 
Unknown 2 2 

(100) 
Total 208 2 18 13 107 14 5 24 17 7 1 
(0) (1.0) (6.6) (6.2) (51.4) (6.7) (2.4) (11.5) (8.2) (3.4) (0.5)
 

Figures inparenthesis are inpercent 

Geographic distribution of banding patterns 

TIe most niumlrber lrrdi rig paticrus (8) was observd in the Central American region (table 10). 
l)iv.rsit'v ilutr,, ol bmlini pattern wit rank,'d as Central ,\merica > Western and Central l+tLrOIC 
> Sou.'atheat ,,it= Balkan Sites AAfrica > North America = East Asia = South Asia = Southwest 
Asia > Soithl.\nrlcia. 

Il man,' ttthe' rgiomis,tspecil'c band prCdoniiated (lahle I I). Ilowever, in Central America 
and li\Vet Indi,,. th tI, r variable bands occirld in llllst the sailie lc~lucncy (42-7t,3 ). InWest 
di.d ('Cntral ltAI'urop. t11C Blalkan Stets[., alid North Anirica. hand I predominated, inl South Ameirica 
hanrd 5. ill last \sia. Alric arid Stlth Asia hand 0. inl Smthast \sia bands 3 and 4,ard in Sothwcst 
As-ia latnds 4 aid (K It k s,,1.,cstd that ('cn al Americal is thiciter FIdiversitv For secd pruteirIs. 
Secoldlry centers Fl'dive'sit, u'sedlpte)ins exist in \Vest alid Ce ittal lttropc, tIre Balkan States, 
',tlthreacst Asia, and Alicl. 
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Table 11. Geographic distribution of variable seed protein bands in C.annuum 
Origin No. of Band number 

accessions 3 4 5 6 

South America 

Central America and W. Indies 

North America 

East Asia 

Southeast Asia 

South Asia 

Southwest Asia 

Balkan States 

Western and Central Europe 

Africa 

Unknown 
Total 
(%) 

Figures inpwrenthesis are in percent 

Similarity index 

7 5 5 7 5 
(71), ' (71) (100) (71) 

55 35 35 23 39 
(64) (64) (42) (71) 

14 11 12 1 11 
(79) (86) (7) (79) 

16 8 13 13 16 
(50) (81) (81) (100) 

11 10 10 2 8 
(91) (91) (18) (73) 

14 10 12 5 14 
(71) (86) (36) (100) 

11 9 10 1 10 
(82) (91) (9) (91) 

8 4 7 3 3 
(50) (88) (38) (38) 

52 43 50 8 47 
(83) (96) (15) (90) 

18 14 16 4 17 
(78) (89) (22) (94) 

2 2 (100) 
208 158 176 55 177 

(76) (85) (26) (86) 

Sinilarity index valets were ranked as Southwest Asia > Western and Central Furope > South 
Ame rica > \Vest Indies > East Asia > Africa > North America > Central America > South and 
SouthCast ,Asia > Balkan States. Central America and South and Southeast Asia exhibited the lowCst 
si nility index value. 

Central Amcrica has a hidier a\'cragc corlparcd to South and Sotthcast Asia and the Balkan 
States hut lower wllen comparcd to the Westcrn and ('Cntral lEuroe an tvion0.I ,cr. ('Cntral 

Amncrica with South and Soluthcast Asia exhibilCd the lowest sinilaritV index value o1" 42.9. This 
confirmed the hiill dcrol' of di'rsity' in seed p'otein that exists in Central America and South and 
SouthCast Asia. 

Similarity index of accessions with different flower morphology 

The varieties of C.an,,uum with inserted(tita projected a I()()',; sitnilarity index valc. These 
accessions Cxhiiited aCo1tnon ing pattern (Il). The varieties with the saMe level stigma and 

anther had an average situilaritv index value ol'o5(,,; . The hand IItterns that were present in these 
acccssitons wcrc handing patterns 4, 7. 8. 9, and 12. (Onthe other hand, the varietics with exerted stigma 
p('9jCcted a slightly lowe,'r tcrauc similarity index value (82.9). The band patteris that were present 
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in, these accessins were handinlu, pattel-ns 4, 5. S.and ).TIhi,, stnec_'sted dillerencCCS in the TIletic
 
cmllpsitin o t()Ie Ihr,.ce
poptlltitoMS. It mnA\' alo rflect the dcre of1,CticZ h0'11MLeN~tt Of the 
pi,phi'Itiomi. The l- u ilati ()Iln eNlT"sas niticilliv hmlltii cxhihitilie ()ill\, il,kind 'Io\'ti cne u is,

1)1I+ piatltt J L 11tCC dk CI-rStV Il S CInIVOI.:l )rtt:J
I lYn ).1tL:Ledillig,Ihchav'Jm- rl,,,1v ,.
 

Similarity index of variants of the same accession 

RIX, [his 
ihereit hler.n OIt p',pnllttIo. At :\VR)(. til\ irnicsepartetd and .Liiveln suh-

Whe) 1n ioCCxSion i" ptniiitcd, tlitIl.'t t Iav K,de.tected. n+;ix Kh tdot0ixturLcs oIr 
)eeli~n( the i 

iIccs-Ln,, intuin1,r,. (the ii iItIa] lcco.n,i i litthci ifloscd hv Ileter,, *,\.Ir.('..tc.).N Iajority ofthe
 
ilrialnts tdthe ,mnie teeio e hihitet tic Slle.1hlll,
ilttern sh, in that the\ \Crl -Cencticall
 

-silii h 'iit l.i liii NtL'II plt ( Of I_ r,,ol IvL'd.7 C\hilitCd I(0'W ; ,iViii ity ittle, \'alneS.
,ii,,. _t i +iI 

I lii\ e . lieCeIIIui ih \i itlt had illilijt\' i nd \ I\ItIke rtline. li n 71 .4 hoN. .7':;;.
T'hi resilt 
ifthi,(spIii L lII , hhitiltlC MV)ltr SiHi'hittd \\ill ,thlr dit, ith itiTphiihieicif rh'ractcristics )I, 

tlIi 1)11l11- It cc the .'1ii t."II c'ut thi,,uil+,,\ tlhlrl. 

pwiill hmtlIh tL Iiat.I.' iti llrplih1t1S"tL't+' patrn si ',% icaill diversity. 

Conclusions and Recommendations 

lhis stnth conli rios dte nsetl'ulnl fSl )S-[P,,\ioIi sd oteinl inl thc SlUdy gcnctic divcrsity 
in ( (Ip.oicum, cmlrniine ii,._'titvIIIf sp.cies. \a'iatninn'ithiin a,,'c.C'sins, and pissihly provides 
at(ititMill criteria inI the identilicatim of aIetic.s. 

ssL ne,.rahlBi'IItS Mt hlltdin2 pItterns arc assoCIted ih dJis1tition. 

liversitv inl s.ed pro)tein vari with icitriplIi thstrilbtinI and br_'eding blehavior. 

It iSrcotmeCndCd that seed prote)in patltcrns of Ilctuilng seeds he taken to provide a reference 
ItIle that tanl he tiStd iln cOthlirII.IidCItitV Of iICCCssJons. 

Varietal Effect of Ultra-drying Seeds on the Storage Life of Soybean 

Summary 

I:,.ItliIlrinin hu numldit, ftOr Nttra-drying,in 1()soybean v tltic+es dilTering in setd characteristics was 
LICtelu'IietLI nsne I("I,trati' salt sfliutmis at 25'C fOr 20 dhys. All seeds realched less than 517(; 

atl RI!I.There was 
il! ,Cetd NI(" ItImler ("tililrhini hunidity cut_udition-. 
rniilstnili ctefttnt (NI() III mit)aparlit associatioll hetweln seed characteristics 

Mii\'hcati \aritltiS 
uirorutiiardw\ -tlril, 5.1 th 5.( I IDrhih-dried)I.antil), ..(P2 IJI)ortltrr-dried). (onparin,.0)and I II). 
itiere weCre I~flrlict., ii plrclnt et'rlluatil 11wlIli cullhVilvrS and hbt\scCln resnltS 01' slantlhrd 
ecri.'ltII tt tcI,t acclealed an est lt)nl wi\s liloi it over 

'k) titlvlihCL Ickt ituace. I() wvre dricd to tlilfrcit NC: S.5 to 9.) () 

Wi l an lith I,, AAI).Percent .ctlllll rl"I 
a, e.riod of1 2-1il(ollh (d 'ttrace ill25 (C.CCssisw ith lack seedSit coatihk o wtdlhigh peCrcelnt 

Lcriui itiimi alter ()and 3 mmiths, Storn' hut lv r\\'gt Storage.o ltoi i, ,AA'IaftLer 0 and Q.lll(iltls 
Il !]cnicraI. pI.itlxe It. titallpliupliolpit ontentl atI cid \ltl lII'TCrd ln1ng cultivars, 
het\ccll dryile cnditins a+trlaillnlnlsth'IraC pcrittds. I h)wev\'er. the vilnles werelnot correlated Witlh 
prcTtlnt Lrrnlittiiti(Il (.S " 1'oAAT). 

http:Ir.('..tc
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The ellccts oI silica ecl:s.c d ratiI I: 1, 2:1 atnd 3:1 . sccd siei (26.5 and 11.5 ./l()1)1sccd ), kind 

ofl'onill.er ( iron s(.reel and cheese cloth lnd secd allnolt on the divil ol seceds were detcl.+incd. 

Sced NC was redteed to aibout hm S1 drying. Hlligher ai'[lit ' silica'L el:seed8.7i( alter 47 dIvtf 
(3:1 and 2: 1) s',ltCd in IlMCr NI( tlhl the loss ci [liJ ( 1:1) ntil 28, days ofdIrving. hut did not show 

difle'rencs alter dyvoldiinL. ar rd C n sIitall seCeev .,I seCd . bea, seedS drIe .o\ZIlr ItCs. 
Kind l cotainer ald seedIa.0lit1ni prc1 onI tinerIdid not a (ffect gl'rIIinatlin lbut sCd sIIcs did.pCrVCet 

To comlparc storagC lilc (fl lII)aId (I) sCedS, seven cultivarS that differcd in 10(-Sced \\,Clit 

vCsrc dried unSim ilicai ccl 2311 C. PercnC Ced I I()()-seedat reduced s weihlt Was in: corIelatCd with 

wCichIt and olicgiital sCd NI(. Altcr 76 dys ',wcr tham 3.5,( . Altcr 70If'drving. seed M(' reclhed 

days. secd MNC ,.as Ili hilv corrClatcd with Oric,_,inall Seed CIItr= 0.9) I ),hnt nlot with I00-sCed weight. 

Introduction 

Sti iag lie . tellperllrie. I .ai seedIs depend, ooiture onll'CCtfseed andLi I Isv seed MC 

and louw stiiagc tCmIpea',tte illicise sioria'_c lie of seeds. Ilowever. liailntcllce of low s.ed M 

tilnderairtichI conditions iS mloI'e cost-el'l'ectivc tIhan allJiil.Cllilneace ol1' low tC'l1eiuiltir and lOW 

htmidmtv stoIaCe Conditions. Recemitlv the dryiiig of scds to \cry low NIC (<5' t has beenIotind to 

increCs hLIge,,itv. Such ulri-dr'ing t.chlnifpuc iW spCcially cll'cti\ c in secds \ ith hih oill contcit. 

ThCrfClre. it is lIssIhile to Citplov Ihis methlld to increatsc storiwce Iil', of soybean sCds it low coSt., 
Sovemm cuLti\VarS. 

di lerenlccs inl sced sile and ,Cd c oat chira',cte.ristics arc knowmn to)Aflect longcvity sovheain seeds. 

These scd characteri'tics Uof soyehCs may inlucnice the lilc of ultra-dried seds in Storal'.e and could 

also beicsed to devise a strategy for m,monitorimng sced viabilitv in the ,,eneahk. 

Ilos'evCr, this ctCChlitii. hasIenCestC d only on atlimited u11n1Cr ,o Variel 

Materials and Methods 

Experiment 1 

Ten s vbcZtn cultivars dilc'ing inl sCCd size and seCdcoat char'acteristiCs were sown for seed 

multiplication ol 22 Septenler 1992 and harvested in lecember 1992 and .lnutary 993. To 

determine equilibritiI htiidity for ltra-drying. seceds of I1soyb-,eancuiltiV'Sr were equilibte'itCd ovCr 

I) sa.tnttd .ait solutions at 25C for 20 days. ToWpe'pi'c ultra-dried seeds (<5'; MC) for the storagce 
15"C ;inl a dryingexperintm.it soybean eeds were dried silicag.I (1:1 gel to sccd rttio) at 


chamber( ISC, 15: RI). tlilt-dricd (5:1 to 5-(6,X IC) and ordinar\,-dricd (01)) (8.5 to 9.0) MC)
 
seeds httinCd werc kept ii :,eald.l, Itiliinaicd limumrnintmo baes and tored lt 25'('.
 

l seed vig 

(otal p1hospholipid content at ). 3. 0. and 9 ioths aftcr stora'tI c wcre determincd continu oisly it 3
monlth illets Als duirin the 24-month stloriu ncriod. lBef'ore theecrunaionli test, Ill) sCeds were 

priicn)istencl in a,sealcd desiccator oer itstltirated solttiom of( a'l' f 4 Iitinder 20()C. and tlcit 

translcrrcd in alothcr onc with NI ICI sIturate.d sotiutimI 'or 24 Ihunder 2()<C. 

Percenlit geriaton nSndard gcmintnItesl. ising accleted agirig test, and 

S,(-TI tusin roeCd to\,Cl wIs condliCtCd a,,cordi1ing to the IST,,.\ rtiles (1985)tsiig fotr rCplicatCs 

ofl') secds each. Acceleration ola'ine wa, ctdnttd tunder4 IC or 72 hwith Precision Scientific's 

circutlatinm watcrbath, imodcl 27(1. After accIelecrated ain, SGT aIs comidueCtCd. [Iir atual.ysis of' 

peroxide valutc. 2(01) mg soy hcan powder was extracted \%,ith Ill ml n-hexmic three time+s. Two

milliliter extracts, 2 il 311 allmonilnl Iltispalat and 2 ml 2( mM FcCl, (tlissolvCd in IICI) wete 

mixl for 3 min. and ahsorhance nicasured at 50(1 mmi.Total p!osphltiipid was determined hy the 
colorimetric nietlid described hy Ueda, Hlayashi, and Natruiki (1986). 

http:experintm.it
http:ofl'onill.er
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The results wcr analvCl Statistically using a PC-SAS package. SeeCL MONIwas delrilnCd 1), low 
dhyinie ()vcn eictlo (I,\S T15).I 

Experiment 2 

TO its Cl()lt cthod' the el'cts o" silica gCl to seed ratios ( 1: 1.2:1,Hhra-dh"'in lsilLg silica g., 
andJ 3:1 in w/ s sCli/e (II1.5 ail 2(0.5 1!c,per I (W-scdwei it), kinds of containcr (iOl scren and 
clCC clNth. indI sC Caliil cotalliner on the drIing of se 'sI'"peliltr dteC'llIliCLnd a311C.h11 1nt*r 
C'h silic, eel to scdj iai . thrCC Iil'_Irent dsicCatois rprCliCtline e'plicaiCts) wre nse. Relative 
humiditv wai tC'leed CCrvdai\' a Ii irico', t(It- ( 0()1)3,ini preeisun-it0ciincter- ulpr~ithcrn I-H).
WIhWI d lesth;lli (I. 'hlcl i 1R0 wa nted., siliCAge was relae bC]tLh sam anIont of+!r)y 
ilicai cl. Sccl \Ci 11t\%,I,, cli cCedI sciv tinle silic',' g'el wil' i acedlllCC(l. 

TO pIrirC Cep\lincillmniil latcrials o,0rcomparison o' sraice lie'etween ()iiOD)and sccds, 
,,\ e'n et It i vIr dli ttm inI in Itttt- ,d weiht Iwhic4h wee rs at s iort-tCrm1 storage condintiolln 
2()) {..l( RIJ)l v'ic cliiedI iii silica eel. 

Results and Discussion 

Experiment 1 

lO dLiC[rnineiliC cuillibi'iun. hunidiy 'fOrultra-dr,ing, soybean seeds wvere equililated over 10 
satiitrtcl salt soluthions at125(' ror 20 days. Thei results ale shiwn in table 12. All sCCLs or 10 .soybean 
;lcL'C'sni(lns racihel lcss than 5,", sCCL MC (ultra-drieCL coLnlitioln)01o 11 ,/ RI-1. At"1% R'I-. MC of1I 
I 123 tbrown sc .'hVlcrlcNiked surlace inl 20.6 c/I10( sees) reachcd. 2.41/c,. but tlat ofr I 1 121 
roin 'sCedetO. Cnlirl strfC c. and I(J. c/I(t was 3.5,( . Alllouh itch variatiois1edt, aliong 

accessins wa, ond, Vt;is no ippalrelll treid tleCel seed characCrislics andi sCCd MC llnde'r
certain rchlli i hunmidi iv mdntilitn 

\VihhtihS ls Isiicla cl (silicic1 itoseed iatio 1: 1). sCeC MCo .soybeani seCds was reduced rroin 
1).(,ttK t.5-taout 5.5-0.()(,. Additional dIrving ill a chailber at I5C and 1511t, RH )r 2 monriths 

reduced. it I'urtlher I()t nly 5. -5.(' Thereore, l) sCds couil n0t b-e ohtainCd in Ihis llanilcr. 

Table 12. Seed moisture content of 10 soybean accessions under equilibrium humidity 
at 25'C for 20 days 

Cultivars Seedccat 100-seed 
characteristics/ weight Equilibrium humidity (%) 
Color/Suilace (g) 7 8 11 22 31 43 52 64 74 81 

AGS 191 Yellow/Entire 29.4 3.6 3.9 4.4 5.6 6.5 7.7 9.0 11.3 15.3 19.1 
AGS 2 Yellow/Entire 5.9 3.0 3.4 4.3 5.9 6.9 7.9 9,3 11.5 15.6 19.1 
G 11120 Black/Entire 14.8 2.8 3.5 4.3 5.7 6.5 7.7 9.0 11.2 15.1 18.0 
G08465 Black/Entire 7.8 3.4 3.6 4.8 6.0 6.8 7.9 9.1 11.0 13.2 15.8 
G 11121 Brown/Entire 19.8 3.5 3.8 4.7 5.9 6.9 8.0 9.2 11.4 15.6 19.1 
G 8611 Brown'Entire 8.1 2.9 3.3 5.0 6.8 7.6 9.06.1 11.1 15.3 18.1 
G8513 Green/Entire 18.1 3.4 4.0 4.5 5.9 6.9 7.8 9.4 11.7 16.0 18.5 
G8586 Green/Entire 11.1 3.0 3.4 4.6 6.0 7.0 7.4 8.9 11.6 15.2 18.7 
G10963 Black/Crack 20.6 3.2 3.7 4.7 6.0 6.9 7.6 9.3 11.9 16.0 19.8 
G11238 Brown/Crack 22.4 2.4 3.2 4.0 5.4 6.4 7.2 8.9 11.4 15.3 18.7 
Mean 15.8 3.1 3.6 4.5 5.9 7.7 9.1 11.4 18.56.8 15.3 
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The results ofcolnIined analysisolpercentage germination of soybean seeds hy cultivars, drying 

conditions, and germination tests during storage alc shown in table 13. There were diferences in 

pCrcen~t gCrlinition am11on1g cultivIr's bCween gCrmination tests obscrved at 0, 3, 6, and 9 niotthls of 

storai Also, interactions between cuLtivar x drying condition, cullivar X ecrlninatio test. CtIllivar 

.A teldx drying condition x gerlrlinitioll test wereobse at (111, id 9-mionth storige. No constaII 

waS observCd betwCCn drying coLditions and interaction between diing condition x cr2iniltion test. 

In ST. black sCd-coated G I1 120 and G 8465 shoIwCd high pcrccn gern1ination. and green seed

coated G 8513 and brown and defective ced-coattcd ( I 1238 showed low IClnt gcrmin.ation. 

l)itfercnce between Il) and O1) was lot present in S(;T. Also, perccnt grCllillation decreased front 

99.11 at 3-month storage to 9,'.1 '1 at 9-imtnth storage. In AAT for detCrmination ol'sCed vigor. black 

seed-coated G 11120 and brown seed-coated G I 1121 shvcd high vigor, but brown seed-coated G 

8611 sIl wed v'erV lw sCCd vigr. Black sCCd-coatCd C 8465 showed high seed vigor at ()alld 3-11onlh 

stOraiWC. Seed vigor decraCsed very faist Iront 6 llolllhs" storage. l)ifference inl germination between 

()) and IliD was obhsCrved in AA. Brown seed-coated G I 1121 showed the narrowCst difference in 

percent germ natio between SCT aiid AAT. 

Correlation between 100-seed weight a.Lnd PG (table 14) was not statistically signi'icant, except 

in SCT of' 01) seeds at 3-month storage (r = -().708*), AAT of 01) seeds at 6-month storage (r = 

(1.670*), and AAT of LID seeds at (0 month storage (r = 0.831**). 

Table 13. Combined analysis of percentage germination of soybean seeds by cultivars, 
drying conditions and germination tests during 0, 3, 6, and 9 months' storage 
under 250C 

Source of variance MS by storage period (months) 

DF 0 3 6 9 

Cultivar (a) 9(8)- 1,732.23" 27.56** 403.80*" 289.54** 

Drying condition (b) 
Germination test (c) 

1 
1 

1,704.34"* 
3,645.57" 

5.63 
140.63* 

616.23"* 
6,734.03" 

6.67 
7,700.06" 

a x b 9(8) 237.95** 18.29"* 190.34"* 236.89** 

a x c 
b x c 

9(8) 
1 

1,616.82"* 
90.32 

26.74** 
1.23 

410.03"* 
664.23 * 

365.97** 
21.01 

a x b x c 9(8) 734.42** 14.67" 181.89"* 170.10"* 

Error 120(108) 91.80 4.29 18.69 17.24 

Numbers in the parenthesis are df at 9 months after storage; the df of error at 0 month storage is 118 
"Statistically significant at the 1% level 

Table 14. Correlation coefficients between 100-seed weight and percentage 
germination by drying conditions and germination tests during 0, 3, 6, and 9 
months storage under 250C 

Drying Germination, Storage period (months) 

condition test 0 3 6 9 

Ordinary SGT -0.370 -0.708* -0.270 0.047 
AAT 0.349 0.179 0.670* 0.471 

Ultra SGT -0.378 -0.590 -0.319 -0.358 
AAT 0.831" 0.118 0.425 -0.169 

SGT = standard germination test; AAT = accelerated aging test 
*, Statistically significant at the 5 and 1%level, respectively 
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The results ol comlined analyisis fr lperoXide vle ( V total lphoshlipld contCnt (TlP .). and 
tcid value (,AV) by cultivars, drying conditions, and stotragc periods arc slown in table 15. There were 

hi liyl ctiIt and dryillsihtifiicant di ffcrenccs in POV between storagc periods, but none bCtwCC ivll'.s 
conrditions. I)()V at 0.1). 500 were 0.68, ().64, 0.8 1,0.79at 0-, 3-, 6-. and 9-tionth storac,respectively. 
TPI.differed siL nificallk,, between cultiVars, drying colditions, and storiag lperi)odsI. Mean ofT!!, for 
the culti vars ranged flrom 14.6 to 17.2 nlg/g over the storagc peliods. ()l) seeds had lowcr ( 15.9 tug/ 

l'l thane t i ltra-dried secds (15.7 mg/g ).I'F. w.,rc 15.9, 16.3, 15.0. and 15.4 mg/' at 0-, 3-, 6-, and 
t-11oth storage, respcctivcly. 

Table 15. Combined analysis of peroxide value, total phospholipid content, and acid
 
value by cultivars, drying conditions, and storage periods
 

Source of DF MS 
variance ------- Peroxide value __Total phospholipid Acid value 
Cultivar 9 0.005 3.647"* 0.054** 
Drying condition 1 0.010 1.038* 0.515** 
Storage period 3(1)' 0.135** 3.022** 0.896** 
Error 65(27) 0.004 0.144 0.013 

Numbers inparenthesis are df for the acid value 
Statistically significant at the 1%level 

I lihly signilicant differlces in AV between cultivars, drying conditions, and storage periods 
were observed. Mean of AV for tIe cultivars ranged from 0.35 to 10.72 tug KOI- /100 g Ilt during 6
and 9-ntionth storage. ()I) sceds had higher (0.70 tig KOI l/g fat) AV than ultra-dried seeds (0.48 mlc 
K(l)lg fatl). ,\V were 0.74 and 0.44 tug K()1/100(1(tg fat at 6- and 9-tuonth storage, respectively. 

Storace life olf01) and U!) seeds ol seve cUltiV,ars dil'critig in I()0-sCed Weight (8.1 to 34.9 g) 
wis compared (table 16). The percentage of reduced seed Weight 1y dryinig was largest in AGS 292 
and smallest in GC 84056-1-2-2-I. The percentage of" educCd seed weight was not correlated vith 
100-seedlweight (r().159) and original seed nlo0isture conttcri (r=0.334). A ftercomlltion oi"76days 
ol ,dtyitg,.,; IS1 was highest and GC 84056-1-2-2-I was lovest in seed MC. Also, seed MC alter 
dr'ying was highly correlated with original seed IC r = 0.961 ),but not correlated with 100-seed 
weight Ir = 0.556). 

Table 16. Results of drying 7 soybean cultivars by silica gel (1:1) indesiccators for 76 
days at 23±10C 

Cultivar 100-seed Original seed Percent of Dried 
weight moisture content reduced seed moisture 

(g) (%) weight content (%) 
IAC 80-4228 8.1 8.0 5.Oc 3.3bc 
GC 84056-1-2-2-1 9.9 7.9 4.9c 3.1 c 
AGS 181 15.9 8.5 5.3b 3.4a 
GC 87017-40-B-2 20.7 8.0 4.9c 3.2bc 
SS 86013-7-4 26.5 8.2 5.Oc 3.4ab 
G9053 31.2 8.0 5.0c 3.2c 
AGS 292 34.9 8.8 5.7a 3.3bc 
Mean 21.0 8.2 5.1 3.3 
. Means followed by the same letter are not significantlydifferent by DMRT 
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Conclusion 

The equilibrium Ihmidity fOr ult-drying soybean seeds at 25°C is 11'k RH. The ultra-dried 

condition (<5." MC) ciuld not be reached ill the utial drying chanber with I51;%, RH, 15'C. 

P' ercent gCrminatiOn during storagc was affected y t drigcnditio, and the germinatioll 

test used. 

No Correlation was observed between percent germination, and chelnical Coptlonenls asstciated 

with seed determination during short storage periods. 

Effect of Lipoxygenase Deficient Near-isogenic Lines 
on the Storage Properties of Soybeans 

Summary 

To determiie the cl'e'ct of, lipo xygenase oil the storage life of soybean seeds, t ( lipoxygetlase-I 

deficient near-iso-gcnic lines and two parental cultivars were dried to about 7';; seed loistuire content 

and stored tinderi'oolm temperature and short-term storage ( 150C. 4517, RI-I) condition fo'r 12 months. 

Percent gcrminiation (PG) usinlg standard gcerllination lest and accelerated aging test and chemical 

components rclatlCd to seed dcterio6ration were determined at 2-montih intervals durine storage. PG of 

two lip)Oxygenasc-1 dlCicicnt ncar-isot+elic lines were intermediate of their two parents ini SGT but 

lower thall that (of'two pareltls In AAT. 
' n roomnl tmClperaturC aid short-tem'n stl'torage 

PG. Peroxice value increased with hllgr storage period gencr'ally but there were n dilfferenccs aiming 

cultivars and between crac 

There was i10 constant trenddling storage betweeC in 

conditions. Total phospholipid content decreased With longer sltorage 

periods but there wrc io dil'l'ereliCCs aliong Cultivars. Two lipoxygenlae- I deficient liles wcrc 

inltellilediale ofI' two parelital cullivars in ''l I.. Tl' I was significalitly positively correlated Wihll PG 

(SGT) in generali. There was n( apparenlt trend ill acid value during sitorage eiCi-icls. Ilowevcr, therl' 

were difflrencs obscived among tCUltivars, but nto dil'fCreiices betweeii stol'ge conditions. Two 

lipoxygcniase- I deficient iear-isoccnic liles had lower AV than their two parcital cultivars. It is 

coiicluded that storagc longevity and sced vigor ofI' lipoxygenase- I deficient near-iso'gtlic lileswere 

not higher than those of, one parental cullivar AGS 129, and Ihat TPI. was not decreased by 

lifpoxygenase-I i 5O)v~llc. 

Introduction 

Soybean seed isrich ill oil that is high in polyunsaturatedl fatty acids. These ulnsaitUlrated fatty acids 

are easily peroxidized tinder ambient colditiol. Lipid pelroxidation, controlled by lipoxygcnases, is 

suspected to be the mai cause of,seed deterioration ol soybeans. It occurs duriri- natural aging oI1 

soybeans, but n)t during accCeleated aging. The rate of lipid petoxidlation is affected by lipid 

antioxidait tioli treatments.composition, oxygen presstre, seed irradiation, and hiyLit, In soybeall 

Lto conveled 

soybeaii ical. lipoxygenases norially exist in soybean seeds in three isozyme fl'llls (Silibala et al. 

1987 and 1988: Ycnol'sky et al. I 98S). Null Imulauts Mve bcen l'OUIld 'r ech of the ihreisoz.yles 

(Davies and Nielsen 19,87), and near-isocellic lines with deficiency in Iipoxygenase-I have been 

developed at AVRDC. Since near-isogelic lies likely have low lipid perloxidation ithey ille expected 

to stay viable for lon gCr storlage periods. 

seeds, lipid hydrplleroxidLs are volatilC comilunds, which develop beaCn flavors iii 
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Materials and Methods 
TVwo patrental cultivars, P1408251 (deficient [Or lijioxygenase-I, donor parent) ;and AGS 129
 

(with li xmxNvCniisc- I. recurCnt paretri), and their baockero)ss progenics, two) litoxygcnase- I tlelicicnt
 
iCde'.-isOgeliC hlitrs ((1(' 88067-10 it GC 88072-5), werc sown t I March alndl hare\-sted ill
Jnllet
 
1993. 1 larestctl secds were threshed ai p)I'OCCssetI maniialll mnd dried to aout 7(7; seed Iolistile 
Content. ipacked in ahlniinuti11 o'il ba1s' and stored under rom and slrt w-Ieii1lttll'illt,._mperaturll 

storage (I.5"C RI 1)conditions. Slidard .erttiination aWilt! test 1'01rscul
,-C5(/; test and 'ccl!'tCd 

vi'' w\e C C Mu-to'Cd seds. PeroxilC Value, totall plhosplnllipid content,. anld acid satLtIe
on at time 
()I' a' atff,l2-1tiouth intera 'l stinl lp'ritl wereC tl~tlt l.st I' alllt fi" t 12-11t10h eu llillt 

it' olf
S(G' \ws COntlIcictI acL'entliln t0 the IS'I,\ rules (1),85 llsilc fnt-l repllite 5) Seeds each. 
AccCleration o)f a itwas cOHtltLtetC l udL - I" tr 72 Ii with Precisiom Scicnific's (iruttlating 
Vater Blath, model 271). After aicceleratecd ti.inp, SG(;T \wits dm. 

1u1 stovbenll) pw\Clr was extraictCd with I) 1 
limes. Two) milliliters each oltlhc e\tract. 30', ationiimit lispaitle ant 2() 1M FCC', (dinssol\'Cd ill 
I ICI) were mixed f(Or 3 mlul. ad the abhsorbanct: waits measu-d ll50) pil. 

Fri' anailysis tl'peroxilC Vilu, 2(0)) u-hCxattC thre 

the colhorinetric niutlod lescli!ed byv Ie. 
(I980). AVs were CtermiCd bv the A()AC official methLds o1 analysis (1984). The results were 
analvicd statistically using I(-SAS package. 

TII. valnes were determuindLl IV1 1l, Ilavashi, and Namiki 

Results and Discussion 
The staldard Verillitinm test smOWved tli IltCs in petVent gtrlillationl 11G) lilotig cultivsars 

(lable 17). A(;S 12) hadi th highest and PI 4)8251 the lowest IPC; (C 8()72-5 wereC88()07-10 andc(( 
iuteruIediMtC of' both pareMtts dtU'ing all stota-gC lperids. The dilfferetces ill IPG1CMetwee storige 
cotlditiolS Shovcd no C ,tSUtiltttrenCld, but lar'ge differences hetwCee storuge conditions were roted ill 
A(S 129 during the stlorag periotl. 

Ill1Ie accelerated agine test, diffelrences iti PG were illpaient amllong ctlivrll'S (table 18): PI 
40)825 I had the highest. aind GC' 88067-I() ll)Id88072-5 the lowest seed vioTr. I Iiih PG o)f P1lC 
-1)48251 iti AAT could he tltito its black and hard secolaCit which pI'ttCttL it 1'to'm01OVCer-itul-tibition 
during accelerated ucing. Interactiots between culivar x stora'.c ctnlition, IetClel ctltivar x 
eCrmnillititmi test. atid betweert stora coldition x gernilination test tid betweel cultivatr x storiule 
'on1dition x ,gCrmuitatiOn test wrV obtservTL (table )19).Ibroln the reutlls of SGT and AAT,we ctn 

concluetl thatm lipo)x.;'gctisC- I dCicietit near-isogeniC hi1es itrot halvC hltgel storilge lieltlai their 
parett A(S 129. 

Peroxide vilu iiic'CestCL Wvith longe storage !-eriml except 'lt12-motlhl storage (table 20), [ntll 
no diffe+ etu s weteob~se rvedt. Cotelattim coefficiimt:rences; Ibet' enItiva'rs and betwee'n storage condlitit 

ofl, IV with PG (flSGT aud AAT was not stUtistical!y signilica1nt. It tall e cocldtld thlt 
lipmxy"Cunasc- I delficietlt nlea-iuL ic hnus tlthla1ffect lipitl ptroxiditnim.i 

coituut tlecreased \\'ilhl differelccs iti 
TliI wvere obhservtl atuinom cultivars. A(S 129 had the highest and PI 408251 Ihe l west TP'I.; C 
880017-I)) anti (( '8X072-5 were ctliaut. n Ilrt'riccs betweet 

"lotal ohpholiliti hmigtr storage periotl (lale 21 ).Also, 

interti There were dli stowage perditls.
 
I+1. mSrextept at 2 nmouths' stotnutu, hllt IPI'
owas sigilificallily positively corteatetl with iC 0 was 

tntl signi ficalntly currelated wilh PG o)f AAT. 

Acid vluehc was n0t cou1,:1nt dur'ing storaige (table 22). I)iflereices atuintig cultivars were 
(Obscrvetl. AGS 129 hatd the lowCst anttl II 4(1825 1(lie higlicst AV- CC 88067- I) anid GC 88(72-5 were 
ittermediate. There \,Cre n)t differences bIuweei st(i'e peiis. AV wats inmt correlated with PG o)f 
SCT atnd AAT except it,two cases. 
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Table 17. Percent germination of soybean seeds by standard germination testa with 2 
storage conditions 

Cultivar Storage Storage period (months) 
condition' 0 2 4 6 8 10 12 Mean 

PI 408251 R 79.0 20.0 27.7 6.0 66.5 68.5 62.5 41.9 
S - 36.0 24.0 14.0 80.5 69.5 75.0 49.8 

Mean 79.bc 28.0b 25.9b 10.Oc 73.5c 69.Oc 68.8b 45.9 
AGS 129 R 89.5 35.0 76.0 60.0 97.0 97.0 97.5 77.1 

S - 66.5 42.1 30.5 86.0 84.5 82.5 65.4 
Mean 89.5ab 50.8a 59.1a 45.3a 91.5a 90.8a 90.Oa 71.3 

GC 88067-10 R 83.5 14.0 45.0 22.0 87.0 88.0 85.0 56.8 
S - 53.0 65.0 23.0 85.5 71.0 84.0 63.6 

Mean 83.5ab 33.5b 55.Oa 22.5b 86.3b 79.5b 84.5a 60.2 
GC 88072-5 R 91.0 35.3 54.3 44.0 90.5 82.5 87.5 65.7 

S - 37.0 58.8 27.0 88.0 87.0 88.5 64.4 
Mean 91.Oa 36.2b 56.6a 35.5a 89.3ab 84.8b 88.Oa 65.1 

Mean R 85.8 26.1 50.8 33.0 85.3 84.0 83.1 60.4 
S - 48.1 47.5 23.6 85.0 78.0 82.5 60.8 

Mean of all 85.8 37.1 49.2 28.3 85.2 81.0 82.8 60.6 
Rolled paper towels were laid on the tray in the 0 to 6months storage test and placed Luprght in an iron stand in 
the 8-12 months' storage test 
R = room temperature; S=short-term 
Means in vertical column followed by the same letters are not statistically significant at the 5% level (DMRT) 

Table 18. Percent germination of soybean seeds by accelerated aging testa with 2 
storage conditions 

Cultivar Storage Storage period (months) 
--- -condition" 0 2 4 6 8 10 12 Mean 

PI 408251 R 53.5 34.5 19.0 12.0 42.0 35.0 36.5 29.8 
S - 36.5 10.0 15.0 46.0 50.0 42.5 33.3 

Mean 53.5ac 35.5a 14.5a 13.5ab 44.Oa 42.5a 39.5a 31.6 
AGS 129 R 43.5 11.0 10.5 14.5 27.3 36.5 25.5 20.9 

S - 13.0 22.5 29.5 33.5 44.0 35.0 29.6 
Mean 43.5ab 12.Ob 16.5a 22.Oa 30.4b 40.3ab 30.3b 25.3 

GC 88067-10 R 18.0 16.0 4.0 3.0 12.0 17.0 14.0 11.0 
S - 13.0 16.0 12.0 39.0 35.0 33.0 24.7 

Mean 18.0b 14.5b 10.Oa 7.5b 25.5b 26.Oc 23.5c 17.8 
GC 88072-5 R 37.0 23.5 11.5 10.5 30.0 24.0 23.0 20.4 

S - 15.0 12.0 13.0 28.0 36.5 24.0 21.4 
Mean 37.Oab 19.3b 11.8a 11.8ab 29.Ob 30.3bc 23.5c 20.9 

Mean R 38.0 21.3 11.3 10.0 27.8 28.1 24.8 20.5 
S - 19.4 15.1 17.4 36.6 41.4 33.6 27.3 

Mean of all 38.0 20.4 13.2 13.7 32.2 34.8 29.2 23.9 
Rolled paper towels were laid on the tray in the 0 to 6 months storage test and placed upright in an iron stand in 
the 8-12 months' storage test 
R= room temperature; S= short-term 
Means in vertical column followed by the same letters are not statistically significant at the 5%level (DMRT) 
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Table 19. Combined analysis of percent germination of soybean seeds by cultivars, 
storage conditions, and germination tests 

Source of Mean squares by storage period (months) 

variance DF 0 2 4 6 8 10 12 

CUltivar (a) 3 450 103 900" 1621" 70 475" 131* 
Storage condition (b) 1 - 1808" 58 28 293" 210 272" 
Germination test (c) 1 18241** 4186" 17152" 3570" 44785" 34225" 46010" 
a x b 3 524" 343' 231 241" 120 143" 
a x c 3 568" 1318" 936*" 679" 974" 705" 1072* 
bx c 1 1805" 272 1208" 328" 1482" 361" 

a x b x c 3 168 584" 490" 294" 134 227" 
Error 48, 166 83 116 163 27 68 34
 

df of eiror at 0, 2,and 4 months were 24, 41, and 37, respectively 
, = statistically significant at the 5and 1%level, respectively 

Table 20. Changes in peroxide values by cultivars and storage conditions 

d Means in horizontal row folloved by the same letters are not statistically significant at the 5%level (DMRT) 

Cultivar Storage' Storage period (months) 

condition 0 2 4 6 8 10 12 Mean' 

PI .408251 R 0.6' 0.8 0.7 0.7 0.6 0.8 0.6 0.7 
S 0.6 0.6 0.6 0.8 0.9 0.6 0.7 

Mean 0.6 0.7 0.6 0.6 0.7 0.8 0.6 0.7 
AGS 129 R 0.6 0.8 0.7 0.6 0.6 0.8 0.5 0.7 

S - 0.6 0.6 0.7 0.8 0.7 0.6 0.7 
Mean 0.6 0.7 0.7 0.7 0.7 0.8 0.6 0.7 

GC 88067-10 R 0.6 0.8 0.8 0.7 0.8 0.6 0.7 
S 0.6 0.7 0.6 0.8 0.8 0.5 0.7 

Mean - 0.6 0.7 0.7 0.8 0.8 0.55 0.7 
GC 88072-5 R 0.6 0.5 0.5 0.71 0.6 0.8 0.6 0.6 

S 0.7 0.6 0.7 0.6 0.8 0.6 0.7 
Mean 0.6 0.6 0.6 0.7 0.6 0.8 0.6 0.6 

Mean R 0.6 0.7 0.7 0.7 0.6 0.8 0.6 0.7 
S - 0.6 0.6 0.7 0.7 0.8 0.6 0.7 

Mean of all 0.6 0.7b" 0.6b 0.7b 0.7b 0.8a 0.6c 0.7 
Correlation with SGT" -0.126ns,) 0.287ns 0.016ns 0.074ns -0.304ns -0.182ns 
Correlation with AAT' -0.183ns -0.340ns -0.124ns 0235ns -0.097ns -0.560ns 

R  room temperature; S= short-term 
Did not include 0month data 
Numbers are peroxide value at O.D. 500 

Percent germination using standard germination test 
Percent germination using accelerated aging test 
Not significant at the 5%level 
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Table 21. Changes in total phospholipid content (mglg) in soybean cultivars during storage 
Cultivar Storage' Storage period (months) 

condition 0 2 4 6 8 1'1 12 Mean' 

PI 408251 R 16.6' 16.3 16.0 16.0 15.9 15.7 14.9 15.8 
S - 16.2 16.1 16.6 16.4 15.6 14.8 16.0 

Mean 16.6 16.3 16.1 16.3 16.2 15.7 14.9 15.9d'I 
AGS 129 R 17.7 18.1 17.8 17.6 18.4 17.1 16.8 17.6 

S - 18.0 17.1 17.5 17.7 16.1 16.4 17.1 
Mean 17.7 18.1 17.5 17.6 18.1 16.6 16.6 17.4a 

GC 88067-10 R - 17.1 16.8 17.0 16.7 16.0 16.0 16.6 
S 17.3 17.2 17.2 17,1 16.4 16.3 16.9 

Mean - 17.2 17.0 17.1 16.9 16.2 16.2 16.8c 
GC 88072-5 R 17.5 17.8 17.2 17.4 17.2 16.6 16.2 17.1 

S 17.7 17.6 16.9 17.6 16.7 16.2 17.1 
Mean 17.5 17.8 17.4 17.2 17.4 16.7 16.2 17.1b 

Mean R 17.2 17.3 16.9 17.0 17.1 16.4 16.0 16.8 
S - 17.3 17.0 17.1 17.2 16.2 15.9 16.8 

Mean of all 17.2 17.3 17.0 17.0 17.1 16.3 15.9 16.8 
Correlation with SGT 0.488ns 0.931" 0.845- 0.869" 0.734" 0.881* 
Correlation with AAT -0.843** -0.107ns 0.291ns -0.361ns -0.225ns -0.560ns 

R= room temperature; S= short-term 
Did not include 0month data 
Means in vertical column followed by the same letters are not statistically significant at the 5%level (DMRT) 

d 	 Percent germination using standard germination test 
Percentage germination using accelerated aging test 
ns = not significant at the 5%level; *significant at the 5%level; -significant at the 1%level 

Table 22. Changes in acid value (KOH/g fat) in soybeans during storage 

Cultivar Storage,, Storage period (months) 
condition 0 2 4 6 8 10 12 Mean 't

PI 408251 R 0.90' 0.64 0.84 0.78 0.89 0.86 1.04 0.84 
S - 0.63 0.95 0.76 0.99 0.77 1.04 0.86 

Mean 0.90 0.64 0.90 0.77 0.94 0.82 1.04 0.85al 
AGS 129 R - 0.39 0.49 0.49 0.46 0.24 0.45 0.42 

S 0.50 0.54 _,50 0.60 0.42 0.49 0.51 
Mean 0.45 0.52 0.50 0.53 0.33 0.47 0.47b 

GC 88067-10 R 0.45 0.60 0.60 0.43 0.38 0.48 0.49 
S 0.43 0.36 0.75 1.01 0.36 0.43 0.56 

Mean - 0.44 0.48 0.68 0.72 0.37 0.46 0.52b 
GC 88072-5 R 0.91 0.74 1.01 0.66 0.86 0.70 0.70 0.78 

S - 0.88 0.56 0.54 0.93 0.65 0.69 0.71 
Mean 0.91 0.81 0.79 0.60 0.90 0.68 0.70 0.74a 

Mean R 0.91 0.56 0.74 0.63 0.66 0.55 0.67 0.63 
S 0.61 0.60 0.64 0.88 0.55 0.66 0.66 

Mean of all 0.91 0.59 0.67 0.64 0.77 0.55 0.67 0.65 
Correlation with SGT' -0.137ns' -0.629ns -0.687ns -0.453ns -0.633ns -0.764 *' 
Correlation with AAT" 0.381ns -0.137ns -0.350ns -0.745' 0.197ns -0.596ns 

R = room temperature; S= short-term 
Did not include 0month data 
Means in horizontal row followed by the same letters are not significant at the 5%level (DMRT) 
Percent germination using standard germination test 

* 	 Percent germination using accelerated aging test 
Not significant at the 50% level 
Statistically significant at the 5%level 
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Analytical Laboratory 

Effects of Cooking on InVitro Bioavailability of Iron inMungbean 

Summary 

)iron tilghcan seeds and sprouts wasThe effect )f wvet-heatilg ol the i n vitro )ioavilahility f in 
examained. The dialyzahility ofattrigbean seeds and spartst s was enhanced after caooking. l-ascorbic 

M times of, intrinsic 
diali'abifity wa,,'is inCi'C:tsd by more than 2(). Additiol of ascorbiC aCid and then eooking can 
Cnlitlrc iron bi oavilabilityI mO i ithl rhhe ofC 

acti. I tlie cnctllratlol irmn, w\IS added ta0 leals Iclore cokiig. TIhe iion 

t'llcse two trcatments alone. Phytic cid, high 

ill be;alls btill low i sprouts. ally not bc vCy important to hinder tile effect ofl'crkiie,. 'he viscosity
h mori)eL" thaln ah:t of and does not prevent tire enhancing e lft either. At hliherbean meals i prtt 

vitMiji (' level>s ( 1( fld ofl intrinsic rnoil), tIe enhfrline effeet (if coirkihre is riot (wiaitls. Tire iron 
di;rlv,"bi litv Il tile tahiCictCd Ceiitarif was, t tire coMtrary, dCrcased l paissibly by the partial 
M\idatirrl ol vitailial C die to heatinllg.ThC ICiatinlg procss SeenCid tar irifflCicC tile pIrIOl'lC 0i'extrinsic 
irta1m ill tie ftOnd rnittix: tire higher the srrltble irlral, tile higher the dialyzahility. 

Introduction 

Iru deficiency anlemiaais cor mI111y linid ill bhti afftiit and ecoill cally depri ved paopnt lati ons. 

'o arcv'Cnt this nutritionial deficiency discase, anl increase in both dietary iran and irs availability is 
ncCCssary. FIo iip'acessine aind irO chieiiistry aC important factors affecting irlnl bioavailalbiily. 
'The ciciristrv of, iron. plarticularly its valenice, solihaility, and types af cicatiora, infltence its 
tbsohr!tiaa, l'uFod praocessing methrds such as baking, catainu. drying, arid cooaking may have 

di fferenrt effects tinlranl bitilvail~ability. 'ilts, the chemistry n+tariiCd plaricessing method shuld be 
erarsitierd f'air Olt~tiaia.g tle best pI)sihleC r1'ai,ianavtilbility. 

('torrcnt rrctiodrrlou'v fr cstilnliili iron boivailhility intcudes ainial bioassay, iitanrani assay, 

arid ill vitro arleastrlrcaat. The il viltro issay inoivalves simulated gastrointestinal digestion t:;ilg a 
coiaiirrrciAll, availablae ervae with stbsequcnt fileastareicerit of tire salrIablc iron released by thec 

dioestioln. It is tsimile, rilpid and inexpensive orlfar and idenlirrthiaid. ,rid tasef food scrClli in., 
I'actmirs' which amiay iifhteice rn availability. 

Recent stuadies at Ruateas Staw I niversity atiNew .Icrscy iadicated that in vilt'a bianvaihliliy of' 
itnr in Cltci faImtas vegctaIlcs can be einhanced frm 5M; ta)ti,,cr 20 1/( t iitagIi cooking. fri this stUdy, 
ainattCipl was Inade tar confirrir this liaidirg in allotlre type oii vegetuaIle. Mh lbigbcaai Seed MRid Sp-Ot 
I'anaIs wCrC Used its test liateCials. The effects of cranking onl itOil hia'il lability i araiglllcaIi seeds 
containing extrinsic iroin and ascairbic acid are discussed hret. 
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Materials and Methods 

Materials 

'C(l,oF nlllllehel brccdinl line VC I628A wcre usCd. To ohtail spiouLts, seeds wcre first soaked 
lor , ( lirst sprouting stage )bol're thev wcrc placcd in the sprouting machine l'Mr4 days. Tlhc machine 
atniatic:lll tpplied water to prouLting Seeds cvcry 6 i to allow them to ecrinillate (scond 
sPoitull sta anld 'prott e'011plCtclv (third Stage). 

In vitro determination of iron bioavailability 

Thieiu iiluiiedieesijoi method introdumeedhv ililleretal., I 191t)with itliur udilticatioms hy 
ICe- (ItO .aa4)u luo he in %iilt11t-o iin',tou t ion hioavaihahilily. The Cquatiton used for the 
Ceal 'iti'moI, the ,li', 'alilht is: 

Iron dial1'1,blitv 1 ng Fc in diafys+,atC I ( 

nig Fe in pepsin digest 

Fi.. I illustratcs the details of, this assa,. 

Vegetables + H20, 5-7% of dry matterJ 
t Blend 

, pH adjustmment with 6N HCI 

pH2 ' 0.05 meal homogenate 

+ pepsin digestion, 37 c/2h 
Pepsin digest 

Titratable acidity ___JDialysis bag submerged in meal, 
determination 37 C:/30 min 

Add pancreatin-bile, 37 c/2hr 

Dialysis bag Remove bag, rinse, empty, weigh 
preparation -_El 

Dialysis bag 

containing NaHCO3 Dialysate, pH7 Meal 

equivalent to the conc. -Batho assay AA 

of titratable acid Dialyzable iron !Total iron 

Iron dialyzability I 

Fig. 1. Schematic diagram of the in vitro method used to determine iron bioavailability 

Miller, D.D. et al. 1981. An invitro method for estimation of iron availability from meals. Am. J. Clin. Nutr. 
34:2248-2256.
 

Lee, T.C. et al. 1994. In vitro iron bioavailability of three raw and processed cruciferous vegetables. J. Food
 
Sci.
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Experiments 

I 	 r.hon, aIsco'bic acid and phytic acid content of the thrCe sprouting stages were analyzed by atomic 
abshorption, A()C., and t mcthod dCvChelped hy Winters et al.' (l 98-). respectively. 

2. 	 The soaked. Cenatllilliled, and S')trolted mlblltlle.llV.CIC hcblended inI dCiolized water with and 
\,,itlitit e\trinsic vit1onil C and hoiled On aht1101plate fo'(r 15 init with constant strirnng. The 
dhlyai lity was dctertioed hy ethiods mentioned carlier. 

3. 	 The dialyab',ilit\ ol soakcd sccd,, was determincd hefore and after cooking vith addition ol 
ascorbic acid (3, I(). nd 30.tMN/2() , test ncal ). 

4. 	 The dial'/ahilitv otf soakcd scds vits determined bel'ore and alter cooking with addition of 1,3 
and 7 p.IM fCrrie chlhridc/2() Ltest neal which contained 10 ptM of ascorbic acid. 

Results and Discussion 

Iron conttcrl ie seedad spront w'as similar (about 2.5 .g). The ascorhic acid content increased 
graiduilly dlng tile sprouting process Iroin 0.39 nlg/1()0 seeds to 5.32 ng/10() sprouts, while the 
phvtie acid decreased front 5(.95 nm/I0( seeds to( 1.1 te/1(0( sprouts (fig. 2). 

The diavabilities; ofcoked meals f1tile three ,tagies were applrenlly higher than the raw ones, 
e,-specially r s-,rout,, ( . 3. A llld ascorhic acid in 1tntnghan,-hluuhwater, starch. imen, pllytate 
c,.hn.Cd a lot frotecd s.proutl. there s ocnly a slight ifferencei inton dialy\/alility. (ookitt n ay 
have Iliel,'potcntial to alter tIhe i profi in the lItod tnatrix and promote dialy/ability. tir cooked 
Stirtiul-., mntrinic %ittilmmil C is capable of cnhitcinte iron dil,,/al ilit,'. \\"hen the aulounit of, \'ilanl;ti 
( adhed as I(times the ion.Cco"ncenitration/befre cookitl. results shIwVCd that tile ironIlrtitelal 
dialv'alilitv inIcreCasUd Ioin 9.0 to 25.4 and 5.1 to 21.2', lor the fi t Iwit stages (table I). The 
diAl;'/1abi li't o Sfptoums r-nlmined at lcI8" reiardless tif me,'itiatnlin C tt'ettnuent. This could be bhecLuse 
of Im,high Concentratiotn ol intrlttinsic atscotrbic acid in the spioilt, which viCiated any added bncel'it of 
Ce\tltlSiCs LtcIsc acid. 

5 	 5050 

S '--Ascorbic acid 	 40 

E 3 PhYti€ acid..30 

70
f2 20 U 

01 	 I0 a-

Before Soaking Beginning Complete 
soaking for 6 h of sprouting sprouting 

Fig. 2. Changes in ascorbic acid and phytic acid contents in mungbean during sprouting 

Winters, D.D. et al. 1984. Phytic acid content of crude, degummed and retail soybean oils and its effect on 
stability. J. Food Sci. 49(4):1113-1114. 

http:c,.hn.Cd
http:mlblltlle.ll
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20r 
18i 	 ;19.518, 

S 	 16.r Raw
 
14- Cooked
 
12.
 

N 10"
 

T 8-

9. " "+.... 7 3
 O 	4 ! 5.7 ,,ii:iiii 

Soaking for Beginning of Complete 
6 h sprouting sprouting 

Fig. 3. Effect of cooking on in vitro iron bioavailability of rnungbean during sprouting 

Table 1. 	Effect of cooking and vitamin C addition on in vitro bioavailability of iron in 
mungbean during sprouting 

Iron dialyzability (%)
 
Soaking for 6 h Beginning of sprouting Complete sprouting
 

Raw Cooked Raw Cooked Raw Cooked
 

Control 5.7 9.0 4.3 5.1 7.3 19.5
 
Extrinsic vit. C' 13.1 25.4 11.5 21.2 12.6 18.0
 
Cooking condition: boiling for 15 min
 
The amount of extrinsic vitamin C was 10 times the iron concentration ineach sample
 

Additionl of' eI'nergy in the F'trm oi" heat has been she),wn ili seve.'ral stUdis to increase ironti 
hitavailahility. Not all the hcating enhatnccs irol absorption, in soilc lases, hcatingu was inihitory. 
In this study, dialvilaility increased duc to the addition olasCOr bic acid to heartsn cvCn ief'orc cooking. 
Il addition, Iiclh intrinsic starch cotltli (ovei 701,; i11dry weight)did riot prCveLnt the enhancine effect 
of added vitarinill C and heatlin,. Plrvtic acid, trrrrrMrilly an inhhitor, did not :also sem t0 afect tIle 
CerharncrrC1Int of dial,/nrhilitv. 

The cnlneiin- clfcts of cookir. ()It iH dilv,ahilitv with Cetrirsic a,crrhic acid and ir in 
rtrng.1arCl 11iCalS wer" l,lr ine\stiNtled. L,-ascorhic alcid, in niolar ratios rrf 3. I),and 30. was added 
to mnirlecan meals hclorc cottkirr. The resHrlts arc ',hwvn ir lie. 4.Accoding-'tr the prCviOis data, 
cookil,2 and ildditio o vitarini (Ccotrld Cnhince dialylahilitv, arid the Cnrhallcirr C'fcts can le 
amplified with b()thIrctllrrts. At hiiehritarir ( levels (oer 0x Idialv/alility wasl tuiraited (data", 
not shr rn), and the cilnhanicirie effect orfadded vitamin (Cwas Lrcater than thrat of cooking. The 
dialy/ahi ity was. (0tthe crintrary, decreased possihly hy tIe partial rxhidatin of' asco'bic acid duCto 
heat incz. 
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Fig. 4. 	 Effect of cooking on in vitro bioavailability of iron in 
mungbean seeds with added vitamin C 

Ferric chloride, I,3,and 7 ptM, was addcd to test meals oi ntingbean seeds. In addition, I0PM/ 
20,,mcl vitamin C, which repic! eus 10 times the concentration of intrinsic iron, was also added. 
The,variatio:n of iron dialy'.abi litv is plotted in fig. 5. The ipCr'CCntage,.: al'ter cooking01 dialyiblc in 
was mure than bcforc coiikin,. IlIcatine seemed to influence the extrinsic iron profile. The diflerence 
hctwcen the valucs of riw a.1nd cooked meals, which varied fron 1)', to 21/, could be duc to the 
addition if vitain C at different nolar ratios to iron (10:1, 5:1. 2.5:1, and 1.25:1). 

0.16 

-- Raw> 0.12 
I -o- Cooked 

N 0.08 

c: 0.04 
0 

0 

0 2 4 6 8 

Iron added in tested meal 

(,u M120 g meal) 

Fig. 5. Effect of cooking on in vitro bioavailability of extrinsic iron (Feel3)in 
mungbean meal with added ascorbic acid (10 ptM/20 g meal) 
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Quality Assessment of Soybean
 
by Near Infrared Reflectance Spectroscopy
 

Summary 
An assessment system for proccssing quality of soybean was developed. This near infrared 

reflectance spectroscopy (NIRS)-hased system is ablC to detect miaJor qualitv indicators o"soybean, 
such as tannin content, (legree oI lipid oxida ioi, degree of damage to cell mebilhrane, harvest season, 
water absorption rate, antld delm1onDstraled that this system ismajor compositions. Silulation ,udies 
able to Sort and identity soybeall samples not suitable for tofinmaking. Validaltio results also 
sit.gested that this iodel could be useful is a+ mass-scieening technique for quality evaluation of 
breeding naterimals. 

Introduction 

Asia. Differenlt processilng 
procedures usually require specific seed properties. Processing qua.ility, high ptotei iirecovery, and gel 
yield have been considered isdesirable plroperties for making soymilk and tlfu. !OxpeiilIleltlal irestuls 
indicale thalt prIperis sutch as water alsolptiolm, and degree and cell 

Many processed soyproducts are p)pullr ii the world, especially ill 

lannlin ctelillnll, l fipid o)xidatlio 
mel-brane dan',age aiffec pIcessing quality of' soybeant. 

lhri"assessing the pocessiIg q.ality of soybean.This study tried to develop cvallation nodels 

Materials and Methods 

Sixty sol)iean varieties supplied by the soybean breeder were analyzed for tannin and protein 
contents: calibra!ion curves of tannin and protein conltenls were further developed by near infrared 
reflectance spectroscopy.The valillirln-lCI method wis used ",detertnine taniniln co lent illsoybeai 
see(is. Tannin content was mneasured as having an ahsorhance valtie of 500 lun. 'Fhe tuicro-K.ieldahl 
met hod was used todetermine tihe toual ilitroge n of soybeall seed. Protein c ntent was determined by 
nlltI( rt.iplying ilI cotelnt hy 6.25.MuIt iple regressioin analysis was used IodevelIpIile calibration 

curve olNIRS. 

Twenty soyhan varieties harvested 1 were storned in the I atoi'y at roitil temperaturein alltttlltn rall 

for I year and used 1t inveStigilte storiage ffect on processing qualiiy. The prolteini recovely of soybeallt 
milk was expressed is lperccnlage lproeinlrotein milk per total protciiltsoybean seed. The otinu
like gels were prepared by heating 3(0 imlsoybean mnilk and coagulant .1(2 ing of'CaSO 21[1,0) it the 
cenli'ifuigC tube. 'i( ttfgcel was devCopCd hy the tcnlri fuge at 40001rpmi for 1(0 nitn. The weight retained 
ifter discarudilg the sIperilanl v as expressed as gel iCld. The principal cotupiIeni analysis was 
used to classify the prcessing quality of stored sule by NIRS. 

The Smile 2(0 varietics liarvestcd itthree different seasots were used to study the effect ofseasoIal! 
variation on prUiocessing quality. The canonical discrlillninant analysis (CDA)was used to group 
soybean samples tom tile seasons by NIRS.three di ifTren 

An NIR System mo del 650) was used itt this stidy. The reflectance spectra, ranging frotn 400Io 
250011tit, were used for analysis. 



------------------------------------------------

245 Analytical Laboratory 

Results and Discussion 

Evaluation of tannin and protein contents of soybean by NIRS 
Tannin is onecf the maior factors aflecting the processing quality ofl'soybean matCrials. Soybeans

\%ill
high tannin Content have poor protein recovery in soybean milk. Calibration curves of tannin 
cointent o solvbcan were dcveloped in 1993,and showed acuracy with ahigh coeflicienrt of'regression
deterniatimn = 0.()) value (prediction o"'tandard error, S.l-1) = 0.64).(R-,R and 'alidatimn 

Evaluation of protein content of soybean by NIRS 

Thir tv sampllcs were selected ltor calibitation and validation. The statistical results showCd that the 
dctctrninatio.coe fficient otregrcssion (R0) l'orcalibratioll and lprediction o "standard error (SEP) was 
0.99 and 0.21, respectively. These results showed that calibration curves of protein accuratcly 
p)reic.tLd the protein content of s,\,lcal samples. 

Evaluation of water absorption rate of soybean by NIRS 
The prewce of' hard-lo-e 1k seeds reduceS procCssing quality duc to lack of water uptake. Up 

to nw., there is rio nitcirod available to determine whether the hard-to-cook property is a varietal 
chaactristic or' rsCults from 1loig-ternil stolrace. The water absorption rate (WAR) of'seccds was used 
todetermine the hard-to-cook lprlCr of sotbean. The NIRS Icchnique with CDA was applied to 

up the samples .vid low WAR. 

Siv,S pMlsC.wCrC classiliCd into three grolps: II (highf), i (rciditirn), and I. (low) according
to WAR. Rc flectaicc of 10 wavelcigiths at NIR regions werc sclccted ir CDA rimalvsis. rIe statistical 
results showed that 0.95 total a+cCtrlaltcd variance f'two synthesis variables wCere dcvCloped from 
C(),A. ( )rie-hird olgroups I I and MNIoverlappeVd aid obviously SCparatcd fim0 ,gro- 1 (fig. 6). Twerty
samleIcs w CrC Used f+0r validation. The results showed that this model is ahle to classily soyhean with 
low WAR. 
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Fig. 6. Canonical discriminant analysis of water absorption rate of soybean 
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Evaluation of processing quality of stored soybean 

Storage decrcases not only the germination rate fl soybean hut also its processing quality. Poor 

processing quality of1soybelan seeds Could resuit from the oxidation of lipid and the damage to the 

biological memb~rane. Principal conellncnt analysis (PCA) was applied to cvaltC the degree of'lipid 

oxi(ation in soybean sceds. Thrce varieties ol soyb an were stored at 30'C and 0()',RIlI for I year. 

Refllectanice of, 16 wavelengths at NIR which are rClted to the lipid atnd pho10Sp1holilid comp(one+nt were 

selected as variables for PCA. Fig. 7 shows that the representation of the two first PCA variales in 

two groulp Swere quit1 diflfetcnt (hlft tlup: stored for less than 4 months; right groulp: stored for over 
4 months) hased om the storagec timC. 

alrolm temperature 

gCrm1linaton ratC, were selccted for validalion classification. Samples with poor processing quality, 
sCrioliS lipid oxidation, and cell niembranet damage were classified into right group. 

The other 2(1 samples, which were :1ored at 	 for several years and had low 
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Fig. 7. 	 Principal components of soybean during storage 

Representation of the first two variables (1st and 2nd component) 
A - R: storage time 
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Evaluation of processing quality of soybean harvested inthree seasons 
Soybean seeds harvested inlthree seasons (sprilni', siuMner, and antunmn ) varied in processing 

quality. Seceds ol20 varietics harvcstcd inl ,Utnmtln showed sufpriorcquality over those inl the other two 
scasoIs. The CI)A with NIRS wa; apliedItOto s'o)ybean seCds f'rom di lferent saln.I,,s . Reflectance 
of I(wavelengths at visible and NIR regions were selected as\'variahles ler(,)A. A distinct separation
oflrtav,' tmateriAS by harvesting seasons was achieved (0.95 total accUmnlatCd variance)( ig. 8). RsulIts 
()I the ,lidaition of lhe olher 20 samples correctly classified sced properties into S.csotis. 

Evaluation model for soybean quality 
Five evaliiatoi lll)s I'ors(oybea.lun quality wCrC dCVeloped. Fig. 9 shows the procedure used for 

evaltuating clracteristics of utinknown smnples. High tannin content, low WAR, serious lipid 
.xidition,and mmnrane dalmlag+c 'tdver.sely A'~ct 'coagulationof tol'ugel. The.sC propCrties should 

n1 b e i1Cluded. Soyllnwith high pt'teitn content and harvested inl tl1tiim1 hIts high prttCit recovery 
in soybcan milk and hieh tofu yield. These are two desirable propertics for tol'ut making and should, 
therefore, be selected. ''hCsC .. ivluatiotll models for soybeal quality could be adopted as protocols for 
lmlss sCreCening. 
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Fig. 8. 	 Canonical discriminant analysis of soybean harvested in three srsons 
Representation of the two discrirminant variables; P= spring; A=autunin; S = summer 
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[ Soybean Samp le 

Tannin Analysis(i) 

Water absorption (2) 
1rate 

Lipid oxidation 
& (3)

membrane damage 

FHigh7-i.W 
Compositional
 

analysis (4)
 

Harvest season
 
identihcation (5)
 

Fig. 9. Proposed assessment system of soybean processing quality by NIRS 

1 = Multiple regression equation 4 = Multiple regression equation 
2 =CDA model 5 = CDA model 
3 = PCA model 

Improving the Efficiency of Rotary Dehumidifier for Vegetable Dehydration 

Summary 

The rotary delumidifier has been used to prepare samples ol dehydrated vegetables for NIRS. It 

minimizes changes in composition and reduces the drying time while dehydrating vCgCablCs tinder 

low tllperalltrc and low humlidity, compared with the conventional method. Two-stae iperature 

dchydration ((C. and 45C. 1(/i RH)was adopted fkr shortening drying time. " reduce energy 

simsuptinuiln 6W drying a solar encrgy system was installed. The rotary dehumidifier w',th solar 

energy system saves 3.W) kw/h. Cabbagc and Mustard were dried in this dryer at Iwo-stage 
,

,cllprall'tnrCS (9)0"' and 45 )C, 1),/ RII. The quality ofdehydratcd vegctahles was not significantlv 

different betwecel two- and linc-stage te plCelrC dChydration. 

Introduction 

Using a roary dehumidifier Or vegetahle dchydration cild Whorten the drying time and improve 

the quality of'dChydratCd vCgCtables. It has potential application ilthe dehydration of leafy vegetablhs 

as ingredients of inslunt foods. The r0lary dehumidifier Operation needs imfproCmCnt to0 reduce 

ce r.rgy Consumption and dchydralion time. 

At the initial stage during dehydratio, the surface of the SamllplC remain.s saturated With liquid 
water. Reonving water from within the samples occurs at i rate as great as the rate ofevaporation frolm 

the surface. i)rying takes place by removing water vaol Rom the saturated smirtace thrugh astagnant 

air film into tile )rying r'lte on the rate of lcat transfermain stlicam of the drying air. is dependent 
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tOxiyard the dryin ;g Filie rate (ifmiiiiss tralnfer balanlces thlie ild soisLn'l'ilce. ralte of heat trinllsfer, the 
tempcratnre o the drying souface. relains colstait. Thislinimi/e,..S dami' to e'Clithl li. 

This study attempIted to ns0 aS solatr enSr 5igysystem inl place oflan electric hcalter inl the rotiry 
dehumidiltier and to adophqgt two-stage dringhL temperattores for vegetable dehydration. 

Materials and Methods 

Dryer 

ergn 
and cIStructed inl cooperation with the Elnergy and Resoiurces Lahoraltory, Industrial Technology 
Reseatrch InstituttC, I lsinchu. Taiwaln. The elnergy consnmpltion (lfatrotatry dehniulidifier With and 
-lthlt Solar clenrIy systelll was IIdiI Mid Compareitl'Cd. Tlhe die'r IrIlVes lloisttlrc ill lhe 

Tihe rt'ry"dehoiidifier conc'tedI to 3 soi enl y system is shown in fig. I0. It was designed 

andlI', 

sllip',s with its rtrlyrV lction. The moistntrei dried W1ith ho(t air (ahout 90(I(()C). '[lic relative 
humidityv (RII) cal h: redthuced to M"; ill5"C ulsilne this illstrtlmnlll. 

Sample preparation of leafy vegetables 
-
(hlL'abitnd mustard WyoreIhrveCsted itsunier. The, vegetaihles were cnt int It)n n2 pieces and 

dChd'tcd at 90)),80,) 7ff. and 45'C, Iff/ RI-I. 

Quality analysis 

'he imisture content was determined by dr'vin ati 05°( in an oven by ,()AC (Association of 
Official Analytical ('hclniss)ethod The vegetable samlesl wei'c er ted wilti watcr and the water 
C\tract \\,as inemred a=t of hrownin 'to was Used to eXtract42ff inn for the degre . The 8511 
chlorohyll, and theextratcts wcre measnrCd at 66ff aiid 642.5 1ini. "l'he absorbances o) these two 
wav cli ths w\ere c m1\'Cited into total chlirophyll. 

Solar system 

Heat r 

Regeneratiar d D wi Exhaust air 
St Air Heater- 0 

excCongenser 
-ij" eae -- Evaporatorl~ 

---- Icompressor 

SCondenser 

Fig. 10. Dehydration system of the rotary dehumidifier with solar regeneration 
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Results and Discussion 

Energy consumption of rotary dehumidifier 

The energy consumption using Clctricity' to run the rotary dchumidil'ier was about 6.3 kw/h. To 
decrease the encr v constmllption, a solar encrgy system was connectcd to the rotary dehumidifier to 
sutbstitute for the heater. EXlICixrimcutal results showed that with tile solar ellergy system attachmrent, 
the electricity con stilnption was only 3.2 kw/h. This resulted ill a savings of' .(08 kw/h ol'clectricity 
dur'ing onc typical drying operation. 

Dehydration condition 
,I)chydrat ion rate ol'cahhage tnd mllstard dried at three te mIIperatuitres (9(0, 70, and 45C 1 (l RI]) 

are shown II fig. I I. Constant-ratC stae of both cabbage and mutard wa. achieved at the mnoisturt t 

content level of"4()()-7()( g I g dry mttetr. TheseW,()/I)0 rCsults arc 1'0r hoth vce2Ctable Samlcs. 

Browninc 4 eaflbbah utillc and chaglcs ill chlorophyll of mustard dlhydl'ation tlInder v,.arious 
temperatures were comlipared (1fig". no sqinil'icant dillrcncc in I-,rowning of cabbage12). There was 
within the 30(', moi stLrC colltent treatmcnt tliner threeL-temeltra1trC lChydration. The chlorophyll of 
lustard degraded rlpidily. Tlhe chloroplhyll loss (bclow i5 ) in Inustard showed no ,igniliant 
liflferen_'c h,+':wCCn dChydr'alcd and I'resh sampiles. Thus, 90"C' could he adop~tCd as tihe tcmnperaturc 

ofI the cotalnlllt-rilte SMt Io cectablel dchydration. 

Dehydration by two-stage temperature 

There wias a signiflicant dif feiCce in the dchydration time ainl energy consumption of drying 
cabbage usiig two-stage tClperalttres (9()0 C and 45'C, 10( RI-I) and one-stage tellcrattLrc (45-C, 
I 0/4 RII) (tahle 2). 

Cabbage Non/heading mustard 
3.0 4.0 

CU 3.0 /2.5 . 0.". 

2. 
1.5 2 O/• *z>1o2.0
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a) 05 -C-jo'70'C a) ---. 70'C
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0.0 .....- 0.0 . , , ,... 
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Fig. 11. Dehydration rates of cabbage and mustard under various dehydration conditions 
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Fig. 12. 	Quality changes in cabbage and nonheading mustard under various dehydration 
conditions 

Table 2. 	 Quality of dehydrated cabbage and nonheading mustard, and energy 
consumption by various dehydration conditions 

Vegetable Dehydration condition Energy 
Temperature RH Time Moisture Browninq Chlorophyll consumed 

( C) (00) (h) (%) (O.D./g)' (mg/100 g) (kw) 

Cabbage 45 10 11 8.1 0.041 a 20.3 
90 & 45 10 9 6.0 0.047 a - 16.7 

Nonheading 45 10 6 6.4 - 184.9 a 12.3 
mustard 90 & 45 10 5 6.0 170.3 a 10.1 

O.D.20 nm/g 

'File energy cotnsumed in dehydratinrg cahlage was reduced to 16.7 kv by drying ill two-stage 
temellratures for t h it was 20.3 kw by (me-sltge drying ror Ih. The energy con-sumption Ibor mustard 

dry inc w'aits reduced t It). I kw/h by drying in 1\wo-stag ' telpratrites [or 5 i one-s;tage temperaturc 
rLquired I 2.3 kw/h. 

TEhc egree ,f + 	 C lleratil'C wis not signi anl'illtly',lwniIe o'..;bbag. dried by two- and oll-stace l 

di 'Ieret.'Similar results t or dehydrattin)g msarlldcrcoberved in chhlophyll loss --- no signlificait 

di'lerenee was 'otuId betweI the tWO dehyvdraltionl colditions. 

VcgctalC samples dchydratcd by two-stage tCtupeCratulCS [not only save on energy but also Ieduce 
drying time with uininium qulity loss. This techIique cuhould be applied inl the vegetable dehydration 
industry. 
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Crop Management and Cropping Systems 

Home Gardens 

Summary 

f1' was 
comlpared over 2 years. The two lattertypes pertrc(d signi ficantly better than the nionoculture plots, 
and .;()rle aquatic sfpc.Cies are potentially highly prodntctivc under waterlogged and even shaded 

Tihe prmductivity three types of gardens - inonoculture, intercrop, and aquatic 

cunlditiolls.
 

Introduction 

Ii the past. AVRDC devClopCd sterCotype gardens designed to provide a significant proportion 
ol the IIicronutricnt rqCuircmcnts for a l'amiily of six in the trlpiCs. This led to the development of a 
simple database, albeit incomplete, frolnl which ma' be extracted illf'oraitil)ll Oilnexpected yields and 

utritiollnal value Of the hare\'Cd plrolucc, in relatiOll to tire 1'0or sCa.tllS characteristic of Southern 
Taiwan. 

Over the past 3 years, however, research 'ocus at AVRI)C hts been towards the development of 
gardens an production lractics for specific ptr1p'sLs, primarily fr production wilhout pesticides, 
I,([ drhvld and wetland or v(or fromlhooded conditions. The justilication working on these arose 

ecCdback with rcspcct to gardens in development projects which sutlLd from (ia)pest and disease 
attack, (h)droughl, and Ic) seasonal deficit in vecetaIle Supply during hoit-wet periods. If' the 
lI'tuduIction aMidAtconstptlnllltm of' viluuin-\A rich vcgctabics is to supplant or substitute flo(r tileuse of" 
encapstlatcd form'tns of'vitamin A. the Supply Of'vcgCtables must be maintained year-round. Aside I'ul 
the biological sttldicson borne .! mgoing de\veloptmentgardens rCportCd here, sociocConomnlic analyses ofl' 
pro.cets in Asia ld('Central America are beinug Undertaken and reported under the Socioccollolics 
Section of tire Productloll Systelms lrograll repor)t. 

Materials and Methods 

Three types FIgaruCns werC set up in May 1992: (I) monItmChure control, where the 4.5 x 4 in 
plot was split into three 1.5-nr-wide (I'urrow tu0 ftlrroVt)x 4--lo0hg h'ds, with each bed split into Ifoutr 
e.ul] phos, and each corlItiiillillgill y tiliel, SamC (esignr as theole cropt (2)inlelrcrtop, lSilg (Ile 
lloocultire control, wilh the urodi fieatiorr that cach oI the 12 plhts in one garden contained two or 
nonre species,: (3)aqut(tic garden,cornprising Irtec 4 x 1.1-i raised beds. (5(cm Ironi trlgh to to0p). 
each separated by t1.1-1i Wide fHooded ditch. with a r'imngC ofiintcrcrppetl species on tie flat bed 
surface and a sirglC tllratic vegetable species in each ditch. 
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Over 35 species of vegetables were grownI in the gardels, aid, wherever possible, the sillle 
species were sown or transplanted sinltaneously inl each gatrdln. FlaCh gardent.tyle was replicated 
twice aid all i'oduIce VCr,: wi ehed alfter harvest. No pesticides were nsed' pest contro was by ilteans 
of mllechanical pricking ont, Nclow and blue sticky Itraps, and an olfactory sticky trap 10:3: l sigar 
(1olasses): vinegar: wine; + glue (tail lflot t(I. Wiardetwastes Wele citrnptsted and retrirnCd I1 
eardens. and nutrietnt rerioval inl consumed lritdt1ce wa,'itsreplaced lbyse t illorteallic fertilimr at the 
aninal ratc of 240-320 kg N. 310-415 kg I'.,O and 310-415 kg K,()lIha, plus 165-18) t/ha compost. 

Results and Discussion 

l)ata arc presented on ityearly prtc,.'titrm basis for each garden, compnl'arit+g the output of the 24 
or 25 species coriionI to three of1"the garden types ard the total ottlit o(1the garde._ vich incl.dCd 
spccics iot comiviol to eac.h gardln (fig. I ).In the first year (1992-93), prodlction(ottileraised beds 
ill the aquatic garle exceedCd that otlthe iritcrcrop garden:, both had higher yields titan the rironocrop 
earde). the f6lowing yCar. 1993-94, when rainfall and floodii were markedly less, totalItn 


p'odtctiOnl ill the interro garden exceeded that of the aquatic garden: again both had greatCr y'ields 
than tihe lrlollocrop garden. 

1 June 1992 to
350 31 May 1993 

E 

300 

250 

200
 

150 F 

Ptoo , 14 "..i . .- 24 Species 

H M.11croppingAaised-t 13 Ii,tecroplng 

Different
garden typos 

SE 24 Species 6.7 42 16.3 

I June 1993 to
350 31 May 1994 

I .7 
* 300 

250' 

00 

' " ,"/" Total yield 
to ( 0 ) . . _25 .. 7 Specis 

Fdi~sudil 13 iMormcwopp Intletctopping 

Diffo,ont
gardon typos 
SE 25 Species 0.1 3 215 

Fig. 1. Gross harvestable yields from three garden types in2 years 

I 
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Comparison of yields within each spcCies Zacross the three garden types is tinlIe-consuting and 

will sion he done ntsing' ilearest-necihlor aal'ses to aeccotliIt fIr hoth positive and neCgative 

initerference het, een adijacent plots (0l nilItiOclrcMp) and, addiliciall.y, betweeni spccies within each phflt 

ihtCricIp and a.iqtliltCLardens). 

The inllnuall 	 I 4 k/i.'lrss g(udcls: the higher vahtle aillchingc.lpllt rianeeC11.1 

fhvoi.hlv thatilt ol'Gershio t1,)'. Yields ol'sollc aiquitic slcieC i1'the anqualic girdCn (ablC I )were 

conisideratlly hlier thili those Ofltlh phlid species \whChCr e\pressed in aigrMIilg day c'rlper year 

basis. This was parulticuirl, tiic" \c r chaltrops which (oilts on the Walc'i SutrfacC, alnd was shadedrC ilw 
by the laisndheds ad plnlllts gnving cn tIle rilised beds. Yicld; clfwaler chicsnlUt and lotus seed were 

also low. btl thccs of spCies for which the alcc'egruilind parts. cc.. Witer crCss, Witter ciclvOiltiS, 

water batlilbc, i.ld taro. cIirise iliost of the hai'rves wCl high. This is parlictl:arly so for Coims of 

tilcwhich haiveCicnificiI1I' less WutelCr content tlliIh tllhcrs.lthe 

E-rcCt and pCrlaps shiadC-Iclcrn atitlatic speieCs lil\v'glrCi ptllential in hlcic garden plots, 

especially dillilg the wet st tll.i 

Table 1. 	Harvested yields of aquatic vegetables in the aquatic gaiden expressed on a 
per unit area and per unit area-time basis in1992-93 and 1993-94 (means of 
two replicate values) 

1992-93 1993-94 

Yield 

(kg/m21 

Yield/ day 

(g/m2 

growing Yield 

(kg/m2 ) 

Yield/ day 

(g/m2) 

growing 

Water caltrops 
Trapa natans 

0.49 4.0 0.71 3.9 

Water bamboo 
Zizania latifolia 

2.00 16.5 3.56 16.9 

Water convolvulus 
Ipomoea aquatica 

2.71 18.1 11.52 31.6 

Lotus (seed) 
Nelumbo nucilera 

0.01 0.21 1.7 

Taro (stem + leaf) 
Colocasia esculenta (corm) 

1.35 
2.63 

9.0 
17.5 

2.26 
2.06 

12.6 
11.4 

Water chestnut 
Elocharis dulcis 

- - 0.28 1.2 

Watercress (winter) 
Nasturtium officinale 

7.20 40.0 

Gershon, J. 1988. Gardening Nutritir'us Vegetables. AVRDC, Tainan, Taiwan, ROC. p.6-39. 
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Simple Hydroponics 

Introduction 

Small nIncirculatint! hI,,drptltlic units pove+'<' CSOurc-pOOr1t housChohtlsas atheir worth l'0r I 
meatns to produce ,'eCtales Important in tlhe diet. Previous research has indicated the l'easihility of 
Slbslititlline cheatp11 o* rice hullwoV.OIlten hoxes )r polytyrene containers. alternative2s to tie smoked 
medilt(C.c., t'tttS Iro0m the a.IarIleInt industry), and tle uSe ot l't'mented pi,eTllent as the liquid hase 
l,0the systelml. 

10letrInuIue 	 mediaThue Current ,.\ile,.:nts terset ulpto1 Ii I ho ,lote a.container with and 
solution Could be collitlluousl lsed to prtduce leaty vegetahles, wit1ot rcplacing the n eiii 10r 
e;np+tviu s'utpljus solution utler each Crop. and (2) the Comparative pelrtormianc olallternative sources 
of che.micils for the lntrillnt Solution. 

Materials and Methods 

I otl trials were condtci'tcd at AVRI)C under simplC hermetic white net (1n1n nesh ) protection 
v,itih l)Ut icil.s Were used:aplastic "lhet rootl. Neteorological data lre pr'csented in the Appeldix. No 
,,tickv ,'ltlow,trapls lt\V'OIrel the Captllure Of soe1, insect pest: others were removed hbyhland. 

In mid-AU'tutest I 992., .six h,,drponl' c boxes (54 x 34 x 25 cm ),each containin 32.5 1l ,AVRI)C 
hvdrdlr'oponic ,Itlttill. \\ lc set up, Cach containin.ep o)le ofl the llhwin crops: clmiai.-cliamng 
tnlnh',tdine Chinesel-' +tChcabage1CS, lettuce, rape, pili-lsai (two varieties). and kale. [Following harvest of 
l lhI ec parts, the recmaining solution was topped to 312.5 1,and sceds oI sown inlul0lod kale were 

the oId ncdia. FolloIng harvest of kalc. clhiang-chiang was sown and hlarvested as were suhsequent 
Ctrops 0hg. 2). 

t0
 

E 

7at 	 o
 

599 199
7C3 


A S MA M I A i I A 

1921993 1994 
192 Production duration (m~onths) 

Fig. 2. 	 Production of vegetables over a 2-year period without change of media nor solution 
Last 9 months compared change of media and solution (NEW) after each harvest 

3 
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Startine in Nn\'enhcr 19J3. thre lc the six hoxws \NrCie *'\inflCSh ,;ti'utionn with ach ,,wing. 
i.e., unused S01Ltion, rice hull Media were waSthe the -Ond W)11 disposed tl. The ClxperimCnt 
turilnilitlcd in nid-scptcnihcr 1)94. 

Il tie scoCtnd c",lriileCthe inuane' outr hi'dr el'til h \Y l'dl, rr l i nutrij'ni e tenillll-tp I0 
111it (1 the,.,VII)(' standird SOIltio lnppClared hV ihe 'aiwar 1-riili/cr ('loillpallhydroponic. ()ne 

' 
.".' ,as 01 I (c 
l~~I'hll)ei \,c s Ii 1vninqli:. . nk . pai-tsaii, d 
tirx L2iitdIiillfL I 0l sClutio w ti, oCeach tontlienl, (table, 2l and So%%,! to ihe 

i 'wo pi inl atrc h tt u piip a baiy i.dsi ,, 

Table 2. Available nutrients in various sources of hydroponic chemicals 

A Available nutrients (ppm) 

Treatment NON NH,-N P K Ca Mg 

1 116 7.5 25.7 138 172 29.7 
2 100 9.3 52.8 196 80 13.9 
3 100 4.6 47.6 138 102 23.0 
4 139 9.3 36.1 336 47 68.5 
5 142 9.5 36.1 336 47 68.5 

B Microelement constituents 

Source Element (ppm) 

Fe Mn Zn Cu B MO 

AVRDC 3.0 0.5 0.05 0.02 0.5 0.01
 
Yeou-Fa 2.0 0.72 0.09 0.04 1.2 0.01
 

1 Taiwan Fertilizer Company - liquid solution 
2 Laboratory reagents - based upon uptake inwinter, AVRDC
 
3 Laboratory reagents - based upon uptake insummer, AVRDC
 
4 Component fertilizer (Yeou Fa Chemical Co., Lt 4.)
 
5 Solid compound fertilizer (Yeou Fa Chemical Co., Ltd.)
 

Results and Discussion 

Yields nfiln s Vr'iation, withthe c'tuilttis hidinpltiics experinent hi,,,ed marked sCasolnal 
crcallr yiclds (tiil the winter. irrCspCctivC (I*crol SlpeciCs. The colItiluedc prodtion ithut 
C'hulgiill soltiiitill and ieClia led toa 1)-3(),1' reduction in ,iCld pct1tCiial I \Wilr alCr s arline the 

expeCrileiClt. ;itlMuehi C Sncics tie Satllie tinc in c.'tnm/umts prnIdntiCniryiCld (d 111snlh IoWil ill 
durinlc lie se id ,ar ica .. k',rnekomii.I matched thal (Ilthe ir''St Vea'. LIvidnilV. S,aie 4Saiill'S in the 
I'L.,e I lte r'M1in1iiiL solllioln 0i1d the leCdia is pissibl ..it is lll lece sar I h nw a\viv the 
renaiie_ Shiioun at Cld ot Illur the seedling nrCdi.thre' c;Wh shlor)lt-sCaso;n cro)p in dispose ot This 
w\',mUd, thererlwcn, In diea\ ino ntl ti. previu,ocl iMots ;nnlid Cxilnlal 1IT ptls veclc;lst a 
li(t renll\vCd with the ecp'\CCl'tinno1 bIwCcni Car ii1.ne t li(ci ep. hen seedTbcellihcr, %% cerilinatioli rate 
wais poor(W. P\ tliiiil rcoCrdCd Nelliralllrtil ird lC'ttICC SnWt Iiilire' ooti i llltlr il2,tilflsill It InrllitlCr. 

i\identl\. tire AVRIX staiidard ltinn wis ite best l hlrcrolps (table 3i. \\ih the iiindilied 
[it Mlr alin aclose c' d wl einnCrcial sorC (tenht i [lChIical ('().,l. heC ; ltd. ilhad Crrtic
 

i1t rWliinc Maid need uirthr It_,tin.
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Table 3. 	 Comparison of vegetable yields (gram per hydroponic box) between AVRDC 
standard solution and other nutrient solutions in a noncirculating system at 
AVRDC grown consecutively from March to May 1994 

Treatment Mustard Pai-tsai Baby radish Kangkong Pai-tsai Mustard 
1 594 357 631 777 1068 844 
2 502 340 647 472 691 649 
3 420 320 601 829 879 711 
4 410 315 693 321 378 194 
5 399 288 665 629 711 723 

The aplproximatc costs per lull c,.ontainer Of solution 'erC 	 sourcesas l'otlows for the commnlercial 
ol nutrient: AVRI)C standard --NT$5.40: YeCol Fa component --N'F$3.78; YCou l comlptond 
NT$4.32 (USSI' = NTS26.00). 

Grafting 

Introduction 

In 1993. grafting F, fresh market tonato on1to tomato or eggplant rootstocks tolerant to 
waterhoggintig was shown to extend the option for growing tomato undcr tropical Taiwan hot-wet 
sLl
ninller' COlditionS. 

This yar, these studies were extended to 

a) \"tlidate inlergen(otypic variability h,0r the tolerant trait
 
C
b) screen l'rthrct eepl [iith accessions 

c) search for the physiological basis for the trait 

d) qilanlIJy fpCrfoi0LIce of '.tCdlines ill0 farenrs' fields 

e idcntily,.vwatcrhmg-tolerant lines wih added tolerance to bacterial wilt 

f) comparC per)it, ancc of grafted plants during the cool season 

Resuls ofl, these cxpcrilents arc re-orted here. 

Materials and Methods 

Mhost field tr1iad s 	 iat AVRI)C (see Appendix for meteorological data)crc run dtliilg the stmer 
and o)n farmerYs fields in N1n1 Shong Mid Chtlng Pu in Chaiyi county. 

Fr experiments I and 2 (validation of prcvlms years' results and screening of new rootstock 
acccssiins. respectively ) cggplant rootstocks were sown on 18 Febrhuary, and tomllato scions (FMTIF 
22 in experiminent 1. and 1MTT 22 and cherry tomnato AVRDC line 268 in experiment 2) on 28 
Fcbrary. (iral'tine was dnre bctwecii 21 and 24 March. aind seedlings translhntCd to the field on1 I 
April. Plots in two blocks. including the iltiralted control, consisted ft"IWo rows ol'eight plants in 
experinlent I (0 Inl), and si xgraftcd. three natural, and three sel f-grafted plihnts in experimeint 2 (4 in2 ). 

The field was artiliciallv hlooded 'ur 4 days starting 54 days after transplanting (1)AT),and then left 
to draiin. It also rained .',2 mim duriln the Flood perhod. At 60 l)AI, a sample of one plant was taken 
for separatim into corm nteint fresh weights. illd the oxygen consamption of fresh roots was also 
recorded, ()n If) .ue (7)1 DAT), three soil cures pter phIt were removed 15 cm fromothe base of tie 

http:NTS26.00
http:N'F$3.78
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rootstocks, and root length in the 10-20 and 20-3) ci horizons was estimated using tiletechnique o1' 
Newman (1966)2 . Tomlatoes were ha'vesLed on three occasions only (67, 76, and 83 DAT): infect ion 
with omatlo leaf curl virus prenaturely curtailed canopy growth. 

()n-f'arrr trials (experiments 3 and 4)werc transplanted on 26 April at Min Shong and Clhng Pu, 
respectively. Eggplant rootsocks were sown on It)March, tonlato scions on 28 March, and Lrafting 
of cherrv ttmato too1k place I 1-13 April while gra'ti I of1 April. Plots''rcsh market tomato was on I() 
in experimelnt 3a (screening ofl17 eggplant rootstocks) compared two-row Ibels with 12 plants per row 
spaced at 2.0 in bctwcen and (.) 1n wititin rows. I'xperilicill 31, (tomparisonl. Linder plastic shelter or 
illthe open, ()I' two olltilidill eggplant rotsltocks selected From 1993) wis Ct0lllprised of t\Vo-IOW 
beds-,with I t plants per row spaced as for cxperiment 3a. Two itoeks were used illbo,1th experiments 
3t lnd 3b. I heavy rain (85 ril) Fell at 52 l)ATl ai further 104 3-dLv period at 70 DAT.It nun over at 
File experilnient was terminaited 1)4 I)AT due ito typhoon Katherine. A one-plant sample fron each 
phrt was btairied For)I+dry weiglht deternijnation. 

lExperinicnt 4,set up ill ('hung uinll:Iacterial wil inl'estcd lield. was not replicated in blocks. 
Plots were l. clrtttirIIig 6- 1((plants perplt. plts1,01ol 'ntrol istributed thlroghout theexperineital 
iienl had a total ol'50 plants lOr FMTIT 22 and A'RI)C 268 cherry toimato. 

hlexpeririment 5,run itlCotrilnel' with asurface area oIF(0.30 iii' and v,hlme oI'0.087 ill,117 lines 
(1t0 own on 7 October 1993, were exposed to l'.weuhdmoslines each with six pilrts per cont, inerl 
Soloiw'norm strain PSS97 on 4 Noverirber. Sol] teClperature was iairlained above 2 0'C through tile 
use (tfIolyethvlene sheet.SurvivingI plants were then subjected !0 CrillplCtC fhooding for 2 weeks and 
evlh.iated or I tlnortlity allter ano'ther 16 days. 

I)uring late stlirer (993,a ftrirlier trial wa; run in which fresh market FIMTT 22 tornato was 
grafted tI two eggplant rotrtstocks, TS 98 andITS 126-, selfgrat'ted: or not grafted at all. Superimposed 
ol these treatrieints within erch trotstock as the main plot, was pruning ofl'tire main stC Ioone or two 
stenis. Sowing took place tin 5 August 1993. graffting 7 days later, and transplanrrting after it further 3
5 days. Plots, replicated three times, consisted of one doulble-rMV bed, 1.5 Iii wide with within-row 
spacing oft).5 igiving a plot size oFl'4.5 nr2 frurit quality. Bordered areas were harvested fo0r yield 111id 
ceternili iatit n. 

In all field experiments, fertilizer and Water mallnagenent were optimal within tilelimits of the 
natural environment. Toniatotone was not applied in AVRI)C experiments; only at the Miin Shong 
fiCld. 

Results 

Experiment 1 

Weight and nuinber of tomato fruit in the first sample was greater in the nongrafted control of' 
either the fresh iarkct or cherry line than in the grafted pltnts (table 4) - due mainly totie larger 
size nfseedlinu at tiletime oftransplanting (growth o''grafr'ed plants lapsed I'ora short while f'ollrnving
graftlinig). 

Partly iLe tr tire fIlIsh o' fruit ill granfted plants iriid also to inhilited fruit growthtile 'following 
floording, tmnato yield in the second hlar'vest was inferior ill tire control plots (tablc 4). tilerFor third 
harvest, no tonlato was harvested 'rtrml tie control ptlts dire 1t plant mortality: hotwever, further yiel 
il'the ,r'al'ted phlts was liiited by top yellow leanfcur virus. Therehore. cumulative yiels rgrafted 
plants did not differ 'romn those of control plants. 

' Newman, E.J. 1966. Amethod of estimating the total length of a root sample. J.Appl. Ecol. 3: 139-145. 

http:oIF(0.30


Table 4. Fruit yield (weight and number) of grafted fresh market and cherry tomato on three sample dates as influenced by 
rootstocks 

67 DAT 76 DAT 83 DAT 
Treatment Fruit no. 

(per m2 ) 
Fruit weight 

(g/m 2 ) 
Fruit no. 
(per m) 

Fruit weight 
(g!m2) 

Fruit no. 
(per M2 ) 

Fruit weight 
(g/m 2) 

TS 28 
FMTT 22 

3.4 
268 
12.1 

FMTT 22 
205 

268 
151 

FMTT 22 
4.0 

268 FMTT 22 
17.1 288 

268 
214 

FMTT 22 
2.8 

268 
5.4 

FMTT 22 
183 

268 
53 

TS 50 1.9 13.5 139 158 2.9 19.3 188 253 2.0 5.3 125 52 
TS 56 2.5 17.6 148 199 3.0 17.5 225 215 2.4 2.9 141 28 
TS 63 2.3 19.6 148 151 3.9 27.6 270 288 1.9 6.3 10i 66 
TS 88 1.6 12.4 107 156 3.7 14.6 284 195 2.0 5.1 132 64 
TS 91 3.0 10.4 169 143 3.3 15.1 182 195 1.9 3.6 72 38 
TS 98 2.3 17.1 132 192 3.4 18.5 224 270 2.6 2.9 187 33 
TS 111 1.3 11.5 76 156 2.4 17.5 178 247 1.9 2.8 112 38 
Control 4.1 30.4 238 335 2.5 10.3 62 75 0 0 0 0 F5 

SED (16 df) 
treatment mean 1.29 32.2 ns 51.6 0.67 15.46 

SDE (16 df) -

treatment within 
a tomato type 1.83 ns ns ns 0.93 21.87 

(11 
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Data on plant morphology and fresh weight collected 6(0 I)AT essentially confirmed the first 

harvest data, with taller control plants. mo'C tirusSOS (clustrS) and lruit, less ICaf weigiht (Wilted 

leaves). and shoter mattIXimIm length of roots. No interaction bI'twccn rottstock and tomato type was 

Cvident. Rot wcight per lanIt was colsidcrahlv less inI the control than graeted plantls, both fo0r f'resh 

market and cherry types. hut root respiratiotoflctitrol plMts pet unit 'tlrcsh wei.eht CxccdCd that 

of grafted planls. 

Dlata on root length at the two soll lCpths collcctcd 71 DAT:l,'howcd a tmarked difCrence it root 

length per unit Soil volumC it10-2) cm depth (0.274 cm/ctn') vs. 20-3( cm (0(094). Root length at 

10-20 cm diffCred ac'oss rot .tocks, hut the variation hctween rootstocks was lot consistent for 

tot1.to type dalta tnt preseitCdI. FOI"chCrTV Itomato scions, roots ofI 'I'S 91 rootstocks were ot e 

developed than those of the control cherry toliato. All fresh inarkt +tomalto rootsttcks showed 

imp'0rovCd tootillg o\'et" the cotro11l I:lFI"22. Root developmetnt ol rotsock 'IS SS was sUtperior to 

most other rtootstocks with FITT'22 scions at 20-31) cu depth, but at that dptht nodifl''trclces were 

evident aliotlig rootstock, supportling the cherrv tomato line 208. 

Experiment 2 

A few (lthe I (9tested fines (e.g.. "lhiI-lI, lusa-IS. P1 381 155. Fit-C-h. atd l)ucI-II xcCeded the 

frui yield nfthe ntigralted FM+IT 22 largely asaresuht late yiel after flooding, and wi be studied 

tiext year. 

Experiment 3a 

Followin. heavv rains (184 tu) 7)-72 I)AT,plantis of the totngt'al'ted cherryltoilato litie wilted 

Mnd ICavCs died. Those of' raftCd treatmCts remiained healthy. Controls of' control I:MII' 22 also 
wilted hlt rIecvCrCd, hit gtaf'tCd IM'FI" 22 scions did n ot signs of"wilthnt. The eCater ca.oPy 

of the cherry vs. the 'rcshmarket tomnato may have crea+ted greatetrrtispirat iot detatd (lit thc ol 

rootstotck causiLu tuortalityv. 

As trexperimcil I,tnatural (tongraf ted) platnts gave gteatest early yield (18) g/pfanmt vs. 14-90) 

g/lanhot g'0rt'atCd chCrry toIiat), hitt ifter ltlr hatrCsts and just ptior to tie typhooti yields reached 

5)))-1055 g/plant, vith cntrol 50 g/plmnt (fig. 3). ()uitC C''idctly, both f*rtit nuLmhCr and 

yield itt the third aMd 'murlh harvests wcre cOttsirably less in entt1ol thail grafted plants (fig. 3). 

illustrativC 0nlthC debilitating Cect ofthe heavy riils. lylhonti Katherine damagcd all plhois itt carly 

August, hence, [10nwec-fttrthCir harvests c ossihlc. Analysis ol'a lant sample removed l-rmom each 
plot 8l (04 )rrocd the weak lt systelm and ahmvc'roild canlopy ofcottrofl plaits,. l I,1( 4AI 

ItstiSC waIS hmumid for FMIl 

'I'S II, 63, 379. and Fold-I 1-13 which vere coulsistemitlyiltsuperl i atl 1ucasured attributes. 
Compared to tllist ()tit+craftcd liics. A siiltt"i 22 Mid aM1o1g litncs 

all 

()Observation of, the toot sstmCIIS (if the SamIIp.led laitsI(14 I)AT showed' rootl-kitot leillatot(c it1 

the comtrol plants f hoth cherry atd fresh iarkt totiato. atiLd ilthe following rotstocks: CI-S-C. 

Fui-C-I+. Thlli-P, Uttara 'I'S 50A, 'I'S 03, 'I'S I I, 'TS91, TS I I I, and TS 88. The remaiide' shlowed no 

nCnatoLdC attack (lFold-I 1-13,. Pusa-i', lslan-I, r'Iaso-I I,rtrvun, 'rS 379, and l)utc-II). 

Experiment 3b 

Altouh,]idue t larmer iisitstciiee lor Case of managemcnt, t1t valid statistical aMlysCs of' tie 

maiti ef'fcects ul rainshihlters and tomato type (cherry or fresh market) coUld he made. raiti Shetet' 

imiprtved tomato yields hy > 20/f (811 vs. 064 g/plfmt) as shown by greater fruitiluteher. 
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Fig. 3. 	 Tomato yield of cherry var. Santa in experiment 3 at Ming Shong 
(NTP = natural nongrafted var, Santa) 

tFor F'tIF22, the maijor effect of rainslielers was to pernilt a good second harvest (fig. 4) after 
the heavy rainfall 70-72 I)AT, largely attrilutablle to more harvested fruit (fig. 5). The benefit ofgrafting 	over the control FN1'TI" 22 was not evident in the open, while under rainshlher yield otrhe 
linmgrklt control 	 sigificantly c,,cecdcd that of the grafted lines (fig. 4). 

As I'Or fresh niarket tomaito, to,'e 'vas i tendency for the rainshelcr lto ilprove later hare\,tsts of' 
cherry lonlath, as did grafting in t. ,' ,alllellt without rainshellers (lfie. 6). 1lowever, the interactiotn 
;iWiisl Iwaslot si ejiliealit. 

laint dry 	wcieht salIplcs of cherry tolnialo plants taken after typlhool Katherine illustrate ihe 
cotmlnuCd hCnCfits to graftCd plants. Most aittributCs (tahle )di ftered signiIficanly betweell thc coltrol 
alld rtillCd lines, but there was no evidence Ihll the idVtlilage of grating was greilter undetlCr 
nl0isliclhCrtd coidiLlins. The Samllle waits so for fresh Iarket toiltO. 

Experiment 4 
Squrvi val data aiie lpresented in table 6. No control (i.e.. nongraf'ted )ilntsf eitherthie fresh market 

o~r chei' y tolmliaho survi \'e~d bacterui al wvi lI attack aniid wateilrloggedl soil conditions. but so;lnic grafte'ld lilies, 

in particular TS 50. 'TS 56A. l)uin-1, iid Ultlaia, showCd nlelr Or colipleCe survival. 

Experiment 5 

Of the 117 lines grown in snill containcs, 34 did not show wilt symptoms 2 weeks after 
inlOCu!h;ion. SixtCCn days followin' 14-day flood period, the nuLbe1r of" lilies 1ot showing willing 
Syllilplonl (Ic to flood and/or bacicrial wih) was redutced to 13 (datlll 	 not presented). 
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Fig. 4. 	 Fresh market tomato (var. FMTT 22) yields as influenced by 
rainshelter and grafting onto eggplant rootstocks in Ming Shong 

(NTP = natural nongrafted var. FMTT 22) 
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Fig. 5. 	 Fresh market tomato (var. FMTT 22) fruit numbers as influenced by 
rainshelter and grafting onto eggplant rootstocks in Ming Shong 

(NTP = natural nongrafted var. FMTT 22) 
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Fig. 6. 	Cherry tomato (var. Santa) fruit yield as influenced by rainshelter 
and grafting onto eggplant rootstocks in Ming Shong 
(NTP = natural nongrafted var. Santa) 

rable 5. 	Plant attributes of nongrafted var. Santa cherry tomato and fresh market
 
FMTT 22 tomato scion samples 104 DAT (mean values with and without
 
rainshelter) inexperiment 3b
 

Cherry tomato Fresh market tomato 
Plant height Stem dry Root dry Branch stem + root dwt 

Treatment (cm) weight (g/plant) weight (g/plant) no./plant (g/plant) 

TS 28 rootstock 209 398 23.1 11.25 169 
TS 98 rootstock 208 372 17.5 10.50 160 
Nongrafted 170 185 4.4 9.75 95 

SED (4df) 13.8 61.0 4.7 ns 26.4 (P= 0.10) 
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Table 6. 	 Plant survival of grafted and control tomatoes in farmers' field in Chung Pu 
(Chiayi) in experiment 4 

Rootstock Scion No. grafted plants Survival plants 

Chu-S-C FMTT 22 6 1 

Duen-H 9 6 

Fold-H-B 6 0 
Pusa-P 6 0 
Fu-C-L 6 4 

Islam-P 6 3 
PI 38115 6 0 
Thin-P 6 2 

TS 11 6 4 

TS 28 6 5 

TS 485 6 2 
TS 50 6 6 
TS 56A 6 4 

TS 63 6 0 

TS 88 10 6 

Uttara 6 6 
Control 50 0 

Fu-C-L CHT 268 6 0 

TS 28 6 2 

TS 50 6 1 

TS 56A 6 5 

TS 88 6 0 
4Uttara 	 6 

Control 	 50 0 

Experiment 6 

While gral'ting to cggplant rootstocks led to a reduction in marketable fruit yield (table 7), self

grafting resultCd in a significant yield increase above all other treatilents. Prun'ting o two stems per 

plant also led to greater yield: more so for nongrafted controls than either lr self-grafted controls or 

tomoato graltcd onto eggplant (table 7). Rootstocks influenced botl Brix and plI of fruits, but not color 

nor acidily. Brix values were greater for scions grafted to eggplant and pH was lowest in those 

treatiients (table 7). 

Discussion 

Fxperinicnts this year did not demonstratc the yield advantage olfgraltcd plants due to two 1ajior 

reasons: either the typlhoon or tomlato to1p leaf'curl virus curtailed tihe growth of gral'ted plants bCyond 

the time when yield advantagcs of graf'tilg would bcComC evident, and nongraftcd plants had greater 

earlier yields, but, deC to wilting under natur'ally or artificialy induced flooding, later yield (both 

weight and nmbleor)l controls was interior to that of grafted plants. 
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Table 7. Effect of grafting (onto self or to eggplant rootstocks) and main-stem pruning 
on FMTT 22 tomato yield, yield components, and fruit quality in experiment 6 

Grafting . 

A Nongiafted 
Graft-TS-98 
Graft-TS-126 
Self-graft 

SED (14 df) 

B Nongrafted 
Nongrafted 
Eggplant 
Eggplant 

SED (12 df) 

C Nongrafted 
Nongrafted 
Self-grafted 
Self-grafted 

SED (12 df) 

D Nongrafted 
Eggplant graft 
Self-grafted 

SED (20 df) 

P_runing 

Marketable fruit 

yield (tlha) no./ im 
Total yield 

(f/ha) .... 

61.9 
32.3 
35.4 
73.5 

64.8 
36.8 
41.6 
72.3 

77.7 
43.5 
48.3 
90.8 

4.94 5.73 6.42 

Single 
Double 
Single 
Double 

53.8 
71.4 
31.2 
36.5 

55.9 
72.2 
35.6 
42.7 

69.5 
89.7 
42.3 
49.6 

2.61 n.s. 3.84 

Single 
Double 
Single 
Double 

53.8 
71.4 
66.6 
70.9 

55.9 
72.2 
63.6 
73.6 

69.5 
89.7 
81.6 
86.2 

4.74 4.80 

pH 
4.12 
4.08 
4.09 

°Brix 
4.42 
4.80 
4.44 

0.014 0.142 

lITllrts to ilmprove nianagement otl' virus and to reduce damage dtme to typhoons arc called f'r. 
Tolerance to bacterial wilt found among rootstocks iscurrently bcing. capitdi/ed upon by 'FTaiwalcse 
and Fili i Fomnato is now laking place in arCs usualy clsiderCd tusuitablCfarmers. )f0roduction 
f'or" tom1ato, either IecausC oflCndclnic bacicrial Will or bccau se of the iced to rotIate tomIato with other 
crops. CurrCnt Cxperinicns are quantify'ings the interaction bCtwCen canopy sic arld tolerance to 
walcrloning for a grcatcrcanopy per rootstock represents significanl savines f farmers who spend 
time and/r umeCy producing grael'Cd seedlings. 
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Starter Solution Studies 

Summary 
ro field CXleriiCents with meclanical transplanting and application of' starter solution to 

Chinese cahbage wvere ruin in 1994. Starter solution tretillltCllS werf superimposCd on varying basal 
N rates and plug si/es. Seedlings fronMl alrgerr lug-size plantings were better able to take early 
advantage of tire starter sdtltion, as they were to basal N fertiliier. IHlead yield was f'vored by starter 
stolulion aleach basal N rate, and starter solution stbstitrited fbr 40 ky, basal N/ha. 

Introduction 

lIeVio, studiCs (AVRI)C 1991-93) have higlhlighted fileresponsC of vegetable crops to 
pph'ciation s it!transpllilnting of starter solltion containing N and/or P. Cropts with high early growth 

rates (e.g., Chinese callagc, eggplant) responded well to N. even under coiditions where nutrient 
,vailability' is high. Current experiments were undertaken to determine hfeasibility of and i-Csp)onsChe 
to mechanical lapplication of stlarler solution in Chinese cabbarie. 

Materials and Methods 

TWO studies were conducted at,AVRDC, oree in spring and ti1e uter in autun 1994. The 

expCrimnlital dCsign was identical f'or both seasons, coiprising a factorial structure in three blocks. 

l'reatmsents ,,erccompriscd of two sueedling plug siz/es (21 and 55cc). thrco r'ates oflblasal N application 

(0,40,and 8) kg/Ia), arid with or vwiliort application of starter solution (240 org N. 52 nmg,P)98 mg 

K/plant vs. waer only) . [htscorsisted ofsingle 1.5-+rn-wide aid I (-n-lone beds containilre two rows 

of Chiiinese cablbage plaits spaced 0.4 iinwithin lie row. \vtt1"ift'vrmilliliters of sOlution wier(crrritrol) 

were allplicd to id each se atliny vithl an lIllis (Verora, Wisconsiri, LISA)the olf ittransplanting 

model 6))0)) lechmical tralnsplanlter. To avoid possille carrv-ovr elffects. all Control plots were 

transllanled first, olhowd hy the plts with starier solution. 

The Slrf'ice 3 )) Cil sOil coMtairicI 12 kg N/ha. All plhnts received a basal application of 35 kg/ha 

P and -11k,.,/hi;r at kg N/haK and sidC-dressing, 15 aid 29 days after transplanting (1)AT)each of l60 

aid 41 or 4) ke K/ha. ()thr stadarld inlaraglieCnntl+prih,'tices were used. Data ol crop cover were 

Collected two or three ti res luring each experiment using a "rid riicliodology. I lar"vest of the spring 

expfrerircit wlS nt po(ssiblC duC to a scv\erC irl'estation of riri.spot virus. Two harvests were taken ill 

tile auturni CXerrlerit, hll'Oleaci plot 47 I)ATand the uther half 52 I)AT, and were separated into 

total ilovCegrorrid aid read yields. A slibsamlC of fur plants per phl wsrenitsin the autur1ii lenloved 

15 DAT to rneasurC fCesh arid dry weight of above- and belwgr "0turid parts, and their N, P. and K 
Content~s. 

Results and Discussion 

Spring experiment 

No signil'icant elfect of starter stolution was apparent for crop cover measu remnent, although at th1C 
Carlicst date (16 DA) tle greater pltrg size led to asignilficantly greater, yet insignificant inr absolute 

terms. crver: 16.3 vs. 13.1 I(3, SF1D (22 di') = 0.7. )evelopment o' the ringspot virus inevitably 
rrbScUrred rneariif'l treatrilerit eflcts. 
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Autumn experiment 

Applicattlof ol starter solution led to sizeablC increaiseS in tbov-and vroLnd drV ,vCiht 15ehOwg 
DAT, in the samc order o[ niaiIIdL isdIe lui vs. notbalsal teit lizr iappiicalion (table . illgCr Ilug 
si/.C also lcd i)atsimilar Cl'cot. ThC I tclitl Ibelwen ILu si/c ald sta1rtCl" solut1ion siggests Ihlit 
1I CC" (i.e., gieatcle r lot w\rct' take avintaoll. olntio1aI' seed liS ohnn better able Ito tthe starter 
(talel C.SSimilv.arl, s)mller sCdlings werUunaIble IOele'lctively sNthe g2reater bsalh Flical iOI o1" 
N (tiable ).M in elects otlall lhre treatments ol croplC(over-weel signilicanit, with sltartr solntion. 
larer l2 si/c. and more b~asal Napp~lication laorin~g crRIP cover (taIle 9). No interactions bl'rcrop 
cover V're Cviden.rt. 

Table 8. 	Aboveground dry weight of Chinese cabbage (g/plant) at 15 DAT as 
influenced by plug size, starter solution, and basal Napplication, autumn 
1994 

Starter Mean Basal N(kg/ha) 
-with without 0 ___40 80 

Plug size 
(cc) 
Mean 

21 
55 

3.06 
6.26 
4.66 

2.39 
3.70 
3.04 

2.73 
4.98 

2.35 
3.98 
3.12 

2.94 
4.81 
3.88 

2.88 
6.15 
4.52 

SED (22 df) between means 
SED (22 df) between values 

within a table 

0.209 
0.295 

0.256 
0.361 

Table 9. 	 Main effects of plug size, starter solution, and basal Napplication on crop 
cover (%)of Chinese cabbage, autumn 1994 

Days after transplanting 
Treatment 15 22 29 
Plug size 21 9.7 28.5 43.8 

(cc) 55 16.6 37.4 50.6 

SED (22 df) 0.72 1.10 0.84 

Starter solution with 14.3 35.5 50.0 
without 11.1 30.4 44.4 

SED (22 df) 	 0.72 1.10 0.84 

Basal N 0 11.4 30.7 44.8 
(kg/ha) 40 13.7 33.5 47.5 

80 14.2 34.7 49.3 

SED (22 df) 	 0.89 1.35 1.03 

http:Cviden.rt
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N Concentration 2 weeks alter trausplhmtig wias greater inI planls nlot rvceiViiii stati'er soltiLon 
13.695 	vs 3.336'4, SF) d -.=220l 132 I: it w as utlafccted hy plug si/c and basal N rates. lssentlially, 

) arid K conCiStCLts did lti C\CCeptit)n1 t illtillacos, tratlllCltS, with tile a.rlcatcr 1)conM.cnitratinl 
[11 scodlinus '1oin lare'c ptiis I0.601t vs. (.571 SlI) dlit = 0.)131. l)espite the lower 
COuntIll rijonl nIfN inseedlings vith starterst)ltLtioii, (heir ereater dry w\'eights oll,;Ct this such that they 
had a4(; grtcitcr N cont.nt pcr sicdling 1155 vs. 12 inp/llani t). 

Signlit.'ilt interactions hetween starte'r solttion iaid basal N rate wvCr evident f'0or head yield 
(tahlc I(),wvith yiclds where,strtcr solition subhstitictd IOr bisal NCdiilin. tho witll)ut stitlr but 
with 4(0 or 8) kg/ha basal N. l[cnctits oI stiater s)hitioiim totaltrscl ,.veighi wcre appalrcntlly still 
accrlill up it) since, )vCr the span ofl' the starterthe last 5 dal's ol crp e.o lh., the two halr,_vets, 
tirltdiliut gained ,Ifturthcr 7.5 ilm toital wc it vs. 4.2 i/ha in the ctittl Ital It)). I lead yields tou 
lie largcr phg-se plliltin.s wr s'-ig ficattn\tl' h1 the vs 27.2tll erCit,-r thanlhi o ialler si.c 131.3 

i/hat. SII 124 dl, t. Althout-th latrgcr Vt ning plants 15 IV ','crc dislpro)otrtioltclNv favor'ed by)0. 
starter solitiOi (teIC 9), hCad yicld was 1tot, 	 was CtuallyffCl'lcCti\c forinldicating that stiater stolution 
sinaI l-nlarhue--s.c I plug planltings+. 

Table 10. Chinese cabbage head and total yields (t/ha) as affected by starter solution, 
basal N rate, and harvest date, autumn 1994 

Basa
0 

Head yield 
l N application (kg/ha) 

40 80 

Total yield 
Harvest 

47 DAT 52 DAT 

Starter solution with 
without 

29.5 31.9 
22.3 30.6 

32.5 
28.8 

49.0 
45.3 

56.4 
49.1 

SED (24 dr) between means 
within a table 

1.38 2.77 

Trhe applicatitn )l" 	 to ChitIesec.'abbage blyabuit 8 k,/ha of starter solutiot way of a mechan1Zical 
tr1nilsplhnter can tbilte the nccd l'r4t k,N has;il applicatiol. lhtis. savitig the potelill leaching of' 
N Isce Nitrotic ntutrition iiiali neClIcntvcgctablC cutltivation atid the ClIVirllClt nlluderill 

lhuviromucntal lhvsioloehy scttil .Stiltel solutiot can also raise the yield potential at each basal N 
application rte tested (tablhe Il). 

Effects of Seedling Media Type and Module Size on Field Performance of 
Chinese Cabbage and Tomato Under Suboptimal Field Conditions 

Introduction 

tolmato, ChitIese cabbage, aid chili 
peper w iere i at transplailtinig, whether the variation was due 

While preVitIs studies have inidicated that total yields I1" 
uiffCctcd by Variat ittn ilscedlintig si, 

1t differetnt media(or modul ill 1992 lrogress Report, p. 333-34(1, thetypes (Isititmitari/cdAVRDC 
same may nt t httld true fo0r suhoptinal I'eld conditiots which lillit ftill CxprCssion of yiCld potetial. 
I.xpericnuets were, ther.elore, COnlhiRcted 1t qlanti'y the rCSpOtISC of'" vairitms-sii/cd seedlitngs to 
stuhopti al irrigation and nitrtgCn ICt'tili1atiOn. 
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Materials and Methods 

T'oi expe'rimensl we'ic CalTrricL (Lit at AVIRI)(C, "nc tra nISIplarCei II) pel IIbhrwilh at Oil O 

1t93 and I t on < bIoh xc'pciitc'li thtce
the.r with (hincse cabba c traIl plgtt OSltcicinIcr 1I)94. lin 

wTidia typ"I (A\VII)( standait'. l)tch import. aind a laiIson inix) ait! the phn, Oiies w c onpard 
lactoi'all,. Clmpositiolln of)tile dia \a'itsIllws: AV]I )(C-- ,lil:,lgarcan'cia ot:sanl:ric, 
hullS in 5:3:1:1 \(ltlile propliioil: )ic'h - . ,W hllack pct hy voInlhni,. and 8iimp"ori 2(),;atilit 

kg line (I(0 MN' ) phis 1.5 kg 12-4-24 amdment I iil: Ii ih /t 2 aS)ic - ('inadian splialliilil 
llls, with pCnilc. gvpsiilll, doloitic in iiCl alCiand wtli, added. 

1'oI:tomiato. 288. 128. and 72 pllis p' I ta 11i itleC' 6.-4.2 1 a . cc Iloot \ ()litie p r plainl,a. 0lit).() 


IIheraS fo'0r('ineseC caN)a c 2X8, 128. and 7)) pltig- pt'r tr' piovidC 0-. 21.1). aind 55.10 cc moot 

'OIltiniC. A saipl" l Idi plant p' treatment was, rclilmCd at li splalilin it,esitilate seedlin, dry
wt'i~lt. 

Fori tlilato. plots iit'asllrt .4 x I. in wit 20111) tIlible rio\S on a0I Il aisethplalts per p11 (ill Ol 
lied). Two blocks consitiin,, e kii tlile irri-atiions onlyitheull irriLatiil ant N It'riili/cr. Or ,iltcriitt'i 
(i.e., hlall aniount \itlh 1/3 N Icrtiil/cr sitIC-ilhCiesiln. I-rliil tn IrlleR pilinstihe iiricatioli eVCe 
liar\ested t) tinlis Oin 23 Novciibcr 1993to 2 I:chrnar\ 1919-4. lip lit inlcctl,ili uiil a I.(-C ), 
1.1-1011(h) iatdi0iCtr ss HICAIniUcl on 11cc oc isioli',: 3)9 6. I)V'.inld (0J< 

For ('Cliil tal+ac, plts iii as lrd 5.0 \ 1.5 Inl kihtacl plo1IcnLttiinillille' Leof tihe inedia x 
ping si/c conibinltionis split ralollv' inlto lve ckiltaillilg7 I0 pliilv and (ullreivill-' Cilihc'r 

1t k!limiiir I tW/3Il ndiid 
cac tblock nain po1 restiicteld iri'atlin. '[lic (till irri,'atioli 
(21()I:. 5:)k N.I K. applicaion rate. Ploq' wcegro'l etliiihotol, k. wiiil 

1 \%crc traicld wilh C'ilhCr Ill Ior ,edulc 
prositleCl irriglation latllllsplalntin., 3 tl \ e c\rvite'r, IhiCi \eck thicritillCr. whereas r'st'ic'etl 

ca ro'i tl 'tlicd .3 iid~ liitl linally 2-.41)!T c vt"ta;rliT'in 1ti'insliitinc I((dayis lhflreattl'r. " ,

liiie atI'iield eiti co llectetl soil waterdata wiVr collectedwc'i'u 21, 3, and 37 I)Al'. (raVilnilriCe 
24 and .3 I )A'T. aiiop ' and a litemper atlre 21 I)AT. and yield data 38 and .44 I)AT. 

Results
 

Tomato 

The seedling phg di/c resulted in anticipalted 'ariatit l inseedling size att riispl Ai g (tahle I I) 
hit difeltclic.s lctwecl itedia were less lIln expected bised tpoll pieCvi~ts YetS'data. Valiation iti 
seedlling siz at tialslaiitittg did riot rtsult indifferetnce bctvcn treatments in light itllerception. nor 

polnc lits. t-111hin yield irits cWill \Vhile inlceptitill wits sitil'icanitly less lortlie stit llltilialfield 

eatilint 31) AI'., Ihis vs' 1 t l'anslat d into atSiiiifi alIt inl tiltlao 'ield. 'l't)Il anti39 cdtictioii 
inarkctallc ie'lds weti' grittlcr Cli tile larger piug (nIhaidtherefrcw cdlii,-) si/c., biti fimes weC 
tit Slliificilt.('iinuIiveli\ct s til'prisingl (Ihat the bil larue seedlings ( i.e., lrtlel ileildshw oftl 


laret' scctllnit rotlvoiilic) werc not evitlent at early hairvests, ii contrast to pl us years, results 
(data IIll ittntl1.I l rest inctclitnn (l'isin lillII~c. ile iiflticc o llihp ctunulative yield \,its 
nIt~lhi fIln ihe Iirst halirvCst iiiviRls. bul did nut i'ea II stal.stit'ail Sieni :icacI tClitti ilt pr'senitelId). 

Chinese cabbage 

As liirtotnutii. nditiand in p trticuliripltig Si/c altttlCd sCetdlini. Si/cs tt tlralispllllini (lale 12). 
'Ihscinail CCtIS ii liedia ail pIlg si/t' wrevCmanilest tlirout.gliit tile groWill cclC, CXpr Cd its 

criipl covertt he \'iSltls iilcatrlv and lite hlirvests (taleiC 13. ThIeCeffect 41 the sull)pli nlll I'cltili/critand 


ti'atnllCnlt Wis also Cvitlent thrutii t lie crop groMwh cc'le' andMat IT' (iirCeIae . hit rduceL 
iricIation had ni ct'CO. Sigtnilicait ilitcractiiins ssCrc evitlCnlt bett iiCdliaand pIng si/ce" ilile first 



Table 11. 	Effect of media and plug size on tomato seedling sample dry weight (rng/ 
plant) at transplanting 

Plug volume (cc) 

Media 	 60.0 21.0 6.4 

AVRDC 	 45.2 21.8 20.7 
Dutch import 	 42.2 39.8 26.9 
Fison 	 55.5 32.9 28.0 

Table 12. Effect of media and plug size on Chinese cabbage seedling sample dry 
weight (g/plant) at transplanting 

Plug volume (cc) 
Media 	 55.0 21.0 6.4 

AVRDC 	 0.381 0.201 0.063 
Dutch import 	 0.587 0.209 0.102 
Fison 	 0.119 0.064 0.035 

Table 13. Main effect of irrigation, media, plug size, and fertilizer regime on crop cover 
(%)and yield (tlha) of Chinese cabbage 

Harvest 

Crop cover 	 38 DAT 44 DAT 

Treatment 21 DAT 30 DAT 37 DAT Total Head Total Head 

Full irrigation 24.5 41.0 44.4 13.5 7.3 17.4 10.5 
Reduced irrigation 22.4 38.4 42.0 11.3 5.7 15.6 9.3 
SED (1 df) ns ns ns ns ns ns ns 

Standard AVRDC media 24.2 40.4 43.3 12.8 6.8 16.9 10.1 
Dutch import 27,6 42.6 45.1 13.3 6.9 17.6 10.4 
Fison 18.6 36.1 41.1 11.1 5.9 15.2 9.1 
SED (16 df) 0.90 1.34 1.51 0.38 0.25 0.50 0.34 

Plug volume 6.4 cc 17.0 36.0 40.8 10.7 5.6 14.8 8.8 
Plug volume 21.0 cc 23.0 40.1 42.6 12.2 6.4 16.1 9.5 
Plug volume 55.0 cc 30.5 43.1 46.1 14.3 7.6 18.7 11.3 
SED (16 df) 0.90 1.34 1.51 0.38 0.25 0.50 0.34 

Full fertilizer 25.7 43.4 47.5 14.0 7.4 18.3 11,0 
Reduced fertilizer 21.3 36.0 38.8 10.8 5.6 14.8 8.8 
SED (18 df) 0.62 0.91 0.88 0.27 0.22 0.38 0.28 
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crop cover sample; crop Cover was poorcr i the IlsollMIx relative to tlhColer m1ixcs in the mdCLiull 
root volime treatment (dila not prese ted). lpOrlutint 1ilanilgilul'l iltraclion yoe evidentl betwen 
irritllion aidlphi Si/c, terliliCr llllian.ciPtt'iil il in'iciltion. tCle\'CC /C ;1i/e'111d pi andltrlilicl" 
limlitcd irrliiltion, restricted flinal crop Co\lr alld caly ttal idhl eCIal Ihfull I'CrltililcrI ,'Itl 01" 
tiraltllclt, Nit by the latl hlalVcst the viid l ( ihe Icraillrtw\llh limited irrieitionr .vC full I'crtililcr 
,as Chc
lo HItt of the till irrifrion-fll Iertili/cr (li,.7). IirrlitCd irric',irll ilso rCsrie'lci yield of
 
liCril'Letpiln- iC treatirelut itCily liarv'eA, il OlthrC riecliuill pIh *i'e-,ilc ha'vest
Irctrilllt il lilcir 

tfiL. N . IVirnlilfCrllCCs Ibetween I'clrtilicr reatriirlls %Cerccis Ir ea.r'ly cr-op e\%'elr l'slilull v'S.
 

p n l'or lluilrucr i/,CS aIL ' hot'aVl l yicld , hut nlltfor laitelrer e ov-i r flor later virtl ( i lt rC ClltCL). 

No sinil'icant ci llerc'nces betwen trcatilicil were noted bctwel cnillolp) IClril irL. CxprsCeCd 
cihclr a, dlepressio bIow air im lCmperattir Or ;Is,istIlloticnt of the lorriirci" al usliratitil vi tr 
prCSStlre dcliCit. .oiI i Woisite ohcoIntet clllli(flerecl signil'icanitly bctwecl pltg-size ticillileit Oil hon 
saimple O-ci,,il s,with ih ilarger plug treatments creatigraltr trinliiirunl denlilld resulting in 
ILS:S',il moisture. \S ex)ClcCLI. SOil iuislti'C COltCllt was oinsiderably less in the altelrna"Ite event 

14 Early harvest Late harvest Crop cover 60 

12 

6 
i...50 

C 

20 U 

210 

0a 

Restricted Full Restricted Full 

Irrigation treatment 

i 1/3 fertilizer I fullfertilizer 

Restricted Full 

Fig. 7. Interaction effects of irrigation and fertilizer rates on head yields and final crop 
cover of Chinese cabbage 
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20- Harvest 44 DAT20- Harvest 38 DAT 
18-	 18-
 Total yield 

16-	 16-

14- .TIlyed14

12-S127 


10-	 10- j 1 ° 
-o 10 	- 1 . e -- Head yield 

_ 	 • ..... Head yield 

4-	 4

2 2- 0- Restricted irrigation 
-- - - - - a * Full irrigation

I- -- -- -- -1 T--,- -T- - - F -T- 0 -- -- I U 0 i -- T -- - r 

0 10 20 30 40 50 60 0 10 20 30 40 50 60
 

Root volume (cc) 	 Root volume (cc) 

Fig. 8. 	 Total and head yield of Chinese cabbage at two harvest dates, as influenced by 
root volume of transplants; all field irrigation practice 

Discussion 

The influence ot" media was less evidcnt than the inlfluence1t plug si/e oil crop cover and yield, 
partiu larly tIr ('hine sc cabhagc) table 13). SimilIrly, the elfect orcluced irri-gation al'tertralsplanting 

was less marked than the fccdt o'reduced l-rtilieCr applIicatio. Seed s , plug sus neve 

catglht up with those tlth targerplug simc in linal y'id tabthle 13). lRcd.ticed lcrti li.irconstrinecd early 

erowt h nld yicl otliri, rot-volume sdlin utll that ,ee alieadyIol'sMall rot-volume seedings 

li mited, whether 'lcrtilu/erwas In tI'llOr0t ily],. I teerop CWerad ViedILIWere eually rC;tricted 

bI,,r'dIucd lI'rtiliiei in ,ll r it-\ Oluli trC ltil lcs. 

eaCrly rtM sl'SIMnllarC \tdlumeISCdlings, 

,,cii thoti.l ltreCr ,,,'dline volutIci ,rcaltdl aercatcr demand totr soil moisture. [ie bliulp in waler 
stress wa,;,evidevnt lor the largest plug si/c treaiticnt ,it38 I)AI harvest lig. butu. Ib,44 I)AT the 
,,'ild 01 rCstrItCd itIta tiMtt ttIetit lu i' c t o ute lcnt. 

I.imited 	iriCatiM did lot dilrntiatllv 11i'dVCd ovh vs. 

mCi it th.t p s [t f ill irrilitm Irct 

BV 44 ID)AT. thC eflfct oI re.'duced irrication W.1is most severelv c,lrcesscl ill the medium I),hgu-sii.e 
trc',atitclt. l) hlttlps lhL the hCeieft il'ligt i n v,s tliile'st I,(t',:;itu o I'1 that plUg siue by that time. 

\\'hilc tit rt"Ilts,ftm llte the ttwlto \pcriicit sId little lieht tlothe ditl'ltitiaul behavior o s cIlile 

pIltttitt 11_t t', ttttitslh;uttti11g sttess. the dt ott (hini ,,cc.,b age illustrate thatlIaCt ntIcII 
l;irt-hIble cotiditiotim iltter tr'tSlpl;tntint ti, the le; l . lutthlcd Seelllitigs..'rsC 	LsMI
dileTeir Ily la+tFV ti/ 

Resticted irrigatiot t anld 	 It1ti e(.ttaln yields oLrc,,tcd mcdim stttall-siied trattsplAtIts ISlageO 

truuttsplltnts 'ig. S). but rltrictCd lttilieCr did not reduce yield potential oI stitall totc ltin that of 
latrg-sim d scedlings. 
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Effect of Age and Chemical Composition of Legume Green Manure 
on Nitrogen Mineralization in Three Tropical Soils 

Summary 

Field trials wcrC run during the hot hulid sulmller and the cooler autun to .uatntify biotniass 
tccomtnnotdaltiOl in tour Cnli e Species planted at two densities anid harvested onl three occasions. 
l)ried ablov(.egrotind lan1t material Yolunthe summer harvests was inculated with soils from three sites 
AVRI)( soil and Soil oIm two PhilippIle sites) to meiastre NI I-N and N()-N release. 

Iliel.hst blionass and N aecutiulatiOti was achieved by soybvleanm harv'ested 75 day,s alfter sowing 
I )AS) itn both scasonls. follow d v hndielotCra it ( )AS. Mimeralized N accumulaleld most ratpidly 

as N() withotu noticealehl NI1 ton AVRI)( soil, lt pronounced peaks in early NI I-N were evident 
otn die otherlto sitilIs. ( )n all three sol]I, I1i,'oi' q/?mlr om tile 6,) )AS harvest released the most N ovet 
SI()1-wcek itllUbItion pertiod. 

Introduction 

Field exprminlls are being couctled at AVRI)C and the Philippines trom 1992 to I995 to test 
the ealiblity otlpartly stistitutine N fertili-er 'k"the Iprouctimol'noprcessiig totiatoes in the tropics 
with legume green ininring. Ani optimal leguI e species for green iaiuitire use is i pliht that 
accumullates hi,,,1 i oftN tld biollss I sho(rt tille, so thilt the fillnller does not lose too multchnlotils mill 
titile and field 'pucc il productiqg this N source. Many re ports mtention time variability of legume 

rtwvvtll nepemudinlo strolgly ontthe location and sCason ot erwth' . TWO field experimenlts intitrilg 

the s._oasonality. the inlluencc of tile sceding, density, and i21W', tlt dulratiol (on the N and IhollMass 
AcCuInultion otf; lfall'a (1,b1'1w,,to mjvt1). I'.mnodium intoln i../mido'mr tinhcl'i and suybeati 

U(WVloi' AVRI )C in I993.oMn,) wI*ere conducted ill 

Vil-oius incuLbittion studies have reported the correlation olchemicali properties of plant material 
ith the inor'anic N mincraliition otr iiiinohiliation in the soil. To understand the mineralization/ 

imiohili.,atioil piaterils in)rcla!ioll to platt properties, two inculatiol studies were CollductedIto 
follow the release of* N in diftfeent soils under controlled cotditions. The I]majolr aim in the first 
itictib'tioll experielicnit was to deterninie the inlflueice oflge otl plant mtterial onll the N release in the 
soil of ftir leonne spcies. The variability ot' the N release of the salc plant material was tested ill! 
three difllrent tropical soils in a second in1cuLbtion experifilnt. 

Material and Methods 

Field experiments 

(rovinglegume green nnire. Four legume species (Mdica,,nvnriu', 1).'mndinmpurpuremn. 
I1/ighv/i't tine'tori,, and (ly'int, Inn.v) were screetned il a Ii elId experihent 10or Ihimnass production 
and N acti.ulatioit at di fferetlt growth duratiolns (6(0. 75. and 9(0 I)AS ). The legitmnes were grown at 
two seeding rates (simple and doluble), which were 0.75 and 1.5 g/m2 for l .ndii. 0.5 and I gY 

for Ah'Vdica'go. (.66 aind 1.32 g/m2 for Iid,'o!irnandLI)(1and 200 seeds/t' or soybcan. The aim 
wits to check whetlher by doInblingl1 the seeding density a hill bionlilss production could be reached 
inl a slouitcr ti t1e. TheCleguie seed wa;s iloculated with a Rhi/obiuntii strai itlixture, speciticI't'oreach 
legulme species pro+,vidCd bv the Soil SciCIce I)eprtentCt Of ('h11g I lsipg Uliversity, Tlaichung. 
Fert li/er at 35 kg '/hit a, superphnsrlhate and 89 kg K/ha as KCI was applied to the soi Ibet're sowing. 

I 
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The icl experiment was perfITrmCd twv'iCC, IQ9 1993 (S .the firSt slartli M;trch to 15 June ASI), 

and the second star'ting 7 Scpnllehcr to 9 l)ecember 1993 (9) I)AS). The trltlme,,ts (1'01.l' ]outllllC 
species, two seed.ling densities, threC groWth dtluraltos) Were r e- tor e.xper'in+clent i'i 

RCII) with 'Mrreplictlions. The plot size ws nfit ald the fiheld si/c 210 in'. At cach sampling date 
Mid +,nidIUtiolt. 

lPhltt tlleitcrial wa inal\v'cd kirtotal N and toutl carhon with a(arlo-l-rt (;as anay/er, lienil coltell 
with the acid dlterc'ut liler method, tottal plinolics with the jlln-li)cs inethod. and Ctdensed 

IannillS With tile ,,;lillil ssay mehIod. 

Statisticatl alaivses were illade tilsig ANOVA with iJMP (SAS for Maclintosh) program. 

(60. 75, and Q0 I )AS ), I m.'olIthe plot w'%s harvcstcd to dt.erimilC ;ilhove-rt'tiI iILIsS 

Incubation study 

Soil and plant nmaterial. Soil was collectCd h0111 the top 10 cm on he Cxperimclill farms of 
AVRI)K. 'l'iwan. the Mariano Mlarcos State University (,MMSU. Batac, Philippines), anid Blukidnon 
Resotuces ('orporation ie. (llRCl,Manolo lortilch, Minanaho, Plhilippinic:). 'l'lcw soil is ofAVRIC 


the lake scries (loanmy, nlli.,,d, l\pertlcrnlic. [lviqtleIticltntroclrcpht, pi ! 8.2, tlotl N ).()71/;, total 

C 0.64', . N( ) -N ppnl/g soil: .(). NI 1,-N pim/g soil: 1.33). The chllarcteristics +1tIle two other soils 

are prescltclI for comparison illtable 14. Soil was sieved (4 mml) atlltIld h lltl.icd. legumelrehSI 

shootl satllpls (ste with leaves) of 60- ind90-day-old platlts oi" AII'eicag .m'itIia. I)es,,,odillm 

illim,11111. I/iilt''ratinctoriu, atnd (Uvr\im' Irotll field eXperitllClt tileMax vCrC collected tile 

AVR ' farmn, tle samt, site where tle soil was taken. The plamts wcm thetimvet-dried and 1-gruntd 

(<1.5 m1). 

Inculhation procedure. [or tIle first cxpcritntlet 4(0 g air-dried AVRIC soil and (0.1 g dry viid 

gtolitld pllanit matlrial were pul ilo a i 125-mI Frlenieyer flask. This plat-to-soil rIatio was to 

approxitliate a uitich or incorptoratiot rate (f3.5 t pltlt dry Inatter/hla. Fi'lt llaterial was used lrill 

the double-demisity treittllments "thffileld experiment ill tile hot lnd ltnmid scasol (metiotned earlier). 

Walcr ill a qtlltiiv corespoiditg to).I lr was alddCd to tile smil-plit Mixtnre; the tmlixture was 

allowCd t1o ha' b",ef'ore b+eing reajustCd to (1. hitl. a soildr to (.3 Treaittents ate listed ill taleIC 14 
0ly treatilit %itasit.Illii istIle control. The flasks were sealed with cotRn balls and stored in tle 

iictibattor at25f'"for M()wccks. Tillree replicates ofteO treatilletit were ratldomly forC selected 
exiraction alter I, 2, 4, 0, atd 1(0 weeks ()I' inctuation. For extraction plltses. 60 til of I N KCI 
solutiotl wias direct lv added into each sampling flask. The IliXtlrC was slaken or" I Ihand the extract 
w;ts filtered thro l Whatimnmi 42. Then, NII1-N til NO,-N were determined with a gais-scrnsitlg 
;iiiltlitm1ii electrode ()RION 95-12. 

Table 14. Comparative characteristics of the three soils used in incubation studies 
BRCI MMSU AVRDC 

Clay (hydrometer) % 59 50 16 
Silt ) % 25 33 52 
Sand ) 16 17 32 
pH H,O (1:1) 6.1 8.0 7.6 
CEC meq/1 O0 g 12.9 44.0 7.1 
Organic C % 1.95 0.5 0.7 
Kjeldahl N % 0.212 0.06 0.09 
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In the second experimet. air-dried soils I'r, I AVRI )C. 13R CI, and MS'IS Jwere weigh1hed Otr M 
Ovel-Ly basis aIt a lac ./flask, the sameu amunt Of AVRI)C' soil tsf 39. 3 COrre'sltOndin Il I the 
first cxperiliment. A (). I-- sample ofldried and gruld plda iftfial o 0 anl )II S an andmaellrll I S so.ybe 
I1ldig,'c o/ I'rl ll Same aldded to I 125-m ie incubat ionlhie sirce wIs Ile soil in) 'llsk.The sa 

iprocCdtUre was Iolloved as Ior eXpcri moent I. TIrC;tI1ents arC listed i lable. 15.
 

I)hDt analysis. The N( ),-N Md NII -N contecnts iper SaMIrlile. dalt Md IraIlIlllntwere inalyed 
1usineL theJIP-SAS f'or Malcintosh. 13N subti etine'- total eXtractale~ N in sOil Orif, f'rom (fiat Ii leVenore 
plus still (;rparmet). net N rinuelralitmOn and iruimobili/aliOn of inorgamic N iltributLeh.I tOthe N 
IIlise o \ISa ltrmuined. IlCIII ofl'Oriciill shoot N linCrali/e.l was calculate_'d fbllOWihll 

lit' ( '0ul,'itillillilt.I Mid F \IIL', ()-l )' iiic'tLtL. MNIeilsn ld strmtil'rl errotrs fI pliCIlltof' i itiil sh O 
N rrrirld ur irnrribili/ed \w.'i 'alcCiItCd I'rei0.Ch sililplin2 tij.r. NlriltipI reerssioms betweCI 
lnincrrli/cd lndi irnuobili/,ed inorie,riic N alnd initirl shoot chenial ildics were p'IrmuieTl'd on 
itrIrdiskorilue tld;ia Ior cL+h timIe pIiod Of the I'slt inlculbtion e.'perim'ritl St pr(gram). Net(,ltvietw 
N rrim ieri i/i, w cotn the difference in exchan cale NI 1,and N( ), between twOr samplings.'sidered 


PltI t1rid Sainlchici I99)I ).
 

Results 

Field experiments 

Allailf, IV'.SIjO(/io,. a1nd soyhean produiced Iire dry matlter and acctltlIated moire nitogen inl 
a shorter ti in the Sprin, experillient Compared to the atittiiii experiment (tahles I and 16). The 
erowtMll contdt.itions atumtnn were miiore tavOrable forl' di.Q0 'l, only which pt'0(hLtecd Imore bionassiIm Or 
and accuintiitted more N tlha in slring . 

il' lCspcialII 

1(ff kg N/lia less i auttmn thaniii lsprine.
 

The' sa ril ecect wa strong for soybean which pruduced abtout 5 t dry matter/ha and 

The CuL iii ,Species,seeding d.tusity. as well as growth duration, hlad t significant CICct On dr) 
itatt.r lritduCtiit alid llitrOC1n accnultlahioii ill bth xpleriCiicits. Most birmuass and N wIs priducCI
h%, bhleii doIvCd by' h,dito/trt.l)'. Oesmodium, and allkll'a. Inl blrth seasnIs. leCgtiICS s \,'I iot d+luuble 
denCsitv hatd richer PelurniCes tlilrmi thaose usiiig simple seeding density. In the spring experiment 
rioW,t iomiss aid N wa"ts accumulated 75 I)AS, vherCas in iLIIutumn MIlxiimorllnl yielIs Were reaichd at 
9() I),\S. The' illcact]ioil Spc.ieS xdlltiti WsTligt'icllt in buitlh scasons.w'asl 'his shows that lFor thcse 

rimrlen.e 'species a IongCr pr wth durationl was unot always crrelutted positivelv with h i hlr 
bi + saeiulul~tin. :llllt and,. soyvbein gzrow,.'n iil sunmmer yielded, the hi.ehest bhior irrss withit 75 
iAk'e. Alter tllatl. hioMr,,ss dcreasCd dtue to0Senescence 'orI ahmall'a. aind t lael drtopping f'r siylam 
w.hich ,ritI it_' reprodutcive phase. In cOntrast. Indigeoth'(,iid l),+.xor0dioo lItlute..d the highest 
hiomiass tt M I)AS ias their \regtative phase waIs trhmi other ICellmmes'Oner that oFI lhmtw 

Ill spr'ilg;. illrr . dry mmtternid N was acuitmilited ill double _iiiipMlrd to siIIl-deICnsity iplantilgs 
with ill ui lguics,, )iulrliir of tie seethiiig density increased the ioiInass plt'dnctiirnAl (tlC 10). 
(IFhudi. ,o/c' stromrly,. whe'reas the Other leeui.ics were only slightly aleclted. N accumulation ihi 

yh., ii an' Ir u~/'obro wasraise by the doulIC-densit1hy seetling: the sitI' was true, I'nr ll'Ill't and 
I)c,"I h or' ll.l iI;I tuttmlrl 


Constantinides, M.and Fownes, J.M. 1994. Nitrogen mineralization from leaves and litter of tropical plants: 
relationship to nitrogen, lignin and soluble polyphenol concentrations. Soil Biol. Biocherm. 26(1): 49-55. 
Pa!rn, C.A. and Sanchez, P.A. 1991. Nitrogen release from the leaves of some tropical legumes as
 
affected by their lignin and polyphenolic contents. Soil Biol. Biochem. 20(1): 83088.
 

http:I'rei0.Ch


Table 15. Biomass accumulation (dry matter yields t/ha) of alfalfa, Desmodium intortum, Indigofera tinctoria,and soybean 60, 75, 
and 90 days after sowing grown in two seasons in Taiwan, 1993 

Growth Seeding Hot and humid season (April-June 1993) Cool and dry season (October-December 1993) 
duration (DAS) density Alfalfa Desmodium Indigo[era Soybean Alfalfa Desmodium Indigofera Soybean 

60 simple 1.4 1.2 1.1 5.3 0.6 0.7 1.3 2.8 
double 1.7 1.4 1.3 6.1 0.7 0.9 2.2 3.6
 

75 simple 2.0 2.3 2.4 8.2 1.0 1.5 2.8 3.3
 
double 2.3 3.0 2.8 9.9 0.9 1.8 3.7 4.2
 

90 simple 1.5 2.3 3.0 7.7 1.3 2.4 4.0 3.0
 
double 1.8 3.1 3.9 8.3 1.2 2.9 5.1 3.1 

SED 	 species SED species 
density density > 
duration duration 
sp. x dur. 	 sp. x dur.
 

sp. x density
 
4-


Table 16. Nitrogen accumulation in biomass (kg/ha) with alfalfa, Desmodium intortum, Indigofera tinctoria, and soybean 60, 75, 
and 90 days after sowing grown in two seasons in Taiwan, 1993 

Growth Seeding Hot and humid season (April-June 1993)_ Cool and dry saason (October-December 1993) 
duration (DAS) density Alfalfa Oesmodium Indigofera Soybean Alfalfa Desmodium Indigofera Soybean 

60 simple 50.0 39.5 50.8 187.7 16.4 18.7 58.2 97.4
 
double 57.0 47.2 56.0 209.3 16.8 23.4 90.1 142.2
 

75 simple 61.6 55.1 93.0 276.4 29.1 40.9 105.6 121.7
 

double 67.1 73.3 106.7 314.1 22.9 45.1 131.7 143.88
 
90 simple 33.7 44.5 83.2 256.2 42.3 69.8 124.0 155.6
 

double 40.9 58.3 101.3 263.1 38.8 75.7 159.7 148.2
 
SED 	 species SED species
 

density density
 
duration duration
 
sp. x dur. sp. x dur.
 

sp. x density 
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All' lla l)'snrodhm i, and stryheari prdnd highest hitrliass yiclds 75 I)AS and Ildi,,l'rl 90()m 
l)AS in spring. NaCCnrtrl.atihr wa1i )AS ndio/eui,r., allalfa, and Sr'hCan and 9I) lASs hi-hcst 75 or 

l'rrl01 u,//u/fi. Inatulrtrrr allall'a, I)ix.ro+Iii ndlnli.io/lra r',icrcd dhc hin-h.'t dry rrrattr yicl,
 
90) D)AS. "WWvrc~r, S)y bcarclicd ismaximum 75 I)AS. N acctnrilatcd throtnhiri nri.wth and 
rCaClcd its rI;rlxii r (I()I ),+I,.DA 

Thes lw\(0 cxpC ICricit hcst bICshow.' that thre ()Iti Ial tirrIC t0 il,'Cst Ili ioiiass id N accumulatio
 
is 75 )AN kwr strlwcan arid () ' ir huigt'li'ra in hoth seasris.
 

('hciit-tl plant pii()pC rtics tro0ri IWriir.'liC1atCd sarrrflcs rilyarec,cIrrCItly available. Pe'rcent lignin

arLnd C/N raitii mostly iircascd with the.i_ ()gc.Ih
tli plaIt, while N as wcll as poylpliclmd and lanrin
 
OriccriiatII lS r itCreI- Crsd.
 

First inlclti)att)I ,Xplrillelit. In LClicral, tHilrltC (fliis MC-r theritritl coiMstiltcLh )5; ol 
cxtraclabic iriornarliic" N. ()1rc wcck atcr irrcnlatiOr, NII-N ,alucs wcrc is hiah ,, 1.7 jig/g sosil in 
trcarlicriths withr /I 'siodilton (()) AS (fig. 9). lBut gcncrally, NIlI-N %'aliecs d1i)ICdtiIrghirMMirl
 
iruatiot I'mn 1.5 to (.5 jag NII-N/2 dry soil. The IcgUriic Sccics arid lcnnric anc si t1igly
 
inrluiiccd h specd tfl ril N rriiicralizaliirrit i. tle So)il. Nire riitrcrr bccari availalc, and the
c 
iclcc dvrrriis was 'istcr,+ wihuri Vong plan riterinl (i()I)-\") was tiscd. 'hi ahditiir id ltnies
 

lad It;Io initial N( ),-N irirnoili/atior in all tratrrits.Th N irrrbili;iir lastcd 1-2 \cCC ks with
 
(4)-l)..\S-ofld laimaterial \ s. 4-0 weccks lor 9)-l):A-fld plant riatcrial. lhc crttct N 'clease
 
(itCrrrcd vith thc ;tditdi olh(-l)\-S-)ld hlli'obr arid alfalfa. where rip to 5()'' i'Ithicinitial N in
 
1IC plait rrr;ttirial () wccks.
,vrs rinicrflilcd atkcr 

N rclSCt'd ithnc Soil (; oflthc initial N added) with all'l'a, /).M1v/ifjno,and Idito/t/i'lI) weeks
 
afrr inil,,tiorr was hiihcr in 6D-I )AS comfrp.rd wo 9)-NI)AS-nld plant matrial etrrint
; by 37.5 I.
 
aid 25'; rc,,lctfvly. In lact, rcitlier I1hnmnliub nor all'alla it () ),AS itrccd posii\v
a nc 

riirICli/iliorr. IhC ()()-I)A.S-old Soycari ratcrial, hwcvcr. rcleased (; rmorie N than the 6()-I)AS

l itrial showed a rednctinrn t soyb.ari
Rcsntls oilic legumerri-c ereriri' I(wdi -dI~oI),(y~~ hiorriass prodntirnirn bctWeril-a 

75 ard 9)0 I)AS and for allall'r in the hot hiinid scamin whcn '4N aldIo deereaSCd, rexSrlting in a st rng 
ircase in thic ('/N itio. lhe first phrasc of'dcemilpisition miiht hatvc takn flace t this tirie. This 
Iiasc is hIi'arditCri1Cdby a Irt'r;t (td inipmrlit plant riItticrins from th shlrint to the rots, hydrolyti 

aId oxili ,lticsittingnilpoyrr..ric stances. iLid anl increaCdsing rii.ruibial jtInuptlatioi on dyin" plant 
parts. Thisc Irray partially cxplain tie relalively quick N rc,.ase tin the soil Tl(h-)A,-otl .nipai re.d 
it) ((0-I),\S-nld snrb,r. 

Second incul)ationi ex)erinent. Nhrate I+ nitrite ) Was the doniirlant l'ori oflextractable 
i n.ani. N ini AWII )(mnil. Initial ;ilsur MlI(g NI 1-N/y gSoil drt'-u,+eLI to 0(..5 g NI I-N/g dry soil 
within thc first wcek il irincration. li ITCI and NIMSLJ soils the additionif leguirrii planl material 
L'nuraicd a Significanrit increasc in NI I,-N Ice isscuiriian'cd to the c tl'Rol rcaching 201-4( plg NIl 
N/n,-soil I and 2 cck,,, afcr incubation in. 1T-12). 'rcattrlcnris diflecrd Significantly in raising, the 
NI I,-N ,muciiu with the fillowing, ranking: 6(0 ))AS hIdigqorq > 6( I)AS s, ,,bcani > ) I)AS soybcan 
> U)O ASI),,\rii~w/>r. I)uritng th First 2-4 ks avtrng irimiTHbilizinr ohINO (-Noccnrdin bOth 
soils, but espccially striking ili BR(' I soil, wlicrc N()-N lccls dnopped rm 30 jg- siril o 0 jig/ 
n Soil Within thn first
wc.k. NO )-N oir~itcns staydhclm.thise (l'thc tl riiriiobili~atiii) diring 
almost I) vwcks Ili R( oil. aI "'onerlait inlriil (6( )AS) Irclcascd inuiranli,,ll thrice Woils. 
N atribr+tanlI to Ilhc lUIIrri I)AS. Iiiaddition fastcr thern 9) NIMSII soil, net N()-N mincralizatiorn 
timk place after 2-4 wcks. 

In all tlircc soils nost N(),-N was 'ClCascd With (ill-I),AS--rld h1lio/i,' , l'flhmcd by 0()-and (1
l)AS-nld sw"irbea ill AVRI)C soil. and 9)-IlAS1/nl/iq/,nr iin BIRCI and MM'S. siils. The least was 
relceasd with 6(- and 9(-I)AS-old sybean ill BROI1 and MMSU s'soils. compared to 90-1)AS-old 
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Fig. 9. 	 Cumulative No3-N and NH,-N (pglg soil) in AVRDC soil incubated with legume 
material of 60- and 90-day-old alfalfa, Desmodium, Indigofera, and soybean 

(Values shown are means of three replicates) 
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Fig. 10. Cumulative NO0I-N and NH 4-N (pg/g dry soil) in AVRDC soil incubated with 60- and 
90-DAS soybean and Indigodera 
Values shown are means of three replicates and standard errors 



280 	 AVRDC 1994 Progress Report 

100

N03-N 

80

o 60

0)
 

Z 40 	 .-... 

20 - 

4 	 8 100 2 	 6 

NH4-N 
40 

60 DASo0 )4Soybean 
- Soybean 90 IJAS 

Soil only 

0Z 	 lndligot'era 60 DAS 

Indligo fern 90 DAS 

01_ zJ 

0 2 4~wek 6 83 10 

Fig. 11. 	 Cumulative NO3-N and NH4-N (pig/g dry soil) in BRCI soil incubated with 60- and 96-
DAS soybean and Indigofera 

Values shown are means of three replicates and standard errors 
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Fig. 12. 	Cumulative NO -N and NH4-N (pg/g dry soil) in MMSU soil incubated with 60- and 
90-DAS soybean and Indigofera 
Values shown are means of three replicates and standard errors 
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1idigo/i'ru in AVRI)C soil. The most N(),-N icleiasCd to the soil was IM(A in AVRDC soil with 60
l)AS-odd hndiol.,i'raand si yhean, ahiu 5(;( in MNINISU soil with 60-l)AS Indiofl,/'ru, 'and1% ill 11RCI 
soil \%,ilh ()-l)AS hndi'/Pi'r. 

Conclusion 
'lhe legume sp'cics, seedingldensity as well as Ihc grot'h duralion (60,75. Md 9() I)AS) all''et 

hioiass and Ni1CCnllUlatoln i 'niIficantlyI lisIlet hioiliass and N yields CM he achievCd I'orsoylan 
ll75 ID)\S and Ildi.,0bTli at 9(9I)AS in bolh hol-wCt ',and 'ool-d N,sl'ason.,, 

N nili'rali/cd aceIuinulatcd mot raIidly wiltouL peirclplihlc NI I + ica'tI..,lations a.s -N inNo 
AVRI)X' soil. v,,'herCas in BI(I aid NINISU soil an initial NI I,-N pcak was ttilowcd hy an No, peak. 
Initial NO,-N imilobilization took place in all soils. Inorganic N was relCisCd Iaster with 6(0-I)AS 
plant matcrial compa ied to 9t-l)AS. In all lhre soils most inorganic N was released with 6t-I),AS
old Indiq, f/'r. 
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Environmental Physiology 

Managing Nitrogen Fertilization to Maximize Resource-Efficient
 
Productivity ina Continuous Year-Round Vegetable Cropping Sequence
 

Summary 

ltivatittli ,;Systems pi'll I,,d III I'lfood inI 

, i c'ops cultivated ill many hlrIlMIil peri-nrban1 tl-roiilitit Asia. 
l'ertmanent high-bed v are riIlv o,rmic damage 

c.ale 1'7(clt'tiimt /011[,1 

()Vri'hsCs OIflnitI'oCons leitili/crs ilnintltlnsivC tirtoicLl ild ibtro)]icil ,cr'tible i'tliCtio i 

hal\c eiltcl collncern ilouit their impacts oil Ihe eiv'llrniclll iIyuilnitl h\ 1 ICd topt-idiAtl' 


icilllild Iot' hetter' N nilagelent practices. Within thi co IC\t. \,'*tciiWilped ltorilitallilji/c N 

I'ertili/ct' use. 

TIe N .. ic'thlod waS te.stCd in atI4-month contlnliios \ctablc critl l ,gll)llt'wwwith IiC 

c llp tM ed'c1 ihtLi iltiviiilln syslns: Hlat iplanting s ;indIl periil1ilhint . l'Cinilelt Iich-bd 
cnli\atin and 1201N with stlnllrtdld h0 Io"t 'orliihlt wi1C cllMliilc it-ics , iCii'r potclillal lllilc 

.
IiiX-l-CfI ' iihi, iiiv s,,iiiic' til, istill. I sitic plalt p tiolcI'C',(5 'i12itt iproductivity ,lilrtictiliidl ,the lr -
to dctLc' ill)',atpN(-) tectiiig. a pi'miiniz new quick [Lst Ipriltl'ir N deileiWic'i. intetrtileCL Study 

()I mfilNo ,plant sailp ictI Ai L esll i croll se tlil so 

illi riny sel llCriop of ('hiltciese cil~lIitce. 

'lhe illuencC" if culliviitiml silc'sii (IilbeL, s. hijth beds on proiiduclivitl 

No), and c'l01) diit'llikcii I'Mr of ea'lll 

I wis imn1ich llltc
 

oliipicul lu ll the fthe frlili/ ft it etll Ctops C'ti c
lin clct ilctld.S1iniltiic' (I' lleeha c and chili
 
cPlpP in1J9 (hii12W '))I l l nli'tl WtlnrI',iclIded tlho l fllilt 
lild cbllIice ii oi Ie' b 58. 240.
 

ilnlI61',; for thle id N itpp)lication iratC. cail'l'ot
standa Wiltl'r ctops'. o1l and wectable soN.he'h'n \\C'rV. 

luweerl.. sightly (8and 14'; 1rniceed. 

Plant aiv'ila-le N conciiration , ins iltN ...followed iasesi'olll pititcrt1 tf fi\ltiol and/or 

ini obhili/ioii diaillilliiluii N Frtili/cr diiit.ci the raiiv siiicit'i. \L,h n wafer i\01121i inhiiitCd 

f rili'tic"itiln illist i4 1 ic12iiter his,ftt t i l'iiplrdi l iiS l 'hi.st1e time'. I)ii['1 S li nllgec ;L ift tll. 

Wii1lltiSlfuiIf' I'01r fhll)tl-iillleC H l I)CLls.title the lilt)i' 


illil'ler I tIfi' W l t'l ceiti'ltilll,p)lh'tleiif t t, N 

hVihIc the lnCCd IFr N 1'crtil /atiol folcilrol itld vcetahle o ICai cops ill i1atncnt. No
 

The ;iecclfri'tcl liltionl ( dhirin I e'\tltI o c.... 

the N 
i '0,0obsCeL t)i tie sltandard N applic';iialti Allhouh s,il N 

was I' eloll. 0in1V VielCdio (_'tlc'sCe c o wiii sitlltt rcl" 

Vild Clc'tlfctins , cllliiii'el tate. tilppl 

lt iitted tltiline the rinlV I,,C I Q94 ott 

hifth beds \wre .siciifientflv reducelUC'd h\ IC N .i w to hit'i\ i hlaldtCod. ''his lallrilbute'CLV ilill 
f'llttiatlii liuc A totlil k N/hi (42',; t w;as ;a\cd h the N .itetlitldhlre the" final hlirvt 1i .30IL 

diliiiiL, 14 nionthis hr iw"vegtable crops. 

The cotnbliiitio Illohylperbolic rClaions it loil iit-a ind ,illl plaint N(),-N its tinclill eJAf a
 
1Fuicition Ioplnt N(), resulted ili 7oid sCtitlion Ofii'ield = Iil N( )I't" vegetcle soybeal.
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Small diflerences ICbtwerc, '.iastircdsap N( ),-Icels andI calctuiteti pper limits dcnilollsratcd that 
so-ilNVisi lltiiil- .groIh sah mrcC').iactor , .o\v r \'ils desplite highcr plant sap 
N() (itC11t h wI'I vwth Iot-,(,\rn was lavo( t by tleOI1hi ,'Chld ItI',t Milxl.C.sive t vI,,hih 

Ay i.im,il- ciititIcl i ahborption by SiIeiChii Tabbliee. hit lited eficiencykoil htratc 
ttriliistl0*i itfflin Inito hhilill,, il theIl 'liir , restilted ii sitili litiy hflw' r \vieltl, tVI"the ,:!0)11 'hittin 
plaitIin,, I-ch,. LareC dillCivi]cCS bet\CII 1iitil'CLt ,ap N()., CMtICl'utii Uns ai regressed ipper 
Iim it imp tlil tiitI lltce N tipll. I' il ii Ii. 1r easonS stlate c[ iilliel. 

Ieiiiilliill/ IiTIgh oi(I tih\aliu ill ciiiniitjlio wilh hit ot* tthe' N iieClhOLI wits tile 111oSI 
icsoullc-et'iit'iClteIlCiilllit lto it-o)C-seson ,tlirincl \ eclbitblc prt utitth. Plantisa NO testling, 
ill ct lhilliwll i I'lltet IrI llationship- - soil No - plant NO) - cropyicld 
haic'l (mrithe Mi leh, lis-\ Iler iltlelldel of ,ltllili)ll kinetics (hylc -olic app oacl) .- was i uLSClul 
wiy i0 dctC plant N tclic'icil,_ic,. ilnld explain ertl)p pertoraince il diflferei cultural Systems. 

Introduction 

lllflCli Ilinlhiih-bed cultiVailion is known Io exist inll any p'i-ilrball hrwhild p)'oducltion ZOneCS 
inl Asia rin'e1r tnin ('ioia to India. 

,t plesent li av alpplicationS of1 N f rtili/cr are .ril niaiy ill these and ollilo n practice in 
ineICnsive v.CLeitablCe pr(dicliol illo'nes ill t ropics andtl sub111dSIlItropics. In,Casill.e ccrllr the negative 
ConScejllCiCcs nil over-eIrliltioll. partietililarly I-COdile Ilil',ilC co illailllitiOll er ildldnatno1 1grontii 
pItlCriiall, 1iarnill 0 adeandcI'Iu" Ienthigh nlilac' cOtlitS in \eCCtables. IIIs led to tIh tlhe LCV0ehl Ol 
innovalive N iilaiima2e'lCntm trties to iilipmoclrtilizer n" etlicieney. (One approach to improve N 
iniiaLCen'nlt is to oilll)llll i/ci sol N availahility withliic-Iteh1C of N t'rtili,,r to better synic 
pltil reii iille'lie t . 

Widcl introdnC'Cd ill Centlrial E rope is the N Method tllhalt CsCtill, tlCn)Ctls onI the 
iln'siii'ecnt oI S IiN il takes ihnto aci unt cropnieds olly in lSo I'.r thal standardi tct critical valies 
1n0i plalt iIvaliihlu ,loil lroim extensive tables. i-xlnhLivCl' fr"basal N lertili/eriitrI.oecii -::C taken 
applicat llll1*no >(lrohisticatetd In0r addiional side-tiressings, N fCrlliter iceCL t01 anl)individnil 
the'CSSInle i, CulenltC i Ifollows: 

N lerilliter iicetl erolmcnitnl for snil N (t'riticalsoil NO,-N) - N (mincrali/cdl soil N; NO,-N) 

The limitel tt i N...... in eicmercial farms ISattribnMitd MO 1toIhe ihuneCInSC retClirCillCnlt for 
time and lhor -to tiIh tIe soil aalysis (1tlaa Voltl notimle land analvze the soil lhan to the l that 
relitnb lv represent plant nntliriti011,l skitIs. h['hle ol'the'irs'l part ol'this Stludy tleals wilh tile experiene 
N methotl ill ai 14-moilth, liv-crop continuOs year-'Iuild vCgtelable err ill gStLICriCC in tlie 
stunpicnal irn llnrntn(&Smlut hel ''aiiwl, wherCI.hercosI, wC eithC g1Wl on tralitional i;.ll hots 
01r on1 permanlcilt high bl.cd. 

A suilahle suhilltn to lie slow aitl expnl v N m.ethod is Ire sap iitrate test SN-tcst) ti 
impi'ove N lertilitcnrnnnlllelilt. This iicw ant promising analytieal po 'edcr miasuis '\(),-N 
concentration il rcil eile ha Iprn\'etCl .lirre'lletl drhy lisstiie -NiMC an bleetohihl' wihh NO 
CoeCCni'tirtilrS inl sCveril V'etethiblc, SlinCC iriititclll :ont'cultratilr tlelilne iirost qliekly in1 
rapidly cxpaiutlin_ ecw tissues, anti the petiole aets itsa storiatC alid trinspr l tirgi i lr nilrate-N. the 
petiole o1 iceclNll' nrnietlIcl leaves isa Sensitive intlicator lt planit N stalus and N 1nrioni1-01. The gOil 
is to deternine tire n"liiliIrmnin let'l of petiole Sil) N( ),-N assoei icttl wih iaxitUirr yield, a "'crhict i 
petitole N()-Icvcl al-rc' which i Clllp wOiuItl K' dtnatllV SLpliCtl with N aid ill .tltlitional N 
erlili/Cir woItltl be ICClC dil bhelow which tlie crop would ble tllicient in N 1ntitioll ailld wolItl 

reiluire adtitional N Il'rtilizer to clisre rraxiirnIllIl yields. 
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At present tihe calihration Of the lmethod ploses the most stimificant hincrance to praictical 
application since diagnostic standards fbr critical N()-N comccitrations in plant uap are still lacking 
Vegetable eitcnson institutions in lnrU'Op U.S. ae. lMvcvCr. hecginiing toOse thiS tcchIlo gyMd 111adh 
ind are providing the conlnerCial grw,.r w'ith , idines. New, portalIc nitrte-selective electrodes 

and qulnatitutive refllctoiiietric inalysis -rocclurcs ')r test strips make it lunch a iti to achie\ 
reCliable rcsnults. 

lthe second part his study is to dcscrih 
soil N( ),-N ). (2) Cruop N statns (petilt_ Sap No -N), and (3) crop vield resp se to providea teoretical 

backrontrld for Further studies of its kiid., and to apIply this mode! to two ficId-grown vegetalIcrops, 
v.etale soybaC and Chinese cau lue, culivated either on lalt heds or On lpernliMint high beds. 

The oh.ti v, t il't anodcl dli: intctlrates ( )soil Nsiattlis 

Materials and Methods 

Nin study 

In s primii 1993, an inacratcd permianent high-icd deep-fuirrow sstem was id oi.' and 
cOinlstteCtd in randomfizted tlhrc-facto-, sp-ilit-split Nock dslgi wi li four relplications. Factors 
iiclu+d+d: (I) high be.hd width, (2) With lCgLnmC gicen lma.nare living mulc ort none, anl (3) N 
flr'ili/uition me1uthod. The firs, ,wocxperiiuintal 'ctors will not be discussed here. Tie N lertilization 
mcthod comlsi>,tCd ol two levels. ( I) traditiomil (staldard) N Iirlili/Cr input, ad (2) N... mcthod. The 
two lvk, of this factor vrC additihmally randotl i:u ouur replications on 1.5-in-wide lat heIs 
;adjicent to th0 ain ell+ilel aConltrol to the peCtrIlimcnt higkh bel+ds.C,\riminnt (t reCprsCeit 

III a 1.4-n1oth conlttilltll year-rotjlld \'t. It.bIcropping se t.icce, mmer rainy sCisotn Crops 
used were Chine.se cabg tl )iipr. variety ASV(G No. I.,AVR)C andlgc .i',iiwmsi, (I,nr. 
chili ( op.,;i'm (iiiiiiiIO I.. varicty Ilot Beuatity, Known YOU SCCd(o.). ('airlt II)Am/'W.s ,'SCar i.. SSlp. 
.salivu. (1 hfim.) Arcang. Recld Judy. Known You SCd Co. Iand vCgetablC soy'ean I(;1ymiuu' mi.'X (L..) 
MU-r. variey AGS 292. AVRI)CI werC grown dnring the dry winter. Aquatic cropls cltivated inl the 
continuously hoodcd furrows wcre taro ( .V/,i(i11 vlm (IL.) Schott Iand rice (),.a .valiva I..). 

(%lrrot was sown\in pMired movs in pl.iCC oi single iws f'or direct sown vegetable tsoybeal and 
translanted ChinesecabbagiehI dChili cruIs. nsiii eltivation systilnsaud phlailt rectaimgulrityI)imI, 
are presCntCd imlfig. I, umt)thr dtuilS are summnam.'iiCd in tUble I. 

/71\/ 

// ,/"t ' '/'/ / .1 

/ t *,.PI : ~c , / 

1.50 m 2.00 m 2.00 in 3.00m 
Flat bed High bed Deep Iurrow High bed 

23.3 plants/m 2 5.0 plants/m 2 5.0 planlts/r 

Fig. 1. Dimensions of cultivation systems and plant rectangularity 
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Table 1. Summary of cultural details 

Crop Chinese Chili Carrot Vegetable Chinese 
cabbage soybean cabbage
 

Cultivation period May-Jun 93 Jun-Nov 93 Dec-Feb Mar-May 94 Jun-Jul 94 
93-94
 

Plant distance (cm x cm) 5060 5060 2505 5005 . 5040 
Plant density (plants/rn') 

flat bed system 3.3 3.3 80.0 40.0 3.3 
high bed system 3.3 3.3 80.0 40.0 5.0 

ANmin method only for basal fk. -tilizer application 

IIt) ly and most readilyAll niiIrgen was applliCd as a1nontu1n sulphat NliS()I,the less c, 
available N lertilIher soIrcC. 

Sonil N...was measured bcf-cr each N fertili,.er application by samlpling 31)-cm-deep soil in every 

N treatment plot (no legume grcCti manurC living mulch). tExtraclcd 1:2 by voltiunc in (.8 ';;KCI 
,ater solutin. samples were an:ly/ed fr N( )using Mcrcks RQIlIcx rcllcctomnctcrad RcllccorLlnant 

nitrate analytical tcst strips. N application rate for the N trciatllCnt was calculalCd bv su!htmIacting lmte 

ave"ge N value fromi the traditional N application rate. All other culturall priactices ised wCLre 

st1and rd. 

St1tislicil comparisots bceen main 'actors N I'Crtili.altimn lrlhti" alld "culltivationl svste111" 

(mleans ofl'tV bed widths), and their interactions were perlormIred using ortloumal collt'i.sts )n daiti L 

I'lo lots withtl reen lanurC. 

Integrated study of soil N, plant N,and crop yield 

IDuring I IcIt)-(crolppi ug ifvegetable soylbcan and (hinese cabbage, soil NO, and plant nitrate 
data were also co0llcCtCd weckly. Solil was samfpled frum (-3(1 cm and 3)-0) cmii layers in 4 flat-bed 

plots dilI2 lii'lh-hCd plots. Pctiflcs werc collcctcd FrmInalbolut eight newly cxpandcld Icaves pci plot 

Itof ve'cmai s and live tlmidribs of reccnlly_obielan, Imaturcd leaves per phlt I01r Chinlesc cabbage. 

Plethlc sill) wits xpresed using iagarlic prCss, diltCd 'with dCiuni/eCd Willer to lit the fall.e of li_ 
Rc~ecllet 'll test ,trips, i5-2_5 ppm), a.nd iiiniyved I'or N( ),-N with Ic tQflcx. 

'lrilCtiual relatioshilm modlCI 
was choscl based )lthecetical and hiologicinl considcrations and \0hiclh was sufficientlv well 

corrclatcd wilh 'tir data. Tlie mtl widelV usCd lo(dCl illscientil'ic putlicaitiolns is the polynomnial 

approach (V b+h , where V cl'rop yield, S = sOil or plant N stalus). In contasl't, tre 

TO illCr'il soil N status. crop N s;ius. MRd crop Vicld re.CSOlSC.n 

x S+c x 

M'ichaelis-nlten mo~del ofittiation kinetics dcscribcs thc vClocity ol'.irnllnvrlrlc-IIrediltctd lriictin 

its a I'unctionl ot'substrlct clnlcentralitio. Analogous It)the Michaclis-Menteni model, the relationships 

(I) plinmmt sap nitrate = (soil nilraic), (2) crop yicld = tkplant sip nitrate), and (3) crop yield = I'(soil 

nitrate) werc fitted to limc hyperbflic model: 

x S) /(K,,,+V = (V,,..... S) 

where: V = plant sap nitrate concentration or crop yield, V,.,, = (conslant) upper limit fOr V,S 

soil nitrate concenlration ir"plant sill) nitrate concentration, and K = (Michaelis constant) a'finily ll' 

S. 

http:fertili,.er


287 ELivironnenal lhysiology 

In ail earlier study. the relatioiship plamt sap nitrate - soil nlitrate) has been well estaNlished 'or 
potato and ppermint. Ihe sante litnttmal dependency may also be true for the two reniainin. 
modcls. [r this analysis. htowc\ver, since field experincits \were not specially laid out torthis purpose 
(N fertiliter rates were not systematically varied). it was expected that the regression equations would 
not provide \'ery acurate predictions. 

Yield as atIunction of soil N is nsnally poorly corre.latCd. Suhstitution (of'( =II plant No,-N [(i 
x soil No)-N)/(h+ soil No) I int) yild = (A x plat No-N)/(B + plit No,-N)] rcsLts iil: yield 
Q {Aa/B+aox ,oil N(, -Nk/It ,/B+m+m)+ soil N()-N }. omparison of this latter cstiMitled Ilinction 
with the field-dcrivCd rCrCssion cujnatiml ol'vie Id= '(soil N( )-N) can lunction as a control to govern 
whether the ituitlt;il rClalionship of hypCrhlC dptunt(Ctlcics is snfl'icinltly determiined. rJsing thel 
polynmlial approach instcad WotldI resnlt ill a forth-order polytlliial ftnction, ilmplaLsible and 
lnsnitablc foml a theoretical and practical standpoint. 

Results and Discussion 

Nmin study 

The Wnltivation systei was much mtomoiinflial on productivity than N fertilization regime 
througholt the 1I--mtitil croppiflig sequence (tale 2). This tendency was at tile sameI time micl imore 
ptmtucedit klrketable yields than tot total biomass pro0duction. Yields ot thle staildard fertilization 
treaenClt oii highglteds surpassed those om flat heds by 5A, 24. and 161 % or the suMnter crops of 
('hiese calage and chili itt 193.alild Chinese cahbac in1994. Virter seatso crop yils of calrot 
aild vegctablc soyle,an we:e, however, slightly (8and] 45( redumed co14llp',ud to Ilat-bed cuilti\ation. 

Soil N .icttents were very similar inflat-bed ald high-bcd systems dunring the raiy seasnl 
sumiiner (table 2). Il tle try seasm, huiwever, high soll iitrilicatiihl rates in both cultivatioin systenms 
resulted in Ni...concentrations that ifl the most part largely exceeded requirements oflboth crops tf 
Carrot lldvcgctihlC siyheail. V'ery mbions is the aCCCelIalted tliierali/atiOm potentialiItthe flat beds 
dhritnig that ,scasotr. Conlsequenltly, IO additional N fertilizer was applied illthe NOM. treatment. No 
signiicant yield dil ferCllCeS were 'itlally r'Ccor'dcd heween N fertilization regimes f'or these cool 
sca!;ol vegetablcs. 

The tendency for reduced N fertilization t becote a signifieant factor in crop prodtcioll wheil 
yields reach highecr lvels can be sunllari.el f'rolnt Sltmmtler crus cSl'Ciii (1 93) aild (hlinese cabbage 
(1994): with chili yields ofalound (.2 kg/m on flat beds the orthogonal colparisoi between fertilizcr 
treatmilnts is farl'rol sigiIticaint (P = (1.88).At higler yields of 0.7 kg/nB,l high heds it comes close 
to sigiicait (P =. 6). Fti Chinese cabbage, low yields of(4.8 and 0.2 kg/in" did not differ lrflat 
beds ()= I0), beds (2.0 and 1.2 kg/n': 1 <0.) 1). Iligher N fertilizct +application0t. hut it did oni highL 
did not Overcome the disadvantageons crop Civironllcnlt ot tile conlinoi1ly nsed flat planting beds in 
suniulier vegctablC produtctiiI. 

To sunlmarize, N fertili/atior 'or individual crops was reduced by up to 10( and a total of 361) 
kg N (42'/, ol'the traditional rate) was saved inat14 -inotth continuous vegetale crlpping sequetice 
by use ol the N method. Signi ficant yield loss due to reduced N fertilization was Only olbserved in 
the 1)94 Chinese cabbge crop gruwn on high beds. The yield reductilto occurred itl the second 
hlrvfe'st, after a first harvest that showed no yield diTerences between traditional N fertilization and 
N... iiethod ( P=0.79 . Ileavy typhoon rain between harvests may have denitriled or leached out plant 
available nitrogen esseitial for head ftriation. This thesis is s t pported hy less pr OilnitIced 
differences in total hioniass at the second harvest (P 0).08). 
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Table 2. Influence of N fertilization method and cultivation system on vegetable yie!ds 
Chinese cabbage Chili Carrot Vegetable soybean Chinese cabbage _ 

Cultivation period May-June June-November December-February March-May June-July 

N~ content (kg Niha) 
1993 1993 1993/94 1994 1994 

WASWAT 0 2 4 0 4 8 12 0 7 0 2 4 0 2 4 
Flat bed system 43 - - 30' - 132 213 43 120 51 22 32 21 
Hich bed system 60' 34' 139 37 16 101 20 19 39 13 

Fertilization (kg N,'ha) 
WAS WAT 0 2 4 0 4 8 12 0 7 0 2 4 0 2 4 
Traditional fertilization 
N. method 

60 
0 

30 
30 

30 
30 

50 
20 

50 
50 

50 
50 

50 
50 

60 
0 

60 
0 

20 
0 

20 
0 

20 
0 

60 
20 

30 
0 

30
0 

Fresh biomass (kg.'m) Flat High Plevel Flat High Plevel Flat High P level Flat High P level Flat High P levcl > 

Traditional fertilization 
bed 

2.97 
bed 

3.37 0.07 
bed 

0.98 
bed 

1.62 <0.01 
bed 

2.41 
bed 

2.31 0.83 
bed 

2.16 
bed 

1.80 0.01 
bed 

2.76 
bed 

4.46 <0.01 
< 
7U 

N metnod 3.06 3.42 0.10 0.80 1.46 <0.01 2.52 2.18 0.41 1.96 1.69 0.04 1.80 3.86 <0.01 
P level 0.72 0.77 0.27 0.19 0.81 0.70 0.15 0.29 0.04 0.08 
P level fertilization 0.66 0.09 0.86 0.09 0.01 4-
P level cultiva!ion 0.02 <0.01 0.46 <0.01 <0.01 

Market3ble yield (kg in') Flat High Plevel Flat High P level Flat High P level Flat High Plevel Fat High P !evel 
bed bed bed bed bed bed bed bed bed bed 

Traditional fetilization 1 37 2.16 <0.01 0.22 0.75 <0.01 1.29 1.20 0.70 1.26 1.11 009 0.75 1.96 <0.01 
N method 1.49 2.22 <0.01 0.20 0.63 <0.01 1.40 1.17 0.33 120 1.06 0.12 0.19 1.22 <001 .2 
P level 0.44 0.57 0.88 0.16 0.68 0.88 0.47 0.42 0.10 <C00_1 

P level fertilization 0.36 0.22 0.91 023 <0.01 
P level cultivation <0.01 <0.01 0.33 0.02 <0.01 

IN,,, method only for basal ;ertilizer application 
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I.evel of Soil N concentration depenided lirL ely on scasoln. Ilgh litrilication pottntial was 
evidcnt prtiCUlarl' t'r tC flut-be.'d sYS,tCm diring_, the (irywiler Scason. Much less plht bionmass was 
IIilMneed oi illbIflS, 'edsteoIredhigh h.IsIdirinlg 1 Ihpieding raiinyN se ionf. Thus, since Nto 
lrtili/cr alppli"atioi rates werc the ane. ticl less N \waS re'moved h'ro1 the soil S'SItnt diing thllat 
Sealson when the soIil was wect and partially macrohie most of" the tine. IIhCIr a'aerobhic conditiOns, 
nitritiation t miln imI lertili.er is inhibite..'d NII aSilv b' Soillari.,I'ly and is iinIohilied 
rlicrohes oirixed claity mine..ralls and eanelhatnp .ollow'iel! ofir,.oto) ( )frnr 13 19tiI d tie Soil ili 
\wintr aMd intnCilsive Craion t .2hittaitIgemet.l (.g.... ),this im nitqohili/ed or' ixcdgl i hed constrn'tiom 

N ohI.Isl reappLlIlred in the osii/cdd N k'il, leading to ilitilsc N() aeenmllttion. We lny inlcr 
1itm this prelimninaly vidence tha,;t exeess'v lcinL O itra+teLdtlurin the raitl' season is lot Is 

I1)1 tt as ;tsstitIltC . 

Sinee s il w.ater coniteill iii the toslIVil a'veraed less iltile high tlMn hMw, beds, plt availahle N 
was II)tltCd lll 'L IV. t ,0l nrr1,,,
and lots el1:Lint plant liotnass autenllttiom was lost through 

itt1tiodi ii/thn tMl Iixatit. lPerm.tinItt hig,h hds in Coini itttion with Use otlie N .mtilhod was tlie 
' 
lln st i i)r', II t Itt ett ililly catsilltl tllrailtlleaveg'table p thi1t ltst rotite L Iteftol inl C perItllCllt. 

Integrated study of soil N,plant N,and crop yield 

Vegetibhl No'. hlw . hlieItost satiIfach v It (fl' tvid anid hitIrate dta was ohlaied 10r 4 WAS 
wie. plants set floweVCrs ind tie Iirst side-dr'ux'essing was applied. While the I'twas goind foor tile 
regress,,iiM plant >~tl) N( = FIItN( ), erltp yield was onily poorly related tioi soil nitrate ColllCnl (0-
0(I)em deptit: table .. Suattr lIttS ill Fig. 2 llcIStratC Signilieant dfie'l're hctw en enltu Systems,ril 
i thie ahi litv to ihsobhcd N( ), efficicntly to ainutilalwids.hNie np1a\ai labe s(i I nitrate and to rCLIltc12 this 
..\ 1ttllantl Sap) nitrate acctitnIulation wass i"ifignticantly higher for vegetahle soybean gr()\Vll oil high 
hed>, ll+c i rstillcd in relatively low yields eollnllaelhse hr ete.'n)lclltratltlns to the erop grown ol flat 

Table 3. Regression equations of the hyperbolic form V = (V,,,. x S)/(K, + S) for soil, 
NO, (0-60 cm), plant sap NO,, and yield of vegetable soybean and Chinese 
cabbage grown on flat beds and permanent high beds 

Function type Flat bed system High bed system 
Equation; r? Equation' r2 

Vegetable soybean 
plamt NO,= I (soil NO) V =(2751 x S)/(1 15" ,S) 0.8."- V = (4142" x S)/(62- tS) 0.53"* 
yield t (elant NO) V = (1.46' x S)/(299"' + S) 0.50"' V = (2.12* x S)/(366-' + S) 0.45* 
yield ( (soil NO,) V = (1.30' x S)/(1 15+ S) 0.33"' V = (1.10" x S)/24". + S) 0.17" 

Estimated function
 
yield f( (soil NO,) V - (1.32 x S)/(I1 + S) V = (1.12 x S)/(29 + S)
 

Chinese cabbage
 
plant NO,= f (soil NO,) V = (7910" x S) 0.85"... V = (4584"' x S)/(70 *'+ S) 0.54**
 
yield = I (plant NO,) V =(7.65' x S)/(5978'' + S) 0.82"' V (9.89"' x S)/(2721 *+ S)0.51 **
 
yield = I (soil NO,) V = (1..51 * x S)/(112" + S) 0.99" V = (4.63"*x S)/(8"".+ S) 0.04"
 

Estimated function
 
yield = f(soil NO,) V = (4.36 x S)/(75 + S) V = (6.21 x S)/(26 + S)
 
"3dr, '11 df
 
"significar. at 1%level; 'significant at 5%level; n'not significant 

Drury, C.F. and Beauchamp, E.G. ;991. Ammonium fixation, release, nitrification, and immobilization in 
high- and low-fixing soils. Soil Sci.Soc. Am. J.55:125-129. 
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Fig.l2.ofro uc iit th tw r l os rcsl reliedh th arHyperbolic regression curves for functional relationships between soil NO,, plant
petiole sap NO3, and crop yield 
(left: vegetable soybean; right: Chinese cabbage; thick line: permanent high beds; 
thin line: flat Deds; straight line: regressed function; dotted line: estimated function) 

Regression eqtuations hfr lmrketahbl Yield as t function of plant Nil-N overestimated yiceld 
potetntials. Although low inr2 and 1), estimated functions ofyield vs. soil N, predicteduipper limits 
of c that werl almost precisely redalilzed by thle crop. 

Small diflrlcl s belictwen yield and Cillate d Yield paoketlil suggest thatsoil N was not a actor 
lititinye the growl of this crop, irrespective oft(ltivatiot system. This is confirmed by atlack of' 
sl-inificatilt di1ffrtI-[ices ill yield betweetn N, and statndard fertliiZiationl Method (table 2). Excessive 
oot lowth arytiCulaly ilnlt eCClyt gowth stages at theexpenseoIo ssi.ilatory leafarea (as itidicated 

by crop coverand root distrihlution data tot shown , Iealing"10uitadela inl cr . ciar. exin)pmtit 
these di Threinces. 

(liiiese cabbage. Soil nlitrate and plant sap) nitrate fitted becst to gross yield data whii Collected 
4 \V, bel'Ore application oftlteseconld side-dreCssing!. N/arketable yields inl Cinese cabibage during 
tlie ia iny se itsolit armekaIe Iy it lee ted by soft roti (Proin ia ci rohi ura ) aiid poolr he ad fo rmat iotn. Sonil 
and platit anlalysis eatiltn i CCOLtt lot1 these fa-ctor's. 

Inl coittra-'t to t lie vegetable soybeanl crop, scatter plots ol plant sap) nitrate vs. soil iirate (fbig. 3) 
shIow thatl Soil nlUitt uptae ol crops gro(wn onIeither Flat beds or high beds Was niotdifferenclt, Whereas 
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C'iCiic\' ,l0 t ransllnalinIlllabsllrbed No, to biomass Iyield-= l(plant No,)!I was. Will similar iN(O 
cmicicntrations inI plant sap, ('hitnese Ciallb:buec ,'ielded much bctter tn hich bedCLsIhauhi flatlcds. The 
tcgrcsimnis ht piilnt Salp nitratc = soil N( )) prllrticcll iiuiir linit, lOrplntml sap iitratlc cmculitriatiumis 
that \vtec ditinctly'him thanl those iiicSutcd in the mnlp. ThC same is tr'C kffr the reChtiOnshil yicll 
- II plant N(),). ,Rceresins iilicatc yield lltctntials that could hiavc I+ i rClchcd if l'danIt Sialp Initratc 

Cilccn'aillio)nsl] \wcrc iiIci hii-hicr. S(oil nitratc cn)lltcnt aIttil end ,)I the cIllivalionl plriod ':c.sultcd iII 
,ulbI(pti 1l1111 phlit Sil)p initralc lcvcls that wcl po Sily w(0 ittl c 1 '.cldIs. If tlichlt ,ilipp(lrtIlatim1 l'is 
hiuihcr plaint sIp litratc conilcetrations its tcc' lccl 2 W\T (4173 ppm iii high cds,. 52)3 ppm ini hlat 
hcLds crc' m tlitailIucd. it a1yt'hal b,.'clNpo)ssihIc Ito achicciiC\', much bcttcr- viclds. 

F Ithe .-uCicrcrp olChincs, cbbgec. th Ii .ited N(), supply fromi thc .il,(,systcimost likely 

cstr iccd \icidS. SIcc r,.'dtnccd N fcrtiliition inl the N .ticlctIt did t th.'t lsssiniIicn r.C.Lccc 

SilLdS cO)IuIIiruCd w llhe raclilitmial N alpplictlilml latc. blIth Iitrl ,ll lplicatitnil rItcs werc to h1lw
 

'i' ci1 lilt'ic',hlccd iIIlril timtiol)lutntial I= It1\ l'crtili/cr clicicity lot)I* tihe s(lils nncld r rilillNy s asol
 

T lillucl'ciccs bctcell cultiral S'stlns I'l rucltlcinI. this albstohcd NO), cfficitly' Ito ainillo 

acidI, I'M i l CHlItllI',tI10Il b1lllhiss anld yield can po)ssihy' e ittribillcd to sliI-plilllt walr rclations. 
This illdicocs hieicwtcr strcss (ireduiccd watnlctakc lnolne alacrohic conditions ilethi rmolt /o)le) 
I It 0 hin'cc c',biee~c 110 that b'+cds find thcrL' ph+ys'ioloical disordc.lt. 

I)1 st11i ip. tiiidcr (Illir cXlcrii cntal Collditiolls thc inlc ratcd mitl,,'sis (Il'soil N. plant sap N, and 
crop cldilsinpiilic hylprlllic ilpprllch oft thc Nlichlilis-NIcitcn modldl oh* satlratioln kinctics 

ic,ulicd ill A SuITicicltly,Wcll-Lhctcrniticl, ntiltilI'llnlctimll rclati~itsllipi IlIr \'cgct'lallIc s Ihcaln. This 

w\',l C'\licss id by th1C siIi lriliCs o' [irallctcr,-s I i 1+cgeicscd cstlif]ltcd IuILctiMuS 1'ir yicl - I(soiliaMti 

N() -N. Bcsidcs hiihlihltii dcticicncicS in plant Ilutritolllihc sigtlicCitc'llC III 0' pctiiollc sill No, 
aln ll sis lic, A1s1) ill Ising thc dccrldc'ci ()l" plant N0)4 - '( o il No)), which is utually highly 
LiclcullilcLI. i cStillliil_ tihc ic'lltiollslhi I) Nicld -- soil NO,), which is commltilonlly poorly clrrelated. 

I'r \cctablc soybhcai, ailaly" s wilsth ill ill pilnt tulritillthl alI show thlt nlililiitilis ct+1CLirrCL 
aildl tlilt II talc, llh1 ct llriblltcdl to tic sOlic\l pwlat tllllc p oil p)clllli.<nlnct hig hPi-iLr lc 1 ltc cl 

hcdcs. I- ir 'hiincsc cabbagc. hll\yc\'cr, ll'e tli Itewrenes hctWveci cilctlaitcd tieHIiilsI1111 I plalt N( )o 
anl iiicstirc cicc litiitInS ic*vcalcd SuIll)ItiIMtll Ilitr'ucil inutritiollo tli his high N-dceiinandilng lealy 
\c1c-t'ibIlc dui'iI tetic aieiy lncIr. I liifh soil \valer c.l' tll iihilibicid IiIiitI iltioil illliIflhlinlIl l 
tcrili/cr,c\cil l ICu il-i)licl ill lag'C cltsC. 

Nitrogen Management in Vegetable Cultivation and the Environment 

Summary 

The cIficierit se 0liliirogln IN) by vTgtable Crops is the best way to reducILe Civi rloinCnlal 

probleinis dleth N. Threfore, the behavior (If three il ailr mineral N colmplnlients ii vegetable 
crI)pilig SeCLnCcs was tutdicd: ( I ) I)lart i'CC0VCr' 12) leaching losscs, aid (3) residual alloltlints in 
oil atl halrvet. 'Ilic l'l ,i. colllrclhicnsive CXLeICiii1cIlil Were OhtinieIid.tsCLiIlS 

Jptakc dldI ccoV''Vc ,itlppicdlertilizcr N by, ('hicsc cabbae cre diti tieli r till 
atId iluttilii clllps,. Auliinll calligc utilized illtch more fertilimr N than that Oifpit i whereas tie 
late.r titili/cd lluch iltcuiilc in'ilUIS stoil N. Spring cabbage cpelded more lii the soil N supply 
SILIl'C., gt12C',ing,. thlit the minlicralizatioi process of"soil N differed bete\vcei I\vwo silsolls. 

, 
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Large nitrate acching hoS cSLt CLd inI O ion-'owini.! ticd. especiIlly iII plots with applied 
pig manure. As a rCSult, the Initrtel concentration in dceper soil layers increased over the limit 
established by the World Icalith ()r2ilani/tioi WI110)l( ) nki ne wi!tcr. I )iriiig g'wM.iig.rLl'i patddy ricC 
however. the ctllanced lCvel 'fitratcs ildeeper soil laycrs decetaised gradua,lly duC to the renction 
Of nitr'ates tndrCnaeIC Ircakdow1.roblic 

The rcsiduall levels of mineral N ilsoil werc rcimarkablv different betcen crops. Chilcse 
cilbagc growilg reisullcd itl soils is not onrly wistnl'Llhutee residuals. A high level of residtal N ill 
bttt ilso collliltiites to environmental poHltion. I ecemasrt o1iininmi/C it hy better fertilizer 

Imaacment or eeoerv by1 stccCdiI rplings sltuld be consideLd.crl 


Introduction 

)f the com1monly, used I'crtililcr elements. N IIIost being reIqlired byis the im"pUrtaUt m1nC, 
vegetlc crrops ilatsubstnltial quantity over anld above tIe limted fatural supply. It is directly 
respoisible r lal gvowth and econollic vields. Vecetable itots have i limited ability to tbsorb 
nutrll'icnts I'om tIle 'oil, vet athigh litroce! ',.:tcetlaitmin pla t tissues is ncccssaryv to sustain their 
Iresh look did Stlli)C. Ill morevCeetmble cultivation, plenty of N is always applied, tusally much 
thall is recovered. 'Iis t iu-thaillt that a larpe releasC only apart ol'the N is utilized by tIe crop. and.I 
of N occurs ilthe civiromnt. This is nt( only wasteiul but it llso) pollutes the Cll'ironellcnt. 

Nitrocini lost Irom veetable I'ictls by leaching o nitrates, by the denitrification to N,() or N,. 
b~y volatili/.attim ol'itninomia, hy rilol" water of soltulc N, and vCroion Ii'soil. T[hcsc losses create 
Cdlv\i roni'icIitil;hai.irds. 

l'here have beeninmmny marked.dctriinciltal enviroinmitntial cfl'ccts ol'N onl itglobal scale. Today. 
li any people ill tboiut So-called "'global chatmge." Nitr'ogen dk namics isthe world ate vCry cmcerned 
closel, associated with th.is, ill, hence. vccltble cultivation as well. 

Most attention is ontt nitraites. NI I,-N applied in soil as fertilimer is tr;n1+sl'(rmed into nitrIates by the 
ilctiO " batcter'ia. nitl'atCs fil I:yC's lind finally reach thetInitril'yin' 'File re CeachCdito deeper s(C 
g'oLtLWitCr"tlS,2I ot!lIiimptioil. 'I'his contillllll/thmithItuan c11 hats led to incrased illte'CS I reLtce 

nitrate leachinei' from ae.ricultural kinds. The leaching rate increascs with the amotut of" N applied. 
Thus. iltCisivC (Ise o litrogll IfCtilitr has coitlibmitCd to 11ita'tC itCCUlllatio ll gtrouldwatlr. The 
intake olfnitrate can caIse mtcltheuholobine ii. vhich results il tIe inllailitv ol thc Wood to tianlsportt 
oxyge. This is ',tlittle siiicance to atdults but cam be fIaltl to Infants. This pl+tllctl is more serious 
invCgaCtilh ltOlit~i. Cspecially in the mCeiims with hiii rainfall such isItC tropics. 

The additiot O1InltratC llinoia to tnd potids cal itIcItCisC ilte Im plnts,nlld ikcs gl itv ol iltllittiC 
giving rise to culrophicalioli. T Clmd 'lwll',qutalic lbttS, ilcliidiig algaeC, Canllead t0 tIe 
depletion of (,Inl the waterl So thalt fish and other anima~ls Canuotl live.C 

O(,zou is formed high in the iatmospherc where it pl')vidCs itprotective shield atiislt CxcCssi\C 
ultraviolet radiation. The destruction ol'o/olle is ciat;tly,.cd by N( ). A ptssilble somcc of No is N,O, 
which is p'1dt1cCd Iy denLitil'icitiot Of uitrI1CII ill itsokl it has lifetime otbloutt 2() )yCrs. caln dilftIse 
illtthe iltlll nt only contrilutcs to time destructliotll oflthe oo()lne lvC but also ISipptIC msphMlC. illl 
long-tCrm grcenhl tse Cffects producitng glohbal walnning. 

To reduce the risks to the ehivirnm ent., clucidation ofthe dynamic lattrc of mineral N behavior 
ilthe vegetable field is inudispensable. 

The hehivih r of a mminetal N vegetbl e pi hcttll system tconsists of the following illicc ill.ijoC 
Cmmponents: plat recovery, leaching losses, and residual N ill soil it haivest. 

This study was conducted to demonstrate the bchavior of mineral N in the vCgetable field. 

http:ciat;tly,.cd
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Materials and Methods 
As shown in table 4. 'aI'held experiment composCd of tile cropping sequeices., viz., ( I) olniot 

(aUtItiIln), vegcTabeh S0)ybcan (spring). paIdd ric (snIltn,+_r); (2). Pr'CCessiilg toiriatot (.ilntono), 
Chincse cabbaC )Sp'iIg10, p)adly ice (SLIIIIIIICr):(3)('hinese CabbhaoIC Wionoll 1I1), Cherry tolltlo 
Sprint I. plddy rice (StilionCerl ,w ct0n,.lucicd AVIMI)( lld ChileSe cablbhactll . troccssioniaboIMlt 
IatItnillIl reItra.lisl-lltic on 0)tocr I') Novcmbcr(i I 93. ( 'incSe c',ibbAce was h19vcd rt 

) I l)eebcr anid prot..,sin, ottat vas haric tl loiin 2) 1)cccinbr I )'t to 2 lchbruiry 1994. 
)ni,, a,, 13 ) ll tr,, illli t 4. \"c lil' sObeal wasrullJl~iolctl on ())tl1)9rI i id lr , tW,,lc I 0ch 
, 1,'t ,'a,iitsplrailt.l ()n 24 .July and iarvsted on 5()117 March and lhrcsicd minIS MaN. Rice 
S)tt
bcr. ( IhiteM cabutgc (sprin!) was+tiitsIialI.'d 2 March anid liarvCcd IX-11)April I9)4. ('herry 

to~iitt )\', Chituirv and h'arveCId a I 1)4. 1lh)tas trailsplote1.d I8 lrto 25 April i)31 M1 arci was 3(0 
111 .5 \ 0 i11 an',d 1he 1uuu l'r .,, I(ol replicu'tiotns ,lir. . 

Thc desi, i ()IIl'rtili/Cr Ircaitilni t,swas+ tsIlhlw.: II) chemical rcrtili/cr Aill'v. (2) cheicu al 
,
ICrtili/er p1lusi-II imnre., and (3) IW I'crftilir. Accordine to con1ventional pr'acticC. 12) ke N. 65 ki 

1l and I11) ko K/ha d )'erilizfrwCre applied o ('hiluscabblagc ("sp:iig and aItII . 1i1he pilot 
uith ii.t11nlltlC, 2)) 1/11a lltlre Wts 'applied. while 106) kg N. 78.5 k,1i,and 17).2 kg K/ha (l' 

'applcd l)4" . alritili/r ,wre )im In the lt)ts with pig- uantirc. 20 tlial m)Ill'nre wa applilied. For 
pr))eexs,,in amd Cho rrv 1-17 ke N. 55 ki P., 15) l.:- k,bwa\/Ilh( )llCitili/r WcIlInatlo. K. and 1I0 
applicd. IlelIplt)',wihli ilpiiiaiiiIulC 20t/ltaoniantll , [iasallicdj . IlvceCtabih bcaIciilivatio 
6,)kg N. 2.2 kg IP.and 66.4 kg K/ha ,re aplliCd. TwetIyitI l,p' hctrr piiitire 11 .applied11 was. 

, ii
,

in ti i tirc pl . or rice ctkl,iation. 84 kg N. 27.5 kg 1).and ,)t.6 k_ K ,.cit alpplicd pcr hcctiare. 
I"tW rice. t was alied. All basal )ertilier.; weyre apliC dlIdits ralipatig(iw nannrc s prir toi 
(Wrsowil g (, , ian ). and all top-tiLrCssinel s \wc rc alpplicd as sidc-drcssiiig. I)kl ilhd lflhtii/ci-reIiltllnels 
al'C sin I.wr in table 5. 

Thc varietices (d'cr14)S1 usetl werc: Olion: ('r.nc. 429: pli1),,,itt toIl to: IC"214 ilti cherry 
ttiti): ,Cd ('htMRi 'eg_'Catllc soybcan: AGS 292, liiiscC aligC: ,\S\'Fl( i No. I aIIo rice: "laidtung 

No. 8.Slpcing \i 50 x cm I'mo 15 m11nior tlio. I ow v'cettahlcts 4) Cihinese calbagc. 15 5)) \ ti I) 
smVhoii., 1()1)10 4)) ctio twi)o.ald 25 x 2)) c11 or Id.tly rice. lolal N was dCtIrniiutCd by lie 
KiclLahl ,_lisilla iit llt Mid. using tH i tlclddisill tc, "N w isanaly,cd by iIass cCctlRoitlCtCl.li aitld sC 
I11r the cotllciuin o1 Icachin. waler. a por(ls cuIp was iistalled a)tleliitie tdepthisIIols)i lacr>s, vi/.. 
I(),2), 3)). 4). iitl I)10 ciii. respectivclv. in cach trCatmenlrt. Salt'ie watelr cillected. in the ctIp was 
stickctl inio, the sampling ittlcs by avacutn ts I'ig.illustrated ill 3. No)-N was (IctCrnlincd by 
Ion meter (Iloriba N-XM ) inctliately al'ter sampling. 

Table 4. Design of field experiment 

Treatment 

I.Cropping sequence 
No. Autumn Spring Summer 
1 Onion Vegetable soybean Rice 
2 
3 

Processing tomato 
Chinese cabbage 

Chinese cabbage 
Cherry tomato 

Rice 
Rice 

II.Fertilization 
1 Chemical fertilizer use only (inorganic) 
2 Chemical fertilizer + pig manure (organic) 
3 No fertilizer 
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Table 5. Chemical fertilization treatments 
Crops N P K Timing 

Onion Basal 84 47.1 99.6 band at transplanting 
1st top 34 15.7 39.8 side 10 DAT 
2nd top 34 15.7 39.8 side 30 DAT 
3rd top 17 0 0 side 50 DAT 

Soybean Basal 
1st top 

20 
20 

26.2 
0 

66.4 
0 

band 
side 

at sowing 
at flowering 

2nd top 20 0 0 side at seed development 
Rice Basal 28 27.5 49.8 at transplanting 

1st top 
2nd top 

28 
28 

0 
0 

49.8 
0 

10 DAT 
at panicle primordia 
initiation 

Chinese Basal 60 39 50 band at transplanting 
cabbage 1st top 

2nd top 
30 
30 

13 
13 

25 
25 

side 
side 

10 DAT 
20 DAT 

Tomato Basal 63 31.5 75 band at transplanting 
1st top 21 0 25 side 15 DAT 
2nd top 63 23.5 50 side 30 DAT 

Within the plus pig manure plots, 20 t/ha of the manure was applied prior to transplanting, except for paddy rice 

0 
07 

(A) (H) 

W.L. 

(A') B ;' ' 

Fig. 3. Apparatus for collection of leaching water 
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Results and Discussion 

Plant recovery 
AS illustrated tiin . 4 and 5, recoveries ol' N by Chinese cahl-agc froml alterntive sources were 

clarified lisil e IN stable isotOpe t(acor method. Data revealed that there wure remarkable 
diltcrwnes inrlili.,.r-N utili/aflon by cahbage in the atntttlmn and Spring. Chinese cilhhagc grown
in atilln tili,,d 0i8.3 ke N/h~I trom the fertili/er Of which 28.7 k2,Wa, derived Froml hasal 
applicatiin. pril . C:tllbac ntili/Cd ouly '33.3 , o'tertilicr N o)I whiCh I5.9 kg wats ilrivec floin 
blsal Ippllilcano. anll the res t 't pls.l FIhC,.,hxa,_y th ,tl ;lmonto I ltrli/er N \. a ;aplied
ill tie ',Aiii ma ner il 1)( d sCasOnlS. le dilITtrenee \\i s i;urtl , hcuiws, there ,.rc lit'-uc qltuantitics oi' 
re,,dtih mineral N i lie, s)il attcr toato eroppin (spriug, (Chinuese cahac). alnd iostly becaLsC 

I l, ', rer \eryr ditci'cre t htCeen eilsollS. Ill contal'st, ill eliClical tcrtili,eur plots sprin.g calbatgc
iii<d 5 I k! N trmim tile soil. wlerceas autun cabba11 . The rates Of soil-Nge util ied onuly 33.2 k 


11nI1,rallilainnll flrdCL hCtweeii tile [WO SeISOns.
 

Nitrate leaching losses 
Nitrate I.achin, losses were studied tlroughout the Oioith-soyhean-paddy rice cropping Systems

sinuc 1)oonI tertili,attmo mallageilnll Utio. 

\'emc atstollows.
 

is r.sponIsihle BIr nitate gr )ndwaterpollf ResitltSobtained 

Nitrate leaching f'rom onion lield. As illustrated in g,.f, renarkahle No, leaching losses 
(WCnilCd i InleiaLteAlVill'atCrtle bciLiniti ot'the uXl'rinnewn ii Novenhr (om tie N (i'ri li,.cr applied
i the inteiplots. "N enriched potassium nitrate was used as tie N source. Niutae leaching, however,

decline.d raidly tIhereatr w,'ih a gradual increase in N( in leepelr layers (until lanuary. This tendelncy
lilclrev llrC l(ts; is a result, iitrate Cwas nh1 ob'scr\,Cd il pig mre eIlcllll'iltrtiol ill 1(1(-cm-deep pig 

nirue piltIs .\)tcecdC(d tile WI I()lilnit Of p for drinking war slindards as shown ili fig. 7. The 
Ireason (o the acceleration Otfnitttic leachilne with tile alddiomn olpig manure isstill not c..:lear, hut CI 
Ill (le pig aIlltllre playCd atcrucial role. 

Nitrate leaching from somyheaII field. ( )ve,all nitratc leaching in the vegetable soyhean field was 
sluggish (tie. impaicd with that Of Onion hccatisc N inptut was loW. In ctiltrast t tie nllioll 
tiji varion. there was no+reimiarkabl di IIernn'c in the nitriei c nccltration bctwell tipper and deeper

soil Ilavers becaulse of" (le tlively higlicr levels Of deeper ones. I)lta revcalcd that at (lie start ni 
soybeian rowin,-,, litrat concntraiton at tie I(1-cm depth was its higoh is 6[)ppm, suggestiin thal 
nIr.. dcii '\d'(ton tle precCding onmI cropping still renMaiieLd in tire deeper soil layers. 

Nitrate leaching from paddy field. Fig. 8 shows that durin, tile rice growing peritd +rm.Julhy
t0 SeIcpte'mbe,r. nitrtite levels ill all siil layers were extrlcIy low cumpared with die preceding two 
cropphigs. texceptI*"tile 10 )-cu depth Of (lie Carly period. This is bILcausC Iiitt'iiCatiin does r1Ot 
prioceed untrrt araerobic soil coudh' nions,aiidltie redCtint ol" nilrate,+s irOCees very fast, alltllough
dilution hy 'raginth watetr cnrmrib tes as well. 

It could he cocl,udedllthat introduction of ixddy rice into tile cropping systems is very effective, 
not only inreducing (lie biildpIlpest poptilations and p),atllOgCs, hut also in preventinig grotndwater 
from hcing pi)llttted with ni+It'atc. 
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Fig. 4. Nitrogen recovery by Chinese cabbage (chemical fertilizer plot) 
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Fig. 5. Nitrogen recovery by Chinese cabbage (fertilizer plus pig manure plot) 
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Fig. 6. Nitrate leaching from chemical fertilizer plots 

Residual Nlevels in soil 

Ili.,h Icvc IsolN fcrtili/cr arc often nceded by v'cLctahlc crops for maxi mum ields, hUt rCcovcrics 
of this N arc fr.teqcntly ,im'ill and considcerable quantities of mineral N rcmain in the soils at harvest. 
'is N i', a Iotocutial cm, i inm 'ntatl pollutant. Better N fcrtilh/cr mlliatnaeicitl Inlcans uininizinig the 

mincral N left in soil. Tlcrclorc. csidual mineral N in soils at harivcst was examined. It was fhuind that 
fa r,.c (ILIitI itIL(dI al N %,ecc Iitin the so i Iaftcr(hitcI CaCilhc Irovine:thea mInt was much 
cs" it'cl"()Ili( Inlc ioppi llc' llc ouch wasit',le'hcii oUt HT..W . C( lpalrillc amlltilnl Ircatmnut,,. fcrtilic' 

plus H i, u'rc c\hihid in11 r' lvk -Chr rattc ihan xccpt folrtM tIhi rcnl;illii cmical lcrtilii/cr. 
()nitri eultiithuit 'Isl ti . t). ilaccr C\primucnt, icarlv,. \ i Ill I, c indicatcd that mit f'rtili/cr N was 
II thc upper i, iII li; cF. till ICmIMiniu!, ric '. ,if)P t hi ll 11Ci.,sci i hasilm pph ativ,.. r eutlu I,,\ tl tm than 
lii'.~uiftiij>clircs, i i,_. I Siicc,.' iN lv ,i,, il rct riu plete. t is hut k i\, i iiiw much residual 

N vwas rcC(,i r lrc h c , criip,+I hivecr. thi study i cilic l an apprcCilIc lImntitvs,,ccc'ini ai 
id"rcsidtl. N c'ii 1 crcd h\ stlCccdjI i crop, ei,h;ic alter toild he rcci hc'Itilsc sprl i ato recealed 
an) uncxpcctd highcr tiiili/itium ifl mita+Iic N 'iuposc of 't] tld residual N. Tle results sni-icst 
lhat in a \c'ctihle produc'tion svstcu It it t.lc.'Csailrl to takc intolaccount resiuial N at harvcst prior 

ti suw.in.' ,ddiiouna! erlfp,. 
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Fig. 7. Nitrate N concentration in 100-cm depth leachates 

I tics of, veoctblhs into three tyles: (I) only vegetative 

Zertwtll, (2) siniulta \egetiiti'e! and reproductive growth. and (3) initial vegteative growthi, later 
So. iaelassi tileh ewtlreharat 

11C.nous 
to chance 1got. t ii)1(! er Sstemls andlleavesto rerdutv ChineIIse hil' I ty IV Cos n.')ILI1Ise 

whtlotoy Ia.en l eti It production 

increases allone, with veeta,~ti\e, 'rowth so) that the total amoun)llt o)I N taken upl by plants also 
CWeiCiTrrentlv increases un.til the urowth stacs. :\eon-liIeL\', iiniions:inal Nsupply throughot 
the plIant growth% l,\St an appre~icIialel amnount o)I iIneralIN isalIways Ilt inl tlireII is IllIspensale. A resul, 
"o tlhiaui'.e l.s 

SSoumCa, A.1986. Present status of vegetabte soils in Hokkaido and fertilizer management with response to 
growth characteristics of vegetable species. Tech. Bull, of Hokkaido Pref. Agri. Exp Stn. 56: 59-69. 
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Fig. 8. Nitrate leaching from paddy field (plus manure) 

Onion helonos totype. 3. l'his type o1' vcIgCetM cC. )nlpli shCs ma.11111.1m N uptake during the 
transition period., WhiCh is I'r(mlthe \'Ci2CtdlivC ilw,'lh t the replrduclive gI.ovthl Stages. 

Thns, silTiCiCIt N Sulpply ,iatthe latei Lnwth stA" is u,,ually ltnncessary. Thlre, anlmounttile 

o"mineral N in ,()il althirvc,t is ustmllv very simill. 

Blsed oil tles fidilL P, i g i nghi it rec'iillieIzldCd tht Altr (ihineset Ceahh iu tihe succeeding 
crop he [3lltCtd as smwn aslp(s',ihlC. Als) rclucinlpi basal N w- chmning the cropping system, for 
n.anlple. IClay-plllting (lChinese cabbage atiV euLg.gplant. is su.gestCd. 

http:ma.11111.1m
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Fig. 9. Residual mineral N in soil at harvest 

Relationship between yield and Nrecovery 

('CrrClations wCrc clulatld htwcenv)icld recveriCs ()I'N b), Chinese e.hbalgc imm dillerent 
Ns,urce (tahlc 6). lcsr Its clearly shoew that tlcrc wx's a Inch currelalion btxC idrecoveries;ccI yiCld 
I rerti limcr N, cslccially basal applicd N, wile thcre was no significant r-litionshiip bctwcei yicld 

a ld utili>ed soil N b)' plants. 
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Fig. 10. Residual fertilizer N in soil after cabbage 

Table 6. Relationship between different levels of nitrogen application and yield 
Variaol es A B Cor relation 
Yield xfert. N 12 -15.836 1.378 0.937** 
Yield x soil N 12 55.38 -0.379 -0.582* 
Yield x total N 12 53.23 1.107 0.906 
Yield x basal N 4 -1.892 0.526 0.964* 
Yield x top 1 N 4 -6.200 0.398 0.902 
Yield x top 2 N 4 -7.74 4 0.453 0.900 
Linear regression equation: Y =a + bX, w~here Y = yield, X = nitrogen 
*Significant at 5% level; "'significant at 0.19%1level 
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Integrated Pest Management 

Exploration for Entomopathogenic Fungi for IPM of Vegetable Pests 

Summary 

p+ t !lll1imnaeilclnt entails tlic l V nant unt ol,I ,r',atcd usc fl tv ClilT'crtlt Str.acLi's for (h cinc',tCi, 
t of, this sv,5tCII I I ical coltit' 


flt i ,tuiC IjI ci .lli\] lt rI+tt'c tivchnliciei sI. tio 


v12gc'htct ,I11C,,1. ( )niC il ICI'r:l C 101 1c)Illl is t it c hiolo S. InS, ct-killii-

l,,CCi i eICiCit l\' i'il pota viaIesC i,i l intc' tieIic ["l\uI s 

wt'ere dlle ill \rCc tlhIC Fiels ill '[li.an to etullcet f'tnc'al isolailcs for I'tlitc dcvchiIIcnit. ( C)r40ff 
isoltc- vre Ieeovcicd. ()I'thes,. (3 have hLcn idcntificd asItSRC ciltllloathogit ic f'uIIIti. All 
,ilditi ulal I I0fisolattS v,'cre l'Iiticid asNI)Otcntial CililltiopiathioCns and wairllt luthericslting to 
LctutHrMIC thirl Iltilikv. 

Introduction 
io1st Insct pest of, vcgctahIs have (!vc lopclt rcsistancc to ins cticidces. Iccaiusc of' this and 

incirt.ashl tlcilantis bv COilSIllcrl+S t'ohithIicr tr ction and improved qllity.alternative methods 
fIllr pCi)Clil;InitLiiCel MiClI 1XI(l)hr'Ll. iasctd C l-iiasiS r cotoll'bcIiii lnc is hein2 ilacd Oil hiOllOg-iCiIl 

SirtC'_icS to rtiutLC rcliaiic'ct Oili.rictiittiil ehcnllicalS atnldstbilhlih more SustainlellC svyscius. 

The Use ofinsct-kilinI hflit' Iuindrtili/cn iih rcc11l irenIprovnl nts inIii ;ill L'huItieS0tiuc'. t 

ilass-culturin+e, I IIIIui ' ipitcs lte 2' beciliicticS and Ile%, lC Inu 'l nul',ineti . rtir i1 litais 
illolC Icisiblc. \;c initited extploration Stutlics in Taiauin to dcc1h 1 aibihank t cntlluilpathocnic 

;Iscoil ll lits 1,o1the iltc.Lrat_'d pJest in a illctlt of, \ ci'Ctallcs. 

Materials and Methods 

primarily t(oacri-ulhtual Iantis uCLI I'Or dfie ' 
ct'gplit, cLuic'tliInlr. oniont, bottlC I_'oirtI, ind] ALic richlOn (hg. I ). l Inhfe 

lIsploitio w'Aas coiltined bCint! 11 pI"titui 
cops arc com ,hicstcd 

wsith l7hrii/./ ]ubi HTvsu<uotcra: [huriipidaci 1.aiscliontl1i1,12121 rcs.istaiic.c. top151 wvhich has+dcv+clopcd 

itie,,. 'Ic YCIC- tIscstL c . I x c\'CilOSt iiI l iic nIcthIlIcS to hocailIlthlilpll;ltI.oge w Crst+i pleld, dried 
at ibicitl atl eIC, Ile ILihtritor -24 iildcrcilhci s Ofl Ii ll u'r in 1'0r hoillrs,. for Illrips Showing sienil 
Iunl I.iinlccioll. 1inf'eCCtd inlivifuals apperllCd IC0ih:ireieiC niIund oil-coor. hac\' inusuil t.irk 
sltItS+01111 I2jitlrili i,,ltlieafil1 w~~tt<i11111121 '~itlcrii f or"fhavei11011 vhee have' tiilteretitleep thc• itnscect I, 

Itunc - howiilin 1Oi'1\iotl ., l i s ll their bodies. ()fteii sporuliti onu ,ilsCC1. 

Sccond . oil Smullpe were takn Iroma dcth of 12 Lillvith at 7.5-cli-dliallll soil tlgcr. 11h12 
nlaioitV of I.h1i IItnp;lC ill Thew 211 Ilnt11dCpt hs ill the SOil OtH)- M1I(Il2. "ailiIS \C'ic then processedt 

+ilorltory. S;;ii ls 'Arc C"siatricl tisli Ilotillioll pr 1:o)r this It LuccltrI-CSOHil
t1iWi)ICt ci'olure. was 

a series of IIIICew"lshcii] with wiler thronl'i 'S slliarIi SItVCs the (01) siC\C (110. I8) with f (011il1 
mlnCSh,th llittile (ilo. 25 \wilh 71ff pin. mesfh aid tile b lttulin (ino). 17(f) with t me st1251hi sizc. In 
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Likang--., -Liuohyang, . To. ' -Chihpen
Chlu-Ju- . "NPPI/ 

Fig. 1. 	Vegetable growing areas in Taiwan where entomopathogenic 
fungi were collected from Thrips palmi and soils 
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Controil tl iiil ,rICu II Il 31L i LIh li0 0 1 C.t CC \kithC\ W)W;litl.II, 1ti f.1)ii11 kl he h011 i,,i ll W.I 

k%MCIr rv m~ji m', if)Ihl., Thc rc,,iduc III u ,tkIC,u ' tr'i I 10 1_+- ',Cp utI IIIun
,m.\L'. II I t~l C I!,fICHrL'L ,.orv) ;+ ,, it'. 
l L'kIlih fii C A 10 ,t 'd 12 l [111\', t ill] ti l Th,. ' Cil13l,%, Ii .	 11. 

n r 'Itm' 1 1, ,,d k , n e tblll tllli,l L l , , Mhor 1l 'u .1 11,,,,1 lt' I ~tIi likItlr 	 H', I i111 IkM CI ~ 
AIVIt ML It. Ct.d l Iri II-IC \ ThM i , -,+':ii, ' \ \,I" jkl,A'IIJtlldi.' , tI.C ' hI~ 1 ,.k t,-1 1t+ ,,tl ic l \l dl ai kll 

0 11.hv10 uci m 1 . ,III,11 tl-l,l 11 1). :t) I, V II ,1h l( l, u i ,l CI 1 A I' t !.' II C C IC!II(C ik 

MI ,t. l I , 11111 i nI1i00 t 00 ',L i,ti iI los 'i, tkc 11 i I i 'i 

]Iwl'h,t I I ItH luhI\ 011 , l .'t,tiil tl 	 IC l ,IC m_ ,

(I i, '111\ ,,"I hrM i h 	 ' L!\ %;,,I+IL'lhki i tIl e tl It) L III u )111 [+\ t C ' L \ I t*1,|q.'1 	 / I. L'r 

;ILlit liLijti .thl llhC II~ 

' 
fi q I\ ;iC l,,llwC\lhLc tCl I\'l'.sd )LIliAillc ct t llU"'~Iii l t -,lti?c ILI t.I,,Illd.'illlu kT \qh(1tll[iCL11' 1 l.,lLt'Ih 1t.1I . lul~L h ' l.kI1\\LC fe.'\ 	IillIIIk'I\ hl-,tt i Llt )ll1, , ll ilh ",iii,. '. I ' I I i I " 

II.I,",..i,,C u 	 ,I k 111' cllil Ik I It] l, t,'.C ' \., ,rL'il l .. I" k c i kIC II IC I\ ' UtiVI I' t :).II ,U .'ll t hi ,.'w iL[' I f thf ." 
SILI'Ij~ d l p., it \tiiNCiliiiiirl, l t'ls:.',,.t, .1 , ll ~i,,,!.' iii , h i :+C +.lttll i hu-\,l tilln, i+h '' iIl'L' M f d.' )I t h d"k~.' ,t t OW ',il' CC lI C i d ;' t'1 11 lth \,tI . I Il ilNII)MI 1il ".1 01 I,''lC I ( h 1,LA 

-,u,,I..,t',l.Thl, Iwuhl', ,rtn\ h . , 11lhw!itr.+t.c. 	 n',CCt,, 
CO M MillJlt'.'IIk \,I% ih ait : il ,, l r,.'- Iil heic .,o~il. Ih i - ,,'kT-, il I' lhc,.I-cd tI,.O L't C l tllltn 	 Ill [lit t ,k. cc ', 

',,o I 3er ,g, k h11CCtCL HIL11,, WHuM CI . l 

-.l l,,' +;tt.rl! ti 	 Ihl: I<t(lll,lilt 1C l,.' C
)I-i~)J 4ltt I t l 
,,_'cr 'I Ii, k\, l p tCII Ih tn nt n +lh + n t ItI e e 

m ,,,,11 	 t. I iC,h.'ti\C N I" ItittT hu C c: 
'Io C I ,,'dl;l 'I llt l 	 dhIk'h Ill',.ut, 


.

k"t',.,tvtIt' hf-'t/11:111mt 'p1 o~theL'l lomolp~liltlloge.+ll>;:c 	 1t1(d 

A/I) din k ,to,k ,ilmitlm:ml 	ealtti +du
),' 1a,,nIea .cu h ~tulfr36.25i i t <+;, hgltc~t~t ~ h i,.SvpII l -ill d~di 11C,'ftlll-iL'I.lCI d,, 	 15.4 g 

Ary\tl"NOut" iolt' 1 	 100m1 

B/oltve frI m5 dI f i t o i
 
I)Sltilv 1ri I I
 

),atlica1 at'ar 	 36.25g 

I lin stock 105r
 
_rystal violet 10 ingC
 

Teutoclave fOr 15 min, add I nil of'antibiotic stock/liter of m adium. 
Agar 	 15g 

aI. 	Selective i'rletao0eria sp.:
 
Myct(ldogicatl pep-tone (g/I) 10
 
Malllttose 40
 

iAga r 	 15 
lDocdine 	 455 nig 

The fCdhm,'ing antihiotics are filter sterilized and added after the above rnedia have been 
;t,~l~t and cooled to 50"C:,tlV 


Penicillin G 0. 1
 
Streptmnycin still'ate 0.5
 

http:11C,'ftlll-iL'I.lC
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()rcc erowt on the selective mcdiuii \; a, cvidenl. ,i'ldard ptithlhgiCal prLTecdur+._es \w'ere used 
in the labotalrv or isolation, clCanul, anId ideutni licatiOn Ol'iSolatCs reeCOvCrCd. l"uunal idCntilicatiton,. 
w\cre yienl'icd 1N )r. Richard A. I lumber. from t S)A-. :ARS. Cornell ltniversity. Ithaca, New York. 
U D5*\, ,.tohral c in the Il):\ repot,,try. Ithaca. NY. and AVRI)C' Taiwan. Il)uplicatCs arC in lon.--tcrm 

Results and Discussion 

loir luminlid-Il Il't islate\ 0,ere Cd. atI m %'y Inm,2collcct , il \'ere It'Mld t the I,1itine sVt-'ul 
ili 1C/mth/aorcomitraht,,h/,,. In(' inmtheI-iti utrnatl isolation iprocdure w\as cutaminattomi 

\with baemcia ,\shitC reputetd the UC (se lilltC-CtlsUmin cleaiIp tCChiqUeS. 'Ihe nalori"specie,+ 
col!cc'd and \0,her ih.e\ ,\ere disv)CCd arIC listed in table I. Nearly all o'the itinsect-killimg Iflui 
be'lo e t I)e rtCltIulC 'CL". 

Table 1. Summary of the fungal pathogens collected from agricultural 

fie!ds in Taiwan 

Fungal species No. isolates Location found 
True entomopathogenic fungi 

Aletarhizium anisoplae 2 Hualren 
var. ansophae 1 Hsiujen 

1 Chiayang 
2 Hai Feng 
5 AVRDC 
2 Luohyang
 
8 Pingtung 
13 Erhshui 

Total 34 

Metarhizium anisopliae 6 AVRDC 
(not identified to var.) 1 Chiu-Ju 

1 Huallen 
4 Luohyang
 
4 Hai Feng 

10 Pingtung 
Total 26 

Paecilomyces fumosoroseus 1 AVRDC 
Paecilomyces farinosus 1 AVRDC 
Paecilomyces sp. 1 AVRDC 

Total 3 

Possible entomopathogenic fungi 
Fusarium sp. 22 AVRDC 

1 Chiu-Ju 
8 Hai Feng 

13 Pingtung 
4 Chihpen 
7 Hsiujen 
5 Chihu 
35 Eihshui 
6 Chiayang 
9 No. 8 Rd. 

Total 110 



cil ilIncci;ilI\. Ie 'ti !i/hfIi i /e((I/ii ,sold kr i,, il icclnw,"; inI Fn"ropc. IIpartsI ot 'Asi., 
11c'f11/I!:-i)I1 (1,1i,,o/,)/ii illv ltI T(IIi'0 ,,.A.itlili' ,ill"() C01)illnclrCIC {,.\laic. I ol1 tijl 'and 
V,i , t s'.i mi the iiiark.t in the I The isolatcs c(llcted I.a.,isii i ay'. ,ill 'ml,'ii h unitd State,. h i 

5>ij,5,t[iiiilie c'hlmret'i'lisii tHu kc icm toriltah c ui,illtyiucal 1tad subtlolical ares,or [)Mlnl m

' 111Th,. tiL. -,l,i t1' L h\ l ,l,.ilultIu!illm-ii i ll'lN 1 ilhe lilh)(Witmmr ICtIin L ( eaKllt ISOldh.' I r 
iI l)ce cricil, hive"Ch c. is 


,iline ,.ii tl iWiC 10iltLC i rum ilad r,-iti " then le
 

h1iniits tl 01r , l ,." ( p !hllo ',el., cii 'lid-,lie,,L' Clh ltC. 
,,c1to ICIrl.'lp hutiniiiltv. Select imillate. ,,ill 

,N. iltiit l,.:, llt ItL'iil1ia Is'. IhC ~ W L.' lln't it.Ii 'IiM *il lIni l(,hl'tILtilml, l Cld-'lI C, I' ' i llhWuuiallte 

Development of a Procedure for Mass-producing
 
Even-aged Thrips palmi Karney
 

Summary 
Th! //itI),lii Kanic'y is anIimportantIiCst .le'C CSlel in l'ai ssan aid other cniitriCs in Solltllcast 

..Via. s distrihntion i,rapidly increasinsit. \Within the lat thrcc \e,,ait has spread t North Alerica. 
mld iNCOilidC'.ld scimtms ipt m I'Vcta'es in lhri.In the laboatotIIt trials were coMditCd to 
I',,c kopn I 1I ,L.ifsC'h'' int c filltIIi sinoc't on detached l.eas C, l''it+ew m mighel,.,watCCerml n.11, oh 

mI L'gllIt. I -in,_, ()il coV'lea and Cgeplant rCntedl,.l in hi,_hCr lpdclttion rateNthan on the other
 
c.,etI'lel),IC . Alt5 C. inlnllin.f'' lIrval and piliyal stidjit took 4.5, ,.6 and-.6 tlLVS,N _',pectivCl\'.
 
-\ inict.lv .I) rodnd m e .lId1l
c',,,I-itCd larvae wvre roI v 2( aduhs on ,.'1VwT,,a in Icrylic 
I'l.lifI! ho e". 

Introduction 

he to thC prodluiomi 
Ii tt!ctil too itrfl anlld arC resistant t) nost inscticides. Alternative str:tci's are needCd for 

IiI 1 .)lC.1i1nI intII lt . a , stiudiCs ical isims for 

l' Ill,' mitijr con,,trains of vCgCahls is thrips. These tin'y insects arC 

an 1elI.AtCd IInIIIIA'IntII 1-, f l n , ,chl. Itory 
nWJ la"Ce ile.nt .hrip,, r,.ilui r. iee , niW ls,. liiddlitn. Cf'liC.icW' Iri-ils ire, hC i1-c, Im*tCviI-. CLIitll \duI 
illrII ' iit'iii 'LIl itI'W etnclic,iowk 4l" lie SiasI maintainCd and readily ,'lViible,."flIrOw ,tin.livut 
li'jilicati ll mi ill, simainmt,. No singlc mtholId is nliled i te litCualnrC va, adeCuLsCater mass 

'min, ol 17/ (ii l 1m-nv. We NIUdit d a mutii.r of dillCrent techniqmes t.) devClop a rapid,
 
,inIliC mctlhl l or rfol in.thi,,v'g tabl [[ t.
inNicc(,C 

Materials and Methods 

Developmental time 

\l tile 10( we placed a liCrbottolni i,acrylic rearing boxes nlcasthring 16.2 x x 4.2 cmni deep, 
ot lmomstilricll coltl. 1otto.%al with Wi.ur and egyplant leaves with short petioleslhe C tllratedlu' 

LI, lop. The iIpI'i'i-tlill hC cmtton tIo facilitate rootint. lo each of I'otr boxes wec placed on 


atirmdnced'd 21)alut IT1Hip;W' h%\CL thmI o iposit for 24 I.AfterIldnlt rCnloval. c'os werc
umi and All thn 
in.pctec'd rCgularly and lhe time ole(''g hatching rcorled. Ten first iiisti laruvei were then rellovCd 

http:inict.lv
http:COilidC'.ld
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and placed n rL'esh Ica\'Cs in an identical Iox and their developmental time to sceOtd instatr and 
llUpati~I1 rICCIdCd. Thiis study xvaLrepIicatCd eI'Mour times andi tlhneC inll environnental chitniher at 
25'C and 12:12 I 1). 

Fecundity 

In iClcticad reIrinc boxCs is above, biut without the cOtton ler,we placed an FLISA microplitc 
te mplh'C ill thetcr ant Aided weiIIr. ToI'prevent tlirips tl drowning il the water, we lacL a ;hCt 
t1 pIpCr UitoI tldate. TO cach t 'our relicatCs vwe adeLCld 'ithcr alsincleiiLthe outCr Ctlc ; (11' thC

CegL lant, ',. v:itcrnel"On or il[t]bel et. Next, we introductl 20 adults in Ch'll box indpa 	 tan 

AllOs ethml to o\ip sit tr-Is Ih.FollOwine cLc hatch. ni InaLturC.S \, Crc eoHted. Re'ine boxes vcrc 
kcit in an 	 .U\eiv[roitillt:LI chaiitcr with the santlc plafraiietcrS as the prcvious study. 

Results and Discussion 

Developmental time 

l)ata ilthe duiratl Of cu.'., lrvall, andi pttlal rICiods are smulnmarizcd in table 2. Thel mecan 
Cee\oI( ntaii prciods Ior T. puoni on eggplant are 4.5 lavs 'Or cgg hatch, 3.6 days for larval pcrio'd. 

and 4.6 ltys I r piupatitn. 

Table 2. 	 Developmental periods for Thrips palmi reared on eggplant leaves 
in an environmental charnber at 250C and 12:12 LD 

Replicate Developmental period (days)
 
. -...Egg Larvae- -------- - Pupae
 

1 4.5 	 3.2 4.7 

II 4.5 	 3.6 4.6 

III 4.5 	 4.0 4.2 

IV 4.5 	 3.7 4.7 

Mean ± SD 4.5 + 0 	 3.6 ± 0.3 4.6 ±0.2 

Fecundity 

E'en Ihou,-l tihe lids of the boxes were secnred With rubbler hands, many adults escaped. '[iTis 
influenccd the ilumnber o' eggs laid. Following 48 i of oviposition, only about 25% of tie original 
adults released pIr box weroe reovrerod. With this recogniled limitaltion, there etc differences in the 
nutlimbher o)f laOvilC tOtl(I. The imans wcre 39.7 IL!rvc ill boxes with cowpea leaves, 34.5 larvae in 
eggplant. 14.5 in mungblcan, and 12.7 in waitermnc tmiable 3). 



l'teu'rtctl l t .\all:eeulu Cn 30 

Table 3. Reproduction of Thrips palmi on various host leaves held inan
environmental chamber at 250 C and 12:12 LD 

Host leaves, Replicate No. of larvae 
Eggplant 73 

II 22 
Ill 23 
IV 20 
Mean ±SD 34.5 ± 25.7 

Cowpea 43 
II 49 
III 57 
IV 10 
Mean ± SD 39.7 ± 20.6 

Watermelon 16 
II 16 
III 10 
IV 9 
Mean ±SD 12.7 ± 3.8 

Mungbean 21 
II 13 
III 22 
IV 2 
Mean ± SD 14.5 +9.3 

Effect of Application of a Soil Amendment on Bacterial Wilt Progress 
at Three Different Sites inTaiwan 

Summary 
lIcirpmrati ng,aSoli I enlmncnt conposed o turea (20)0 kgIN/Ia) and 'alciin oxide (500) kg/ha)

2 to).; elikl,ecks ore trausptilutiti atott+ the."coud rCducC discase pri'ress ot'hacterial wilt ittwo Sites 
inT Li rai i.e., the'slip,Ul.The dise. nase 0 the !oearithmieal' ItrNslotnICd disease plroe ress against
tilic) %%as reducedI hy hall" w,,hen lIe,Soil mlum,.linet was applie.l. This led to an increase in toIllat(
'ield ()I,IS()" conipalCd to IthI atnded trtme,:nt. but du t euvironincltluterlntererenes this 

diltel'uce \ sOnily si-nili"eat at ome (t the two Sites. At a thIrd site, the liseaIse pi'otlrcss caIsCd 2,ce-ks alltSr rausla)ntiJ. anid I),IhIattime t) Clt'Ct (l tel soil mlnICldletlI waits Cvilelnt. 

Introduction 
TIe u,+e(id 'simple soill uIlldlct Conilpoledsc' ol"urecluth alcim o)xid.C is conside'red (nle o'thc 

key tee.'lltuol cuie.s besiels C'rop rotUtion and tiheIlse o ,resistlait omlalt) Cultivars illthe dtClopiment oI" 
.11 itelturalld mUnaltacemeunt olbacterial wi. BIcterial will iSa mI+ajo)r soil-homenC disease ol'so(lanacctus
adotlhe.Ir eucmCmieaIv lly trops troq-ics. lreliminaryntptrtit in tlle stuclies it.\VRI)C amnd CIl 
sl, scl thtitthtis soil aiCndmnen_'tt can ldui,.+the population oI'xo'1111ino1l,,I .SO1t(ih ('(wI'rimI, whiihi is 

http:otlhe.Ir
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the causal agent of bacterial wilt in the soil. Field StudieS at AVRI)C also ShowCd rCduction of ,.,'ill 

incidence in tomiatoi 40 days ateutrat-lantine vwhCn tile ,.t,,as ntosoil alnCTInient allied, hot 

and the effect on yicld is known 'et. For this pltrlpose, fieldilol'1ulatioll about the diSCasc t'atc 
Taiwail duriie the siiitincr.exper.tinnents \'re cotdut,.d at thr'CC ditffCi'rt sitCs ill 

Materials and Methods 
Taiwan, i.e.,drlcdtl insummrI 'J93 at three difTCent sites illA totalo three ficld trial 

l'hranelh Statio'i. 'aiituilg I),AIS (025 illasl iA\V'ItI)( ,ex pimleital tal (14 ilabove sea level): lul 

anl 'Tai\an Seed SCrvic tSl. 47( i aisl ). lclrc strtii " thtiefi(- p\criiinewt at ,\VI I) ,the soil 

ifC,,tstd v. ,,asa ml ithi P.,o/n'corni;the,s ilisat PulI aiid T.M' vsc]rC ,lttiiialh'in itlirtIt !lv iItCstCL ,. 

I rtam'- 
'f.'le i,ilLIi cld 11tLi. ,.\pplf icd to ti'e ltl'atiL.,ml'lA ti 0i1 IO '.. mzwimwccalirmt Iwit11+c l;iiti,l A 
thw.c\ti)tiICItS of lie"S\ \VC'Ctol1ato \as AderiVati\ othC Sl t-tiii \tiirC tIC\ eoped in'laimaiil. 'fli 

'Fhe rate usel Aas 2M)t k N/ha as urea (= 428 kp area/hat and 5(1W)O)Ura and c'ilciunii oxidC ('a( )). 

kL,/la ('a( ). 

The AVRI field trial was dCSie:Cd as a split-plt, Coiiplctely r hliiii/'ed espcrilnent \ ithf)( 

dihce rcplicates; the twoo lliln tireatnllt.; V.re inesfC Falh inmain tretlillt \visted and ioniiifeL,tcd Soil. 

meits:sA, intercroppiiug svith opa,. -;A and iiitecropping with e\vowa, 

and contml. To in fcst the So il with ).moom(Ciruom a bactCial wilt u-r'rS' \vasCstablishld in tile ploot 
cottilrised of [muir sUhtreCat 

t'Catlti t "ilellsted soil." 

Th field trials attI'mli and T;S ve._rle as a factorial CplritlCnt Withiin a raidoltli/Cd 
of the llutill 

cotducted 
SA and control, itld the miinberl 01" replicates \wa'sColplet loc(.k dcsipn. The two tireit nts wV 

lite. 
"1"%% thrcc \\CkS b trallsplanting , the SA was broadcat d and i elillmliutclytit) ric ilncrnl-ratd 

\\ hich had a bed width of 1.5 lit includingti rro\v. T\\o i\S oflcowpecinto the correCspo)itdii plo(t, 
I \\ithlilt tihe row. The iraunsplalted Ionilito\vcrC so\ ii , iita spaciii o().( Ibtwentrows illd (). I 

as al A\'R l)(line of detecrminnate type ((Mt-,5)15-03-1 -(1-3). Foiur-week-old eedlii-S \\rC 

vitl a spacing t4).3 in bwe\ccn plants. At A\'RI)(',Cach SubtreatlietiCitralnspl luncid ill onC row,pr-bed 

co1prised olonc phl of 1.5 \ 6mlii, aind at Puli tnl 1" each Icatlticlt had three phlts ol I. x 3 ill 

toncrail -1.5 x 3 i)I.
 

A\t.\\RI)(,Ime beds w\ere e' eme vith riceta i\tInualtcr frliSlantinig adl lurroTw-irriTiatCd.
; ilch 


1,,,
At PtlIi and S'S".tlhe bels wcre cos ered with plastic nuIlh lte r inciorlliiion of and the iriatiltu 

CffctCd 1'pile itler the iLulCh. 

ilsin, the Illlowing scalc (slighly itodified alter \Vililstcad andIS)CasC Iatil' i ete iiALmC 


iKelman 1053)' : ()= ioi wilt syilptoins: I = onli eat atlCat partially wilted: 2 = 1\Vt tll'e lcaes
 

willed; 3 = all but two mtlireIC leavCs wilted; 4 = all leaves wilted: 5 = plant deal i.e.. at least halfof
 

clulted \ ith the fIorlula:
the leaves cotmpleelv dry. t)isease index s.,as 

simII of all ieading 

number of all plant x .5 

Winstead, N.N. and Kelman, A. 1953. Inoculation techniques for evaluating resistance to Pseudomonas 
solanacearum. Phytopathology 42: 628-634. 
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)ita wcrc triislOrii id mith a "siipIc interest'" trrast' tion IIn !I( I-x ),whe're x = disease 
indexl hcfr clHeaatin,- the diseltsrrl rthL S:\ and the cotiIllilit. Ih lslpe otlItheI linciri',,i
Nssoi tl the" tr.nsii'4riiied disease index plotte'd ae,.,aintnltme represe'nts the"disea;se" rite'. ()Ilvsdat 

,it isilt. of \sIltIlucl 1t NM Iiil[01IN \\eC IuiV lCLI.'l lim'lk'si'. \\hii o hWie 'arditI r t icLlrssimols il t 
letii\xere sienl~l'iteant, the tw0 dSiss iuteS (i.e., tHik Slop) were. COnuiMIeCl \\ uth atI-test. 
Thu \ield dLta \were ti;uiIsIorluii t rIeLtive vic'ild basis \xlhlthe ou I llctlueItuuueit-- dIl).i lo i iti

I.l Ithw \cVII)(" triIl, the coliol siublreaCult eCan oMfthe inf'sted Wvis as the basis 1'01';oil sll 
euuIIIt-'ip ris . lu; e t ilaeMinduId l'tVICILI S.sessulu ts it the elnid o cdich row wereI lt., tOllilto plIa 

Results 

Disease progress 

liurcrogppi in did [ot 11't1'CCthe disease prorcss., uciicr with nor withot the ,SA(lie. 2). Ile sul 
AuliMIdenLCt shwCd down thC dise'ase prOcuCss. IhwOver, ti diseaIse inde'x of the' treatments with SA 
wt,, ;is t,, to f0f7 at 7 wcks after translaultinn. Becattsc ol he+avy infestation oI black heafhich (.( 
uun,.l, the tomato plants, stauted to dic wecks alter trMnphtir. and rating o +battriCl wilt was no 
hn ,erpossiI. 

1.00 

1Soil 

-

--
-

amendment (SA) 
Cowpea 
SA + cowpea 

X -- Control 

0.50 
U) 

0.25 

0.00 
0 7 14 21 28 35 42 49 56 

days after transplanting 

Fig. 2. Disease progress of bacterial wilt in the four subtreatments of the infested main 
treatment at AVRDC. Disease progress isexpressed as disease index using the
disease rating of Winstead and Kelman (1953) 
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I I CIffC cIC.- in 

Td -5;. 11 5c\ u.hced the di,.ease protilCss. \whereas at Puli Io diflernce,. \\ -
A Col lp 'is,m I tthe ;. treu tc lI th the ct)iitrdI hII d di\ Ir illlOn the three , ti, iii, 

t 3ug.\t AVRI )('3). 
l.tILCJ II,. At I'[uli. ihig ktH plantS Stoppe'ud al'tcr 2 ,.\ ,IS : C%idti t hetv\CC 1ltM, t\Ii e eItI \% olnath 

v. iltitlL ItlLoe HI th 111uCnICd trnentlI . ']IFC r'ductiOnl ill discase prg'ressl w S,;A at s., v\ia,, 

,tle t ul t ti Tiked i,at A I C(i. lccause t1'n errotr', the eXI men'tlllI+1Icouldl nLo beIL..le.r\ i)hs',f.,er,.
,111 .. j. , ,;, l l 

,_ 

0 )IItlpl tckI. 1tfilial [ 'lv , W a +it l t . 

Disease rate 

\t A\VRI)(' Id 1SS. the ICrl',,i(ls o'r' tie determiuation (t the disease rate were signiticant. 

hut 44 at l'uli I tahle . The tran, fumrntiut the disease index fitted TSS data htter w\ith very hilt 

'DU. The disa.e rate il1the control ill both hlc'tions w doO,'asuble that Of SA. butI, thIu I d (. 

tIe difter uic \ -.i li"II, t (II I at I'SS. 
ra \alue 

I) a> 

Relative yield 

\t AVId )( andI SI. thIC yIeLd increase in the SA treatment compared to the cotlrol was abuhmt 

15I)'; table 5 I. hut the diifcrutneie was sienaificant onlvy at TSS. No such difference occurred at Puli. 

At .\VRI )(i ill Ctcted .,iI tile treatments with cowpea ittercropping had lighcr yields than the 

Controtl but I v \ iulds than", the SA alone. In the nonritnleusted plots, tile highest yield was mea.+1surcd x.r 

w\ilhout SA where it Was f\.llour times as lhighl as inl the h'Ifcstedill the cii l;ra ittertuippihle treatment 


eitHtIi: thi,, dillcretncC was signilicant t ) 5P'2f.
 

Discussion 

A recdiuction in the bacterial wilt progress in t lato with SA was demonstrated at two oftlte thrCC 

iCatimis in Taiwani. The yield was h igher in two locations when SA was applied. The diIl'erence. 

a 

.ariance were the IeryIwvfuit-set and the incidence of black leaf mold which led to the plcltltLrC 

end (if the field experiment alter 2 months. 

IIwe\u;'er. %% not sie-niicant at AVRIC. which is lrol tlfly cue to large variance. The reasons for this 

At "SS. the second site with hig her vieId of the SA treatmenit. onlla fitrst harvest 8 \\ceks tfter 

transplanting was taken, Vet the viCld \was signiificantly grcater in the SA treatment. Analysis ofI tIe 

yield data it Putli showed thlat nt) s'nificant dilfferenc.. occurred between the two treattlents. ncither 

f,1" otal yield fr 1rea.tch sclucntia.tl .yield measured cduing the experirnt tda not Shown). 

The absence of bacterial wilt at Puli 2 weeks after transpltimtit,' might be due to the ilnioclcrate 

resistance to bacterial wilt 0f the tIimlato line used and tile sme11whvllat cootler conditions at lulIi. The 

initial disease progre~ s can lbe Cxpiained b4 injuries Lille to transplanting, which most probillyII 

Vol 'ario .increased the probatbility of infection ft the ttilato roots hy 1). cI'uc 

In the locatitns where the discase rates were determined. rates differed I, atfactor of 2 betwecn 

the SA and control treatments. The higher nuimoero replications and lbctter en'virntumetil condition, 
lcihlit FSS might be responsiIle tir tlh better fit oftle dlata art TSS. Fot'thlc saitle reason. pIbably thie \ 


difference was unky si nifleuhlt at TSS. Ceve1 thoIugh the a.bsolute difIference b-,etween tile t\\.
 

treat ments was tlie Same is at AVRDC.
 

Ini the sulplots wkhere intercrlppimllg of'cipa was colbined vWith tile SA. ill cow.,'pe: Scedlings 

I wcck altcr acdingt the S.\. This indicated the gCnera+tl toxic cffect ol il,died and had to) be resown 

SA on livitt or'gtlislls. l:urthler studies it AVRID)C shoved thit the I'. soh,.lnacca,.mo popllatioln ill 

the soill declined rapidly after miing tIte aullerdullent With soil. This pre),Iumiuly toxic effect might 

havc atlso a ffeccted the tc,rlt pllntS and was the r1eason1 for"extecl ing the time betwCC ;.tddin, the S"A 

and transplanuting tillato from 2 weeks at AVRI)C top 3 weeks at 'uli anod TSS. 

http:soh,.lnacca,.mo
http:sclucntia.tl
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Fig. 3. 	 Disease progress of bacterial wilt of the soil amendment and the control at three 
different sites in Taiwan: A = AVRDC; B = Pull; C = TSS. Disease progress is 
expressed as disease index using the modified disease rating of Winstead and 

Kelman (1953) 
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Table 4. 	 Disease rate of soil amendment and control treatment after transformation by 
In(1/(1-x)), where x is the disease index 

Location lre:itment 	 r.'Disease rate" of regression' 
AVRDC Soil amendment 0.03 a 0.798 * 

Control 0.05 a 0.780 ' 
TSS Soil amendmneit 0.01 a 0.977 -

Control 0.03 b 0.986 * 
Regressions from Puli were not significant (P= 5%) and are therefore not included 

Values followed by the same letter are not significantly different at P = 5% when pairwise compared using t-test. 
Only treatments within the same location were compared 

*=P<5°o;'.-P< 1% 

Table 5. 	 Relative yield of tomato at three experimental sites" 

Location Treatment Relative yield (%) 
Main Subtreatment 

AVRDC Infested Soil amendment 250 
Cowpea 198 
SA + cowpea 143 
Control 100 

Noninfested Soil amendment 356 
Cowpea 515 
SA + cowpea 121 

Control 358 
LSD (5%) of subtreatment in same main treatment 240 
LSD (5%) of subtreatment of different main treatments 578 

Treatment 
Puli Soil amendment 103 

Control 100 
ns 

TSS 	 Soil amendment 234 
Control 100 

The control subtreatment of the infested main treatment and control treatment means are equal to 100% 
ns=P>5%;-=P<1% 

Conclusions 

The Ise of atsimple soil amcndnient incorporatcd 2 to 3 weeks hel'orc transplanting tomato 
redued bacterial wilt prog'rCss and increasC tomlato 'iCld.This cffccl might he dtcI to one or several 
toxic snh.tancCs .citcled h le SA once it is inutctcolratcd inl the soll. Furthcr +studicsto understand 
the action ofhc SA ill the soil and toqnaliv IspOssile toXic derivatives h tvC to he doine. 1otc I'ield 
,tndlies to iuantit'.y the rcliahility and site specil'ity of the amenieiitent are uceded, too. before it catn b 

incorporaited in an IPlM proigraitn 	 'or hctcritl] wilt in tolito. 



315 

Socioeconomics 

Per-urban Vegetable Production Systems 

UrLmn population 'ri,,vth ra u- are lten double thome oI'm eraIl I1olmhit growth in develoi ng 

contllltiCs, hence, dermand l'r ,,'-VegtahlUN is prnlectCed to increase rapidly within cities. crating real 
demiIand IOr adjacent prldullction and suplpIy S.'Sten) with virlually assured markets. Increased pcri

u1rba+tn V'gt ahlC Iproductionl l saImaI-scale l'armlers cl(ose 10) major urhan toci could significantlyv 
increase the availability ()I' vectahles in urhn markets. educe malnutritol, rdhec tratlsrMatitm 

cosits. innnie p-roduce spothlage H ssurigl'rr a Me )) mtune. Two year agot A'4'RI 
initiated it series o)I studies in ch e co ]cratiot with national CoUnteLIIllIprts t( chtaracteric it rnmbuer 

I contrasting, pleri-tIrhan s'stems otsideSoICT li','n. "I'he."c ICi-urah systeltsare surntmt'ai/ed in this 

rc 1)or1t. 

Three ty es of characterization of the ,er-urIban sytlns vere undlrtaken: a) a structlrd'L 

(Itlo.hlinnaihC survey ( retested hy AVRI)C stal'Iin si ti undertaken ill and around Iho ('hi Nhilh (it)' 
(ViCtnmIl, I'ollowed hy a vei'iiicatiun visit: hI)a I-week inIImal yet structurCd rapid rlal apraisal 
(RRA) )I,tihe on , lying Kathilmandu (Nepal 1:and c )ia 0-morthiwjor vcgetable iproution uppiS 
Structured questionnaire survey oIthe, Bangkok ipe-urImn supply otf" vCt-ahles. Iach studyLI an 
iitrdiNciplihar'v a plroach aiured at icntilying limitations to [he current supplyv and l'ctosl' likely 1to 
limit sustaini itl- oilh' latllC.'r oLuction il the 

Ho Chi Minh City, Vietnam 

lhe change ni centrally Ilamnd and collective systems to a market economy has led to 
increases invc.gtahle prodlucuion (someltilcs adouhling of quantity), hut lack ol'commtntual purchase 
,)fI inlutis and marketing limit the iuccss tl*tree-enitrprise venturs.". 

lrms arc small (I-.X hit), tvo)-thirds of which are dc fado ontI aId approximatel 1.42 ha 
dedicated to veetalCs. O , l' tanners also .r')\v rice vhil 21.; grv ,rmnrdntit:avag. 
calhag is the vgetabie cr'p mgrowmot-, cw ut)nlv by I" 26 differentlamrs (atIhhouIih cultivation of)" 

-in til ide about I is itllctclel, () 

net income (returns 1t Iamilv lahor and land. R Ctunshlr da' het.Ir. ;11C doulel Or moreC 
speciCS Wv S n C mORIlId Stl'-cy). V 'h'tablI' I()()() t'7'0)5 l'.Ils 5 

pen Ir 
+itt for or , the numbe 'or]ric. 

N1 or ilput c S, wVr related 1toor'allic ina riA.s, lpesticides. and fIrtilicr, (ilil h ttuich 
than those for rice and. additimally, prm idle -il)i0 i 0 CI()I- 0V tillu lr 

wilh 
variabhility existed. betweeun ,.etops,. Ilbor use: varied. from 2(1111))to 0111111)nan-hiours/la. vith weeding 

and] particularly irrigiaiti n it tiig 114thuis li hl r u',C. A dut'e'e 4)Sl)C ili/atiO)i inl lrWOdlttinn 
was evident, and the undcrlyin reasotms lt this are ctirrntlv subjct to analysis. 



316 AVRI)C IL)94 Pro.ress Report 

Pests, and low and variablc vegtahle prices, we hehmo t coIlnuonly cited costraints. '[he latter 
was subject tO previously unknown market f'orces, while for the former som II1%is under way. There 
is t clear trotgh in v.et'bfl supply during August to ()ctober following the hot-wet months, aclear 
avtrace overuse OF chemical fertiliters (Qto I( tiunes the N removed at ha'vest . and an appuntly 
ineflicient tuse ofI lalor. 

Kathmandu, Nepal 

\',.,ti-le,, in l three survey districts: l3haktapur l)hading, and Bar.ae grown in many highly 
diferetit 11i2ItLru. They vary 'rom year-rouItnd vceutale cutltivation in llhaktapur to rice or 
ulai/C-lascd ,\',tet, in I hadinelt, andirice-\hcat Systems ill Iara. The use of inputs in velttelt,,e 

cultationl i hilth and .it tue excesive, particularly for che'mical 'crtili,,.rs and insecticidcs. 
Ilowe ci, Icut r'I, to) vee1htbolei (rowine\exccd the orlrice and wheat manifold. uit risks and capital 
ili'estments illC il,,O con'siderahly hielwir. 

itsaicuilrly SC'iOtslvI t 
lack ol inforntationii lit pest nud diease tinagellent with IPM1 practiccs practically unknown. 
Si ii 'lv. llorc and h-t ter inlo miatioi is needed re.garding appripiitu se of'cheiical Ierti litcrs, and 
the prti ol' ii 01 et'liCit Service could he imrl+Oved. Botth illptll dClivCry and otlt[lt marketing 
syste_'ms are inlicient. rIc lti n., in Scarcities ,reveii lack of inputs at critical tiiums and high costs fIr 
tie fCaintr. Ill particular, cd quality and a\'ailailit',' represent a imiajtor difficulty for umitay vegetable 
gromers. 

St'abl-yichim, varicties wvith durable pest resistaIlc are givel top prionity, as are cducation 
pro llilogra llPNI and reducing pesticide usage. Fcimoiiic yield 'esptose 

l)iscases and pes 'dteI i,:L. but lost vgeitable uuI()\VCIes suffer 'roll 

iicd at proilotil.g adolptiono 
to 'Crtiliter al)IliCaliun. inclUdine eiilianced inlt delivery services essential oroptinml efficiency. 
and crediblC seed cCitificatiomi and marketing are called for. While sonie organized marketing effits 
arc undr way. enuphisis on lean iperiods Of iproduction lay also hell to stalilize supply and prices 
thrtihito the Yea. 

Bangkok, Thailand 

Cultivatim oflpei'ide-frCC vegetables by far'mCrs using the ditch and dike system was oibscrvcd 
for ( nuothls. After pattern analyses, 'ariners wre grople>d according to larming styles which 
reflected the strategies and rationales Ior farm practices. Sonic exImples ol'the flarming styles arc: the 
cntrepre'cnCur" who uses imre hired labor than lur styles aund has highl cash ieeds tlie ,plantma, 

'who foLc.'used Ol a rangte of 'cim(lpS with high inlpts usilg nIll fa1mily laborY1aid the 'htusinessmla"' "'ho 
is well integrated in the markct And has a high deClree Of ~ar itd clltilllseCts cash costs. 

An Uiudrstimding ofilte basis for thuse styles IlvSues ilort' iipprtniiite tcholohgy deve)Ilotit 
aiid extCnsolln. While te dilt'h atnd dike peri-urbhun sysiin has existed for aIiny yc's, the future is 
unsure due to highIl bor rCeuiremniuts tand compfletition with eXpainding industries) and limited 
pussihilitics for immechalaiiation. 

The three stadics amid dtla from ''itiwan highlight the excessive use ou'ChmiCal and eve'n organic 
inputs Hrop,.Cri-ul,ail eLuItbl pmrdttctimn. Givcn the ralige of fa'nning styles aIlnong pei'i-urlan 
emterpriscs, t( satisfly research and developlent demands, it will be necessary to: (a)dCvChlo ICcision
Slpl+ui't pograiiuSn iiud (h ) ihlas linkage between prmduc'm'r and colsuini'.r, both Or iecycling of 
ineirials and aCCeptance.. 01' pesticide-free hlt less icr'fcct prodtiec tImthat theCunsteill'r may be 

aeCstOmilCd to. 

http:crtili,,.rs
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Home Gardens 

Stodies clttsidtl W-tldwn ain t) quantity henells atnd constraints to lomestead gardens, while 
tIhuse at AVRJDX prmvidc inkrlnahion (n specilic c artln, e.'..mpne1nl, (theles) (of holmlestead gillc; 

intercr(tp ,.ar(ill. ailuiatic gardeis, hy'drot(tmics.
 

Central America 
With the (i'nter INr ReSCarch and Traininol Tropical AricitliC ((,VI'). (osta Rica,. i 

r-csarch pi(t)jc to tudy traditional hiiine cirdeCI in (Cetral \nericaVas initiated, with \VRI )( 
it1t0nAt0iint eci+tlulri'C and nlntritiOn itpe t,. Thi, i ,tfl,.oid iuich raillill' tl local .tiltl. The ,tld 
imixoi, t s (ht Idi -, c nlICIl ,ix .'lllitliii ", In ( Nic tia. ;uli() t lcI ill tla Rica,. a.i',u I hltudnial. l)tii!i 
tilt'tit1,.,e ttl tile' \Ca ( i held eSuart h, a ,: I Lr n el (Idit llt ,abil le , ;itiiieLI di\'i \'iitt ip c,'l's 

JlIIH~~l ll'll]IaL't.'C',. ,!'clldc.r Irt)dc:-, cw)-l l-oIll' i d'h~ l I CII'l IVOtl L U Il Wt h(ItW:CIIhd,. IIIItillonl anld 

itlltiilit pc iratitil. iIttrauitttl 'hitic d ,,'itll.Iilpl[ittn paittCIlS. And I)i itltill ctiltIlliIts iii ilii)' cd 

g'ardeln dC\ Lt IlII0ent. 
,l1 \,-,ctihlcl.,pla l ,. f CI'r hllm illar lindill \( [il ,a mint,0 [t1- Ill tratditio a entr ral i\ frh:i hii ll(M 

tedun:.S. vlikiieh ire ,.houiuilt,+I bV pcIr'ni ni-ICi. piii lia ilv tiolpial 11uIt ' . i iitainii-.,ind .ttIT. . aS ,,_II 
ias tiibeiS. IlIai/L. and Clu rbit,.il tileiltti,.' it ilpi) ali.+, l l III L It tit " the ll II c irt n in tilt 
Ilt.ilhItl, cittlilv iI l ,-c ,.ies\\ ith dICic'ritiatiil z cOtMll iC aidtIuiiiily tnil l i ,,. Thus, wxhen 
I+l'tili'ir and ',, ' rc inl slit t Luipip low pli ultino; irui, otiI-firinl lui lph)ll t i,k unaia ilabie. xxvhen 
Inlt ilbcr,, (i thc I llilv ,arc inCajp~dL'A ttA,. Ih,_A~t..'a l 01*' h,. lh l',rt l+I',] 1.. and,. \ aih m , tlithe Colilii Iln." 

I rlil cii 

itf cili. N iiti ititiand t t lt tii.ii tiiiyle., ir' tindci x\ix. 
,ttdlirt CilI' iiiitl t iCS.li" ;ilt' ceslitrI l" (ill )ile tittit l'tr lfo Id tdlt sidili I l t tlllt, 

In alitlcl stid ill (n't tral I\nlCr-io';,at Itt in N(;i )-prtti)nttecd IIh lI" (;+irdCln 1' .jCcls, . I()-I' 
iultitli~li is, h'in! iilli+..,.i ttt ibtiuMt l()Itiya i/illitnsteach iii Niciuautia. IhinlnIars. and a(;ti aiti,
 

xvherand e ltal i t itcliricl +l ,utnItllotix4lltiil -iniirtllet litm c xIIt m i itht r)tI(),2i:;, litllbh i '"O f 

cart.ens eciviicnsistviutc, atnd ciiilihtristics t the u!roc wlh ill hic it bearingst'ilts.vx.lii'ii iii 
tin the rclativc succcs/li+ilur. of tile .tIlnlc (arte Prcts. 

Ircliiiinarv Iundiii- stIgClt IMl lnali' I'ktitt'ClS ire short-us el I'iilitpi leaStOI ftot" tailnrC 
inciltdC: lack (4 \ear-oirid ,..atc'r l.lpll\. iritcrtelicc of chicketl, ind tither farm ainiils, poor
quallity ,antd highl Ct St ill Seed. pc',t anld d+incalc pwtl-olcilns, all, ill >,lnIC CaSCS,. ilil-C I0) CtnVAirCC 
famUlilies ()f"the Ih,.ce 21d,.' !. It appcl,.' rcl'rath++ ilt Icast initial~ly. I't.tlil, ()! Illic l,+ r, ilr,mrtallt () 
i,!.tr(Itucing +c wttic' \C Lctaltct. ,.' t iullt), ,, 11( Il he h,.:il Cilhiur'a and ,t r~ c ~ K;lC-n,,irl-0 11C tt
(CVCI ill tile tii tu n... e) ltl C litit' I'VrItl rcii gni 'L.,iC ttll nicics,). ta .L li/ t illx that 

Cmp;l.asiie initpr)[i'lCit ttItriditinlilh dutn throui!li bttLelr innailiceilren tt e).xisling lcc 
and gradual introdUCtion hthlticr vitainii-rii. ieIIV)C ilttd vee'Ctlhs alt ltler. likely t) icllict' 
hntg-lastinut impact. lilthcrin rc, ilt),,t NG;( )s in,,tt,.ct in this aoctiVit,, bClievC stAtii.iy illet Citi 
lili rlisii,.c the level of " wilrrlici,,, il tltritionll itilti,. llviritnlilctlt, and Uitd,..r iAl rniail ,i' ilmnulitiCS 
betire lut,uiing o) the technial alpcts it htie gardtein pnituaittn. 1hii. all inlm'cr;itctd appomrtnach is 
essetiial fN the Stltcs, taillt itVtin,. gaideun p)iqct. 

Asia 
Aiaiyses of studies in Asia arc tim )ing. T'arget 'anlilies in bigliadesh. evahttud at the nidtctm 

tlfa 4-y"ar IIln Keller hternathtinal pr ct, signiFicantly incrcasCt their yvc'ar-mtrtlld pridictiin and 
cdInsurptiin t)t vitarin-rich truits and vcgetahles, tilparecd with the contral group (table I). Mot' 

http:stAtii.iy
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ibhtn Nitt I 1v llhc lron thcir Inom i artic's atlhc tilincti,\Cil'u, c,utitltllcti ta.rtc' honscihols catli 

ACV, contparcd %ilh 37c the contnrl croup anid 17' teh iltcractIhll ,roulp 

t it o vbl'. hitllloi_,h prO' to 

()I' Ilic 1iii(h'rtl or\, I'Mr 

i d..[lli hoI,,'hcildk ,:C l to h l, hLl.,chCbut notIponCt tilt itolollic 

.,iardcnilk" . Th1I,. lIloiLl \ cchlTIc COtlllIulploltU LIcc!inCL 'olllc\\ hll or tlc illecllctl'Idnlill lll oVi" 
C,1111 h,,C11111,2141 p rCIV 01' OL \CL'Cl,IhIlC , L'()I m III MlWnl .Cl1nC I'C l+,. ull lllldt I hIrI Hw l)CO1',q 

l1A)l' ill l\ Illl l .( IIh F . 111ll'*0 1*' Y 1 d I i 11do'l1h1011,ll',III l pfi.U-I h ' I", lk'llil\ L'l 1hC1,11o l l i i' 

l L,HI I lI',,ICo'.. lld1IIIpIk)\c lilthi I lI\ l*k
,tlp['[ClllICI[I 11CO Hlh. 1I'011I \,. IhIlhl \,CLI dll lllto ",l II'] 

,.1,Ul; il: ' t 'l li tll ill u'L.'kl , 1) tl~lll~liII[ I. lp I .! \ -I ,lg A l I Ii tI i l '\clk (dI lrkIIlIII 

lll C]U tillld C llltl I II ll ll I l'[11 to 

,,.'til\ I' ifc'itIIc 1L' .O) 
O' Sl 12M LI1,,.'I CCII.III.. . ki C0'6HlOW.{I., kI'l' C (IId IiIILAll' M Ct h p ojct 

d 


Table 1. Household vegetable consumption' 

Target Cotltrol Interaction TIC TII 

n=980 n = 194 n=95 

Consumed vegetables 100 100 100 
last week (%) 

Mean quantity consumed (kg) 
baseline 5.8 5.1 5.9 1.1 1.0 
Midterm 7.5 5.4 5.0 1.4 1.5 

Source of vegetables % 
baseline 81 16 40 
market 16 67 48 
others' 3 17 12 

Mean daily per capita 
vegetable consumption (g)" 193 119 118 1.6 1.6 

During week previous to midterm evaluation inPanchagaor District, northwest Bangladesh 
Exchange, gift, roadside, others 
Calculated from quantity consumed inprevious week. Estimated weight before cooking 

.. ksi inet pcl g Iir iii Ncpal (Nt-Frill, ('tt aUl ionCi lioll \ilh a ,,mallcollsilll sliS.S)of 


iltdcn acti\ itics in tItrcc lintcctiltt, )ictls \vithil the ctotult led tt cticlusitiu
it rv tihe that ltonic 

Mlalc laho inpult \vas icdtlti) inaII 

in ilic (i\li Js. \htilc in th ti l it Wa, ctIt al it 'cmllcinptil. I(li)m tIi 
,,lticllil! tih.tri,,ii lCi tr\ liI\'crsc in ih.ci pillpinc and oUtl)ult. 

(Gardcn, \trioti in si/c I'rom 

ilicrI 1)t1 dttlIaIciics Wvilh \ccta't c tpl itt401( 1 t:. ehlargcr si/cs arc in the hii\vlands. Lack i)I 

iliiatit l and prc t.ice ldiScacs wcrc C 'ii Sti 2iil'at(lt.Ct S Ml dt lti101 r illl S1t \cgcibUic pirOdLI.tion, 

its \\,a(,.cc lild ill IdctJutLc trIiuiig ill Ili Ili c i'.as lcd lills. A lull workint paper tin this studI.ly 
it,.1chits linc oCIr ttlrc rscaI rCII. 

.\ stuti' (I hmtnc cOrcili., illIuttcsia codtlctcd with the Ccnter Iw Aglo-Sociocconomnic 

lcsc',at'ch is tilcrgtfioni prili litaryv analyses. 

http:studI.ly
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AVRDC-UGA Collaborative Research Project on
 
Commercial Vegetable Production inTropical Highlands
 

Introduction 

AVRI') in clla(r;alitim wvith tile Univ.'rsiitv (;euigiat (UG,\. lUSA, has started a v'getahle 
r'C'Il'ch il'tujcl tinder lie Snsiliinahle Agricnltir and Naitural Resnitce +dticat inand Nlana elenl 

(.'nIll;~hi rtihi"el Sp;ttt Prtgani (lRSP)li i hee lhiliMpinc,<S. This luj0o t is suieh (S,-,\NIFlNI 

IIlItII,.d I, I S.\II ). Ihanill. i dtontivy the key is in \e kiv'-CItiitmilyninprdiiton
bLh y'Nten1,. tihL 

,il t aund n; i iltude eI the pl lt i iii, tn d fil Ie .slls it Le ,dtCtnltti\CnnSV.SiiSii l- lili/c'dn 
,Vii . I)I I nlap;i , dul.c I itlici l i (it i J.0 , M H+ ail iC+! iClipoiilln n i i h iIltllhi Aiil l tu , i ' 

I i ~ItCL( 'lICI I. I I I l,.+c I IC nl Itc' i i hI-c+',t t So IS ,\C'"tLtO\\ 11 ,+ItOI s~ ) ()( - llt_+Ii(M+.I , I-,-, n S-ill s(T , I )ll ,i.la+~ i 

I.<m t11palli I IIa i~( aw';IlK tahICl illla~ hiI-hl1IuId ,,Cp' tubh.+ gl'n \-,inl t(tiltllct'll lPhilipplines'+. A. \ CLu, t' 

surveyL' cti\ ccd 102 utLlOHlHlCCcidl w ou2.,leL vnmr\'C" n d M O Ml'c,.' ho wath ittl el lanld tt lillicu, 

S '-t tlel, ,tgI ,. pi'(-lhitivc't hensC,,, II) I. illput tiN'. 111iInige ineIit pI-attiL .'S,Iatil 'ICi I,ice,.p itill s nl 
\\ ,tiet, r it . nn, l-kedn i wc s. ('tu hwth tll ,,ast lesh tahi iitlatcitii with imn,,m tlyit
tiuN,,Iud \,slit h. tlt'sigllint,- thIi tlt t ,tirc antI itl'iiitiie, siir\e\ sites. Th. +le tnr pa+clee ,'ct;lelIini nu -,nltI 

LIMi,, t1Il' i \ Ct' lItIliS 5 'C' SiitL. Illti'ii',titi ntio site, altitude. anlyI eei , lphicJill citIetdiiates ,, I ,' t h nIl ii' litires , SI ct +ttitcl. Stii s,;titlcs,+, Ilrtcl i )I'lliesue ilaili~ vegeta+ble lp ticcs lini!+,.niiic 
iI':uiitl tct It inii lallti\\s)]anI, ,s rci tllcicti *iilS,'e'r :iituiIv,'ctl ii !lie lueti ilSnilIs, Iihilil~piiCS,. 

All thile" t\ uv,\iCrc ditili.,td anId anly'ses aie Ltittder \av . 

Vegetable Production in Lantapan 

\e,!-hI Ic pitduclion is prlcticed thrtmhtmlt the year in Imlapan. Majlr cotmineiial vcgtahle 
cins cultii\atcd irc Ire1tnnait, pniat, 'b lt. Chinese cahhbaiu, sweet L'pper, hct peppe. aind 

A'IIisHWci. \VCI antd lidy WSIstis are ite I\k'() tiiar vegetaleCbh. griving seasons. Alnint(st all d the 
v'etible gin,-ru\vrs inw c alales in tie welI season, while Onlv ahl nMthIal' theitl ciMtiane dtlin
 

"
the dlry SCaS+til 1table 2). FC' t I'tr Sweet I)CiPPvt all tile Illaikrc'tO llelecial \ cetable cit i a!,,_ 15\vle 
diltiiti htth the vct int dry Seaitsn) (talc 3). iable 3 presents tlhe avl\tie tiain lyaitvsi/es 

Oftsi nmlt la,), pepper ().) 
S<t(irCwhit li-her ttan thnse Ci rainy seastill lrst ciops ()hsweet pepper (0.4 hal, cibbagc ((.7 ha). 

,i',si t hi' , ((i.) in(t hai), aind catdillt vei (().t. hal). hese \vete 

Ipahit (0).1 Irhia, and ( 'inest: ciblite .6 li). I xcept htr tiniatt and abbyoe, there "is a reti:irk able 
diIleCrenC'te in VhIhl bCIweCn wet and drhy SeaSi1 CIrop+s. Yields dllrill the wet Season aie highulr thllan 
ill the dry seaSIon. 

Table 2. Farmers growing vegetable crops in different seasons in Lantapan 

Season No. of farmers,, 

1. Rainy 1 43 
2. Rainy 1 + Rainy 2 5 
3. Rainy 1 + Rainy 2 + Dry 1 4 
4. Dry 1 9 
5. Dry I + Dry 2 1 Rainy 1 4 
6. Dry 1 + Rainy 1 35
 

102 farmers surveyed
 



Table 3. Average area, yield, and production of vegetable crops inLantapan 

No. of Area Production Yield
 

Crops Season farmei s (ha) (t) (t/ha)
 

1. Tomato Rainy 1 18 0.88 10.4 13.7 
Rainy 2 1 0.15 1.5 9.6 
Dry 1 10 0.82 8.0 12.0 
Dry 2 1 0.36 3.8 10.5 

2. Pepper Rainy 1 10 0.44 4.1 10.7 
(Susceptible) Dry 1 4 0.78 9.4 9.3 

3. Pepper Rainy 1 4 0.90 4.7 5.1 
(Resistant) Dry 1 2 2.41 33.5 13.9 

4. Cabbage Rainy 1 28 0.69 7.1 13.4 
Rainy 2 2 0.59 2.5 4.2 
Dry 1 15 0.89 9.0 13.1 
Dry 2 2 1.05 6.3 6.9 

5. Chinese Rainy 1 36 0.58 5.7 9.8 
cabbage 	 Rainy 2 4 1.41 17.9 12.5
 

Dry 1 16 0.64 7.4 12.2
 
6. Potato Rainy 1 38 0.40 4.7 13.5 

Rainy 2 2 0.51 3.5 6.7 
Dry 1 19 0.45 3.2 7.2 
Dry 2 1 0.50 2.5 5.0 

7. Cauliflower Rainy 1 8 0.88 5.2 6.6 
Dry 1 2 1.42 4.1 2.9 

* 102 farmers surveyed 

In ecncrill, (he wct (ISeaon planting starts ill May and the dry sesoll plantiinin .llalary (fg. Ii. 

I Iowcvcr, vegetahle jip plantings were found throughouL the growing seasotll. V'cgetahles a e 

'n nmainli ilt stCeClIaLUIISil an Ulp)-aind-dowi ctiiv1itioin ICtthod. BIasCd oil lte sUlrvey, the 

ivleriage slope o velgetablc fields \\as I 1;, r'ngilig trout 2to 541 . (iven this slope steepness and up
ald-down cullivatiol praicticCs withlut consCr'va"tionll MinsurS. we a lot oh1xpcCt soil and nutrient 

losscs due to waler Clsioll I'ln hese '. CetallC ields. I'ialuinng the e'fcOts ollditCreni cr'ipplilg 

Sstems11and la.nai-Clnt l 1iC', Iablerodluctn N'sstels is another research goal inunder v.ileCt 
I.antapan. 

Land Abandonment 

,\ha dolltfilnlit (i.c., al indefiniie tallowi of, vegetable lands atfter a1IFew years of cultivation is a 

cotllInon plitlnliculiOl it I.lliapall. BasCd oin srvCV iresltS, ailbOut 221/f the total vecetable rowers 

have ihandocd ind iable 4. The Si/c of l'nilldolic land tamcd From 0.5 ald 30 ha with a iean 

of 5.2 htl. (n iu aVC&2', cih land alailndoncr hls tw,, parcels ofl illandoncod land. Thie inaiOiity of land 
" atlnoInurs beILc o1di,e larI aiidItoldiinupL . PoilrihlhCent llohduclivity ' of lh Ind) partictllM 

ilteI the oreatic iinhil has In rcoil\cd romll ilte mili )rblV due to ititill'bor ind capital 

esttiteut d hV lii i IhininWit il\ t'olli\\ iii;tn t ld dLe a ioLdA lle thC cill;CS Of lild d;l, tdoitelCII. 
thC',C lind h ack in1to vc.2lileC cullivlitul S,,stclll, w tlld p(toicnilallv olpe upup newll ilploytcu 

oppolltinit,,. 'c'erllc 1nctc, nd uplilt he stllndard of livitn.,_o tOIhC pOpulailoln which in turl imiy 

CnhanlcC the -,ti Mathliliv Ofliiofl illc ipo tIductiIn in I laiapiin. Sellin l lp f reitiit' nililta p)lts to 

smtudy the poss>ibi Iii v iibltrining back pi;tt oIh' deg radCdaid abldotId land to \'egeiale cultivation 

itt latte 199)5 is planncd io rc thleileted 1o opeIn nCi\V laIds I'or vCgtCale Ipl'odctlIio'n. 
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Fig. 1.Vegetable crop calendar inLantapan 

Crops Season 

1.Tornato Rainy 1, 
Rainy 2 
Dry 1 
Dry 2 

2.Pepper Rainy 1 
(Susceptible) Dry 1 

3 Pepper Rainy 1 
(Resistant) Dry 1 

4.Cabbage Rainy 1 
Rainy 2 
Dry 1 
Dry2 

5.Chinese Rainy 1 
cabbage Rainy 2 

Diy 1 
6.Potato Rainy 1 

Rainy 2 
Dry 1 
Dry2 

7 Cauliflower Rainy 1 
Dry 1 

J F M A M J J A S 0 N D 

mmmm____ 

0!
 

Rainy 1and 2 and Dry 1and 2 represent opportunities for two planting dates within aseason for shorter cycle 
crops 

Table 4. Distribution of vegetable growers who abandoned land, by barangay in 
Lantapan 

No. of 
vegetable 

Barangay grewers"_ 

Kapitan Juan 30 
Kaato-an 80 
Alanib 30 
Sungko 105 
Cawayan 120 
Victory 90 
Kibangay 150 
Basac 70 

No. of surveyed 
vegetable 
growers 

4 
13 
4 

21 

11 
8 

25 
16 


No. of land 
abandoners 

1 
5 
0 
7 
1 
1 
3 
4 

Farmers 
surveyed who 

abandoned land 

4.5 
22.8 
0 

31.8
 
4.5 
4.5 

13.7 
18.2 

Number of vegetable growers (1993) reported by the Philippine Department of Agriculture, Lantapan, Bukidnon 
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Seasonality and Structural Changes in
 
Food Consumption Patterns inTaiwan
 

Summary 

The purposc t'this study was to ianti fy the structural changes alld sCa;sonality in [he prices and 
consumlption o ' 1m,ain food items%which include cereal, livestock produtcts., vegetables, itnd frutits in 
Taiwan. The stldy,' CrioMd wa'its dIivided into two: 197-1-84, when incomce was er'O\Viueg rclalively 

slowl, and lI94-Q) , when ilcom erw,,th boomlled: alld( three SclasolS: I)ccberllhCl-NlaIrch lo,; 
vcgtahlc prices hitl high fruit prices), Arit-.lul\y (VLL'eClethI_ pricCS starl i cc ,itig u IIIt pricS 
Starl't Lcr-aii iI, Irit increasiucg );tIitl A.,ugist-N'. iubher (vcgetablc prices ll'c high, andl prics; s'tat 
Ipi t. ft'he highly developed vegetable markoftlaipei (.'it,,,, o,str ;.soality was obselved inl 
Ve,,e,._a id fruit p iccs dud ( sl illption. Price valriatin StIImnllelr tolllato ill Taipei ('ity his bctlle nC co rI_ 
rCdticd dtin the I980's comparC to the I97( s, mainly becausc. of' the increasC in the avaifahilit-

of AVRI, )( stlillln r to i lati e. 

Introduction 

Studying seasonality in food coIsltmp-Ition isimlportitlt to see hvowconsistCtIllV bodily rCtluircleils 
aie heinet met, as mo1t Of tlhe fo0d lutriCnts trc dlisSolvd everyday. Since basic food itelms such as 
cereals can he stored for1t,t long lime 111d tl'anspiortCd long distalic'S, ti level Of coulstniuptionrather 
than seasonality in co ustnptinH has Iel the ilain lo-oclu f both 'esearliers and policyniakers. The 
level of, iicronttricnt c)iltlsuptiontihal, atrClaivelv low prolfile, die mostly to the scasoniallity il the 
avatithility ol their Solti.es Such fruits and likC yltits iti[suhmil \'vectthles. lv other Canp, 
vegcetables tic Seasonal, and allre itr"tthcr constrained hy their sllhort Shelfl lil'c. I owevcr. Since llny 
'ruits and vecetables are avilathlc duriuc diffelrent timues of the year. it is Ilot clear if the deicinlt 
supply oi e ii f'lher lfruits oi.r vepctables.One I'rit 01 sColluptIsatld 1v the alundanlt Supply 

I ike cereals which prw'ikC CIeCrgy fort the bodty e ylerda, and unlike livestock pItiLtLs which 
su1pl' storableIfats, frits aiid Ve.et'Uls nedIIto be collsticd daily to lect the nicronttricnt 
reqiiiremerus of thc body Such ais vitauuins, c',lcitu.,and irol. Ilowever, bIca's fruits and \Cgetables 
dro no(t pr)ihC CtICe,,'e rad sitisf'v hMger. the regulitr Coniptlion olf theCc coitiniodiieCs has been 
ignoled. Sesonaility of fiuits tild vegetables may cause an iunafanllce il th food1 cuOsItiptiol pattern 
as people try to suhstitut Ior tle'fi.';Clcy in lruits itld vegetables by somellother food. The mumin purposen 
Of' this stulv was to quatiil'y seCasonality ill diffCrenat food itCmIs, and the CfTct of' sCsonality on 
consumlliplion patltern1. The Coiuimption pattern i Taiwain., imiadVllced tttllllr'y, is alnalyzedt], 
assuming that if1Seasonality exists here more will exis' in less advanced markets. 

Omie of the maiin goals if ,,\VRI)("is to redfuce sCasonahity in the avaiability of'vegetables. Thus, 
one of the coiicCrns .f' this .ALud' is to see hIOw far the center is succCssfufl in itstigating such structural 
changes in the ve'ctahle colstliption pattern in Taiwan. 

Material and Methods 

Dataon ilnmmthly hloisehtld cxpCndittirc and pricesc CllCctCd by thC Taipei Municipal GoverlmCnt 
f'M the period 1974-92, su-stantiated by tile price data collected hy the Provincial Governnlllct of' 
Taiwan, Wats usCd in the study. All fOOId consmptlion, exclding coia and alcoholic beverages, was 
grouped itlo ILr maiIjOr iteus: cereal, livestock pruoducts inclhdirg scalbod, vegetables, and fruits 
which cover, respectively. 33., 83, 72, and 33 itelns in each category. Processed I'ood items such as 

http:Solti.es
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jtiJcCs Ml canne,.'d lritS lnd veetahlcs were coiierted into their respective raw foin) nSing the 
atppropl+riattcon:ttversionr l'acto~r. ,Averagemonthly pe3r oafitia cons~uiiptioii and pr'ic in~diceso tthe iljior 
lboiLl itemiis were devehlped separat'+tcl\' otrIt974-8.1(wheii incr'ease in percipitli in~comelwas\,'intlodera'il
 

and I 5--2 \whenl'per capita inolllc incr:aed). 

Results and Discussion 

The ItiLcli sIhare ,lhincate!d to dif'erlnt food iteins is showrl in table 5.Livestock prttodnctS had the 
lmC' Iltl h)I of 54' in IN74, which cotinuously declined to 461!" inl I992, hut Stillilct 
ilimintaiiine thme Tv's.t loli [Imcct fior lood. Irits hal the I\\V'S N1hare of1'i(1C the ionC ier, 
in I()74. w,hich conlitinuly incrCasC to0 I in 992 aid becilmoC i t elll to he, cereal alld 
\, c'tallc" shaurc.The Iies'tliurcs shtw Ihai bolut one-fifth each of theC total l'onmd .'XCiiditure wai, 
1,l (c(l to CClt hiC,. Tie buIlCeLICt hatllscclcal, Iruits, and share ot vec-etle, Slielly dIcMled frol 
S' ;ill 97- lo17'; in I 2. while the IbuLmdti olceel, fiis declinedltl 9 inI 974 to I0/sCa 

in I1)77, hut ainin iose to 22 ; in 1-Q2. 

Table 5. Budget share allocated to different food items (%), Taipei City, 1974-92 

Year Cereal Livestock Vegetables Fruits 
1974 19.2 53.6 18.9 8.3 
1975 17.8 55.7 18.4 8.1 
1976 17.7 56.0 17.0 9.3 
1977 15.6 55.9 19.2 9.3 
1978 16.3 55.0 18.6 10.1 
1979 16.4 53.6 17.7 12.3 
1980 18.0 52.7 17.3 12.0 
1981 16.7 53.5 18.3 11.6 
1982 18.0 52.8 16.5 12.8 
1983 16.7 53.1 17.3 12.9 
1984 17.6 52.7 16.5 13.2 
1985 17.7 51.5 16.9 14.0 
1986 17.8 51.2 17.2 13.8 
1987 18.3 49.4 17.6 14.8 
1988 18.9 49.0 168 15.3 
1989 18.9 49.7 16.3 15.2 
1990 20.4 4'.6 17.1 14.9 
1991 19.6 47.3 17.3 15.8 
1992 21.6 45.6 16.8 16.0 

hee adu.istmCnts in tie budLgt shlr allocatioln arc tflected it) the challnge ii the per capiti 
cmStliipt1inlpttellrni shown in fig. 2. The cinsuptimmn i l'allIod itellis, CxcCpt vcgetables illcreased 
dhimnm I -98'-92 comparcd to I974-84. [orxumple, cereal, mcat,and m'rult 1974consuLmption during 
8-1 icreased 'ron 7.4.6,'. iid4.7 k/caplita per moith to 8.l.8.4,aid 5.6 kg/caita per mouth il1985
92, respectively., while the c0tlslllplo of vegelables declined from 8.8 in 1"74-84 to 0.9 kg/capita 

p)Cr 1otht , 1984-92.dut'ing 
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Fig. 2. Average monthly consumption per capita, Taipei City 

Itwas ohscrved ihat i;lite of the highly developed vegCtahle market (olTaipci City, the owvrall 
vegetable price index v,,ricd from )5 in March to the highest of 111 in SCptcmlber. while the (werall 
Fruit index varicd frm 73 in Nl'v to 1)3 in Fcbrnary tIie. 3). The veetable prices remained high 
during AiigUst-()to(hCr, \0ii h."Iruit priceS wT hiihst dnriig(.1111mer-Narch.Tle rclatively hich 

prices l relieved 1w the rClativclv low pri.'cs o0 th,.scfrults in Noem+hcr-,"lach wit,; veietibles ill 
lmths, buthi fruit) and cltnhr-(I)etober. A)s e:rpVctcd.the hich 1riecs \'eet.le:l1s coincided in 
there vwis no sicnli() nt variation in the inontilv' a,.'ragc price ilndiees o)Fmeal and cereal pu'tmtlcts. 

Si.aoillditV inIll+,tsiiiptiotll)iittall was observed t le (c to ci)'i'espiind tc price ,Casumalit'. Tlie 
constfiiiptioii (t),,,,all ,,,islwet ill At12Iht-()L'to er \vhcn their pet- s WrC hi.h l it \VS 

highest durin I )ccCIlbe+-NI,v \%hen tir ptI'irtcc were lowest. A silars'asonal relationship hctvi 

price and ominit iol iii he o r',Cd il Iruitls. '['hi Colintion oF(l vegetle p11n, Fruit w,,Ias owest 

(atl'ht)u12 kgl-/catpilt I"nc(iitli Iin ()chtlbcr-Nocnihcr when the prics o1' both thC.C itCIS arC 
;iSmnlttnrccMIJlv ligiest: consumpltio n wa i, hiLiCt in Nliv-Atigist (around o"abowv 14 kg/calitit per 

pesCn ) MChi the !,rices oflt' rtits WVere c the lt'CC', of \cetals ,.vcrc illldrite. '[hleMest and 
cnsumptionr ccl Cilt, ie .lniimi v duiiriii New Year illLcreCals. aid \c,.tablCs iihiest in ('lhincse 
Taiwan. '['lie hcst cotnSniiiptioil (c)' ntlits durigi not haveand vecutalIc' ( )tchoer-Nociiibcr inimy 
strong iiplicaitioiis lowi nlicricuitriciit leficieiicy in 'Taiwan becausc olhi,.gh eI)'rca.pitl consu1nption 
of the1se itcuics in the colliltlN ' .I lowevr.lii thoseciitttijes where pcir capita[.iistiiiptitii is ahready 

lOw. siimiilair .tSaoiiality ill ruils and vCgCtablC C(sIIInptioii iavcreate sCrious IlicrtonutIlrilt 
dell'iciiicy dluiiine the Cnthis w'hn Fruits and vetUihCS ill'ill short't suppIly. 
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Fig. 3. Average monthly price index, Taipei City, 1974-92 

Table 6. Average consumption (kg/month/person), Taipei City, 1974-92 
Month Cereal Livestock . Vegetables FrUits Vegetables + Fruits 

1 8.5 8.5 9.2 4.1 13.3 
2 7.2 7.4 8.0 4.0 12.1 
3 7.8 7.3 8.8 3.9 12.7 
4 7.3 7.2 8.0 5.0 13.0 
5 7.6 7.3 8.1 6.1 14.2 
6 7.5 7.1 7.5 6.4 13.9 
7 7.2 7.1 7.9 6.6 14.5 
8 7.6 7.6 7.4 6.0 13.4 
9 7.6 7.5 7.0 5.1 12.2 
10 7.9 7.6 7.1 4.9 12.0 
11 7.7 7.6 7.8 4.3 12.0 
12 8.0 7.8 9.0 4.1 13.2 

PricC variatio n in Taili (iy ha>s hcn reduced during the I()8(s comparcd t,)the I970s, (fig. 4) 
mainlv because o' the incrcasC in the availalility of ,\'VIl)(",mlcr ltoillato. Tie lvcra cmonthly 
ImtcLtIt.tiolns in tolmlato pricCs has declined corrcspondingly (fig. 5. 

"'hc study Isstill lookine at tIICsLstiltition MiloiL! '()(o)od Mwi-items andi intcoel , and cross-pricc 
ClsticitiLs oVr searson.s alld the \s) stuly periolds. 
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Fig. 5. Average monthly tomato price index, Taipei City 
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The Role of Vegetables in Combating Micronutrient Deficiency 

Summary 

The \vidcIlrid picre\ alencc olil'iclii(trienit dc'iciencv is zi tjlia.r iactse cl" p)or health in nyN 
dCvcI,,i III C'uti l '\siat. t Ic suc+'h V\,... e l'in s., a.nd,tieN lnt.rttit lli'ronltrenl-u-i'h s 'cs tnies, 

li\c',toc_'k p)lcduIie int (li) is the mot0St and \hiv .
dl, prictiecal 'm',;cinahle t)Itack ulicronutltullt 
dcli civiii\. V i'lec rt. crlc''.ieci ,ciurc', (ficrtI lni\' utruiu both il ilit Ccc-t O)I pl'cCIIuCtihll 

aItltd CI" lilnit (1l1i .'i11h I l."t , Ill 111111 ltc\il ee id lll ll l't hli li. ,eslt li.l.nd t c 1'r \ lte ll tiilllic 

in ll h ll ciin ,tillerl i' .-l, I,, cd'.tllllllp[t1i l ',idn l;tllt ech,\ tile ic lirl 1 le, l'fel',,licic1s tc) 

AHIth'l -ilt' Illlicro(n+It'il t ' i+h' :'+ c m 'd c u t, , ill t11C reJlikv,., i,ccs ofI \ -Cctahl ,,, IICJll.: C;t-S+. 

-ill Ill ui' wtli'.t_'nhm ict'lllc' lit (fl , iit iltlicnt k!cHIttli', ill \ eectAllh. thlro cclihIle diIw,. liii( ihlalIu ' ill 
,C0.'1)LIHttICI I)] ''Cl'+iWlt Offlnl)t ' IlItIl-i()ll Jll110l1111 lio)ll C;i~lIm it~LIS. ]£;itCl 0)I tHIC'XC opltio~ll" : t~ e+ a 

th )Icci nd l',iMtl~ I )Il tr ilic iv1 et lhle prri ici( . ititrkCtI i t I( ) ilts, 
ja,' . ct ciicdccii cor ti M I T ne ele"r tIC tlielt s. 

h tIII id cc.' Offct I.,aild-c cIsiil+ c( tlstra 
ll , , lllllc dcI. t I'Ct tlli llcI .rei ui s loi' llIj(rMid Illii'( )1111 

Introduction 

1lit , '.ilitmidtic)n Of illi crlilttrienit-rich I'Ocid such as ve'-'etables is sii-nilicaitly helow the 
cquicd cl,,,I tdl 2)) -/eCalitp:t Ier day ill lost de\'elping c(Itlntr'iCs of Asia, with corresplnding 

"'.eij I'I .. nieI\e iilltCerintltrient ielcijetcy. The deficiency can scrictisly hatiper ncirliial l'tlnctiolllg 
(d part ()I t,' lIc hcdv and Can make the hcd' vulneIrable ti discases. l)csitc iudicitiolins of 
,t..,pieai illicolclilcrieiltdeliciency and thcleauc li ic l rehtticcnsiSIjiS betwecim such deiicency\, and 
1icrlbiiuIV, tniiiccitIiitv. anIl LiiseC inl'eCticIns. research tocenhItanCe the su pply. :'IllL.cI'tlltltleiits hasbel 
lI' ,!\ le, lCeted. 

Poc,c sih lltjI cii0 c nicrIOIutricrt deliciejICy prIchici1 'lcl with, tie iiclude hcrltildi.'tifcn ccI" los 
iiliicr0nitrlClts, ITTicrcILutrient supplements, Md itlCratin oi microntitrient-rich oods int10 diets. 
SLCcess has hcn achieved ill coictrilline eoiter ald cretilism hy f'ortif'ying salt with iodine. However, 
ccily limited success has ben reported inl tIle aidc)ptuu Of 11'ortilicd vitamin and if-On lcids or their 
it i)c ille c ts. 

In view OI the adiciinistrative aid lccisticail constraints in stipp'ericitihg and l'ortil'ying loods, 
m]lost clinicians believe that iIlprccvnents in the oerall quality oldiets hy inlegrating nliCirnutrient
rich l'oods such as fruits, VeCtables, and livestock products into diets cotistittite aisustaiilable way of 
climinaling ilCt'uinutricut delmcienty. 

The Potential of Vegetables to Overcome Micronutrient Deficiency 

To siiccw that vtgctables are ble Ic)supply significantly inure'CrII calcium, and cven i)r(otCin i)Cr 
unit cl hlnd than ce'reals, stundird micrlutitrcImts pI- 100)g cldlehC i)tIrtin 1'r0 d1iifci'¢nt vcegetalelCs 
,nilI ceCeals ,we,re multillieid Withl the respecti ve er hectai'c yield olthc,. crops grown inl theiropliniun 
,,'.,Mcn ill T iwail I( datat).1990-) 

Poctatcc, ('hinese caha"e, s';wet poctitoi, onit. cahage, t(natn.) pc1tatu), e0gglahnt, id sweet 
liel'pCr prccducid, respectively. 42.3 1,24, 2(1.15, 4 3. and 3 limes more calcium than cereals per unit 

arca. Sinilarly, these vegetalhcs respectively prccducCd II. 5, 8, 2, 4, 4, 3, and 3 times inore iro)n 
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CO'lipared to Cereals lRtml a yiwen piece oflland. InI addition. stone veetahles like potato and ollioi 

w'rc llorC cfTiciclt collpilred to creals in producingc-, proteil per ulit ol land, is rClleIClud bv 

vucales:'crunals iiutrintlC-snplvy ralltio, siii+allllv larger thall one. 

('aclahiions weure" one"tlcinpae veetales. li;iWttck products milk aiidcliickenL). aLd c'ereals 

t S iC t'all 

land rent). All ,.e ,%bretin c',t-c't iii c'(,Loio)UCd c ,ini providin1e Cil'hle 
ill II " Ol loitilIl sully lCr inllitolproductioii cot',Is variale and l'ixcd cists, inclUdingU 

t , c . tto ls' n illd i'ol. 
St rpiiri, 'I iitv ' u~ ar te t-c uIc'il':'tt + ls ' n up l i ngt as wll .i l v,.. tS c+ ibles 'H C t - ) i rca : l r t eicin l it . 

il
-LuirC 'rcI ill \ilitlc less cltficiciu%lilkssas nloit ct ,tI-tiliclilt cttil d itt l5+ pti c'tiitili, hut llt 

seui, ta+,Ilt,,. \' etuliles, ir tilt tti-ltieiei t t ,hickeii illpto\idinu, icrttltilicint,.uhll lli 
"lhe iel,ti,,,_itist t l cil es,.:+t rlstlitlirt t'iiiu _,lit leuiut uii~ltiiitiileilltilum tlcic'i tI see._,.t~itlcs iil 

',vill lel+iit Ulitnl illuir relaflse ,icli,, ,.,hich neILl.teiiiiiiec by te+hnlcri,,lttlic\,, Clvlitln i. 

loIre,ciaCls ilh,lilliec0tI0hicL';I 1l1e. :idl ., ilil. (w;ulerllv ellicie, liti , %illheI lloe l hicb 

tw crt'Ci ,ill /lNW ',ilil dtlliliiuiter. ()il ll) l illialv',(cidet i'ipelIratte ,6 i ccore t:iln is +cilil ,hich 

sl ,citic eg t;tl']e tic fil ti c'kl"a Iili silnV WideL- itilis ,t,tuigithle to iticu 111iti'iult deticiiLiv cei aC 

\iriatit ists i ltiieilts cl.lhielil illpopu lilIt the c+,lilcity t vllii i and ill \Cgeuileus 

toi ' dillic'iLClt ty I> tt I iii.rtiiutricni ts.Slppll 

Althtough vcpc ih.ilc ,, ue ieClit r stpillie latrk:without'lfi( ittllCe. tlilic"tmntrieiuis, their regl' aU'e v 
' 

prtlII i, lirII. , are % Iti iiiliditv, pt r driliu . and high tlipwrattre.'les C o 

which translate into ai,,k 1)lctioil cnvironillelnt aind high Costs uIIder tro)ical -tlditions.SeOLI. 

lilt -,t leu thlan cereals. are ini equal allIoUilts 

, mis. ,c" Sn iti,. llt 

vs'CgtallesC" Ietihutble Vc-+tahile lot avlilabl 

tlltiighont the sear bcln,se niais cnioiil be hurtr. oli piRkii,-tg, inLI iarketin,tr"id. ii(lils 

l..1illinsitC ill elIe y scethbles liail oCr" ic ils.I)nc to thilicspiuit i,, ilriikiii ' 

(dilfCrc ~CC Mi vegetilC ,, il1;i\ illv tillic's r cICereals.in. relti nIlilt lprices;) fIo be hiiicr tlhill 

TIhus, 'ven 111h0L2,11 the prodlictioln of llicron tulliclts iitoll,vctablcsi is imllo elliciclit thall 

thron(ih cerCeils", the sei,;ollli t'ear-rouiild) itvililiablit'f v'etabCls to ColsileSlllt'a hteIhailiCCLd 

eiillii, ill hiL 

iftel shtw"s ctlniclibhlile ,ari'iltiin bet'cei lthe ,aiile sCiSilsi illdil'tereilt (See Scasotnality and 
hy ,.ateril aIld t-lltstlaisesi Ii(2luls,1 po liiC .idditin, t nptl litoll i"veetlahls 

_ealrS 


iW ).Si'cttiral ("hillles ill ('ttnsUlmpitiil !atterns Alaiwi\ 

Integrating Vegetables into Diets 

'he conlster"s ducision h)lstltit ille am major aid micronut.lrilt depends tinCoi ulnLits o 

tonr tactr s. 

Relative prices of vegetables and other food items 

It' the coinsuniptin il vegetables willpricos of veut'etables rclative toother food itetis decrease, 

increase., assnin 'cgetwbeh's ariltit ituleritr gioos. Ihe rchtive pric oif vegetables oinimpard to 

CereCals eCpulds Oil Stll iltd eCnIllamd I.esConillh)iditCs. Bthi demand- and Supplyld with respect tton 

side Iaclors ita; to :availahility to and til tle'_,U;lcan constrainfits tile otlvc'uttabiles Consmtllers 

Ct',ilUllllplittil ti). ill. c'nstraillts include low lielmapiii iincomle, Iigh(tt i iciliiuli'ili l)nu"dsid 
retail price, otr )tin effcts ot liiicioriltitiit's oill hlih andvcictabls. lick tl iltitliation the positis 


I the fgetles dliciilcieS., aid ,ociill Iatorls that
piuicitial toi lliillcviiiuiut illitiiliiiicilt 

iraislatC ilttcosiltllier taste antIpt)ItlCiC paltttils. 

Supply-side-ctistilraiil(i ca)n be divided into two tiS: i)l' duCtiilm and Iliakctiic CtilSlI;iIItS.
 

l'rtdhclil constlai is Cail be titioltic, ahioti,, illan au il orn i ..hut
e l, Illiolial lature. Iligh tiiipcrattii',_ 

thip,tihe
and ht1itiliditY ni Suilllier aie' 1lo cuiduicive totVctCtallC cultivatitn anud result ilnhigh losses 
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Micronutrient deficiency 

Inadequate vegetable consumption 

Supply-side 
constraints 

Production Marketing 
constraints constraints 

I p(preferences 
-i 

infrastructure 
-Poor storage facilities 
-Lack of marketing outlets 

-Poor packaging and grading 
-Lack of appropriate 

transport facilities 
-Fluctuation invegetable 
prices 

Abiotic - Biotic Management 
constraints constrairts constraints 
High temperature -Diseases -Lack of information on 

High humidity -Insecls price variability 
and rainfall . technology 

-Poor drainage consumer preference 
-Nonneurality -Lack of appropriate 
of soils management 

technologies 
I -Inappropriate use 

of inputs 
Sensitivity of vegetables -High production risk 
to biotic & abiotic -High input cost 
environments 

Demand-side 
constraints 

-Low income levels 
-High vegetable prices 
-Lack Of nutrition 

information 
-Seasonality in 

vegetable availability-Social factors 
andattitudes towards 

Institutional
 
constraints
 
-Irregularities 

in input supply
 
-Lack of credit
 
-Unavailability
 

of labor at
 
critical times
 

-Poor coverage 
and quality of 
extension services 

Fig. 6. Constraints to adequate intake of vegetables 

i 
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utie ab iotic stress which, inltulten tii t ccurrces ol'biotic Stress. i.e.. pest and diseaise 

il1tCstatlil. The igh selsihility of, most vcetabIles to hiotic anid ahiotic enviohimeliits Creates hilh 

production risks. ni during the cool winter when ahotic stresses are less Conlstrainili. insects and 
.lisCeIS;S arC illnitanht yield rglneers. This. COimIinC' with lck of inltOriiatioii MLI teChluical skills 

,;timiiomic ar'niers. eIa'd.S to e0xcessive use ol" iniScCtiCiles Ctl tiugiciclS, resiilti hiill high fihunel cost 
I'S health IIIIIe'sto I'AII aLld Cost', to both tlld CoiiStiiiiielS. IIIstitIuiI0 ,I conistrallinS such st; 

iIIsulticiCeIt amid tmItinlvCl' inptll suppliC, 1)0r covCrTge aiid tIlitv oleCxteisitSi. and tlahor shortagcs 

d.lui'i critical tim es are siCili lliit viCld I ducers. 

Nlakciing c mstraints iinclude oatds, iiarktl an'es, atcilities (all ol which contrilbutcaid sioliacg 

to CxcCss.i xc f)t lllarvo.-s t h ivicl cliI ICes betV C , ilcer.slis \% cSIreal C(IlSlilIIC'S" ald prItI 

prices), lpoor cra,.l ide scasomal lhctilatiois anilll aiil variations il vegetable prices, lack ofl 
information m onllg plhLiCSLe 1)t1 priMcs, and coiistmiier pirelic'nHes or0"dillm'mIt attrihltes ol, 
vegetables, p or packaging aIL gradi., and lack o' popar transportiti ll facilities.l'ii iTpro v 
vcgetahle conslmuptioni bth ,till)aiyand deinaild fictors rclated to v,.egetable consumptiun need to le 
analv/cd thoron.hl., to'Cther with colismer dcision-making prccse,, r'csponlsible for allocatine 
iiconieCs to dil lremit 1t00dk. 

AVRI )('. besides devColoping imItprtovCd vCCetable sarietiCs and iprolnLtction practices. is worIkinig 
to utidersttid the cMst'aints that limit vcar-r'iiid vcgetthle supplies. The main emphasis o1 
AVRI)'s research is t iicieasiiig vc1etabthle po'dtOIion (Ilparticularly dtrinlg the hot and humid 
tlsumler') I'v overc oillnne biotic anld ahiotic Stl'CeS tnd touLnderstall constraints 1ues socioeconmIOic 

productihii. marketing (thouul gh improved ,varietiCsald prodtction pt'aictices), distr'ihutio, and 
conlsumption. [he ulti iite goal isto imnprove year-round vegetahlC avaihlbility At the househld level 

Income levels 

NIicronutrient dCl'iciCIIcv is Usually considered indicative ofl a wider malnutrition problem and 
belicved to Ibe incomC levels. I ligher incumle maiy no0t onrly result inl incraCsCd consumIptionreltCd t 
ofl vectathles IbCcauscorlsltllClS can now c all lford thCm, but also alows; them to0 chMge prl'erence 
patterns hv slbstitiii IiIle oflte matior ututr'init-rich 'ooIs With vcetales. 

Ilcomle enhancements il Several last ,,sian countries, including 'Taiwai., .Japan., and South 
Korea, were asso'iated Iirst with ;in ilcicase ill consumption ol both IllaJor and illcrolnltrielts, 

tolowec hy a palltial slhstitutionl olceCeals wih 'ruits and VecetalCs. 1.ow consu)mption ofif1od rich 
inl mIler*Outricmts ill Banladesh is to a si nificanlt extent Clue to low per capita income. Recent 
mucrole,l Studies inl SonleI devCloping couItriCs, hoIwvecr, show thit the dCmald elsticity' 01' 

vegetables with respect to income is rclatively smiiall (0.2-0.6). Cotlary to the expectaton, therel'orC, 
increases in income may mnake rclativcly little dll'Irence il vegetble Coisumption. 

T( reeCncilil,. this CoitrltodILt,ry eVicLeicC to the poverly-related mnti rition hypothesis, one has 
toconsiderth luply.-sidce cimtraitsi 'egetblh production which May limit vegetale c.su niltiOn., 
despite stubstantial iLc'a;se l iInComeC. This reri'esCnts an area ol research in which lluch empirical 
work rimlails to h clone. 

A hoiiiirL-l1iticall quCstion liiked th Ile ipovrty-reIated iliCmiutlriCnt deficiency h lIeiS 
ncmern slevl Si'f vegetablecptiioll o s\i' and iilcumiec-rclaltedl clligC.s in tlhlcistrilitiii mx'vegetalde 

Consumiiption acrioss social classes and amlong deprived membCers ol'society. IvidencC from a.numbeL r 
of di ffleret household surveys iidicates that the distribution ol' micrtontirient cmnsunption is biased 
against Vmrucii anod children. Increases in incomes, up tou a certain level, milay correct some of these 
hiases. Again, these are empirical questions which need to be addressed hy appropriate research. 

http:thoron.hl
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Micronutrient content 

Allt crthiarrcclntt inl tIlicronnitricrtt corItcol withoint al~ccllu.t(lie collICIlt of majorht ntients Illav 

HiilPI\'C C01.11ill l ill IC\ Clso Iliiicio)iititrCIlt wiliI1t itta l\Crscl\'aIITCctiIL, thic cotins trlijit oil i iialor 

nticoets. ,\rtotilrc potissihilit\ ISC)illttitLTHiiCflt.11 iniicIiCIIItrc 01CIVA atC C(",cI0II COIilt ccrtl coh urtor 

rlnriciiCIt Mi',aillIhIII\ . T ll C Hic \~ Ill InCFcts1c Ctirtttt)iiiirl Ofu i~iiililiilti HS Atlld(lCCItilwt thatLAll\. fill,, M i 

oft 1l1ajcn ImtIricits, ailtitIl 'ti1Chi tL'chrihlhzo situ tr!t hscliia).htptvitctsilbi 

liClo0 iIlld MllWt Illtiit CItti i thriutthi Ill-,1 hI l)i\II 10th :I tlIfok Ir]im, ITjIlirt t~vsk .(d f''khit t' 

k:II or iii -ChtIItioi)1 Wci I-WLl. C5 L ItQ2It\ 1Vo t 1AIt OLh " ksci L.illl ~Lt( lt IL C L'5\tt lSk) I tll 

tICl rrtrctColorh ItitIs At ts itc IIil'tt dS~ Id\5 iiill'AI IIII iILIjL'-ii liucill atLhIII)C tj"i)t~ti'l 

Irotilli tahiriiimmrtI t-Ilott. ljii1tht Lhittitlo S\\Lh IOtCaI1caiicdLcimiLIl\A cohittiilL'is ticl 

IsttIth\ ol CLIuI~Iltat oititiiti \hi it hi o thw' l AIINC\L tLI5ILil'lI( Ioic ' i-C s C Cto aIC tha ,il i h 

L"cicristt IlaCh sIiciiil -lI~ rid 

thttiitttkl L'hlcltuih cattiainof hic lirtisit ilorruatHIo mtittt tL' IAtlsc~c~t(if ttiL'I ttltkdIC' 
( iC~llislitLA iCo i'rcnltc a0c Ill hC ihtt,'a cnIritlcoltho cnctillto anCnL' 

SNtrCt 

[lhclcincL tu Stit liv \s\.fill t of, Iac c l II.~ to.illCII( ir ICohlt" HI COirL'rca Clori. Itnh,'1- ~itiL 

C S 1- il ttIIu11 ildCII iLiititiicitis li 

tht-O~i- irts i ts. CLItti'ttit Itt hii il. s~tI IiCL '0 -1ii\L' L'h'.i itoittI 11-ic l 
rtrakc MIt 1tt.~ L)V'CL'tilit \ct2L'thiIL' tttcLhNth'L C SOILLtitIt~L' tS utC tt 

11)LLI',thtLi t l'ttt lliCI tLh 

its ichatiortl iiila iclti.lII htItbuiMul Ii l'laNCihisi. ciIViratrTlis.CMlC I- trot y soilc 

Iriirtath cuntiatcrk iituhctcc1 Ofcrcisc ciiiiiilittii oh sccilico Hi.'cttcdOfa ciocstirttcrsII iiitC 

ih~iilitt of M0hCrrraiic'Ilx. iIs((t~l tuhilS.thu I'cI( bi)'tis ai~tioIh rnirinCitricitt isI lsirc her 

Iiutlhc away iott fu-kitiI rLLCich Iiiraiinutirt trui hWI\s ih inI otticll Itcrmts max' hi 

iI rcrrtirn costntIM IUit'ioa sMlta will Ipitccca. cC oitrii 

IiiC wsasi hic CIateIvIlsridc i clill Il tit IiiLIt-,TII lchtc Atil ItrCihsinC marry)Idocloirge h 

irritis. ThcL 1(1st fiia wa's (i0 taclcthcsctV I1citccsistitlk AitCirate tiiCI lliititicitict locids 

iNLtexisting oeotads Ificc IL itII ItVtiilt(Iict I'OII'iiiIlslc pt.N'irlifits rc soorces both'ihwAII 

cols ipdnctIWilet and(1 loutitClo IIIII arcndii'~upto levelspi tt tiroc' lititllctits.lon foodtc Cn 

Sitecsie gnant stincess ohgi lc taMpeeb'' (l CinOAC tei byarS1711\10' sllt-Caot sriaiortI Midat 

ill eitt'iti5l ieittcs 1)Ltaleitts-C Luir sttrttitiiii lcvcls are bioliatilv b'clt it) m iiit 
Co't 0I'IVtLcItitI itIy L)tiitIcs. L l-i - ltIN i]CIIo lC L t pw plit ilc ldI m o s 

http:ISC)illttitLTHiiCflt.11
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This stLudv review s a IItImhIII) 01, p4olicy options lo Inlcrease' eolltlliptioll of' llcli~ltitliL'll-ljcl 
foods(1 In geClicfll andI of, vetetiiles ill parti~ia' Inld IIcrases ill fihe relaltIVe Iprices (11TIhese deIKI 
VeC2CIjibs. Impr111ovemnsin icrl.(ltrienclt content Inl la ir 14444(iiellisSIlIncomie. clilli ccilLcllt oiii1 l 
IIIthllli lC14),hlIli4i'5n oslnrrlrne thr'oLugh ed(ucatOiIa caignM111s. Fbach OI theSe 
OI4ti4lilv)lves itaMIC140(n01121 IIld"ildtil'-i. 01' VC'gTaLN IprOduLCtnll., iiiarketirg. aMid COn)SuLpIIti()n 
conlstraints, its \\ell &s (41'0() C nOIOIic ICto,(]liltt (lCtC[*illil)c nliaJOr and ini]c[nntien'I~ t 1J1rel'cfCllccS
 

aIIIL d hi(41liit 0)1 consiliceJN.
 

\Vide \arill- on,0 ill the type '. l micronuItrti*ent (ldCIelICicics Iiiay existi aCross rcions. T[his, 
CO14lhilwd \%ith (Ill -Ieciii-esill [Ile cOst ef1iciecyIC 01' vegetables inl Ir)I\'I~iin( vaiouMs IIIicro)ittrientlS. 
cail k Ior ml eor4cgionll Ill I(IlniI'iI applOprIimne 41 stiCIt.4 applOA-ch vim.! vegetable spcies CIIN1 
(le~liciciC. BcmIn'.e the relative im1po4rtan)ceo (ihe various flctors that iitII v'vetable availalitylt 
ar i tespciic 14CLC41(ii.4055 iain n rl~loriti/itioln o)1thie conlstrintlS are- I'e(InIirClI 

any agenda( 04' 

dIcli cinc y. 

belCOre deCSiL'nine reCseachI- policy1 alternlatives aimedCL atl Mn)CihOrineII~ mjICrmI'(Itl'e411 

Agricultural Economics Workshop 

T'he iAgiinltnral Economnics WVorkshop onl Vegetable 1Produtl'ionl MdL COIulmption PatternIs Inl 
A\sia brought t(4getll pr()I1)illellt ilgricilitiral eco(nomIlists 11(411 I I coun44tries. represellalives of, 
rcuiotlial Oo!gali/thilns Ill sMtil A'V'I Fiach coLntryill'oIlVCd vegetble lCsell-cll, ill)( 1*14011 C. 

reprseltatv2 lell'SItedI the \eL'CetablC IWl(hIItio)1.ll iiikctl'. (liStlibn~ttiol andt Consumi(ption trend~s 
Inl Is resplective C4)11141ry. lSI byN(Iicns* rctle I esIt(HIliiS \\& lowedC( (4) elsIcte vt 

andIt~i(4prices and1(illCollIC. .411 larketille conlstrljlltS Whtn (LCtaile(I 144theile )cics level ). issues 
reCLItIl (04the Iyi1;s41taeill co ll-irlliV\' adVaIIaCe (41vee ble LI' ltt 4441i,4C105C-eet1iles LCUNI) 
C44114114iecs. and(thle rol4e ()I p('r-i-Ilrbalil plodllctiol. hlieSe W\'el p)IeSCl~te(l ISatp)I-WL~ 104'Ou-llalit in aLi 

l-CS('111c11. dICVeIliIiet Mid 14)11cy v'id ()I-[,e41444 eliproducttion1 itd co)nsumpljtion. 
Concern b'r iw~cdIy 4)1 (411C COMiInliCS' In4(Illctioll (lit) purrd atTVlnest C01iStalldarldi /Atioll of' 

Iielcl-lc,l (liad C(llcctioll l4144C(cdlICS LTO44SS prcdrsWith anlicoCo~llltr-iCS al)(l Spot valiOCCatio)41 
61i0o'. NIO1 r~iV4 ,Ilea t ICall tO~CO(41)14e)I lt- lilt produItction1 Ill p4e-i-tilhbal1 vs.rna 
Sy1steiclls. Il1 vs. veCetableh sNystenls. production incsgClicrll i /edl Specialized pr1odulction1 and1(Ill l1 
plIC(lIIIICL(I -tll4I1 lllal'SCS 01' '1421OcColn m14vlarket (actors I(listanee. trans1por1t, (lelanlld). and1the 
HIVlVenICll o41agi)(lIISirieS. 'Ihe StIIC 41)tfile collpllraltViv lIIVIllitage Ol'I Call 11 f cr'OSS-conlltrysu( 
vegetaleI pl()dLICtio4l Mi11(I i.stiitiOl Wats hleled bIy tIle prl5icc!4)1 Inlltnre cr~liio i eea 
l11irkets Ill the 1lOI'C (LIC\'lo(1 )CLIl44111 t'i\ sia. Mid4(tho iicew op(tinitics o4penled till (Itc to4l1!1ket
oriented policie's Ill epr441i~v\iou1sly \vith ceilitrally pllanned eco414)nlles. 

str(,)11g (lelllall(I Slr osllveothibl Im-IC ilild(Stiiglliltioll ill p~er caiitalP (441 vegetaible conlsumllptionl 
Ill 4)1051 441thec pilticipint 'ounltries wvere )bleI.It wals Suggestedl that atc44ll)lpreheniv pro,ject be 
illitimltd off41iiide'lt14i1ldil1( the laill i 1441(IlOnSehIOld level con4stra4ints Ill vegetale productioni and1 
COoIllsilllpti(414 Ill (eVelO)pIng C4)tIIiCili'. Suhl it project will hlp p)1loriti/,e vegetabl-le resear14ch at the 
national a11111 ilrationlal level. 'The groulp strllgLd' Iet aneed to) al1lly/e the ellicienlcy ofllterna1"tive 
vegetiable marketing systemls (4 finud w.ays 1(oreduice iiiialketilg cost. 

http:IWl(hIItio)1.ll
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lParticipants also suggcstcd technical and pIlC)' innJuv\ati)ns 10 reducC scasonality' ii [hle 
availability of vc!ctahlcs which is CliCv'd t0 sCrioSI al'lT 1' Icremutricnt intake inthe status l 
most Asian cotultriCs. The collSitlr"s tenideiicV to deCiland or1'clean and psticihC-l'etr produce 
stimulItCd disCusSion oil Inheccol)lniC I'Cetasibi lit.'y .01fprotcoted rIoduction .,ysteClis such as IIlInpi)IliCS 
and o11the rCduction () dallat+c 1t the enVio'mllient against the highcr cost iider thcse systems. 

The lull prtocccdirlns and rcomimnidations olthe workshop will hC I)ullishCd by AVRDC in mid
1995. 
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Soil Science 

Compost Effects on Yields and Nutrient Uptake of
 
Continuously Cropped Soybean
 

Summary 

Soyhlul ]'lits well intor the iIteisiv\e cr0p sco.inrcies Oi'tropical and subtrOpical Asia. 'rile yield 
pOtcrllials ii' soybeall cultiv'ated ctilliillOtlisly III-ce tilllc" per year 1or IltilIen'1]S yCars have IlOt bee., 
a ,s.sscd il'Cir eillclts l tieCrops, hich tlll car'lie.f lhIil thrirc of soyvlansl1r hivc tltltrill I relI'¢ 
rw'n ait hi,-I liittitudCS, beCnI qantifid. After l0 yCar Of cfnntinols c-Oippilt (2( sovbcanl ctrOps 
IIrvestCd iC tIttI i 1 983 rod sprirne L"1993). ianeIerimIllcllt with eOllpi)Os., etiltivarl and 
n iLan'e ran :,its ,tritirIalc[and ViCl aLId1CrtiliIer lre niltint nipt;tkc ditta ,\ CIC aniNIed and 

iItcrreteiClI. Mcain ,.lintninin . +aMnd IMni1nn uinl yiClds wCre 3.5.3.3, anild 2.7 i/hi. iadnal hot 
,,eni icitt erari yield deelitic \I ith time were 01 eCrved for pIilntins iII tire spi ing (0.2 t/ha pefr veai') 
and itiItliIiI0. 1i/ira 'i).("ultivllee re IMd within SOrie planting dtIitS hot diffe rCncCs'cl eCI 
wCre Iot cOisIsICIt oCr tinC. (IIlpttI nci ,dC mii yield w ir i CiaC 0.?2 t/ra per rop, bi an 
irereasine yield trcdl \ti it,it was not evident. Inicoitrast, N, P).aind K uptake fromti coIIpIOst 
tr'eatl Iictlri s itriecased \ith i ire c tIll t n1ttr'IIIt Suppl' ni theCCOr Ipostlt vidrCcI' irThijates.;, hino',\ C\ C', 

'Ortribuet d IIith.. Iftill to tie 0.2 Olha IdCl n CIcLIrspoei tVi mnipto:.,t. Notrierri apli cihathioS
 
rtti1 ilr tor irreaNic Somir.CeS riuild be.. th is re a e t
elni ildJustCd ,'rv"IWirt t il eI'¢ll ictila] tlkted 

withnit drlinishin grain yIld. SoybeaIci ltivars with poilntiils sirriluir ir thtmsC ill this stiidy, wheni 
VIvn in intensive s'!sternts with racticus such as crop riutatinlls, to reduce.it: ref',it yield declines 

with tiue. sltuild prrducc yields eceeding 3.5 t/ha in 1 112 Iiinith l and exceedin.g 3 t/ha in 2 112 

r1nnt1thS in sCsuns with the tinIst and least f',iOrabeh fIittlitrriral citiditionS, respeclively. 

Introduction 

SoybeIar is ar, Asialn CIp Which Car hC CtltiV'ied itt diverse crpping systems and all scasuns at 

hw latitULIs. Within 23" N arid S latitodes., trany adapteLl etltivars arc not only early latllirg but 
ufOrllipact staitr, as wt',ell. AVIM) scintis.,ts havC adVOCatL Ifilrt densilics iOf 35 tin 4(0 plants/rl 2 to 

cnMinCisatc o ,hsirrall ,V+plirt ,tatue assiciatcd with rifid prmiicssion ltrOu.h tln stitcs. Nitro_,.,n
aillic itii ri c C tli red lrisinl.,C, iPth1 Citi+,' ct1tivars IllngriSS thtron llh c'i,!\ deVCeurlillh Olulml~t1 

rapidly, irnsilticient biOline.illy fiRed N is ictriruilated ilt k naxrilutn+ seed dCvCluninetrt bhCtercallislf 
the crlp scfIestricts+, tror N dficicency. FurtliernrIe. oil011rsIt Sokn Which suirns are cultivated 
it low LItuRCxllli iVC odpOctial to( supply N bcforc riodluc systrnis develop and ain lluring 
grairi fllinrihCihitilCdeCveloping e' beciLrninls ir nnVerinwcrirn, sink for assinilate and N. A fcw 
scrlltist hive id\Cicd liiral Orarnic and inoriiualic N applications to satisfy rCds that .anmnt be 

Inet by iOhgical lixation. 

http:reduce.it
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Scientists and farmers havie had little c'pcrience with continuons lOw latitLldC sotyb)ean cullivation 
and dtOcumnatiOn Otlthe prictie,to ou~r kIIowledC, does not exist. Study ohjectiVCS. Ihrclfore, wCrC 
i determine the ettects it continuomsly ciopped oc'holl. adapted cultivars and ot season within the 

continuous systei on soybean grain and diV nane yielts urlthenrintre, N, P. and K uptakes were 
determined becauseithe inlformatiol is tisehii when deciding fertilizer management practices for 
iitensive systems that are possible in lOw latitudes. 

Materials and Methods 

The study began in autttmn 1983 and cotntinued 1tosiinCr 19)3. Twenty-sevenl crops were 
planted and 26 were harvested Ldurin the swtudy. )nly spring aid autnin crls were cultivated inI 1984 
and 1985. Cnl+ps wore planted in subseqlet summers except during 198 when tiMe field was 
purposely 'looded tor .2mou0lthYs to reducC ioclii]t11 of charcoal rot ((Ahlro;l/gmloilla///.vefdilla),it 
disease thal had inlfected the 1988 sp ri cr,. In 199) a typhoon destroyed the sUimuer crop. 

Ili autmi. 1983 to aututmn 1984 plantings, treatmntllts were altered syhtatically to select 
practices that maxinii/ed vields. 're;ttuents baebeen described incarlier AVRI )t' Progress Reports. 
Thehy were arranged in, two replicates of a split-split plot design. Froilt spring. 1985 to siiinmiler 1993, 
cmpo~st tretments (fand 3() t/la in 85,.1and ()and 5)t/lha thereafter) were in lin plot and varieties 
were in smibplots. Spent tice straw front niultsh'tooml cultivationl was apled ats Coml1post until auttllnll 
19S5. Subsequently. suigarcane waste prduced hy it nearby niliwas collposted and applied. The 
waste was cimiposed t filter slurry and finely chopped hagasse. The meatn N. 1), and K concentratioiis 
in tie comnposts were 14.5.5.A. and 8.4 g/kg (dry s.'eighmt basis). respeetively. Atis 129 (narrow leaflet. 
semidetertninatc) and Kaolisiun No. 8 (hro:md leaflCt, determlinate), were test CiltiVars ill all crops 
except autumn 1983 and 1984. when onlly ( S 129 wits planted, and inl Suiuller" 1989 and 1991 -93, 
when vegetable soybe ail tpes Cre cult itiedI to 'Cduce eXpsure to typhoon dalllagc its well is to 
increase tiiiie for flidn q[W titls bletween cnos. 

The dlr, malltCr and shelling percentages u4ftresh vegetahle soyhean yields were used to estimate 
gra yield for the IKI to ItI).B sutuller Crops. The estimation equation, Y = -(.568 + 0.371VSB 
(R-' ,(0..5) where (; Ywas grain vield t/ha iand VS was \'egetaleh soblean yield (t/ha). was deri ved 
front combined I .) frolml ill treatlulent combinations.I t 1993 'ata 

SaIpled plants w\er+e sIuratCLl into leaf. seed, pod, and steii components for dry matter and 
ntlrielt concentraio'n determinations. .\hscasCid leaves were collected, rinsed, and included with 
tho;e renaining onl the lnt tor the dcterminations. NitrOTCn deterntations were made separately 
(oIeach Coiilponitl, startim \k ith spring I9814. Phoshorns and potassium determinatmos were nade 
on!I samples startingt with autumn 1984. 

Results and Discussion 

Grain and dry matter yields 

Median platintg dates and cntmasting plhtothermal and rainfall environments for each season 
are isted in tle+ I. In the attumni, plunuithenal conditions became progressively unfavorable as the 
c'uprtcssed. Seasonal effects on grain yield were apparent although variability within each season 
was observed (fig. I ). The etfects Of sCason ()n grain yield and crop duration Vere consistent With 
prevailing lhiotothcriial enviroiinielnts. Except in the irst planting Watumn 1IN3) when analysis of' 
var'iance detected a small response to 1)and K (rates were COnl'uiiid'2d), no sulbsubphot f'actor had a 
si gigificant effect on grain yield. lspecially notewwthy were absences of' resp ses to suspension (f' 
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tr'ri li/Cer Iulnticult, bult l spring l'() Mi\ .lrd and lbsc.ncc.s (o" itra-iuOMs lhCt\VCCii Stiihsihplot 
tretinillts [nd colipost. oI' response lIts receivilin, beThe lack to N in treati nlot Collpost miiay 
asY,,+i Itd With iCtiUilati(ul ol','xeess N in the huimic traction be'fore spilne 1900 followed hv slow 
1in1iirali/ tml o tileh fre.Shly hi iltied N afcr', ards. h'h C:N ratios ircportd iII tile AVR t' 1993 
POtres',, Rpot' Showed that N in the sotil ori nic fractiun had increased evcn thmouih orgallic C 
(leCIV.iSCd iII time Ireatnie'nt withotu1tt colot[. 

Table 1. 	Median planting and harvest dates, photothermal characteristics at the 
beginning of the median seasons, mean rainfall, and mean grain and dry 
matter yields for each season 

Spring Summer Autumn 
Median dates of 

Planting 7 Feb 11 Jun 26 Sep 
Harvest 24 May 13 Sep 13 Dec 
Growth duration, clays 103 94 78 

Daylength including civil twilight 
At planting hour 12.4 14.3 12.5 
At harvest hour 14.3 12.7 11.7 

Mean daily growing season 
solar radiation, MJ/m' 17.1 19.9 15.3 
Air temperature ( C) (luring 
planting week 

Maximum 22.5 31.5 30.6 
Minimum 13.5 24.2 22.8 

Harvest week 
MaxinurL 29.7 31.1 24.3 
Minimum 22.6 24.3 13.6 

Mean growing season rainfall, mm 260 919 35 
Grain yield, t!ha 3.5 3.3 2.7 
Grain yield/day, kg/ha per day 32.6 34.6 34.9 
Dry matter yield, t/ha 7.6 10.3 5.9 
Harvest index 0.38 0.20b 0.40 

Median dates 
Dry matter yield and harvest index means excluded vegetable soybean crops because these were harvested at 
R6 

A(;S 12) yieCld si,.uificanlV nmorc than Kaohsiung No. 8 in 7 of the I I harvests in which a 
ctltivar elfet was significant. A pired Compruiison of ,(;S 129 vs. KaolIsitng No. 8across harvests 
wasInl siliticant. however, not was there evidlncC thatl either cultivar was stllerior whell g'oWt 
under cImditioms in whic.h ,ields were either worse or bctter tihan averace. 

rcs i InI ihiti of' iiidividual 
harvests wrc insenilive. "l'h1 meatn ,ield fI'omcompost Ireat.ictl s, however. w,s 0.22 t/ha grcater 
than the Inll t' tratmnicl, wilhotl comlpost tt = 2.9), > I'( I,h ut atsiu il'icatt litcar 'tl'ect of liltle 
was nl dctctCled siiucst omlpost efect \\'Is ahrupt, not actmiitilative. 

Compost t'ittltl c n and thrCfo're [;-tCsts i Mn'sis t ,'ariallcC 

lin+c tht the 

AVRDC. 1994. AVRDC 1993 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
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Fig. 1. Soybean grain yields in spring and autumn, time trends within season 
The lines and equations were from the model described in the text, after adjusting 
intercepts and slopes for seasonal effects; GY = grain yield; T = year code: autumn 
1983 = -14.5 and spring 1993 = 14.5 
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To examine grain yield trtnds within seasons, a rt gressin mdtel was titted 10 the UcailS front 
cachiharvest: GY = a + b S + c'I' + dISxT Where GY \\'as grail yield (tha), T \'iwas a trend 'arialIe 
(autumnr 1983 -14. sunmer 1)93 =14) anl S was a ciassiiamin variable or sprin, sumMer, anid 
attumn. The effects of and S and the SxT interaction P < I,2. and ().2.;,T werc significant at 
respectively, ant W- (.6). Regression motleis with intercepls adjstetd by b,and trCnd atdjisetld by 

i1aI' Shwn\ (' I I. ,\ was ol-servetd ItClUCtitly inl the Sl)rillg ani l 
Ina\ have coitribtetd t tho(e declinin! trend, the rate was not consisten With an abtlrlt increase in the 
disCasC iltOtLIIIIIt level. 

A signifticant pisitiv tredtt ftor si ros Iproba-bly oriiated Itmil Slperiolr adaptation oftcr eII 
VCUCtablC S h'eailn ctltivarS .rown SilillllrCts 19)9 1-. s replacements for Kao ilsitnig No. 8 andttihrin 93 
:-S 121) o troltl iverestmates oftraiiyielts lil tlt tresh .gren id yieldlo tl te vegcta]ble 
soyhcans. '[hc'cl''orc, tie positivC trend Was regarded a.salet'rrant. 

'hC effect Oflseasiin tliinillated trv iMallc'e yield CCl more thai it did graill yield (table I). 
ult+ilrsi~tiiitaly tfected dry tlnltteryield Otnly in SlUiliU/lCrald a1uttlln 1986, ani the spring crop s 

S988 andIt 1993. Neithci'ril lolt collpos latl signiicant eftects il thyImatter yild alter reV1iOVing 
the ct'tccls ltSeasoll Statistically. )ry Illlttcl ryiclti means wCie less IprcisC than the graiil y'ieltl Mealns, 
retucill. the likclihOtL Ol tilctctin. Smalll(Ititercilces. ('cllicinlts ot variaition for stibstbplhts 
a''raged 6.04i acr ,5.pilantings til'grain yieli antid H.(4 for dry imaltter yields. 

,
Atl1t11 altd spli hilr\'st~ iitiC.CS (Ill) Were nlearly ctlal bUt the Meal sulliller Il was onily 
RI.2C1. The high trv matter yield II the snnner was atribntd t toillg ctditions tWit proote+ti 
\cgtlive croodli. bilt ilotedt, V..iierabile to typooi~'n tililliage its well.its SllltlC" CrOps Were 

(Grailyields p'r tlay Ir ecCh Stasonti Were withil itnarrow rallI'EL'. day overaverailic 34 kc,/ha fit" 

all har,.vests. 'lhe mill grainl yiet/li per day in this study required onily 00 anId 68 kg glucosc-

ctniValCiet/hil pcr &y oi tiltW ' new PlltosytihatU for slprit angattUin crolrtps. rcspcctively. Vhlen 
allowance was diltefor \ield tecline. i.e.. when estilmated Spring anti alnmn Yielts in I1)83 were 
taken as expectetd yic!ts ).the correspnoling values were 85 atl 96 kg gltcose-etylivilentt/ha p r tay. 

These valuies are also lower [illil) thost reportetl iroltli Northeast Asia. The autilin crop was otre 
etticient CCen Meltlntan daily Soilar radiation (table I) was consitlerel. 

The sttily shows that yielts t'xceetling 3.5 t/ha in spigialitigs a+tn tltun platititgstI 3 t/ha intll 

are relilv attainable at the latilt: this Study. These yields wUld alpear t1 IbeCvCI mo0rC easiIly 
attained if'sohcan were grolwii ina setiuence with othcr species. Typlhlon dcmage. andi robably 
excussive vectatic grnwtih. colribuetlod to low vieltts in stillie Sumelr crols. Snmnler plantings 
silIttltil bCnctit ftrotl ile better atlaptetd vegetahlc-type ctltivars now available. 

Nutrient uptake 

Uptakes ot'N. P. nilt K by spring and anttmin crops were largely polprtional to grain yield (fig. 
2). Althlnugh mlcai uptakes Itr these two seasons tli ffered, a comluon u!takc-grain yieldI rClationship1 
was valid tlor both but not fr tile sumtmer seasol. Therclorc, only Spring and alltulr data wCrc Used 
toiestimate coetficieints fo1r the regression iniltiels inl tig. 2. Several factors cxplain t' tieviations olf 
stmiliner N Ut)ake dtalroi the relationships for tihe 1ih1cr seasOlUS. Rail l Wind datlagC trol 
typhoons that lceCurreCd in 11)80, 1987. antI 198) caUsCd litging and rthiLnCetI g_,rail) yields Ibelw 
poitetlial even ihmhg taive growth was abnnta, llt.or tlese haIrvcsls, N Uptakc by teillnei cyS'Uns 
were Aove th trnl orw sprin g and autmllln utlake. In stimlCr I987, dry matter lyiel was 14.7 I/hil 
but the Ill was illy ().17. [urtilhCernolrC, fltowers wer tlagetl by raitlial litl StSllleI2rs. Seconi 
railall leaches N 'tm leaves. The N fihp ake tiata Ifr 199-93 soiimers tell belowtile ritland 

aituttiltl trentl which was coilsisleit with Icachiig losses causetI by stlinetIr raillall. Iurtter disussion 
is restricteld tottie rclatiolnshils betwccn sping aid attmli1 Uptike aild grain yield except where noteti. 

http:iitiC.CS
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Fig. 2. N, P, and K uptake as functions of soybean grain yield (GY) 
Summer uptake and yield date were excluded for the regression 
equations 
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Nutrient uptake Irmt compitst applications incr'Cased vith time when cOMtpalrcl to Uptaketrttmi 

treatmCntS WithOUt Compost, ilthough ctmsleCrabthI scatter was evident tfig. 3). The inc'reases were 
UdOhbtcdlV tie taccun tulatil o availaieh. nutrients front the large compiost applicatiom. 

Ito stimate N uptake as 'unctioni o ifld.Citiupiust applicatim coecllicients a,. l h.a 

aid 1> 1tite hIllowik'.!,\ sutiiuolel wCrCeSlatelJ: N a + l + II(iY + K;YxTri.-rc, id, '(td, 

+ lb(d )('1 YX'I v,hCre (Y \',,as li1i i/, ).T xl, a scale fr timc -13 l 983 sp'rine_' and - 1 

193 sp'in . d, = I ,,hen omipt ,as appliCd and 0otherwise, al. I whe cillpO 'a, not 
applied and ())tt.ls'.c. H'I' or Pand K uptake.(os'p dill+! 111odel, \,re tCd to estiI~it. coellicienis 
lFstiinatcd N and K uptake lor itai .clds roil i.8 t.4.7 t/ha at tlhe ginic.e and the end 1tlh study 
are shown in Ii .4..lIc N uptakC nHuode resealCd that carl+' intle stud. in N contridulitt iI'ioil 

coit'Hlll's nCt evile t aitltiuCe lu ILHpiakc-t.,lr ii .'ied o ict itliIs %,it i elation \\ 'as'sJinli tntWeIntk \1, 
and Xviwill tcMlpOst, li -jud\. ver, comipost uptake itsCfec'tthe ind ti the e)()\% increusec atnd 
iucreased tsxiCld iitci.'l'Cel. 

The model br K.,,lhtt,,ccdthat uptake was mt affected carly in the study butit treasedlwit time 

reugardlss ol .rai ,,ield .- o~r N+th copot effec't wa, greatest at the high cud of the yield rangeu. 
Unlike N uptake. husc. K uptake uitcreacd with tiniececn intr atinei lts to Musluihi +_titt-st 

lnt applied. Application of fretovals early in tlhe 'otiributCldlKIc rtili.'r in excesst siudy proNbly 
to tile ineCJeaSCd uptake in hCsC treatments as did sinall qualntitics o, 1Kinthe irricatio watcr. 
Appioxiiut (C ol 1KIrmn irrigation. calculated lnmi cstimatcd rainfall deficits andqatutitie. 
concentrations (i*K in the irrication waierdeter ined atl wre abIolirccuilar ittcrv\als (2.5 to) 3.2 lnm,2/I ut 
25 kg/ha per sar. 

Only h was sienilicaani in the Puptakel lt;tcll and therckirc dillered little rlut the 1P .re,sion 
ti ineats in liN. 2. Althogh compost increasCd aVailale P nd its uptake Pwith time. the qlnantitics 

apparently vere neither sufficienillv large nor ci itsistt.'it[ to be detccted by tihe l.ml. 
l:rcmiqsprine onward, K uptake dcresaeid StenifiCattlv titini stUUblsIblts on IWhich KII)Lt() 


fertilier applications had been suspendCd. I ho,,Cver, 11rai yield didiitt dcre'ase WIWeI inolrltnic. K 

tuorimhcrnltrieuit applications, \, rcsUspleCd.e viIc'mcc thait K utiliAt ion CiiCmi.icy was graterwhere 
K uptake declined. Whtere the inorganic N or P applicatiMs ' cuc w+ithilil. si.nifticant CleTcts Ocn the 
uptake of these nuirient were not detctCd eithCr in trC'atmCts; with oW \%ithiot)t comoist. 

Comillost ctribtiiions to nutrient uptake \~.rc pirbahly mt mSplnsiblC I'r incr'asdC ram 

Vields. A'\s noted carliei. the mecan gran ild rCsp)nsc tocoipost ,.as only 1.2 t/hu thcre was no 
evidence that the ces lonse increasCe d \ itlim e"like nietiit ultakc'. Fuurth or e. ecaill ,ielc (lit! flltot 

respOnd to subSltpl+mt trcattnicits in which N. 1), or K were ,isc.'itt'cl Irin sprig 10() oi\xvarcd. 

Therelore. ele cl1pikl probably coiitiibtitc'd cr little, if alall, time mall rainincre'asCd nutricit Ito 

yield relspOin.C Ir!oi1 coMpost. The small but Sienilicamit ontibutinto riain d Iroll cOplipstllnay 
be cl tno-Iiecti effcts on ts and shoots-lu clccotohCsoial iniplriovc'ients ofilie soil. The a 
ol rcspoilc WtoacccUillatcd lUtliClt availabilitic's cleittonstrate a need [or adjusting lrtili,cr rates in 
intcnsiv cuiltivation systc'iets br past applic tions and bor time nlutriCnt cot'ilutioltm outranlie'un l 


inatter applicaitmio s. 

Conclusions 

" ehree sils low laitude.s but yield declines.mtbean c per year can he cultivated cInuotisll ait 
altIoughi g1'Radual. shtuld he expected. Soycan cultivars with characteristics similar to AGS I29 and 
Kaolhsiue Nt). 8 ptrrm well in spriing and autumn. Yields Should reglalyexced 3.5 t/lia in 

3 1/2 mnth, with spring and 3 i/ha in 2 2 m1 ths in the aUtul n it yilCd declines caused by 
c unlilUOtUms Cultivatitn are lvicd. Ilt Last Asia, 'm,LMllem a c uncertai because (0,Ceutivti'tnS 
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Fig. 3. 	 N, P, and K uptake increases in response to compost applications 
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GY = grain yield (t/ha); T =-13 for 1984 and +13 for 1993; dl = 1 for treatments with 
compost, ) otherwise; and d2 = 1without compost, 0 otherwise. The probabilities 
for coefficient not equaling 0 are in parentheses 
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potcntial rain and wind damaige and the sumiier phtothcrmlal environment probably requires 
cultivars diffl'ei'ntlIroull those adapted to spring, and aut.ll1lll. 

For' a fariir. it would he conofIIicallV tiisoiiiild Nprobably agronomically unwise to permiI 
soil fertility to increase to levels ohsCrved in this study. The initial and l'inal intrient availabilitics, the 

,'absence olf rspotlscs to Suspension ()I' N, 1) or K applications It)the lial If)crops of the study, and 
the inrcaivSinge N, 1'. and K u1ptake with time frllom comlpost without coi'rcsloidin,, grain yield increases 
demonStratc that iltitrieit ',applications werc well ill excess of'crop requireients. t Iptakc requireients
Of the thr,' litllt'iCnis, )n)a tol of gli per lectare basis. p11peaIt) be 1)0 g'Ctie allMd probaly ait' 
,lightly l imu iptake Hyls soybeans coItivated at high latitiHdes. Sovbean cultivairS similarly alapted
,I,lthoe, ill this studyiInl led as ipOnents inIltensive systc1ms with otlc'crops, with 'eirtilizer,l+pliiiitil folr each spxcies adjusted l+unrresidual effeccts of inorteanie andil' ,reanicsoturces. should be 

highly prsduieti\e. 

The Effects of Compost on Soil Chemical and Physical Properties
 
After 10 Years of Continuous Cultivation
 

Summary 
Soil data Irom the 0(-year study of compost application to contilously cIltivaIeI soybeain

showed that much of thc excess Pwas retained in the soil but the amount inl avaiablc form was small. 
,vidence suggests that a large proportion of'excess K leached. Excess N from compost accumulated 

In the soil organliC fractioM but the amount lost could not be satisfactorily uantiliCd becaiumse the 
estimates ol'svnibiotically fixed N l'rom soybeal could only he approximate.l. Compost had f'avorable 
effects on physical propertics which promote root prolife'ration (bulk density, ai" permleability, water 
retentiotn, and soil streneth). 

Introduction 

The bcnlefits ol(oianic materials to cultivatiol are well rccogniied. Thus, organic materials aic 
offtcn advicatc . 1kl intensive cI'il)piti) systems in Asia. Moreover, if'not rcycled these materials arC 
poteilltial polltants of the atmosphere and water resoturces. Research aiilied at iinprvin)tg organic
wiste ittatl eCInCnt to suIstiinable agriculturc beciuse oi'the ntrliCnts these wastes COltailis relCeantl 

id, lurthmCrimore, becauseC( is intimately linked to N, 1), and ScyVclin, 
 and cation rctcntion through 

contribuitmiits to cation cxcht:nge capacity. The non-ntltlicnt contribtios to agriciltural pirodluction 
svstems o -ticlli allicildt llecnts aIIe less evilcllt. 

Alttmgh organic :itcndmcuts aie olk'en advocated ill Asii, few .iuantitativC analyses of' their 
clfects oii soill properties have been reported lrom long-term Cxpe'imenls on intensively cunltivatCd 
soils in warilm climates. The obh,jectivc oI' this study was to measure the ef'fects on soil properties of' 
Coilpost applied t\Vo o three tithes per year in 'a l0-year study. 

Materials and Methods 

A studyof soybcan vields, in which the crop was planted twooithriee times peryearon a file sandy
loam, was conlucted I'rom 1983 to 1993 to identify suitable rtanagentit practices f'or AVRDC 
soybean ]]ties adapted to tile slbtropics. Compost application was among the practices cvaliated. 
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"Treatmcnis were descrilcd in the AV RI)C 1993 llrotgics lReport, and,.other informati i was presented 
inl other sections of1this prmgress report. 

The total qu;!ntitics otl'(', N, 1), and K applied in coin sleld wastcs during the 1) years are listed 
inl tablc 2. All treatments inl the study, 'c1ardlsC.s of Comllpost lpplication, als.,o rcCCived ulil'ormn 
applications ol'iliorgamiic N, 1), and K fertilizers. Fiurhcrmore, rice straw mulching was pa'cAticCd uutil 
1987. [lieulntities l N, P,ald K coiitnlutCd 1'111 the inor1;'anic ferti li,.r' and rice straw1,, mulch areC 
also listed in table 2. 

Table 2. 	 Quantities of C, N, P, and K applied, removed in crops, and remaining in soil 
to 60 cm, under treatments with (W) and without (W/O) compost, 1983-93 

C 	 N P K 

W/O 	 W WO W W/O W WO W 
Applied in 0 69600 0 9500 0 3600 0 6600 
compost 
Total mulch applied 32400 32400 2700 2700 950 950 1900 1900 
Removed in 0 0 56001 6150,1 550 650 1800 2400 
crops 
Change in soil -3600 +52400 -400 +7450 +501 +30" 0 +2001 
to 60 cm 
Apparent loss 36000 49600 300 630 350 3600 100 5900 

Assumed N fixation was 50 and 67% of removed N for W/O and W treatments, respectively 

Change in the available P fraction (Olsen method) 

Change in exchange K 

Surface soil P aid K vere determined aftcr each crop on samples of six to eight ciomposited(cores 
taken fromn each 2(-i12 experlmetal unit. Alter the 24th soybean crop, determinations were made of 

C, N, P, and K in stmliurface samples ad olf physical properties. 

Available soil 1)and K were extracted with Na bicarbonate and Na acetate, respectively. Soil C 
aid total N ,cxere determiniied by potassiumi diehrollate cmtnustiol aid stlll'tu'ic acid digCstio, 
respectively. 

An undlisturbed coIr niethtod Was used to determine dry bulk density BI)) gravimitrically. ('ore 
vollllcs Vere I1)) cmi and sallplilg depthls weC 5 cil. The same+core sizes were used to detrmliinc 
air pcrnicahilities by a perlicaintr I)aiki )1IK-S)I ) alter extracting watcr to 25( mill pressure. 
M t)Istu iic Clae tll to 9)) lpr ssur" oilcurves clc determ iieid 1MO1 ci lie \Vide Rliage pF Mctcr 
I)IK-34t)tt I. Intl liratiorii r'ait'c weret': detirmined wih (lciioclly I'abricitCd siiiilCss stCel iiIf'illroieteCC'rs 

fitted with lariolle splns. Soil illpe'dallce wis detCl'linCd to 45 cin with a peinetrolleter 
([enctrograph Stiboka ). 
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Results and Discussion 

Soil organic carbon and nitrogen accumulations from compost 

The elMlcts if c0lIpOst on su'itaCc so I 0r''iC C and toital N wer time \VCere described in the 
AVR' 1991)3 P ogress Rc'por. Sainpllc; taken 10111 ((-eni depth ill Cldy I t4 Showed that alteir 1) 
yal-s h1 th eleieti s lctil itlIc Ciltow illilal (1ig. .eachin,a the depth i)I till gie 5. aind ro(t 
prolilcratiol iobably accoult l*[ aceiu in, he t)lal Nacicunll belsw )cml.The oianic (and uIlations 
werc nll 'iirllpr'isine in \ iew o)I the lure qunutilics of N applied (abl" 2). 

I ije inoiri'nic N conc ntration. irl, ,. wreC I1urd in pI1ts to which Ci lle)st.c was applied 
5 )i. btut inoinic N ai' ililt inll IIWlow plt1s dlt1 iecci\ in, !ill t also) w'is iih, .ccC'liiln 

25) kg/ l. The dcllplsiilg elmipos, obviously colltrilhitCd to the ilolrNiliC N poo1l as did the laree 

aip)piicatiiln( illinoL'alnic I onaioll s lybcali.nd N Ii by 

Becuise soybeavtin Ii \cs N, nlylappri tinilslin, 0'cullnriiilll 'olO lipo N to the crop antd soil 

weer possibic il this study. Fixation 01 N sObe W', ldilne than 5()';/' otln citllltlluited b il rl'li 
in tlhe pirsece 1'35 ppm inrganic N ill Slihililn iiiU the AVIRI )( I 085 ltl. A Ssill iiu11ioliSS RCeI' 
that ollc-tiild ftthe N ret.ovcd in soy bCalls Caite triouti 'ilel cIieflllpOSt aS ilppliCd) I'i\;itiil \ 

ili hlelong-ICrll, i calculated 745) and 41 )) kg N/ha o tile N Iron tile cOitipOst anid (ille'rourceCs 
JicCulultcuid ill ihWSoil ailti \were rcinllivc by cilps., lepclivl'i,Ica\ i 3)) Li il uirtacco lted 
I'or. \ssutlinI tliitolc-hlllfthe N t n utip cillaii lm hitoloicil li\utioli \ihell L'oii1i1los( was lllol 

applied, Ile coIirC'lllciIl ulilititiCS velC -.401),ittl 281)() e,N/hia in the Soil and clop, respectivcly, 
lciviig 3)) ki N/lhi r. The ,i only .110unlccounltecd I h1s1cStjil ler oitlv 33) , N/ha which is sillill 
cilSidelrine tla I2,2)) N/hl ritiing tl II)1 acriis.tilIe Cetilll.St aind olhcr N SoHoLc's added k ( K this, 

qaality alitinlnt 75))),L N/la autctiinulited in the (hi )cni sil Olyer. Altlt litnli the balinlces suggest 
that N loss's wcic co ,ripti\lv slilll, tlhe bottom I'raitlC in lig. 5 shows Ilat tiitee lutnilics of 
inor;itic N IliCd dwtlwarl tiiCe tile colpost ticitleiltn. Ill view ohe cstimiated s aiill N loss ant 
the lirc N accuillili bclo)v 2)ill even whell cllipost vas oiltapplied, itlore N ixNlt lil ]pilb ly ' 

lctl'i'td thill was asslteid in tlhe balanCeS. FIirleriTorC, ul ttnil Was iltl takell (I'tcl)ld sils i'N lioim 

the atmlilospleurc. 

Available P and Kaccumulations from compost 

Tlhe ctilllpust c~t',ihilttld large tlutiliitSo'lllLnd K and, IurthritirCe, l]ir iltitiCs were appliedqtuu-C 
it inlrt7iillrln ti all uritilnclts. lhe'llcnlribuliillils cllpist to10ctlultilils olavailahil P and 
1Kate CvidCeil ii lie. 0. AecullUlationsirlinI illoratlic P and K sntl.c's were snllill but I'uctuatetl. Fig. 

7 Sllowilthit collllost incicised tlh icctitlliil;itillln 01 both llltricilts bhlw the plow laycl is well is 

in it. (Cllilst ilpplicatillits, hllvcvcr, incrcascd available P1h y , itetrelativc Iilotiti at ill deptlhs 

vhen illail'Cd 1(1c SlieMlilldiiul K ilclcascs with depth. 

i Ile 

decliiteci Mnce inillCh inopol'rllion ceaseti ill I 1)X7. Alter the 2-4th crtop. ile iiiltic's iii cllnipostl 1K 
plus K il1illitlrgalnic Ic'lili/ct, nIltilc'h ecedad rulmlilvuil hy inlteli (th)a)) k (tlA 2). 

Ihe K acitclilluitilil lirlll cillu itciducs nild rice striw uiulc'h tlulile lirti II(0cli 11 i'lpidiy 

7 nci ic it /ia 
The laileccilitillltitllt (d K il i lic c strawi tlitlcic is iiplW !lt ill tig .. lc iitills Sll11)wed thlit ill 

Ihe pl ll icccivin cIll s,I, cifll) reilllvuil ill' K ind its I 'iciiiililil the soil ill utti uivilablc ialil 

iccilltlCd Illt only 3 P! (2()) k i/hli)l ll K Iroill ill] s ti cxs. Mulsl tl e tIIr,.'ClCV cl K pi' l ailv 

Ichielch belowh 00lilithllgi(l ill Wxliii v clay tilitler..s illsly have .icetircl. ti til a ecle ott 
cililipost. reillivil (hIK iccoIlittCLn ot 45q it te K Pl inoirgilie.r'.,tilietrd tie Sl'aw liliclI. 

http:Cetilll.St
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The u.lantiti of P removed by the crop and ac'cumlitcl if i availaIbil f'oini to ()cm depth werc 
95) and 600) kg/ha 'or treatments with and without compost, respec.tively. ThUs 7) anL .;7/; of 1) 
applied *:Ith" two 1ICitnlils were ilaccotiltted for. Wliereas much excess K was removed by crops, 
leached or" fixed in clly minlerIs, P l'ractioMtion (AVRIl)(" 1993 Progress Report) slhowed that1 
inlotVein1-C P accuImulatCd in the oltdcrately labile and Ca-houtndl f'ractiolns. The diffelrVce IetCee 
imuorvani slow, availahle + tilavailahle 1 itl soil recivinw,vs. soil not recevi.'i Coinpost was over 
l()())0 k/lha in the SUfa[CC lal'r ilonelC. I.arLC amoun1tS prlbahly accutmulated in e l modCraCly 
available olanic faction ofthe lstulfilc lver" ld in both ornalic ianId inoreanic rlaliusoFI the 20
410 cm layer. 

Soil physical properties 

TheI 0 vcm's Fdcomp)ost lpplicMiomi decreasCd hulk densityy V 121,7 (fig. 8). 'his physical 
respmuse toomanic I la+ttlr ,cctuummlation \n,hich is i elTect al imicreasc ol'soil p-ifrosity, was expected. 
()thor physical prpertel s tctd hy porosity, ofcoiurse, were altered as well. Compost decreased the 
time requirled to pass o)ne liter oF air ULnder slight piessHure throluph a If)) cil cylindel.(r Ifsoil hy 4911, 
(tig. 8). It increalsed Ihe tate otwitter infiltratiol but only itl'er the railrpid inilial iahsorptltion ito dry soil 
wIs complete ( I'g. 9) Fi.1. 9 also shows that porosity deCIh,Itermined by satteritC'd waer' (oln (i.e., al 
)cml .ssLtlre ince'lsCd from 43 to511, which isin ecuerl arneetnmIWith tll difTCrence d,_'teCmitn1d 

t'rom bulk dcnsities. 
(oltlpost dcclreascd m nical itmnMIcC hill the diffel'Irce did nt aiSe until tile pitCMICItr 

PIMsld thotlmlm normil dCpth of' tilae f,ig. IIL Soil strenglth und.e.r 10 th ttmlelllntlls. hoe\VCVC', 
increascd ra1pidly with depth to leSvels lhat make root pcnetrathn extremely difficul. "IMilhie bVarc 
tractor-l ,oilsItat ire il a moisture stalc suitahle for th oiirationi on the surfa;t+ce hut which remain 

ceC,ssivClV wet helow 2f) to 25 cm prbII-lyLonmtribtd to0 cMpression pan Formation. Ilpedtce 
ecedcd the pe.tlletrllctl . rallge iatiahtt 4) cill its the nI1Wils elIIC1 tered. 

Conclusions 

Applicatins (ml'mimiposted agricultural wastcs creatced asoil containing large availlabi lities of' N, 
I). and K, alnd exhihiting" improved poro.sity, ild rlted soil lhysical attrihutes in the 1pltw lay'r Mid 
reduce,.d sil stremrieth below it. These chances are favorable for crop uvolh. Moreover, such a soil 
shmld he less exactine, in its allialiltnlCt CelindMids ainclrequire less CnlrgN ti0 till. RCuhcd sCnsitivity 
tio nlamiaclleeit is hCnelicial I'or inteMnsive cultivatil systells wher icmpti Ir'MtimwCluctulrn 
est wces aid inclement \kcathctr occasiomilly obstltrlt the timnicliless of operations. Firthermnore, 

applications lf' inioranic N, P. nd K can he reduced yhthe nltrienl quanitities il the commUpost. 
('omilt e clhnillatiln (tI ilorc'atlic Sources Call b ohtalined I''r1lLso lecopS.IlCnsivC agzriciuiltll-ili
s'ysteils oller olplmrrtumities to0recycle agricltural wastes il all elnvironnlallilly bene'icial maliner. 
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Organic Carbon in Crop Sequences 

Summary 

A desrriptivC IiLICI that pIe.diCIs Soil lgWlMie C dMiccunmula.ltion 'r0111 CoflpoSt applications was 
Illodiiied hyv insurti,111o lll recalithaliOi til m~warlpallrt for frcsh oii'ganic tlccomjposition. After nilodc 
.ainllt dilta I'roiil the Coll inotlls croppin experiment, thle Wi[,111odeC used to Csti1mate soil 0Lallic 
U ohswrvations rton) I I crops cultivatel seq(ulentiially in live rotatuins. OrgI.ani c matter appliclions 

(cl Ij) tcside rice \traiw Illl1ch. and compolst) (lifferc(I among the rottliols. 'lhe moll estinilated 

eganiC "ctrends satislictolrilv. 
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Introduction 

'The AVII) I )3 iProgrCSS Rcport reported oil tmodel that stimatcd Soi I orvalic C (S()) 
.icciiilltitml , ftor it Study in V hicI rclpcatcd Compost aipplic'ttiMIS hadh In nIIadC to SOibilllS 

culti,'aled etmtihtioiushly hir I (Itycar's.Whcn we+'usedl the modlel this yearutoe,+timte +S()(' acmnitions 

luieIsiut'C Ill ititon stuldiCs conductcld 'rotm S3 to 19857, howCvCr. ila'ellient bct wcn ohCrvCd 
Mnd 'eStilitIcil S()C was pIoo. Loss l t_.ictiollS for the C in Straw mulch tld Crop rCsidlues, wvlhit 
tl 'tIIIt ,Cedalt thc L'pllo0,t C 'ate, were |t ,mall. "l'h rcl'or. it third Ctill pla tllti.lt was addCd to 
init+il Mliil oreaniec indtl olllatIst (' c' lliartlntst, and the' tiii i.l w,'as etlibrated a+nd+testedl itotdtermine 

it wt ld stisl.AtorICt \ CS+tnlluat S(C MCH rCiClIC. and riec straw+iltullatiolS l'ron co0mpl;ost, c11) 
mulc-h aewiilt,, a lck. t oiitl ut C loIs'h. omll th1e inihial S(C'. 

Materials and Methods 

I ICeIlrcm c e'ClIIPtntelllC[t IlodCl wa reca."lihratCd oi dita Iolll theC tlinmltis6., SoiA)illI clltiviution 
,tulyv Ul ifIIllm I993 rl I that version, the lCects 1 r'ice "taw mulch and ur p residucs were 

eimrel evekn th mhl ht h were ineOrpoltet'd il the early ,C,'S of CStndy. RicC straw mutnlch (I (It/ 
[lit) wsII *lpied to iall'th: ,,,uliplt in anmtninn 19833 aid) lvine '<985 and to all phts ftoln stilllllui' 
I 985 until milttiuin I alr . hich applications wce disconliltiCL. 'l'hC tmUlch waIS inco1porat',ItCdlt 
turing poii,th'vc';t lillaC in pplrctio tin the s1ceetl+.'CClingl CI op. Soybean residue',s, aVCilimien., 3.9 t/ 
h1,, were incorporlatCd iller hIIi\Ct f cih t the" ir<tfuIil crops. RCStidC. inliCdin, mlilot l l fliht 
tlCeised Icvc :;. \, cr.'C i vol fronthe flield ;is i dcisasc Control asciur iltlcr S1tl"Cibtliclm harvests. 

'ltimatc the (' L'cmlltctlll orice: siraw a tilhe til of imictpotratiol, the dillowing werC ass icd: 
I it10ii11tC collCntl iind .4l f tich the' season beh'r4 imC-third w-Las;lst',t dhii'] 1 iIIetorpllratilin. 

,soil oiranic' d(etermliilioilns w rCevigUl acmlS SumSbltis)within main phuts . lcuc'IiCee 0r. IbCl'i' 
the It9o5 olyh hall' Ie C in i 1ll hi tlch ioell.dc 1.The IullOsillllr was clCrcd. in thel acmullmlit 

(tlranitttv',' entCrel When miltch \%tas applicd to all pluts. A 40',,; C Concentration wais assullied for 

sobcin iItic. 

The three iipCLIC1CndCnt C'coIaIrIIIIIt ClyII ()(' initiatl I ()( ('C)SWCre deCsinatd (comlpost I C), 
and R( (' (crop residhe a.tI he itClel essei'_'C'Cl lie instraw inIchi(). AS i' Iltough time "CCiach 
Coin/patilte1 de iat CCtceorii it) sCnt IslcoCficiCnts. iluh imie stel was it 4-1nitth interval 
ciurieipotliit to one eilsonu (iIc'tidiine a+lllow limeI bClVC criops). To Csahlish thC co lliciCnts Irl" 
('(I' dWc inipoitiolm ( C' eaCs irliicilt , on tIhe -co'oINst seies to which a sine'LlC 2() t/ha;+ it.shi'001ln 
compost r'esidlek Wit , I9-1 wCrC = Xwaslapplid inll Unii ittCd to the first order I'inclion SM tx '
 

illaiamllmeis i. k. Mind ) \\C'C stiiited h'' t nonlliniealr '_'ersit roitiinC. TO Iacilitalc
K lodel 
cilcuilatiolt anuld ps tulillioul of* oitplit. S()C aill the (utliititics of C ill the soil and orgalnic 
idClntsllCIl TC IC\pIe,Cl inl i'C'C'It wilh _225) /hia ofI d ,ril is theIbsieS_. The tiicvariahle I was 
il llothlllls. o Lthe C(( ofIthe -Compost series \its . /(hw irc" iiles. lieall I colciUtrati 

IcaClise C' frotl the Straw miulch and "oyvll reidCltus contribtetol the C( elliulrCetlCsll 
,tliiin the lC I9 to s nrc I197 were il ieutd ti tlccount11 h intrvals,. S( )(" \iltlcs Ilotl autiumn 

for the IlUillilttic" a+pplietd. 'l'he ailtoth subtractel I*frt the Imea<uirCcd tllianlititleS were computed by 
,ing all cillifom Ihilt eslimated the C icsIICs remlliiliiing1 udlcr itlrliCil eotditIMts asta function Of 
ieic. St rt in VIl the tluinltitY tlplieCL in Cach seaSonl,the ratios ol nilllills reuilinnm werc 21), 86, 
SI. aitd 9 The and adlisthd S(W il'C Shown inl I'eg. iisd ineasuirednciliict I I. 'The sallc latis were 

the spicad.slhcct to calculate RIC decmllpositililli for tetillatilIg S(C ce ll aIuctionC'l01lCL llUinu ia oh 
tiinte. 

http:ioell.dc
http:tllti.lt
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Fig. 11. 	 Measured soil organic C(SOC) before and after adjustments for rice straw 
mulch and soybean residue incorporation SOC estimates from fitting
Equation 2 to adjusted observations 

Results and Discussion 

Model calibration 

"he' esti niale CoClliTcients a = 0.7718 (0.7715, 0.7720), Li = 0.282 (0.244, 0.319), and k = -0.133 
(-().145, ().120) where upper and lower asymptotic confidence levels (95%) are in parentheses. The 
est imated S()C means I cml ie single 20 t/ha application arc shown against the measured and adjusted 
means in ti(. I I. 

The paramieter a,(.771 8.4) is the estimated SOC concentration when t ( months. InI this study, 
the S()C a t = 0 \,t 0.77;f (0).58'( in the soil plis a combined (. 19'7 Irom compost, straw imilch.

nid scVhCan ICSidLIc ). 1:1roml1 = icastrCd hut idjsted residue additions4 ti 40 months. SOC was adr 

is described pievicusly. lhC pariliter k was thc estlimtcd loss riatc on base e, and the paramcter 1) 
(icciCascd thlch s rate it,, t inclCased. 

"l'c preCLict C ,ccumnulaticm trcin Compost, the "I -decolposition iate, COC" coIefiicienis (row I I 
ftahle 3) \crc calculaied hcciii die SOC Stiimates front the first ordcerIunction. 'Flie ocfl'eicitins wcrc 

ONtaiied[ h1w It I hILipriiIctCrs into thC CqtLictm, siuhlracting ihe estimate al cachNtsLI ti11e 	 ).4311; Irom 



Table 3. Decomposition rates and caiculations for C accumulation from compost and residue applications for 48 months 

R ow 

A 
0 4 8 12 

Month after apph~catlon 
16 20 21 28 32 36 ,10 44 48 

ISOC compartnt 

1 1 - Decomposition rate. ISOC 0.975 0976 0.977 0.978 0.979 0.980 0.981 0.982 0.983 0.984 0.985 0.986 

2 Remaining ISOC 5. 0 546 0.534 0.524 0.513 0.504 0.495 0.486 0.479 0.471 0.464 0.458 0.452 

flOc compatrzet 

3 1 - Decomposition rate ROC 0.200 0.760 0.810 0.820 

4 

5 

6 

7 

8 

9 

10 

ROC incorporated. Autumn, 84 

Spring. 85 

Summer. 85 

Autumn. 85 

Spring. 86 

Summer. 86 

Autumn. 86 

i 

0 $ 
0OA03 

O.ro: 

6 

417 

10A .. 

0.025 0.019 

0.021 

0.015 

0.016 

0.041 

0.013 

0.013 

0.031 

0 000 

0010 

0025 

0 000 

0033 

0.021 

0.000 

0.025 

0.021 

0.000 

0.021 

0.016 

0.021 

0.017 

0013 

0.016 

0.011 

0.013 0.011 c. 

11 1 - Decomposition rate, COC 0598 0.872 0.903 0.918 0927 0.933 0 938 0.941 0.943 0.945 0946 0948 

12 

13 

14 

15 

17 

18 

19 

20 

21 
22 
23 

24 

COC incorporated. Autumn. 84 

Spring. 85 

Summer. 85 

Autumn. 85 

-Spring. 86 

Summer. 86 

Autumn. 86 

Spring, 87 

Summer. 87 
Autumn. 87 
Spring, 87 

Summer. 87 

: 

O:0~a 

O 

O'U99 

OA33 

O'll : 

.127 
OQA:3 

0,114 

0AI14 
0, 7 
0,117 

0 040 0.035 

0.059 

0 031 

0.052 

0,000 

0.029 

0.047 

0.000 

0.059 

0.039 

0.043 

0000 

0 052 

0080 

0,037 

0.050 

0.000 

0,047 

0069 

0066 

0 034 

0 047 

0021 

0043 

0063 

0058 

0076 

0,032 

0 044 

0019 

0040 

0 058 

0052 

0 066 

0 097 

0 030 

0 041 

0018 

0.037 

0.070 

0048 

0060 

0085 

0068 

0029 

0039 

0017 

0 035 

0066 

0055 

0 055 

0077 

0 059 
0068 

0.027 

0 037 

0016 

0 033 

0061 

0052 

0 062 

0 070 

0 054 
0059 
0 u58 

0,026 

0.035 

0.015 

0.031 

0058 

0.048 

0057 

0065 

0049 
0054 
0050 

0.070 

25 Estimated accumulated C 0.560 0.611 0.668 0.679 0.704 0.786 0.831 0.886 0.933 0.953 0974 0.987 1.011 
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t, and ClCulatirn' ratios etwCee ';ucCssi.'C irteCr'Vals. I'heseL ratios were the coifficicnts, expressed 
'isC remaining, in row I I (table.c 3). Ihe diffCrence bctween the SoC estimate and ().431l was an 
ap.iratron tine S( )C tIhatdcdotiposed a[t stablishld l'tIhe first tiLcr illit'te.is. 'TLS,i o rattes 
tle restlltant ratios 'cr apprlixillions osllUcc. si vc rclative qualtitics t)l'titiU S()(i -ellallning si 
decomposition lo'ge'msCl.Tire sienilica'inc." oIf r ctpilenit illililganic illattelr dcClilposilion 
rilte stuliCS is we!l C'stablited. 

The estimiated (()(' los., Cilerul:itLd htor11 decom'prlionli nellicimtlts illtible 3.,wats 53';; durine 
th I'irst yiea'rt =-I. X.and I mionths). ,.\llowitl, Iori5( ISlIos finitial C'illIhe suLrmlill wa'iseidurin.e 

I\ oi W 

Iyear of iriIeIort)toriin..\ hlo,'.l f rlIitIIIis pCrtceInti ' riles.'with expe cted dcoCrnpoIIt))SitionIrates of 
tllatcrials with sili l llpo litWil. 

The [u<Ss rate coeffici s f ( ill iilcl lld clrorisideIC (I('), tsgiven Carlier. wC'e used to 

Cstillat the fractit mof R( )( iemiiii! (ro Thdco0-'mpoNsition riites reduCdIhL 

opeln cri lpostil. attotal ( h )I i)1ihtll 75',; 1Otild oc-Ctlrred duling co'potIlinll 'llowed by 

3. 'lie. ineoilCo'i)rateCl 

R(C(tlntiiel(s by 9(M" in I Ih : 10th mntltilhe mailndeillmr to liteCCitorllis. Aterhe was AMdde]d 
e t utI it tilC.tnel[ the (' ClailclotpCoselll+tsCd 

d,'te IS()( w tlsco uiikno\\n \'ti~l :111d old S()C. 'Jc Ioss ilC,ysd o)f 11proolrltiols of 
Cprecssed ais' I -dcmltlpsition rtc., Initial S()('. are lisicd inl iow Of tblC 31.Ill anillaliC'i i1MLde, 
S( )C dctilosIlioi lss raltCs \%Crc eliilllt-iCl rtis i f egre'sirtS Imdel Y ( )K tC'sillltes ilt 2-l4) 
t 35) 1mnths. Thes wr liircf t tmdieresirrlldU'c,;tiltic lo)sses carilt 'otutileil prilbaibhily becallee' 

S( )(' itn \\as inot iaCtitl. 'hIlterf , lareer loss r C rmlain/inthe IS( WC taken illt ui ' c , snaC.llC' 
iites were IC'se I ).T'ItestCd I( "ilts delcscf linearly I'rl a low (it;IttI -1 rowM )(' remClliillillg 
t= 4 to a high rciiii (at I -1). ISOC' r mitirrg rale 0 0.975 =4 most elnrselviilm-I"'t, (.t.l, 1t ,\it ittl 
mIodled S( )('frl the -otlilOst this laitese'iCs. FlstitllaMCd anrttai/eCL net S( KC losss from011 -ci' 7.01 
it) I ,; at hC ltd 14 tIhCsfries.the bCLirIrtirr 0m.f 

The three cotrpartrmtts of tire spreadshcct ltodel arc shown in (able 3. 'lhe organ ie C inputs, 
Lfeotipo1sitirt CoIl ficientsit. relevnlt eiltitruS M gvircIr olly for the I'irst 458 ilttoilhs.trld 'hc
 
r'eiaidelmretitd.l simple extesllsiln ltlle SplciIdslthCt tws arind cMlmins1., spIrelditsheCt,is a' itIle 
IS(IC,R( IC ,rtd (()C \ere entCid illihe,hadl ceff'. oleolttvrn A. ,or' the -emrtllpost sillitilaolill, all 
OW clii'rcs ineoltliltn A were ) cxcept that for atitltn I984. 

Then S( CSI1MCf'Iei iit_' arl is (row 2), ROC (rows 4 to 1(). and (OCsti the stili ol' ISM' 
(r\ows 12 to 24) itt plac'clthe ith coltin. The StlS for C;ch I.il'e in row 25. 

The resultirlr () et()idt between unicfiusteci S( )C observriotr ridirio dcil estinmattseod is 
evident inl the hilltl fig. I12- scrics).This lcillt wils CXpectd beCaurSc'ti mrbIVs.letirilsetier. 
\Vre toisCL o1dl coeff'iciet-s.lsiitllltC ac''ilrulatilils were sensitivC to the0st iiatliiith iri fltltatilty 
o1 "old SoC'"alsUrtLrrcl ilild,the-re10re, tiC niliftity Wats systCmatically alIteredL uriti Itir SOC Cstilmtes 
shown in the tlIl' hallf lri. 12 werc otilned. These estilliles exhibit the gradally inlcasiig 
ac'tItilai s 1s t o selvatiolls.n Ill 

Sensitivity analysis 

'[he sensitivity of Cstirnirted SOC aeiurnrulatirms to model meIC was examineId bylTi'iints 
inieasring artild cecreirsir g cach by 21;. The analysis shl iwed that SOC aeetrlltions were vCry 
sCivlelV to0 alincrease ir' dem'asc Imthe ISOC clecoimposition rate. Mnrhltiplyinig ).975 by 1.1)2 at t 
= 4 dcCased lirilrli/cl clemInCMositioll duriith first y'ilr frot 7.1) tnt I.6'/.Multiplyig ithby (.9 
ircrescd it to 2. . 'he effcts were Ia'gc's duri ng early itervils bit Curntlatlive ( fig. 13). 

tluhrirMe, beeiuls_ IS()(' wiS lirgelllia-Cd t10C(()C and R(, .small ihe m(clficientChaiges ill 
CilcteCL r'lativ0lV lirge Clililg- S( )C cstilmates at t = 114.ml 


http:illit'te.is
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Fig. 12. 	Measured soil organic C(SOC) from -and +compost series vs. SOC 
estimates from the spreadsheet model 
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1.2 Standard coefficients .	 -4- + 

C0 

0 

o 1.0 	 u 

U 0.9-	 

o 0.8 -4-	 "S dard* 0.98 

U) -
0.7- +

±ll4

0.6 

0.5 
0 20 40 60 80 100 120 

Month 

Fig. 13. SOC accumulations from the model with standard ISOC coefficients and 
coefficients increased and decreased by 2% 
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Fo test sensitivity ti tile pllrtiOn ofold S( )., assuned in tie calculation l' tie (()C coefficients 

ill ro II1raltiOSol'SL'551ve eSlifiliites iroiia the Iirst order function were recalculaled alter increasing 

tlieqtiantity suilracted. (' P.4.lothemlilratio.l, 2g, \ciunli ntiontltes,\ere'n1lderately 

sensitive to the proportion of old S()(' asnul +d. 

It) test sensiliVitV o k and b, tile cC lTiCiCliS ill rO,' I vre recal.ilal aL'r . lI'IcresC s itlt 
decrc.asesi. or'k was iiiode1tet, c...i I hL'v 1 ll.+ua.;'d.Ihe elfclcs oi litlth hut liep IlIleters were 
I)ecreasing the Ixateters had efc,.ts om Lstimates thai were apioximiatlcl Lquial to btt opisile lo 

those front incl-ascs. l'fi't+'t' oflchanes in k or h weivC less sensilivCcuitilativc vWith tiIIIeIut were 
' hal ancs in he iropirtiOn o Ild S( )( assUid. \VhCl .jttld''d illnOlJtin vilith rather larlrow 

the , nItIllit'I'C"., the iiiiitlet Is )(' l'is I0 Chailt 

in 1),id k ,add c~ilittlIc' I th l'C I )t"lht_' cOifficilts ill ri\\ I1. 
eohIlldtleInee inl ls I aM e',nI vitieC, of SO( t'"61JI cS 

1 l'v'( )(C ( )( ilciillllpoiti ll rate" Wi linii lullill\'ihlTh,: snitlvlt\ i stiilltacs to % ,vs eu d hi\ cac'h 

MIX Iofi tlhe l )( eiiIficient\ in ro, 4 f t ' 'l w . and by I .0l2. [he ClllLe'\ had nillt'tt S( )( 

,icctu lltllatitii ,at I = 104. Nhneiiver. eflects oil stinltfL's ll .= 4 t ,.2 l\ ci e.c tld '.;. RcasonS 

fol the low sensitivities arc. first, that residue 'and nle+'h ine'OrlorWitioMIs wrc llt0 sustained and. 

second. the. inatial tlcci imposCd rapidly. 

Model Validation 

'liC S( )C intleIl in table 3 was used to estimate SOC chmanis Wir two thrc-crmi p.ar sequeinces 

IA: ('hinesC Celbbaeu (Slring) -t-nlat- .. s.oybcan and 13: rice (spring)- toIllato-- soybheiill Iested 
in it 4-yea;r stnd' trol 1983 to I98T. The crops cultivated in each ,eqllenCC and the residue, straw 
mulch and eittipisto illallaIielllelit olcach rotation ale shown in fig. 14. All rotation,; wereolnponlnts 

olla larcr ttv i was rcported in the lAVRI)( 1983 to( 1987 Progress Rep irts. lhc IS( )(' of 

,,uctleinc A wa, (./4'; and that of setitilleeIB was ().76'i . Apalrt frot higher initial ( eICnlltrations. 
thc .mdIs )tmv. hic+h (W cu'ttentt.e c Andll h n eywr]tclril'l.h,' "t'tt tiv 'n wvcl lark" W t titlhe. I()-year mt),vh.c 

A retictin il the IS()(" "I -deeoniposition rate" rtrom 0.Q75 to 0.915'; at I = 4 prot'ced tile 

estimnates [or the three roiltiimns in setqltinice A in the ticppr Iraile of fig. 14. '1ic allllli./CL' loss ill 

le tirst Vear Ir'lO the adjlSted IS(O' cLci'icientls wn 15 . iTh'IS( )( of sequence A apiaenII y 

Cntainetl a. are voillln, (' CillteIlt which [acennlctl for thlL' rapiti initial loss. The R()(' and ('()( 

LI'coellpoitliill rates for the re'idut', straw nllich. and CtinlosI \wCre. tlChaingtCd IrimlIlttisC ill t'ahlt' 

3. FEstimaLed and HICastled So(C liiii the riitatiionis of seL]tlclice A are shoiwln ill the ulppl r franlc0 tf"ig. 
14. 

the Iuaill'ie SO )( i l.twi senticlne II l'are shown in the htcr lranlc of lie. I4. The ).7(6, IS( )(' 
l" seiquence B riititilhs reqired thillt tile "l-deceillpisitiii rate" eCIellicieunt bC LleCrCasctl o t.)2 

which CLrrLspolnldled kii an antialimd tloss rate of 21 ,3. This Stggest that a somillewlht lareer 

ctlpon)lltoii vinIlg S()C iieeTCed ill this setlilenIce than ill seqILlene A. 

W)eviatiini bICtee'Cnl oIseretCLlnd nleCnrCLlI S()(S WCt' LrCI.r than lCeViatilils ill the 'intintti ls 

stleIl ctlt a:i iln studylpriibalbly 'cat' each pillt Was a liit'al il soii samltplt's fllil onuly two 

replicates 0' 50-m1: phits. Ill the soybean sludy, irii,+:i5 v, 'rtfr111 16 2-in' p)lots. Althoinll tie 

deviatiois wee larc. li.. 15 shiiws 11 evidlne thal thlL' disrc.pancy increaseo tt'ased 15S( )( 
iitiuctsetd, atutlii CelIiCClee tii (ile ildels.tlth.u lic( )(' estihate's LieCIiistrtated Iotre torceI'uly 

thlan the highly v,trihle 5'. )(' lla.tI'eIlelt; that them,crop iresidtues alomc were incorlrii ited, S( )(' 

(lectlilILI. The liinWird trenld ill rotation 0 OfisCi.IielleT A showetld that the decrease was llt trivial 
even whiein residues fro0nt two ii tie tllree crops werte returned. 
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Fig. 14. 	Measured (symbols) and estimated (lines) soil organic Cfrom three rotations 
in sequence A (Chinese cabbage-tomato-soybean) and two rotations in 
sequence B (rice-tomato-soybean) 
Organic amendment applications differed 
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Fig. 15. Observed vs. estimated soil organic C for the five rotations from
 
sequences A and B
 

Effects of Old and New Compost Applications and Inorganic Pand K
 
on Yields, Nutrient Uptake, and Soil Residual Availabilities
 

Summary 

A new compost factor was inserted into the continuous cropping study and vcgetlable crops wcrc 

snlhstittlI I'01or g nl .tit ll SOyb'ai COrps. likcwisc, i 'orgallicI) and K Ireatm.illlts wer 
olLoIr cr'op ihe II 

tolialo, .n ive .ani ('ihin ¢scC'ibbl dgL ). xlCCtCd pIr 2rCSI0iIS 01 L'ilcts 'Li1thC olti a',lll 
revised. Yi:lds and N, 11,and 1Ktptake weeI CeCrllinl in 9)4 sctqicce (ollioUl. 

t c ctithI 
ilcwV C{ nl1pist litciltt1iwit I MInl in llic Ierlli/cr applications wcrc consistent with expectallhns. 

New compos Mid ill 'it I antil K lleils exhibited StrollnCr c'ltsCCMn ViClls anti Uptake with 
the harlVest o ealc'ih Inotic el'lecls on K uptake was evideunt in tlato~ll andl subsequnt lcropsl.criopl. 1K 

Al inorganic K cl wahscrved Ihc yield crop (chiicsc calbiage).it,', iln or lhc I'Urtli 
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Introduction
 

The last continutous hyan croap i&the hon-trm stuly was harvested on 17 Augusl 1993. lorty
seven-day-old onion secdlings were tran lanted on 13 ctoher 1993 to determine r.f'subplot residual 
ellects or inltractions ol snlbplots with imn plots wol he sinificaUlt heroiC were,d treatments 
mo0di iod. ( inlkv the old (:(Il))ost series treatments werle applied I) this crlp. 'Tieoliotn tiltivar (-;C'rn.cx 
(I.t )and sthstilot inrgamin Fertili er applicathims (252-22-83 kg/ha) were uniorm across the 
C.\pe ri-nl,,il. 

Materials and Methods 

Ne'\, treatmiInIs WCIV I'ullI 	 'he s ol theilplemented on the spring I994 tomlato crop. olectiv 

mt11dii l'icini~u \,TC: (I )t detler li.e ts ac it.' sm( l Cgct l'e yils and ntrietm
the CFle l'FS( )C' lltdatio '11 

,Wcmlltlti, and (2)to mmittr .St(IC changes alter replacing., ahplot soybealn variely treatments 
,ith -l - cllposl treatments to otlai tile following, fictorial co llpttreatlnts in mllain and 

New 	compost series 
(subplots) 

+ 

Old compost++
 
series
 

(main plots) 

h lactorial com-tinations of two Clllost series perlitted unintCrrupltCd Monitoring Ol the 
series implemented ilspring 195 (++ and - -)as well as nonitoring of residual elects tmm past 
applicationis + -)and response to fresh applications (-+)to a sold in which the S(C had dc' reasd 
toless lhan ().5,,'.Another chanc created a 2x2 Factirial or inor'anic 1)and K lertili/.r by replacing, 
a treatiment with ()-4-75 with x-()-() kg NlP1K/ha where x woill varv ico.riino. t e'' 'I.'is 
chalnge a WaS Mide reCo'.'l \volld b: conlndcd withthlie ,,l.nbplot leVel 	 i/illg that rCpllmC, 
residual Pand Kelll''ct,,lorev'ral ,Sms.biut it would al enl,,-ssSmtl',' Ol rsidUal inorlganic. 
1)awnl K l'rthili/r contrilutions,,. 

Fill iimpl.eni tttilil I the ne.w + and - comlpost serie' an the' I) and K lIedtorial iiodili.d 
trainis hcan when 25n-tla,-od lttto . ,edlitms or l"I'T 33 \scre traispll;tcd oil7 Fehrary 
I0)4. (Ini)rio ino rganic N 1()k0l lpplied at plntillg ailld[wre i 2 da's ater 
traisl~l',ltin. Th'[linal harvest was on 17 Nlay. A V .tabl soe)an ivl r (,,A(;S2)2) Was [)ianted 
on 25 May 1994 with ttilnforimlaplication ol 25 kg N/hi. It wos har't,d on II .\uhigt; 2 -day
old scdlins oF1('hOimi'e Cabha C (A\SVI*(; 2) were then transplanted oit25 Atgust. A unilorm 
appliatitm "51) kg/ha oFlinorganic N was broaducast and nerinlratd hulire transljItitingy 41) kg N/ 
haiwas side-dressed Il and 2) da'ys transllSlanting.ll'te.r 
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Results 

Onion 

Meatn oiion yields ol1norllll + nlisshaiped bulbs, total dry matter yiclds, and nutrient tpltakes are 
,
listed illlahle 4. Without compost 431'( (o'tlchulhs wecr normal shape medium or large io size. 61,4

were disctse, atd 51 ' werc siall or tisshaptn. The correspondling perl'cntages wtr 3M, I5,and 

-17(; when nmipost wls iapplied.l1ccallse the c\icrinttt hild only two replicates and two conipost 
ciItiItcIIts ill itintlplt, I-tests illthe aualhtyCs ol'vilarlauce wetCC not selsitive to cotipot treatlllllts. 

1ltit'ti ol cotuoll tiltunts wiltiub- aid stluStllluht Isidual, were njot dt ctd 'tr any' of 
the tllrilbute, ill table 1. l r ill i'rnm+ ItCr st lS."lll ittlc 4 \\Ct'c conuptut.d across lot tSlolts (nt 

1(). The sliehtlihizhier hlbl ,ild1, trot C tectnt.ents May he dLeC tot'hcomst tlained N uptake 
i'ronl gl'oVh in the I'ild. Uptake from theoreanic N thatil ninertli,Cd tlrotu1hoLt the 103 dLvs o'Cl'0i-t 

N topdrittni would Ic cbeIotc qtdlic thalluptake l'l'ti dccomlosing cot'tilpost lpcrhaps conlriltintg 
tu itlotCl"titili/timoil C'l'itllneV 1ri0 iimrnl-, N stoutce.t t1hC iie 

Table 4. 	 Fresh yield, nutrient uptake, and utilization efficiency of four crops cultivated 
in the long-term study 

Crop Treatment Fresh Total dry Total uptake Utilization efficiency 

yield weight N P K N P K 

t/ha kg/ha kg total dry weight/ 
kg total uptake 

Onion Without old 
compost 41,981 5.9,1 103 14.8 89 57 399 66 
SEx 1.45 0.19 3.1 0.04 2.4 - - -

With old 
compost 48.381 6.6a 102 16.7 108 65 396 61 
SEx 1.45 0.19 3.2 0.64 3.8 - - -

Tomato Without old 
compost 49.9 7.8 162 18.6 163 48 420 48 
SEx 1.48 0.21 5.0 1.1 7.4 - -

With old 
compost 55.8 9.0 186 32.4 225 48 277 40 
SEx 2.18 0.17 3.6 0.6 5.8 - - -

Vegetable Without old 
soybean compost 12.2 5.4 155 15.9 70 35 343 77 

SEx 0.64 0.39 10.7 1.2 9.0 - - -

With old 
compost 12.3 6.1 166 24.5 94 36 247 65 
SEx 0.58 0.27 8.1 1.5 8.9 - - -

Chinese Without old 26.8 3.7 125 19.8 133 30 188 28 
cabbage compost 

SEx 0.86 0.16 4.5 0.78 7.5 - -

Without old 33.2 3.8 128 21.9 132 29 190 28 
compost 
SEx 0.67 0.07 2.3 0.51 7.4 - - -

Includes allnondiseased onion bulbs 
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Nlissphltan hulls ktilils aittd tilick icks) \we(', nirt' conulln l'imu the cmilplsi ticatiilnl, 

Which is adtiinil CVilCnC l',ustatinlcI N this IrCa.inlco.incrali/aation liroln AhUlitidatlt N pImtltUs
"
h~ull) tlt+, ofu'li lal tdi"C"c.+' ll\m ,r'CSUltd I1 fromll ++ Illalily 'Ito cw'l inl hIt 	 tlle~l C(ItaIl N Ulptakl. 


t
Co't tivl' The l p Pandlt~- U ipot+, inll lts.. ul-,tit',l,' ()lI iltdK'andltCtol I LIUCtI h)\ur tliIi/atit+l Cl IICh~ntY 

lrit: 

tiaillit'llt,.hit \,ilh in itI ittll'atnCln Illoi tIl IIIp)O 
in thc - toIpot lctallilcnl \\'c.. tlttiL tht., pltake diIlc ,'i h t\-''t'il + aind illipost 

;Ii lahiiliti', t'hw,limiting, K Upltak' ltilt' c l 
+
trCAWIt l11' () lt'lli 1,+ .1)ulp take, li \\ uch Iless, th;.inttCII C\CC+t..d+l,.(I+tlt y t+ ' aplpli,.d c\ciru,as Ilh 

ill lIt' inu)-galli t ) appliiitlhi. 

StIltJia t' .tlllj ,tt.'llill\ Si Which taln IL.vooh lt i itngc Iy eindlihit ItIIIgIitl lu l and n ' 
II+''I.Ih(1% CCr. L+IlC+_I-'lliI l i LudSi in c li " ;it ,\l no : thatioll 1H,, I lI'+ hau\v l s it \+ILl .'t~llll)()Stl 

silp +_"cts+thatIthe atlundl,.'int 1, an i+alliC+. he l++l(.lUaU litics illm~'Va:.lliC" nt11lliCHI nl,tl OtlT+! Sll -	 S'u 
+d'ltll)tItis'Wst,2.Tlhe ea 	 01llLCt Ml I 'I S ll tl'tinllmIlt %vaN 3; 1iSll t'MtM acos 	 ().-91 (W K)4 

Tomato 

lIresl v&Wlq Wml thy'	\\ights and~ ntieint tpamke,,arc+pivcri' in lahl~l 4I.To'mato Itook up1mor'e 

1)N and K andI ii mo lftnl the'Muil. l lt'h Csh andulll(LantI ill(uialnit 99t!ly Il,th tiuiCnlts ill las 
'llallpo did duri a ,li l IllK i ,0akt' .lrtlliotl. i r'i +:LJ ,r,F\' 1ng- held NU CII nto K.' I N.hi\I a Illied 

ittie ttin thaiiln ltke u i lt uaH lll' l Iptakc1 F I anti K i 4'C\ it's ll ht' rniIIt' lW i I m'it. irtt. 	 L_'li 


tompstIl stUijt'tIti\ L'it h 'hrtI i itmitt tl lio il \tlsi t'ndrut0I td lt_'CtMIMIl notCIr01. ct'. a ht -lt 

\\hi+h lllaiV L'\IlIfill [IhtLic,.k1l it \Viuh r,+. sL+m ;Im odesl t N uptake. ,()I -Ii ,'111H 	 it-ld 1 ,i-Csp(l,,sC11)C()Illlot+ . 

lH-Lt 'z ill F:+ .15 { 

Y.mlllfr uC utn th Mtnuh the lF-tI,+ ir+s,'n..,iti\W+ HS) ku, ()1' + 

('MlIl'io+stCI'C t.(Mn 1) atndl K'Ul)tA C wutCI 'CH l- it) he sipllifi alProd)?-, 
V\',t, (Hahle IC.ldr2C Htnlm 1)and K lrmn the 

.<+.'t I series', cI %r.\vur tued at, thatl ll~++l se.t -4).llt+,,\ no+t ClliL'iCIIIit'l It.+MH tIII' ries (tillhi 


Tl1Clt'il'.!all' It'rtlilCr tt.'tCI t Oil total K uptikte \'a, siyiiith+ait. \Vhtr K Ipplications wktrc 
siunId'l sintt' ]11 n tta; l K ptak' o\ "i titr \i s IOX(t..ukgM/hatolpisincesprin t(a). all] lactor lt to 
209 k/ "'llt is al i nitioi"as l'llIleop miii lit\ IN titi i' t htait',I lPl kg K/ha tOtw'lnl.'t in 
which t'onlinullI', 1)al K allitati,., tertnir tt'td \\ itli this planting. at,tiltilg Itoi tie ,igniliitilni 
lPXK intt'action in tahit' 5. Iltt.';Ctioln. htt\\t'CI iiiotW'aitit K ltrtilivir 'lttl oulbplot titatlt'illsmain or 
Wt'er aItIII, intIitaiilg that K ll lIkt il rtl' Ilic lt ' ,,Is, a ll u tt()Ill ai o ,il'v Iitit itntii'ttitits 

iioti tIt'e llpIot. Silnliariv, no0tIII't ot 1 ItMili/ti or tlt'e ii\', t'Onii)st Srits \\ tiC SiLillit nor0' 

did eith'r illtiltt \\Ih tilt' li l oil(st Stit'es. 

'lh' -I s.lu, i t\httoOlt 	 ultl t.llpl+st. toik tilp K w'lthir n thecsitial cllct otl tiltni it 

exc'ss uultilt' ' t'uiiiuittivth N. I. it K cntt'wlt t luht -I- illtd litit'illt K apiititl. Fi (ohsl\o. lioill 

adidt.C.o~lfll])(s-, ',Cri'2) d,1+ hlu'\ j)I't),(!'C"s"+x.d. It i,, that all Ilr\'CSt, dalillv akei<
'-t atl)lIu-Ctlt l'inal ut raites had 

ductteasest'tlll'\,h htb)t riuiatlint'tlI apItuCialt'. 
(111Ilk' Ilntriunlt tutC1rFil l ,it I t,cll il',aid upIII , ILV*+IIIiiI-atill i)Iu,Hal ntrit t ake the .CM' ( IltJ\c s 

"+n l sil'.tII alt \cs".t ,Ll-ticda(itc Ii\C lti f n t l titi .fi ,, + r~ tr,hll \\iv, I-c l'Il(),t sL'lls,(i\'. 	 .\i 

P tuiiL't-'i, it \Vs 	 ri il iomliiit, at)IIN ',,h Illatr KnI andliils13h. ; t1dC.CurnIinihuil 	 . Idt 

1liu',sIn III,,turn nt AI 0t Cll ration, itharct. Y --. I.0 - I8A N'; -202.0 1i,; - 3X0.91' ( R" 
4()',,' ).,\All tLtCI'IiuiCMnt, ,,'.Vl Ii. -- \,. ,.'l dith~m ,1)1IAih'n ll ill P : I'; ."The:tn0dul sIi, d that 101r Ilhk' this 

' t+\I)Cl'il])Cllt 'it.l,.I iilIC']'h+\ I*t)r'Iv ().P'; (I ' in N '.'lit-titol. unu\%M+tIll s,: t:\ l tm cc ()lptin]X I/hlt Ct"L 
1
) 

C.)ICl liI \\%4as+ A'~63+1(.+vi'ld ',it Tlhc N ',in(]CO'Tt lt.' ii)ISrnt j r'+ltn ll /11a 	 raltl().(), 1.9 N ; .
We're ill\'SCIVhCo~l , him,,,+\cr. m akin ll itICurprutlathi l1,I)CCIut. CtM t*IsiotnIAI ltl()I' liC\ "lh Malint 

Ilrot tq O i., \iclI,, ',\uru ,Cl,,itiv'cit) Illtr+,c'nt W ithin 1*()' ll i [lt'li thue .I'' thuta a,.'ilah~ilitics thC tUll 


As,, nilipatct'- ',tatlil/,.Cleareur in ll i)I 01* I lICIIIll
s+tudly.thIL 	 ()Itrcatilletnt ahlcrtioll ' t~atioll, atI CI'l'tCulS
 
.
ShIMlld he lI)O+siIC.
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Table S. 	 Compost and fertilizer effects and interactions on total fresh yield, total dry
 
weight, ane. total upta'.e of nutrients of tomato, soybean, and Chinese cabbage
 

Total nutrient uptake 

Source Fresh economic yield N P K 

Tomato
 
Old compost (OC) NS"1 + +
 
P NS NS NS NS
 
K NS NS NS **
 

P*K + NS NS
 

Vegetable soybean
 
(OC) NS NS * *
 

New compost (NC) NS NS NS NS
 
OC*NC + + ** NS
 
P NS NS + NS
 
K NS NS NS **
 

Chinese cabbage 
OC NS NS NS NS
 
NC NS NS * *
 

OC *NC + NS *+
 

P NS NS NS
 
K * NS
 
P* K + NS
 

NS = not significant, + = P >85%, *= P >95%,*'= P >99%
 

In this experinllt, srrscaldine was very co)111111)11 bccause the trellising geometry was inferior. 
Many snuscalded fruits exhihited gray w'all disorder hut relationships hetwecn gray wall and 
tt I \v CI'C not C denl.enICIll-;s 

Vegetable soybean 

Yields of frch tods and total drhy rnatter and N, P, and K uptake atre listed in tahle 4 for + and 
.f'titratII elltnt,. All arralysi.; of variance summary is given in thle 5. As noted, the sensitivity of 
F-tests on both ddlland new compost wias low. Neverlhe.less, the tests revealed that P and K uptake 
were s.nifiently alLcted hv oId coIloSt Md ha, seVeral intecltilnS htween Old and new Collpost 
Iriaetn,.s as w\cll. Nitrogcn uptake IIand dry MIttILe were ot)ly weakly inlluencedfresh pod and yielsLI 
hy anyI'actor. IThe ahse,+ncC ofh'I nnaptcrclfct onl N rll iake wa expectLrI forlhiS ctI)f) hilt no0t foltolltllo. 
The higher toilal dryV tmatter from01 treatllient, afthhoughlnot signilficanl, wasyield the oc](ICompost 
alti butale to greater vC.tali e growtlh. h'le rili/ation efliciencies for Por' K followed tIhe pittertis
siu I )those ofl tonion and toatto. The additioal P1ird K taken up rorn the compot was riot rsed 

clficiently, evidence that availflhilities 0" hoth nurttierts in Old corrnp)st tre++atnlents exceededcrop 
requititri re ts. 

Chinese cabbage 

Fresh yiels ( ('hi rinse cilhlage were affected hy old compost as \were toital dry weights, hut the 
(fry Veight yil dififelcrncc was relatively mUch smaller. Old compost did rlnt have significant effects 
on nutriernt utlakes (tables 4 and 5). IIecatise total dr1-Yweights and r1llriertt uptakes were rot strotigly 
al fected hy old ctltlupst, differernces in the utilization efficiencies listed in table 4 lo'r each nutrient 
were small. 
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Fig. 16. 	Cumulative N, P, and K uptake in tomato fruit from the old compost series 
Solid boxes are +compost; open boxes are - compost 
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Potassium affcctcd all attilutes in tale 5 c mptP>uptake. Ihtatssiuni Ultpakc raugecl I"ti 103 

k,/ha wheti icitlhr IIeW cillpost no:- inugatlic K was aIpliCd tcc160 kg/ha when bth wcre: applicd. 

l.trtlcit ruc lr)_c .'d11t'itiltit itItit tictcon with oilic'r factors. ''lhi, contribnttions of K front thc 
thrcC soicc_' . tlhc 'O ldtcuIuONt v,cIC Vc'iiCllv in Order iiiorvanic K > ic', C'tOHIst MIli shutnts 

.
K are accuInutioms of a\ ailablLc 1)thit acctilulitiOlh,i Ia\aila l less pronoiunced thitnll 

ihc application f 75 kg k/hi inirastied nmcan hcid yield trout 28.0t t . MI/haa bit K uptakc romi 

112 t 154 kg KhI \alc of".i 1 i/ha rNot1 wa,Ns $17,4)(/ha ,whcreas the unatiial cost 

Of thc K elrtilic'r ,,;isOnly N'l'$560/ha. This illustratcs th ecotnics behind tlypical ft'nner's 

dccishm toc apply lcrtilit0ts libetally tc hitfhi-valtic crops ti deficinc ydoes nlotetistire tht a ltullicill 

limt yieldS. 

Nutrients in the Rotation Experiment 

Summary 

aIs lt i emit'tlncntlc le'rtilitv 

maitIaI'luiitilt pr't i'es ttineI1si Ve Vc, tabl,_iI t tio titl Systems shcu id take illtoacclitlit cont tiolions 
I'lI'1i 1"sititiCS. icsidliil effcts ol flrtil ers. ntritl t cuutihlli ns froti c ttipicsts and Straw 

iO usetnutricints eflfienItly as well to t+iinii/e+' contamination. 

tOtc 
tiiuhCI. iod N L'tcI'i)tioti ci I'lcctu li\aicti lby Ie'HvluStii SuC e\athItictd ci. ihc ei'lccIs cclth iltccrs \,,rc 

ltlt~it~iillXt CC,.',.1il _'lCa' -. di llut.d ill(TO+'lCo'i++'and]I' CII +5 I'. 
rtions.. Th e llltctiiu t'tlit stiaVC

utill lthtu s .';J.''hCSC l +t~atitOlH + C S 
mtIch. nId cc aptpi'til lic l i t citV,s LXi hv l n Hci II 

il liI il -t i ii tctl ) I\ setu.c Sc(I ' ts licctp mI 0IS)1tit ccilttcIn I ilttlc I'lt\l tiit Il tII tll ;rinI c 

ic I9 cd that itisulliciCtit i mtt initain tctal ,cil N cvtl tlicuhi7."I'ltids .,h,+,., ictittircdi rwsidc.cs we' e 

tiMIc i-ate N ptiplicaitios \vrc applicd. \Whcn str w was incorpoateitd,(I the ltlaicc bCtiwcit 

N tcIno\,ils and N iniitc ,\Cd, lteicas cl'Conll+cipittl ld iotuceid astlbstaintial.tcil ,, IihC ;ttlitic st stria 

tct~mSocilN iitcrisc li Ill COInatliscc ii ex 'cc,,vcii ,ithli t straw\,'dltitiq! the sttl,,'. ,K Was slightl 
ilutHIrlc and cucinpst crcateci larc.c cc's hrl c'cuipccst applicatictins. Thc K in ccvcr rulvals htt 

much I the '\ccs.s Was nt lc'cv'rcCi illthIe il.it rc hhly loachcc Or ias fixcd hv clay miiails. 

Thu bal, ,cctl 1)lf bct\CCII apllication.s and rcnic\ils atnd s iIicctIIiilt itiollS-were intet'iidiat, 

betwctn thowc 1 N aiid K. 

;\,t'c",c ,cIsc,-c ta+il cllct,,shOwed that iv il~tlc K antc.l N( ),-N cctcceti itccistlectrased uluritl. 
tiu l cId pcUked illI itt] N iclicoc i.tr, il tith Il longstill ie ud O l iututli. ann itde', wec'large tuur 
terii K atil N( ) -N irclitis tciticC'tI O ,ltrw ittlil t IipcISt plphic ltiols. Illcicitl'tst, ttil N atnd soil 

aidctnpccst M 


itiilllittildc. lhc Ih~C\iirl ccl gain. niltiie Iec' of K atind toal N.
 
uinc.anic ( 'iccuiliulhtiun Ilicii andi\Vo\htibhtM Iirg pcciiN' liei whhitiia sasiiolal 

0iytviilable P was, acaint tcl tnihots 

Introduction 
stial~c' lfr ill il I'Crtility inthic'CC-ci'ip C.eukS in Sultr pical anditropical Cliiates,lii;igitg tSCi 

year. dilfhr IAiti sttgicciu sitii citips in te11pa1erllwhich ftetn occiipy a ield tluing 8 ()c;; ihcth .

reiie Sccl'1tittr'ieitscineliii Trec ictocs cctiittibce the di'fi ces. [irS. the tiiitii icileci hy each 

SC(ttlCl l ll ihat ithe siingle cip griiwi tIni l at: Climiate anti, 

ihCr' I crC. -t'Catl ci iUticll liC cui tel utheric cre.
cliOii ia'iti ccp-1-rt1 iat qitlill t o i ciii 

icutlind isI)lacCd the Sccil to sllu nl' .Ihi h Nea0r. , the 

dI\'elcItliCnt lte a be tiutient ite0l the itJiperOicccp ltilay SIc'r SocIhail y tlake urin,
 

aixinumn L iwth will ion b. lhess tia ila itittim ral"s cielcis g"iwi inwarilncr clinialt.
 

http:rwsidc.cs
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Second, late flall, winter, and carly spring precipitallo rechces soils for Sttinmer ci'ops in 
teplecrate CnvirnIlntltS. Iriatiol, where it is p[ractcd in1m11tnFy tenti)CrtC climates, suleIdoIme.nlts 
wa er frollm Summer rainlfall ,.vhcreas inwarn clilmites rriiltlJon SuldiCs essCntially all watCr dunrin.! 
tile .dr sc,1. lllh.rllltor,., rainl'll oftcn will be in excess duriln wet Seasons nIrllIll climates. The 
Soil water leginImesin the conlrasti, ell\ ironlntlls affect nutrient Iel and transl'hOwlatllls itsn11glts 


well as root development. 

Third, (Ite efflects of' low temperatures oin nutrient kineticS Wid on1'oot lCVe'Ilopment durintg e'rnly 
spring planting's are of little or no Cincriil in warill clitetCs. 

Intensive c'rop Se(IL.CjCs iluwilrll cllVirolll;ts alctften cotiuposcl011)o 4btlhhigh-vilu vCetAblC 
crops and wI-value ,taleCcrop01. 'hstwo crop !oti ps di fcr in irdtuct ion costs and Iossilhy itn root 
habit, both fl.'hichhalv imlc'1 atiCons Ior fertilitv [Muanl,'eiint. The c Clicralllsinall root systels of 
vegetaleCCli)S p requIlire highd Soil nutrient conIce~lNtraions 1iaCliiCVopt)[Iiill up1take rates. Furthermore. 
becasIe. p1rodtuction Costs and the \ atlueC of1veektl l crotps arC high, larmers tend to lertili,' at rates 
Well abo\'e those rCUiiCI V yielfor t, CLtlIC producl iolar 'ie.ls.Th'eem 'crt iliScr residuaSIflront 
arc lre. 

()uialtitamti\e Jinrlitih utitrientt and crops()If tiptakes nutrient recoveles, by i+ Iintensive 
se'lUClCs i., Such iiformatitn is ncded toi inpro\c f'ertility mnagelacilitll practices. N'horescarce. 


l scly. m1tana ctmit pritticcs shomld take into account crop) n,Cl., returned residLu.S, id soil
 
Csiduls. The practicCs nmutst also considCr the ilclh.'ations of c'rop valute vs. lertili/Cr Costs.
 

The obj ctivcsf the alnlalyses that follow were to rCCxainitmC yiCls and iiuir11i1t uptake of live 
oftel I( hips betweetiSftcrop Sequences inthe It)8387 rotation c\sperimCnt to detCrlne1u rlatini nClrop 
yicl.,, nutrient applications and rCmovals, anid iavlabilitiCs Of soil nutrients. The [l-10S' was to 
lnderstLnd htter the fates of* nutrients applied in the forllS of JniItaic 'rlilirsor i wastes, 

mlulches. undcrop residues. Inoreanic l'CrtilicrS Me the Csiest inld chepteSt oft lie utrient variahles 
to adjust with respect to anoulnlt and tiimie oflapplication. It Wits (ill intent to dtcrmninc how to0 adjst 
in'ogaic f'Crtili,er applicationis to satisly crop nutrient reluireuents taking other nuturient Sources, 
inclitim.! rCSidual effects, into accoutnt. 

\ L'cueral nutrient balancC equation can beUsed to direct the aWNalysCs requlitCd toimeet otut' 
ijecties. The Iollow ing Cqimtiol, modilied frotm Ncisinger 1984)2, includes cotmpoents relevant 

to ascsne himlnces betcln nutrilit applications, removals and recycling. 
N + )
NI +, ,-Nh + i,, -NI,.NI NI,, -INI....... ( hmI,- NlWi' =
N N - - 1 1 -

NI = inorganic aid oritnic fertilli~rs 

N11, = the nutrient content 0l'crOmp rCsiduLs 

N .. miscellaneous qaltitiCs I'rom atmospheric deposits, symbotic fixation, etc. 

NI',+ NI, = ti trients llliVd In the harvested and nonharvested abovground plant parts, 
respectively. NIi, is i for the sulbsequilnt crop 

NI= available nutrient,, carried off by soil erosion 

NI = nutrients lost by lCilhit. 

NI= nuitrients transp irted front the soil as gases 

ilmtoi tihe 
triaction its appropriate fuOr each elemelnt Idrihnng the crol'pp)finltg period 

NI .... + N I nutrients hliCd and mnineralized ('forn soil organic and/or mineral 

Meisinger, J.J. 1984. Evaluating plant-available nitrogen insoil-crop systems. p.391-416. In Hauck, R.D. 
(ed.-in-chief). Nitrogen in crop production. ASA, CSSA, and SSSA, Madison, WI. 
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N, - N . = the iabi Ic or available contents ol'anutrient in the effective root zone at planting 

and at fi nal crop harvest 

The rotation experiment was i nititted inI autumtn 1983. Each of six model rotations were planted 

ill 50-t2 plots. Four rotations were adlded insummer 1984. The rotations wcre replicated twice. The 

total aIllLal applications 01' inorgani N, and K per rotatiol were lititited to i1tiiiill rates Of 150), 

52. and 149 kg/ha, respectivCely. In spring I980, however, the total N limitation was increased to20( 

kg/ha. per .ear. All crop residues, except that From Chinese cabbage, were soil-incorp' nated lo- 1thC 

I ,,lowing crop. The ntlrielt coelcnllraillns in soil smnples taken to I()ct were dctermined. I lowc r, 

WC have aISsLIICd thalt ColnCCltralions it the 0- to I ft-cl and (- to I6-cm deplhs were nearly C(lui\'ailCnt 
bcaue thsC.C w\\ere the ilpp)xlmual:tc depths of' rtovation used three times each year therelly 

,vmi tai iiit a well Iiixed plow liayer. The dry weight ofthe 0- to 16-cm soil layer was used to compute 

n iiiClt mils, !in CoIceItirtion. 

Nutrient Uptake vs. Yield 

The ije.'ctive of, the nutrient uptake component of this study was to quantify the relationships 

be.t'.cc CnMomic yield inIL the nutriCnt iptakes as well as developI basis Ifor CStiltlnatin inissJilLe 

nutricilt ktA', rOr 08-4 summer and alutmlllllin crops. The relationships between yield and n1ut'ricltthe 
uptake can bc used ni estimaite NI. M," and N1,,. For the ,illalyses, tillic 'its regarded as a,proxy for 

nttriclt acctultlttio, troIii illoritlic ferlilizers, straw Illtlch ilOrporitliou., incorporatcd crop 

rcsidtucs and compost applications. Nutrient concenttratIoins ill crop comipolnents were IdCteniCilned 

frotm sprintg 1985 until the stiudy was trninated in alutumln 1987. Uptake dlata front (hiiNCCi cabbage, 

ice, stobeaill. and tolatlo i ll I)l rolation.s during this period were used to develop, rclationships 

bctweCl 1tLill'iCIt uptke and economic yields. 

Chinese cabbage 

i17 show'. N. I'. and K uptake in relttion to inner head dry mnattCr yield. The curves were hand 

drawn. lines ill each framc prolected lrotm 1.75 i/lha oi the X-axis though the curves estima11tC the 

nutrietit uptake corrcsponding to that Ccoo+t1+i c yield. Mean water contet of'innCr haCds was 94% so 

that ,i 1.75 t/ha cr(op was equivalent toia 29 t/ha crop on ii fresh weieht basis. -stimated N, 1), and K 

uptake w acrop vieldiug 1.75 t dry matter/ha was 115. IS.and 110 kg/ha, respectively. The N, P.aiid 

K harvest indexCs shohw thlt alot hilf the N aitd K and almost 60't of the P was in the inner head. 

If the tesiduC were returtItL to the soil. abhout half of the N and K taken ip and 40M' of the 1)woutld 

becole aai able for futturc crops. 

The rcircssion cocfficients rclatine etch nutrient todry matter yield ate listed in table 6.W\hCrCas 

the tie variable had no impact on N and P1uptake. the cocfIicient for K showed that it aCoIllltCd lo 

a substalntial portion of tluc uptake. Average uptake incrCaed abot 25 kg K/ha in each amntil cycle 

regardlesS ol'yiCld trCnd. IlOw much oflihc icrcas, was due to acLutmulthO of K fCrtilizer residuals 

itnd incorporated residues from preeedihig crops cannoct be iso ltCd beccausc the twvo were ciunfountided. 

Me.an K conccntrations inl the outer leaves of Chinese cabbaie in a rotation with nto mulch and ito 

compost (rotation 0) were 1.4, 1.4, and 3.1 '/( int1985. 9, . ad 1987, respectively, evidence that soil 

K availability was marginal in the first two ver s butt increased with tim,.:. I'he cotresponding 

a rolation that reccived 60 m/Ita 
(rotation 7) were 2.0, 3.0, and 5.4',, evidence that it increused with tilc bit that deficiencies were 

, 

conncentrations from compost + 20 i/ha rice straw mulch each year 

tmlikely in,all years. For common cabbage. a similar heading crop 1.5 to 3.0lt, K in wrapper leaves. 

http:be.t'.cc
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is regarded as adequalIc K ( lochnuth ct al. 1991 )'. Althotgh yields in 19X5 and 1986 inl rotation 6 
2probhly suffered rom a K deficiency. R- rl'the irCgrCssion of dry matter yield on linc overall 

otttioitS and ears was only (.08. which show.\ed that yield was largely uninfluencCd b increiased K, 
uptake withIittle. 

Rice 

i7. I7 shows N, P, and K uplakes in relacion to rough rice graM (or paddy yiclds. The c('irve for 
N was hand dra, it flor spring crop datit The line 'ronm 4.5 t/ha yield on t1e N-axiS pIojectCutd tiluglh 
the curve Intersected the Y-axis al 75 kg N/ha. Nupltake was also rclaticd Io timie. Rolih 1'and K uptakes 
wCIeC IIIIrClaIteC ,ichl related to lime (lale 0). The rclitlionship: between Iltitrienltto4 raWylill buit wCl 
iiptake and ricC Vicl vcrC weacrtham tho(se bletwccn nutricnt uptake and Ititese calhbage yield. The 
colTicillt in)Itablc 0 show 1lilit be ls rlgew 1) ild K utt'akc increasCd 6 and ,33 kg/ha each year, 
rcclieci el.,. NMcan 1Pand K uptakes over all vcarS were 21 I;il 8) kg/ha., respectively, which agree 
applrm.nnately v ilh the P mtd 1KiroctinCCwiIs ont Igi. 17. 

Mor tIhan .- Illthe Naid tihrcc-lourh,,(lh ltakct(hi hirds c Pt up hV rice were removed in the grain 
wIeres;I moretit 8t0 ; ()I the K ;ncillailcd in ilt stlrw. 

Regression oIN uptikc on rice grain y'il and o timIte aCIttely genCratCd sig i ficant relressionI IC 
co)cfIicieni,. Inclutision [btIh, howCvCr, reduced the sigtificanc,' ofeach, evidence that grail yield 
and time wee correlated. Ihossever. a reeression of e'ain yield on time was ioltstai.;ticalIy significanl 
(R = 0.23,. which s,uggests thai icC viClds did iot rcspold s t'Onglyto ullltrient acclmulatioll. 
'Ihelr-clrC, holi ral'iil l aiCIdimle variables crcreI'talinld ill the IrCLrssi-ll (table "). 

The wCakly ,,ii ticant partial rcgrcss.iom coelicict Iorttitte oi N uptake can be attributed to N 
Itll t ag t iI.tSprinev rice crops iIlrotatlis without comiiposl werc probialy dcficienl in N when only 
25 k, N/ha wkas applied to the crop early in the study. Spring rice received 15 ko N/ha ol'thc extra 50 
kg N/ha ;ipplicd per rittion per Car bLginting in 1986 and Ihe increase roni this extra N pirt-hhly 
oMtribtutcd tW modeslt.t g'rilll VItiIdMId N uptake increases it I985. 'or example, spring rice crops ill 

to rotatlhs (nit. () and Ittook tpaItl ;arae ( kg N/hta coitpadre.'d to tl a Ver'age 71 kg N/ha it spring 
198( wltei -10 kg N/hai was applied. SuItimter rice received 60 kg/ha thlroughouLt the study. The crop 
took ip ote N thai spring ice did hit used it less cfficienlly IFig. 17). 

Soybean 

ThIe relatiotship ctwcen N uptake and econo nic yield is shown by the data and hand-drawn 
curves in fig. 17. A crop yielding 3.5 t/a grain took up 275 kg N/ha and 28 kg P/ha. Uptake averaged 
98 kit, K/lta. Sov.can grain (ittcludiitg ptls) rentoved over 70'/ ol'N a ' and almost 60% of the K. 
NcvCrthclcss, be.cauts ",ybcau took large qtmntities of N relative to tl, -Other species, tie qIuattity 
'Ctuted it Caraced 7.4 ke N/ha. Note that the Y-axis scale for soybantil lfig. 17 staits at 160 kg N/ha 
which is wltcr tlte scales totu tile othcr crops cnd. 

The rclatiowship bclwccn N uptake aitid grail cconontic yield was rohust (tahlc 6) wiliout lte 
inclusioni of tittie. I lowcvcr, it was evilit it fig. 17 hat N Upltake increased is yield increa ,cd in 
auttliitiI cropls bil itot ill spriu crops even tltotglt yields olthc iltter were tidier. Time accounltied for 
i ptnificalilit 1)Uptakc \ iiilin whiereas the titte variablc alone acctunted otr 781/ of' Kof 
uplakc varialimit. SoYbean is rcc'gii -I Il its abiliy to takc tllp K inabtitdancC aitd in prtoptirtioill to 
ilte ,itiaittity ;ivailablc [lilt withLidCcr'asin , tltiliatiott eficieCNy Is availability inictrece;. 

Hochrnulh, G., Maynard, D., Vavrina, C., and Hanlon, E. 1991. Plant tissue analysis and interpretation for 
vegetable crops in Florida. Booklet SS-VEC-42, Univ. Florida, Gainesville, FL. 
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Chinese Cabbage Tomato 
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Fig. 17. Total N, P, and K uptake by Chinese cabbage, tomato, rice, and soybean vs. 
economic yields 
Data taken from the 1984-87 Rotation Study 
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Rice Soybean 
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Table 6. 	 Coefficients from the regressions of nutrient uptake by four species on crop 
sequence number (spring 1985 = 1) and economic yield 

Variable 
Species Nutrient Crop no. Economic yield R 

Chinese cabbage N 53.01 0.96 
(n = 15) (18.9)' 

P 7.93 0.94 
(14.2) 

K 8.27 58.18 0.93 
(5.2) (9.5) 

Rice N 1.47 10.61 0.63 
(n = 12) (1.38) (2.51) 

P 2.00 	 0.79 
(6.22) 

K 11.09 0.65 
(4.34) 

Soybean N 46.31 0.78 
(n = 26) (9.11) 

P 	 0.68 8.81 0.86 
(3.58) (10.87) 

K 20.06 0.78 
(9.33) 

Tomato N 3.84 23.12 0.93 
(n = 21) (4.99) (15.44) 

P 	 0.74 3.16 0.69 
(2.86) (6.27) 

K 16.03 18.64 0.74 
(6.83) (4.08) 

Value in parentheses are t-statistics for partial regression coefficients 

Seasonal N and P uptake responses to tiinc were examnined by regression. Separate seasonal 
cflfects (constant for spring, linear with timc For autlumnllll) were significant 'fOrN and P bit 1101for K 
(fie. 18). Moreover. grilt viMeld rcsponses cxhibited similar behavior to seasonal spring and atittilt 
ttne variablcs. 'l'hedata. thercl'orc, sulggest that mie cascd availhbility ol nutrients al'ected soybelan 
gram yi ldof the ltIttn11111 ecausc the averatc V4 to R6 dL'ationCrops. Thc rcsponsc prohbably arose 
olaLn autun crop. the growth interval during which soybean takes Lp ('t its nuitriCtIlS, wits briClCr 
than that of a spring crop. 

Tomato 

Fig. 17 shows N. P,and K uplakes inl relation 10 t1nat) yields on a d'y ,wigll per htclarC basis. 
The sinil'icant tiue \arilflcs inl table 0 suggest that nutrient tvail hiliti s ineIcreased with time. 
Projecting t'ro t . t/lha yicld on the X-axis ill the N uptake Irainc through the hand-drawn curve illc 
Y-axis is intersected at I(tI) k" N/ha. A 3 t/ha crop isequi valent t o,-43 I/ha crop at wt3'+water content. 
The corlcsponding lP uiptake was 14 kg/ht. Bccatuse tie elcct of time was thainote signi icint tllall 
of K, tptiake over all scasons averaged I06 kg/tia which was taken its igetneral reqLrtirCnIut for it 3 
t/lha crop. 
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Fig. 18. 	N uptake by spring and autumn soybean 
In the regression model: L = 1 and M = 0 if spring; L = 0 and M = 1 if autumn; SEA = 
number of season with 1 = spring 1985 

Stuiati iter tonalto yields vcrc iv ((0.5 to 2.) t/ha yield range or 7 to 21) t/ha lrish I'rItilyield) 
Ct'IIpai'cd to Slpring Or ut)irII llyiCids. Pand K uptakes were si ml'ilarand in a iekv instances even higher 
lthall
those oto'thcr wisons. Much oflthe r.trint taken tip by the loweryAiedingi. crops wits in the vine. 
The N, 1. iani K hirvest indcx.s were (.((),0.7. anmi(.77 for ittiillill 0.54, aLd 0.43,and 0.41. 
reslcei\Cly. TIhcv di crel ;icceordiiie to sc,;siol h iccra i ireC portion o the nnttricnts werc 
cntincLI in Ohe Iruil ot .itlllllllllcrops. H i. noiIHo rC eOII()IiC \,iclds him1Cr in these SCiSnS(ll v, 


hlt a.crCalCr pmrtiml 140hc nntricnts \\Crc reiloved. 

Ahhiieh icilrl ,,hi,bctween the uptikc of CaCh intrient anti yield were improved by the 
incluion otI a linle viriablC. reCercssiol (d, nIry nlttcr .yield on tile was not siuificanlt =l I2 
0.072). ThIc c,,idenc,, tlreercr, slgutests Ihalincrealsed IlUtricnll availabilitics, while incrcasing 
up',kc. (lidi not remove or redr,.'c a yicld colsiraili. This slatllclnt alcapes to be valid cv'cn whell 
Sn intnlc rlibservlliolls wer cxclutded. 



374 AVRI7)C I194 Progress Report 

Conclusions 

Sul'iciCet dilta l 'r a\,tlah'e to determine rchittionshlips hetwee i Ihe qtantities ol' N, I1, and K 

takei tip Mnid eC)lOlleC yield. III tttaitv cases. relitiionsillps were Sttisticill iipltvl'i h1 itluItIsio 
" the itlle ,t e. lt,.\"'1 \w s l111 sigiliniint'il llne \ll,rithic. iTh.e rege ssion ol'cnitt c yieldi on 

for alty tl tie for crops. slt-Ivscflln that uitutricilt aciiunlt]lit 0,1 did tlnt itVeC i hrintl isCd i liLct 

on tedis. 'ler I0 he thlre 'ass w,,here atccittnlaint \wast, ill~trtnt.inIt.I tna nl,)apal'r speci,,l 
t\ilti111CN lpftlicatuon\ Ito rice verc initiall, hi.s u,. the ohsrCd e ini yiel iced' ases ,itht ssel 

l~t(I*;li*)lv it Cnsl(mL tt) 'i I ki Nli ictease of i1 rtnilc itdIo i l I N in thtseN t tIltti t 
i tt tt ,',; h trtl\'| ilcit+s ',s Ini the scond case. tttlItl lt]ti;iII ti li)lI"- I 5 iiclct tIi(its atli t ' aplie IId. ll i. 

prnb'oibIh cNittrihuited ' jlsrcilt N ;lit perhap , I ,il'thilities. in theitO tttln .,tkuit ricids hv i 

third Case. witvCe ,'itwsCstriW nttle ltot tCLIutMntliO)'tsi was lnot inlcorpoatedll., K a'c'litiltions frotm 

IyCitiCsd ('hine1sC cahlaC Vields.rCtllnuC ctn-) rsitdti , In)jhithl't ' 

Analyses of nutrient trends 

Visual inItpCliolt su ,esttc'd that soil C, N. I, mtd K trends toccurrcd in the r)tiltiOtt study, hti 

hacke'nnd \Vat'iititi was lattic. 'I'huertcl r, regresstni alnalyJsis was tlsed It reveal pittetl'i elchtntiges 

creatcd byN,senn.lttl tloInI_ (ricectultivatitt ). Ctmiost and tittlch, and the intcrailcios nIllll \vith 

eot lpnst tthd ltie with tulch. The 55 nbservatiots s'five crtlitollls(1o. ( to I0)l c nsed beca+nlse 

thesc titainlel.d a III]\ oi Ctps),,t and)Lnucit lltltlentS jlefl)Cd Itn 'd,,ill nttillbl Of S)cCies. The 
nbs.rvatits ,,Iwer .ltnS Otsnllltllltits ill ntntesiipis Itkeni mittI cilt O Itw rCplic;tCs il 

tlecld nfl'Call sCtls . 'i'tal N wA,, detetiirted dk.sl inn with II S(); Md tior tlic N b\ ex'tractill 

witl K I. ('nnllC..In *JtatiiS dicst. Xid WrIa leete.'rinitetl distillattinl+ill thle I st I s. w r h,, tu ltiniia 

with (.5 Nal I(( ), at 

CXtIate'd will iCtntril li NI 1( )A('. Snil nrtlinic wa\,its wet enmhustinn with I IS( )I 
idlnw.d hv titratlin. alM.le ) was extrtct.d,] lit )II 8.5 atd tvailahlc K \was 

dcterltined 1wy 
and K,('r(,. 

The pirtial iC'egeSlnnl CtCllicie:nts are listed nl t'iL. 1I3 where tinodcl iats its uitietInsi nltItlll 

aitd ttlle X n'(lltpnst MttCraCtitnn (nitl tiMXe x Itileh Itr K) ane shnwn. 'I'hC Matal,'sCs CtllitCtiCxpeCelI 

responise palItt1riss T liutand its intetactin with cotmpnst had unl.r ,.2ll .. ts i)t Mnost deCtLtdiC t 

varialsc,."IhttInt1 xcntnlst inllractimtwas er'tecsl otr tnttal C, Iotal N, nlid aaVibl .Iall 01lWhCiI 

aieenttilparitvelv i,table sn I nlt)inttclts. seasntal etleelTs were i ltpnrtiitt exilitdltt'y siah-[tlllcs kW 

avtilelC P Mitd K and itinreani N. contruibnting to lairg sctsonal anitt(i s ftr lvilullc K and 

ltnor'!ic .A LitiIlv vaile tinndittgll ittisll 1 IiN. ltn rIg (sp'intg ricC inI tIn. t) . i0() decrCease:d nglitti'IlliC 

N estittates aftet that crop. A little x straw itilch interaction wats dcced tr availablc K. lhe 

sig.llt'cait intcri,'tiln w',t-, 'asItS;is-t lIt with ill Cstiniated 135 k, K h/lcontained it te I() I/ha i ltlnch 

inttetitpItiteLd tIlter its sl'e. 

,\s ailihlc Pand K and tnrganic N are readily tatkent tphy Clnpshbtt K isa ls subject to leaching 

and inmrganic N issuhjct tnbI',thl leachii aitd.Idefitrilicition. ,\ttn h it is imtpnssile tn ilpnrtitt 

tie sclsonal and the lhIlndin. effects to these N lpresses, the negative flooding cclTliicIut stggsts 

tIhtt the t.,lecl,, of ,iltcr m;u;mliti:il its well its raitif'lli c ntrihitetd sunil'icati t y to N loss. 

The R-, Slicests thit l'ar.c vi hiiiiity was ihiltetetit ill the 'Xlerit ntieil ulits i1 it i ilsst,, t.i thalt 

the tEt'ssiol 11ttnICIS CnitltCtt itiLe)Citdctit vtileshC stilTiciit tnl Cxplaitin tihe obsrlvetid chatgs. 

lifcanse thlie Soil till .,r' ilp',utntttly tiliv saiible tm.ittctftlnl lt tllut[tttdii nTecuittCi to ,,ote 

terle tt01 aitid preccling ataiNlyses nitlsl hecroS, ,-'tins tid ctIp)++s.t tijtlCh alpplications, the 

indetd is istrcttive rathrlitit tI'tittiive. N:vertlIcless, the liicitttl'rl'ialtltis antld tle I I Seasotts 

i*tliata were' sstalittMialiii;d Clearly il stratetd fliftelcs which ,.eter cmisistett with expectations. 
rc. 

ose 1gs, thle anallyses shttw thait il+tiportitlti Seasittial CtCts OCntr whichlcgtrat'dless 1I t ,lli'tUltdi 

htisC intlitlatiotts 'nt I hCllilie.tr ttnia.litclnt and stil satplitng plIactccs. 

http:hCllilie.tr
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Fig. 19. 	Seasonal and long-term trend effects of compost, straw mulch, flooding, and time 
on soil organic C, total N,available K, inorganic N, and available P in the Rotation 
Study 
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Nutrient balances 

ilin he uhCd i0 visuirii/e AciIrolahted losses 0iii i1iCII(SillsIdA\ genertl nltrient balancu cgutirti 
LlttatiOil desc'rihcd it tile OISl l ,Wiloiis sciltIacctlliltilalins ill Sl I.Tti cirtrt the Iltrees, the 

and applied I(ilt a from each ()I'the ritatllllns. ThieRI.rl'allrId I,()[. each Irtlrricll I I scrasmis ill I'ive 

ittltl ll seI.'IRt.s ii crp,,wee C eab' ate ) - Irtloll(l - (illttllll ) ill ('hiCnCes i.spIng Inel'ssiell 
-lI( \bc Ill () jid I(0.r'otaltos 0. 7, and X id.ri,.ce lllat n n)I(Mli{ll 

iIli'Cd was 

ttscl Itoc'ulIpotC bMlanc', Ilo e'ach loatioill wilh Ihe. flhwirg) issi.upt1lis,: NliseellaoCiurS alddilnis 

ai.lld \Vc're S,:I LLr IItH OlRliei orCe, 01 Itd tl'll ()[lt'l.I. diclillvalld l-aScmtsI 1()ss 

Nithogel. The N Iforiws t1finelirc't w'r htltbI' orrIaIi,'iati At.:\ re rlultioti 

el'siill Iis'-,t' 
It i, thre N, II "i,+iti li/htihii itl dtlcitilfe'itii weA+re iti~itiit rid tllrre' iire plced li 'ielht. "H'l: Ilst tetri 

rl"iketl atltliti illi IirelsrII _'i1eiI t cl'l'(mi.aei iiite irh "tlld ricll1osili"lll I r o 

IN,+ N -N -(N -N )i-N -N )=N+N i N 

The thrC terIls ill rcpres'lt N apphioiitml Illiist'lroiclIt\il;Is. thetie firlt ',C Of parcntrihcsC I'ns 

N, term represe,,nts ai lit cil N fixitin otribn1tition 1tim leptuies. ()n the basis of research 
,)({" RCpor't. ,\e-


' 

rcpmrted ill Ic-AVRI tifl-Iroes a,,id th'at 711. 51. tnd 3(K, oltt; l N uptake was 

fixed biodhrcill ilrtathins 0, 8, Mtid 7. repectively. The l twoicms ill tie secotid set repretr t'ie[ 

rticrli/tiui (r ilirilrili/atil aiud the two) Iteris in the third set repreSet lile let .Iritre, in 

i lrici lit N . 
' lhi IrrsJlIoris ve title (I1 the the'e coni)pLtIlls tinthe Icft-hand side of' the N itimce 

,euiitrtl iare diphla, ,dii fi.2(0 or rotations 6.7. and 8 ;ird ili,. 2 or totations 9and Ill. tireStrends, 

tt tlhcC lieures, ildca~tlC ,nnutnlattivC ,IicLhints Il)li( Ixcss o als (+). illitlwili/atitir less01rf' 

chri.e iti ttl 
ill tile irevionus ce'tioru, alrlist iilperelptil)e when sit(\%r alt 
rnrnral/i/atinrt i.C., soil Nt II, and inlt'ranic N accrunuhtiinrr t lass ( m ). AS eviderrt 

i initciinc N qtlartities were tire s mte 
sc'ale as,ttal~ N. lIct;tui • ir anic N increases rrd ticerea'ss were neeliibhe_ tiret'lit-hirid side ()l 

Vtliit inrrirlruatnirtile ion is-rplirmxir;rtte'd Ivthe"dillerenr'..beIe.rI tire + rd Wits. ol 

eithcr nuIlth iii corrillt and irlirCh, ret tita N Ilill'lli/itiOllr Wcr'r illrtationl ( even thoghtlh N 

wis applied ii excess ilrerlrvll. 'lihe .xces wrs rillut 2(0(1 kiN/Ira arid net 111 ti/aliltill was iIbLlt 

51) ko N/Irit. 'hlrefr. alter I I ,ea.'sirIS tire rirlit-hiarid side ctnIIrrCLd abot t 7()0 ki, N/Ira. (}rly slil'htly 

less was lust s,here" trlrv r1uricr was.,incr11ptorated in rtt'hoin e.ser.i though tiretilel trMrdorrbtCdly 

irnrrilhiii/ed N lor ,Irt lri-.Is alter incowrpowatiom. Irrtalitio 7. nt imirobiliatiroccirid. or 

lilou,ie e., o inorganic N irr tlre cotipllotI did r10titirierIiii . ,.\itIugh rrrrclhCrrect Iv. iat portionl tIr 

nlrrlrN w'- tpplied to rotaiitor 7 thia to either l)tiltiotIl r0 tir lte IlN irirrcoCte(cd luir alte.:r11. Iratirtily 

IIsesoils wils sirril'arto that ill tIe latter to,) rotaitoils. ut6tatiotlI riru cht)received Cililllstaitd strai, 

arid roittition Ill rc'i\ tl siltw tintilh. ,\Ithrortrlr tie cturirrilative N loss alter I I cr0IIs wa, aibout 81}1 

ki N/lia alter I I milm,, in oltittr I(), tie lIoss tro )io tiir ') wts ihtit 2111101 k.N/hia vr the saire 

be due to) the abiundrit N vrillIc frtom the compost which lercirh,,d rld/period. The large, hos i' 


mudlniti'ied ilW u ehIn-ilC t aitlil ill
S-,p C.IsII this ttti i. 

beLtwn'CCI rotitilmrs tld.), whichr CorirprtSt cortllribLtclN illsurpits lcriop ihptake, 

is worth ciutt rpli tioir. Inn rotrtior (. ri!' tos 'thuirlerrl s w.as lrr,l Irtite (atilaslIrrilnt 
'ie Cortlll' - ill 

SNyster tire 

soil sirlae' whereas in rowititor 7,tilesil retained irich. /\rtlllr Comllarislril (rrtalltiin 6 vs. 8) 

rice straw citrriibirted N to) lire syster aid tllcy reuhced rri(eriali/atiolsugests that tile N ii tile 
o 1'soil N. 

llosphrus.i. I .:bil tin}ratric P,0i'wich ailaviblI it tins sttIrd w nt index. \,Siol illter st. 

,\ssrtmptionrs toi rrclllCUre s deposits aid cro)sior lIsses \werCSirllsiropiilfv lie eluation were thart 

and were 1rttlirlly uul'sCttitig arrd HIM lcithing Mid gatSCrItis IOsses wcrC tCLelicibIl,. lhe tcrnr Imor ret 

ilt bi liziiun lfIP(rogatric tswell is mineral 1orrnrs) was irrvIed to tire riult. A telri .oaccotunt 1'0ir 

urver)oked changes and rrreasretr1lVCrll eTI" plla 'ighl.\'+sis phtcCd riol tire 
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Direct and Residual Yield Responses of Leafy Vegetables to 
and Nutrient Recoveries from Agricultural Wastes 

Summary 
The diiect and res idal nitrinet coiturhiitionS fiotii i uiiCtiltr1al wastes are itot \well established.
 

lo C-tninate the .tntiljuiitls f'rom three'."rep,'sletalive. wastcs. Ilafy \cgeltalecr ps wtcrelro, in

Se'l-ie a ,i? rie\ ot'ach were titttlOi ned. The matrials ltsted werecMid ViC Id tSJIIst and NIPK r.c( 

tiltry 11milur,_" (1PNI), llui+(,;l'd n113rlt1._Cill.I - mlill \va:+ttraw pt1 t.' IiLa (1'(;), C01!If)0 [Cd.',.I,,t (SC)>. 
Illot'allic N v i,+ HinCILI'd) +tl ' ..i)[1ri)(,CS..rv Ili Itot 't~ rti ID itltyielId t ' Wi,l l'PLirt~iportiollil 


tlie tlIi[altit\ 1 N inlIhe s andI thI o 'f;oi Rl,'eCs0r' I\ 't,, to aM1iti',tcin nic N applied. analylse, 
lit nlone N %iv cco\ crtlcI It1l H.I 


th wasts \vhi -h1t'r. ,.\ v totdrCL -10,; for irroruanic N and I ,.;
 

5lIi0ct l & itlionetiic N titan ll tInWdSlC htlttitiliiation ()IN iotll 
pIiarcnt N rcO.ci' ve\'r three crop s 


forr N in the \astes. R.sidual elffcts on Ihe third crop wCrC small atd lit si.niilicant. Urptake olbIll
 
I) cs to N in the wastes. IPiassinim tintakc \w as especially
atld K were probahly prnilottd hy the rtsporl 

irsttd hy N. \Vhtreas only 5 to 7 ' tI' 11ill
the wistc \,ias recovereld by the thiree crops, 25 to 35(i(' 

ol't rcor'CLtv'd. Rci iry ofIP ai KtlcreasCd wit ieach suICcssi 'ecrop but ralcs fd.creseh K \,ItS 

were munch I,,s than observetd f)r N.
 

Introduction 
Aericuthttral Wastes M' frCLutently used in Ct.I+'titurl'it\with inorgatnlic fertilimrS to i' t ' e 

ve,etabhls. Kmtiokon , a comillnl leafy vegletable it Asia and mile that tol rates watelrlo 1iwas 
Usetito1tldelnlIe tlt' N. P,and K con(tibntl ions rom thrce gtricUrltre wateIs to llrltiln uptake. After 
a sccoiti kanekmon crop was ctltivated to dete'nfine residual ellects lr(mt waste and inoganiic N 
aplpliiaiotS to t first kan.kong crop. aithird crop. anlarantll, was Cultivated to test for atitlitiOhtal 
resitinal elfects. 

Materials and Methods 

Waste characterization 

Plrnltry manure and pil tmanure conpost were SntplliCd by the Taiwan livcstock Research 
Institute in I lsinhta, Tlainan. Po tllry was litter 'rom layers. Pig li anllrc wasmtanure Iweek-ot 
composled with rice hulls irI nionth. The snlatcale compost was a Ini.ltre of filterslry from sugear 
press-extractimn r.t)cSS and finely chopped siarcante blaasse fron ShanlIlta Sug rlillICorporation. 
It had been comIposted lr4 ionths. Tolal N in each wast was tieteinrd hy acid dieestion Flowed 
hy alintnia dist illatiot. 'lotal P)and K inthe wastes were deterintetd frtn the solutiomn (htained l'rnmt
 
the digest Of te same saImple. 'l'tal C'wIs leterinfinti by \\'edieestioi. 

Treatment design 

The trllinlet W'Cre toinitlatiirns oftwo N levls (( and () kg/ha) and thIe agricultural wastes, 
pIls 0,00, aid 120 kL N/ha ontrols, bringing the total inmber of treatmentsltIllie (listed in table 
7). Plots (40-cm-high be l I.1)x 2.5 i witih (1.5 n Inirrows between beds) were arrarged inl three 
randonized complete locks. 
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Table 7. Inorganic N and agricultural waste applications in nine treatment 
combinations 

Agricultural waste 
Inorganic N Dry weight Total 

Source PM PG SC Nb P K 

kg/ha t/ha kg/ha 
0 0 0 0 0 0 0 
60 0 0 0 0 0 0 
120 0 0 0 0 0 0 
0 Poultry 3.8 0 0 100 107 168 

manure (PM) 
0 Pig manure 0 3.4 0 134 54 39 

compost (PG) 
0 Sugarcane 0 0 5.0 58 24 71 

compost (SC) 
60 PM/2 1.9 0 0 50 53 84 
60 PG/2 0 1.7 0 67 27 19 
60 SC/2 0 0 2.5 30 12 36 

Coded as IN in text and inregression analyses 
Coded as ON in text and inregression analyses 

First crop. Waste arid inorganic N treatments were incorporated into the lop 5 cm or the beds. 
Seeds were planted in rows on cm rows and 5 cm between hil20 July 1994 (1() bet ween IIs). For 

irciileIts requiring.! inorganic N las (NI I,. S() I fertilizl.er, halt" was applied bel'ore plantinu and the 
retnaitnder was topdressed I I )AB. Because the I'irsltcrop was cultivated dtrring a period olseasonally 
intense rainal'l, th1e beds were c,overel WJi net tWrtiCls 1topCVxttI crosioll of soil and the incorpolrtatcd 
w I;I Io:S.
 

Plant samplii o 'IIC lirst crop started 12 1l)A1: with subsequent harvests at 18, 26,aid 310 )A . 
Twelve plaits were harvCsLd trortwo rows on each sampling date, leaving onle row betweeln the 
curtrIt harvst and the prCvious harvest. Plants were washed wit h distilied valr to rcmo\'Cd adhering 
debris. The satirphes were air-dried for I d',y h,1bl'orCbeirre dried at 65"C in a flrced-airtove,. l)igCstCd 

, , tolal N hy distillation and till'atiol, 

K by I'lanepho tomietiv. 

Saiplcs wcrc analvcd lfor" toltal Pby specropholtolIctr lldtotal 

SeCOild ahd third Cr1. TW secoMd an third Crop Swere seeded onit 24 Augtust anl 1-()ctobcr. 
rCspectivcl', aftet residtcs rcmaining froi:, the pre',,'viCos crop)wete rtiCovd an1I thre soill was tilled to 
5 cmi with a hand loC. Plant densities werc approximtely tne same its those ol'the firstcrop. Lhinilornr 
atpplicilions o inorganic N feriliec wvre givcn to the scondl and thir'd crops (45 and 20 kg N/ha. 
respcClively). I)ry matter yields and nutrient concCnlrations wete determined Iy\ the same pIrceiltres 
applied to tlhclirst crop. These crops were harvested on 29 SCpLembe(r2and 25 Novemhr, respectively. 
Neither soil nor plants were sarleIfd during growth oI the sccnd and tlhird crops. 

http:fertilizl.er
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Results and Discussion 

Soil and manure characteristics 

IMO-rc itcIlt cu, were' iipplicd. the soil contained (.84% organic C. 0.098% total N. 35 ppm 
:tvall''k- I' MII 1,, II ppm cx'augeable K,and its p1-I was 8.). Among tile wastes, pig manuire 
C0,1,llst ;,Il1poultI\ IlIallauttC .( ll N and C n a ni dry weight bIasis thanl, SLIgaCICcnlllIed mote tota 

Table 8. Total C, N, P, and K in agricultural wastes (% dry matter basis) 
Characteristics Poultry manure Pig manure compost Sugarcane compost 

Total C (%) 24.1 36.1 7.53 
Total N (%) 2.62 3.93 1.18 
C: N Ratio 9.2 9.2 6.4 
Total P (%) 2.80 1.60 0.48 
Total K(%) 4.41 1.14 1.44 

Yield and N uptake 

DI)rmatter yields ol'tihe first crop difTered aniong waste, inorganic N, and itnorganic N + waste 
Ireall 'ilts (li . 22t. The effects ol" treatments decreased with each crop. In tilethird crop, the only 
Sigil2ical Co1tribttiotl to the treatmlent mean square was tile linear rcsponse to 0,60,and 12) kg 
inorgam eN/ha. 

The ovcr;ll eftfet ol'inorganic and organic N on dry matter yields isevident in fig. 22. Fresh yield 
icspoltses were little dillerent I'ol dry ilater yield responses because dry mailer percentages did not 
diIcr within crops (8.1. 18.2, and 7.9'/ lir the first, second, and Ihird crops, respectively). 

IDry matter accltulal ions l0111 ill crop weretreatetnls in tile first initially slov but increased 
rapidly alter 18 days fig. 23). The accuLulalio pattern from PG + 0 IN was helveeri those of40) and 
120 IN wllcreas 1/21( + 60 IN omt shiown) was similar to that of" 12( IN. Accunmulatios I'rml I'M 
+ ( IN and SC + (0IN alone were clearly lower thanillat of PG + 0 IN. IlowevCr., tileidditio ol 0(0 
IN to 1/2 applications ol" I'M and SC increased dry tiatter acclululation t'ales (nlot slhown illie. 23 
but evident 1ron fig. 22). 

Allhollgh time response to ilorganic N was essentially linear, tissue N coemIcIrations incrCascd as 
iiC.rganic N increased 1'1rol (Ito 12) kg/ha. As itorganic N increased, Pand K lissue concenltrations 
decreased frotl 0.46 to 0.27'/ and 'rom4.7 it 2.3'1 respeclively. Nutrient dilution would he expected 
cvC1t though soil tests itndicated thai both nutrienlts were abuIldarlkly availalle. These dalta arC evidence 
that kangkong grmvill was limited by N deficiemLey. 

A regressio lldel of Ille I)M Y = +RIP + CR( b( )N x ('R()I wasfort1 aL P 4+ + hN X(()P 
fo0rmmulalcd to estinlate tile Cotitribittions ot'N ill agricultutral wastes (ON) attd itlorI.'ic N (IN) to cach 
ol the three crops. The highest itlreanic N treatllel iwas excluded I'roi time ilnialysis. Illthis Iodel. 
REP ald CRP01 were classil'icatiot variables, I )N and IN were tile quantitlies of N in the agriculttUr;Il 
wastes and inorga ic N applied to tile first crop, respcclivcly. Model cocfl'icients are listed itl table () 
(the meinil RFP elfcCt was Ito tile anIdIhe oscr\Cd and estimuated tIleans (overadded intercept)I 
replicates) I'otreatlcnlts ar shown ill ie. 2-1) for tilefirst and secotnd crops. 
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Table 9. 	Partial regression coefficients and statistics from models used to examine 
the effects of organic and inorganic Napplications on dry matter yield and N 
uptake by three crops 

Dry matter yield 	 N uptake 

Partial regression 	 Partial regression 
coefficient P > t/ coefficient P >It/ 

Intercept" 945.9 41.2 
CROP 1 -480.4 0.001 -33.1 0.001 
CROP 2 408.4 0.001 -7.3 0.015 
CROP 3 0 

ON'CROP 1 5.29 0.001 0.072 0.002 
*CROP 2 2.48 0.001 0.052 0.024 
*CROP 3 0.76 0.250 0.010 0.667 

IN'CROP 1 8.96 0.001 0.200 0.001 
*CROP 2 5.63 0.001 0.219 0.001 
'CROP 3 1.19 0.107 0.045 0.168 

W 90.1 90.7 
Adjusted for mean replicate effects 
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Fig. 24. Dry matter yield and Nuptake by CROPS 1and 2as functions of N in 
agricultural wastes and inorganic N 
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The di:'cct effcects of both ON and IN )nt dry matter 'ield of the first crop ar appare nt in fig. 24. 
Si milar. the residual ()N evident Oin IIse' oI+rand IN effects wcre SccLrop. LIvidlenc residnal 
cecets On the third clop wav,,ak.The rcsponse to N inl the agricilturil ,vaste tvcraced 56'0 of the 
l.rolsos to illorgaiic N tlilm of dirc.'t and, rcsiduhal responses). :\n analy,,sis of varintilce on rcsidtals 
frot thc rvrcessiln reveatled no reni'ainiti.,! variation attrintahle to waic " noLanic N Ircantents.ieo 


A\s e:xpcted. inthe l ,-itn oI&frv meatter ol N ,oiiiCs. the coefficiCnts for both inreanic and 
orI'llli" ,orlNdcreaseud \viuh ec11hCrop. lo exposc mor'e clerly the elflcts of N applicationls on 
+t is. ic+,)Hp -+,i bf Ih .",: '1.5C1'ic , were 4ved 'a,. 

I)NIY = Applent reov'Cry x I !tiitioiin CficiCnxC 

:\ppallrcit tcco\vcr\ --N uptake/N atplpliCd 
lili,'atiOn efficieCncy = IY/N uptake 

IeTo cxaine thceff'ects of trcitiieiits on appaMrCnt r,.ciVet\'.y the IodCl lsed CstimatC I)MY from 
the \'iri;tbfes, RII', (l( )l. ()N :1td IN aS ls used to Cstimate N uptake (NUP) from the saic 
variahlcs. ('oe fiicint,, lt the N utptakc intfC are shown illtable Ill. Fig. 2I slt IsrIeolscs ft 
;tpplicf N trom the Iirt tsvt crops.. As illI)MY respotises to N. the ef'feceltelCtlriolralCd with time anL 
IY IhC thirIId 'iCCHtIt bcilveei rulCs atfd tbstrvations was weak.L'>top 	 esC,.ti 

Table 10. 	Partial regression coefficients and statistics from models used to estimate 
effects of agricultural wastes on N utilization efficiency 

Regression P,> If Regression Pr > /t/ Regression P,> If1 
coefficients coefficients coefficients 
for CROP 1 for CROP 2 for CROP 3 

Intercept 218.7 -1709.5 28.6
 
NUP1 390 0.001 -26.1 0.001" 21.9 0.001
 
NUPI 2 694.4
 
Dt 203.2 0.001 60.8 0.31 53.5 0.024 
R _ 96.1 81.9 86.4 
For CROP 2,the response to Nuptake was significant but the linear and square root regression coefficients 
separately were not significant when included jointly 

b For CROP 1,D 1for all PG and PM treatments and D=0 for others; for CROPS 2and 3, D = 1 for all 
agricultural waste treatments 

'The Ctcffiicnts fIor IN in crops Iand 2 wcrc of sintilar sic, indicating that apparent recoveries 
hv each crop wcre about 2()';. The similaritics suggest that much of the inorganic N, which was 
alpplied it ,minonium fo1rm, was retained inl the stil thrtmgh the period tfl hcavy rainfall duringl the 
I'i eLccausC it was Iot CxtractCd by KGlI i i the lop I()cm,iteither,wats held it a nonextractablcrSt cro). 
folt-In iaineral or trgarnic) or leached bitt remainCd inl the root /one. Il citfierevetit, it becatiie available 
to tfo scCtMIl crop[. Appretitn're.inic N recover'y suitidI over the threecit:cps was 46',;. l, coitrast, 
;appaMrent recovery 'N in the wastes was only 13,,. Furthermore, the ()N ,oe+tflicients CxhibitCd 
f_.re'sitie teco\eries. l+xprcssed in terms ofilitrganic fertili/cIrequivalents using a2)1,; tectvcry rate 

al , bise. I kL- ,. and (f.5 kg of freshly applied inore,'anicN in1vaste ;wMd he cquivaletnt to f.36,(.26. 
N frhfy plied to ech SUCCc,;,ic p l:or exatilfe. if 0ff kue N wcrc necdcd. atlloat,waste
ipplicitioii ColltinCd 75 kg N, 33 kg froit an inorganic source would be rctfiicd Ito obtaii an 

c(ftivalcnt ot6ff kg, N/ha otlthe first crop. l:oi ,'lc sccond lrip -()1ktg inorganic N \ti)ifM be retiluired. 
:or the third crop, ,fllmiost the fIll atltitIt would hav timCotntc front itorpaitic N uitiless N frctility wcrc 

bhiIt up by successive w,aste applications. Note that these estimates are based only on N recovery. 
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Comparisons of the ratios (oI IN to ()N cocfficients+,for I)N/1Y MRd N uptake in table 9 show thlil 

I)MY responses to N in wastes werc not its unlavorable whln expressed in inorganic N I'lrtilimer 

ClUiVialClts, ts N iecovery w To el lici'ncy. iari'Cssi(,i model of the llr,s. lalntily utilizatiol 
I)vIY it + C1. l,1i4- U 1) + IbINIJ1) + ,Nt l),!+, wherc RLII was classil'icatioj variable ol'r i = 3 

iCel'i,.:tes. 1) was i classilicati'tm variahle Iorj = 2 dintlmly vai:11blcs (l'0r Crop . 1)= Il cither (iPG 
or PN wereI apli d aIid () IthcrwisC for cloS 2 ani 3, I) I Pr the appilication oillv wastc), ;ad 
NUlP wits N tlptake. o'his ll)ldiCd slprteily to cch crop. The NI 11)1,2 variablemodel wa.S taI roil 
was retained only f'r the sCCond cropl. The N tiliztation licincIcyl diferecellcs are vident, CspCciailly 

in the 'irst ald third cropl inli,. 25. The colTicicnts f'or 1) -hw Ihatt the N takcn [l '1'on tie waste 
soutrces wls tl.td more CficiCnitly than that Irom1inan1t,0iltic N. Moreover. il crop I, tiliatlion 

cfficicncy from SC was, Io)t dillcrclt I'rom that ol inoreanic N. 

The beCfciatl cotntriblntiol. of agricunl'tiral walstcs o) itilizition Cliciclicics ilmay have bCel 

derived I'roml slow bLt utained N incralialtilon 'rom the incorporated mtlicrials. ''o achieve the 

yield cqual to that which would be otalincd 'rom it 611 kg N/h~i freshi it'organic N application 'rotm at 
ittixtuj ol"I' Csh inorimic N id the 75 k, N/l i witste apiid to the lirsi crop. tile tltili/atioll Cect 

shows that iliorgal ic N applicatioll bltriCedce lriotl 33 ti l) kg N/hai in the Iirst crop. Withtout 
taking rCsidual llfcts lrin0l inilorg:iic N into accoutl, the inorgatic N appIllicttiOn to0 the sCcodLt c'op1 
would be recttcICd 'roli 40 to 29 ke/hai. '[he utililation CficiCncy efccCt :ul the third co'l al'lpcis to 
be mlr tsubstanl ill than the rcovery clect, contriuigitnan cquivilent of 1., kg N/ha. These estimates 
assumc 2(0'1 recovery and the tililation Clliciency eCtlatiLos in ig. 25. 

Phosphorus and potassium availabilities 

[)cttritiths oI' and Kavai abilitiCs I'r alrictlttilal wiastes arL cmLpllictteCd by two l'acttors. 
[irst, t wiL'ist scontin N It which -'rops respond. The rcspolse to N il tlie wastes makes it difficult 
to SCpiarttC ott direct C'cts Pand K becau+se the uptake of'N promottes I' and K unintkc evci when 
the latter are Iot deficient. Sccoi. ill this study. soil 1)and K werc abtnldantly avaiablc. Therfctr, 
crop1) growth I'cspon)IIsCs .vcre uiaffcctCd by P anfld.l K ivilability. hut \vcrC affTcCtld by N availability. 
litorganic N was in1clLdCd t0 dteCrmineiC its CfcCt oiln P)aLd K Uptake indlCependClt of the Cffect ol'N in 

the wastCs. 'l'odJUS for thc N coltibtion i'rout1 aerIicltlluraIl wastes. N uptake by each waste trcltmcnt 
in each crlp was CstilitCd I'oin tile coclficilents i the N uptake mltCl (table 9) ail the (ilinutity of' 
N applied tablc 7). Nitrogen uptakc was designatcd ONUlP (kg/l;a) in the rc'grcsstln ttoclcls 
fo0rmulatcd to estimate cotribtion-to W1 and K uptake froiil aigricultural wisles. Acorresponding N 
uptake estinate fi'tl the inor.anic sliurce., desigiiacd lNIUP (kglt/ha), Was estiiatc( 'roin gicrCsiOln 
coCllicieii itl d the (LlulitilCS illplied. The moICel Ior 1)utiake (Pt 11i) was PUP = it + RIIP + CROP 

+ hbAPP x CRP +)' b,()NU) + b1lNtNJl wlhcre RP and CROP weic classificition valiablcs for 
rClicteiCs and IihL three cr-01, respeciivCly, and APP \%,is P in tltc wastes 1kg/ha) applicd to the first 
crop. The saic itodcl l'oiitlaiiti bt with KUPt K uptake)i'eplacing P{tI and APK(K in the wastes) 
irCplacing ,\ wsi, tiseol sCtiililte tctntribltioi ol K ill the waste to uptake. Cclficients fi'r full 

odel aii'e listed i tabl II1. Table I I illo conia.inS cOcIfl'icicilS folr iimoCl f'Mill which ONUP was 
cxclIdcd. 

A cotmpaiisotot"APP x ('.()P interaetiot coelfficicnts I'iml the two P)mrIodCls suggCsteCL thlat, 
when ONUP wis iilcclcd on the isstiptionti that N 'ron the waste pronoted P uptake. essentially 
no 1 uptake over the three ci'(ops wls allributable tio the ilpplication I pe sCe.That is, the .stLn of' the 
coelficicntis APP x CR()P coefficients was zer'o. Fvei in the second 1 molcl. in which the uptake 
promoting cl'l'cct ol'N was disregarded, total P)uptake by the iti'ce Crots ml'lln the wastes amounted 
ttonly 67( ((lthat applied. The )NUlI,1I' tlte first intdcl sucests that for eacl kilo a'n of'N taken 
Ulp) froill the wases, tile crop took uI ) 1.39 kg I. Tc promotion clfci of' ()NtI) was 'our tinies that 
of'N taken Ull from the inorganic source. 
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Table 11. 	Partial regression coefficients and statistics from models used to examine 
the effects of N uptake and P and K in the wastes on uptake of P and K by 
three crops 

P uptake K uptake 

Regression Regression Regression Regression 
coefficient P > /t/coefficient P > I/tcoefficient P > I! coefficient P >It/ 

IntecepP 4.95 5.08 48.3 49.6 
CROP 1 -2.98 0.001 -2.30 0.001 -25.3 0.001 -18.1 0.001 
CROP 2 -0.58 0.046 -0.05 0.897 -39.9 0.001 -34.2 0.001 
CROP 3 0 0 0 0 
APxI)*CROP 1 0.004 0.419 0.030 0.001 0.070 0.029 0.146 0.001 
*CROP 2 -0.011 0.017 0.027 0.196 -0.001 0.987 0.050 0.160 
*CROP 3 0.009 0.024 0.012 0.020 0.044 0.122 0.054 0.123 
INUP 0.096 0.001 0.068 0.001 0.586 '.002 0.281 0.188 
ONUP 0.389 0.001 - 2.70 0.001 -

R 78.2 58.6 84.3 75.7 
The intercept was adjusted by the mean of the replicate effects 

Phosphorus in the agricultual waste treatments !frthe P regression model and K in the treatments for thr. K 
regression model 

An cxaninatin l'tlithe K modelCls lir0tilticCdaparalMlel ipinertMlion. Potassiumi conlhihtltios f'rom 
the wastes, huwevcr, vCrc lalrge wlehfcr promotion by N utptake Irom wasles was recgardetd as a valid 

or invalid assumnption (ablout I I'/vs. 251', ovur tilerecovery three crops). Moreover, the ONUIP 
co.efficiCnt sLWcstld that 2.7 ko K was laken tip 1')ir everv kg of N taken up from Ihc wasles. FLvcn 

though the total recovery of N lroilthe vastc vas siiall (I V;., the N thdt was taken tip fromi it 

pronotetl K uptakc t10a MUcIh grCtCr dLgre'C thn itocUMaiC N did. 

Whcreats the coeffiicnts, otr si\'c cropls in tablek 9)for N up~take give a raltio of only (. 14 kg 

N/kg N for ( )N X(I' 3 vs. ( )N ('R()l I. the corresplotndillg rltios Fro0m 1tblC I(I P)and K vcreI'or 

(1.4) kL Pike ) and 0.37 kg K/k,- K. "lICsC hifh a'tios artCevidence that P and K avalablitics were 

sustained loncr than !llat of the N contaiied in ihc \wastes. 

For this study, neither ) 11r K w.as sufficientvly deficicnt to limit growth and as a corollary, the 
Uptake promotin, cl'lccts of N decrCasCd the utiliition C'ficiCncy Of P and of K. 

Soil inorganic Nduring the first crop 

Inotrganic N in the sol tccreasel sharply froill al initially Iigh conccntrttion 5 days alFter 
incorp rationl tnlil tIe 'in'al harvest (fig. 20). Altlhough treatments alcctCdlconcentrations, all 
dilinisihed approximately proportionatcly as sampling prgrcssed from cmergencc to 8 DAF to 26 
l)AF, the Y-aixis scale chalngcs sh v. Rainflall during the first crop totaled 1499 win. 

TIe Iirst threC sts of samples were takcn iaftcr perio(s of no or low rainfall and, thcrefore, nitrate 
made tip tlarge portion of total in rgilnic N. Samipling at hlarvcst occurrcd 4 days aftcr the third 
sampling. A high rte of uptake during this lpcrid swell isdCnitrih'Ication fr im 15 mm ofrain 2 days 

efore hlarv.est probhably contribt cdl to the marked iitrac rCducti0n. Tlhe iab)soltetC reduction as host 

prontunccld in ihc120 kg inorganic N treatment. 
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Training 

Summary 

A\VR)C had 55 training scholars frotm nine cotntrics. Two had deerec-oricited training, while 
otlIers undertok titIIdce'e tinning. IFor-two pelcent (1 the Scholars had special skills research 

alif ifV-fiiC perecit of the trainees wCc woeln. The Crop lmpivcilnt I'ar (('lIP) had 
67.., Ol the schlAWr., olOwhiCh 02',; were ItMined in p!ItllI lI;iI0lthy Mid plint pIIVsiolev. The 
IrductiIN Sv'stClll,; PRI-rarim WP ' amd file [nt1crl-ital (OmpCran~m Program (IWP) had 16 and 7'./( 

i)CpeiivCIy. In 11)(4, AVR I) or 3. n'S
yCa.ir of trainiiiin. ''n tk-her donorN "'ippolrICdthe traiinitle pIhe. The oilhir iajot' dhiWs wCre 

,\\VNI'T, .ilmm-,c Special Project, I)i'trict Ac-iCLlclIral Ilnm1povCimneit StatioTifi'ainait, and Taiwan 
,.\ericuhural l c,,', ,ehiititilc. 

flIhe shclndam , provided a total ()f I03 iL,rsIi-ilhotlills O pL 

tnirteen ,chlar lrm A\VRI )( and tiller institutes if Taiwan underweInl training ott the 
,Illlicatiol (I agrih.tilral itcLnlltlology. Thrlugh the ISIF prioject. the l)irectory of AVRI)C' 
Jraititne, Alutlli, was produced. lIt 1994, a.total of' 298 slide sets With scripts and 15 videos were 
di Sl'tri bitCd. 

Enrollment 

In I994, AVRI)C had 55 training scholars Ioan nine cultries. Two had degree-oriented training; 
iC others Iiad imtidegre- training under hint di'lfercnt categories (tahle I). 

Table 1. Distribution of training scholars by country and by category 
Country PF RF RS RI SPT VS UST Total 
Germany 
India 1 

1 
1 1 

1 
3 

Korea 1 1 2 
Malaysia 3 1 4 
Nepal 1 1 
Netherlands 1 1 
Philippines 1 5 2 8 
Taiwan 15 17 32 
Thailand 3 3 
Total 1 7 2 1 23 3 18 55 
PF =Postdoctoral Fellow 
RF =Research Fellow 
RS =Research Scholar 
RI =Research Intern 
SPT =Special Purpose Trainee 
VS =Visiting Scientist 
LIST = Undergraduate Student Trainee 
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In lic with the policy of the center, 42f olthe training scholars underwCnt special research skills 
training. Iilty-five percent of tiletraining scholars were women. 

Program and Discipline Specialization 

The dislributionl of traXininui Scholars within AVRI)C prgranIIIs anl disciplines is sIhOVi in table 
2. ('I1' had tile major share of scholars with 017'2,( . Nearly 6214 ol this gruip training in planttlItISLICe( 

lIMth11OLy afnd plant pihysiology. PSI' id IC' had 16 and 7/( of the total training scholars, 
rcspctivclv. In 1094, AVRI )( provided 163.(1)erson-iounth:. or 13.6 perstn-years oftrainilng (table 
3). 

Special Research Skills Training Course 

FLurtu training Schlar. eight fIoin AVRI)C, participated in the special purpl)se trainiig on thile 
application ot agricultural hiotechnology from 21 Fcbruary to 22 March 1994. 

The coursC aime.'d to0 proviel Imnds-on experience onl basic and newly developed plant molecula 
methods and ICCuntolics ill plait gene identification, organi/ation. ,xpression, cloning and analysis 
;and gene transf'Cr. The trainin _'SC nt only pr1'ovided the Mtticilialits with basic theoretical 
knowlele, but also training inl hlbortory techniques. 

Training Materials Production 

In 1994, 13100 copies or the Directory of AVRDC Training Alumni were producCd with JSIF 
assistance and distributed to alumin ni in CTA-mehiber countries, AVNIFT, and SAVliRNFTconntries. 
Some were distrihuted thtrouglh AVRI)C scientists when they visited these countries. The directory 
lists all alumni and lli'ticipants ofAVRI)C"s uman 'SolrCe develcopmlent olerings since the center 
started its tra.inillg prt'ogl'alllat its headquarters inTaiwan in 1974. A total of"646 copies have already 
hen distribuited. 

During tile were distributed to 43 trainingyear, atotal of 298 slide sets with scripts and 15 ,ideos 
scholars. 
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Table 2. Distribution of trainees by program/discipline and training period 
Program/Discipline PF RF RS RI SPT VS UST Total Person

month 
Crop Improvement Program 

Plant breeding 
Plant pathology 
Plant physiology 
Entomology 
Genetic resources management 
53ubiotal 

1 
1 

2 
14 
4 

20 

1 
1 

1 
3 

2 
5 
1 
4 
1 

13 

3 
8 

15 
8 
3 

37 

16 
12.8 
16 
14 
4 

62.8 

Produclion Systems Program 
Agricultural economics 
Soil science 1 

1 
1 

3 1 5 
2 

15.2 
11 

Crop management 
Analyt:cal laboratory 
Subtotal 

1 

2 

1 

2 
1 
1 3 

4 
5 

2 
5 

14 

17 
13 
56.2 

Intemaional Cooperation Program 
Publications & documentation 4 4 44 
Subtotal 4 4 44 

Grand total 1 7 2 1 23 3 18 55 163.00 

Table 3. Distribution of grantees in each training category by sponsor 
Sponsor PF RF RS RI SPT VS UST Total Person-month 
AVRDC 1 6 1 12 1 18 39 127.2 
SAVERNET 1 1 0.8 
AVNET 3 3 4 
IJNDP/RDA 1 1 2 
JSP 1 1 2 2 
ACIAR 1 1 1 
DAIS/Tainan 2 2 2 
TARI 2 2 2 
AS 1 1 1 
GTZ 1 1 12 
FSC 1 1 1 
Self-sponsored 1 1 8 
Total 1 7 2 1 23 3 18 55 163 
ACIAR - Australian Centre for International Agricultural Research 
AVRDC - Asian Vegetable Research and Development Center 
AVNET - Collaborative Vegetable Research Program for Southeast Asia, Asian Development Bank 
SAVERNET - South Asian Vegetable Research Network, Asian Development Bank 
AS - Academia Sinica, Taipei, Taiwan 
FSC - Fulan Seeds Co., Ltd. 
GTZ - German Agency for Technical Cooperation 
JSP - Japanese Special Project 
TARI - Taiwan Agricultural Research Institute, Wufeng, Taiwan 
UNDP/RDA - United Nations Development Program/Food and Agriculture Organization of the United Nations 
DAIS - District Agricultural Improvement Station, Taiwan 
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Information and Documentation 

Summary 

In 1994, i otil ol 253() titles ol books alld cro0p docLume1nlts, alnd 62 new serial publlications were 
AideLd 10 the library, collccio0n. Library holdings totaled 15,924 hooks, 1594 serial titles, and 35.484 
CnltriCs f c'o'lp doctllCetS. Boh the in-house andi external dtalLibisCs CI)-ROM wCI well tise(. 

ilder scrvices Ic l( td i ilncrease ill hi th lbiriy Iian.s aid phii Ci py/dicL Cl [it Iielivery services 

and a drop in litrilalrccsea'ches. 

Information Collection 

Acquisitions and exchanges 

A total of 295 titles ol hooks and photclpieiCs were ordered, and stllbsclip'tiln to 130 serial 

pililcatiolns was colitilled. 'Fhe ilve lge cost was US$43.66 per book ani US$191.73 per serial title. 
Some 289 titles ol' ooks, 85 titles ol'photocopies, and 483 titles ol serial iLublicatiols were a.cllireld 
tholmu gh exchanlge/gil't 'l-lm 235 institLuitCs/rgani/ alitons in 69 countriCs (table I). 

Table 1. Acquisitions in 1994 

Request for Ordered Paid Exchange 

order 
Book 133 108 70 289 
Photocopy 200 187 178 85 
Serial publication 
Subscription 130 130 483 
CD-ROM 3 3 1 
Diskette 2 2 

Documentation and In-house Database 

A total ol253t) titles Iol'boks and crp dclocu ments, and 62 new serial titles were indexed anl added 
timtlicTrpical Vegetlblle lilrmatioln Service (TV IS)tla lbiases which now hilds 23,717 hiliograplhic 
records andI 594jiurnal records. I),\l C)-ROM ( l)evelopmcnt Activity Inl'ormation o l CI)-ROM), 
illOucdl hy lhe Incrnatiimnail I)evclmnient Resealch Centre (IIRC) of Canada, was added to the 

collection im*datalahses oil CD-ROM. Additions timthe lihrary collection and in-ihouse databases are 
given in tahlc 2. 

http:US$191.73
http:US$43.66
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Table 2. Status of library collection and retrieval system 
Retrieval system 

1994 Total Card Online 
additions holdings catalog database 

ooks 514 15,925 9,655 6,269 
Serial publications (title) 62 1,594 1,594 
Back volumes 281 13,156 
Cassettes 52 52 
CD-ROM (disc) 1 36 
Diskettes 80 336 
Maps 84 77 7 
Microforms 11 11 
Documents (title) (title) (title) (title) 

Amaranth 176 176 176 
Chinese cabbage 24 1,464 1,464 
Common cabbage 5 131 131 
Diamondback moth 24 618 314 304 
Eggplant 12 85 85 
Garlic 49 279 279 
Mungbean 59 4,607 2,352 2,252 
Okra 518 535 535 
Onion 70 924 924 
Peppers 176 1,459 1,459 
Shallot 1 45 45 
Snap bean 205 286 286 
Soybean rust 1 445 445 
Sweet potato 2 3,887 2,517 1,370 
Tomato 217 7,943 5,237 2,706 
Others 301 2,266 2,266 

Information Dissemination 

Bibliography services 

Six Iihli ographies retricvcd 1'mm in-house datahases and CI)-ROM were provided to ARC-
AVRI)C and the Workshop on Vcgctahle Research and Development in Cambodia, i.ao PDR, and 
Victnam (tahle 3). 

Table 3. Bibiographic entries 
Crops Total entries (title) 
Amaranth 562 
Okra 2,275 
Snap bean 485 
Vegetables in Cambodia, Lao PDR, and Vietnam 106 
Water convolvulus 145 
Yard-long bean 120 
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Current awareness and SDI services 

SI)I ','I,%'W'"reCetletl dII IldIi(Iml -42 ILT'rs ol 22 cotlItriCs. There arc nw' 236 users in 54 
1unlriC,,,, F l i,,,,u h,, ' ,it ( w eno wcre prtovidCl l' ' un issueslib.rar AL iUiti1IoIs) tiM A HSCIS. Ter 
l"l i,'etl \'e', l le' ln t ttiM ) S) B]lleliiu ,.vCrC ptblihCd and di,ttibuted to 167 i,,cr, mu4X 

libi rawc,, III-t-o ,O:11C'r :, tlqc -1). 

Table 4. Library list and TVIS SDI Bulletin distribution 
Topics Issue Entries User Library Country 
Library list 4 497 (for internal user) 
Chinese cabbage 1 70 49 3 40 
Garlic 1 58 20 13 
Mungbean 2 257 85 6 36 
Pepper 2 165 73 1 40 
Soybean 2 185 83 7 38 
Tomato 2 264 76 1 42 

Reader Services 

Literature searches 

sluu 4, requcsts for literature searches were proccssed in-house and externally on CI)-ROM 
(table 5). 

Table 5. Literature searches 

Databases Internal user External user 
AVLI3 17 3 
AGRCOLA 15 1 
AGRIS 13 1 
CAB 15 2 

Library loan and photocopy/document delivery services 

Tlotal hook/cr)p do uinent loans wr_ 584(0. A total of 1316 doctment titles were photocopied 
and sent to 48 external usCer, and 76 libraries in 19 countries (table 6). 



Table 6. Photocopy/document delivery services 

Australia 
Belgium 
Cuba 
Germany 
India 
Iran 
Kenya 
Korea 
Mauritius 
New Zealand 
Papua New Guinea 
Peru 
PhIipph-les 
Singapore 
Syria 
Taiwan, ROC 
Thailand 
Venezuela 
Vietnam 

User 
1 

1 
1 
1 

1 

1 

1 

38 
1 
1 
1 

Library 

1 
1 

2 

1 

1 
1 
1 
1 
1 

1 
65 

No. of titles delivered 
5 
1 
4 
1 

18 
2 
8 
1 

11 
1 
9 

11 
5 
2 
9 

1,190 
8 
3 

27 



Publications and Communications 

Summary 

( )P( proxidcs. puIMI~C-aion produtctionl and informa1~tion suIfpport \L1't'C o tile center. ]iicsc 

Publications 

lo uc'cuL- iiI' aklO prI'0d(ICe4. utCWv aIll th4. ' cenic, file AVRI)C-Aficau( )]'(' NuOCltttrN 
R'! ional 14 41 l( ;i ta 1)R'S ,A 1*\1~iutli4y proratw, and I )iamndhack Nih lIi miial innal W( wkshop. 

PublicAwareness 

Triya . ( qICKwlkte4 and4. 4.441)ted Owe Wow144ing1 pl)i4. ;uwvuieitcss aci\'ities: \tsI~ilng 

Jo4lttIldli!t 2)lIW4t:L 1h1tIt 2 t\ dI) 1iidicedJaI[it14nc4:. I\uincicaiit: mediau liilkauees 'o 1imViatis 

hloca4,l t4.IC\ i'14'1 \ta1ioin", Raidio~ i Will jlite-icvie on1 1PM. aitl liMW ltit \\4nld iItle'I-iCew 

44il S.\\ IRNIT)I) i.Nicl4Y, ICC' (ilteii14iai ltihicmi4nN wicht as ( A spihc. FA\( ) ('cies. .\Iricaiit 

ttVP;1)rN ldca i~eajtN itcliidilItelic ('in 10.1111 hiital'N hn AVIM.Jlltiilu (fl P l 

oral11 til. c- 1 -h l a m nL 
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Collaborative Vegetable Research Program 
for Southeast Asia 

Summary 

11w ltillin up t agricultural deveopment r'erlirces and skills in the national agricultural 
eseintch ,v,,icsi NARS in rcent \ears has given birth to the nct.orking approach. With research 

,,llaboration at, the ke'. this strAwtey banks on theon o1' reSOtcsC iprove,d VLttbleOwin anlllnd 
erlplas,, And 'chmltolOZ11 imtong ,arti.ipliliL coittitries. 

Thc l ,', I )( " tv.,Oltk ; :CCnnIls,.ileCitcIL in May l)" And -uipptld h' the ,.Vial 
lc'.ihopeltil ltk .\I 1)B. is the ('olll-,mirti,.e Vctblc RC'arch IPl,'re ) lit SoUtlhCast Asia 

Ih1,6il11d. c1)()p'r~t_' l1 iklul n d 111011101111,L r",CAr,.. A',tiviliCs ',hareL rex,..'lc rSlpun~ililitiCs: 

'11d ..tnfc I lk1t~ il ,l rusFL1'lrc and c rl . , ilh A.VRI)( (lieCnl 0.til r,' In~llptv, , ,clolim as 

LON Aliti NI i a\'Or.' Anld llA ctive" pIt'tllet" in this e'itlld 

, Iirt plsh,,c l VNI' Vas co )mplcd
in SCptllmber I1)2. Its achievemctus in just , ',rs oal" 

ill1CHIetntattittl ha\C been ,o ',i.Lnilieat that a cscottd pihsc hIt, Iben set tip to sustAlmh and strengthen 
th. tetwrk. The joint plailttitm ntCCtitlg otr he.1'iitplcticrtAtiotn of AVNI'T II was teld onl 24-20 
.Se,-ptcmbcr 1)2. in co jtnctiot with ti finl vorkslhtopoftlIc rirti phasc. A jointly pte.lpred proposal 
Ir .\VNI.iT II . jAs dclopcd and slbttittcd to AI)B for fitnancial Sttlpltl which wats allrovcd in 
MArh I 0-. ,inaling ti irnplettiation of the scCond phasc. 

T,,. o s.tbttV, ink s v,',ere reted to achicve AVNT Il's col: sntitwork I - fiC verilication and 
tc'htno> pckagine. 1,'lor sected vegetahles; and sLmetork II - disease and pest manangemnt. 

Introduction 

le'ottllllortion is the key to AVNI's success. Tihe Irticipitinlg countries, inl cooperation 
wvithIt,,,I)('. collaborate on the collectiom, exchan.e. and evaluation of ve-ctahle gernplsnk f:r 
ree-imally im portatnt species. Varieties that are high yielding and those resistant to pests and diseases 

tnd r stirs,ses in thet ltthunid tropics are identif'ied. The Ireseie and characteristics of bacterial 
And , ir, discascs in vcetmihles Are likewise explord in atn attempt to identify and dcvelop disease

lsilttl \ties to cotntitet ,.iscasc losses. The ultillttC coal Of these activities is to cotUra1ce 
ti*tteris to grow mlic varieties that will grattanlc improvednotevcla-,lcs hv making availablc to Ilteu 
\it1d. I cle ,v. iiprovitig tlheir icoltine. ts well its their nutrition. AVNt-"T ;,Ilso addresses pesticide 
M,crose h introtducing te intrated pest mnagemcnnt (IPM) atpproach, wilh enphasis on the cotrol 

ofl crci Icr pests using natural enmcillies. 
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Project Management 

The program coirdinatitg committee consists of the technical coordinators from each country 
and the AVNtLT ciordinator. 

I,'idh nei ). Farid Blahar 

NIalavsia )r. Saharan Ilaji Anang 
IPhiliIppintes I)r..hoveelvo ILisebito 

'I'hilald )r. SNtvewe Sukprakarn 
AVRID)C Ir. S. Slitastndaraun 

At AVlRl )', hc Ilh wilnl senhor scientists p>rovide sopport for the network: 

I)r. I NI. I£n lcC I leacd, Genetic Resources and Seed Unit 

Dr. S.K. Grncc Virholocist 

IDr. N.S. Talckar Intoiologist 
)r..I.[P. \ ali lBactcriolocList 

In Iddition, oinn llot ,lo hadasis, I)rs. JI.M. Poulos (i pper hreeder), Peterl-anson (tomato breeder), 
C.S. Palhak (allinnllbrCder), and .. Black (plant pathologist) provide support to the network. 

Subnetwork I
 
Field Verification and Technology Packaging for Selected Vegetables
 

A ptersistent prolbhlle inIfaitc' fcloits to ilfiease vegetale l+>rOductiOtl is the lack oI iitproved 
v'eectal \'arieties with desirlble trails such as he-al tolerance, high yield, and resisiaice to pests and
discawcs. I It_,tlc', cubeil+>r,pelper, andproln~i"g \ aricties of plririty vcgCtables (yard-long beant, 

tollato) are identi fied, selecte.d, and] Cvalaiited indeir famllllers' field Conditions illdifferent seasons and 
locations uhinlg appropriate tcuhlnology'. 

Inllentsia. I'oinlato varicty IT 4225 [VOrticiTd 37 i/ha,wh lc ANT 23 and ANTO6 rtlucecd 27 and 
23 t/ia, respcctive'ly. Anotng the llot pepper varieties Jatil aba ind Plrenmb+>un Caci yielded 15 t/lm fresh 
firit. 

Nidiiil ltitevation location (06s illasl appLars to bieettelr Ior yard-lott. bCan prodtuctlitn. 
Varieties I0)(} fronm Malasia and IV 231610rout Indo}nesia filuIced 241 and 21.7 tilia, respectivcy. 
in mieditii elevation (;uartit . while variety CSI, 1 I' ton the Philippines produced 17.5 t/la in the 
liowlands (8 al ). Pold legt_,.h wis hlnee- in those lown ill the lowlaiS thilai i) tileill higlanLs. 

Malaysia.'ITrials have s owlnoi (iSD5, CSI) 4,that yard-long bean cultivars KU 8 irun 'lailand: 

nilld ) frot1 tie Philippint's:; andt fron Malaysia are the highest yielders.
CSI) KP}5 and I()A 

A total of 3)' accessions of hot pepper frot the Internatiotnal Ilot Pepper Trial Network 
INTI IOPL itent-r countriCs were CviluatCd in a,second sison trial. IC 375 IV 1583 (17) fron 

IndneCsia itvc tilehlle'sl't yiel i['about 21)/ha, followedby BC olot Beauty and PBC373 Keritil, 
each with 13 t/la (table I 

llilil)iincs.. 'I'radiitioil isexUal prapagiin {fgarlic a.ind[ and Sshalit is slow, seasonl, 
rapid triritSs,101to'i of virtUs diseases rsultiilg inyield reductiCinl of 3-45'14 , while lt_ fseed'Cis ill 
shallot results ina wide v;tiatitn ill ilost chalactr.s. Ill responsito this Concern., tihe ilcitiCpropatatitn 
of}afrlic andL sl.llo! is iealt with tlinder sultbiCwork 1. rsponsihility ofllThis activity is ntaiily tile c 
Phi fippiinCs. Basic studies intit vitro shoot vitrification and its conitrol ale ollgoing, vitrification being 
a crucial prIIlentCIu it iicrIprIopagatioltl. Multiplicttion Ifshallot shoots tip to the 25th passatge and 
bCyoind was achieved. I'lantlets frotrn tissuC-cultliCd nmaterlials grCw vigotoIusly iltihe grenhoiue.;iiS and 
first genieration (C ) btilbs have heen h.arvested. 
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Table 1. Yield performance of 30 accessions of chili in the INTHOPE trials 

Variety Yield (t/ha) Fruit size Plant height 
2nd trial 1st trial (g) (cm) 

PBC 510 Long Fruit 2.2 e-g 1.8 de 3.1 d-i 32.1 c-j 
PBC 156 KKU Cluster 6.4 d-g 6.0 c-e 1.8 f-k 29.5 d-j 
PBC i155 Huaruar 6.2 d-g 5.3 c-e 1.2 i-k 34.2 c-g 
PBC 157 Huay Sithon 2.5 e-g 2.2 d-e 1.3 i-k 46.4 ab 
PBC 105 Var. PL 2289 0.5 fg 0.4 e 0.8 k 22.4 i-k 
PBC 402 Var. P. Sakaraho 0.1 g 0.1 e 0.7 k 23.4 h-k 
PBC 186 Cheongryong 2.9 e-g 1.8 de 4.8 b-d 35.0 c-g 
PBC 266 Twist Green (F,) 1.5 e-g 1.0 de 1.9 f-k 16.5 kl 
PBC 270 Hot Long F, 3.3 d-g 2.2 de 5.2 bc 27.9 f-k 
PBC 241 Magic Scarlet F, 6.4 d-g 5.5 c-e 3.1 d-i 36.9 a-f 
PBC 076 Szechuan 4.5 d-g 3.7 c-e 3.4 c-h 38.3 a-e 
PBC 210 Long Chilli F, 5.6 d-g 3.2 c-e 4.7 b-d 27.9 e-j 
PBC 207 Chain pair F, 5.2 d-g 4.0 c-e 4.5 b-d 41.9 a-c 
PBC 233 Hot Beauty F, 13.6 ab 13.2 b 3.2 c-i 41.0 a-c 
PBC 151 IAC Ubatuba Cambuci 0.2 g 0.2 e 15.0 a 36.2 b-g 
PBC 373 Keriting 17.1 ab 13.2 b 0.9 jk 39.2 a-d 
PBC 375 LV 1583 20.1 a 19.8 a 3.9 b-f 36.3 b-g 
PBC 376 LV 2319 4.0 d-g 2.3 de 4.3 b-e 29.1 d-j 
PBC 377 LV 1092 9.6 cd 9.0 bc 3.6 b-g 33.6 c-h 
PBC 378 Cipanas 7.4 de 4.9 c-e 3.3 c-i 26.9 f-k 
PBC 374 LV 2323 7.1 d-f 6.9 cd 3.5 b-g 33.1 c-i 
FBC 1,10 Jawahar 2.1 e-g 1.4 de 1.6 g-k 23.6 h-k 
PBC 1-16 Ludliana 1/Slim 1.9 e-g 1.3 de 3.1 d-i 25.8 h-k 
PBC 1,17 Extra Long Slim 1.2 e-g 0.7 de 1.9 f-k 22.0 j-1 
PBC 148 Punjab Lal 3.3 d-g 1.6 cd 1.3 h-k 27.6 e-j 
PBC 398 KA 2 (t-6) 3.4 d-g 2.7de 2.4 e-k 33.8 c-h 
PBC 401 KA 11 3.8 d-g 2.9 c-e 1.7 g-k 26.7 f-k 
PBC 171 Atanada n. d. .00 e n.d 12.81 
PBC MC 4 3.6 d-g 2.9 cde 5.6 b 46.8 a 
PBC MC 5 1.8 e-g 1.5 de 2.8 e-k 39.7 a-d 
CV (%) 78.6 91.2 36.17 20.1 
Note: Values with the same letters are not significantly different at 5%level (DMRT) 

ScCk O'tf t(Mat, cucu l-hcr, h1(ht pepper, and yad-hl- n bean hav.c beCn multilliCd. 'he trials',; are 
II ['tres. in the l)epartmetit t AgriculturC (I)A) Region 5, San itgu'tin. Iili,Canarines Sur; DA 
Reioi1 Il0 ,anto l)el Norte, Central l.1on State University, MViLFioz, Nueva lciia; and Upper 
Nimna, Naic..Itilinm. and Tanca. Cavitc. The folloving entries have been selected and included 
in the I lthntoloe' adaptation trials: 

Y.ard-log heai Cuctiniber Chili 

I ) KU (l ).led Bai (I ) Jatihtha 

(2) KP 5 (2) IV 1723 (2) LC Scrdang 

(3) CSI. 19 (3) BFPI-Cu22 (3) SZC.chual 1(0 

(4) BPI-PS3 (national check) (4) UPI-Cu 6 (national check) (4) I-lot Shot (national check) 

(5) I.G PS I (regional check) (5) White (regional check) (5) Kawit (regional check) 
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lomato 

Dte rnt i n te Indeterminate 
I C 1 ) FITI"138(',591l5-93-41) 

12)BI 65 (2) C, 6043 BC 12-5 I
 
)
(3) B ,69 (3) CI, 5915-206 I) 

(4) Nlaigaya (nationtal check) (4) P'opc (natilal check) 
(5) Popc (recgional check) (5) lonan/a (regional check) 

Yard-lome Iean cnlhivars were evaluated ineiCI t ,,hlctils illwet and dry seasons thrOLugh 

National C'opr'tivelTstin. 

"'ticI VCriti,,,tion 'lrial of Proliisine AVNtFT ,lite ('nltivars ot Pole Sitai" wa.i selected the 
best tcchnical paper 1v the Philiti nC lhtir't Ofilant Inustry.Pof 


The .IICA irriclation pll,ct and PhilRice arc now AVNI;T trial sites. 

Tlhailand. ( 'ulinlber. yaid-hmL, bem)i hot pepper. and tomato trials arC heing conducted both in 

tbe C\periinicntal rild at ad iilplacngsacnin 'alerS' field at Rlatchabnri province. I)ata collectio n 
in all trials i, till tiln. The following e.'ntriCs aie irnclndCd in the trials: 

Cucumhber Yard-long bean 

I ) 1,V- 1043 (1)CSI) 4 

(2) M l'iI (2) KP 5 
(3) UI)1.-CU 0 (3) CSI. 1I) 

(4) JCd Bai (local check) (4) IV 801 

(5)Tacng-ton (national check) (5) KU 8 (national check) 
(6)Rajburi (local check) 
(7) RW 24 
(8) White Bean 
(9) VJ 408 

iot pepper 

1arge fritited Small fruiled
 
I) Yangiato I ) HLIey Sitt1nm
 

(2) Tit (2) 1luaitrea 

(3) Paris (3) lHuarca Uhol 

(4) Batgchang (4) Pun jab Lal 

romatc
 

ilarec frui ted Small fruited 

I C1N 5915-206 N4-2-2-0 (I) Seedathip 2 
(21 CIN 657 ,CI F2-274-0-15-7 (2) Scedathip 3 
(3)(IN 391) BCI F2-2-6-0 (3) Scedathip 91 

(4) PT 4225 ('4)CI, 61)46 BC3 F2-51-0-20-0 

(5) PT 3027 
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Subnetwork II 
Disease and Pest Management 

Subnetwork II has becn divided intou It'l'i mlai :tilcti itit,: (I) bacterialIvi It disease Inanagem ti,It: 
( ) r anagelten t I(fllnajr \ rl" , ihll l le : arw d 3) intei itted pest Iulailil eCIlueut II'MI 1h." Cruci fers. 

Bacterial Wilt Disease Management 

13;tt ial A,ill. L 't ! h\ ' I iiI io/l i i llhI ('iiIE 1iklll/I,i' IlIItrt hee I 0t c C '.trtllCti\e ItiWi aiSC'S tOllie \\h ill. tll' t>[it it'-.ll'' ,'> inl' iiel fl IS it'+t x5ul IH'h 'titlt
h i+i t. ]n tlj~c<[ i ii+. Nll .c \ ickih It'Ae ' ll \ 

t illitrit. Ica, c'' thN I MI, It I il ttiIlut I IIAS.2'5 - 15, ITic w'ntit\ tf ' I h ) it, \\ i' It' Ic"I') Al I'L teII'PCILC. 
Ill'II+ 1li ',t ,IIeLT . C\,-l titmlil abilit\ I,) ',Ul\ 'C in the ' i alld ill Il (t+" It n1 tllint. hid tilt'

ILC t+ItIe+\il I t' )IL lI C nII F, CC I, !-)iMl~ t,,,. o I l' l i i!1',. RA ',tl I ,+,'0 Il C ,\I h C I A 1, 11 I\ i ,,tI I \ C , Ill lllilitll 

itietlll~ 'A I nitti l;l', ill llw ilil Ncl"lllC hlll111ll the, i litei,,1'nt '1(d clli i ll, t\' lilc ,'h 
t iII tII ( I1 I IuIC , h ,'c'l I',. ri Iit i I\i ; ctinL\1I.Iic, t h l i li iICic t illt lii II cr,tI tl\ ito )I l list.
 

I, cI ,il I , ll't tht ca"
t.li t ll ittl,-,'llt .'ttI Ij ,it, II IuI Ti n i sOlatl dt(i lt dIC' ilc hl i ISll. 
c t 1L, 


Ill ,t\ 

,l .,'ii iti, ' ri-li '1, cIht tilt c',ttt inctlit ', cinl'bbedictd. 

tt¢II 11,1S+ lc I t. ,i (JtliA' tICLCI'lIM t~ PI C N O 1nt,1,+_lioll ill tllll l(-;iI. IPC R 

I,,ti 1 llt'1 , l'h illi 11 lt I , Il it till. pl1,t6,-L tIcI' (M IVr 'lliltl l t ), it' I ili Icl I .l 

i. 'C(,III Ineli I P I)p1', h il ht l Ipl.c itr,* t r t ," ill I1 rCt ier allttilIt' isl atl ,.ICICCt.'l 01 tilel 
ith I' lh ' rIl t \\Viltlitl-,ie, Nuriirtt ., ItiicI )Nt ,i h , Id th , A NI-Tt 

Icil Cluct '1 uitI,. 

h I Ii t tiltldulit h ti I l , ' Iliiit lltppci i Nlitilict le I" irt i es5.L.st.,. .it 
1. N9 12, . !t t il., I 1. 15' I I.1,27-1, . 34 i B -1-7. 

,ia l ;trPlvol rit .i, l\ue h mie il ty itil I 1'..stItlli'r ,lati T NI 2 p'i)l clt im is ill 

Ii illi / ,iU i l th iltiI Ltidl i/i'iLtl',uiil lCt d mi S.ltudiCI 1asD iN tIttC . A lt'id 
d (Ii ti ,/Iu,tilhtc1il e ash ;i7+' ,'itIttCtIoit+ IIIl t'1 

u flcrpcIi,i I im+'+arumWitreA ilt+lluit2I tmn"t't'lI lts7(1tII PU ',i l,,tci,, phi ci tl, t;hN t 't fftiib-, tINtV-a s ft hltltI rus Yn(~-csCtnlI' ud l i HIW Y)lt. 
,'[M tViiiid IN',t h- Il iIdt L' ! IOIll tit i'llI ti )I'ie lla piI ll) ant their iwiule l pitit s gt)Illtltt) Ih frlln10 1 il*Llt.'ioll hy 1'..s,+/t(t /'tp 1,, Iv il , ',tuticd. 

Ill Thil 111l. 13 p~lini, ,:tric,,,aebein~g ~viltluatcd i'()r b~acterial will resistance. 

Management of Major Viruses of Pepper 
' lle \ il-1,, C0111111 \ i,, C(I'lt dC)-,,it,' li t e h~ig Lst ['ut(thtt_'tionl c',ulltrainit a.lllioll tilte I1tillnt21r ts 

di,+ti',t', ilfc lin llp, (life,',tto irllsc.,+stuch as.-t'lL'llihl. mosaic virus (CAIV) Can b'e'r. Yield t 

a, i aW T'; ill tmpil i vpI ,-,t..\h~c= tb ttt l)acvrs(IM 
 )a do 'tm t iu Y (IPVY) 

Ci",ln tlt.ti ICt I -,v 45-75ri. 
A V N I T 11ftu~ t it~, h nl w liW', r 'w 'i,ILd it)i ll] p+,,rtiu iptilly, L l ltric . E xtensi \e 

',(H\ C , hil\C bt)tCII C'OtH LtU'tt h C(IllCCt di"C,,t C,d ,,ail)C 0.. It ilutlitatiom ll n~t d hlii . Ill ,i Stn-V y 
(1f'Chili \%irImqu \ c 'ct ,,, it) Mlalilysi,i~.chili vtcinla l m tlC viru,, W(VNIV) was titter-ted ill l'h1v.'ili.v' 
m inim a, \,hi It'('tN V, ',m e+ i \v u iru t\il w a 'itidel i ,ttl ,.. \', 1+',;I)Lllll ill ,A/1I(10/ 11//11 -lIriIIt, 
Dl),tra Ilet,/ Sol(IIIII Iligt-11, itlld Ih.ANliA Ilinlimai. No leaffoiL'symlp['ltoll wa~s t(6smted ill itlly ()I' 
thie ar-CaS,, r\u in tile Phl, I:w-.while 25 ,)nit ()1 70 saillt ; C.'tlecuted ,h \\ed tile presence of 
TN\ and T,",V-IPVY rnliXtur-C III Tlhailand, it total (0, 101) samples t'ml peplicr p~lants shmving 
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1 Icall curl or i . A\illoigwcrc collct d and tctcd loII Ih cnIccnini\'cirii\iruslikv sm pltoins 1 
. thc mo,,t prcv'dacnt ,,ax (NIV. lollim cd hvsa',mplcs Collectcd f0r the dctccun (F' ,i\ othcr \ irit 

('VNIV (tahlc 2), 

III IIln Onh ,cccci'd I \I'VRI )( ,\,\ >Irc n,+ r (''NI,' an (i 'NI\'.Cia. 15 pcppMr ciltiVari r 

All Iho, uCI (M V .,,Nn1liphl'.,. hut ', I.1 .HASA ,i li. ci> I l0"ni.Ic-,I, c.\ iral planit" (l thc lI') \, ip" 'nl:", \\ 'l Ii, aLiM\C 
(dMii not t~t.'t, ith ('I\' iu~t~ andl cl,,ai id a, hcialth, I:lilli,,, 1n8.- ,u t.li11r111 

VCli. andi. taa	 MVV ,5 ,, a wl 3-1 .-,,V
\( )I ()I',I p p: i.111\ 1- [lIcalC c 

10;1. antd IX 333 \\ cii u.nl ic>., 
' - t11 ) \ hN:l ,+' t \ ittl,., I)N A.I )N AJpitth c \%.i , pi't(h t(doiw l01 W'lIIn ] h1t11lu1d. 1II(11 ll lit);iw li" L+' 

I NI ,I\- i ( 'tYrNIV- I couldI. WV-:\(T~"I" l _+(V +..IAl.l 1iiL'-' 1 \cillhI\ ihn i i 1 , )N.A 
inll laitn Isthic ulco'lp tlu inh th1L, tICurl pclppr li lolih 1,L, a r\.\ti c ,, ith thic plhc ,iCl: laitc 

/i( Iii 't'1M I. 110 ' ,\k c.i\ (.\ 'liBI' //
(l,ii>, ttaL) tLrc'.. (.\SojIlli llinI l I l.\ t ' lii > I I\I'//ICII 

"c hotLItht c (1, 111,1'1liiiOm. iv h: iltcrnt Ii ) 
IIntiral of thc

'1iidt a\'Oi rd (lV iittlh ii /iliN11/l 	 ll il~ t~ 'm mlil l i .c .lHialionl.
Lt2111l1li H, It, 111CI~u. I nC' l'A]t.' i ( IV id ( 'VX V Atlc 

Table 2. 	 Distribution of viruses infecting peppers in Thailand identified by direct 

antigen coating-indirect enzyme-linked immunosorbent assay (DAC-ELISA) 

in July-September 1993 

Provinces Type of pepper No. of 
samples 

No. of samples Infected with viruses 

CMV CVMV PeMV TEV AMV TSWV 

Chiangmai 

Karchanabtri 

Nakorn Ratchasima 
Sonkla 

Total 
detection (00) 

hot pepper 
bell pepper 
hot pepper 
bell pepper 
hot pepper 
hot pepper 
bell pepper 

7 
22 
12 
30 

5 
11 
4 

91 

2 
7 
7 

13 
0 
1 
0 

30 
93.0 

2 
12 
0 
0 
3 
3 
1 

21 
23.1 

0 
3 
1 
3 
0 
1 
0 
8 
8.8 

2 
3 
2 
0 
1 
0 
0 
8 
8.8 

0 
2 
1 
4 
0 
0 
0 
8 
8.8 

1 
5 
0 
0 
0 
1 
1 
8 
8.8 

Weed plants showing potential as alternative or natural hosts of geminivirusTable 3. 
SymptomsPlant name 

False daisy (Eclipta prostrata). .... yellow mosaic, yellow vein netting 

Potato tree (Solanurn wrighti) bright yellow mosaic 

Vervain (Stachytarpheta jamaicensis) mild mottle 

Node weed (Synedrella nodiflora) yellow mosaic, leaf curling 

yellow mottling or spotting, leaf curlingCucumber (CocJImis sativus) 

Loofah (Luffa acutangula) chlorotic or yellow mottling, reduced size of leaf, 

leaf curling, stunting 

yellow mottling venation, leaf puckering and curling
Pumpkin (Cucurbita moschata) 


Wax gourd (Benincasa hispida) yellow mosaic, leaf curling
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Integrated Pest Management inCrucifers 
PCS~i tide llci t ICV~ IOn eIl IrI*C 

IlicI.,k ri I.Ik III rIt\ ILl II iterI Ia IC hy I)e an 

\eIN VCid Il Iievelopin NNIere- Cruifers (eithhat-e. calil mc

('lO C I. i(j(/J IlI \n cIll "II tie C~llstt IIII\tpI INhIeIn). ia [ ee 

[0Il l hit".N(TIAI diI111i(1 c \\li1e 1111 )tIMt I' Ivek 

AVlITtt l tNAt1)1 sII ld\. M11.t' II ll 01'(iiC IeLe'1110 i-n' 

iiL'l\pc 2 O /~u llii o lo//it I'.hilto/c/b)1) ILI \\Clk.y 

lui ra' ill i .i4 OC (11 'IUCH Hte'Wpaa'iItLI'.) 

01,iltl- IIIeritItor' (1Ihe eteet IlI La~ir for 1)(111Ih'I)B il tials
11rim'd h11Il''.t kt ill tile l' p.Cfl~ 

WI'. ~~~ h ~ )Ii ll~ Iesis~ ~IIWltI ~ ~ ~ 11 Ill~ III/ (tttlo 

( np, id0-5' ilt )" klili)11CpeeksllLl0 L~I'C, I. ~)M Clil llif k O 

i pr!I /?ow //osI' -PN l( 1)13 Vld> <7i ii /Ilit <1 

"C0)[ld p in"'eeil- li nd irtl ciit BMC; t,1c11h id h , 


t i iiiI/iIjtej'tN jV (lt I tll OIANi t40%cl [i 

-il >7IS"II ielil
 

J Cd00p iat P 11')ks lit.
to-lir 

N00-00sprayc I)13'I<idmolaper picHmO , hot20 pr ck-ci 

Nospr'inticde - I)I3N1<14pepln 

4<7,I pirstano 

\Vatere\'. at 


Splday onailis a trap crop walssnOt het in ClnBIng <-i/s.4017crfr. 
C~I~(e nen seed kenla>7525 n 3ea\eiO~t ltcinaantsotdnc 

ffiiithoW 2to M~eriniianots 1owililISU ica i'nt>..\Ie a n e e nti year releaIIses. 11C'.//I'i'//UI 

haits bee -ennr IIeitlr i ari.heldIc(Iloberlcin iili~i~I'LMC-h eNatinalIPM indieateM thatalihee001 
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S('ruccid(lomia bialtalis) and tithcr inscot pests t cabbag wre attracted to Indian nmtaird. "rie 

prescnce It hihMyO itter .tac t cabbage grwth, and ltist dctructive dutrinelellu/a was dtrine the 

the seedling and veuctative, 'lacs \ eire the lar\ ileeds oIn the devepine shoots. advercly tteC'ti n, 

the productietnliint nrkctahlIi head,. 

The key acti\ itics tf 1PNI t)l'crticilers in lThailind hae be'Cn the dLe5 clopiniCet itt a ltr)lII)sal Iffi 

an itl-ctitilitr training and the cotlistructitm and tCut,.atitil (t) liba ratt 1acilitics. Traitting on the 

Nl~inaCileiit t1'the I)iaitmdbaek Moth ,n (rcil'trs \va, held otil 14-1(0 l)eeeiitlier 1)93 it Kasctsart 

tnivcri.itv. 

In lndcltie,,ia, titr[ittlil irine c tllti at the screettl titsC iii Sen un. "he paritOid C'((IAit
 

411ii'/llhW has been rilasCd in aIpestiCidC-tC ield.
t 

A neniatodc i Ibine reared ts a parasitoid I~or cabba ce pest. 

Training 

A bacterial vilt training course was held it AVRI)C' rom 25 April to 23 May 1993. One 

researcher From cach oll the four collaborating NARS participlCd ill tile training. 

Atrtinine eonr tillonrajoadictivc I)NA prtltC-diai Isis atHleafCurl vi'us was held at Kasetsart 

University toln 9- I llnie I I))3. ( )ne participant each froInIMalaysia, the Phililppincs, and Ilndonesia and 

li\'c participants frlrn Thailatnd attenldcd the training. 

Other Activities 

AV RIDC al wiitcanied a workshlopon, A.gricutltural E.conomics Research oin Vegetable Productiont 

SystenIs and Cotsutillltioti Patterns il SoLuth and Sothcast Asia Otl I1-13 October in IBangkok, 
to explore the state of the art of agricultturalThailIand. The main ohjctivcs tl the workshlop werC 

ecOMOlnics r'CsCarch in sectabIc priduction, marketin distribntionl. and conSUMutiom; find tot the 

types and S nrellC, tl1ia aihable ,ec ondary data Sets in \CgctMNC,; and idCeitil'y the gall ill research tti 

set I'titntc rc>,uzm.h prioriti.'s Iar niational and intcrlntliin l agriultural ecotlmists working with 

vCctablC ,sIC1t,t. 

The worksllp identilicd ttuc research iglclda and plailncd 1r impact assessment o ollgoing 

AVNET and SAVI ,RNI, T activities. 
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South Asian Vegetable Research Network 

Summary 

\sili )Nliter\Workhop wit 

I- Cr I )94 tt Bild. _itlIC. India, .Mild JIcILCd 11151) \eC l' ,ciCntists
 

[he S'4,1.lh \ectihIc Research Ncwurk ISA\VI',NI held on 
15SClp[IIi Ihe AtriA thI l, ) 

l 'ri . the umidtcriIltml l ilidildI l1, Iflhtitilil. IniLII. NeIil. 'aikistian. ,in I tiiki. 'l e ilic:illl workshop 
,
oIOl\\ tLi t d hin no IC IIll' ilinlhild tilC ieL1ohjc'ti',Cs: t0 tlli \ (ii I Iti 111i1'1d O C"ldt 

CLqillIv\ in cac'h ,silImiimt\\ ik i'i\it\ %6hili I \iesC tIit clithcii llin ie'0.iill aIctiv it I) 

I'mIliliIMr nodiIication-


iL'd (11curetlllln >,II di'sc'10 hililliii] -IQ )blatsed )I lie
 
nlliniihUl!nil Ii[ nd -tnHhin .il uhL'L's i .aul iil'l'illLC inthe wmnk plai 

Uss "litaL'ics I(Ior 1 hC InCt phisc (I 9 
l~ll<,r',ilclc'\~OICc' iip c lhcIi rqlst ,c:a dt iicc l c c,,'l adiusllncls illIh1 n'lllincial 

)i, ll , i I lI C; iht n i .; rk il Iil h C[lil' lt llln i l1st lid) 

Subnetwork I 

Exchange and Evaluation of Elite Varieties 

omut ofl" \ 13 kinds if evaluated for yield and 

t1hilulity illiCiI-i b 

A total ol() varicti" 12) ricics o vec't ills SverL 

Hthe cimeme-C elllnlriC,. li ollion. S on, of 13 varietics wecre tcs;ted. Aerilfountd 

I)airk Rct Ad..\rka N tiketnpirlinLi \s ellin [l1alCsh ind li I i.;nk: Ried ( 'renl' in1Nel: lisui 
Nltavhix aid wecll in Indiai andi Ne'pal. InItoliilll,> 3.ot of1I) arieties were teste,,d. Thle varieties '1'245. 

Iis~llIai I! Arka \iks \eI. Ili lorlaiice Nitpelislri. nil'.d rl ori Nepal mnd Pakidtan. vs
 

)bsci'\%cd ii lltoibito \ariCtiCs i-,l il\ I)wairtlii P'llunjib (llhiiliara. In Sri I iiki, the vrictliC, Riltie
n,
 
.\.I.. and lPaili Ithlih, peilorined eil. l'cioi-ia varieties1 'I' 24. ic T N0 \crc Iluind rcsistnt Ito 

bacterill ,vii in India. Ill(1ili, 13 Utio I16 vri'icictie cd. l'rl rnic c dlSii I aiikai chiliwere cvaltl 
,
\iliCtiCs MI 2, KA 2. anild PLuva Jiawilolit)i i wi s cirin India. I[iincl %in Norlh liii prcl'rred 

tle, coIlor o)IK..\ 2 wrhichil ha<Lde o ito' Ii)1,(lu(ilally viltd. In el [ani, I I ilrictics wcre CsilluiltCl. 
hie sa,ri ct v Itia PuilC I Inn perfolrmcd CelIin lilditlesh, Iakistai. and Sri ILainka. S ipcrior 
iC l'[ lililcc'\ti , iill,o evCd in hFriilijil \ il'iCtiCs Nurki, Pilit Siiiii"il, anlIds "'hii C'Clly PurpIC. 

The six SA\ViINI'F inilibcr coUntiics irccd Itoehitc I 17 vaurictics oI'2 veIeCtblecos. 

http:S'4,1.lh


411) AVRDC 1994 Priess Report 

Subnetwork II 

Bacterial Wilt Studies 

In 3ani.gladcsh, tut (1I29 tnato hybrids tested, the Following six showed I()()/ resistance: IN) 
X ('I IN, X 0, X IN). 0N ('I IN, IN) X . and IN) N 1). The data arc- lbr I yearonly and are not 
rIol rpl trial',. ( )tlt of.h lincs t,;tcd \ ear, trsder field comditions and I veartrnader aitilcal-icatCd Woi'2 

s.rcCIlin[,.. ,i\ ',hii\\,_d 0oitpfe1te istale, nanmely .I 71 IT I'M S I 'IN! '01, 'IM 85. and TINsIC 7]2. 
1.1 tlaat. 12 , lri,'ti,,\ct' testcd and oly' t\, P aint RitUriaj l ThiolCvclly White, shO\V(ed 

In B 1htIAH, I:A tcI'l 1 \\ Iill inlial, c'hili. and to>in+,to ,, It()t pi-ON+Cml anr d. 11 c,I t.IC,;Caruh Oil this 
lit ' ".,hatll C 1 lr d. 

Ill Indiah lit, p t r ( l lll I\ k her e cti is I1101-C prC\ 1tCl.l \\aC t ll d. ItSht,\vCL 

hlt 111211 I lidit, anud hli"-,hi !CI Craturc Lecicratllv i'awr tile wih ilt Ihece arcas. ( 'rop litalioll pattern 

e tCli,.Ill o will incidc ,ood 

v, hilt' t. Ki ns,1, Calt,., eiieC. and e.hcat rotations did not redUc ,ill. () tt o'21 advancCd 
hrccdiii' liu_' Imill ..\:V I)(' 'vaWincd it ti Indian Institute of I1hrticuIltitral Rescarch (II1IR), 
l iiil ailt rc. 1 lines, pieed reistn ci\eell ier 115ldayvs alcr p'anlin. 1sso hues. ('1 .N 075-2(00 )4
2-2-) \ilh viehl Ipotcntial of 1.35 kl/plant al ('iN 075-11(('' -285-0-2 I-0i \wilh ) icd o' 1.55 k,!/ 
plant. ale proi "inisin. The 15airce fruil \cihllt ill both tl h_, lines \\ait, ,bo t 73 .. 

'liv\ Cd id't \ Arltla in eic.IPadtlv and Ilai/C \werCe fIlt Ito hC g itltCre'ips. 

rc,,asl n,efi Imble tlteriil \ilt in cndIi Ncpal. Rtc 2 \\a,, o rinja tl a c 3 in toilnato. This needs 
c nli llatitll Ior allollhcr vcal'. 

Ii Pakistan, sul' cv \'oi'k in -12 locatitnlinIlil r protvince's 'as done and inf'cted soil aid plant 

siinpie , o1 chili aind hoiliato \eioe Cttlcctcd. I aboratory tcstin showcd 3 to 1(t'; incidence til wiit. 

Biovair III nllistl\ rcs oiiihlc flr tolli lo wilt aiilllh llh Ilitvai' It is alst present ill potalo. 

In Sri I.inki, ,,ip\ .lnlsl uplinel wel' 'Wl itUctLdin 2 1 ltCatio is in thelI -C tllty ai'a. 'he Iial 

wilt ilcidence IatlltIh cri),L_ aind ail hilitiitl' duiini I t993 and It94 ralnucd 'ro t 0 it 33',; and 0 tio 

cpcclis el\. IIll 1 and3W sp, 1it I (lie loot C0lilllttl ipc, while BilarS Il \\'rec also prevatent 

in the hi-!l~l.ld,. ltaInlitt lincs Il. I ITl. 311. and ('TIN 65-3..9-2-4) e p essed rcsistance. Soil 
ainlelluildln, like caliiciun Itndl 2 i/ha, ic"a. 2)(M k N/ha ant sllulhillp (( IttIII'I-I idih'cvi'iolia I), 
and I()t/ha \ialsiiinkl kanitha( itoi di v'lr.l' itilo sluppiCSScd tite c\plr'e iil O i"ibaCtCrial will ill 

Ioilillourl \ cy aSir n crc fowerine .sta-c\ ere tlonin 21 IfarilCrs' fiilds in the niidcouniry dnicrn' 
in 1992. Btactei'il Wilt illiiClCC v;rie Il'dlim 0 tio 35q . Bit'ar It is r'eptnsibh.e in ihis region. ITnato 
varicty t'1+('P f20-1,It( ' 375. and PIC 473 werc Ifnd to be r'esistant to bacterial will. None (if the 

bi'iijil varictics wcrc Iftund i'ceitiai. 

Leaf Curl Virus Studies 

In aienladcsh,. tnly three oit tif 29 F, screened in 1992 showed sonic fIeld totlerance. with Iss 
thai 7(,; inf'cctcd plants. The disease incidence in teolter lines ranged from 13 to730'3. Another 56 
tines/culti var, \vere t'ucicr d in I )3. These inclIded t-erllplaSlItl rcCCivetd 1'nitl AVRI)C and other 
S0LuicCS with rclitrll ierSistaiilcC/ttlleratlcC to tolmlto yellow cal' cUrl virl-s. 

In India. two institute, arc involved in lealcurl ias 'esi cllh, t ICAR. ict t)irctorate ol' 
Veectablc Rsccarcl Snndcrl-prc. Varanasi in North India. and It 11R. BalNihrC. Sooth India. I North 
India, I tftlal of1lIl78 ttiililt ,ceessitmil, 'ii'sd olvarieties. huvhrid i)uplisni access;itis. and two 

advanccd brecling lincs. 1I 24 and If 36, 'esultin jn ci'tlss tl' I.. ',it'lfl('#lII1)' x 1. hi'xumm anud 

http:hi-!l~l.ld
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L em-111cialIIIIxL pimpitI('11il'OhilIn.rc,,pc(:tIvc Iy. \ Crc "LFc, II(,kI kiI lCit I'C-111-1 I'IL'CIIMIcI'\I HI!,I 
11.1ttil',11 l'ICId L'Oll(IIII(HIS. I"T'lit ilccc,",ioll (FC I 113. k(' o,'1)24' , VC IJ" 1212 It), FU 1)29 1, 
IJ 00.)_), F( 31-70. iIHLII Cl'iCil I Ci-C I-C"i',ti IIII,I. 110 11C(4 1.1K'I)IiIIII" '111M%C,IitIIYdI ',\IIIIIto IIIS, 
A tot'll (fl IW)' IiIIC-, ',111M CLI \ ill M!" O-S P; 1(11Icil! cull 111IL-t-titm, \01cica" low (I-V1111L." 
1030 11 itII(I I:U I )IItm cd MW e IIIIL.,tItqI, ()I Ic miI It Iwck I hi-cck IIII Illic" WIcol Ill two 
com"cl IIH\c 1124 -,Ilmo cd Ml a\C-ItLc kil"cit',C iiICIdCIICC ')IW; : 11 IT "OlIIII)AI-o"M o 

()4'1 01 OW ('1ICC11,,. Notic (d the 135 hot pcppo.'I "ciccilcd \%CIL' IC.ktilllt, 

,IItIIotI II ILotIrI IIIc) (PI)AC 2o, PDAC -)1.PDAC 1-1,mi d II(fl. '08) ,IItI%Ck Idl'Wi I',C1IIk.'lJCII 'C, hC I()ooo 

20, ; 'sI\ IiIic" (P DAC -1-1, P OAC 42. PDAC 20. R ' I 1000-1, RIIRU Ih-5, mk I KaIf,IIit I (wi II h IIild 

dl',Ct I'IC Ill ('iL ICIICC ()I 

Ntmc kil'tho, II ,\\ cct pcpp, I-1111L." Ili ";l)(1111 111,"cl-cclictl W'1 1,1111 11,1.1 tlr\ co, (dt lit' iniflor 

pcppL.I. "nmill ! ill 'llid Alidllr l %\j",(qldll , ll.d. A Ikq 11(11I-M %\CIV 

wlt('d h1\ 1111,111CI, t I : I.S.A. 11(Ili( AIV I.I)killtl) %1111', Y(PVY ).IWppcI 

1111" 111olL'It' (I('(CCtCLI ill(I'M \ l.'llid Iolvo'( L)111W, tIC \ II-W, (TAIV I\ CW till' 111011 PIC\ AIL'ilt 

w IL.t II,III')()'( (d IIIc "'t IIIpIC'. !11iILIIh[1011. ()-! iffllj) IC", "h() %IIILI ,VI IIP10 111,, [.\p IL.,I ()I L'c IIIIIIIo,I[JIS 

III1cc I; )[H "tIch a" clkm III.IIII,-,,iIIIdI)II"IcIiIILIo I,tIICICt\ o"'. ,tit IIIitI Ctc. IV,L,IcIc"Icd iIIAVR DC 

h\ I)NA It\ h rh Ii/i Itlo II II,iII , a 11110111 1111L-c dILm N_,c III11-litho., Ico,I I)NA pro )hc', (()1 11 V-I IitIIit, 

I:I ( A'-'kli V,All. lilt! TY IXAr- 1:.n I )Ilk ,l\ "'IllIpIc Ipw im c lv lclhill. 

:11 Ncpal. ()IIIN Ihtmt ,)5, 1,(d tilc phill" -,Iltm cd INPIL"ll ()Illo, li\c out of 35 
lilt lilt' I'll-C"ClICCOI 111CIMIll'o. IILI',.( 1IhC 1-orII-IINC",'1IIL'II 

("M mid TNIV 'Ippcill. 11101V Itim ,ill) Ic,11ckirl % . Ill I x1d Pitra. 111(olc thim"ClIou" 111,111 lrtl, 

80, ; (d 111C. IcIll oll-I Illol _\cllom 111L, ,\ 1111-ilmll". 1,IlHICP, 111111MIL'I (d 0112'tiloc\t d phill" 

will lo)""C" to)
 

I aild "allipic" olllcctcol ill Pilki"titil lit 11)() ; mid IIN-L till- ilw'[ 1111poltillit 

II I t Ii i I I IIf t I I II t I I I I ' I I S % I II I , t 

I (M-I, I c"'pt-C-1 I c Ill -,I) pcI"CL'IItdL'L't Co' 1 7 C)' 01) 'llid 

10' (d 111C' L 10[) %\ it, '111,Ck-wki lh pot'llo Ic"ll loll \ III],, PI RV I I I 1)03 Thc \ im" %%:111. 

I I( )\ L' ','I lit )I )till(] A I II 1111 Ilk: I ),)-I ,Ill \c \ ". ( , N I V ,% i I " I t )111111 Ill -'W (d IIIC ',,Ill I dC", 0 d ICCWd 111 1 (M3 

1904. h)tilto \ I I-[I,, N %\,it) lotilld Ill I -, i I II (I , I , ; ( ) I' II Ic " itI II I ) Ic " ,lild ill 6 1 ' ; ( d 'i'C' O)IICOCtl Ill 

PV V 'I M V, (mililto clltm If )p \ ini" (TVIA, 1. :11ill I )VY \% cl.c. also1011 " Illd I , 1 1 1 

I*%%L'III\ ilh IL'Al L1111 ').\ IIII)Wlll' \ L'IC' W 11cctco-I iwd ic,,tcd by DNA 

It\ 'o.ith it"llll\t([IC Ol P32-lill"ICk-LI p!()hc', (TI,(*V-Tai%%iIII, '11CV-111dia, T"IT(N -1:1gypt, 

T0MkA,-I-1it. Illd M"I'MV). sixiccil )mllplc" tcstcd HILIWAHI)L! tho! j)I'C!,ClICL' 01 it2TIMIM il-IIS. 

TIW \ lRi" COUld ko, trall"Illitit LI1w Lr;tkillu if)Nif oliolla [abacum S,1111"ull ;Illd XiIIIIIii. 

TIIL' 10111 110 '_CIWIM 1111', hill, I)CCII IMIlMllo, Illitidl 0)iIIj)iII',tIioC ',LT0I(WICII W'ISIIS111111 
to dic Indian CiIY A\ it 111t)"itiC \ ;I R 'MV IMid 1)01 ,W1011ill illItih ( iL, 

Ah'iCilll CiiYA\ 111110,ilic \ 11-w, (ACNIV I indicatcd that till: l-IC11111M lilt, \%IliCh I iiLl',CN lCill' CHI'l 

VMI)tOlIP, ill P,11,1Skill 111,1\ hC Lill'I'CIVIlt I'I'MII till.' 111(him tmilato IcA cill I \ Irus. ()I 04 (.11111 illllplcs 

0dlcctcd ill I CVNIV mid ( 'NIV %\cIctile 111(v"t 11111)(11 lillit, %till 2W,; ()I thc )imiples Infcctcd 

lollmo.cd hv IV V (1),; I, PVY (-71; ), PVN (If ; ). potato \ irw, F.(M T I( )' ; I, I)C j)j)C I.IIIIILI 1110HIC Vil-US 

(11%1,\I\ I i I; ). and PVNIV ( Il' ).TSWV %ilIml do-tc-ctol. Mkcd 1111ccilim \%lilt C\crill \ inisc" w&', 

11C011111MIl ciltwv. I'loill pl-climillitry )CI-c-cilillu, "ollic follild %illl Icsistillicc to 

TNIV (Allillicilli TM R 23, ('1113) mid UNIV Al ]Oil) \\crL W'.111111cd. 

Ill SrI I illlkil. It ,uI-vcv I'm. Icalcul-I \irtl" c'mductc(I Ill the illilio! dilli-L'Imvill'-, ilrc_ oflhc 

(Irv /()Ilc. T\o.cIItv-ImII- "allipic's wcro: .,cilt lot AVI"'N , mid ilic t llm cl"ilo, ill for (C"tim-, hv 

DNA IlOuidi/iltwil. 11"iliv, it llli\ttll.c (flclOwl I-Alio DNA prohes ol"I"I'L(N -

Fgvpl TL(W -'kII%%all. TI.CV-111(hil. ()I*Illc sample" L'I\c it 1'1) itlvc Ivactioll. clearly Indicating 

111c pi-cs(mcc of it ,cmlnlvirij Ili chill lit Sri Lankit. 

http:lollmo.cd


Integrated Pest Management of Diamondback Moth 
-
In Bl til-fledl. allioilnl \ .Lt all,.. are maxinitni ol'a ntth inter ', ttiilcr pl a td to a area a 

l2.t(hi. In I,.Ceent tine,. I )BI l, CIIII L'id it re+cLillir i nllapl. I lcr cilr,,. Itsho.',t ranCia) ' i d lpest oi 

C\tClld ', tii irtle'ilertt,, ,.Si meHIitttjiirtitlt ltitttlr'il cncmitie like l)iudw u.n lri.'
eitt ce',tAbl ,co ,

'
 ';,,'xiafldtui'//u¢', titi ()hwt\':n.i .AJ]/, i' c_ iden.:tifie \.'i'-tinl rtetutr i lilie.dIlilkjj e been'i ud.. '.,t \,.\l I/t 
ti ,.rea;te a -itid-re lle,.ilit\.;i lt riin' 


1
Hr+,. .'. ,'I i . c,,l ,,ll rN. vere,tti, Ih,/,it R iC lll eiliti,-

citt lictt'l. 1 tre .jic'cic', l ;iittt idl,. ,/.. lc'[Jr il ii t~I ti Itl\ titi/ti+l. ,++ii, itt tc' Icilec t d t iw it 
td %%tliittJ.nl HlC )C , itineth N t .t 1citcil LIct l .ttta Iil of itt tl 1ti ()l hPttrtt sI wf o I tIr 

tiend li n . t1it tl itiler,I ow.'1,1-ch ' ,It ICIII+t h )I.,Rtit~ I ' \\ICl+i Iti Cd , I'c htA iiI', I, t' :I IIICt< ) LI l ) (+i~i<'Lc lilcittli . l,, II )uc ' c' I L I I I()'...+nI _r+ic .~ 

il I .ittI I ii tItlili t CIt) t I I CII t_'l t t Iiil ,I iI Llkd).,.v 

It I I I i r JL/kIIII 1 / / I/ nL'r u itilltinl tlt).AIi\clit i 

i\ttiti li. ' I i uti A l t ' t II IIC trC rI' 

ili IIi ,+lttt I /h i 't I H rt l lt.' eiCtiC 

<
I c i c ui itt the t1dwet i y.r(i' 

C0atItCd I I IIttt luifl 2M11Iiod I/.l. )tilt l.%1 1(1\t Ctt 0a 11ICC li t I
 

t I1) )nd elliI ile rd drn i'll ti t te( ill ti_+()()iC lt Pl.'illie" 
CCtee 22 1, it t. it A lC it~ ljeeeiiltiCWhi\piritillu d xx i(.ip)l-,J l tt ,il'nI ('t bi, raiil en li ti () iI.)( lu uul, urc t",iw. 

t Itn PMt ciniedntituil dxit lr\c I)I1 i ii t etic,it[i(tlt c lit i ,, 2000liir it Titmil . 

. it It,'t 60(i t lh tdhelinAnoIut e,- a n il0te ini 01itil .ilt't itlli I tltt, tii.e 
lt it n .titenil. 'Ietitltidetl ld ,bejllC1r itt l l i tialrc, ilttu iilt (itt tat tiu etu p Iieedi wi ie 


iClo anI 111le hit with b. iilci . .+ i iit ilta
111d rit t e l " tLerIliill+tt.x unt ilt i iCte 
tllrite e ttlt i/tnt/i ttdct l tti/i t itt iittbIitt ,iui' l.tn hie ,betellttine iidn 

ippltetiii -itt li1i/ite. [I-,lli UC Ii/LteM h l l ltriin w
i alt ait iilitei Iet ith tiI 
Ma\nagenicctl ofillcHeaitid I I t,Mis'cturantthrPysclcatosotI~lIilt_' icl .r.tpl hilo'il,. Tmtoad.hli~C(. I\'~d.'iI )I1CI llilil ,,',Mh~,,~\c tih\ r<<I+'til '1C /)hll() li"C1 ,L',
tiitlt~ituti.tte4 ehll ti /teI)I i /X etie c t. llte]e lui riitiit+c. pciillwitt t i'l I. i / dIt iit i l. Lii 

eit iut itrtd t,,a"t iti' llii.o l inil pul,'t lenr
 
ti ltltl i Nthti n ht itit t eIt I ttilaltl, iliii 


Alti v tIl-tl ii illptuitt )id in Itilidhi ait tlt iettc t 
natt> l i tlllh ie /u I' l l t/ mttiit . ,ili 

Management of Heat, Moisture,and Other Physical Factors of Tomato and Chili
 

Inc lli c .t ( t \,ls iiet ululhtlntx ect hiti l l ril, 
irtritt leNlrCNti iitti ,%il, ttCittelthat t ll I +iCltoduCdi the re\\i/h ititi 

l h all \Ititl silInudi i" N tt nldtiiiiCt [i e 
cltI
ti. 'ii i I i ttloI' Dik itl iibe ittiiue ohi e \C Iipt~ ll uleelIVtilt xtttc N o e Ct ti( I %~//.C.p it fiti wtil lil 

tirtlitutiin tltti ,t it,,\kith I A , i 'lcmt ri>iLte"C tiNcko.t itci,/ricn nt telt:X itec,,nt u/esi d 
1 ll ' Ct_"1tll111ilcr tIlll i+,ittCitlil ilW\ith CdtI1Cd iL tCl S, in.Id drUc ltlli:ilo (Tlt illCoilh~illiff i'dtl (Cdcl 

appi'licil<timi l hI'illlli . TlhC I)Cd C0\CIC, \ ith Aitr'iIl+iICII l11 'dihuhcut with h ttl ++hoo Wtcrd , 


v,' l tihilhi lllih[( I),. i liicd lil t. 1H nIlLI hi t,'di I ,tll 1)lVI 
< . 

CIc'ildc'11lt"Ii;llcdc c'li I i lil iIic' tlllttc.'th 'CIC
 

l l11 ;ti~ t] tllitrtic'il;Itc iic ily


i,ktrk IIC'C'tihC!1n1li1it1Ccl ii- :'CiinL,\,11u tl c<'hili 11111 I( I]ll C ld
 

ttllincl \' l tli t+!l .l h it'l)i 1tid ill Ohw', mli l h \,Cc,' ,0111iC 
lio i h ' i '>/,tlA I i cl , ;ilndilltl 


III(lc ~I u lo I hM21 _ltHIl cl ollllil, lc'lit<II,1- I )C +'Clo~IllIndl~,; cthc t~ tc t<,.rc'" in,'i !'' 1it',Ill Ci.IIlci~iti v i,< C h~lil 
•
ihC' C L- nIIC'lllrinIC,ktih~ilIt1 A _,oot l iioll . 'NIS idt. ,'nhCIt tr clue"I- (( ''\ .<S)... d cL-im I)C'tC. U'~ Ii+,. C hI4 hi~i 

tI I C'itI'~',c"'+Cit titi lilt t,,i 0l<tlittLir'C iii. nl ,.7 'c. :--Jq7 Sh,I I i C ',I iCI'~ t 0ll~lil~o 
-ItoIllml<.tiirc,lc, in~di ttul ih~iQ illoli',ltlr" lirill'- I'rllil & %l1' int aic~C''C+ilC-me ll ,l,+Ire,, l.'ltl thw pe, 

http:Tmtoad.hl
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ORi dn I helbre Hipnmn.lao10mcx A SanrMUM K k SAM V\PIit I"irlx' IDWaI f, Red Rock. R'S 
1and RFS 2 Inraianted beteCr0 111niC *ldlnstmen It [Ind ide et Ctl Iunder waterf 'It CO~I codiIonMs. 

liItese CUiti\ars had eooti reeiovcI\ capacity. 'lCiiofocaseleix in) iniprovine linrit-et of 
tomalto uindetr hilgh impenoilre :35 'C iia, and 25 Cnihlt emlpciatrt, ti imtilimli. lii-t aem 

NMiIr75'ih) Mr ;inl Ow Npincdteulperani untde iotiit v odliant infiilc otntinli t'irarc 
xxltclitihi' lctihitli i tunlr iatt'tttJCeIditirt' iliitIn'li rtiiii~ loulatin\ar i I 

NoKprIiL'IIittt a5IiiIli cd tN tI l I 1()\%(,\ t. ii \%is I! that mIiflt \%ork dwituild h c rniiateti under 
th~iiexucok 

Ili IPakisitu uit1 IIitnltI \Jrtiitie, %%Ctt' unxiitder ftoni Ito (mIetleICImm leels uinider 

Water. (V . I .J I i_'at Itlil\illtlltt it cldi (ihijatiitt ,.ithlat' ittixit.\ 55a, i c t 7f)'; 'lwiswtt 

tiCI)ICtiii he lC\l \ititltt I i'\lIiiiIt 5t tiijttuticd lo stniti lie CeTiet i'filittictIt COhulil plaStic 
miclictit andt tieI itttilc i micrit'. 'l ICol tiiltlcci5i it1ihji ettcium l\inmnll 
S'ieli xxs\%sr i h 21iit1,c'Cu it!h h\i tad apositixep)Ilastit (hos bx meiAnd Hlack. l~N .\ (1ppmt 
elicit on inI'Lt (IofL' tlfato undIrI high teinpe'raturi cotidiiioiis. 

Ini Sri I itiki. OWielicit 0I fourl itutchitte m1aterials ott the p~it'irnancC o)f tchili [rwntinde[
railittil cintittion>xl iiiI All rittltiitic ttitls,Maintained ilitisl_(l mo(istureco~nent amnd low 
teitipcrature till)tie tontrold. Black pflytimene iaitintet thmeioxxes soil umoisture content. Rice strix, 
anid 1cUtillCA eras eorlt IL- e lmwt'si~ temtperature, Pods per.I plant and dry chili yields werce not 
signilicanltix aICleCie b)\ die iIlflert mnUichtitie ulaierii. 
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Philippines-AVRDC Outreach Program 

International Hot Pepper Trial 

Summary 

T.iThticcini',d 16 hot peppetr (tivars v,'tre evaluate'd in tie Iternational Ilot Iepper Frial
 

INT l( )lIi ; it [lie 1I-lI oai>iitL National Crop Research and l)evelopment Center (I IRNCII)")
 

Inl ,it w \.rietIltural Promotion Ccnter. in TiL,'blarantl Chiy. esctCivly', duhinL theI4cdy
the I,i,
,.eao,,t~. In+ aio;tit ,lit diltlerenees.c' itn aiidl ther htrietiltur;tl eharacters;we'trebo,€th H +". *+ 'icantt ;ietiu l yie hl 

,At BlI-lN(Rcl)( etri,, ISl I 1 15.7 i/haf. PlW( -73 (4.1) Otiaind Rotan (4.4 t/ha) 

i.unt;i tttlvnIljtpetoiIIt-l thi check. Kuiwite Iwet yieltliimt '.2 t/ha) iii total yield. 

)f the I 6 ,alated theotol ,Agiictiltmal lProinotion Center. KA 6-5. Ni 1,IR1K Yuk.nIeN eW atli 

itld 9.) to 15.6 i/ha.
S/eclhiIl 8 produtcd stii'tillv nimilar mrketahlc yields which rmcd froi 

Introduction 
rative trial cootrdinatecd 1 y,\ nc I to lacilitate the e~xchangecandIN TIII )I'Il1 i'ai opeq V II)C i 99it 

lnetwork collahloraltors worldwide. 

ilfotluh IN41( )llIK iladlltd gerili li with goo0d 1 characters could be used 
C\ ',duatitit tot pelljyer laudralces and elite gerilplastn aolltlng its 

horticultuiral as 

introduceL ctil l-itI apprpl-lritc production rCgions. 

Materials and Methods 

'[he tlh\ eiot CeN ;tlttiotho lINTI1I( )k 3 w.aWtscoLduciced iti two locatiots: I3I1-II3NCII)C and 

It ll Act i ttltIlIl I'roilotioti (entl.r in l'acbilaran City. 

The tiial it II-l IN( RI)(C consisted of 10 entries froi AVRi)C and two local check cultivars
 

IhitNitot atnd K iv itI.lhe ,arietiCs were ,oon 12 I)cccmhr I993 and transplanted on 24 .hatiary
 

It99)4. Iath cittrv wN t itt the IiC!d ill e ro .. ii:,l' .x liccl 60ct between
+ sthplots( 1.2 4.()ml 


oM itd -1()illtbt\x eL-Cu trial wats laid o1ut ill lock dlcsign (RC3I))
hills. 'hIc' tr-ldllohiuCL complete 

'ithi ephicazttiNm.
ithree 

()tlIy I0 [tol wer Cvaluated at ;\erictiltural Iioiotii ('Center.the rietieN ,\VRI)(C Bhld 

So1wiluil trli l1tiii' of li ilfllrt Citric, ecrdone oin6 January aid 17 Fchruary 1994, 

re~lpecti~ell. The fiel waN laid out in RCBI) with tmto replicationis. Fiach Cnltry was transplanted i 

5-111 suhplot (1.0 \ >1 iIli)mid W plants wrc illiitined per suhplol. 

In hoth locaions, th culttlril I/lil llcll and data ip[cdreL e basced Oin 1hwelr'C 


sU e<ed.INTI ( )l): p)l'c'cdilrC prNidecd by AV RI)C. 
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Results and Discussion 

BPI-LBNCRDC trial 

The [ttal yield ranged from 2.2 t/ha for Kawit to 5.7t/ha for PSP I I witi a grand mean of 3.6 t/ 
ha (table I ).None of" the high-yielding entries significantly (ulnperformed Hlotshot with 3.8 t/lla. 
IHowever, the yields of PS I I, PBC 473 (4.9 t/ha) and Rotan (4.4 t/ha) differed Significantly from 

K atwit. 

The ViCl componcnts and other hlorticultural characters measured differed Significantly among 

varietics (tale I). ('f () 4, IPBC 37(0, Pant C-I, Perennial I 11). , landRotan had tle hiedhest numlber 
o'ftruit both l 1 per ht.:',re basis.n er panut till 

I1Rhad the loCSt fruits (13.9 cm), ,,ile YuAk had tie widest (3.0 cmi) which differed 

,ienificantly frotll the rest of the entrie,. 

l)ays to flowCr and to I'irst harvest v'ried from 37 to 5) days and 78 to 95 days., respectively, with 
Roul Cxhibhitiigi the lttcst il both clhar;acters. 

Table 1. 	 Field performance of 18 hot pepper cultivars evaluated under the INTHOPE 
trial during the 1994 dry season at BPI-LBNCRDCaI 

Yield No. of fruit/ Fruit size (cm) Plant (cm) Da is to 
Entry (kg/ha) ha plant length width height width flower 1st 

_(million)_ harvest 
PSP 11 .7 a 2.8 c-e 86 cd 5.8 gh 0.9 f-h 51.1 gh 15.9 c 41.0 b-e 73 d 
PBC 473 4.9 ab 1.4 f 54 d-f 10.9 c 1.0 d-f 68.3 cd 19.5 b 47.0 ab 87 b 
Rotan 4.4 a-c 3.0 cd 116 bc 11.2 bc 0.5k 88.7 a 29.4 a 50.0 a 95 a 
Pant C-1 4.0 a-d 4.7 ab 158 ab 5.6 h 0.7 hi 60.1 d-g 23.1 ab 42.0 b-e 87 b 
Mun 4.0 a-d 0.7 f 38 e-g 9.3 d 1.5 b 65.4 dc 21.6 bc 42.0 b-e 87 b 
MI1 4.0 a-d 1.6 d-f 70 do 8.2 e 0.9 f-h 65.8 de 23.0 ab 45.0 a-c 87 b 
C 01664 3.9 a-d 5.7 a 191 a 3.5i 0.6jk 83.4 ab 28.5 a 47.0 ab 87 b 
IR 3.8 a-d 0.6 f 27 e-g 13.9 a 1.2c 48.5 h 18.2 bc 47.0 ab 78 d 
PBC 370 3.8 a-d 5.4 ab 198 a 3.5 i 0.7 i 77.4 bc 19.3 bc 43.0 b-c 87 b 
Hotshot 3.8 a-d 0.8 f 33 e-g 11.7 b 1.0 de 56.9 e-h 18.4 bc 39.0 de 78 d 
KA 6-5 3.6 a-d 1.5 ef 61 de 6.4 fg 1.0 d-f 53.7 f-h 20.6 bc 43.0 b-e 87 b 
Yuak 3.1 b-d 0.4 f log 7.1 f 3.0 a 50.0 gh 16.9 bc 45.0 a-c 87 b 
PBC 371 3.0 b-d 1.717 d-f 83 cd 3.8 i 0.8 hi 63.3 def 16.8 bc 39.0 de 81 cd 
Luang 3.0 b-d 0.5 f 18 fg 8.0 e 1.38 b 85.9 ab 21.0 bc 49.0 a 92 ab 
Perennial ADV 2,8 b-d 4.1 bc 146 b 3.3 i 0.7 i-k 66.7 de 17.4 bc 44.0 a-d 87 b 
Szechuan 8 2.3 cd 0.6 f 29 e-g 10.9 c 0.9 e-g 53.6 f-h 17.4 bc 41.0 b-e 87 b 
Tiwari II 2.2 cd 1.4 f 66 de 6.5 fg 0.8 g-i 53.4 f-h 17.2 bc 37.0 e 84 cd 
Kawit 2.2 d 0.6 f 27 e-g 8.8 de 1.1 d 47.3 h 17.1 bc 39.0 d-e 78 d 
Mean 3.6 2.1 78 7.7 1.0 63.3 20.1 42.7 85 
CV (%) 31.84 33.38 27.4 4.88 6.96 8.46 16.43 7.39 4.2 

Transplanted 24 January 1994 and harvested from 12 April to 30 June 1994 with seven harvests. Data are means 
of double-row 4.8-m2 subplots distributed inRCBD and replicated three times 
Means followed by a common letter are not statistically significant at 5%level (DMRT) 
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Bohol Agricultural Promotion Center trial 

NlMr,.kltlC ,, 	 MIrl hc,_r l char ctrs of the diTL.rcnt cultivarsiCM. viuMd C011)nWnItHS, 1t hirlitc. l 

jic'd Itun 3.., 15.0 l/hia 1ur('-07004 aind S/cC'hn1if ,_cCtiv 
'The dilffr iCci ild )IS/,chnIn \,;r i I n t0 tlhO ,c I and 

N1',rkcIblc ,ihl , tu 	 X',,lC ly (Lihc 2). 
I nut s. iilit.'.Il) cit ,vctl OftYtak, IR.NIl 

K,.\ 6-. but it oil I iltd ,,i flcaiitlv lrtun tiiiCt (Ifthw entries. 

l.ctr idcd inl K,\ 
I,('-.;7() (5.() ,ti1d Nil .2 NI). 

The hi-icitt natiiihrofhnltumkclihl lrlit ,,hrv'Cstld lpCi+ Was r 0-5 (5.5 NI), 
\I 4I 


ICi ruIi_..'Cd i,fl Ii )V tuI for R iiid tih withli frmn 
cm I'u 1,tmito 3.7 iml'or Yiu,k. 

I truh ili tiIM 2.1) cili Iow iIcic. 12.3 c11 I 	 .6 

t'r onc olth 

Crlit'" t0 l rvCc'tfd. Th r ) anti to firt wcrc C 0/66-1-
\Vifri(tv I 	\ iR1h1CiuliC,t i,1h1w,\cr it 14 d Ianspan flalnting antd, collt.culcntly. 

Lut to fo 33 tfa.(v3 huar'cst(73 diavs) and 
I.ui;ui.,.. rc,,iicct' ccly. 

~ufit.1 triails Sht ,\ h ryhicleveIs wcrc tbscr,\.Ct 
' 

I. .ult, INTI 1()'l* that ] 	 ill Iolhul ,\ riculttlur-a 
I'l-I.I3NCRI.( inthe l l)'cif en rics uIay lel'r-(1liti,.i ('Clti.'i thuan at Variitii lUict..of tile 

'tiihutt,'d t lfitfciciitcs inl as wcll ai:',lilc. c pratcticc+_s C t,'iutlc ut.!i,\\ in.clv joIn'iIIcII;it" ilaiin,:, ntII d. 

Table 2. 	Field performance of the INTHOPE hot pepper entries evaluated during the 
1994 dry season at Bohol Agricultural Promotion Center, 

Marketable yield No. of Fruit size (cm) Days to 
Entry (f/ha) marketable Length Width Flower 1st 

fruit/ha harvest 
........ (millio n) 

Mun 6.4 cd 0.8 ef 8.5 e 1.6 c 18 c-e 59 b 
Szechuan 8 16.4 ab 2.3 c-f 11.3b 1.12 f-h 15d-e 57b 
Yuak 13.9 ab 0.6 f 9.4 d 3.7 a 17 c-e 59 b 
IR 12.6 a-c 0.7 f 12.3 a 1.4 d 14 e 59 b 
PBC 473 8.0 b-d 1.4 d-f 11.4 b 1.30 de 17 c-e 59 b 
MI 1 13.7 ab 4.2 a-c 8.0 f 1.05 gh 22 b-d 61 b 
Pant C-1 8.9 b-d 5.479 a 5.5 i 0.89 i 19 c-e 59 b 
KA 6-5 9.0 a-d 2.9 b-f 6.5 f 1.25 d-f 22 b-d 59 b 
PBC 371 7.1 cd 3.2 a-e 4.2 k 1.13 eg 23 bc 59 b 
Tiwari II 8.0 de 3.170 a-e 5.1 j 0.84 i 16 c-e 57 b 
PSP 11 6.8 cd 2.8 b-f 5.6 i 0.98 h 17 c-e 57 b 
Luang 4.2 d 0.5 f 7.4 g 1.80 b 28 ab 73 a 
PBC 370 4.6 d 5.0 ab 3.31 0.78 i 23 bc 61 b 
Rotan 7.8 b-d 3.5 a-d 11.0 c 0.64 j 22 b-d 61 b 
Perennial HDV 4.7 e 3.850 a-d 2.9 m 0.79 i 22 b-d 59 b 
C 07664 3.3 d 3.6 a-d 3.41 0.76 ij 33 a 61 b 

Mean 8.26 2.8 7.2 1.25 15.23 60 
CV (%) 32.95 35.32 0.85 4.7 20 3.23 

Transplanted 17 February 1994 in a5.0-rm subplot and harvested from 15 April to 7June 1994 with 14 harvests.
 
Data are means of 5.0-in2 subplots distributed in RCBD with two replications
 
Means followed by acommon letter are not statistically significant at 5%level (DMRT)
 

http:bscr,\.Ct
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Chinese Cabbage Preliminary Yield Trial 

Summary 

TwCl,+C and 16 AVRI)C lines and cotrirelrcial varieties of, (hinese cabagce were evaluated 
dLnin,- (ie I 9)394 dr' and wet seasons, respectively 10 deLCronrc thicr held lpCrlo*0rrancC in the 
iowlarnd tropics. 

Si Ili Icaltnt di Ilrcrccs ,irviorre eitries in both ,isons wcrC iotCd ill hald vield. Mea heald wCight, 
And hrl ra. The hiLhest yielder drine the dry soalqOr \as I lv'hrid No. 83-2) (1.1. (t/ha)and 
I \ hiid No. 1-It11..7 i/ira durrir the wet ,ea n. (,Bthiyiilicanll\ oryrieldcd the check Rcvna 
Illla. Si\ crlisc,. iily hll hrid,, a\c a higher mean head ,gejelt -14 to I8-I omlprpmed to tie 
check 1,\ na lIna (378 p) dthninte %irecl btli was not si,;lilcanl. Var. TropicalWsonason. diCIItren 
(,ick Was ratl'd irihCithlv i'lalt to soll rotl in hoth seasons. 

Introduction 

Irrljoiited vait-iCCs t c'li Ilrs termperate Colllitrics alre elllonrly g ow11 hy local vegelableltrhI 


Ilrr'Irrs. Ill, stea's, these Varieties have por heat torleranece ,trd sorlcperform pooirly whengrow 

in the oVland hut tropics. Al'rirvo sctsotts ltinitial screening in a nonrpclicatcd trial, the plomising 

coronlfrcial varieties. togcether w\vih the AVRI)C' lines vwe entercd n thc IVYT tor Iurtherevalatiri]. 

Materials and Methods 

Twe\lve (hirse etlha cb entries (5 AVRID)C lines ard 7 commercial varieties) \vere evalnated 
driirI the d o' rasrit,,lanlI-l l994) and 106(I)AVRI)C lines and 0 c0rrirrircialr t i 11 1 Mrch 

\arietic,,l duriir the wet solson (transplanted -1,,\rgust 1)4). ach entry was planted inl I x 4.8 m 
raied Shplol , ditriihUted irl RCl3l) and replicated thtree times. lach snhplot had twvo fturrows set 50 
rill sCedlil was transplanted with 411 cir hctwcc hills within i0ws. Two sidC-drCssineus,apart. ()n-e 

eacih " ih ,1.-7.5- 15.1) kg/ha N. PI), a,nd K,( ) wore alplicd Il to 210 das alter transpqlanting. Plts 
wTr rirrulcied with 5 t/hi rice straw atrtransplanting. 'lic plants wevr sprrayed with cortact and 
,,steroie inecticidCs arid irritittcd aS needed. I)ata were Collected itsprscribed in die ,.VRDC 
procedtrcs Jr (Chitnrese l al, (aliatiorncC\'i trial. 

Results and Discussion 

Dry season trial 

Marketable yield rarircd lrol 4.() I/ha I'ra -larvest 45 Days to 13.0cronmmercial variety Summer 
t/Iia or" Ilhrid No. X-2() ard with siriicant dilerernces amnong entries (table 3). The grand mean 
fOr the 12 entries wkas ,.)l/ha. lh :eCoIld hiiIst yielder was I lyhrid No. 85-2(2 (11.5 la) closcly 

IollowCd b'the chuck Rv rnalelri(l!.l I/ira). 

There wcrc ro suiLiliecilc ditlerencus in coipornentsther +yieldci iitslUd. The hcaviCst heads 
(a1. 18.5 g) were lprtoducCd hy I lyhrid NOI.85-2)2 chesly liWoweud by lyvbrid No. ,3-2(1(4 Il)g . 
lie Ihihict hold solidity \w.as rtairrcd in I lyhrid Nir. 83-2(1(11.72 g/cc reIohtvest rate aninnr ctrics 

ramied Krorit 41.7 h )54. " ith a mean of 74q. soft rt MincMtior ranged Irm IJ lq1xp.F8-27, 
Trop~ical Shot, and Trrrpic~al Pride) to 17.7',; (Suirnincr I larvcst 45 1)v-). darIagC/lCStI Insect 
irfestaiorn raln-ed fritr 1.7"; (Siiurirer I larvest 45(Tropical Pride and I lyhrid Nr.82-156)to 9.()9' 
I)ays . 
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Table 3. Yield performance of AVRDC Chinese cabbage lines and promising 
commercial varieties under the PYT during the wet and dry seasons 1994" 

Unadjusted yield Mean heao Harvest rate Sohdity Sl rot Insect 
Entry (t/I 0 wt (g) Cc) (g'cccy rating (°.) rating (%o) 

DS WS D3 WS DS WS DS WS DS WS DS WS 
Sumnmer Harest 15Days 4.9 t 70 e-1 3,19,5 426.7 a 41.7 rt 497d 001 039 177 50 90)- 00 
Exp 86-27 9.8 b-d 104 a-f 3884 483 8a 76 3 a-d 68 0 a-d 058 047 1 7 150 33 1 7 
Troplcal Shot 99b-d 79d-t 3104 2972b Q50a 80-3a-d 058 037 17 7.3 93 00 
Tropical QUick 7.1 d- 9 6 ci 2828 328 3b 73 3 b-d 880 ab 0,53 052 123 7 0 30 00 
Tropical Delight 8.2 c- 12 7 a-c :379 7 111 3a 650 de 91 71 0-17 0-10 0.0 00 33 00 
Tronica' Pride 9 0 c-e - 3764 - 71 7 cd - 0,14 - 1 7 - 1 7 -

Tropical Rapid 8 8 c-e 111 a-e 355 7 290 5ati 74 7 a-t 85 3a-c 0,47 039 70 00 30 00 
Reyna Elena (ck) 11.1 bc 8.6 c- 378.1 3780 ab 00:3a-c 680 a-d 063 035 50 137 0.0 6.7 
Hybid No. 83-20 130a 13.5 ab -1100 449 I a 9333 ab 900 a 072 0.35 33 0.0 0.0 0.0 
Hybrid No. 82-156 8.8 c-e 112a-e 349.0 370.5 ab 760 a-d 91.0a 0.59 033 83 25 1 7 0.0 
Hybrid No 85-202 11 5 b - 118 5 - 83.3 a-d 050 - 167 - - -

Corazon (BSU-IPB) 53 et 60f 31,17 333 3ab 19 0o 51,3d 065 041 3.0 22.3 05 1.7 
77M (3)-40 - 6.41 - 3487 ab - 553 b-d - - 90 00 93 

77M (3)-27 12.0a-d 391.3 ab 923 a 0.10 0.0 0.0 0.0 

Hybrid No. 83-16 13.7 a 434.7 a 9-10 a 043 0.0 0.0 i0 

Hybrid No 82-157 11.0 a-e 367.8ab 90.7 a 0.38 00 00 1.7 

B-40 7.24 ef 384.3 ah 56.3 b-d 0.43 00 00 00 

77M (2/3)-46 - 9.9 b-t -4.9.1 a 69 3 a-d 0.48 5.0 00 0.0 

Grand mean 8.9 9.9 3595 388.6 74.0 76.5 056 0.41 6 7 5.3 39 13 

CV (9.) 22.4 22.9 15.8 142 14.6 211 21.5 183 - - -

Dry season varieties were transplanted on 10-11 March 1994 and harvested 21 April to 6May 1994; wet season 
varieties were transplanted on 4 August 1994 and harvested 13 September to 4October 1994 
An appropriate measure of head firmness expressed ing/cc 
Note: Means ineach vertical column followed by the same letter are not statisticallydifferent at 5%level (DMRT) 

The poor perilrllance ot Chincse cahtage in ter11s ol 'iarketahle yiCl during the trial was due 

to high tI mperalurc. excessive prcipitlalioll, and dclayed planting during the seasoI. The temliperature 

ranged from 23.9C (liin.) to 32.1 'C (max.). while total rainfall was 207.52 mam. 

Wet season trial 

There w.Crc highly signilicant (ifferenlces among entries in ilarkctale yield which ranged roni 

6.) /ia for ('ora/on to 13.7 t/ha for I lybrid No. 83-16 ttablc 31. The grand tican was 9.9 I/ha for the 
10 entries. I l\brid No. 83-20 liad ihe second hi&hest yiCed of 13.5 t/ha. 

Lxp. 8 -27 h'ad the hCaviCst head wili a mcn ol'483.8 g which was stlalistically comparable to 
I i'hrd No . S3-20 (449. g ) 1 vbrid No. X3-16 (434.7 g ). 77N (2/346 (419.1 go, Sututller IHarvest 45 

,)avs(421.7 gi 'nd Tropical l)elighlt (414.3 g. 

I llhrid No. 82-150 h IieheCt head solilily of(.52 g/cr. but it was not signilicantly differcithad 
Irtom the check Rtna I:lena with (.35 /cc. I harvest rale anlong entries ranged romt 49.7 to 94', ,with 
a _rand nlcan olf 76.5,;. There wv.a,high incidence okol rot iniection on(_'ora.on (22.31 ) and pest 
inlcsttaiotn oit 77N1 (0)--(19.3';1. 

In general, the perIfot-tatce f'('htinesc cabblage drring the oli-scasol (wet scasot ) was poor ill 

telInls of marketable head yicl dc to high telniperalurc atid excessive precipitatiol. Ihc imieati 
temperature ranged from 23.1)C' 1nuin.) and 31.5)C (max.). Total pr'ccipitation duling the crop cycle 

was 358.14 int. 
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Tomato Preliminary Yield Trial 

Summary 

Six F fresh market indeterminate tomatoes ani 1) cherry tomatoes were Compared to the check 
Pope to determinC their yield poltentials anId agronoImic eharaCt's durine the 'Ct season. I"Mfl"F 105 

an F, indclCrminate. ,iiit-ieantlv o ntielded the check,, while CIIT 33-7C-14-5-2, a cherry type, 
pnclit'cd yiChs 'olpIra 0 mllalCe o' tlie entries was er-tlly affCted by aSeriesI to IPopC. ThC iperf 
()I t1hII)ml at \ Cecltita\ inIt rercprodctivt siacs. 

Introduction 
I)iClinili", yrithl trials on frcsh market dectcrlinale and indlcrlilate, cherry, and. proccssing 

ollato \\ lru c)dttted during te WLt ad dry seass. The sreening or heat tolerance was given 

Colhis Lluring liC oIT- seiSoil (wet Season) trial. 

Materials and Methods 

Si\ I"F ilhlCrml/ina)lIt fresh market and 10cherry tomatoes \ere valtlateddti tlt I \wtl SeasOn 

tranplantd 30 ,Nk I t) A. 5-1t sinc'le rom suhlot \with 12 plit ; lortlwtsetreah etitrV. 

The <lohs v eve ditributd in R('ltI)nId IClicatCd ihrc tints. All thc subloht, were mlUlc'hed with 

ricc s ii\ it aiu 5 i/ha. TIt-"AVI, c)(uc'ltural rellirt1elis were follh\ d ill raising, the Crop. The 

indlct-rilcnilc F''s and chcurrv tllatocs; \CrC pro'iclecd with Irellis. 

Ih' ilternuh'fi tate treshliiarkct tomiatocs were, harvestd at 'reenl'ie stiC', aId the cherry 

tuihtc'', \Mhen lllltost all lIrits in tie blelh \wCe red-ripe. )aa oil total and iarketabli yields, 

itnotulit liriclilltlral charaCtCrs., ancl reactions to pests anti liseases were anal'y/ed stalistically. 

Results and Discussion 

I"MTT I(5. an I intdcltrininalc hyhrid. signilicantly iutyiclecd the check Pope. Total yield 

ran.ed fro 2.) to 252 i/ha. 'Iie te ot the inltCrmlilatC hlYridts r0ttCtl yields eomllirablC to 

Inpc. ( )Itie I) cheriy tilatoes, Ihl-cc line, ((I IT I I CI', IT 00, aid ('FT 33-7C- 14-5-2) gave total 

yiClds c iliparil'o the chec'k. 'he low yields olihc olhercherry tom.ato CntriCs were chic to low heat 

ol'ralic'. 

Th' Mutiall-Iriitil 'herrs toa"htoe tlox ertid eirly at 23 lay's, Cxceit r ('I IT 14- 174C-3)-2-5 
\vtich Ilo\vCred the latc'st ill 2 .7 dlay's trou trliniititg. First harvest 'as dolne fom 61 to 67 days 

Iitti! ieldh Sc'lilit. Tie lii'htst fruitlisettitl scoe of4.() \a itcolrced oil CI IT 33-7C- 14-5-2. a cherry 

I )C. 'hie F inticrniitt With\ liihCer yilids ht hlo\Cr rli seliiCI th1tn llthe ICat-tlohratit cherry 

tollLihcs hc'_'use ( f hiliihiece Iruit si/C. 

I.int (1 IT 1--1 I1('-2)--1) w\i< raited imst susceptible ti 'IV. while ilantii an Iast/West 

varicty \\ it, itost tesistait. 't11 degree ofcvcrity of frliilworinl itiCtahlioil anitoni cnrits \'ari.('.'le 
least iiestl '. u,'('lI 14-17 - I -1 -tt-t(scwte: 1.34i which was c'Ollnptraileh t0 PoIp bitt siglificailly 

clilttti troulli hC live oliet-r eitrics. Fruit cracking was oCsrvi l aill test liiest allhough its effect 

was ill) t ip!iltic'ait. 

rinl'll I(total 
ot 452.5 irn) Iand Stroili winds chic to f'orr typhoons and high lletall tellperatule (31 .)5C tlin.t in 
June itl .ly al the VeCtatiVC andI rCproctilliVC Stages of IhC cro). 

The gl cral l erfrmnceitit'c otho etntries, pariiclu ltrly yicld. wis low tectustc oitheavy A 
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Tomato General 'deld Trial 

Summary 

Eighteen detertninate Ircsh market tolltoes w'ere compared to the clhecks Pope and Maigaya 
during the dry seas,;Oi.Five cntrie's gave yiels CoImparate'h.' to Pope (30.9) i/ha). The most prolising 
entries were ('i. 5)15-223 1)4-2- I-() (30.2 i/l). ('T 5) 15-1 53 D)4-3-4-0i (30.4 I/lh). and ('1. 1.13-0
10-3-1-()-I-I 1)3(0 .2 I/La). 

l)It'ineg the a,,ttwo ,Cts o1' 11'lilt,' e tt. illd ilId cll'ilttatVria tol 
toilitoec.. II ,e It\ith Neen i tCterii te Irc,,h iarkct test line', oIII[:M'1"l'-77 (21I.0 ti/ 

\e ,i, were I oltt dete'llIIlilte 

SigttifiCattV ttIviClICld thIe check Pope (14.7 t/hal.Inlet 2,17 dclriinate entric e 'alluatted 

aca titlit Po)pC. ()iII\ t'.o lharvext' ou iwere obtait 1t11 cieral Niel trial (6Y'I) beeCCtse the pIth 
WCre de'i-C IedtyphtitC. I hx\ c\ er, ('15!] 5-3 II)4- 1-0-3 ,iLii I.icatntly' ottvic ldcd the check attdI 
[lie ither cillilte. 

Introduction 

"lomato litmeUx ,rieties selectec lroit the lrelintinaty trial '+\'erelurther ealnated itt the gCetral 
viCld trial. FOl tile ol l-seaiotldeCrittinate attd indeterittiile fresh ittarket twitlaoes, screening fior 
prodneiutit diii the \\ct ,.tsit was giVen Citlphasis to identilv entries with high yield potenlials, 
Ileaol IticeI-l, ittL rI'.itce to tropical st\ and discases. 

Materials and Methods 

ieltCtci ,IciCrl inte toittntto s wer ev'+altCated against tIlechecks Pope and Maigaya during die 
dry Cisotll. The citric,, xx 2.Felrttary I994 and htarvested f,0ur timesetc tratiSplitted otil 'rotl 2 to I8 
April I'94. 

Two set,,otrial'-.were condcted dutrin the w+et seaoil, Ii Set 1.sC'en ,,\VRI)('F intdcterinate 
hiitocs aiid Botnalnt/a Ill Ir'oist/West Seed ('Co.were exaluated against Pope. The etiries were 
traitsplaiitchd onll Six times' 1'om01l 1)94. In set 2, 17 4 May' aid harve'CstCd 29 .Jilyto23 Antiust 
deltritti'lhlnt', x'Cr" compared Pope. d aitd anIdto 2 hraitsltii tavitsiig tt02611 
3 1AtgUist 1994. 

It boillt ,cA.oMs theCcntiC', xyore IritSplaillicd itt sinlI-oxM 5-inl -stuplts7 distri'Id ilt RCBI) 
with fori iepicatiot,. Twel'c plali were itlihtitinied pr citry per stubplot. Triple- 14 Iertilizer Wsi 
applied basally alI habhepoolt per hill. c'uixaleitt to 60(11kg/ha. 'l' plaits were idedressed IIand 
2(0 days alter liaitsplanting. \ith equtil propoiti ult( solopltos, IInuriat" p)iasht attiloC, and I'" I 
tablcspoon per till. At this rate, total NPK applied \'its lo168-104-324 kg/ha. '[Te plantsCuluivalent 
wCrC spriyCd At weekly i ticlva. igailst pest and discases. 

Tolal and inarketablc yields, iipIortanithtorticuiliral characters, and reactiont otlle test entries to 
pests and discases wCrCrcolrdCd Mid illialviCd statistically. 

Results and Discussion 

Dry season trial 

The check Ptoipe gave the highest total yield of*30.9 t/ha. However, five test enti ies had yields 
coiparable to Pope but werc significantly difTerent I'rom Maigaya. The promising entries were: Cl. 
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5915-223 )4-2-1-f, Ci. 5915.1531 D4-3-4-0, ('. 143-0- 10-3- 1-0-1i - 0, CL.N 46 BC -44-7-5. and 
CLN 057 HC1 F -2((-0-6 143-0-10-3-1-)-i -I1 producCd tilehighest miarkctaic vyiel ofI'.Liinc CI 

r'anCd ruits ,,,wh v itl 
ri.. L,,a. The hi. ht_ mtit cltin 2'sco o(fl5.0)w s obse on CI. 

28.2 1/ha. Frui eiIC lrom 22 t 56 c/fruit. 1ivc cltries. irIo'dhleCd f1 iCche ienrj eah Iv 
cr tit1an the checks itopc 'and Nli )scrvcd 

I-1.3-0-i 0-3-1-0-i -10. The 'arii Hi ICt r ilsPopc at 1days.IS arhl atet \ ;s as AlIton iand (I N 400610 ,A 
I'I-44-7-5 at 26 da\s I ml trrnspiantire. rThepeak fIhiarvcst was it rn 73 to 7) days roitr 
iaiiNi ntlil . LII rertre \\Iicsere riot statilt IIIca i nI Iruit wrr sIhe dife r aT' Ic; t. Rcact ions to 
IrM Iruit crackirr ,ienilicarrly tltlered anionr entries, line (I.N 452 I. : 1:•-1-13-7-I10 ith a ratin,v 
od . .a,.,tie ni:ot susceptible to frrito, rid IN n5-2,() ])5-1-7-ff ard ('IN 475I,(l1-2'-65-
Q- I(I riit crick ire. 

Wet season trials 

,eI I line INIT77 red the checks and itie rest 
t/li arid rriirketabilc 21 (1t/hraf yiclds. The cnltries varied inI dales oflf'hrweriI arid imtuit\', bul the 
dilTcircC, ,,eore iisierilicaIt. The differcncC ill fruit sCtirre ratc which varied moin 2.5 tn 3.0 werc 
likc, i,,ciot sieni ficnit Irnnriel. entries. '[le fruit uCIthC t'st entries which rirrrcd f'rori 42 to 82 g wer 
,Iihcirlitlv biucr th:1i that of the cieck l'P.p. 

Ini i.iti ficmirrti~tinrltp ftrh entries intrtail (21.4 

Fmr ()the scven tNIIT lines werc significantly 
"-u',CptilC ti) NIV. Iriitworr varied. but tie diffrcncCs wr sirificait.irlcst1itm rCrcot 

I ),ita tlmirkctdmrIc yield olst 2ot)idclcrnirr tC illllln) \were based oi twO hillarvCs ;Isthe planls 
Sc dc trm dh% typIhoo ill SptCitimhcr. Fi ii partial rcsulls,. (I. 5915-93 )-1I -ff-3 with mrtrkchtble 

yield ofl .7 tlia iLrIilic;itly MityicdCid tie check ard the rcst (dcnrics. Tiis fine flowered (22 daysf
arid ntircrd r I .ff to irthtcr errtries. AllI sirafi f'ruits. ranging1)d',ts )early ctnnrpareu entries had gerieral iry 
m_ 1 ).(t)v/t'it. TIV irtfectiitr varied sieilficaltl rig entries: it was hiohcst 13.5) otn 

P)opc and C.L 5915-223 1)4-2-1-). 

Tomato Regional Yield Trial 

Summary 

M aigaya gave the Iighcst total yield of 32.5 tlha. Significant differences on various parameters 
wcrc uibscrved. 

Introduction 

RYT (M cc2tables is comndIcted sinlltaneurmsly in 12 stations strategically located ill variouts 
parts of thie cotiirlty. its primary objective is toidentily litrcs/hybrids adapted to the dilTet-cnt regions. 
Reuills lrm cmiris:astSr tests are used as basis for regional/nratiotali rccorlirncrdatimons of new 
v\arictic,. 

The repoirt crvers trIly the restlts ofi tile RYT otitorrato conirducted at li lePOI inl Los Banios,
I .acuira. 

Materials and Methods 

Nine test entries were evaluated against tire check NMtaigaya during the dry and wet seasons. 'The 
test entries were dcvclopcd/selected by tire foIlowing institutions: lrtiropert-pollinated lines from tie 
I)partncnt ol Agriculture (1)A)-i)alwangan Seed Farm; two 1' hybrids frm Pi';'.the Institute ofI' 
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Breccding I(1111 UPI,13), antId threelopen-pollinated line, rta AVRI)C-()I . During the dry sCason. 

the entries were transplanted oni 16 l-ehruary and har\ ested six times front I I April tW I(May I994. 

For (li' wet seso.ll, two tials oecV cOtIdIUI+Ld. Chuilist trill was transplantCd 14 lane and the 

sconId Ol 10 A 1994. Bolth trils wvcre destro\td hv Coltinlou', raillS dac to alsties 0ftvphoons. 

RYT Iwas condacted hlolhv staldard national proccitlV Itor rCeeijlonl trial,. Tl CeItriuS \\rt 

distrilHtCL in -,CBl)with Ir replications, usillie our-row plots. Thue, rows were 5 itlong and set I 

i apart. Twclv plants wcr transplanted per tow. l.xptrincnital data were tac lroia the twvo inner 

rows otfach snhplot ,,ith an urea I( if0.l)ata on vield weie based oil total antd marketable yiuld. 

()ther lorticalturall traits Of tlic entries wcrc a.lso recotldtI. 

Results and Discussion 

lliCre \,t'rc SitlifiCiant liil'tretc,,s among entrisliOi all parancIcrs tilCastired (table 4). 

Consistcnt patierils onItIrut \'ieltl ai'oni entries Were inoted. The check Maigaya prducctd the 

hilcst marketable vieltl ot 28.9 tlt. Six otlhcr test entries with vieLls ranging froa 20.8 to 20.2 I/ha 
Lwkere comlparail lo Maigaya. 'IlU hest wa s CI. 59 15-93 )4- I-t-C-I. 

CIl159 15 93 )4-I -)-('- I htad the biggest fruit (54.5 g0 and Niioa', the smatllest (I1.) g1.A high 

trait sctling rate otlt'5.()st,, was ilot sieni ficantly di tfercntretorded on Nlaieava anod AVR (135 which 

ota three tlther tet. entrie._s iteluli n (1. 5 1593 )4- I-(-('. MitnritV tilmedIt rlta (6 56 t(as fton 

triiisildtiting, ith Nlaiga,, .natingl :cit carlict. hie m -,ostsusceptille entries to truit crackin.u wcre 

(I,5915-214 ((; 1)4-) Mid I)SF[-8 52 AVR-tt35 and CL. 59)15 93 I)4-I-t)-(- I \were saseeptible t 
frtilo,Wtr1ll.
 

eld and)fthc nine test entries. (I.5915 93-)4- -1)--Iwas the most promising. Its mrketalc yic 

truit setting rate are siiilfarto the chcek Maigava. Its frait is munch hiCeranl more' resistant tocracking 

than that of Nlai'aya. Its only limitation is its susceptibility to traitwortni. 

Table 4. 	 Potential and actual yields and horticultural traits of tomato entries under the 
regional yield trial, DS 1993-94a 

Transplanted 16 February and harvested six times from 11 April to 16 May 1994; data are means of 10-M 2 

Yield (t/ha) Fruit Fruit-set Days to Rating, 

Entry 
DSF-8234 

Total 
2,i.3 a-c 

Marketable 
22.5 a-c 

size (g) 
32.0 bc 

rating 
3.25 c 

Flowering 
21.0 f 

Maturity!, 
76 bc 

Cracking 
3.00 bc 

FW 
2.25 c 

DSF-8505 22.9 b-d 20.8 a-c 33.5 b 3.00 c 22.5 e 76 bc 3.00 bc 2.50 c 
DSF-82352 19.1 d 16.7 c 39.0 b 2.75 c 23.0 de 86 a 4.00 a 2.25 c 

DSF-82353 19.3 cd 18.0 bc 30.7 bc 3.25 c 23.0 do 81 ab 2.25 c 2.25 c 
AVR-035 25.3 a-d 22.6 a-c 38.2 b 5.00 a 27.0 a 76 bc 2.25 c 3.50 a 
AVR-039 24.8 a-d 22.1 a-c 39.5 b 4.00 b 24.0 cd 72 c 2.50 c 3.25 ab 
CL 5915-93 

D4-1 -0-C-1 28.8 ab 26.2 ab 54.5 a 4.25 ab 24.5 bc 74 c 2.25 c 3.50 a 
CL5315-204 
(G)D4-0 

EG Alton 
28.5 a-c 
26.'4 a-d 

24.4 a-c 
24.8 a-c 

24.0 cd 
30.5 bc 

4.75 ab 
4.50 a 

22.0 ef 
25.0 b 

71 cd 
83 a 

4.00 a 
3.00 c 

2.75 bc 
2.75 bc 

Maigaya (ck) 
Grand mean 

32.5 a 
25.19 

28.9 a 
22.69 

17.0 d 
33.9 

5.00 a 
3.97 

19.0 g 
23.05 

66 d 
76.23 

3.50 ab 
2.89 

2.25 c 
2.72 

CV (%) 22.32 22.39 15.68 12.13 2.95 5.10 21.35 16.68 

subplots distributed in RCBD and replicated four times 
Peak of harvest 
Rating scale of 1=none to 5 =severe; Cr =fruit cracking and Fw =fruitworm 
Note: Means followed by the same letter ineach columm are not statistically different at 5%level (DMRT) 
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Mungbean Preliminary Yield Trial 

Summary 
The study .''as conducted to identify lunghean lines with high Iean yield potentials, desirahle 

iaero 0nomic chairacters, and disease resistance, particllarly to Cercosporat leaf'spot (Cl .S) and powdery
onildce.lPM1). 

.\ t1tl o1"-I-1ientries \\re eVecl l ated in(t wo sets ol trials during the crop ycar I993-,)4. For tie dry 
"CasiOn planting. lie grand leall bean yield l'Gr hoth sets ol riils \\'is gCnerill Ivlow d to ad .tvesesoil 
alCII)allh ,md clillic cOInditions. Severe Soil moisttrc stress l'. ailCd diing theCnitre crop 
,ca m,. I)iiri ne the \k et I )-11-5. V(' 41 9-11-5. and VC'4211-2 outvielded the check Pa
asi 7. bul the dilercnce w,is not statistically signilicant. Necgligible injections of ('l.S and virus 
disise', \',Crc tnted dtiring tlie season. 

Introduction 
I'YT i the first series of field trials condIcted on lines and hyhrids that have attained 

hloiuiO/'glsit,,'. It imsIo idenlify' lines adapted to local agroclilniadc conditions, with high bean yield 
poll il',, ea'ly and unilrni litnllritt., resistance to coiiolln pests and diseases, tolerance to lodging, 
,nd ,s ithiacceptable eating and procesSing qualities. After two to f'our seasofns of PYTs. the most 
pinis'ng lines arC elevated to0(VT. 

Materials and Methods 

I 1QQ.34, .'.\o sets of'trials were evaluated. Set 1, with 20 entries was plinled during the dry 
I) Novclb.r I993) and wct (4 .tly 1994) seasons. Set 2 with 24 entrics was plailted during the dry 

scason (It No. ciibcr I9)3). In all trials, the entries were sown in two-row. 5-ni-long subplots 
diItribntcd in RIU(i1t) and replicated IhreC times. The rows .Verc spacCd (.6 ii allrt. 

('uituiral tnaaemlin.'nt and data collection were based on the standard procedure SulggCsted in the 
AVI1 )(" Interiational Cooperator's Guide for Miughean Fvaluation Trial. 

Results and Discussion 

In set I, the drV scason planting produced vcry low mean bean yield of' 157.8 kg/ha. The poor 
pcrf'torntliice of the entries may be attributed to soil allClopathy and mnoisturc stress prOblerns. 

For the wet scason, no significant differences ill heart yicld were ob-scrved .mlong the entries. The 
yield raintcd I'rlni 686..3 k/lia I'or VC 4169-13-2 to 1047 ke/ha I'or VC 4 180-1-5 with a grand nean 
it' 890. 15 k c/l;i. Three entries, VC 418(0-B-5 (1047 kg/ha). VC 4169-13-5 ( 10143.3 kg/lia), and VC 

42 I-2 1 (04 I.7 kg/hat otjyicled tie check Pag-asa 7 (981.7 kg/ha). 

VC 4297- I-13-5 and VC 18)-13-9 producced tlie biggest seeds oI' 6.9 g/ (1()seeds which was 
statistically signt Iicant clmlparcd to tie checks Plag-asa 7 (0.3 gdt and lIIl-Mg9 (6.5 g. All the entries 
IlOwcred be"wccn 36 to 39 days and altured in 57 to 59 days from planting. Negligible symptomrs or 
('15 and virus disCases wCr I hserced during the cropping season. 

In set 2, the 21 initnglican enrlies cvaluatCd (uring the dry season perfo0rmed pioorly due to adverse 
soil and clifnlatic conditions. The dala from the trial were not validated. The test entries were not 
CvaI uIUtd dUiring the wet season. 
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Mungbean General Yield Trial 

Summary 

The study was conducted to cvltate soelectcd plmiinilg linues rom the PY Ifr yield potentirals, 

adaptability to heal agri'oliitatic conditions. and resistane to coillllnot pests intl disCases. 

my IT,.venty-eilht entries we'e ,Alotcd in t\wo sets of tria' ,lrin. the troop ' P?3-04. 

In set I, the [loan b yield .,s - e 3.)95-B-5, withrean s- ll/ kg/ha. '[he hi-hst ildine entry. \( 
re/hahdo, to the ,lick (522. No and(41.1) k. a, ic cm"parable l11l-,1e) ,-a itidciicc (f ('I.S 

%'ilIsdiseases ,.as et udtCI. 

'[li 

X56 kQ/ha. Siginfticant tiillerences were also oborvcd aiumt the cntries o other yicl ptraticters 
r s-,et 2. LhrCe tL,t Cntrics si"IIIticantly outyicldCd the check lil>I-N"I,. mcan bean yield was 

C\ alnatlC. Thle LtitriCs ,Wereresistant to moderately resistant to, CLS and virus it'cetions. 

Introduction 

SlcteCd materials limm FPYT vere l'utther cvaluated Under (;Y"" boor yield, adaptahility to local 

,i'ircliiatic conditions, and teactiots to Con11t110 pests and disCasCs. Results obttineId 1'on this trial 

sCr'Cd isbaws 'r ftrtlher evaluation ob' proittis.ing entries in RYT ii' the National Cooperativc Trial 

bCore possible \ifitlal 'elasC 'or coimeteritl 'OLutCtion. 

Materials and Methods 

T\vent\ -eieht entries verCCvaluatCd in two sets oltrials during the crop year 1993-94. Set I with 

14 entries \was IliteU during the dry season (20 lulary 1994). 

Set 2 with I-1entries was planted durting the dry (10 November 1993) and wet seasons (4 July 

ti both sets of' trials.I994). A 4-row pliot. 5 Inl ','illthc'elications was tLsCL ill 

AVRl )C'-st uigstcd cultural iiiailaielintctl practices and data collectiot procedure were used. 

Results and Discussion 

Fir set I.a iiait Call yield o 41().7 ke/la was recorded. The yield ratgced frot 28(0 k/ha 'or 

the check IPla-asa 7 to 41 .9 kgA/ha I V(' 3995-B-5, ()nlv VC 3945-B-5 ottyiclded the check BPI

'I1 )but the di bITmice was in sitti'ficaiut. Both VC 39)95-13-5 and VC 4509 A had the hCavicst Il))

seed w'eiehts Al l. howctd in34 to 35 days and natured in 52 to 53 days. All ithe entries 'rot 

plan',iii,. No incidence ob' ('I.S and virus inb'ections was recorded. 

I )ttrine the \\.et seson, thute set o ciet s plitd ina noniel licatCd1plot 1'o'sCCd iticasc. 

Since the ctttrics already cotItplCCtd th t'out-scason trial. the piomsing lincs/acccssions will be 

selected for iiiClusiOoi in the RYT. 

:orset 2. tlirc ere significant dil'l'Ce'ttcs in bnt yield, 10()-sCe \\'cight, (lays to maturity latn 

height, pod per plant, seeds per p)0d, and CL .S and Virus latigs amiong the 14 entries during the wet 

season. 

lca yields ranged Ifroin 484.8 kg/ha 'iir VC 414)-B-3 toi 17178. ku/ha bor VC 4195-B-S. with 

a grand mean ool856 kg/ha.VC 4195-B-5 VC 4195-3-2. and VC 4140-B-I, signif'icantly otityictdCd 

the check BI'l-My9. 
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d The 

entrie-, flOwrutd inl 37 to 3t) days and na;ttured in 5,SItOt d(l\ Sflr-oml plantint!. 'iTe entrics were resistant 

to Iiiodcraitcl\ resistmitt to C'.CTS it icutiton. 

I:Intrics VC 4150-B-2. VC 41 t)5-1-,,and Ia,--t,,'a 7 itt tLIhi+,gestsCds (6.3 u/i0() seedl). 

atd 

Mungbean Regional Yield Trial 

Summary 

P T castited C\aluacte putie of prmmiisitig lities/varieties ill eight to nine\'Ta to irftrmlaic 
hwatlimns in ivmu iCldi l pi tential almd Ialt,.itimnt, tO rijt pe ,titl di Ci+tISCS. 

) 1iinthe d , ll.the croLp ir) lh'It(riC,:It(lo L\' di to "Mil tlichiM(pathv\ tild mlloistrI' StlcSS 

prOlcr m [lh raud min beau i.ihl as oIly 32 l. h ilC. im.lri',l\wis it aiidtt d. 

C l i c.atl mcimn Ot ")14. ihe rcoti.'d. 1:001ir tst CntriCS (IGN 
7 o, l:( ;l 270(-1 tY),IlII ; Ii. md lIlIl S3-33-20) Owmyichdhd the check NIG5tt-i()A. 

Sienit.iunt o, Ilsrs aCnone the e.'nt llosI StIre.d. 

'(h lieIC Io i,'Id ) ia ua 

ilTtreuc.I ' Id ries oOn aS Ill the \ieht pa meterS IealC 

Introduction 

IK'T I lltiti all,isuindcrtikeit inlcoOpcratinm w;ith II1B. BIl. aniO ther intittitOIs involvCd 

Ill 1itC , InCt t I enIClis. e-ht to inecCOOlp'tol"s participatld in the Vai'tlutiilIeH;tl iIlupr'O\ e feldC 
,,Itdhpwr] ot the pronlisilL 1ineus/Icucsions. Results Otatined from the RYT sarvd its theornmnct 
basis fr reiiiuiatii/ appra,l h lic National Sctd Itdtistrv ('ouncil (it'n,erly lPhtilippine 

SeeAlloail ol ne%, Iii'tic', IOf colmmelrcial pto ictitl. 

Materials and Methods 

SecCLted lIit(isithe mlmm suiutitittd to Nationalhue either PYT orI" GYT were lhe L<eguome 

ICeinical ('tlmitiuu Of tieie National See.d Industry ConneI.il 1'0oinliision in RYT.The enieus wt'C 
C\ aitticd or l t0 t sixsscons illdifferent COope'rlati1e stations. liitriCs that consistently Cualed or" 

litpL, rtetl tihe checks ar'c mteCO1 relCae1u either rc.ionatlly oNrrutmimuctmOd 6mtr 01ttitmaily. 

ltr 9)1-94. ]()tentries were eCvaltated dnrinIl the dryA Se.siit ald ciighit duni11 tie \wet season. In 

hoth seasIn triI,, eatch Cmntrv ,kas Limited itt 5-rn-loIg t01t-t ' W snbmltt:S SpMced (0.6 Illapatt and 
distribnutd in R(' I) replicate d tr times. 

The ,tantt'rd Cltiural rMianagimmc t and ptocudnrC in evaiItNttiimm tiheCttriCs were based ot the 

inidli ies of the . Iaid 0rop National Cooperative Trial (UCNCT) of the Philippine Seedhoard. 

Results and Discussion 

time are pr'CsCmtCd imtalIc 5. There were 

atitltmii. ill yield li. muttbher of pods per 
'lhe resnilt, 0l w, seasttm trial signiican difelrences 

enltr'iC, bCau sCeed wCirlt, fhHIl'rit timatuirity, pltnt height, aid 

plaint. 

I N 3876 (1II kg/ha 

otmiparile to the chcks NI(;5()-(I)A (873 ke/ht) aid IPI1-lgMt (18609 kg/ha). liiC GM 3902 

IrOItucd thie biC st sCel, With 7.5 l/t()seeds which was sitmfi'ctitly differetit from the checks 

Tie tihIst ieldi neetIrie',. I (; iIld I('GM 2704 ( N I 117.5 ko/Ima) were 

3
NG(()- IWA.\ and B,I-NI vilh (,. nd (-.4 g/lt)) sceds, respectively. Arnmmg entries, mattrity ranged 

http:ConneI.il
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() da,,s Irom pl~mtini, r -om7 
Majitil\ I thC cNiiRrc pl'oduccd H( ,cCd', pcr pod anld clc rcsisant ko nlrodCratcly resistant to (7[.5 

inild \irtl, di casc". 

frm 54 it 	 plntciLdhl rmii to 51) cm. and pods pc plant from 7 to ). 

Table 5. 	Field performance of the eight mungbean entries under RYT during the wet
 
season 1994 conducted at BPI-LBNCRDC_
 

Yield 1 00-c,'ed Days to Plant Pod' Seeds/ Plants Disease
 
Entry (kqq ) v.'t Ho!wl rinq Matuty hi (cm) lnt pod harvested rating
 

6 in CLS Virus 
EGM 38-76 118 1,3 a 646 34"ab t80) 589 a 9a 10 146 1.3 1.0 
EGM 2;64 (Y) 1117.5 ab 54d 35C 54e 578ah Lb 10 180 1.8 1.0 
IPBM 85-4-11 897.0 hc 5.9 I-ci 38 a 58b 57.1 ab Bab 10 140 1.0 1.0 
IPBM 83-33-20 885.0 bc 5.8 cd 38 a 60 a 5,1.62 ) " b 10 165 1.3 1.0 
MG50-10A (R.ck) 873.0 c 6.3 hc 36 bc 55 do 57.8 ab 9 a 10 132 1. 1.0 
BPI-Mg9 (N ck) 868 8 c 61 b 36bc 56 cd 50.AcC 10 120 1.8 1.0 
EGM 3902 837,0c 7.5 a 37 ab 5/ hc 49.0 c 8 ab f) 123 1.5 1.0 
IPBM83-80-26 817.3c 54 d 36;be 55 d ,47.2 c 8ab 10 133 1.8 1.0 
Grand mean 934.59 6.12 365 5656 5406 793 9 65 142.19 1.47 1.0 
CV(%) 10 7 37 2.3 1.89 4.58 13,72 4.56 12.27 30.26 -

Planted 4 July 1994. Data are means of 6-m subplots, distributed in RCBD and replicated four times 
Rated on a scale of 1to 5,where 1= highly resistant and 5=highly susceptible 
Noie: Means followed by the same letter are not significantly different at 5%level (DMRT) 

Soybean Preliminary Yield Trial 

Summary 
'The sltudI aimed (t1 \',altralc aid idCnltil ) lines w\ith high bean ,ield potentials. less sensitivity to 

pllotoperiodisIl. resiltacc to conmmon pests and diseases, and other desir-ahle chiracters. 

TwClty proimlisine accssiorisnes fro, AVR I)( 	 eCl nand other slurcCs \ C;'autted in the F'YT 
dirin the t", ryand ,\ . sasons of 199. -)4. 

l)rrine th1C dr1yv"Caol.l 1on,linc,,ITX 2 39-251)-13 I;ltd (-))(), Witi hbean 'iClds 01' 1.9 aid. 1.7 
tira. rCspctively. ortper-irrred the chcck UII.-.,4 \;ithl 1.7 t/hia, Ibujt the dilference ,wis not 

rstalistically ,ieni'i.gci Seed ,it.v if plant he'ight, and niaturit e,re sig nificantly dil'erer'it among 
Cltric,. 

The wvet season trial was plited late due to conrtirrtnirs hCav) rains aid typhoons. 

Introduction 
Prorrirsi g selctio rs fri th eAVRI)C advanced soybean lirres vere valuated in the PYTduring 

the dry ar1d wet seaCs, to iduleritiry lines/accessiois with high hean yield potentials, resistance to 
C0rn1llII01 pesi"s alid liseases iud ole-ll desirahle itgrorl(otlic Charlalers. 

Materials and Methods 
Twertv iest entries \'ere evalurated rgaiis t he sltrrliard clhecks 13PI-Sy4 and UPIL-Sy4 during the 

dry and ,t season. laitim's \were made on 17 Jlariuarry 1994 for the dry season and un 16 Argtrst 
1994 for thle wect ,,,on. itIotlh trials. tire errrie.'s we're drilled in tw\o-row. 5-m SuhllOtS distribulCd 
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in I(BI) and replicated lhrcc tiilis.('miplctc t'rtilici ,it 30-3(0-3(0 kg/ha was applied atplanting. 
' lhc . prI'Mur valninlr \,;Is llowed.p\Vlol'( t ,.vbiii 

Results and Discussion 

L;9- ) 6 ( 1.7 I/ha) mitvielded the 

lhek l tl -SN 4( 1.7 tiia. h ."ien it'ini. The bieal vields oltihe 
)urin' themdrh\ se.ta iu. lin,, l(N .. - 1., ( I 1/IaI) aid ( 9()( 

lin lieL Ilt..le icv.es wCr.,not stall i,>icai ll 
20 Clitnic +, nge 11 1.1 1.1) I/hi. ( 1.4 /hi. Sigilificant cs'C aI1i211", iLd Il to , iiia rand Ilnlli "erl 'CC 

I i-e cd et_, \-, t aid nlali ailiC lhiLl Miatt "Iv \\eCrle 

Iehl( cilit', 1ii-ilaICt i ill 74 ho - d \, plain in . \l! 
()(i)-"c( 11. I1( Cleing ritV. llniit t noted. 

\Ientrie , \wCC i,',,istilll ho sO, I)bCn LIStiald 
m ctl itey ,-li,.e 'tpi i _ ItIinie nite,,tati(i). 

Thie eliti ,,iall setl,+ iinitaelv' hu.hcel\v 'o 'iii liet e'litiii ,. their e'arl\ nilu~it\nt. andt. hile'i'.tatitini 

ICu ;itlil+tut2Ll l) tight Ctulu l d-lillhl)L stil'C i .(I iiite,, \, I 11W d1i itioi i hia \ i'-w 

Soybean General Yield Trial 

Summary 

Sclcted lines I'rm PYT were evaluated in (ATii flirtheu v'rik' their 'ield potentils, resistanc 
iocollillnl pests and diseases, and to identity their desirahlC hionunnieeltaracters. 

()Ithe 10 liiiCs CeivitClatd dutring the dry s it, nmily .luipiter R. S.1 -1,and (C 60017-2-2 gave 
eIMI'IIlel . ids, as the .lC'k I 1l1-v4 with 'ield l/h.iii beuI 012.5 

Introduction 
w
,eleeted ponit)1 Ii 'ere Iilither tested "bean1 tOICnials an1d reactiOnIs tolines' ll PYI )'elli 

iianIMr pests and d ,ileC',. and 1t idClntitl) othCr eCsiahle aiolltlliC characteir. The stelections froml 

tile (YT w,_ere fillllv CValilad in RYl or reilunial andi, iiatioial recoillnendation. 

Materials and Methods 

S \te' test enrietis weiC esViliKted againSt standar'd checks 0PI--54 and lt lB-Sv4 dnrine the dry' 
itn l\ t seasons. The dr' season trial wasapted o I n tlaa 1t)4 andct s c lillii'al oln 11tlglust 

-1IM-). hi boith trial'. the entries weIr sownu in ft0r-rw l)-il12 nbplots distributcd in RCII) aild 

lelieiicd IthCC litule'. ('ntiplet tcrlilii/r l 3(-3(-3( kg/lha o'N, I( ) , and K,() \w'as appl'lc'.l at 

( lilctlce basCd Internationali Cluti ra. iuuil ieiltanLtal co lCction were o tile AVRI)C 
O('~C,i-M ",,(,( o SoybaC AillaltiOll Trial.i !' 

Results and Discussion 
()lIthe i ) tic eittries eslnated dnring.the dry' seaimoii .il iter R,S.14, and (]IC (1)117-2-2 hiad 

COnipllablC yiels it tlee hig2hest yieldling check UP-S'4, with a bean yield ol 2.5 i/ha and i grand 
t an ,ield of 1.6 t/ha. All entrics were resistant to iodcrately resistant toilmites and susccptillc to 

st vbcan rust. 
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Soybean Regional Yield Trial 

Summary 

eight entries (including the tntional and reWgional Che.s)
dulrine the dry and wet seaJsons, ,spectively. Thle study aimed to \ erf the pierftnrnmn~rce ni'pronisine 

anleveniand were evaluated in RYT 

.,Irainis, ,iretts i (he diTlerent rcgio p lieactins yield ptetials, to 
pests anld diNeases. and o)urti desi'Ihle 'atro'.o ic chalr.actcrts. 

tP n bean1 nJi 

Reults 1on tlh 1I31-I-N(RI)C d1tirin' the dry Season shtoVed tht five ot" the test entries 
oIlit+lded tile cheek 11lI-S",4. but l 201-013 FGSy 93-62 sinificantonly ()3-Sy and showed 

Introduction 

R'YT l(I sovlea+ was conducted in cooperattion with 1PB arid other institutions involved inl tile 
lcg.ItIIe valrietal improvement progrlti+. Coordinated by,the Field legume Tchnical Working Gioup 
of the National Seed InduhLstry CouICil, +,ortIIsingentries Iront prograrnsvi,ariots national breeding 'i 
werC a:.Sebled ialId C\ t.+tedl'orloursesCns, il Xto 12cooperating staltios usiri'Coinnlion standard 
I'ctirlre,S. The study '..,is to vldig desirabiled,.siLNIed identifv hich-yiehlin Vrieties wvith it"tnm,0ic 
,rttrihttes alapted ti the di iferent recios of' the country. Recently, to reo ialiie varietal 

orirriieiidhatiorn lpromlisirg entries Ill R'l in atgv,en regiOM v'er, itrticr evaluated Fr)irtwo seasols 
ill the tein dvo g\' ,laptatiori triilbelfore i var'iety wvs releIsed irr the re'iuiris. 

Materials and Methods 

Flle\Cniiald eieht entries, intcltIudling the national aid regional checks were Cvaluated inl eight to 
nne Cooperatir.ie stirtimos during the dry ard wet seasons of 1993-94. Ilnboth seasons, each entry was 

lalted in ()ur-r.(), 2 suiplots, distriilted ill '111tirnes. Tile stlindard10)-r RCBl) and replica+tted 

lpr()e,durC s r erlultirNI. sl'L UCNCT mufoyhe an prescribed itl the Philippine Scedhirrd was followed 
hy l)]cooperatill, statirons. 

Results and Discussion 

v;lhteld dtIliring 
yield (ft, 2.1 t/na tatble (,). 

(urtfI I entries Ce the dry season, five (tityielded the check 13PI-Sy4 with tbean
 
Ilowever, only the yields of' lines IPB-Sy 20 1-013 aId FIGS),93-62 were
 

siril icairt over Ihat ol the clheck. Sirnificant differences in100-seed weight, days to flowering and
 
niattrit,, plain1Ct per plant amnng entries werC
heig,ht, arid riinher (f I)tIS,.l. rioted. All entries were
 
resistant to moderately resistant to s+lybean rust and mite.. 

http:Cooperatir.ie
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Table 6. 	Mean bean yield and other agronomical characters of soybean lines under 
RYT during the dry season, 1993-94 

Entry Bean 100-seed Daysto Plant height Pods/ Disease/pest 
yield 	 weight Flowering Maturity at maturity plant rating' 
(t/ha) (g) (cm) rust mites 

IPB Sy 201-013 3.9 a 13.2 a 33 82 a 42.7 de 39 2.0 1.9 
EGSy 93-62 3.5 a 13.6 a 32 80 b 50.5 cd 31 2.2 1.6 
LGSy 12-12 2.4 b 12.0 b 30 75 d 37.0 e 39 2.8 2.0 
EGSy 93-147 2.3 bc 11.3 bc 29 75 d 35.4 e 35 2.2 2.0 
LGSy 5-8 2.2 bc 10.9 c 20 75 d 41.6 de 32 2.5 2.1 
BPI-Sy4 (R ck) 2.1 b-d 11.4 bc 31 76 d 39.0 e 40 2.8 2.5 
EGSy 93-18-7 2.1 b-d 14.0 a 30 73 e 38.5 e 38 3.2 2.0 
IPB Sy 85-16-8 1.9 b-d 9.4 d 31 80 b 55.8 bc 28 2.2 1.6 
PSB Syl (N ck) 1.8 cd 11.0 bc 29 80 b 39.4 e 28 2.5 1.9 
IPB Sy 85-17-19 1.8 cd 9.1 d 36 78 c 65.1 ab 32 2.2 1.9 
IPB Sy 85-3-11 1.7 d 9.7 d 40 82 a 70.6 a 26 2.2 1.8 
Grand mean 2.3 11.4 32 78 46.9 33 2.5 1.9 
CV (%) 13.47 5.45 0.70 0.80 13.89 - 14.93 10.8 

Dry season planted 17 January 1994; data are means of 5-m2 subplots, distributed in RCBD with four
 
replications
 
Rated on a scale of 1 to 5, with 1 = highly resistant and 5 = highly susceptible
 
Note: Means followed by the same letter are not significantly different at 5% level (DMRT)
 

Pilot Testing of Vegetable Soybean 

Summary 

Six selected vegetable soybean lines were pilot tested in Los Btfios, Laguna and Lipa, Batangas 
durin, tile dry season and in seven test sites during the wet season of 1993-94. The study was designed 
to evaluate the performance o th1e lines in the different regions of the country; to encourage the 
widCspreatd use of vegetable soybean as snack and as vegetable; and to promote its cultivation, 
CSpecially by Small kfarmers. 

()f'thC six lines pilot tested, AGS I9) and AGS 191 were most promi:;ing in fresh pod yield, seed 
St/e, and Catiig qualities. "!he two lines producd mean numbeIr 0f graded pIoLs per 50) g within the 
Inlcrniatoioal standard during the (try season. This showed the importance ol irrigation in the 
production of vegctahle soyhal. TIhe mean pod length and pod width otAGS 190 and AGS 191 were 
within accepltable international standard. 

InNpite of thC promising qualities oI'AGS 191 as a vegetable soybean, its limitation was its short 
plant statur and short seed storage life. 

Introduction 

Vegetable soyhean is it rich and cheap source of vitamins, minerals, protein, energy, and fiber. 
It is a very versatile crop that its well into cropping systems, has soil-enriching properties, and high 
income valuc I'([ small I'arlners. I lowever, in spite of these advantages, the crop is still relatively 
unknown to most kIIIrmers ill the country. 
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lecause"of its fine Laste, high nttritinMal viltue, and export pottlial, vgetal-,l soyban has been 
includd its a prnttitry Crup in thc nntritittn and prtiucetitti lp'Ograml' (lIIost I)CpartnMlet Otg',\rictllitre 

tcgionl offices. In support of this program. I'()IP cvlatcd AVRI)C vegetable soS'bcan accessiums 
and selceted the ,,i\ promote thismost promiising line, adapted to local ag.,roclitatic conditions. ''O 

new crop to the fari t's. atIVtw-yer pilot testing olnthe prolising' line.'s haWs been coTdu+COtUd ,,it tihe 
station in cooprtiill With the I)A regional offices. 

Materials and Methods 

The six vC-Cable sobanil lines selctLd from IYT and found adapted to local conditions were: 
AGS 180, A(;S 1J, ,,(I IQl, (;10)478. G I1(5105), mnd G 1051)3. 

The lines wCrc C.alttdttcd dtlritg the wet andId',' seasons by the I)A coo)plrtors 'nt'ldiffcrent 
regions. Inl cach trial, the entrie, werc st wn in ll ttr-row 6-t-lotg SUtbllots distribntCd in RCBI) and 
rcplicatcd I'tr ti'(t.I h were 'sp',cCd5ff cm apart during the dry seasOi itndrow+,.s 1 cm during the 
wet seasttl. Thlie ,llat', both sCasls. '[Itc seds wCrwerc tti nmcd tto 5 Lc11 \vithttt the rw inY illnlated 
with thioiui b 'crti Iicr was applied basally at 2011 kg/ha andlactcria at pfltting. TrilIc- 14-ctmplete 
sidc-tdrescd t,.,icI itIh 1(0 k,/ha citch to Triplc- 14 tt 25 and -1)davs 'rtomplaiting. Standard cilttural 
pritiices. crc Crp.b1,,crvcd ill rai sing thte 

I lata v,crc rcoLordCd for days to ellne'ee'ce. flhtwering and matirity fl'resh ptds), plant height. 
nnbll rfnl'todcS dtnd blrlches per lit, ltlat ;talddat harvest, resh pod yield, lesh 100-secd weight. 
ltesh pod width aIn .ndleng. gritded tWO- Mid thrce-sceded pods per 501) g. The entriesMtd nmbcr l'f 
were lls) rated lFor tlactittn to Cotmtmon pests and discases. 

Results 

Dry season 

itt trial was cOn d ucted ilL.os l3ai'is, Il1agu n a and in Lipa, Batangas. 

Fresh pold yield. The data obtainCd Ol I''esh pod yield were significantly dillerent hetween 

entries itl I ip' but ntot inl.os IBafios. However, in both sites, AGS 191 showed the highest mean yield 

The dry selcasn 

(7.2 f/ha in .os Btflos and 9.9 t/ha tn I ipa)r an average of' 8. t/hma. This was f'Olliwed by ACS 191 
with 7.4 t/Ulht and AS 180 with 7.1 t/ha 'rom the two sites. 

Fresh I10-st'd weight. There werC signif'icant di feretIcCs ationg entiries it In0-secd weight in 
both test sites. ,( 1 I) had the largest scd siie ol'57.7t) g/ 1)1) owed by AGS 190sceds, closely I'tl 
with 56.25 e and A(GS 187 with 49.0f5 v. 

Nuter 4)Igrad'd )Idspir 500g. 'Th entries varied siglniI'ficantly itt tilelmberotfC'graded pods 
perf5() gin btth locatiMs. ]titries A(iS N9 (211)I and GS 190(216) had the least ttutlberofl'graded 
pods per 500 g. They werc tife biggest pluddcLI en tries evaltCd 6lr vegetable soybean. 

Length and width Io two-seeded IpMIS. The lIengtIth ofti\,,-sCded pids also varied signiiailt 1y 
entries in the two test sites. The etitries with the longest pod were AGS 191 (5.0 cm)and AGS 

190 (4.9 cm). Pod width 'anged from 1.2 tt 1.3 cm. 

Maturity. Mean aitttity oif' tie AGS lineasitS aboLlt 70 days and G lines about 1 days f'rot 

plantting. 'l'hose pluteid il Lus Batts maltncd 4 tu 6 days eatrliet than those planted itt I.ipa during the 
dry sl.s' tIn. 

Pest and disease ratings. All entries were affected by soybean rust. I.eCari'0fIodr and il ite 
inlestat itts wetc light. 

artngtn 
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Wet season 

I)uring the Ovet seven locations. !-however, only the reportsseason, the pi-lt trial was conducted iin 

from Los Bafios, Lipa, and Tianm have been completed and are reported.
 

There were significant dififerences allmong entries oi l'resh pod yield, fresh 100-seed weight, 
ntt111(er of1grdled pods per 500 g. length and width of' twkvo-seeded poLds, plant height, and bacterial 
ptrstle rating itro the three test sites. 

Fresh pod yield. ,\GS 191 significMtly 1)tprf)CttLIed all entries in the three test sites with an 
overall mean of' 18.8 t/ha. This was tl'ulowed h'AGS 9f0 with a grand miean of 1.) AGS-I t/ha, hlol 

INO0 was compartl to nthe entries in the Iwo test sites.
 

Fresh 100-seed weight. I'litric'; AGS ft)i with allover-all mean of' 69.71 aid AGS- 190, with 
08.6+ g/Il00 seeds were comparable . thrlee testhot significantly notperlorned the other entries in tile 
,sites. 

Number (l'graded pods per 5f)0 g,The best cltries were ,(lqiS 19 1Id ,G,; I9) with ihe least 
nutmter of graded pods per 5)0 g f"109 and 174, respectively. 

widlth of two-seeded pods. longest pod length f'rom 
sites with a mean (f'5.25 cm, followcd hv AGS 191) with 5.2 cm. AGS 191 and AGS I9) had the widest 
pod (1.4 cm). 

Lenglh (a1d AGS 191 had tile the three test 

Maturity. For lies h lt)l roductionI , all AGS lines weretile teady for harvest in 77 days and the 
(i lines il66 days from planting tder' ocal conditinos. 

Plant height at maturity. The tallest almocg tie entries was AGS 187 with a mean plant height 
or* 57.8 cmI'ollowed by AGS 190 with 42.6 cm. Plant stature ol' lhc rest of the entries ranged' from 34 
to 35 cmii. 

Disease rating. All entries were modrltely susceptihlC to soybean rust inl'CctiOn, except I'orG 
10503 which was rated mOdiCrately resistant, 

)n bacterial pustule, the least illfectel entries (moderately resistant) were AGS 190 and AGS 191, 
while those with high inlcction ratings (moderately susceptihle) were G 10478 and G 10503. 

Discussion 

Restilts ol'the twn seasoti trial intthree test sites showed that AGS 191 and AGS 190 were the most 
prom'ising vegetable soyhean lines illfresh pod yield, seed size, and eating qualities. Tile two lines 
consistently tnotyielded the other enlries illall test sites in both seasons. 

As inl other vegetable crops, however. the availahility of' soil water, especially at flowering and 

pI)d dCveo)plent stages is most importalt inl tile prduCtiOn flvegetable soybean to meet international 
standards. I uiring tile 174 and 169 graded ptadlswet season, only AiS 190 and AGS 191, with means of 
per 5(11) g,respectively, met the international standard maxinmml reqtuirement of' 175 graded prls per 
500 g. The mean pod length and width of' AGS 191 and AGS 191 we!r within acceptable international 
stmdards. I lowever, dorine the dry seatson, the pod si/c ,rdUceL hy all test entries were below 
stmdard requirements Itorvege-table soyleall. This was doe to instlfficient soil moisture, especially at 
pod 'ormation and deveLopmenlt Sliges. 

lnspile of the pronising qualities ofl'AGS 19 1,its plant height averaged only 2 and 34c,; dur'ing 
the dry and wet seasnm, respectively. Because ofl'ils 19 1had shorter seed storage lifebigger seed, AGS 
than other entries, thus producing poor planit stand illthe field. Solutions to these proibleis may le 
f'ormulaled thtrough lMrOpe irrigation and seed processing and storage studies. 
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Further pilotilie trials on vegetalU soNvbell II mo0re lest sits will bVectmdLticld during tie next 

two crop saCoil. S for 1more- coIcILIveV+ IrCstslI.t 

Sweet Potato Germplasm Collection and Maintenance 

Summary 

sn'vcII\-to sV\Cct potato accessions fio AVRI)( and from local sources and 18 ltom the 

lnteriiaftioial Ptto ('cutcr I('lPf were rMaitained and propa11tgilcatL ill nursery pltIs. "l'hese accCssions 
w\\ere CVealiatCd At N)( )1) MnLimost were iallde availablc to differCnt institutiois for1tresearch purproses. 

Introduction 

In licedilUn. the aire 0ofLIICerTiiijls IS aini i l'rli ttant Criterion o select lh0r the bcst \arietics for 

comeit klimeL'nt. Vili die nCraCiSm dIttm'IIdiII+.I'o'swel putil(+)Ils food lnld fe't.. It isimpllra'ivc 

o tiliitioiilv propa tliicicit plaliti ilrcllh purposes.tic rluaiiitaii ,l td nl tc imtcerials fOr r 

This sttl+' v,,as therefoe coindtliccd to: (I) collect lld Illllilill sweeI potatto Va'IeIS and 

acc ssiols 1:2) propaLi.lc sulici.It liuitL iitlerlialsl'or resCrch lutrposes, aiid (3) iiiake available 
platitig iilatcrials to other researchers ald Lowcrs. 

Materials and Methods 

atii oll 
ald kcptln th greihious . \Vhcii eno0ugh lanlting matCrials were propagated, cach accession was 
flther muttltiplid Ill (-1m pots Lnder lfield condltions. 

See'ral eitris from AVRRIMl)' 111 S0i1'(2e wCrC Maintained in I2-inch-dian clay pots 

Results and Discussion 

A toital o'72 a'CCkSsiiiis aic niow hine niit;intiilicd in the station. Most (I thic lrv',igtcd materials 

f'rom1 these iI.CeSsI1S MV ivn lic to dil'fe_'rent inSlitttios lir research puirposes. Morcovcr, new 
entries have bece rcceved frlliii ('1l) lor imiulliplicaliOm. 

Sweet Potato Preliminary Yield Trial 

Summary 

Fleven cntries l":AVRI)C sweet potato accessions/iecs wcre e\'alated against BPI-Sp2 durgi 

the wet and dry scasonls to idenctify high-yiclling line's and other desirable lllnloillic characters. 

rvealed that (CN 1517-142 was 
1itOderatelv susceptilC to the disease. )utring the dry seasItii trial, no entries signiflicMtly stirpa)ssCd 

the ,,ield ol 'chck vairiety l1I-S,"p2. (N 942-47 prouLcCL the longest 'ot of 15.4 ciii. 

No yields werc takmi during the vet seiason, but sclb rati V 

http:sulici.It
http:propaLi.lc
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Introduction 

Sweet potatoI1/win ov baltas IL.(lain)] is an iiportanct Crop with var ious Lises. ThIIs, a 
contin uo supply ')I'the storauc roots to meet the demand for processing and litili/ation ltist hc 
maintained. In swect potato, cvalu;tion is necCssM'y to miniin iZie genetic variability and attain stable 
\ iCldS ill 1prIrmising2 clones. This study, thciort'e, anus 1o identify tile proisigImlost weet potato 
clocS inl rooIt yield poltential anld reaction to discases. 

Materials and Methods 

lcx,enI ',,Cel potatto A'CessiSwerec ev.rtiate'd against lPl-Sp2 (check variety )Oin 4 August 1993 
and 17 November IOLt)3, for wet,and dr -easol trials, respctively,. lil entry \waIS phmitcd in double 
rm 6-i-C ,ulhplot, distrihtitCd in k('131) inl three replications. Phltin.g distance set at 5(1 x 25 cinits 
hCtwii rows, ald hiS, re.spc:tivCly. The cttitUl manag11e ietlpiirc'ti,'e. (hil lilig-l,.weeding, 
crti licr ratc ipplication. pCst conrlr0) and the dat collection procceduC employed were according 

to the ,tilard ,\\' I)(T procclur on swect potato trials. 

Results and Discussion 

'[he_" xlet ,eaontrial was a i luriand no roots werc harvested. I larvesting o tihe roots comincided 
with itcrmitei heavy rains which resulted il rotting of,the fleshy roots. 

Sc~ah rati(n dtrin this trial was alto taken. Seven entries, CN 1423-170, ('N 941-32, CN 1489
89, Nliracl. 'N 942-47, BicoIl variety, and Blql-Sp2 (check variety), showed some degree of 
t'esistimai.e to svcut potat) scab with a rating of I (iio syi1n;toii of'disease oil foliagec and stem). CN 
1517-142 was modcratcly suscptil leto scab. 

i)t'ine the dry Season trial. I I lines were evalted. No accession otutyielded the check variety 
II1I-pI,2). (:N 942-47, which has a lov yield had the loiest root ( 15.4 cmn). 

Sweet Potato General Yield Trial 

Summary 

The marketahle yields duinlg the dry season were generally low due to drought. CN 1309-18 
pIoduced the highest marketable yield of' I0)1) tha nilldthe widest root ol 5.0 cm, hut the diffrencc 
fromithose the check I1l-Sp2 was not significant. 

1994 wct 
t/ha;, wich did F10t Sieificanftly diffT fron that of' 13P1-Sp2, with maiketahle yield of' 14.7 t/ha. 

DI)urii tile scason trial, CN 1229-2 p+rduccd the highest larketable root yield of' 17.5 

'Tr)C'.ci lll (x'iIetie'Cs.Cp CN I229-14, showed some degree of'resistance to scab. CN 1309-18 was 
ilfccld with vi ruts. 

Introduction 

Svcl poitato can he grownl thrlughot areas. to the growingthe year even in tmiginal I)uC 
eCmanld for the crop ilthe domestic market, traditional varieties need tiohe improved. Therefore, 

prtoising AVRI)( entries were evaluated to reduce wide genctic variation and to identify clonels 
which airchigh yielding, slahle, and resistant to pests and diseases. 

http:Ietie'Cs.Cp
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Materials and Methods 

Fleven sweet potato accessions which are promuising from the previous PYT were eval'atcd for 
two) wel seasons phanted on 4 August 1993 and II May I994) and one dry season (planted on 25 
.anuary 1994 and harvested on 17 May 1994 ).Inthese three trials, all entries were pilanted in donlle
row 6-mi snhplots, distribuled in RCII) in fourreplications. Planting distance was 5) x 25cm between 
rows and hills, respectively. All cultural mnalWigemIent and yield paramleers were based on AVRI)C 
I' rn rllrid ati iiins. 

Results and Discussion 

The mean niarketable yield for all entries was low at 4.2 t/ha during the dry season trial. Only CN 
1319-18, with tmarketable yield of 1.) t/ha, exceeded the yield of the check BPI-Sp2 (7.3 lh&) but 
the di flerence was nt significant. CN 1229-14 hal the lowest yield of 1.2 t/ha. The low yield was 
attributed to unexpcctcd droulht during tIle cropping season. 

('N 1340-1) ( 11.9 cm). (_N 1229- 16 ( I .6ci n,ard ('N 1216- I) ( 10.7 cim) signi ficantly exceeded 
the root Icneth otlthe check variety (9.)cm). ()n the other hand. only CN 1309-18 prIlclrdC tihe widest 
loot (5.0 cm), %%hich is 'tcontributine fator toWits high-yielding ability. 

)uririg the wet season trial on -1At.etst I993, roots were not harvested due IonCoritintoltSirall. 
This condition rcSntjltcd in rottinge of roots in tile field. 

'['he marketable root yield ol sweet portato during the wet season trial ranged from 5.2 to 17.5 t/ 
hIa. CN 1229-2. the highest yielder, surpassed the check variety BPI-Sp2, but no significant differcnce 
was tbserved. Ivo entries. CN 1340i-9 ard CN 121(- I0, significantly prdnced tile o ollongest ts 

14.) and 14.2 cin, resl(!cti\'ely, collpared to BPI-Sp2 (check variety) with 12.1 cri. I lowever, no 

entries exceeded the root diameter ofthe check variety (6.1 cii ). 

The sca disease rating was also taken. All entries, except fur CN 1229-14, showed socme degree 
of resistance to the disease. CN 1309-18, tmoderate yielder, was infected with an unidentified virus 
disease. 
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ROC - AVRDC Cooperative Program 

Regional Yield Trials 

Summary 
]it 1993-94,53 regional yield trials (I,YTs) were conducted iii cooperation with the Repuhlic of 

China (IR()C )national program. Promising AVRDC lines ol'soy ean, vegetable soybean, nitoghean, 
and cherry to1[ato werC evaluated. 

Am ng the I()oybhcal entries evaluated at AVR!DC, 1'01ti' lines, i.e.,,t IRRI 12, 111.77-79, TN 4, 
and KS 21 t-t tyteldcd the check entries and were stable and promising. Yields rangcd f'rom 2.6 to 
-1.2 I/ha. TN 1 sko had largcr rrain wcight of 20.8 g/l1O() scds. Rcsults ol vegetable soybean trials 
,'h wt that (' 8-126-13-1-2 and (C('84126-13-4-4 bo()t 1lumthcc(l 7.1 t/ha which was the highest 
Yitld illspring I99.4. In munghean RYTs, VC 373813 produlced lhe highcst yield of I.8 t/ha inautumn 
I(993. Yields f V(C 3737A. VC 39()7A, VC 415213, VC 4386A, and VC 4442A wic comparable to 
that o1 the check 'lainan No. 5. 

('berry tomato Cl IT 261 and CIIT 264 perlrmed well in terms ot'yicld and soluble solids ('Brix). 
Tlhcentries, ofcherry tomato Yz swere changed in 1994 because of the popularity of Santa, a small 
and lone-fruit variety in Taiwan. CI IT15I, Cl-IT 154, and CIUT 155 wer: superior compared to Santa 
in yield. I )wcvcr,Salta still had the highest solublC solidS contCnt. 

Introduction 

RY'I'S vCrc colducted t0 evalnate promising AVRi)C lines/varieties in the field Under different 
scasMs and localions. At AVRDC headquarters, RYTs were organized in cooperation with the 
natimal program ' R()C. They were supported by the ROC Council of Agriculture and conducted 
by AVRI)C illcooperation with various District AgricUttiral Improvement Stations (DAIS) and the 
TaianM AericultUlral RCCarch InstitutC. 

)Cof RY'l's is to 
\'yal'.I 2 AVR )C vecgetablc varieties have bCCn nameMCd tld 'Cleased by national rograins in Taiwan. 
'They have sienitictl ly conltrihuted t)farmers' incomes. The peil'ormance 0l'some AVRI)C-rcleased 
vcectahlcs in l'aiwan in 1,93 isgiven in table I. Among them, vegetable soybean Kaohlsim,g No. I 
ci, . aid mtngbealn 

T'lhe I)ttt'lu idcentil'y pri'lsing vcgctable varictics for release to larmers. In past 

mlpriscd 91 ol'total vegetalc soybeanl growilng arcas. Soybean Kzonhsitng No. I() 
Tlinatn No. 5 Al(s occupied mioe than 751/ of the total growing areas t' i these crops. 

In 1993-94, four crops, i.e., soybean, vCgctable soybcan, mtnghcan, and cherry tomato, were 
included in AVRI)C RYTs. A totlal of'53 RYTs wcrc carried out tnder dilTerent crop seasons and 
Iocatin s.
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Table 1. Performance of released AVRDC vegetable varieties in Taiwan, 1993 

Crop 
Soybean 


Vegetable 	soybean 
Mungbean 


Fresh market 
Tomato 

Released name 
Tainan No. 1 
Kaohsiung No. 10 
Kaohsiung No. 1 
Tainan No. 5 
Tainan Sel. No. 3 
Taichung ASVEG No. 4 
Hualien ASVEG No. 5 

Planted area (ha) Planted area (%) 
955.9 17.6 

4,078.7 75.1 
6,208.6 91.0 

275.6 76.7 
58.6 16.3 

259.2 24.0 
77.4 7.2 

Materials and Methods 

IlI 1993-94 crop scasons, 53 RYI's wCC conductlCd l*or Iour crops: soybcan, vcgctablc soybcan, 
ntnngb1ean, ald cherrv tomlt). I)Dlai Isotl-I ling seasons, numbl rocaIIfh rline',, latCsI-I ztions, Imuberot) 
()Isvill , andtdltc, (fl' trnlspl'mntin g ,0 each cr)p arc given in tahle 2. Thecexperimental design for 

ch1 R I\,.'WilS o0)ur rCplications. Plant slpacil" fori randomnjlliedl completc b)ck dlcsign (R('II)) with 
dil'e'rCnt cro0ps illtilIflcrCn! cultural anid dltil rcordlinscasons arc listed in table 3. ['1h 1anagemelCnIIt 
1PocCtlIurC were bIased'Sl )Oilthe standards Ior RYIs. I:ruit and beanuqnalitics vcre analy,,ed by AVRI)C's 
Analytical I.aboratory. 

Table 2. 	 Number of locations (NL), number of entries (NE), and sowing/transplanting 

dates (SD/TD) of RYTs, including AVRDC materials, in Taiwan 

Crop Coordinated by 
Soybean Tainan DAIS 

Vegetable soybean Kaohsiung DAIS 

Mungbean Tainan DAIS 

Tomato (cherry) Tainan DAIS 

Year Season NE NL SD/TDa 
1993 Sp 12 10 1/24-3/26 
1993 Su 12 8 6/19-8/5 
1993 Au 12 1 9/10 
1993 Sn 14 5 6/22-7/29 
1993 Au 14 4 9/22-10/06 
1994 Sp 14 7 1/28-2/26 
1994 Su 14 4 6/21-8/16 
1993 Su 10 3 6/27-7/09 
1994 Sp 10 3 2/25-3/14 
1993 Au 8 4 7/21 
1994 Sp 7 4 3/24-7/17 

Data represent the sowing duration of RYTs in all locations for soybean, vegetable soybean, and mungbean; for 
cherry tomato data represent the first sowing and the latest transplanting dates of all locations 

Table 3. 	 Plant spacings inRYTs 

Space between rows (cm) Space between plants (cm) Plants 
Crop Spring & summer Autumn Spring & summer 
Soybean 

Vegetable soybean 
Mungbean 

Cherry tomato 

50 30 10 
50 50 10 
50 - 10 

100 100 50 

Autumn per hill 
15 2 
10 2 
- 2 

50 1 
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Results and Discussion 

Soylean. In 1993. soybean RY'Fs were dne in 1()locations in spril', 8 locations in summer, and 
I localion in autumn (table 2). TvI'vCentries, including check varieties KS 8 and KS I) were 

Cvallated. 

The hihest viecers were KS 2104 (4.2 t/ha), 11. 77-79 (3.4 i/ha). and 'TN 0(3.2 t/halwOrspring. 
un;tnier. anld annnnl, rcspcctivcly (table 4). I11 77-79 ontyildd the two check varieties, in all three 

sacr.ms. In addlition. IRRI 12. II. 77-71), and KS 210-1 wc,e more ,table aM lrcLllcd y'ieldsLI pi0 
IH)1/ha per year l1timl thre1-e crops. G(. 84(036 wa thi' carliest in terms ol days to nllaturity (1)T )1 in 
,lin. TIhe as, ra.c I)T I'M-ors1ummer and autunm %Cle htqlh 88 days. (i(' X41)3 pt' idLiceI tl e HIIost', 
1nnl11 r Fo: 'I0Lkr nIerl,'hov , er ,Vcra n si,.vastooI nall ( 10.4 ,lI))0) sCds) to Letdsl lant in StlI 
l siunliemInt yield. II. 77-71) niI IRRI 13 hId morc iibllrCl oF p l/l+,it acro)ss th three seasolns+. 
KS 2()5 had the hea'viest l10)1-sced wight oFl3(). in+ i. wileITN 4 had+l the heaviest I10)-sced 
weilt ill bot)h ',lllmer"anid Witter cro)s. 

Table 4. Yields and agronomic characteristics of soybean RYTs, AVRrC, 1993 
Entry Yield (t/ha) Days to maturity Pods/plant 100-seed wt (g) 

SP SU AU SP SU AU SP SU AU SP SU AU 
OR 112 
IRR 113 
GC 81027 
GC 84036 
HL 77-33 
HL 77-79 
TN 4 
TN 6 
KS 2095 
KS 2164 
KS 8 
KS 10 
Mean 
CV (%)
LSD (5%) 

3.5 
3.7 
3.1 
2.7 
3.2 
3,9 
3.7 
2.9 
3.1 
4.2 
3.5 
3.4 
3.4 
8.1 
0,4 

3.2 
2.7 
2.8 
3.0 
3.0 
3.4 
3.2 
3.2 
3.3 
2.9 
2.8 
2.7 
3.0 
7.2 
0.3 

3.1 
2.8 
2.7 
2.6 
2.7 
3.1 
2.6 
3.2 
3.0 
2.7 
2.5 
1.6 
2.7 
5.7 
0.2 

114 
114 
111 
98 

107 
114 
108 
105 
107 
113 
113 
113 
109.8 

0.8 
1.2 

91 
97 
87 
84 
85 
91 
87 
91 
91 
85 
81 
81 
88 
-
-

90 
95 
84 
84 
82 
95 
90 
95 
90 
84 
87 
90 
88 
-
-

32 
30 
24 
27 
23 
27 
17 
15 
21 
26 
24 
18 
23.7 
16.7 
5.0 

44 
48 
38 
54 
47 
44 
34 
41 
41 
34 
31 
30 
40.4 
14.5 
7.5 

26 
32 
25 
27 
25 
34 
27 
26 
22 
24 
23 
30 
26.8 
10.2 
3.5 

25.6 
22.2 
18.1 
18.9 
23.5 
23.2 
20.5 
22.9 
30.1 
24.2 
27.6 
18.9 
22.9 

6.7
2.0 

18.8 
17.5 
14.9 
16.4 
17.6 
17.7 
239 
17.8 
22.5 
15.7 
19.2 
18.2 
18.4 
5.0
1.2 

21.8 
18.8 
16.8 
19.6 
21.2 
20.9 
26.8 
24.7 
24.5 
17.4 
19.1 
19.5 
20.9 
4.7 
1.3 

Sowing dates: SP: 28 January 1993; SU: 15 July 1993; AU: 10 September 1993 

Protein and oil contents of soybeans are slho+vn in tabhle 5. 'I'he average protein content of'TN 6 
was 43.99A dr matter (1I)M) whicl was higher than the mcan l'or the check varieties. TN 4 had the 
hihgliest oil Comntent across the three growing seasons with a m'an ol 23.29;. 

\"egeta ble soyhcani. A tota 1o' 20 R 'I's were conducted i n I1993-9)4 crop scasonis. l''levcn entries,
alon heewih tree ereinclded KV 25, was the earliest with an average (1r71.5 daysvaietis, 

(tale (O1. "'hl uiubl)t pods im5()1) g markelale pods ranged monm 183.) (i(' 84137-8-2-1 )to 235.5 
(KVS 351). TIhe mcn seed wicigflit accountcd 'Or 54.4,; oF the pod vcight. ((' 84126-13-1-2 had a 
comiptrablc shlcllilg pe-rcrmtagc to the control varicty KS No. 2. 

Yields t egetale soblln fluctutmcd widely in various crop seasons (tablcs 7and 8). The check 
variety KS No. 3 lhad stablc total plant yild ill stimmer inl ,\VRI)C oii' in other locations. In 1993 
AVRI)(' trials. none of thle I I entries bltyiclded KS No. 3 imsummer and KS No. 2 inl autumnr (table
7). 1lovcvcr, KVS 363 in other locatlions perlOrmcd very v,'ell. In summer, it yicldd 7.8 t/ha of' 
marketable pods. It had an avcragc yield o17.3 i/ha in two crop seasons, the highest aniong the entries. 
G(' 8-4128-17-2-I :also producCd comparable yield as the check varieties. 
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Table 5. Protein and oil contents of soybean RYTs, AVRDC, 19931 

Entry Protein (%DM) Oil (%DM) 
Mean SP SU AU MeanSP SU AU 

FRF -- -4-2-.1 --. 434.4- . 6 . 21. 99 .. 22209_7
42.2 42.9 41.8 42.3 22.4 21.3 21.1 21.6TARI 13 

GC 81027 43.9 42.4 43.0 43.1 21.6 21.5 20.5 21.2 
20.1GC 84036 43.1 41.8 42.6 42.5 20.0 20.9 19.5 

HL 77-33 42.4 44.0 42.6 43.0 21.3 20.1 20.0 20.5 
21.5 21.HL 77-79 41.4 42.7 42.4 42.2 22.3 20.4 

TN 4 39.8 40.1 40.6 40.2 23.6 23.7 22.2 232 
44.8 42.6 44.2 43.9 20.0 21.4 19.4 20.3TN 6 

KS 2095 41.3 41.6 41.4 41.4 21.3 21.3 20.4 21.0 

KS 2164 39.9 41.8 42.2 41.3 24.3 22.9 21.8 23.0 
42.1 44.5 43.1 43.2 20.6 19.9 19.5 20.0KS 8 
40.3 40.3 39.9 40.2 23.2 23.7 22.3 23.1KS 10 
41.9 42.2 42.1 42.1 21.8 21.6 20.6 21.3Mean 

1.3 1.1CV(%) 0.8 0.9 0.9 1.3 
0.7 0.3LSD (5%) 0.5 0.5 0.3 0.4 

1 Sowing dates: SP: 28 January 1993; SU: 15 July 1993; AU: 10 September 1993 

Table 6. Agronomic characteristics and bean quality of vegetable soybean RYTs, 
AVRDC, 1993-1994-

Entry Days to Pods/ Shelled bean Dry Protein Oil SLIgai Fiber Color, 
(% DM) (% DM)maturity 500 g (%) maher (%) (% DM) (% DM) 

KVS 133 76.0 192.8 54.6 30.4 12.6 19.1 11.0 4.8 3.1 

KVS 256 71.5 191.8 53.2 28.4 42.2 19.5 11.2 4.9 2.4 

KVS 363 82.5 206.8 52.5 33.6 43.1 20.7 10.6 4.7 3.5 

KVS 351 82.0 235.5 54.9 32.9 43.0 20.3 11.1 4.8 2.8 
43.3 19.5 11.3 4.7 2.5fyokkoh 74 74.5 169.8 53.8 31.1 

31.6 41.9 21.1 11.1 5.0 2.4GC 84126-13-1-1 82.5 190.5 56.3 
42.1 21.7 10.6 5.1 2.6GC 84126-13-1-2 84.2 192.8 56.8 32.3 

32.4 42.1 21.4 10.4 5.1 2.8GC 84126-13-4-4 84.5 186.8 55.5 
33.1 43.0 21.6 10.2 5.1 2.9GC 84128-9-2-1 82.0 198.0 55.8 
33.2 44.7 20.6 10.0 4.6 3.9GC 84128-17-2-1 85.0 188.0 54.3 
32.6 43.1 21.0 10.7 4.9 2.8GC 84137-8-2-1 84.8 183.0 50.4 

KS No. 2 (ck) 84.0 208.3 56.9 33.2 44.3 19.4 10.8 4.6 2.7 

KS No. 3 (ck) 86.8 184.8 54.9 33.1 45.4 20.5 10.2 4.7 3.3 
31.0 42.9 19.4 11.4 4.8 2.4Ryokkoh (ck) 74.0 190.0 51.6 

Mean 81.0 194.2 54.4 32.1 43.2 20.4 10.8 4.8 2.9 

Data represent the means of the four crop seasons
 
Color value: lower value means darker green
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Table 7. Yield of vegetable soybean RYTs, AVRDC, 1993a 
Entry Total plant yield (t/ha) Marketable pod yield (tha) 

AVRDC Others' , AVRDC Others'-
SU AU Mean SU AU Mean SU AU Mean SU AU Mean 

KVS 133 23.3 18.7 21.0 20.0 16.0 18.3 5.2 3.4 4.3 5.2 5.6 5.4 
KVS 256 17.1 17.7 17.4 13,0 17.2 15.1 3.3 4.0 3.7 3.6 5.9 4.8 
KVS 363 25.9 22.0 24.0 25.7 17.9 21.8 6.2 3.2 4.7 7.8 6.7 7.3 
KVS 351 27.7 20.2 24.0 22.2 18.4 20.3 7.1 1.5 4.3 5.6 6.5 6.1 
Ryokkoh 74 21.6 19.8 20.7 18.2 17.7 18.0 4.8 3.5 4.2 5.4 7.2 6.3 
GC84126-13-1-1 24.8 223 23.6 21.9 18.0 20.0 6.8 3.7 5.3 5.4 6.1 5.8 
GC 84126-13-1-2 26.2 21.9 24.1 20.2 18.4 19.3 5.2 3.7 4.5 5.4 6.1 5.8 
GC 84126-13-4-4 27.9 22.1 25.0 21.1 18.6 19.9 5.4 2.9 4.2 r.3 6.8 6.1 
GC 84128-9-2-1 22.7 23.2 23.0 20.9 18.1 19.5 6.0 4.9 5.5 5.5 5.7 5.6 
CC 84128-17-2-1 24.1 22.3 23.2 26.6 18.2 22.4 7.3 4.4 5.9 7.1 7.0 7.1 
GC 84137-8-2-1 22.0 23.7 22.9 23.5 17.5 20.5 6.1 4.9 5.5 5.2 5.9 5.6 
KS No. 2 (ck) 24.2 22.0 23.1 21.0 17.8 19.4 4.7 5.6 5.2 6.3 6.7 6.5 
KS No. 3 (ck) 27,0 23.4 25.2 25.0 20.5 22.8 8.5 5.1 6.8 5.8 7.9 6.9
 
Ryokkoh (ck) 22.4 21.5 22.0 17.,A 17.4 17.4 5.0 2.9 4.0 4.3 5.9 5.1
 
Mean 24.1 21.5 22.8 21.2 18.0 19.6 5.8 3.8 4.9 5.6 6.4 6.0
 
LSD (5%) 3.2 2 1.9 2.1
 

Sowing dates: SU :15 July 1993; AU :9September 1993
 
Data represent means of other four locations insummer and other three locations in autumn
 

Table 8. Yields of vegetable soybean RYTs, AVRDC, 1994a 
Entry Total plant yield (t/ha) Marketable pod yield (t/ha)

' AVRDC Others AVRDC Others" 
SP SU Mean SP SU Mean SP SU Mean SP SU Mean 

KVS 133 22.1 14.0 18.1 20.2 16.5 18.4 5.9 2.5 4.2 5.6 3.6 4.6 
KVS 256 21.1 5.4 13.3 17.6 11.9 14.8 5.2 1.2 3.2 4.7 2.6 3.7 
KVS 363 22.4 14.4 18.4 32.6 20.9 26.8 6.4 2.8 4.6 6.8 5.7 6.3 
KVS 351 23.6 14.5 19.1 20.1 18.8 19.5 4.8 2.8 3.8 5.6 4.5 5.1 
Ryokkoh 74 21.0 9.7 15.4 18.1 17.5 17.8 5.9 2.0 4.0 5.6 5.0 5.3 
GC 84126-13-1-1 24.3 15.1 19.7 18.9 19.7 19.3 6.4 3.2 4.8 5.5 6.5 6.0 
GC 84126-13-1-2 21.3 15.1 18.2 20.6 20.0 20.3 7.1 3.0 5.1 5.9 5.7 5.8 
GC8,1126-13-4-4 19.7 13.3 16.5 19.9 18.7 19.3 7.1 2.8 5.0 6.2 5.3 5.8 
GC84128-9-2-1 15.3 13.0 14.2 22.2 17.7 20.0 4.3 3.0 3.7 6.3 3.7 5.0
 
GC84128-17-2-1 23.2 14.3 18.8 20.2 21.4 20.8 6.1 4.0 5.1 6.3 5.9 6.1
 
GC84137 3-2-1 18.0 11.7 14.9 22.5 17.6 20.1 5.8 2.4 4.1 6.2 4.4 5.3
 
KS N, 2 (ck) 23.1 16.2 19.7 20.4 20.5 20.5 5.7 3.7 4.7 6.4 4.9 5.7 
KS No. 3 (ck) 18.3 17.0 17.7 19.7 20.7 20.2 4.5 4.3 4.4 6.7 5.5 6.1 
Ryokkoh (ck) 22.7 10.0 16.4 17.9 16.0 17.0 5.1 2.0 3.6 4.9 3.6 4.3 
Mean 21.1 13.1 17.1 20.8 18.4 19.6 5.7 2.8 4.3 5.9 4.8 5.4 
LSD (59/o) 3.1 1.9 1.2 0.7 
I Sowing dates: SP: 25 February 1994; SU : 19 June 1994 
b Data represent means of other six locations inspring and other three locations in summer 

In the AV I)C 1994 spring trial, lie highest yicld of 7.1 t/ha was given by both GC 84126-13
1-2 and CC 84126-13-4--4 (table 8). Seven ot her ctries ontyielded the check varietics. I lovcver, none 
ol the entries vcre sulnri or to KS No. 2 and KS No. 3 in marketable pod yicld in antnn. Resnlts 1'rom1 
other locations dil ered I'otn those at AVRI)C. KVS 363 and G. 84128-17-2 were promising and had 
comp ablc yield to KS No. 3. 'Ilie 1994 sumnimer trial was in'lucnced by typhoons, so all entries 
produced r, nuch ]oVCr yields compIar'ed with thosC in 1993. 
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INuniiglwai. N lunlchean 	 Ts ,,,, in Ihl-CC hC"iins in NHI'tii r 1991riandI) 3 anR CreCCOldfLICItd 

1994. 'ecn ,,CnlriCs. includi.l iecliccl, \'aril\v'TN No. 5.WrC iIiclkIdd in both ,cla-ni.. IIw,vcr. Iilr 

llncs VC 390(7A, V( -125(1A. U'(4,1)4,\, and V( 4541 A ill 11)1 .Cri'l,. plLi,+d hv')')3 ,ii1in wcrc, rIV 

i in101),l.>l ) iwd 1Htn \,,1%V(4678 	 . V',,82 '(0()I)l. and, \'i ( ,dl0 I. 1))3. ( VU ;73,1 

TN NI. 57hiI,,,. ilthlilclic nioi iln 

-17.2 it54., C(ii. N N. 5 hId tlhli, "-l ))9 -,.J \,Ci. llhl)0) \\hilc 1.\ l hc;ivic"I 
otvi\'Icl cld 	 \,,, c \%;i., i)ni fi,.an )li , lllici iNl,rinccd l i 

( -l. hid 

o1 l0.7 L. In Npini Iid 1 I OW)f*Il 1 0)) ClIIINL",IUI\i 'IdI',I ilhk ClIC K'i,W'i IN No. 5 i t.i/ha . 
. 7 .144 2 , .CI11 C 7\ 4 I i. V( l\'( -1(7 I l InlCCtd CIlIbIb', al \Ill, %\iili TN 

l.10'.	 l.I._Cifli I. II'lly Iv toNol. , tih licioI" vN,,iiifliiilILVd h,r\b l, . , ChI., \CiC Iiilaic,. 

hL(),c il 1 pli\ iIm., .p~ini! trial",. C'(.-"2SI had Ihc h,0-,ict \ll-,,'l li,I7. NUMinb i..(Ilv.,i .
l1(& , eriiIll' T kl IW~ll . Ill o lll-l~ l Il lL I()t0 1 1c L'111l11" 

, 
ll 'i wli t.h (I"n1 tl! I I I Ih)138 pod"I 

Si,.k IN Nii. I l 11(ililii 11)3 iri, . I v521 VCI I '( -15-11,A~andV(4442A, 
(Ill\ ich'ltld S inl Npiine ;averiac iclt (fl 2.0 Ulm waN piven h\ VC 4541 A!X No. 1))4. Tlie hihed 

i 2.- tCimplllVCil t/l;i,;l'N No. 5. 

Table 9. 	 Yields and agronomic characteristics of mungbean RYT, AVRDC, summer 
1993 

Entry 	 Yield Plant ht 100-seed Pods/m, Seeds/pod 
(t/ha) (cm) wt (g) 

VC 3737A 1.8 49.3 6.3 164 11.0 
VC 3738B 	 1.8 48.3 6.2 189 11.3 
VC 3907A 	 1.6 49.6 6.4 163 11.2 
VC 4152B 	 1.5 47.8 6.3 156 11.6 
VC ,t250A 	 1.5 48.2 6.4 156 11.7 
VC 4386A 	 1.7 54.3 6.7 170 11.3 
VC 4394A 	 1.5 52.8 6.1 147 11.0 
VC ,1442A 	 1.7 48.8 5.5 170 11.6 
VC 4541A 	 1.5 51.7 5.5 148 11.5 
TN No. 5 (ck) 1.6 47.2 6.0 158 11.9 
Mean 	 1.6 49.8 6.1 162.1 11.4 
CV (01) 	 13.0 4.4 3.0 20.1 4.6 
LSD (5,%) 	 0.31 3.2 0.3 47.3 0.8 
, Sowing date: 15 July 1993 

Table 10. 	Yields and agronornic characteristics of mungbean RYT, AVRDC, spring 
1994" 

Entry 	 Yield Plant ht 100-seed Pods/rn' Seeds/pod 
(t/ha) (cm) Wt (g) 

VC 3737A 1.4 46.9 6.2 138 11.0 
VC 3738B 1.2 40.7 6.2 119 11.1 
VC 4152B 1.3 44.1 6.3 121 11.6 
VC 4386A 1.2 44.1 6.7 124 11.1 
VC 4442A 1.4 44.0 6.3 125 11.0 
VC 4678B 1.3 47.2 6.5 129 11.7 
VC 4828B 1.1 40.0 7.0 111 11.1 
VC 6040B 1.2 42.3 6.1 123 11.7 
VC 6066B 1.1 46.2 6.6 135 11.2 
TN No. 5 1.4 44.4 6.4 125 11.3 
Mean 1.2 44.0 6.4 124.9 11.3 
CV (%) 8.4 5.0 5.1 14.2 4.8 
LSD (5%) 0.15 3.2 0.5 25.8 0.8 
. Sowing date: 1March 1994 
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CICrry'toIdlO. II autuLumn cilIt chrry tt o el ,,e.tC tlnlatecd in IoMur locations."991. t -ntri,_ c,'\ 

cheek \%aritv Santa , sC.t 

entries IIdt,. (I I' 201 aI 1iro'ucdl he iIhIeC yieIdl I 10. I;t11(l 4 1.9 1/ha, 

()nl th 	 ', aI I.lcylindric'al lrit. AntIther cIhec,'k. Satd(N'. ad e (1Iie 

I Illd Irui. (1 IT 20-4 I I 

rCijc lil\ (I,ble I ). SIti I'roducd aCyie.Vl of il' 10.2 I/h~it: hmo\,eV.. it hil 1h. hiehs+, l,+fluble
hri '.. content iikes,Santa ,.rypoplar im 'l'\in. It alsosolids cnte~l. '" - 1 hich ,.hill lii 1h 

Iid the1 ilSillcst l i ,is/c7.i L). Sandmhald I lieh ih,-t lit 'cith ol I -7.0,\ es L . 

In the 19It pr triatlllnentriesC\,crc chanM cl: there w 'e 'eiill elitrie. testdLt ill Iour IctionS 

(I;tblc 12). All t ( 204. ILd al eyli li'iell fuit Similatr to Samita. ('Il1TC1rio., C\sCee _II l 	 204 
ol, elde1ihm th t erei , tS0i 1 .3,C onmparu l o the mean ;ield o1 15.() /hal). (1id t tris, ntly t./l 	 I IT sISi.,rIm .111 

hmad the lij.eiest ', ield oI 147 I/hat when (1Il 2(4 was e1,lud t md th lowest yield 9.3 t/ 
ma, hbut hatd the hie-hmet ,soltnhel sotlidls eni ttent. (' 111154 with (6.m)Ikiiv'-,i o~tttnn.zlsot h~unt size 

Table 11. 	Yields and horticultural characteristics of cherry tomato RYT, AVRDC, 
autumn 1993a 

Entry Yield Days to Fruit Soluble Acidity pH Color" 
(t/ha) maturity size (g) solids ( Brix) (N) value 

ClHT 217 32.7 97 10.1 5.4 0.47 4.2 2.06 
CHT 261 46.1 101 9.0 4.9 0.41 4.2 2.09 
CHT 264 41.9 100 8.7 5.1 0.37 4.3 1.95 
CH-T 266 17.3 97 9.4 5.3 0.42 4.2 2.11 
CHT 267 14.1 97 8.1 4.7 0.37 4.3 2.15 
CHT 268 14.9 97 8.8 5.2 0.43 4.3 2.01 
CHT 224 9.3 95 9.8 4.9 0.39 4.3 2.07 
Santa 19.2 98 7.1 5.4 0.46 4.2 2.05 
Sandy 35.1 93 17.6 4.9 0.43 4.3 2.29 
Mean 25.6 97 9.8 5.1 0.42 4.3 2.09 
CV (5%) 14.1 3.5 6.6 11.1 14.41 2.1 8.19 
LSD (5%) 5.5 5.0 1.0 0.8 0.09 0.1 0.25 

Planting dates: sowing, 26 August 1993; transplanting, 21 September 1993 
Low value=light red color; high value=dark red color 

Table 12. Yields and horticultural characteristics of cherry tomato RYT, AVRDC, spring 
1994a 

Entry Yield Days to Fruit Soluble Acidity pH Color" 
(t/ha) maturity size (g) solids ( Brix) (%) value 

CHIT 151 14.7 74 4.4 5.2 0.40 4.1 0.93 
CHT 152 10.9 75 4.4 5.7 0.48 4.1 0.63 
CHT 154 12.1 79 5.0 6.0 0.49 4.0 0.91 
CHT 155 12.8 77 4.1 5.5 0.46 4.1 0.76 
Cl-T 157 9.8 77 3.9 5.1 0.44 4.1 1.14 
Cl-IT 2C4 35.3 75 6.1 4.8 0.48 4.0 1.00 
Santa 9.3 83 5.6 6.1 0.59 4.1 0.98 
Mean 15.0 77 4.8 5.5 0.48 4.1 0.91 
CV (5%) 16.2 1.5 10.8 5.0 6.99 0.8 19.44 
LSD (5%) 3.6 1.7 0.8 0.4 0.05 0.1 0.26 

Planting dates: sowing, 28 February 1994; transplanting, 1April 1994 
Low value=light red color; high value=dark red color 
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(ClT261 and CI IT264 also perlfrncd very well in other locations. H-lowever, market acceptahility 
was low. lithe 1994 spring trials, tie new enltries with SlltlI fruit shape exhibieLd higll-yielding 
potential, more heat lolerance, and less cracking compared to cheack variety Santa. (1Ir 151 and CIT 
152 had very good fruilt-set, wili Ic Cl IT 154 and Cl IT155 had largcr frit comparahle to Sanla. 

Seed Production and Distribution 

Sceds of AVRI )C'-r leascd vartictiesorIm isinl.! 1h1as %\ere unltiplied to supply iltcailn1onstration 
ri:ils or RYTs ntliomvidc. Il l993-0-1, 4S() kg of on ngblean 550 kg of soyhean, and I90 kg of 
vegeatablesos svsIp g t fresh mrket toiiato FMTTue rolducead (table 13). A snall inioUnt of'3(0 
33 was also prthchudL. "lWhC ssed. Will hC distributed to tie natiolnll prgnras. 

Table 13. Seed production and distribution of AVRDC-released varieties 
Crop Variety Seed amount (kg) 
Tomato FMTT 33 0.63 
Mungbean Tainan No. 5 480 
Soybean Tainan No. 1 200 

KS No. 10 350 
Vegetable soybean KS No. 1 190 

Varietal Evaluation of Nonprincipal Vegetables 

Summary 
Varietial ohservationl trials (I lettuce, snap ham,and yard-lmg heaan were conducted in 1993-94. 

There were 'ur summer and aututrn 1993, spring and summer 1994. Inlettuce observation trials ill 
slimmer, largr space M.75 x 0.2 il) higher heds were applied to improve drainage in the rainyanutd 

and hot seasons. For leaf lettuce. Sierra. was the top yielder in Ihease four crop hI;easois. It prOdtced e 
lowest yicld of I i/ha in s1u1inuer 1994 and the highest of 47 t/ha in atUmnWlt 1993. Stmniergold, 
Calimr, and I.auomor V'Ni. were prolnisiug ,,ith stalIe yields amnmg the I I crispyhead lettuce 
variclies. H-fowever, Brogan had the bst heads during sunmcr. Among 1(0 Iterhead varieties, 
Regina 71 and C.arnmoiir had stahle high yields. Yiealds o Regina 71 \vere 17. 32, 24,mod 15 t/ha ill 
the-se four planting.seasons. For romaine leIttuce, Malavimior Clara VMI .. and Augustus PVP were 
stahle and had high yields. 

Snap beanu ohservtio conducted inMtumntt 1993 and spring 1994.Among 54 bushtrials wearc 
type varieties. NY 91 25)4, Paradise, Grencrop, and Gaitor Green Ilmprovd pearlfumC'Ll well with 
more than 17 /ba in auttim and more than 12 t/liaspring. For pole-typc snap hean. leimly, Wits,ill 
aLd Taichuig No. I1-N were promuising. They yielded more than 20 aid 12 t/ha inl.litumltn 19)3 and 
spriig 1994,respectively. For thC 19 yard-long bCan varietis tested ina.utun 1993 and spring 1994. 
the average yield in1994 was higher thani that in1993.Tun 205 pi'oduccd 13.6 t/ha in1993 and Ton 
209 produccdL 16.3 t/ha ill1994.Whie Pod had the heiaviest pod weight of 28.9 g in1994. 
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Introduction 

ThIe purposC o varietal eviliIatioil ol nonprincipal 'c, IitIcs at AVRIDC is to look loiinmpro\'ed 
varieties with potential As principal crops at AVRI)C or lor national programis through collcetion, 
evaliuation, and selection. (tilr'ntly, lItuc. slai) be.tin, bien. broccoli. and catlilfhVo', arcyar'd-lon 
inCltlded ill the i.the CVitlu',ation (&Itonprite'ipal, vgetables ill otlltry protrat 

Ili19)3-94, Ioutr trials 'trlettuce lf. . erisa't. itlterheLaild, aid COS) were 
CtontltictetI to VALtatC the collected varicties. Snap beal ',nodyard-long bCa wre alsilo Included in the 

iloWrItLeilaI erop e0\vltliol trials. I01turtee'n pole,-p oeand 54 bU';t-ty'e varuiCtiCs Of snap bean and 

IQyard-long hean \aricties werc ,lovll to obsCrve their Iontlictilurl chtrateristics anld yields. 

Materials and Methods 

Ixtttice. I.cl.f crispyhead. btterheCad, tid rtutline etice.-, were evalutated in bIour trials in 199)3

94. Il',tlm r I 93, ,eetlS w.cre sowit on 27 .hilyand see'tlilns tralSlanltltCd OtI25 Anttst-,. Inautttnul 
I993. the ,owii ald trli',splitilel da.lteS were 21 ()ober and I )No\eullbe. lot1 ptlg and sul ern.' 

991.-I trials, the so\viiil/rLtnsplntinc dates were 9 Nlar.l/8 Alril anld I A\guist/(b SeptCletuber' 
resiecl ivelv. Spacing olrspring anod atitit' trials was 5()cm betwecn rows and 2(tcm 'etwcen plants. 
The width of the bed Wias I)0e ind thete were two rows bed. The heieht ofltie :ts 15it )lie ed 
cm aohtvc the l'irrv.,ow. Splc.'hrg orMsuinne trial was laircr with 75 cm bewecn rows and 20 em 
hctven plIts. Beds of 15(m)l/ \\Clc used. Therle werc,ro it\ ()li height of 25 cm.ll e bcd with at 
The bed was mulched \with aIll trials. The CperitlCntal desi t R(CIII) with thiecice stralw ilt was'll 


i'Clplhitiolls. Beialmc ol limited see', ;and corl'tinltioll. solIC \itielsclcn wer, were
,Oowl' tttissttitlg (t" 
relahced b otltCr \aieiCeS. 

Snap beal. T\w Observattonitn trials wCrC CoitdmettClC tocViahLnttt I p)ole-type SnaI) bCM varities 
ill;alttlllln3 ilsring I J94. SCetls wrC dhi'CClv so olleI l ill the bed. 'I here \wCrc two'tows ill 
bed. Spacine was 75 tin Ltw\CCn rows antid 4(1 cti bct\ettcn plits. I'>tch plot w;s 4.8 ililotg with 24 
plants. 'he cesign was R(B I) \with tmo replications. Two othet observa'tion ttials wet'e;tC'riCl ndt to 
oblservc 5- t sl-type varictics. The sowine seasnos and dtmes werc lie as thtosc lo' the pole type. auilmc 
Slacin - \\w,75 x 1(1cii. and the Lesign w'as sitele tow inl one eldl. tEach was 6 im tong. Theplot 
C\Ipitietl'tlil designt \\ts,RCis I) with two 'tCplications itt I993 anId thiec replicatitons in 1994. 

Yard-long bean. Nineteen yartl-lomg bean vatrieties were inClutl.l itt twit trials ill1993-94. '[he 
so\\inc dates atntd the spitlg \\ete tIe Sile its those lt' the pole-typC Snap beall. Ilowever, ito 
replication was Cmpylotd i the yvI'd-hong bCa trials. 

('iltttrli prtactices and illlltaaeicnlt werc accordig to the proccottt'cs hadoolt:d by farImet's l'ot'eaich 
crop. YiC tlS anid t her lit iCt'forumnce tidetr igh tenl)peratures'htiututal chlacterist ics,especial ly thei r 
\\'C' 'CCo(l'CLI. 

Results and Discussion 

Ie.allCtltIce. Tv,Cl\C IClf lettuce varieties were incluicd in the trials (tahle 14). The average yield
 
22.(o tt/ha )olat [UttI t trials
n 993 was tie highest across the fo0tr trials. Mean yields in the two sutmllmtl' 

wet-c o111V 9.2 til I I.I t/ht, which wetrc onlv half' ot' those of tIme sp'ig a1td autitmn trials. ligll 

itipritutrcs enhanced Cgr Iuting whiclh caused the low ,iclds in Summer. Sic-rra was the i st 
prInu'isi !.otViehtlin. time botlt'trials. Its yichll in attmmi wa its high as,16.8all otlicr variclics ill N093 
I/hit. hispite ol' Late Imiturit.,it wals tIe best v'arietv 'r lillillCl'. 'iCLS ill autuittnn wereI Altlho0tth the 
hih.it took ithne' titte for lettucc to mattttre lays. Iocail Improved wits the etrliest (5I1ut 77., days) 
inl stitimtet I19Q3 wvhile Pri/eCtt ()st'ttri t (9 days) ill 1993.VMI.Was the littc aiutUn 
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Table 14. Results of leaf lettuce variety trials, 1993-94a 
Entry Days to harvest (DAS) Yield (t/ha) 

SU93 AU93 SP94 SU94 SU93 AU93 SP94 SU94 
Celtus - 77 58 65 - 17.3 24.8 9.4 
New Red Fire 87 77 68 74 12.0 21.6 14.3 13.9 
Local Improve 51 72 58 68 5.0 18.7 19.8 8.6 
Red Salad Bowl 71 77 66 77 14.3 16.7 19.8 10.0 
Rapidmor Oscura VML 58 71 62 71 9.2 17.7 22.0 14.9 
Local 61 72 58 64 8.1 22.1 17.4 8.4 
Simpson's 68 70 59 65 7.7 16.7 15.2 9.2 
Prizehead - 88 65 - - 20.1 17.9 -
Loose Leaf 54 66 58 61 6.2 14.7 15.7 4.6 
Rapidmor Clara VML 54 72 58 68 5.3 17.3 16.8 9.1 
Sierra 71 93 69 76 15.1 46.8 26.5 21.1 
Prizemor Oscura VML - 98 63 71 - 42.1 21.3 13.2 
Mean 63.6 77.8 61.8 69.3 9.2 22.6 19.3 11.1 
CV (5%) - 8.6 2.8 1.8 - 13.5 14.0 20.7 
LSD (5%) - 11.3 3.0 2.1 - 5.2 4.6 9.8 

Planting dates: sowing/transplanting: SU 93: 27 July 1993/25 August 1993; AU 93: 21 October 1993/19
November 1993; SP 94:9 March 1994/8 April 1994; SU 94: 1August 1994/6 Septembe: 1994 

Crisplhead lettuce. Most c,.rispylcad lettuce pcrlorITcd very well in tlumn I 993. Yields tl" 
Calnlar, SImmcrol d. iandll, agmnor VMII cven cxccdcd 40.01 t/ha (table 15). Sunitnergold, I :tonmor 
VMI., and (;Corgia ,,tlc and spring.iloC prcnnising:, in atInm In general, yields and heading 
perlo0rnll.ce were poor in SUlmmellCr. Most varieties produccd only very loose heads withi low market 
values. Blrojggo and Sll had hctter heads in summer i993 and Brogon and Greenlield in 1994.1-leading 
was poor inspring 1994 since it was warm. Georgia and Brogan produced more compact and good 
heads than other varieties in spring 1994. Ittook an averagc of 93 days fatr sowinmg ) to harvest 
crisipyhcad lettuce in atllmn. The heads wVcrc large id Collpact. Ilconltrast, it took less than 80 days 
to harvest IhCmI ill Ircc Clops, hutIllthe small and loose.tle other heads were 

Table 15. Results of crispyhead lettuce variety trials, 1993-94i 
Entry Days to harvest (DAS) Yield (t/ha) 

SU93 AU93 SP94 SU94 SU93 AU93 SP94 SU94 
Georgia 73 95 69 77 7.2 39.7 35.1 17.8 
Great Lakes 67 96 72 75 13.0 19.0 26.0 21.1 
Calmar 74 96 72 74 16.7 41.7 17.5 16.7 
Summergold 79 96 72 80 16.1 42.2 28.3 13.9 
Great Lakes 659 72 92 72 84 8.0 33.5 23.2 12.6 
Lagomor VML 87 100 72 82 7.1 41.8 27.3 10.6 
Brogan 74 89 72 80 12.0 29.8 23.9 14.4 
Sun 72 95 72 80 8.1 35.0 20.9 16.3 
Radiant 66 92 72 76 12.5 39.4 19.5 17.4 
Greenfield 87 86 72 76 7.1 32.9 15.2 18.2 
Vanguard 75 - - 67 - - - 9.5 
Mean 75 92.9 71.7 77.3 10.5 35.4 23.7 15.3 
CV (5%) - 4.4 2.0 1.6 - 17.5 28.9 22.0 
LSD (5%) - 6.9 2.5 2.1 - 10.6 11.7 5.7 

Planting dates: sowing/transplanting: SU 93: 27 July 1993/25 August 1993: AU 93: 21 October 1993/19
November 1993; SP 94: 9 March 1994/8 April 1994; SU 94: 1August 1994/6 September 1994 

http:perlo0rnll.ce
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Ilutterlicad. The perl0rmancc ol Carmona in 1993 was stable and promising: however, it was 
excluded in the Sulbs.eSCquent trials becanse of lack Ol'seeds (ablIC 16). The top yiCldCIs in the Fitur trials 
were Carnona ( 17.4 (/ha), Regina 71 (31 I/ha), Felicia (25.4 I/ha), ald Buttcrcrunch ( 17.0 !/ha) I)ron 
summer 1993 to summer 1994. These 1tor ,.'aiitis also had stalic yields CMiparcd viith ther 
varieties. [or the two\)suimier trials, ButtCrcrunch had the highsl yield Followcd hy Kagianager 
Summer and Regina 71. 

Romaine lettuce. Yields ofl romainc ICtuCC were t stablC ill 1993-94. IecausC o1" sCCd 
dCficiency, only two vaieties were evaluated in all for trials. AugLstus had high and stable yield in 
autumn 19(tR(45. t/ha ) and slrhg 1994 (31.6 /ha ).Thell highcst yielder in siimmer 19933 was Kalura 
(19.7 t/hatand (,'rolangue (17.2 i/ha)in sutmner 1994. The ivera'e icld, ofl romlainC lettuce were 
the highest along the il!:"types lettuce evaluated regardless oF sCasol. Ilovcvcr,its Iluctualion0) 

wais also the larcst. The mean vicld was only 12 t/ha in summencr, but ill aulunl it reached 41.5 t/ha 
(table 17). 

Table 16. Yields and days to harvest of butterhead lettuce variety trials, 1993-946 
Entry Days to harvest (DAS) Yield (t/ha) 

SU93 AU93 SP94 SU94 SU93 AU93 SP94 SU94 
Anuenue 59 - - - 8.0 - - -
Felicia 68 97 67 - 16.9 28.0 25.4 
Rrado RS 57 97 62 67 6.9 20.9 17.3 6.9 
Regina 71 79 86 65 80 12.6 31.7 23.0 14.2 
Semira 71 88 65 78 5.6 29.8 12.8 6.3 
Carmona 69 86 - - 17.4 27.2 - -
Kagranager Summer 66 86 65 76 10.1 24.9 17.1 14.9 
Okayama Salad 61 81 - - 9.3 20.7 - -
Buttercrunch 60 79 64 74 11.0 26.0 23.0 17.0 
Mantilia 69 87 65 77 7.8 24.2 14.9 13.0 
Wild Boston - - 64 78 - - 22.8 11.2 
Solista ez 84 - - 64 78 - - 13.2 11.2 
Wonder of the 4 Seasons - - 62 67 - - 14.7 5.5 
Mean 65.9 86.6 64 74.9 10.6 25.9 18.4 11.1 
CV (5%) -- 7.5 3.1 3.1 - 12.4 19.4 14.9 
L.SD (5%) - 11.3 3.4 4.0 - 5.6 6.1 2.9 

Planting dates: sowing/transplanting: SU 93:27 July 1993/25 August 1993; AU 93:21 October 1993/19 
November 1993; SP 94: 9 March 1994/8 April 1994; SU 94: 1August 1994/6 September 1994 

Table 17. Yields and days to harvest of romaine lettuce variety trials, 1993-94a 

Entry Days to harvest (DAS) Yield (t/ha) 
SU93 AU93 SP94 SU94 SU93 AU93 SP94 SU94 

Floricos LG 69 - - - 9.2 - -
Kalura 71 - - - 19.7 - -
Prizemor Clara VML 66 87 - - 14.3 34.2 - -
Augustus PVP 64 79 6,1 70 9.5 45.6 31.6 13.1 
Parris Island 71 82 63 65 5.6 37.0 24.6 9.1 
Maravimor Clara VML - 99 64 - - 45.7 20.2 -
Valnaine - - 65 65 - - 26.1 9.7 
CarolangUeu - - 62 73 - - 22.1 17.2 
Tall Guzmaine Il - - 67 - - - 6.6 -
Mean 48.2 86.6 64.0 68.2 1 1.7 41.5 26.0 12.1 
CV (5%) 6.7 2.8 3.1 13.n 13.9 19.1 
LSD (5%) 10.9 3.3 3.9 . 13.2 6.6 4.4 

Planting dates: sowing/transplanting: SU 93: 27 July 1993/25 August 199 ; .IJ93: 21 October 1993/19
November 1993; SP 94: 9 March 1994/8 April 1994; SU 94: 1August 199416 Septemoer 1994 
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ReIlts o1t utu is the II1SI I'avorablc Seaso for gyrovin alny typeICLtuCC trials revealed that n 
of lettuce. II contrast, tel majority otI lcttice v',arietics are sensitive to hIeli temperature which causes 
immature holtine anld low viel in summ11elfr. 

Sn,.1) heanl. Results oIple Snap heau variet, trials are shown in table IX.The highest yielder in 
autumnt I.93 w.,a, yiCld, Of wereVitsa with 2-3.8 i/hait. The other varieties ,.,ith more thin 20 t/ha 
Tiichune No. I (-N (21.1 t/ha), iticlhtm No. I I-N (20).4 i/hUl, amd .lcmmy (20.2 t/hat. Polc-typc 
varieties MttiLl'd in 02-74 daVs after so',ine. IPoroto ((Ire thad the hCaviest pod wcight of I'.2 u. 
Th theop \ ieldcr 1994 were also the top ou' inlI993. with a differentc raukin,: JcmuiuyItou , in pltlWi 

12.4 i/ha). \Vit1 2.3 t/hi I'aichtme No. 12.3 t/li). and lar No. I I-N ( I I. S/u. Al!Ih-N ichuri 
VMatietmeilmatured i d:tvy,I-71 in sprine, I 994. Pt ot (G(scl)till had the heaviesit pIod weight of'14.3 

iild hld flatter wider ipds than the other 12 varieties;. 

The to)l 2)) i hIr> o ll l n in I()t)_3iand I -994 

e. loloo ((;cCII) )\'asv) trod 

1 hus,h llip eai trials are liltdl inl tales )19 and 20. In the 
+miumn 1993 trial. NY 7( p()rIdtuCdI 19.3 i/ha, llo10wed hy Green (19.0 t/ha), and F ,,ca (I?.9 t/ha). 
(hcnii(ci al()l d the Iletvie,[ pd weight of I I. Lglc 19). TI'lIe aive-a e yicld of th Ito 20 

- \'1-. 1093 (tial~c The hihest 
yielder in 1I wa1 with 14.3 t/h't). Greencrop 
varieties in ,ping I .,a1ho\\ er thtn the top 2)i ituttlllln 19 amid 2(). 

\r NY Q1 -50-1 it/h. This was fllowed b PIaradisC (14.) 
I12.X t/ha), and 1,I(l;\'-2 .(hecncrop be more >stable, and it also had the heaviCes;t12.8 i/hl sceiucd ito 
podt weright. 

Yard-lo lheai. Yields ,nd other liortitiltoial charateristics tliee 19NiaId-lonhiuI varictics 
variCd %,itlh lat1 11ingL illsid varieties (ta lc21). Tun 2(5 (1,.0 Il/ls lad the highelst yiCld ill 

i mntitiillIollo\,Cd 20i1( t/hat, and ''mi 21)( 1 1.8 ll.). 'tn 232 had the the heaviest1993 (2.5 
pood \%ciLeltt ,)o24.L.)e. 'lere wk'Cre sCvenI othe.r vaicties with pood weights highcr than 2 0p. Tun 233 
proodicetICd pl ds \with anlli\ erag length (01+0I cii and an averagc wCighl of 22.8 ,,,while the shortest 

p)Otds wCre pMrodtuCd V'Ti1 2104 with it1':noth of 22 cm and awclit of ).(). All varieties maturCd 
ii100-71) da\s ial'tersoV'ine. 

Table 18. Yields and horticultural characteristics of pole snap bean variety trials, 1993-94" 

Variety Days to maturity Pod length (cm) Pod width (cm) Pod weight (g) Yield (t/ha) 
AU93 SP94 AU93 SP94 AU93 SP94 AU93 SP94 AU93 SP94 

Kentucky Blue 
Ernerite 

67 
64 

71 
69 

17 
17 

14 
15 

0.84 
0.80 

1.03 
0.82 

11.0 
7.9 

6.9 
6.1 

18.2 
15.8 

4.3 
3.6 

Jemmy 
M.F. AG-480 

59 
67 

66 
69 

17 
15 

15 
14 

0.89 
0.85 

1.26 
1.17 

10.8 
9.8 

8.7 
9.2 

20.2 
18.2 

12.4 
10.8 

Poroto (Green) 
Poroto (Waxy) 

64 
63 

69 
69 

17 
17 

16 
16 

0.79 
0.71 

2.35 
2.28 

18.2 
17.0 

14.3 
11.6 

16.3 
19.0 

7.6 
5.2 

Kentucky Wonder 
Paichia 

66 
69 

66 
68 

18 
15 

17 
15 

0.88 
0.83 

1.27 
1.05 

11.2 
8.3 

10.9 
7.3 

17.6 
16.8 

11.7 
9.7 

Witsa 66 67 17 18 0.88 1.11 10.3 9.4 23.8 12.3 
Unknown 62 65 15 16 0.85 0.96 8.3 6.8 19.7 10.9 
Black Creasback 69 69 15 14 0.80 1.01 7.9 6.8 19.0 4.1 
Taichung No. 11-N 
Taichung No. 12-N 
Taichung No. 16-N 
Mean 

66 
74 
70 
66 

66 
68 
68 
68 

17 
15 
16 
16 

16 
17 
18 
16 

0.85 
0.81 
0.84 
0.83 

1.05 
0.96 
1.12 
1.25 

8.7 
9.4 
9.3 

10.6 

6.6 
8.7 
8.6 
8.7 

20.4 
11.4 
21.4 
18.4 

11.8 
6.1 

12.3 
8.8 

. Sowing dates: AU 93: 16 September 1993; SP 94: 21 March 1994 
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Table 19. Yields and horticultural characteristics of top 20 bush snap bean varieties in 
autumn 1993" 

Variety Days to Pod Pod weight Yield 
maturity Length (cm) Width (cm) (g) (t/ha) 

NY70 62 12.2 1.10 8.1 19.3 
Greencrop 66 13.0 0.86 11.6 19.0 
Fesca 66 13.7 0.65 7.7 17.9 
Gator Green Improved 64 15.5 0.87 8.4 17.7 
Bush Kentucky Wonder No. 125 66 12.3 0.96 9.4 17.5 
NY 91-2504 62 13.8 0.95 7.6 17.4 
Paradise 62 13.4 0.92 7.8 17.2 
Nerina RS 65 13.6 0.77 7.6 16.8 
Greenpak 66 16.3 0.87 8.1 16.8 
Kentucky Wonder CWS 66 14.2 0.88 9.3 16.5 
W-290 63 15.9 0.86 9.0 16.4 
Jemmy 64 16.1 1.05 8.7 16.3 
Sentry 65 12.9 0.81 6.3 16.2 
Derby (Stokes seeds) 65 14.5 0.93 8.4 16.0 
Derby (Agway seeds) 62 14.0 0.97 8.0 15.9 
NY 2458 58 13.7 0.97 7.9 15.5 
Slenderette 63 14.3 0.85 6.3 15.1 
Venture 61 15.7 0.88 8.4 15.1 
Vilbel 66 16.2 0.73 7.1 14.7 
Superstar 62 13.0 0.78 6.9 14.6 
Mean 63.7 14.2 0.88 8.1 16.6 

Total varieties were 54; sowing date: 16 September 1993 

Table 20. Yields and horticultural characteristics of top 20 bush snap bean varieties in 
spring 1994a 

Variety Days to Pod Pod weight Yield 
maturity Length (cm) Width (cm) (g) (t/ha) 

NY91-2504 61 11.5 0.87 6.1 14.3 
Paradise 65 11.7 0.92 6.0 14.0 
Greencrop 63 15.9 1.17 7.7 12.8 
BBI GV-2 70 12.1 0.89 5.6 12.8 
NY 2458 62 11.4 0.84 5.4 12.7 
NY 2915 67 12.8 0.92 5.2 12.6 
Gator Green Improve 65 14.4 0.77 5.8 12.3 
Selenderette 66 11.2 0.85 5.3 12.1 
NY 91-2503 64 10.9 0.88 5.3 12.0 
Pulobaeda 65 11.9 0.95 6.2 11.8 
Mimoso Rasteiro (AG-461) 69 11.0 0.93 6.0 11.7 
Superstar 67 12.2 0.95 6.2 11.6 
Meal 62 13.0 0.86 4.9 11.3 
Greenpak 69 12.6 0.95 5.9 11.2 
Bush Kentucky Wonder No. 125 71 13.4 1.16 6.1 10.9 
NY70 65 1C.1 0.90 6.4 10.4 
Astrel 68 11.1 0.78 3.2 10.1 
Nerina RS 70 10.4 0.81 4.5 9.9 
Derby (Stokes seeds) 65 12.5 0.83 5.0 9.9 
Sentry 71 11.0 0.91 4.2 9.8 
Mean 66.3 12.1 0.91 5.5 11.7 
1 Total varieties were 54; sowing date: 21 March 1994 
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Table 21. Yields and horticultural characteristics of yard-long bean variety trials, 1993-94, 
Variety Days to maturity Pod length (cm) Pod width (cm) Pod weight (g) Yield (t!ha) 

AU93 SP94 AU93 SP94 AU93 SP94 AU93 SP94 AU93 SP94 

Green Pod 75 87 41 41 0.92 1.08 23.2 20.4 7.5 8.8 
Tun 204 72 83 22 22 0.69 0.73 9.0 5.8 6.2 5.6 
Tun 205 69 77 38 45 0.68 0.73 14.9 9.2 13.6 11.0 
Tun 206 71 83 38 47 0.69 0.78 14.8 9.0 9.1 8.3 
Tun 207 71 80 29 50 0.75 0.77 16.3 12.2 10.1 14.3 
Tun 208 72 81 26 28 0.62 0.82 11.5 7.2 7.0 9.0 
White Pod 69 85 54 54 0.87 1.18 20.7 28.0 11.1 14.7 
Tun 209 70 80 42 49 0.75 0.81 16.8 14.9 12.5 16.3 
Tun 210 70 78 37 44 0.73 0.77 18.0 12.7 11.8 16.0 
Tun 211 69 77 32 32 0.80 0.67 14.3 12.7 9.4 14.8 
Tun 214 66 83 30 28 0.67 0.86 11.0 9.0 6.1 8.2 
Tun 232 78 85 56 52 0.79 0.92 24.0 19.1 4.0 15.2 
Tun 233 77 86 61 51 0.86 0.88 22,8 19.0 3.7 12.8 
Local Black 72 81 43 55 0.90 1.12 21.3 25.7 6.6 8.3 
run 238 70 86 52 56 0.87 1.21 19.7 22.5 10.9 6.9 
Tun 243 79 86 38 43 0.85 1.17 - 21.9 0.2 12.7 
Tun 244 73 84 41 43 0.81 0.85 20.0 16.5 90 13.8 
Tun 252 77 87 45 - 0.74 - 21.5 22.5 1.4 2.8 
Tun 255 79 84 49 44 0.65 0.86 22.0 26.3 1.5 9.4 
Mean 73 83 41 44 0.77 0.90 17.9 16.6 7.5 11.0 

Sowing dates: AU 93: 16 Seotember 1993; SP 94:21 March 1994 

In spring I994, ;ill varienes ii red in 77-87 days. 'n 209 had the highest yield ot 16.3 l/ha, 

followed ,y tun 21()(l6.) /lh), and Tun 232 (15.2 t/ha). YiCldJs in slring 'werehigher than those in 

autumn1indicating that yard-1ong hCan grows hCttCt in a varmer climate. Fivc varieties, i.e., 'im 205. 

Tun 207, Whit l d. I'tun 209, and 'Fun 210,I)IotliucLI More than 10 /ha in the two plantiIg sCasons. 

White Pod had the heaviest pod wcight ot 28.) g in I0)94. Gircen Pod. White POLd,.2ocal Black, tin 

252, and 'un 255 had pod weights of iore than 20 g in hoth crops. Tun 238 had the longest average 
pod length ol 56 cm. 

Other Activities 

The reception ol'dolmestic visitors is one ol the maior activities otfthe ROC Cooperativc Program. 
Inl 1994, a total of 62 groups, consisting of 4096 persons trom ROC visited AVRDC. The visitors 

inchlCd mmCbCs otlfarlmcrs' associations, ol'ticialsand researchers ofagricul tural research in.stitutCS, 
and students. A total of 301 international visitors werc received hy the Program. 
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Bangladesh-AVRDC
 
Agricultural Research Project
 

Summary 
The AV W, I ISAll )-13an ltdcs hproject continues to fIaci litate Ihintroduction and devehlpment 

olfadaptive tcchiologics. ts Well as gcrrplasm itntroduction tot varictal improvenment. This w ill help 
hoost tIe vear-amttnd v;egtathle produtctiot ill IarqladCshIi. More germpltsnr accessiols I'rorn 
AVR)(. the Asian Regional (cter (ARC) AVRD(', the Natural Resources lilstittel (NRI ). and the 
Mon]th A1sianl Vcgctable Rcscarch Nctw\ork (SA\VtFR NFT)CotlriCs have been recci vcd.A total ol 64 
linc,/s ariclics wcrc itrroducted iilI994. The AVRI) project assists the Ba sgladshAgricultural 
Resctrch Institute IARI) idetty pniinkg lines. promising lines o'l tornato, okra. kangkong, 
dleiC-plddCd piCa, rnungbean. MNalabar spinach. chili. anntner caulilhower, gartdcn pea. vegetablc 

,Oyburi, and (lhiexc;tbbaJc were' identi lied and at'e tnder prelirnirty yield trial (IYT). To ensure 
a'c tr-rotntid tmttt crop., ptotected cultivttiot with pOiytlhciCcover in lue., July, and August has 
IbCr ireltcd,. atlong with Ier ee,(ltnirtesC1such its raised bed,gral'ting. atd ttse.; o lllluaturtonue spray 
arnd lhctt-tolcr;tri lines.'lhis yeitr, croppinita lh:t uiitlc dettionstrated.'tcrea r polytltctc p)otection was 
I rie,, I ()I I ttid ITM 1367. devCelopd t'on AVRID' m, were promising slrnitler adgrtnpl l mr 


tltt n lilcr-taitnv C s plartirig.
se,t ni 

Ile AVRI,C lroject organizcd aovrpsium ont Recent Advances in Vegetable D)evchinnetni1 
Blttruladcsh tad[lthree irr-coutry traning pngrams, nanrely, Vegetable Growing and its Utilization, 
Vegetablc Breeding arid (enlic Analysis. ani ()'-scaston arnd Prtteted Vcgctahie Production. A 
ttal of 133 scientists, teachers. arrd eKxitrisini workers \were trained. Irojcct tierubers participatcd in 
the inter tl arnd central research reviews kit 1994)5 On vycgMttle crops at BARI ai assisted in 
idcrtiyirg rtseatrch priorities. A farmelrs' held day ur. Chinese cabbage was Organized by the On
I:ri Rcscarch I)ivision (()IRI)). BARI. Ttaigail, iti collah' rttionr with the Vegetahle Sectiont on 9 
I)cccnlcr 1993.f) hiiutdrd tanrier, itrticiptted. Also, a Iarrrcrs' field day Oi1 toinato ctinivation 
was rgarllrii 1v trelCiRegional AericuIural Reseatrch Station RARS), IshUrdi, OilI FChrtarv 1994. 
A totaul 01 15() 'alllier'said sioi workers tClltd.d. A triininig onrIc Serlilnar-C'tin-It'arilers . 
lurlt)ltetia arid I -d V 'iCld d nrir'rii n-ttiorr-cri on stIIllIiertom aio productinu t"taincrs antld 
N( (), sser, atlsou orttricd in nolahortion with BARI and extension agercies. 

Niricnc-rn hcchlkohy transfer 1raiining tro'g ratis oi wilftCriand surluier vCgCtabhes foir57(0 tarners 
taid ci:itor cxtne .vrkers vcre cwrrtlileted in&I994. The pyrict uilgoaniicd 927 fIartmrs' field2W)) rn 
tlcILnnrIstratiiS ur'1 lrCiv \'CeLctahlc varictics and Icchnilog.iCs tlhtrough ut the cOutLry. This pr(,jCct also 
sruppourted the ptrticilptt olrol three BARI ard BIrngltdcsh Agricultural Research C'OurCi I (IBARC) 
scitaistntrd planners in irrneriational syrnpsiit aild sturdy Ilrs. Throutgh the AVRI)C proiect, two 
books arid one ioklct for rescarclers. extermion wrrkcrs, and farnlers were produiced and rcleased. 
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Introduction 

lFilphasis is being given on developing or introducing new varieties and technologies that can 
extend vegetable production year-round and ensure production by breeding fr resistance to diseasCs 
and insects and tolerance to environnmntal stresses. Mialy new varieties and technologies were 
general'ed by BARI in collaboration with AVRDC. lhe Baneladcsh-AVRI)C projcct is working to 
overcome the froblCms by introducing gcrmplasm based on need, tCsting, and identit'ication of 
pronising lines. Two hcal-tolcrant tolmato lines, TM (111 (CI, II d-0- I land ',M 0367 (CI, 143-0- 1(0
3, selected fromI A\VRI)C gcrmplasm are at the advanced stagce of release f(r stulner cultivatiorn. In 
winter 1994, live tolato lines Were identilied for scCondary yield trials (SY'I's). ()kra line ()K )285, 
CediblC-po0ddCd pea line G 0)7, inunlghcan line NM 92, and kangkong line KG (102 were selected folr 

regional yield trials (RYTs). Prolimising lines in chili/ppelcr., Chinese cahage, vegetablc soybhean, 
brinjal, SUMtllmer cauli flower, Malabar spinach, gaidCn peIl were identified 'or l)YT. Three in-coulltrv 

trainers aiing prograis )n important aspects of ,cgctabhle crops 'or scientists, research imalagers, 
extension workers, ilncluding NGOs, were organized. IfTorts have been undertaken [Or the transl'er 
ol'identi icid varieties and tcchllllotgies to the farlers through trainiing, demonstrations, and field days 

by involving on-farln rcscarcl scientists, extetnsion agencics, including NGOs, throughout the 

country. 

Introduction of Germplasm 

In 1994, 164 lilies of different vegetable crops were introduced fron AVRDC, ARC-AVRI)C, 

SAVERNET menber countries, and NRI (table I ) and tested at BARI. 

Table 1. Germplasm collection introduced during 1994 

Crops No. of lines 
Tomato 32 
Vegetable soybean 12 
Hot pepper 58 
Sweet pepper 3 
Mungbean 7
 
Chinese cabbage 10
 
Onion 8
 
Bittergourd 1
 
Brinlal 1
 
Asparagus 2
 
Muskmelon 3
 
Garden beans 4
 
Zucchini 1
 
Miscellaneous 22
 

Research 

Regular visits to the experimental areas were made to check the performance ofongoing vegetable 
crop experiments at BARI headquarters and its research stations, Farming Systems Research (FSR) 
sites, and farmers' fields. These helped scientists in planning and implementing vegetable research 
programs. 
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Tomato Germplasm Evaluation 

()ut )1"37 tomato gcnotypc,, tested in winter 1993-94, lines TM 0763, TM 0736, TM 0748, TM 
0(729, TM 0734, TM 0739. and I'M 0740 were quite promising in yieldI and otler characters. The yield 
ol these." lines rne.Lgd front 0. I to 62.9 I/ha. 

AVRDC Lines for Secondary Yield Trial (SYT) 

Iha vestitnc for SYI of, six lines (table 2) which were transplanted oii 8 Novcmber 1993 was 
comlplcled on 26 I:cbruary I994. lines Cl IT 280, M'FV 260, 'M1T 301, and IVMTT 304 were 
rC0111t1ci i ld For" furthllr testing. 

Table 2. Yield and yield-contributing characters of selected tomato lines under SYT 
Lines Days to Days to Number Fruit Yield/ Yield
 

flowering 1st of fruit/ weight/ plant (t/ha)
 
harvest plant plant (g) (kg) 

CL 5915-206 D4-2-2-0-4 31 64 37 63.0 1.3 63.0 
FMTT 260 40 60 28 85.3 1.7 85.3 
CHT 280 36 57 25 85.9 1.7 85.9 
FMTT 301 24 57 29 82.4 1.6 82.4 
FMTT 304 36 60 28 81.2 1.6 81.2 
Ratan 31 67 30 65.4 1.3 65.4 

Summer Tomato 

l'O dCm1onstratc ani rcolirni tihe usCllncss of the technology, two crops were grown at BARI 
() it larme scale during snmmer 1994. The first crop, with AVRI)C lines TM 01I1 and TM 0367, was 
sown (On 5 May and iraltsplalted on 5 .1nne. The tirst toniatotone spraying was done oil 30.hlune the 
scond ont 7 Jualy. I larvest wats hol 28 ily onwards. 

I"or the second crop, three lilies, ialiely. TM 01 I1,TMvI 0367 and INI 0054, wec sown on I lJune 
and transplaintcd on I Inly. First tomlatolt ne spraying was done on 7 AUgustI the second on 13 
,,\ntenst. I lia'vest started I'romn 28 Antust onwllarIs. The prltrulcC otIlblth cro)ps Wits tluitc good. 
A\crlc yields tf 2() and IS t/ha l'or the tirst crop. and 21, 19, and 16 /ha for the second crop were 
obtiued Ironl thes,;e liles, respectively. 

lIrec-scale snimmer toilllt croppilig using seeds (l 't\vo line.'TM (1I I and TM 0367, was also 
dc ions(t raedllIat Thaknuraon. Pilulautilli. lItlhaiizari, .lCssoC. alid .ll;dpn' Research Statlins ot BARI. 

In ]994. about 2(0) demonstrations of' these lilies Were conducted by the l)epartlnlet of 
,,\ericut rl l-xteMsiOn 1)A1), NG(os, and Bangladesh Agriculture I)cvcloplucnt Corporation 
lI,\ i)(l li 'lburuers' fields. 

Trial on AVRDC F,Cherry Tomato and Tropical Lines 

1i1ht hybrids and twO tropical lilies collected Irom AVRDC were sown ill ain observational trial 
on 7 April, transplanted on II May, atid harvcstCd Ifrorn I July oliwards. Fruiting continued to 15 
Sc lcili ber. 
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Three hybrids, namely, CHT499, Cl IT 500. and (II IT 5()1, were quite pronlisitng (table 3). These 

lines gav'e sufficient nnmbei o frtfit uinder high temprl'aturC withot the use (1t'hormone (tonatotOne). 

Table 3. Yield and yield contributing characters of eight heat-tolerant tomato 
germplasm accessions 

Genotype Plant Days Fruit Fruit Fruit size (cm) No. of TSS Avg. No. of Avg. 

height to color shape Length Diameter locules (%) fruit wt fruit/ yield 
(cm) flowering /fruit (g) ... plant plant (g) 

CHT 264 161 32 Red Round 2.8 2.7 2.0 4.9 2.0 49.9 561 
CHT 437 135 38 Red High 2.6 2.4 2.0 4.0 8.6 60.2 492 

round 
CHT 491 110 35 Red Heart- 4.1 3.4 2.6 5.8 8.6 67.8 521 

shaped 
CHT 492 133 30 Red Lengthened 3.3 2.9 2.0 4.9 12.0 40.2 450 

cylindrical 
CHT 500 139 30 Deep Round 3.1 3.1 2.2 5.4 15.0 89.3 1,280 

red 
CHT 499 167 29 Red Heart- 2.5 2.4 2.0 4.9 13.4 82.6 960 

shaped 
CHT 501 121 27 Red Lengthened 3.6 2.9 2.0 4.9 14.4 78.5 1,030 

cylindrical 
CL-143-0-1 135 37 Light Round 2.5 2.1 2.0 4.1 6.1 21.1 115 
-3-0-1-10 red 

Chinese 	Cabbage 

A Chinese calbhayc evaluation trial of I I AVRI)C lines and a local line was conducted in vintcr 
1 )93--)4 1to;elect pronfising lines under Bangladesh conditions. Six lines which gave more than 38 

t/ha (table 4) vcre selected for furtithet testing. 

On-farm trials ol new, Chinese cabbage line I-2-7(0 were quite successful. Farmers preferred this 
new\vegclahlu variety and they verc alIc to sell this new crop even in the local markets. 

Table 4. 	 Yield and yield-contributing characters of different AVRDC Chinese cabbage 
lines tested in winter 1993-94 

Lines 	 No. leaves/ Total Head Head Head Yield 
plant plant wt (g) weight (g) length (cm) breadth (cm) (t/a) 

77M(3)-35 11.5 1,507 944 19.5 11.9 38.9 
62 (ASVEG No. 1) 10.9 1,468 1,052 16.8 13.7 39.0 
B 40 15.5 1,639 1,060 22.2 13.4 39.2 
85-216 (F,) 9.2 1,722 1,124 17.4 11.1 41.7 
No. 82-157 (F) 12.7 1,438 985 16.5 11.8 36.5 
85-202 (F,) 9.2 1,399 912 16.9 11.9 33.8 
77M(3)-27 13.0 1,672 1,081 19.9 11.4 40.6 
82-156 (F) 12.7 1,318 795 14.9 11.4 29.4 
77M(2/3)-46 12.7 1,566 1,077 16.4 13.5 39.9 
77M(3)-40 15.9 1,153 619 17.7 9.4 22.9 
83-20 (F,) 8.0 1,328 945 15.9 11.6 35.0 
CVSRC line 14.2 1,632 936 19.9 13.1 34.7 
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AVRDC Mungbean 

\t prcSCnt, nunohcan contrihutcs '( to tic total pUlsC Ip+rodclctio in l3angtladcesh. M1ngl+hcan is 
tCl-ulclC s onC olthe most tpnla lsIlC crop,. It is mnore CxpCnsive than o)thcr pulses.andI pcCioms 

Therc is it- scoC to inclatsc 'll;+t olfthis crop provided there arc hll
Cd and prodtn olrt-dnration,
 
hieh-h icdie. .svnhronto n,y llmv inosaic virtis (YIV). crc Icillet p
T slt)l ((l.S)-resisttil/
 
t(drint varictis., ald liliesn,,titahle l A iio e lhC U)('erli1plalsi
or spucific cropping pittcrns..II AVI,
accNu,,iI cstc, t. linc'NN:",I)2 its bcct idcntilicd as,quite prlsUf in,.i: it no,,,c_,,,+,no+tolthc"dL>,irabl.. 

c+uiatcter-. 

Iill'tI. illa til i the In,titu ."of I'oter,,l iatc Suilije in .\,.SicutlItui ll'S.\ . the aiLeIc iioinc 
crt lillnilcC ()1,2It I \ t I''ci(dl t n U irin tillnc'ii'. I , Kaliti)i,%\ c i~thLcd tuiigitl . chl \ 1td 

il Ann',the '(.2 

VC 277 1. N , ,,Q173. ai(I V( I137\. (ie t l+,c.'s IcS than
 

CtI' kh \. NM prod hihc'st Vicll t1.2 i/ht. cl)c ,low11h ed Iw} 
(-' \I SI .I NM ()2 uLd N.\ 104 ,od(V,l 


cteu1 u r\L ar1 ci l int ccin ieC cort' to' tnc'hc pe lflp iinKanti.
P lrtnch the ritgc rrpar'_' 1.7 llt Th,. 
,Lntpt eI"NNI 2 mtid NN 914 inattnrc! vithin 49-5X dIs; I',Cr clric'rc'c II\I I c mnptred to 5,-7t) 
1),\I* in Al otlh'rI.cnctv .-. lecan nliosctic virus,(NI YNIV ,vasScvcrc1 Ilt Cr .. inlc.t ion 25-'Jn Iw)5 
cIh,,r, cd it0,,totlhc ,arictvpcs. but tlu IYMV inlctinon was xcry low in NN 151 ( I-" 1.I"'a' 173 

NI 1 -I; ..I-s; . Q2 .N I )4 (t-I +,.and VC I 3 7\ 1-2";). 

At .\RI.P\ R . Iihurdi., i tcriiplasin, cviluation til wAs coItICd during kharif I,Aupist
)cthbcr I')'), (M 3(0(AVI\I )( lincs. IFoitv-cieht linc", vcr is\%icd. and I I li cv,icCidctrltiIied its 

highlv lrcI(ni)in . multiplc chartctcrl,,. Thcsc lics> \.crc ( 31-24, \ 47-20,1 t-3, 1: 5t-22, VC 
n I-4-I,- I,'-211 \'(' (SI-IS-I,- I7-211. V(' 0 I 3.-B-2tt-2BI, I-,5-7.8I 45-I. \;(' (cI-I0+-I1-2tt-211. andl V(C 

1,-I,--lS-2.B, 

Sx nc ,.\ \VRI) routne.an linc. nncly. V( SI144 I).V(' ,144 C, VC0 144 I.V( r 144 ,A.VC
 
I17.\ \,aiil V(' s173 1.1 cr.cslcd at BARI. late on 9 April, and was
r ecrimnnt was cotcd 

c ntlcIIcid t Lines VC 014- A,V( 0173 and NM 92 s.lwed bettert( li iist wcck of .luyly. 1B, 

cI-crlcrlniicc in yild., unilrmn initutirity. and tolC'rane to virus (itable 5).
 

Table 5. Performance of AVRDC mungbean lines at BARI 
Entries Days to Days to Plant Pods/ Seeds/ 100-seed Yield/ Yield Disease" 

flowering maturity height plant pod Wt 2 nV (kg/ha) CLS YMV 
(cm) (g) (g) 

VC 6144 A 37 68 68.0 21.7 6.6 4.9 196 980 " 
VC 6144 B 40 68 62.7 20.9 6.8 4.7 180 900 -

VC 61,14 C 38 68 71.2 12.5 6.8 4.5 165 825 
VC 6144 D 40 68 73.4 12.6 6.6 4.5 160 800 
VC 6173 A 37 64 59.5 12.2 7.2 5.3 168 840 -

VC 6173 B 36 65 62.5 11.7 6.2 5.3 158 790 
NM 92 29 59 44.2 24.4 5.8 4.2 190 950 
Kanti 39 60 51.5 18.5 6.2 2.4 180 900 
. No disease infestation; *-low infestation; - -severe infestation 

http:routne.an
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Summer Cauliflower 

I'otuircrops it's ll II rcali IIfit Lt Iwo Intc. ()2i ian ith0lUcti C'1\lai\Ycrllil . inclyN, C1 In \\ an) 

and CL 13Ielal. WCL )'2r0\iII SlllnnlClr 1994. The first clop was ,wn on ll April. Il nsplahtncc on 

1) Mlay. and hal-vestcd froIr 25 llne 994 tnt( for t\,ot %ccks thicaltcr. The 5ccoic1 crop wii1 so5\ n 

on 14 ay. tranVlntcd On 17 Jnnc, and hlrv,,,Id frton 8 Aieniu oi awl. 'lhe third .ro)[ was ,own 

on1(1 .Iulv, tranpl iecd ol ),,\tlU-Lt, and Ir\C,lhCd tl1e lt, s ck 0! ScptcInher. TIe fltir cro0p 

s,ISos i111 InkI\. ' on I - lir\ .2I() c r to Novembcern 3) triI lantecl 2 September. and \,cId fIM ()cto, . 

1994. ( )nyN ('1, 0 T loin 'lai i lotinCd \cI5 Lo0di c I illnridIhe lir.st three ,O\ilg,, \%licias il the 
1

loitnIlrti wIneolin lor30d cur ,, oI'l+J)()-6()) .e. lhc ;a c cuI. ci\h%I liI I('I. I I cCIo (I . L' 2 

raned from 30)) to .()() L. 

Vegetable Soybean 

15,\) '-ctiblc so\bcal lines, namely, (( 84 134-P-9-3- 1 -1 and GC X4 130-1)--4- I-8, were 

I() vegetable SoN'lhean lin., iimcaily. AGS 292. A(S 334. AGS 190. 

A(GS 332. A( S 333. AGS 335, A(GS 331 , (C 83005-9, (;(' 83011-35, and (( 83094-7, werc sown 

on I ()ctobcr fol c\allation. 

icntificd a-,prolisirre. SccLs 10 

Pepper/Chili 

Scv-clichiil Lci lo\ pc', rcccivcd l'mmi S,\ VlIRN lTco trie 5,crc tc,,tccl itI ,AR I ftont ScT)ptCIIher 

l993 to .ln.c Itt9) ttiblc 0). Varictics Nl 2 and KA .2 Im0ni Sri I.Anka Wyore roliising ill ycicd,r 

carlilc ss, and ptl'liclicv. 

Thew Ilntcrtiatioltial I lot "c'ppci Trial Nctwork ( INTI 1()Pl 4) wa,, ,tared tlhis car. and a nurscrY 

of I0 lincs ssas ctl+,lilccd on 29 Septcmhcr. "hcsc liilcs %Wclc_ lrdii,1philcd otn , Nos cmbcr at BARI. 

Table 6. Comparative performance of chili varieties at BARI-

Variety Country Plant No. of Days Days to Fruit Flril I, Frait Fruit Yield 
height primary to first last color coiko length giilh (t/ha) 
(cn) branches/ harves, (green at ipe (Cm) (cm) 

plant stage) ,taqo 
Yatsufusa Nepal 28.2 5.7 124.1 250.1 Green Red Very hot 5.5 0.8 1.4 
M12 Sri Lanka 45.6 6.0 121.3 264.1 Green Rod Medium 5.8 1.0 3.1 

hot 
CA 8 S6 Lanka 41.3 6.7 122.5 272.3 Green Deep Medicum 5.7 0.8 2.2 

red hot 
Pusa Jawala India 61.2 '.0 127.3 222.1 Light Red Medium 7.2 0.7 1.5 

green hot 
Sha-Ema Bhutan 61.2 3.3 130.1 253.3 Light Red Very hot 5.7 1.5 1.3 

green 
Suryarlnukhi Nepal 64.4 9.0 124.4 263.4 Deep Red Very hot 2.4 0.7 1.2 

green 
KA 2 Sri Lanka 44.2 6.3 123.3 270.8 Deep Deep Very hot 6.6 1.2 2.4 

green red 
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Garden Pea 

Seeds of six early garden pca lines GPO03. (;l 004, (; 06, (I (118, (;P 023, and (WF028 ,, crc 
sOWl oll 2X ()ctobr and 15 Novcmhcr. First harvest wiS completed fIri 15 to 27 I)cccnhcr 1993 
and second Iuirvcst Iron 5 Jlnluar'y to I FeblrLiary 1994 (talc 7). lincs (;) (103, (Pl , ind (U) 023 
IMItLre d very Caly.. MaCnwhil, Illes (;P 000 i Iand (I; )2s avc bCtte'r vicld. 

()ut of II gardcn pci lines tested dnrhin e mitin scason, (IP (15 and (;W 0!11 ,CrCr.nitC 
Iprouisine. I larvCtiney l'roo the manleisl L'rIOII wlt iwais 5,-in ll 16 Novelbcr I993 was fromt 
25 .itnnary t 7 Nlarch I9Q-. 

Table 7. Performance of early garden pea lines at BARI 
Line Days to Plant No. of Length Breadth No of Wt of Yield No. of 100

flowering height branches/ of pod of pod pods/ pods/ (t/ha) seed/ seed wt 
. .. (cm) plant (cm) (cin) plant plant pod (g) 

GP 003 30 24.5 1.3 7.6 1.2 5.1 23.9 2.3 5.3 48.7 
GP 004 39 20.3 1.4 7.4 1.2 6.9 22.9 2.3 5.3 39.0 
GP 006 32 33.7 2.0 7.8 1.3 6.5 29.4 3.0 5.0 49.8 
GP 018 30 29.5 1.7 7.5 1.4 5.6 24.7 2.5 5.5 53.0 
GP 023 29 30.0 1.7 7.3 1.4 5.3 26.1 2.6 5.6 53.3 
GP 028 35 31.2 2.3 8.1 1.3 6.4 30.5 3.1 5.3 50.3 

RYT of Edible-Podded Garden Pea 

Iin, (I 007 wa,,ls [t.;sted undler RYT at diflereent locaotions. At 13ARI central station in Gaizipur. 
three s'.owings of, the new line \Vre dorte on I and 15 Novemhr and I I)ecemher 1993 with five 
rCplicltions. First har',,vcst was done froIm 201 J.aluary to 13 e hrulary, second fron 7 to 17 Feb ruary, 
anod tlhird 27 clbtiary to 25 Match 1994 (table 8). 

Table 8. Yield and yield-contributing characters of edible-podded pea line GP 007 
introduced from AVRDC 

Sowing time Days Plant No. of No. of No. of Weight Pod size No. of Yield 
to 50% height branch/ pods/ pods/ of pods/ Length Breadth seeds (t/ha) 

flowering_ (cnl) plant plot____ plant plot (cn) (cm) (g) 
1st sowing 58 73 3.3 664 8.3 4,250 8.6 2.3 5.9 5.3 
(11/li/93) 
2nd sowing 55 102 4.5 1,904 23.8 8,567 9.1 2.2 6.0 10.7 
(11/16/93)
3rd sowing 61 105 4.6 1,375 17.2 7,741 8.9 2.1 6.2 9.7 
(12/1/93) 

'Ihe.'experiment waSl' conttLcted during WintCr 1993-94 at .loydbclpur, .n;imallitr, .Icssore, ishuMrdi, 
IPaliartali, and Ralihitpi. In all locations, the advanced line GP 007 irodcelicci in IvCrigC or' 10 I/ha 
ofedible pod when ,wi in 15 Novenber (table 9). RYT inI ail locations gave good perforanince. 
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Table 9. Performance of edible-podded garden pea line GP 007 in different regions 

Location Days to flowering, No, of pods/plant.' Yield ('ha),' 
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

Joydcbpur 58 55 61 8.3 23.8 17.2 5.3 10. 7 9.7 
Jessore 61 57 58 12.0 24.3 19.4 6.4 10.0 7.2 
Jamalpur 57 54 55 28.C 23.0 14.0 11.0 10.5 8.3 
Pahartali 56 54 51 l13.0 14.0 13.0 7.3 7.8 7.4 
Rahrnatpur 51 50 50 25.0 22.0 13.0 9.5 8.3 6.2 
.1st sowing = 1November; 2nd sowing =15 November; 3rd sowing =1December 

Brinjal 

A trial ti 12 SAV IlN.T brinjal variCtis was ctiluctCd t(Ocltitpare the yieldi potential and ()ther 
clhar.tcrs under B;anladshi coli(flitons during winter I993-9-. Ptisa Purple l.ont Iltidiat gavc the 
highest lLInbrCloHrllu per plant (56)and produccd the highest yield (51 lm), followcd by Pusa Kranti 
(1litia) anl IPait Rituraj. The lowest yieldM wils recorded in variety Islatlptiri Biaiglalesh ( 17 1/u'lnol 

hll with l1t funit per plaut. 

New Cabbage Line Development 

AVRI(i cabblagc line I- 1-52 his a wide rai~ge of genetic variabilitics. Therefore, it is being 
improved tlfu n e a.s,Sclction. I II 993-94. a lartc populatiOnl was grw,,n to select superior andIl 
dsCirablC glIts-,. This 1i1e ltc', sCds tdcr (il climatic condlitotins. (tnmiosilted secds of the 
cilbb ,Lc line I- 1-52 fIrrdleC.ed ftom1 the selCctCd pltInts inl 1992-93 were sowvn in the sCedhCd oi I 
SeptCmblr Il tllnIns'nd ,,edlings werc planted in ()ctobcr an993. ()ne 1993. In the cightth gcreratiOn, 

aIvri1t'L' tf15(' loosC hCal or d.iritie harvest. lo ectof tile pflan,ts produ(htcCd floevcr blud+ls )()-95t/ 
irarketable Comnpact A total of 150 plants wCrC selected atid incised.lieaads. further selection isneeCCdcd. 
to facilitatc flovcr stalk dcvclment. SCds weoe collCcted I'u indiviual plants and ctiposited 
for next ;'ers ,Clction and evaluation. 

Radish 

A total of 15 lines, including tour lines provided by the AVRI)C prject. were sown on 2 

Novcibcr 19)93 iid harvested from 20 l)ecember 1993 to 2 Januaty 1994. L.ines RI-I 033 (71.1 t/ha), 
RI 1042 17(.1 t/ha I. and R 0131 (7(0.1 f/ha) were selected f0r F'tuther testing. 

Okra 

hlie pCrfToriltiice (lokra advanced line OK 0285.with a local variety as check, was tCstCd. onder 
RYT atIRAR. Ishurdi.sre. .ltallr. aut. I latha/ari Iil at ( )FRI), I3ARI at Bogra, Rangpnr. atid 
IshtRdi. Thre NG()s,namely.Ral-gptr l)inapu.iltr Rtn'al Service (RI)RS ),(onl( Kallyan 'rnst (GKI'). 
;uid Iauigladc>l, Rural/Advacentett ('otiiiittcc (BRA). also testCd this line ill their prlio areas. 
All the varieties wcrc sown in the last week of March anld wcre cotipltcld iln 'heearly Attgtust 1994. 
new line has very ood yields It vas llso Mfound to be highly tllerattt to yellow vein illsaic \iruts 

IYVNIV) itall thC IL",tlocatilons.Tlic yield olthc new okra line OK ()2X5 at differenti locations in 1993
1994 is presented intabl,..10.
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Table 10. Yield performance of okra lin& OK 0285 at different locations 
Parameter Joydebpur Jessore Jamalpur Ishurdi Hathazari 
Days to flowering 43 26 47 48 52 
No. of fruit/plant 
Weight of fruit/plant (g) 
Yield (t/ha) 

28 
550 

10.8 

27 
525 

10.3 

22 
420 

8.3 

21 
380 

7.5 

24 
399 

7.8 

Onion 

A trial to evaluate sevell ollion genotypes collctcd from India, Nepal, and Bangladesh Lntllcr 
SAVFIRNIT'iI' was completed. Agri Found l)ark Red gave the highest yield I39.7 I/ha). ftillovcd by 
Arkai Niketan I(3X. tlim), and Ptisa Ma-lh,1vi (301.1 li) from India. The lowcst yield was recorded 
in \anetyllerpihrlri fltmil tBan'ladCsh. 

Technology Identification 

BIIliglidesl has already re'leaCSd 14 ,.,eet;ihlC varieties tlroehlt BARI and other national 
institutCs. It is iipmutairltn to replaic the ol variCtiC, wiilh thl newIto glet pidnCtio l d qlalitV 
belnel'its. A Itmller oI l(lines which identified With f lit proect inwere the help .\VIl' are [Ile 
iPipClinC and some._ are atlthe fminl Sta, ir relcas like Snummer omlth (TM (MI I 'I'M ).367). okra 
(()K )285), kangkonlg K (1(21. imiigbaca (NM 9)2 IaLd edile,-loddedI peit ((I' 0)7). lProiliisine 
line' of cabla'c, lchili, v(TIetleh, obvea, early- and CiI arit,.-'n pTea. radishl.(')in,SC ilIn-seitn, 
Nillar splina.'ch. sUimer ,cauliflowerand oIther veet\ib++l,.es were ialso idCntifiCd. 

Sini i Iarlv. a nimbr o1 productinmt o li_ like r tied beCd, dtes olf s,,vowine.riili'rdoesIhS 
tli ni te, nilue. Iliornio.e applicalio Ir Irtiit-sttiii,. pr ctdcultitinil, nle'Sry raising, use 

(,1'I)dylhen1c ail'; ti, riai' seedlings. cI. hai\ beeIn stndrdized. 'lhese variCtiCs aind tc0hnolociCs 
iceI to be tranlfeur'ed to the iier t-nIih dfif'erent etnlio ace.':iCIes. including NG()s. so that 

Ihe ilt'llTrs Ca h ne' it fI'o'M these iln t+\';tlions. 

Homestead Vegetable Production 

I prod.uctiolitms good ptelttiaml tiitreaslc Vtnestead Clitiite 
At prcsent, both the roduction and consumption t ve'etulec ipl are ess than the requirement. This 
situatiom can yaC-ionid growing mI it iP 

1emitahle in BIangldesh. 

he improved by +,, vgetaIbles il tile homlstead. I lowcvr, 
cI nstraimincd byLack (I ipro)priatc variCtiCs and prodlcLtion package. Ahout 13 million homsl.teadls 
arC loctCd in the rural ;a'as of Bangldeh(C,. A small incrCasC in ,Cgtilc immictium in each 
hiotalCcail t'n the prodiuctiom lie being tested WodevClp aiIMile,LMthngt" level. l)ilflercnl miiodels 

ar'LCi Imodel frt year-roMund \ ta be productiondand bhCturniiurition invlving proeL'r varieties. use 
of iintcl,.fiiug iiuutis . and Soil and pet' lanam;nlcllt. At BA,,\RI healqiartCrs, lwo new 
intenive \cClimlc ltmiictuead mo1dels wvitlh Seven lain bC.lI il and a crner le+d pliintCd to diffeurcnt 
vetabl'estidc,. Spices, and lrui Wim1the releasedti.'k-gowi.,ig C haire [ tested. ith1 already 
ho s(teCad \ CgetC ileprouction Kalikapur nodel as check. 

In IhC new lmdel>s. Clihsi is gie''n to intens-ivC CultivalioM and devChlriill ot ifcropping+ 
systml for1lvcgctLiIs fo0r higher yie.ld (1,cr unit atre.a inld1 time).IhCbtt'r nutrition, and morC prfl'it. 

The InhmCi[Celtild yeg.,lel prdlio cuiontehnology is being disseiminated. especially to( kindless 
,mi1d niurgi inlI hMseholds \hereiunailniutritio is a Seiius iprbllm. 
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Internal and Central Research Review for 1994-95 

On 3-5 .lilv 1994. initernal review if research progress for 1993-94 was done. The proposed 
research progranis l ir 1994-95 on vegetahle crops were al so discussed. 

The central proeraII a.tnd revicw Co Iittee reviewed rescarch progralns o ]horticulture til 13-
I6August 199I4. Th' vegcttle research progranms for 1994-95 wClC discusscd cxtCnsivrely. IIxperinllntS 
werc propo0se'd on gernlal1tslm collection and cValtrition (2(0). valrielal improvement and cultural 
IMalagClCruet of"solataceots \ciclraIle" (7), erucilCrs (9), VeceMtatblc ]citmeCs ( I0), cticurhits (] I I, 
ltalv vctatblcs arilt+dOkrl; (4). intensivCe \ gCtabhe productio (2), \CglhC sced production and 
ttll)v (3). arid br'eeder ,Ld produCtHm aid laiintena.nce (7). In teil proposed research 

p+p l'alills rilr eirmluis wil becirn to andwiUnul Wti,-rollld vgCtlIs, its wl]l IS to nw crops 

like tsparagus. vegetable ,oviveai. ible-podded a1d garden paiS. and[ llthes. 

Manpower Development 

In-country Trainers' Training 

The AVRI, ,)J" l three short-term, in-countrV trainers' training progratms onprotjlc arraugcd 
vcgetablle growing aid ltili,/ttitr. VQc.tibC hrClLding and geeticl analysis, aid oTf-seasrin and 
proteeCted ,cgCtalble pirdttctiIn (taible I ) involving 133 participarnts 'oin BARI, l)Al, BAI)C, 
laigladcsh Agrictltutial I rnivelrsitv MBAU). B~angladesh Institute of Nuclear Agriculture (1BINA), 
I PSA, aelriCt hIIr colloges, private vegetthleC sCd growCrS, (irw.ccn Krislhi Fu)ltlldation. and NG( )s. 

A totl of ,3() lectuinres flir tirl fl'st trtinirrg, 3( lectures lld pratctical classes lir theC second, tnld 23 

lectures for tie ihird were arranifcd. RCs0nurce pi'SllSI l'r these t,-aining pigrarns were f'ronm AVRI)C 
and BARI. 

International Symposium and Study Tour 

The plicct extendeLd stipprIrn't to two BARI vegetihlc scientists, ntmely, Dr. S.M. Monowar 
floss;tin, chie sciletltil'ie officer (lilericulture) aid Mr. M. Mozialnlcl I-LICqle, principal scientific 
o'fice'r )(vegetalbles) t1i attlend and present papers in the 29th IntCrnatioilal I1hn'ticultttre Coingress held 
it Kyo o frim 2 1ti 27 Aurust 1994. They tlSO hard it short study 1t0ir" related to vegetable cr(ios and 
seed productiom in lapan l'icl"the cilIlress. 

The ptijct ilcilihitCd support for Dr. M.A. I ilnid Milh. rnterCrir-d'irCtor (Planrning aund 
l\'ltathitn . \R( to participirte in tile 3rd Asian Iarming Sstelms Svl'r uisiirn iandvisit ARC-

AVRI)( t'rorn tti I I Ntmvelnher 1994. I)r. Ilarid Miah acted as thenie commenttor arid was elected 
[t the Board of (hoverrors oft Ire Asian tFarrilg Syst;ems, A ,s,citAtiii (AtSA) for 2 years (1994-)6) 
during the 3rd Symporsiunlof AFSA held in Manilht on I(I Nnvernbcr. ()n I I Novenher, lie visited 
ARC-AVII)C in hailand and mnscrvcd vartis field. training. aid lIlhbralto'y activities. 

Table 11. In-country trainers' training programs 
Training program Date/duration No. of participants 
1.Vegetable Growing and Utilization 11/22-25/1993 47 
2. Vegetable Breeding and Genetic Analysis 5/28/1993-2/2/1994 45 
3. Off-season and Protected Vegetable Production 6/18-23/1994 41 
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Technology Transfer 

Vegetable Technology Transfer Training Programs 

E~xtenision workers' training. Fidht trailing prflgml 1 oil tratisicr ol \cgclah Ic tcchniolovy Or 

c\tt'llionl \\Ailkcrs v.'c c1)llIctcti ill 199 at RAS1inliw I Idilla/al'i. IShILIdij.cssI~lc. Kliagnlacllaii. 

t-IlIICs \VCIQ Cby 'ilt C\ )Ccrk It CauhllIdilllll112 Cl ll"Q. 


isit.' and laicticaI ciINNcs \ CtII lallz.tl. I )Clllhlllolml plk)l is ilt h IlQv 'dl ictics andl rov
 

on1dilccIvllt \t'tal dtlkvit t '\iso. 'iCLIl 

F'armers' trainhing. Nincicc~li iamilg plogllll "owl ,uilldl kwr til tIrmnr- lulcr MAN48( 

l A*total ;4 57(1 piropilcssi% 

Jliit ]094). tr.1 M tiipws' "wQ~ cd Il lio ciimcaCW ttCC0IiiCS Onl\gtli 

R'.ikhli. midlH~hPtIIliallaiai. IillllWl, %\ C IlaillCi lu11 alll- toIIII 

Iiilll 1-allil12 I Qui ~ u' 

phiil"ldtO i. I )clnlllrluuioll ploits oll llQ\ urclswr I'dl'ia ii ttul lli Qhl1(115Wr 

tI cs[ ill I li failll. 

Farmers' Field Days 

IFarinrs' field day n ( hinese c hlbigcat 'AiigaiL. ()1'J['angail. in coilahor-atioti w\itIlih 

\'t!tTIJI)iL S;QQti ill oIi BI~ O~I-allil t I iallnCIr l'iCId tdiv onl'('lliltcsC Qchhaii!Q al I'SR sitc. IPailia 

0ll 9 )CCCIlcl' 1993. ()nIC iIllllldl Ij- insIg~VC t'l'lllt'lS I II~li. Chli It''t Calb);tC lItL i Vali (Ill and itS 

faltICl11 d~tillllcitlisIprobihlI~ \%CIQ (sIQIt~s.td. SinlTt Wcrc stilfictl \Ylthl tilc IlQ~vV IloIjl tltcir 

tliilaiQQ Ill thc(Co Ill II! Cai ill. 

I N(MilrA total 01 I'alrlh-IS anld C\lIll1juil \'.rkel-s, illcludiflliHARKRAR&~l\S Idi-iitiionl j'9. 15() 

slii a I. pouct~iotill Ii dWil. ~ll)(TSuNGrcOmkl ti llOtIC~~.0 '.! Iquisiii. k IISctl tkIldilISS l~l t l 

P'racticail (raining oil Sunner t4ilato prod(uction1 tchnIology. A~ prcia traillilig pllgral loi 

trll"I'ct. sillillC tlitll Ip-LIlttCtiullltclfhliilgV hii Wullers and(Qettll~oil "vttcs. illdlng a numbci

ofi NGi( ) .talT, X Mlarch to N 1,1 N11)finicrs and~t c\IQelsioI wolkeirswas~ hIid on 1IN9 ARI.Mo than 

AUCittLtcd. Aitcr thIc tIaining. all hICfallnICr-S WClc iflVCll SIIIlIII tuitlath sccd varictjcs. A houikici ill 

Buull'lul il allullcr tom~lato cultitionil was also)Ilcil'Cd. 111 Ililull',ullt copies ofi this bookIci wcrce 

laritiers, tri ig-CuIII-Svillina r on3 Iniiiigheaii at RaliI1atpi~ur. Ba~risal. I )c'ciop~lcnt ofi 

CIiL iii i tlli tI~Ill~ildt'll it' \ul~ stn \I o IItlClsd licl foll uiliciit t1111gls odictS lln' 

VaIACI i I \QIlICII ( WiIll ailQhl. Two A V RDI) ies. llullllll. NM 92 an11 NNM 94,. h~icilIII)l M liiL'illl ws 

wQcl 10111111 arc ill yllQ ivilllclt mttlol lldw titlplliAms hn. Ii)qulite pluitllisill12. lil!tcilgww 

Clllailtl.t \;I iucil dt-Qiuipllllt 'Itti\ itics andl~tol dcvchup IntnicV [llulg'illllS CTLCcti VCIv, it I -day' tiiing

tlllll-sctllillu (ill lillighilll imlt'i g, cienS~ltists.Q \C(lstill wovi-s. ilnd fi'mlrlcl \\,is orlpullt/cd al 
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cultivatim, l)iscussions oI" lhc piobleli, and pr ) ect ftI r.iitlIighani culti\,:ation il tIC lar'isal areai 
wcre held. Lighty partiipts.l , lrncr, ;IIId N(;() stall, attended this traininl,., ncluliri! 

Fiell (Illo listratI n-cilllli-rll' hlh Ili i lIll llel.r-railly s.aSoIll toliato I)(l-dleu ion. hi'lliswasm 
held om 7 Septenber 1991 at IARI. Fifty-two l11um-,,,,ive lllICfS, cxtension olticials o)I' I)AI:. and 
N(;() st allatten d tIhe trii protiraml. PblIcm, and propi ect,; o I' ,tllllllll" atnd sulnlillir-railV 
s olitllalo c'ltivatin 'er ,\ deniontratiol on M k.', h, dIe. Manllwrsimler tAitato. s;tnne 

viru,-tr,, okrt. ,ild .'r etil+ d i\ , prepalred
oili. snInI Ici te filhl i IMtLthe partii)IntS. 

I)vnistm,,ratjoii-cii-1it~ld (l, o mintinglhaill at Satti'i.a. A iii.i.an and demnt-ration tiel 
\,,as. ,e ii,\l .1 .S;timlh, NImiikemnil, mi .;I ( )ctolb r I .I. A,\httal (fl INt) w milicil mitmmlg ii 

SeI,,r',1mltie'imtC ( iCt.tI'T " ,A l ARI ut II it.,ic\ unl Lnl viaietc\ t idtl . '., )III l l\ laine tI hMl ov, 

I hlu)+UJt'iItI t.,hCIIItuI cs V\. s ti',.WIt i,'vl r'iI iIn liCi' ItCltIm mill i 11 itw, (iin._.
lit- TIC\ AV Il'l)C" 

Interiauli -,% AVRI B;l' dcsh pro'ctl link,, with N(()s kr thc tranisl'eritlh the N(;( )s. 'lPI )( 

ot)techollu)mC'., l trmdiin, ald fiel dclnoisratins. Thi', \ carl', it ,iraiMCd 927 demonstrations
 

t, St Ii.' 
l lpotBl .A( ' (Ki.T the Mcnnonlite ( 'ntral ('omnlittCC(NIC("' II )S., I),\l*", mitI IAi at diffCrent
 
]i cat i,~ ins li the. c+..' utlltlV.
 

on nCw vari'tie, an h hd I ofstlllcr and wimitr _' c roIpO antlll CIL I s wilih tie 

New Vegetable Varieties and Technology Demonstrations 

\ ltital of IX4 oll-t,llli , inl-rarin, amid 927 ld-ies field (IC.l n',tltiotnIm s werel arranged trough 
e\teis i l'cencies, inCluidin N( (),, ill dif rerent rc ion in I9 .3-94 (table 12). 

Table 12. Demonstrations on new varieties and technologies 
Crops On-station NGOs/Farmers' 

HQ/RARS field demonstrations
 
Winter tomato 27 115
 
Edible-podded pea 16
 
Radish 27 150
 
Chinese cabbage 17 30
 
China sak (summer) 10 121
 
Bati sak (summer) 20 90
 
Kangkong (summer) 10 22
 
Okra 15 35
 
Amaranth (sunmer) 7 19
 
Red amaranth (winter) 15 37
 
Summer tomato 7 136
 
Country bean (IPSA var.) 35
 
Brinjal 6 31
 
Mungbean 6 101
 
Homestead 1 15
 

National and International Linkages 

('los linkaces wvere maintained with nalional entities suich as IARI IPSA. BINA, BAU. I1AI)(C,
 
),AI. and NGi(O)s by invilin" the to olt)st training programs, the national symptisiiim ir ganized al
 
,ARI. and tium l th c Cange otgrnplsin, new viarictics, Mnd tC'hlo+ie..s. ThieiAVRI )C prmjct
 

fIacilitalled the ptlicipatiM t' natiMal plner,, scientists, and cxtens'ion workcrs involved in1 
vceCtriIC resCarch and dvCelment pilmigiiii's in inlici'national svillposi,,. stun', tours, aid exclanlle 
of" ides Wilh AVRIC and other intCrnltiolM, scientists-. 
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National Symposium on Vegetable Development 

A 2-day natiolal sy lllsiurnl On Rccent Advances illVegetable Developlent oflBangladesh wats 
held oil 24-25 April I199.4 at BARI. I forticulturists and Banuladesh Society 1f0t Horticultural Science 
(,SI1S) members working all over tile were the symposium. Acountry invited to participate in 

thoirotluh review oI" vcectable development wits nllade with tile
help of I8 keynote presentations by 
proilinent scientists. 

International Symposium on Pulses Research 

,AR--AVI)(' ,uppormcd tor scieitists Ilternationlal S'IlipOsitIm'in1 Bangladcsh toiattend tile 
on PIulSeS Reseaurch held in New Dllhi. India. on 2-6 April 1994. AVRI)C sponsoed a.I-day 
nitngbcan scssion On 6 April which wis chaired 1y lDr. C.Y.Yang and co-chaired by I)r. M.I .. Chadi 
<rcsident sCnior hOrticIlhtulIiSt/ilgirt1,iiist ilBiagladesh). ()f the 18 papers oil nitinglcai pre.sented. 
5 were IWAVRI )(,51v !aield(sit. adld by Indian scientists. Most of the Vvrticipaltsl suggesled 
thiltAVRI)(" shouhld coordinitel lieniungbeat+ p'ogralm in South Asia. 

SAVERNET Midterm Review Meeting 

SAVIRNLT hclped fIacilititic the exchange t)fgerplllasm/clite varicties and provided a plattformin 
itwork onithe continion prolem of ,ecetllcops in South Asian cottries. Five natinal scientists 
and )r. ('hAdlil ittenled tileSAVFI'RNI-T midtcrm rcvicw icliing ol 12-15 September 1994 at 
BlmugahllorC. India.IThese scientists also visited tie Itdo-Atnericaii I lybrid Seed COulpaily, BilgalOre, 
and the Indial lInstittte of, Iharticulttrc Rescarch alI Icssarghatta. 

Other Activities 

Participation inthe 24th International Horticulture Congress 

HiattgladCsh sciciltiSts attclided the Intcrnatiunlal I lorticulture Contgress at Kyoto Japan, on 21 to 
27 Autgumst 1994 amid presenited otie pitper and oIlnept)s!ci. Theyialso) ilttlnded sessions ol vegetable 
brCediiglr. stress, soilless culture, ecoiomics. andpt'ctcd culiltivation. biotechnology. environmcttal 
miiaketiiie. Thte'y AlsO ttcMcL afIsiness session ot'titC Internaib real SocictyIorl lorticultli Science 
(I 1St i)i a teinw I) of ccablC IPrOdUtlion the Tropics wiswhich wo.rking group of HIS on iii 
C-ilablished. 'le imiin fuitctioti of this W(i %kill b'to piomiutc intcrilatiomill exchilalge of technhology, 
iutorimatiOn, and cooplraltiollamong the rcnclhuclicrs cnigaged in vc,,.1blhc produtiIo Ill tile tropics. 
Also, the Balngildeshl scicultists '.vell on tilidComlgrCsS tour ind visited Kitavamada Vegoetable 
lPodu,.'tiim (cntci. 'lkii Plant Brceding aild xIit'mrimmciit Station, and the Ii)inakanoko Agricultral 

Participation in the International Expert Consultation Conference 
I)r. (Chadhit vis itivited to Imrlticipltte illthe itcrnatuimnll Cxpert' consultatiun conflerence (lit 

\'eetaLe.IrudUCitioti ill Ino]. Iicoe. and OualitythCTropics andiSubtopic ,iii Prl-urban Areas 
I)II li lit/sc.'hmrtaim. (;Criany. it14-17 Nvenibcr I 99-1. 11e conl'ercicc was loint ly orgali/cd 

bv the (;crilat I:oldatiit or I teri;tional I)evelopmenl. hIm d tIld Aoriculture I)cveh ipmni 
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Center (1);IF/IZj.1.) ;and the Council 01" Tropica'd and SuNropl'ical Agricillural Research (AT',SAF). 
Thirty scientists. experts, and rclCseitativcs loin s.lected natiolnl and international Cevclnlet 

institutions Iroin villoiuts disciplines plrticipatd. Tihe participanis r'coinICnded thalt Slltonlg2 Sllpoi I 

1or hotmle otrdcli in ur-hanl/pe.ri-urhlil arcat and peli-Irl+in \''CLctahblc prdiicrt iii programs in 

dCC 1liii count ries i, csCseiiial liiiilic suICtai nahl+lo0rhd secuity, ntrition. stNci.C devehlpinul i lit,. 
CM rl,oiii cultal prc,sCrv'tlitn.,iand u;tainablleh' V'c ilhIlc pat dltliclio[. 

)r. Chadha picCitid the I'iudit, s ofl" the Workin Group with emplhasison veget ,lC production 
systems ill Asi . lIe also acted is rapporteurlfor t1ie W( mntle rle of 'L'etables l,)r lood security 

dllilucorue 21mir',tioul. 
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Asian Regional Center 

Summary 

The Asian Regional Center (ARC) has expanded its sphere of activities. A total of* 124 
experiments (onvecetahles and leuIies wereConducted in 1994 I, researchers 1'm b tll ARC and 
Kasctsatrt t iv;crsity's 'ropical Vegetable Research Centcr(TVRC). Collaborative researchactivities, 
cHSpeciailV on iiiiingbcan, with difl'erent Asian countries and other intrnatitonal research organiations 
have bccn SircnethenCd. Networking with C(iIbodia.Il l Vietnam was initiated. ARCao PI)R, aMd 
comltimics to comrdinatc the ,\ C-AVM)C/Chila pl+rogr'am. Under tifts program. the snrvCy and 
itLcIltilitiatoli work (oi totmlato V'IRns and Soeati+C Inst are both netaring completin. 

Research 

A total f 124 experimenls werc conductcdf in the ARC field at KamfphaeigsaenIron )eceimber 
1993 mild Nov nihr 1994. These inclnded 23 CXperimCnts condcted by training scholars from I(00 
c mntries. Inaddition, cx pcri mcnts on vegetable CrlS and legunmes wcre condncted by ARC-AVRDC 
and TVRC stall. Several experiments, including trials under AVNbT, werc conducted it farmers, 
filds.. Abstrtcts tof the completed research are presented here. 

Crucifers 

Chinese cabbage variety trial 

T lye cntries of Clhinese cahha., six each from AVRDC and from China, wcc evaluatcd for 
their yield adalptaility at the ARC-AVRI)C held in the Kanphaengsacn Carnpts of Kaselsart 
I ilivcrsity Iromli )eccber l993 to February 199.4. There were significant differences in yield and 
homrticultural trait's aluouc the 12 entrics. Ilaiao. Fetgkan. 5(). Fengkang 55, Shandong 2 from China, 
litl I341I'oon AVRIM v\crc not suitable to the climatic coldition utl tropical lowland areas. These 

varietics did nlo head. .liiiai 45 t'rot China had the best perhl-IMnancC, with the highest unaidjusted 
yicd o13 1.9 t/ha. aid also i tiost ohther htlicultulral traits mong the seven VariCtics which formed 
head,,. Thc other six varieties which t*irncd heads were also acceptable and suitable to the tropical 
howlalid areas. 
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Effect of plant population on cauliflower yield 

Both plant type and spacing have an interactive CufCCI on cauliflower curd size and weight, plant 
heilght, anld canlopy. The vigorously growing plants in Closely spaced trcatmilts ovetshaded the slow
gol'w\intg t1, which completely oflstuted the growth the latter. Strong \'etati \'growth enhanced 

favorahIc conditiois o(0rinlsct infestation, especially diaiiondhack moth (I)l3Nvllarvae which 
inflicted cons-iderable danmac lt dcveloping curds. Satisfactory IsultS or0" were othainedcord sizue 

i'lii11t cm. Ihowever, plants have lo\wer total yield, compared to 3(0 x 30pl.mnls spMced at 30 x 60-7) 
5( ciii. For niaxinmim yield, spacing of 40-45 x 50-6( cn for heat-tolerant varieties and 45-5) x 6(

7(0 cm o'Orheat-sensitive types of caulifiowCr arc recomnmended. 

Common cabbage variety trial 

Thirteen common cabhl-age Varieties from Japal and Korea were evaluated tor their yield and 
ho0rticulttual characterS at the ARC-AVRI)C field in Kamphaengsaen from November 1993 to 
Febhruary 1)(4. There wcre si.niIl'cant differCnces among tileCntr'ies evaluated. Except foMr red 

cabthaug, the olllr varieties werc early ilatring and heal tolerant. Variety K.K. Cross had the highest 
marketable Vie l oi'40.2 t/ha and good horticultural characters'-. Four varieties, Green Star, Copenhagen., 
Soyakac. and Suycer (reen, prdeItlI marketable yields ranging f'rom 29.3 to 33.5 tlha. They also 
had ,good horticulttural chat"acteriics. 

Effect of plant density on Chinese cabbage yield and yield component 

An e periment (n two ('hinese cabbage (lra..a c'mnesri., I. ssp. pckien.is) Varieties, 
I-lybrid 62. and l.cphant Bralnd. With tour diffclre'nt spacinlg was conducted at ARC-AVRI)C 'rom 

November 1993 to lanutary 1994. Therc were significant differenc aiollin" the di fferent slacings in 
mean gross wei.lt ald lalln head eiht per flalt, as vell as solidity. The highest yield of 43.7 t/ 
ha was obtained from the closest spacin (3(0 x 5(0 cni), but tile gl'ross weight and mean headMeal 
\veiglht per plant were higher at ver poplulation density or wider spacing. lPlants spaced 30 x 4(0 ci 
were ltore solid. No sigii ficant dilffrences were Ilund in head shape inlx (IISI ), heading efficiency 
ratio (I-IER), and harvest rate. I hwver, there wereV signilficanutdilfernces ht\ven time two varieties 

in yield, mean gross wcighl, lcanthead weight per plant, and I ISI. I lyhrid 62 had higher yield, mean 

,grO5sweight. and mean head weig ht plr plant than leCphant Brand. 

Tomato 

Table tomato variety trial 

Sixty varieties/lines of tahle tomato werc evaluated f0r yield and quality along with Seeda and 
BClF,-2-6-0 as checks. All entries were almost com parahle it)terms o0ldays to flweMring and maturity. 
CIN 235 BC11,-26-5-1-3 proIdutced the maximumi himhuierorf [t tilt orl(/plant, while Trropic lroduced 

the lowest (1.2). Maximnuni fruit weight of 223.1 g was recorded in C ,N05-3491)5-2-0, while I,32 
had the lowest meialn frufit weight of 16.2 g. The highest markctahle yield of 29 g per plant was oblained 
f'rom (_'IN 65-349 1)5-2-1 and ile lowest yield of 200 1rom Tropic. Sedca gavc the highest 
marketable yield of 97.6 t/ha, while Fantastic had the lowest (21.6 t/ha). Fruit length was maxiimum 
in Floradale (7.4 cm) with the same width, while the lowest (2.8 cmn) was inl I 232 which had the 
simiallCst fruit. The Ii rmsCt fruit (3.1 kg/cmi)- was obtainedlLfrom CLN 65 BCI IF, -274-0-15-4. Beef 
Master was the tallest (203 cmi), while Patio was the shortest (55 cli) with Very compact growth. 

http:pckien.is
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Processing tomato variety trial 

Fifteen processing tomato varictics were evaluated in compa'ison ilth the commerciail Variety 
X P5()34 trm ( )ctohcr I993 to March 19)4 at A RC. PT4225 anod PT 3027 pn)dtIcCd the Ii ighest yields 
of'53.1 and 50.4 t/ha and marketahle yields of 39.1 and 39.2 t/ha, rcslccti.Cly. These two varieties 
also had desirable chlactcristics with fruit-wall thickness o'().8 and 0.7 cm, firmness of'3.3 ald 2.4 
ke./cn 2. 'ruitcrack ratine ot'(.2 and 7.14 ,soluhle solids content of14.() and 4.6! ,average fruit wcilit 
otI'52.3 and 49.4 .,virus-infcction ratio oi"2 I. i ild 21.71;, and stthern hiilihi rating ofl1.4 and 4.21/' 
rCspctively. [he tWo variCtiCs shovcd go()L hea tolCrnce and should he stitahle for production in 
the tropics. 

Fertilizer rate trial on fresh market tomato 

'The trial on the effect of I I diffetrent fe'rtilizer rates, ranging from (-()-0 to 40-4(0-40, on tomato 
varicty PT"4225 showed that fertili/er rate 2(-40-2() gave the highest yield of 54.9 t/ha tnder 
lKa m hllne'salen field conditions. Fcrti li.zer application also afflctcd fruit qtlility and horticultural 

clact'istics otfI'l4225. 

Fertilizer and mulching trial on processing tomato 

The effect of n1t1lchinew and thMr differcnt rites )fNt' K (15-15-15) f rtilizer was evaluated f'om01+ 
No\umher I993 to Miarch 1994 ItARC. Mulching exerted itsignilicant effect on the totl] markelale 
,ulh(3).5 t/ha . [uIutIbert marketable writ pur plant (32.4). and marketahlc yield per plant (2.( kg). 
'lhe,, valneC.S arte higher cM p'arcd to those froin the" unmilehed treatment with 23.3 t/ha. I S. I frutl! 
plnt. mul i.7 kg-/lant. recslutively. Niolchui ng a.lso resulted in] 73.5talIer phlas ( 84.3 cm Ictn11part'd Ito 

Cm in the unm h+lUcld traCtmcnt. Virus and southern blight infection were signili'icantly reduced to 2 1.3 
1tn 1.3'; reSpCCtivCly, inl tIe muulchLed treaitmcnt conparcd to 56.2 and 4.21;+ ini the unnitilclhed 
trea'+t nels.+ , 

The efcct ol NtPK on ttall yield and ther yiel I lt,, nSinil'icant. trcatmCnto c I]oupItstIco was t 1hc 
with 2()) k./ha loweredosignificantly carlicr at 24.8 days alflr tranisplanting compared It)31.5 days 
'r)I1nonlcrtilied la1hnts. The sugar content and l-ir'tnness of processing tomato wcre ngatively 
cOurclated to fertilizer ratc. Both the nulching and NPIK factors had no effect On fruit-atll thickness, 

pl 1. tum]+ber t mcanof loctiles, Lruit weight, ald unmarketable yield. 

Hybrid table tomato trial 

1toirtcc h,'brid table tomalitoes, I0 'ronAVRI)C and 4 rltom China, were Cvilhulted at ARC.All 
en tris had I1 11h1r mLean fruit weight than KY 301, the cltck. FMTT 269. fromyicld. fruit nmber, and 
AVRI )C. not only gave the highest marketahle yield, but alsO pOssCsset desiNI',etfruit characteristics 

ittdicatiig its suitahilitv 'or the tropics. 

Pepper
 

Hot pepper variety trial 

The total yield obtaitncd frot this trial ranged from 0.7 to 7.3 t/ha. CUltivars Tit, langchang, and 
Paris were the top three yielders with 7.3, 5.9. and 5.4 t/ha, respectively. 'Fit alsO had good fruit shapc, 
grecn c()hor, lowIrate otfdiscasC dmllagC, Md other' desirable hortictMttu'atl characters. 
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Sweet pepper variety trial 

T'+elve sweet pepper varietis wrc evialuated tor their yield and yield cornnClts. The trial 
results reveale'd that l)anjiao 5 cave the hiihest yield of"5.8 kg/plot followcd 1 No.li)anjiao 2 anttd 
7205 with 5.5 and .1.2 k//pht, respectively. Trlperat 'ariCetis l)anjiot 5 and )a.j at) 2 were 
adaptablhe to somie It) tile eiroimeit of Karirphaerrgsaen dturing tle dryextent tropical season. 
Clycaiic \'aity ;IoIweV,'L'ddCLyiel pteAntial with tllmn- growtlh Vigor and a lower incidnce ol virusV 
ifctiM. TOtal yield wat highly uMid positively coTrrclrtCd to luil nnblr arid lenoth, to plant hCight 
and width, but negatively correlated to I'rit thickness. 

Detection of plant viruses 

A toutal oC )34pcpl'cr sampleis with virns svrupo)rns were collected. All of tIle samples were 
exarirnetl uisirngi IlISA. Tuct viruses, all'alfla mosaic viris (AMV),chili veintal mottle v.irs (('VN'IV), 
eLnlCtlrI1Ct" nIItoSai,: virus WCMV), potto virnsl Y tPVY).tobacc Ci.h 'Iirs (TI.V).tobicc-'o urosarC 
virurs tTMV). ltniattt mo,(saic virus (ToYMV),pe'pper mottle virus (PcMV t,pepper mild rtottlC virurs 
I.IMV).and lollalto )otte.d ' v\t iris (TSW\.V ,wC'C dtctCdCl arIidentifiCd. ( )f these, ('VNIV, 

PVY, and ('VNI\ we're frtCjiimeu ty detectd eiher sintly or in comibination with others. Serological test 
l
indlicatCd that thre T',Ti ntid Taiwan strains ofTI(VV we\re related. l lm vcr, PcMV orlIVY and the 

Thali or Taiwarn strain lofCVNIV were ltot related. 

Screening pepper varieties for anthracnose 

The resistancc to ,hailctrose of nine types 042 varieties) ol pepper fruit was,screened through 
artificial incutlatio n. l atin],g Illmathlorg. Yods Prajourbkcrekan., Racliaburi swCt peper. 
Nokdami, Pissarmhrlok. Yrmtiihtiak, Karichltatabl'i Red Bird Chili, Sodtai, aid .linida Tairvarietics 
Showed the siirllet lesionls. VarietiCs I lluarig Pakchong, 1hor SLJiOk. Chianguli Sweet Pepper, 
Nokdaie Nakotrn Sawim, Ytirl Chiatigiai. ChiiiItgiaili Red Bird ('hili. ItlSod l)tinurli, SOdhii.g 
Rtchiblt'i, aid linda BallpaW had the biggest lesims. NakornpathomI lhot Pepper had a lesion si/c 
of 1.8 Cml. 

Mungbean
 

Yield and quality evaluation of mungbean sprouts 

Twelve linlutbam varieties o'miAVRDC. Pakistan, India, Korea, and .apan were evaluated 1*i" 
'reslh weiglt aid Cluaility characltristics of Sprtouts. VC 1973A and VC 35411B obtained the liighest 
fresh wichit of4644.3 ,ind (1.) gIt())) g seed. respectively. They AlsO prtId lCCdgool qtiality sprouts. 
TeleiperaturC significautly tlecled t1e hypocotyl length, diarieter., and rooltllength of'sprruts. I .mwr 
temperature (2)(') lvorcd atlthocvaitinlformation inl the hook rcgion and coItylcdons. Seed si/.e was 
rrcgatively orrelated to frcsh weight. bit ,was positively correlated to tie hypocotyl diameter. 

Mungbean yield trial 

Twerty jrtiSiu rMiuri)ghean lines from Ire advtluuMid yield trirl comnpitred to two check, varieties. 
KIIS I aid KP.S 2,during. the dry season at ARC. Five entries. VC 4828-h -4B-I-B, VC 6)75-12-h -

B.VC 6)75-67-h -13. V( 521)5-2-3-B-I -13, and VC 6)62-h - 1-13. otViCldcd tie two check varieties. 
I lmwcver. the diffcrences iin were signilficant only bet ween KPS 2 and three enutries, VC 4828ycIl 

I-413- -13. VC 6175-12- 1-B, and VC 6075-67- I-B. These three Cltlics also tiad desirablc agromiomic 
characters-; and WCre resistant to4cecrsCo.pori Ialespot (CI S)and lodging, but stisceptible to pmvdery 

mildew (PM). 
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Soybean
 

Evaluation of soyuean cultivars from Southern China 

v i\ 

11in, o sWlllel so1\ beu",. \\.re iland +l 


Si \t,_ii dileurent C itvip, si(iO'hat lit_tLs Ionil (hina. orit_,itiily "lmvlltdiflerert latitudes as 
15,ili;itlvd om ield a ch'_aractrs aciatilst two hai 

Ullli\'i".- ill ARC. All ( 'lhii,.', iiiiitiirud n11iltrll) 'lithree hiiestle1 c htilivi, . t Or'iil yieldet's 
,\sr (S I, ( V /01.aind (SB .\I.i ii i( 23 to 2.5 t/hi. ('SI (4 hid the highest)( %\th, ihls .Ioi 
I0)-,,e,'dei I,IL,25. plitit Iti lit,0 )>I ii ; it , ("S hIM ,,te tin titherht o.ith S IIiliritm () l li.ii st piitl 

[per pl)ant ()i 41.<..%k.lh , ,Ii ,ie llof 1.I ,')e l/hd 


lhe( 'liIt,,e1 L1iltli 'llUl') 
loin 2, N rc'in pei il 1 _,,tl \ iLtttiil aIrClative.'ly hitner-gr Owth 

'iilllr'.ism Y1',i N id40)' N reiIn, aid spln F sol\ hemctultivar,.s 
ned eli. ,lirn 'riiI'ed h\ s.,iltLt 


eirhid ol 78 It'I toi1 , .ilii, to , "1 1t eChehI .
_N 

Downy mildew resistance of CM 60 x AGS 129 soybean lines 

Ili re."itance to ,. ii\ iLi,.' klI .1,18 s-.t,l ini ues 'elect d troii (.'I ()lx ,Ak S I29 was 
;iliiitci Irmii N lbii it. It ltobr9)V lu-l ,\R(.Ct sultS Showeud tha,;t ',;1the linies were 

iii div\iV milId,..\,. d , i'i ,_,tup1 which ini 

ilay, M Li1 l', i 2.2-3.. tlAd l that t)l*iIr
 

ri' tai'.;tt All Ihli Ii tIheI diinl-diiiatoii naturd X4 tot97 
00(1.to,,) t_,rails ild o 'his I1-71"; hinhe+r thin 

Vegetable soybean variety trial 

The \co'.e,+talei,t()bean \,aiety KI'S 21)2 'av the Itiie1si.- yield 4l.5.4 ld, and \Vhhite. lin the 
lovst ariketahie yield tl ( 5(3 hald the highest nilr tmarketale plods per 5()( .,whileO a. 
TV1 I ltl the lovst. 

Biological control of seed rot and damping-off invegetable soybean caused by 
Pythium aphanidermatum 

iilcrc siltes ()I'/ii(i(Illtl sp.]Ii - pp wee isolttd ItO+rn toots and soil sanplescollected from 
\'eiitahll' si,hait 'il't, ftields. All "/jiCi10d'(T1?IIisOlates hilitd the tilvClhil erMVh OI'thiul/ 
(//l~i(:;Ituu:/iuii(M )i dextlrose itiltibiti isolates selected frotn iheItlatt igar. Twetit,'-soexet 

Ci'ir1ti tested fi."their cotitriol cillecy ;taitst I'vlimiiM sCd i0t and (1,ttpiti -0TitLand ' [111y(rtlier 
1 ciatin. the seed Il valrety A(iS 292 with spore sSlpeuision 1(0("1'fCIsed). Cotld seeds ptIhtLd 
iii te soil rtitniei:ll iILeted with Iw/ii tive elia (2111) cia/,p-soil) or IospiLres (511 Cfui/soill) andC 
;Inr',lii itileeted oi 1)1 t/Isoil) ,Iteetively ,oitrolled the+"/vliiam,,di: 'sease, swhioi co\nepared t1L 
tinnnlt'ittuedcontriil +reuitnent. 'ilTiiemiestioi I tott sienit'icantly differenta"7rii'lod/e'onto isotlates.' we..re 

IrC liucoated see were 
,".lreov,. eiititt s.Ced wilh e1ther "i'h~(',,i, isolateS or ltticicides siriicanli ltlrceId 
/'IlUM Io)i soil. 

ll aIiiieo'/b- ila\ ttlt 'hs WudsplanI ill isotel-inleetCI soil. 

litioiis it fluntii 


Effect of temperature and duration on an EC and microwave vigor test of vegetable 
soybean seeds 

[lie eondntivIjt test itt" Ve,_cttble soybean was perhrtud hy soakitn seeds itt 1((-. 15(0- and 
200(-ml waiteur atIS,20.25, and 3()C fr I) to 48 11.The e,'Icuil c0indlctivity, (IC) incteirased as the 
tuiperAtIre IId the stakiti ti tle iicrteaseId. tid dectCesel ats the V'u1htne of water increased. 
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35. 44 45. or 511" for 24,4A, 72, and 96 It. l)cad[ov ocrininatioil was ohtained in seed aged at 
seeds ( I))'A )wcrc otlained vhcn the s.'ds weore iicubated at 40l" oarfor 72 h or'45-5(Y'C 48-96 It. 

There verc no significant dilerccices atnnl treattlmettts. Sced gertminated after aging at Iv 

microl,,avie powcr level (2W 1. Seed gcernlinain vari-d antlmon treatincnts bt gerniatiin it the 

tre.+tlments WekIc lowr tIan ill lie control. 

Effect of planting time on vegetable soybean seed yield and quality 

Vcectabhl ,oycan cv. IKPS 292 and White ioM were giovn in M',av, Sclptcliltcr. and IO)ciltbcr 

1991-92 t 'IVR( '. Kasetsart I nivcrsity. Both cultivars grew tall and had the highest nunleriof iain 

stein tiodes, datys to 511'; lhwcrin. da','s to Itarvestino, .L ofl w \Volinand onInhrl pIds per pIant \vhcil 'he 

May. Plants glmo n itnI)ccmnber produced the ,iggest seed and had the highest seed and quality. 

Seeds In plnts rovn inI)cccncr also contained hig'h protein and ow I'at. was betterKI'S 292 

inheight. it++neICr of1nlodes, eed and qtuilybthilt il inllrit alnd fat Content than White 

I.i i. 

Training 

The I2th Regional Training Program. with 22 trlining scholar, from Ill countries in Asia and the 

Pacilic, was concludcd ol 15 March 994 (table I . In \pril 1994, two FA(-sponsorcd traitning 

scholars front Nepal and (ilic with Korean goveriniett sponsporship finished their special training 

course at ARC. The Nepali wcrc at ARC r ',3-.-+onth training coorse on .cr nl C,.Rlli~n and 

15 days ini Malaysia visiting various research organ+i/'ationsmaintenance. The scholars also Slp'lnt 
lcrallhsn,healinc witilhv'cetablc collection and maintenance. The spccid tidctitllront Korca was 

iniThailand fol'moths.I coCmdUited his researclmoncoril at the Stl\Via Farnm of Kasetsart University 

illtIe Caternu part of 'lTlailand. 

Tv'ciity airiculturaml officials rot neight Asian ontrics are atteinding the 3l Regional Traiing
 

lroyrain \%,ich started on 15 ()cumber (tahle 2). These traiitng schohilars wcrc sponsored by different
 

intetrnlilonal or'amlli/ations and by their mvn govermntts. 

ARC, with the cooperation oI headqlualtCrs, coordinated the IAO-sponsorcd study lour of five 

agricultural oflicials fromnBangladesh oi 21-2( Noveniber. They visited AVRI)C and other 

or-alniations in Taiwanm dealing with y'cetablcs, especially seed tCCebtiohgy. 

ARC and TVI (" stal' also coordinated speCial SCnminars and gaVc lectCrs on vegetable
 

lmdhctitim and research to several Spccial lapamasc cxc' ge studetIts for 2-4 weeks.
 

Students IromIl Several agricultural collccs and the M ejo IlstilutC of"l'cchlnlohgy coIdctLcI their 

alARC during snintr tinder lie supevisit ol ARC atid TVRC stl'.Tihis is aspecial prhlcns ,t 

regular suminir activity of ARC and TVIR(' illcooperation with Kalwtsart University. Ior 1994. IM) 

students ront Mac.jo and 3 students l-o'n Kasetsart Utniversity attended tile stmutincr prograil. Another 

are flow CoMlncting their thesis or special Ipihrlenis at AR('.I10stuIdeIlts front Kasetsart University 
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Asian Relgional Center 

Table 1. 12th Regional Training Program (15 October 1993 - 15 March 1994) 
participants 

Name 
Phoeung Nady 
Cai Shuping 
Chu Jin Ping 
Chi Dexi,-ng 
Jiao Zigao 
Kang Gaoqiang 
Liu Li 
Qian Yongzhong 
Rao Zhihong 
Shi Lin-qi 
Xin Hualun 
Dawiin A. 
Khamphanh Thommavong 
Lang Viengasisy 
Md. Farooq Chaudhary 
Alfred Nongkas 
.John Yamarak 
Joselito Antioguia 
Prasarn Vongchalerm 
Somchai Thaisamark 
Nago Quang Vinh 
Nguyen Ngoc Thanh 
D.K. Saraf 
Fuleshwar Sing 
Sun Lim Kim" 

Country 
Cambodia 
China 
China 
China 
China 
China 
China 
China 
China 
China 
China 
Indonesia 
Laos PDR 
Laos PDR 
Pakistan 
Papua New Guinea 
Papua New Guinea 
Philippines 
Thailand 
Thailand 
Vietnam 
Vietnam 
Nepal 
Nepal 
Korea 

Agency
 
Department of Agronomy 
Oil Crops Res. Inst., CAAS 
Ku-Er-Le Fruit Res. Inst. Xinjiang AAS, Urumqi
Horticulture Inst., Guizhou AAS, Giyang
Vegetable Fies. Inst., Chandong AAS, Jinan 
Agric. Res. Inst., Shanghai AAS, Shanghai 
Tianjin Veg. Res. Inst., Tianjin
Chinese Academy of Agric. Sciences, Beijing
Sciencetech Management Div. Sciencetech Dept., MA 
Hebei Veg. Res. Inst., Shijiajung 
Liaoning AAS, Shenyang
Berastagi Hort. Rcs. Inst. Harahap 
Agricultural Extensioi, Agency, Vien Xian 
Agricultural Extension Agency, Ven Xian 
National Agricultural Res. Centre 
Dept. of Agric. and Livestock 
Dept. of Enga Province 
Post-Entry Quarantine Station, Bureau of Plant Industry 
Singburi Prov. Agric. Ext. Off. 
Chiangrai Hort. Res. Centre 
INSA, South Vietnam 
Grain Legume Res. and Development Centre, INSA 
Ministry of Agriculture 
Ministry of Agriculture 
Central Experiment Station, RDA 

Special trainee for 3months
 
Special trainee for 6months
 

Table 2. 13th Regional Training Program (15 October 1994 - 15 March 1995) 
participants 

Name 
Ya Tek Hour 
Pang Thyrith 
Gao Muqiang 
Guo Xiaoding 
Jiao Huiyan 
Lei Maoliang 
Wu Yueyong 
Xiong Jinqiao 
Yang Jun 

Yang Yuejian 
Yu Oinghui 
Zhu Guopeng 
Soon-Woo Cha 
Somphet Dokkeo 
Tnavone Saymavong 
Gul Sanah Shah 
Angelina Garces 
Thongchai Roupsouy 

Vu Thi Tinh 
Nguyen Thi Hoa 

Country 
Cambodia 
Cambodia 
China 
China 
China 
China 
China 
China 
China 

China 
China 
China 
Korea 
Laos 
Laos 
Pakistan 
Philippines 
Thailand 

Vietnam 
Vietnam 

Agency
 
Kampongchan Agriculture Service 
Kbal Koh Vegetable Station 
Institute of Horticultute, 
Xuzhou Sweet Potato Res. Center, Xuzhou 
Heilongjiang Academy of Agriculture Sciences 
Ministry of Agriculture 
Institute of Horticulture, Guizhou AAS, Guiyang 
Vegetable and Flowers Research Institute, CAAS 
Agricultural Environmental Protecting and Monitoring 

Station of Jilin Prov. 
Zhejiang Academy of Agric. Sciences, Hanzhou 
Xinjiang AAS, Urumqi 
Horticulture Inst. of Tropical Crops, Hainan 
Crop Expt. Station, RDA 
Hatdokkeo Agriculture Station 
Ministry of Agriculture and Forestry 
NIAB 
PCARRD
 
Srisaket Prov. Agric. 
Ext. Office. 
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Home Garden 

A series of dItoCnstHiaSition trials wcre conducted at ARC 'or Kasetsart University students 

majoring in horticultture. Di ffCrent cropping pittlcnSwVere also tested 1'0r alaLptatiotil b1 thlr e Iactn 

of Agricultural Ixtension. 

SeedsS ';, eel Cl')[oS Such is mranutlh. tonIlato, and pe¢ppcr weI'Cp'oduced in the hon1tC gardlllen 
nts of'" sCds.or distributiol to laruniers Ofr gardefnCrs who reqnestedSmall aS1111 

Germplasm Collection, Multiplication, and Exchange 

SCds ol pClpCr, toirtato. sinali lbetn, and yvarud-long baMi ctl letCd frti 'allov.r IThaillnd in I992 

weC lultil)i'd arid clhra'tcri/cd. Crops thatt hlve blen multilliCLd, but are Still to be ,:lh'acteri/.ed 

are egglalnt and bittergouurdml. SnialCo urd. k'c,, 1on spii;rclr. atnd arm;r;anth te'C ust, beeon llanted. lists 

of, accession mtibil1of' t elc,crop,i wecSnt to AVR )(" (;lR.. A total of' 3()) soybC;lll 

germplasnim accessions hlel\c bec'n multilied, ;and 1((0i)'arC Still beving mtultipfliCd inl tile elid. 

A total (d' n"ore than 51)() packcts of' Vg'Ctlblel. ICIndlegume seds wv IistriburtCd to dil'l',i'eIt 

institutioins in China, ViCtIam, Clllbodia, and South \sia Counltrics. 

Workshops/Seminars 

ARC co-coordinated the Agrictltural Iconomics Workshop o)in VCgCtalble Prloductioln alld 

ConSLimptioln Patttns in Asia held in Bangkok oi 1 14 ()ctober 1994. This workshop cxplored tle 
state oflthe a't ofa riculItual econotimm cs reCscaicli. inr isattended by leading ai'icnu i'uarl cctHoomistsn 

0Ier 
instrumelntal it blrinrit toctlrr rpcl rettives loin Cam1bodia. I .ao l)l, and Victitl Ito a 

workshop ()n \'egetablc rcscarch and developemt held at AVRI )' in Taiwan tn I1-14 Novcnr'. 

This workshop pm':ci tIme wly fo' the fo1rmtlion of' thIe (Camhodia. L.ao ll)R, and Victila Network 
(CI.VNI:'I') lb ,CiCtalhle rCacruch. 

'rom 13 counlrics ill Asia andlrelirecnttatives of internatinall orgini/ations. ARC was also 

ARC al o cOsp reMIlkd M0ntioal wor'kshops oil AVMI)C-improveil ll.g heal and ChinleSC 

eabbaucti1ti'qaiot ill Chila. 'lhe.se acti .'ities are part of' the ongoilng AR -AVIMC prti.l/hina 

The I call Thlti counter;parts have organizcd several workshops in diffeTrent parls of' Thailand in 

Coouperatior wilt1 the I)cpartenerts oi' AgricultLr :11nd A,,gricultural IExtCnsion. These workshops and 

symposiia , utcd to protmote AVRI )C-rclcased materials inl 'hailand. Stall' of ARC and TVRC 

attcndeil it cuiar aid i tradeilair held at the UN/IFSCAIP p'C'dscs last Octoller. This seminar was 

helc2d to Sllr,.v lCe VL'iMts agric.1ltural tl htitlgies. 

Networking 

ARC mainlained its cOopCrtive plrmgralis with diffeiutl cotntries in Asia and the Paci lie. 

Cnmlperativ, resealrch work oil mungbean is being conducted jointly with Nuclear Institute o1' 

Agriculture and Biolugy of' ikistam, Iangladesh Agricultural Researeh Council, and the tlhiversity 
of' Miinesuota ill the U.S. 

http:lh'acteri/.ed
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Ini atitlini In oorinating the Bangatnhi ( ntrcach lPriwrani anti (ie rinonmai nllctw~lks 
SAVEiRNIT and AVNIL. A\RC will ako cuIrdtinale the newt, ined ('INNVNl. a iecarciiitncwork 
tO Vt'ingL ( anlibolia. Lao)PDR, anid Vititnam. 

-ARCilit( ii II CSt oooI Ii-i t L'itI I h i IIit [I I' Iz,i IIi Rt'jDt''il C/CIii iiptlaIv lnn 19t3, 

1110t1-t tilil IV klntl tl lt''llV D \\ji i i b', taIiit C II(atAR( 'r i w rl t' lirC liio \V S 

China. ~l ~ ltiiieLJ1s hIChe)idiWIh wcitlgcil'Ohe Ac 

ili,it c~ntiscill talnc WiiipM t ( I~Int'n r il,l;N +ilry Miid,\ Cicnltlt( ii. 

ilit, m thI C~ifd Ii iI 

l p,l 'raIill Niin1 Pan was~ti 
A tk Ill! itlIl l ,l: I I AX lII;t l I 

\tr1 ' t'nt'i inl oruia I~lli . rlilc-w',o;1CI11lipanC' h X d Impt'raliC1on l Oftnco)[Hillrl (IiL idT Mllriini 

theciilii tii I~'t'liiitii i lc(I i.1)1)5 Jm i it'tl( [tlip.S t0tMLlIli t lilt aMi ltsohiit0xchs 
toldh R('-AVR ) intl 11C iddl 1095i.o rd I pc'i('Id" riltai(lp snts ulsu 

(h Unitr t
heldrtll tut ARC'ittai/li atlM1M 'dinto l l 111Cot11I t i(MIopn a satnrated 
2t'mnc a A honiiLthciadCrnsingeR elilAII iallr toI 1t't't' Thsiet t'iarate i hr't'tiiCI. 
P~ti k tC IiI.s.~lk Innillto ll I l'l 
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Africa Regional Program 

Introduction 

The AVRDC Africa Regional Program (ARP) is mandated to Conduct vegetable research, 
tralning, and informtnlation services for the lnlefit of,the Africain national progranis. 

The progt'ra currently Inplements two pro ects, ialy ( I )Totnmal(I IImpoeinjI Pogri m If* 

the Aftriian I lil-hladMs. and (2) C()NVIiRI)S oI- Col,>bioratiye Network 'or VeCetable Research and 

l)vcClopincnt in SouthCn Africa. 

Thue Voil of the tuoluito itrupitvellcnt pro-gram lor the African highlands is to IcVelIp iupoved 

cultivars with reCsistalc., particularly to tomato vellow heaf curl virus and late blight, two diseases 

which are atl n tlt.lost ititnOilt in Africa. Inl addition, the pro.ject aims to introduce, C'valuatC, and 

pro'0m1ote the adptit of VlI's trtopical tomatoCs for prduction tinder lhC hot and hnuid giowing 

conditions il the co)In lcl. 

The ilajilr Fcspo s;lillties o' C(ONVERDS arc res'arch On strategic e'eCgCtICS, 1r.llning, Mid 

iitormilaltlon services for the l'neit ofthie national prograll Sof' the Southern Al'rical region. ( )fthese 
mandates, only the training component is currently fundCd. The activities ot 'tIC()NVLRI)S project 
ill1994 thus. ctnphiasi/cd mainily train'ni of tile national research and extension)l pcrsonnel. 

Tomato Improvement Program for the African Highlands 

The 1994 research activities to imnprove tomatoes for the Arican highlands emplasi/ed the 
cintiling Cvaluation Iimpro\'Cd AVRI)Cgeruphasm iltroducCd into Tanzania by ARP. Cross.'s 

Were ImldC to to toall.to virusihpv the coniuimonly grown local varieties for resistalce iallSlic 

('l'oMV ).root-knot niemitode, and Fusariml these crosses willwilt resistance. Later, derivatives i'roml 
be improved for resistance to tomlto yellow leafcurl virus (tTYI'CV) anld late blight. Plant pathology 

r'CsCarch ConCCnt'tCd on1 the sivCy and charicteriatio of the mlajor touIiaito disease:; in Tanzania. 
strain-typing of TOMV. FIusriumn'1 wilt, and root-knot nctmatode; and idcntilicatiol of sources of 

hligeht and TYI CV.eCistalicc to latte 

Hybridization Program and Segregating Populations 

Forty crosses were made in 1993-94 to improv the populhr cultivars MoneyMaker, Marglobe, 
and Rona VF, 1,or resi.tancc to toMV, root-knot nematode, and l'usarium \viIt. The resistance genes 
viii he incorporated into these local cultivars hy backcross method. MaJor sources of resistance to 

ToMV and nematode in these crosses are AVRIDC breeding lines. 

http:toall.to
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Adaptation Trials of AVRDC's Fresh Market and Processing Tomato Li 

Summary 

T\%() prli iniry' ld (II''S)'itIri.ls Ctontted il1993-94 inliCattd h,1 AVRI)KS I'resh 11' 
hyvrid,. I[I1 22 and,.I FMTIT 138 which yicletd consistently well, were resistant to crackill an 
bt,'ttr Iruit lirnness titl eitlit'r NMoneyMakc ou Niar hlh.. the tWO la(iloti checks. Bas 
the,,.' N lhv s'hiMu i l tCl I to he aIdvanICe1t0l to lltllailll]IlSstin lll ol 'I'aln 
;111itlk() hIin1cldUld ill the Sutl irn Alritan )e'Clhpineuilt Ctmincil,,itt~iolal testinL! pitgrM S 

'Aill t i' tt'I)ill 

tut., hlis l or r,ill 

. 1Q9 5. 
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The ob.eclive of the ]993-94 adaptation tri l Was It0 a+,eSs ile intritiLucti .gerfllaI l'01tr field 
perlftrmalice iII the hi.hland colldions lI'"ltl/aill'i lSele'i the niost prolilisingCitries for nationalIt 
Ilti h'catint Itrials and for istine inIth",SA] )c legion alhcad. progranmietd by (')N VIERDI)S ini 1995. 

Materials and Methods 

l'ive adaptatll l i wie coiltilCLteI 1n1 993-94 to evalhate the initroduced fresh market andvCI'Ce 
ItoilltO L.Lrllqpa"Il il'hlald Conditions of t .I)L ,CW unlder tile 	 .\ nl" ah 

.lt. 111i't t,44 trial I' YT I ofl fresh market aidI),p ieiti • tomlaelCs) Were' pianteti at tile 
e+'Xleriiiltli firm I)t I it Il,'lIl-'lelnI+el ti in Sep,'ltember 1)t;)3. Slaci .g w',as 75 cm between rowvs anti 4(1 

CI bti\teeI l ', . Ithit lte , lj. il, llln Ir1 ',iIlC-iow Ibeds. 

'110( other riaI'. (I\.\. ftiei mairket and on roCt.siit! ) v.'reIIlatIttd ill Madiita R'searCh and 
lrainn l NI<Rl,.l iTii r't t'wl(I'YlT2 4f fr,,li iiarketliti p~ro~cc,,sihte hllJtltots)V-wre-ttiol )to+.\R,1. 

eStlhli,hed in l)C.euler I'-))4 Aiid (h,. 'fithI YT 3 t1l fresh1 hIalrket lin'ch in .lite ) in[994. Spaciitn 
the,,e. trial,, werc 75 cmi betee i wad 5( cmiibet.,cel plait."within the row tlsilL doblhe-row bds. 

All 11,ls contiiit'ti at tile ( )RT'-TIen-eru RCCarch Farm tad It) t of +'llralie lnanrlet 
Hict )i ill tilt' trial pit't,,, ill additioii to 10) kg N ,and 10()k , ),())/ha. n ia,lt't4 I) life NIIZ', triTlS n the 
othierlihiid, noc lllt),..t . ai,, tl,_heti. NittlHeii 'It l(11) kg N .ndti *ltl ht... l. at ](1( ]),()/~ ,e' d e 
to I'YT 2. NitriL4,,ii 100iitke N8/ha 	 k, I'.+)/ha were ;q)l+,liL1 ilat a I()() IYT 3. 

lle.,,dihii. ,tld pe,, control were carried t t ;', needed by tie trials. 

l)a'v, hI)5O)+ fhol.otritlc,, Ifr it-.,ettiit late. disea.,e ;itd lest incidence. yield Imarketable antd 
nolittirktabl ih . d;i\s, to) 5( Itlitirit aitlt iiit tr ,it , clqi as sli lpe, siC. cIoiur, crack resistanlce, and 
otters \. crc reo rdetd. 

Results and Discussion 

AVRID)C hybrids FI'"" 22 ant I.M'I'" 138 perftormed well in the PYT I trial conducted at 
I I( )lk'Il-T.enertI those olthe clcks (tablealthtI~it,h It'ir yieis w'rC [lt statistically difflreIt from 
I . Ill terms.; of fruit si/t'. FNI'I'I 22 compared well -with the large-lrnitcd check, Marglole, whereas. 
M 1.3Is3M coliil-ard well vilh the nedinIt-Irnited check, Mone.yMaker. The AVRI)C hybrids were 

il lll) titr r i-t',t totf)nutl cracking thanl the checks, in atitiitintl to their haviiig itlilen ent resistalc
tI ToNIV (L't'ci 7)I+2+. 

In tie IYT exptriielt lltottdueted at tie NR'IS. tite salte hyhrids alsoi petntrfiretd veil, 

particuilarly whiein coi-,ared withi tie large-fruited check, Marglobe (table 2). Two, Il AVI DC's opc,
otqlitatCt lit1es whicih Il bCCn atlvaced earlier to tite tational tetillg program tf"l'anlZania also did 

well. Additiotial atvantac,l"S itthe AVRI), materials are firtner frutit atd 'CsistancC tIToMV (gene 
in2a). 

Table 1. 	Performance of AVRDC's fresh market tomatoes under Arusha conditions, 
PYT 1, HORTI-Tengeru, 1993-94a 

Entry 	 Marketable Mean fruit Culls Cracking 
yield(t/ha) weight (g) (t/ha) 

FMT22 70.9 c 134 b-g 2.3 c slight radial 
FMTT 138 64.6 bc 73 a 1.8 bc none 
MoneyMaker (ck 1) 57.3 a-c 84 a-c 1.8 bc severe radial/concentric 
Marglobe (ck 2) 51.9 a-c 141 c-g 1.0 a-c severe radial/concentric
I Mean column separation using Duncan's new multiple range test at P=5% 
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Table 2. 	Performance of AVRDC's fresh market hybrids and open-pollinated

lines under Arusha conditions, PYT 2, ARP-MRTS, 1994a
 

Entry 	 Marketable Mean fruit Culls Other traits
 
yield (U/ha) --- (% byweight)
weight(g) _.
 

FMTT 22 86.1 b 105 a-d 1.2 ab Tt72a, F
 
FMTT 138 71.4 ab 80 ab 1.4 ab Tm2a, MF
 
MoneyMaker (ck 1) 67.9 ab 72 a 3.8 a-c +/+, MF
 
CLN 657-285-0-21-0 (B8) 60.9 ab 90 a-d 1.6 a-c Tm2a, F
 
CLN 657-285-0-20-0 (B9) 55.0 ab 90 a-d 3.8 a-c Tm2a, F
 
Marglobe (ck 2) 46.2 a 106.2 a-d 4.7 bc +/+, S
 

Mean column separation using Duncan's new multiple range test at P = 5%
 
Tm2a = gene for resistance to strains 0 and 1 of ToMV; +/+= ToMV susceptible; F = firm fruit;
 
MF = moderately firm; S =soft
 

Based ol these results, ilrC hC Added ithe 1995 [atioMtl lestingtwo h.ty'lbridsconsilCrCd It to 

pIrii-iaMll 0 Tlt/ania anod in Ihe SAl )( regional Icsting prirtt. UNI-T' 13"81hadlernnl'rCd \ery ,veil 
in pncviots icsts in Kcny; and seeds arC Ino roctcd [Or Kenyan loltnto growers, patbeine ,cltIuar,,, 
intihe coastal cnion o'Nomiasa. by the Ktnya SCCl ('tIpany (penal coultunnicatill with N'.W 
NI. NltUci, Kcnya Sced ('ompany ). In tile YTopl'prcessin.e taloltets atI( )RTI-ItlClrtu. twvoentries 
outiicldcd the chck,Roma VF.,u!prodtuc'd rclatively lr.cr o'ruil(iahlc 3). ,.\ldlilinl advilitages 
(F*these entries verCr InRoma vete resistance 1 'IoNIV (gnenc "]112(t)aL !'ruit lirurCs,. 

In tilPYI F2 flpro)cesin unall;os pI)Mlfnted lNIRTS. Ncniit 512 le ihwtichest yield. Followed 
by BI. 027-18 (A-I8), an ,\VRI)(' sCliCCti which hs hCCn advinlced earlier to the lnaiail Icstiug 
p)Ir'ogram oF 'l'Fa/ania (lahlc 4). Btlh CntriCs signililvtl V and IMtluCCl largera y1edIeId RntM VI 

ritil. ,I.627-, lproducedvery lirn 'rlit -Zomal
and hadjolintless pedicel., vhCr-eas VF had moderately 
Sol aid pu 'lyit. 

Atlm. the recent introductints I'v'AI)C which ai 1( hC llCteeL in SAI)C"S rcgional testing 
itogtt-mi in 1995. to lines htad yields that were cotiparahle to NoneyN/aker, but hadthltt (fl' 
siTnniflicaltttly larncr rit (table 5). I owvvr, l'ril oF these new lues tcnlCd to crack atnd had severe 
cItlac it atld. tIhus. higher petIccnt culls.p'lunl 's 

new ,While the oibCtlis shown by tile AVRIC introductions may he possibly localized under 
Arnsha conditiots, it is evidcnt that there is aneed to rcview the list otlonmatoentries that the AVRI)C 
ltcadq artcrs intends to enter in the 1995 SAI)C rcgional testing progran. 

Table 3. 	Performance of AVRDC's determinate processing tomato lines under Arusha 
conditions, PYT 1, HORTI-Tengeru, 1993-94? 

Entry Marketable Mean fruit Culls' Other traits'
 
.. . .yield (/ha) weight (t/ha) (g)
 

PT 4176-137-23-1-7-3-0 36.0 e 74 cd 2.4 ab Tm2a. VF
 
BL 626-72-6 35.3 e 61 a-d 3.2 b Tm2a, VF
 
Roma VF (ck) 25.6 a-a 41 a 1.1 ab +/+, MS 

Mean column separation using Duncan's new multiple range test at P = 5% 
Attributable mainly to sunscald 
VF = very firm; MS = moderately soft; +/+= susceptible to ToMV; Tm2a = resistant to ToMV strains 0 and 1 
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Table 4. 	 Performance of AVRDC's determinate processing tomato lines under Arusha 
conditions, PYT 2, ARP-MRTS, 1994a 

Entry 	 Marketable Mean fruit Culls' Other traits' 
yield (tlha) . .weight (g) (tlha) . . . . (g) 

Nerna 512 92.7 c 85 b 12 ab MF 

BL 627-18 (A-18) 70.0 bc 84 b 11 a VF, jointless 
Roma VF (ck) 30.7 a 36 a 16 a-c MS, puffy fruits 

Mean column separation using Duncan's new multiple range test at P= 5% 
VF =very firm; MF = moderately firm; MS = moderately soft 

Table 5. 	 Performance of AVRDC's new indeterminate fresh market tomato lines under 
the highland conditions of Arusha, PYT 3, ARP MRTS, 1994a 

Entry Marketable 
yield (t/ia) 

Mean fruit 
weight (g) 

Cracking Catface 
(%) 

Culls 
N()(%) 

CLN 1462-140-31-60 71.80 c 178.5 e 32.5 d 33.3 d 4.9 b 
CLN 1463-160-40-16 71.43 c 132.1 d 0.6 ab 7.7 b 3.6 ab 
MoneyMaker (ck) 70.67 c 82.3 ab 0.4 ab 0.4 a 0.6 a 

Mean column separation using Duncan's new multiple range test at P= 5% 

Tomato Diseases inTanzania: 
Identification, Disease Incidence, and Distribution 

Summary 

TImilto dise;iscs wecr surveyed and ltheir distrihijtOtiand iincidencC i,'iuvania dsCcribld. 
,\lnog the fuingal diseases, late hlihll and ];l'uii wilt Cause ;crtis datlliages illtolnlat() Crops. 
( nietjc ristai ncC enii i e best Strallc.y ir( their clnroll lBactier'ia .qlllsot anllhacterial canker are 

Ilo CSCnII lt. IIw IllS. pl lis rlai velNIi liIrS' biclCiial con [.rolled with colppr)Sprays. 13; iterial 

cankcr is ;inewly i(lcn icl of'ifilief tomllo ciolp in Tlnzinia. The plilhogCn is CndmClic in 

iing. itl! is ihi recioln. lollao \ellow ICAcoil' virus (TYI CV )i tolliatoitsinc'idenci Iin 	 Cu and 

h';l' I ire and 	 ('uCLuInbeI)r virtslnosiiiL virus l wid slp "ield are econ mlilically illpOrttilil. tllosiic 

(NIV) and llit r h el recorded. btl limicteL to i 'ew iCiOnS. Root-knot\viis Yl()V)\Iliavc arc 

niltliles ae allo ait i prolbO,Vtin uallI)r)lemit. 

Introduction 

Tomatoes rank first aniong the vegetables in Tanzania.Althloughlh protion has increaisCl 

over ihe last 5 ycirs, in the fai'mer's fil. dIs, the alVC'age Yields Of tmllah) rIlllil low illlolutltI()

14 i/hfi. Toa;reat cxtcnt, this low productivity isa ru lCtotdiscase prblet s. IFxceptio the variety 

Ioia VF\J 1ol VCrticillium and Fusariui wills, lhe liehr tomato vaiiels widelywhich iSirsislllt t 

cultivated in Tanailia. Malob and ,oneyMaker, are highly sceptile to seve'ranl taIllto disCass'. 

ACCq uiate knowledge lIelicculriiimaor tli Ilreci xeomao diseases ilTanfanili is aipIre'rCquisi 

contrlo] llhough resistance breii(ne, and/or inteeate disease cn l Irmlaion1 OllodisCasC 
inc'ilenLe anid lisiribulioi aIlso usCul ill il breCCling I'or dliseaseiSC resistance.iirC setting )iorities 



479 Africa Regional Program 

Information on tilllat disCascs in 'anzania is still scanty (AVRI)C 1993 Progress Rcp)rt). 
Morcover. the preliminary studies conducted to identil'y th toillato discases were nhainly bascd on 
synptoinatology. In crtail CaSCs, this haS led tto Crroneouts liagnosis. Thus, this Study was conducted 
to Identity theilmost imoltrlanlt tomIato dliseasCS OCCLcurI'lm'" in T/atania. 

Materials and Methcds 

Field surveys and collection of isolates. In1 I t)4, extensive survcys and illtClSi\'C l'iCIld stldics 
ot tollat) dl.C ISCS wrI cInductCd In Tanzalia. Sotar, thc llhoving tolnato growilng regiohlls Iave 
h'Cii \iI ,itl dl mv'eyed: Arusha. Coast (1)ar-cs-Sahlani), l)olla, Irin-a, KilimanjarNMoshi), 
Nllc>'a. Nhhorooro Nlwaiwa, Rukwa (Mpanda and Sumhbawanga ),Shinyantga. I'aolrant d "la'nca (~ie. 
t). lDuriug the held trips, ,iiipleS were collectCd in pOlvNlthenc hags and stor'Cd in i coolerI )etUilCd 
tield llotes \VerC mlaIC the SVinlph+InS oF each c)llctcd sample. '[he slellus were then hogl1t to 
the lahoratory l0t filuflther analysis. The' ,isCase icidlCnc that is, the prtoportio oh" inlfeted plants in 
htiefild, was llO IsrCCot'dcd. 

M - Mwanza oh 

Arusha * oshi 
Shinyanga 

oTaborarabora Tanga { 

Dodoma 

Morogoro Dar-e'Salaam 

iringa
 

Su bawanga
 

*Mbeya 

175 km 

Fig. 1.Map of Tanzania showing the different regions surveyed for tomato diseases 
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Assitv for tui111gaI adt bacterial disases. 'thei idenltiflilion idloliar.Itti-i was ieie\'ed Iiitc 

it stnld\ ()Ithec stIeInor~pholocy-HindrIC1the ieltsope'0). III thle eaitS ()'iSeliI thle pilingCwei walsi W~ill. 

2irlVIn ml sclective Ilii11i. A\ pure Culture was, -lbhse'qullyI\' 15411Iothle IaioL~inittY lest. 

Due to the lad, 441eh~icials. heCI~IJ211osi Ofh belriil diseases was balsed onIIlie svIII pIl (1144 

thle dkisease ilild tHe iblSeneeC (11aii oiiei InL~wiell iilA pitIioeen. 

an n "vial iscasv r IvMond tI li dC ry the truth)I'ICTillt shoi2et111C&'I'for(ml mtJCI ill ple eeSn 

Jrit (lIC 

idi(1ho.iim (l)I ( 'V. A lew\%p'lldnl lllilerli:lS %%Cere dlkO Sent t44 IDl. P). JoneS (ROOLhIdIClde 

F\per-illicenl s~iiii I 1K,I fll. eleellniInirosop stuiCiS. 

w4 .\\IX, )(' heLlupia:tLIijl41 to) Pnol. 1t. ( ,osiik (Thle I 11eb1e0 I n1iVvelsily (IiiClt lo: Il. INreI op)k)I 

1 ) 11 I il55 iI I I I C t i't heliI Il C111411m" l oI ii c n In c -1el kes 11 1 u4111s-)Ca bsVyCl) 4 n e l e s ie t h e r 

1ej 01i ( P4V1\nl~~ie 41 .1\. IpeppjLr\IIl nlIC Virus1' I did T01%IV. 

t(ItIItwi(dioItiii (f ootko lnaots h el jdili41 44tk14 iil44(e 5d deb 

the sil stIiiruuiliirhii tie molls1.isl,(IIICC 114411ti()I'445 IIIleued p~lils m411144111 

Results and Discussion 

Ft1i".1and blltIacterili seases5. t dme is tie 15os idespread anld eemililtly ilflp1tait 

kllnidl dISiss Of1toillo iliItIl/dllii. tt OCCIIll5 ii ll il(15t. illi 1pruldtteti~iildreds 111(1 is high01its IIneideICI 

ltble 0). tnl certainl 144id14 hrnIIIs. e14()p losseS 01' opLI)W t)' M-e obser'ved. .'lthinghI dMC ltighlt is 

severe dt tile11iC e4l IilianV SeaISO~I. in el dry11ll rei-CIM1S. theC 0CLe2IrrtleC ui'LIdew is Suffieient lot. 

tile deve'l()Ipilleot 41CHedieas. 

Ba~sed ml1 thie 15I1)rWS plelttir d111 )11MPdt4ieilW IeIit\' tests. lI.Vaili/)1ill4p1414e' oI 

(u.Vv.Vpm4r440 t'.S[. /yV44414.4'4X.I . wils ideIt'Iiie d tile eiSdl agt'lt 0C1tuildt wilt ill lo011i regionts ( table 

W1. This result is illiportdnt beeaiSe p-ViMuIS re1ports Stilted thait PSC'14 ,4011l(4x Swdlznou'orool Wats 

r-esp4l(Isile 1'orImucih 40)1th411 d144 will Ill tlie Nibeva rI-c-]ln. lDninI2-1the eCurrenlt sturwvy bderial wilt 

wals m114)1roeldeu Ill NM)ibv .Aeeundiie 1t1its ineCidetice. tlSnifli wilt is pr-obaly the see()[[(d mos(t 

impm141tlt I1110211 tiseiseC (fl, tomato Ill Tdli/dilia. 

tPOWderV Iiiildew is A!,() wdespread-C: ill tdfli/diaii (tale 6). tt eatISeS dII'(Iiti4411 (ii t4)tiltlo planlts 

dllii ()tllrs veir-ru'illd. A )[itlv (fl, spore ilrIl4llwy Slio)%wel Ililt FIrvxj1 l,lu Sp. wals tile Cautsal itgetit 

(fl, tIllith4 p455 ~Ier'liilhes. I ls firl, I.4'i'i 11f(ItoI ca diillel. edttsal agett toliidtai IpowderyluO 

iiiiltles. lM il1141yt beeCii is(ilaled. 

.eCal, timidh I uli f/ihuon I \5iis I*(41114t Inl three reCgionIs (tale 01. 'The IJldthLMIgt AStO( CISCS 

delo11ilim 44I1tuIlI;Iio plilits. Very 4411411. lellIIIA I Iis ltd ill m1ixed illeetCioIlIS with powdery iiit1desv. 

Flarkl blight Calused by Ahriol-( MI/(4/i OCLIcoS ill difflerent regionls I tdble 0). According to its 

inecidenee., Carly bMighit is less ilimutanlt than11late blight itl Taii'anlia. 

TWO distinct baeter-iil dliseises were reO)rded dn iI Sthisstdy. tiaeterii~S)1 (ellCi'S Ill lIuil 

reuCtimts. Ill Tailll i411114)t all t4)iiiiit'ru!(mvers SIprity, elIpvir l'iiiueieidC Soth1at thle ecier inCideCeI 

l Ieter-ial 5114t Is 140.5. Btereia caniker il\' in the trincai ItIS WisIS)-idi11IC~Itwcr ret-Ii441. 

sertius 14455e5 4411tiiIliit() e(I)~s inl tile eIVI41)i. A studyV uil the disease distibn(tioti Ill several fotidtlns 

sees ti uj4j1414hr nj!~iu'Ol(lmy was I Illed 'intile re''ioit with tile seeds. iTus, to514w tiut( 

eo(itit4l tile Spreadll (Illthsdisease. We IlWIp 101dC\'42t0 1) ilti itIlIt44\'OC(t Seed CiiSilitetiltl iIelhOCi which 

Call1 be applied by tomlato growvers. 
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Table 6. 	 Distribution and incidence of fungal and bacterial diseases of tomato crops 
in Tanzania 

Disease" 
Region Late Early Fusarium Powdery Leaf Bacterial Bacterial 

blight blight wilt mildew mold spot canker 
Arusha 	 ++ ... +++ ... ++ 
Dodoma 	 ++ ++ + ... 
Iringa ... + 	 ++ +++ 
Kilirnanjaro ... 
Mbeya +++ ... 	 + 
Morogoro ++ 	 ++ ++ + 
Mwanza 	 ++ ... 
Rukwa ... 
Shinyanga 
Tabora ++ ++ 
Tanga ... 

++ = high incidence; ++ = moderate incidence; + = low incidence 

Viral diseases. Sevcral tollalo plants with symptoms similar to thosC ilducd by1'YI.('V wCrC
recored in di I rciccions (table 7). The symptons are variable and consist 0" curling. yellowing, 

or stuntitln. In ; cw case.,. the Ical'si/cs were reduced. Popillhtions o whitclly Otlh',isi tIluboci) werc 
otCn aIssocitCl with the sN,,'ilnptoilatic plants. In Arushi, C(oast. Dolo0ma. and Shinyana region,;, 1th2 
disCasC incidence was 7)-I)10 (/; 'The ViruS is nt Sal-transmiltCd. The resultsin scveral to ilto l is. 
0th"s tt the nit nb1rancs sent to the ,\V<',I), idcnlily TYI .CV arc reported SCparatelyhtcttlltarters to 
111LIttI' 1ilC'J'MI (l Pdt Se'd'i(11.+ lllt)d00gy 


Table 7. 	 Distribution and incidence of viruses and root-knot nematodes of tomato 
crops in Tanzania 

Disease 
Region CMV PVY ToMV TYLCV' Root-knot nematode
 

Arusha + ++ ... +++ +++
 
Coast +++ ...
 
Dodoma ... +++
 
Iringa ... + ...
 
Kilimanjaro ... ++ ...
 
Mbeya ... +++
 
Morogoro ++ + +++
 
Mwanza + ++ ...
 
Rukwa + + + + ++
 
Shinyanga +++ ...
 
Tabora + + ...
 
Tanga ++ ++ + +
 
TYLCV and TYLCV-like disease; +++ = high incidence; ++ = moderate incidence; + = low incidence
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Recently, Prof. Ciosnck comlunicated tIe rCsLlts oI two of three mmbranes sent to him Carlier. 

The rcsults shIwvcd that the 'FYI.CV-Israel DNA probe hvhridi/d strongly with several tomlato 

samples I'rtMlArtsha, (tst, Mnd o 'I'hC incidencCIrOf'OgQOrO. Of'FYI .(Vis high duiring teIdry sCiSOI. 

A 'w hell Icalcurl Ilandlpepper smpiles sliowiln irlcr'winal chlurosis also gavc positive signils with 

the TYI.('V-Israe! pro e. These rCsullts were coifirre'nd in siltl particles wereby studis. (-;Cllilli 

observCd Lrd" eCCCllti lliClroscopc in sectlolls bolh tomaloillad peppr saiples sell toI ])r. Jones 

(U.K.). 

Although the di ffcrcnl rCsullsIreporlteCd conlfirn, the ilmporlallce oflY! .C,rcstlts are still expected 

fror I)olr,r aNwaa. and Shiin\vanga to make sure that TYI.('V is the only geitinivirus causing 

lea' CIIi arid VClloMiire Tall/;rlii.]iscase of toniato ill 

TYI.CV isolatCs 1'1ioi ,\ruSha were lrafted to Iour sCdlintes of1toIato cv. MoncyMaker" and 

lyveopersh oil 'hil,l' IA It U) illthe screnliotusc. Three seedlirgs oflMoncMakr dCveloped 
syllptt.lls. wtereas L.crhihn.se plants did n10t. SilrllplC wCI'C talell '011 bth tolltrlh species to check 

whcth"er the' harbor the virurs or iot. I1thre rCsistlancc of I.A 19 ) iS coriire[d,Ipotpul tiMs lrCivcd 

I'l-oncrwss IewCCnIL.'hil' aril.c Iluon or1/'.u iwill he Icstcd re.sistialice t t0he TYI .V isolrtCs 

oflTan.aria. 

A tew weed saimples showing virurs symptolms were collectCd Iluml1 ill'eCd toruatu farmins arid 

Spotted Lto tylon ICIullanC. Ac/hvralftl.le aspera i{,'unlltho'ellmae1'0), liplihrt'ia lite'lropll3iVll 

(tLuph ;rhiacec). and Nialrahph.valodes tSAoolMnUe ) wCrc pIusitliVC wIi tested With the 

'FYI .('V-Isracl probe. [Iis is believed to be the first report oIfthese weeds its arlternate hosts of 
TYI.CV. 

tllrlato
I.ike TYI ('V, "'MV is widespread in '['ariania (tahle 7). It causes important hisses ill 
OVCllp.Tie local 

h0n11:11 curllivll'S arC siiscCptilC trrI'oMV arId. ilrrCeoVC', s-evelal toIMli't gruwers produIce tlhcil 
Crops. In TaIrrlllia, tomillatoes 'rcl'gr'owniyCal-rIlr1d illlliy regions aiLd C'ops Ol'tcnl 

own 
seeds, thus accoirntirng Iior the high incidence of this virius il tire couItry. 

CMV lnrd ]>VY welC isolatcd 'in toinocs inldiflerent localitics. lnlike TYI .CV and )'oMV, 

CMV irnrd PVY I)O Lc nnirly a limited threat to tolnatr pirdlrCiOi. 

PVMV was Iot observed illtomato crops during oul survey.,I lhwCCr, a distincl p ty\virurs 

scrrnhogicallv related to I'VMV was delccd in sever'al Initto I LIrrther studies will allow thesiumples. 
corplete charctcri/iatior of this pj.,virus. 

Root-knot nematodes. korlt-krot CMIatolcsalC widespread in Tantzanii (able 7). The incidence 
of Ilrispest is bigh iii all rcgirris whcc it is I'tnd.Molcovcr, it is ol great ecu loilic inmportancc. In 

additim to galled rorts, itciitircs cause wilting of' toi.ttat crops. Yield losses miay reach 101/%. A 
study to chirracterie tIe Irernohdc species (rOCCUrring oil 1rltalo Crops Was initiated. 

Characterization of Some Pathogens Infecting Tomatoes inTanzania 

Summary 

A study wVrs carrried tLtto chtaracicrize a fev isolatcs of ToMV, Iusarium wilt, and rout-knt 

nematodesoccurrirrg in Tanzania. Both 'FMV pathutypes 0 and I arc present. Thus far, only IFusariutn 

race I hars hCCn Chtaracteli/Cd. Pre liminary typing of Meloidogynrn spp. shrved that A. jt'a,'re is 
widespread. 

http:Ac/hvralftl.le
http:crhihn.se


f\rica R cit tral liro'rrrar 483 

Introduction 

"'oNlV. F"sritrirIIl wilt, andIot-kllt r I t ies are iilllonloi alIythlIIlIosI widespread aid (Icolli)I 
Hilorittalt tiolI1 Tall/llia. Sources o1' resistallce to each of these pIalhells are rcadiylltodiseases ill 

With I c\w to HIctirporatc 1C.Sislittlce gclles ilto the vidily grvown lneal culitixars t tollnalO, it 
'",tti V tI th)thI I l.;/I the lt lCpah\'plesraces, and spcCies of'l'oN'1V, Iusaritri, and rot-knot ntemiatodes.0 1 , 
rc,,pCctiv lv'v.,& initiated. 

Materials and Methods 

'loIV.Sexcili IoNIV saltrplcs holrn dilt'cren localities were nnltiplied on tolniatt cv.
 
,\.otievi T ltkcr.lolox tottt ditTetrcrtial hosts were used: GCR 26 (snsceplihic. (S'rM 18
lhe ir,, 

In/,-]/it-I.PIeti 2 (ln -2/1T-2). Nhocioir tin--]/'h)-2:l rid )Deisat I)n-2'/7),-22 ). Prior to 

iWO]cli i,) t 1 ie intelit llx%','i ii70 C tot 5 rmin.heated 

wilt. IThrc ioit UVOIc (Niheya). 
were etulturied t i I)..tr7 da,,x,. h.Itl tIrhe tI~hwiii Itornlatodi'fe.rentials were 

FInsaiin ,,i ,Il iIluda anlit and 'itnr()Ieicrmro (ArLtusia) 
'Ihrcite I-xv seedlirres 

nIIA"t,,tiC rn.e,
li tulilLi: I,,t],ceitiiIC to drli ( 82-I.-(reistant to race I ). IhFltida Ml I-I (resistant 
in ric, I arLi 2), arid 13R- I reistirit to races I 2. and 3). The plits were iairitairred in tIle 
"cVCtltoi l,Cort(isi,,, de.Cloptll tlt. 

Root-knot nmirtodIs. [Ihc eiircteri/at ion of roAnt-kr iltrirlIdc sp.cCs was catried tilt 
rc._rdin to the North (Carolirit Statlc I r ritV chartl. isir teIe ditlcrcritial ho,st reactions on the 
I 'tlh cv. tine, tohaccocv. NC' 05. hell pclppcr cv.Caltuirnia WondeCr , waterrnelon'i:cottol I)Cita P


\CV, arid tolllirrit,
c\. ( '1t;lstitrI (t lL',trtIrt cV. lhirrurrri cx. RLutgcts. 

Results and Discussion 

TNINI'. kolaes frt Arus'lIa aId Iringa Were charactelricd (tahle S). TuMV pathotype 0 is 
pres+ecnt ill Art,,il aid Itririga region,. ToMV patlih I is also Aruislia regiri. The twotyl'e tMind ini 
i,,latc-s lit liZirrihabrwe woevrc he TuNIV patllOtypc I.COInd tn l" 

'le titlliltidiseae resistance heedinpruig lroraiti l'ARl aims toiincortprate tle I)n-22 gelle ill(o 

th., heal a,,ictic,,'loncvNlaker, Nlargohe, arid Roma VF. v,'hich are widely grown IlTaiizaia and 
nIci'.ehhutring \lrican Ceniltrics. It appears that we: arc on the right track as this resistance gene is 
Lc-iftOVte ae',inst the LiITcrlit ToNIV pathlitypsc. thit have hCen idenliicd sr far in Tariania and, to 
,trille c it i llibahiwc. 

Table 8. Reactions of tomato lines to distinct ToMV isolates" 

Tomato ToMV isolate 
differential Tengeru Pole Iringa Zimbabwe 1 Zimbabiwe 2 

(Arusha) (Arusha)
 

-M,GCR 26 + M, + M, + M,+ M, + 
CSTM 18 M,+ M,+ M, + 
Peru 2 
Mocimor 

Delisa 
M= systemic mosaic; + = apical leaves showed positive reaction for ToMV inDAS-ELISA test; - =no systemic 
symptoms and apical leaves tested negatively for ToMV inDAS-ELISA 
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Fusaii ni wilt. According t (lie rcaction of di 'lcrinitial hosts, FasariLim isolates from Artisha 
and Mheya belong to race I (tahle 9). The charalctriial ion o1" additional isolates Iroin l)odoina, 
Te ngeru (Arushal), and Mwania is still in progrcss. 

'To avoid viruleni str;in cvolving qnickly. incorporation or the gene I-I for rcsistallce to 
LInsatrini iace I i 1tt t-,Cedine mtrils is conSidcred. 

Root-knot nicnmatodes. I'rliiini ry tylpi n. ot' ,l,,,do.'vtw species sh.'wed that M..ja1'ict is 
present in i\rnsla, Irinaga. md Ml ea (table I(). T'he charatlerization ol isolates tro'i the regions of 
the Coast. D)odoi,. Kilimanjaro, Nlorogoro. Nlwan/t, Rukwa, ,hinyanga, and Tahora has not yet 
hcn complcted. l'hi iic"porated cultivar's is e'lcCtiveAi geic thai is now hCin, llO local tonlatt 


Nal St Al. (1r'n(rAil, Al. illd'i'tjhI, and Al. J /OV IMi.
 

l',rethrnmi toin lea l (hNIb)evawas 1tot0id to he intectcd with Ai. i+pl. [hough l. hap/.a is 
present inl Tan/ania. it occurs only atl hi,-h altitude (2400 i i asl) whcre tomato is not normally grown. 

Table 9. 	 Reaction of tomato differentials to Fusarium oxysporumf. sp.
 
lycopersiciiisolates,'
 

Tomato FusariIm isolate
 
ditferential Iduda (Mbeya) Uyole (Mbeya) Oleigenuro (Arusha)
 
Fantastic W, Y, + W, Y, + W, Y, +
 
UC 82-L
 
F'rr;da MH-1
 
13R-.
 
. W : wilting; Y : yellowing; + : observation of Fusarium conidia in pure culture - : no disease symptoms 

Table 10. Characterization of several isolates of root-knot nematodes from Tanzaniaa 

Isolate 
Host Manyire Tengeru USA River Ilula Kidamali Iringa Iduda Izurnbwe 

(Arusha) (Arusha) (Arusha) (Iringa) (Iringa) town (vlbeya) (Mbeya) 
Cotton cv.
 
Deltapine
 

Peanut cv.
 
Florrunner
 

Pepper cv. + + 
California 
Wonder 

Tobacco cv. + + + + + - + + 
NC 95 

Tomato cv. + + + + + + + + 
Rutgers 

Watermelon cv. + + + + + + + + 
Charleston 
Gray 

+ =infection; - =no infection 
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Screening LycopersiconAccessions for Resistance to Late Blight 

Summary 

' he ,cnetic approalch of breeding resistant plants is tille sOlutiolln to COntrol late bligIht.long-term 
Twclity-s x I.yc ,'ri;ol accessions were screenCd l"r their reaC.ction to late blight tInder field 
'olitions ii Iinna. Seven accessions were hilily resistant, namely 1,0 3707, l.A 151 I,I0 3684, 

I() (9)1. IJ ) .1083, WV 36, and WV 106. One accessiOn, 1. 1395, Wits rte:CL mderatly 'Csistlant. 

Introduction 

late NIight caulsed by P/l'hvuh tI discOsepart inCLi ly d ritngtltoi'l in/'son.s"is adevats lating toi a 

thL:Col. we.Ctse;ason. In 1994.50-I ()0+, incidence of late blight was rcordeI invarions lrtersuC'S, fieLds
 
visite.l.
 

All toiliati) varieties Lrw+,n ilTlll/atia are snscepibile lo ltte blighl. ('onscqttitly, f'tingicides 
are widely sprIyed to control lie discae in the field. 

The pIlp.N Olthi.; stndy isto Cvaluatc several L Yl)/er.ow:ho accessions for reaction to late blight 
to idncltify Onlrccs oF, resistance1for utse in breeding. 

Materials and Methods 

Inl collahoati(on with Mrs. Ruth Gerson Minj'i of the Scatondale Research Station, 26 tolato 
accession's \VCre screenCd For their reaction t) laite blight u1ndert field con~ditions in h'itigat. 

F nur-wek-old seedItli nes 1)f'Ceach accession were transplanted inl the field insingle-row plots, with 
10 plh,1nt to0 chI ph1t. SnSeCCtiblC tows were planted every ftkmr test rows. '[he expCrimetl design 
was a r:dOmIi/cd co1'mplete block design (RCl3)) with two replications. 

I )iseasC Sevritv vas estirultted s flohws: 0(1) SIytupItOIIs); I ( I-10 laflarCa affected): 2 ( I I
_()/, lcaf area aflfctcd ):3 (21-40(,' Iclfarea al''ctcd) 4 (41-7t)M Iet'area affcted); 5 (71-90% leaf 

area afl'ectcd): and 6 (91 - 1()(/ leaif arta afl'ected). 

Results and Discussion 

.Accessions IU) 37(07, IA 1511, 1. 3684. L(0901, L() 3683. WV 36, and WV 106 were rated 
as higlhly rcsi.itait (ttahle II). L. 1395 was rated as moderately resistant. 

These resistant accessions will he tested again next year in twO dilfernClt locations to ascertain 
thcir late hI.,ilit -sistan ce. 

Table 11. Reactions of tomato accessions to late blight under natural field 
epiphytotics (Phytophthora infestans) 

Accession name or number Source Disease severity rating' 
Highly resistant
 

LO 3707 (PI 365951) AVRDC 0
 
LA 1511 Bangor 0.5
 
LO 3684 (PI 365905) AVRDC 0.5
 
LO 090! (PI 128664) AVRDC 1
 
LO 3683 AVRDC 1
 
WV 36 Mike Coffey 1
 
WV 106 Mike Coffey 1
 

Moderately resistant
 
L 1395 AVRDC 3.7
 

Disease severity rating on a scale of 0 to 6; 0= no symptoms and 6= 91 to 100% leaf area affected
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Research on Other Strategically Important Vegetables of
 
Southern Africa
 

Cl W'in0 

in 1094.Some oltlhcse experiments were conductd in coIaiioritioi wIll the SAl ) training scholars 

who parliciilated in the lirsi Regional VCgetable Production ('mrsc i Southllr Al'rica that was 

Wnuducted trthln May to SCptcmlber -- are dSCrliCd bI 

A numelr oi experiments on otllr Illar ve hIalespCcies the SAl wCrC carriCd Out 

1994. These cxpcriments ,OW. 

Selection Experiment with Ethiopian Mustard 

levelsol turnip mos>ai:c virusl ([uMV ) tolerancean-d steICm ColorTwlety-rine Selections varying ill 

were madc in I 1993ind sell',-dproduce the e tested l*r TuNIV tolerance andto S gcllt'itotlltohte 

segregatioll l*0r' stIm Clor1 (.reen VS. purlel). ThirtCn S liCS with suiticint sCCls wCrC planted to 

obscrvc the s rc;ttion I'Mor color. (}thesc, two were ratcd ui for rlen tmllllald ole 'rl"stemll lolnlC 

lpurplIC stem. l'hese 11-CS lines wevure intecrr.cs.cd within 1lhC new sline to reconstitutc popiillttio 

stCtn color l*0r testiS1LlfTuNl\' tolianlCC. Additiolnal S lines will he tested inl
 

i to re+.cover severa iLuilforut ,or stei for1 TuMV tolefItancC testing. [luture 'l'uNIV
which arC Ulil'nl' o'r 

lines (t colort 

tolcrant lop)ittioliS will subsCq2uently be rcClstitutld l'ro10i sCvCral sulpIopulatitlS IllitaiC un1ilforn1 

'Mr stll color alld tolerant to TuMV. 

Effect of Nitrogen Level and Spacing on Bulb Splitting 
inOnion cv. Bombay Red 

Summary 

Thc effect olin-row spacing (I aid 20 cml). and nitrogen levels (0,0,and 160 kg N/ia) o n hulb 

doulbling (or splitting) ol ollion CV. Bombhay Red wAs studiCd It MIRTS. Artisha, Tanzania. Wide 

paci ng igl ificantly increased hulb)doubling, hut nitrogcn le\'Cl had lio elfect. On tie other hand. the 

lo-itti n plot tad ST'gn l'cintly higher holting rate relative to the f'ertilized plots. Spacilig did lot 

affect holling rale. Increasing levels ofrnitrogen did not increase yield, indicating that the native soil 

t Miliira liliy be already highly leltilc. 

Introduction 

The commion onion (Allium "Ipa vil'. cepa) isa nlaior vegetahlC crop illmnny tropical colntrielCs 

and iscLltivatCd f'or bulb as anlatnnual. l)enand for oniol has increased colnsidelrahly itsairesultits 
of"diversificatiol of, eating halits, urballization, and growth illpopulation. Collsticrs gCrirally 

preler onions with good bulh size and appearance, and norsplittilg (nondoulillg),i.e.,whole silglc
 

hullb. 

Cultivars with lage bulbs like Texas.'atly G-rano are d00LItill
Ipi hotlC11)ub1) llgthan ei.ti vi', with 

smaliler -ulbs,. Bulb Splittinil has nioeffect olnolill laste, ui hllas adverse efl'ects ot theimarket value 

of'the Crop. 

Red Creole
 

01r Coub-ling) problems. There is. 

Most countiries, including Ke,.ya and Tanzania, growing recl-skinned oninis stch its 


I3oinbaiy Red,CXlrcince [ull) splittinig (orl therefo0rC, aIteed to find
 

solutiols to this prolllnl.
 

http:intecrr.cs.cd
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i)plicited Ito 
closer spacing is known to(reduce hulh dohling in suscCptiblC Varieties. This is nCrhap+s duC to the 
reductiol 01' the iulb si/CS at highlCr polahtio deCnsitieS. 

The apparent causcs of this plhysiological disorder are not well-dIliri+d, but it is claimed that 

hortic'hIttrall anld 'actors, including" soil sil mnoisturC, 

Spacing and nitrogen have bcI I influcncc bulb dolling.This is not surprising since 

atierolloti c Scnotyp. orility and igC It 
tra.islanutirn might he involve. 

A grc,ltr uindersta di n of the nmijor i"tCorl'S which induce bulb douhling Will provide atsiit hle 
Screcn irig Cvirtirnnclit for gcrriiplhasis screenin'' to Select cultivars that aC tolCranit to splitting, and 
.ill also make it possihl to alleviate their iluImct oM hulh tuality iil the IrricrrS IproductiIn fields. 

Thl+ojcCtive ol tlhis study is to ICtCrmin"e the Cflects ofl nitrogCn aid spaiirng t bulb splitting in 
O)n+ionls un1der ArtshSu condilionts. 

Materials and Methods 

This tiId CxpCri mei[t WiS conducted at M II'S, Arus,+ha, Taniania, which issituated 140011 above 
Seil level. The cutivar used was Bomba1Zy Red. 

Seeds . flat trays onwerc si,'Iinl wo'deI I I Mav 1994 arid transplanted 42 days ltter. TrCatmlntCs 
Were fllctorlill' atranICd in RC1I) with three replications. Plot sizc was 0.75 x 4 m. 

Treatnts includ.d three nitrgCn lcvels namely, ),80., and 16()kg N/lhi, and two in-row 
Spatin.igs of 10 arid 20 crir. The nitrogen inl anoriiutli sulfate l'trit was split-applied inl lhrcc 
prlurtions: 1/2, 1/4, I/4. The lirst application was hasal. The first and second topdressing were donc 
3) arid 45 days aiter tran splhtntirig. 

lrri11 pCt and and (ither cultutral practices wCre its,Ati)nI, wCCding, di.,ise control, done 
rcoimnemided. l)ata ()nneck thickness (girth), number 01'odoubld hulhs, and hoIt'kg rate were 
ecorCdCd. 

Results and Discussion 
WVid'r i-row spacing signiTficatly increased the rate ol 'urlbsplitti ng, hut had noeffect on bolting 

rate and thickness of lie neck (tahle 12; 'ig. 2). As expected, per unit area yield was higher at closer 
slp)ci rtg. 

Table 12. Influence of spacing and nitrogen levels on frequency of bulb doubling
(splitting) and bolting in onion, cv. Bombay Red, ARP-MRTS, 1994a 

Treatment % Doubling % Bolting Neck girthb Yield 
(cm) (t/ha) 

Spacing 
10x 10cm 10.9 a 18.9 a 1.63 a 29.4 b 
10 x20 cm 25.8 b 14.8 a 1.60 a 22.8 a 

Nitrogen level 
0 kg N/ha 17.1 a 25.3 b 1.65 a 244 a 
80 kg N/ha 21.8 a 12.8 a 1.62 a 27.3 a 
160 kg N/ha 16.3 a 12.3 a 1.58 a 26.6 a 

Mean column separation using Duncan's new multiple range test at P=5% 
Taken 74 days after transplanting 
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Fig. 2. Rate of bulb splitting in onion cv. Bombay Red as influenced by spacing 

Contrary to previnjs reports, increasing nitrogen level did not influence (he rate of1b11ldoubling 

iii othis exIperimnent (tal," 12). lWever, rate Oi boiling was highest Under the n-niltrogen plot ( 'g.3: 

table 12). It appeals that the native fertility at the NIRTS site is alreadY high as C,,idenced by the 

absence of nitrogen elTect ('ii yelId. 

This sitdy is being epeilAtd by (he I I()RTITl-'enIeru collaloratolrs to lok also at the eliect ofi 


irrigation., Seedling age, and dat1e Ofi llanting. S(nb)setlently, it Will he possible to idcntiiy the 

Collblli[iltion o1lti Ilmost iirlllotalt factors which miximlizc btilb doulbling and 1t use it in selectilg 

fo0r geniotypes Ilat are resistant to this physiological disordcr. 

25 *.Jil Bolting (%) 

20 

15

0~ 

0 kg N 80 kg N 160 kg N 

Nitrogen level (kg N/ha) 

Fig. 3. Rate of bolting in onion cv. Bombay Red as influenced by nitrogen level 
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Effect of Early Loss of Apical Dominance on Yield and 
Other Characters of African Eggplant (Solanum aethiopicum) 

Summary 

Pinching (or hlpping) oI, African eggplant did not influence tllcyield and other chltraclers ol 
.\ficall Cggpla rq'gardless oI cnllivar. ihe T"]ger"'l folIund to he bettelr than\.ll'iety While wals 
NlHIvirC ( .l'lnyield, lrutit Sim, and plnt calopy. It also tende'd to lav\taller lultsiiMd 1110rV lruit 

cluIers thanl ilyirGreen. o'pping of' Al'rican egplalnt is lt a worthwhile culturaul practice to 
ICC)'Iilllllt'Ild
Itv kIctablle producers. 

Introduction 

'The ,\ricaln eggplant, Solaum au//iolm'um, locally known il laiviaii as "io,\\ve, isole of' 
tIe nlost imlportanit ilvdivois vcgCtilhlcs grown in nlny palts ol'lastcrn aiid Northern Tauanizi, 
esc.'ially ilaotiiiid the uraln cliter's. This vegCtab le rcsCmblC, eggpllt in geCll growt]'th and 
chlracteristics, but vith slihtly bhitcr fruits. 

In rccCit yNears, ct 1isurtiot of the Aflrican eggpgllnt. especially ill tulrbal areas i il ai.aii, has
 
iil)\5'll trvticin cthul and. thus. therc is ailneed to increase production to stpply thc market demand.
 

"'her is little iiit1111n cut llflitioln on the iilip,-\,e ,productivity. ]llfirlnIlationll il itnproWed ciltuiril 

practices ar, dircly luckiiio. 

'[iS esppCriicnt wis conduicc t sturdy the ueol't*tItoppling to inlducc ]0SS0l.ipiC;IIthljtflenCC 
oIt the Ip'rlTOIulitlltc of i\lricun c..pla.nt cultivars. 

Materials and Methods 

'['isc.pc'ri! lit was conductcled May to Sptein ber 1994 t MIZTS ol',Akl",Tenger. Arusha,volu 


l;Iii/iuia, which is situttcd 13(0)0 ilabov sca level. 

Seeds of two vaurieties. vIlunirc Green Mid TCng'u Wlhitc. ,t'C werevicd by Il( )lRTI-Tcngtru, 
sown il woidcn Hats on 1 8" May 1994. Scedlineis were thinned 4 weeks alter soiwing+to one plnt per 
hill. ()nc wck Irc transplitneihg. thc sccdlin.gs wcrc hardened by rcduicinge lc )Itbelr 1cicyo, 

irritn ,la tet,+Irial spot L.isciISC wIs noted in th nnirsuery and waits co mtrollcd by sliyiiwu Kocid'..t 

]lCttor" ltai-illtntine the secdlings. nitrogcn l'crtilizcr in thflom of inca1\\,'i baISally' iIppliCd in 
the planting holes ltthe raut of 25 kg N/ha. hlehsami aniotnt was sidediss.d -weeks later. 

Sccdlinw ',wcre tratnsplatted oil 3).hue at ispacing of9 ) cni between rows and 75 cni betwcen
 
lant,,S. l'cl p)lot alitd ol1.5 two rows ,'I ~tclh.
anlare'Ca x 6.0)il, \viith 14 plants A 2 x 4 factorial 
trr;uireciCiint l trcatilicitts inl R('BI) was used. Variety ,Served as one t'uctor ald a c ol pinching (or 
tolpilg) isthe otther factor, with lfour lev,.l:.i mcly, lpinchin 3,4,and 5 \,eeks al'tcr tranisplantin..ait 

anod topitchinl ;ascontrol. 

lFurrrotw irrivation was done Cv'y 3 days. WCCilig was doC its ICCdCd. Iluriadin \wis applied t0 

control Cutlwo'itis which iattacked the plants at seedling stage. Actellic wis sprayed to ontrol ladybird 
ICilCs which iatlicked' the leaCes. RidoilI tliicidc was spraed to LcoIllt'oll, tIe Inllgll diSeascs. 

Yield iiandotiter ho1rticuhlral cLIaraclC'S WCre r.corIided. 

http:sccdlin.gs
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Results and Discussion 

Pinching (or topping) of" African eggplant at various stages did not alfect yield ao1d oilier 

characters of1A'ricanfggplant. regardless of cultivar. 

The variety "''lgT'rt Whit had a highcr marketabhle yield o1 19.4 t/ha than Manyir Green wilh 
6.2 i/ha. Fenecr \hite ilso hal hiegCr fruil, prodtuccd bigger canopy, and tended to have taller 

plants aILdtmo're fruit clusters than Mianyire! GreCn. 

It atpplaCrS romn this CXle'rinetlhat llint g oF Alricln Cg'plant isnot a wotxlhwhile cultural 

practice to 'oflow. Ina 1993 stnay. atSiilarl result w\'is oltinCd from a1io)plng experiment in anolher 
trlditional 'CgetiblC, black nightshade (So/la/unu nigru/uwf/l. 

Comparative Performance of Introduced Amaranth Germplasm 
vs. Local Cultivars of Tanzania 

Summary 

In itreplicated field trial comparing the Tiiwaln colmercial anlaranth cultivars with the local 
culiivars which are widely grown in Tanz.ania, the Taiwan varieties proved io be weaker, slower 
growing, and lower yielding than the latter. Taniania Red (AmuraIullus/)l,/ riatu~s) grew the 

varieties tcsted. Generally, the growih rais olall 
culti,/ar;s were cil ilarablc during the first 2 weeks af'ter seeding, hit alcrwards, the Taniniall 
'arieMtiCs dCrew moeIbLC'IThe Taiwan commercial alliarantl1lh varietics not be acceptable to Ihe 

fisicst and yielded the highCs; .tillelng the Ifotir 

astihr. alily 

Tan/aiianls and, palaps, evenu tie test of Aflica where llist of" lte Commonly grown ctlltivars are 
the rapidly grow'ing typcs. 

I'lofli colleciion indicated 

diversity of charllacteritics such issmcnl nileaf color, vigor, si/c, and shape ol'he leaves, hlowcring 
behavior, p!ant hCight and weil]t., 'I;tC, lCilfstel yield. 13ilodal listribut ion was evidet'n 

The llservatimlil irial of '2 aimaranth accessiol the AVRI)C a wide 

.'u'oMVtlh nild 


r g'othrrate. :asist .rowth \vas obscived illthe local cullivar, Tanzania Red (Almuluu. 
/I.\'/uOC/11)Jnriu1CusN).I)istributioln 'tbr was noliccably skewed, with most accessions fallingplant we'Cight 
uinder low \s_,iuiht clIsse s. leavisI plints werc produced by the local cultivar, 'ailzalia Red. 
listograi f'r yield largely rl'ected tiat 1l'r plant weight. Again, the best yielder was tle local 

cultivar. Tta!ili Red. Thirteen accessiolns thati performecd relatiively well were seclecd and will nee~d 

zan+iato he multiplied ftr larger field trials iniTanll 1d other African countries. 

Introduction 

I ealy alllalltali is widely grown and is iavery puttlar vegeta-le in Tantzania. It is consInied 
largely a.sitrelish and goLes traditiially, with "tigali" or cooked corn hlou'. In (lCsiitttte regions of" 
Tanzania, it is ol'tcn tile sourcre illinerals for tilelocal people.Inaijor 0'"proteins, vilailins, and 
Ana.ranth isgrown both in the holc and urbat.gaul arden.s, and isconsumed, iswell a.ssold in the local 
imarket s. 

In recent ye;Irs, consumption (If vegetiablcs like niuaranth, especially in uillan areas olTanzania, 
has grown trmeuendously. There is, thus, it CCd to incl'CsC production to p:.pply the market denand. 
I hlwever. hcre is scialty inl'orlation related to tile fprodnctivity, improved cultivars,imiproveentnt 
andicultuiral ptl'tiCCS. 
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lni i 1 994. These 
experiments were conducted tocompare the yield and otherclaracteristics ol'the introdticed aniaranth 
accessions with tilecommonly grown local cultivir's of Taniania. 

Two trials to eva ihate the newly introduced iamaimith gClIII)lilsinl were carried tl 

Materials and Methods 

The birst trial compared fnmr varieties: "Faiwan White leal, Taiwan Edible Red. Tan/ania Green 
a'iln Red (AlInnrt h1T hoildrit its). Seeds oI the Tiaiwan 

V'inetics are sold commercially by Taiwan seed Companies arid were collected and sent to ARP by 

AVRI )-'s GRSi. 

(Anmuti.tuhs crtunit/ius). ;aid iallia thl'iusv 

/\bIt .5.45 - wa'its seed cill-l'er.sceds oc"eich cutry ' ni xcdI with an eqaitl inllOtillt o1"whitte Siald its 
The seed-slld mixture was dlireCt seeded on 1(0 Oct ber I )i4.on 3-i-lom beds. spaced 9() cm apiart. 
The experilmient w,;s laid out uLSinl! RCBI with four replicatios.ill 


(ili multtion was obServei on 13 ()ctobcr. The trial wis irlieted tvicc atilay. Stilter solution 

consistinl'oOi'lisSOleid urea at .3'/was applied twice (2 uld 3 weeks alter seediI Ig) tring tIe illiation 

nl the experimenlt. 

I)atl on 'v.th rate (mleasured itspt'+)gressi\'e seClling height) using live samples in each plot 

were recorded begining 22 ()etober and repeated ill3-tlav intervals three times thereafter. A final 

plant height nleilsurelent wvatsmld at harvest otn9 November. Plant yield (steim iuld leaves) was 

rcccOrded 1'or elch plt. 

The seconi tiil wits carrieilT(lit itsila(lbservatiollal trial oF 8t aliaraillth accessiolns that were 

plrvidc ealier Ky (;RStU IJ tie cetite's collection. As tihe it seeds oeach accession wits(m moutilll 


1lt uile(Lte. this exterimeni Wits tIlO1 replicated. 

,\b,(tt I sceCis 0'ilechm aciessi0I wits iixedi Wit1h White sllnd Issecid clrier. The seedi-sanlld 

mixtues wVere iirect seCiLei 14 ()ctober 199.1, oit I-tn-lht ail 9t)-cin-wide beiLs. 

ilter llost iaccessiOlls. The trial was i'rigated twice it 

Starter solution otlsistine OFLdis.,ol,.ed utrea at 3'1; was appliCi twice tat 2 ani 3 weeks after seeding) 
iuring the course of the eXplcricntet. Inl addition, urea and triple supep 

Germatilon wits iibserved . ilays m day. 

rlhosphate were applied basally 
at the rate tl" v incrrlatllVling the l',rtilier into the soil prior to planting.Ift kg N/ha and 10 kg P( ),/hat 

I )a;ta On growth rlte (utcasurc itsprogressive smciling height) using five samlples in each plot was 

recorded becitmin 25 ()ctohber and tepeated it3-ilaIV inlervls three times thercalter. A lill plt 

heihit mestn'eent vas mtade at harvest onrt 16 Novemler. To lal plant yield (stem and leaves) was 

each plot.recrded l"Or 

Results and Discussion 

tile cultivars 
introdiucei fron Tilixivl With tile 

"ithlc 13 shovs the results of the first trial comparing comnmercial atnaranth 
local cultivars o1'Tanzania. The Taiwan cuiltivars were weaker. 

slower grxvitg. aid lowem Vieliling thlli tileT"l iatillvlatietes. IlliNIl[ictililt. 'Tainila Red 

(AnmMrat1tltI"/iV 0'h1imhitiu(s) had the I'lastest growth rate adil le highest yieldilllong tie 1,oulr 

varieties tested. 

Geinerall\'. tile te dfter seedinggroxvth rate olall cultivars was Comparable during irst 2 weeks 

(I)and I),. Ilt ilterwils (I), ill lilllnia xillarieties grew much Fister (Fig. 4).)1.llnd Iavest) the 

varieties 

w ilbe ccepltable to the "I'atniatnsaiyd, perhap. exen the test of Afr'ic, wher'e mot Fthe commonly 
gutow,,, 

It dioes not appeartl nll e results of'thi; fielditrial thlt the 'iwaill Coilrll cil iall nillith 

etuitx'rs are thle rapiilly groxvi rg types. 

http:OFLdis.,ol,.ed
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Table 13. Comparative horticultural traits of Taiwan and local amaranth cultivars of 
Tanzania, ARP-MRTS, 1994a 

Cultivars Plant height Mean Mean Unadjusted Adjusted 
at harvest plant weight growth rate plant yield plant yield 

(cm) (g) (cmn/day) (t/ha) (tlha) 
Taiwan White Leaf 4.2 a 4.9 b 0.23 a 4.4 a 4.6 a 
Taiwan Edible Red 8.6 b 2.5 a 0.47 b 4.5 a 9.1 b 
Tanzania Green 29.8 c 6.8 b 1.65 c 12.1 b 12.6 b 
Tanzania Red 43.0 d 11.5 c 2.39 d 16.0 c 21.3 c 

Mean column separation by Duncan's multiple range test at P 5% 
Note: Approximate population density = 1,850,000 plaots/ha 

45-	 I 

40 --0- TW White Leaf -/ 

35. --- TW Edible Red 	 / 

E 30 -- - TZGreen 

255A, TZ Red 

20
 

X 15

10

5

0-

D 1 D2 D3 D4 Harvest 
Period of measurement 

Fig. 4. 	 Comparative growth rate of introduced leafy amaranth cultivars from Taiwan and 
popularly grown local cultivars in Tanzania 

The observational trial of 82 amaranth accessions front the AVRDC collection indicated a wide 
diversity in stem and lealfcolor, vigor, size, and shape of the leaves, flowering hehavior, plant height 
and weight, growth rate, and leal/stem yield. Fig. 5-7 show histograins of tile 82 accessions for 
characters sUich as growth rate, plant weight. and estinlated yield. 

The I'lastest grow l was obsCervcd intile local cu] Itli Va Ti'' n aniiaRed (A narIIu.II- ' h o udritfus). 

illowed by accession A 86 fromt India (fig. 5). Bim1odal distl'ihulion for mlleall growthl rate is evident. 

nCMl 
Most accessiollS falling tlldel the relatively low plant weight classes. ( )nly Ihre accessions exhibited 
ncan plaint weights over 25g. Aglill, the heiviest IlaIts wCrC prioduceL by the local cultivar, Til.ian/ama 
Red. 

The distribitioni forI plant weight of the 82 accessions is noticeably skewed (fig. 6), with 
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Fig. 5. 	 Frequency distribution of mean growth rate (cm/day) of 82 amaranth 
accessions tested in ARP-MRTS, 1994 
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Fig. 6. 	 Frequency distribution of mean plant weight (g)of 82 amaranth accessions tested 
in ARP-MRTS, 1994 
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estimated yichld Iargcly nirrored that llcall plant weight. hoth inl nature oh' 

distrihution Mid in thu ideltity ol thle promising accessions (fig. 7). Again, the hest yielder was 

Tanzania Red, IOllowed I A 69. 

The histonrtn tr 	 o,0r 

Front this obsrv.tlional triaKl, wc selected 13 accessions tlt perl 'ned relatively well in terns 
(t1generall vigor, plant weieht. anl yield. These accessions need to he multiplied in largCr quantity I'or" 

larger held trials in Tlaniamia and othcr AFrican contrics. 

o*ovcrall vigor anid yicld, tle TanMzania Red v\ariety is still the best cultivar.In te-'ills 

20.
 
Histogram of X Estimated yield (t/ha)
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Fig. 7. 	 Frequency distribution of approximate yield (t/ha) of 82 amaranth accessions
 
tested inARP-MRTS, 1994
 

Training Activities 

The training component of CONV FRI) was funded by the German Ministry lbr Economic 
Coopcration/crman Agency fr Technical Cooperation (13MZ/GTZ) hcginning in March 1994. 

Following that funding omCmitment, the ARI0staffbegan lmrcinmtio lrrthe First Regional Vegetable 
Prodiction Course which hegan in May 1994. 

A total of' 16 training scholars 1MiticiplIted in this 5-month course. Of these, 13 came from the 

SAI)C countries and three 'rom ncighohring Aft'rican countries (Kenya and the Seychelles). In 

addition, three Special-purpose trainccs particilPatcd: two f'rom the SAI)C coutrics, and one sttident 

loml I lolland who oinicd ol part-ti me research internship for 6 months. 

At the end flthe training program, the participants were asked to score the puteintial uselfiulness 
of, tihe course onl atscale olf I (= not usf'1;lul) to 5 (= very uselul). 01f 10 studenits who submitted their 

evaltation sheets. 15 rated the course as very useful and I. isefil. 
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General con lnts raised hy the Studetlnts to improve the course we2re aIsfollows: a1.commodalion 
prohlemns, particulirly lack of electricity and water; lack of' in-depth and qtiaty ICctures in some 
suhject matter areas ot the ctriculm; insulrTiCint practical sessions inI Some disciplines. e.".. 
staittStics, plt hrCCding, cultural practices. and others: poor held trip exposures in Tanuia: and 
limited lisure and CXtr-acurriculatr activities in Arustha. 

The ii-st batch r vwgctabhle production tialilcs graduated on 28 Scptemhr. The commeuncement 

exercise wals T'C+ttcatd hy the principal secretary t"the Ministry of' Agriculturc (represented hy the 
sironCer I'(resarcI.h and training ), and attended by the SACCAR board chaiilililn ld S\CCAR
 

irCctoi. and hy the AVRIOC director vicnral, who camc a.lso to Servetas oile: ol the lst rCsourcC
 

COM Ium 

PC,1 1in,ii tlie ciLII',se. 

A -\ck shoi t-tertn course on vcetalh diseases, with mllphasis oi disease diagnostics., 

distribihtllion, and strain-typing, \Wsas lIs o condutCLd rlom12 to 22 ()cto)er. The aim olthis cour'sC was 

ttlbuild tcapable sulbutor\'trk ot' national persimnel working, on\vegetahle diseascs in the SAI)C 
reCimo tnd nicibo-rime Iast Atrican countries. These N\Rs scientists, In close collthr tio with 

ARl plantlpathologists, al' expected to getler.te more knowledge on \v'gCealU diseasCs than had bCCn 
l ihl.: inl the put, flliowing the intcnsi\,c short course. 

A tmotal of1I' NARS persornnel, 13 trom SAI)C CoLntries, and 3 Irom neighhoring African 

countries (Kenyva a.nd 1 IJgInda), participated inl this course. 

AS in the earlier Vegetable lIrluctimn cOurse, the pirticipants were asked to e.valuate the 

rsct'ltmicss o[ lie ctltir.01f 14 who turned in tlie]r Cvalu+rtiol sheets, I I rated th course isVCry tlSCI'lIl 

nd 3 irs usclul. Although the ratio of hoiurs otI practicitls to hours ofilectures iln this short course was 
alehCAdv hott 2:1. It of 16 participants smtgestd thitt more practicals shoild have heen programmed. 
The itlost g laIrig c nllaint hard hcn the inadquiaICy nil labmmrtory C(lilpinrit. lr ictlarly microscopes 

[Orf prtctical wo rk. 

I)urnirs and/or Spnmnsois who supolrted the particilants in these two Coiurses were BMZ/GTZ, 

AVRDI)C, FAO, German Agency forInternrtional Development (I.SHF), and USAII). 

Networking and Priority Setting Activities inthe NARS 

A tomato network planning workshop was comrganii.Cd with Ziihawe. the lead NARS f'01r 
tmnlato research in the SAIC recion, oi 7-Il Fehruary I994, MrI ittCndICd hy the nlational vegetable 

researrch teamin leaders o'min I( prticilrMItS arid 5 invited speakersseven SAI)C cuntries. A total of' 

I'Im various sectol's oit,zihahV's tomato industry' l~rrilci~l~t.l. 

In this nCCtiu, high priity wis accordcd to the asselihly, distitimtin.,antIdtcsting rutadvanccd 

toluatom genrplilsim tr'iin seed colmlpanies and pubhlic research organizationms inlA'ricir and other parts 
)f" ire major rulireirretS of tme cro0)p ill ve willwihbasSumel]C tlethe wold.l IMrsCd oItnl the region. 

role ol asserbhli ug tire impropved gCrnhplrsrl, amnd will pro\'ide a rister list rft assermbled cuiltiv'rrs. 

cuini+lete witi their irajor traits, to the vallious NARS so that cidch could selcCt the most ii)p)rpritiit 
curltivrrs ti ilclIdC in its nationlal testill. schemes. This recitoal tomato gertnlplitsrn testing aclivity 
Will C0n. 1mnl"ImeCmil1995. 

In 1993, ARI a sisteI ill time tri'm'ation ot' the nationarl vo.'etahle research termnitIl'mrlFiizania and 
in the pririti/.ition olthtire.egetable researchprognral ot'the c ountry. The nitiomnal goetalC n'scat'ch 
(Camhas since thm -iharked ptirrSlrIg its research prioriti's. lFomr example, tiomil tmimllm)it the rtn 

germiphlasrn testing program has becen resuscilated iii 1994. Fmour AVRDC hrceding liues, two 
indeternmin~te arid twin) deteririnate lius, have been entered in the attimrral ti'iurls, Base.d onlthe 1993 

http:comrganii.Cd
http:getler.te
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and 1994 trial results. the national vcgetable research tean has ctiiiuIiicated that at least two of' tie 
AVRI)C biceding lines shall be entered in the 1995 on-'lain trials. 

Three national priority setting workshops wcre explorcd with the Other lead NARS ofU()NVIRl)S. 
'/amrhii. Nlala\,s i. aid ziLl Zimibabwe dcli ned the exercise. rationali/itng that this/labwe. to carry trot 

-pitroess is already hui It inl their animalil research pllnnin Cxerc'ise. The plroplsed m in ZambiatCCies 
and Malawi lid lot materialie as planned. The mctings have now Iecll relurainied with the 
tttional vCutablC rCscarch team l+aders of the tWO CUtrjcs and hlpeIlly. w', le resCuidnlcdill 

soilctim in 1995.
 

Program Staffing 

The setnior plant patholOist funded tilccr the Africa Itoiiat. brCeditng priljcct was hired in .lanuary 
I904 and joined the priject in Fbtitary IN4. 

I In"Iing tiegotiatiotns v,itlh the Ministry o\ rieitill tlre.,Livestick and l)evelopmetnt Cooperatives
 
ofl'aiiiaiai kiaI. tM('.wal imcnbers ofl )Rc'l'l-'lCeicrl oie lntor (trainer), and one lalborattry
I( 

Icc'hniciall, wre secCtidcl to work v,ithARP. 

(te iCeld is.,istniii, a second driver, and a wacthitat Were also hired Ol full-tic basis by the
 
pittct till Ile VCar.
thi 


Inl April tihe rcscarch a+:ssislat ill vcgctalc bCCditig resigned from sccodiMCnt dLtiCs with ARP 
and rejoined Il( )R'l'l-'lTctigru as coordinator of the nationial sCCd production pt'grain. To date, this 
post has lot yet bCel filled up. 

In Atgnst, the projcct sccretary also rcsignld. 'This post has not heetl filled. 

Facility Development 

The dcvclopMent 1. ithe arirnl of 1IORTI-Tegertn14-aClC site at the Nladiira is now coiplete.
except or 'aci lilies such isscreenllioises. Research and ti'aining'' aclivitics ate now fllIly concentrated 

itMR'TS. This I'acility has a field hoLs, irie''ali and drinac canals. watlr reservoir, and guard 

htoss,es.ad is fully sccircl by ai feicc. 

At It')l'T-Tcncri, rciLt\iit of tle offlicCs ol'three senior staff nicinbers, one secretary, aind 

ile ral-qirpose yeiie,,thilg ,i has kein completed. 'Teplatitl pathlTy lbatory was also 
t'eiivated. A scrccihohiue for plainliloh e,_y' constricted.rCscarch is yet to lie 

Rello\ation olthc libiary Ifor research and tra<lining piiptpscs is a.lscolinpicte. 'Tlie so)ils labinahtlory 
adjoining the ilbrairy \\'as itraining classroion andcotiverted into was tised itthe last two courses. 

The guest dining rooitall itthe Livestock Training InstitntC Was also rellovatCd aid CelUippCd wilh 
appliances, kitchi UtClisIls, and Other accessorics Ifr use by AR, training scholars. 

The development oflthe regional research and training facilities at lIORT-Tecig.iu and at the 
Madiiria farni, except for hostel tacilities 'r trainingT and SreClhollSes lor research, has ben 
coiilplctcd. 

http:lIORT-Tecig.iu
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Board of Directors
 

Dr. Yien-si Tsiang, Chairman' Dr. Martin L. Kyomo 
Secretary General to the President Director, Southern African Centre forCooperation in 
Office of the President Agricultural Research and Training (SACCAR) 
It1?2, Section I.Chung-ching S. Road Private Bag 0018 
Taipei. Taiwan, ROC Gaborone, Botswana 

Dr. Guy Charles Camus, Acting Chairmanb Dr. Manuel M. Lantin 
8 rue Ernest Cresson Undersecretaiy. epartment of Agriculture, 

75014 Paris, France DA Building, Elliptical Road, Diliman
 

Quezon City, Metro Manila, Philippines

Dr. Paul M.H. Sun, Vice Chairnianb 

Charman Dr. James R.McWilliam 
Council of Agriculture 129 Mugga Way 
37, Nan-hai Road Red Hill, Canberra, A.C.T. 2603, Australia 
Taipei, Taiwan, ROC 

Mr. Nobuyuki Sugimoto 
Dr. Kampho! Adulavidhaya Secretary General 
President, (asetsart University Taipei Office, Interchange Association 
Banrikhen, Bangkok 10900, Thailand 43, Chin-Nan Road, Section I 

Taipei, Taiwan, ROC 
Dr. Ju-ho Chung 
Director Dr. Kunio Yamakawa 
Vegetable Cultivation Division Research Advisor 
Horticultural Experiment Station Takii Plant Breeding and Experiment Station 
Rural Development Administration Kohsei, Kohka, Shiga 520-32, Japan 
540, Tap-dong, Suwon 441-440, Korea 

Dr. Samson C. S. Tsou 
Dr. Ir. Louise D.Fresco Director General (ex-otficio) 
Department of Agronomy AVRDC, Shanhua 
Wageningen Agricultural University Tainan, Taiwan, ROC 
Itaanr.eg 333'P.O. Box 341 
6700 AH. Wageningen. The Netherlands 

Observers 

Dr. JOrgen Friedrichsen Mr. Tatsuya Anai 
Head, Division for Plant Production, Plant Protection Chief of Agricultural Affairs 

and Forestry Taipei Office, Interchange Association 
Deutsche Gesellscthaft flr Technische 43, Chin-nan Road, Section II 

Zusamnoenarbeit (GTZ) Taipei, Taiwan, ROG 
Dag--Hammarskjold-Weg 1-5 
D-65760 Eschborn, Frankfurt/Main, Germany Dr. Te-yeh Ku 
Dr.Charles E.Hess Director, Food and Agriculture Department 

Dr. harls E.HessCouncil ot Agriculture. Executive Yuan 
Prcf. and Director of International Programs 37, Nan-hal Road 

College of Agricultural and Environmental Sciences Taipei, Taiwan, ROC 

International Programs Office 

110 Buehler Center 
University of California, Davis Resigned chairmanship effective April 1994 
Davis, California 95616 3769, USA b Effective April 1994 

http:taanr.eg
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Staff
 
Administration 

Samson C.S. sou, Ph.D., Director General 
Tung-hai Huang, MBA, Director of Administration 
Nancy C.Chao, Assistant Comptroller 
Jeng-hua Chen, B.S., Superintendent, Buildings and 

Maintenance 
Sui-fang Wo, B.A., Manager, Food and Dormitory 

Services 

Crop Improvement Program 

Program Director: C.George Kuo, Ph.D. 
Breeding 

Crucifer 
Lien-chung Chang, B.S., Associate Specialist 

Pepper 
Jean M.Poulos, Ph.D., Associate Plant Breeder 
Ren-chieh Jin, B.S., Senior Research Assistant 
Chien-rong Ho, B.S., Research Assistant: 
Yayeh Zewdie, M.S., Research Fellow 

Soybean
IS.Shanmugasundaram, Ph.D., Plant BreederMiaw-ong Yan, B.S., Research Assistant 

Tomato 
Peter H.Hanson, Ph.D., Associate Plant Breeder' 
Jen-tzu Chen, B.S., Associate Specialist 

Allium 
C.S. Pathak, Ph.D., Scientist 
Shin-jiun Cherng, M.S., Principal Research Assi.,tant" 
Swee Suak Ko, M.S., Principal Research Assistant 

Entomology 
N.S. Talekar, Ph.D., Entomologist' 
Wen-jin Hu, M.S., Principal Research Assistant 
Mei-yin Lin, M.S., Principal Research Assistant 
Fu-cherig SU, B.S., Senior Research Assistant 
Bruce L.Parker, Ph.D., Visiting Scientist" 

(8January-22 December) 

Plant Pathology 
Lowell L. Black, Ph.D., Plant Pathologist (Mycology) 
Sylvia K.Green, Ph.D., Plant Pathologist (Virology) 
Jaw-fen Wang, Ph.D., Associate Plant Pathologist 

(Bacteriology) 

Tien-cheng Wang, M.S., Associate Specialist 
Yi-hsiou Huang, M.S., Principal Research Assistant"
Ber-tsu Chiange, M.S., Principal Research Assistant 
Su-ling Shih, M.S., Principal Research Assistant 
Jung-chin Chou, B.S., Electron Microscope Technician 
Tsai-hsia Li, M.S., Principal Research Assistant 
Yuan-chuen Lin, M.S., Principal Research Assistant' 
Rodel Maghirang, Ph.D., Visiting Scientist 

(4-29 September) 

Plant Physiology 
C.George Kuo, Ph.D., Plant Physiologist
Huei-mei Chen, MS., Assistant Specialist 
Tyng-shyang Lai, MS., Principal Research Assistant 
An-ni Tsai, M.S., Principal Research Assistant 
Jinq-chyi Chang, M.S., Principal Research Assistant 
Pi-er Huang, B.S., Research Assistant 
Wen-Ju Yang, Ph.D., Research Associate 

Genetic Resources andSeed Unit 
Liwayway M.Engle, Ph.D., Geneticist and Head 
Yeong-ho Lee, Ph.D., Visiting Associate Scientist 
Yung-kuang Huang, M.S., Principal Research 

Assistant 
Jia-chain Shieh, B.S., Research AssistantChing-huan Chang, B.S., Research AssistantElizabeth M.Libas, M.S., Research Fellow 

Ann Inez N.Gironella, Ph.D., Visiting Resource 
Scientist (18 October-18 November) 

Mae P.Cababasay, B.S., Research Fellow 
(18 October-18 November) 

Production Systems Program 

Program Director: David J. Midmore, Ph.D. 

Crop Management 
David J.Midmore, Ph.D., Crop Physiologist 
Takeo Koyama, Ph.D., Environmental Physiologist 
Yu-chi Roan, B.S., Associate Specialist 
Mei-huey Wu, B.S., Principal Research Assistant 
Feei-yu Jiang, M.S., Principal Research Assistant 
Soil Science 

Richard A.Morris, Ph.D., Soil Scientist 
Chin-hua Ma, M.S., Associate Specialist 
Chun-jen Chen, M.S., Principal Research Assistant 
Shu-chun Tseng, M.S., Principal Research Asistant 

(August-September) 



stall, 	 SW 

Chien-ling Chen, B.S., Research Assistant" Philippines-AVRDC Outreach Program

Clarita Aganon, Ph.D.. Postdoctoral Fellow Benjamin M.Legaspi, B.S., Projact Director,


(4July-20,,tober) 
 Los Bahos National Crop Resecaich and 
Development Center, Bureau of Plant Industry,Sociceconomics Department of Agriculture, Laguna, Philippines


Hans G.P Jansen, Ph.D., Associate Agricultural
 
Economist' Korea-AVRDC Outreach Program
 

Mubarik Ali, Ph.D., Associate Agricultural Economist Ju-ho Chung, Ph.D., Director, Vegetable Cultivation 
Robin Marsh, Ph.D ,Postdoctoral Fellow Division, Horticultural Experiment Station, Rural 

(located at IICA, Costa Rica) Development Administration, Imok Dong, Suweon, 
Iang, M.S., Principal Research Assistant' Rep of Korea
 

Morg-chun Ru, M S., Principal Rescarch Assistant Bangladesh-AVRDC Agricultural Research
 
Dong-fang Sheu, MS , Principal Research Assistant Program
 

Huci-lir 


(January-November) Madan Mohan Lal Chadha, Ph.D., Senior Horticulturist/
Sunkara Valasayya, Research Follow Agronomist, Dhaka-1212, Bangladesh
 
Durga Dutla Poudel, M.S., Research Fellow'
 
MLithiah Asokan, M.S., Research Fellow Nepal-AVRDC Vegetable Research Program
 

R.K. Raut, Ph.D., Chief, Vegetable Development
Division, Nepal Agricultural Research Council,International Cooperation Program Khumaltar AcricUltural Research Station, Lalitpur, 

Prcgram Director: S Shanmugasundaram, Ph.D. Nepal 

Training Regional Programs
 
Yi-ming Chen,M.S., Principal Training Assistant
 

Asian Regional Center, Bangkok, ThailandPublications and Communications Charles Y. Yang, Ph.D., Director 
Jack W.Reeves, J.D., Communications Specialist and Doo-hwan Kim, Ph.D., Associate Plant Breeder 

Ilead 
Sylvia Katherine S. Lopez, M.S., Research Fellow Africa Regional Program, SADCC-A VRDC

' 
Cristina P.Bejosanoc, B.S., Research Fellow CONVERDS, Arusha, Tanzania 
Ma. Victora Dinnalh F.Cabangbang, B.S., Research Romeo T.Opeha, Ph.D., Director 

Fellow 
 Remi Nono-Womdim, Ph.D., Associate Plant
 
Pathologist 

Information and Documentation 
Teng-hui Hang.B.A., Senior Librarian Research Support Services 
Fang-chin Chen, B.A., Catalog Librarian 
Shwi-min Hsu, B.A., Documents Librarian Analytical Laboratory
Huei-hLUa Wang, B.A., Acquisition Librarian ' Samson C.S. Tso i, Ph.D., Biochemist 

B.A., Acquisition Librarian' 

,Jir-tien 

Wen-yu Yelh, 	 Tuan-liang Hong, Ph.D., Principal Research Assistant
 

Hu, Senior Library Clerk 	 Ray-yui Yang, M.S., Principal Research Assistant 
Mong-hsin Ouyang, B.S., Research Assistant

Cooperative Programs 	 Statisticsand Computer Services 
Country Program 	 Hsien-yang Tien, B.S., Assistant Computer Specialist 
Nung-che Chen, Ph.D., Horticulturist 	 Yuh-ling Chen,B.S., Computer Assistant
 

(also OIC of Crucifer Breeding Group)
Huei-rnei Li, M.S., Principal Research Assistant Farm Operations 
V. Ponnuswarni, Ph.D., Visiting Scientist' Teng-sheng Tu, B.S,, Farm Superintendent 

Indonesia-AVRDC Vegetable Research Program 
Farid A. Bahar, Ph.D., Director, Central Research 

Institute forHorticulture, Jalan Ragunan 29, Pasar 
Minggu, Jakarta, Indonesia Left during 1994 

Malaysia-AVRDC Vegetable Reseaich Program b Reinstated in1994 
Mohammed Yusof bin Hashirn, Ph.D., Director Arrived during 1994 

General, Malaysian Agricultural Research and d Promoted in 1994 
Development Institute, Kuala Lumpur, Malaysia On sabbatical 

Change of title 
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Publications 

Symposium Proceedings 

AVRI)C. 1993. Gernipl:in colleCtie,Cvlation, documntlnalion, atnd conservation. (A compilation 

of lectur,- materials o1 a ttraning course held iII BAR!. IOVdIClIir, (a/ipnr'. Bangladesh, 4-0 May 

1992). AVRI)C. Shanhuta, 'lkiiail, Taiwan. IkihlieCiliin no. 93-398. 9 p. 

AVRI)C. 1994. Vectable recarCh anld d'\Cl~oiiieIli ilB1angyladCsh. ProccCdings o1 asvIIIosi im ion 

Recenit Ad vam'cs ii VegetalI" l)cvCeOlo tnIl ialadch. BAR!. .lovdehpnr, (aiipnr, 24-25 April 

1994. AV l)C. ShMiahna, Taiiin.a 'laiwan. Publication no. 94-430. I82 p. 

Progress Report 

AVR D)C. 1994. AVRDC 1993 Progress Report. AVRI)C. ShanIhna, Tainan, Taiwan. 537 p. 

Technical Bulletins 

Grecn, S.K.and Kii. J.S. 1994. Sotirces oh resistaice to viruses o"pepper (Capsinm spp. ): a catalog. 
'\VPI)C. rlcinical B3ulhlin No. 20. 72 p. 

GreenCl. S,.K. and Kalhoo, (C. leafcnrl and y'elhowing virnses of lpppr andt omalto: an ovvie\iw.1994. I, 

AVRI)C. Tc'hnical Bnll.t1in No. 21.51 p. 

(C',Ai . I99.4. Bacterial wilt: the discase and its causalive age nt, Ps tduolnas solawllacearlu'1. 

I laNv'Wai'd, Ilarntiiii. (.I. in association with AVRDC. 259 p.A.C. ani (ed.) P blished by CAB 

Bibliographies 

AVRI)C. 1994. Annotated hibliography of' nitnghean yellow mosaic virus. AVRDC Library 

13ihlilography Series 6.,'ropical Vctab!e Infrmio.1nlService. AVRI)C, Shanhua, Tainail, Tai.wan . 

Puhlication no 94-4 18. 92 P. 

Talckar, N.S. (Md.) 1994. World Iibliogralhy of sweClpotato weevils: 1792-1992. AVRDC, Shanhiia, 

Tainan, laiwan. Publication no. 94-423. 257 p. 
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Field Guide 

Black, I..IL., Green, S.K., Hartmlan, G.L., and Pmlos, JAI. 1993. Pcpper diseases: a field guide. (in 
Korean). Puh lication no. 94-419. 

Newsletters 

Centerpoint, Vol. 11, no. I.June 1994. 12 p. 

(iCnterpoint, Vol. II,no. 2. I)ecemher 1994. 12 p. 

AVRI)C Newslettcr (52 issues) 

Special Publications 
Sun, SimLul S.M. 1994. Methods in plant m +olecularhioloy and agricultural lbiotechnology: a 
lahonitaorv trainn manual. AVRDC. Shanhua, lainan. "l'iiwan.94 p. 
AVRIX)'. 199~t3.1I )i recto~ry ofA VI)( tain altnnni. AVII)C.Snl. i',ainan,'l'.aia.' l~uhlicatior 

no. -4)5. I S,2 p.
 

Patrker, B.l ,.
and Skinner, M. 1994.The thrips nctwork. A woldwide dir'Cctory of specialists and 
inwdiiduals concernCd with Ihysanloptera. AVRI)C. ShanhMa., Tlainlan, "'aiwan. Ptrhlication no. 94
42,. 84 p. 

Working Papers 

BI,.i ger, V. 1994.Tomat procesing in Taiwan: A case Study. Working Paper No.9.AVRDC.15 
p. 

.lanscn, I-..1'., l ll, I).I)., Midruore, I).,.,lRant, I.K., l~ok hrcl, M N., 13hurtyal, 1'.R. and Shresi Ia,
R.K. 1994. Stustainable peri-urhan vegetable production and niatural resources ianagcmnent itiNepal:
results of a lagnostic sir rvev. Working Paper No. 8 AVRDC. 48 p. 
t
.l
tasen, II.G.P. and Grcen, S.K. 1994. Iconomic analysis oI tnanagert practices lor reduction of 

viru ,incidence onit hot pepper. Working Paper No. 7.AVRI)C. 20 p. 

Journal and Conference Papers 

Ali, M.. ,hnsen, -.G.I'., and Tsou, S.S.C. 1994. NiCrronutrient and vegetahles: A neglected food 
frontier. Plapcrpresented intfle I+PRI workshopon micronltrient deficiency inAnnapolis,Washington,
 
I1-13 January.
 

Ali, M. 1994. Econoimic evaltation and limitation of the cerel-cereal rotation adjustment for
 
sLstainalhility: farm-level evidence 
'rom Nepal and India. Paper presented inthe International
 
Confernce on Pulses, New.l)elhi, 2-7 April.
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Ariaratne. I.fl,I I I.A., Vallverde. R.A.. and Black, I,.I.. 1994. Screcni n17rb rsiItaIIcc to tobacco 

etch virus in pepper. phl'topathology 84:1155 Abstr. (i press). 

and Green, S.K. 1994. ICntilicatio . pal tial ch:aractcriz'atiokarz.12, .,.C2inall. I)T., \;cttel, I l.,., 
ACta I loriculturaCdi.:,ttibltion oI,\itlses inlCCtin1 A11i(m crl'ps inS0o1th Mid Sotheillst Asia. 

.58: 251 -)5 . 
anlod 


hIohy: potcnlial, usage, and limitations
Bocker,M.,I 1da,I.K., ant .\li, M. (C;rCen mnu11re ICt 

lowlaLd rice illLadhla, ..K.and Pcopl., NI. led.) NianaCeltCH of BNI: for theA cAse sCtidy 

l)chlM'I otl1o01 ProductiVe and Sustainale,,N-r Aricltur'al Systems (inpres). 

lcn/, I.S., Keller, 1:A.. nili eI)..I.)1995.1 Planti, matcrials for wam tlro"pic potatt 

pr'otlitctiOII: prodLuctionl anid Ild Ipe'formalcc ol tutl'Crv-prodtcCd tUberS..1. .\,riC. SL'i. ('atlib.) 

Subnmitted l'r ItNmlic,'Itlt. 

Bei, I.S., I Mildmorc,)..l. I994. Plantihg lteral Cri topall troic potattoKl'r, 1:.R., and 

A\LtgriC. StbIh ittedip-tltuctilln: Mltlh rlaIt hlrMllatt lCIIIt 1o1 tile prO+ tlictiolt of ItetlCd cttinhgs. It 
for pthlic',tic,n. 

Saclhei/, P.I... Quittanua, F.., andlororllc, T.I I., tinglc, I,.NI. 1994. Manual ur Rice Genetic 
RICI),
(icleank M'aiiagenie'nt. Philippine Rice Rescarch Institute HIIlllesoIirccs (lu sr\atill ailrd 

S. 19941. Ft),xploration o nlld 

PIapcr presented ill the \Vorld Sobean Rcscarch Conference. 21-27 ]:elrua.try
(he ItL S. 11. and ShallIll/ti l,,lldilral. wild sotybeanS their role in solvban 

emIrtic iIllprovcneiCnt. 
1994, ('hian,.e Nlai. I'lhailand. 

('hian., B.T., Maxvll. I).P.. and GrCCn, S.K. 19Q4. )evelopment of nucleic "cid probes for the 

dCtectio tlthe Indian inuinebeamIyCllow mosaic virl-,. Plant Prol. Bull. (R.(OC). 

111d 1994 


Ncwslettcr 5: P.2.
 
('hiane, Bt'., NIaxwcll, I).P'., Green. ,.K. l.caf curl virus iti Taiwati. Tomato leaf Curl 

SokatraccaeCru,.,A., iglc. i '.M.., and LaudeI,,.P. 1994.Genetic diversity in C'ulsiculn utminui (1L) 
bamsed on Sl)5;-IAGIof seed prteinls. Abstract. Thre P'hilippine~hournal tuiiCruip Science 19t(Suipphenrent 

No. I):2. 

I..N I., and Iautde, R.P. 1994. Genetic divergence amo0ng five species ofCapsicum 

(Solanlaccac) based on seed protein clectrophoresis. Abstract. The Phiiippine .iourtal ofcrop Science 

I()(Supptlement No. I1:3. 

('rut, V.MI., IBungle', 

Urun, V.I.'., lilue, I .M.. ShiCh, I.C., ,rad LI.aude, R.P. 1994. l)iversity in seed protein in the white

floCrcd ('apsu cums. IProcCCdines b' ihC7th International ('ongtessoFthe Society fiirtthe Advancement 

of Brccdint.r l.,Cse.'urhcs in Asia and ()ceania (SRA)O)alnd International Symposium of \Vorld 

p1.,21-620.Sui,taitilc ,\riculturc \sscitiomt (rWS,,\A. 

('mi.tudiii,. II.M. III and lugl. I A..It4.Genctic diversity of seed ptOICinS in cowpea (Vivi'n 

,SCqfihiil.lS) l.blab bealu .rpureus) using SI)S-PAG..Absract. The 

Philippine .hurniulof ('rop Science It.(SuiplIecrietl No. 1):2). 
iili,.iullh sslI. 'and (lab/h 

http:SCqfihiil.lS


('tniio, H.IN . 111, higIcc, I.., and .LiihI. RT,. 1994. (;'nI L' iIi\'C[iV Of sCCLI jIWOtCIflS Ill 

I~iiI~ ois ditiio'cjti'i,',u 1tI~4 jt I.)from~c hc PHi Iippitics. Ahstrict. ]Hic Iilipipi tic~ Iit 

S. anid IPoliis. I.MN.P01 !pi lJm ( 'a1mclulli ( pipdICI ). ( 'iIIcICIIIiifi a 
ILcpliif NL-\\ dtIci 13: 15-20. 

hi ucc I NM. I)). (oll"Cl\ atttIl il il tIjltIOti0of C!T'i~hibc!-CI[ictf'M)ItIVCi'.A 't. IIIIiic ittat i 

I);iskido . it) LCICtt11', ili 

c 

LWcat 7 I2- ,(KIoCa. 

(;RTi. S.1K.. IItIatIc.1.T.. 111d ( I1ii,L'. IV . IQit-I. Lv\atliaitoii copel'r~ i.( It hicmi ;WicccN\'Io)'i dofl I \ 

I cil ('ii I N'c\ ,IcttcI (: 1). -1. 

Ncs I )cII.1. 

I Ith . I I..\.. 131ick. I IjolI oI)1.. R.,dI) ic I \ L'I LIC,.RA. IMI4. I ) I I c I .Ict,cc 1110Iit )Itoitat( sI t cCLI 
VIll 11H I v LttC, Ill 111It Wcit 10 fitCc tc'\lPtiflt ( '0/lW o1M ftiitcirt It1c". I,1Iti I )ik. 7N: 12201.tol' 

I/t I . tfIc. I 'M I fticti\clc t.P'ti.liiI itc )1 JIdLfcItS I l IILN'ctII ILIAi I 11i, ii t I-Icf I (I 'sctfiil ill() 

A snitin I I I , . 7K. 'i, Apr1. aIt I)4.I10-iio ~IMI thirlithi
 

AI 'C1 1J ( . ).1c-IrIcnpCliv IitiWeohial it I .i Sympolit t iiol.
 

rlc IiV ;cn SIN11t ttc 

;\Ilttit \1(11p 11 icclitllt.C (1 dC\Intcrnaio1L II' 

(c\ ciN1it I.\kicriIic1 P1 I t III.II i,0 1)IIckflN. 0ii2:ctn Ohfp'tII''L Ro i itlaji a f- Soia 

Si I' 1c1c I A. Lc , S1,JI I. 1 1) No 'Lctt4.pod c ii.'sP..iNlI I(I tIorc. I(I I\ci hIlIx). FtI pc i -i Ih i II 

int11, itjt Jo IA lIlMiIlIt R. IL"i,0NttritCI l'I'll N-mbnlit:(1 f tiil Iikii. I Ncws1ilcttc,F 0(4): 
14-Wd JII.Ikw.ll 11Pi-,I 

I~rh.RI )). a[nd .'\\'RI)(' hoinc iiccpocralit.; (I, [lit mNcwslctcur.ili l Th1(41:d Tr-opT I 

Nzlarl R. 1iiiu. Ikiiscn. I 1-L a 1)IC idttiafromd Iaa icllIIOtl)d "CIcI Iaspili xplorti'ii: cI aind
 
ciid siA dlcrittis iorta)CII't. At hxc.I rtcc Rn,11i Nkxico: aS vtiiii01
N~ckitc 1 cs itIII I()f , 

'sc IMic('aso R. 194 AV R'sW liiN IaI. 'c3i imi.I AAANvdic.10:1314 
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-MarlSh. R<.Mnid RnnISten. 1). 1994. Foin L'AYLCI 10en(XIOelltS: theC )OILen"tliallr01 snIall-ho0lder IrtaLit anid 
Xe'et ahle producl~tio1n ill NMexico. Papai presentc t the I SA International Cofrne Atlatita, 

t l.. .\lI lrw nc t I 'It 1-dAS:NLartih1Hc I(l ,tr illl littoti 1up .. II I llrae I ll P-4.3.II1_S 

11004.)FrmS -) 1t -25 No c c 

NMiilnc.l IR... \\wi. . RIU Al (' ,4. . llneo i21ttio tlllitieo icollnltietIiCohitiifom15I .i I ant I. Kha 191 and 
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The Board of Directors 
 IhI I I,, i.,L )(

The Asian Vegetable Research and 
 l 'i,


Development Center ,
I.i I 

We have examined the statements of assets, liabilities and fund balances of
 
The 
 Asian Vegetable Research and Development Center as of December 31, 1994

and 1993, and the related statements of changes in core 
fund, working

capital fund, restricted 
 core fund, special projects fund, and
 
self-sustaining operation 
fund for the years then ended. Our examinations
 
were made in accordance with generally accepted auditing standards and,

accordingly, 
 included such tests of the accounting records and such other
 
auditing procedures as we 
considered necessary in the circumstances.
 

As menrioned in Note 2 to the 
financial statements:
 

1. The Center maintains its accounts on a cash basis, except for the
 
inclusion of provisions and reserves 
fcr certain employee benefits.
 

2. Capital expenditures are accounted for as 
deductions from funds and,
 
accordingly, arc not included in 
assets.
 

3. The Center records its transactions in the currencies in which these 
are

denominated. The accompanying statements reflect 
the actual U.S. dollar
 
amounts of transactions in U.S. dollars, and the U.S. 
dollar equivalents

of transactions in other currencies 
 based on year-end bank buying

exchange rates, except contributions and grants which are translated at
 
the exchange rates in effect when these 
were received.
 

In our opinion, the financial statements referred to in the first paragraph

p.esent fairly the assets, liabilities and fund balances 
of The Asian
 
Vegetable Research and Development Center as of December 31, 1994 and i993,

and the changes in its funds 
 for the years then ended, on the basis of
 
accounting described in the second paragraph, which basis has been applied
 
on a consistent manner.
 

In connection with our examinations, we noted no indication that the Center
 
was not in 
 compliance with any of the terms, conditions, or provisions of
 
its grant agreements. 
 It should be noted, however, that our examinations
 
were not directed primarily toward obtaining knowledge of such
 
non-compliance.
 

March 14, 1995
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF ASSETS, LIABILITIES AND FUNDS 

(Prepared on a Modified Cash Basis and 

Expressed in U.S. Dollars - Note 2) 

AS S E T S 


CASH 


ADVANCES AND REFUNDABLE DEPOSITS (Note 3) 


PREPAYMENTS 


TOTAL ASSETS 


LIABILITIES AND FUND BALANCES 

RECEIPTS FOR CUSTODY (Note 4) 


RESERVES FOR EMPLOYEE BENEFITS (Note 5) 


FUNDS
 
Core fund 


Working capital fund 


Restricted core fund 


Special projects fund 


Self-sustaining operation fund 


Total Funds 


TOTAL LIABILITIES AND FUNDS 


December 31
 

1994 1993
 

$3,405,112 $4,400,223
 

363,011 442,946
 

27,887 17,183
 

$3,796,010 $4,860,352
 

$ 271,025 S 168,281
 

1.218 654 i_67582
 

934,898 1,000,110
 
900,000 800,000
 

142,328 478,935
 

220,576 1,133,402
 

108_5Z9 112,042
 

2,306,331 3,524 489
 

$3,796,010 $4,860,352
 

financial statements.
The accompanying notes are an integral part of the 


(With T N Soong & Co report dated March 14, 1995)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANGES IN CORE FUND (Note 6)
 
(Prepared on a Modified Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Years Ended December 31 
1994 1993 

ADDITIONS 

Contributions 
Republic of China $5,337,614 $5,386,901 
Japan 733.000 233,000 
Federal Republic of Germany (from restricted 

core fund) 712,461 439,827 
United States of America 675,000 1,000,000 
France 296,049 320,331 
Republic of Korea 150,000 183,527 
Australia 144,390 126,575 
Philippines 100,000 248,592 
Thailand - 209,888 
World Bank - 550 000 
Total contributions 8,148,514 8,698,641 

Grants icm Japan International Cooperation 
Agency 85,839 60,431 

Translation adjustment (Note 2) 19,971 90,512) 
Other (Note 6) 710,711 630 667 
Total Addltioe 8,965.035 9.2992,27 

DEDUC .ONS 
Capital expenditures (Notes 2 and 6) 291,699 581,556 
Operating expenditures (Note 6) 8,671,306 8,191,550 
Transfer to working capital fund 100,000 300,000 
Total Deductions 9,063,005 9,073,106 

NET INCREASE (DECREASE) IN FUND ( 97970) 226,121 

BALANCE, BEGINNING OF YEAR 
As previously reported 1,000,110 841,864 
Translation adjustment (Note 2) - 32 58 ( 67875) 
As restated 1.,32.868 773,989 

BALANCE, END OF YEAR $ 934,898 $i,000,1O0 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 14, 1995)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANGES IN WORKING CAPITAL FUND (Note 7)
 
(Prepared on a Modified Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Years Endud
 
December 31
 

1994 1993
 

ADDITIONS
 
Transfer from Core Fund $100,000 $300,000
 

DEDUCTIONS 


NET INCREASE IN FUND 100,000 300,000
 

BALANCE, BEGINNING OF YEAR 800,000 500,000
 

BALANCE, END OF YEAR $900,000 $800,000
 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 14, 1995)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANGES IN RESTRICTED CORE FUND (Note 8)
 
(Prepared on a Modified Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Years Ended
 
December 31
 

1994 1993 

ADDITIONS 
From German Agency for Technical Cooperation $320,554 $546,008 

DEDUCTIONS 
Transfer to Core Fund (712,461) (439,827) 

NET INCREASE (DECREASE) IN FUND (391,907) 106,181 

BALANCE, BEGINJING OF YEAR 
As previously reported 478,935 400,145 
Translation adjustment (Note 2) 
As restated 

55,300 
534,235 

( 27,391) 
372,754 

BALANCE, END OF YEAR $142,328 $478,935 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 14, 1995)
 



THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANGES IN SPECIAL PROJECTS FUND (Note 9)
 
(Prepared on a Modified Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Year Ended December 31. 1993 Year Ended December 31 1994 
Balance, 

Beginning Translation Balance. End Translation Balance, End 

Sponsors of Year Adiustent Additions Deductions o Year Adius t.enr Additions ducions of Year 

Council of Agriculture/ROC $197.558 ($ 9,426) $1.414 .172 S 810.277 S 792.027 $ 8 .723 $ 799 .973 $1.492 .408 $ 108,315 

Asian Development Bank ( 4.065) - 524 .939 457 022 63 .852 - 40,000 317 .624 ( 213 .772) 

Japan Government 61.974 310.000 199.342 172,632 310.000 311.434 171.198 

U.S. AID ( 65.599) 227,794 266B 012 ( 105,817) 306,349 195.190 5,342 

International Development Research 
Center 130.962 125.500 5,462 103.276 105.462 3.276 

National Science Council/ROC 9,875 471) 13,422 22,826 20,727 2C.737 

Potash and Phasthate Institute of 
Canada 1,047 12.000 9.828 3,219 11.995 9,744 5.470 

Rural Development Adminlstration/Korea 15,722 19.982 12,582 23.122 19.985 19.003 24.104 

Federal Republic of Germany - - - - 387,338 336.579 50.759 

Swiss Development Cooperation 28.262 - 87,615 86.057 29,820 95.649 100.975 24.494 

Others 373,051 ( 1,546) 335 963 558 383 149,085 ( 37) 85.670 213730 20 653 

$617.825 C$ 11.443) $3.076.849 $2,549.829 $1.133.402 $ 8.351 $2,180,972 $3.102.149 $ 220.576 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 14. 1995)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CE11TER
 

STATEMENTS OF CHANGES IN SELF-SUSTAINING OPERA-iON FUND (Note 10)
 
(Prepared on a Modified Cash Basis and Expressed In
 

U.S. Dollars - Note 2)
 

Years Ended
 
December 31
 

1994 1993
 

ADDITIONS (Note 10)
 
Dormitory rentals $ 56,572 $ 53,372
 

DEDUCTIONS (Note 10)
 
Dormitory expenses 60085) 27,916)
 

NET INCREASE (DECREASE) IN FUND ( 3,513) 25,456
 

BALANCE, BEGINNING OF YEAR 112,042 86,586
 

BALANCE, END OF YEAR $108,529 $112,042
 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 14, 1995)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

NOTES TO FINANCIAL STATEMENTS
 
(Amounts Expressed in U.S. Dollars Unless Otherwise Stated)
 

I. ORGANIZATION AND OPERATIONS
 

The Center was established in the Republic of China as an autonomous, 
philanthropic, and non-profit research and development organization for 
promoting production, marketing and utilization of vegetables in Asia. 
Its members consist of the original signatories to the Center's Charter 
and other countries or organizations approved for membership by the
 
Center's Board of iirectors.
 

The financial requirements of the Center are funded mainly by 
contributions and grants or donations from member and non-member 
countries or organizations. 

The Center may terminate its operations by a resolution adopted
 
unanimously by all members of the Board of Directors. In case the
 
Center terminates its operations, all buildings, equipment and other
 
assets belonging to the Center (and/or affiliated sub-centers) will be
 
transferred, upon the concurrence and approval of the Board of
 
Directors and host country, to organizations in the host country which
 
were formed and are operated exclusively for scientific or educational
 
purposes and which meet certain conditions prescribed in the Center's
 
Charter.
 

2. BASIS OF ACCOUNTING
 

The Center maintains its accounts on a cash basis, except for the
 
inclusion of provisions and reserves for employee benefits, namely,
 
unused compensated annual leave and repatriation expenses.
 

The Center records its transactions in the currencies in which these 
are denominated. The accompanying statements reflect the actual U.S. 
dollar amounts of transactions in U.S. dollars, and the U.S. dollar 
equivalents of transactions in other currencies based on year-end bank 
buying exchange rates, except contribut ions and grants which are 
translated at the exchange rates in effect when these are received. 
Translation adjustments are reflected as additions to or deductions
 
from the funds.
 

Capital expenditures are accounted for as deductions from funds and,
 
accordingly, are not included in assets.
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3, ADVANCES AND REFUNDABLE DEPOSITS December 31
 
1994 1993
 

Advances to Asia Regional Program $ 80,917 $201,465 

Advances to Africa Regional Program 211,368 182,800 

Refundable deposits and other advances 70,726 58 661 

$363,011 $442,946
 

4. RECEIPTS FOR CUSTODY
 

These include amounts received from trainees for medical, Vitamin A
 

Gardening Project, and field operations, less related cost and
 
expenses.
 

5. RESERVES FOR EMPLOYEE BENEFITS December 31
 
1994 1993
 

Unused compensated annual leaves $ 864,020 $ 815,722
 

Repatriation expenses 354.634 
 351,860
 

$1,218,654 $1,167,582
 

Local employees and international staff are entitled to annual leaves 

of 44 days and 48 days, respectively. The Center shall compensate an 

employee for accumulated unused annual leaves upon resignation or 

termination. 

The Center shall bear the transportation and relocation costs of the
 

international staff and their immediate family upon termination of such
 

staff employment.
 

6. CORE FUND
 

The core fund is used exclusively in support of the Center's overall
 

operations. Contributions and grants are subject to certain terms and
 

conditions specified in the relevant agreements.
 

The details of certain changes in this fund are as follows:
 

1994 1993
 

Other additions
 

Fees for various services rendered $372,579 $307,175
 

Interest earned from funds other than the 
contribution from U.S.A. 171,389 197,073
 

Food and dormitory services (net of employees'
 
salaries and benefits of $224,037 in 1994 and
 
$216,361 in 1993) 74,996 13,263
 

Training fees 10,108 23,573
 
Refunds of various expenditures incurted in
 

previous years 56,995 56,524
 

Miscellaneous 24,644 33,059
 

$710,711 $630,667
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C p4tal expenditures
 

75,959 $110,883
Buildings and improvements 

91,544 153,410
Equipment and furniture 
84,807 285,563


Vehicles 

39,389 31,700


Books and journals 

$291,699 $581,556
 

Operating expenditures
 

$3,952,227 $3,563,310
Salaries 

1,159,547 1,116,400
Regular wages 

1,722,720 1,534,242


Employee benefits 

667,062 603,845


Supplies 

416,775 362,927


Travel 

271,096 253,822


Utilities 

1,481 169,723
20th anniversary celebration 


111,195 QO,711

Training scholarships 


88,604 85,131
Postage, telephone and cable 

46,244 74,701


Moving expeuses 

15,673 67,131
Collaborative research 

23,049 66,757


International conference 

195 633 202 850


Other 


$8,671,306 $8,191,550
 

Employee benefi*s Include payments for the follows:
 

1994 1993
 

Contributions to retirement and group insurance
 
$ 197,981 $ 182,776


plans for international staff 


Contributions to retirement savings fund for
 
475,054 443,778
local employees 


The Center has made arrangements for its nternational staff members to
 

be hired 
by the Association of International Agricultural Research
 

Centers 
 (AIARC) so that they may participate in suitable retirement and 

group insurance plans . 'The Center pays the entire cost of 

participation in these plans. 

The Center has a retirement savings plan covering all local employees.
 

The Center deposltL 1/12 to 2/12 of each employee's monthly salaries,
 
to a savings fund. Payments from the
depending on service period, fund
 

in the fund
 
are governed cy the provisions of the plan. The changes 


are summarized as follows:
 

1994 1993
 

$2,584,483 $2,223,161.
Balance, beginning of year 

28,465 ( 106,064)
Translation adjustment 


475,054 433,778
Contributions 

213,442 176,101
Interest income 


( 70.088) ( 142,493)Payments 


$3,231,356 $2,584,483
Balance, end of year 
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7. WORKING CAPITAL FUND
 

This fund has been established, following a common practice among 
international agriculture research centers. Yearly transfers are made 
to this fund from the core fund. 

8. RESTRICTED CORE FUND
 

This fund is contributed by the German Agency for Technical
 
Cooperation, and its use is restricted. The transfer from this fund to
 
the core fund is reported as a contribution.
 

9. SPECIAL PROJECTS FUND
 

Special projects are normally based on agreed-upon budgets.
 
Accordingly, some projects may have negative year-end balances, which
 
shall be reimbursed in the following year.
 

Expenditures from this fund are subject to certain conditions and terms
 
as set forth in agreements with the sponsors.
 

10. SELF-SUSTAINING OPERATION FUND
 

This represents the operating fund of the Center's dormitory.
 

11, CONTINGENCY
 

In 1989, the U.S. AID-supported AVRDC Vitamin A Gardening Project in
 
Nigeria was sued by some Nigerian merchants for recovery of merchandise
 
ordered by a U.S. Embassy employee using the Project's stationery.
 
Most of the merchandise has been recovered by the merchants, but the
 
lawsuit is still pending. The possible outcome of this litigation is
 
not determinable but the Center's management believes this would not
 
have a significant adverse effect on the Center.
 



Meteorological Information for 1994 

Monthly mean metrorological data collected at AVRDC weather station, 1994 
January February March April May June July August September October November December > 

Humidity Max. 95 97 96 94 93 93 93 94 93 94 97 97 
(%) Min. 49 55 52 50 54 57 58 65 50 44 45 51 
Air temp. Max. 23.6 24.3 24.0 31.3 31.8 32.4 33.3 31.7 32.4 30.9 29.3 27.3 
(CC) Min. 13.5 15.0 14.6 21.4 23.5 24.7 25.5 25.1 23.9 20.6 18 18.2 
Soil temp. (10 cm) Max. 21.5 21.9 22.2 29.8 30.5 30.3 30.8 30.0 31.6 29.8 28.6 27.3 
(cC) Min. 19.0 19.6 19.5 25.4 27.2 28.1 29.0 27.4 28.8 26.5 24.9 24.1 
Soil temp. (30 cm) Max. 20.6 21.1 21.0 26.4 28.5 29.3 30.5 296 31.0 29.2 27.6 26.7 
(CC) Mn. 20.2 20.6 20.5 25.8 28.0 28.8 30.1 25.0 30.4 285 26.9 26.2 
Wind Daily 89 101 103 76 67 80 74 87 55 77 56 83 
(km) 
Solar radiation 
(Watt-h/m2 ) 

Daily 3455 3459 4021 5454 5274 5215 5201 4013 4926 4451 3888 2920 

Precipitation Total 6.5 78.5 19.0 12.0 169.0 227.5 348.0 1433.5 23.0 1.0 0.0 8.0 
(mm) 
Evaporation Daily 3.3 3.6 4.1 6.4 6.2 5.7 5.8 4.1 5.2 5.4 4.2 3.6 
(mm) 


