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Abbreviations and Acronyms 

acc -accession DM - downy mildew 
ADB - ASian Development Bank DMRT - Duncan S multiple range test 
AFLP - amplified fragment length polymorphism DNA - deoxYribonucleiC aCid 

AGS - AVRDC Glycme max selection DSR - disease seventy rating 
ANOVA - analysIs of variance DTM - days to maturity 

ARC - AVRDC ASian Regional Center EDTA - ethylenedlamlnetetraacetlc aCid 

ARP - AVRDC Africa Regional Program ELISA - enzyme linked Immunosorbent assay 

ASET - AVRDC Soybean Evaluation Trials ER - enhancing ratio 

AUDPC - Area under disease progress curve EVT - elite variety trial 
avg -average FM - fresh market 
AVNET - Collaborative Vegetable Research Program for FMTT - fresh market tropical tomato 

Southeast ASia FMV - feathery mottle VIrUS 

AVSET - AVRDC Vegetable Soybean Evaluation Trials FW - fusarium wilt 
AYT - advanced Yield trial GA - gibberellin 
BePMV - bell pepper mottle virus GCA - general combining ability 
BLM - black leaf mold GCLV - garlic common latent virus 
BP - bacterial pustule GRSU - Genetic Resources and Seed Umt 
BS - bacterial spot GYT - general Yield trial 
Bt - Bact/Ius thurmglensis gv - gemlnlvlrus 
BW - bactenal Wilt HS - heat sensitive 
BWR - bacterial Wilt resistance HSP - heat shock protein 
CF - cylindrical frUit type HT - heat tolerant 
cfu - colony forming units ICMV -Indian cassava mosaic virus 
ck - check ICPN -International Chili Pepper Network (AVRDC) 
CHC - cabbage head caterpillar ICW - Imported cabbageworm 
CLS - cercospora leaf spot IMN - International Mungbean Nursery (AVRDC) 
CLVNET - Collaborative Vegetable Research and IPM - Integrated pest management 

Development Network for Cambodia Laos and IYT - intermediate Yield trial 
Vietnam LSD - least slgmflcant difference 

cM - cenlJmorgan LSF - long styled flower 
CMS - cytoplasmic rna Ie sterility LYSV - leek yellow stripe VIrUS 

- cell membrane stability MAb - monoclonal antibody 
CMV - cucumber mosaic virus m asl - meters above sea level 
CONVERDS - Collaborative Network for Vegetable Research MbFV - mite borne filamentous virus 

and Development In Southern Africa MC - mOisture content 
CT - cherry tomato MDS - multidimensional scaling 
cv -cultlvar mkt - marketable 
CV - coefficient of variation MPC - membrane protein complex 
CVMV - chilli veinal mottle virus MR - moderately resistant 
CWW - cabbage webworm MY - marketable Yield 
DAE - days after emergence -mean Yield 
DAI - days after Inoculation MYMV - mungbean yellow mosaic virus 
DAS - days after sowing NARS - national agricultural research systems 
DAT - days after transplanting NC - nitrocellulose 
DBM - diamondback moth NGO - nongovernmental organization 
dlam -diameter NIRS - near Infrared reflectance spectroscopy 
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NPV - nuclear polyhedrosls VIrUS SO - standard deviation 
OP - open pollinated SO - SWISS Development Cooperahon 
OPC - Office of Publications and Communication SOl - selective dissemination of Informahon 
OT - observation trial SDS PAGE - sodium dodecyl sulfate polyacrylamide gel 
OYDV - onion yellow dwarf VIrUS electrophoresIs 
OYT - observational Yield trial SLB - stemphyllum leaf blight 
PB - phytophthora blight SLY - shallot latent VIrUS 
PBNV - peanut bud necrosIs VIrUS SSF - short styled flower 
PCR - polymerase chain reaction SST - summer stress tolerance 

PDA - potato dextrose agar SSD - single seed descent 
PeMV - pepper mottle VIrUS SYT - standard Yield trial 
PMMV - pepper mild mottle VIrUS SYSV - shallot yellow stripe virus 
Ps - Pseudomonas so/anacearum TBSV - tomato bushy stunt virus 
PVMV - pepper veinal mottle virus TEV - tobacco etch virus 
PT - processing tomato TLCV - tobacco leaf curl virus 
PYX - potato virus X TLCVTal - Taiwan tomato leaf curl VIrUS 
PVY - potato VIrUS y orTTLCV 
PYT - preliminary Yield trial TMV - tobacco mosaic VIrUS 
R - resistant ToMV - tomato mosaic virus 
RAPD - random amplified polymorphic DNA TSS - total soluble solids 
RCBD - randomized complete block design TSWV - tomato spotted Wilt VIrUS 
REDCAHOR - Collaborative Network for Vegetable Research TTC - tnphenyl tetrazolium chlOride 

and Development In Central America TuMV - turnip mosaic VIrUS 
RF - round fruit type TVMV - tobacco vein mosaic VIrUS 
RFLP - restriction fragment length polymorphism TYLCV - tomato yellow leaf curl VIrUS 
RH - relative humidity TYTV - tomato yellow top VIrUS 
RIL - recombinant Inbred line var -variety 
RYT - regional Yield trial VSB - vegetable soybean 
S - susceptible YVMV - yellow vein mosaic virus 
SA - SOil amendment WAS - weeks after sowing 
SAVERNET - South ASian Vegetable Research Network WAT - weeks after transplanting 
SCAR - sequence characterized amplified region WSMV - watermelon Silver mottle virus 
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Allium Improvement 

The bulb alhums project conducts research on omon (AlltUm cepa), garhc (Alhum satlvum) and shallot (A cep 

var aggregatum) The pnmary target of the project IS to Improve the productIvity of the above crops m the tropICS by 

developmg lInes WIth (1) reSIstance to major dIseases (stemphylIum leaf blIght (SLB), purple blotch, and anthra

cnose) and msect pests (thnps and beet armywonn), (2) tolerance to summer stress, and (3) Improved storage qualIty 

of bulbs AddItIonal targets mclude (4) VIruS ehmmatIon and mdexmg m garhc and shallot (5) generatmg baSIC 

knowledge on the effects of photopenod temperature and floodmg on growth and development, and (6) use of 

bIOtechnolgy to Improve effiCIency 

One omon hne, AC740, WIth only 25% storage loss, 63 tJha YIeld, and firm bulb was IdentIfied SelectIon for 

bulb firmness mIght be an effectIve means of selectmg for storage quahty Four garhc hnes WIth good storage 

qualIty have been IdentIfied 

Omons YIeldmg more than 60 tlha have been IdentIfied through progeny selectIOn Progemes that mature withm 

100 days after transplantmg have been Identified Marketable YIeld of 70 to 96 tJha has been obtamed m five newly 

mtroduced omon germplasm hnes 

One A cepa x A fistulosum backcrossed to recurrent parent A cepa has Improved pollen fertIhty, seed set, 

moderate bulb development, and reSIstance to SLB 

Four promIsmg garhc hnes were Identified through clonal selectIOn Through ELISA reactIon, reSIstance to 

four VIruses was confirmed m four VIrus-resIstant garhc clones They also combme large bulbs and good bulb 

quahty YIelds of menstem-denved VIrus-free clones were 78% hIgher than those from contmuously field propa

gated cloves However, mCIdence of two potyviruses was hIgh Although cagmg reduced VIruS mCIdence, It also 

reduced YIeld 

SIX om on acceSSIOns and 14 garlIc entnes were found to be reSIstant to SLB One A cepa acceSSIOn appears to 

have some level of reSIstance to beet army worm Screemng for reSIstance to thnps has IdentIfied a few promIsmg 

omon entnes 
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Genetic resources enhancement and 
varietal development 

Genetic resources activIties 

AVRDC mamtams an Album germplasm collec

tIOn for conservatIOn and utlhzatIOn by Center SCIen

tIStS and other researchers The collectIOn now totals 

1040 acceSSIOns, 53 of WhICh were acqUIred m 1997 

(Table 1) A total of 418 seed packets were sent to 29 

countnes, 90 to the Center's regIOnal programs and 66 

gIven to Center SCIentlsts at headquarters (Table 2) 

A total of 106 acceSSIOns of omons were regener

ated from bulbs (61) or seeds (45), whIle 103 acces

SIons of garhc and 15 of shallot were mamtamed m the 

fIeld genebank RegeneratIon of omon was done 

through the productIOn of storage bulbs followed by 

seed productIOn from storage bulbs Bees and/or fhe'S 

were used as polhnators Seeds are dned to low mOIS

ture content and stored m cold cabmets Gdfhc and shal

lots vegetatIvely reproducmg crops, are mamtamed m 

a field genebank MorphologIcal charactenzatlOn, based 

on a standard set of descnptors, was done dunng re

generatIOn In additIon, prehmmary studies on leaf epi

dermal patterns were carned out usmg safranm-stamed 

leaf peels 

Some 38 acceSSIOns of omon, seven of garhc, and 

eight of shallot were acqUIred m 1997 RegistratIOn, 

Table 1 The Allium germplasm collection at AVRDC, 1997 
Species 

A ampeJoprasum 
A cepa 
A cepa ssp aggregatum 
A cepa fistuJosum 
A longicuspis 
A porrum 
A satlvum 
A schoenoprasum 
A tuberosum 
A sp 
Total 
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No of accessions 
acqUired In 1997 total 

38 
8 

7 

53 

2 
413 

30 
13 
3 

12 
477 

2 
4 

84 
1040 

passport, dlstnbutIOn and seed mventory databases were 

updated 

The followmg charactenzatIOn data were based on 

35 acceSSIOns of omons planted from bulbs m 1996-

97 Leaflength vaned from 37 to 78 cm, leaf wax from 

none to few to mtermediate, and leaf erectness ratmgs 

vaned from 3 to 7 Leaf color did not vary Only 22 

acceSSIOns flowered Number of flowers per umbel 

ranged from less than 30 to more than 120 Anther color 

ranged from yellow to green, and scape length from 50 

to 87 cm Prehmmary studies on epidermal leaf pat

terns m 12 acceSSIOns of garlic (10 from the Philip

pmes and 2 from IndoneSia) showed no sigmficant dif

ferences m stomatal cell Size, stomatal denSIty m the 

mId-regIOn of the leaf, and length, WIdth, and 

length WIdth ratIo m cells near the apIcal region, and 

cell WIdth m the basal regIOn SIgmficant differences 

were noted m stomatal denSity m the apical and basal 

regIOn, length, WIdth, and length WIdth ratIO m cells m 

the mId-regIOn, and length and length WIdth raho m 

cells m the basal regIOn The presence of vanatIOn m 

some cell traIts needs to be confirmed 

Table 2 ReCIpients of Allium germ plasm from AVRDC, 
1997 

ReCIpient 
External 
Bangladesh 
Ghana 
Lao PDR 
India 
Vietnam 
PhilipPines 
USA 
Cambodia 
Sri Lanka 
Zaire 
Others 1 

ARC 
ARP 
Headquarters 
Breeding 
Total 

No of samples 

43 
40 
36 
35 
34 
28 
22 
16 
15 
15 

134 

66 

418 

45 
45 
66 

574 
1 Belize Bhutan China Congo Costa Rica Ethiopia Gabon GUinea 

Bissau IndoneSia Korea liberia Namibia Nlgena Poland Senegal 
Sudan Thailand Togo and Tonga 
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Developmg onion and garliC varletles/breedmg lines 
for long storage life of bulbs 

Short-day omons and garhc cultivars 10 the trop

ICS lack storabIhty Rottmg and sproutmg of bulbs cause 

major losses Therefore, genetic sources for long stor

age hfe, Identified 10 earher work at AVRDC, are be-

109 used 10 a breedmg program WhICh combmes useful 

traIts Major actiVIties m 1997 mcluded evaluatIOn of 

germplasm hnes, F
J 
and F2 progemes for storage qual

Ity 10 omon, and evaluatIOn of donally selected garhc 

hnes for storage qUalIty 

Oman (50 hnes) and garhc (100 hnes) germplasm 

and breedmg progemes were evaluated for bulb stor

age quahty under ambIent condItIOns Oman bulbs were 

kept 10 plastic crates and garhc bulbs kept 10 nylon bags 

The bulbs were stored 10 a ventilated room for 4-5 

months and assessed monthly for sproutmg rottmg, and 

weIght loss Crosses were made between long-bulb

storage hnes and hIgh-YIeldmg hnes, SLB-tolerant hnes, 

and summer-stress-tolerant hnes 10 oman 10 an effort 

to combme these traits 10 long-storage hnes 

Onion storage quality Improvement 

Of the 50 new germplasm hnes evaluated for stor

age quahty, four hnes (AC544, AC576, AC578 and 

AC740) were found to be promIsmg, WIth less than 50% 

storage loss 10 four months Check vanettes recorded 

more than 75% loss, and theIr non-rotted bulbs were 

Table 3 Performance of promlsmg om on germ plasm Imes 
for storage losses * and Yield 

Bulb Firm Storage 
Entry Variety Source Yield ness of losses 
no (tlha) bulb" (%) 
AC740 Explorer Netherlands 63 0" VF 250· 
AC576 Red Creole Denmark 450b F 424ed 

AC578 Texano Denmark 502b F 465ed 

AC544 Sweet success USA 620" MF 481 ed 

Granex 429 (CK) USA 611" S 767b 

TEG502 (CK) USA 455b S 933' 
a VF = very firm F = firm MF = moderately firm S = soft 
b Means In the same column followed by the same letter are not 

Significantly different at the 5% level (DMRT) 
* After stored for four months In ambient conditions 
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soft (Table 3) Storage losses were hIgh dunng the year 

because of contmuous ram at harvest time Lme AC740 

was best WIth only 25% storage loss, hIgh bulb YIeld 

(63 tiha), and very firm bulbs The Identified hnes WIll 

be evaluated further and used 10 the breedmg program 

GenetIC sources for long-storage quahty (AC50, 

AC319, TA377), Identified m prevIOUS work, were used 

m a crossmg program deSIgned to combme useful tratts 

The F
J 
progemes were evaluated m 1997 Out of 35 FJ 

hybnds evaluated, five were found to be promIsmg, al

though the storage losses were very hIgh due to unfa

vorable weather at harvest time The best hybnd, 

AC319 x AC169, had 497% loss 10 4 months of stor

age, compared to check TEG502 WhICh had 77 1 % loss 

(Table 4) Of the parents, AC319 had lowest storage 

loss (45 1 %) These crosses WIll be used to produce F 2 

seeds for further selectIOn for Improved storage qual

Ity, combmmg other deSIrable traIts such as earhness 

and hIgh bulb YIeld Among the F2 progemes developed 

from the crosses mvolvmg long-storage hnes, promIS

Ing selectIOns were obtaIned In the crosses 

AC431 x AC50 AC384-2 x TA188, AC429 x AC50, 

and AC50 x TA69 Bulbs (120 from four crosses) WIth 

Improved traits, such as earhness, firmness, large bulbs, 

Table 4 Evaluation of onion hybrids (F1) and parents for 
storage quality and bulb Yield 

Entry Bulb Yield Total storage loss· Firmness 
(tlha) (%) of bulb 

AC319xAC169 424 be 497 d-e VF 
AC319 x TA188 300· 590 b-d F 
AC50x TA377 356 e-e 607 be VF 
AC319 X TA377 398 c-e 620 be F 
TG502 X TA377 717' 670 be F 
AC319 X TG502 489 be 690 be MF 
AC50 xAC319 34 Be-e 693 be VF 
AC3191 364 e-e 451 • VF 
TA377 1 594,b 555 b-d F 
TA1881 492 be 922' S 
AC1691 365 c-e 926' S 
TG5021 762' 7711><: S 
a VF = very firm F = firm MF = moderately firm S = soft 
b Means In the same column followed by the same letter are not 

Significantly different at the 5% level (DMRT) 
* After stored for four months In ambient conditions 
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and lllc1udlllg long-storage qualIty (up to five months), 

were selected for further evaluatIOn It was observed 

that bulbs havlllg good firmness tend to have better stor

age qualIty compared to soft bulbs (Table 4) Thus, se

lectlllg for bulb firmness IS an effective means of se

lectlllg for storage quahty 

Garlic storage quality Improvement 

Storage qualIty of more than 100 clonall y selected 

garlIc lInes was studIed Seven hnes dIsplayed long stor

age qualIty and hIgh bulb Yield Four hnes (GL42-5, 

GL80-8, GL50-1, and GL28-7) had less than 25% loss 

III fIve months of storage III ambIent condItIOns 

(Table 5) Among these hnes, bulb YIeld was more than 

8 tfha, 2 to 47 5% hIgher than the check vanety, Hsllo 

Lllle GL50-1 had very low storage losses (24 9%) and 

hIgh bulb YIeld (11 8 tlha), 47 5% hIgher YIeld than 

Hsllo 

Development of high Yleldmg, better quality omon 
breedmg IInes/vanetles 

The problems related to om on productlOn III the 

tropIcS are many and vaned, and result III low produc

tiVIty AVRDC has so far Identified genetic sources of 

useful traits, such as good bulb quahty, firmness earh

ness, and hIgh YIeld These are used m a breedmg pro-

Table 5 Performance of promlsmg garliC lines for storage 
losses * and Yield at ambient conditions 

Garlic line Bulb Yield Totallosses* 
(t/ha) (%) 

GL425 84c 189· 
GL808 10 4 ab 240 d. 

GL2S 7 S 9 c 243 cd 

GL501 11 sa 249 d. 

GLSO-5 104 ab 25 1 de 

GL262 S 1 c 252 d. 

GL847 11 5 a 326 c 

HSllo (ck) 80 c 687 a 

Ho mel (ck) 87 be 478 b 

Significant 
Mean 93 332 
CV% 72 87 

* See Table 4 
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gram deSIgned to develop hlgh-Yleldmg hnes WIth early 

matunty and good qualIty, firm bulbs, sUltable for pro

duction m short-day tropIcal envIronments 

Germplasm lInes (70) and prevIOusly selected 

progeny hnes (47) were evaluated for bulb YIeld and 

quahty traIts Yield, bulb color, firmness, and days to 

matunty were assessed and selectlOns made F2 prog

emes (l06) were evaluated and selectlOns were made 

for combmed targeted traits, such as bulb YIeld bulb 

SIze, firmness, and earhness 

Improvement of oman Imes through progeny selectIon 

Progeny selectlOns were made to Improve popula

tions for YIeld and bulb quahty characters Dunng the 

year, 47 prevlOusly selected hnes were further evalu

ated for vanous traits Fourteen lInes produced bulb 

YIelds above 40 tfha WIth very low lllcIdence of spht 

bulbs (0-12%) (Table 6) EIght hnes had marketable 

bulb YIeld (47 5-61 5 t/ha) hIgher than the OP check 

vanety, Texas Grano 502 (38 3 tfha) Lme AC132-1C 

had the hIghest average bulb weIght (316 g) and the 

hIghest marketable bulb Yield (61 5 tfha) Selections 

were also made for lower bulb sphttmg and lower pre

mature boltmg Some of these hnes WIll be used for 

Table 6 Promlsmg progenies among selected onion lines 
Entry Bulb Yield Av bulb Split bulbs Bulb 

(t/ha) wt (g) (%) color 
AC132 1 C 615 a 3076 a e 00 Yellow 
TA247 ST N (1) 502 ab 2433 d I 00 Yellow 
TA239ST 1N 498 abc 2482 c I 00 Yellow 
TA3641N2 495 abc 2169 9 k 129 Red 
TA3771 C 475 a d 3029 a e 23 Yellow 
AC145 1N 2 475 ad 2296eJ 00 Red 
TA3771CS 470 ad 316 1 a d 00 Yellow 
AC4991C 470 a d 2694 a h 37 Yellow 
TA3691N 435 ad 3259 abc 00 Yellow 
Granex 429 456 a d 3313 ab 100 Yellow 
(Hybnd ck) 
Texas Grano 383 b c 2831 a 9 00 Yellow 
502 (OP ck) 
Mean 289 2193 
CV% 649 367 
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large-scale and mutllocatlOn testmg m 1998 for Yield 

and bulb quahty 

Evaluation of F2 progemes 

Fifty Fzprogemes ongmatmg from 25 cross com

bmatlOns were evaluated dunng the year The mam fo

cus was on IdentIfymg recombmants combmmg desIr

able traits The traIts gIven major emphasIs were earlI

ness to bulb matunty, bulb SIze, and firrrmess 

Twenty progemes were found very promIsmg and 

mdividual plant selectIOns were carned out for com

bmed useful traits A total of 106 such plants were se

lected combmmg two or three useful traIts Selfed seed 

was produced from all of these plants for evaluatIOn 

and selectIOn m the next generation Seventy-five plants 

were selected for earhness combmed WIth large bulb 

size SImtlarly, 31 plants were IdentIfied as havmg firm 

bulbs The Fz progeny of the cross between TA69 and 

Table 7 Promising selections Identified In F? progemes 

Traits 
Earliness and large 
bulb size 

Bulb firmness and 
large bulb size 

No of plants 
selected 

75 

31 

F 2 progenies 
TA69 x TA57, AC380 x TA72 
ACC8 x TA57 TA188 x TA72 
AC49 x AC 132 AC431 x AC50 
TA377 x AC49 AC50 x TG502 

TA57 produced plants With extra-early matunty (bulbs 

matunng around 100 days after transplantmg), approXI

mately 25 days earher than the check varIety The cross 

produced plants whIch had bulb matunty better than 

both of the parental hnes Apart from earhness, the 

plants produced fatrly large bulbs WIth average bulb 

weIght, > 180 g From the crosses AC431 x AC50, 

AC49 x AC132, TA377 x AC49, selectIOns were made 

for large bulbs (>300g) and hIgh firrrmess (Table 7) 

Evaluation of germplasm accessions collected dUring 
the year 

Out of 70 new germplasm hnes collected from 

more than 10 countnes, 13 hnes were found to be prom

lSlng, With bulb Yield >60 tlha In five hnes (AC540, 

AC541, AC571, AC589, and AC729) marketable bulb 

YIeld ranged from 69 5 to 96 2 tlha 20 to 57% over the 

check varIety, Granex 429 (Table 8) 

Out of 70 germplasm hnes evaluated 13 hnes were 

Identified for hIgh marketable bulb Yield, low mCIdence 

of sphttmg, and low mCIdence of premature boltmg 

All these hnes had marketable bulb Yield hIgher than 

the best check Granex 429 (Table 8) Marketable bulb 

YIeld ranged from less than 10 tlha to 96 tlha Tremen

dous vanablhty was noted m bulb YIeld bulb shape, 

TableS Promising germplasm hnes Identified dUring the year 
Entry Variety 

AC571 PS13489 
AC729 Red bone 
AC540 Gladiator 
AC541 Sunex 1502 
AC589 Liberty 
AC525 Mercedes 
AC526 High Gold 1 
AC582 Gold Rush 

AC588 BGS85 
AC740 Explorer 
Granex 429 (ck) 
Texas Grano 502 (ck) 
Superex (ck) 
Mean 
CV% 

10 

Source 

USA 
USA 
Australia 
USA 
Netherlands 
USA 
Japan 
South 
Africa 
Netherlands 
Netherlands 

Mkt bulb 
Yield (t/ha) 
962 a 
805 ab 
740 a d 
730 a e 
695 a f 
695 a f 
685 a g 
680 a g 

655 a h 
630 b I 
61 2 b I 
455 c P 
284 J q 
411 
659 

Av bulb 
wt (g) 
3840ab 
4197 a 
3071 d I 
341 5 a h 
3382 a h 
3367 a h 
4000 abc 
3096 d I 

4051 ab 
3731 a e 
3843 a d 
3135 d I 
3050 d I 
277 0 
387 

Split % 

0 
7 
0 
0 
0 
0 
7 
0 

10 
4 
5 
2 
2 

Bolters % Color 

0 yellow 
3 red 
0 yellow 
0 yellow 
7 yellow 
13 yellow 
0 yellow 
4 yellow 

3 yellow 
0 yellow 
0 yellow 
2 yellow 
2 yellow 
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weight, sphttmg, and boltmg AC729 was red whIle all 

the others were yellow 

Breeding for resistance to stemphyhum leaf blight, 
purple blotch, and anthracnose In om on 

Resistance to SLB was conflfmed m fIve A 

jistulosum acceSSIOns (TA104, TA108, TA198, TA204, 

and AF468) m field and m laboratory expenments m 

past years InterspecIfic barriers have, however hm

Ited the use of genes from A jistulosum to Improve 

om on hnes These barners act at several levels, such as 

1) dIsturbance m meIotIc cell dlvlSlon leadmg to highly 

stenle gametes, 2) stylar mcongrUIty resultmg m lack 

of polhnatIOn, and 3) nuclear-cytoplasmIc mcompat

Iblhty, and as a result, only selected gametIc combma

tIons had fertIhzatIOn There IS no problem producmg 

F1 hybnds These barriers start to operate however, at 

the F1 generatIOn and onwards Our strategy has m

volved crossmg A jistulosum wIth a large number of 

A cepa (om on) acceSSIOns ongmatmg from vanous 

geographIcal regIOns Dunng the year, 13 F1 57 F2, 81 

F
3

, 34 BC1, and 5 BC1F2 progemes mvolvmg A cepa 

Table 9 Pollen fertility, seed set and SLB reaction of F, 
plants 
Cross Pollen Seed set Disease 

fertility (%) (%) reaction 
CF16 AC15 x TA198 331 103(750) R 
CF19 AC50 x TA198 402 82(300) R 
CF52 AC49 xTA204 420 71(500) R 
CF54 AC319 x TA204 360 80(1200) R 
CF57 AC444x TA204 250 10(104) R 
CF67 AC425 x TA 198 21 0 20(61) R 
CF68 AC426 x AF468 320 40(3200) R 
CF69 AC431 x AF468 150 05(19 R 
FC45 TA198 x AC50 357 70(300) R 

and A jistulosum crosses were evaluated for resIstance 

to SLB, bulb traits, and fertlhty 

Screenmg for dIsease resIstance was carned out 

both m the field and m a growth room after artIficIal 

moculatIOn Screenmg for resIstance to anthracnose was 

carned out under controlled condItIons New back

crosses were made 

Development of SLB resistance In omon 

All 14 F 1 hybnds showed resIstance to SLB m field 

evaluatIOns, mdlcatmg a possIble dommant gene ac

tIon controllmg thiS dIsease (Table 9) In controlled

condItIOn expenments, after artIfiCIal moculatIOn, most 

plants were found to be resistant Some were classified 

as moderately resistant The cross CF16 had moderate 

pollen fertlhty (33 1 %) and low seed set (103%), but 

It had poor bulb development CF19 and FC45 had good 

pollen fertlhty (402 and 35 7%, respectIvely), low seed 

set (8 2 and 7 0%, respectIvely) and medmm bulb de

velopment No reciprocal dIfferences were notIced for 

the fertlhty level m CF19 and FC45 crosses (Table 9) 

The crosses CF52 and CF54 also had moderate pollen 

fertlhty (36 and 42%) and low seed set (7 1 and 8 0%) 

These five F1s were IdentIfied for further study, as all 

other crosses had extremely poor pollen fertlhty and 

seed set 

Out of 57 F2 progemes evaluated SIX (CFI6, CFI9, 

FC45, CF52, CF54, and CF56) were found to be prom

Ismg for pollen fertlhty seed set and reSIstance to SLB 

(Table 10) Progemes segregated for disease reactIOn 

to SLB but the maJonty of the plants were eIther reSIS-

Table 10 Promising F, progenies of A flstulosum and A cepa crosses for SLB reSistance, fertility, and bulb development 

Cross 
CF16 0 (AC15 x TA198) 
CF19 0 (AC50 x TA198) 
FC45 0 (TA 198 x AC50) 
CF54 0 (AC319 x TA204 
CF52 0 (AC49 x TA204) 
CF56 0 (AC426 x TA209) 

1997 Report 

No of Bulb Pollen Seed set Disease reaction (% plants) 
plants development fertility (%) (%) R MR S 

6 Poor 35 50 25 35 6 0 0 
17 Very good 4065 530 10 7 10 
10 Very good 2555 815 10 0 0 
3 Medium 30 65 7 25 3 0 0 
3 Small bulb 3571 1020 3 0 0 
2 Medium 45 65 5 30 2 0 0 
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tant or moderately reSIstant A dommant gene control 

of the dIsease IS speculated The best progemes IdentI

fied were CF16-7 CFI9-1, and FC45-1 (Table 11) In 

these lmes, plants were selected for SLB reSIstance both 

m the field and m the laboratory, WIth hIgh pollen fer

tilIty good seed set, and good bulb development Out 

of 83 F3 progemes evaluated, progeny CF16-7-1 had 

excellent seed set (60%) and reSIstance to SLB, but had 

poor bulbs CF19-15-1 had good seed set (up to 50%), 

reSIstance to SLB, and good bulb development Prog

eny FC45-15-1 had low seed set, but was reSIstant to 

SLB and had good bulbs (Table II) 

Among the 34 BC] progemes evaluated, only three 

(CFI6 x TA377, CFI9 x AC50, and FC45 x TA364) 

were found promIsmg for fertIlIty, apart from reSIstance 

to SLB (Table 12) Others had hIgh levels of pollen ste

nlIty leadmg to very poor or no seed set The best back

cross progeny, CFI6 x TA377, had 60% pollen fertIl

Ity, 41 % seed set, and moderate bulb development, apart 

from reSIstance to SLB 

EvaluatIon of A cepa and A flstulosum crosses for 
resIstance to anthracnose 

Screenmg under controlled condItIOns found re

SIstance sources for anthracnose dIsease m several A 

jistulosum acceSSIOns TA198 TA204, AF468 , AF556, 

AF557, AF558, AF559, AF560, AF561, AF562 and 

AF684 Four F, progemes mvolvmg A cepa and A 

jistulosum crosses developed for SLB reSIstance were 

also evaluated for anthracnose dIsease under controlled 

condItIOns ReSIstant plants were obtamed In all the four 

progemes, rangmg from 19 to 555% Most plants were 

reSIstant or moderately reSIstant to anthracnose The 

selected reSIstant plants WIll be used to develop omon 

hnes WIth combmed reSIstance to SLB and anthracnose 

Improvement of garlic through clonal selection and 
mutation breedmg 

Clonal selection (garbc does not set seed) was car

ned out to utIlIze eXIstmg vanabilIty GarlIc plantmg 

matenals were IrradIated to generate mutatIons for de

SIrable traIts mcludmg dIsease reSIstance The major 

objectIve of the program was to select garhc clones 

supenor m YIeld and qualIty, havmg large SIze bulbs, 

larger cloves, besIdes havmg reSIstance to SLB and VI

ral dIseases Several clonally selected and mutatIOn 

denved lInes have been developed and are now bemg 

further evaluated for YIeld and bulb traIts besIdes re

SIstance to vIral and fungal (SLB) dIseases 

EvaluatIOn of clonally selected V g4 (57 hnes) and 

V g3 (30 hnes) generatIOn hnes was carned out to Iden

tIfy supenor genotypes for YIeld and quahty traIts VI

rus-resIstant clones IdentIfied m five hnes were evalu

ated for bulb YIeld and reSIstance to vIral dIseases 

Table 11 Promlsmg Fa progenies of A cepa and A flstu/osum crosses 
No of Bulb Pollen 

Cross plants development fertility (%) 
CF16701 (AC15 x TA198) 
CF191501 (AC50x TA198) 
FC45151 P(TA198xAC50) 

8 Poor 5060 
11 Good 4055 
2 Good 31 35 

Table 12 Evaluation of backcross progenies 

12 

Characters 
Good or med bulb development, R or MR to SLB 
Poor pollen fertility «25%) Very low seed set «1%) 

2 Good bulb dey resistance to SLB No flowenng 
3 Good or med bulb dey resistance to SLB 

good pollen fertility (>40%) low seed set «5%) 
4 Good bulb development R to SLB, 

good pollen fertility (>50%), good seed set (>40%) 

Seed 
set (%) 

60 
2050 
58 

SLB reaction (no of plants) 
R MR 
8 0 
8 3 
2 0 

% of progenies 
22 

7 
2 

3 
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through ELISA testmg VIrus-free hnes generated 

through menstem culture were evaluated m the field 

under a net cage PromIsmg mutatIOns/vanants IdentI

fied among mutatIOn breedmg populatIOns presently at 

the V gM4 generation were evaluated 

Smce 1993, four groups of clonal selectIOns (IBS I, 

IBS2, IBS3, and IBS4) have been generated These 

clonal selectIOn groups are presently m V gs V g4 V g3' 

V g2' and V gl generations The clonal selectIOn made m 

1993, 1 e , IBS 1, IS presently m V g4 generatIOn, 

IBS I V g4 SImIlarly other groups are denoted as 

IBS2Vg" IBS3Vg, and IBS4Vg
1 

Results obtamed m 

IBS 1 V g4 and IBS2V g3 generations are reported here 

In the first group (IBS 1 V g4)' 22 hnes were evaluated 

m a rephcated tnal SIgmficant YIeld dIfferences were 

observed (Table 13) Four promlSlng selectIOns (GI68-

1, GI68-3, Gl71-5, and GIn -6) wIth> II t/ha bulb YIeld 

were Identified showmg more than 45% mcrease m 

YIeld over the best check vanety, HSI-Io The best se

lectIOn, GI68-1, YIelded 61 % hIgher than the check 

varIety 

SIxty-eIght hnes of IBS2V g3 were evaluated Bulb 

YIeld ranged from 7 I to 13 5 t/ha EIght hnes were 

IdentIfied for hIgh bulb YIeld, from 103 to 13 5 t/ha 

(Table 14) These hnes yielded as much as 34% hIgher 

than HSI-Io The hnes GL46-3 and GL97-1 had fewer 

but larger cloves 

Table 13 Performance of promlsmg garlic clonal selections 
(IB51 Vg, generation) 

Selected Bulb Yield Av bulb Bulb diameter Clove 
clone (tlha) wt (g) (mm) no 
GL682 129 ab 573 582 ab 153 b d 
GL77 6 11 9 a d 453 542 ad 155 b e 
GL715 11 8 a e 454 552 a d 183 bc 
GL683 118 a e 505 553 a d 188 b 
GL738 109 b J 272 546 a d 145 b e 
GL793 108 b k 452 539 a d 142 be 
GL77 4 100d m 240 527 ad 109 d f 
HSllo (ck) 80p 395 544 ad 131 be 
Significance *** ns ** *** 
Mean 97 423 528 145 
CV(%) 77 252 49 176 

1997 Report 

HSI-Io was IrradIated at 0 5,075, and 10K Rad 

gamma-rays and resultmg mutants/varIants were se

lected Out of 40 hnes (presently m VGM4 generatIOn) 

evaluated for bulb YIeld 18 had hIgher bulb YIeld than 

the non-IrradIated HSI-Io (Table 15) Four hnes, 

HS 75KR-MI2, HSO 5KR-SI, HSO 5KR-LI, and 

HS 75KR-L14, had bulb YIeld of9 5 to 13 3 t/ha, 18 to 

66% hIgher than the check 

ReSistance to VirUS diseases m garliC 

VIrus-reSIstant garhc clones ofGL42, GL98, GL49, 

and GL50 were evaluated for VIruS reSIstance and bulb 

YIeld Results confirmed preVIOUS findmgs, as the lInes 

dIsplayed negative ELISA reaction to omon yellow 

dwarf VIruS (OYDV) shallot latent VIruS (SLV) garlIc 

common latent VIruS (GCLV), and leek yellow stnpe 

VIruS (LYSV) Each hne had negative ELISA reactIOn 

Table 14 Performance of promlsmg garlic clonal selections 
(IB52VgJ generation) 

Bulb Yield Av bulb Bulb diameter Clove 
Selected clone (tlha) wt (g) (mm) no 
GL503 143 a 515 a 579 260 b h 
GL974 130 ad 452 a c 535 262 b 9 
GL971 135 ab 44 2a c 536 236 c I 
GL 1054 126 a f 51 3 ab 582 299 a e 
GL 101 2 126 a-f 421 a c 531 240 b I 
GL502 11 9 a g 464 a c 571 312 a d 
GL9810 104 b h 483 ab 578 289 a e 
GL463 103 b h 430 a c 547 178 f k 
HSllo 101 c h 481 ab 556 332 a c 
Homel 96dl 431 a c 558 303 a d 
Significance *** *** ns *** 
Mean of 39 entnes 9 5 338 535 189 
CV(%) 152 204 70 231 

Table 15 Performance of promising lines developed 
through mutation breeding In vanety HSI 10 

line 
HS 75KRM12 
HS 5KRS1 
HS 5KRL1 
HS 75KRM3 
HSI 10 (ck) 
Significance 
Mean 
CV(%) 

Bulb Yield Av bulb Bulb diameter Clove 
(tlha) wt (g) (mm) no 

13 3 a 52 0 55 9 16 9 
12 4ab 55 0 54 0 15 2 
12 0 ab 52 2 53 8 14 3 
95 436 533 161 
8 0 cd 39 5 54 0 13 1 
*** 

79 
171 

ns 
423 
190 

ns 
524 
77 

ns 
168 
103 
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to two or three vIruses In the hne GL42-2E, four popu

latIOns had negatIve reactIOn to OYDV, GCLV, and 

LYSV The plants had no vIsIble leaf symptoms These 

lInes had faIrly good bulbs wIth an average bulb weIght 

of 35 g SIX clonally selected hnes of GL98 were evalu

ated for VIruS resIstance All SIX hnes dIsplayed nega

tIve reactIOn to OYDV, SLY, and GCLV One of the 

hnes, G98-6-2-3, dIsplayed negatlve reactIOn to all the 

four major vIruses, 1 e ,OYDV, LYSV, SLY, and GCLV 

Extremely mIld VIruS symptoms were observed In all 

the hnes These hnes had good bulb quahty and were 

frurly large and bulb weIght averaged from 45 to 75 g 

Thus, they have commercIal potentIal NegatIve VIruS 

reactIOn In these lInes has been observed over the last 

three years 

Breedmg for true-seed shallot varieties with 
Improved YIeld and quality 

Shallots are presently planted USIng vegetatIve 

plantIng matenals But there are drawbacks to USIng 

bulbs for commercIal plantIngs Apart from the expense, 

vIral, fungal, and bactenal pathogens and nematodes 

are easdy transmItted In plantIng matenals To help rem

edy thIS, the Center set out to develop a true-seed propa

gatIon system for shallot Forty-seven hnes shoWIng 

good flowenng and seed set have been IdentIfied Im

tIal selectIOn to Improve bulb quahty and Yield have 

gIven good results 

Seed productIOn In 25 hnes selected for good bulb 

quahty and YIeld was carned out dunng 1997 In net 

cages USIng controlled pOllInatIOn Some 111 selected 

self and SIb progemes were planted as seed and were 

evaluated for theIr bulb YIeld umformIty, matunty du

ratIon, and bulb quahty traIts Further selectIOns were 

made for bulb umformIty, matunty duratIOn, and bulb 

qualIty 

Among the mne selfed progemes evaluated In ob

servatIOnal tnals, three progemes, S8-S, S24-S, and 

TA265-S, were the best WIth bulb YIelds of more than 

14 

25 tlha, average bulb weIght from 50 to 80 g, and 4 to 

15 bulblets per plant 

Of the 102 SIb progeny hnes evaluated In observa

tIOnal trIals, 20 hnes had bulb YIeld above 20 tlha SIX 

hnes were found hIghly prOmISIng WIth estImated bulb 

YIeld rangIng from 22 9 to 28 4 tlha, whIch was 7 to 

34% hIgher, respectIvely, than the check varIety S-28 

(21 3 t/ha) planted as bulbs (Table 16) Bulb qualIty 

was good WIth red to deep-red color Number of bulb

lets ranged from 7 to 17 and average bulb weIght of the 

selected hnes ranged from 108 to 128 g The check 

vanety had very many bulb lets (46) and low average 

bulb weIght (96 g) Three hnes, S25-C(2), S44-S-C, 

and S59-N, had hIgh bulb YIeld (>25 tlha) and good 

bulb quahty Bulb color and maturIty duratIon m these 

hnes were not umform and need further Improvement 

The hnes take about 15 days longer to mature com

pared to the bulb-planted crop 

GenetIc studIes on clonal selectIon of garlic 

Clonal selectIOn IS a major breedmg method for 

garlIc, smce plant stenhty usually precludes crop Im

provement by means of cross hybndizatIOn Smce no 

segregatmg populatIOn IS avaIlable, stabIhty and mher

Itance of speCIfic traIts obtamed through clonal selec

tIOn IS hard to momtor by normal genetIc analYSIS 

Amphfied fragment length polymorphIsm (AFLP) IS a 

techmque for fingerpnntmg genomIC DNA It gener

ates a vIsual Image of DNA whIch can be used to de

tect DNA dIfferences between plants, or DNA poly

morphIsm Thus, AFLP mIght help IdentIfy genetIc 

Table 16 Performance of promlsmg shallot progenres for 
bulb Yield and related traits 

Line 
S25 C(2) 
S44 S C 
S103 C 
SVF96m1 S 
S101VFm4 S 
S59 N 
S28 (ck) 

Bulb Yield Av bulb No of bulblets Bulb 
(tlha) wt (9) per plant 
266 120 172 
284 128 144 
229 108 164 
239 108 82 
249 108 72 
280 128 152 
213 96 460 

color 
red 
red 
deep red 
red 
deep red 
red 
light red 
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vanabIlIty among selected garlIc clones The purpose 

of thIS expenment was to establIsh an AFLP analysIs 

techmque for garlIc, and assess ItS usefulness for Iden

tIfYIng clonal vanatIon 

Leaves from GL42, and ItS clonally selected lInes, 

GL42-2-E, GL42-3-E, GL42-4-E, and GL42-5-E, were 

harvested for genomIc DNA extractIOn The AFLP 

analysIs system I kIt, developed by LIfe TechnologIes 

(USA) , was used In thIS study 

Pnmer cOmbInatIOns able to generate polymor

phIsm In garlIc have been IdentIfied for AFLP analysIs 

(Table 17) About 150 bands could be detected SImul

taneously by each polymorphIC pnmer paIr The num

ber of fragments amplIfied per sample per pnmer paIr 

depends on the sequence context of the selective nucle-

Table 17 Informative primer combinations for the AFLP 
analYSIS In garlic 
E E E E E E E 
MCz AAZ ACA ACT ACC ACG AGC 

M CMY + + + + + + 

M CAC +x + + + + + 

MCAG + + + + + 

M CAT + + + + + 

M CTA + + + 

M CTC + + + + + 

M CTG + + + + + 

Mcn + + + 

Z Primer With EcoRI restriction site and 3 selective nucleotldes 
Y Primer With Msel restriction site and 3 selective nucleotldes 
x + Indicates positive amplification 

1 
2 

3 

4 

E 
AGG 

+ 
+ 

+ 

+ 

otIde, and the compleXIty of the genome and averages 

50 WIth the AFLP analYSIS system I kIt The hIgh num

ber of bands amplIfied relatIve to most reports of other 

crops mIght be partIally due to the large genome SIze 

of garlIc 

Due to lImIted data, the sImIlanty matnx analYSIS 

of polymorphIc lOCI between clonal selectIOn lInes can

not be evaluated at thIS POInt However, the polymor

phIC profile of these matenals IndIcated genetIc varIa

tion eXIsts between GL42 and ItS clonally selected lInes 

as well as among selected lInes (FIg 1) As these lInes 

were vegetatIvely propagated, genetIc vanatIOn could 

result from mutatIOn accumulated dunng the long-term 

cultIvatIOn The data also suggested that the mutatIOn 

frequency could be an Important dnvIng force of ge

netIc varIabIlIty In garlIc Some tested lInes were also 

reported to show reSIstance to some VIruS dIseases 

Further study IS reqUIred to venfy the correlatIOn of 

AFLP WIth these dIsease reSIstance traIts 

Virus elimination and virus indeXing 

Because garbc and shallot are usually vegetatIvely 

propagated, VIruS InfectIOn IS almost 100% So far, 

seven VIruses have been descnbed and charactenzed, 

but there IS strong IndIcatIOn that stIll other VIruses and 

other serologIcally dIStInCt straIns are present As an 

InternatIOnal center, we have to assure that all Incom

Ing and outgomg germplasm IS free of VIruS Our ob-

Fig 1 Example of AFLP test uSing E 5 and M 3 pnmers In garlic From top to bottom lane 1 J GL42, lane 2, GL42 2 E, 
lane 3, GL42 5 E, lane 4, (GL 3 E + GL 4 E) Arrows indicate polymorphism between tested lines 
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JectIves are, therefore to set up an effectIve virus-ehmi

nahon and vlfus-mdexmg system, to clean our 

germplasm of ViruS, and to determme the fate of ViruS

free plant matenal once planted m the field 

For routme virus-ehmmatlOn, the scheme descnbed 

m AVRDC's 1994 Annual Report is followed It com

pnses Virus elImmatIOn by menstemmg followed by 

three ELISA tests for seven VIruses, the first one be

fore the young tissue-cultured plantlets are transferred 

to soil, the second and third at the end of the first and 

second growth cycles, respectively, m the greenhouse 

To improve the effiCiency of VIrus ehmmatlOn, heat 

treatment of bulbs before menstemmg was tested (30°C 

- one week, 36°C- one week, 38°C- seven weeks) An 

electronmicroscopic exammatlOn of plantlets at the end 

of the second growth cycle was also mtroduced to de

tect any ViruS that could not be detected by ELISA 

The effect of VIruS remfectlOn of Virus-free garhc 

was studied on two menstem-denved clones of the gar

hc cultivar 'Black Leaf' planted m an AVRDC field, 

both protected by an msect proof net cage and wIthout 

Table 18 Presence of viruses In heat treated garlic cloves 
Garlic Treat % menstem 
IIne1 menF survival SLV OYDV 
G29 no heat 85 38 42 

heat 95 68 49 

G34 no heat 90 43 79 
heat 70 72 28 

G37 no heat 100 32 52 
heat 100 58 90 

G43 no heat 100 28 61 
heat 100 66 86 

G 50 no heat 100 22 11 
heat 90 41 44 

1 The lines onglnated from Talnan DAIS 

protectlOn Before harvestmg, all plants were tested by 

ELISA for SiX Viruses 

• Routme ViruS ehmmatlOn and VIruS mdexmg 

The routine VIruS ehmmatlOnlmdexmg of garbc and 

shallot contmued, bnngmg the total to 231 Virus-free 

garhc hnes and 27 VIrus-free shallot hnes ImtIal VIruS 

mfectIOn was hIgh All but three of 169 hnes subjected 

to VIruS mdexmg m 1997 were virus-mfected MIte

borne filamentom VIruS (MbFV) was the most fre

quently encountered ViruS (m 60% of the cloves tested) 

followed by GCLV (40%), OYDV (37%), SLY (27%), 

and LYSV (17%) 

• Improvement of ViruS ehmmatlOnlmdexmg 

A heat treatment of five hnes before menstemmg 

was found to have a differentIal effect on the SiX Vi

ruses present m the ongmal matenals The treatment 

conSiderably decreased mCidence of LYSV and MbFV, 

but mcreased that of SLY In the case of OYDV, results 

were mconcluslVe (Table 18), m three of the five hnes 

tested, OYDV mCIdence had mcreased, m the other two 

It had decreased An electronmicroscopic exammatlOn 

of tIssue-cultured plants at the end of the second growth 

% cloves mfected with vlrus3 

MbFV LYSV GLCV SYSV 
100 8 0 0 

70 2 0 0 

43 14 0 0 
36 0 4 0 

96 0 0 0 
47 0 0 0 

72 6 0 6 
46 0 0 0 

85 11 0 4 
6 0 0 0 

230 C/1 wk 36·C/1 wk 38 C/7 wk (growthroom dark) SIX bulbs/line were subJe~ted to the heat treatment before menstemlng after the dormancy had 
been broken Of each bulb 2 3 menstems were excised to obtain a total of 20 menstems per line 

3 Tested by ELISA before transplanting to sOil 
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cycle was qUIte effectIve m detectmg vIruses not de

tected by ELISA Forty percent of the samples tested 

were found to harbor vIruses 

• Effect of VIruS ehmmatIOn on YIeld and VIruS remfec

tIOn of garhc 

In the fourth season of field plantmg, the YIelds of 

menstem-denved clones were stIll on average 78% 

hIgher than those of contmuously fIeld-propagated 

clones (Table 19) ThIS compared to an average of more 

than 200% YIeld mcrease observed m menstem-denved 

plants m the thIrd field plantmg A hIgh mCIdence of 

two potyvIruses, LYSV and OYDV, was noted m the 

menstem-denved plants SLY and MbFV were detected 

m a small percentage of the menstem-denved plants 

From the results It IS also ObVIOUS that cagmg of mer

Istem-denved plants greatly reduces vIrus-remfectIOn, 

although It does reduce YIeld 

Host resistance to stemphyllum leaf blight of 
bulbmg ailiums 

Stemphyhum leaf blIght, caused by Stemphyllum 

veslcarzum, IS one of the most senous fohar bhghts of 

om on and garlIc m ASIa, where It IS often mlSldentIfied 

as purple blotch Recent surveys have shown SLB to 

be more prevalent than purple blotch m many areas 

Control of SLB IS pnmanly by use of fungICIdes be

cause no reSIstant vanetles are aVaIlable The obJec

tIves OfthIS study were (1) to develop a laboratory pro

tocol for assessmg SLB reactIons of omon, (2) to screen 

omon breedmg populatIOns and acceSSIOns for theIr 

SLB reactIOns m the laboratory, (3) to evaluate omon 

and garlIc entnes planted m the fields at AVRDC for 

theIr reactIOns to SLB, and (4) to compare the effec

tIveness of azoxystrobm WIth the effectIveness of a cur

rently recommended fungICIde treatment for control of 

SLB momon 

To determme the effect of leaf wetness duratIOn 

on SLB development, moculated plants were transferred 

at 6-hour mtervals from the humIdIty chamber to the 

Table 19 YIelds and vIrus reinfectIon of menstem denved vIrus Indexed plants of the cultlvar 'Black Leaf' grown for the fourth 
season1 In the fIeld 

Yleld/ 
Origin Treat plant g % VIrUS relnfectlon2 % virus free 
of line ment1 (% Increase) SLV LYSV OYDV MbFV SYSV GCLV plants 
M1 cage 48 3a (123) 0 38 28 12 0 0 57 

no cage 66 9b (120) 7 62 68 0 0 0 12 

M2 cage 36 3cd (67) 0 0 0 0 0 0 100 
(cage) no cage 45 9bc (51) 8 67 93 0 0 0 3 

M2 cage 34 8cd (60) 0 17 13 12 0 0 80 
(no cage) no cage 45 6bc (47) 5 75 83 3 0 0 5 

F cage 217e 3 100 100 98 2 0 0 
no cage 304de 8 100 100 90 2 0 0 
cv 152 
LSD 11 0 

1 In the first season (Spnng 94/Summer 95) (plantmg May 19 harvesting Sept 2) the cloves were planted for multiplication m autoclaved SOil under a net 
cage (400 mesh/m2) to prevent VIrUS remfectlon (plantmg May 19 harvesting Sept 2) In the second season (Fall 94/Spnng 95) (planting Dec 2 
harvesting March 30) the cloves were planted both under the net cage and directly m the Allium breedmg field At the end of the second growmg season 
no virus was detected In the third season (Fall 95/Sprmg 96) (plantmg Oct 23 harvesting Apn111) plantmg was as for the second season However the 
cloves of line M2 were chosen both from the second season caged as well as non caged plants For the fourth season planting (Fall 96/Spnng 97) 
(planting Nov 8 harvesting Apn118) plantmg matenals were as descnbed for the third season 

2Tested by ELISA before harvesting 
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greenhouse where the folIage dned rapIdly DIsease 

seventy m each group of plants was compared at 7 days 

after moculatIOn The protocol presently m use at 

AVRDC IS as follows Inoculate 30 to 60-day old plants 

wIth a lx105 comdIa per ml suspensIOn from S 

veslcarzum add 001 % Tween 20 as a wettmg agent 

spray folIage to the pomt of runoff, hold plants at 22°C 

m the dark wIth a saturated enVIronment to mamtam 

leaf wetness for 36 h, thereafter allow the fohage to 

dry and keep the plants at 22°C and 60-95% RH wIth a 

14-hour/day lIght penod Assess the dIsease reactIOns 

at 5 to 7 days after moculatIOn on a scale of 1-5 m WhICh 

1 = no symptoms and 5 = >50% of the leaf area affected 

GarlIc and omon hnes and acceSSIOns planted m 

the fields at AVRDC dunng wmter/sprmg, 1996-1997, 

were rated for theIr reactIOns to SLB that developed 

from natural moculum Three rates of azoxystrobm were 

compared wIth a standard fungIcIde treatment, 

IprodIOne+mancozeb, m a field study for theIr effec

tIveness agamst SLB m om on The field study was ar

ranged m a RCBD wIth four replIcatIOns and 176 on

Ion plants per plot FungIcIdes were applIed at 2-week 

mtervals for a total of eIght applIcatIOns Border rows 

Table 20 The effect of duration of the leaf wetness penod 
follOWing inoculation on development of 
stemphyllum leaf blight on omona 

Duration of the 
leaf wetness 
after Inoculation 

o hr 
6 hrs 

12 hrs 
18 hrs 
24 hrs 
30 hrs 
36 hrs 

Disease seventy ratlngb at 7 DAI 
AC 47 Granex 429 TA 108 AF 468 
1 22 d 1 29d 1 00 c 1 03 c 
1 59 cd 1 31 d 1 08c 1 08 bc 
2 41 bc 2 08 c 1 03 c 1 14 abc 
281 b 264 bc 1 09 c 1 28 ab 
3 17 b 3 17 ab 1 20 b 1 22 abc 
3 33 b 3 25 ab 1 28 ab 1 25 abc 
4 33 a 3 78 a 1 32 a 1 31 a 

a Sown 14 March 1997 Inoculated 5 May 1997 (Stemphyllum 
veSlcaflum Isolate Sv 7 1x105 comdla/ml suspension) 

b Mean of 12 plants In each of 3 rep the disease reactions were rated on 
a scale of 1 to 5 In which 1 = no symptoms 2 = <5% of leaf area 
affected 3 = 6 25% of leaf area affected 4 = 26 50% leaf area 
affected and 5 = >51 % leaf area affected 

Data followed by the same letter In the same column were not 
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were moculated wIth S l-eSlcarzum to assure umform 

heavy moculum m the test plots 

Testmg the effect of leaf wetness 

An expenment was conducted to evaluate the ef

fect of leaf wetness duratIOn on SLB seventy on known 

resIstant and susceptIble omon lInes DIsease seventy 

on the susceptIble vanetIes at 7 days after moculatIOn 

mcreased steadIly from a ratmg of about 1 wIth no leaf 

wetness penod, up to about 4 when exposed to 36 hours 

of leaf wetness (Table 20) Seventy ratmgs of resIstant 

lInes only mcreased from about 1 to 1 3 under the same 

condItIOns Thus the 36-hour leaf wetness penod was 

deemed most appropnate for evaluatmg SLB reactIOns 

because of the greater dIsease seventy dIfferences be

tween resIstant and susceptIble lInes 

Laboratory evaluatIons for SLB·reslstance 

FIve sets of plant matenals were evaluated for theIr 

reactIons to SLB m the laboratory They were as fol

lows 16 elIte garlIc lInes 24 promISIng omon geno

types, 11 omon acceSSIOns, 41 A cepa x A jistulosum 

lInes from seed, and 15 A cepa x A jistulosum lInes 

Table 21 Evaluation of Allium entnes for their reactions to 
stemphyllum leaf blight follOWing inoculation In 

laboratory 
No of entnes In each category' 

Project VR R MR S VS Total entnes 
Elite garlic lines 0 0 0 0 16 26 
Onion promising 0 0 0 0 24 24 
genotypes 

A cepa x A flstu/osum 0 W 12 7 6 41 
lines seed 

A cepa x A fistulosum 0 1c 13 0 15 
hnes, topset 

Onion accessions 0 6d 0 0 5 11 
Total 0 23 25 8 51 107 
a Disease reaction categories are based on mean DSRs mean DSR of 1 
= Very resistant (VR) 11 20 = ReSistant (R) 21 30= Moderately 
resistant (MR) 31-40 = Susceptible (S) and 41 50= Very suscep 
tlble(VS) 

b ReSistant pedigrees TA105S(3) 0 TA108S(1) 0 TA198S(2) 0 CF19 
31 P CF19 32 P FC27 9 P FC45 28 P FC42 P FC45 P FC46 
P FC51 P CF21xTA198 P TA204(1) 0 AF468S(1) 0 TA198 S TA204 
S 

c CF52(1) 
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from top-set bulblets All of the garhc hnes were rated 

very susceptIble to SLB (Table 21) Seventeen of the 

omon hnes A cepa x A jistulosum crosses (16 from 

the seed group and one from the top-set group) were 

rated resIstant to SLB SIX of the 11 om on acceSSIOns 

were found to be resIstant 

Field evaluations for SLB resistance 

Garhc and omon entnes were evaluated on 28 

March and 7 Apnl 1997, respectIvely, for theIr SLB 

reactIOns to natural moculum m the field at AVRDC A 

total of 453 garhc entnes were evaluated None of the 

entnes was rated to be 'very reSIstant', but 14 were 

rated 'resIstant' and 63 'moderately reSIstant' The en

tnes found to be reSIstant were FG 1 CKL3, FG 1 CKL4, 

FGICKS9, FGI0 5L3, FGlO 5M27, FGIIMI5, 

FGllS7, G37R2S2, G37R2S8, G37R2VSll, 95G120-

4, TA149m3, TA158m5, and TA158m6 A total of 127 

omon entnes were evaluated None of the entnes were 

rated as very reSIstant or reSIstant, but 12 were rated 

moderately reSIstant they mcluded AC512, 514, 515, 

522,523 530,531 552 553 564 574, and 726 

Table 22 Effect of fungicidal treatments on stemphyllUm 
leaf blight development and Yield of omon1 
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Treatment 2 

Iprodlone 50% W P 
+Mancozeb 80% W P 

Iprodlone 50% W P 
+Mancozeb 80% W P 
+Cltrole 

Azoxystrobtn 25% E C 
Azoxystrobln 25% E C 
Azoxystrobln 25% E C 
Nonsprayed check 

Concentratton 
1 0 glitter 
25 glitter 

1 0 glitter 
25 glitter 

150 ml/itter 

02 ml/itter 
04 mllitter 
08 ml/hter 

Yield Disease 
(t/ha) seventy3 

1134 b4 1278c4 

957 c 1838 b 

1252 a 1120 c 
1330 a 910 d 
1342 a 805 d 
766 d 2660 a 

1 Cultlvar Granex 33 transplanted 13 November 1996 and harvested on 
16 Apnl1997 

2 The first fungicidal application made on 18 December 1996 and 
thereafter at 2 week Intervals 01% Tween 20 added to each 
treatment 

3 Area under disease progress curve 
4 Means Within columns followed by the same letter are not significantly 

different at the 5% level according to DMRT 
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Efficacy of azoxystrobm for control of SLB of oman 

Azoxystrobm was evaluated m the field for con

trol of SLB on Granex 33 omons Three rates of 

azoxystrobm (50, 100, and 200 ppm) were compared 

WIth a standard fungICIde treatment, WIth and WIthout 

CItrole, and an untreated check to assess ItS efficacy 

agamst SLB All fungICIde treatments sIgmficantly 

(P<O 05) reduced the seventy of SLB and led to m

creased bulb YIelds m comparIson WIth the untreated 

check (Table 22) Control of SLB by azoxystrobm at 

the 100 and 200 ppm levels was sIgmficantly better 

than that by all other treatments Azosystrobm at 50 

ppm was as effectIve as the currently recommended 

treatment, IprodIOne plus mancozeb AddItIon of Cltrole 

reduced the effectiveness of the standard treatment 

Om on YIelds m the three azoxystrobm treatments were 

sIgmficantly hIgher than those m all other treatments, 

but there were no dIfferences m YIelds among the three 

rates of azoxystrobm The addItion of Citrole to the 

standard treatment resulted m a sIgmficant YIeld loss 

Studies on the control of beet armyworm In omans 

Omon and shallots m ASIa are attacked by 

Spodoptera eXlgua (Huebner), the beet armyworm 

(BA W) and S laura (F), the common armyworm 

(CAW) Larvae of these pests eIther feed on the leaf 

surface or m most cases, bore mSIde the tubular leaves 

and feed whIle remammg concealed m the leaf Pupa

tIon takes place m so11 ThIS hfe cycle protects larvae 

and pupae from natural mortahty factors, such as para

SItes and predators, ramfall, and msectIcide fohar 

sprays In a senes of three field expenments, we stud

Ied the possIbIhty of managmg the pest by mampulat

mg the behaVIOr of ItS adults In partIcular we studIed 

the UtllIty of one component of a 4-5 component sex 

pheromone ofBAW (Z E)-9, 12-tetradecadienyl acetate 

[(Z9, EI2)-14 OAc] m dlsruptmg matmg, leadmg to 

reductIOn m pest damage We also studIed the heIght at 

whIch the adult msects fly so that certam bafflers mIght 
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be used to prevent theIr mIgratIOn, the subject of our 

thIrd field study 

Two parcels of land, each measunng 30 m x 20 m 

and located 30 m away from each other were trans

planted wIth 6-week-old bulb omon seedhngs Imme

dIately after tran~plantmg, pheromone release statIOns 

(l-m tall plastIc pole or bamboo stIck) were erected at 

the JunctIOn of a 4-m gnd laId throughout one parcel 

A lO-cm long and 2-mm dIameter specIal plastIc tube 

contammg 20 llg (Z9, EI2)-14 OAc was tied at 30 cm 

above the plant canopy A new tube contammg 20 llg 

of the chemIcal was tIed once every week The BA W 

and CAW male adult populatIOns were momtored once 

a week by placmg full blend sex pheromone traps 10 

both fields We also observed all omon plants 10 10 

randomly selected I-m long rows and recorded army

worm-damaged and healthy plants on a ratmg scale of 

o to 5 (0 = no damage, 5 = maxImum damage) 

In the second test a 0 05-ha parcel of land was 

planted to bulb omon SIX 4 5-m hIgh poles were 

erected three to the south and three to the north edges 

of the planted area At 1-, 2- 3-, and 4-m above the 

ground, 21 5 cm x 21 5 cm whIte paper boards coated 

wIth Tangle Foot glue were posted wIth the sticky sur

face pomtmg away from the om on plantmg The num

ber of male and female BA W adults trapped on the 

sticky boards was recorded once a week for 11 con

secutIve weeks Dunng the observatIOn, the boards were 

replaced when moth scales or dust covered a sIgmfi

cant amount of the stIcky surface 

In the thIrd study, a 0 I-ha parcel of land was 

plowed and worked mto 0 75-m WIde ndges and fur

rows The area was dIVIded mto two 30 m x 20 m plots 

Each plot was transplanted to 6-week-old bulb om on 

seedhngs ImmedIately after transplantmg, a 2-m hIgh 

nylon net bamer was erected along all SIdes of one par

cel, whereas the other parcel was mamtamed as such 

as a check The top 10-cm area of the nylon net was 

coated WIth Tangle Foot glue to prevent BA W adults 

20 

that landed on net from crawlIng InsIde the planted area 

The number of BAW adults trapped III the glued area 

was recorded once a week In order to see whether BA W 

adults are present 10 the area once a week for SIX con

secutive weeks we placed 10 each parcel one wmged 

trap baited WIth 10 llg of sex pheromone of BA Wand 

one WIth an equal amount of pheromone of CAW The 

followmg mommg we recorded the number of moths 

trapped Once a week for SIX weeks we selected at ran

dom, four 2 m x 15m areas (two 2-m long hnes) and 

assessed, on a scale of 0 to 5, the BAW larval damage 

to the fohage, where 0 = no damage 5 = 100% dam

age At harvest, we sampled four 5 m x 4 5 m areas (5-

m long 6 rows) and recorded the bulb YIeld 10 each 

area 

Results of the momtonng of BA Wand CAW adults 

by sex pheromone traps 10 treatment and check parcels 

of om on plantmgs are summanzed 10 Table 23 A day 

Table 23 Trapping of Spodoptera eXlgua and Spodoptera 
iltura male adults by sex pheromone traps placed 
In two onion fields, AVRDC, autumn winter 1996 
97 

Number of adults trapped per trap overnight 
Date of Check field CD field" 
observation eXlgua htura eXlgua htura 
18 Nov 96 83 16 45 14 
25 Nov 96 55 17 0 1 
2 Dec 96 86 18 0 0 
9 Dec 96 33 15 0 0 
16 Dec 96 46 11 1 0 
23 Dec 96 18 1 0 0 
30 Dec 96 15 0 0 0 
6 Jan 97 82 3 1 0 
13 Jan 97 3 0 0 0 
20 Jan 97 20 0 0 0 
27 Jan 97 17 1 0 0 
3 Feb 97 8 0 0 0 
11 Feb 97 4 0 0 0 
17 Feb 97 6 0 0 0 
24 Feb 97 3 0 0 0 
3 Mar 97 6 0 0 0 
" CD = Communication disruption by the use of high concentration of a 

Single component sex pheromone (Z9 E12 14 OAc) was Initiated on 
19 Nov 1996 20 ~g chemical on rubber septum was placed Just above 
plant canopy at the Junction of 4 x 4 m gnd Plot size 20 m x 30 m 
Cultlvar'" California 606 
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before the pheromone treatment wa'> begun, both the 

check parcel and deSIgnated treatment parcel had a sub

stantial number of msects, 83 eXIgua and 16 htura m 

the check field and 45 eXIgua and 14 htura m the deSIg

nated treatment fIeld In sub~equent mOnItonng at 

weekly mtervals, however, we fatled to trap adults of 

eIther specIes m the commumcatIOn dIsruptIOn trap, or 

trapped only one stray mdlVldual when many adults of 

both speCIes were trapped m the check field ThIS mdI

cated successful commumcatIOn dIsruptIOn by (Z9, 

EI2)-140Ac 

When OnIon plants were observed for pest dam

age however the damage m the treatment parcel was 

only margmally lower than the damage m the check 

plot The same was found m 1995-96, when we were 

able to brmg about matmg commUnIcatIon dlstruptIOn 

of both BAW and CAW usmg (Z9, EI2)-14 OAc In 

both years, the armyworm damage to omon treatment 

parcel was only margmally lower than to check parcel 

It appears that mated females from elsewhere are mI

gratmg to both plots and mltIate pest mfestatton ThIS 

IS mevltable m a multIple croppmg system where veg

etables are grown, especIally WIth pests lIke Spodoptera 

whIch feed on a number of crops Sex-pheromone, 

whether full blend or one component, does not affect 

behavIOur of female adults In addItIOn to the use of 

(Z9, EI2)-14 OAc for matmg commumcatton dISrup

tIOn, we need to deVIse means to reduce mIgratIOn 

The results of the flymg heIght study are summa-

Table 24 Capture of beet armyworm adults In stiCky traps 
placed at various heights In the field, AVRDC, 
spring 1997 

Trap No of adults % adults 
height (m) trapped trapped % females 

1 1117 6206 9231 
2 383 2005 0 
3 200 1308 769 
4 083 482 0 

LSD 5% 487 1234 1073 

Trap size 21 5 x 21 5 em white Observation dates Once a week from 
9 Dec 1996 to 27 Feb 1997 Data are totals of 11 observations at each 
height 

1997 Report 

nzed m Table 24 Over 92 % of the adults were trapped 

on sticky board,> placed 1 and 2 m above the sOlI sur

face Two thIrds of them were caught 1 m above ground 

Over 92% of the msects trapped at thIS heIght were 

females In last year's expenment, over 90% were 

caught at the 1 and 2 m heIghts combmed, and 95% of 

them were females ThIS ImplIes that females, bemg 

the heaVIer of the two sexes, cannot fly very hIgh or 

that they are m search of crop on WhICh to lay eggs, 

hence they fly close to the ground Whatever the rea

son, It mdlcates that a 2-m hIgh barrIer could largely 

ehmmate mIgratIOn of BAW and reduce damage to 

omons 

Results of the momtonng of BAW and CAW adult 

populatIOns m the plot surrounded by nylon net and 

the open check plot are summanzed m Table 25 

In the treatment field, despIte a 2-m hIgh bamer, 

some BAW adults were also caught However, theIr 

number was barely 20% of those trapped m the open

field check plot ThIS mdlcates that a 2-m hIgh bamer 

reduces adult mIgration substantIally BAW moths were 

found trapped on all four SIdes of the enclosure ThIS 

mdicates the msects mIgrate from all SIdes 

Results of the weekly damage observatIOn are sum

manzed m Table 26 At most observatIOn mtervals, 

BAW damage m the protected area was sIgmficantly 

less than m the open area Thus, nets hold potentIal for 

reducmg BA W mfestatIOn The msect damage mSIde 

Table 25 Trapping of SAW and CAW male adults by sex 
pheromone traps placed In two Onion fields, 
AVRDC, autumn winter 199697 

Number of adults trapped per trap overnight 
Date of Cheek field 2 m net 
observation eXlgua htura eXlgua Iitura 
18 Dec 96 8 0 1 0 
26 Dec 96 10 0 3 0 
31 Dec 96 18 1 5 0 
8 Jan 97 24 0 7 0 
15 Jan 97 4 0 2 0 
22 Jan 97 20 0 6 0 
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the net was mdeed less than m open field However 

thIS dIfference m damage was not reflected m YIeld as 

there was no sIgmficant dIfference m bulb YIeld from 

the check plot and treatment plot, 19 03 tlha and 16 12 

tfha, respectIvely (Dunng the expenmental penod, 

there was heavy mfestatlOn by omon thnps, Thnps 

tabaCI, on the omon folIage allover the AVRDC ex

penmental farm ThIS substantially affected the crop 

stand and YIeld) 

Because of the small SIze of vegetable fields m 

ASIa, most smaller than 0 1 ha, thIS techmque has po

tentIal Before adoptmg thIS techmque, however, one 

must make sure that there are no BAW pupae hibemat

mg m the soIl of the planted area, or else the pest prob

lem mSIde the net could be hIgher than outsIde A net 

and pheromone combmatIOn WIll be tested next year 

Screening of AllIUm germplasm for resistance to 
beet armyworm 

Beet armyworm (BAW), Spodoptera eXlgua 

(Huebner), IS a polyphagous msect that attacks a WIde 

varIety of crop speCIeS, mcludmg omon, shallot, soy

bean, tomato, cotton, asparagus, grapes, and several 

specIes of weeds The msect larvae feed mamly on 

leaves, at tImes defolIatmg whole plants In omons and 

shallots, adults lay eggs on the tubular leaves Soon 

after hatchmg, the larvae bore InSIde the leaves and feed 

voracIously, whIle remammg concealed, unaffected by 

natural mortalIty factors such as ramfall, predators and 

Table 26 

Date 
15 Jan 97 
22 Jan 97 
29 Jan 97 
5 Feb 97 

12 Feb 97 
19 Feb 97 
26 Feb 97 
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BAW larval damage to onion foliage In open 
check field and nylon net surrounded field 
AVRDC, autumn winter 1997 

Damage rating 
Treatment field CK field 

044 045 ns 
064 064 ns 
043 053 
054 062 
055 062 
012 032 
019 031n5 

t value 
018 
000 
325 * 
655 * 
608 * 
378 * 
257 

paraSItes, and msectIcides used to control the pest At 

AVRDC, therefore, we have been screenmg Alhum 

germplasm for reSIstance to BAW WIth a VIew to lden

ufymg genetIc sources of reSIstance to the pest In 1996-

97, we screened 124 entnes, mcludmg five entnes that 

were least damaged m last year's test for reSIstance to 

BAW 

A parcel of land was roto-tIlled and worked mto 

o 75-m WIde raIsed beds These beds were further dI

VIded mto 2 m x 15m plots Seeds or vegetatIve plant

mg matenals of 124 Alhum acceSSIOns were obtamed 

from the AVRDC A/hum breeder Flve-week-old seed

hngs or vegetatIve plantmg matenals were transplanted 

In a smgle row on the top of mdividual plots Soon af

ter transplantmg the whole planted area was confined 

on all SIdes and over top by nylon net ApproxImately 

10 weeks after transplantmg, we released BA W adults 

InsIde the net cage Thereafter, we released BA W adults 

InSIde the cage at Irregular mtervals to mcrease pest 

populatIOn pressure to aVOId any acceSSIOn escapIng 

from BA W damage When the BAW feedIng damage 

was very hIgh, we evaluated 20 plants of each entry for 

seventy of pest damage The damage was rated on a 

scale where 0 = no damage, 1 = 20% of leaf area dam

aged, 2 = 40%,3 = 60% 4 = 80%, and 5 = 100% leaf 

area damaged by the pest The damage ratmg data were 

analyzed by a statIstIcal procedures based on mean and 

standard deVIatIOn (SD) of mean of all entnes to clas

SIfy acceSSIOns mto vanous reSIstance ratmg classes 

Entnes WIth damage ratmgs of less than mean - 2 SD 

were consIdered hIghly reSIstant (HR), those between 

mean - 2 SD and mean - 1 SD, moderately reSIstant 

(MR), between mean - 1 SD and mean, WIth low reSIS

tance (LR), between mean and mean + 2SD, suscep

tIble (S) and more than mean + 2SD, as hIghly suscep

tIble (HS) 

All entnes suffered from BAW larval feedmg dam

age The mean damage ratIng for the first screemng 

was 2 76 ± 0 39, and for the second, 3 14 ± 0 54 DIS-
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tnbutIOn of the entnes m varlOus reSIstance ratmg cat

egones IS summanzed m FIg 2 Four out of five least

damaged entnes that were Judged as hIghly reSIstant 

dunng the second ratmg, when overall damage was 

hIgher than m first ratmg, were rated as MR (4 entnes) 

or HR (1 entry) m the first ratmg These matenals, 

AC430, AC570, AC584, AF537, and FC27(S), were 

conSIdered hIghly promlSlng for BAW reSIstance AL

bum cepa entry AC570 was rated as HR m both screen

mgs FC27(S) IS the product of a cross made by 

AVRDC's Alllum breeder, between A cepa and A 

jistulosum ReSIstance ratmgs of these entnes are sum

manzed m Table 27 The five entnes WIth the least dam

age m last year's tests were rated as MR or LR TheIr 

damage was not as low as the five above-selected en

tnes These five entnes wlll be tested agam m a multl

replIcate test m the 1997-98 season 

Table 27 

Entry 
AC430 
AC570 
AC584 
AF537 
AF27(S} 
AC68? 

Performance of selected Allium entries for 
resistance to BAW, AVRDC, spring 1997 
Damage rating (DR) and resistance rating (RR) 

1 st evaluation 2nd evaluation 
DR RR DR RR 
200 MR 195 HR 
179 HR 179 HR 
200 MR 210 MR 
200 MR 200 HR 
200 MR 200 HR 
335 S 400 S 

Transplanting date 11 Nov 1996 Damage rating dates 12 March 97 

80 
FIrst evaluatlOn 

60 
en 
Q) 
c 
C 40 Q) 

'0 
0 20 :z 

0 

In 1996-97, there was unusually heavy damage due 

to omon thnps Smce both msects cause dIscoloratIOn 

and drymg of folIage, the ratmg of BA W damage was 

affected by thnps 

Screening of Allium germplasm for resistance to 
omon thnps 

Omon thnps, Thnps tabacl Lmdermann, IS a 

polyphagous thnps that attacks a WIde vanety of crops, 

mamly vegetable speCIes, throughout the world Om on 

seems to be Its major host (Omon IS mfested speCIfi

cally by omon thnps wherever thIS crop IS grown) 

Thnps larvae and adults rasp the leaf surface and feed 

on oozmg sap As a result of ItS feedmg, the leaves take 

on a blotchy appearance and the plant IS severely dam

aged The leaves become shnveled and dry, startmg 

from the apex Bulb YIeld, m the case of Album sepa, IS 

severely reduced In the case of green omon, market

abIlIty of the leaves IS reduced ThIS msect IS espeCially 

Important m the dry season Its hIgh fecundIty and con

cealed feedmg -It feeds m creVIces or depreSSIon'; rather 

than on smooth plant surfaces - make thIS msect dIffi

cult to control At AVRDC we have been screenmg AL

bum germplasm for reSIstance to omon thnps WIth the 

aim of eventually breedmg reSIstant lmes In 1997, we 

screened 123 acceSSIOns mcludmg two entnes that 

showed promIse m past tests 

Second evaluatlOn 

HR MR LR S HS HR MR LR S HS 

Fig 2 

1997 Report 

ReSistance categones 

Distribution of 124 Allium entries Into various resistance 
rating classes dUring two evaluations, AVRDC, spring 1997 
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Seeds of 123 Alhum acceSSIOns were sown m a 

soIl-compost mIxture m 6-cm dIameter plastIc pots, 8 

pots per acceSSIOn After emergence, the plants were 

thmned to mamtam one plant per pot SIx-week-old 

plants were then placed m a greenhouse room where a 

populatIOn of oman thnps was mamtamed contmuously 

on potted oman plants When thnps damage was at a 

maxImum, each plant was rated on a scale, where 0 = no 

damage, 1 = 20% leaf area damaged, 2 = 40%, 

3 = 60%, 4 == 80%, and 5 == 100% leaf area damaged 

Thnps moved readIly from the older damaged 

plants to the test entnes All entnes were damaged by 

the pest However, there was consIderable vanatIOn m 

the extent of damage Two entnes found resIstant m 

past tests, TA189 and TA243, were mcluded as reSIS

tant checks They were far less damaged than other en

tnes (Table 28) There were three entnes, however, 

whIch were consIstently less damaged than all others 

24 

m each of the three observatIons Then ratmgs were 

comparable or supenor to TA189 and TA243 

These three new entnes, AC521 AC525, and 

AC584 along wIth TA189 and TA243 wIll be evalu

ated ngorously m 1997-98 to confirm theIr reSIstance 

to thnps 

Table 28 Reaction of selected AllIUm accessions to onion 
thrips, AVRDC greenhouse, sprmg 1997 

ReSistance rating a 

Accession First Second Third 
AC521 113 200 200 
AC525 125 225 1 88 
AC584 113 200 213 
TA189 b 138 200 200 
TA243 b 1 13 200 213 
AF538 c 229 386 400 
TA1 N N° 300 400 400 
Mean d 180 281 308 
a Observation dates first 15 Jan second 22 Jan third 29 Jan 1997 
b Resistant checks 
C Susceptible entries 
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Crucifer Improvement 

The goal of crucIfer Improvement at AVRDC has been to develop heat-tolerant, hIgh-YIeldmg, and early matur

mg Chmese cabbage (Brasslca wpa) and common cabbage (B oleracea) vanetIes wIth dIsease and stress tolerance, 

sUItable for the tropIcS and subtropIcs 

The crucIfer program has been very successful m the past two-and-a-half decades The Center has developed 

hIgh-YIeldmg, heaHolerant Chmese cabbage vanetIes whIch have been wIdely adopted m many tropIcal and sub

tropIcal countnes, where otherwIse, relIable productIOn of crucIfers would be ImpossIble 

InspIred by thIS success, common cabbage was added as a pnnclpal crop m 1992 m the hope of breedmg heat

tolerant vanetIes through a SImIlar breedmg protocol Work on that crop has also produced consIderable results, 

mcludmg selectIOn of medmm heat-tolerant vanetIes Further breedmg work on cabbage, however, would be very 

dIfficult m the clImate at AVRDC hIgh temperatures dunng the wmter result m unrelIable vernahzatton of seed 

plants and ramfall dunng the seed harvestmg penod hmders seed collectIOn GIven ItS success to date and the 

dIfficultIes aSSOCiated WIth achlevmg further gams, the Center has decIded to conduct less breedmg work on CruCI

fers m the near future 

In 1997, advanced Chmese cabbage lInes WIth preferred elongated-head shape were evaluated based on theIr 

performance m top-cross tnals A total of 18 lInes were selected out of70 lInes Several top-crossed progemes were 

found very promlSlng 

A backcross breedmg program was undertaken to mcorporate cytoplasmIC male stenlIty (CMS) mto heat

tolerant Chmese cabbage lInes A CMS hne provIded by Cornell Umverslty has proven to have no chlorotIc problem 

as suffered by the prevIOUS ogura CMS lInes under low-temperature condItions No reverSIOns to male fertIlIty or 

other defects, mcludmg chloroSIS, were observed m backcro~s progeny Further backcrosses were made between 

three recurrent parents A backcross program for mcorporatIOn of turnIp mOSaic VIruS (TuMV) reSIstance was also 

contmued m 1997, along WIth efforts at IdentIficatIOn of reSIstant lInes and momtonng of new TuMV strams New 

TuMV strams and a new stram of radIsh mOSaiC VIruS (RaM V) were found and reSIstant lInes were sought 

As part of a heat-tolerant cabbage breedmg program, collectIOn and evaluatIOn of cabbage vanetIes contmued 

SIX cabbage vanetIes were selected for theu hIgh-YIeld dunng the hot-wet season, and several early matunng cab

bage vanetIes were selected for theu exceptIOnal headmg abIlIty WhICh makes thIS crop Ideal for lowland summer 

pen-urban productIOn 

Major activittes m 1997 mcluded (1) development of elongated Chmese cabbage, (2) development of heat

tolerant populatIOns of Chmese cabbage through populatIOn Improvement (3) mtroductIOn of CMS and TuMV 

reSIstance mto heat-tolerant Chmese cabbage, (4) evaluatIOn of common cabbage vanettes for early flowenng and 

heat tolerance, and (5) mvestIgatton mto the mteractIOn of TuMV strams and mhentance of reSIstance to TuMV 
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Genetic resources enhancement and 
varietal development 

Genetic resources activities 

The BraSSlca germplasm collectIOn at AVRDC to

tals 1540 acceSSIOns, 26 of whIch were acqUired In 1997 

(Table 1) The new acqUiSItions Included mustard, kale, 

common cabbage, and salshm thIrtY-SIX acceSSIOns 

of the B rapa cvg Chmese cabbage were regenerated 

The seeds were germmated, vernalized, and trans

planted mSIde net cages One acceSSIOn was planted 

InsIde one net cage together wIth one acceSSIOn each 

of pepper eggplant, tomato, and omon Honeybees were 

used as pollinators ThIrty-three flowered and produced 

seeds The vernalization treatment for the three acces

SIOns that dId not flower mIght not have been suffi

CIent In addition, black-rot-reslstant lines of common 

cabbage were regenerated at the Mel-fong statIOn of 

National TaIwan Umverslty, which IS about 2000 m 

above sea level Rams dunng the flowerIng and seed 

development stage caused low seed YIeld A total of 

591 Brasslca acceS~IOns have been regenerated, 31 % 

of whIch have enough seeds for long-term preserva

tion CharactenzatIOn was contmued for seedling leaf, 

and silIque trruts based on a standard set of descnptors 

Table 1 The Brasslca germplasm collection at AVRDC, 
1997 

Species 
B Juncea 
B napus 
B oleracea 
B oleracea cvg acephala 
B oleracea cvg alboglabra 
B ole race a cvg botrytts 
B oleracea cvg cap/tata 
B oleracea cvg gongylotdes 
B rapa 
B rapa cvg Chmese cabbage 
B rapa cvg Pak Chot 
B rapa cvg Satshm 
B sp 
Total 

26 

No of accessions 
AcqUired In 1997 Total 

3 39 
9 
7 

4 4 
10 

1 7 
9 26 

1 
859 
26 
1 

1 1 
8 550 

26 1540 

RegIstratIOn passport, dlstnbutIOn and seed mventory 

databases were updated 

Based on charactenzatIOn data rare trruts noted 

mclude whIte, pmk, and purple hypocotyl purplI~h

green seedling leaf color, entire and undulate leaf mar

gm, sparse and abundant seedling pubescence, lan

ceo late leaf shape outlme, absence of leaf blade blIs

tenng, presence of leaf bloom, reddIsh-green and purple 

sIhque color, and sIhque constncted between seeds 

Rare trruts were exhIbIted by Sten Yu Bru TsaI, BeIJmg 

#75, Lu-Bao, Hybnd M4, Darkutz October Red #1, 

Shla Fong Cabbage, TB275, and TB188 In terms of 

silIque trruts, extreme values were exhIbIted by Yamato

neon Kal Choy, BP058, Tung Ann Bru TsaI, BeIJIng 

#70, Taao Huang Bru S Lme, Darkutz, October Red #1 

Taoyuan #4, TB188, and TB370 

Requests for germplasm were served A total of 

684 seed packets, 71 % of the total BraSSlca dlstnbu

tIOn, were sent to 33 countnes Center SCIentists re

quested cruCIfer germplasm for leafy vegetable obser

vatIOn tnals, varIety evaluatIOn, TuMV testmg, and ac

ceSSIOn B40 as heat senSItIve check m sets for dlstnbu

tIOn, and acceSSIOn TB605 for heat tolerance evalua

tIOn (Table 2) A total of 258 packets, 27% of the total 

dlstnbutIOn, went to the Center's regIOnal programs, 

and 24 packets, 2%, went to SCIentists at AVRDC head

quarters 

Development of heat·tolerant populations of 
Chinese cabbage With preferred elongated head 

The development ot heat-tolerant Chmese cabbage 

WIth elongated head shape would help make thIS crop 

more popular m many tropIcal countnes where con

sumers are more famIlIar WIth cultlvars WIth an elon

gated head Advanced hnes of S6 generatIOn were de

veloped from two populatIOns denved from maternal 

line selectIon and another mtercrossed progeny of cy

lmdncal-headed mbred lInes The lInes are at the stage 

AVRDC 



of lme selectIOn, and can be used as parents for hybnd 

breedmg 

Durmg the cool season of 1996-97, selfed prog

emes were produced from 1996 selectIOns At the same 

hme, top-crosses were made between the selectIOns and 

three open pollmated (OP) vanehes, B129, 7252, and 

BCB020 SelectIOn of selfed progeny was based on the 

performance of top-crossed progemes of the selfed 

progeny and the testers Top-crossed progeny were sown 

on 15 August and transplanted on 9 September m the 

field Ten plants were planted m a plot, and an RCBD 

wIth two replIcatIOns was used EvaluatIOn of head 

shape and data collectIOn on head characters (weIght, 

length, and dIameter) were made at matunty (42 to 48 

days after transplantmg, dependmg on the testers used) 

The best lInes were determmed based on the perfor

mance m the top-cross tnal PhenotypIc selectIOn was 

conducted to select seed parents among the selfed prog

eny of supenor hnes 

lable2 ReCIpients of Brasslca germplasm from AVRDC, 
1997 

Country No of samples 
External 684 

Cambodia 78 
Ghana 71 
Bangladesh 57 
Lao PDR 51 
Vietnam 50 
Taiwan 49 
India 38 
Poland 35 
Belize 24 
Korea 24 
Others1 207 

ARC 230 
ARP 28 
Headquarters 24 

Country Program 17 
Breeding 6 
Virology 1 

Total 966 
1 Bhutan Canada China Congo Costa Rica Ethiopia FIJI Islands 

Gabon GUinea Bissau Haiti IndoneSia Kenya Liberia MaUritiUs 
Myanmar Nepal Netherlands Pakistan PhilipPines Portugal 
Thailand United Kingdom and Zaire 

1997 Report 

Two cntena were adopted for the selectIOn of ehte 

top-crossed progeny head shape mdex ~1 5, and head 

weIght > 1 000 g The head weIghts of selected top

cro<;sed progeny were larger than the respectIve testers 

and ASVEG #1 (Table 3) Head length ranged from 23 

to 24 4 cm, and head shape mdices ranged from 1 48 to 

1 65 The heads had about 35 wrapper leaves 

EIght lInes were selected out of 15 hnes evaluated 

m batch 1, and seven hnes were selected from 36 hnes 

m batch 2 In batch 3, whIch appeared less promIsmg 

than the other batches, only three hnes among 19 were 

selected Several top-crossed progemes were found very 

promlSlng A hybnd vanety of Chmese cabbage WIth 

elongated head could easIly be bred by adoptmg the 

selected hnes and testers as parents Self-mcompaubIl

Ity should be checked for hnes to be used as parents for 

hybnd breedmg Seeds of selected hnes WIll be multI

plIed dunng the cool season and WIll be dIstnbuted to 

natIOnal partners upon request 

Incorporation of cytoplasmiC male sterility mto 
Chmese cabbage through backcrossmg 

CommerCIal productIOn of FI hybnd seeds of ChI

nese cabbage has exclUSIvely employed the sporophyuc 

self-mcompaubIhty mechanIsm ThIS system reqUIres 

rather complIcated breedmg procedures and IS unreh

able m hIgh temperatures Smce It IS very hkely that 

hybnd Chmese cabbage WIll be well accepted and that 

hybnd seed productIOn WIll become common practIce 

m tropIcal countnes, It IS strongly suggested that a SIm

pler and more stable system of hybndity over self m

cOmpatIbIhty be developed A CMS acceSSIOn, 

NY8481, kmdly prOVIded by Cornell UmversIty, has 

proven to have no chlorotic problem as suffered by the 

prevIOUS CMS hnes (ogura hnes) under low tempera

ture condItIOns ThIS research was deSIgned to mcor

porate the male stenlIty ofNY8481 mto tropIcal ChI

nese cabbage hnes 

Three BCIFl CMS famihes and 1 FI hybnd were 
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sown on 9 December 1997 and transplanted m the field 

on 6 January 1998 Plants were spaced 50 cm between 

rows on beds, and 40 cm between hllls m rows Survey 

of plants for hortIcultural and reproductIve traits began 

SIX weeks after transplantmg Backcrossmg of the se

lected plants to four mamtamers IS bemg carned out 

Table 4 shows the hortIcultural and reproductIve 

traits of eMS famIlIes dunng the growmg stage m the 

field Two famIlIes WIth N4-2 and 180 as recurrent par

ents, re~pect1vely, showed hIgh similanty to theIr re

CIpIents and excellent withm-famlly umformIty On the 

other hand, the famIly WIth CTl-32 a~ recurrent parent 

showed low recovery rate and hIgh withm-famIly vana

tIon SIze of nectar glands, amount of nectar secretIOn, 

and petal SIze were comparable to those of respectlve 

recurrent parents so that no dIfficultIes are expected m 

usmg the hnes m hybnd seed productIOn No rever

SIOns to male fertIlIty or other defects, such as chloro

SIS, were observed Response to downy mIldew dIsease 

was SImIlar to that of recurrents, but one famIly WIth 

CTl-32 as recurrent showed an exceptlonally hIgh level 

of reSIstance Shghtly faster boltmg and flowenng were 

observed 10 all the famihes compared to theIr male

fertIle counterparts ThIS mIght have been due to hy

bnd VIgor 

Considenng all the traits of concern, 45 plants from 

three backcross progemes and two plants from one F 1 

hybnd were selected to be further backcrossed 10 the 

next generatIOn 

Evaluation of common cabbage germplasm and 
development of heat tolerant varieties/lines 

Several commerCIal vanetles of common cabbage 

have been selected for head formatIOn and YIeld poten

tIal under hot-wet condItIOns 

Table 4 Horticultural and reproductive characters of 
backcross families of CMS Chinese cabbage 

No of selections 
Uniformity wlthm family' 
Nectar secretion 
Downy mildew reslstanceb 

Boltmg/Flowerlngc 

• 1 (poor) 9 (excellent) 
b 1 (susceptible) 9 (resistance) 

Recurrent parent 
CT1 32 N42 180 

20 9 16 
4 7 8 8 
Yes 
3 9 
E-ME 

Yes 
3 

ML 

Yes 
8 
M 

c E = early M = medium ME = medium early ML = medium late 

Table 3 Progeny test and selection for elongated shape In Chinese cabbage families derived from three different sources 
Families derived No of Imes No of lines Performance of selected cross 

Tester from tested selected HW' HLb IndeX" 
B129 Cylindrical type 12 5 1317 234 1 53 

ML 27 29 2 1383 233 148 
ML-35 18 0 
B129 (check) 1103 169 110 
ASVEG #1 (check) 1250 175 115 

7252 Cyhndrlcal type 10 8 1048 229 163 
ML-27 30 7 1331 24 1 50 
ML 35 18 1 1385 238 155 
7252 (check) 1084 175 114 
ASVEG #1 (check) 1176 174 118 

BCB020 Cylindrical type 13 9 1441 244 165 
ML 27 29 11 1403 243 159 
ML 35 20 5 1545 238 152 
BCB020 (check) 1119 190 137 
ASVEG #1 (check) 1136 165 1 18 

• Mean head weight (g) of selected crosses between tester and lines 
b Mean head length (cm) of selected crosses between tester and lines 

Mean head shape Index (head length/head Width) of selected crosses between tester and lines 
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A total of 48 vanetIes were collected from com

merCIal sources for evaluatIOn m 1996-97 These van

etIes, along wIth 26 vanetIes slated for re-exammatIOn, 

were grown m the field dunng the hot-wet season Four 

vanetIes, KK-Cross, KY-Cross, Shmfong #1, and Choon 

ChIOU, were mcluded m all of the observatIOnal tnals 

as the standard checks 

SIX common cabbage vanetIes, categonzed as 

'early matunng varIetIes' m 1996, were re-evaluated 

for theIr earlmess and YIeld potentIal All entnes were 

planted tWIce (June 11 and August 15) dunng the hot

wet season 

Evaluation of common cabbage varieties 

Headed vanetIes matured from 47 to 81 OAT In 

consIderatIOn of earhness and YIeldmg abIhty, SIX va

neties were selected Good Season (Known You, TaI

wan), TropIcal Oehght (Known You, Taiwan), South

ern Treasure (Takn, Japan), Tropicana II (Nong Chaan, 

TaIwan), Shla Bao (Source unknown, Japan), and 

MIghty Top (Source unknown, Japan) (Table 5) These 

vanetIes matured as early as KK-Cross and YIelded 

more than 15 tlha 

Evaluation of early maturmg common cabbage 

The first plantmg was severely damaged by a ty

phoon m the early growth stage Golden Cross (Takn, 

Japan) matured m 51 OAT, whIle two standard varIet

Ies, Shmfong #1 and KY-Cross, matured m 66 OAT and 

64 OAT, respectIvely Yields, however, were very low, 

less than 16 tlha (Table 6) In the second plantmg, 

Golden Cross and E0102 (CAAS, Chma) matured m 

39 OAT and 40 OAT, respectIvely, whIle standard varI

etIes reqUIred 54 days YIelds of the early-matunng 

cabbage vanetIes were as hIgh as those of standard va

netIes, Golden Cross and EOI02 YIelded 25 and 36 tJ 

ha, respectIvely The varIetIes are not tolerant to hIgh 

SOlI mOIsture, so It IS advIsed that they be grown under 

a ram shelter 

Interactions of TuMV strains and inheritance of 
resistance to TuMV 

TurnIp mosaIC VIrUS IS consIdered the most Impor

tant VIruS of Brasslca crops The presence of many 

Table 5 Performance of selected commercial varieties of common cabbage In hot wet season, 1997 
Head weight 

Vanety Acc No DATa (g) 
FIrst tnal b 

Southern Treasure 88115 580 de 733 a e 
Tropical Delight 88191 590 de 746 a d 
Troplcana II 88226 593 d f 696 a f 
Good Season 88228 598 d f 806 a 
KS Cross 88155 589 d f 778 a c 
Troplcana 88197 594 d f 662 b J 
Shlafong #1 88006 603 d f 618 d I 
KK Cross 88112 587 d f 795 ab 
CV 330 102 

Second tnal C 

Mighty Top 88231 626a 592 e 
Shla 8ao 88235 627 a 695 c e 
Shlafong #1 88006 642 ab 605 e 
KK Cross 88112 659 a c 800 bc 

CV 395 
Mean separation within columns In each tnal by Duncan s multiple range test at P=O 05 
a Days after transplanting to harvest 
b Date sown 17 June 1996 Date transplanted 17 July 1996 
C Date sown 9 July 1996 Date transplanted 1 August 1996 

1997 Report 

Yield 
(Uha) Remarks 

190 a b Newly selected 
199 a c Newly selected 
196 a e Newly selected 
215 a Newly selected 
181 a f Re selected 
177 a f Re selected 
145 f k Heat resistant check 
17 8 a f Heat resistant check 
124 

158 de Newly selected 
185 b d Newly selected 
161 de Heat resistant check 
213 a c Heat resistant check 
991 132 
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strams m ASia some of which are not known to occur 

m Europe or the Amencas cause very severe symp

toms such as stuntmg of the plant leaf crmkhng, and 

black spots senously affectmg not only Yield but also 

market quahty Resistance IS considered the most ef

fective control So far, commercially avaIlable culu

vars are susceptible to this ViruS or only carry resIs

tance to one or two strams of the VIruS The objectives 

of thiS actlVlty were to 1) IdentIfy sources of stable re

sistance to all strams of the ViruS, 2) to mom tor the 

occurrence of new TuMV strams and other potentIally 

senous viruses m the regIOn, and 3) to assIst the breed

ers m mcorporatmg resistance mto AVRDC breedmg 

hnes 

For resistance screenmg, host range studies, and 

testmg of Isolates 24 seedlmgs of each hne were tWice 

mechamcally moculated with TuMV Isolates/strams 

This was followed by two ELISA tests conducted at 

two weeks after the first moculatIOn and at five weeks 

after the second moculatIOn 

To momtor the occurrence of new strams/vlruses, 

field samples showmg typical ViruS symptoms were first 

tested by DAS-ELISA with TuMV antiserum In the 

case of negatIve reactIOns leaf extracts were exammed 

m the electronmlcroscope for presence of ViruS par

ticles Agar gel ImmodlffusIOn tests were done by the 

standard method (0 85% agar plus 0 85% NaCl) with 

undiluted, clarIfied leaf extracts 

Twenty-sIX Korean Chmese cabbage mbred hnes 

of dIverse parentage were tested for theIr resistance to 

five TaIwan TuMV strams and 13 TuMV Isolates from 

Korea Only one Korean hne (A 91) was IdentIfied as 

resistant to all five TaIwan TuMV strams One of the 

parents ofthls lme IS 0-2, an AVRDC lme known to be 

resistant to all five TaIwan TuMV strams Two hnes 

were resistant to four TaIwan straIns Wonyae 20020, 

was resistant to strams 1, 2, 3, and 4, and JA 10 was 

resistant to strams 1 3, 4, and 5 Four hnes were resIs

tant to two strams (strams 1 and 3), and eight hnes were 

resistant to straIn 1 All other hnes were susceptIble 

The Korean hne A 91, and the AVRDC acceSSIOn, 

BP 58, were also resistant to all 13 Korean TuMV ISO

lates (Table 7) Two Korean hnes, JA 5 and JA 10, were 

resistant to seven of the 13 Korean TuMV Isolates 

Table 6 Performance of several early maturmg cabbage vanetles m hot wet season 
September 1996 a 

Variety OAP HW· Yield' OAT 
(g) (tlha) 

Golden Cross 385 a 338 de 226 d 508a 
T 621 473 d 490 a 327 a 626 e e 
BSS50 499 e 482 a 321 ab 595 b d 
V0410 432 be 450 a e 300 a e 566 b 
E0102 423 b 402 b d 268 b d 583 b d 
Sprint Ball 578 be 
Copenhagen Market 523f 377 cd 251 cd 
Alaska Cabbage 451 cd 274e 183 e 
Shlafong #1 661 e 
KY Cross 638 de 
CV 267 1089 1089 523 
Mean separation within columns by Duncan s multiple range test at P=O 05 
a Date sown 6 Sept 1996 Date transplanted 3 Oct 1996 
b Date sown 11 June 1997 Date transplanted 11 July 1997 
C Date sown 15 Aug 1997 Date transplanted 11 Sept 1997 
d Days after transplanting 
e Head weight 

June 1997 b August, 1997 c 

HW Yield OAT HW Yield 
(g) (tlha) (g) (tlha) 

136 d 51e 393 a 375d 250 d 
239 e 156 a 500 d 539 b 359 a 
194ed 127 b 504d 468 be 312 be 
192 cd 103 b 459 e 520 be 347 a 
192 cd 120 b 399a 501 be 334 ab 
176 cd 96b 421 b 427 cd 285 cd 

509 a 102 b 541 e 938 a 250d 
357 b 61 e 538 e 984 a 262 d 
1382 1613 106 849 624 

f Yield potential was based on the plantmg denSity of 50 x 30 cm for early matunng cabbage and 50 x 50 cm for normal type cabbage respectively 
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Seven of the Korean lInes, GIkyae, 60 days (263- wIth radIsh mOSaiC VIruS antisera to both the Campbell 

3), Naebyung 60 days, Seoulbaechu, Kyungdu No 3 neo-type stram of CalIfornIa (and Japan) and to the NZ 

(143), Hasanchunse (345), and TFFL, were susceptible stram of Europe In DAS-ELISA tests, the TaIwan 

to all Korean TuMV hnes RaMV reacted very strongly wIth CalIfornIa neo-type 

By theIr host reactIOns on 26 Korean breedmg hnes, 
stram antiserum and weakly wIth the European stram 

antiserum (Table 8) In agar gel dIffuSIOn tests usmg 
and three TuMV stram dIfferential hosts, the Korean 

Isolates can be grouped mto 11 strams, only two of 
antIserum agamst the European stram, the Taiwan 

RaMV reacted hke the neo-type stram When antlse-
whIch, AN 7 and AN 2, appear to be IdentIcal to TaI-

rum agamst the neotype Isolate was used, however the 
wan strams, 1 e , TuMV C-4 and TuMV C-5 respec-

tIvely None of the Korean TuMV Isolates reacted lIke 
Taiwan Isolate spurred over the European Isolate and 

the Taiwan TuMV C-I C-2, and C-3 strains and mIght, 
the neotype Isolate spurred over the Taiwan Isolate 

therefore, represent new TuMV strams Based on these results, the Taiwan RaMV 1<; sero-

logIcally closely related, although not IdentIcal to the 
Detection and Identification of Radish MosaiC VIfUS neotype stram whIch so far has only been reported to 

Sphencal partIcles of approxImately 30 nm were occur m CalIfornIa and Japan 

detected under the electronmicroscope (EM) m mfected 
One of the Chmese cabbage hnes, BP 58, was found 

leaf tIssue The partIcle morphology strongly resembled 
Immune to RaMV ThI<; lme whIch IS also reSIstant to 

that of RaMV ThIS was confirmed m EM decoratIOn 

tests, m whIch the partIcles decorated equally strongly 
all TuMV stramshsolates from Taiwan and Korea, 

Table 7 Reactions of Chinese cabbage (Brass/ca campestfls ssp pekmensls) Inbred lines to strains of turnip mosaic virus 
Turnip AN AN AC AN AN AC AN 

Lme cqs CJ 2 8 18a 3 7 vq 9 RH Stock RG 
Chungbang (26 ) S S S S S S S S S S R 
Mlho No 1 (7302 ) S S S S S S S S S S R 
SSD63 S S S S S S S S S S R 
Haekbaechu S S S S S S S S R S R 
A91 (HSX02 1) S S S S R S R S S S S 
AVRDC(7322 ) S S S S S S S S S R R 
Yakl No 2(350 ) S S S S S S R R R R S 
Sambo(82 ) S S S S S S R S S R R 
Daehyunggarak(400 2 ) S S S S S S R S R R R 
Kyungdo No 2(350 ) S S S S S S S R R R R 
JA20 S S S S S S R S R R R 
Wonyae20020 S S S R S S R S R R R 
Palweolje(8303 ) S S S S S S R R R R R 
9021 32 1 1 S S S S S S R R R R R 
JA2 S S R R S S R S R S R 
JA 10 S R S S S R R R R R R 
JA5 S S S S R R R R R R R 
Wonyae20031 R S R R R R R R R R R 
A91(SSD31X021) R R R R R R R R R R R 
BP 058 R R R R R R R R R R R 
Tropical Delight S S S S S S R R R R R 
Crusader S S S S S S R R R R R 
PI 419105 S S S S S S R S R S R 
Lines TFFL Glkyae 60 days (263 3) Naebyung 60 days (72) Seoulbaechu (212) Kyungdo No 3 (143) and Hasanchunse were susceptible to all 
Isolates 
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should be very useful m breedmg for stable VIruS resIs

tance m Chmese cabbage ThIS IS the first report of the 

occurrence of RaMV m TaIwan 

Table 8 ELISA reactions of the Taiwan RaMV with RaMV 
Europe and RaMV USA antisera 

Dilution of Antigen 
RaMVTalwan 

110 
150 
1250 
11250 
16250 
1 31250 

Healthy Nicot/ana bentham/ana (ck) 

Antiserum 
RaMV RaMV 
USA Europe 

2479 
1469 
1350 
1132 
0417 
0154 

0154 
0057 
0033 
0027 
0023 
0009 

1 1 0 0 008 0 003 
1 50 0 005 0 000 

1 RaMV USA (Campbell neotype strain) antiserum was used at 1 1000 
for coating and conjugate Substrate incubation 15 min 

2 RaMV Europe antiserum was used at 1 500 for coating and conjugate 
Substrate incubation 1 5 h 
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Eggplant Improvement 

The goal of eggplant (Solanum melongena) Improvement at AVRDC IS to develop stable and hlgh-Yleldmg 

vanetIes/hnes WIth Improved fruIt qualIty attnbutes and to develop mtegrated pest management for major dIseases 

and msect pests, such as bactenal wIlt (BW) (Ralstoma solanacearum), phomopsls bhght (Phomopsls vexans), fruIt 

and shoot borer (Leucznnodes orbonalls), and cotton leafhopper (Amlasca blggutulla blggutulla), WIth emphasIs on 

host resIstance/tolerance and bIOlogIcal control m the tropIcs and subtroplcs 

ObservatIOn and evaluatIOn of collected commercIal cultIvar'i, landraces, and other germplasm are aImed at 

IdentIfymg desIrable genotypes for use m the eggplant breedmg program or for recommendatIOn to NARS 

In 1996-97, observatIOnal and ehte vanety tnals were conducted on 115 acceSSIOns and 78 selected eggplant 

varIetIes A large dIversIty m YIeld and hortIcultural charactenstIcs, such as plant type, matunng time, fruIt SIze, and 

fruIt number was observed, whIle sIgmficant dIfferences m marketable YIelds were found m the elIte vanety tnals 

Eggplant genotypes WIth desIrable traits were IdentIfied for use m the breedmg program EIght elIte vanetIes were 

Identified to have stable and hIgh YIeld over dIfferent crop seasons 

Seventeen new sources of BW reSIstance were Identified from the Phlhppmes In addItion, eIght IndIan egg

plant vanetIes were confirmed to exhIbIt consIstently hIgh levels of reSIstance to BW Screenmg and selectIOn of 

hybnd progemes usmg the pedIgree method were carned out, and progress was made toward the development of 

BW-reslstant hnes SIX BW-reslstant hybnds developed from vanety crosses, produced marketable YIelds of more 

than 40 tlha m a field tnal 

FIeld screemng found four Solanum acceSSIOns hIghly reSIstant to cotton aphId, AphIS gOSSVpll 
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Genetic resources enhancement and 
varietal development 

Genetic resources activIties 

SIxty S melongena acceSSIOns from 13 countnes 

were planted for regeneratIOn m 1996-97 Germplasm 

acceSSIOns for regeneratIOn were selected based on the 

reqmrements of AVRDC's eggplant breeder and the 

need for long-term preservatIOn Net cages were used 

to prevent cross-pollmatIOn by msects To enhance seed 

set, supplementary hand-polhnauon usmg mass sIbbmg 

was done for each acceSSIOn MorphologIcal charac

tenzatIOn was done based on a standard set of descnp

tors Samples of fruIts were analyzed for dry matter, 

sugar, fiber, vltamm C, and beta carotene Requests for 

germplasm were served RegIstratIOn, passport, dlstn

butIOn and seed mventory databases were updated 

The eggplant germplasm collectIOn at AVRDC now 

totals 2256 acceSSIOns belongmg to 42 speCIes (Table 1) 

Ten acceSSIOns were acqUlred m 1997 Among the 60 

acceSSIOns regenerated, one acceSSIOn, (TS209) KG 

Begun, from Bangladesh, faIled to germmate TS 1380 

from Chma flowered at a very early age (53 days after 

Table 1 The eggplant germplasm collection, AVRDC, 1997 
No of accessions 

Species Acquired In 1997 Total 
S me/ongena 8 1409 
S aefhloplcum 77 
S aculeaf/ss/mum 39 
S fONum 34 
S mdlcum 27 
S mgrum 18 
S parkmsonlJ 16 
S xanfhocarpum 14 
S Imoclera 11 
S s/symbmfollUm 10 
Others1 2 601 
Total 10 2256 
1 S amencanum angwvl, atropurpureum aVlcu/are capense 

capslcoldes ci/latum eleagmfo/lUm ferox mcanum jug/andlfo/lUm 
/aemlatum /mnaeanum /yeoperslcoldes maerocarpon mammosum 
nodlflorum oeranthum petmatum pseudocapslcum qumquangulare 
ngeseentoldes repandum rtckll rostratum seplum sesslltflorum 
spmoslsslmum stramontfo/lUm suaveo/ens, surattense and vlarum 
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sowmg) Some fruIts had no seeds at all Therefore 

hand polhnatIOn was done tWIce to mcrease seed set 

VanatIOn was observed m all traits WIth the ex

ceptIOn of two All acceSSIOns exhIbIted upnght growth 

habIt and mtermedlate branchmg Rare traits mcluded 

hght VIOlet cotyledonous leaf color very low and very 

hIgh cotyledonous leaf length to WIdth ratIo, plant heIght 

of more than 100 cm, narrow leaf blade, obtuse leaf 

blade tip angle, very many leaf pnckles, whIte corolla, 

short style length, low pollen productIOn, fruit as long 

as broad, snake-shaped fruIt, fruIt green at commerCIal 

npeness, fruIt purple-black at commerCial npeness, 

mottled frUlt color dlstnbutIOn at commerCIal npeness, 

fruIt calyx very long, fruIt calyx pnckles absent, and 

fruIt calyx prIckles plentIful 

HIghest dry matter (9%) was noted m TS1585A , 

from India ThIS acceSSIOn had fruItS III clusters wIth 

frUlt length of 15 cm Sugar was hIghest (36%) III 

TS 1594, from IndIa ThIS acceSSIOn also had the hIgh

est fiber content (l 0%) However thIS acceSSIOn was 

Table 2 ReCIpients of eggplant germplasm from AVRDC 
1997 ' 

ReCIpient No of samples 
External (top 10 countries) 1356 

Costa Rica 
Cambodia 
Taiwan 
BraZil 
Ghana 
China 
Lao PDR 
Belize 
Zaire 
Others 1 

ARC 
ARP 
Headquarters 

Breeding 
Entomology 

Total 

USA 532 
218 
74 
61 
58 
43 
26 
25 
22 
21 

276 

291 
114 

37 
7 

405 

1805 
1 Bangladesh Bhutan GUinea Bissau Honduras India IndoneSia Ivory 

Coast Llbena Mauntlus Moldova Namibia Nepal Pakistan 
Philippines Senegal Seychelles Sri Lanka Sudan Thailand Tonga 
Turkey and Vietnam 
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later noted to be segregatIng VanatIOn In vltamm C 

and betacarotene were also noted The hlghest value 

for vItamm C was 10 4 mg/lOOg m TS1742 (Kerner), 

from India It had long and purple frUlts The hlghest 

value for betacarotene (031 mg/lOO g) was noted m 

TS 1570, from India Thls acceSSIOn had dlstmctlVe blu

lsh-vIOlet corolla and OVOid frUlts 

A total of 1805 seed packets were dlstnbuted to 

33 countnes (Table 2) 44 to AVROC's regIOnal pro

grams, and 405 to umts at headquarters Center SClen

tIsts used the requested matenals m screenmg for re

SIstance to BW, leafhopper, and aphlds and for perfor

mance evaluatIOn 

Evaluation of eggplant cultlvars and 
germplasm 

ObservatIon trial 

An observatIOn tnal (OT) conslstmg of 115 acces

Slons, mcludmg SIX check varletIes, was planted m the 

field wlthout rephcatIOn These entnes were collected 

from the Phlhppmes, Turkey, Iran, Canada, Inner 

Mongolia, Chma, Indla, and other countnes The en

tnes were planted m a smgle-row plot of 9 m2 conslst

Ing of 12 plants WIth 1 5 x 05 m spacmg Standard 

cultural practices and crop management were em

ployed 

Horticultural charactenstIcs and Yleld vaned 

WIdely among the 115 entnes Thlrty-slx acceSSIOns 

were found m fact to be a mIxture of at least two phe

notypes For fruIt shape 52 entries had cyhndncal fruIt 

Table 3 Genotypes Identified for deSirable traits from 1996 OT 
Genotypes 

23 had round frult, 39 had teardrop-shaped fruIt, and 

one was a novelty type EIghty-three percent of entnes 

had purple frult, the rest had green frult The entnes 

matured from 65 to 111 days after transplantmg (OAT) 

WIth an average of 87 OAT S397sIb was the earlIest at 

65 DAT Yield ranged from 7 5 to 56 tlha WIth a mean 

of 329 t/ha SIX acceSSIOns, S383sIb, S389slb, S381sIb, 

S378slb, S136, and S152A, produced YIelds of more 

than 50 tlha Number of fruItS per plant ranged from 

6 0 to 46 4 WIth an average of 25 6 S385sIb had the 

most fruItS per plant Average frult weIght ranged from 

17 to 253 g About 55% of acceSSIOns had frult weIghts 

between 50 and 100 g Genotypes Identlfied wlth de

slrable trmts are gIven m Table 3 They wlll be selected 

for further testmg and/or use m the eggplant breedmg 

program 

ElIte variety trials 

Three ehte vanety tnals (EVTs) for 38 entnes m 

1996 and one EVT for 40 vanetles m 1997 were com

pleted The expenmental deSIgn was RCBO WIth four 

replIcatIOns The smgle-row plot Slze was 9 m2 

(1 5 x 60 m) consIstmg of 12 plants with 1 5 x 0 5 m 

spacmg The tnals were conducted m spnng, summer, 

and autumn 1996, and In spnng 1997 Standard cul

tural practIces and crop management were followed 

Slgmflcant dlfferences m YIelds among entnes 

were observed m each EVT m 1996 The average YIelds 

of the 25 long-fruIt (LF) type entnes m spnng, sum

mer and autumn were 255, 300, and 514 tlha, re

spectively (Table 4) The mean YIeld m autumn was 

tWIce the spnng mean YIeld Best YIelds were recorded 

by EG80 (395 tlha) EG75 (43 8 tlha), and S82 (837 tI 

Erect plant type 
Early maturity 
Less branching 

S131 S135 8222slb S359sIb S376sIb S397sIb S402sIb EG253 
S397sIb S398sIb 8403sIb S395sIb EG254, EG255 

High no of frUits/plant 
FrUit size (big) 
High Yielding 

1997 Report 

8407sIb S403sIb EG255, S406sIb EG256 EG254 
8385sIb 8141 8156 S158 S150 S384sIb 
8358sIb EG253 8381slb, S391slb 
S383sIb S389sIb S381sIb S378sIb 8136 S152A 
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ha) III spnng, summer and autumn, respectIvely were EG75 S82 EG60 EG73, and EG214 or EG1l7 

(Table 5) EG 75 had the hIghest average YIeld 502 tJ (check) EG63 had the most frUlts per plant (61) but Its 

ha, across the three seasons S82 produced an extremely average fruIt weIght was only 49 g EG75, a green-

hIgh YIeld of 83 7 tJha In autumn, and the second hlgh- fruIted eggplant, produced the largest fruIt 137 g on 

est mean YIeld, 475 tJha, across the three seasons Irre- average, In the LF group The average tIme to matunty 

spectlve of season, the five top YIelders of the LF type In spnng summer, and autumn was 87 96, and 149 

Table 4 Mean Yield and horticultural characters of eggplant varieties In various seasons, EVTs 1996' 
Trial FrUit typeb Mean Plant ht No of Days to No of FrUit wt 
season Yield (tlha) (cm) branches maturity frUits/plant (9) 
Spring LF 255 117 68 87 27 78 

RF 286 108 64 77 23 128 
Summer LF 300 85 66 96 28 84 

RF 267 77 66 94 22 121 
Autumn LF 514 95 88 149 42 98 

RF 481 90 82 144 31 157 
a No of entries 25 LF 13 RF 
b LF long frUit type RF round or teardrop frUit type 

Table 5 Eggplant Elite Variety Trial (long frUit type), 1996' 
Days to maturity FrUit weight No of frUits/plant Mkt Yield 

Ace (DAT) (g) (tlha) 
no SP SU AU Mean SP SU AU Mean SP SU AU Mean SP SU AU Mean 
EG55 85 95 147 109 81 109 115 102 180 167 298 22 188 245 448 294 
EG74 115 94 171 127 65 77 92 78 228 206 364 27 196 211 445 284 
EG75 80 94 146 107 112 132 169 137 197 251 341 26 292 438 77 5 502 
EG60 83 91 160 112 97 107 119 107 259 238 444 31 334 333 662 443 
EG62 87 88 163 113 43 47 52 47 474 455 800 58 271 283 555 370 
EG63 84 95 140 106 41 52 53 49 552 592 681 61 304 408 480 397 
EG67 78 98 142 106 91 84 125 100 220 173 308 23 255 201 51 8 325 
EG70 92 92 142 109 72 91 98 87 199 303 395 30 184 351 511 349 
EG73 72 95 147 105 55 72 64 64 523 393 655 52 381 361 560 434 
EG77 87 100 140 109 67 77 92 79 294 298 318 30 264 307387 319 
EG78 95 97 162 118 87 103 110 100 141 206 341 23 163 279 499 314 
S33 88 102 144 111 101 100 126 109 224 280 328 28 298 372 541 404 
EG80 82 97 133 104 76 84 88 82 389 307 365 35 395 339 427 387 
EG81 98 147 89 88 260 372 308 439 
EG101 102 97 165 121 93 89 100 91 129 224 342 23 156 241 457 285 
EG116 90 100 144 111 60 70 94 74 240 341 330 30 190 31 7 41 1 306 
EG117 85 94 151 110 80 92 110 94 239 283 430 32 249 341 626 405 
EG119 79 95 138 104 65 74 74 71 330 317 514 39 283 314 506 367 
EG169 83 102 142 109 78 68 74 73 168 259 293 24 172 235 291 232 
EG197 81 93 159 112 59 65 65 63 31 6 134 581 34 249 109 502 287 
EG205 87 93 133 104 66 61 77 68 31 8 457 459 41 280 370 465 372 
EG207 102 102 165 123 82 81 116 93 157 208 285 22 171 222 431 275 
EG214 80 97 156 111 110 111 124 115 11 6 248 410 26 172 365 677 405 
S24 83 104 142 109 107 98 94 100 251 199 321 26 361 260 401 341 
S82 79 99 153 110 93 87 134 105 242 246 466 32 300 287 837 475 
Mean 87 96 149 111 78 84 98 87 266 282 41 8 32 255 300 514 357 
CV(%) 47 36 50 47 11 3 109 128 120 229 231 222 228 201 199 250 240 
LSD (5%) 57 50 106 123 125 130 177 158 86 92 13 1 105 72 84 181 130 
a Planting dates SP sowing 10 April planting 16 May SU sowing 18 July planting 23 Aug AU sowing 22 Oct planting 21 Nov 1996 
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DAT, respectIvely EG80 and EG 119 were the earhest 

vanetIes They matured at 104 DAT on average Among 

the 25 entnes, four vanetIes, EG75, S82, EG60 and 

EG73, were IdentIfied as stable and hIgh YIeldIng over 

the three crop seasons 

Performances of the 13 round-fruIt (RF) type en

tnes were more stable than the LF type entnes The 

three best YIelders were EG65 (42 3 t/ha), EG66 (42 0 

t/ha) and EG164 (61 3 t/ha) for spnng, summer, and 

25 30 35 40 45 50 55 

Yield (Uha) 

Fig 1 The relationship of regression coefficients and 
mean Yields of 12 round and 24 long eggplant 
accessions In three season 

Table 6 Eggplant elite variety trial (round frUit type), 1996" 
Days to maturity FrUit weight 

Ace (OAT) (9) 
no SP SU AU Mean SP SU AU Mean 
EG218 79 85 137 100 24 27 33 28 
EG65 76 99 127 101 121 129 184 145 
EG66 77 95 134 102 151 119 122 131 
EG69 82 93 135 103 188 237 409 278 
EG76 75 94 151 106 108 108 122 113 
EG82 75 166 173 183 
EG84 71 90 129 97 133 130 151 138 
EG85 69 93 157 106 183 168 234 195 
EG164 74 98 139 103 177 158 216 184 
EG166 82 97 154 111 138 125 122 128 
EG172 70 93 136 100 132 109 94 112 
EG203 81 93 145 106 54 62 66 61 
S3 85 96 159 113 78 79 104 87 
Mean 77 94 144 104 128 121 157 133 
CV(%) 51 49 47 49 11 3 127 128 123 
LSD (5%) 56 66 96 11 6 207 221 289 601 

autumn respectIvely (Table 6) AgaIn, the autumn crop 

performed better than the spnng and summer crops 

The mean Yields of the spnng, summer, and autumn 

crops were 286, 267, and 48 1 t/ha, respectIvely 

EG218 produced a mean of 75 frults per plant, the hIgh

est among the entnes, however, It had the smallest fruIt, 

wIth an average weIght of 28 g EG84, a vanety col

lected from ChIna, matured at 97 DAT and was the ear

hest among the entnes The four top performers In the 

RF group were EG65, EGl64, EG66, and EG76 They 

had average marketable YIelds rangIng from 45 4 to 38 7 

t/ha across the three seasons No sIgmficant dIfference 

was observed between YIelds of these entnes Further

more, they produced stable hIgh YIelds over dIfferent 

seasons 

The relatIOnshIps of regreSSIOn coeffiCIents and 

mean YIelds were analyzed on the 24 LF and 12 RF 

entnes In three crop seasons (FIg 1) The results IndI

cated that 10 vanetIes of the LF type and SIX entnes of 

the RF type exhIbIted good stabIlIty In YIelds wIth theIr 

regreSSIon coeffiCIent (b) WIthIn b = 1 00 ± 0 48 and 

b = 1 00 ± 0 39 respectIvely 

Marketable Ylelds were hIghly assocIated wIth ma-

No of frUits/plant Mkt Yield 
(Uha) 

SP SU AU Mean SP SU AU Mean 
749 738 770 75 240 266 334 280 
265 209 240 24 423 358 581 454 
184 265 329 26 367 420 532440 
71 70 83 8 17 9 22 0 45 2 28 4 

235 206 337 26 336 276 550 387 
106 218 245 523 
121 85 231 15 214 145 463 274 
76 102 147 11 185 226 460 290 

145 185 21 1 18 336 388 613 446 
137 146 256 18 251 240 423 305 
160 148 222 18 279 21 2 278 256 
445 269 575 43 31 8 224 505349 
335 222 392 32 348 233 538 373 
233 220 309 26 286 267 481 345 
158 222 264 230 178 215 250 240 
53 70 117 83 73 83 173 93 

a Planting dates SP sowing 10 April planting 16 May SU sowing 18 July planting 23 Aug AU sowing 22 Oct planting 21 Nov 1996 
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tunng hme branchmg number of fruIts per plant, and 

fruIt weIght In fact, the hIgh YIelds obtamed from both 

the LF and RF entnes m autumn were attnbuted to the 

plants producmg more branches and fruIts and matur

mg m a longer tIme, wIth larger fruIt SIzes compared to 

other seasons 

Dry matter, sugar, and fiber content were deter

mmed m the autumn crop Among the 38 entnes, dry 

matter averaged 7 1 % (range 5 6-9 5%), the mean sugar 

content was 26 7% (range 13 0-36 0%) and the mean 

fiber content was 9 5% (range 8 0-10 4%) S3 had the 

hIghest dry matter whIle EG75 gave the hIghest sugar 

content 

In spnng 1997, 40 promlsmg acceSSIOns were se

lected based on the results of OT and EVTs m 1996, 

and further evaluated m an EVT The entnes consIsted 

of 18 LF acceSSIOns and 22 RF acceSSIOns The results 

revealed that dIfferences m YIelds and some hortIcul

tural charactenstIcs among the entnes were sIgmficant 

For the 18 LF entnes, YIelds of eIght vanetles exceeded 

50 t/ha EG237 (Long Tom) a commercIal hybnd, pro

duced the hIghest YIeld, 60 4 t/ha, produced 50 fruItS 

per plant, WIth an average fruIt weIght of 90 g, and 

matured at 81 DAT The other hIgh YIelders were EG73 

(58 9 t/ha), S357 A (55 1 t/ha), EG 119 (52 4 t/ha) and 

S24 (51 9 t/ha) For the 22 RF entnes the mean YIeld 

was 32 4 t/ha WhICh was lower than that of the LF type 

(456 tlha) EG224 (CIca), a vanety from BrazIl, had 

the hIghest Yield, 59 6 t/ha The second hIghest Yielder 

was EG66 (Pus a KrantI), at 50 3 tlha 

Evaluation of germplasm for resistance to 
bactenal wilt 

More than 300 acceSSIOns of eggplant have been 

screened for BW reSIstance Seventeen are confirmed 

to have a hIgh level of reSistance under both green

house and field condItIOns These 17 acceSSIOns have 

been dIstnbuted to collaborators m South ASIa for 

multt1ocatIOn tnals 
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In 1997, 102 eggplant acceSSIOns were screened 

for BW reSistance at the seedlIng stage m the green

house usmg the soIl drenchmg and root sevenng 

method Twenty-four-day-old seedhngs of the entnes 

were maculated WIth bactenal suspensIOn (108cfu/ml) 

of Ralstoma solanacearum PSS97 m the greenhouse 

After moculatIon, plants were kept m the greenhouse 

where temperatures ranged from 25 to 35°C DIsease 

readmg was undertaken up to 30 days after mocula

tIOn 

Among the 102 entnes 17 acceSSIOns, all from the 

PhilIppmes showed reSIstance, WIth a dIsease mdex 

less than 10% (Table 7) Another 14 acceSSIOns, from 

the PhilIppmes ThaIland Japan, and Sn Lanka, were 

moderately reSistant (DI 10-20%) Seeds of these re

SIstant acceSSIOns are bemg multIplIed m the green

house TheIr reSIstance to BW WIll be further tested 

next year 

In addItIon, 14 prevIOusly screened Indian acces

SIOns were tested to confirm theIr reSIstance and stabIl

Ity EIght vanetIes, EG191, EGI92, EG193, EG195, 

EG196, EG197, EG219, and EG221, had consIstently 

hIgh reSIstance, With dIsease mdices less than 10% 

Breedrng for bactenal wilt resistance 

Sources of BW reSistance have been used m the 

eggplant breedmg program to cross WIth the selected 

parents havmg other deSIrable hortIcultural traits The 

progemes of the crosses were screened at the seedhng 

stage for reSIstance to BW NonsymptomatIc seedlmgs 

were transplanted to the field (dIseased nursery) for 

further selectIOn for reSIstance and deSIrable hortIcul

tural traits Followmg thIS protocol, a total of 218 F2 

and 108 F, reSIstant plants were ~elected last year 

Selection for bacterial wilt resistance In hybrid 
progemes 

A total of 3349 plants of 70 F4 hnes denved from 

the cross CSB8 were screened for BW reSIstance at the 
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seedhng stage In the greenhouse The 2750 non-symp

tomatIc plants were transplanted to the field for further 

observatIon and selectIOn BesIdes the BW resIstance, 

the selectIOn cntena Included plant type, matunty, fruIt 

color, shape, and SIze, number of fruItS per plant, YIeld

Ing potentIal, fruIt appearance, dIsease and Insect tol

erance, and others A total of 89 plants were selected 

and selfed from 33 famIly hnes for advanCIng to F5 

generatIOn In addItIOn, a total of 4064 plants from 17 

F2 populatIons were screened for resIstance to BW In 

the greenhouse In September 1997, and 2123 seedlIngs 

were found symptomless Among the non symptomatIc 

seedlIngs, 1938 plants were transplanted to the field 

for further selectIon 

Evaluation of bactertai Wilt resistant hybrids 

As reported In 1996,92 eggplant hybnds were de

veloped from cross combInatIons of SIX BW-resIstant 

varIetIes and other promISIng vanetIes Fortv-one of 

them exhIbIted a hIgh level of resIstance to BW at the 

seedhng stage A YIeld tnal conSIstIng of 56 hybnds 

and four check vanetles was conducted In autumn 1996 

The expenmental desIgn was RCBD wIth four rephca

tIons The entnes were planted on a sIngle-row plot of 

9 m2 conSIStIng of 12 plants wIth 1 5 x 0 5 m spaCIng 

YIeld data were collected by samplIng five plants WIthIn 

a two-month harvestIng penod 

The YIelds of 60 entnes ranged from 17 7 to 51 1 

t/ha, wIth an average YIeld of 33 4 t/ha (Table 8) The 

dIfferences In YIeld~ among the entrIes were statIstI

cally sIgmficant Eleven hybnds out-YIelded all the four 

check varIetIe~ Moreover, no sIgmficant dIfferences 

In YIeld were found between the top mne hybnds How

ever, only five of these top YIelders were claSSIfied as 

hIghly reSIstant to BW, and the rest were moderately 

reSIstant Two hybnds, CS149, an RFtype, and CS128 

a cylIndncal fruIt type, produced the best YIelds, 51 1 

t/ha and 51 0 t/ha, respectIvely CS 149 was moderately 

reSIstant to B W CD I 14%) In general, the fruIt weIghts 

Table 7 New sources of resistance to bacterial Wilt In eggplant germ plasma 
Disease Indexb Non sympt Bactenal 

Acc no Source (%) plant (%) Wilt reactlonC 

S129 Philippines 10 71 R 
S130 Philippines 4 89 R 
S131 Philippines 5 91 R 
S132 Philippines 1 95 R 
S133 Philippines 6 84 R 
S134 Philippines 7 78 R 
S135 Philippines 1 95 R 
S136 Philippines 9 89 R 
S137 Philippines 8 82 R 
S141 Philippines 4 91 R 
S147 Philippines 5 87 R 
S148 Philippines 2 91 R 
S149 Philippines 5 91 R 
S150 Philippines 3 96 R 
8154 Philippines 4 93 R 
8155 PhilipPines 8 87 R 
8157 PhilipPines 4 91 R 
S56B (R ck) IndoneSia 4 86 R 
EG203 (R ck) India 2 91 R 
EG120 (S ck) Taiwan 79 16 S 

a Sowed on 13 June 1997, Inoculated on 9 July 1997 With Ra/stoma solanacearum PSS97 for 30 days 
b Disease Index % = ( L:n, x I)/(N x Ima.) where n, = no of plants at reading I I = 0 5 Imax = 5 N = total plants tested 
C R = DI% less than 10% S = more than 40% 
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of these 60 entnes were relatIvely low (74 g) but they 

produced good numbers of fruits per plant (36) In an 

average of 104 OAT 

SIX hybnds, CS128, CS169, CS127 CS115 

CS117, and CS166 were considered promlSlng, hav

Ing both hIgh YieldIng potentIal (>40 t/ha) and hIgh 

reSIstance to BW (<10% Dr) Seventeen of these hy

bnds were selected and evaluated agam m the bactenal 

WIlt nursery m summer 1997 The result of thIS tnal 

WIll be reported In 1998 Four to five of the most prom

ISIng hybnds WIll be selected and released to NARS 

for further evaluatIOn In multllocatIOn tnals as new BW

reSIstant vanetIes 

Aphid resistance In eggplant 

Cotton aphId, AphiS gOSSypll IS a polyphagous pest 

that attacks eggplant dunng the cool dry season Both 

nymphs and adults feed on eggplant folIage WhICh 

weakens the plant They also excrete sugars In the form 

of droplets of honey dew whIch can cover most of the 

leaves ThIS promotes growth of a black fungus WhICh 

cuts down photosynthesIs, contnbutmg to further weak

enmg of the plant AVRDC has been screenmg Solanum 

germplasm for reSIstance to cotton aphId 

Frve-week-old seedlIngs of 156 Solanum acces

SIOns were tran~planted between aphId spreader rows 

In SIngle 8-m-Iong row plots RoutIne cultural prac

tIces were followed, such as weedIng, lrngatIOn, fertll-

Table 8 Yields and horticultural characters of 20 BWR eggplant hybrids and three check varieties' 
Hybrid Plant No of FrUit No of MKT BW 
code height branches DTM Shapeb Color" Wt frUit Yield reaction 

(cm) (DAT) (g) Iplant (tlha) (DI%) 
CS128 85 83 96 C DP 63 607 51 0 2 
CS169 70 69 93 R PGW 135 263 469 0 
CS127 82 77 98 C DP 57 602 459 9 
CS115 76 72 103 C P 62 519 426 0 
CS117 87 79 102 C P 83 386 424 5 
CS166 85 79 104 C DP 63 476 398 0 
CS192 83 73 99 C RB 96 299 369 3 
CS155 85 76 108 C 8 66 416 359 8 
CS180 87 77 107 C DP 60 435 344 7 
CS191 85 86 114 C B 59 430 338 5 
CS114 79 75 109 C P 77 321 327 0 
CS116 71 78 103 C P 71 339 321 2 
CS137 95 84 109 C DP 64 378 31 7 7 
CS140 93 77 105 C B 65 364 309 9 
CS151 89 74 103 C B 59 395 304 6 
CS187 89 79 107 C B 63 361 297 4 
CS167 85 74 107 C P 58 385 296 0 
CS165 80 78 107 C DP 52 421 287 1 
CS150 90 78 103 C DP 64 334 284 7 
CS164 82 84 114 C DP 54 403 280 0 
EG117 (ck) 78 66 108 C DP 89 237 271 42 
EG203 (ck) 64 70 96 R DP 81 293 31 3 0 
EG064 (ck) 71 92 90 C RB 64 475 411 ? 

Mean of 60 entries 85 76 104 74 356 334 
CV(%) 46 77 38 11 4 227 189 
LSD (5%) 55 08 56 11 9 11 3 88 
a Planting dates sowing 11 Sept transplanting 17 Oct 1996 
b FrUit shape C cylindrical R round 
C FrUit color B black DP dark purple P purple PGW purple With green and white stripes RB red brown 
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Izer applIcatIOn, and fungIcIde sprays to control dIS

eases, but no msectIcide was applIed When the aphId 

populatIOn was very hIgh m mId January 1997, we re

corded the apprOXImate number of aphIds per plant for 

each test entry The plants were rated on a scale of 0 to 

5, where 0 = no aphIds, 1= 1-10 aphIds/plant, 2 = 11-

100 aphIds/plant, 3 = 101-500 aphIds/plant, 4 = SOl-

1000 aphIds/plant, and 5 = more than 1000 aphIds/ plant 

Mean mfestatIOn ratmg and standard deVIatIOn (sd) of 

damage ratmg of each entry were subjected to a statIs

tIcal analYSIS to classIfy reSIstance as hIghly reSIstant 

(HR), moderately reSIstant (MR) havmg low reSIstance 

(LR), susceptIble (S), and hIghly susceptIble (HS) In 

another test, 13 entne~ were planted m three replIcates 

m RCBD and were rated for aphId mfestatIOn m the 

Table 9 Aphid resistance rating of selected acceSSions, 
AVRDC, autumn winter, 199697 

AcceSSion Damage Score ReSistance rating 
S 219 1625 HR 
S Vl8rum" a 750 HR 
S318 1250 HR 
S vl8rum" 1 250 HR 
S 237A 4875 HS 
S 257 5 000 HS 
S 300 5 000 HS 
S 332 4875 HS 
Mean (156 entries) 
SO 

3533 
0934 

"Seeds of S vlarum came from different sources 

Table 10 ReSistance of selected Solanum accessions to 
cotton aphids, AVRDC, autumn winter, 1996 97 

AcceSSion # 
TS6 
TS18 
TS43 
S 130 
S 140 
S 166 
TS207 
SOO 214 
SOO 239 
SOO 244 
SOO 273 
S vlarum 
Plngtung Long 
LSD (5%) 
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Aphid rating" 
2984bcd 
1 895defg 
1792defg 
2500cde 
3333bc 
1440efg 
1075g 
4875a 
4625a 
4083ab 
1189fg 
o 943g 
2453cdef 
12652 

same manner as above The damage ratmg was statIstI

cally analyzed by ANOVA and means were compared 

by the test of least sIgmficant dIfference (LSD) 

AphIds moved readIly from source-row plants to 

test entnes All test entnes were damaged by the pest 

There were 4 HR, 22 MR, 43 LR, 64 S, and 10 HS 

entnes Among the four HR entnes, two were Solanum 

vwrum acceSSIOns (Table 9) S vwrum was also found 

to be hIghly reSIstant to cotton aphId m a confirmatIOn 

screemng m WhICh three rephcates were used The other 

two entnes were S219 and S318 

The results of the confirmatIOn screemng are pre

sented m Table lOIn thIS test S VWl urn and acceSSIOn 

TS207 were sIgmficantly less damaged than the sus

ceptIble checks Pmgtung Long, S00214, S00239, and 

S00244 We WIll mveshgate mechamsms of reSIstance 

of S207 and S vwrurn acceSSIOns and If proven to be 

antIbIOSIS, WIll adVIse eggplant breeders to mItIate re

SIstance breedmg research to transfer reSIstance of one 

of these acceSSIOns mto cultIvated hIgh-YIeldmg hortI

cultural eggplant vanetIes 
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Pepper Improvement 

The goal of the pepper project IS to enhance ChIlI and sweet pepper YIeld and qualIty m eXIstmg productIOn areas 

and to promote adoptIOn of pepper as a hIgh-value crop for poor farmers m new regIOns of the hot, humId tropIcs 

In 1996, a core collectIOn was formed for each of the followmg Capsicum speCIes annuum, baccatum, chmense, 

and Jrutescens ApproXImately 10% of the acceSSIOns of each speCIes were mcluded m the core for that specIes 

SelectIOn of the core was based on morphologIcal data A subset of the core was selected for analysIs VIa RAPD 

markers to determme If morphologIcal dIfferences reflected genetic dIstances as measured by RAPD genotypes 

The 6th InternatIOnal ChIlI Pepper Nursery (lCPN), consIstmg of 20 mbred lInes and landraces, was assembled, 

and seed sets were sent for evaluatIOn to more than 40 cooperators m more than 22 countnes Several entnes 

possessed multIple-dIsease reSIstance, mcludmg PBC972 and PBC556B Large genotype-by-environment mterac

tIons were observed for YIeld A few lInes, such as PBC367, PBC585, PBC634, and PBC972, consIstently per

formed better m most enVIronments 

Broad mItes (Polyphagotarsonemus latus) are a destructIve pest of chIlI and sweet peppers throughout ASIa 

MIte damage IS charactenzed by bronzmg and cnnklIng of new leaves followed by necroSIS of growmg pomts 

Therefore, prellmmary screemng for reSIstance to broad mItes was IllitIated III 1996 and several entnes III the 

AVRDC CapsIcum germplasm collectIOn were IdentIfied for further testmg 

Bactenal wIlt (BW) (Ralstoma solanacearum) IS not as senous a pest m peppers as It IS m tomatoes, but It I~ stIll 

a problem m many tropIcal countnes, partIcularly for sweet peppers A set of 17 pepper hnes IdentIfied In prehmI

nary screemng as reSIstant to BW was tested m multIple locatIOns to see If the reSIstance was stable The hnes 

seemed to fit two categones hIghly reSIstant over all locatIOns (10 lInes) and moderately reSIstant or unstable (7 

hnes) The 10 lInes WIth stable reSIstance are bemg tested In more locatIOns 

Three races, or pathotypes, of phytophthora bhght (PB) (Phytophthora capslcl) were IdentIfied by theIr reactIOn 

on dIfferentIal host lInes F] Blue Star (susceptIble to all three races) PBC137 (reSIstant to race 1 but susceptIble to 

races 2 and 3), PBC602 (reSIstant to races 1 and 2, but susceptIble to race 3), and PBC178 (reSIstant to all three 

races) 

Other pepper project actIVItIes for 1997 Illcluded vanetalimprovement, studIes on management of major pests 

and dIseases, and strategIC and supportIng studIes such as Inhentance studIes 
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Genetic resources enhancement and 
varietal development 

Genetic resources activities 

TwentY-SIX new acceSSIOns were donated by Laos 

and VIetnam m 1997, brmgmg to 6883 the total num

ber of Capslcum acceSSIOns at AVRDC (Table 1) Some 

338 acceSSIOns of Capslcum belongmg to eIght specIes 

from 46 countnes were regenerated mSIde net cages 

These were charactenzed based on a standard set of 

descnptors Samples of fruIts were sent to the analytl

cal laboratory for analysls of capSaIcm, sugar, and 011 

content Based on a taxonomIC key used at the Center, 

several were reclassIfied as to speCIes The Capslcum 

pubescens were checked for black seed color 

Seedlmg, vegetatIve, mflorescence, and fruIt traIts 

were noted Although all speCIes showed vanatIOn, It 

was wIdest m C annuum Dry matter ranged from 8% 

m Komka, a C annuum from Yugoslavia, to 25% m 

C2677, a C chmense from Peru Zero capSaIcm was 

noted m eIght acceSSIOns of C chmense, three acces

SIOns of C baccatum, and two acceSSIOns of C 

chacoense RelatIvely hIgh values (4 18-492 mg/g) for 

capSaIcm were observed m three acceSSIOns of C 

annuum (Chanca, Hodonmska Prevlsla, and ZItavska) 

and one acceSSIOn of C chmense from the MaldIves 

011 content ranged from 5 33 to 17 86% 

In 1997 5965 seed packets were dlstnbuted 5469 

Table 1 Pepper germplasm collection at AVRDC, 1997 
Species No of accessions No acquired In 97 

C annuum 
C baccatum 
C chacoense 
C chmense 
C eXlmlum 
C frutescens 
C praeterrmssum 
C pubescens 
C sp 
Total 
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4125 
359 
30 

381 
4 

365 
4 

25 
1590 
6883 

22 

3 
26 

(92%) to 50 countnes and 316 (5%) to AVRDC's re

gIonal programs (Table 2) Center SCIentIsts used 180 

(3%) samples for expenments on graftmg, screenmg 

for resIstance to bactenal spot, anthracnose pepper mIld 

mottle VIruS (PMMV), tomato mosaic VIruS (ToMV), 

and tobacco mosaIC VIruS (TMV), and for performance 

evaluatIon 

Evaluation and multiplication of germplasm 

An mtegral part of any breedmg program IS obser

vatIOn and multIplIcatIon of germplasm The objectIve 

of germplasm screenmg tnals IS to IdentIfy sources of 

desIrable traIts The objectIve of multIplIcatIOn tnals IS 

to mamtam umque acceSSIOns for future use 

In 1997, seed multIplIcatIon of pepper acceSSIOns 

WIth destreable traIts was performed m the field and 

Table 2 RecIpients of AVRDC pepper germ plasm, 1997 
Country 
External 

USA 
IndoneSia 
Taiwan 
India 
Nepal 
Ghana 
Bangladesh 
Sri Lanka 
Pakistan 
Vietnam 
Others1 

ARC 
ARP 
Headquarters 

Breeding 
Crop management 
Virology 
Mycology 
Bacteriology 

Total 

No of samples 

889 
559 
510 
460 
320 
270 
226 
219 
201 
184 

1631 

68 
6 

52 
34 
20 

5469 

243 
73 

180 

5965 
1 Australia Belize Bhutan Brazil Cambodia Canada Chile China 

Congo Costa Rica Ecuador Ethiopia Gabon Haiti Hungary 
Israel Ivory Coast Japan Korea Lao PDR Liberia MalaYSia 
Mauritius MexIco Moldova Namibia Netherlands Papua New 
GUinea PhilipPines Senegal Seychelles Tanzania Thailand 
Togo Tonga Turkey United Kingdom YugoslaVia Zaire and 
Zambia 
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screenhouse (437 and 40 acceSSIOns, respectIvely) 

FIeld-sown acceSSIOns were covered wIth nylon nets 

pnor to flowenng to prevent outcrossmg A total of 378 

acceSSIOns were successfully multlphed The others 

were lost due to poor germmatIOn, plant death, or faIl

ure to set frUlt Forty-seven duplIcates m the collectIOn 

were vIsually Identified and removed Data were col

lected on plant and fruIt traIts, mcludmg speCIes, days 

to matunty, fruIt type, fruIt color, fruIt sIze, and pun

gency 

Smce the hot ramy season IS our target envIron

ment, a summer survIval tnal was conducted wIth 328 

acceSSIOns Ten plants were grown per plot (one reph

cation), and data were recorded on plant and fruIt traIts 

and survIval Data mdlcated that only 12 of 24 acces

SIOns rated m 1996 as havmg good summer survIval 

also had good summer survIval m 1997, mdlcatmg the 

Importance of multi-year testmg The hnes were 

C00377, 1-13-1-1, 1-7-1 PeMV-Nlc-l, PBC 993 Hy

bnd Huarena-3-2, VC16a No 1-4-4-1, VC16a No 2-4-

1-1 VC16a No 2-4-4-1, VC 16a No 5-1-1-1, PBC 

149A-2-4, PBC 370-1-1, and VC 36a-4 Seventy-four 

new acceSSIOns had good summer survIval m 1997 and 

WIll be tested agam m 1998 Lmes confirmed as havmg 

good summer survIval WIll be used m crosses to de

velop Improved ChIlI and sweet pepper hnes for the hot 

ramy season 

FIftY-SIX acceSSIOns of sweet pepper were screened 

for fruIt qualIty tratts (10 plants/plot, two replIcatIOns) 

Immature and mature frUlts were evaluated for dry 

matter, oIl, and sugar content Immature fruItS were 

analyzed for vltamm C and mature fruItS were ana

lyzed for provltamm A, expressed as retmol eqUIva

lents (RE) AnalYSIS of vanance (ANOVA) revealed SIg

mficant (p .$. 0 05) vanatIOn among the entnes for each 

tratt measured The range, mean, coeffiCient of varIa

tion (CV) and least sIgmficant dIfference as determmed 

by Duncan's Multiple Range Test (DMRT) for each 

trait are shown III Table 3 AcceSSIOn PBC1023 had the 

hIghest vltamm C content, followed by PBC1372 

(Morgold) AcceSSIOn PBC 438 (CalIfornIa Wonder) 

had the hIghest sugar content, followed by PBC 379, 

whIch also showed very hIgh levels of provltamm A 

(900 RE, compared to the tnal mean of 100 RE) PBC 

466 also showed hIgh levels of provltamm A at 397 

RE Lmes WIth relatIvely hIgh values for each tratt WIll 

be retested and those confirmed WIll be used m crosses 

to develop sweet pepper lInes WIth Improved nutrItIOnal 

content 

ThIrteen commerCial sweet pepper hybnds were 

screened for heat tolerance Plants were grown m 21-

cm pots m a greenhouse (one plant per rephcatIOn, five 

replIcatIOns) dunng the summer and evaluated for fruIt 

number, fruIt SIze, and total YIeld (three harvests) un

der hIgh temperature and humIdIty (mean 33°C and 

66% RH) The ANOVA revealed sIgmficant vanatIOn 

among the entnes for each tratt measured The three 

entnes WIth the best heat tolerance, as mdlcated by hIgh 

fuutrrum rer:p=rplmt,. were FI New Ace, FI Volcam 

Center 859, and FI Andalus The three entnes WIth the 

largest fruItS were FI Boynton Bell, FI X3R Camelot 

and FI Blue Star The three entnes WIth the hIghest 

Table 3 Chemical analYSIS of 56 sweet pepper varieties, uSing Immature and mature frUits, for % OM, % Oil, % sugar, vitamin 
C, and provitamin A (retinol equivalents) 

Immature frUits Mature frUits 
OM 011 Sugar Vitamin C OM 011 Sugar Provitamin A 
% % % mg 100g 1 % % % (RE) 

Minimum 59 1 5 236 571 52 45 259 217 
MaXimum 83 62 311 1395 122 135 371 9000 
Mean 64 40 273 955 84 77 302 1000 
CV(%) 50 174 46 169 64 188 91 644 
OMRToo5 03 07 1 2 159 06 1 7 32 667 
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YIeld were F] X3R Camelot, F] Boynton Bell, and F] 

New Ace The top-ranked entnes WIll be retested next 

summer, and lmes wIth confirmed heat tolerance WIll 

be used m crosses to develop sweet pepper hnes wIth 

Improved heat tolerance 

Development of Improved mbred lines 

Pepper productIOn m the tropIcs IS lImIted by sev

eral bIOtiC and abIOtic stresses Sources of reSIstance 

or tolerance to many of these stresses have been Identi

fied, and mcorporatIOn of the reSIstance or tolerance 

mto Improved mbred lInes IS ongomg The objective IS 

to develop tropIcally adapted chIlI and sweet pepper 

mbred lInes WIth multIple dIsease reslstdnce and good 

fruIt quahty m order to stablhze YIelds 

The startmg pomt of any breedmg program IS cross

polhnatIOn to generate segregatmg matenals For ex

ample, m 1997, mterspeclfic crosses were made be

tween C annuum and C baccatum or C chmense to 

begm transfer of anthracnose reSIstance mto C annuum 

Because these mterspeclfic crosses do not produce 

seeds, embryo rescue and tissue culture were performed 

on Immature F] embryos to generate F] plantlets Sev

eral F] plants were obtamed, and were selfed back

crossed, or crossed to a thud parent 

At the other end of the breedmg process one 

AVRDC chIll pepper lme, PBC362, WIll be released m 

Sn Lanka, probably m 1998, and four other chlh pep

per lmes (PBC585, PBC586, PBC601, and PP921206) 

are under final evaluatIOn m VIetnam EIghty-one lInes 

WIth reSIstance to one or more dIseases and WIth ac

ceptable fruIt type were chosen from advanced genera

tIOn nursenes for prehmmary YIeld evaluatIOn as can

dIdates for the 8th InternatIOnal ChIll Pepper Nursery 

(ICPN) 

ApproXImately 15 requests for male-stenle ChIll 

hnes were receIved m 1995-96 from several countnes 

mcludmg the PhilIppmes, IndIa, Chma and Thailand 

Therefore, mtrogressIOn of cytoplasmIC male stenhty 
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(CMS) mto tropIcally adapted chIlI pepper lInes WIth 

good dIsease reSIstance has begun ImtIally, SIX lInes 

were test-crossed to a CMS lme to assess theu ablhty 

to mamtam CMS and backcrosses were made onto 

three mamtamer-type parents, whIle an addItIOnal 13 

new lme:>, were test-crossed to a CMS lme Two hnes, 

PBC716 and PBC950, gave hybnds whIch were ster

Ile and thus appeared to be maIntamers However, when 

the BC]F] plants from each lme were tested, many or 

all were fertIle probably due to heterogeneIty m the 

hnes One lme, PBC534, gave a stenle hybnd and ster

Ile BCl] plants, mdlcatmg It IS a pure mamtaIner Three 

lmes, PBCI42, PBC715, and PBC743, gave hybnds 

WhICh were fertIle, mdlcatmg they are restorers 

Surveys m ASIa conSIstently Identify Chlh vemal 

mottle poty VIruS (CVMV) as a major dIsease m ChIll 

pepper productIOn areas Four years ago a backcross

mg program was begun to mtroduce CVMV reSIstance 

mto tropIcal Chih lInes In 1997, final selections for 

plant and fruIt type were made from 10 dIfferent BC 4F '\ 

lInes bred for CVMV reSIstance, four of whIch carry 

reSIstance to other dIseases as well CCA2334@-3 IS 

reSIstant to potato VIruS Y (PVY) and PB CCA2322@-

3 and CCA 2341@-2 are reSIstant to BW, and CCA 

2336@-1 IS reSIstant to BW and PVY Data on theIr 

fruIt length, WIdth, and weIght are gIVen m Table 4 

They WIll be multlplIed m preparatIOn for the 8th ICPN 

m 1998 

As part of the AVRDC systems approach to OptI

mlzmg chIlI pepper productIOn two expenments were 

performed to determme the optImum method of weed 

control and the optImum plant denSIty A splIt-plot de

SIgn was used to test method of herbICIde applIcatIOn 

and type/rate of herbICIde The whole plot treatment 

tested two applIcatIon methods pre-transplant vs post

transplant WIth two replIcatIOns, whIle the spht-plot 

treatment tested four herbICIde types/rates, Amex 

(butrahn) 474%EC and Lasso (alachlor) 43%EC at 

250x and 500x dIlution each WIth three rephcatIOns 
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Vanables measured mcluded weed number per plot and 

weed seventy (weed SIze x weed number) Post-trans

plant applIcatIOn gave sIgmficantly (p ::; 0 05) better 

weed control than pre-transplant apphcatIon, and Lasso 

(250x dIlutIOn) gave sIgmficantly better weed control 

than Lasso at 500x dIlutIOn or Amex at eIther rate 

Therefore, Lasso 43% EC sprayed at 250x dllutlOn may 

be recommended for post-transplant weed control 

Optimum plant densIty was tested usmg a spht

plot desIgn The whole plot treatment tested four den

sItIes 36,000, 48,000, 60,000, and 72,000 plants/ha, 

wIth two replIcations whIle the spht-plot treatment 

tested two vanetIeS PBC534 and PBC972, wIth two 

replIcatIons Days to matunty, plant heIght, lodgmg, 

frUlt traits, fruIt number per plant, and fruIt YIeld were 

measured VanetIes responded dIfferently to dIfferent 

plant densItIes as shown m Table 5 PBC972 had a 110-

Table 4 FrUit traits of 10 AVRDC BCl3 hnes resistant to 
CVMV, BW, PC, and/or PVY 

Length Width Weight 
Code # ReSistant to (em) (em) (g) 
CCA2319@ 3 CVMV 101 1 1 102 
CCA2322@3 CVMV BW 81 1 1 122 
CCA2323@ 1 CVMV 94 09 41 
CCA2324@4 CVMV 120 12 73 
CCA2333@2 CVMV 39 06 14 
CCA2334@ 3 CVMV, PVY PC 43 1 0 17 
CCA2336@ 1 CVMV BW PVY 125 1 9 151 
CCA2340@ 2 CVMV 86 1 2 91 
CCA2341@ 2 CVMV BW 11 5 1 6 139 
CCA2348@ 1 CVMV 68 1 3 134 

ear Increase In YIeld as plant densIty mcreased whIle 

PBC534 showed no YIeld mcrease as plant densIty m

creased because fruIt number per plant decreased lIn

early Plant heIght was sIgmficantly hIgher for each va

nety at the hIghest densIty, but other traits were un

changed as plant densIty Increased ThIS mdlcates that 

a new vanety should be tested at several plant densItIes 

to determme ItS optImum plantmg densIty 

Many farmers retaIn chIlI pepper seeds to sow theIr 

next crop, but poor germInatIOn IS a problem The optI

mum tIme to harvest chIll pepper fruIts to obtaIn maXI

mum percent germInatIOn was unclear from the htera

ture Therefore, a study was conducted to determme the 

average number of days after anthesls (DAA) to phYSI

ologIcal matunty of ChIlI pepper seeds A randomIzed 

complete block deSIgn was used WIth three entnes 

(PBC518, PBC534, and PBC972) and three replIcatIOns 

Plants were grown In 22-cm pots In a screenhouse at 

ambIent temperatures (l6-24°C) FruIt weIght, fruIt color 

(% red) seed mOIsture, seed dry weIght, and percent 

germmatIOn were measured weekly Under these con

dItIOns, ChIlI pepper seeds reach phYSIOlogIcal matunty 

at around 56 DAA as seed VIabIlIty IS reached and seed 

dry weIght plateaus (Table 6) MaXImum percent ger

mInatIon IS hIghly correlated WIth fruIt color develop

ment and 100% npe fruItS IndIcates the optimum fruIt 

matunty to extract seeds for maXImum germmatIOn 

Table 5 Effect of plant denSity on plant and frUit traIts of two VarietIes, PBC534 and PBC972 
Plant Fresh FrUit FrUIt FrUit FrUit 

DenSIty Lodg Anth Mat heIght YIeld length Width weIght no 
Entry plants/ha1 % OAT OAT (em) (tlha) (em) (em) (g) (per plant) 
PBC534 36000 0 44 103 93 60 102 1 2 66 257 
PBC534 48000 0 43 98 86 64 107 1 3 67 198 
PBC534 60,000 0 44 101 96 70 10 1 1 4 68 171 
PBC534 72 000 3 44 106 102 69 11 3 1 3 75 128 
PBC972 36000 11 43 97 88 90 97 1 6 81 295 
PBC972 48,000 15 44 94 83 95 91 1 6 76 264 
PBC972 60 000 24 44 95 93 139 99 1 6 80 304 
PBC972 72 000 5 41 94 109 162 10 1 1 6 83 272 
OAT = days after transplanting 
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International Chili Pepper Nursery duction m the tropICS and farmers spray exorbItant 

An mtegral part of any breedmg program IS test- amounts of pestIcIdes to combat them IntroductIOn of 

mg promIsmg genotypes m multIple enVIronments The disease- and msect-resistant hnes, therefore, should help 

objectIve of the 7th ICPN was to test adapted, disease- stabIhze YIelds and reduce damage to the enVIronment 

reSIstant chIlI peppers m tropIcal productIon regIOns To date, SIX ICPN nursenes have been dIstnbuted to 

and to gather mformatIOn on pathogens DIseases and researchers m at least 48 countnes 

msects are the mam hffiltmg factors m ChIlI pepper pro-

Table 6 FrUit and seed traits as indicators of seed phYSiological maturity In chili pepper 
Seed Seed 

FrUit wt FrUit color Fresh wt Dry wt Seed mOisture Seed germ 
OM (g) (% red) (g) (g) (%) (%) 
28 54 0 068 014 77 0 
35 82 0 071 032 55 0 
42 88 9 078 041 46 0 
49 90 34 085 048 40 0 
56 91 82 078 053 36 83 
63 95 100 075 054 25 95 
70 103 100 071 055 20 95 
ev (%) 70 7 1700 1700 12 8 
DMRToo5 06 3 010 005 5 3 

Table 7 The 7tro ICPN disease screemng results for BW (causal agent Ro/stoma solanacearum), BS (causal agent 
Xanthomonas campestfls pv ves/catofla), CMV, CVMV, PVY, TMV, ToMV, PMMV, anthracnose (causal agent 
Colletotflchum caps/cl and C gloeospofloldes), and PC (causal agent Phytophthora capslcl) 

Ent 
No PBeNo BW BS eMV eVMV PVY TMV ToMV PMMV A PC 
1 PBC 137 (ck) 23 1 0" S H(59)+ S R R S 52- 85-
2 PBe 142 (ck) 56 23 H(46) H(38) H(88) S S S 63 100 
3 PBe 534 (ck) 6 55 R H(54) R S S S 83 67 
4 PBe 091 96 56 S S S R R S 44 100 
5 PBe 161 14 60 R H(29) R S S S 51 96 
6 PBe 369 55 29 H(17) H(13) R S S S 42 62 
7 PBe 386 39 29 H(33) S R S S S 73 100 
8 pse 390 68 29 S S H(17) R R S 56 100 
9 PBe 482 4 21 H(50) H(21) R S S S 80 100 
10 PBe 579 55 32 H(32) H(46) H(33) S S S 76 85 
11 PBe 581 0 1 6 H(38) H(42) R S S S 30 89 
12 PBe 904 35 57 H(63) H(33) R S S S 8 96 
13 PBC1474 0 28 H(21) H(58) R S S S 52 100 
14 PP965601 6 51 R R H(71) S S S 41 100 
15 PP965606 0 39 R H(18) R S S S 54 100 
16 PP965608 0 49 R R R S S S 12 42 
17 PP965611 0 58 H(25) H(21) R S S S 33 92 
18 PP965613 8 43 R H(17) R S S S 52 100 
19 PP965614 11 17 R R H(58) S S S 50 100 
20 PP965615 75 64 S 75 100 

• Numbers refer to % susceptible plants for BW and PC and % Infected frUits for anthracnose 
•• Rating was done With the Barrett & Horsfall scale (1 11) where 1 =reslstant 
+ H(59)=heterogeneous (59% of plants tested were susceptible) R = resistant S = susceptible 
- Not tested 
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The Th ICPN tested for cucumber mOSaIC VIruS 

(CMV), CVMV PVY TMY, ToMY, PMMY, BW bac

tenal spot (BS), PB, and anthracnose The 7th ICPN 

was grown m a YIeld tnal at AVRDC headquarters wIth 

four replIcatIOns and five bIweekly harvests The fol

lowmg traIts were measured days to matunty, heIght 

at matunty, vIsual score at final harvest, marketable 

YIeld, fruIt length, fruIt wIdth, fruIt weIght, capsaIcm 

content, and fruIt number per plant 

The 7th ICPN dIsease screenmg results are shown 

m Table 7 Several hnes, such as PBC581, PP9656-

06, and PP9656-08, were resIstant to three or more 

dIseases None of the entnes carned resIstance to 

PMMV For the other dIseases, at least one lme was as 

resIstant as the resIstant check (check data not shown) 

The Th ICPN plant and fruIt traIt results are shown m 

Table 8 The top-YIeldmg lme was PBC581 whIch has 

medIUm-sIzed fruItS, followed by PBC904 (small fruIt 

SIze) PP9656-06 (medIUm fruIt SIze), PP9656-08 (small 

fruIt SIze), and PP9656-11 (medIUm-small fruit SIze) 

ThIS was pnmanly due to theIr relative tolerance to an

thracnose whIch caused severe damage m most of the 

lInes 

The entnes could be grouped mto two matunty 

classes, early (68-77 DAT) and late (>84 DAT) Late 

matunty was sIgmficantly (p < 0 00l) correlated WIth 

plant heIght (r = 054), as IS common m many crops 

VIsual scores were negatively correlated WIth matunty 

and plant heIght (r = -0 47 and -0 63, respectively), but 

VIsual scores were not correlated WIth marketable YIeld 

Marketable YIeld was POSItIvely correlated WIth plant 

heIght (r = 024) and negatIvely correlated WIth fruIt 

length and fruIt weIght (r = -032 and -027, respectively), 

mdlcatmg that tall plants WIth relatively small fruItS gave 

Table 8 The 7th ICPN plant and frUit trait results for maturity (days after transplanting, OAT), plant height, Visual score (1 5 
scale, 1=excellent), frUit length, Width, and weight, marketable Yield, capsaicin (Cap), and frUit number per plant 

50%- Plant Visual FrUit FrUit FrUit Mkt FrUit 
Ent Mat Height Score Length Width Wt Yield Cap No 
No PSC No DAP (em) 1 5 (em) (em) ( g) t hal (mg g 1) (plantl) 
1 PSC 137 84 106 25 66 08 20 29 24 487 
2 PSC 142 71 88 31 47 08 14 20 43 511 
3 PSC 534 86 121 1 4 11 5 1 3 78 35 24 153 
4 PSC 091 68 73 40 90 24 150 14 1 1 30 
5 PSC 161 71 110 21 85 1 0 34 73 47 753 
6 PSC 369 74 97 24 60 14 51 1 7 40 11 2 
7 PSC 386 72 92 28 109 1 5 89 48 03 185 
8 PSC 390 71 65 43 120 09 48 25 28 182 
9 PSC 482 71 81 35 62 09 28 27 22 350 
10 PSC 579 77 104 23 71 1 3 48 60 35 437 
11 PSC 581 76 119 1 6 105 1 6 68 125 27 625 
12 PSC 904 73 107 1 9 37 09 1 4 95 25 2544 
13 PSC1474 71 95 23 100 1 8 105 65 1 1 209 
14 PP965601 72 66 21 52 09 1 5 41 71 1034 
15 PP965606 71 96 33 94 1 1 48 95 07 687 
16 PP965608 74 91 23 29 08 1 0 92 46 3091 
17 PP965611 72 90 30 69 09 28 81 45 1032 
18 PP965613 71 81 35 54 09 20 51 57 879 
19 PP965614 73 93 31 45 09 34 62 52 1052 
20 PP965615 72 78 29 69 09 26 20 59 266 
Mean 73 93 27 74 11 46 54 34 731 
Range 6886 55121 1443 29120824 1 15 14125 0371 3309 
DMRT 005 5 12 07 09 03 20 15 06 43 
CV(%) 5 9 17 8 16 31 20 12 42 
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higher Yields m this tnal Capsalcm showed a nega

tive correlatlOn with frUlt length (r = -057) Relatively 

high CV s were observed for frUlt weight and fruit num

ber per plant 

Genetics of resistance to major pepper diseases 

It IS useful to know the mhentance of resistance 

to a disease to determme what breedmg strategy to 

use, partIcularly when the goal IS to combme multiple 

disease resistance mto a smgle hne The objective of 

these mhentance studies was to estimate how many 

genes are mvolved and their mode of gene action A 

study m 1996 mdlcated that resistance to CVMV might 

be temperature-sensitive To test thiS, 10 F2 F3 fami

hes (seven plants per famtly) from the cross 

Table 9 Reactions at two temperatures, 24 and 32°C, of 10 
F? F 3 families from two crosses, Perenmal x 
Cheongryong and Cheongryong x PSP 11, when 
Inoculated at the three leaf stage With CVMV 

Code 24°C 32°C 
No Pedigree Rx+ Rx 
1 Perennlal/Cheongryong R R 
3 Peren nlal/Cheongryong R R 
4 Perennlal/Cheongryong S S 
5 Perennial/Cheongryong S S 
6 Perennlal/Cheongryong S S 
8 Perennlal/Cheongryong R segr 
9 PerennlallCheongryong R R 
10 Perennlal/Cheongryong segr segr 
11 Perennlal/Cheongryong S segr 
12 PerennlallCheongryong S S 

56 Cheongryong/PSP 11 segr R 
58 Cheongryong/PSP 11 R R 
61 Cheongryong/PSP 11 R R 
63 Cheongryong/PSP 11 segr segr 
65 Cheongryong/PSP 11 segr segr 
67 Cheongryong/PSP 11 segr segr 
70 Cheongryong/PSP 11 segr R 
71 Cheongryong/PSP 11 segr R 
73 Cheongryong/P SP 11 segr segr 
80 Cheongryong/PSP 11 segr R 

Susceptible parent Cheongryong S S 
ReSistant parent Perennial R R 
ReSistant parent PSP 11 R R 
+ R= all resistant S= all susceptible and segr=segregatmg for 

resistance seven plants were tested for each family 
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Cheongryong (susceptIble, S) x PSP-ll (reSistant, R) 

and] 0 F 2 F 3 famihes from the cross PerenmalHDV [R] 

x Cheongryong [S], were grown m a growth chamber 

at 24 and 32°C (16 h hghtl8 h dark) The 20 F2 F3 faml

hes generally gave the same reactlOn at 24 and 32°C, 

as did the parents (Table 9) 

ReSistance to PB was recently reported m htera

ture to be controlled by several genes With additive and 

epistatic gene actlOn However, the source of reSistance 

used Perenmal, was different from the sources used at 

AVRDC, and the stram of Phytophthora capSICI used 

m the testmg was also different Therefore, 100 plants 

from each of SIX different F2 populatlOns segregatmg 

for resistance to PB were tested along With the resIs

tant [PI201234 and Cnollo de Morelos 331 (CM331)] 

and susceptible (PBC76, PBC163, PBC273, and 

PBC518) parents to estImate the mode of mhentance 

The results mdlcated that mhentance was quantitatlve 

and depended on which susceptIble parent was used 

For example, the cross PBC76 x CM331 gave 39 resIs

tant plants, while the cross PBC 163 x CM331 gave five 

reSistant plants IndiVidual resistant F2 plants from each 

populatlOn were self-pollmated and the resultmg F2 F3 

famlhes were tested SurVival of F2 F3 famlhes ranged 

from 0-100% m each populatlOn The mean survival of 

PBC76 x CM331 famihes was 45%, while the mean 

surVival ofPBC163 x CM331 famihes was 28% ThiS 

mdlcates that PB screenmg should be repeated on F 2 F 3 

famlhes to further ehmmate susceptible plants 

Virus stram detection, characterization, and 
antiserum production 

Viruses are one of the major constramts to pepper 

productlOn m tropical ASia AVRDC has accorded high 

pnonty to overcome thiS constramt, workmg m close 

collaboratlOn With reglOnal networks such as the South

east ASian Collaboratlve Vegetable Network (AVNET) 

and the South ASian Vegetable Re~earch Network 

(SAVERNET) The obJectlves are (1) to charactenze 

the most lmportant pepper Viruses, particularly regard-
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mg the occurrence of strams, (2) to conduct VIruS sur

veys m countnes where no knowledge of pepper VI

ruses eXIsts, (3) to aSSIst NARS m Isolatmg the two 

most Important VIruses, CMV and CVMV, and to use 

them for multllocatIOn reSIstance screenmg, and (4) 

to assure that AVRDC germplasm sent out IS free from 

seed-transmItted VIruses, partIcularly tobamovIruses 

CMV stram detection at headquarters and VirUS 
surveys m ASia 

EIght hnes prevIously confirmed as hIghly reSIS

tant to CMV were planted at headquarters and exposed 

to natural mfectIOn At the end of the growmg season, 

the plants were observed for typIcal CMV symptoms 

and tested by ELISA Several pure CMV Isolates were 

obtamed by routme VIruS IsolatIOn methods The eIght 

preVIOusly confirmed CMV-resistant lInes were then 

mechamcally moculated WIth the new CMV Isolates, 

as well as the old one, and tested by ELISA InAVRDC 

pepper fields, at least one new stram of CMV seems to 

be present, whIch mfects plants WhICh are reSIstant to 

the common stram (Table 10) New sources of reSIS

tance or tolerance to thIS new stram need to be IdentI

fied 

Leaves of symptomatIc plants collected by coop

erators m IndIa and Bhutan from farmers' fields were 

squashed on mtrocellulose membranes and processed 

at AVRDC by mdIrect ELISA 

Of 54 samples collected from farmers' fields m 

Bhutan 61 % were mfected WIth CMV, 19% WIth 

CVMV 18% WIth PVY and 7% WIth ToMV and PMMV 

ThIS IS the first VIruS survey m Bhutan, and results show 

that the VIruS InCIdence In peppers III Bhutan IS qUIte 

SImIlar to that III other countnes m the regIOn 

Of 15 samples collected from farmers' fields m 

South IndIa 80% were mfected WIth CMV, 60% WIth 

CVMV, 27% WIth PMMV and 7% WIth ToMV and PVY 

These results confirm the presence of CVMV m IndIa, 

as reported by AVRDC m 1992 

CMV and CVMV are the most Important VIruses 

addressed m AVRDC's chIlI breedmg program, as shown 

by these surveys Our AVNET results show that 

multIlocatIOn testmg IS Important to determme whether 

the reSIstant hnes developed at AVRDC WIll hold up 

agamst possIble locally dIverse strams of these two VI

ruses 

Virus resistance (conventional) CVMV, PVY, ToMV, 
TMV, WSMV 

AVRDC could make a great Impact m ASia by de

velopmg multIvirus-resIstant lInes The objectIve was 

to IdentIfy stable sources of reSIstance to CVMV, CMV, 

Table 10 Detection of putative new CMV straln(s) In pepper lines resistant to P522 CMV strain 
No of resistant giants/No of Inoculated giants (%) 

Llne1 P 5222 P 3613 P 3616 P 3617 P 3621 
PBC 370 2 2 1 1 (cccc) 0/23 (0) 13/23 (60) 0/22 (0) 5/24 (21) 3/23 (13) 
PBC 521 2 1 1 1 (c5cc) 0/18 (0) 2/8 (25) 0/25 (0) 7/23 (30) 5/10 (50) 
PBC 549 3 2 1 1 (55cc) 0/22 (0) 15/24 (63) 0/18 (0) 10/24 (42) 6/24 (25) 
PBC 569 5 2 1 1 (c5cc) 0/24 (0) 10/22 (45) 3/21 (14) 5/15 (33) 6/20 (30) 
VC 16a No 5-1 1 1 1 (cccc) 0/24 (0) 15/20 (75) 2/24 (8) 14/24 (58) 9/22 (41 ) 
VC 41a 31 1 1 (5cccc) 0/24 (0) 12/24 (50) 2/24 (8) 5/24 (21) 4/24 (17) 
VC 232 1 4 (5ccc) 2/20 (10) 20/24 (83) 0/10 (0) 7/24 (29) 12/24 (50) 
VC 237 3 2 1 (5cccc) 1/24 (4) 23/23 (100) 5/24 (21) 10/24 (42) 5/24 (21) 
VC 6a (susc ck) 8/8 (100) 4/4 (100) 6/6 (100) 8/8 (100) 8/8 (100) 
Average (w/out susc ck) 3/179 (2) 110/168 (66) 7/168 (7) 63/182 (35) 50/171 (29) 
1 Confirmed resistant to Isolate P 522 In prevIous screenings 
Sown In the greenhouse June 16 1997 Inoculated July 9 (cotyledon) July 16 Aug 5 ELISA July 30 Aug 26 Sept 25 

2 P 522 IS the prevIous type Isolate all others are new Isolates 
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PVY, and three tobamoviruses (TMV, ToMV, and 

PMMV), but especIally CVMV and CMV 

Self-pollmated seeds of resIstant plants were col

lected and subjected to a first confirmatIOn test The 

screenmg protocols were those descnbed prevIOusly 

mechamcal moculatIOn (2-3x) of seedlmgs, followed 

by ELISA (3x) of 24 plants per entry Self-pollmated 

seeds of resIstant plants from the first confirmatIOn 

test were saved for a second and thIrd confirmatIOn 

test To help aVOId mconsistent screemng results (a 

problem m the past for CVMV and CMV), a number 

of segregatmg breedmg hnes, together wIth suscep

tIble and resIstant checks, were mechamcally mocu

lated and observed for mfeCtIVIty at two dIfferent tem

peratures (24124°C day/mght and 32123°C day/mght) 

ICPNlmes 

Among 19 hnes from the the 7th ICPN five were 

hIghly resIstant (0% mfectIOn) to CMV two were 

hIghly resIstant to CVMV, mne were hIghly resIstant 

to PVY, and three were hIghly resIstant to ToMV and 

TMV Four hnes were resIstant (0-8% mfectIOn) to 

more than one VIruS 

ConfirmatIOn screenmg 

Seventy lInes were subjected to a second and thIrd 

CVMV confirmatIOn screenmg Twenty-seven were 

found to be hIghly resIstant (0% mfectIOn) C 00265, 

C 01664, PBC 122, 149,340 521 522 523 524 569, 

693, VC 16a, 33a, 35a, 37a 39a, 40a, 41a, 58a, 160, 

208a, 211 223, 236, 237 240, and 241 Four were 

found to be resIstant «10% mfectIOn), VC 230 232, 

239 and 258 

Twelve lInes were subjected to a second and thud 

CMV confirmatIOn screenmg SIX were found to be 

hIghly resIstant (0% mfectIOn) PBC 370, PBC 521, 

PBC 549, PBC 569, VC 16a, and VC 41a And two 

hnes were found to be resIstant «10% mfectIOn) 

VC237 and VC232 

Effect of temperature on mfect,v,ty of CMVand CVMV 

CVMV mfectIvity was compared at 24 and 32°C 

The lower temperature resulted m slIghtly hIgher m

feCtIVIty (Table 11) SImIlar results were found for 

CMV The lower temperature resulted m 14% and 19% 

hIgher mfectIOn rates m plants moculated at the coty

ledon and thIrd-leaf stage, respectIvely (Table 12) 

Establishment of a regeneratton system for pepper 
transformatton and Immature seed rescue of F1 
hybrid seeds from interspecific crosses 

Pepper productIOn suffers great losses due to m

fectIon by vanous dIseases Plant genetIc engmeenng 

IS a new technology wIth the potentIal to transfer use

ful genes between dIfferent speCIes ThIS reqUIres an 

effiCIent and rehable transformatIOn and regeneratIOn 

protocol The first ObjectIVe of thIS project was to es

tablIsh a relIable Agrobactenum-medlated transforma

tIOn and regeneratIOn protocol for chosen pepper varI

etIes 

WIld species are often full of u<;eful genes and m

terspecific crosses have long been used to mtroduce 

Table 11 Effect of temperature on CVMV mfectlvlty In F, families segregatmg for CVMV resistance 

Code # 
CCA369 
CCA372R 6 

Total 
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No of 
Families 
tested 

20 
18 

Pedigree 
Perennlal/Cheongryong 
Cheongryong/PSP 11 
Cheongryong (susc parent) 
Yolo Wonder L (susc ck) 
Perennial (res parent) 

No of plants Infected/total no tested (%) 

24°C 32°C 
581123 (47) 55/125 (44) 
45/124 (36) 21/113 (19) 

2/2 (100) NT 
6/6 (100) 7/7 (100) 

0/ 7 (0) 0/7 (0) 
111/262 (42) 83/252 (33) 
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useful traIts from wIld speCIes mto cultIvated crop va

netIes However the success of the mtroductIOn de

pends on the vIabIhty of seeds produced from mter

specIfic polhnatIOn Thus, the second objectIve of thIS 

project was to transfer useful genes from C baccatum 

and C chmense mto C annuum VIa Immature seed 

rescue 

Transformation expenment 

Chih vanehes PBC075 and PBC137 were used 

for the regeneratIOn expenment Seeds were surface 

stenhzed WIth 20% chlonne bleach and nnsed WIth 

stenle water three hmes before bemg cultured for ger

mmatlOn on Murashige and Skoog (MS) medmm at 

25°C WIth a 16/8 (day/mght) hght regIme Cotyledons 

were harvested from germmated seedlmgs before the 

full expansIOn of first leaves and cultured on MS me

dmm supplemented WIth varIOUS concentratIOn com

bmatlOns of growth regulators mdole-3-acetic aCId 

(IAA, 0, 025, 0 5, 1, and 2 mg/l) and 

6-benzylammopunne (BAP, 0, 2 5, 5,7 5, and 10 mg!l) 

for shoot mIt1atlOn Cotyledon explants WIth adventI

tIOUS shoot buds were then transferred to dIfferent me-

dia for shoot elongatIOn Agrobactenum tumefaclens 

LBA4404 WIth the GUS reporter gene was used for trans

formatlOn WIth the estabhshed regeneratlOn method Ex

plants were cultured on regeneratIOn medmm WIth 75 

mg/l of kanamycm after agrobactenum mfectlOn to se

lect reSIstant plantlets 

Of the 25 tested regeneratIOn medIa, MS medmm 

supplemented WIth a low concentratIOn of IAA and a 

relahvely hIgh concentrahon of BAP was found to be 

the best shoot mductlOn medmm for PBC075 and 

PBC137 Shoot buds were obtamed from more than 90% 

of cultured cotyledon explants However, the elonga

tIon of buds was more dIfficult RegeneratIOn medmm 

supplemented WIth gibberelhc aCId (GA
3

) was best for 

shoot elongatIOn, but only 15% of the shoot buds were 

able to elongate Several recent pubhcatlons descnbe 

regeneratIon of pepper, but shoot elongatIOn of buds 

from cultured explants IS stIU the hmItmg factor for the 

apphcatIOn of genetIc engmeenng More study IS re

qUIred to learn whether the shoot elongatlOn rate can be 

Improved usmg the eXIstmg regeneratIOn protocol 

Agrobactenum-medlated transformatIOn was done 

Table 12 Effect oftemperature on CMV mfectlvlty m F, hybrids, F? plants, F3 families, and pure lines 
No of No of !2lants Jnfected/Total no tested (%) 
crosses 24°C 32°C 
tested cot 1 3rd cot 3rd 

Generation 
F1 3 3/16 (19) Not tested 2/12 (17) Not tested 
F2 10 16/71 (23) Not tested 5/68 (7) Not tested 
F3 10 26/119 (22) 36/118 (31) 4/120 (3) 8/119 (7) 

Code # 
VC 41a 3 11 1 2/12 (17) 1/12 (8) 0/11 (0) 2/12 (17) 
VC 23731 1/12 (8) 3/12 (25) 0/12 (0) 0/12 (0) 
VC21112 1/12 (8) 2/12 (17) 0/12 (0) 0/12 (0) 
VC 223 1 1 1 4/12 (33) 2/12 (17) 0/12 (0) 0/12 (0) 
C 0385331 5/12 (42) 8/12 (67) 4/12 (33) 3/12 (25) 
PSC 521 211 0/11 (0) 0/12 (0) 0/12 (0) 0/12 (0) 
PSC 569 51 2 3/12 (25) 3/12 (25) 2/12 (17) 0/12 (0) 
PSC 495 (Res ck) 0/6 (0) 0/8 (0) 0111 (0) 0/12 (0) 
PSC 275 (Sus ck) 10/10 (100) 10/10 (100) 12/12 (100) 12112 (100) 
Total 71/305 (23) 65/220 (30) 29/306 (9) 25/227 (11) 
1 cot = plant Inoculated at cotyledon stage 3rd = plant Inoculated at third leaf stage 
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wah A tumefaClens LBA4404 contammg the GUS re

porter gene for both pepper vanetIes usmg the above 

establIshed regeneratIOn protocols Cotyledon explants 

resIstant to 75 mg/l kanamycm m the regeneratIOn me

dIUm have been subcultured and putative transgemc 

plants wIll be confirmed when the regenerated plants 

are transferred to the greenhouse 

Immature seed rescue expeflment 

FruItS were harvested from mterspeclfic crosses 

of C annuum vanetIes (CCA187A, PBC142, PBC204, 

PBC323, PBC534, PBC535, PBC715, PBC950, and 

PBC972) x C baccatum (PBC81) and C chznense 

(PBC932) approxImately one month after pollmatIOn 

Immature seeds were dIssected from stenlIzed fruItS 

and cultured on MS medIUm for germmatIOn GermI

nated seedlmgs were transferred to Magenta boxes WIth 

the same mt'dIUm, acclImatIzed, and then moved to the 

greenhouse 

The germmatIOn rate of Immature seeds from fruItS 

appoxlmately one month old IS better than the germI

natIon rate of younger seeds (14-22 days) The response 

of each mterspeclfic cross to Immature seed rescue was 

dIfferent There were 324 seedlmgs obtamed (Table 13) 

Endogenous bactenal contammatIOn was observed m 

Table 13 Results from the Immature seed rescue of 
interspecific crosses 

Cross FrUit Seed 
PBC142 x PBC932 7 278 
PBC204 x PBC81 9 615 
PBC204 x PBC932 6 251 
PBC323 x PBC81 9 615 
PBC323 x PBC932 13 1116 
PBC534 x PBC81 9 476 
PBC534 x PBC932 8 320 
PBC535 x PBC81 19 709 
PBC535 x PBC932 1 71 
PBC715 x PBC81 9 286 
PBC715 x PBC932 2 27 
PBC950 x PBC81 7 347 
PBC950 x PBC932 3 125 
PBC972 x PBC932 2 33 
CCA187AxPBC81 6 245 
CCA 187 A x PBC932 7 256 
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several crosses WhICh complIcated the germmatIOn of 

Immature seeds The addItIon of carbemcIlhn (l00 

mg/l) m the germmatIOn medIUm effectIvely ehmma

ted the bactena The seedhngs were transferred to the 

pepper breedmg umt for confirmatIOn of mterspeclfic 

hybndizatIOn and for breedmg purposes 

Pepper resistance to phytophthora blight 

Phytophthora bhght, caused by Phytophthora 

capSlCI occurs m most pepper productIOn areas of the 

world It IS assocIated WIth warm wet pen ods m ram

fed crops and lITIgatIOn water m and areas ReSIstant 

pepper acceSSIOns have been Identified, but thus far no 

reSIstant commerCial varIetIes are avaIlable The ob

JectIVes of thIS study were (l) to test the reactIOns of 

known reSIstant pepper hnes agamst three apparant 

pathotypes of P capSlCI, (2) to IdentIfy host dIfferen

tIals to confirm the occurrence of three pathotypes, and 

(3) to assess the PB reactIOns of entnes m the 7th ICPN 

The screemng method was as follows 30-day-old 

pepper plants were moculated by plpettmg 5 ml of a 

zoospore suspenSIOn (5x104/ml) mto a peat moss pot

tmg medIUm at the base of each plant DIsease seventy 

ratmgs were made at 7, 14, and 21 days after mocula

tIOn (DAI) and the percentage of susceptIble plants was 

determmed at 21 DAI 

ReactIOns of 45 reported reSIstant pepper hnes and 

a known susceptible varIety were determmed by m

oculatmg WIth three Isolates of P capSlCI Pepper hnes 

were claSSIfied as reSIstant to a gIVen Isolate If <20% 

of the plants m that hne developed symptoms by 21 

DAI Usmg thIS standard 39 pepper hnes were reSIS

tant to Isolate Pc-IE 11 hnes were reSIstant to Pc-33E 

and four hnes were reSIstant to Pc-I7E (Table 14) Four 

pepper hnes were reSIstant to dll three Isolates, seven 

hnes were susceptIble to Isolate 17 E, moderately re

SIstant to Isolate Pc-33E, and reSIstant to Pc-IE, 28 hnes 

were susceptIble to Isolates Pc-33E and Pc-17E, but 

reSIstant to Isolate Pc-IE, and SIX hnes were hIghly sus-
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Table 14 Reactions of previously reported Phytophthora ceptIble to all three Isolates These results clearly dem-
blight resistant Capsicum accessions to three 

onstrate the occurrence of races wlthm our P capS1CI smgle zoospore Isolates of P capsici 
Suscel2tlble I2lants, %b Isolates that we tentatIvely have deSIgnated as follows 

Rank" CapsIcum accession Pc 1E Pc 33E Pc 17E Pc-IE = Race 1, Pc-33E = Race 2, and Pc-17E = Race 3 
1 PI 201234, mycol sel 0 0 0 
2 Peto 2258 Petoseed 0 3 6 PunficatIon of reSIstant pepper lInes was necessary 
3 PI 201232 C 002261 (Smith 491) 0 6 9 

because all of the ongmal pepper acceSSIOns reported 4 PI 201234 C 01176 1 (Smith 493) 0 13 19 
5 Fidei, Texas A & M, Villalon 0 28 21 to possess PB reSIstance expressed 9-100% susceptIble 
6 IR, PBC 535 (LEHRI) 0 17 21 when tested WIth Isolate Pc-17E Progeny denved from 
7 PI 201234 C00352 (INRA PM217) 0 12 22 
8 CnoUo de Morelos 328, Petoseed 10 12 23 mdlVldual reSIstant plant selectIOns expressed, however, 

9 Cnolio de Morelos 331, C 03289 A 0 18 23 substantIally lower percentages of susceptIble plants 
10 P1201234,C01176A 0 19 24 

than the ongmal acceSSIOns (Table 15) For example, 11 HDA 336 PBC 120 (INRA) 0 0 25 
12 PE 502 F1 Choong Ang 0 4 33 there were no susceptIble plants among the progeny of 
13 Cnolio de Morelos 334, C 01175 0 26 35 selectIOns from PI 201232, PI 201234, and CM 331 
14 PBC 370 9 45 43 

Several breedmg populatIOns have been developed WIth 15 HDA 832 PBC 122 (INRA) 0 44 46 
16 PI 189550 C 02230 5 44 53 these reSIstance sources m theIr pedIgrees Some of these 
17 PE 64 F1 Choong Ang 0 33 54 populatIOns were screened WIth Isolate Pc-17E m 1997 
18 Anaheim F 6, C 00263 (INRA PM 751) 

0 21 63 and reSIstant plants were selected tor generatIOn advance 
19 PI 201238 C 02289 A 19 42 63 It IS clear that progress IS bemg made m the mtrogres-
20 PSC 602 Taiwan 4 54 71 

SIOn of reSIstance mto commerCIal pepper varIeties 21 PSC 371 Thailand 10 50 75 
22 HDA 248 C 00284 (INRA) 2 54 77 

Phytophthora bhght reactIOns of the 20 pepper en-
23 PI 105339 C 01784 4 81 81 
24 Szechuan 8 PSC 074 2 42 82 tnes ill the 7th ICPN were evaluated ill the greenhouse 
25 PI 201238 C 02289 B 15 62 83 21 DAI WIth Isolate Pc-17E (Table 16) The entnes WIth 
26 PE 49 F1, Choong Ang 0 38 84 

the hIghest levels of reSIstance were PP 9656-08, PBC 27 Perennial HDV PBC 495 (INRA) 0 34 84 
28 CNPH 1149 PSC 710 15 100 93 369 and PBC 534 WIth percent-susceptIble plants re-
29 Tumpang PSC 534 (LEHRI) 6 41 94 corded at 42 62, and 67, respectively SusceptIbIhty rates 
30 Chlnda 2 PSC 743 6 86 94 
31 TIt Pans, PBC 380 10 92 94 among the other entne~ ranged from 85 to 100% 
32 PSC 593, Thailand 6 84 96 
33HDA 295 C 00290 (INRA) 10 92 98 Pepper resIstance to anthracnose 
34 Szechuan 921207 PSC 075 2 84 100 
35 HDA 323 PBC 119 (INRA) 0 91 100 Anthracnose, caused by Colletotnchum spp , oc-
36 PE 501 F1 Choong Ang 0 100 100 curs worldWIde wherever pepper IS grown under warm 
37 ReVival F1 Choong Ang 0 100 100 

temperatures and overhead IrrIgatIOn or ram-fed condI-38 CNPH 703 PBC 137 9 100 100 
39 Unknown 6, C 00551 17 100 100 tIOns It occurs as a preharvest or postharvest frmt rot, 
40 PI 244670 PSC 619 35 100 100 causmg extenSIve losses m pepper grown dunng the 
41 PI 224433 C 02284 83 100 100 
42 PSC 473 IndoneSia 90 100 100 warm, wet season m tropIcal and subtropIcal chmates 

43 Var U Klmba PSC 480 96 100 100 No hIghly reSIstant pepper acceSSIOns have been Identl-
44 PI 188478, C 02227 A 96 100 100 fied and confirmed due to the lack of rehable labora-
45 Capngllo, C 01187 100 100 100 
46 Blue Star F1, Susc ck 100 100 100 tory moculatIOn methods to assess anthracnose reactIOns 

a Rank based on reaclion of pepper lines to Isolate Pc 17E The objectIves of thIS study were (1) to develop relIable 
b Percentage of susceptible plants based on the reactions of 24 or more 

laboratory anthracnose reSIstance screemng protocols, plants of each line 
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(2) to assess the anthracnose frUit reactIons of pepper 

hnes representmg major specIes of Capslcum, and (3) 

to assess the anthracnose fruIt reactIOns m the labora

tory for entnes m the 6th ICPN and m both the field and 

laboratory for entnes m the 7th ICPN 

Green and npe fruIts of 168 pepper acceSSIOns, m

cludmg annuum, baccatum, chmense, and frutescens 

specIes, were collected from observatIOnal and seed m

crease fields at AVRDC dunng the spnng of 1997 All 

fruItS were tested for theIr anthracnose reactIOns m the 

laboratory by mJectIOn moculatIOn, and most of them 

were also tested by drop moculatIon Laboratory reac

tIons of fruIt from the 6th ICPN entnes were determmed 

by mJectIon moculatIOn of green and npe fruIt, and drop 

moculatIon of npe fruIt Anthracnose field reactIOns of 

the 7th ICPN entnes were determmed based on percent

age of mfected frUlts m a field moculated wIth C 

g/oeosponodes, Isolate Cg-153 Subsequently, labora

tory reactIOns of the 7th ICPN entnes were determmed 

by both mJectIOn and drop moculatIOn of green and 

npe fruIt 

Laboratory protocols to asses& anthracnose reac

tIons were developed dunng 1997 to evaluate pepper 

frUits for theIr reactIOns to Colletotnchum speCIes 

Drop-moculatIOn of fruIt reqUires placmg a 6 ~l drop 

of a 1 x 1 06 comdIa/ml suspensIOn on the surface of pep

per fruIt Use one moculatIOn SIte If fruItS are :-:::4 cm m 

length, and two SItes on fruIt >4 cm long Incubate m

oculated fruItS at 25°C m the dark Dunng the first 24 

hours keep the fruIt m a saturated atmosphere to pre

vent drymg of the moculum drops then allow the m

oculum drops to dry Mamtam the RH at 2':95% to pre

vent fruIt desIccatIOn, but do not allow free water to 

form on the fruIt Record lesIOn development at 10-12 

DAI, a necrotIc area 2':4 mm m dIameter at the SIte of 

moculatIOn IS consIdered POSItIve for dIsease develop

ment 

InJectIOn-moculatIOn reqUires usmg a synnge fit

ted WIth a 22-gauge needle 0 60 to 0 75 mm m length 

Table 15 Selection to Increase percentage of resistant plants In reported phytophthora blight resistant Capsicum lines 

NameNariety 
PI 188478 

PI 189550 

PI 201232 

PI 201234 

PI 201238 

Cnollo de Morelos 331 

Cnollo de Morelos 334 

AcceSSion Percent Susceptible Plants' 
Selection Origin Acc Sel 
C 02227 -A MeXICO 100 

Pc res 92 sel 
C 02230 

Pc res 92 sel 
C 002261 (Smith 491) 

Pc res 93 sel 
C 01176 1 (Smith 493) 
C 01176 A 

Pc res '87 sel (Mycol ck ) 
Pc res 87 96 sel 
Pc res 92 sel 

C 02289 B 
C 02289 A 

Pc res 92 sel 
Pc res 92 96 sel 

C 03289 A 
Pc res 92 sel 
Pc res '92 96 sel 

C 01175 
Pc res 95 96 sel 

MeXICO 

MeXICO 

MeXICO 

MeXICO 

MeXICO 

MeXICO 
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19 
24 

83 
63 

23 

35 

20 

34 

o 

1 
13 
o 

10 
4 

o 
4 

6 
a 30 day old plants Inoculated With 5 mlJplant of a 105 zoospore/ml suspension of Isolate Pc 17E Results based on means from 1 to 3 experiments In 

which 24 plants of each entry were Inoculated 
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Inject a 1- /Jl drop of a 1 x 105 or 1 x 106 comdIaI sus

penSIOn mto the wall of the frUlt Incubate the mocu

lated frUlt under the same condltlons as for the drop 

moculatIOns, but omIt the 24-hour penod of saturated 

atmosphere Record leSIOn development at 4-6 DAI 

Laboratory evaluatIOn of pepper hnes was per

formed on more than 100 pepper hnes from the AVRDC 

observatIOnal trIals, mcIudmg annuum, baccatum, 

chmense, andfrutscens speCIes They were evaluated 

by moculatmg detached green and npe fruIts by drop 

and mjectIOn methods Twenty two hnes WIth measur

able reSIstance were IdentIfied by one or more of the 

tests Green fruItS of 68 pepper acceSSIOns from the 

GRSU seed mcrease field were mjectton-moculated to 

assess theIr anthracnose reactIons Fourteen hnes, m

cIudmg baccatum, chmense, and jrutescens speCIes, 

were IdentIfied as possible sources of anthracnose re

sIstance 

Laboratory anthracnose reactIOns of detached fruItS 

Table 16 Phytophthora blight reactions' of entries In the 7th ICPN 
Entry Name 
PBC 137 CNPH 703 
PBC 142 Pant C 1 
PBC 534 Tumpang 
PBC 091 New MeXICO 6 4 
PBC 161 Klhnochl 
PBC 369 PBC 369 
PBC 386 PBC 386 
PBC 390 PBC 390 
PBC482 B L 44 
PBC 579 PBC 579 
PBC 581 PBC 581 
PBC 904 Kaswaswa 
PBC 1474 Merah 
PP 965601 Chan Man Kan No 1 2 4 
PP 965606 I 7 1 PeMV Nlc 1 
PP9656 08 Taiwan 83 168 1 1 
PP 9656 11 Hybnd Huarena 3 2 
PP 9656-13 PBC 521 211 
PP 9656 14 PBC 549 3 21 
PP 9656 15 73 KA11 1 9113825@ 
Blue Star, susc ck 
PI 201234 res ck 

of the 20 entnes m the 6th ICPN were evaluated for theIr 

anthracnose reactIOns followmg mJectIOn-moculatIOn of 

both green and npe fruIt and drop-moculatIOn of npe 

fruIt The entnes were compared based on the percent

age of moculatIOn sItes at whIch leSIOns developed In

Cidence of leSIOn development on mJected green fruIt 

ranged from 10 to 100% among hnes Tabasco and MC-

003 at 10 and 25% leSIOn development, respectIvely, 

had sIgmficantly (p ::; 0 05) lower percentages of leSIOn 

development on green fruItS than all other hnes None 

of the entnes appeared reSIstant to npe fruIt mJectIon

moculatIOn WIth entnes rangmg from 65 to 95% leSIOn 

development InCidence of leSIOn development follow

mg drop-moculatIOn of npe fruIt ranged from 3 to 70% 

among entnes, the hnes With lowest mCIdence of leSIOn 

development were Tabasco and MC-003 which had 13 

and 5%, respectively These results Me m agreement With 

field evaluatIOns of the 6th ICPN entnes made m 1996, 

which showed Tabasco and MC-003 to have the lowest 

mCIdence of mfected fruits 

Ongln Survival (%) 21 DAI 
BraZil 15 
India 0 
IndoneSia 33 
USA 0 
Sn Lanka 4 
IndoneSia 38 
MalaYSia 0 
AVRDC 0 
Sn Lanka 0 
Sri Lanka 15 
MalaYSia 11 
Tanzania 4 
IndoneSia 0 
AVRDC 0 
AVRDC 0 
AVRDC 58 
AVRDC 8 
AVRDC 0 
AVRDC 0 
AVRDC 0 

0 
100 

a 30-day old plants were Inoculated With 5 ml/plant of a 105 zoospore/ml suspension of Isolate Pc 17E Results based on four replications of SIX plants for 
each entry 

56 AVRDC 



FIeld and laboratory anthracnose reactIOns of the 

20 entnes m the 7th ICPN were evaluated based on the 

mean percentage of mfected frUlt from two harvests 

The plants m the field were moculated wIth Isolate Cg-

153 of C gloeosponodes two weeks pnor to the first 

harvest The mean percentage of fruIt m each hne show

mg anthracnose symptoms at the time of the harvests 

ranged from 8 to 83% (Table 17) The mCIdence of m

fectIon m two hnes, Kaswaswa and selectIOn 83-168-

1-1, at 8 and 12%, respectIvely, were sIgmficantly 

(p < 0 05) lower than all but one of the other hnes Labo

ratory evaluatIons of the fruIts showed that none of the 

entnes were resIstant to mJectIon moculatIOn at eIther 

the green or npe stage A reduced mCIdence of lesIOn 

Table 17 Incidence of anthracnose affected pepper frUit 
among the 7th ICPN entnes In a field tnal at 
AVRDC dunng summer 1997 

Mean % 
Entry Name frUit with anthracnoseb 

PSC 904 Kaswaswa 8 ae 

PP 965608 831681-1 12 ab 
PSG 581 MalaYSia 30 bc 
PP 965611 Hyb Huarena-3 2 33 cd 
PP 965601 Chan Man Kan No 1 2 4 41 c e 
PSC 369 IndoneSia 42 c e 
PSG 091 New MeXICO 6 4 44c e 
PP 9656 14 PSC 54932-1 50 c f 
PSC 161 Kllinochl 51 c f 
PSC 1474 Merah 52c 9 
PP 965613 PSC 521 211 52 c 9 
PSC 137 CNPH 703 52 c 9 
PP 965606 17-1 PeMV NIC 1 54 d h 
PSG 390 AVRDC 56 d h 
PSC 142 Pant C 1 63 e I 
PSC 386 MalaYSia 73 f I 
PP 965615 73 KA111 9113825@ 75 9 I 
PSC 579 Sn Lanka 76 hi 
PSC 482 S L 44 80 I 

PSC 534 Tumpang 831 

a Transplanted to the field 23 June In a RCBD with four replications of 
20 plants each Inoculated with Isolate Cg 153 of C gloeospoflodes on 
30 September harvests made on 14 and 28 October were the third and 
fourth harvests, respectively 

b The percentage of anthracnose Infected frUit from each pepper entry 
was estimated uSing (a) the percentage of culls shOWing anthracnose 
symptoms (based on inspection of individual frUit In a 100 frUit sample) 
(b) the number of cull frUit and (c) the number of marketable frUit In 

each plot Values are an average from two harvests 
e Means separation by DMRT p~O 05 
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development was observed, however, m both the green 

and npe drop-moculated fruItS of 83-168-1-1 

Broad mite resistance In chili pepper germplasm 

Broad mIte, Polyphagotarsonemus latus Banks, IS 

a polyphagous pest that attacks chIlI pepper worldWIde, 

especIally m the dry season Adults and nymphs feed 

on tender folIage, weakemng the plant The folIage be

comes cnnkled and WIthers away At tImes, vegetative 

buds become atrophIed and drop off or produce new 

growth, whIch delays harvest, If the new leaves remam 

free of mIte damage Smce 1996, we have been screen

mg AVRDC pepper germplasm for reSIstance to broad 

mItes dunng the summer months In 1997, we screened 

two batches of new germplasm and conducted one con

firmatory test on selected germplasm IdentIfied as re

SIstant m prehmmary tests m 1996 

Prehmmary smgle-replIcate screenmg was done 

m two batches m an Identical manner, wlth186 entnes 

m the first, and 160 entnes m the second Seeds were 

sown m 7 5-cm dIameter plastic pots contammg a soIl 

compost mIxture The plants were mamtamed for SIX 

weeks m a mIte-free room and then were moved to a 

greenhouse room where broad-mlte-mfested Chlh pep

per plants were mamtamed as an mfestatIOn source 

When the mIte populatIOn was hIgh, we evaluated each 

plant for damage weekly for four weeks MIte damage 

was rated on a scale of 0 to 5, where 0 = no damage and 

5 = hIghest damage The average damage ratmg from 

the four observatIOns was subjected to a statistIcal test 

based on mean and standard deViatIOn (sd) of mean 

damage of the entire populatIOn Entnes WIth damage 

ratmgs < mean - 2sd were consIdered hIghly reSIstant 

(HR) damage ratmgs of mean - 2sd to mean - 1 sd 

were consIdered moderately reSIstant (MR) mean - Isd 

to mean were consIdered as havmg low reSIstance (LR) , 

mean to mean + 2sd were consIdered susceptIble (S), 

and> mean + 2sd were consIdered hIghly susceptIble 

(HS) 
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In the confirmatory screenmg, nme acceSSIOns se

lected from 1996 prellmmary screenmg tests were 

evaluated wIth two susceptIble entnes m a multI-rep

lIcate test for resIstance to broad mIte Standard pro

cedures for growth and mamtenance of plants, expo

sure to mItes, and evaluatIOn of mIte damage were fol

lowed In thIS test, each entry had at least three reph

cates, wIth SIX plants per replIcate, arranged m RCBD 

All entnes were observed once, when mIte popula

tIOns were hIghest 

In the first 1997 prehmmary screen, two entnes, 

PBC725 and PBC901, were conSIstently least dam

aged and were ranked as HR m each of the four obser

vatIOns Table 18 summanzes performance of these en

trIes compared wIth a susceptIble check We consIder 

PBC725 and PBC901 to be promI~mg and WIll con

firm theIr reSIstance m the summer of 1998 before rec

ommendmg theIr use m breedmg for reSIstance 

In the second prehmmary screemng, mIte-reSIS

tance evaluatIOn was carned out five tImes dunng the 

season One entry, PBC1398, was ranked HR m the 

last two observatIOns when the mIte populatIOn was es

pecIally hIgh (Table 19) and ranked MR m the first three 

observatIOns Another entry, PBC1482, was ranked MR 

m all five observatIOns These two entnes appear to be 

promlsmg sources of mIte reSIstance ReSIstance must 

be confirmed 

Of the mne entnes found promlSlng m 1996 pre

hmmary tests, only one entry, PBC629, proved to be 

reSIstant m confirmatory screemng Broad mIte popula

tIOn pressure was very hIgh, and susceptIble checks, as 

well as the putatIve re<;Istant entrIes, were severely dam

aged The reSIstance level of PBC629 IS not adequate, 

and AVRDC needs to contmue screenmg germplasm to 

find hIgher levels of reSIstance to broad mIte 

Cotton aphid resistance In chili pepper 

Cotton aphId, Aphls gossypu Glover, feeds on a WIde 

range of economIcally Important crops, such as cotton, 

soybean, eggplant, ChIlI pepper, and others The msect 

sucks plant JUIces, weakenmg the plant and stuntmg plant 

growth, whIch results m reduced YIeld In 1996-97, 

AVRDC began screenmg pepper germplasm for reSIS-

Table 18 Broad mite damage to selected entnes In first preliminary test, AVRDC greenhouse, 1997 
Entnes Damage rating (DR) and resistance rating (RR)·on four observation dates 

97/6/20 97/6/27 97/7/4 97/7/11 
DR RR DR RR DR RR DR 

PBC725 000 HR 000 HR 075 HR 100 
PBC901 000 HR 000 HR 050 HR 167 
PBC777b 312 S 400 S 500 HS 500 
Sowing date 2 May 1997 
a MR :: moderately resistant HR:: highly resistant S::: susceptible HS::: highly susceptible 
b Susceptible 

Table 19 Broad mite damage to selected entnes In second preliminary test, AVRDC greenhouse, 1997 
Entnes 

PBC1398 
PBC1482 
PBC1263b 

Avg DRe 

97/9/11 
DR RR 
033 MR 
033 MR 
167 S 

119±0 47 

Damage rating (DR) and resistance rating (RR)· In five observations 
97/9/18 97/9/25 97/10/2 

DR RR DR RR DR RR 
1 00 MR 1 83 MR 1 83 HR 
o 67 MR 2 00 MR 2 33 MR 
3 00 HS 4 00 HS 4 00 S 

1 28±O 61 2 90±0 54 3 17±0 46 
aMR::: moderately resistant HR::: highly resistant S:: susceptible HS::: highly susceptible 
b Susceptible 
C Average of 160 entries 
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RR 
HR 
HR 
HS 

97/10/9 
DR RR 
200 HR 
250 MR 
400 S 

3 37±0 50 
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tance to thIS pest m order to IdentIfy sources of reSIS

tance 

In two prelImmary resIstance screenmg expen

ments, seeds of pepper germplasm acceSSIOns were 

sown m small plastIc cartons contammg a soIl com

post mIxture wIth SIX plants per acceSSIOn Five-week

old seedlmgs were moved 1Oto a greenhouse 10 whIch a 

cotton aphId populatIOn was mamtamed on chIlI pep

per plants Startmg four weeks after transfer of plants 

mto the greenhouse, each plant was observed and the 

apprOXImate number of aphIds feedmg on It was re

corded Each plant was categonzed as havmg 0, 1-100, 

101-1000, or >1000 aphIds per plant The weIghted 

number-of-aphlds data for each acceSSIOn were sub-

Jected to a statIstIcal analysIs based on the mean num

ber of aphIds per plant for all entnes mcluded m the 

screemng A standard deViatIOn scale, lIke the one used 

for mItes, was used to clasSIfy theIr reSIstance reac

tIOns mto hIghly reSIstant (HR), moderately reSIstant 

(MR), havmg low reSIstance (LR), susceptIble (S), and 

hIghly susceptIble CHS) categones 

In a confirmatory screenmg, seeds of four promIs

mg reSIstant entnes from the prehmmary screen, and 

one susceptible entry were planted 10 plastIC cartons 

ThIS test had SIX rephcates of SIX plants each At eIght 

weeks after emergence, when aphId populatIons were 

hIghest we observed the plants and recorded the num

ber of aphIds feedmg on each The mean-number-of-

Table 20 Cotton aphid infestation of selected pepper accessions In AVRDC greenhouse during spring 1997 
Entry Number of aphids per plant1 and resistance ratmg2 on 

97/1/27 97/2/3 97/2/10 97/2/17 
PBC726 2025 LR 50MR 50MR 50MR 
PBC732 2062 LR 108 MR 577 MR 1000 MR 
PBC785 1118 MR 1414 MR 1384 MR 1606 MR 
PBC681 1354 LR 108 MR 1633 MR 1353 MR 
PBC8973 35368 44728 59168 70718 
1 Weighted mean number of aphids per plant Each entry had 6 plants 
2 MR = moderate resistance LR = Low reSistance S = susceptible HS = Highly susceptible 
3 Susceptible entry 

97/3/10 
707 MR 
645MR 
707MR 

1414 LR 
4472 H8 

97/3/17 
612 MR 
577 MR 
707 MR 

1118 LR 
22368 

Table 21 Cotton aphid infestation of selected pepper accessions In AVRDC greenhouse during spnng 1997 
Entry 

PBC880 
PBC1003 

97/2/17 
500 MR 

2062 HS 

Number of aphids per plant1 and resistance ratmg2 on 
97/2/24 97/3/3 97/3/10 97/3/17 
4 08 MR 7 07 MR 7 07 MR 7 07MR 

44728 70718 6519HS 6519HS 
1 Weighted mean number of aphids per plant Each entry had 6 plants 
2 MR = moderate resistance LR = Low resistance S = susceptible HS = Highly susceptible 

97/3/24 
707 LR 

7071 H8 

97/3/24 
612 LR 
500 LR 
707 LR 
707 LR 

2236 HS 

Table 22 Performance of selected pepper accessions for resistance to cotton aphid In AVRDC greenhouse during spring 1997 

Entry 
PBC18 
PBC30 
PBC151 
PBC84 
CCA316a 

LSD 
-Susceptible check 

1997 Report 

97/3/10 
9950 ± 33 75 
20280 ± 40 42 

446 80 ± 279 35 
114530 ± 39402 

262670 ± 1015 54 
65580 

Mean number of aphids/plant on 
97/3/18 

8983 ± 5675 
13783 ± 52 56 
25617 ± 11917 
11067 ± 31 83 

104533 ± 278 33 
18368 

97/3/24 
1900±1780 
1983 ± 15 18 
12300±8180 
4900 ± 51 88 
22150 ± 80 71 

77 23 
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aphIds data for each entry were analyzed by ANOVA 

and means were compared by least sIgmficant dIffer

ence (LSD) 

In the first prehmmary resIstance screenmg, none 

of the entnes escaped from aphId mfestatIOn Four en

tnes (PBC681, PBC726, PBC732, and PBC785), were 

consIstently less damaged than others m all SIX obser

vatIOns Performance of these acceSSIOns compared to 

selected susceptible entnes IS shown m Table 20 En

tnes PBC681 and PBC785 are C baccatum The re

mammg three entnes and the susceptIble entnes are all 

C annuum 

In the second prehmmary reSIstance screenmg, 

among 36 entnes tested, one entry, PBC880, was least 

damaged m each of the SIX observatIOns Its performance 

m relatIOn to a susceptible check IS summanzed m 

Table 21 Entry PBC880, a C baccatum acceSSIOn rep-

60 

resents a putatIve source of reSIstance to cotton aphId 

We wIll study Its reSIstance mechanI~m m wmter-spnng 

1997 -98 before recommendmg It for aphId reSIstance 

hreedmg 

Results of the second confirmatory screemng ex

penment are summarIzed m Table 22 All four reSIS

tant entnes were always sIgmficantly less damaged than 

the susceptIble check, CCA316 AcceSSIOn PBC 18 was 

always the least damaged, followed by PBC30 Infes

tatIOn of PBC84 and PBC 151 vaned between three ob

servation dates The aphIds per 10 em" leaf area were 

counted dunng the final observatIOn, PBC18 had 1 76 

± 146 aphIds, PBC30 had 7 11 ± 857, PBC151 had 

7 59 ± 13 53, PBC84 had 5 20 ± 5 52 and the suscep

tible check had 11 13 ± 3 68 aphIds PBC 18 represents 

a relIable source of reSIstance We WIll study ItS reSIS

tance mechamsm to determme ItS sUltabIhty for breed

mg cotton aphId reSIstant pepper vaneties 
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Tomato Improvement 

The general objective of the tomato Improvement project IS to mcrease year-round tomato supply m tropIcal 

countnes, focusmg on development of tomato lInes adapted to hIgh temperatures and humIdIties Consequently, 

hIgh-temperature fruIt set, bactenal wIlt (BW), fusanum WIlt (FW), and gemmI VIruS reSIstance, as well as good 

fruIt qualIty are major speCIfic objectives 

We have made progress m developmg fresh market and cherry tomato mbred hnes combmmg heat tolerance 

and BW reSIstance WIth Improved fruIt quahty New sets of determmate mbred hnes and cherry tomato hnes have 

been selected for mternatIonal dlstnbutton 

Research to map tomato yellow leaf curl VIruS (TYLCV) reSIstance genes m H24, a hIghly reSIstant tomato hne 

from IndIa, was mItIated RestnctIOn fragment length polymorphIsm (RFLP) probmg of H24 revealed L hlrsutum 

mtrogressIOns on chromosomes 8 and 11, whIch mIght condItIOn reSIstance F3 famIlIes carrymg smgle or multIple 

mtrogressIOns m homozygous or heterozygous states were developed to confirm whIch mtrogressIOns are necessary 

for reSIstance Potato VIruS Y (PVY)-reslstant tomato hnes WIth reSIstance denved from L hlrsutum have been 

multiphed and are avaIlable for dIstnbutIOn 

Progress toward transformatIOn WIth the N-protem gene for watermelon sIlver mOSaIC VIruS (WSMV) reSIS

tance has been achIeved A chltmase gene under the control of the CaMV 35S promoter was mtroduced mto tomato 

hnes of L4783 by agrobactenum transformatIOn FIeld testmg of tomato hnes transformed WIth the coat protem 

gene from cucumber mosaIC VIruS (CMV) stram T were evaluated for CMV reactIOn m a transgemc contamment 

field 

Late bhght (LB)-reslstant L plmpmellzjolzum acceSSIOns, L3707 and L3708, and L hlrsutum acceSSIOns, L3683 

and L3684, were reSIstant m field tests conducted m MalaWI, Tanzama, Nepal, TaIwan, and the USA for most or all 

trIals The L hlrsutum acceSSIons showed reSIstance at all locatIOns whIle reSIstance m the L Plmpmellzjolzum 

acceSSIons broke down toward the end of the season m TaIwan and Nepal, and a new LB tomato race (T2) was 

Isolated from L3708 plants m TaIwan Tomato mbred hnes WIth LB reSIstance denved from L3708 are aVaIlable for 

mternatIOnal dlstnbutIOn 

StudIes on the mechamsms of BW reSIstance mdIcated that reSIstance IS not expressed m the roots but occurs 

m the movement of the pathogen from the root to the stem base and pathogen multIphcatIOn m the stem Bactenal 

WIlt mfectIOn of two reSIstant tomato hnes dId not sIgmficantly affect YIeld The populatIOn structure of the BW 

pathogen was studIed m TaIwan tomato productIOn fields and a field statIOn dIsease nursery usmg two polymerase 

cham reactIOn (PCR)-based methods Large pathogen stram genetIc dIverSIty was found, and m the dIsease nursery, 

host genotype and mICrOenVIronment were Important factors m populatIOn differenttatIOn EIght tomato varIetIes 

dlffenng m reSIstance levels were moculated WIth SIX pathogen strams m one greenhouse and two field tnals Patho

gen strams could be grouped mto three aggreSSIveness groups, and four host reSIstance levels were detected The 

pathogen-host mteractIOn was enVIronment dependent 
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Genetic resources enhancement and 
vanetallmprovement 

Genetic resources activIties 

Thirty-nme acceSSIOns of fIve speCIes from 12 

countnes were regenerated mSIde net cages m 1996-

97 CharactenzatIOn was done based on a standard set 

of descrIptors Samples of frults were sent to the 

Center's analytIcal laboratory for analysIs ofbetacaro

tene, pH, and sugar 

A total of 204 acceSSIOns were added to the to

mato germplasm collectIon, bnngmg the total to 7148 

acceSSIOns (Table 1) 

The cultIvars (L esculentum) vaned m fruIt SIze 

Extenor color of the mature frUlt ranged from yellow 

to orange to red VanatIOn m fruIt shape was also noted 

Lowest pH (395) was observed m TL1475 and hIghest 

(443) m TL1544 The former was Hawall 7997, a 

round, 49 x 5 6 cm (l x w), red-fruIted varIety reSIS

tant to BW The latter was Centenmal also known as 

WestVlrgmia '63 (W VA 63) ared-fruIted,round-to

shghtly-flattened, 49 x 6 cm, vanety that carnes the 

Ph 2 gene for reSIstance to LB Among the acceSSIOns 

planted, It also took the longest to flower (79 days from 

sowmg) HIghest betacarotene (4 48 mg/l OOgm) was 

observed m TL1568 Beta alcobaca, an orange-fruIted 

Table 1 The tomato germplasm collection at AVRDC, 1997 

Species 
L esculentum 
L plmpmelllfoIJum 
L peruvlanum 
L hlrsutum 
L pennell" 
L chllense 
L cheesmanll 
L paNlflorum 
L glandulosum 
L chemlelewskll 
L sp 
Total 
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No of accessions 
Total AcqUired In 1997 
5254 204 
309 
126 

65 
60 
30 
27 
12 
11 
11 

1243 
7148 204 

vanety WIth dark green back, 5 7 x 7 9 cm 10 SIze and 

carrymg the genes for long shelf hfe dgdg alcalc 

Of the 3821 seed packets dIstnbuted, 2795 (73%) 

went to 57 countnes, 905 (24 %) to the Center's regIOnal 

programs, and 121 (3%) to Center SCIentIsts for BW 

reSIstance screemng (Table 2) 

Genetic Improvement of fresh market tomato 

ActiVIties at AVRDC to Improve fresh market to

mato encompass a WIde range of obJectIves, mcludmg 

development of mbred hnes targeted for productIOn m 

the hot humId tropICS and IdentIficatIOn of large-fruIted, 

dark-green shouldered tomato hybnds for the TaIwan 

market In 1997 we carrIed out one advanced YIeld tnal 

(AYT) and two prehmmary YIeld tnals (PYT) of fresh 

market tomato entnes The ObjectIve of the AYT was 

to select the best heat-tolerant entnes for mtematIOnal 

dIstnbutIOn The first prehmmary Yield tnal (PYT 1) 

mcluded F] entnes and the ObjectIve was to IdentIfy 

crosses WIth potentIal to generate heat-tolerant and BW-

Table 2 ReCIpients of tomato AVRDC germ plasm, 1997 
ReCIpient 
External 

India 
Ghana 
Vietnam 
Philippines 
Sri Lanka 
Bangladesh 
Japan 
Pakistan 
Cambodia 
Thailand 
Others1 

ARC 
ARP 
Headquarter 

Bacteriology 
Total 

No of samples 
2795 

284 
243 
160 
158 
152 
139 
112 
101 

91 
87 

1268 
787 
118 
121 

121 
3821 

1 Australia Barbados Bhutan Brazil Burma China Congo Costa Rica 
Ethiopia France Gabon Germany GUinea GUinea Bissau Haiti 
Honduras Hong Kong Hungary IndoneSia Israel Ivory Coast Korea 
Lao PDR Liberia MalaWI MalaYSia Martinique Mauntlus 
Mozambique Namibia Nepal Netherlands Oman Panama Papua 
New GUinea Senegal Spain Sudan Taiwan Tanzania Thailand 
Togo Tonga USA Zaire and Zimbabwe 
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resIstant hnes The second prehmmary tnal (PYT 2) 

was estabhshed to evaluate promlsmg hybnds for the 

Taiwan market 

TheAYT and PYT 1 were sown 5 June and 25 June, 

respectively, and transplanted 2 July and 29 July Pre

hmmary Yield Tnal2 was sown 4 March 1997, trans

planted 8 Apnl and harvested dunng 11-29 June Pre

hmmary YIeld Tnal2 plots consIsted of a smgle 1 5-m 

bed WIth two 4 8-m-Iong rows per bed Between- and 

withm-row spacmgs were 60 and 40 cm respectively 

Plot SIze and spacmgs for the AYT and PYT 1 were the 

same as for PYT 2, except that the AYT plots had two 

beds WIth one row per bed and the PYT 1 plot meluded 

one row per bed Entnes m the AYT and PYT were 

rephcated three and two tImes, respectively (Results 

are summanzed m Table 3 ) 

AYT HIgh temperatures and hIgh ramfall preVailed 

dunng the tnal, whIch depressed fruIt set percent and 

consequently YIeld Mean maxlmumlmlmmum tem

peratures dunng the mam frUlt-set penod were 

31 2/23 6°C and total ramfall was 1079 mm, meludmg 

two pen ods of severe floodmg Marketable fruIt YIelds 

ranged from 56-273 t/ha and the average YIeld of all 

entnes was 20 4 t/ha Nevertheless, four entnes, 

CLN18llA CLNI621F, CLN1621H and CLNI621C, 

sIgmficantly out-YIelded heat-tolerant check, CL5915-

93D4-1-0-3, and also demonstrated hIgh levels of BW 

reSIstance m a separate greenhouse tnal FruIt aCIdIty 

of certam entnes, notably CLN18l1A and CLN1621H 

was hIgh As a consequence these entnes have a sour 

taste a charactenstlc apprecIated m South ASIa HIgh 

temperatures tend to reduce fruIt SIze as well as frUlt 

set Consequently fruIt SIzes ranged from medmm to 

small Durmg the regular season, average fruIt SIzes 

mcrease 50% or more Based on these data entnes 

CLN1621E CLN1621C and CLN1621F wdl be m

eluded among entnes m our determmate set for mter

natIOnal dlstnbutIOn 

PYT 1 Like the AYT, hIgh temperatures and heavy 

1997 Report 

ramfall resulted m lower fruIt set and YIeld In addI

tIOn, BW mfectIOn reduced plant stands of certam en

tnes, partIcularly the check lme CL5915 Marketable 

YIelds of entnes ranged from 25-25 8 t/ha and the tnal 

mean was 142 t/ha FIve populatlOns, CLN2327, 

CLN2294, CLN2293, CLN2323, and CLN2337, dem

onstrated relatively hIgh YIelds, excellent VIgor, me

dmm-Iarge to large fruIt SIze, and good fruIt quahty 

These crosses WIll be selfed to obtam mbred hnes 

PYT 2 Marketable YIelds of hybnd tomato en

tnes m PYT 2 ranged from 189 to 75 9 t/ha and the 

mean YIeld of all entnes was 460 t/ha The check van

ety, FMTT22, sIgmficantly out-YIelded the other tnal 

entnes and achIeved a bnx content SImIlar to other en

tnes However, entnes FMTT698 and FMTT702 sur

passed FMTT22 m the qualIty of the dark green shoul

der, fruIt firmness, and smoothness They ment further 

evaluation 

Genetic Improvement of cherry tomato 

The tomato Improvement project has developed 

cherry tomato lmes showmg supenor YIeld and fruIt 

quahty, but lackmg BW reSIstance Such reSIstance IS 

necessary for WIdespread productIOn m the tropICS 

Consequently, mcorporatIOn ofBW reSIstance mto our 

cherry tomato hnes IS a major objectIve of our breed

mg program Two cherry tomato observatIOnal tnals 

(OT) were conducted at AVRDC m 1996-1997 Obser

vatIOnal Tnall meluded FI hybnds The objective was 

to Identify hlgh-Yleldmg, BW-resistant crosses WIth the 

potentIal to produce supenor mbreds Entnes m the 

second observatIOnal tnal were mbred hnes and the 

ObjectIve was to select hlgh-YIeldmg hnes for addItIOnal 

testmg and pOSSIble mtematIOnal dlstnbutlOn 

ObservatIOnal Tnals 1 and 2 were sown on 17 De

cember 1996 and 21 January 1997, respectively and 

transplanted to the field on 23 January and 28 Febru

ary 1997 ObservatIOnal Tnal 1 was harvested dunng 

27 March - 15 May 1997 and OT 2 was harvested dur-
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mg 14 May -25 June 1997 Plots consIsted of two 4 8- Several crosses, such as CHT1081 and CHTl074, 

m-Iong rows on a smgle rmsed bed Spacmg between YIelded almost tWIce as much marketable frUlt as the 

beds was 15m between- and withm-row spacmgs check, CH154 However It appears that hIgher YIelds 

were 60 cm and 40 cm respectively Entnes were not were achIeved at the expense of lower bnx contents 

rephcated HIgher bnx content IS Important because It has been 

Total YIelds and marketable Yields m OT 1 ranged 
assocIated WIth good taste Bactenal wilt percent sur-

from 82-46 tlha and 67-35 tlha, respectIvely (Table 4) 
vival of the entnes ranged from 0 to 94% Entnes 

FruIt crackmg was the major cause of unmarketabIhty 

Table 3 Yield and other horticultural characteristics oftomato entries In the Advanced/Prehmlnary Yield Tnals at AVRDC, 1997 
Entry My FrUit Set FrUit Size BriX ACid Color pH BW 

(tlha) (%) (g) (%) (%) (a/b) (%) 
AYT 
CLN1811A 273 10 28 53 055 164 408 92 
CLN1621F 259 11 37 51 051 165 414 83 
CLN1621H 254 18 48 53 056 171 406 85 
CLN1621C 249 18 27 52 055 194 411 92 
CLN16211 222 12 27 55 050 1 71 416 96 
CLN1621L 21 2 15 24 57 050 178 419 83 
CLN1621J 209 11 23 54 054 163 408 89 
CLN1621P 207 18 26 57 053 176 418 85 
CL5915 93D4 1 03 (ck) 178 13 28 56 054 160 415 29 
Mean of all entries 204 16 28 546 050 165 415 83 
CV% 179 21 9 464 717 630 062 10 
LSD (p=O 05) 61 6 441 042 006 017 004 23 

PYTI 
CLN2327 258 28 42 510 041 150 413 92 
CLN2294 256 30 62 545 048 1 21 407 98 
CLN2293 256 45 66 585 052 139 409 93 
CLN2323 247 25 32 530 049 1 61 411 94 
CLN2337 238 24 54 525 046 183 416 87 
CLN2292 207 26 71 560 047 142 409 100 
CLN2326 196 25 36 525 046 147 414 81 
CL5915 93D4 1 03 (ck) 25 25 18 520 052 128 416 29 
Means of all entries 142 27 41 551 045 144 412 870 
CV% 280 21 17 820 1050 1380 084 11 0 
LSD (p=O 05) 107 15 19 1 21 012 053 009 260 

PYTII 
FMTT698 555 35 141 450 035 143 419 22 
FMTT699 512 35 143 445 038 117 412 24 
FMTT702 509 32 153 455 032 1 51 420 24 
KY301(ck) 189 25 121 535 041 183 428 15 
FMTT22 (ck) 759 40 140 460 037 148 418 19 
FMTT553 (ck) 537 36 119 485 041 173 419 19 
Mean of all entries 460 31 150 465 036 150 419 23 
CV% 120 15 12 380 95 11 20 130 23 
LSD (P=O 05) 11 9 10 40 038 007 036 011 12 
AYT =Advanced Yield tnal PYT =Prelimlnary Yield tnal 

64 AVRDC 



CHTl093, CHTl064, and CHTl084 showed survIval 

of 80% or greater, although YIelds of CHTl 064 and 

CHTl 084 were low CHTl 093 mIght have the greatest 

potentIal to produce BW-reslstant mbreds wIth good 

YIeld and bnx contents 

Marketable YIelds of entnes m the second obser

vatIonal tnal were also hIgh, rangmg from 44 to 70 tlha 

Bnx contents ranged from 4 2 to 6 8, and most entnes 

achIeved bnx values of 50-55 The BW reactIOns of 

most entnes fell below 50% surVIVal, but, neverthe

less, were supenor to CH154, whIch had 0% sun, IvaI 

Entnes CLN1555A, CLNI555B, and CLN1555C ment 

further conSIderatIOn for mternattonal dlstnbutton be

cause they demonstrate both adequate YIelds and BW 

resIstance 

StudIes on leaf curl vIrus 

TYLCV has long been conSIdered a major threat 

to tomato productIOn m the Near East South ASia, Cen

tral and South Amenca, and parts of Southeast ASIa 

The dIsease has, therefore, been accorded hIgh pnonty 

at AVRDC headquarters, as well as m ItS regIOnal pro

grams and m some research networks the Center fa-

cIhtates Host-plant reSIStance/tolerance combmed WIth 

vector control IS conSIdered to gIve the best dIsease con

trol In order to develop stable and effectIve reSIstance 

knowledge of the dIfferent gemIll1VIruses causmg 

TYLCV IS essentIal The objectIves of thIS actlVlty were 

(l) to charactenze the dIfferent tomato gemIll1VIruses 

(2) to aSSIst the networks and regIOnal programs to set 

up and conduct effectIve TYLCV reSIstance screenmg, 

and (3) to IdentIfy sources of reSIstance 

Host range studIes of TYLCV-TWN (the Taiwan 

stram) were done by contmuous exposure of three

week-old seedlmgs to vIruhferous whItefhes, followed 

by symptom recordmg, and nucleIc aCId hybndizatton 

tests up to approxImately 80 days after exposure Two 

melon culttvars, Cucumis melo 'Sky Rocket' and VC 

472, and the followmg weed speCIes were tested by the 

above method Ageratum houstomanum, Bldens pllosa, 

CelOSIa argentea, Amaranthus spznosus, A 

mangostanus Solanum mdlcum, S mcanum S mgrum 

Physalzs angulata, and Datura stramomum Another 

14 weed speCIes growmg mSIde or on the borders of an 

AVRDC tomato fIeld where TYLCV mfectIOn was 

Table 4 Yield and other horticultural characteristics of cherry tomato In observational trials I and II at AVRDC, spring 1997 
My FrUit set FrUit size Bnx ACid Color BWa 

Entry (tlha) (%) (g) (%) (%) (a/b) pH (%) 
OTI 
CHT1081 67 65 26 46 043 162 409 20 
CHT1074 67 77 23 38 035 134 405 44 
CHT1067 64 71 21 43 038 156 409 53 
CHT1060 64 79 21 39 040 122 404 56 
CHT1093 47 80 28 51 035 169 404 80 
CHT1064 29 87 21 44 037 174 409 81 
CHT1084 18 24 26 49 039 159 409 94 
CH154 (ck) 35 58 11 62 035 134 413 0 

OTII 
CLN1561C 70 89 28 48 024 173 446 29 
CLN1555C 60 74 54 51 033 173 446 44 
CLN1561F 49 79 36 61 033 210 437 16 
CLN1555A 49 64 40 52 038 1 66 440 60 
CLN1558B 49 80 20 42 038 178 436 22 
CLN1555B 48 56 50 54 033 159 436 63 
CH154 (ck) 47 78 13 68 028 145 442 0 

a Percentage of healthy plants four weeks after drench inoculation With the bactenal Wilt pathogen In a separate greenhouse tnal 
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100% were tested by DNA hybndizatIOn These weed 

specIes were Amaranthus spmosus L Oxalts 

cormculata L Euphorbta hlrta L , Bldens pllosa L 

Polygonum convolvulus L , Cynodon dactylon Pers , 

Artemlsta prmceps Pamp , Portulaca oleracea L ,Ipo

moea graclils R Br, Ageratum houstomanum MIll , 

CardlOspermum halzcacabum L , Solanum nzgrum L , 

Dlgltana mllanJtan Rendle, and Echmochloa colona 

(L) Lmk 

Support of the research networks generally com

pnsed the testmg of samples by nucleIc aCId hybnd

IzatIon, the supply of resIstant materIals for 

multiiocatIOn testmg characterIZatIOn of local 

TYLCV s by dIfferentIal probmg or by PCR, and clon

Ing of the PCR fragments followed by sequencIng and 

sequence compansons wIth known tomato-mfectIng 

gemImviruses 

CharacteflzatlOn of a new tomato leaf curl VirUS from 
the Phlllppmes 

Fresh leaf samples, supplIed by the Umversity of 

Los Banos, faIled to react wIth nucleIc aCId probes 

agamst ASIan tomato mfectIOn gemmiviruses A 1 5-

kb band was obtamed by PCR whIch was cloned and 

sequenced PaIrwIse compansons oftheACI (692 nt), 

the IR (173 nt), the precoat protem (357 nt) and the 

coat protem (251 nt) ORFs wIth the eIght dIstmct sub

group III tomato-mfectmg gemmlVlruses showed only 

low nucleotIde IdentItIes of <83%, <67%, <64%, and 

<75%, respectIvely (Table 5) Smce Isolates of the 

same gemInIvirus usually have nucleotIde sequence 

IdentItIes of >90%, thIS PhilIppme tomato gemImvirus 

IS consIdered dIfferent from the above mentIOned 

gemlllIVlrUSeS and most hkely represents a new 

gemImvirus 

Host range of TYLCV-TWN 

Of the 11 weed species tested by exposure to VIru

hferous whItefhes III the screenhouse, only one, Datura 

stramomum, showed symptoms (vem cleanng) and gave 

pOSItIve symptoms m hybndizatIOn tests USIng a DIG

labeled probe agamst the TaIwan tomato yellow leaf curl 

VIruS (TYLCV-TWN) Furthermore none of the 14 weed 

speCIes collected from the AVRDC field grown to to

mato wIth 100% TYLCV-TWN InfectIOn IncIdence gave 

a pOSItIve sIgnal m DNA hybndizatIOn tests ThIS fur

ther confirms the very narrow host range of TYLCV

TWN So far beSIdes Datura and the preVIOusly found 

susceptIble Ageratum sp , no other weed speCIes seems 

to harbor TYLCV-TWN 

Surveys for tomato yellow leaf curl VirUS 

Based on our results USIng dIfferent probes, our co

operators In Bangalore are deahng wIth at least two dIf

ferent tomato gemImviruses, Ie, TYLCV-Ban 1 and 

TYLCV-Ban 2 The leaf curl VIruS from Sn Lanka ap

pears to be IdentIcal, or at least very closely related to 

one of the leaf curl vIruses In Southern IndIa TYLCV 

Ban-2, based on prehmInary sequencmg of the CP re-

Table 5 Nucleotide sequence homology (%) for pairwise comparisons 

Rep ORF Common region Pre coat Coat protem 
VIrus (ntl nt692) (nt693 nt965) (nt966 nt1322) (nt1126 n(1377) 
TYLCV Isr 78 56 64 74 
TYLCV-Sar 78 55 64 75 
TLCV Aus 83 59 62 69 
TYLCV Thai 75 58 60 68 
TLCV-Indla II 77 63 62 66 
TLCV India III 73 56 60 63 
Indian TLCV 76 55 61 63 
Sn Lanka 77 67 59 70 
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gIOn of a Sn Lanka clone obtamed by PCR Survey 

results are shown m Table 6 

Development of multlVlrus resistant tomato 

Cucumber mosaIC VIrUS, TYLCV, PVY, and 

WSMV are major dIseases of tomato m the tropIcs and 

subtropics There IS no resIstance to these vIruses, sm

gly or combmed, m hortIculturally acceptable tomato 

lInes ResIstances to the first three vIruses have been 

found m a few wIld tomato specIes, such as L hlrsutum 

and L chllense The objectIves of the project were to 

mtrogress resIstance genes for TYLCV and CMV from 

wIld tomato mto cultIvated tomato (L esculentum) and 

to IdentIfy molecular markers hnked wIth resIstance 

genes AgrotransformatIOn WIth the N-protem gene was 

chosen for WSMV because host plant resIstance was 

not aVailable IncorporatIOn of the mserted gene m 

agrotransformed plants, and later m segregatmg popu

latIOns m mulhvirus-resistant crosses, wIll be mom

tored by the use of pnmers flankmg the mserted gene 

Table 6 Leaf curl virus survey of tomato and peppers, ASia, 1997 

Country 

Bangladesh 
India 

IndoneSia 

MalaYSia 

Nepal 
Sn Lanka 

Crop1 

T(12) P MB B 
T 
P 
T 
T 
T 
T 
P 
T 

T 
T 
TP 
T(2) P(1} 
A(1) 
T 
T 

No of 
samples 
tested 
18 
1 

12 
22 
46 
45 
90 

182 
343 

4 
14 
6 
4 

20 
17 

For RFLP probmg, the protocol descnbed by 

Bematzky and Tanksley, 1986, was followed DNA was 

extracted from bulked leaflets of 30-day-old plants and 

dIgested wIth restnctIOn enzymes The filters were then 

probed wIth RFLP markers prevIOusly found to be 

hnked to wIld specIes mtrogressIOns In the case of 

TYLCV, 250 plants from the cross CL5915 

(susc ) x H24 (res) were probed usmg 15 replIcate fil

ters and 90 RFLP markers 

VIruS moculatIOns were done by two mechamcal 

moculatIOns (for CMV, PVY, WSMV) or by exposure 

to VIrulIferous whIteflIes (TYLCV) InfectIVIty ratmgs 

for TYLCV were by nucleIc aCId hybndizatIOn (squash 

blots) usmg a digoxygenm-labeled probe of TYLCV

TWN Enzyme-lInked Immunosorbent assay (ELISA) 

was used for the other VIruses 

PCR for momtonng the msertIOn of the WSMV

N-protem gene was done from total genomIc DNA ex-

No of 
samples Probe2/Pnmer3 

positive 
12 PCR 
0 PCR 
0 PCR 
6 (I B1) I B1 I B3 Th 
4 (I B1) I B1 
3 (I B1) I B1 I B3 
0 I B1 Th 
9 (Sri Lanka) I B1 Sn Lanka 
21 (I 81) 
49 (Sri Lanka) 181 Sri Lanka 
0 PCR 
0 peR 
0 peR 
4 peR 

0 I B1 Th 
3 PCR 

1 T = tomato P = pepper W = weed MB = mungbean B = Bnnjal A = Ageratum sp 
2 Probes used for hybridization 

digoxigemn labelled probes I B1 = TLCV India Bangalore I (AVRDC 161) I B3 = TLCV India Banglore III Sri Lanka = TYLCV from Sri Lanka (very 
closely related If not Identical to TLCV India TLCV Ban 2 described by Hong & Harrison 1995 
Th = TYLCV Thailand the probes were used mdependently 

3 Primer used for PCR In all cases AC1v1978/AV1c715 
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tracted from three-month-old plants Twenty plants of 

each hne were tested (Table 7) 

TYLCV Research was ImtIated to map TYLCV 

resIstance m H 24, a hIghly resIstant lme from IndIa 

TYLCV resIstance m thIS lme ongmated from L 

hlrsutum RFLP probmg of H 24 revealed L hlrsutum 

mtrogressIOns on chromosomes 8 and 11 whIch mIght 

condItIOn TYLCV resIstance F 2 plants carrymg smgle 

or multIple mtrogresslOns m homozygous or heterozy

gous condItIons were IdentIfied by RFLP probmg and 

transplanted to the field to produce F3 hnes 

CMV Seventeen BC,F, populatlOns denved from 

L hlrsutum were tested for CMV by three mechamcal 

moculatlOns usmg two local VIruS Isolates and ELISA 

to Identify resIstant plants A total of 177 ELISA-nega

tive plants were transplanted to a net house and 50 

BC,F) plants were selected based on fruIt and hortI

cultural charactenstIcs SImIlar to L esculentum 

PVY Four RFLP markers, TG 499 (chrom 7) CT 

16, CT 234, and CT 11 (chrom 10), were found asso

Ciated WIth L hlrsutum mtrogresslOns m L esculentum 

(CLN808) whIch mIght condItIOn PVY resIstance F 
2 

plants from the cross CLN808 (R) x CL5915 (S) were 

probed to IdentIfy plants wIth smgle or multIple mtro

gresslOns 

WSMV ReSIstance m seven R2 hnes denved from 

Table 7 ELISA and peR of WSMV Inoculated N protein 
gene agrotransformed R, families 
No of symptomatic ELISA positive peR posltlve2/ 

Rz family plants/total no Inoculated plants no Tested 
L4783 12 111 10/20 (50)1 
L4783 1211 3 2/21 (91) 
L478312 11 5 4/19 (79) 
L478312 11 6 1/15 (93) 
L47831211-7 10/21 (52) 
L4783 12 11 8 10/21 (52) 
L4783 12 11 10 2/22 (91) 
L 4783 untransformed 9/22 (59) 
Songchl (susc ck) 16/19 (16) 
1 % resistant plants 

17/21 

15/15 

17/22 
0/22 

2 peR positive 0 7 kb Insert of WSMV N protein gene IS present 
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N-protem transformed R) of L4783-12 ranged from 50 

to 93% PCR of plants of the hne WIth 93% reSIstance 

showed that all had a 07-kb msert, correspondmg to 

the WSMV-N-protem gene ThIS lme appears to be ho

mozygous for the mserted gene However, more R2 

plants wlll need to be tested to confirm thIS 

Charactertzatlon of tomato CLN1639 F 7 recombmant 
mbred Imes to vertfy heat tolerance for the Identifica
tion of molecular markers linked to heat tolerance 

The IdentIficatlOn of molecular markers related to 

heat tolerance WIll be useful m the development of heat

tolerant tomatoes IdentIficatlOn of RAPD markers re

lated to heat tolerance was prevlOusly carned out WIth 

the bulked Fz segregatmg populatlOn whIch was denved 

from the cross of heat-resIstant CL5915-206 and heat

senSItIve L4422 There was no marker co-segregated 

wIth the heat-tolerant traIt after a total of 849 pnmers 

were tested ThIS mIght be due to hIgh degrees of het

erozygosIty m the F2 populatlOn 

The recombmant mbred hne (RIL) IS conSIdered a 

better source of homozygosIty after certam generatlOns 

of selfing The objectIve of thIS actIvIty was to mvestI

gate the traits related to frUlt settmg and YIeld of 

CLN1639 F7 RILs at hIgh temperature for the develop

ment of molecular markers pertammg to heat tolerance 

Recombmant mbred hnes, CLN1639 F denved 
6' 

from the cross between CL5915-93 and L4422, were 

proVIded by the tomato breedmg umt EIghteen and 16 

RILs recorded as heat-tolerant and susceptIble, respec

tIvely, m the summer of 1996, were advanced to F and 
7 

mvestIgated for YIeld performance m December of 1996 

SIX F 7 seedhngs from each RIL a total of 204 plants, 

were planted m a greenhouse m May of 1997 and scored 

from July to September for fruIt settmg, fruIt weIght, 

seed number, fruIt yIeld, and fruIt shape FIVe clusters 

of each plant, from the second to the SIxth cluster, were 

scored Average day/mght temperatures for July, Au-
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gust, and September were 34 5/23 7, 32 1123 9, and 

31 0/22 4 °C respectively 

Vanous degrees of heterozygosIty still eXIsted m 

most of F7 RILs as mdlcated by data collected for m

vestlgated traIts among SIX mdIVIduals wIthm each RIL 

The vanatton wlthm each RIL for the scored trmts, such 

as fruIt -settmg rate, number of seeds per fruIt and YIeld 

was shll sIgmficant Twelve heat-tolerant mdlvlduals 

were selected based on Yield and fruIt set ratIo m the 

summer season (Table 8) It was also observed that the 

F7 generatIOn of CL5915-93 was stIll segregatmg and 

some RILs from the crosses between CL5915-93 and 

L4422 performed even better on fruIt settmg and YIeld, 

but not good for fruIt SIze compared to the heat-toler

ant parent CL5915-93 dunng summer To develop mo

lecular markers related to heat tolerance, 12 heat-sen-

sitIve mdlvlduals whose performance m the wmter sea

son was comparable to that of 12 selected heat-tolerant 

RILs m terms of YIeld, fruIt set, and fruIt SIze were 

selected These matenals are bemg advanced for Iden

tIficatIOn of molecular markers related to heat toler-

Table 8 
Plant 
31 1 6 
31 26 
44-34 
5334 
5335 
5425 
661 3 
9413 
10026 
14826 
1541 2 
1721 2 
5915931 
5915932 
5915933 
5915934 
5915935 
5915936 
44221 
44222 
44223 
44224 
44225 
44226 

ance 

ReSistance evaluation of transgenic tomatoes and 
transformation for resistance to cucumber mosaic 
virus 

Cucumber mOSaiC VIruS affects vanous Important 

crop specIes There are many strams of CMV and It 

has been estImated that at least 775 plant speCIes, rep

resentmg 85 famIlIes, are natural hosts of thIS VIruS 

Transgemc tomatoes WIth the coat protem gene of CMV 

have been obtamed, but thelf CMV-reslstance levels 

have not been completely determmed The objectIves 

Heat tolerant Fz RILs, heat tolerant plants selected to advance Fa 
Flower no FrUit no FrUit set (%) Seed no Seed no {frUit Yield (g) 

77 23 31 540 239 98 
81 42 51 771 192 120 
33 25 82 528 223 111 
66 45 81 1017 220 297 
85 58 70 261 42 121 

140 33 33 212 67 124 
46 41 90 96 2 6 92 
90 37 41 158 4 2 172 
50 24 61 424 161 450 
57 19 47 113 52 192 
34 21 60 228 11 4 254 
33 12 31 309 151 186 
73 11 13 234 161 257 
42 4 10 20 40 47 
47 13 32 210 149 251 
43 12 23 11 1 5 83 
51 20 35 41 13 177 
33 19 54 135 6 0 254 
31 0 0 0 00 0 
21 0 0 0 00 0 
42 1 4 0 00 1 
61 0 0 0 00 0 
69 0 0 0 00 0 
43 0 0 0 00 0 

FrUit weight (g) 
42 
28 
46 
69 
21 
37 
23 
46 

185 
105 
123 
92 

18 1 
89 

170 
40 
72 

123 
00 
00 
02 
00 
00 
00 

Max frUit weight 
82 
52 
49 

130 
74 
60 
95 
98 

250 
174 
150 
230 
375 
276 
264 
150 
280 
293 
00 
00 
09 
00 
00 
00 

Shape 
2 
2 
2 
2 
2 
2 
2 
4 
3 
2 
3 
2 
3 
3 
3 
3 
3 
3 
o 
o 
2 
o 
o 
o 

Flower no Total flower number from cluster two to SIX Seed no {frUit Average seed number per frUit 
Fruit no Total frUit number from cluster two to SIX Yield Total frUit weight from cluster two to SIX 
FrUit set Average frUit set FrUit weight Average frUit weight per frUit 
Seed no Total frUit number from cluster two to SIX Max frUit weight MaXimal frUit weight 
Shape The tendency of the frUit shape from 1 to 5 (1 = oblate flat 2 = globose round 3 = ovate egg 4 = square 5 = pear 0 = no frUit) 
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OfthiS project were to evaluate the CMV resIstance of 

transgemc tomatoes and to transform new tomato va

netIes wlth the CMV coat protem gene 

The transgemc R, tomatoes ofvanety L4783 used 

m thIS study were from 16 pnmary transformants pre

vIOusly generated through agrobactenum-medlated 

transformatIOn WIth the coat protem gene of CMV 

stram T Transgemc and control nontransgemc plants 

ofvanety L4783, as well as TK70, whIch shows typI

cal CMV dIsease symptoms after mfectIOn were used 

for the evaluatIOn of reSIstance to CMV by CMV stram 

Peet's, NT9, and T, and by varIOUS combmatIOns of 

the three VIruS strams Greenhouse seedlmgs WIth four 

fully expanded leaves were dusted WIth corundum and 

rubbed WIth CMV dIlutIon of tissue extracts from 

CMV-mfected tobacco CMV dIsease symptoms were 

recorded and ELISA was conducted to detect the pres-

ence and multIphcatIOn of CMV WIth antIbody speCIfic 

toCMV 

Efforts have also been mitIated to transform 

CLN1462A CLN1466D, CLN1558A, and PT4674C for 

CMV reSIstance followmg the prevIOusly descnbed pro

tocol WIth mmor modIfIcatIOns to the regeneratIOn 

method Vanous concentratIOn combmatIOns of mdole-

3-acetIc aCId (IAA) and 6-benzylammopunne (BAP) 

were evaluated for the regeneratIOn of four tomato van

etles 

R, seedlIngs (from 16 pnmary transformants [RoD 

WIth four fully expanded leaves were moculated WIth 

CMV stram Peet's and NT9 m a greenhouse Evalua

tIOn showed that havmg the coat protem gene of CMV 

stram T Improved the transgemc seedlIngs' reSIstance 

to CMV mfectIOn (Table 9) The expreSSIOn of CMV 

symptoms m transgemc progemes was delayed, and the 

Table 9 ReSistance evaluation of R1 tomato seedlings derived from primary transformants contammg the coat protem gene of 
cucumber mosaic virus (CMV) stram T by ELISA test and Visual observation after moculatlon With a mixture of CMV 
stram Peet's and NT9 

Days after Initial CMV Inoculation' 
Plant 30 60 90 
Control 

L4783 48/52 (92)Y 52/52 (100) 52/52 (100) 
TK70 56/56 (100) 56/56 (100) 56/56 (100) 

Transgenic 
CPT1 0/57 (0) 22/57 (39) 53/57 (93) 
CPT3 2/52 (4) 26/52 (50) 47/52 (90) 
CPT4 2/54 (4) 24/54 (44) 52/54 (96) 
CPT5 11/55 (20) 30/55 (55) 54/55 (98) 
CPT6 19/56 (34) 35/56 (63) 56/56 (100) 
CPT? 20/60 (33) 53/60 (88) 59/60 (98) 
CPT8 41/55 (75) 47/55 (85) 55/55(100) 
CPT9 35/49 (71) 38/49 (78) 49/49(100) 
CPT10 45/50 (90) 47/50 (94) 50/50(100) 
CPT11 52/52 (100) 52/52(100) 52/52(100) 
CPT12 49/56 (88) 56/56 (100) 56/56 (100) 
CPT13 51/53 (96) 53/53 (100) 53/53 (100) 
CPT14 46/53 (87) 50/53 (94) 53/53 (100) 
CPT15 48/53 (91) 51/53 (96) 53/53 (100) 
CPT16 41/48 (85) 46/48 (96) 48/48 (100) 
CPT17 48/48 (100) 48/48 (100) 48/48(100) 

Total 468/851 (57) 678/851 (80) 838/851 (99) 
Y Pooled number of plants shOWing CMV disease symptoms and/or ELISA positive / no plants tested (%) 
Z Plants were Inoculated With CMV strain Peet s one week later the plants were Inoculated With strain NT9 A month after the second Inoculation the 
plants were Inoculated With a mixture of the two strains 
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seventy of symptoms was reduced compared to 

nontransgemc control plants (L4783 and TK70) ThIS 

result confirmed the usefulness of pathogen-denved re

sIstance (PDR) and Illustrated that the transformatIOn 

of tomato wIth the coat protem gene of one CMV stram 

could offer transformants a certam degree of resIstance 

to other CMV strams There were 13 plants IdentIfied 

by ELISA test, and vIsual observatIOn found no CMV 

symptoms nor VIruS multIplicatIOn three months after 

the mitial moculatIOn (Table 9) 

A second round of resIstance evaluatIOn was done 

wIth cuttmgs of R
j 
progemes to test theIr reSIstance to 

CMV moculatIOn by stram T and by the mIxture of 

stram Peet's and NT9 (Table 10) In order to compare 

the reSIstance of transgeruc progerues to dIfferent strams 

of CMV, cuttmgs mstead of seedlings were used as tnal 

matenals m thIS expenment Cuttmgs from the same 

plant were tested for dIfferent CMVs at the same time 

The evaluatIOn showed that CMV dIsease symptoms 

were much less than those m the fIrst evaluatIOn 

(Table 9) The mconslstency mIght be partially due to 

dIfferences m the stage of development of the seed

hngs and cuttmgs Mature cuttmgs mIght SImply have 

more strength to tolerate VIruS moculatIOn than do seed

hngs 

Some R
j 
seedlmgs were subject to CMV mfectlon 

usmg an moculum mIxture of stram Peet s NT9, and 

T All control plants developed tYPICal CMV dIsease 

symptoms between 20 and 40 days after the lllitIal artl

ficial mfectIon (Table 11) R
j 

seedhngs showed an ex

pected reSIstance to mfectlOn, and less than 50% of tnal 

plants expressed dIsease symptoms R
j 

seedhngs m-

Table 10 ReSistance evaluation of R1 tomato cuttmgs derived from primary transformants contammg coat protem gene of 
cucumber mosaic virus (CMV) stram T by ELISA test and Visual observation after moculatlon With a mixture of CMV 
stram Peet's and NT9 and With CMV stram T, respectively 

CMV stram Peet sand NT9z CMV strain TY 
Plant 20' 60 20 
Control 

L4783 18/48 (38)W 48/48 (100) 46/46 (100) 
TK70 22/49 (49) 48/49 (98) 48/48 (100) 

Transgenic 
CPT1 3/52 (6) 19/52 (37) 13/43 (30) 
CPT3 15/51 (29) 26/51 (51) 36/48 (75) 
CPT4 4/52 (8) 23/52 (44) 24/48 (30) 
CPT5 17/46 (37) 30/46 (65) 24/48 (30) 
CPT6 6/45(13) 29/45 (64) 27/46 (59) 
CPT7 24/45 (53) 45/45 (100) 48/48 (100) 
CPT8 25/48 (52) 39/48 (81) 42/49 (86) 
CPT9 2/48 (4) 10/48 (21) 12/50 (24) 
CPT10 5/47(11) 20/47 (43) 19/48 (40) 
CPT11 5/48(10) 26/48 (54) 38/51 (75) 
CPT12 3/49 (6) 30/49 (61) 34/48 (71) 
CPT13 5/46(11) 26/46 (57) 19/46 (41) 
CPT14 2/45(4) 15/45 (33) 14/47 (30) 
CPT15 2/47(4) 17/47 (36) 29/47 (62) 
CPT16 3/49 (6) 25/49 (51) 26/48 (54) 
CPT17 4/49 (8) 16/49 (33) 28/48 (58) 
Total 125/767 (16) 396/767 (52) 433/763 (57) 

W Pooled number of plants shOWing CMV disease symptoms and/or ELISA positive / no plants tested (%) 
, Days after the initial CMV InoculatioN 

60 

46/46 (100) 
48/48 (100) 

31/43 (72) 
44/48 (92) 
37/48 (77) 
39/48 (81) 
38/46 (83) 

48/48 (100) 
47/49 (96) 
47/50 (94) 
35/48 (73) 
45/51 (88) 
41/48 (85) 
33/46 (72) 
26/47 (55) 
32/47 (68) 
43/48 (90) 
44/48 (92) 

630 1763 (83) 

Y Plants were Inoculated With CMV strain T three times The inoculation schedule was the same as for Peet sand NT9 
z Plants were Inoculated With CMV strain Peet s One week later they were Inoculated With strain NT9 And a month after the second Inoculation the 

plants were Inoculated With a mixture of the two strains 
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oculated wIth a mIxture of the three CMV strams 

showed reSIstance levels much hIgher than were ob

served m the first two evaluatIOns (tables 9 and 10) 

Further study would be reqUIred to determme whether 

the hIgher levels of reSIstance were due to the trans

formatIOn of the CMV coat protem gene or due to 

cross protectIOn or due to a combmatIOn of both The 

IdentIfIed reSIstant plants (270), as well as 

nonmoculated transgemc seedhngs, have been trans

ferred to the field to evaluate theIr reSIstance perfor-

mance 

Several cntIcal factors relatmg to Agrobactenum

medIated transformatIOn, mcludmg tIssue culture me

dIUm, kanamycm level, and type of explant, were tested 

to optImIze the transformatIOn of four tomato vanet

Ies Results showed that cotyledon explants produced 

the most shoots and responded to regeneratIOn me-

dIUm better than other explants (hypocotyl and leaf) for 

all genotypes Among tested medIa regeneratIOn me

dIa contammg 2 mg/l of BAP and eIther ° 5 or I mg/l of 

IAA were best for shoot formatIOn of vanety 

CLN 1462A MedIUm supplemented WIth 4 mg/l of BAP 

and ° 5 mg/l of IAA was found to be most effectIve for 

vanety CLNI466D Cotyledon explants from vanety 

CLNI558A responded well to several regeneratIon me

dIa, but a medIUm contammg I mg/l of BAP and 0 1 

mg/l of lAA was a httle better than the others The sen

SItIVIty of tomato cotyledons to kanamycm was exam

med usmg a regeneratIOn medIUm contammg 0,25, 50, 

75, 100 125, and 150 mg/l ofkanamycm The response 

of dIfferent tomato vanetIes to varIOUS concentratIOns 

was about the same Normal shoots developed on the 

medIUm WIthout kanamycm WIth 25 and 50 mg/l, few 

ex plants produced callI and shoots, whereas WIth 75 mg/ 

I or hIgher, growth of explants was mhIbIted Conse-

Table 11 ReSistance evaluation of R1 tomato seedlings derrved from primary transformants contammg the coat protem gene of 
cucumber mosaic virus (CMV) stram T by ELISA test and Visual observation after moculatlon With the mixture CMV 
strains Peet's, NT9, and T 

Days after Initial CMV lnoculatlonZ 

Plant 20 40 80 
Control 

L4783 38/39 (97)Y 39/39 (100) 39/39 (100) 
TK70 31/32 (97) 32/32(100) 32/32 (100) 

Transgenic 
CPT1 3/35 (9) 12/35 (34) 18/35(51) 
CPT3 25/46 (54) 30/46 (65) 30/46 (65) 
CPT4 9/36 (25) 15/36 (42) 16/36 (44) 
CPT5 11/43 (26) 11/43 (42) 13/43 (30) 
CPT6 13/35 (37) 21 /35 (60) 22/35 (63) 
CPT7 25/27 (93) 26/27 (96) 26/27 (96) 
CPT8 6/21 (29) 8/21 (38) 8/21 (38) 
CPT9 0/23 (0) 2/23 (9) 3/23 (13) 
CPT10 2/23 (9) 4/23(17) 4/23 (17) 
CPT11 10/48 (21) 14/48 (29) 15/48 (31) 
CPT12 7/32 (22) 16/32 (50) 16/32 (50) 
CPT13 2/18(11) 2/18(11) 2/18(11) 
CPT14 1/20 (5) 2/20(10) 2/20 (10) 
CPT15 0/4 (0) 1/4 (25) 1/4 (25) 
CPT16 4/24 (17) 6/24 (25) 6/24 (25) 
CPT17 4/24(17) 6/24 (25) 7/24 (29) 

Total 122 / 459 (27) 176/459 (38) 189/459(41) 

Y Pooled number of plants shOWing CMV disease symptoms andlor ELISA positive/no plants tested (%) 
Z Plants were Inoculated With a mixture of CMV strain Peet s NT9 and T There was one week between the first and second inoculation The third 

Inoculation was done one month after the second inoculation 
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quently, 75 mg/l of kanamycm was chosen for selec

tIon of transformed tIssue Based on the above studIes, 

transformatIOn of three tomato vanetIes CLN1662A , 

CLN1466D, and CLN1558A, for CMV resIstance WIth 

the coat protem gene WIll be carned out 

Transformation of tomato for resistance to fungal 
pathogens 

It has been reported that the expres)IOn of a 

chltmase gene m transgemc plants results m enhanced 

fungal resIstance, probably because chltm, one of the 

major cell wall components of many fungI, can be dI

gested by chitmases PrevIOUS results have shown that 

Serratia marcescens can dIgest chItm and mhlblt the 

growth of Fusanum oxysporum f sp l)COperSlcl (Fol), 

Phytophthora capSICI, and Rhl~octonza solam, under 

m VItro condItIOns The culture filtrate WIth chitmolytIc 

aCtIVIty of 5 marcescens (but not mtact S marcescens) 

sIgmficantly reduced the seventy of fusanum WIlt on 

tomato m a greenhouse 

In order to mvestIgate the role of chitmase m the 

anti-fungal actIvIty and m order to develop hortIcul

tural varIetIes reSIstant to fungal pathogens, thIS study 

set out to clone and transfer an expressIble chitmase 

gene from S marcescens mto tomato The chItmase 

gene of S marcescens was cloned and expressed m Es

chenchza coll, and then transferred to the 

Agrobactenum tumefaclens LBA4404 for plant trans

formatIOn 

The DNA sequence of a chItmase gene from S 

marcescens was determmed by dideoxynucleotIde se

quencmg method and analyzed through the 

SWISSPROT database searched usmg the FastA pro

gram The chItmolytlc culture fIltrates from S 

marcescens and E colt JM109, harbonng a plasmId, 

p19D-12, WIth the chltmase gene were mIxed WIth 

comdIal suspenSIOns (106 comdIalml) of Fol, P capSlCl, 

and Colletotnchum gloeosporLOdes mdIvidually, and 

then mcubated at 25°C m sealed petn dIshes SlIdes 
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were removed at predetermmed mtervals and aIr dned 

Small droplets of lactophenol WIth cotton blue were 

placed on the moculatIOn SItes and the comdta were 

observed WIth a compound mIcroscope 

A DNA fragment (1 7 kb) contammg the chltmase 

gene was constructed mto a bmary vector pBI121-based 

plasmId, producmg the plasmId pBXS 1211, before be

mg transferred mto the A tumefaclens dIsarmed stram 

LBA4404 by the freeze-thaw method Cotyledons of 

tomato L4783 were mfected WIth the transformed A 

tumefaClens and selected for shoot formatIOn on a re

generatIon medIUm contammg 100 mg/l kanamycm 

Regenerated shoots were then transplanted to a green

house after acclImatIOn The total genomIC DNA of sup

posed transgemc plants was extracted from young 

leaves by the CTAB method and the transformatIon of 

the chItmase gene was confirmed by PCR and South

ern blot analYSIS A 2 4-kb BamHI-HtndIII fragment of 

the PR 1 a promoter (prOVIded by Dr Teruo IshIge of 

the NatIonal InstItute of Agroblologlcal Resources, Ja

pan) was constructed mto the BamHI-HtndIII SItes of 

the plasmId pBXS 1211 to replace the CaMV 35S pro

moter and then transferred to A tumefaclens LBA4404 

as preVIOusly descnbed 

DNA sequence analYSIS of the chltmase gene 

cloned from S marcescens revealed a 1686-bp open 

readmg frame encodmg a 61-kD protem WIth a 3-kD 

potentIal SIgnal peptIde at ItS N termmus The molecu

lar weIght of the translatIOn product was m reasonable 

agreement WIth the SIze estimated by SDS-PAGE analy

SIS of the chitmase from S marcescens The deduced 

ammo aCId sequence showed 92 9% IdentIty WIth the 

other chItmase dlsplaymg reSIstance to some plant fun

gal pathogens 

ProductIOn of appressona (speCIalIzed mfectIOn 

structures formed at the tIpS of germ tubes or hyphae 

on the outSIde of a host) of C gloeosporlOdes was com

pletely mhlbIted after bemg treated WIth chItmolytIc 

culture filtrates from S marcescens and E colz JM 109 
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harbonng the chItlllase gene (Table 12) The 

chitmolytIc culture filtrates were also found to be ef

fectIve m reducmg the comdial germmatIOn of C 

gloeosporlOdes and Fol for up to the first eIght growth 

hours (FIg 1) and m reducmg zoospore formatIOn, 

and m causmg lYSIS of sporangIa of P capSICI after 

four hours of mcubatIOn (Table 13) The filtrates should 

be regarded as fungIstatic rather than fungIcIdal SInce 

they dId not kIll the fungI, except P capSICI The spo

rangIa lYSIS of P capSlCl by the culture filtrate of trans

formed E COil was less effectIve than by that of S 

marcescens 

Table 12 Effect of culture filtrates from chltmase produc 
109 bactena on appressonal production (%) by 
germmatmg COnidia of C gloeospor/odes Z 

Strain 
Control 
(10 mM glucose) 
E call JM109 
(p19D 12) 
S marcescens 

o 

o 

o 
o 

Incubation time (hour) 
4 8 

31 

o 
o 

57 

o 
o 

12 

53 

o 
o 

Z Based on observations of 45 COnidia (3 replications 15 COnidia) per 
treatment 

C g/oeosporlOdes 
100 

90 

;f? 
80 

r:: 70 Q 
ro 60 r:: 
E ..... 50 Q) 

C) 

40 

30 
+- 1000Gucose 

20 __ JMI09 (p19D-12) 

10 -
~ S marcescens 

0 
0 4 8 

Incubation time 

12 

The S marcescens chitmase gene under the control 

of the constItutIve CaMV 35S promoter was mtroduced 

mto tomato vanety L4783 through A tumefaClens 

Among the 59 regenerated supposed transformants, 53 

were confirmed by PCR and Southern blot analysIs for 

the presence of the chitInase gene (FIg 2) The expres

SIOn of the gene In transgemc tomatoes, as well as re

sponses of the transgemc tomatoes to fungal pathogens, 

WIll be tested 

In order to regulate the expressiOn of the chltmase 

gene m transgemc tomatoes, the gene was fused WIth 

the stress-mducible PRla promoter and confirmed by 

Table 13 Effect of culture filtrates from chltmase producmg 
bactena on sporangia of P capslcl Z 

Strain 
Control 
(10 mM glucose) 
E col1JM109 
(p19D 12) 
S marcescens 

Zoospore Sporangia 
formation (%) lYSIS (%) 

92 

34 
3 

o 

58 
95 

Z Values are based on observation of 150 sporangia (3 replications 
50 sporangia) per treatment after 4 hours JncubatJon at 25°C 

Fol 
100 - .. 
90 

• 80 
::R 0 

r:: 70 a 
.;:::; 
C1l 60 r:: 
E ..... 50 Q) 
C) 

40 

30 

20 

10 

0 

• 10mM Glucose 

__ JMI09(p19D-12) 

~ S marceseens 

II-="=------~----~---_.-J 

0 4 8 

Incubation time 

12 

Fig 1 Effect of culture filtrates from chitmase producmg bactena on COnidial germmatlon of C gloeosporlodes and FusarIum 
oxysporum f sp lycoperslcl (Fol) 
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restnctlOn enzymes dIgestIOn (FIg 3) The confirmed 

construct was transferred to A tumefaclens LBA4404 

for plant transformatIOn (FIg 4) 

Mechanism of resistance to bacterial Wilt caused by 
Ralstoma solanacearum In tomato 

ReSIstance to BW of tomato IS due to tolerance, 

not lInmumty to the pathogen It has been reported that 

field reSIstance of tomato to BW IS closely correlated 

WIth Ralstoma solanacearum (Rs) populatIOns m the 

stem In thIS study, we were to elucIdate the reSIstance 

mechamsm by tracmg the mtemal change mRs popu

latIOn m dIfferent plant parts over time, as well as the 

effect of latent mfectlOn on the YIeld of tomato 

ComparIson of mternal populations 

Tomato vanetles Hawan 7997 (H7997), CL5915-

9304-1-0-3-0 (CL5915), and L390, whIch are reSIS

tant, moderately reSIstant, and susceptlble to BW re

spectively, were used m thIS expenment Tomato seed

lmgs (one month old) were transplanted mto 7 5-cm 

pots contammg mfested soIl of a smgle VIrulent Rs 

stram Pss4 (about 107 cfu/g of aIr-dned soIl) The ex

penment deSIgn was RCBO WIth three replIcatIOns and 

(A) 

24 plants per replIcatIOn EIght of the 24 plants were 

used to record dIsease seventy and four plants selected 

randomly were used to measure the mtemal popula

tIOn 3, 10, 17, and 24 days after transplantmg (OAT) 

EntIre root, and 2-cm segments of stem base, midstem 

(50% of total heIght), and topstem (the top of plant) 

were sampled from the same plant The root samples 

were macerated dIrectly and the stem samples were m

cubated m 10 ml of stenle dIstIlled water for 16 hours 

at 20°C Bactenal populatIOns were measured by dIlu

tion platmg method on SM -1 plates 

Yield trIal 

Tomato seedlIngs of CLN 1621-156-3-0 and 

CLNI621-360-7-0 determmant type and reSIstant to 

BW, were transplanted mto pots (lO-mch dIameter) WIth 

four levels of moculum denSIty of Rs, 1 e , 0, 104, 106, 

and 108 cfu/g of aIr-dned SOlI Each treatment had three 

replIcatIOns and four plants per replIcatIOn The tnal 

was conducted m the screenhouse from 28 Apnl to 7 

July (mean max /mm 328/23 6°C) Oisease seventy 

was recorded weekly Several hortIcultural traIts were 

also recorded, 1 e , date of flowenng, fruIt number per 

plant, fruIt weIght, fruIt-set ratio, total fruIt weIght 

(B) 
h.b M 1 2 3 4 5 6 7 8 91011 1213141516 M 1 2 345 67 8 91011\213141516 

Fig 2 
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PCR and Southern blot analyses of chltlnase gene In the transgenic 
tomato plants (A) PCR amplification products (B) Southern blot of 
genomic DNA from putative transgenic tomato plants after digested With 
Xbal/Sacl and probed With a DIG dUTP labeled 1 7 kb DNA fragment of the 
chltlnase gene Lane M, IHmdlll DNA size markers, lane1, posItive control, 
plasmid pBXS1211 was digested With Xbal/Sacl, lane 2, untransformed 
control, lanes 3 to 16, putative transgenic tomato plants The 1 7 kb 
fragment, as indicated by an arrowhead, was detected from most of the 
putative transgenic plants by peR and Southern blot analyses, except 
samples from plants 4, 5, and 7 
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per plant (Yield), and final plant heIght At the end of 

the tnal the mternal Rs populatIOn m the stem base 

was measured wIth the method descnbed above 

Measunng Rs populatIOn m vanous plant parts 

over time mdicated that sUSCeptibIlIty of tomato to BW 

was correlated wIth the mternal populatIOn of Rs m 

the stem base and mIdstem, but not m the roots The 

final dIsease mdIces were 100, 662, and 10 8% for 

L 390, CL5915, and H7997, respectIvely Samples of 

L 390 were not collected 24 day~ after transplantmg, 

as the plants were wIlted and dned The Rs populatIOn 

m the roots of H7997 was lower than that m the other 

vanetIes, but no sIgmficant dIfference was observed 

among vanetIes at any time (Fig 5 A, B, C, D) The 

more susceptible the tomato IS to BW, the larger the 

Rs populatIOn detected m the stem samples Rankmg 

of the amount of Rs populatIOn m the three stem 

samples was correlated wIth the samplIng pOSitIOn 

Topstem always contamed less Rs populatIOn than 

midstem and stem base ThIS was most ObVIOUS m 

FIg 3 Restrrctlon enzyme analysIs of recombrnant 
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plasm Ids carryIng chltrnase gene fused wIth CaMV 
355 promoter or PR1 a promoter Lanes 1 and 2, 
cIrcular plasmlds wIth 355 and PR1a promoter, 
respectIvely, lanes 3 and 4, CaMV 355 and PR1a 
promoters fragments, 0 9 kb and 2 4 kb rn SIze, 
respectIvely, created by double dIgestIon (BamHII 
Hmdlll) of plasm Ids carryrng chltrnase gene, lane 
M, IHmdlll DNA sIze markers 

CL5915 at 3 and 10 days after moculatIOn (DAI), and m 

H7997 at 3 10, 17 DAI SIgmficant dIfference on mter

nal populatIOn among vanetIes was observed m stem 

base 3 DAT and midstem 3 and 10 DAT Therefore, re

SIstance to BW m tomato IS not related to root mfectIOn 

or multiplIcatIOn m the roots The suppreSSIOn of move

ment of Rs from root to stem base and Its multIplIcatIOn 

m the stem seemed to be most related to the resIstance 

WhICh led to a delay m reachmg maxImum Rs popula

tIon m the stem HIstology studIes at the early mfectIOn 

stage (withm three days after mfectIOn) on the move

ment of the pathogen and colomzatIOn of vascular 

bundles etc , would lead to a better understandmg of the 

resIstance mechamsm The vanatIOn m mternal Rs popu

latIOn m the stem could be used for selectmg reSIstant 

plants and for mappmg genes assOCIated WIth BW re

SIstance m tomato 

The effect of latent mfectIOn of Rs on the YIeld of 

tomato was evaluated m pot tnals The resulb of the 

two tested vanetIes were very SImIlar and only data on 

FIg 4 ConfIrmatIon of the transformatIon of A 
tumefac/ens WIth recombrnant plasmId harborrng a 
chltrnase gene under the control of PR1a promoter 
by restrrctlon enzyme analYSIS Lanes 1 and 2, 
recombrnant plasm Ids Isolated from E coli and A 
tumefac/ens, respectIvely, were dIgested WIth 
BamHllHmdl1i to generate a 2 4 kb PR1a promoter 
fragment, lane 3, cIrcular recombrnant plasmId, 
lane M, IHmdlll DNA sIze markers 
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CLN1621-360-7 -0 are presented here Dunng the tnal 

only a few plants wIlted partially and returned to nor

mal later The treatments (dIfferent moculum denSItIes) 

had no effect on the date of flowermg, frUlt-set ratIo, 

A 

Fig 5
AD 

Population of R solanacearum present In root [log 
(cfulg of fresh tissue)] and stem parts [stem(8ase), 
mldstem (Mid), and topstem (Top), log (cfulcm)] of 
L390 (5), CL5915 9304 1 0 3 0 (MR), and HawaII 
7997 (R) at three dats (A), 10 days (8), 17 (C), and 
24 days (0) after transplantmg Labels of all axes 
are as indicated In fig 6 0 S=susceptlble, 
MR=moderately resistant, R=reslstant 
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frUlt number, total frUlt weIght, and plant heIght 

(Table 14) However, the mternal Rs populatlOn m the 

stem base samples at the end of the tnal mcreased wIth 

the mcrease m the mitIal moculum densIty Therefore, 

a resIstant tomato varIety could tolerate a hIgh amount 

of Rs m the plant wIthout suffenng a loss m productIv

Ity ConfirmatIon of thIS phenomenon In the field IS 

necessary 

Population structure of Ralstoma solanacearum 
from Taiwan production fields and a disease nursery 

LocatIOn specIficIty of reSIstance m tomato to BW 

has been demonstrated and IS a bottleneck for reSIS

tance breedmg It has been hypothesIzed that varlatlOn 

among strams of Rs m genetiCs and aggreSSIveness 

mIght contnbute largely to the 10catlOn-speclfictty 

VarlOus studIes have demonstrated the genetIC and ag

greSSIVeness dIverSIty among Rs strams However, Rs 

strams used m these studIes were collected randomly 

over a long penod of hme, from vanous host crops, or 

over a large geographIcal reglOn Therefore, the results 

can not be used to represent the strams attackmg to

mato recently m the field located m any partIcular re

glOn For a better understandmg of the locatIOn effect, 

we mveshgated, among other thmgs, the populatIOn 

structure We wanted to understand the genetic dIver

SIty, the degree of differentlatlOn, and the selectlOn 

forces of the pathogen population The followmg IS a 

case study on the Rs populatlOn present m tomato fields 

mTmwan 

Strams of Rs were collected from tomato produc

tIon fields m Tmwan from 1993 to 1996 From thIS col

lectIOn 45 strams were selected to represent the Tm

wan productIOn field populatIon PSS 4, WhICh was 

collected m 1988 and IS used for routme screemng at 

AVRDC was mcluded m the productlOn field popula

tIOn For collectmg strams m a dIsease nursery located 

m the central regIOn, the susceptible tomato hne L390, 

was grown from August to October 1996 The dIsease 

nursery was dIVIded mto five equal subfields m whIch 
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three plots of 30 tomato plants were transplanted In 

one of the subfields a vanetal screemng for BW reSIS

tance consIstmg of three rephcatIOns of 20 plants of 

12 tomato entnes, was also sampled FIve plants that 

showed complete wIltmg symptoms were collected 

randomly from each plot SOlI samples were also col

lected from the nursery before and 15 days after trans

plantmg All bactenal stram~ Isolated from the soIl and 

plants were tested for theIr pathogemcity by clIppmg

moculatIon on susceptIble hne L390, IdentIfied by PCR 

usmg Rs-speclfic pnmer pan AU7591760, and IdentI

fied mto bIOvars 

GenetIc polymorphIsm among strams m the pro

ductIon field populatIOn wa~ analyzed by RAPD and 

by rep-PCR method GenomIc DNA from each stram 

was extracted Three 10-mer OPERON pnmers were 

used for RAPD amplIficatIOn (OPADl, OPAG6 and 

OPAG 14) followmg regular RAPD procedures A 7 5-

ml portIon of the RAPD product was separated on a 

1 5% agarose gel m 0 5X TBE buffer at 67 V/cm The 

three prImer sets for rep-PCR method were REP 

(REP1R-I, REP2-D, ERIC (ERICIR, ERIC2) and BOX 

(BOXAIR) A 6-ml portIOn of the rep-PCR product 

was separated on a 2% agarose gel m IX TAB buffer 

at 5 V/cm The dIsease nursery populatIOn was only 

analyzed by RAPD method WIth the four OPERON 

ohgomers (OPAD1, OPAG6, OPAG14, and OPAE1) 

followmg the protocol descnbed above 

Companson of fingerpnnts generated from each 

stram allowed IdentIficatIOn of umque bandmg pat-

terns Each umque bandmg pattern generated by RAPD 

or rep-PCR alone or a combmatIOn of both methods was 

conSIdered as haplotype The presence or absence of 

bands at each pOSItIOn along a lane was converted to 

bmary data (1 for presence and 0 for absence) A tree 

was generated based on diSSImIlarIty coeffiCIent by the 

unweIghted paIr group anthmetIc average (UPGMA) 

and the robustness of the tree branches was tested WIth 

a bootstrap analYSIS Clusters were determmed by us

mg average hnkage method and the most relIable num

ber of clusters was determmed based on a consensus 

among three clustenng cntena (CUbIC clustenng cnte

non pseudo-F and pseudo-t') by SAS GenetIC dIver

SIty was estImated by Nel and LI'S haplotYPIC dIverSIty 

mdex H for the total populatIon and each subpopulatIOn 

at dIfferent hIerarchIcal levels conSIdered PopulatIOn 

dIfferentIatIOn was estImated usmg the coeffiCIent of 

genetIc differentIation GST as well as by the FIsher's exact 

test consIdenng the dIstnbutIOn of clusters m each hIer

archIcal level The mdex of genetIC dIfferentIatIOn was 

calculated as GST = (HT - Hs)/~' WIth HT bemg haplo

typIC dIverSIty for the all populatIOn and Hs bemg the 

average of the haplotYPIC dIverSIty of the subpopula

tlons 

Production field population 

The three RAPD pnmers revealed 34 haplotypes 

WhICh can be grouped mto 23 clusters accordmg to clus

ter analYSIS The three rep-PCR pnmers revealed 22 

haplotypes grouped mto four clusters Companson of 

the results obtamed by both methods showed that strams 

Table 14 Effect of latent infection by R so/anacearum on date of flowering (Fldate), frUit set ratio (Frset), frUit weight (Frwt), 
frUit number per plant (Frno), total frUit weight per plant (Towt), and plant height (Ht) of CLN621 360 7 0, a tomato 
variety resistant to BW 

Treatment' Fldate (day) Frset (%) 
CK 161 b3 624 
L 166b 636 
M 188 a 679 
H 169 ab 593 

Frwt (g) 
185 a 
192 a 
179 a 
175 a 

Frno 
535 a 
282 a 
274 a 
301 a 

1 CK check L 103 cfu/g dry soli M 105 cfu/g dry soli H 107 cfu/g dry SOil 
2 Internal population of R solanacearum measured at the end of tnal 

Towt (g) 
5784 a 
5499 a 
5107 a 
5163 a 

Ht(cm) 
1064 a 
1109 a 
1090 a 
101 6 a 

3 Means With the same letter are not Significantly different (p=O 05) according to Duncan S multiple range test 
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Stbs2 [log (cfu/cm)] 
OOc 
30b 
29b 
78a 
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belongmg to the same RAPD haplotype or cluster also 

belonged to the same rep-PCR haplotype or cluster ThIS 

good correspondence allowed us to combme RAPD and 

Rep-PCR data for further analyses The combmed data 

defined 34 haplotypes grouped m 13 clusters (FIg 6) 

EstImates of genetIc dIversIty m the productIOn 

field populatIOn were hIgh m both haplotype and clus

ter levels (Table 15) The populatIOn was partItIoned 

mto two hIerarchIcal levels, blovar and geographIc on

gm, m order to determme thetr effect on populatIon 

23 ... 

24% 

r---
20% 

Y 

11/0 I"" 4R 

Rep 1 I 671 

-
31/ 

65. 
53/ L 

Rep 2 

52% I 
'--
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Re 4 p 

400/ 

521 

650/ 

921 

I 

,n/o 

structure Results mdIcated that the populatIOn was dIf

ferentIated at bIOvar level when consIdenng clusters 

[G
ST 

= 0085, p(FIsher's exact test) = 10 7
], but not 

haplotypes (G
ST 

= 0 014) DIfferentIatIOn among clus

ters at the bIOvar level was qUIte ObVIOUS smce only 

two among the 13 clusters conSIsted of strams of both 

blovars 3 and 4 (FIg 6) For geographIcal groupmg 

five regIOns were defined accordmg to the mam agro

ecologIcal productIOn areas m TaIwan SImIlar to the 

bIOvar level, genetIc dIfferentIatIon was only pomted 

out at geographIcal level when consIdenng clusters [G
ST 
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Fig 6 Dendrogram derived the unwelghted pair group method arithmetic mean (UPGMA) and rep 
PCR shOWing diSSimIlarity relationships among R So/anacearum strains collected from 
Taiwan tomato production field RAPD/rep PCR clusters (In Roman numerals), REP 
clusters (REP 1, 2, 3, and 4), blovar, geographic origin (W west, C central, N north, NE 
north east), number of strains per cluster, and bootstrap values (values on the branches 
representing the percentage of times the group occurred out of 2000 Iterations) are 
indicated 

1997 Report 79 



= 0 266, P (FIsher exact test) = 10 7
] but not haplotypes 

(GST = 0 027) A sImtlar result was obtamed after dIS

cardmg the small sample from the eastern reglOn and 

G
ST 

IS equal to 0 086, [p = 3 5x 10 7] when considenng 

cluster Thus the productlOn field populatIOn IS dIffer

entIated at the bIOvar and geographIc level However 

the fact that thIS genetIc dIfferentIatIOn was pomted 

out only at the cluster level could mean that other fac

tors could also act on the structuratIOn of the produc

tIon field populatIOn 

Disease nursery population 

L 390 populatIon The RAPD analysIs of the dIS

ease nursery populatIOn defines 65 haplotypes wIth 20 

and 46 from the soll and L390 respectIvely Only a 

smgle haplotype encompasses both soIl and plant 

strams Cluster analYSIS allows groupmg of dIsease 

nursery haplotypes mto mne clusters Among them, 

three clusters conSIst of75% of the strams and 65% of 

the haplotypes of the populatIOn 

The genetIc dIversIty of the dIsease nursery popu

lation was hIgh at both the plant and solllevel (Table 16) 

The hIgh level of genetIc dIversIty m thIS nursery popu

latIon mIght have been due to the dIverse croppmg hIS

tory of the field No dlfferentIatlOn IS eVIdent between 

populatIOns from SOIl and plant at haplotype (G
ST 

= 
0036) or cluster level (GST = -0001) For the popula

tIOn from plant, a genetIc dIfferentIatIOn at the subfield 

level IS pomted out wIth both haplotype (G
ST 

= 0082) 

and cluster [GST = 0 082, p = 5x 10 9] Considenng that 

the plant populatIon ongmates from the soll and was 

recovered from a smgle host genotype, thIS dIfferentIa

tIon at the mIcro geographIcal level could mdicate that 

sol1 vanablhty IS a selectIOn force actmg on populatIOn 

structure 

Vanetal screemng populatIon Strams ofRs were 

recovered from only five tomato entnes (L 390, L180, 

GA1565, CRA66, and Hawall 7997) among the 12 m 

the tnal (Table 17) ThIS populatlOn consIsted of 18 

haplotypes grouped mto three clusters The genetIc dI-

Table 15 Genetic diverSity In the production field population at different hierarchical levels 
Level Number Haplotype Cluster 

of strains number HI number H 
Overall 46 34 0981 13 0906 
Blovar 3 29 21 0963 9 0842 

4 17 14 0971 6 0816 
Region North 9 8 0972 4 0889 

North east 18 9 0889 6 0725 
East 3 3 1000 1 0000 
West 10 9 0978 5 0844 
Central 6 5 0933 4 0867 

1 Nel and LI S Index of genetic diverSity H = [n/(n 1)][1 Sf,2] where f, IS the frequency of the Ith haplotype or cluster and n IS the total number of haplotypes 
or clusters 

Table 16 Genetic diverSity In the disease nursery population at different hierarchical levels 
Level Number Haplotype Cluster 

of strains number H number H 
Overall 87 65 099 9 078 
SOil 25 20 097 8 078 
Plant All 62 46 098 7 078 

Subfield 1 13 7 073 4 060 
Subfield 2 13 12 099 4 069 
Subfield 3 14 10 092 4 071 
Subfield 4 12 10 097 5 079 
Subfield 5 10 9 098 4 080 
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versIty was lower than the dIversIty of the overall dIS

ease nursery field at haplotype and cluster level Com

parIson of populatIOns from tomato entrIes pomted out 

a strong genetic dIfferentIatIOn of these populatIOns at 

haplotype [G
ST 

= 0276, p = 0007] and cluster level 

[G
ST 

=0322 P = 0 019] The same conclusIOn was ob

tamed after dlscardmg the small SIze sQrople from Ha

wan 7997 ThIS sIgmficant genetlc dIfferentIatIOn would 

mean that the host genotype acts on the structuratIOn 

of the pathogen populatIon GIVen the dIfferent reSIS

tance level to BW of the tomato entrIes (hIghly suscep

tIble, L 390, reSIstant, L180, CRA66, GA1565, and 

hIghly reSIstant, Hawall 7997), It appears that the patho

gen dIverSIty decreased WIth the mcrease m host reSIS

tance, WhIch could act as a selectIOn pressure 

ThIS IS the first genetIc analYSIS of an Rs popula

tIOn Isolated from tomato and ItS field SOlI m TaIwan 

The results showed that the pathogen populatIOn both 

m tomato productIOn fields and a dIsease nursery IS 

hIghly dIverse genetIcally The productIon field popu

latIOn IS weakly dIfferentIated at eIther the bIOvar or 

agro-ecologIcallevel From the dIsease nursery popu

latIon analysIs we showed that mIcroenvIronment mIght 

act as a selectIon pressure on the pathogen populatIOn 

We can conclude that several factors could act on the 

populatIOn dIfferentIatIOn We can hypotheSIze how

ever, that none of them IS predommant, whIch leads to 

mamtenance of a hIgh level of genetIc dIverSIty The 

mam tomato cultIvars grown m TaIwan at present are 

moderately reSIstant (ASVEG #4 and #5) or suscep

tIble (Farmers 301 and Santa) to BW Thus the selec-

tIOn pressure due to host genotype remams low m pro

ductIOn fields However, we showed that host genotypes 

WIth a dIfferent degree of reSIstance could be a strong 

dIfferentIatIOn factor on the pathogen populatIOn ThIS 

result needs to be confirmed m order to understand the 

consequences (m terms of the pathogen populatIon 

structure) of releasmg hIghly reSIstant cultIvars 

AnalYSIS of the interaction between strains of 
Ralstoma solanacearum and tomato varieties under 
different environments 

ReSIstance to BW caused by Rs m tomato has been 

descnbed as temperature-dependent, stram-specIfic, or 

locatIOn-specIfIc The complex mteractIOn among 

pathogen host, and enVlfonment of the tomato-Rs 

pathosystem has been the bottleneck for reSIstance 

breedmg programs In order to help understand thIS 

complex mteractIOn a prelImmary study was deSIgned 

to observe the mteractIOn of representatIve strams dIf

ferIng m genotype and tomato varIetIes diffenng m re

SIstance levels under dIfferent enVlfonments The re

sults WIll be apphed m desIgnmg a system for evaluat

mg aggreSSIveness of the pathogen 

SlX strams (PSS4, PSS181, PSS186, PSSl92, 

PSS197, and PSS212) ofRs Isolated from tomato rep

resentmg dIfferent genotypIC groups were selected from 

the TaIwan productIOn field populatIOn EIght tomato 

vanetIes, L390, Fla 7421, Rodade, GA219, CRA66, 

L180, BF-OkItsu 101, and Hawall 7996, dIffenng m 

theIr reSIstance to BW, were used m thIS study The 

expenment was performed m two enVIronments a 

greenhouse at 27°C and m an AVRDC field The field 

Table 17 Genetic diverSity In the population at different hierarchical levels 
Level Number Haplotype Cluster 

of strams number H number H 
Overall 43 18 0893 3 0682 
Cultlvar L390 15 10 0943 3 0647 

L180 13 6 0872 3 0692 
GA1565 5 3 0700 2 0400 
CRA66 7 3 0714 2 0571 
HawaII 7997 3 1 0000 1 0000 
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expenment was repeated tWIce m June (summer) and 

October (fall) 1997 Plants (one-month-old seedlIngs) 

were moculated by drenchmg wIth 30 ml of bactenal 

suspenSIOn at 108 cfulml For field tnals they were 

transplanted two days after moculatIOn All tnals fol

lowed a splIt-plot deSIgn WIth strams as the mam fac

tor and vanetles as the mmor factor There were two 

rephcatIOns and 20 plants per plot 

Percent wIltmg was recorded every two days un

tIl the dIsease seventy became stable The final wIlt

mg frequency was analyzed by vanance analysIs after 

transformatIOn (arcsm of squared root) The mean sepa

ratIon was done by DMRT 

Companson of results from the field and green

house tnals pomted out a SIgnIficant envIronmental 

effect on the final wlltmg frequency The mean Wllt

mg frequencIes were 0 328,0554, and 0 430 for the 

first and the second field expenments, and the green

house expenment, respectIvely The mean temperatures 

dunng the two field tnals were almost the same (261°C 

and 254°C for the first and the second expenment 

respectIvely) However, the first field expenment was 

subject to a tropIcal depreSSIOn leadmg to partIal field 

floodIng and a temperature decrease from the 3rd to 

the 12th day, whIch was the penod for wIltIng m most 

straIn-vanety cOmbInatIOns Thus, the dIfference be

tween the two fIeld tnals could be explaIned by 

Table 18 Final Wilting frequency over eight tomato 
varretles of SIX strains of R solanacearum In 

three trrals under different environments 
Field 

Strain Summer Fall Greenhouse Mean 
PSS181 o 722a1 o 917a o 766a 0804a 
PSS4 o 383b o 673b o 664b o 587b 
PSS192 o 310bc o 612b a 550c o 497c 
PSS197 o 212cd o 447c o 535c o 413d 
PSS212 o 190d o 337cd o 120d o 195e 
PSS186 o 196d o 271d o 068d o 152e 
1 final Wilting frequency mean separation were done uSing the 

Duncan s multiple range test on transformed data (arcsin of squared 
root) Numbers followed by the same letter In each column are not 
Significantly different at the 5% level 
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weather Temperature mIght have also contnbuted to the 

dIfferences between field and greenhouse tnals The 

maIn dIfference however could have been In the to

mato phYSIOlogy and root system due to dIfferences m 

groWIng condItIOns 

All strams and all entnes except Hawall 7996 

showed a sIgmficant dIfference m theIr final wIltmg m 

the dIfferent enVIronments Stram and tomato entry rank

Ing, however, remam mostly the same over tnals (tables 

18 and 19) CorrelatIOn analYSIS showed that final wIlt

Ing frequencIes were correlated among tnals WIth a 

Pearson's correlatlOn coeffiCient of 0 86 between the two 

field expenments, 0 72 between the first field and the 

greenhouse expenments, and 0 81 between the second 

field and the greenhouse expenments 

From final wIltIng frequency analYSIS over straInS 

three aggressIveness groups were found (Table 18) 

hIghly aggressIve (PSS 181), aggressIve (PSS4, PSS 192, 

PSSI97), and moderately aggreSSIve (PSS212 PSSI86) 

The same analYSIS over tomato entnes pOInted out four 

resIstance groups (Table 19) hIghly susceptIble (L390, 

Fla 7421) moderately resIstant (Rodade, GA219, 

CRA66), resIstant (L180 BF-OkItsu 101), and hIghly 

resIstant (Hawall 7996) ThIS rankmg IS In agreement 

WIth the worldWIde BW reSIstance screenIng coordInated 

by AVRDC 

Use of tomato entnes dlffenng In theIr reSIstance 

Table 19 Final Wilting frequency over SIX R solanacearum 
strains of eight tomato vanetles In three trials 
under different environments 

Field 
Varrety Summer Fall Greenhouse Mean 
L390 o 933a1 100a o 909a o 958a 
Fla7421 o 943a o 993a o 831b o 927a 
Rodade o 327b o 597b o 422c o 444b 
GA219 o 139cd o 539bc o 407cd o 370c 
CRA66 o 173c o 544bc o 404cd o 357c 
L180 o 175c 0414c o 216e o 255d 
Sf Okltsu101 o 072d 0093d o 306de o 164e 
HawaII 7996 o 015e o 012e o 022f o 017f 
1 see Table 18 
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levels allowed us to separate Rs strams accordmg to 

theIr aggressIveness ThIS study confirmed that the m

teractIOn ofRs x tomato IS envIronment dependent No 

specIfic mteractIOn of Rs x tomato x enVIronment was 

shown 

Host resistance to late blight of tomato 

Late bhght caused by Phytophthora mfestans IS 

the most damagmg fohar and frUlt dIsease of tomato m 

tropIcal and subtropIcal hIghlands None of the report

edly resIstant vanetles hold up agamst LB m the ASIan 

hIghlands WIth the IdentIficatIOn of L3683, L3684, 

L3707, and L3708 as resIstance sources agamst ASIan 

LB, AVRDC ImtIated a project to mtrogress resIstance 

from L3684 and L3708 mto advanced tomato hnes ThIS 

study was undertaken (1) to repeatedly test the reSIS

tant acceSSIOns for theIr resIstance and durabIhty m 

WIdely dIfferent geographIc locatIons, (2) to IdentIfy 

addItional reSIstance sources, and (3) to aSSIst the breed

ers WIth mtrogressIOn of reSIstance mto advanced to

mato hnes 

GeographIc testmg of the reSIstant hnes was done 

by supplymg NARS m vanous countnes WIth seed sets, 

mcludmg reSIstant and susceptIble hnes, to be planted 

m rephcated tnals m areas where LB epIdemICS occur 

regularly The LB reactIOns of the hnes were scored on 

a 0-6 scale, where 0 = no symptoms and 6 = 91-100% 

leaf area affected To Identlfy new sources of reSIstance 

progeny from mdividual plant selectIOns made over the 

past more than SIX years, 89 Lvcoperslcon 

Plmpznellifollum and 49 L hlrsutum acceSSIOns obtamed 

from TGRC at the Umversity of CahfornIa were m

oculated m the laboratory - 30- to 35-day-old seed

hngs were spray moculated WIth a suspenSIOn of 2 5x 104 

sporangIa per ml after a 2-hour mcubatIOn penod to 

mitIate zoospore release Inoculated plants were mam

tamed m the dark at 20°C and 100% RH to mamtam 

leaf wetness for the first 24 hours Thereafter, the leaves 

were allowed to dry and the plants were mamtamed at 

20°C and 60-95% RH WIth a 14-hour hght (70 ~lm 
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? Is 1) penod per day DIsease seventy was estimated on 

a scale of 0 to 6 at 10 DAI The same laboratory proto

col was used to assess reactIOns of mdividual plants m 

breedmg populatIOns 

GeographiC testmg of resistance 

Seeds were dIstnbuted for testmg dunng 1997 to 

Bhutan, Costa RIca, EthIopIa, Guatemala, IndoneSIa, 

Kenya, MalaWI, Nepal, Taiwan, Tanzama, USA, and 

ZImbabwe Thus far, we have receIved reports from 

MalaWI Nepal, Taiwan, TanzanIa, and USA In all 10-

catIOns reportmg, the L pimpmellifolium hnes L3707 

and L3708 showed the hIghest l~vels of reSIstance The 

L hlrsutum hnes L3683 and L3684 showed mtermedI

ate levels of reSIstance through most or all of the sea

son In Pokhara Nepal, and Puh TaIwan, hnes L3707 

and L3708 developed severe symptoms toward the end 

of the crop, but hnes L3683 and L3684 showed no 

change m theIr reSIstance levels (FIgs 8 and 9) Isolate 

PI-42 of P mfestans obtained from L3708 at Puh was 

also shown to overcome the reSIstance m L3707 and 

L3708, but not that ofL3683 and L3684 m the labora

tory These results suggest the occurrence of a new race 

tomato race 2 (T2) of P mfestans, at two locatIOns, that 

overcomes the L Plmpmellifolzum sources of reSIstance, 

but not the L hlrsutum sources bemg tested 

Screemng Wild tomato accessions for additional 
resistance sources 

The AVRDC Mycology Umt has over the past SIX 

years IdentIfied numerous tomato acceSSIOns as poten

tIal sources of LB reSIstance Dunng 1997, progeny 

from 40 mdividual plant selectIOns from these acces

SIOns were evaluated for theIr reactIons to Isolate Pl-16 

of P znJestans and two hIghly reSIstant selectIOns were 

IdentIfied One selectIOn, deSIgnated L4885-1 C-96PIS I 

IS an L plmpznelllJolzum and the other, deSIgnated LA 

1459-3R-96PIS1, IS an L esculentum var cerasIforme 

WIth DSR's of 1 7 and 3 1, respectIvely, on a scale of 

0-6 m whIch a DSR of 6 = 91-100% bhghted fohage 
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In addItIOn, 89 L Plmpmeillfollum and 49 L hlrsutum 

acceSSIOns obtamed from the TGRC at the Umversity 

of CahfomIa were evaluated for theIr reactIOns to ISO

lates PI-16 (race Tl) and PI-42 (race T2) of P mfestans 

FIve L pimpmellljollum acceSSIOns (OSRs 1 5-2 5) and 

21 L hlrsutum acceSSIOns (OSRs 1 1-25) were IdentI

fied as new LB resIstance sources None of the L 

Pimpmellljollum acceSSIOns were reSIstant to Isolate 

PI-42, whereas all of the L hlrsutum acceSSIOns that 

were reSIstant to PI-16 were also reSIstant to PI-42 

Introgresslon of resistance mto deSirable tomato 
types 

One objectIve of thIS aCtIVIty was to mtrogress 

LB reSIstance from the L Pimpmeilljolzum acceSSIOn, 

L3708, mto mdetermmate tomato types for tropIcal 

hIghland productIOn In thIS regard, three generatIon 

advances startmg WIth a BCll selectIOn, CLN2037 

BC3F I' were made dunng 1997, culmmatmg m 14 

CLN2037 BC
3
F

4 
hnes that are homozygous for reSlS-
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Days after transplanting 

Fig 7 Late blight development from natural Inoculum In 
accessions In the field at Pokhara, Thailand, winter 
199697 
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tance to LB Ourmg September 1997 11 of these LB

reSIstant BC
3
F

4 
hnes were sown for field observatIOns 

to make mdlvldual plant selectIOns for good fruIt quah

tIes and generatIOn advance Another objectIve of thIS 

actIVIty was to mtrogress LB reSIstance from L3708 mto 

hnes adapted to the hIghlands of southern Afnca In 

1996, LB-resistant selectIOns from four crosses 

(CLN2036, CLN2037, CLN2040, and CLN2048) were 

crossed WIth three lmes from the AVRDC-Afncan Re

gIOnal Program that carry reSIstance to root-knot, 

fusanum WIlt races 1 and 2, and TMV In December 

1996, LB-reSIstant plants were selected from 22 of these 

cro~ses and taken to the field for generatIOn advance 

Four F2 populatIOns (CLN2256-2, CLN2260-3 

CLN2264-4 and CLN2264-5) were moculated on 5 

September 1997 WIth fusanum wIlt race 2 to ehmmate 

susceptIble plants and the surVIvors were moculated on 

17 October 1997 WIth Isolate PI-16 of P mfestans Plants 

WIth hIgh levels of reSIstance to fusanum WIlt race 2 

and LB were taken to the field for generatIOn advance 

WVa 700 

20 l.3683 

l3708 

o Oj20-~"==--t'0--t----t60----.,t---a+0--I 

Days after transplantmg 

Fig 8 Late blight development from natural Inoculum In 
tomato lines In the field at Pull, Taiwan, spring 
1997 
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Legume Improvement 
The legume Improvement project conducts research on two commodIties mungbean (Vigna radtata) and soy

bean (Glyczne max), mcludmg gram and vegetable soybean The goal IS to develop hIgh-Yleldmg hnes wIth reSIS

tance to dIsease and pests, early umform matunty resIstance to shattenng, Improved seed quahty, and adaptatIOn to 

the tropICS and subtropics 

One soybean hne from AVRDC was released m VIetnam as a new vanety In the PhIhppmes, two AVRDC hnes 

were released as new gram soybean vanetIes, and three of the Center's hnes were released as vegetable soybean 

vanetIes The graded pod YIeld went to 16 3 t/ha m the spnng season 

Based on work done m 1997, It appears that length of pod and sugar content have a strong correlatIOn The 

genotype component of vanance for sugar content IS substantIal compared to the season or genotype x season 

mteractIOn component of vanance 

The Center contmued to collaborate WIth Korea to advance early generatIon matenals dunng the off-season 

Near-Isogemc hnes for tnple-null hpoxygenase have been selected m AGS292, KS#2, and AGS 129 Tnple null 

alleles for hpoxygenase showed no assocIatIOn WIth undeSIrable agronomIC traIts 

PromIsmg msect-tolerant soybean genotypes have been selected and WIll be evaluated m vanous countnes 

RAPD markers have been IdentIfied to dIscern mungbean-yellow-moSalC-virus-resistant recombmant mbred 

hnes from susceptible ones 

AddItional moderate reSIstance to maruca mfestatIOn m mungbean has been Idenhfied RIce bean IS less dam

aged by maruca than are mungbean and blackgram 
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Genetic resources enhancement and 
vanetallmprovement 

Genetic resources activities 

Mungbean and soybean acceSSIOns that dId not 

have enough seeds for long-term preservatIOn were re

generated Requests for germplasm were served Reg

IstratIOn, passport, dIstnbutIOn, and seed mventory da

tabases were updated 

ThIrty-five acceSSIOns were added to the mungbean 

and five to the soybean germplasm collectIOn m 1997 

The collectIOn has 6357 Vigna acceSSIOns representmg 

eIght specIes Vigna radzata ssp radlata, V radlata ssp 

sublobata, V mungo ssp mungo, V mungo ssp 

sylvestns V glabrescens V ungulculata ssp 

sesqulpedalzs and V ungulculata ssp ungulculata and 

V umbellata The Glycme collectIOn totals 14068 ac

ceSSIOns and Includes 12 speCIes G clandestma G 

Table 1 RecIpients of mungbean and soybean germ plasm 
from AVRDC, 1997 

No of samples 
RecIpient mungbean soybean 
External 796 6559 
Taiwan 677 1291 
Japan 88 5 
Vietnam 24 205 
Thailand 24 4 
Korea 4214 
Lao PDR 249 
Cambodia 167 
Ghana 86 
Australia 56 
MalaYSia 47 
USA 37 
Bhutan 24 
Others1 174 
ARC 36 20 
ARP 20 
Headquarters 2526 147 
Entomology 2520 147 
Analytical Lab 3 
SOIl SCience 3 
Total 3358 6746 
1 Bangladesh Belize Congo Costa Rica Germany Guam India 

IndoneSia Papua New GUinea Philippines Sri Lanka Togo Zaire and 
Zimbabwe 
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canescens G formosana G gracz/ls G falcata G 

Javanzca G lat/folla G latrobeana, G tabacma G 

tomentella G tomentosa and G sOJa FIve hundred 

acceSSIOns of mungbean from 22 countnes and 1500 

acceSSIOns of soybeans were regenerated to provIde 

enough seeds for the base collectIOn 

A total of 796 seed packets of mungbean were dIS

tnbuted to four countnes, 36 to AVRDC's ASIan Re

gIOnal Center In ThaIland, and 2526 to headquarters 

SCIentIsts (Table 1) More than 2000 acceSSIOns were 

screened for resIstance to maruca podborer External 

dIstnbutIOn of soybean amounted to 6559 seed packets 

sent to 27 countnes The regIOnal programs and head

quarters SCIentIsts receIved 187 seed packet~ 

Breedmg appropnate vegetable soybean 

Three YIeld tnals III autumn 1996 and 13 tnals III 

spnng 1997 were conducted From the autumn 1996 

advanced YIeld tnals, two lInes WIth large pod and seed 

SIze were selected GC 91023-189-2-1, WhICh YIelded 

6 88 t1ha graded pod YIeld and 79 39 gil 00 seeds, and 

GC 89008-9-1-2-1 whIch YIelded 5 78 t/ha and 

83 5 gil 00 seeds Both matured In 69 days From In

termedIate Yield tnals entnes havIng a 100-seed weIght 

of more than 80 g, compared to 72 g for the check, 

were selected 

CombIned analyses of 1996 spnng, summer and 

autumn data from the advanced YIeld tnals showed no 

sIgmficant dIfference In graded pod Yield between sea

sons UnlIke 1994 and 1995, the sugar content III 1996 

was hIgher In the spnng season than III the other two 

seasons (Table 2) It mIght be Important to relate the 

temperature and sugar content 

A total of 38 crosses were made In 1997, pnncI

pally aImed at further Improvement of pod and seed 

SIze of vegetable soybean Some Indian vaneties were 

crossed to combIne bactenal pustule and soybean rust 

reSIstance From advanced and IntermedIate YIeld tn

als In autumn 1996 and spnng 1997 a number of en-
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tnes wIth 100-seed weIghts hIgher than 80 g were se

lected (Tables 3 and 4) The hIghest graded pod YIeld 

recorded was 1625 tlha m 82 days (Table 4) 

and evaluatmg A VRDC soybean matenals remams hIgh, 

as m past years EIght cooperators from five countnes 

returned the results of theIr evaluatIOns 

When the three-season data from the 1996 ad

vanced Yield tnals were analyzed for correlatIOn be

tween sugar content and pod SIze, as well as seed SIze 

It was apparent that as the pod length mcreased the sugar 

content decreased It was consIstent m all seasons 

However, neIther 100-seed weIght nor pod wIdth 

showed any consIstent relatIOnshIp wIth sugar content 

Therefore, m selectmg for larger pod S1ze, the results 

suggest that It 1S better to aVOId very long pods Results 

from the three-season data also suggest that the geno

typIC component of vanance for sugar content IS qmte 

large, therefore, It should be possIble to select for hIgh 

sugar genotype (Table 5) 

In Cambodia, the tnals were conducted by the In

ternatIOnal RIce Research Instltute m two seasons In 

the wet season, AGS 314 was the earhest to mature, m 

86 days, and YIelded 1 7 tlha, whIle CO 1 matured m 

94 days and YIelded 2 33 tlha In the dry season AGS 

129, a narrow-leafed vanety, matured m 87 days and 

Y1elded 0 86 tlha 

In Ecuador, GC 86017-170-1N produced 4 4 tlha 

m 97 days, wIth almost no lodgmg 

The results from tnals by Sakthl Soyas m India 

showed that AGS 66, GC 89049-1-1, GC 89050-6-1 

and GC 87032-9-1 were promIsmg, wIth YIeld up to 4 

tlha m about 90 days 
AVRDC soybean evaluation trial 

A total of 15 AVRDC soybean evaluatIOn tnals 

(ASETs), 40 AVRDC glycme selectIOns (AGS), 198 

selected pedIgrees, and 14 acceSSIOns were dIstnbuted 

to 27 cooperators m 20 countrIes Interest m receIvmg 

In Maharashtra, IndIa, AGS 16 gave a YIeld of 2 94 

tlha m 92 days 

Table 2 Influence of season on graded pod Yield and other traits In advanced Yield trial (A YT), 1996 

Season 

96 SP 
96 SU 
96 AU 

Yield (t/ha) 100 seed Pod Dry 
graded pod total pod weight length width matter 

655 a 
655 a 
632 a 

1256 a 
1179 b 
960 e 

(g) (em) (em) 
69 1 a 5 58 a 1 39 a 
643 b 5 10 b 1 27 b 
704 a 5 22 b 1 31 b 

300 c 
315 b 
321 a 

Protein 

435 b 
440 a 
433 b 

Table 3 Graded pod Yield and 100 seed weight of selections from autumn season, 1996 
Tnal Entry Graded pod Yield (t/ha) 100 seed weight (g) 
AYT GC 89008 9 1 2 1 5 78 83 5 

GC9102318921 688 793 
KS#2(ek) 668 570 

IYT 1 GC 92019 B 2 13 99 745 
GC920178 74 802 
GC 92018 261PS 7S 1 72 878 
KS#3(ek) 95 622 

IYT2 GC9200572242 1105 754 
GC 92005 28M 2L 2 8 85 87 1 
GC 92005 20S 4L 1 715 857 
KS#3 (ek) 93 661 

AYT = advanced Yield tnal IYT = Intermediate Yield tnal 
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Fat 

191 e 
202 b 
206 a 

Sugar 

11 9 a 
114 b 
100 e 
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The ROC mISSIOn III Sumatra, IndonesIa, found 

that GC 88029-1-7-1 YIelded 2 82 tJha III 96 days when 

grown as an Illtercrop WIth sugarcane The cooperator 

reported that the SOlI III the expenmental area was low 

III pH, P20 S' and Ca The entry WIll be evaluated aga10 

to confirm the results 

VIetnam made another selectIOn from AGS 147 
(a narrow-leafed entry) and released It to farmers as 

G 87-1 

In the Phlhpp1Oes, the NatIOnal Crop Research and 

Development Center (NCRDC), Los Bafios, selected 

GC 50215-2-18-17 and GC 00062 and had them offi

CIally approved and released as PSB-Sy4 and PSB

Sy5 respectIvely They have a YIeld potentIal of more 

than 2 tJha 10 the wet season and about 2 tJha III the dry 

season 

Table 6 lIsts soybean vanetIes released to date 

AVRDC vegetable soybean evaluation tnal 

Interest 10 evaluatIllgAVRDC vegetable soybeans 

contmues to be steady In 1997, 26 cooperators from 

18 countrIes receIved 16 ASETs, 165 AGS hnes, 40 

pedIgrees, and 3 acceSSIOns for evaluatIOn Results of 

SIX trIals from three countrIes were receIved 

AGS 333 gave a graded pod YIeld of 7 8 tJha 10 83 

days 10 VIetnam Its dry seed weIght was 32 gllOO seeds 

AGS 334 YIelded 6 81 tlha 10 76 days WIth a lOO-seed 

weIght of 28 g In an evaluatIOn conducted at Cantho, 

VIetnam, AGS 337 gave a graded pod YIeld of 8 31 tJha 

III 79 days The lOO-seed weIght was 62 gAGS 329 

Table 4 Graded pod YIeld, 100 seed weIght and sugar content of selectIons from spring trrals, 1997 
Tnal Entry 

AYT GC 92001 1 P 25 1 
GC 92019 B 213 
KS #5 (ck) 

IYT 1T* GC 91032 LP 22 1 
GC 91032 8P 11 1 
KS#5 (ck) 

IYT 2T* GC 92005 77 2 1 
GC 9200571 
KS#5 

IYT 1 GC 92017 183P 1 2 
GC 92025 149 1 1 
KS#5 (ck) 

IYT 2 GC 9201511 
KS#5 (ck) 

IYT 3 GC 92014 P 12 1 
GC 93034 11 1 1 
KS #5 (ck) 

AYT = advanced Yield tnal 
IYT = intermediate Yield trial 

Graded pod YIeld 
(tlha) 
1015* 
925* 
823 

1625 
1285 
960 

1475 
11 05 
870 

11 4 
11 0 
97 

11 65 
995 

11 65 
11 35 
76 

*IYT 1T IYT 2T were part of a CounCil of Agriculture Project Taiwan 

100 seed weIght Sugar content 
(g) (%) 

735 11 90 
769 990 
827 11 40 
729 856 
81 7 1006 
61 9 11 70 
894 11 62 
983 953 
860 1099 
927 11 52 
823 902 
849 1099 
835 932 
856 1074 
815 944 
782 1064 
856 1096 

Table 5 EstImate of components ofvarrance (%) for quality traIts of AYTVS In three crop seasons, 1996 
Component of variance Protem Fat Sugar Starch FIber Color Hardness Dry matter 
Var R (S) 00 0 0 3 01 1 78 0 0 0 60 0 0 00 
Var G 59 32 38 08 60 50 37 92 15 65 20 33 22 08 11 76 
VarGxS 2418 4335 1201 2531 5416 4015 6247 5201 
Var Error 1650 1857 2448 3499 3019 3892 1545 3623 
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matured In 73 days and gave a green pod Yield of7 3 t/ha 

with a lOa-seed weight of 65 g 

In Korea, the total pod Yield of AGS 331 was 7 a 

t/hd In 110 days, with a lOa-seed weight of 80 3 g 

In Bihar, India, AGS 337 gave an Impressive Yield 

of 18 t/ha (graded pod) In 70 days, With a lOa-seed 

weight of 50 g In Bangalore, India, AGS 343 Yielded 

11 83 t/ha (total pod) In 66 days 

Table 6 AVRDC gram soybean released by cooperators as of 1997 
Local name AVROC 10# Year 

G 2120 (M7) 691 1993 
Darcol AGS29 1981 
KM 1 G 2120 1980 
G 2120 G 2120 1980 
Wllisb G 2120 1983 
Kennclb G 2120 1985 
Tldar G 2120 M 1987 
Krakatau AGS66 1992 
Taiwan 30050 AGS17 1982 
BPI Sy4 AGS 73 1985 
La Carlotta Soy 1 Clark 63 x AGS 129 1990 
(PSBSY 1) (LGSY 01-24) 
BPI Sy 6 (SagUisag) AGS19 1990 
PSB-Sy4 GC 502152-18 17 1997 
PSB Sy 5 GC 00062 1997 
Kaohslung No 9 AGS12 1982 
Kaohslung No 10 AGS 129 1985 
Talnan No 1 AGS66 1986 
Talnan No 2 AGS 341 1993 
Sukothal No 1 AGS9 1986 
Dowling G58a 1978 
AK03 G 2261a 1988 
G 87 5 AGS 129 1991 
AK05 G 2261 1993 
HL92 AGS327 1993 
G 871 AGS 147 1997 

GC 30229 8 (AGS 19) 1983 
Nyalab GC 302298 1992 
Setl Bhatta KS 419 x KS 525 
Total 28 
a Selected at AVRDC but not an AVRDC Improved line 
bCross between AVRDC line and local cultlvar 
b Parentheses Indicate moderate levels of resistance 
BF = resistant to beanfly 
BP = resistant to bactenal pustule 
BS = sUited to bean sprouting 
CC = sUited to crude cultivation 
CLS = resistant to cercospora leaf spot 
CVMV = tolerant to CVMV 
DM = resistant to downy mildew 
EM = early matunng 
G = good germination 
HY = high Yielding 
L" non lodging 
LSV " long seed Viability 
MH = sUitable for mechamcal harvesting 
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Country 
Bangladesh 
Honduras 
India 
Indonesia 
Indonesia 
Indonesia 
Indonesia 
Indonesia 
Malaysia 
Philippines 
PhilipPines 

Philippines 
Philippines 
Philippines 
Taiwan 
Taiwan 
Taiwan 
Taiwan 
Thailand 
USA 
Vietnam 
Vietnam 
Vietnam 
Vietnam 
Vietnam 
Zimbabwe 
Zimbabwe 
Nepal 
12 

Remarks 
HY EM LSU G 
EM UM, HY CLS 
RF HY 
H~CC SC ST G LSV 
EM, HY (R)c 
HY (R) BF 
HY, EM RF LSV G, ST 
R, CVMV 
HY MH 
HY EM UM LSV, BP R, L, S WA 
(BP R) EM UM L (S) acceptable to Nestle 

NL HY resistant to virus 
HY 
HY 
HY NP SSR sa 
HY NL BP SSP 
HY S MH, EM SP OM BP L, BS 
NL MH HY, OM, (B) sUited to spnng and summer planting 
NL HY NP (R OM PSS) 
R,HY 
HY EM 
HY NL BP, EM R 
R BP HY sUited to spnng & winter planting 
EM RMM sa R YMT HY 
HY NL BP EM, R 
NL EM 
HY EM, Oet 
HY adapted to Intercropplng With maize 

NL = narrow leaflet 
PSS = resistant to purple seed stam 
R = rust tolerant 
RCI = sUitable for Intercropplng With nee or com 
RF = sUited to cultivation In nee fallow 
S = nonshattenng 
SC = sUited to Intercropplng With sugarcane 
ST = preferred for making tempeh 
SP = sUited to summer planting 
SO = good seed quality for storage 
SSP = sUited to spnng and summer planting 
UM" umformly maturing 
WA = Wide adaptability 
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The NatIOnal Seed Board In the PhIhppInes has 

officIally approved three AVRDC hnes as new vanet

Ies AGS 191, AGS 190, and AGS 186 were released 

as PSB-VS 1 PSB-VS 2, and PSB-VS3, respectIvely 

The NCRDC IS extendIng the vanetIes to farmers In 

Batangas 

Table 7 IS a lIst of vegetable soybean varIetIes re

leased from AVRDC hnes to date 

Seed multiplication of elite lines and Korean 
breeding lines 

EIght promlsmg entrIes and 83 promIsmg selec

tIOns from the prevIOus year's advanced YIeld tnals 

were multiphed A total of 15 ASETs and 25 AVRDC 

vegetable soybean evaluatIOn tnals (AVSETs) were 

produced for dIstnbutIOn 

A total of 27 cross combmatIons of Korean F3 gen

eratIOn entrIes were advanced to F5 F6 generatIOn en

tnes were multIphed m the spnng A total of 41 kg of 

seeds of 47 hnes was aIr maIled to Korea on May 30 

1997 

In addItIon two populatIOns of soybean genetIC 

map matenals conslstmg of 86 and 95 seeds were 

planted and advanced for two generatIOns m the green

house In the autumn we had 56 and 91 plants m the 

greenhouse from the two populatIOns, respectIvely They 

wIll be harvested and shIpped In January 1998 

Evaluation of Ixlx allele In elite lines 

An IntermedIate YIeld tnal was conducted usmg 

BC3F5 near-Isogemc hnes (NILs) of hpoxygenase-null 

AGS 292, KS #2 (18 selectIOns), andAGS 129 (18 se

lectIOns) There were no sIgmficant dIfferences eIther 

m graded pod YIeld or m most other traIts between NILs 

and the parents The KS #2 NILs were three days ear

her matunng than KS #2 From BCl2, a total of 34 

tnple nulls and 150 WIth null for two hpoxygenase al

leles (Table 8) were selected for KS #2 and AGS 292 

The observed number of plants dId not fit well WIth the 

expected ratIO of 64 1 presence absence ofhpoxygenase 

and It was probably due to the hnkage between Lx 1 and 

LX3 

Developmg Insect resistant lines uSing BraZIlian 
lines 

Pure hnes from F7 generatIOns of crosses between 

msect-resistant hnes IAC-lOO or lAC 78-2318 andAGS 

129 or 269 AGS 314 and OCB were evaluated m an 

mtermedIate YIeld tnal (WIthout InsectICIde apphcatIOn) 

The results are gIven m Table 9 YIelds rangmg from 

3 34 tlha to 5 11 tlha were obtamed WIth the selected 

pedIgrees Smce the YIelds of the check varIetIes were 

not drastIcally reduced, one mIght assume that the m-

Table 7 AVRDC vegetable soybean released by cooperators as of 1997 
Local name AVRDC ID # Year Country Remarks 
MKS 1 AGS 190 1995 MalaYSia HY 
Rawal 1 AGS 190 1994 Pakistan HY 
PSB VS 1 AGS 191 1997 Philippines HY 
PSB VS 2 AGS 190 1997 PhilipPines HY 
PSB VS 3 AGS 186 1997 Philippines HY 

AGS 190 1992 Sri Lanka HY SUitable for soymllk and Ice cream and soynuts, less beany flavor 
Kaohslung No 1 
Kaohslung No 2 
Kaohslung No 3 
KPS 292 
CM 1 
GC 830059 
Total 

AGS 292 1987 Taiwan HY MH, DM EM 
Ryokkoh x KS 8 1991 Taiwan HY, MH 
PI 157424 x KS 8 1991 Taiwan HY, MH 
AGS 292 1992 Thailand HY 
AGS 190 1995 Thailand HY SUitable for domestic consumption 
GC 83005 9 1995 Bangladesh HY SUitable for homestead cultivation 
12 7 

OM = resistant to downy mlldewe EM = early maturing HY = high Yielding MH = SUitable for mechanical harvesting 
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sect mfestatlOn was not senous On the other hand, 

the msects' fallure to mfhct damage on even the sus

ceptIble entnes mIght be due to the predommance of 

msect-tolerant entnes m the field Several dIfferent 

Table 8 BCl2 seeds with different hpoxygenase alleles 
after screening In summer 1997 

Recurrent 
Combination parent Lx triple null Ix/x/x/xz Ix Ix * 

II II 

GC 96019 AGS 292 13 99 
GC 96020 AGS 292 7 18 
GC 96021 AGS292 0 4 
GC 96023 AGS 129 0 0 
GC 96024 AGS 129 1 0 12 
GC 96025 5 17 4 
GC 96026 8 12 5 
Subtotal AGS 292 20 121 0 

AGS 129 14 29 21 
Total 34 150 21 
• Seeds with Ix/xt or IXJx2 or Ix/x3 only 

pests were observed m the field and they dId cause some 

defohatlOn MItes were observed 

Selection of soybean for green manure 

In the sprmg season, gram soybeans can be better 

than crotalana or sesbana as a green manure crop 

Among SIX gram soybean vanetles compared wIth 

sesbama and crotalana m the spnng season, G 2120 gave 

435 tlham 74 days whlleAGS 314, amutantofG2120, 

gave 30 1 tlha m 61 days In 61 days, crotalana and 

sesbama gave fresh YIeld of 24 8 and 23 2 tlha respec

tIvely (Table 10) 

The total amount of green manure from each of the 

SIX soybean vanetles ranged from 25 8 to 43 5 t/ha 

(Table 10) The total amount of N, P, and K were sub-

Table 9 Performance of Insect tolerant selections In intermediate Yield tnal, spring, 1997 
Days to 100 seed Downy mildew Powdery mildew 

Parents Selection No Yield (tlha) maturity weight reaction reaction 
AGS 129 x lAC 782318 GC 90001 1-7 3 473 102 142 MS 
AGS 129 x lAC 78 2318 GC 90001 1 41 5 456 102 136 MR 
AGS 129 x lAC 782318 GC 90001 1 1-11 443 102 140 MR 
AGS 129 Check 478 95 175 HS 
IC 782318 Check 261 111 120 HR 
CV 779 258 437 
LSD (005) 069 542 1 23 
AGS 314 x lAC 100 GC 9001218253 378 110 99 

GC 90012181311 334 110 97 
lAC 100 Check 424 110 152 
AGS 314 Check 362 95 69 
CV 1802 1 31 562 
LS (0 05) 102 303 114 
269 x lAC 78 2318 GC 9000412202 511 99 159 

GC 9000410422 452 102 179 
269 Check 439 95 193 
lAC 78 2318 Check 329 111 11 5 
CV 11 62 273 517 
LSD (005) 102 57 174 
lAC 100 x OCB GC 90013236 1 457 95 186 MR 

GC 9001321 352 455 111 207 
GC 9001321-376 375 96 18 1 

lAC 100 Check 433 111 153 
OCB Check 334 88 232 MR 
CV 1445 244 606 
LSD (005) 1 06 546 223 

• Note No insecticides applied no diseases MS moderately susceptible HS highly susceptible MR moderately resistant HR highly resistant 
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stantIally hIgher m the soybean vanety TropIcal com

pared to crotalana and sesbama (Table 11) 

The dry matter YIeld of resIdue from the SIX veg

etable soybeans evaluated ranged from 6 0 to 6 6 tlha 

compared to 4 9 and 5 0 tlha for crotalana and sesbanIa, 

respectIvely In 80 to 87 days, selected entnes of veg

etable soybean can generate a dry matter YIeld of 5 0 to 
5 9 t/ha The N, P, and K from vegetable soybean reSI

due IS comparable to crotalana and sesbama (Table 12) 

In addItIOn, farmers can get a return ofNT$109,000 to 

NT$164,000lha as addItIonal mcome (US$1 NT$33) 

from vegetable soybean 

Table 10 Performance of gram soybeans as a green 
manure, spring 1997 

Entry 

G 2120 
Tropical 
Green soybean 
AGS 314 
Improved Pelican 
Bossier Late 
Crotalana 
Sesbama 
Means 
CV 
LSD (0 05) 

Yield (tlha) 
fresh dry 
435 74 
426 95 
385 71 
301 58 
294 58 
258 61 
248 49 
232 5 
322 64 
212 253 
12 28 

Days to harvest 

74 
80 
74 
61 
61 
69 
61 
61 
675 

Table 11 N, P, K content (kg/ha) of gram soybeans as 
green manure, sprmg 1997 

Entry 
G 2120 
Tropical 
Green soybean 
AGS 314 
Improved Pelican 
Bossier Late 
Crotalana 
Sesbanla 
Mean 
CV 
LSD (0 05) 
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N P 
1950 187 
2784 248 
2004 178 
2006 173 
2035 168 
1915 203 
1341 154 
1299 139 
1917 181 
260 293 
873 93 

K 
2093 
2663 
2012 
1490 
1600 
1720 
1083 
1265 
1740 
284 
866 

Establishment and Improvement of transformation 
systems for mungbean and vegetable soybean 

Current bIOtechnology provIdes a new approach to 

varIetal Improvement of many agronomIcally Important 

crops Introducmg genes for deSIrable traits mto plants 

has become routme m several crops, but not m soybean 

and mungbean To estabhsh dependable transformatIOn 

systems for vane tal Improvement, regeneratIOn of soy

bean and mungbean has been mduced through shoot 

morphogenesIs pathway Based on the developed regen

eratIOn systems, several methods of transformatIOn, m

eludmg Agrobactenum mfectIOn and microprojectIle 

bombardment have been tned 

Due to the nature of shoot morphogenesIs, how

ever, transformants were mostly chlmenc, and homo

geneous offspnngs were produced by chance In 1997, 

efforts were made at AVRDC to mduce soybean regen

eratIOn through somatic embryogenesIs pathway, whIch 

allows for more effiCIent selectIOn and produces homo

geneous transformants 

Nme soybean vanetIes were used and some ofthem 

were mduced to produce embryos to the cotyledonary 

stage In addItIon, optimal bombardmg condItIOns for 

mungbean were determmed and used to transform 

mungbean cotyledons GUS stammg mdicated that some 

of the regenerated seeds contamed the GUS gene 

Nme soybean vanetIes, Century, Fyattee, Jack, 

Mandann, Masshokutou, WIllIams 82, AGS 292, 

Table 12 N, P, K contents (kg/ha) of reSidue of vegetable 
soybean selections, sprmg 1997 

Entry 

GC 910231893 
KS#3 
GC 89012-5 
GC 89008 9 1 3 1 
GC 87009 71 1 8 
GC 87021 13 B 5 
Mean 
CV 
LSD (0 05) 

N 
1645 
1701 
1476 
1547 
1460 
1191 
141 3 

97 
236 

ReSidue 
P 

180 
160 
153 
158 
139 
125 
146 
73 
184 

K 
1500 
1233 
1293 
1331 
1468 
111 8 
1279 

49 
108 
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KaohsIUng No 2, and KaohsIUng No 5, were tested 

Three mm apo-aXIs pIeces were cut from 3- to 6-mm

long Immature cotyledons and cultured on embryo m

ductIon medIUm (MS basal medIUm wIth B5 vitamms, 

dIfferent concentratIOns of 2,4-D, and 3 or 6% of su

crose) After one month, the concentratIOn of 2,4-D was 

reduced to mduce development of embryogemc calh 

Embryogemc calh were cultured m FNL medIUm (MS 

basal medIUm + B5 vitamms + 2,4-D 5 mg/l + 5 mM 

asparagme) to estabhsh suspensIOn culture for trans

formatIOn and selectIOn, and subsequently transferred 

to MSM6AC medIUm (MS medIUm + 6% maltose + 

o 5 gil actIve charcoal) to mduce histodifferentIatIOn 

Embryos grown to the cotyledonary stage were trans

ferred to MSM6 medIUm (MSM6AC medIUm wlthout 

active charcoal) for maturatIOn and then MSO medIUm 

(MS medIUm + B5 VItamms) for growth of seedhngs 

Mature seeds of mungbean vanety VC 1973A were 

soaked overnIght Cotyledons were cut and centered 

on agar plates for bombardment CondItIOns for bom

bardment were 6 mg gold partIcles (1 0 mm m dlam

eter) mlXed wlth 100 mg plasmld DNA of pBI121, at 

pressures of 1350 or 1550 pSl at a dlstance of 6 cm 

Bombarded cotyledons were cultured on MBB5 me

dIUm (MS basal medIUm + B5 vitamms + BA 5 mg/l) 

for 2-3 days before bemg transferred to medIUm con

tammg kanamycm (50 mg/l) for selectIOn Regener

ated seedlmgs were transplanted to the greenhouse and 

seeds were collected for GUS stammg assay 

A number of cotyledons produced somatIc em-

Table 13 Induction of somatic embryogenesIs among different soybean varieties 
Vanety Co size 

(mm) MBS3 MBSfi 
Do 0

5 0
10 

0
20 040 Do 0

5 
0

10 
0

20 040 

AGS292 35 0/14 22/34 (115) 18/28 (54) 4127 (7) 0/14 2/14 (4) 15/28 (50) 0114 0/14 
Century 35 0/12 4/12 (22) 7/11 (61) 3/13 (13) 7/12(16) 0/12 3/12 (3) 5/12 (7) 8/12 (30) 3/12 (11) 
FyaUe 35 62/118 23/103 
Jack 36 46/62 (271) 31/65 (137) 
KS II 35 0/9 3/8 (19) 0/8 4/9 (18) 0/7 0/8 3/8 (16) 1/11 0/8 
KSV 34 0/74 0/76 11/76 33/77 21/61 

45 0/62 0/76 4/65 5/64 6/76 
56 0/60 0/46 0/46 0/46 1/46 
68 0/22 0/22 0/22 0/22 0/22 

Mandann 35 3/11 0/11 1/11 0111 
Massh 36 0/11 4/11 (8) 2/11 (2) 0111 0/11 0111 0/9 1/11 (1) 0/11 0/11 
Wilham 36 0/13 6/14 12/14 12/14 10/14 0/14 0/14 5/14 3/14 4/14 
MBSi MBSs MS basal salt + B5 vitamin compounds + 3% J 6% sucrose 
Do 5 10 20 40 2 4 Do 5 10 20 40 mgJI 
J rallos of cotyledons produced somatic embryos 
() No of Induced somatic embryos 

Table 14 GUS assay of 24 putative transgenic lines 
1 3 4 5 6 7 9 10 11 12 14 16 17 18 19 20 21 22 23 24 25 26 27 28 

Seed 8 10 57 56 14 12 6 10 30 4 53 10 64 18 76 41 15 67 69 88 72 77 78 69 
GUS 2 3 32 1 7 5 0 1 0 0 0 0 2 0 54 9 5 18 21 16 4 2 9 0 
GUSO/O 25 30 56 1 50 42 o 10 0 0 0 0 3 0 71 22 33 27 31 18 6 3 12 0 

GUS Cotyledons of seeds shOWing GUS activity 
GUS% Percentage of seeds With cotyledons shOWing GUS activity 
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bryos and a number of mduced embryos were recorded 

(Table 13) Generally, medIa wIth 3% sucrose showed 

more efficient embryo mductIOn However the con

centratIOn of 2 4-D needed to mduce embryos vaned 

between vanetles Embryogemc suspensIOn cultures 

of vanetIes Jack, Fyattee, and Kaohsmng No 5 were 

estabhshed and cotyledonary-stage embryos of Jack 

were observed InductIOn of seedhng growth from coty

ledonary-stage embryos was not successful Factors 

10 need of mveStIgatIOn mIght mclude age of globular

stage embryos for mductIOn of histodifferentlatIOn, as 

well as maturatIOn status of cotyledonary-stage em

bryos 

A total of 28 putatIve transgemc hnes were ob

tamed from 180 bombarded cotyledons of mungbean 

VC 1973A, but four of them (hnes 2, 8, 13 and 15) 

faded to produce seeds IntensIty and frequency of GUS 

blue spots vaned among hnes (Table 14) Lmes 4 6, 

7, and 19 showed hIgh frequency and mtensity of GUS 

actlVlty Lmes 9, 11, 12, 14, 16, 18, and 28 showed no 

GUS actlVlty at all The rest of the hnes only showed 

weak GUS actIvIty, eIther low 10 frequency or weak m 

mtensity The results mdicate that most of the putatIve 

transformants were chimenc, because most hnes con

tamed seeds wIthout GUS actIVIty Vanance of GUS 

aCtIVIty of mter- and mtra-lmes mIght have been the 

result of dIfferent copy number and genomIc mtegra

tIOn SItes of the GUS gene Seeds showmg no GUS 

actIvIty ffilght have escaped selectIOn or have contamed 

the GUS gene wIthout expressIOn Further Southern 

analysIs IS necessary to venfy the mtroductIOn of the 

GUS gene mto these putatIve transgemc seeds 

Development of RAPD markers for MYMV resIstance 
In mungbean 

Vanetal development of mungbean for resIstance 

to mungbean yellow mOSaiC VIruS (MYMV), one of the 

most senous dIseases m South ASIa IS an Important ob

JectIve of AVRDC Usmg recombmant mbred hnes 

(RILs) thIS study sought random amphfied polymor

phIC DNA (RAPD) markers hnked wIth MYMV reSIS

tance Fmdmg markers to faclhtate AVRDC's MYMV 

reSIstance breedmg efforts IS especIally Important be

cause the dIsease does not occur m Southeast and East 

ASIa 

GenomIC DNA of 42 MYMV-reSlStant and 25 sus

ceptIble RILs, as well as theIr ongmal parents NM92 

(the source of MYMV reSIstance) and TC1966 was 

extracted and tested by polymerase cham reactIOn 

(PCR) A total of 823 lO-mer random pnmers from 

Operon Co and the Umversity of BntIsh ColumbIa were 

used 

PCR was performed 10 25 III reactIOn WIth 0 2 mM 

respectIve pnmers, 0 02 ng genomIC DNA, 2 5 III lOx 

buffer, 3 mM MgCl, 0 2 mM dNTPs, and 0 625 umt 

Taq DNA polymerase RAPD reactIOns were performed 

m 25 !li volume contammg 2 5 III lOx buffer, 3 mM 

MgCl2 0 1 mM dNTPs, 0 2 mM pnmer, 0 625 umt Taq 

DNA polymerase, and 0 02 ng genomIC DNA Amphfi

catIon was performed m Encomp and/or Thermolyne 

Thermal Cycler for three cycles (1 mm at 94°C, 1 mm 

at 36°C, and 2 mm at n°C), followed by 40 cycles (30 

sec at 94°C, 30 sec at 36°C, and 1 mm at 72°C), and 

further extensIOn at 72°C for 10 mm The amplIficatIOn 

COndItIon was three cycles at 94°C for 1 mm, 36°C for 1 

Table 15 Potential RAPD markers for MYMV resistance III mungbean 

Primer 
UBC 682 
Operon M6 
Operon M7 
Operon T8 
Operon T15 

94 

RAPD 
markers(kb) 

065 
080 
070 
082 
041 

ReSistant Fz RIL Ime 
No tested No (%) With RAPD 

42 35 (83%) 
39 34 (87%) 
41 37 (90%) 
42 36 (86%) 
42 39 (93%) 

Susceptible Fz RIL 
No tested No (%) With RAPD 

25 7(28%) 
25 2 (8%) 
25 0(0%) 
25 8 (32%) 
25 0 (0%) 
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mm, and 72°C for 2 mm, followed by 40 cycles at 94°C 

for 30 sec, 36°C for 30 sec, and 72°C for 1 mm, and 

further extended at 72°C for 10 mm 

Among the 823 pnmers tested, 172 revealed poly

morphism between NM92 and TC 1966 These 172 

pnmers were then tested agamst resistant and suscep

tible RILs Five of the 172 pnmers, UBC682, Operon 

M6, M7, T8, and TI5, created polymorphisms which 

have strong hnkage with MYMV resistance or suscep

tIbihty (Table 15) These amphfied DNA products could 

be potenttal RAPD markers for MYMV resistance Two 

of the RAPD markers, generated by pnmer M7 and 

T15, co segregated with resistant RILs at 90 and 93%, 

respectively These markers are hardly detected among 

susceptIble RILs 

MYMV resistance had been reported as a reces

Sive trait, posSibly monogemc, m NM92 Based on thiS, 

the F7 generatiOn should have reached more than 98% 

Table 16 Useful restriction enzymes In parental assay of 
24 cDNA clones 

Clone name 
Pal1100 
Arcx1 
Arcx2 
Arcx11 
Arc1100 
PI 500 
PI 300 
SSH12 
SSH17 
SSH64 
SSH72 
CF4 
CF14 
CF69 
gA2 
GAl 
GB6 
GL3 
GL4 
GL11 
5G881 
5GB821 
5GB825 
CF71 

BstNI 
EcoRI 
Hmd II I 
Hmdlll 
BstNI 
BstNI 
Hmdlll 
EcoRI 
Haelll 
BstNI 
EcoRI 
EcoRI 
Oral 
Ndel 
NPZ 
Ndel 
EcoRV 
Ndel 
NP 
EcoRV 
Ndel 
NP 
EcoRI 
Hmdlll 

Useful restnction enzymes 
EcoRV 
Hmdlll 
Oral 
Oral 
Haelll 

BstNI 
Hmd II I 
BstNI 
EcoRV 

Hmdlll 

Hmdlll 

EcoRV 

Ndel 
BstNI 

Oral 
BstNI 
BstNI 
EcoRV 

EcoRV 

Hmdlll 

BstNI 

, NP no polymorphic enzyme was found 
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BstNI 
Ndel 
Ndel 
EcoRI 

Haelll 

homozygosity The high cosegregatmg ratiO of these 

five RAPD markers with MYMV resistance calls for 

further molecular marker analysis The Fg generatiOn 

of RILs have been generated and Will be used to test 

the vahdlty of the Identified five RAPD markers m the 

discnmmatiOn of MYMV-resistant RILs from suscep

tible ones 

Development of molecular markers for bruchld 
resistance In mungbean 

Bruchid resistance IS an Important mungbean va

netal development objective at AVRDC To understand 

bruchid resistance at the molecular level, vanous tech

mques (1 e , mRNA differential dIsplay, non-radiOiso

tOPIC RNA fingerpnntmg, cDNA subtractIve hybnd

lZatIon, and CapFmder method) were tested wIth the 

near-isogemc hne VC6089A wIth bruchid resIstance 

and ItS recurrent parent VC 1973A from the Institute of 

Botany, Academia Simca Twenty-four cDNA clones 

were thus identified The purpose of thIS expenment 

was to screen these cDNA clones With a mungbean 

populatiOn of known bruchid reactiOn for theIr lInkage 

WIth bruchid reSIstance 

Twenty-eight mdlVlduals from F 3BC2S2 of the cross 

between VC3890A and TC1966 were used Each was 

hIghly bruchid reSIstant or susceptible GenomIC DNA 

was extracted on a smgle plant baSIS Ten restnctiOn 

enzymes (EcoRl, EcoRV, HmdIII, HaeIII, DraI, BstNI, 

Hmfl, NdeI, PstI, and KpnI) were used m the RFLP 

parental assay of 24 cDNA clones to identify enzymes 

capable of revealmg polymorphIsm between reSIstant 

and susceptible parents (1 e , VC3890A and TC1966) 

The polymorphIC enzymes IdentIfied were then used 

to dIgest genomIC DNA of F3BC
2
S

2 
for RFLP analYSIS 

WIth the above-mentiOned 24 cDNA clones 

RestnctiOn enzymes whIch revealed polymorphIsm 

between VC3890A and TC1966 were Identified from 

21 out of 24 cDNA clones (Table 16) Nopolymorphism 

was detected by gA2, GL4 and 5GB8-21 cDNA clones 
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wIth the tested enzymes thIS could be due to false POSI

tIve results of mRNA dIfferentIal assay or hIgh SImI

lanty of these alleles between parents Three probes, 

Arcx 1, Arcx2, and Arcx 11, were cloned from TC 1966 

wIth pnmers desIgned based on the documented nucle

otlde sequence of the arcelm gene WhICh has been re

ported to be correlated wIth bruchid resIstance mother 

legumes The parental assay of these three arcelm-re

lated probes suggested Arcx 2 and Arcx 11 are IdentI

cal, whIle ArcxlIs hIghly sImIlar to Arcx 2 and 11 

FIve clones, Pa11100, Arcxl, SSH64, CF4, and 

CF71, were detected as heterozygous or homozygous 

to resIstant parent TC 1966 for the bruchid-resIstant 

progemes, but homozygous to susceptIble parent 

VC3890A for the susceptIble progemes (Table 17) 

ThIS suggests theIr possIble hnkage wIth bruchId re

SIstance and deserves venficatIOn Nme probes, whIch 

could not be scored properly due to poor resolutIOn of 

X-ray film, WIll also be tested The bandmg patterns 

Table 17 RFLP analYSIS WIth 21 cDNA clones for resIstant 
and susceptIble progenies 

Clone name ReSIstant Susceptible Remarks 
Pal1100 2Z 3 Deserves further testing 
Arcx1 2/3 3 Deserves further testing 
Arcx2 3 3 
Arcx11 3 3 
Arc1100 3 3 
PI-500 
PI 300 
SSH12 3 3 
SSH17 
SSH64 312 3 Deserves further testing 
SSH72 
CF4 2 3 Deserves further testing 
CF14 
CF69 
GAl 
GB6 3 3 
GL3 3 3 
GL11 3 3 
5GB81 3 3 
5GB825 
CF71 ~ 3 Deserves further tesllng 
z 1 Homozygous to resistant parent TC1966 2 heterozygous 3 

homozygous to susceptrble parent VC3890A 
Y Poor RFLP resolution 
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of the other seven probes were homozygous to the sus

ceptIble VC3890A m both reSIstant and susceptIble tnal 

progemes, therefore would not be responsIble for the 

bruchid reSIstance 

Maruca pod borer resistance In mungbean 

Maruca pod borer, Maruca testulalts Guyer, IS a 

destructIve pest of most economIcally Important Vigna 

speCIes of legumes, such as mungbean, cowpea, and 

yardlong bean, throughout tropIcal ASIa-PaCIfIC and 

Mnca The msect lays Its eggs on fohage and mflores

cences Newly hatched larvae feed on flowers and/or 

bore mSIde young pods Before they are full grown, lar

vae leave pods and pupate m soIl As a result of larval 

feedmg flowers drop and pods do not develop Larval 

feedmg on green seeds mSIde the pod results m dIrect 

loss m seed YIeld Because of ItS concealed larval and 

pupal stages, thIS msect IS dIfficult to control by con

ventIOnal measures, such as msectIclde sprays, mecham

cal or cultural measures, and there are very few reported 

effectIve natural enemIes AVRDC IS, therefore, screen

mg ItS mungbean germplasm for reSIstance to thIS pest 

WIth the purpose ofbreedmg maruca-podborer-reslstant 

mungbean cultIvars 

In summer 1997, AVRDC conducted three host

plant reSIstance screenmg tests In the fIrst test we 

screened 2500 acceSSIOns from our germplasm collec

tIon, m the second test we rescreened 26 entnes to con

firm theIr pOSSIble reSIstance to maruca, and m the thIrd 

test we compared the preference of maruca for three of 

ItS recorded hosts mungbean, blackgram, and nce bean 

A parcel ofland was plowed and worked mto 0 75-

m WIde ndges and furrows They were m tum dIVIded 

mto 4-m long smgle plots Seeds of each of the Vigna 

acceSSIOns were sown m smgle rows on the top of mdI

VIdual 4-m long plots Every 13th row was sown to 

Sesbama mdlca The leaves of thIS green manure crop 

are severely attacked by maruca, whIch prOVIdes a source 

of mfestatIOn to the mungbean planted for maruca re-

AVRDC 



sistance screenmg The crop was grown utlhzmg cus

tomary cultural practices, mcludmg weedmg, top

dressed fertIhzer apphcatIOn, IrngatIOn, and applIca

tIon of fungIcIde to control plant dIseases No msectI

cide was used, however, to control any msect pest 

When the green pods of most acceSSIOns started 

fillmg, we observed each plant for maruca larval feed

mg m pods, or m the absence of pods, m flowers The 

percentage of damaged plants was calculated The data 

for the 2500 acceSSIOns were subjected to a statIstical 

analysIs based on mean percent damaged plants and 

standard devIatIOn (SD) of the mean of all 2500 en

tnes The acceSSIOns that had percent damage of less 

than mean - 2 SD were consIdered hIghly resIstant (RR), 

those between mean - 1 SD and mean - 2 SD, moder

ately resIstant (MR), between mean and mean - 1 SD, 

were consIdered to have low resIstance (LR), between 

mean and mean + 2 SD, were consIdered susceptible 

(S), and more than mean + 2 SD, were consIdered hIghly 

susceptIble (HS) For confirmatIOn, we analyzed the 

podborer damage data by ANOVA and means were 

compared by DMRT No speCIal statIstIcal test was used 

to study the preference of maruca for mungbean, 

blackgram, and nce bean 

In the first test wIth 2500 mungbean acceSSIOns, 

maruca mfestatIOn ranged from 0 (no damage) to 77 8% 
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Fig 1 Distribution of Vigna germplasm In various 
maruca damage resistance rating categories 

of plants damaged The dIstnbutIOn of all entnes m van

ous reSIstance ratmg categones IS summanzed m FIg 1 

Mean damage was 23 03 % and SD was 12 71 % There 

were 424 MR acceSSIOns, 948 LR, 1013 S, and 115 

HS No acceSSIon was HR, although 22 acceSSIons were 

damage free ThIS IS because of very hIgh vanatIOn m 

damage amountmg to over 50% SD Although m most 

acceSSIOns the damage was assessed by observmg pest

mfested pods, m some late-matunng acceSSIons where 

pods had not yet developed, we relted on the presence 

of maruca larvae feedmg m flowers We assumed that 

acceSSIOns WIth flower damage would be equally dam

aged m the pods ThIS assumptIOn WIll be tested when 

we plant the 22 damage-free acceSSIOns WIth 5-6 hIghly 

susceptIble acceSSIOns m a multIrephcate screenmg to 

be planted tWIce m summer 1998 

Table 18 Bean pod borer damage to various accessions In 

second germ plasm screening 
No of plants Damaged Damage 

AcceSSion plants plants (%)a 
V2795 190 119 6359 a 
V3744 164 61 3592 cde 
V3852 159 47 2926dg 
V3927 132 58 4466 bcd 
V3968 237 8 3431 
V4041 236 7 2981 
V4044 210 8 4331 
V4121 179 52 2894 d g 
V4149 272 5 1 80 I 
V4202 221 15 806 hi 
V4253 255 5 2111 
V4337 155 39 2475 e h 
V4353 228 6 2611 
V4503 221 26 1295 ghl 
V4504 174 74 2290 be 
V4518 216 32 1678 fghl 
V4519 183 12 751 hi 
V4545 258 8 3081 
V4697 245 0 000 I 
V4990 177 92 5197 abc 
V5300 157 38 3184 def 
V5817 187 19 1221 ghl 
V5919 257 7 2281 
V5921 169 68 3925 b e 
VC1973A 111 61 5538 ab 
TC1966 27 0 000 I 
All data are means of 3 replicates 
a Mean separation by DMRT 
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In the confIrmatIOn of resIstance test, maruca 

podborer mfestatIOn started ImtIally on sesbama (On 

sesbama, the pest larvae fold several leaflets around 

themselves and feed hIdden) Later, mfestatIOn spread 

to mungbean where the podborer larvae fed on flow

ers or mSIde green pods Plants wIth mature pods had 

damage to pods Plants wIthout pods were found to 

have flower damage We assumed that acceSSIOns wIth 

damaged flowers would also have damaged pods The 

results of the screemng are summanzed m Table 18 

Acce~SIOns TC1966, a Vigna sublobata entry, and 

V 4697, a mungbean entry were undamaged by 

podborer It must be pomted out that both acceSSIOns 

are later matunng and had only flowers when we made 

our observatIons Whereas very few plants of TC 1966 

survIved through heavy rams and hIgh temperatures, 

V 4697 had a large number of healthy plants at obser

vatIOn tIme The performance ofTC1966, WhICh was 

based on an average of mne plants per replIcate, WIll 

need further venficatIOn ThIs acceSSIOn rarely grows 

well m the field m TaIwan s hot and humId summer 

months when the podborer populatIon IS hIgh 

Podborer damage m several other acceSSIOns, such 

as V3968, V4041, V4044, V4149, V4253, V4545, and 

V5919, was very low and on par WIth V4697 and 

TC 1966 Some of them had pods, others had only flow-
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ers at observatIOn tIme Dunng next season, these least

damaged mne acceSSIOns WIll be planted and evaluated 

separately for flower damage and pod damage m yet 

another multtrephcate test m order to select the most 

relIable reSIstant acceSSIOn for bean podborer reSIstance 

breedmg 

Maruca damage to 20 mungbean, 20 blackgram, 

and 20 nce bean acceSSIOns tested vaned from 7 85 to 

3364% m mungbean, 4 23 to 5324% m blackgram, and 

o to 25 92% m nee bean The order of magmtude of 

damage m all three speCIes showed WIde varIatIon In 

general nce bean acceSSIOns were the least damaged 

When we compared mean damage for each speCIes, the 

damage to nce bean was sIgmfIcantly less than to 

mungbean and blackgram, both of whIch had SImIlar 

levels of damage Two nce bean acceSSIOns, TV2495 

and TV2553, were free of podborer mfestatton 

It must be pomted out that m each speCIes, the ma

tunty of mdividual acceSSIOns vaned Some of the ac

ceSSIOns were Judged by damage to pods whIle others 

were Judged by damage to flowers In flowers, podborer 

larvae feed on corolla, calyx stamens, and ovanes We 

assumed that msect damage to ovanes IS SImIlar to the 

damage that would be caused to pods ThIS mIght not 

always be the case 
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Sustainable Use of Natural Resources and Inputs 

Among the nutrIents that farmers apply to vegetables, N IS by far the most Important WIth respect to YIeld 

Farmers tend, therefore, to apply large quamtItIes, despIte the fact that crops seldom recover more than 40% of what 

IS applIed, WIth most of the resIdual N lost from the soIl by leachmg, runoff, or volatIlIzatIOn In 1997, most of the 

proJect's research resources were concentrated on methods to Improve N management, both to reduce the cost of N 

and to mcrease the fractIOn recovered Three avenues were explored controlled-release fertIlIzer applIcatIOns de

SIgned to release N at rates that match potentIal uptake by crops, methods that Improve the recovery of conventIOnal 

N fertIlIzer, and a method for predIctmg crop N uptake reqmrements, as well as N avaIlabIlItIes from the soIl, 

apphed wastes and morgamc N fertIlIzers 

Recovenes of controlled-release fertIlIzer N applIed to some 1997 dry-season expenments approached 100% 

and the N taken up was effiCIently used In wet-season expenments that should have favored slow release of mtrate

N, however, the effiCIency of controlled release mtrate-N dIffered lIttle from that of ammomum sulfate In an expen

ment to evaluate alternatIve practIces for conventIOnal N fertIlIzer apphed to red pepper, the apparent effiCIency of 

morgamc SOlI N ImtIally aVailable to 15 cm exceeded that of broadcast ammomum sulfate N ThIs findmg suggested 

that the reSIdual morganic N m the surface 15 cm was only a fractIOn of the SOlI N aVailable to the crop The soIl 

orgamc N content was too small and stable for mmerahzatIOn to account for tlte N taken up Therefore, large 

quantItIes probably came from fixed ammomum N or from N retamed below the plow layer SImIlarly, quantItIes of 

soIl N taken up by Chmese cabbage and tomato were larger than expected Uptake of soIl N by the three crops 

ranged from 70 to 120 kg N/ha Because the control YIelds m these expenments were hIgh, YIeld responses to 

broadcast or banded N were comparatIvely small To adjust the N fertlhzer rate so that It IS near optImal, and 

therefore effiCIent, the morgamc N m the soIl profile must be accurately quantIfied 

Methods were developed to adjust the morgamc N fertIhzer rates to account for the N contnbutIons from crop 

reSIdues and orgamc wastes and for expected N recovery rates The method IS based on a mass balance, WIth 

estImatIons reqmred for each component of the balance developed from a syntheSIS of research conducted at AVRDC 

and elsewhere 

AVRDC contmued ItS quest for a small-scale hydropomcs system that performs productIvely m the tropICS A 

new verSIOn that uses coated fertlhzers and automated dnp IrngatIOn was developed and found promlsmg when 

evaluated WIth fresh market tomatoes and cherry tomatoes YIelds eqmvalent to 41 t/ha of the former and 30 t/ha of 

the latter were obtamed from the best treatments assessmg combmatIOns of water and fertIlIzer 
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Application of coated compound fertilizers to 
solanaceous frUit vegetables In the tropIcs 

Greater awareness about envIronmental Issues IS 

forcmg farmers to adopt more efficIent and enVIron

mentally sound technologIes to mmUllize chemIcal reSI

dues, such as pestICIdes and mtrate, that find theIr way 

to surroundmg envuonments AVRDC SCIentIsts have 

confirmed that III the tropICS at most 40% of mtrogen 

fertIlIzer applIed to solanaceous crops IS utIlIzed, and 

the rest IS leached out of fields Recently, several fertIl

Izer compames have succeeded m developmg coated 

fertIlIzers whIch release nutnents a preCIse rates ac

cordmg to soIl temperature and water tenSIOn Due to 

theu slow-release actIOn, even dIrect contact between 

these fertIlIzers and crop roots results m only mlmmal 

damage The goal of thIS project was to deSIgn a labor

savmg and envlronment-fnendly fertIlIzatIOn technol

ogy for solanaceous vegetable productIOn m the trop

ICS 

Three types of coated compound fertIlIzers WIth 

dIfferent dissolutIOn-penods, 70, 100, and 140 days, 

were applIed to tomato and chIlI pepper plants at three 

rates of applIcatIOn, 1 e , 110, 147 and 220 kglha m N, 

usmg two fertIlIzatIOn methods In the first method, the 

total amount of coated fertIlIzer necessary for the plants 

entIre growth penod was added to seedhng medIa In 

the second method, the fertIlIzer was apphed m the field, 

by spottmg, bandmg, or broadcastmg Hereafter, the 

first method, second method, and the AVRDC recom

mended fertIhzer applIcatIOn wIll be referred to as 

SMA, FA, and AR, respectIvely In all the treatments, 

except for AR, coated compound fertlhzers were used 

Seedlmgs whIch receIved 100-day and 140-day 

coated compound fertlhzers m theIr medIa dId not show 

growth retardatIOn due to the so-called salt effect, and 

produced about 1 5 tImes as much bIOmass as those 

plants that dId not receIve the coated fertIlIzer How

ever, applIcatIOn of 70-day type substantially retarded 
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seedlIng growth, and plants eventually dIed due to hIgh 

salt concentratIOn m the medIa 

SMA and AR produced sIgmficantly hIgher fruIt 

YIelds of tomato than dId FA (Table 1) These results 

lead us to two Important conclUSIOns (l) When coated 

fertIlIzer IS apphed to seedhng medIUm, half the amount 

offertIhzer (110 kglha) can produce tomato frUlt YIeld 

comparable to full apphcatIOn usmg conventIOnal fer

tIhzer (220 kglha) (2) For hIgh tomato YIeld, It IS pn

manly Important to achIeve ImtIal VIgorous plant 

growth FA produced less fruIt YIeld than dId SMA and 

AR, because (1) m the SMA method fertIhzer was ap

plIed one month earlIer than m the FA method, so the 

SMA seedlIngs were substantIally bIgger when they 

were transplanted to the field, and (2) although basal 

fertIlIzers were applIed at the same tIme usmg the FA 

and AR methods the coated fertIlIzer m the former 

started to dIssolve much slower than the straIght fertIl

Izer m the latter, resultmg m mitIal growth retardatIOn 

ChIlI pepper YIelds are summanzed m Table 1 

UnlIke tomato, there were no sIgmficant dIfferences 

among the treatments or among the groups The chIlI 

pepper was harvested one month later than tomato con

sequently, enough mtrogen mIght have been released 

from the coated fertIlIzer for the FA plants to catch up 

WIth the SMA and AR plants m terms of fruIt YIeld 

NItrogen budgetmg per plant IS summarIzed m 

Table 2 N balance can be expressed m the followmg 

equatIOn (N uptake + N left m SOlI) = (N added + N 

unknown) X + B Here, N unknown IS N sources other 

than fertIlIzer added, X IS absorptIOn coeffiCIent, B IS a 

constant relatmg to soIl N, etc To sImphfy the equa

tIon, N unknown IS at first calculated by subtractmg 

N added from the sum of N uptake and N left m soIl 

There was a sIgmficant dIfference between SMA and 

FA (Table 2) N unknown for SMA was seven-tImes 

hIgher than for FA The N unknown was most lIkely 

from the compost used as seedhng medIUm SMA seed

lIngs were raIsed m 650 ml of compost whIle FA seed-
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hngs were raIsed m 180 ml of compost Suppose N 

unknown does not change among the treatments withm 

the same group, and takes a constant value, hence can 

be replaced by a mean value (6 88 and 0 99 for SMA 

and FA, respectIvely) Thus, the reiattonship between 

them would be reduced to a Imear equatIOn wIth only 

one mdependent vanable, Y = AX + B The constants 

A and B were calculated by a least -square method and 

the best fit equatIOn was obtamed as Y = 0 85X + 0 99 

ResIduals agamst the predIcted Y became statIsti

cally sIgmficant between SMA-FA group and AR, and 

theIr values are 0350 0071, and -4 271, respectively 

ThIS mdicates that the coated fertIhzers gIVe nse to very 

tmy leachmg loss of mtrogen compared to the conven

tIOnal fertIhzers, such as ammomum sulfate and urea 

when apphed to a tomato field ThIS IS true m partICU

lar when coated fertIhzers are apphed m a seedhng 

medIUm Table 1 clearly shows that half an amount of 

coated fertlhzer can produce, at worst, a comparable 

Table 1 Yield of tomato and chili pepper under different 
fertilization methods 

Yield 
Fertilization N applied Tomato Chili pepper' 
methodb (kg/ha) (tlha) (tlha) 
SMA 110 1033 a 312 a 
SMA 147 798 b 325 a 
FA 147 805 b 312 a 
AVRDC 220 1020 a 301 a 

'SMA seedling media application of coated compound fertilizer 
FA field application of coated compound fertilizer 
AVRDC AVRDC recommended fertilization of straight fertilizer 

Table 2 N budget In different fertilizer application 
methods 

Fertilization N balance N unknown Resldualsb 

Crop method' (g/plant) (g/plant) (g/plant) 
Tomato SMA 185 b 688 a 035 a 

FA 025 b 099 b 007 a 
AVRDC 341 a 427 b 

Chili pepper SMA - 6 95 b 1033 a 189 a 
FA 462 b 534 b 165 ab 
AVRDC 138 a 271 b 

'SMA seedling media application of coated compound fertilizer 
FA field application of coated compound fertilizer 
AVRDC AVRDC recommended fertilization on tomato and chili pepper 
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YIeld achIeved usmg a full amount of conventIOnal fer

tIhzer 

Coated fertIlIzer was found to be as much as tWIce 

as effiCient as conventIonal fertIlIzer m terms of utIlI

zatIOn rate when apphed to solanaceous fruIt vegetables 

m a dry season In other words, apart from mmlmlzmg 

leachmg loss of eutrophled nutnents out of vegetable 

fields, coated fertIhzers mIght to a great extent, re

duce the total productIOn cost of vegetables 

AVRDC water-savmg hydroponics 

There IS great demand for safe and nutntIOus veg

etables m pen-urban areas SImple, less mtensive cul

tIvatIon technologIes are urgently needed to meet thIS 

demand AVRDC's non-circulatmg hydropomc system 

mIght be an answer 

A 30 cm x 200 cm x 20 cm contamer was con

structed out of polystyrene (FIg 1) A trough of nylon 

nettmg was suspended from two aIummum pIpes spaced 

10 cm apart and fitted along the mSIde top length of the 

box ThIS trough would hold the growth medIUm, about 

400 cc of peat moss per plant 

Macronutnents were apphed by coated compound 

fertIbzer (CCF) (N pp, ~O=14 12 14 Chlsso-Asahl 

Co Ltd) and dolomIte powder (Ca 30% Mg 22%, Fe 

11% B 02%) SImIlarly, micronutnents were added 

m the form of slow-releasmg coated fertIlIzer (Mn 

10 6%, B 4 0%, Zn 4 1 %, Cu 2 7%, Mmerass E Fnt, 

Ferro Enamal Ltd) AppbcatIOn rate for the coated fer

tIlIzer was determmed from a best-fit equatIOn for N 

absorptIOn by hydropomcally grown tomatoes About 

9 9 g N IS absorbed per plant 10 100 days so that the 

applIcatIOn rate of the CCF was set at 70 g/plant (N 

content of CCF IS 14 %) In the Basal" treatment all 

70 g of CCF was applIed as a basal fertIhzer m the 

mIddle layer of the medIUm, whIle III the "Basal + Top" 

treatment, 30 g of CCF was apphed as basal and 40 g 

was added m two top-dress apphcatIOns of 20 g each 

WIth a one-month mterval DolomIte was appbed sepa-
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rately at a rate of 15 g/plant as a basal and was also top

dressed at 40 days after transplantmg (DAT) Forty 

mllhgrams of mlcronutnent fertlhzer was applIed once 

as a basal applIcatIOn Water was supplIed by dnp lITI

gatIon A total of 210 ml of water was supplIed to each 

plant per day m the first two weeks Water supply was 

mcreased by about 40 ml and 100 ml for the "hmIted" 

and the "normal" watenng plots, respectIvely, at five 

weeks after transplantmg (WAT) Fmally, a total of 410 

ml and 340 ml of water was added to each plant per 

day m the "normal" and the "lImIted" plots respec

tIvely, at 7 WAT and afterward These levels were kept 

untIl the termmatIOn of the expenment 

Three-week-old seedlmgs oftwo tomato varIetIeS, 

a summer tomato lme CL5915-206, and a cherry to

mato, CHT154, were transplanted on 21 July 1997 to 

drip 

aluminum pipe (19 mm dla 

the peat moss medIUm m the hydroponIC contaIner m 

an AVRDC greenhouse 

The mlcrochmates outsIde and mSlde the contamer 

were as follows MaxImum aIr temperature m the green

house and InsIde the contamer were 41 and 32°C, re

spectIVely The temperature of the peat moss medIa went 

up to 31°C by around 1630 hours and the water whIch 

accumulated at the bottom of the contamer (1 to 2 em 

deep) rose to as hIgh as 40°C by around 1400 hours 

The first harvest of the cherry tomato vanety was 

conducted at 70 DAT There was no sIgnIficant dIffer

ence In the YIeld and YIeld components between the 

water treatments (Table 3) In the fertIlIzatIOn method, 

however, Basal + Top produced about 20 % hIgher YIeld 

than Basal only The mteractIOn between the water treat

ments and the fertIlIzatIOn was sIgnIficant ThIS mdI

cates that tomato growth IS strongly affected m thIS hy-

30 mmdla ho 

~,,--___ screw nail 

'--____ polyethylene lining 

~ ___ polyethylene form 

'-___ slow release fertilizer 

Fig 1 System construction for water saving hydropOniCs 
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dropomc system when water supply IS hmlted, whether 

all (70 g) or only a portIOn (30 g) of the coated fertIl

Izer IS applIed as a basal treatment When water was 

hmlted, the Basal + Top treatment produced hIgher 

YIeld, and the Basal plot produced lower YIeld No dIf

ference was observed, however, when water was sup

plIed at the Normal level 

The first harvest of summer tomato was conducted 

at 70 DAT UnlIke the cherry tomato, there was a SIg

mflcant dIfference m fruIt YIeld between water treat

ments' but not between fertIlIzatIon methods (Table 4) 

The Basal only plot WIth the Normal water supply pro

duced the hIghest YIeld, WhIle the Basal only plot WIth 

LImIted water supply produced the lowest YIeld The 

mteractIon between water treatment and fertIlIzatIOn 

method was also sIgmficant 

FruIt aCIdIty and soluble solIds (Bnx) were com

pared No sIgmficant dIfference could be observed m 

these mdlces between water treatments, whereas only 

the Bnx became statIstIcally sIgmficant between the 

fertIlIzatIOn methods It IS noteworthy that the Bnx 

values of the cherry tomato exceed 85m all the treat

ments The Bnx of thIS hne grown m the field seldom 

exceeds seven 

Blossom end rot (BER), usually a problem m non

clrculatmg hydropomc productIOn of summer tomatoes, 

was neglIgIble m the Normal plot YIeld was 1 5 tImes 

hIgher than targeted for at 70 DAT The summer tnal 

YIelded between 60 and 70 t/ha m four months Thus, 

thIS enVIronment fnendly, water- and labor-savmg hy

dropomc system could help overcome the problems 

assocIated WIth hIgh temperatures m summer tomato 

productIOn to achIeve hIgh YIeld and hIgh quahty 

Management to Increase recovery and utIlizatIon 
effICIency of inorganic N by vegetables 

N effiCIency can be mcreased by matchmg the 

aVailabIlIty pattern of fertlhzer N wlth the uptake pat

terns of crops PartIcularly m the wet season, mtrate 

Table 3 Effect of water supply and fertilization on Yield and quality of cherry tomato 
Total frUit Average 

Treatment number frUit wt Total Yield" ACidity 
(X 1000/ha) (g) (tlha) (% cltnc aCid) 

Main plot Water supply 
Normal 4755 a 595 a 273 a 035 a 
Limited 4293 a 573 a 261 a 033 a 

Sub plot Fertilization 
Basal 4,280 a 548 a 235 b 033 a 
Basal+Top 4768 a 620 a 298 a 035 a 

a Plant population IS calculated as 71 429 plants per ha 
b Mean separation Within column by DMRT at p = 0 05 

Table 4 Effect of water supply and fertilization on Yield and quality of fresh market tomato 
Total frUit Average 

Treatment number frUit wt Total Yield" ACidity 
(X 1000/ha) (9) (tlha) (% cltnc aCid) 

Main plot Water supply 
Normal 634 a 
Limited 518 a 

Sub plot Fertilization 
Basal 586 a 
Basal+Top 566 a 

a Plant population IS calculated as 71 429 plants per ha 
b Mean separation Within column by DMRT at p = 0 05 
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616 a 410 a 025 b 
580 a 290 b 033 a 

613 a 361 a 029 a 
583 a 340 a 029 a 

Soluble 
solid b 

(Bnx) 

88a 
89a 

86b 
91 a 

Soluble 
SOIldb 

(Bnx) 

56b 
66a 

60a 
61 a 
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leachmg or demtnficatIOn promoted by excess so11 

water contnbute to mefficiency 

NItrogen deficIenCIes dunng early growth are more 

detnmental to speCIes such as Chmese cabbage than to 

others such as red peppers Compared to red pepper, 

Chmese cabbage has httle opportumty to compensate 

for an early defiCIt Moreover, N remammg m the soIl 

from the prevIOUS crop affects early growth of the fol

lowmg crop Regardless of the compensatory nature of 

the speCIes, the quantIty of morgamc N m the soIl at 

plantmg should be conSIdered when N rates are deCIded 

Three dry season CDS) expenments compared early 

N management (form rate placement, starter solutIOn) 

In field expenments on Chmese cabbage and tomato, 

mitIal soIl morgamc N was <10 mg/kg, but It ranged 

from 20 to 60 mg/kg m a red pepper expenment Other 

than the pre-plant N treatments, management practices 

(mcludmg N topdressmgs) for these expenments were 

those commonly followed at AVRDC 

In all expenments, It was eVIdent that the soIl sup

phed N m quantities that exceeded the mitIal morgamc 

N (lIN) plus that whIch could be mmeralIzed from or

gamc matter dunng crop growth Estimates of the quan

tIties of N obtamed from the soIl by red pepper, ChI

nese cabbage and tomato were 90, 70, and 120 kg NI 

ha respectively For all crops m these expenments, It 

was eVIdent that the soIl supphed N m quantities that 

exceeded the lIN plus that whIch could be mmerabzed 

from orgamc matter dunng crop growth 

Only Chmese cabbage exhIbIted benefits from 

starter N The benefiCIal effects of starter N (4 4 kg NI 

ha apphed m solutIOn to the transplanted seedlmgs) and 

banded basal N on Chmese cabbage are eVIdent m 

FIg 2 The starter and banded effects were largely ad

dItive (1 e , starter N dId not substitute for banded basal 

N) Regardless of applIcatIOn method, large quanttttes 

of morgamc N were detected m the soIl at harvest and 

the concentratIOns mcreased WIth N rate 
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Early m the tomato expenment, VIruses mfected 

many plants (FIg 3) The percentage of rogued plants 

was greatest m the dIrectIOn of the prevaIhng wmd 

(from the north) The effect of plant denSIty used m an 

analYSIS of covarIance on frUIt YIeld, IS apparent m 

FIg 4 Starter N had no effect and preplant broadcast 

and banded N had only mmor effects on tomato YIelds 

(FIg 5) 

Red pepper YIelds were sIgmficantly related to lIN 

The dashed portIOn of the Yield response functIOn m 

FIg 6 reveals that red pepper took up a large quantity 

of lIN The response to lIN was three-fold the response 

to broadcast N (FIg 7), though responses were expected 

to be equal 

Three wet season (WS) expenments compared 

controlled release fertIhzers (CRF) Heavy ramfall and 

ImgatIOn (purposely appbed III excess) created condI

tIOns Ideal for mtrate leachmg and demtnficatIOn 

Ammomum sulfate (AS) was applIed at rates up 

to 240 200, and 240 kg N/ha m the first and second 

Chmese cabbage, and eggplant expenments, respec

tively Two rates of two CRFs were applIed m the first 

Chmese cabbage and m the eggplant expenments (FIgS 

10 and 12) In the second Chmese cabbage expenment, 

combmatIOns of formulations deSIgned to release m 

synchrony WIth N uptake by Chmese cabbage were 

tested 

The mtensity of ram fall + ImgatIOn (R+I) dunng 

the first CRF expenment, mdicated by the dates and 

quanttttes (mm/day) m FIg 7, was representattve of the 

mtensltles m the otherWS expenments Total R+I was 

714, 538, and 1380 mm on the first and second ChI

nese cabbage and the eggplant expenments, respec

tIvely Inorgamc N release patterns of the five CRF for

mulatIOns are shown m FIg 9 

Cumulattve N aVailabIlIties from CRF were pre

dommantly lmear functIOns of cumulative degree days 

No CRF formulatIOn was supenor to AS as measured 
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by YIeld response (FIgS 10 to 12) The YIelds of the 

four CRF treatments m the eggplant expenment fell 

almost exactly on the AS response curve (FIg 12) 

Responses to CRF-N were more vanable m the 

Chmese cabbage expenments (FIgS 10 and 11), per

haps because a close synchrony between release and 

uptake IS harder to achIeve for a crop that IS harvested 

after only 40 to 50 days When band-applIed to AVRDC 

sOIls, AS IS probably an efficIent wet-season fertIhzer 

because the combmatlOn of bandmg and ammomum 
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fixatlOn protects N from rapId mtnficatlOn and there

fore from leachmg and demtnficatlOn 

An N balance equation to determme N fertilizer rates 

Nutnent management efficIency can be Improved 

bv usmg balance equatlOns of the form M = ~M x 
crop org 

e + ~ x e + M
f 
x e

f
, where M IS a nutnent (kglha), 

org In 10 

and subscnpts crop, org, m, and f refer to the crop re-

qUIrement, the sOIl and waste organIc nutrIent supphes 

soIl morganic and fertIlIzer morgamc nutnent supphes, 

respectively The denommators are nutnent recovery 

rates To use the equatlOn to Improve N management 

for a crop, N must be estimated Furthermore, the crop 
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tIme course of uptake IdentIfies the growth stage of the 

crop at WhICh the uptake rate of N IS maXImum The 

estImated dIfference between ~N x e + ~ x e ore org 10 In 

and N IS the reqUIrement from morgamc fertIhzer 
crop 

(N
f 
x e

f
) To calculate the fertIhzer rate (N

f
), e

f 
must be 

estImated The followmg sectIOns were abstracted from 

draft sectIOns of a manual on fertIhty management for 

vegetable crops 

To develop relatIOnshIps between nutrIent uptake 
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Fig 7 Coefficients from regressing cumulative 
red pepper Yields on Initial sOil inorganic 
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and YIelds, data from AVRDC expenments and pub

hshed reports were compIled For each crop functIOns 

were estabhshed to relate economIC YIelds to total N 

uptake To estImate e, a SImple method appropnate for 

vegetables was developed 

FunctIOns of economIC YIeld (dry basIs) versus N 

uptake by tomato, pepper, and eggplant, are shown m 

FIg 13, and common cabbage, Chmese cabbage, and 

leaf vegetables are shown m FIgS 14 to 16, respectIvely 

WIth the exceptIon of the Chmese cabbage, the data 
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represent wIde envIronmental dIstnbutIOns The bot

tom functIOn (sobd) shows average relatIOns, the top 

functIOn (dashed) shows the efficIent frontler and the 

mIddle functIOn (dotted) shows a relatIOn regarded as 

effiCIent but not nsky 

The tlme course of N uptake for a hIgh-YIeld1Og 

common cabbage crop IS shown 10 FIg 17 Roman nu

merals deSIgnate growth stages (GS) The dally N up

take rate dunng GS III was 4 2 kglha SImIlar figures 

are presented for other specIes 10 the manual P and K 

uptake parallel N uptake The average ratIO of P to N 
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Fig 10 Mean Yields from the first wet season 
Chinese cabbage experiment 

SC = CRF applied 10 pol only 
A + SB = CRF applied 10 pol and SOIl 
AS = ammonium sulfate 

(values are rales In kg N/ha) 

A+SB 150 N A+SB-200 N CKON 

Fig 11 Mean Yields from the second wet season 
Chinese cabbage experiment 
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250 

uptake IS 1 0 15 The ratIO for K exhIbIts large vana

tIOn wIth10 a speCIes Nevertheless, a ratio of 1 1 2 ap

pears to be appropnate for tomato and leafy vegetables, 

and 1 1 appears appropnate for other crops 

For vegetables, e
f 
generally decreases as N rate 10-

creases The relatlon IS hnear over much of the N ap

plIcatIOn range (FIg 18) When exceptlDns to lIneanty 

occur, e
f 

remams constant over the 10ItIal segment of 

the response functIOn, but subsequently decreases as N 

rate 10creases The po1Ots that locate the e
f 
functIOn 10 

fig 6 are apparent N recovenes The calculated recov-

50 
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Fig 12 Mean Yields from the wet season eggplant 
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enes are plotted and the functlon IS drawn For veg

etables, er at hIgh N rates are most relevant The N up

take pomts for figures, such as those m FIg 18 can be 

estlmated from YIeld responses to fertIlIzer rates and 

YIeld-uptake functIOns (as m FIgs 13 to 16) as well as 

calculated dIrectly from tIssue N concentratIOns and 

dry weIghts of plant parts 

FunctIOns of er versus N applIed are dependent on 

soIl propertIes, clImatIc factors, N source and man

agement practIces (mcludmg lITIgatIOn and dramage 
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Fig 15 Chinese cabbage head Yield (dry) versus 
N uptake 

practIces) N rate versus errelatIons for the tYPICal phYSI

cal condItIOns and productIOn practIces WhICh occur m 

a Resource Management Domam (RMD) are reqUIred 

for general use 

For example, the more skIllful cabbage farmers m 

an RMD obtam YIelds of 70 tlha At 8% dry matter, 

N IS about 240 kg Nlha (from the equatIOn In FIg 14) crop 

The i1N e for the RMD, entIrely from soIl OM, IS 
org a 

estImated by other methods to be only 40 kg Nlha When 

the precedmg crop IS maize, L1Nje, IS 20 kg Nlha, when 
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the precedmg crop IS mungbean It IS 70 kg Nlha, both 

expressed as NItrogen FertIlIzer EqUIvalents (NFE) For 

Ncrop = 240 kg Nlha, e f IS about 0 6 kgfkg If the preced

mg crop IS maIze, the N
f 
reqUirement IS 310 kg/ha, If 

the precedmg crop IS mungbean, It IS 260 kg/ha From 

FIg 17, It IS reasonable to expect that the most effi

CIent recovery would be attamed by N applIcatIOns of 

25 to 30% at plantmg WIth the balance sIdedressed early 

m GS II, and the remamder about one-thIrd of the way 

mto GS III 

About 130 kg Nlha from the fertIlIzer + reSIdual 

NFE would not be recovered By resortmg to tables 

and equatIOns m the manual, the approXImate quantIty 

ofN aVaIlable for the followmg crop can be determmed 

The N harvest mdex for cabbage IS about 58% and 

therefore, about 100 kg Nlha taken up by the crop WIll 

be recycled m the crop reSIdue If It IS mcorporated The 

crop reSIdue WIll decompose rapIdly, releasmg N m the 

process The estImated quantItIes of reSIdual N fertIl

Izer and N recycled released from the reSIdue can be 

used to adjust the N rate for the next crop 

Effect of raw and composted crop reSidues and 
ammal wastes on N availability 

Methods of estImatmg the M and M f x e
f 
terms 

crop 

of an N balance equatIOn were descnbed above Meth-
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Fig 18 N uptake by cabbage and et versus N 
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ods to estImate M x e and M x e are summanzed 
org 0 m I 

here for N The methods are based on research con-

ducted m recent years at AVRDC as well as on meth

ods ab~tracted from hterature, partIcularly from publI

catIOns that descnbe the modelIng of soIl N processes 

The ~N x e term m the balance descnbed prevI-m I 

ously IS probably the most dIfficult to quantIfy The 

best (but usually ImpractIcal) procedure IS to sample 

the SOlI to the expected depth of effectIve root growth, 

and extract Nm chemIcally For the equatIOn, 1 kglha of 

extracted Nm IS approxImately eqUivalent to 1 kg mor

gamc fertIlIzer Nlha An alternatIve procedure IS to es

tImate the quantIty of unrecovered N from the preVI

OUS crop (and the mmerahzatIOn of soIl or reSIdual or

gamc N If the preplant fallow penod IS lengthy), and 

use equatIOns m the manual (accompamed by tables 

and figures) to determme If demtnficatIon or leachmg 

WIll have caused sIgmficant N loss These calculatIOns 

WIll mdicate the SIze of ~Nm' as well as suggest If strat

egIes to reduce losses due to leachmg or demtnficatIon 

would be benefiCIal 

N represents several orgamc N sources mclud-org 
mg the N m young and old SOlI orgamc fractIOns Con-

tnbutIOns can be estImated by equatIOns (used for plot

tmg FIg 19) or from a table Several tables summanze 

the typIcal nutnent contents of other Norg sources crop 

reSIdues, green manures, agncultural wastes, and to a 

lesser extent, other wastes GIven the charactenstIcs 

and hIstory of each source and quantIty to be applIed 

(or that has been apphed If reSIdual contnbutIOns ex

tend to several crops) Norg can be estImated To estI

mate ~Norg durmg the crop (and pre- and post-crop fal

low penods), C and N mmerahzatIOn are calculated as 

functIOns of C compOSItIon and CN ratIO FIgure 20 

contrasts N mmeralIzatIOn rates for matenals WIth nar

row CN ratIos but diffenng C COmpOSItIOn A k-rate of 

00001 d 1 represents a very slowly decomposable 

(hIghly humified) source of C A k-rate of 005 d 1 rep

resents an easdy decomposable C source N m veg-
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etable crop resIdues and green manures, composed of 

readdy decomposable C WIth a narrow eN ratIO mm

erahzes so rapIdly that ItS release IS concentrated well 

before the dady uptake reqUIrement for most crops IS 

maXImum (FIg 21) FIgure 22 IS representatIve of a 

rapIdly decomposmg matenal 

MmerahzatlOn from matenal WIth eN ratIOS m the 

range of 20 to 24 IS SO slow that dally rates are too 

small to be major sources of N for a crop even dunng 
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z 

GS III When the CN ratIO IS WIder than 24, N ImmobI

hzatlOn occurs, usually for a bnef penod After the 

ImmobIlIzatIOn phase however, N mmerahzes slowly, 

moreover some of the mmerahzed N IS prevIOusly 

Immoblhzed sod N or fertIlIzer N A method to estI

mate the quantIty of N fertIlIzer reqUIred to offset the 

YIeld depressmg effect of N ImmoblhzatlOn IS descnbed 

m the manual 
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taIn very slowly decomposIng forms of C Although 

the dally N mInera1izatlOn rate of each application IS 

small (FIg 20), the accumulated resIduals Increase the 

average daily rate (FIg 23) But because mmerahza

tlOn proceeds regardless of the presence or absence of 

a crop, exceSSIve accumulatlOns of resIdual compost N 

should be avoIded Long Idle pen ods between crops 

should be mInImIZed ComputatlOnal methods are de

scnbed In the manual as are methods for selectIng k

rates for C for dIfferent sources 

N release rates from lIvestock manures range from 

rapId to slow, dependmg on ammal specIes and other 

factors The substantIal InOrganIC N plus urea-N In fresh 
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Fig 23 Estimated dally N mineralization from mature 
compost Incorporated at 123 day Intervals, 
each application containing 333 kg N/ha 
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manure IS aVailable upon IncorporatIOn The aVaIlabIh

ties of N In old manures, however, are reduced because 

C undergoes partIal humificatIOn dunng storage, more

over, some accumulated InOrganIC N IS lost The curves 

In FIg 24 were denved from values pubhshed for the 

USA by assumIng that the annual cumulatIve degree 

days In the tropICS IS 3650°C greater than m temperate 

USA and that the QIO for mInerahzatlOn IS 2 The use 

of manure coeffiCIents In the balance equatIon IS de

scnbed In the manual, as are methods to confirm coef

fiCIent vahditIes for local sources and condItIons 

N recovery from ~Norg (1 e , eo)' IS SImIlar to e f for 

an eqmvalent quantIty of N
f

, prOVIded that seasonal 

availabIhtIes are SImIlar To the extent that they are not, 

the eo must be adjusted 
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Overcoming Seasonal Stresses of Production 

The mam constramts on summer vegetable productIOn are hIgh temperatures, floodmg, and associated msect 

and dIsease problems To address these constramts, approprIate management of crop soIl, and water should be 

practIced for more sustamable and economIcally viable vegetable productIOn dunng hot and humId summer months 

ThIS project alms to develop mtegrated technologIes to overcome these seasonal stresses InnovatIve techmques as 

well as tradItIOnal techmques, are assessed fOf thelf effectIveness 

In 1997, the susceptIbIlIty of tomato plants to floodmg damage was assessed at dIfferent growth stages, and the 

value of graftmg tomato SCIOns on eggplant rootstock was evaluated Younger plants were found to surVIve floodmg 

better than plants flooded at at a later growth stage And tomato plants grafted onto eggplant rootstock showed 

convmcmg survIvabIlIty after floodmg As for cultural practIces to mimmize bactenal wIlt (BW), the effect of soIl 

amendments, mcludmg varIOUS orgamc materIals, such as tea leaf and bulb omon powder, was tested 

Graftmg to mimmize BW damage was studIed Three kmds of graftmg combmatIOns were tested, Ie, tomato

tomato tomato-eggplant, and eggplant-eggplant, usmg several entnes of SCIOns and rootstocks The extent of reSIS

tance to BW was clanfied for tomato and eggplant rootstocks and the susceptIbIhty to BW was also found sIgmfi

cantly dIfferent between dIfferent SCIOn~ grafted to the same rootstock entry 

MinImIZing bacterial WIlt damage by grafting 

Bactenal wIlt IS a devastatmg dIsease of solana

ceous vegetables m the humId tropICS Graftmg onto 

resIstant rootstocks has proven to be an effectIve and 

economIcally vIable means to control the dIsease ThIS 

project screened promlSlng rootstocks for resIstance to 

BW, compatIbIlIty between SCIOn and rootstock, and 

the off-season YIeld of tomato and eggplant 

Three kmds of graftmg, Ie, tomato-tomato, to

mato-eggplant, and eggplant-eggplant, were studIed 

Tomato vanetIes FMTT22 and Known You 301 (KY 

301), and eggplant varIetIes Bnde and Pmgtung Long, 

Table 1 Mortahty and Yield of tomato plants with different tomato rootstocks 
Mortality (%) FrUit Yield (t I hal 

SCions Mean of SCions Mean of 
Rootstocks FMTT22 KY301 rootstocks· FMTT22 KY301 rootstocks· 
HawaII 7996 1 5 255 135 a 867 395 632a 
BF Okltsu 101 00 565 283 b 907 195 552 a 
BL 1004 14 775 395 b 795 221 509 ab 
CRA66 130 905 518 bc 763 85 424 b 
BL 989 180 945 563c 667 53 360 bc 
L 180 260 935 598 c 525 149 339 c 
Non grafted 825 1000 913 d 197 00 99d 
Mean of sCions 204 a 769 b 675 a 157 b 

Significant levelb Significant levelb 

SCion Rootstock SCion X Rootstock SCion Rootstock SCion X Rootstock 
*** *** *** *** *** ** 

• Mean separation Within column by DMRT at p = 0 01 
b ** and ••• stand for the Significant level of p = 0 01 and 0 001 respectively 
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were selected to supply SClOns SImilarly, SIX vanetIes 

of tomato and eggplant were selected as rootstocks A 

splIt plot desIgn was adopted wIth two replIcatlOns, wIth 

entnes for SClOn as the mam plot and entnes for root

stock as the subplot The expenmental field was macu

lated by mIxmg chopped, mfected tomato seedlIngs mto 

the soIl 

For tomato-tomato graftmg, the best rootstock was 

Hawan 7996 m terms of survIval rate and fruIt YIeld 

ThIS was followed by BF Okltsu 101 and BL 1004 

Other entnes dId not show enough reSIstance to BW 

(Table 1) When FMTT22 was used as SClOn on the 

above-mentlOned three rootstocks, there was vIrtually 

no BW damage SurvIval rate ofKY 301, however, was 

75% at most, even though It was grafted onto a hIghly 

reSIstant rootstock, Hawan 7996 DIfferences m mor

talIty strongly mdicate that reSIstant rootstocks cannot 

prevent the bactenal pathogen from mvadmg the root

stock tIssue and movmg to the grafted SCIon through 

the splIce For tomato-eggplant graftmg, the best egg

plant rootstock was EG 203, followed by EG 190, and 

EG 197 The other entnes showed unsatisfactory reSIS

tance to BW (Table 2) DIfferences between SCIons were 

not sIgmficant WIth regards to mortalIty, but were SIg

mficant WIth regards to YIeld (FMTT22 > KY301) 

Table 2 Mortality and Yield of tomato plants With different eggplant rootstocks 

Rootstocks 
EG 203 
EG 190 
EG 197 
TS64 
EG220 
EG202 
Non-grafted 
Mean of sCions 

Mortality (%) Fruit Yield (tl ha) 
SCions Mean of SCions 

FMTT22 KY301 rootstocks' FMTT22 KY301 
9 7 35 5 22 6 a 45 9 17 3 

47 9 50 7 49 3 b 38 4 15 5 
50 0 56 4 53 2 b 35 7 13 1 
69 1 87 1 78 1 C 20 0 8 8 
80 1 98 3 92 7 C 14 1 2 9 

1 00 0 1 00 0 100 0 C 5 3 0 5 
1 00 0 1 00 0 100 0 C 6 1 0 0 
662 a 754 a 237 a 83 b 

Significant levelb Significant levelb 

Mean of 
rootstocks' 

315 a 
269 ab 
245 b 
144c 
85 cd 
29d 
29d 

SCion Rootstock SCion x Rootstock SCion Rootstock SCion x Rootstock 
ns *** ns 

a Mean separation Within column by DMRT at p = 0 01 
b *** stand for the Significant level of p = 0 001 

*** *** ns 

Table 3 Mortality and Yield of eggplant plants With different eggplant rootstocks 
Mortality (%) FrUit Yield (tlha) 

SCions Mean of SCions Mean of 
Rootstocks Bnde Pmgtung L rootstocks' Bnde Pmgtung L rootstocks' 
EG 203 65 49 57a 880 695 788 a 
EG 190 275 65 17 0 ab 860 685 77 3 a 
TS64 590 371 484 bc 655 600 628a 
EG 197 596 452 524 c 580 535 558 ab 
EG220 967 936 952 de 11 0 100 105 cd 
EG202 1000 1000 1000 e 00 00 OOd 
Non Grafted 968 304 636 cd 65 675 370 bc 
Mean of sCions 638 b 454 a 450 a 470 a 

Significant levelb Significant levelb 

SCion Rootstock SCion X Rootstock SCion Rootstock SCion X Rootstock 
** *** ns ns *** * 

a Mean separation Within column by DMRT at p = 0 01 
b' ** and * •• stand for the Significant level of p = 0 05 0 01 and 0 001 respectively 
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T-omato fruIt YIeld m tomato-eggplant grafts was lower 

than YIelds from tomato-tomato grafts 

For eggplant -eggplant grafts, the best rootstock was 

EG 203 m terms of survIval rate and fruIt YIeld EG 

190 was also resIstant to BW TS 64 and EG 197 were 

moderately tolerant, and other entnes were susceptible 

to BW (Table 3) Graftmg onto susceptible rootstocks 

mcreased mortalIty Non-grafted Pmtung Long showed 

30% mortalIty, however, mortalIty was 100 % when It 

was grafted onto EG 202 rootstock, and 94 % onto EG 

220 rootstock In eggplant-eggplant grafts, dIfferences 

between SCIOns were sIgmficant wIth regard to mortal

Ity (Bnde > Pmtung Long), however, It was not sIgmfi

cant WIth regard to YIeld 

The best eggplant rootstock was EG 203, followed 

by EG 190, for both tomato and eggplant graftmg 
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Management of Insect Pests and Plant Diseases 

Insect pests and plant dIseases are major economIC constramts m vegetable productIOn m the tropIcs and sub

tropICs In addItIOn to usmg host-plant resIstance AVRDC IS developmg technologIes whIch emphasIze combmed 

bIOlogIcal control, cultural control, the use of sex pheromones, and mmimal use of chemIcal pestIcIdes ThIS mte

grated approach to control pests and dIseases IS the keystone of AVRDC's mtegrated pest management (IPM) tech

nology BesIdes bemg sustamable, the approach sIgmficantly reduces productIOn costs and makes avaIlable to con

sumers good quahty vegetables At the same tIme, It reduces the nsk that chemIcals pose to humans and the envIron

ment 

AVRDC's IPM research has focused mamly on the control of dIamondback moth (DBM), Plutella xylostella, a 

destructIve pest of crucIfers m the cool-dry season Dunng the last few years however, the control of assocIated 

msect pests m the hot-wet season has also been studIed and technologIes to combat the whole crucIfer pest complex 

have been sought In addItIon research was mitIated to combat armyworms, Spodoptera eXlgua and S laura, and 

omon thnps Thnps tabaCl The IMP technologIes mclude, m most cases, the use of parasItes, predators, sex phero

mone, bIOlogIcal InsectIcIde based on BaCIllus thunnglensls and mInImUm use of chemIcal pestiCIdes 

AVRDC has emphasIzed the use of sOlI amendments whIch have shown promIse In reducIng populatIOns of sOlI 

pathogens, antagomstIc microorgamsms combIned wIth crop rotatIOn practIces, and the use of moderately resIstant 

cultIvars to control economIcally Important plant dIseases, such as bactenal WIlt (BW) and fusanum wIlt (FW) 

These dIseases are major problems m solanaceous crops and other Important crops m the tropICS 

(ActivIties related to management of msect pests and plant dIseases are descnbed In several other sectIOns of 

thIS book In partIcular, see the sectIOns dealIng wIth crop Improvement) 
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Control of tomato bacterial wilt with endophytiC 
antagonistic bacteria 

Microorgamsms used as plant dIsease bIOcontrol 

agents usually colomze plant surfaces when express

mg theIr antagomsm (epIphytic antagomsts) ApplIca

tIOn of epIphytIc antagomsts has several dIsadvantages, 

among these, successful applIcatIOn m the greenhouse 

cannot be transferred dIrectly to the field, and fermen

tatIOn and formulatIOn for mass-productIOn are neces

sary for large-scale applIcatIOn Recently m Japan It 

was demonstrated that effectIve control of sOlI-borne 

dIseases can be achIeved m the field by applymg endo

phytIC antagomstic bactena (EAB) dIrectly through 

cuttmgs Only a small amount of EAB IS reqUIred for 

thIS applIcatIOn and EAB can colOnIze well mSIde the 

plant and avoId competItIOn WIth soIl microorgamsms 

BlOlogical control of tomato BW usmg aVIrulent 

Ralstoma solanacearum (Rs) mutants or epIphytic an

tagomsts has been studIed However, no successful 

cases have been reported m field applIcatlOn In thIS 

study, we have shown successful apphcatIOn of the Japa

nese model m Isolatmg and screenmg potentIal EAB 

for controllIng tomato BW caused by Rs 

Samples of nme soIls were collected from Mtaoh, 

Yulm, TaIchung, Taman, Kaohsmng, and Pmgtung m 

Taiwan Stram PS95 (race 1, bIOvar 3) of Rs was used 

to mfect each soIl, at about 107 cfulg of aIr-dned soIl 

Hypocotyl-cuttmgs of 14-day-old tomato seedlIngs or 

28-day-old seedlIngs of Farmers 301 (susceptIble to 

BW) were planted m each mfested soIl Stem tissue of 

Table 1 AntagOnistic effect of endophytic antagonistic bacteria on the growth of R solanacearum and the development of 
bactenal Wilt on tomato 

Strain 
K81 
EA24 
KA41 
GL48 
A125 
A105 
J1 4 
CK 

NAlKB/PDA" 
001 321 OOb 
001 1531 128 

1581 2301 63 
11 31 001 139 
101/188/187 

581 163/128 
001 1441 00 

Exp 1 
453dCDe 
420 CD 
633 AB 
697 A 
373 D 
617 AB 
553 BC 
740 A 

Disease Index (%)C 
Exp 2 Exp 3 
573 CD 272 DE 
477D 333CDE 
665 BC 237 E 
872A 497 B 
66 1 BC 39 4 BCD 
667 BC 467 BC 
723 B 707 A 
859A 540B 

a Inhibition m the growth of R so/anacearum displayed on NA King s (KB) and PDA media 
b Diameter (mm) of clear zone means of four replications 

Exp 4 
379 DE 
588BC 
500 C 
300 E 
753A 
483CD 
587 BC 
680AB 

C Disease mdex recorded 28 days after maculation follOWing the Winstead & Kelman system Temperature ranges (mean max Imln ) of the four expen 
ments were 30 5/21 6°G (Exp 1) 328/22 9°G (Exp 2) 284/19 4°G (Exp 3) and 28 0/28 OoG (Exp 4) 

d Means of three replications 10 plants per replication 
e Means followed by the same letter are not Significantly different DMRT p = 0 05 

Table 2 Companson of different application methods for endophytiC antagonistic bacteria on their control efficacy of bacterial 
Wilt of tomato 

Strain 
K81 
EA24 
KA41 
A105 
CK 

Hypocotyl cutting 
44 3b C C 

483BC 
533 B 
520 B 
773A 

Disease Index (%) 
SOlllnfestalion Seed bacterization" 

393 B 153 B 
473AB 193B 
280 C 213 B 
453AB 567 A 
563A 523A 

Root dipping 
193AB 
223AB 
143 B 
120 B 
277 A 

"The Inilial coated concentrations (cfu/seed) With strains K81 EA2-4 KA41 and A10 5 were 135 x 107 290 X 106 630 X 105 and 196 x 106 

respectively 
b Means of disease indices recorded 28 days after inoculation of three replications With 10 plants per replication 
C Means followed by the same letter are not Significantly different DMRT p = 0 05 
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the survIvmg plants was collected, surface--;tenhzed, 

and ground m order to Isolate EAB Bactenal strams 

wIth dIfferent colony morphology were punfied and 

tested for theIr antagonIstlc effect agamst Rs on PDA, 

NA, and Kmg's B medIa 

Hypocotyl cuttmgs of 14-day-old tomato seedhngs 

of Farmers 301 were soaked m suspensIOns of each 

EAB (l08 cfulml) for 30 mmutes rerooted m peat moss 

for 14 days, then transplanted to pots contammg m

fested sOlI AVRDC field soIl (sandy loam pH 63) was 

collected and mfested wIth PS95 (l07 cfu/g of au-dned 

soIl) for the pot tnals Symptom~ of BW were recorded 

every week The tnal was repeated four tImes to evalu-

ate the stabIhty of control of each EAB To gam mfor

matlon necessary to modIfy the EAB apphcatIOn 

method, effect of plant age, soakmg penod, and con

centratIOn of EAB suspenSIOns were studIed usmg four 

selected EAB strams m pot tnals To select the sUItable 

plant age, hypocotyl-cuttmgs were made from 7- 10-, 

13-, 16-, and 19-day-old tomato seedhngs of Farmers 

30 I and treated WIth mdividual EAB strams Cuttmgs 

of 14-day-old seedlmgs were soaked m suspensIOns of 

each EAB stram for 1,6, 12, 18, and 24 hours to deter

mme the most sUItable soakmg penod SuspensIOns of 

each EAB stram at concentratIOns of 1010,108, and 106 

cfulml were prepared to compare theIr control effect 

Table 3 Effects of seed and root treatments With aVIrulent Fusarium oxysporum and fungal antagonistic bacteria on fusarium 
Wilt expression In field grown tomatoes 

Test 1 October 1996 to March 1997 at AVRDC 

Blocontrol agent Application methodb 

A 1 aVlr Fo 
A1,avlrFo 
A 2, aw Fo 
A 2 aVir Fo 
B 1 aVlr Fo 
B 1 aw Fo 
FP, antag bacterium 
FP antag bacterium 
DP 2 antag bacterium 
DP 2 an tag bacterium 
None (control) 

seed+drench 
seed 
seed+drench 
seed 
seed+drench 
seed 
seed+drench 
seed 
seed+drench 
seed 

Test 2 May to July 1997 at AVRDC 

Blocontrol agent Application methodb 

A 1 aVlr Fo seed+drench 
A 1 aw Fo seed 
A 2 aVir Fo seed+drench 
A2 aVlr Fo seed 
B 1 aVlr Fo seed+drench 
B 1 aVlr Fo seed 
FP antag bacterium seed+drench 
FP antag bacterium seed 
DP 2 antag bacterium seed+drench 
DP 2 antag bacterium seed 
None (control) 21 ab 

5wk 
19 ab 
11 b 
28 a 
22 ab 
22 ab 
22 ab 
16 ab 
19 ab 
27 a 
16 ab 
43 ab 

Disease inCidence (%)C d 

17 wk after transplanting 
58 cd 
66 a d 
68 a d 
76 abc 
71 ad 
75 a d 
70 a d 
59 bed 
55d 
75 ad 
83 a 

Disease inCidence (%)C d 

7wk 9 wk 13 wk 
33 ab 50 ab 67 abc 
22 b 45 ab 72 abc 
47 a 61 a 80 a 
42 ab 61 a 77 abc 
36 ab 44 ab 70 abc 
34 ab 40 ab 69 abc 
25 ab 44ab 72 abc 
38 ab 49 ab 71 abc 
41 ab 52 ab 69 abc 
39 ab 45 ab 60 abc 
63 a 79 ab 

a 100 g of sOil Infested With 104 CFU of F oxysporum f sp Iycopers/c/ (Isolate Fo/23 race 2) were placed In the bottom of each transplant hole 
b Seed were Immersed In COnidial (106 spores/ml) or bactenal (107108 CFU/ml) suspensions In 1%carboxy methyl cellulose for 1 hr and then air dried 

before sowing roots of seedlings were drenched With 5 ml/plant of COnidial or bactenal suspensions In water 3 days pnor to transplanting to the field 
c Disease seventy based on the percentage of plants expressing fusanum Wilt symptoms on the date of evaluation 
d Means separation DMRT p < 0 05 
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Three other methods for applymg EAB were compared 

wIth the hypocotyl-cuttmg method (1) root soakmg m 

EAB suspenSlOns (108 cfulml) for 12 hours before trans

plantmg, (2) seed coatmg wIth EAB suspenslOn m 1 % 

methykellulose for one hour followed by drymg, (3) 

sOlI mfestmg wIth EAB suspenslOn (l08 cfu/ml) m a 

10 1 ratIo (w v) 

A total of 208 strams of potential EAB were ISO

lated TheIr effectIveness m controllmg BW was evalu

ated m four repeated pot tnals Seven EAB strams were 

found to sIgmficantly reduce the mCIdence of BW 

(Table 1) However, KS-l, EA2-4, KA4-1, and AI0-5 

had stable control effect by reducmg about 30% of the 

fmal wIltmg percentage compared to the control 

BIOLOG system IdentIfied stram KS-l to be of the 

Baclllus sp, KA4-1 and A 10-5 to be of the Pseudomo 

nas sp , but stram EA2-4 could not be IdentIfied Ca

pacIty of each EAB stram to mhIblt Rs growth m me

dIa and reducmg BW mCIdence were not related 

(Table 1) ThIs mdlcated that the expresslOn of antago

msm could be affected by other mIcroorgamsms, nu

tnent status, or temperature, etc Therefore evaluatmg 

antagomstIc effect m medIa IS not helpful m selectmg 

good EAB and can be skIpped m the future 

Effects of plant age, soakmg penod, and concen

tratIon of EAB suspenslOns were studIed m order to 

modIfy the hypocotyl-cuttmg treatment Treatmg hy

pocoty I cuttmgs of 10- or 13-day-old seedlIngs had the 

best control effect compared to treatmg 7-,16-, or 19-

day-old seedlIngs Treatmg lO-day-old seedlmgs re

sulted m 127 to 33% less dIsease mCIdence, and usmg 

13-day-old seedlIngs resulted m 17 7 to 31 0% less m

cIdence A 12-hour-soakmg penod m EAB suspenslOns 

had the best control effect Soakmg cuttmgs m EAB 

suspenslOns wIth a concentratlOn of 108 cfu/ml had the 

be~t control effect, reducmg final wIltmg by 155% 

The modIfied hypocotyl-cuttmg treatment was com

pared wIth three other methods, and was found to gIve 

the best control (Table 2) The amount of reductlOn m 
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final dIsease mCldence was 27 9% by hypocotyl-cut

tmg method, 17% by SOlI mfestatlOn, 242% by seed 

bactenzatlOn, and 10 S% by root dIppmg The cuttmg 

method looks to be the best 

Although based on thIS study the best control ef

fect IS only about 30% reductlOn m final seventy, EAB 

stIll have good potentIal when used III combmatIOn wIth 

other dIsease management practIces For example, treat

mg susceptIble SClOn~ wIth EAB and then graftmg onto 

tolerant rootstock could have an addItIve effect m dIS

ease control Further research IS neces~ary to learn the 

control mechamsm of EAB and to dIscover other fac

tors affectmg theIr control efficacy 

Blocontrol of tomato fusarrum Wilt 

AVIrulent Fusarium oxysparum (Fa) Isolates - AI, 

A2, and B 1, and fungal-antagomstIc bactenallsolates 

- DP 2 a BaCIllus sp and FP, a flourescent 

pseudomonad were tested for theIr effectIveness m 

suppressmg tomato FW symptoms m the field Each 

orgamsm was tested as a seed coatmg treatment and as 

a combmatlOn seed coatmg + root drench treatment 

Two SImIlar field tests were conducted at dIfferent 

tImes, the first from October 1996 to March 1997 and 

the second from Apnl to July 1997 

In the first field test, tomato plants that receIved 

the followmg treatments, (1) the DP 2 bactenum ap

plIed as a seed coatmg and root drench, (2) the A 1 aVIru

lent Fa Isolate applIed as a seed coatmg and root drench, 

and (3) the FP bactenum applIed as a seed coatmg, ex

pressed sIgmficantly (P < 0 05) less severe FW symp

toms at 17 weeks after transplantmg (WAT) compared 

to plants that receIved no blOcontrol agent (Table 3) 

In the second field test dIsease seventy ratmgs 

were made at 5, 7 9, and 13 WAT None of the 

blOcontrol treatments resulted m a sIgmficant reduc

tIon m FW seventy compared to the nontreated control 

on any of the evaluatIon dates (Table 3) 
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Although It appears that some of these microor

gamsms can provIde some hmited protectIOn agamst 

FW, they are not consistant m theIr performance, and 

even at theIr best they do not provIde adequate protec

tIOn for theIr use to be consIdered as a vIable FW man

agement practIce 

Studies with a diamondback moth parasite 
MlcropiltlS plutellae 

DIamondback moth (DBM) Plutella xylostella 

(L ), IS a pest of crucIfers worldwIde ThIS pest IS espe

cIally senous m tropIcal lowlands The pest has no ef

fectIve natural enemIes m the trOpICS IntensIve use of 

chemIcal msectIcides to combat thIS pest has resulted 

m DBM becommg resIstant to most chemIcals, exac

erbatmg the pest control problem MlCropiztlS plutellae 

(Musebeck) IS a larval parasIte ofDBM Two years ago, 

AVRDC Imported thIS parasIte from New York State to 

control DBM m Taiwan and the rest of ASIa AVRDC 

multIphes thIS bracomd for mtroductIOn m vanous 

countnes, and also conducts some baSIC bIOlogIcal stud

Ies to Judge the sUltabIhty of M plutellae for mtroduc

tIon m dIfferent agroecoiogical regIOns In thIS expen

ment we studied the range of temperatures Ideal for ItS 

multlphcatIOn And, to enable us to multIply the para

SIte more economIcally, we studIed the preference of 

M plutellae for vanous larval mstars of DBM 
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Fig 1 Influence of temperature on parasitism 
of DBM larvae by M plutellae 
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acryhc cylmder (1S cm m diameter, 30 cm long) A 

wad of cotton dIpped m 10% honey solutIOn was placed 

m the cylmder to feed the paraSIte adults Both ends of 

the cyhnder were covered wIth nylon nettmg Three 

such cyhnders contammg the paraSIte pairs were placed 

at 10°C, ISoC, 20°C, 2SoC, 30°C, and 3SoC for two hours 

ExcIsed cabbage leaves, each havmg up to 100 sec

ond- or thlrd-mstar DBM larvae, were also placed at 

the above temperatures for two hours The DBM lar

vae were then placed mSIde the acryhc cylmders for 24 

hours exposed to the paraSIte for OVIpoSItIon The lar

vae were then transferred to 2S±2°C and mamtamed 

untIl all larvae became pupae When necessary, fresh 

leaves were proVIded to sustam larval feedmg At thIS 

stage the number of larvae bemg paraSItized was de

termmed by the presence of paraSIte pupae Mlcroplms 

plutellae pupae are smaller and dark brown whereas 

DBM pupae, covered WIth loose SIlken web, are larger, 

mitIally green, and tum hght brown before adult emer

gence The percent paraSItIsm was calculated 

In the second laboratory expenment 100 larvae 

each of first, second, thIrd, or fourth mstars of DBM 

were placed on mdIVIdual cabbage leaves mSIde IS

cm dIameter acryhc cyhnders SIX pairs of M plutellae 

adults were placed m SImIlar but separate contamers 

Both DBM larvae and paraSIte adults were placed at 

27°C for 1 hour We then placed two pairs of M plutellae 
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Fig 2 Parasitism of various mstar of diamondback 
moth larvae by M plutellae 
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adults wIth 100 DBM larvae of a parttcular mstar m 

each of three cylInders for 24 hours The three cylIn

ders represent three replIcates of each treatment After 

24 hours, DBM larvae were separated from parasIte 

adults and the larvae were reared untIl they all pupated 

The number of DBM pupae and parasIte pupae was 

recorded Percent parasItIsm was calculated 

ParaSItlsm mcreased gradually WIth mcreasmg 

temperature from 10 to 30°C (FIg 1) It declIned slIghtly 

at 35°C, but was stIll over 75% ofDBM larvae A tem

perature range of 25 to 35°C appears to be SUItable for 

surVIval and paraSItIsm of thIS bracomd In tropIcal low

lands, where temperatures are normally 25°C and above 

and where DBM IS espeCIally senous M plutellae 

should be SUItable to control the pest ThIS was a wel

come dIscovery but very surpnsmg because thIS para-

120 

sIte came from a dIstmctly temperate locatIOn, Upstate 

New York, where wmters are very cold and summers 

are mIld, the dady hIgh rarely reaches above 30°C 

Another bracomd, CoteslQ plutellae (KurdJumov), IS 

estabhshed m many lowland areas of ASIa M plutellae 

could compete WIth C plutellae and together they rmght 

more effectIvely control DBM 

ParaSItIsm of second- and thtrd-mstar larvae was 

better than paraSItIsm of first and fourth Instars (FIg 2) 

Although too small for M plutellae adults to eaSIly In

sert OVIPOSItorS for depOSItIOn of eggs, first-Instar lar

vae were also parasItIzed m sIgmficant number On the 

other hand fourth mstar larvae are old and can pupate 

before completIOn of M plutellae's larval penod whIch 

kIlls the paraSIte larvae One need use only second- and 

thIrd-mstar larvae for reanng M plutellae 
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Socioeconomic Studies on Vegetables 

Dunng 1997, the SOCIOeconomICS project concentrated on the macro-level prodUCtIvIty ImplIcatIOns of the 

mtroductIOn of modem mungbean vanetIes m PakIstan, quantificatIOn of YIeld and mput-Ievels for the dry season 

vegetables grown wIth nce m the PhilIppmes, the economICS of asparagus cultivatIOn m Thailand, and the ImplIca

tIons for AVRDC research of varymg demand and mcome elasticIties and seasonal and annual fluctuatIons m van

ous vegetables From the prevIOUS year the analysIs of the Impact of modem mungbean vanetIes m PakIstan was 

publIshed as a techmcal gUide, and vegetable SItuatIOn reports for Sn Lanka, MalaysIa, and VIetnam were com

pleted 

Total factor productivity growth In post Green 
Revolution agriculture of Pakistan 

The mam objective of thIS study was to quantify 

the trends m total factor prodUCtiVIty (TFP) and cost 

by croppmg regIOn m PakIstan's Punjab and Smd ThIS 

IS the fIrst attempt to estimate some parameters of 

sustamabIhty by croppmg regIOn 

DIstnct-level data on all 35 crops 6 byproducts, 

and 6 mputs used m the crop sector were collected for 

the penod 1965-93 These outputs and mputs were val

ued at farm-gate pnces Based on the dommant crop

pmg pattern m each dIstnct, the country was dIvIded 

mto eIght croppmg regIOns Usmg the cham-hnked 

TornqVIst-TheIl mdexmg procedure TFP was estimated 

by croppmg regIOn as an mdicatIOn of sustamabIhty 

TFP growth cloaks the effect of technologIcal 

changes and resource degradatIOn As far as the rate of 

mcrease m productIVIty due to technologIcal change IS 

hIgher than the decrease m prodUCtlVlty due to resource 

degradatIOn, the trend m TFP WIll be pOSItIve despIte 

1997 Report 

the occurrence of degradatIOn To separate the effect of 

resource degradatIOn from technologIcal change, the 

cost functIOn was estimated usmg two vanables WhICh 

control (1) croppmg mtensity defined as number of 

crops grown on a pIece of land m a year, (2) proportIOn 

of modem vanety wheat area compared total area A 

negatIve regIOnal trend coeffiCIent mdicates an Improve

ment m resource prodUCtiVIty, and VIce versa 

TFP estimates for all croppmg regIOns m Punjab 

and Smd dunng 1965-93 are aVailable For our mterest 

here, the growth m TFP for mungbean growmg regIOns 

IS compared WIth nce-wheat regIOns and overall PakI

stan Because modem vaneties of mungbean were m

troduced m the mId 1980s the results are reported only 

for 1980-93 

Dunng thIS penod, the rate of mcrease m TFP of 

the mungbean growmg regIOn was the hIghest when 

compared to the rate m other regIOns of the country 

The crop sector prOduCtIvIty m the country as a whole 

mcreased at 2 2% per annum, whIle the rate of growth 
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m crop sector prodUCtIVIty m the mungbean growmg 

regIOn was 3 3% The lowest mcrease m prOduCtIVIty 

was m the nce-wheat regIOn, whIch Improved at an m

sIgmficant rate of 0 6% per annum (Fig 1) 

The trend m the cost of producmg a umt of output 

m PakIstan was pOSItIve (012% per annum) dunng the 

study penod (1965-93), mdicatmg a sustamabIhty prob

lem m the crop sector The overall trend was not SIg

mficant m the Green RevolutIOn penod (GR) but be

came hIghly sIgmficant dunng the mput mtensificatlOn 

(INI) and post Green RevolutIOn (PGR) pen ods The 

mungbean growmg regIOn m Punjab had an mcreasmg 

cost trend m the GRR and INI pen ods IntroductIOn of 

modem vanetIes of mungbean mcreased mungbean 

YIeld WhICh mduced area expansIOn from 70,000 ha m 

1985 to 180,000 ha m 1995 And, smce mungbean crop 

reSIdue IS mostly returned to the soIl, soIl fertIlIty has 

Improved The result IS Improved prodUCtIVIty of wheat 

and reduced cost ThIS IS reflected m a declImng trend 

x 

m the cost functIOn for the regIOn Cost of productIOn 

m the crop sector declIned at a rate of 0 59% per an

num m the regIOn, compared to a sIgmficant mcrease 

m cost of productIon 0 36% per annum for the whole 

country Costs also declIned sIgmficantly m the cotton 

and mIxed-crop regIOns of Smd In Punjab, the 

mungbean growmg regIOn IS the only regIOn where cost 

had a dechmng trend dunng the PGR penod (Table 1) 

Characterization of vegetables (asparagus In thiS 
case) With field crops 

The mam objectIve of thIS actIVIty was to charac

tenze asparagus farmers, quantIfy mput use, YIelds, 

farm management practIces, and the economICS of as

paragus cultIvatIOn m Thailand 

ThIrty-tWO asparagus growmg farmers were ran

domly selected from 11 VIllages around 

Kamphaengsaen A structured pre-tested questIonnalfe 

was used to obtam mformatlOn on mput use, farm man

agement practIces, and cultIvatIOn cost Two research-
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Fig 1 Growth rate In total factor productiVity In selective regions of Pakistan 
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ers each from CambodIa, Laos, and Vietnam conducted 

the survey as a part of theIr trammg 

CultIVatIOn of asparagus m Kamphaengsaen dIS

tnct was started wIth the help of Know You seed Com

pany of TaIwan m 1993 Before the seed company 

started Its operatIon, multI-locatIOn demonstratIOn plots 

on asparagus cultIvatIOn were set up by Kasetsart Um

verslty, m collaboratIOn wIth AVRDC, on the 

umverslty's Kamphaengsaen campus The seed com

pany provIded financIal support to farmers to set up 

spnnkler IrngatIOn systems, supplIed seedlIngs, and 

ensured a market 

Farm SIze ranged from 0 08 to 5 1 ha and averaged 

o 93 ha Nmety-two percent of the sample area was 

farmer owned All farm operators had at least a pn

mary educatIOn Average aVaIlabIlIty of labor m each 

farm famIly was 3 3 labor years The land under as

paragus was flat WIth lIttle erOSIOn and very good ex

ternal dramage More than 80% of the soIls were me

dIUm or lIght textured Asparagus, a perenmal IS rarely 

Table 1 Trend In cost function by region, Pakistan, 1980 
93 

Region 
Punjab maize 
Punjab mungbean 
Punjab mix 
Punjab-nee 
Punjab cotton 
Smd mix 
Smd nee 
Smd cotton 
Overall trend a 

1 34 
059 
1 08 
235 
1 06 
055 
021"5 
070 
036 

mIxed WIth other crops As the market for asparagus IS 

assured, only large farmers m the sample dId not put 

all of theIr land under asparagus, mamly because of 

labor constramts 

Land preparatIon and weedmg IS done by tractor 

WIth an average of two plowmg passes, 1 35 harrowmgs, 

and 0 72 fUITowmgs Weedmg IS done manually dur

mg manual harvestmg Harvestmg starts about two 

months after nursery transplantmg, and contmues for 

several months The older plants are contmuously re

placed WIth younger shoots of the same plant ThIS IS 

called "mother plantmg " 

Asparagus cultIVatIOn IS very labor mtensive In 

thIS study It was found to take 1742 labor

days/ha/annum, or about 7 labor-years, more than three

fourths of WhICh m thIS study was proVIded by famIly 

labor Harvestmg, done SImultaneously WIth gradmg 

and packmg, was found to requIre 950 labor

days/ha/annum (Table 2) Large quantItIes of other m

puts, such as fertIlIzer, pestIcIde, and lITIgatIOn were 

used Average annual per-hectare fertIlIzer use was 

found to be 2373 kg, compnsed of about equal amounts 

of mtrogen phosphorus, and potash Seventy-three Ir

ngatIOns (spnnkled) m one year were reqUIred, and 11 7 

sprays of pestIcIde were made Total per-hectare mate

nal and hIred labor cost (excludmg cost of famIly la

bor) was found to be 85,701 THB per annum (Table 3) 

Average annual per-hectare YIeld of asparagus was 

found to amount to 15 8 t, producmg a gross return of 

241 288 THB (Table 3) Its cultIvatIOn could help even 

Table 2 Labor use (labor day/ha) In different operations In asparagus cultivation In Kamphaengsaen, Thailand, 1997 
Type of labor Family Hired Total 
Land preparation and nursery plantmg 80 7 (6 1) 3 8 (0 9) 84 5 
Mother planting 244 (1 8) 3 8 (09) 28 2 
Fertilizer application 162 1 (122) 04 (0 1) 162 5 
Interculture 217 5 (16 4) 33 1 (8 0) 2506 
Irngatlon 1931 (146) 00 (00) 193 1 
Pesticide application (spray) 73 1 (5 5) 0 0 (0 0) 73 1 
Harvesting + packing +gradmg 5750 (434) 3750 (90 1) 9500 
Total 13259 (1000) 4161 (1000) 17420 
The figures In parenthesIs are percentages of the total labor use In a category 
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(49) 
(1 6) 
(9 3) 

(144) 
(11 1) 
(42) 

(545) 
(1000) 
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out seasonahty m vegetable avaIlabIhty, especIally m 

the tropICS And It IS a hIghly profitable venture under 

the conditlons studIed After deductmg all costs mclud

mg famtly labor and land (1 e ,return to management), 

net benefit was calculated to be 15,652 THB/ha Iffam

Ily labor IS not mcluded m the cost however, net ben

efit amounts to 155,587 THBlha The benefit-cost ra

tIO IS 1 81 % (Table 3) DespIte the crop's profitabIhty, 

exceSSIve mput use m ItS cultIvatIOn mIght reduce long

term sustamabIhty 

Asparagus IS cultIvated on about 3000 ha m Thai

land It IS estlmated that replacmg nce wIth asparagus 

at the country level has generated an addItIonal 19,500 

Jobs, 450 milhon THB m mcome (after paymg mput 

costs), and 6750 t offertlhzer demand AddItIonal de

mand for agncultural busmess serVIces, such as mar

ketmg, are not mcluded here, but could be substantIal 

Characterization of vegetables with field crops 

The mam ObjectIve of thIS actIVIty was to quantlfy 

the mputs and YIelds of dry-season vegetables grown 

m nce-based systems m northern PhtlIppmes and com-

pare them wIth those m the wet season The actIVIty 

was mitlated m Illocos Norte m 1996 wIth the help of 

the SOCIOeconomICS department of Manano Marcos 

State Umversity (MMSU) The momtonng of mput use 

and YIelds for all vegetable crops grown on the 150 

sample farms contmued throughout the dry season 

Lookmg at the area reallocatIOn pattern from the 

wet to the dry season, farmers tend not to grow the 

same crop on the same parcel For example, only one

fifth of the nce area went to nce, whIle 35% of the wet 

season nce area was shIfted to vegetables The share of 

mungbean, tobacco, and com also mcreased m the dry 

season SImtlarly, very httle vegetable, mungbean, and 

com area from the wet season was allocated to the same 

crop ThIS mIght be practIced to enhance soIl fertIhty, 

or break the pathogen pattern About two-thuds of the 

vegetable area more than half of the mungbean area, 

and 85% of the com area m the wet season was left 

fallow ThIS may be due to water or labor shortage as 

more labor mtensIve crops are grown m the dry season 

Total vegetable area doubled dunng the dry season The 

mam new crop was garlIc If garhc IS excluded, total 

Table 3 Input quantities, costs, Yield, and factor share In asparagus cultivation In Kamphaengsaen, Thailand, 1997 
Inputs 

Seed (kg/ha) 
Fertilizer (kg of nutrlent/ha) 

Nitrogen 
Phosphorus 
Potash 

Matenal for mother planting 
Irrigation 
PestiCide 
Labor (labor days/annum/hal 

Family labor 
Hired labor 

Land rent 
Total cost (family labor Included) 
Total cost (family labor and land rent excluded) 
Average Yield In one year (t/ha) 
Gross revenue 
Net return In one year (inclUding family labor and land as cost) 
Net return In one year (excluding family labor) 
Benefit cost ratio (%) (on family resources and capital) 

Quantities Values Factor share 

1 0 
23738 
8063 
7031 
8644 

732 
11 7 

17420 
13259 
4161 

158 

(THB/ha) (%) 
1306 06 

18650 84 

4111 1 9 
11038 50 
7780 35 

179252 807 
136435" 614 
42817 193 
3500 

225636 1000 
85701 

241288 
15652 

155587 
1 81 

a Family labor was evaluated at the prevailing average wage rate for all agriculture operations In the area 
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area under the major vegetables remamed almost the 

same as m the wet season 

YIelds of vegetable crop~ m the dry season are gen

erally hIgher than the natlonal average, and VIce versa 

for the wet season YIelds WIde VariatIOn m vegetable 

YIelds was observed as reflected by the hIgh coeffiCIent 

of vanatIOn compared to that for nce Although dry

season YIelds are hIgher than wet-season YIelds the level 

of vanatIOn m YIeld IS about the same m the two sea

sons ThIS suggests that perhaps management factors 

are more Important WIth respect to YIeld vanatlOn than 

are clImatIC factors 

Watermelon and gourd are the hIghest Yleldmg veg

etables, followed by bottle gourd and sweet pepper m 

the wet season ChIll, tomato, long bean, and bItter 

gourd are the hIghest Yleldmg vegetables m the dry 

season (Table 4) 

Surpnsmgly, average nutnent applIcatIOn m veg

etable productIOn IS not mueh hIgher than for nee, ex

cept m sweet pepper, omon, pechay, watermelon, and 

sweet potato m the wet season, and long bean and sweet 

potato m the dry season Sweet pepper, WhICh receIved 

the hIghest fertlhzer applIcatIOn durmg the wet season, 

receIved only 213 kg/ha of nutnents m the dry season 

Long bean was gIven the hIghest fertlhzer dose dunng 

the dry season Tobacco receIves more fertIlIzer than 

do vegetables, except for long beans (Table 5) 

On average, vegetables receIved 0-9 chemIcal 

sprays, but as many as 24 m the case of sweet pepper 

and 32 for tobacco Most vegetables receIve a hIgher 

Table 4 Average Yield of various crops In the wet and dry seasons In lIIocos Norte, Philippines, 1996 97 
Parcel number Sample area(ha) Yield (t1ha) CV In Yield (%) National 

Crop Wet Dry Wet Dry Wet Dry Wet Dry Yield (t1ha) 
Vegetables 135 134 792 1243 

Eggplant 26 8 155 053 52 146 129 272 64 
Sweet pepper 10 9 074 115 81 11 2 54 214 42 
Tomato 15 9 068 054 51 238 118 242 85 
Long bean 14 9 072 037 42 159 38 294 
Squash 15 8 178 061 54 32 85 6 102 
Cowpea 18 8 048 029 1 4 62 75 149 1 8 
Garlic 69 814 24 93 
Bottle gourd 7 5 029 010 100 50 129 194 70 
Bitter gourd 7 1 069 027 51 138 101 0 41 
OniorY 5 030 29 47 47 
Ladys finger 5 016 003 45 06 90 0 34 
Patolla 1 003 005 1 0 20 0 0 29 
Green pea 1 003 20 0 
Taro 3 007 45 29 
Pechay 4 012 37 58 55 
Watermelon 1 021 667 0 
Pigeon pea 1 003 20 0 1 9 
Chili 3 031 267 44 
Peanut 005 1 5 0 
Radish 003 53 0 
Jute 1 005 30 0 
Potato leave 1 2 001 002 05 35 0 7 

Other crogs 152 134 2909 1790 
Rice 132 17 2734 623 39 34 6 3 28 
Corn 4 35 051 421 17 36 5 8 20 
Tobacco 36 337 92 26 
Mungbean 16 46 1 24 409 1 2 07 191 1 07 

Implies that data IS not available 
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number of sprays than do cereal crops, such as nce and 

corn, but a lower number than does tobacco (Table 5) 

The labor reqUIrement for vegetable productIOn IS 

many hmes hIgher than for other crops, except tobacco 

On average, vegetables employ 166Iabor-dayslha, com

pared to 41 days for nce, and 58 days for corn ChIlI 

productIOn employs the hIghest amount of labor, fol

lowed by long bean, and tomato (Table 6) The share 

of female labor used on vegetables IS about one thIrd 

of the total labor, compared to only 16% for nce Veg

etable productIOn m Ilocos Norte IS mamly a famIly 

bus mess and use of hIred labor IS ffilmmal 

Seasonality and structural changes In the 
consumption pattern In different countries 

To consIder the Important Issues relatmg to 

AVRDC's selected vegetables, demand elastIcIty, m

come elaStiCIty, extent of seasonalIty, and annual fluc

tuatIOns m pnces of these vegetables were reVIewed 

from studIes conducted by AVRDC m South, South

east, and East ASia 

The reVIew of lIterature on vegetable elaStICItIes 

(Table 7) suggests that demand elastIcIty for all veg

etables IS around 0 60, whIch IS much hIgher than the 

average mcome elaStiCIty of 0 40 ThIS mdicates much 

more scope for mcreasmg vegetable consumption by 

lowenng pnces than by mcreasmg mcomes Moreover, 

Table 5 Average fertilizer nutrient (kg/ha) and pestiCide spray (number) applied to different crops In the wet and dry seasons, 
/locos Norte, Philippines, 1996 97 

Fertilizer nutrients (kg) 
Observation (no) N P K Total PestiCide (spray) 

Crop Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 
Eggplant 26 8 116 182 49 44 36 44 200 269 31 40 
Sweet pepper 10 9 836 114 380 36 378 63 1595 213 35 91 
Tomato 15 9 165 96 57 39 57 67 279 202 37 44 
Long bean 14 9 35 438 18 185 18 185 71 808 32 61 
Squash 15 8 138 64 58 18 58 18 253 99 23 73 
Cowpea 18 8 37 7 18 3 17 3 72 14 22 29 
Garlic 69 158 48 44 249 25 
White gourd 7 5 126 28 29 7 27 7 177 42 1 9 20 
Bitter gourd 7 1 57 128 32 55 8 55 97 237 14 20 
Onion 5 242 87 87 416 38 50 
Lady's finger 5 126 42 22 42 23 42 194 126 22 30 
Patolla 1 14 0 14 0 14 0 42 0 20 1 0 
Green pea 1 0 0 0 0 00 00 
Taro 3 6 6 6 19 00 00 
Pechay 4 204 87 78 369 20 00 
Watermelon 1 143 133 133 409 80 00 
Pigeon pea 1 70 28 28 126 00 
Chili 3 57 20 20 96 35 
Peanut 1 00 
Radish 1 0 0 0 0 20 
Jute 1 92 0 0 92 1 0 00 
Sweet potato 1 2 345 175 0 175 0 175 345 525 1 0 00 
Rice 132 17 136 65 31 39 26 39 193 142 06 03 
Corn 4 35 31 85 2 15 2 14 35 114 08 09 
Tobacco 36 213 102 51 366 77 
Mungbean 16 46 10 3 3 3 17 20 20 

Implies data IS not available 
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demand generated by mcreased mcome, If not matched 

by mcreased supply, can add pressure on pnces or on 

foreIgn exchange resources 

The demand and mcome elasticIties of tomato are 

relatively hIgh and the crop has hIgh annual vanatIOn 

m YIeld and seasonal fluctuatIOn m pnces Therefore, 

research aimed at mcreasmg overall productIOn, extend

mg productIOn m the off season, and contnbutmg to 

Yield stablhty, IS of mterest to the Center 

On the other hand, Chlh has almost zero demand 

and mcome elasticity Therefore, addItional productIOn 

by modem technologIes has relatively httle potential 

for mcreasmg consumptIOn AddItIOnal productIOn 

would almost certamly decrease pnces proportIOnally 

The seasonahty m ItS pnces IS also low because of the 

aVaIlablhty of processed chIll powder m the off-sea

son However, there IS strong fluctuatIOn m YIeld There

fore, a Chih research program should focus on stablhz

mg YIeld by developmg technologIes to enhance dIS

ease-reSIstance and stress-tolerance 

There mIght be httle potential to generate addI

tIOnal demand by Improvmg omon YIelds and lower-

mg pnces, as the demand elaStiCIty IS relatively low m 

South ASIa However, some potential does eXIst to ex

pand omon consumptIOn m Southeast ASIa, as demand 

and mcome elastiCIties there are double those m South 

ASIa ThIS IS also reflected m relatively hIgh annual 

per capIta consumptIOn of om on m South ASIa (e g , 4 

kg m IndIa) compared to South east ASIa (e g , 0 8 kg 

m the Phlhppmes, and 0 4 kg m IndoneSia) Omon YIeld 

IS relatively stable m South ASia, but fluctuates m South

east ASIa Therefore, stabIhty m omon YIeld IS an Im

portant research aim for Southeast ASIa As regIOnal 

trade mcreases, perhaps the flow of omons from South 

ASIa to Southeast ASIa WIll mcrease 

Omon research should focus on extendmg aVaII

abIhty m the off-season, as seasonalIty m pnces IS hIgh 

However, as omon can be stored for qUIte a long-time, 

more emphaSIS should be placed on Improvmg 

storablhty than on extendmg productIOn m the off-sea

son 

Pnce elaStiCIty of eggplant IS relatively hIgh m 

South ASIa However, as mcome elastiCIty IS relatIvely 

low ItS consumption cannot be pushed too far It has 

Table 6 Labor use (dayfha) on vanous crops grown m lIocos Norte, Phlllppmes, 1996 97 
Family Hired Grand total 

Male Female Total Male Female Total Male Female Total 
Eggplant 71 29 100 3 0 3 74 29 103 
Sweet pepper 54 14 68 69 11 80 123 25 148 
Tomato 140 61 201 1 0 1 140 61 202 
Long bean 138 94 232 172 0 72 310 94 404 
Squash 67 4 70 3 0 3 70 4 74 
Cowpea 86 58 143 0 0 0 86 58 143 
Garlic 85 20 104 38 5 42 122 24 146 
Bitter gou rd 45 18 63 0 0 0 45 18 63 
Bottle gourd 123 37 160 0 9 9 123 46 169 
Ladys finger 75 61 136 0 0 0 75 61 136 
Patolla 56 15 71 0 0 0 56 15 71 
Chili 568 105 673 0 0 0 568 105 673 
Radish 33 90 123 0 0 0 33 90 123 
Sweet potato 64 8 71 0 0 0 64 8 71 
Average for veg 112 38 150 17 1 18 129 39 168 
Rice 15 2 17 20 5 25 35 7 42 
Corn 34 17 51 8 0 8 41 17 58 
Tobacco 151 106 256 38 5 43 188 111 299 
Mungbean 38 14 52 1 3 4 39 16 56 

1997 Report 127 



relatively low seasonahty, but fluctuatIOn m YIeld IS 

qUite hIgh Therefore, eggplant research should focus 

on stabIhzmg YIeld by 10creasmg dIsease reSIstance and 

abIOtic stress tolerance 

Ch10ese cabbage IS an Important vegetable 10 East 

ASIa but relatively ummportant m South ASia Its pnce 

and mcome elastIcltles are moderate for South ASIa, 

but very low for East ASIa No estImates on prIce elas

tICItyare avaIlable for Southeast ASIa, although mcome 

elastICItIes are qUite hIgh here Therefore, almost no 

potential eXIsts for expand10g ItS consumptIOn 10 East 

ASia, but low-cost technologIes could 10crease ItS con

sumption 10 Southeast ASIa, and moderate mcreases m 

consumptIOn could be achIeved m South ASia 

The pnce elaStiCIty of demand for leafy vegetables 

reported m Table 7 IS for urban areas m India The same 

measure IS qUite low (0 2) 10 rural areas of IndIa The 

demand elastICIty for the PhIhpp10es and Taiwan IS qUite 

hIgh Income elastiCIty IS moderate A moderate van a

tlOn 10 annual YIeld and seasonahty m pnces eXIsts 

The mam emphaSIS here should be on mcreasmg ItS 

overall aVaIlabIhty through mcreased pen-urban pro

ductIon 

Mungbean has hIgh mcome and pnce elastiCIty m 

South ASIa, mdicatmg a hIgh potential for mcreasmg 

ItS consumptIOn through mcreased productIOn Cur

rently, however a large gap eXIsts between YIelds at 

Table 7 Demand and Income elastiCities, seasonality In 
prices, and fluctuations In Yield of AVRDC 
vegetables In South ASia 

Demand Income Price Yield 
elastiCity elastiCity seasonality fluctuation 

Crop (%) (%) 
Tomato 060 040 200 15 
Chili 009 010 34 11 
Oman 030 035 150 4 
Eggplant 050 020 41 12 
Cabbage 041 039 114 22 
Mungbean 069 024 10 5 
Soybean 09 1 00 5 5 
Leafy vegetables 060 035 50 8 
Overall vegetables 060 040 143 15 
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research statIOns and YIelds m farmers' fields There

fore AVRDC should focus on adaptive research 10 or

der to taIlor aVailable technologIes to farmers' needs 10 

dIfferent ecoregIOns 

Research 1OtO gram soybean has hIgh potential to 

achIeve mcreases 10 the crop's consumptIOn, as ItS de

mand and Income elastICItIes (from use of the crop a~ 

lIvestock feed and edIble Oil) are expected to be around 

one However, soybean IS a hIghly traded commodIty, 

and developmg countnes are under much pressure to 

open up there markets Any technologIcal 1OnovatIOn 

developed by AVRDC would be qUickly pIcked up by 

the affluent and effiCIent producers 10 the West 10 such 

countnes as the USA and BraZIl, and mIght gIve them 

a further edge over less effiCIent producers 10 ASIa and 

Afnca 

Vegetable soybean has a market 10 East ASIa As 

lIttle can be achIeved through addItIonal research, 

AVRDC should contmue to gIve low pnonty to thIS 

crop CollaboratIOn WIth NARS should be aimed at 

expand10g vegetable soybean productIon 
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Research Support 

ThIS project mms to develop methodologIes for qualIty assessment of the Center's pnncipal crops and Improve 

theIr nutntIOnal qualIty Of note m 1997, the dIetary value of mungbean was assessed and even enhanced, by way of 

recIpes especIally desIgned to release more avmlable Iron through advantageous combmatIon and preparatIOn of 

vegetables The recIpes were publIshed m a book and WIll be used m a vIllage-level study m southern IndIa 

Mungbean as a better dietary Iron source 
for South ASia 

Mungbean IS the thIrd most Important pulse crop 

of IndIa after chIckpea and pIgeon pea NutntIOnally, 

compared to cereal grmns pulses are two- to three-tImes 

ncher m protem and remam the least expenSIve source 

of food protem Compared to other pulses commonly 

eaten In South ASIa mungbean IS nch m dIetary Iron 

Iron defiCIency anaemia IS commonly found In both 

economIcally depnved and affluent populatIOns To 

correct thIS senous defiCIency Increases m food dIetary 

Iron and the availabIhty of that food are necessary Food 

processmg and Iron chemIstry are Important factors 

affectmg Iron bIOavaIlabIhty The chemIstry of Iron, 

partIcularly ItS valence, solubIlIty and types of chela

tIOn, Influence ItS absorptIOn Food processmg meth

ods can affect bIOavmlablhty, thus, processmg method 

should be conSIdered when trymg to achIeve the hIgh

est pOSSIble Iron bIOavaIlablhty 

AvaIlable "on IS Increased when mungbeans are 
cooked WIth select vegetables 

In preVIOUS work Iron bIOavmlabIhty of mungbean 

was proved to be enhanced through sproutmg Here we 

compared the enhancmg effect of selected vegetables 

cooked WIth mungbean on mungbean's Iron 

bIOavmlablhty FIgure I presents the effect of cabbage 

on the Iron blOavmlablhty of mungbean Cookmg 

mungbean WIth cabbage produced a two-fold mcrease 

Table 1 Amount of total Iron, available Iron and bioavallability of Iron In different 
mung bean ReCipes 

ReCipes Total Iron Available Iron Bioavallability 
mg/1 00 9 meal iJg/100 9 meal (%) 

Mungbean maslal 650 9852 883 
Mb d maslal 555 8423 1088 
DL koottu 854 5631 563 
Cab koottu 722 9534 1010 
Amr koottu 939 6768 695 
Spn koottu 665 9004 1059 
Tomato adal 243 4541 971 
Peasarattu 268 5928 933 
Tomato nce 376 10043 11 28 
Pongal (hot) 174 1936 576 
Pongal (sweet) 138 1410 508 
Pakoda 429 5172 506 
Bonda 663 5968 400 
Salad wI sprouts 836 5055 865 
Salad wI dhal 591 3626 878 
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M Cooked mungbean T Cooked tomato 
(M+T)/T Calculated Sum ofM 013 and T, 0 42 
(M+ T) M and T cooked together 
M+ T M and T cooked saperately 
M+ Tr Mixture of cooked M and raw T 

Fig 2 Enhancing effect of tomato on Iron bloavallablhty of mungbean 

M C (M+C)/T (M+C) 

M Cooked mung bean C Cooked cabbage 
(M+C)/T Calculated sum ofM 011 and C 0 15 
(M+C) M and C cooked together 
M+C M and C cooked saperatedly 
M+Cr Mixture of cooked M and raw C 

M+C 

Fig 2 Enhancing effect of cabbage on Iron bloavallablhty of mungbean 

M+Tr 

M+Cr 
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m avaIlable Iron, but when they were cooked separately, 

the mcrease was 1 3-fold m companson wIth the cal

culated sum of each taken separately When cooked 

mungbean was mIxed wIth raw cabbage, avaIlable Iron 

decreased to 60% of the calculated sum Cooked to

mato also produced an enhancmg effect on cooked 

mungbean, as dId raw tomato (FIg 2) From these data, 

It was concluded that cookmg WIth cabbage or tomato 

and mIxmg WIth raw tomato helps unlock the Iron 

present m mungbean 

Evaluation of mungbean recipes for "on bioavallabliity 

Fifteen reCIpes were deSIgned usmg mungbean dhal 

(dehulled spht) and dehulled mungbean (dehulled spht 

WIth hulls retamed) as pnncipal mgredient m combI

nation WIth select vegetables To enhance the 

blOaVaIlabIhty of Iron, reCIpes should mclude one or 

more mgredients nch m ascorbIC aCId Table 1 presents 

the total Iron, aVailable Iron, and the percentage of Iron 

blOaVaIlabIhty of the prepared reCIpes 

Tomato mungbean dhal WIth nce was determmed 

to be the best m terms of Iron blOavaIlabIhty (11 28 %) 

Mungbean dhal masial (mungbean dhal, tomato, on

IOn) ranked second (1088%), and spmach koottu 

(mungbean dhal and spmach), and cabbage koottu 

(mungbean dhal and cabbage) ranked thIrd and fourth 

WIth 10 6% and 10 1 % Iron blOaVaIlabIhty, respectIvely 

The blOavatlabIhty of mungbean maslal, whIch 

uses whole mungbean, recorded bIOaVaIlabIhty of 

8 83% compared to 10 88% for the same reCIpe made 

WIth mungbean dhal 

A salad made WIth soaked mungbean dhal or 

sprouts achIeved the same percent Iron blOaVaIlabIhty 

as mungbean (whole mungbean) masial ReCIpes made 

only WIth nee and mungbean or mungbean powder were 

found to have low Iron blOaVaIlabIlIty ReCIpes whIch 

mcluded no enhancmg mgredient had low Iron 

blOaVaIlabIhty 
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Human Resources Development 

At AVRDC, emphaSIS IS placed on research skIlls trammg to promote adaptIve research and networkmg The 

benefits are enjoyed by the Center and ItS natIOnal agncultural research system partners m the form of more produc

tIve and capable research team members 

Trammg 
AVRDC headquarters tramed 73 scholars from 25 

countnes m 1997 (Table 1) All undertook nondegree 

trammg and 41 % underwent specIal research skIlls 

trammg Women accounted for 47% oftramees More 

than 58% were tramed under the Crop Improvement 

Program and the rest were tramed under the Interna

tIOnal CooperatIOn Program and the ProductIOn Sys

tems Program 

In additIon to AVRDC, eIght other donors sup

ported the Center's trammg program SecondAgncul

tural ExtensIOn Project ADB-CLVNET, PROAGRO

PGS IndIa Ltd NatIOnal SCIence CouncIl, US AID 

Mungbean Project, Evergrow Seed Co ,Nong Woo Seed 

Company, InternatIOnal CooperatIOn and Development 

Fund (formerly CommIttee of International Techmcal 

CooperatIOnfTal wan) 

Research fellowship Research fellows worked m 

the followmg research areas Study of seed dormancy 

m pepper lmes, study of optimum harvest date m pep

per and study of germmatIOn methods m pepper and 

commumcatIOn- and trammg-related matenals produc

tIon 

Research mternsmp Seven trammg scholars un

derwent trammg or conducted research at the Center 

ThiS IS mime wIth the Center's goal of Improvmg the 

research capacIty of ItS partners and producmg a cntI

cal mass of tramed researchers m selected countnes 

who wIll serve as collaborators of AVRDC 
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Table 1 Distribution of training scholars by country and 
by category 

Country PF RF RS RI SPT UST Total 
Cambodia 1 1 
Cook Islands 1 1 
Costa Rica 2 2 
EI Salvador 2 2 
Guatemala 1 1 
GUinea Bissau 1 1 
Honduras 1 1 
India 2 3 
IndoneSia 2 2 
Japan 3 3 
Korea 4 5 
Laos 1 
Liberia 1 
MalaWI 1 
Netherlands 1 
Paraguay 1 
Phllippmes 3 
Saudi Arabia 1 
Senegal 1 
Sri Lanka 2 2 
Taiwan 4 27 31 
Tanzania 1 1 
Thailand 1 2 
Tonga 1 1 
Vietnam 4 4 
Total 2 2 4 8 30 27 73 
PF = Postdoctoral Fellow 
RF = Research Fellow 
RS = Research Scholar 
RI = Research Intern 
SPT = Special Purpose Trainee 
UST = Undergraduate Student Trainee 
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SpecIal research skIlls traImng Twenty-one tram

mg scholars from ASia, the PacIfic, South Amenca, and 

Mnca attended the special trammg course on Vegetable 

CultIVatIOn and Seed ProductIOn held at headquarters 

m November The course was deSIgned to allow par

tICIpants to learn sCIentIfic techmques and modem ap

proaches m producmg good qualIty vegetables and 

seeds 

Short-term trammg Twenty-seven undergradu

ate students from seven academIC mstltutIOns m Tal-
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wan enrolled for the summer student trammg course 

Two techmcIans from agncultural techmcal mISSIons 

supported by the InternatIOnal Cooperatlon and Devel

opment Fund (formerly CommIttee of InternatIOnal 

Techmcal CooperatIOnlTalWan) came to AVRDC for 

study and trammg 

Trammg materIals Dunng the year, vIdeos and 

106 slIde sets WIth scnpts were dIstnbuted to 31 tram

mg scholars 
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Communication and Information 

The Center IS a major pubhsher, collector, and dIstrIbutor of mformatIon on tropIcal and subtropIcal vegetables 

The Center's first prIOrIty IS to ensure that ItS SCIentists, mcludmg SCIentIsts m ItS outreach offices, have access to 

mformatIOn necessary for theIr research and trammg efforts second, to help ensure a rehable source of mformatIOn 

to the Center's NARS partners, and thIrd, to serve as a worldWIde mformatIOn clearInghouse 

Information and documentation 

Information collection 

Some 226 book tItles, 76 photocopIes, and 368 

tItles of serIal pubhcatIOns were acqUIred through ex

change or as gIfts from 228 mstItutes and orgamza

tIOns m 49 countnes SubscnptIOns to 109 Journals were 

renewed for 1998 

Processing information 

A total of 1001 book tItles and crop documents, 

and 27 new serIal titles were mdexed and added to col

lectIons and databases WhICh now hold 53,248 bIblIo

graphIC records and 1644 Journal records Back Issues 

of 300 Journal tItles were bound The Journal collec

tIOn now totals 14,076 volumes 

Dlssemlnatmg information 

SelectIve dissemmatIOn of mformatIOn (SDI) ser

VIces added 14 new users from 10 countnes, bnngmg 

the total number of users to 327 m 62 countnes Two 

Issues of LIbrary LIst (new acqUISItIOns) were prOVIded 

for mternal and external users through the Center's 

web SIte 

Some 44 hterature searches were prOVIded from 

TropIcal Vegetable InformatIOn SerVIce (TVIS m-house 

database) and CD-ROM databases for mternal and ex

ternal users 

The lIbrary recorded 4101 book and crop docu

ment loans A total of 1691 tItles were photocopIed and 
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dehvered to 85 users and 74 hbranes m 17 countnes 

The hbrary also helped dissemmate news and mforma

tIon from the CGIAR mformatIOn dIssemmatIOn co

ordmator 

Interlibrary collaboration 

LIbrary staff partICIpated m meetmgs and work

shops around Tmwan The Center IS contnbutmg 1662 

Journal records to the SCI-Tech InterlIbrary Co-opera

tIOnAssociatIOn, Southern TaIwan Branch, for free ac

cess through NatIOnal Chung Chen Umversity s web 

SIte <http Ilwww hb ccu edu tw!cmdex htm> 

Publications and commUnications 

Communication materials production 

The Office of PubhcatIOns and CommumcatIOns 

prOVIdes a WIde range of commumcatIon support ser

VIces to researchers and staff The Center's pnnt shop 

handled more than 170 pnntmg requests m 1997, m

cludmg productIOn of bound brochures;programs, and 

substantIal trammg matenals In all, 255,200 pages were 

pnnted m-house and 11 publIcatIOns were pnnted at 

an outSIde prInt shop The Items ranged from newslet

ters and promotIonal hterature to techmcal bulletms and 

major proceedmgs The office also oversaw the repnnt

mg of depleted stock Some 20 research papers were 

edIted on theIr way to refereed Journals 
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Production of audiovisual and display materials 

OPC prepared several hundred art requests for pub

lIcatIOn and presentatIOn, mcludmg detaIled figures, 

maps, charts, certIfIcates, and vanous dIverse Items 

rangmg from mVItatIOns to posters to T-shIrt desIgns 

The UnIt's photographer took several thousand photo

graphs m 1997 Many were for publIcatIon, many for 

slIde presentatIOn, others Illustrated trammg matenals, 

and stIll others were m support of admInIstratIOn The 

Center's WWW SIte was revamped 

Circulation and dissemination of research 

Some 2743 publIcatIOns were dIstnbuted by OPC 

m 1997 About half were gIven away for free and half 
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were sold for cost recovery (sales amounted to 

US$13,186) OPC developed an order-entry database 

for the start of 1997 WhICh greatly speeded the fillIng 

of publIcatIOns orders by automatmg much of the m

VOIce preparatIOn, record-keepmg, and report genera

tIon The Center's maIlmg lIst was gIven a thorough 

cleanmg and up-datmg m 1997 The lIst now mcludes 

2687 entnes (mcludmg 673 lIbranes) m 162 countnes 

It should be noted that the TechnIcal Centre for Agn

cultural and Rural CooperatIOn ACP-EU kmdly reIm

bursed postage for publIcatIOns sent to most countnes 

m Afnca and the Canbbean 
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Collaborative Research and Networks 

The emphasIs of the collaboratIve research and networks project IS to encourage the NARS to take an actIve role 

m mItIatmg subregIOnal collaboratIve networks AVRDC plays a catalytIc role and helps forge partnershIps The aIm 

IS to enhance the research and development capabIhtIes of the natIOnal programs 

Cambodia, Laos, and Vietnam Network 
(ClVNET) 

The CambodIa, Laos, and VIetnam Vegetable Re

search Network (CLVNET) was formulated by the par

tIcIpatmg natIOnal agncultural research systems 

(NARS), AVRDC, and the ASian Development Bank 

(ADB) to promote mcreased productIOn and utIhza

tIon of vegetables SpecIfically It aIms to upgrade the 

NARS by provIdmg Improved germplasm and adap

tIve research technologIes strengthen the research ca

paCIty of NARS SCIentIsts m crop management prac

tIces mcludmg mtegrated pest management technolo

gIes, and estabhsh databases of vegetable mformatIOn 

m the partIcIpatmg countnes, mcludmg mformatIOn on 

vegetable productIOn, marketmg, and productIOn con

stramts 

Collection, exchange, and evaluation of germplasm 

Trammg 

In March, SIX researchers (two from each country) 

completed ARC's five-month trammg course on veg

etable productIOn and research A second group of SIX 

scholars IS undergomg the same course The first group 

was tramed speCIfically m adaptIve tnals whereas the 

second group IS concentratmg on seed productIon and 

multIplIcatIOn 

AdaptIve tna/s 

A Jomt planmng meetmg was held on 16-17 March 

at AVRDC's ASIan RegIOnal Center (AVRDC-ARC), 

Kasetsart UmversIty, Kamphaengsaen campus Tech-
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mcal Workmg Group Members of the subnetwork re

ported on the hIghhghts ofthe year-one wet season field 

tnals 

Cambodia 

Vegetable soybean Of ten vanetIes evaluated AGS 

335 had the hIghest total and marketable YIelds at 5 49 

and 3 19 tlha respectIvely AGS 292, used as check, 

had the lowest total YIeld at 1 6 tlha 

Gram soybean ThIS tnal faIled be<-ause of early 

floodmg whIch completely damaged the crop Part of 

Kbal Koh statIOn was stIll underwater m October dur

mg the VI~It or the momtonng team 

Yardlong bean All seven yardlong bean entnes 

were found well adapted to condItIons at Kbal Koh 

Among the entnes, Tun 209 gave the hIghest market

able YIeld 36 8 tons/ha Although the mtroduced cultt

vars out-YIelded the local check, theIr pods were of 

lower market value because Cambodians usually pre

fer hght-green, long pods 

Eggplant SIX eggplant vanetles from AVRDC and 

a local check were evaluated from 9 Aprd to June 26 

Entry 084 Teng Pao (check) had the hIghest YIeld, 226 

tlha All mtroduced entnes had lower marketable value 

as CambodIans prefer long and purple frUlts AddItIonal 

matenal WIth preferred charactenstIcs has been pro

VIded for the 1997-98 dry season tnal 

Tomato Of mne tomato entnes tested m Kbal Koh 

(seven from AVRDC and two local checks) TMTKKl 

(local check 1) and CLN 1621L gave the hIghest mar

ketable YIelds, 59 7 tlha and 59 1 tlha, respectIvely CLN 
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14660 and CLN 1621 T showed the lowest crackmg 

and msect damage 

Chznese cabbage Twelve vanetles were tested, 

however, results could not be analyzed as the crop was 

senously damaged by pests (dIamondback moth [OBM] 

and flea beetles) The rate of msect damage from plant

mg to harvest was 72-85% 

Water convolvulus Both entnes tested (one from 

AVROC and one local) showed hIgh YIeld potentIal 

28 8-29 8 t/ha, and sUItable hortIcultural charactens

tlcs under Kbal Koh conditlons These entnes WIll be 

further tested along wIth new vanettes durmg the 

1997-98 dry season 

Laos 

Of the seven crops tested m Lao PDR, only four 

YIelded results Sweet pepper, Chmese cabbage and 

tomato tnals faIled because of floodmg and/or heavy 

pest and dIsease mfestatIOn 

Eggplant Among four varletles tested, mcludmg 

the local check, EG 203 Surya gave the hIghest YIeld 

8 1 t/ha, although It was not sIgmficantly dIfferent from 

those of other vanetles 

Yardlong bean VarIety 205 performed better than 

the others It produced the hIghest YIeld, 2 3 t/ha, and 

Its pod length of 31 4 cm IS acceptable m the local 

market 

Grazn soybean Of 13 vaneties tested m the wet 

season UFV-2 gave the hIghest YIeld, 1 4 t/ha followed 

by AGS 134 and AGS 129 at 1 3 tlha and 1 2 tlha re

spectIvely These three vaneties have sImtlar agronomIC 

charactenstlcs and were all better than the check 

Vegetable soybean Vegetable soybeans were tested 

at four locatIOns In Pakcheng statIOn m the wet sea

son, AGS 348 produced the hIghest YIeld 4 6 tlha In 

Hatxayfong dlstnct dunng the wet season, AGS 335 

YIelded hIghest at 8 4 t/ha followed by AGS 347 at 6 2 

tlha AGS 327 a local selectIOn used as check, pro-
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duced 5 5 tlha Of the 11 varletles tested at Hatdokkeo 

statIon, AGS 346 gave the hIghest YIeld, 6 9 t/ha In 

Neunsung dIstnct, local check AG 327 gave the hIgh

est YIeld, 73 tlha ThIS vanety IS now commerCially 

grown by farmers More adaptabIlIty tnals WIll be con

ducted m 1998 

Vietnam 

Chznese cabbage Among 11 vanetles tested m 

HanOI Hybnd 62 gave the hIghest YIeld, 40 7 tlha, fol

lowed by 77M(3) -27-MLS 7BLK at 379 t/ha Hybnd 

83-20 gave the lowest YIeld at 14 3 tlha 

Vegetable soybean AGS 346 gave the hIghest to

tal Yield, 17 6 tlha The other vanetles gave YIelds rang

mg from 13 2 to 13 6 tlha 

Yardlong bean A vanety named WhIte had the 

hIghest YIeld, 15 2 t/ha, dunng the wet season tnal m 

HanoI ThIS vanety also had the hIghest average pod 

weIght at 21 8 g The local check, RIFAV 97-1, had 

both the lowest YIeld, 10 3 t/ha, and the lIghtest pod 

weIght, 14 8 g 

Mungbean Of five mungbean vanetles tested m 

the summer m HanOI KPS 1 produced the hIghest YIeld 

at 22 t/ha 

Soybean The gram YIeld of the varIetIes tested 

dunng the wet summer m HanOI ranged from 175 to 

890 kg/ha UFV2 gave the hIghest YIeld YIelds were 

generally low because of exceSSIve field mOIsture 

Tomato Among the eIght vanetIes tested at the 

Plant Genetlc Center dunng the summer FMTT 572 

gave the hIghest YIeld 60 2 tlha followed by FMTT 

589 at 45 2 tlha The local check YIelded 20 6 tlha 

Integrated pest and disease management 

Four researchers, two from VIetnam and one each 

from CambodIa and Laos, underwent a two-month 

trammg course on mtegrated pest management (IPM) 

of OBM from February to Apnl at headquarters 
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CambodIa 

A laboratory and parasIte reanng faCIhtIes were 

constructed ParaSItes Cotesza plutellae and Mlcroplltls 

plutellae were reared and released to farmers' fields 

The project also provIded Kbal Koh research statIOn 

wIth an electnc generator and water tower as It had no 

electnclty nor runnmg water 

Laos 

The three DBM paraSItes, Mlcroplltls, Oomyzus, 

and Dzadegma, proVIded by AVRDC, are bemg multI

phed m reanng houses Cotesza cocoons were found to 

be too old for release m the field New reanng umts 

wIll be set up dunng the next dry season Under present 

condItions, Dzadegma cannot be reared, however, work 

IS gomg on WIth other paraSItes 

A techmcal gUlde wntten m the Lao on IPM-DBM 

IS bemg developed It WIll be used for farmers' trammg 

and other extensIOn work 

Vietnam 

Laboratones for paraSIte rearmg were refitted m 

Ho ChI Mmh CIty and HanOI Both are now bemg used 

for reanng Plutellae and Oomyzus sokolowskll At the 

InstItute of Agncultural SCIences (IAS) mHo ChI Mmh 

CIty, 2457 D semlclausum, 2563 M plutellae and 525 

o sokolol1-skll were raised At the Research InstItute 

for FruItS and Vegetables m HanOl, 463 0 sokolowsku 

and 1831 M plutellae were raised These paraSItes were 

released to farmers' fields Off-season cabbage was 

grown m a newly constructed nethouse for these ex

penments Data are stIll bemg gathered 

Two survey teams, one m the north and another m 

the south, conducted DBM damage observatIOns m se

lected dlstncts In Hoc Mon dlstnct of Ho ChI Mmh 

City, the rate of DBM damage on early cabbage plant

mg (August) was estImated at 34-41 % The damage on 

the mam season cabbage plantmg (September) was 

hIgher at 52-64% In Lultma dlstnct, HanOl the rate of 
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DBM damage on early cabbage plantmg ranged from 

18 to 24%, whIle the mam season cabbage plantmg 

had hIgher damage, 28-35% 

A field survey m Donganh dlstnct, HanOl, found 

less damage m the nl,e-nce-cabbage rotation compared 

to the nce-cabbage-cabbage rotatIOn Spraymg 10-13 

times WIth polytnn and Regent dId not provIde effec

tIve control of DBM m eIther Tuhem or Donganh dIS

tncts 

Disease management - bacterial Wilt In tomato 

Cambodia 

Prehmmary observatIOns made m Apnl-June m

dlcated that AVRDC tomatoes reSIst bactenal WIlt 

(BW) 

Laos 

A new, easy-to-follow protocol was provIded to 

the tramed researcher Expenments WIll be Imple

mented soon 

Vietnam 

The mam actIVItIes for thIS subnetwork are bemg 

conducted at lAS In 1997 they mcluded a survey, stram 

IdentIficatIOn, charactenzatIOn and IdentIficatIOn of 

reSIstance to the local BW stram Surveys are now be

mg mitIated m the northern part of the country 

In Tuhem, HanOI, the seventy of BW damage to 

the very early tomato crop was 09% at 35 days after 

transplantmg (DAT) and 6 3% at 56 DAT In the early 

tomato crop, 05% damage was recorded at 35 DAT 

and 37% at 56 DAT In AnhaI, HanOI, conSIderable 

damage was found m the early tomato crop The French 

vanety used by the farmers showed some tolerance 

compared to the vanetIes Green Poland and WhIte In 

Donganh, the nce-nce-tomato rotatIOn had lower BW 

damage than the upland crop - upland crop - tomato 

rotatIOn The peak of damage occurred at the flowenng 

stage 
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Vegetable information survey and 
database management 

Two researchers from each CLVNET country un

derwent a three-week trammg program at ARC m 

Kamphaengsaen under Dr Mubank Ah wIth the aSSIS

tance of KU and ARC staff These researchers were 

tramed m dIagnOStIc and momtonng survey samplmg 

approaches and procedures, and spreadsheet and data 

entry In addItIon, an actual dIagnOStIc survey was con

ducted m the vegetable field~ around Kamphaengsaen 

In CambodIa, four dIStrIctS, Rlan Svay, 

Mukkompol, Lvea Em and Ksach Kandal, were se

lected for survey Prehmmary data mdIcated that on

IOn and lettuce are the major vegetables bemg grown 

and that growers face constramts such as pests, hIgh 

pnces of mputs, and poor marketmg In Laos survey 

and data collectIOn were begun m the central areas of 

VIentIane, Khammuane and Savannakhet 

Collaborative Network for Vegetable 
Research and Development 

for Central Amenca 
(REDCAHOR) 

REDCAHOR IS a research and development net

work lmkmg seven countnes Costa RIca, EI Salvador, 

Guatemala, Honduras, NIcaragua, Panama, and the 

Dommcan RepublIc RegIOnal workshops were held m 

1997 WhICh prOVIded a reglOnal forum for the free dIS

CUSSIOn of Ideas IdentIfIcatIOn of problems, and 

pnontIzatIOn of suggested reglOnal responses to the 

IdentIfied constramts The workshops focu'>ed on three 

areas of Importance (1) regIOnal vegetable tnals (2) 

IPM, and (3) utIlIzatlOn of vegetable germplasm re-

sources 
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Regional vegetable trials 

More than 50 profeSSIOnals, mcludmg researchers 

from the publIc and pnvate sectors from the seven coun

tnes, partICIpated m a reglOn-wIde meetmg to plan and 

orgamze vegetable adaptatIOn tnals m the REDCAHOR 

countnes The workshop held m Managua, NIcaragua, 

m November, wIll be followed by a meetmg m Panama 

CIty, Panama, m May 1998 The meetmg m NIcaragua 

focused on development of a regIOnal tnals network, 

whereas the meetmg m Panama WIll focus on Imple

mentatlOn e g , dIstnbutIon of seeds and analYSIS of 

results 

REDCAHOR IS provIdmg partIal support for dI

rect costs assocIated WIth the plantmg, care, evaluatIOn 

and harvest costs assocIated WIth these tnals wIthm each 

country FIve dIfferent vegetable tnals are scheduled 

for 1998 processmg tomato, fresh market tomato, 

sweet pepper, summer omon, wmter omon, summer 

squash, and wmter squash Each tnal may be planted 

m as many as two 10catlOns wIthm each country 

One lImItatIon IdentIfied was the need for com

puter software for development and organIzatIOn of 

reglOnal tnals 

Integrated pest management 

Evaluation of germplasm for resistance to white fly
transmitted Gemini VirUS In Lycoperslcon, CapSicum, 
and Cucurblta 

One hundred each of CapSIcum and Lycoperslcon 

acceSSIOns from AVRDC, CATIE, and PaIrmam 

(Bohva) have been dIstnbuted to the REDCAHOR 

countrIes for IdentIficatIOn of new sources of tolerance 

to whIte-fly-transmitted GemmI VIruS The ObjectIve IS 

to IdentIfy m each country one to three acceSSIOns WIth 

some degree of tolerance or reSIstance m companson 

WIth local checks 

ThIS IS the first systematIc, mtegrated evaluatlOn 

of germplasm resources ever orgamzed on a regIOnal 

baSIS REDCAHOR IS provIdmg partIal support for dI-
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rect costs assocIated wIth these tnals withm each coun

try REDCAHOR regIOnal coordmators for thIS project 

are from IDIAP, Panama, and MAG, Costa RIca 

Biological control ofPlutelia m Brasslca 

ParasItic msects are bemg consIdered as a control 

for Plutella on Brasstca A researcher from NIcaragua, 

now studymg at AVRDC headquarters, wIll work m co

operatIOn wIth a researcher from ZAMORANO, Hon

duras, to evaluate the mtermatmg of D semtclausum 

and local Dtadegma speCIes 

The mtroductton of a new parasIte mto Central 

Amenca mIght reqUIre addItIonal data to demonstrate 

that It WIll not be mJunous to local fauna, therefore, 

the expenments wIth ZAMORANO are cntical to SUC

cessful mtroductlon of thIS parasIte on a regIOnal basIs 

We are bemg very cautIOUS wIth the mtroductIOn of the 

parasItes to Central Amenca to aVOId potentIal enVI

ronmental or polItIcal misunderstandmgs 

REDCAHOR IS provIdmg partial support for dI

rect costs assocIated WIth these expenments and evalu

atIOn of the paraSItes Coordmators of thIS aCtIVIty are 

from UmversIdad NacIOnal AgragIa, NIcaragua, and 

ZAMORANO 

Collaborative Network for Vegetable 
Research and Development 

(CONVERDS) 

CONVERDS trammg program for Afncan research 
ers and extension speCialists 

Twelve people from 12 countnes partICIpated m a 

workshop/course on vanety evaluatIOn and seed pro-

ductIon of vegetable crops from 29 September to 5 

October 1997 (Table 1) The regular five-month veg-

etable productIon course was conducted from 1 July to 

28 November 1997 (Table 2) Twenty-one partICIpants 

from 10 countnes successfully completed the course 
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More than 80 people attended a field day for research

ers, extensIOmsts, and farmers 13 October 1997, at 

AVRDC-ARP 

In 1997 the cumculum of the five-month vegetable 

productIOn course was reVIsed as recommended dur

mg the BMZlGTZ reVIew m September 1996 of the 

CONVERDS trammg component The reVIsed cumcu

lum now mcludes extenSIOn modules The mtentIOn is 

to enhance the capacity of Afncan researchers and 

extensIOmsts, partIcularly m southemAfncan countnes, 

to conduct effectIve research and extenSIOn on vegetable 

crops 

Table 1 Participants In the workshop/course on variety 
evaluation and seed production of vegetable 
crops, by country, affiliation and degree 

Affiliation Degree 
Country Min Agrre Unlv Dlpl SSe MSe/PhD Total 
Angola 1 0 1 0 0 1 
Botswana 0 1 0 0 1 
Ethiopia 0 0 1 0 1 
Kenya 1 0 0 1 0 1 
Lesotho 1 0 1 0 0 1 
MalaWI 1 0 0 0 1 1 
Mozambique 1 0 1 0 0 1 
Sudan 0 1 0 0 1 1 
Swaziland 1 0 0 0 1 1 
Tanzania 1 0 0 1 0 1 
Zambia 1 0 1 0 0 1 
Zimbabwe 1 0 0 1 0 1 
Total 11 1 5 4 3 12 

Table 2 Breakdown of participants to 4th SADC regional 
vegetable production course by country, affilla 
tlon, and degree 

Affiliation Degree 
Country Min Agrre Unlv Dlpl BSe MSe/PhD Total 
Angola 1 0 0 1 0 1 
Botswana 2 0 0 1 1 2 
Kenya 3 0 0 2 1 3 
MalaWI 1 1 1 0 1 2 
Mozambique 1 0 0 1 0 1 
Namibia 2 0 0 2 0 2 
SwaZiland 2 0 1 1 0 2 
Tanzania 4 1 0 5 0 5 
Zambia 1 0 1 0 0 1 
Zimbabwe 2 0 1 0 1 2 
Total 19 2 4 13 4 21 
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Trammg mvolves a blend of practlcal actlvIt1es and 

theoretical classroom lectures Lecturers are mVIted 

from umversitIes, NGOs, and mternatIonal orgamza

tIons m Tanzama, Kenya, other Southern Afncan De

velopment CouncIl (SADC) countnes Lectures are also 

gIven by techmcal staff from AVRDC-ARP and head

quarters 

The trammg IS for dIploma or degree holders rec

ommended by theIr respective mmlstnes of agnculture 

m the SADC reg10n CandIdates are screened by the 

trammg staff of AVRDC Afnca Reg10nai Program In 

a few cases especIally If backed by strong reque~ts from 

the SADC NARS, and provIded that the candIdate has 

ample field expenence, certIficate holders are also ac

cepted 

South ASian 
Vegetable Research Network 

(SAVERNET) 
SAVERNET was estabhshed wIth a Memorandum 

of Understandmg sIgned by the SIX South ASIan coun

tnes, Bangladesh, Bhutan, IndIa, Nepal, PakIstan, and 

Sn Lanka, m November 1991 At the SAVERNET-I 

final workshop held m Kathmandu, Nepal, m 1996, It 

was proposed that members pursue a second phase On 

Table 3 List of crops and new vanetles for exchange m SAVERNET II 
Crop Vanety Offermg country Remarks 
Bottle gourd BARI LAU 1 Bangladesh For homegarden 
Broadleaf mustard Kumal Redleaf Nepal 

Marpa Broadleaf Nepal Late bolters 
Bnnjal (eggplant) Sarlahl Green Nepal Light green 
Cauliflower Progress Bhutan 
Cucumber ShablGhenchu Bhutan 

Kusle Nepal Early vanety 
Ceylon Spmach Local Sri Lanka Basel/a alba 
Dolichos purpureus BARI Sheem 1 Bangladesh Early 

BARI Sheem 2 Bangladesh Medium early 
Edible podded pea BAR I Motorshutl Bangladesh 
Methl kasun (fenugreek) Kasun Local Pakistan 
Okra Bluebell Bhutan 
Onion Shenshu Red Bhutan 
Peas Meteor Pakistan Early 

Greenfeast Pakistan Late 
Rondo Pakistan PM tolerant 

Radish Tasaklsun Bangladesh White 
BAR I Mula 1 
BAR I Mula 2 Bangladesh Pmk 
Toklnashl Bhutan White 
Korean 4 Pakistan 

Red amaranth BAR I Lal Sak Bangladesh 
Spmach Local Pakistan 
SWISS chard Fordhook Giant Nepal 
Tomato BARI3 Bangladesh Heat tolerant 

BAR I 4 Bangladesh do 
BARI5 Bangladesh Wmter high Yield 
Nozlml Bhutan 
HelfrUich Bhutan 
Moneymaker Pakistan Indeterminate 

1997 Report 141 



10 January 1997 ADB approved a three-year project 

prepared by the SIX countnes and AVRDC 

A Jomt plannmg meetmg was held on 4-9 May 

1997 m Kandy Sn Lanka At the meetmg, 51 delegates 

from the SIX member countnes, three seed compames, 

the ASia PacIfic Seed AssocIatIOn, AVRDC and ADB 

dIscussed and developed a master work plan 

The agreed ObjectIves of SAVERNET-II are 

(1) to evaluate supenor vanetIes of tomato egg

plant, ChIlI, and omon IdentIfied by SAVERNET and 

to develop and test technology packages for adoptIon 

by farmers m theIr fields, and 

(2) to contmue to consolIdate research progress 

made m vanous fields dunng phase-I, mcludmg seed 

productIOn from cabbage IdentIfied to flower and set 

seed m subtropIcal regIOns BW resIstance m tomato 

and eggplant, resIstance to leaf curl and other VIruses 

m tomato and chIlI, IPM of fruIt and shoot borer m 

eggplant and fruIt worm m tomato, and off-season veg

etable productIOn of tomato and chIlI 
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The pnvate sector expressed keen mterest m par

tlCIpatmg m SAVERNET actIvItIes as partner They 

have agreed to share and exchange some of theIr 

germplasm for natIOnal testmg They would lIke to 

evaluate some of theIr matenals for dIsease resIstance 

The steenng commIttee IS workmg out the formalItIes 

Involved In IncludIng the pnvate sector In the network 

The SIX countnes agreed to exchange and evaluate 

32 vanetIes of 17 dIfferent vegetable crops (Table 3) 

The BW group has sent all of the agreed upon eggplant 

and tomato vanetIes for BW screenmg 

A one-month trammg course m mass reanng of 

egg parasItes for eggplant fruIt and shoot borer con

trol, Tnchogramma sp , was conducted at the PakIstan 

Agncultural Research CouncIl substatIon m Multan, 

m September-October, 1997 One partIcIpant each from 

Bangladesh, Nepal, PakIstan, and Sn Lanka attended 

the course The EntomologIst from PakIstan co

ordInated the traInIng WIth backstoppIng from 

AVRDC's entomologIst 
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AVRDC-Asian Regional Center 

The ASIan ReglOnal Center (AVRDC-ARC) IS AVRDC' s hnk to natlOnal partners m ASIa Estabhshed m 1992 m 

Thatland, the Center IS well sItuated to gauge the needs and capabIhties of the reglOn and to address the ImmedIate 

and long-term needs of partner natlOnal agncultural research systems (NARS) 

The Center conducts apphed and adaptive research on AVRDC crops and reglOnally Important crops, conducts 

trammg and mformatIon dissemmatlOn activIties, and coordmates subreglOnal networks and collaborative programs 

such as the CambodIa, Laos, VIetnam Network (CLVNET), the Human Resource Development Program m the 

Mekong ReglOn, and the AVRDC-ARC Chma Program 

The SWISS Agency for Development and CooperatlOn (SDC) Mekong Project and CLVNET complement the 

Center's miSSlOn of assIstmg NARS m the development of theIr natlOnal vegetable productlOn program 

AVRDC-ARC research activIties remam focused on AVRDC's major crops and Important reglOnal crops 

AVRDC-ARC and the That Vegetable Research Center (TVRC) conducted Jomt studIes on tomato, pepper, veg

etable soybeans, cucurbIts, mungbean, and soybean Many studIes on vanous vegetables Important to the reglOn 

were also carned out by the partICIpants m the Center's trammg program On-farm tnals of promIsmg hnes of 

tomato, cherry tomato, vegetable soybean, and mungbean were also carned out m advance of offiCIal release And 

some 13 collaborative projects were forged with Chmese SCIentists 

(For more mformatlOn on AVRDC-ARC's conSIderable network research actiVIties, see the preVIOUS sectlOn, 

Collaborative Research and Networks) 

Research activIties and on farm tnals 

Twenty-nme studIes on tomato, pepper vegetable 

soybean, cuCurbItS, mungbean, and soybean were con

ducted Jomtly by AVRDC-ARC and TVRC SCIentists 

from January to October 1997, m additlOn to the 39 

expenment'S conducted by trammg scholars m the 15th 

RegIOnal Trammg Course m Vegetable ProductIOn and 

Research (RTC) Research was also carned out by tram

mg scholar'S and AVRDC-ARC stafffor CLVNET 

Researchers from Kasetsart Umversity (KU) also 

conducted blOtechnological research supported by 

AVRDC eIther through prOVISIOn of genetic matenals 

or logIStIcal support On-farm tnals of promIsmg lInes 

of tomato, vegetable soybean, and mungbean were con

ducted by both AVRDC-ARC and KU researchers be-
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fore final recommendatIOn for offiCIal release On-farm 

tnals are bemg conducted for a new tomato vanety and 

mungbean vanety WhICh wIll be released sometime m 

1998 

As m prevlOus years, research on AVRDC-ARC's 

major crop, mungbean (Vigna radzata) focused on the 

speCIfic needs of the targeted countnes of ASIa m ad

dItion to the followmg major reqUlrements hIgh and 

stable YIeld large seed umform matunty, nonshattenng 

pods, WIde adaptabIlIty vaned crop duratlOn to fit m 

dIfferent crop rotatIOns and croppmg seasons, and re

SIstance to dIseases, partIcularly powdery mIldew (PM), 

cercospora leaf spot (CLS), and mungbean yellow mo

SatC VIruS (MYMV) The 2ts1 InternatIOnal Mungbean 

Nursery (IMN) was dIstnbuted to cooperators all over 
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the world, whIle hnes scheduled for multtlocatIOn test

mg m South ASIa were multIphed at AVRDC-ARC for 

AVRDC headquarters 

Development of near Isogemc mungbean lines 
resistant to bruchlds 

Bruchids are Important pests that mfest mungbean 

seeds m storage A number of resIstant hnes have been 

developed through the Jomt effort of KU and AVRDC

ARC Isogemc lmes denved from the cultrvars 

Kamphaengsaen 1 and Chat Nat 60 were tested for re

SIstance to both Callosobru(hus chmenslS and C 

maculatus m the dry season 1996 and ramy season 1997 

The lsogemc hnes are not dIfferent from the recurrent 

parents m agronomIc characters except m number of 

seeds per pod and plant heIght of Isogemc lmes of CN 

60, whIch were predommantly hIgher than the parent 

cultlVar 

Effects of multiple leaflet gene on phYSiological and 
agronomic characters of mung bean 

Near lsogemc hnes of mungbean were produced 

from backcrossmg between KPS 1 and CN 36 WIth the 

multIple leaflet Ime, V 5926, untIl BC? and BC9 The 

lsogemc hnes were evaluated agamst the two recurrent 

parents at AVRDC-ARC's research and trammg SIte at 

KU's Kamphaengsaen Campus, Nakhom Pathom Prov

mce, m the ramy season 1994 and dry season 1995 

The effect of the gene controlhng multiple leaflets on 

phYSIOlogIcal and agronomIc characters was mvestI

gated Seed YIeld, plant heIght, and number of pods per 

plant were hIgher m the tnfolIate cultIvars than m the 

near-Isogemc hnes, whereas number of seeds per pod 

and 1000-seed weIght were not sIgmficantly dIfferent 

PhYSIOlogIcally, the photosynthetic rate was not 

sIgmficantly dIfferent LIght mterceptIOn, and dry mat

ter accumulatIOn were hIgher m the tnfolIate cultIvars 

than those of the multIfohate Imes Leaf area mdex 

(LAI) at the vegetatIve stage was hIgher m the tnfoh

ate cultivars, but lower at flowenng and young pod 
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stage, due to hIgh number of leaflets per plant of the 

mulhfohate hnes After the R2 stage LAI of the 

multIfohate hnes was lower, as the number of leaflets 

per plant was constant whIle m the tnfohate hnes the 

number of leaflets per plant was mcreasmg SIgmfi

cant correlation was found between seed YIeld and num

ber of pods per plant, bght mterceptIOn, LA!, and dry 

matter accumulatIOn, WIth a coefficIent of determma

tIOn (R2) of 997 and 73 2% for the tnfobate and mul

tiple leaflet cultlVars, respectively 

Application of RFLP techmques for selection of 
mung bean lines resistant to bruchlds 

RFLP was apphed m selectmg mungbean hnes re

SIstant to bruchids from the cross between reSIstant 

Isogemc Ime of varIety KPS, carrymg the reSIstant gene 

from the WIld mungbean TC 1966, and the susceptIble 

hne NM 10-12 FJ plants were allowed to self to pro

duce F? seeds DNA was extracted from F? plants and 

detected by RFLP techmque usmg PR 26 marker The 

results mdlcated three phenotypes WIth dIstmctIve DNA 

bands as follows (1) a homozygous bruchid-resIstant 

plant WIth one band of 5000 base SIze whIch IS the 

same band as from the reSIstant Isogemc hne of KPS 1 

and TC 1966, (2) a heterozygous bruchId-resistant plant 

WIth two bands of 5000 and 3000 base SIze, whIch are 

the bands of the reSIStant and susceptible hnes, and (3) 

a homozygous bruchid-suscepttble plant WIth one band 

of 3000 bases, whIch IS the band of the susceptIble hne, 

NM 10-12 and KPS 1 Data from 48 F2 plants revealed 

a band ratIO of 1 2 1 

Breeding for bruchld and MYMV resistance In 

mungbean uSing molecular markers 

ThIS ret>earch proJect, completed m May 1997, 

combmed the expertIse and resources of AVRDC-ARC 

and the Commonwealth SCIentIfic and IndustrIal Re

search OrganIsatIOn, DIvlSlon of TropIcal Crops and 

Pasture, AustralIa, to buIld on prevIOUS research of these 

orgamzatIOns, and that of Dr Nevm Young of the Um-
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versIty of Mmnesota, to develop a saturated genetIc map 

of mungbean and use RFLP/RAPD markers to select 

for desIred charactenstIcs m breedmg populatIOns The 

results, conclusIOns, and assessments of thIS collabo

ratIon are summanzed below 

a) The reSIstance gene(s) m TC 1966 and AC 41 

IS effectIve agamst C chznensls but not agamst 

all cultures of C maculatus used m thIS study 

b) 

c) 

d) 

e) 

f) 

The presence of a texture layer on seeds re

duces OVIposItIon Also, fewer eggs are laId on 

small seeds 

Correct phenotypmg of genotypes for bruchId 

reSIstance mIght reqUIre the removal of the tex

ture layer before assay 

Further research IS reqUIred to resolve dIffer

ences m the reported reSIstance oflmes V 1128, 

V 2709, and V 2802 

RAPD markers closely lInked to the gene for 

reSIstance to C chznensls have been IdentIfied 

and converted to SCAR markers to aId marker

assIsted selectIOn 

dIfferences between lmkage dIstances reported 

10 the AustralIan and Mmnesota map mdicate 

the need for further research to clanfy the utIl

Ity of markers for selectIOn 10 dIfferent popu

latIOns 

Selection for soybean lines haVing high seed protein 

Soybean seeds from 738 mtroduced vanetIes were 

analyzed for protem percentage and the five hIghest 

acceSSIOns were Identified (G 7945, G 8355 G 8884 

G 8891, and G 8976) They were hybndIzed to form 

smgle- and double-cross hybnds from whIch a pedI

gree selectIOn was applIed The smgle-cross group was 

selected for four consecutIve generatIOns whIle the 

double-cross group was selected for three generatIOns 

Average YIelds of the selected smgle-cross and double-
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cross lInes were hIgher than those of the recommended 

cultIvars by 26 and 64% whIle protem percentages were 

hIgher by 9 and 8%, respectIvely However, 100-seed 

weIghts of the selected lInes were lower than those of 

the recommended cultIvars FIve hnes were finally se

lected as havmg protem rangmg from 504 to 527% 

WIth seed YIeld of 1 81 to 3 33 t/ha 

ReSistance of chili to anthracnose 

A total of 286 Isolates of Collectotnchum capSlCl 

and C gloesponOldes were collected from 66 CLVNET 

growmg areas all over ThaIland from November 1996 

to October 1997 The morphology, pathogemcIty on 

CL VNET frmts, as well as the DNA fingerpnnts of these 

Isolates, WIll be studIed The aggressIve Isolates WIll 

be selected for reSIstance studIes 

Effect of light intensity on growth and Yield of sweet 
pepper 

Sweet pepper cv CalIfornIa Wonder was grown 

under 30, 50, 70 and 100% bght mtensIty at AVRDC

ARC, Kamphdengsaen, from December 1994 to March 

1995 At 70% lIght mtensIty, sweet pepper produced 

the hIghest YIeld (803 3 g/pl) , whereas those at 30% 

hght mtensIty had the lowest YIeld (184 7 g/pl) YIeld 

was related to heIght, dIameter of canopy, leaf area and 

accumulatIOn of dry weIght throughout the expenment 

At 70% lIght mtensIty, sweet pepper showed the 

hIghest crop growth rate, relatIve growth rate, net as

SImIlatIon rate, LAI, and harvest mdex, whIle leaf area 

ratIO and specIfic leaf area were hIghest under 30% hght 

mtensIty LAI crop growth rate and stem dry weIght 

showed addItIve correlatIOn to fruIt dry weIght 

Effect of shading and spacing on seed Yield and 
quality of Capsicum frutescens cv Tabasco 

ChIh (Capslcum!rutescens) cv Tabasco was grown 

WIth no shadmg 25% shadmg (whIte nylon net), 40% 

shadmg (blue nylon net), and 60% shadmg (black salan) 

at spacmgs of75 x 75, 75 x 60 75 x 45 and 75 x 30 cm 
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Shadmg had an effect on plant canopy, leaf area, plant 

dry weIght pollen VIablhty pollen genmnatIOn, frmt 

set fruIt sIze, fruIt weIght number of seeds per fruIt, 

seed YIeld and seed quahty but no effect on phYSI

ologIcal matunty of the seed Chlh plants grown under 

25% shadmg gave the hIghest pollen vlablhty (84%), 

pollen germmatIOn (61 %), fruIt set (62%), seed YIeld, 

and seed qualIty ChIll plants grown under 40% shad

mg gave the hIghest seeds per fruIt (24 seeds) whIle 

60% shadmg gave the lowest seed YIeld and seed qual

Ity Spacmg had no effect on seed YIeld or seed quahty 

Anthracnose resistance gene tagging 

Moderately resIstant pepper varIety 83-168 was 

IdentIfied and crossed wIth many susceptIble vanetIes 

A RIL populatIOn for future QTL analysIs IS bemg gen

erated The populatIOn, now at F4 generatIOn, WIll be 

carned untIl F7 A reSIstant vanety found at AVRDC 

headquarters WIll be crossed WIth the present pepper 

vanetIeS to create segregatmg populatIOns Another 

culture IS abo bemg consIdered to create a double hap

lOId populatIOn 

Pepper germplasm uSing DNA marker 

A mlcrosalhte marker (GATA) IS bemg used m 

IdentIficatIon of pepper vanetIes and for faclhtatmg 

pepper germplasm evaluatIOn GATA has been found 

useful m groupmg pepper specIes, and It mIght be use

ful m companng acceSSIOns wlth SImIlar phenotypes 

The work IS bemg done m partnershIp WIth TVRC 

Influence of nitrogen, phosphorus, and potassIUm 
fertilizers on seed Yield and seed quality 
of bitter gourd 

The mfluence of NPK fertlhzers on seed YIeld and 

seed quahty of bItter gourd (Momordlca charantw L) 

were studIed BItter gourd was grown and treated WIth 

a combmatIOn ofthree rates of mtrogen (0, 15, and 30 

kg N/rat), three rates of phosphorus (0, 10, and 20 kg 

P,O/raI) and two rates of potasslUm 
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(0 and 10 kg K20/rat) Factonal m RCBD WIth three 

rephcatIOns was used The results showed that N, P, 

and K fertlhzers had no effect on the tImmg of first 

bloom or male and female flower total number or fruItS, 

weIght per frmt, number of seeds per 7 m2 (6 plants) 

number of seeds per fruIt total seed weIght, and 100-

seed weIght However, the hIgh rates of N, P and K 

gave hIghest gemllnatIOn (92 9%) and germmatIOn m

dex (23 2) when apphed m a combmatIOn of 30, 20, 

and 10 kg N, P205
, and ~O/rat, respectIvely 

Effect of planting date and spacing on seed Yield 
and seed quality of sweet baSil 

Sweet basIl (Oclmum baslllClum L) was grown m 

December, January, and February 1994 and 1996, WIth 

spacmg of 30 x 50, 40 x 50, and 50 x 50 cm at KU's 

Kamphaengsaen campus Plantmg dates affected plant 

WIdth, heIght, number of pnmary branches, days to 

flowenng, seed YIeld and seed quahty The WIdest bush, 

early flowenng and maXImum number of pnmary 

branches hIghest seed YIeld, and seed germmatIOn were 

obtamed from the December crop Spacmg had no ef

fect on vegetatIve growth and seed quahty but dId af

fect seed YIeld In December when a spacIng of 30 x 50 

cm produced the hIghest seed YIeld of 283 70 kg/ral 

WIth eIght harvests However only three harvests should 

be enough for commercIal seed productIOn to mmlmize 

cost of productIon 

Germplasm multiplication and exchange 

Nme sets of IMN, two sets of MYMV IMN, and 

25 sets of mungbean breedIng lInes and acceSSIOns were 

proVIded to 36 research agencIes and mdlVlduals world

WIde m 1997 (The regular IMN sets also contamed 

some MYMV-resistant matenals ) For other vegetable 

crops, mcludmg vegetable soybean, AVRDC-ARC has 

dIstnbuted a total of 25 kg of matenal 

A total of 66 acceSSIOns of angled luffa, 81 acces

SIOns of smooth luffa 60 acceSSIOns of melon, 81 ac

ceSSIOns of wax gourd, and 226 acceSSIOns of tomato 
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were multIplIed and evaluated Jomtly by KU and 

AVRDC-ARC CharactenzatIOn of these matenals IS 

underway 

The exchange of matenals between AVRDC-ARC 

and ItS natIonal partners, especially Chma and the coun

tnes m the Mekong RegIOn, has been strengthened 

through the vegetable networks whIch AVRDC-ARC 

coordmates A number of these matenals change hands 

through the trammg scholars who bnng m seeds from 

then countnes and carry matenals home Several 

AVRDC breedmg lmes were released through thIs form 

of exchange 

Through the network, a sIzable number of genetIc 

matenals IS expected to be collected and evaluated 

Jomtly by AVRDC-ARC staff and the natIOnal partners 

Collectmg expedItIons m Laos, Cambodia, and 

Myanmar wIll be launched m 1998 CollectIOns m Viet

nam and Chma are ongomg 

Tralnmg 

AVRDC-ARC graduated 32 trammg scholars from 

10 countnes m ASIa and the PacIfic RegIOn through ItS 

15th RTC The 16th RTC, wIth 30 researchers and ex

tensIOn offIcers from eIght countnes enrolled, com

menced on October 15, 1997 

Under CLVNET, 13 researchers receIved specIal 

trammg m the field of mtegrated pest management 

(rPM) of bactenal WIlt of tomato (3), rPM on DBM 

(4), and SOCIOeconomIC survey (6) Except for the rPM 

course WhICh was conducted at AVRDC headquarters 

m TaIwan these courses were conducted at AVRDC

ARC's facIlIties at KU Kamphaengsaen campus 

A research fellow m mformatIOnJomedAVRDC

ARC on 1 January 1997, and WIll complete her fellow

shIp at the end of the year FellowshIp support was pro

VIded by German Agency for Techmcal CooperatIOn 

(GTZ) and SDC grants Another research fellow from 

Chma Jomed AVRDC-ARC m June 1997 and IS now 
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conductmg research on genetIc dIversIty of the soy

bean collectIOn at AVRDC-ARC 

Through the SDC project, AVRDC-ARC also con

ducted a senes of m-country trammg m the countnes 

m the Mekong RegIOn 

International cooperation 

AVRDC-ARC coordmates two projects m the 

Mekong RegIOn, namely CLVNET and the Human 

Resource Development Project for the Mekong RegIOn 

The former IS funded by the ASIan Development Bank 

whIle the latter receIves support from SDC These two 

projects are by then very nature lrnked CLVNET works 

towards the development of vegetable research and pro

ductIOn m the NARS through resource complementa

tIon On the other hand, the SDC proJect, whIch also 

mcludes the countnes of Myanmar and Chma, comple

ments the needs of CLVNET by provIdmg trammg and 

other aspects of human resource development m areas 

not covered by the hmited CLVNET budget, 1 e, m

country trammg mformatIOn packagmg, etc 

ThIrteen collaboratIve research projects had been 

forged wIth the leadmg agncultural research mstltu

tIons m Chma by mld-1997 The ImplementatIOn of 

these research projects IS now m full swmg 

In collaboratIOn wIth CLVNET, the project IS partly 

supportmg adaptIve tnals of crucIfer, solanaceous, and 

legume crops The work has been mItIated m Cambo

dIa, Laos, and VIetnam The project also supported 

publIcatIOn of several AVRDC-ARC mformatIon ma

terIals 

Human resource development project for the 
Mekong Region 

ThIS project IS a contmuatIOn and expanSIOn of the 

prevIOUS trammg grants provIded by SDC to the 

AVRDC-ARC RTC The goal IS to aSsIst Cambodia 

Laos, Myanmar, VIetnam, and Chma to mcrease theIr 

capabIlItIes to develop Improved and sustamable veg-
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etable productIOn technologIes The project accom

phshed the followmg m 1997 

ThIrteen agncultural research and extensIOn offic

ers from the collaboratmg countnes t~ee from Cam

bodIa, three from Laos, three from Myanmar, and four 

from VIetnam, were tramed from October 1996 to 

March 1997 At present, 18 researchers and extensIOn 

officers (eIght from Chma, three from CambodIa, two 

from Laos, three from Myanmar, and two from VIet

nam) are partIcipatmg m the 16th RTC 

AVRDC-ARC conducted m-country trammg m 

field research deSIgn and data analYSIS m Laos and 

Myanmar m October 1997 A total of 43 researchers 

and statIOn managers completed thIS one-week course, 

20 m Laos and 23 m Myanmar Several m-country tram

mg workshops are scheduled m 1998 m Laos, Cambo

dIa, VIetnam, and Myanmar 

Survey questIOnnaIreS reqUIred for assessmg the 

Impact of the RTC were developed and dIstnbuted to 

all AVRDC-ARC trammg alumm and theIr ImmedIate 

superVIsors m 1996-97 PartIal analYSIS of the data has 

shown that of the 60% of the alumm who responded, 
• 

80% consIdered the AVRDC-ARC trammg program 

very benefIcIal to theIr profeSSIOnal growth and job 

prOdUCtiVIty 

SCientifiC information exchange 

InformatIOn exchange between AVRDC-ARC and 

Its partner countnes m ASIa contmues AVRDC-ARC 

receIves pubhcatIOns from Chma and m turn sends 

AVRDC pubhcatIOns to ItS pnnclpal cooperators m that 

country 

In 1997, AVRDC-ARC pubhshed trammg reports 

contammg the results of the research conducted by the 

14th and 15th RTC partICIpants Other pubhcatIOns that 

came out m 1997 mclude a trammg mformatIOn bro

chure, trammg CUrrIculum gUIde, home gardenmg cul

tural practIces gUIde (m calendar form), and a reVIsed 
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gUIde to the cultural practIces for AVRDC-ARC-re

leased mungbean vanetIes A reVIsed AVRDC-ARC m

formatIOn brochure IS due off the press soon Leaflets 

on the suggested cultural practIces for tomato, vegetable 

soybean, and Chmese cabbage are bemg prepared 

AVRDC ARC China Program 

The expanded AVRDC-Chma Program IS now un

der the umbrella of the Mekong RegIOn Project on 

Human Resource Development, funded by SDC ThIS 

new program sees the expanSIOn of two major actiVI

ties of AVRDC-Chma Phase III tomato VIruS control 

studIes and study mto soybean rust 

Collaborative research and SCIentific mformatIOn 

and germplasm exchange are bemg contmued and 

strengthened Under the new project, eIght Chmese re

searchers are bemg tramed m the 16th RTC A 

postdoctoral research fellow IS exammmg the genetic 

dIverSIty of the soybean collectIOn at AVRDC-ARC 

He IS also workmg on IdentIfymg RAPD markers hnked 

to downy mIldew reSIstance m soybean RAPD mark

ers WIll also be used to IdentIfy the genetic relatIOnshIp 

between ThaI soybean cultivars 

ARC GTZ Project on Human Resource Development 

ThIS project supports researchers from Chma, ThaI

land, and the PhIlIppmes to attend the AVRDC-ARC 

RTC and supports research fellows mamly from Chma 

To date, 12 researchers and 3 research fellows (2 from 

Chma and 1 from the PhIhppmes) have been tramed 
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AVRDC-Africa Regional Program 

The AVRDC-Afnca RegIOnal Program (AVRDC-ARP) conducts vegetable research and provIdes trammg and 

mformatIOn serVIces to the Afncan natIonal agncultural research systems (NARS) The research and trammg facIlI

tIes of AVRDC-ARP m Arusha, Tanzama, were offiCIally opened by hIS Honourable Deputy Mimster for Agncul

ture on 15 July 1997 The year also saw the handover ofthe Program to Dr M L Chadha from Dr R T Opena, who 

IS now DIrector of AVRDC's ASIan RegIOnal Center m ThaIland 

Phase I of the trammg component of the CollaboratIve Network for Vegetable Research and Development m 

Southern Afnca (CONVERDS) ended m March 1997, and Phase II IS m progress Target groups for trammg are 

now to mclude more extenSIon staff Accordmgly, the cumculum of the five-month vegetable productIOn course was 

reVIsed m 1997 to mclude extenSIOn modules The countnes covered mclude Angola, Botswana, Lesotho, Kenya, 

MalaWI, Mauntms, MozambIque, NamIbIa, SwazIland, Tanzama, Zambia and ZImbabwe Smce Its mceptIon, AVRDC

ARP has tramed 128 NARS personnel (See preVIOUS sectIOn on Collaboratlve Research andNetworks ) 

The Program's project on hIghland tomato alms to develop cultlvars WIth reSIstance to tomato leaf curl VIruS, the 

bhght, and to mtroduce, evaluate, and promote the adoptIon of tropIcal tomatoes m the hot humId regIOns of Afnca 

Two AVRDC tomato hnes have been selected for offiCIal release as new cultlVars m TdnzanIa These AVRDC tomato 

hnes carry reSIstance to tomato mosaIC VIruS (ToMV), fusanum WIlt (FW), root-knot nematodes, and they show 

field tolerance to tomato yellow leaf curl VIruS (TYLCV) They also have better fruIt quahty than do popular CUltI

vars Marglobe, Money Maker, and Roma VF 

The seeds of these two AVRDC lInes were dlstnbuted to 12 regIOnal NARS Several conSIstently good perform

ers were IdentIfied for further evaluatIOn Expenments were conducted m MalaWI and Tanzama to test the durablhty 

of four preVIOusly IdentIfied sources of reSIstance to tomato late blIght (LB) Work onLB reSIstance IS m progress 

ReSIstances are bemg mcorporated mto AVRDC tomato hnes Late-bhght-reslstant F4 hnes WIll soon be tested at 

AVRDC-ARP 

ActIVItIes on germplasm collectIOn and evaluatIOn of Afncan mdlgenous vegetables were undertaken Manage

ment studIes were conducted on amaranth, black mghtshade, Afncan eggplant, and EthIopIan kale 
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Adaptation tnals of tomato germplasm In 

the Afncan hIghlands 

Two YIeld tnals were earned out m 1997 to evalu

ate promlsmg AVRDC-ARP tomato hnes for YIeld and 

deSIrable fruIt charactenstIcs Group I consIsted of nIne 

advanced mdetermmate AVRDC-ARP tomato hnes 

Group II consIsted of 11 new selectIons from last year's 

tnal of advanced mdetermmate AVRDC-ARP tomato 

hnes 

Data gathered mcluded YIeld and YIeld compo

nents, plant characters such as trusses per plant and 

fruIts per truss, and frul! characters, such as crackIng, 

cat face, shape, and firmness FruIt samples were taken 

and stored under ambIent condItIOns for assessment of 

storabilIty 

DesIgn m both tnals was randomIzed complete 

block wIth three replIcatIOns Plot SIze was 1 2 x 6 0 m 

DI~tance between rows was 60 cm and dIstance between 

hIlls withlO the row was 50 cm Marglobe and 

Moneymaker served as checks In the first tnal whIle 

Just Marglobe was used as check m the second tnal 

In Group I, there were no sIgmficant dIfferences 

In the mean potentIal YIeld although ARP 366-1 had 

the hIghest potentIal YIeld, 76 7 t/ha whIle ARP 366-2 

had the hIghest actual YIeld 702 tlha (Table 1) 

SIgmficant dIfferences were observed on average 

frUlt weIght Marglobe had the bIggest frUlts whIle 

Moneymaker had the smallest Marglobe, however, had 

the fewest fnnts per plant whIle Moneymaker had the 

most, resultIng In no-sIgnIficant dIfference In market

able YIeld 

In terms of storablhty, ARP 367-2, an mdetermI

nate AVRDC lIne recommended for release In Tanza

ma, had the hIghest percentage of firm fruIts after 25 

days of storage at ambIent temperature, 467% com

pared to Moneymaker wIth 11 7% and Marglobe wIth 

3 3% (Table 2) The results confirmed prevIOUS find

mgs about the good keepmg qualIty of AVRDC-ARP 

Table 1 YIeld and YIeld components of selected advanced ARP tomato lines In a replicated YIeld tnal Madura Research and 
Training StatIon, Afrrca RegIonal Program, Arusha, Tanzanra, July to Nov 1997 

Entry 

ARP 3661 
Marglobe (ck) 
ARP 3662 
ARP 3653 
Moneymaker (ck) 
ARP 3672 
Mean 
CV% 

Potential Actual Ave frUit Mkt 
Yield Yield weight frUits per 
(tlha) (tlha) (g) plant 
76 7 68 3 115 3 b 19 6 bc 
76 1 69 8 141 9 a 16 0 c 
748 702 111 4 b 194 bc 
69 2 62 2 100 7 b 20 5 b 
674 634 81 1 c 24 5 a 
661 599 1103 b 172 bc 
717ns 644ns 1103** 193* 
86 111 102 107 

By no 
953 
91 9 
960 
923 
91 5 
936 

%mkt 
YIeld 

939 ns 
1 7 

By wt 
961 
91 9 
970 
938 
937 
899 
945 ns 
1 8 

Table 2 Percent firm frUIts during storage of best ARP tomato lines In a replicated YIeld tnal, Madura Research and Training 
StatIon, AVRDC Afrrca RegIonal Program, Arusha, Tanzanra, July to Nov 1997 

Llne/vanety 
ARP 3672 
ARP 3653 
ARP 3662 
ARP 3661 
Moneymaker 
Marglobe 
Mean 
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5 days 
967 
933 
900 
917 
917 
633 
886 

10 days 
933 
783 
783 
767 
583 
31 7 
703 

Days under ambient condItion 
15 days 20 days 

700 650 
517 483 
633 533 
567 483 
183 167 
100 83 
461 386 

25 days 
467 
300 
267 
21 7 
11 7 
33 

177 
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hnes compared to the locally grown cultIvars m Tanza

ma 

In Group II ARP 365-2-5, ARP 366-1-13 and ARP 

366-1-14 gave the same YIeld level as the check vanety 

Marglobe (Table 3) 

Marglobe had the largest fruIts, 117 g, however, It 

had the least number of fruIts per plant, 23 The aver

age fruIt weIght of selected AVRDC-ARP hnes ranged 

from 72 to 95 g, whIle the number of frUlts ranged from 

25 to 36 

No slgmficant dIfferences were observed on per

cent marketable YIeld by number of fruIts, but sIgmfi

cant dIfferences were observed by weIght of fruIts 

In terms of storablhty, ARP 366-1-13 had 61 1 % 

firm fruIts after three weeks of storage and the only 

hne left wIth firm fruIts after four weeks of storage 

(Table 4) Marglobe had no firm fruIts after three weeks 

Adaptability trials of onion germplasm under 
African highland conditions 

Two evaluatIOn tnals were conducted m 1997 to 

select am on culttvars wIth hIgh YIeld re~Istance to 

major msect pests and dIseases, good storablhty and 

good bulb characters 

Group I consIsted of 15 yellow oman vanetIes from 

AVRDC Group II consIsted of five red oman varietIe~, 

also from headquarters The two tnals were deSIgned 

to confirm the performance of vanetIes that dId well m 

earher tnals Data gathered mcluded marketable and 

non-marketable Yield, mean bulb weIght, sphttmg per

centage, bulb length, bulb dIameter, number of bulb 

centers, and percentage splIttmg Sample bulbs were 

taken and stored under ambIent condItIOns to assess 

storablhty 

The tnals were laid out m RCBD wIth three reph

catIOns Plot SIze was lOx 6 0 m DIstance between 

rows was 30 em and dIstance between plants wlthm 

the row was 15 em Texas Grano served as the check 

vanety for the yellow omons, whIle Red Creole was 

the check for the red omons 

Among the 15 yellow oman cultIvars evaluated for 

YIeld adaptabIlIty, and storablhty, Granex and Equanex 

were the hIghest YIelders wIth 64 3 and 61 2 tlha re

spectIvely (Table 5) Nme other culttvars YIelded hIgher 

than Texas Grano 

HIghly sIgmficant dIfferences were observed m av

erage bulb weIght Torrens White had the largest bulb 

followed by Granex and Equanex Though the bulbs of 

Torrens WhIte were large, It was 12th m terms of mar

ketable YIeld, mamly because of a poor plant stand of 

624% compared to the 907% plant stand of Granex 

Texas Grano also had large bulb SIze, 218 5 g, but Yield 

suffered due to the vanety's 48 3% plant stand 

The other factor that made Granex, Equanex 

Table 3 Yield and Yield components of selected ARP tomato lines In an advanced replicated Yield tnal, Madllra Research and 
Training Station, AVRDC Afnca Regional Program, July to November 1997 

line/variety 

Marglobe (check) 
ARP 365 2-5 
ARP 3661-13 
ARP 3671 17 
ARP 3661 11 
ARP 365325 
ARP 3651 18 
Mean 
CV% 

1997 Report 

Potential Actual Ave Mkt 
Yield Yield I frUit wt frUits 
(tlha) (tlha) (g) per plant 

90 3 a 85 6 a 117 3 a 22 5 c 
88 4 ab 81 6 ab 72 5 d 35 9 b 
84 8 abc 79 8 abc 94 9 b 26 4 abc 
77 6 abcd 72 6 bcd 86 9 bed 26 4 abe 
75 8 bcd 74 3 bcd 86 1 bed 26 3 abe 
75 8 bed 73 8 bed 90 5 be 25 1 abe 
665d 637d 810bcd 246 abc 
790* 753** 885** 268** 
87 73 87 130 

By no 
934 
936 
959 
935 
925 
942 
896 

% mkt 
Yield 

938 ns 
13 

Bywt 
936 bc 
950 ab 
953 ab 
943 ab 
952 ab 
947 ab 
929 c 
951 * 
1 1 
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Mercedes, and Granex 2000 top Yielders was theIr hIgh 

percent marketable Yield Texas Grano on the other 

hand had 914% marketable bulbs 

early, had good bulb charactenstIcs, such as SIze and 

shape umformIty, fewer bulb centers and small necb 

The storabIhty study IS ongomg 

No slgmficant dIfferences were observed m bulb 

sphttmg Number of bulb centers dIffered sIgmficantly 

In Group II, no slgmficant dIfference was found m 

terms of YIeld The hIghest YIeldmg vanety was Red 

Creole at 33 8 tlha followed by Red Bone at 23 9 tlha 

(Table 6) 
Apart from high YIeld the 15 culttvars matured 

Table 4 Percent firm frUit of selected ARP tomato lines 
after four weeks of storage at ambient condl 
tlons, Madllra Research and Training Station, 
AVRDC Afnca Regional Program, July to Nov 
1997 

No slgmficant dIfferences were observed 10 aver

age bulb weIght and neck thIckness, but sIgmficant dIf

ferences were found m the percent marketable number 

of bulbs and percent boltmg 

Line/variety 
ARP 366 1 13 
ARP 3651 18 
ARP 366 1 11 
ARP 367-1 17 
ARP 365325 
ARP 36525 
Marglobe 

Week 1 
100 
100 
100 
100 
100 
100 
100 

Week 2 
722 
833 
778 
667 
778 

1000 
833 

Week 3 
61 1 
500 
444 
389 
278 
167 
00 

Week 4 
11 1 
00 
00 
00 
00 
00 
00 

Boltmg, an undeSIrable charactensttc momon, was 

hIgh m Kana Red (41 9%) and Rouge de Tana (40 1 % ) 

Boltmg also contnbuted to the low YIeld of these van

ettes because a SIzable number of bulbs were unmar

ketable 

Table 5 Yield and Yield components of best yellow oOion cultlvars In a replicated Yield tnal, Madura Research and Training 
Station, AVRDC Africa Regional Program, Arusha, TanzaOla, July to November 1997 

Cultlvar 

Granex 
Equanex 
Granex 2000 
Torrens White 
Mercedes 
Houston 
Texas Grano (ck) 
Mean 
CV% 

% Mkt Average 
plant bulb Yield bulb wt 
stand (tlha) (g) 
907 643 2360 
880 612 2318 
767 505 2216 
624 469 2515 
878 464 1742 
780 462 1919 
483 312 2185 
693** 
142 

392** 
260 

1959** 
201 

By no 
1000 
1000 
958 
972 

1000 
1000 
914 
985* 
1 8 

% mkt 
Yield 

Bywt 
1000 
1000 
972 
991 

1000 
1000 
955 
992 ns 
1 6 

Table 6 Yield and Yield components of red oOion cultlvars In a replicated Yield tnal, Madura Research and Training Station, 
AVRDC Afnca Regional Program, Arusha, Tanzania, July to Nov 1997 

Entry 

Red Creole 
Red Bone 
Kana Red 
Violet de Galml 
Rouge de Tana 
Mean 
CV% 
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% Mkt Ave % % No of 
plant Yield bulb wt mkt bolting bulb 
stand (tlha) (g) Yield centers 
80 9 33 8 138 5 100 0 a 0 0 b 2 3 
60 9 23 9 126 3 100 0 a 0 0 b 2 4 
58 5 22 7 123 1 65 4 b 41 9 a 2 4 
60 0 21 3 121 0 98 4 a 4 8 b 3 1 
54 3 15 6 99 6 70 0 b 40 1 a 2 1 

% 
split 
bulbs 
32 
00 
08 
32 
08 

62 9 ns 23 5 ns 121 7 ns 86 8 ** 17' 4 ** 2 5 ns 1 6 ns 
171 497 273 22 117 220 478 
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The best matenals WIll be dlstnbuted to Afncan 

NARS for further testmg and/or use m commercIal pro

ductIon or further breedmg work 

Adaptablhty trials of other global crops under 
African highland conditions 

Evaluat10n tnals of hot pepper, sweet pepper, and 

vegetable soybean were conducted m 1997 m an effort 

to select new cultIvars wIth hIgh YIeld characters bet

ter than the local vanetIes, and resIstance to major dIS-

eases 

Two separate YIeld tnals were conducted mvolv

mg 20 hot pepper hnes from AVRDC Both tnals were 

laid out m RCBD wIth three rephcatIOns Each plot was 

a double-row bed 12m WIde and 6 0 m long Spacmg 

between rows was 60 cm and between hills wlthm the 

rows was 50 cm No local check was meluded The 

entnes were scored for YIeld, frUlt weIght fruIts per 

plant, and pungency 

Ten sweet pepper hnes and vanetles from 

A VRDC' s collectIOn were evaluated for YIeld and adapt

abihty The tnal was laId out m RCBD wIth three rep

hcat10ns Each plot was a double-row bed, 12m WIde 

and 6 0 m long Spacmg between rows was 60 cm and 

between hills wlthm the rows was 50 cm CahfornIa 

Wonder and Yolo Wonder were used as local check 

The entnes were scored for YIeld, fruIt weIght, fruIts 

per plant, fruIt length and diameter, and shape 

Ten vegetable soybean acceSS10ns were evaluated 

from Augu')t to November 1997 for adaptablhty to 

Arusha's condlt1Ons The tnal was laid out m RCBD 

wIth two rephcat10ns Plot SIze was 1 2 x 5 m, wIth a 

spacmg of 60 cm between rows and 15 cm between 

hIlls wlthm rows Data gathered meluded pod yIeld, 

pod length and weIght, and 100-gram seed weIght 

Sample pods were taken, cooked, and evaluated for 

acceptablhty 

Eleven non-headmg Chmese cabbage were m

eluded m a prehmmary evaluat10n to determme theIr 

adaptablhty to Arusha's condItions The tnal was laid 

out 10 RCBD WIth three rephcatlOns Plots were 

1 2 x 6 0 m wIth a spacmg of 60 cm between rows and 

50 cm between hills wlthm rows Data gathered m

eluded marketable YIeld, head weIght, VIgor, and reac

t10n to common 10sect pests and dIseases 

In the first tnal, PBC 714 had the hIghest YIeld, 

20 8 tlha, double the YIeld of the second-hIghest entry, 

PBC 601, whIch YIelded 10 3 tlha (Table 7) NeIther 

hne however, was very pungent The most pungent hne 

was PBC 316 the thud-hIghest Yielder 

In the second tnal, PBC 146 had the highest po

tential YIeld, 22 2 tlha, although the hne was not pun

gent PBC 374 the thud-hIghest Yielder at 159 tlha, 

had moderate pungency, whIle PBC 142 the 7th hIgh

est YIelder at 8 7 tlha was the most pungent 

Among the 10 sweet pepper hnes and vanetIes 

Mtlord, B58, and ECW-30R (Bs 3) had hIghest poten-

Table 7 Yield and Yield components of best new hot pepper lines In a replicated Yield tnal, Madura Research and Training 
Station, AVRDC Afnca Regional Program, Arusha, Tanzania, July to Nov 1997 

Line 

PSC 714 
PSC 601 
PSC 316 
PSC 142a 
PSC 559 
Mean 
CV% 

1997 Report 

Potential Actual Ave frUit No of 
Yield Yield weight frUitsl Pungency 
(tlha) (tlha) (9) plant 
20 8 17 0 11 0 52 3 1 
1 0 3 7 7 5 9 39 6 1 
72 28 37 31 9 5 
56 36 18 445 4 
27 13 1 3 178 5 
58** 

153 
37** 

199 
40** 

189 
287** 
168 

153 



hal and actual YIelds were better than the check cultI

var, CalIfornIa Wonder (Table 8) The lInes and varIet

Ies dId not dIffer sIgmficantly m average fruIt weIght, 

number of fruIts per plant, and percent marketable YIeld 

Among the 10 vegetable soybean lInes evaluated, 

AGS 330, 336, and 339 YIelded above 10 t/ha (Table 9) 

AGS 340 was the earlIest to be harvested at 68 days 

after sowmg, whIle AGS 337 and AGS 332 were har

vested at 82 and 83 days, respectIvely PalatabIlIty of 

a1110 acceSSIOns dIffered lIttle, although AGS 292 was 

the most acceptable m terms of taste and texture, fol

lowed by AGS 340, AGS 332, and AGS 337 

The 11 Chmese cabbage acceSSIOns evaluated 

showed potentIal for productIon m Arusha and other 

areas wIth SImIlar clImatic condItIOns Based on YIeld 

and tolerance to bacterIal soft rot, five lmes were found 

promlSlng B00034, B00024 B00194 B00673, and 

B00697 (Table 10) The hIghest potentIal YIeld was 76 5 

t/ha, WIth an average head weIght of 2 3 kg 

The best materIals WIll be dIstrIbuted to Afncan 

NARS for further testmg and/or use m commerCIal pro

ductIon 

Seed production experiments on global and regional 
vegetable species 

Seed productIOn studIes were carned out on prom

Ismg mdetermmate tomato Ime, ARP 367-2, on another 

promIsmg determmate tomato lme, ARP D-2, and on 

amaranth The objective was to develop seed produc

tion technology for Immediate use m the seed produc

tIon of AVRDC-ARP tomato selectIOns and tradItIOnal 

vegetables such as amaranth 

Table 8 Yield and Yield components of best sweet pepper lines and varieties In a preliminary Yield trial, Madllra Research and 
Training Station, AVRDC Africa Regional Program, Arusha, Tanzania, July to Nov 1997 

858 
ECW 30R (853) 
Milord 
California Wonder 
Yolo Wonder (ek) 
Mean 
CV% 

Potential Aetual Ave FrUit 
Yield Yield frUit wt per 
(tlha) (tlha) (g) plant 

22 9 a 17 8 ab 158 3 6 0 
22 8 a 15 4 be 152 0 8 5 
21 7 ab 21 1 a 120 1 8 6 
191 be 149 be 1444 66 
14 2 ef 9 5 de 159 3 7 4 
180** 138** 1456ns 66ns 
76 137 196 377 

8y no 
820 
896 
904 
840 
690 

% mkt 
Yield 

803 ns 
24 

8y wt 
900 
959 
926 
909 
874 
901 ns 
03 

Table 9 Yield and Yield components of vegetable soybean accessions In a preliminary Yield trial, Madllra Research and 
Training Station, AVRDC Africa Regional Program, Arusha, Tanzania, July to November 1997 

Pod Pod Plant Potential Pod no 100 seed 
Entry length weight stand at Yield Harvest per wt 

AGS292 
AGS329 
AGS 330 
AGS 332 
AGS333 
AGS336 
AGS337 
AGS338 
AGS 339 
AGS 340 
Mean 
CVO/O 

154 

(em) (g) harvest (tlha) Index 500 g (g) 

619 ab 162 a 111 0 77 be 040 1545 e 825 ab 
633 ab 1 71 a 1050 82 be 037 1490 e 650 ab 
608 ab 170 a 1665 168 a 048 1480 e 850 a 
591 abe 167 a 900 75 be 052 1565 e 72 5ab 
421 d 158 a 1185 93b 038 1905 be 600 ab 
583 abe 159 a 1265 103 b 044 1655 be 700 ab 
599 abc 156 a 1060 77 be 046 2215 b 510 b 
570 be 162 a 1120 72 be 036 1405e 655 ab 
653 a 171 a 1300 11 3 b 041 1505 e 590 ab 
531 c 1 30 b 1175 48c 043 3380 a 503 b 
581 ** 1 61 * 1183 ns 91 ** 043 ns 181 5 ** 661 ** 
50 57 253 193 103 135 66 
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A tnal of ARP 367-2 was conducted to evaluate 

the effect of stakmg and prumng on seed YIeld The 

expenment was arranged m RCBD wIth three rephca

tIOns Two levels were used for each factor stakmg vs 

no stakmg and prumng to two mam stems vs no prun

mg Plot SIze was 4 8 x 6 m wIth a spacmg of 60 cm 

between row,> and 50 cm between hIlls wlthm the rows 

Data gathered mcluded seed YIeld, 1000-seed weIght, 

seeds per fruIt, and fresh YIeld and YIeld components 

Table 10 Yield and Yield components of 11 Chinese 
cabbage accessions In a preliminary Yield tnal, 
Madura Research and Training Station, AVRDC 
Afnca Regional Program, Arusha, Tanzama, July 
to Sept 1997 

Plant Marketable Yield Ave head % 
AcceSSion survival Potential Actual wt rotten 

(Uha) (Uha) (kg) head 
01800042 735 765 558 230 71 
02800601 765 61 5 454 184 167 

03800194 965 586 566 176 00 
04800673 950 586 561 176 1 8 
05800001 895 582 521 175 100 

06800675 885 559 490 168 76 
07800079 785 550 430 165 65 
08800034 935 547 51 2 164 00 
09800024 935 524 493 157 00 
10800697 965 511 498 153 35 
11800061 81 5 509 433 153 278 
Mean 875 ns 576 ns 501 ns 173 ns 74 ns 
CV% 152 191 265 19 1 948 

Stakmg gave a seed YIeld of 351 0 kg/ha compared to 

135 8 kg/ha wIthout stakmg The unstaked plot pro

duced a lot of non-marketable fruItS, the mam reason 

for the low seed Yield EIghty-eIght percent of fruItS 

from the staked plots were sUItable for seed extractIOn, 

compared to 45% for the unstaked plot Prunmg re

sulted m a reductIOn m seed YIeld, from 268 8 to 

217 9 tlha Therefore, thIS procedure IS not adVIsable 

for tomato seed productIOn (Table 11) 

The second seed productIOn tnal of ARP 367-2 as

sessed the effect of spacmg and mtrogen fertlltzer rate 

on seed YIeld The tnal was latd out m spItt plot deSIgn 

WIth the spacmg test assIgned to the mam plot and N 

fertlltzer rate test assIgned to the subplot Three levels 

of spacmg were used 60 x 60, 60 x 75, and 60 x 90 cm 

LIkeWIse, three levels of mtrogen were used 50, 100, 

and 150 kg/ha Data gathered mcluded seed YIeld, 1000-

seed weIght, seeds per fruIt, and fresh YIeld and YIeld 

components No sIgmficant dIfferences were observed 

m seed YIeld and seed YIeld components LIkewIse, there 

were no sIgmficant dIfferences m mteractIOn The only 

sIgmficant dIfference noted was m fresh fruIt YIeld 

where 60 x 60 spacmg produced hIgher YIeld 

The tnal of ARP D-2 was conducted to evaluate 

the effect of mtrogen and potaSSIUm fertlltzatIOn on seed 

YIeld The expenment was arranged m RCBD WIth three 

Table 11 Effect of staking and pruning on seed Yield and seed Yield components of indeterminate tomato line ARP 367 2, 
Madllra Research and Tralnmg Station, AVRDC Afnca Regional Program, Arusha, Tanzania, July to Nov 1997 

Treatment Seed Yield 1000 seed wt Seeds per 

Pruning/Staking 
Prunmg/No staking 
No prunlng/Stakmg 
No pruning/No stakmg 
CD (critical difference) 
Pruning 
No pruning 
CD (critical difference) 
Stakmg 
No stakmg 
CD (critical difference) 
Grand mean 
CV% 

1997 Report 

(kg/ha) (g) frUit 
328 4 2 87 105 4 
1074 281 2492 
373 5 2 56 1 04 7 
164 2 2 68 108 6 
ns ns ns 

2179 284 1773 
2688 262 1071 

** ** ns 
3510 272 1050 
1358 274 1794 

** ns ns 
2434 273 1532 

76 29 509 
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replIcatIOns Plot SIze was 2 4 x 6 m wIth a spacmg of 

60 cm between rows and 50 cm between hIlls wlthm 

rows Data gathered mcluded seed YIeld, 1000-seed 

weIght, seeds per fruIt, and fresh YIeld and YIeld com

ponents No sIgmficant dIfferences were observed 

In the amaranth expenment, no sIgmficant dIffer

ences were observed m seed YIeld for the dIfferent seed 

rates and seed-sand mIxmg ratIOS used, nor III the m

teractIOns (Table 12) The hIghest seed YIeld, 2 3 t/ha, 

was obtamed WIth a seed rate of 1 kglha at a seed-sand 

ratIO of 1 100 The lowest was wIth a seed rate of 1 kg/ 

ha but at a seed-sand ratIo of 1 150 (Table 13) 

No sIgmficant dIfferences were observed m the 

WOO-seed weIght obtamed under the dIfferent seed rates 

and seed-sand ratIOS However the hIghest seed weIght 

obtamed 1 6 g, was had usmg a seed rate of 1 kg/ha 

and a seed-sand ratIO of 1 100 The lowest was had u~

mg a rate of 1 kg/ha and a seed-sand ratio of 1 150 

The results confirmed the findmgs oflast year, that 

a seedmg rate of 1 kg/ha IS optimum to produce ama

ranth seed A sand-seed ratIO of 1 100 IS adVIsed smce 

It gIves the most even dIstnbutIOn of seeds m the plot 

Tomato multi location evaluation trials 

Two groups of tomato cultivars one determmate 

and one mdetermmate, were evaluated for general 

adaptabIlIty, from 1994 to 1996, as part of Tanzama's 

natIOnal tomato testmg program The determmate set 

mcluded seven cultIvars and breedmg hnes, two of 

WhICh were from AVRDC-ARP A total of 11 tnals were 

conducted m four locatIOns The mdetermmate set con

sIsted of 10 vanetIes and breedmg hnes SIX of whIch 

came from AVRDC-ARP A total of seven tnals were 

Table 12 Effect of staking and pruning on fresh frUit Yield and Yield components of indeterminate tomato line ARP 367 2, 
Madllra Research and Training Station, AVRDC Africa Regional Program, Arusha, Tanzania, July to November 1997 

Treatment Potential Actual Ave Fruits % mkt 
Yield Yield fruit wt per Yield 
(tlha) (tlha) (g) plant By no By wt 

Pruning/Staking 684 645 111 0 11 7 869 886 
Pruning/No staking 184 169 121 8 45 420 456 
No pruning/Staking 673 655 889 11 2 892 912 
No pruning/No staking 320 313 941 92 482 531 
CD (critical difference) •• •• ns • ns ns 
Pruning 434 407 1164 81 645 671 
No pruning 497 484 91 5 102 687 722 
CD (critical difference) • • • •• ns ns 
Staking 679 650 1000 11 4 881 899 
No staking 252 241 1080 68 451 494 
CD (critical difference) •• •• ns ** •• •• 
Grand mean 466 445 1040 91 666 696 
CV= 80 89 11 0 128 126 11 8 

Table 13 Seed Yield (kg/ha) of amaranth by seed rate and seed sand ratiO, Madllra Research and Training Station, AVRDC 
Africa Regional Program, Arusha, Tanzania, August to Nov 1997 

Seed rate 
05 kg/ha 
1 0 kg/ha 
1 5 kg/ha 
Mean 
CV= 1682% 

150 
17824 
18704 
17083 
17870 

CD Seed Rate MIXing RatiO SR X MR = ns 

156 

Seed sand ratio 
1100 

16852 
22870 
18796 
19506 

1150 
15093 
14630 
18194 
15a72 

Mean 
16590 
18735 
18025 
17783 
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conducted m four locatIons The tnals were conducted Table 14 Yield (t1ha) of determinate tomato lines and 

Jomtly wIth the Tanzama natIOnal program 
varieties In Tanzania, 1994 to 1996 

Location 

The four locatIons used were Tengeru, Oodoma 
Lme/vanety Tengeru Dodoma Morogoro Innga Mean 
1994 

Morogoro and Irmga Tengeru and Innga represent the ARP D 1 437 bc 177 124 cde 246 

cool hIghlands Oodoma IS a cool and dry area, and ARPD 2 619 a 214 97 de 310 
ARP D 3 436 bc 190 103cde 243 

Morogoro, at a low elevatIOn, IS relatIvely warmer Caralbo 354 bc 183 194 b 244 
Mecllne 522 ab 198 360 

The tnals were m RCBO wIth three rephcatIOns Roma VF (ck) 513 ab 207 101 cde 274 
Data gathered mcluded YIeld and YIeld components, Romltel 468 abc 188 73e 243 

frUlt characters, dIsease and msect mCIdence, and Rossol 51 9 ab 21 8 106 cde 281 
Xma84111 511 ab 227 267 a 335 

storabIhty Xma GF 318 c 144 170 bc 21 0 
Mean 470* 196 ns 138** 

The three AVROC-ARP hnes m the determmate LSD (005) 152 62 

<;et, 0-1, 0-2, and 0-3 YIelded better than the check CV% 189 228 262 

vanety, Roma VF, across locatIOns and seasons 
1995 
ARPD 1 1169 ab 235 408 cd 241 51 3 

(Table 14) Two hybnds, however, Xma and Rossol ARPD 2 781 d 418 525 c 189 478 

YIelded better than the AVROC-ARP hnes Of the three ARP D 3 1038 abc 214 309 d 190 438 
Caralbo 869 be 268 466 cd 211 454 

AVRDC-ARP hnes, ARP 0-2 gave the hIghest average Mecllne 821 cd 21 0 462 cd 206 425 
YIeld ThIS hne has been submItted to the Release Com- Roma VF (ck) 894 bc 234 547 bc 233 477 

mittee m Tanzama by HORTI-Tengeru for release as a Romltel 1041 abc 334 649 b 254 570 
Rossol 922 bc 412 531 c 220 521 

vanety under the name Tanya ASIde from hIgher YIeld, Xma 1362 a 400 77 4 a 243 695 
Tanya has desIrable frUlt characters, such as good Xma GF 796 d 796 466 cd 686 

storabIhty and transportabIhty 
Mean 999* 303 ns 506** 219 ns 
LSD 0 05 322 81 

In the mdetermmate set all SIX AVROC-ARP hnes 
CV% 188 378 121 297 
1996 

out-YIelded the two locally grown check vanetIes, ARP D 1 646 435 633 508 b 555 

Marglobe and Moneymaker (Table 15) Among the ARPD 2 91 6 477 668 911 a 743 
ARPD 3 687 401 746 811 a 662 

AVROC-ARP hnes, the top three m terms of YIeld were Caralbo 81 8 556 804 696 ab 71 8 
ARP 365-3 ARP 367-1, and ARP 367-2 ARP 367-2 Mecllne 785 556 794 794 b 732 

has also been submItted to the Release CommIttee by Roma VF (ck) 709 558 711 796 a 694 
Romltel 681 51 2 683 869 a 686 

HORTI-Tengeru for release as a vanety for northern Rossol 844 599 947 797 
Tanzama (Arusha regIOn) under the name Tengeru-97 Mean 761 ns 512ns748ns 737** 

ASIde from hIgh YIeld potentIal, Tengeru-97 has very 
LSD 0 05 209 
CV% 167 199 156 159 

good fruIt characters, such as thIck flesh firmness Summary 

sweet taste long shelf hfe, and good transportabIhty It ARPD 1 751 282 520 291 456 
ARPD 2 772 370 596 399 529 

IS also reSIstant to root knot nematode and FW, and ARP D 3 720 268 528 368 466 
tolerant to TYLCV Caralbo 680 336 635 367 493 

Mecllne 71 0 321 628 333 502 
Roma VF (ck) 705 333 629 377 500 
Romltel 730 345 666 398 523 
Rossol 762 410 739 163 532 
Xma 878 379 761 416 613 
Xma GF 422 373 303 126 306 
Grand mean 71 3 342 602 324 492 
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Field evaluation of AVRDC ARP tomato lines for 
resistance to fusarium wilt 

FusarIum wIlt IS a major tomato dIsease In eastern 

and southern AfrIca The popular tomato cultIvars 

Marglobe and Moneymaker are susceptIble Some 

Table 15 Yield (tlha) of rndetermrnate tomato Irnes and 
vanetles In, Tanzania, 1995 to 1996 

Location 
Line/variety Tengeru Dodoma Morogoro Innga Mean 
1995 
ARP 3651 667 200 abc 
ARP 3664 882 174 c 
ARP 3671 942 
ARP 3672 877 166 c 
ARP ID 1 744 239a 
ARP ID 2 
Marglobe (ck) 
Marmande 
Moneymaker (ck) 
Molelle 

769 
839 
559 
693 
936 

202 abc 
213 ab 
184 bc 
228 a 

Mean 
LSD 0 05 
CV% 

791 ns 202** 
35 

164 102 
1996 
ARP 3651 
ARP 3653 
ARP 3661 
ARP3664 
ARP 3672 
ARP ID 1 
Marglobe (ck) 
Marmande 
Moneymaker (ck) 
Molelle 

711 
691 
688 
759 
849 
562 
633 
748 
737 
935 

868 

773 
842 

770 

542 

Mean 
LSD 0 05 
CV% 

731 ns 759* 
207 

194 145 
Summary 
ARP 3651 689 
ARP 365 3 691 
ARP 366-1 68 8 
ARP 3664 820 
ARP 3671 942 
ARP 3672 863 
ARP ID 1 653 
ARPID2 769 
Marglobe (ck) 736 
Marmande 65 4 
Moneymaker (ck) 71 5 
Motelle 936 
Grand mean 7631 
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200 
868 

474 

504 
239 

486 
213 
363 
228 
3972 

279 c 
390 b 
374 b 
518 a 
349 bc 
284c 
403 b 
314 bc 
386 b 
399 b 
506* 
72 
121 

684 abc 497 a 
661 abc 480a 
584 cd 364 a 
638 bc 41 2 a 
634bc 434a 
765 a 454 a 
494 d 196 b 

688 abc 487 a 
72 0 ab 471 a 
700 abc 383 a 
657** 424** 

76 40 
98 167 

482 
661 
584 
514 
374 
576 
557 
284 
448 
50 1 
553 
549 
50 69 

497 
480 
364 
41 2 

434 
454 

196 
487 
471 
383 
4178 

382 
482 
658 
520 
444 
527 
481 
362 
421 
521 

631 
675 
546 
645 
690 
594 
523 
641 
61 8 
673 

50 6 
675 
546 
575 
658 
617 
51 9 
527 
50 5 
50 2 
533 
597 
563 

AVRDC-ARP tomato lInes were found resIstant to FW 

under laboratory condItions It was necessary to con

firm the resIstance under field condItIOns 

Seeds of seven AVRDC-ARP hnes, 365-2, 365-3, 

366-2,366-3,366-4,367-1, and 367-2, and one popu

lar vanety Marglobe, were germmated In seedlIng trays 

Tomato vanety Moneymaker was used as the local 

check SeedlIngs were transplanted 31 days after sow

Ing The expenment was conducted at Makutupora re

search statIOn, Dodoma, Tanzarua, In an area prevIously 

found to be polluted wIth fusanum The experIment 

was arranged III RCBD wIth three replIcatIOns Symp

toms were recorded at the end of the tnal YIeld data of 

all entnes were also recorded 

All of the AVRDC-ARP tomato hnes were reSIS

tant to FW under fIeld condItIOns Moreover the 

AVRDC-ARPlInes 366-2, 366-4, and 367-1 outYIelded 

the local check, Moneymaker (Table 16) 

Evaluation of tomato late blight resistance sources 

Late blIght caused by Phytophthora mfestans IS a 

major tomato dIsease In southern Afnca In thIS regIOn, 

the use of fungIcIdes such as Ridomll and Mancozeb IS 

the only control method BreedIng of tomato varIeties 

WIth hIgh levels of resIstance to LB WIll provIde an 

alternative for dIsease control 

Twelve Lycoperslcon acceSSIOns were screened for 

effiCIency of reSIstance to LB under field condItIOns In 

Table 16 Yield of different entrres and disease Incidence 
(rn % of rnfected plants) 

Tomalo accession Yield 

ARP 3652 
ARP3653 
ARP3662 
ARP3663 
ARP3664 
ARP3671 
ARP3672 
Marglobe 
Moneymarker (ck) 
LSD (P = 0 05) 

(tlha) 
3717 
3452 
4117 
3440 
4777 
4031 
3782 
2130 
2782 
982 

Fusarium Wilt 
inCidence 

o 
o 
o 
o 
o 
o 
a 

19 
40 
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two locatIOns, Madura Research Farm, Arusha, Tanza

ma, and Bvumbwe Agncultural Research StatIOn, 

MalaWI In these two locatIOns, severe epIdemIcs of 

LB occur annually on tomato crops Seeds were ger

mmated m seedlIng trays, and one-month-old seedlmgs 

were planted m the field DIsease seventy was rated 

weekly, begmmng one month after transplantmg 

In Madura, L peruvzanum (L 3707), L 

ptmpmellifollum (L 3708), and L htrsutum (L 3683 

and L 3684) were the most resIstant accessIOns 

(Table 17) PrelImmary observatIOns at B vumbwe Ag

ncultural Research statIOn also mdicated that L 3683, 

L 3684, L 3707, and L 3708 are resIstant to LB 

Screenmg smgle plant selections of AVRDC-ARP 
tomato hnes for resistance to tomato mosaic virus 
and root knot nematodes 

ToMV and root-knot nematodes are WIdespread 

and economIcally damagmg m tomato growmg areas 

of Southern Afnca It was found that AVRDC-ARP to

mato hnes proposed for release as new cultIvars m Tan

zania, are segregatmg for resIstance to ToMV and root

knot nematodes It was therefore Important to punfy 

Table 17 Disease seventy ratmgs of Lycoperslcon 
accessions evaluated at Madllra Research Farm 

AcceSSion number 
LO 3683 
LO 3684 
LO 3707 
LO 3708 
WV700 
WV106 
WV63 
Fhne 
TS33 
TS19 
Moneymaker 
Roma VF 

Disease seventy 
o 
o 
o 
o 
14 
55 
6 
6 
595 
582 
59 
6 

Disease seventy was rated according to the follOWing scale 0 = no 
VISible symptoms 1 = 1 10% leaf area affected 2 = 11 20% leaf area 
affected 3 = 21-40% leaf area affected and/or 1 10% stem area 
affected 4 = 41 70% leaf area affected and/or 11 50% stem area 
affected, 5 = 71 90% leaf area affected and/or 51 100% stem area 
affected 6 = 91 100% leaf area affected and/or plant dead 
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these lInes and select new hnes wIth resIstance to both 

pathogens 

Seeds of smgle-plant selectIOns of 29 AVRDC

ARP tomato lInes and one local check, Moneymaker, 

were germmated m plastIc pots Two-week old seed

hngs were mechamcally moculated WIth ToMV 

(pathotype 0) Inoculum was prepared by gnndmg m

fected tomato leaves m a phosphate buffer (0 03 M 

phosphate buffer plus 1% sodIUm sulfite) Pnor to m

oculatIOn, carborundum was added to the moculum 

Three weeks after moculatIOn, seedlIngs were trans

planted on a Meloldogyne-Javamca-mfected plot for 

Table 18 Screening tomato hnes for resistance to tomato 
mosaic virus and root knot nematodes 

Selection code 
ARP2PH 110 
ARP2PH 2-10 
ARP2PH 31 
ARP2PH 4-20 
ARP5210 
ARP5 2 11 
ARP5 103 
ARP5 108 
ARP5PH311 
ARP5PH3-13 
ARP5PH52 
ARP5PH58 
ARP5PH5 10 
ARP5PH5-12 
ARP9-10 2 
ARP9 104 
ARP9 10 11 
ARP9 1029 
ARP9 1030 
ARP9 1031 
ARP9PH 1 2 
ARP9PH 1-18 
ARP9PH 2 18 
ARP9PH-31 
ARP9PH 5 7 
ARP9PH 512 
ARP9PH 6 10 
ARP9PH 6 17 
ARP9PH 6-18 
Moneymaker 

No of 
Inoculated 

plants 
34 
38 
31 
39 
33 
37 
35 
40 
34 
35 
29 
34 
33 
36 
34 
31 
40 
36 
26 
33 
38 
39 
35 
34 
40 
36 
37 
40 
39 
33 

Tomato mosaic virus Nematodes 
No of % of No of % of 

Infected Infected Infected Infected 
plants plants plants plants 

o 0 0 0 
o 0 0 0 
o 0 1 3 
o 0 1 3 
o 0 19 58 
o 0 21 57 
o 0 8 23 
o 0 6 15 
o 0 2 5 
o 0 1 3 
o 0 14 48 
o 0 21 62 
o 0 12 36 
o 0 11 31 
o 0 2 6 
o 0 1 3 
o 0 1 3 
o 0 2 6 
o 0 70 27 
o 0 0 0 
o 0 0 0 
o 0 0 0 
o 0 3 9 
o 0 0 0 
o 0 3 8 
o 0 1 3 
o 0 10 27 
o 0 2 5 
o 0 1 3 
33 100 33 100 
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root-knot screemng ToMV symptoms were recorded 

30 days after moculatIOn Symptom~ of root-knot nema

todes were recorded after the last harvest 

All selectIOns were found to be resIstant to ToMV 

SIX selectIOns were resIstant to root-knot nematodes, 

whlle 23 are segregatmg (Table 18) SelectIOns reSIS

tant to both ToMV and root-knot nematodes WIll be 

screened agam 
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Cooperative Programs 

AVRDC maIntaInS cooperative research programs wIth natIOnal agrIcultural research systems (NARS) In ASIa 

These research programs Include germplasm evaluatIOn and exchange, and adaptive research and tnals on vanous 

globally and regIOnally Important vegetables 

AVRDC-USAID Bangladesh Project 
AVRDC-USAID Bangladesh Project Introduced 

189 hnes/vanetIes In 1997 from AVRDC and South 

ASIan Vegetable Research Network (SAVERNET) 

member countrIes The germplasm was gIVen for test

Ing to the Horttculture Research Center (HRC) and 

SpIce Research Center (SRC) of the Bangladesh AgrI

cultural Research Institute (BARI) The AVRDC

USAID project IS aSSIstIng BARI to IdentIfy promIS

Ing hnes and to screen for reSIstance to varIOUS bIOtIc 

and abIOtIc stresses 

Mungbean hne NM 92, Introduced from AVRDC 

has been regIstered and released under the name BARI 

Mung-5 by BARI's Pulse Research Centre (PRC) 

PrOmISIng hnes of tomato, radIsh, kangkong 

mungbean, malabar spInach, eggplant, chIll, summer 

cauhflower, garden peas, and vegetable soybean have 

been IdentIfied and are undergOIng secondary and re

gIOnal YIeld trIals Improved varIetIes are expected to 

greatly Increase vegetable YIelds per umt area WhICh 

should Increase total productIOn, consumptIOn and 

farmers' Incomes 

Heat tolerant cherry tomato hybrIds Introduced 

from AVRDC m 1996 were found to be qUIte promIS

mg both WIth and WIthout the applIcatIOn of hormone 

to promote frUIt set and development Seeds of these 

hybnds are bemg produced locally from AVRDC par

ent hnes ThIS WIll help In the effort to make tomatoes 

avatlable year-round IntroductIon ofbetacarotene-nch 

tomatoes WIll help Improve nutntton 

Dunng the summer and raInY season 1997, more 

1997 Report 

than 200 summer tomato demonstratIOns were arranged 

throughout the country USIng varIetIes BARI Tomato-4 

(TMOlll) and BARI Tomato-5 (TM0367), developed 

from AVRDC germplasm The project partIcIpated In 

BARI's research reVIews for pulses and vegetable crops, 

and worked wIth BARl's On-farm Research DIvlSlon 

(OFRD) to help IdentIfy research prIOrItIes 

WIth finanCIal support from the project, one BARI 

SCIentIst completed the 15th RegIonal TraInIng Course 

15 October 1996 to 15 March 1997, at AVRDC s ASIan 

RegIOnal Center (AVRDC-ARC) Another BARI SCI

entIst was sent to the 16th RegIOnal TraInIng course 

whIch started on 15 October 1997 The project helped 

SIX SCIentIsts from Bangladesh particIpate m the 

SAVERNET phase II JOInt planmng workshop for South 

ASIa held m Sn Lanka, 4-9 May 1997 and another 

four BARI SCIentIsts and one SCIenttst each from the 

Bangladesh Instltue of Nuclear Agnculture (BINA) and 

Gono Kallyan Trust partIcIpated In the InternatIOnal 

Mungbean ConsultatIOn Workshop for South ASIa held 

7 -11 September 1997, m New DelhI, India A tramIng

of-traIners course on mungbean sprouts productIOn and 

uses, was held from 30 March to 1 AprIl Speakers were 

from AVRDC and natIOnal Instttutes Some 42 partIcI

pants from 14 orgamzatIOns attended the practical 

course The project also arranged 35 transfer-of-tech

nology courses on new vegetable vaneties and tech

nologIes A total of 1225 extenSIOn workers, NGO per

sonnel and farmers partICIpated 

More than 9598 field demonstratIOns were con

ducted throughout the country on new vegetable van-
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ettes, technologies, and nutntIOn models The project 

also orgamzed three field days m collaboratlon with 

BARI and extensIOn agenCle1> m which 450 farmers 

and extensIOn workers, mcludmg NGO personnel, par

tICipated 

The project helped m the bmldmg of field, labora

tory, and hbrary facIlitIes Two follow-up workshops 

on mungbean were conducted for mungbean farmers 

and extensIOn workers In Sherpur (two locatIOns) and 

RaJban (three locatIOns) dlstncts m November A farm

ers trammg course on watermelon cultIvatIOn was also 

planned for Sherpur 

Vegetable crops agnbusmess proceeedmgs of a 

workshop held at the Bangladesh Agncultural Research 

CouncIl (BARC) , was pubhshed as were leaflets on 

new vanetIes and technologies, namely radish vanety 

BARI Mula-2 tomato varietIes BARI Tomato-3, BARI 

Tomato-4, and 5, red amaranth, BARI Lalshak -1, bottle 

gourd, BARI Lau-l okra BARI Dharosh-l and 

Mungbean, BARI Mung-2, BARI Mung-3, BARI 

Mung-4, and BARI Mung-5 A leaflet on Conander, 

BARI Dhama-l, and another on omon, BARI PlyaJ-I, 

are m productIOn 

ASide from the services of AVRDC specIahsts from 

AVRDC, the project engaged two local consultants m 

1997 one specIahst m Pen urban/urban vegetable crops, 

retamed for four months, and a vegetable agnbusmess 

speCialist, retaIned for SIX months (With three more 

months m 1998) 

Dr D P SmghJomed the project on 12 September 

m place of Dr M L Chadha, who was transferred to 

head AVRDC's Afnca RegIOnal Program 

In collaboratIOn With BARI and BARC, AVRDC, 

IS mtroducmg and IdentIfymg new vanetIes and tech

nologies to Increase year-round aVailabIlIty of veg

etables In Bangladesh Processmg tomato, hlghbeta

carotene tomatoes, cherry tomatoes, large-fruIted fresh 

market tomatoes, peppers, whIte-stem kangkong, sum

mer cauhflower, Virus-free okra, mungbean, and new 

vegetables, such as asparagus vegetable soybean, ed

Ible podded peas were added to the BARI germplasm 

collectIOn These new IntroductIOns are helpIng BARI 

to develop hlgh-Yleldmg vegetable varietIes resistant 

to abIOtIc and bIOtIC stresses 

Protected cultIVatIOn techmques for growmg veg

etables dunng the summer and ramy season have been 

deVised makmg use of bamboo, GI pipes, and trans

parent polythene sheets To help transfer these vanet

les and technologies to farmers, a large number of 

farmer field demonstratIOns and a number of field days 

were held mvolvIng different research and extenSIOn 

organIZatIOns, mcludmg NGOs and the pnvate sector 

EmphaSIS IS bemg gIVen to growmg more nutntIOus 

vegetables year-round m homestead gardens Progress 

m the project's actIvItIes was made pOSSible through 

the actIve support and cooperatIOn of BARI, BARC, 

USAID, AVRDC headquarters and AVRDC-ARC 

Table 1 Yield and Yield contrlbutmg characters of betacarotene nch tomato Imes 
Plant ht MatUrity FrUits/plant FrUit size (em) Yield/plant Yield TSS 

Entry (em) (days) (no) Length Dla (kg) (tlha) (%) 
TM0833 1297 84 22 52 65 1 8 650 48 
(CLN 1315 BCl F3 57A 3026) 
TM0834 1491 81 24 53 68 1 9 680 45 
(CLN 1314 BCl F351 25 1662) 
TM0835 161 3 81 25 54 71 22 880 51 
(CLN 1314 BCl F351 25166 113) 
TM0836 1241 82 28 50 60 20 847 40 
(FMTT 22 (CK) Fl Fresh market) 
CV% 107 5 51 23 34 76 132 104 
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Tomato 

Secondary Yield trial of betacarotene-rlch tomato lines 

A secondary Yield tnal of four AVRDC 

betacarotene-nch and-high Yieldmg tomato hnes was 

conducted at HRC, Joydebpur, durmg wmter 1996-97 

LmeTM0835 (CLN 1314 BCI F3
-51-25-16-6-113) pro

duced the highest mean Yield wIth large fruIt SIze and 

early matunty (Table 1) It produced attractive orange

colored frUlts ThIS lme was evaluated by the techmcal 

commIttee at Joydebpur for release as a new vanety 

Secondary Yield trial of processing tomato lines 

From the prehmmary YIeld tnal conducted last year 

wIth 12 AVRDC processmg type tomato hnes, SIX hnes 

were selected for a secondary YIeld tnal m wmter 

1996-97 

SeedlIngs were transplanted to the field at BARI, 

Joydebpur, on 15 November Lme PT008 (PT 4719B) 

produced the hIghest mean YIeld wIth medmm fruIt SIze 

PT008 and PT 009 (PT 4719A) were found supenor 

Table 2 Yield and Yield contnbutlng characters of SIX processing tomato Imes 
Entry Plant ht Days to harvest Fruits/plant FrUit size Yield/plant 

(em) (no) Length Dla (kg) 
PT004 667 85 20 62 58 17 
(PT 4679B) 
PT006 864 83 20 56 57 1 6 
(PT 4675B) 
PT007 759 82 24 56 55 1 8 
(PT 4716A) 
PT008 783 82 28 61 57 22 
(PT 4719B) 
PT009 711 80 35 61 48 20 
(PT 4719A) 
PT010659 80 25 58 55 1 4 55 
(CLN 1352A) 
CV% 134 39 123 39 47 158 

Table 3 Yield and Yield contnbutlng characters of tomato lines In RYT at Joydebpur, winter 199697 
Entry Plant height Days to harvest No of frUits/ FrUit size (em) Yield/plant 

(em) plant Length Dla (kg) 
TM0611 835 73 27 54 67 1 9 
(CHT 280) 
TM0620 1224 73 23 53 63 22 
(FMTT 301) 
TM0621 1480 73 29 52 57 26 
(FMTT 304) 
TM0825 1235 80 31 54 56 28 
(CL5915 206D4 2-2 0) 
Ratan (ck) 788 72 32 55 55 21 
CV% 129 65 152 49 43 180 

Table 4 Performance of tomato lines In RYTs at vanous BARI stations m winter, 1996 97 
Llne/ Yield (tlha) 
Vanety Joydebpur Hathazan Akbarpur Rahmatpur Jessore Jamalpur 
TM0621 900 897 586 844 733 537 
TM0611 380 944 728 986 729 566 
TM0825 900 628 930 871 878 
TM0620 800 628 504 542 760 
Ratan 750 552 701 848 646 670 
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for frUlt productIOn, total soluble sohds (TSS), and 

YIeld wIth attractIve fruIt color (Table 2) BARI's Tech

mcal CommIttee has recommended that these hnes be 

released as vanetIes 

Regional Yield tflal of promising tomato lines for winter 

Four promlsmg hnes selected from AVRDC 

germplasm were evaluated III regIOnal YIeld tnals (RYT) 

at seven locatlOns III Bangladesh III WInter 1996-97 

(Tables 3 and 4) The best hnes WIll be regIstered for 

general cultIvatIOn m the country 

Summer tomato 

Hybnd cherry tomato for summer 

In 1996 three cherry tomato hybnds mtroduced 

from AVRDC were sown on dIfferent dates m order to 

assess the mfluence of tIme of plantmg on growth and 

YIeld Plantmg date dId not sIgmficantly affect the char

acters studIed, except for TSS (Table 5) All of the hy

bnds gave hIgher YIeld when sown on 15 July, but these 

hybnds can be grown throughout the summer season 

A tnal m the summer of 1997 gave SImIlar results 

Lme CHT 501 was found to be a hIgh YIelder Data are 

stIll bemg analyzed 

A tnal of cherry tomato germplasm conducted m 

summer 1997 under poly tunnels, mdlcated that hnes 

Table 5 Effect of time of plantrng and varrety on the Yield and Yield contrrbutrng characters of hybrrd cherry tomatoes, 
summer 1996 

Plant ht FrUits/plant FrUit size Yield/plant Yield TSS 
Treatments (em) (no) Length Ola (kg) (tlha) (%) 
15 May 
TM0831 1100 76 35 32 1 7 480 44 
TM0832 1000 70 34 32 1 8 51 3 42 
TM0830 1152 69 36 31 1 4 404 37 

15 June 
TM0831 1132 800 35 30 1 8 500 44 
TM0832 1092 750 34 30 1 8 527 42 
TM0830 1230 720 35 31 1 4 422 38 

15 July 
TM0831 1058 830 34 30 1 8 518 45 
TM0832 1000 800 34 30 1 9 542 43 
TM0830 1172 750 35 30 1 5 44 40 
CV% 151 94 10 1 128 90 141 45 

Table 6 Yield and Yield contrrbutrng characters of seven selected tomato hybrids, summer 1996 
Plant height Days to first FrUits/plant FrUit TSS Yield/plant Yield 

Entry (em) harvest (no) Length (g) Ola (em) (%) (g) (tlha) 
TH003 1670 53 42 40 31 49 1700 498 
TH070 1823 53 40 34 34 47 1619 474 
TH001 2097 52 36 35 33 49 1215 356 
TH002 2300 52 42 34 32 48 1417 415 
TH005 2050 58 30 38 36 38 1000 293 
TH006 1657 54 47 42 34 43 1602 469 
TH004 1933 70 18 45 41 41 1000 293 
CV% 164 77 396 139 139 145 442 442 
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CRT 151, 152, and 155 responded to hormone 

(Tomatotone 2%) treatment Lme CRT 157 dId not 

Lme CRT 151 gave the highest Yield 

Performance of selected hybrtds m summer ramy 
season 

Thirty hybnds, made by crossmg different heat tol

erant germplasm dUflng wmter 1995, were tested m 

the summer ramy season of 1996 Seven hybnds per

formed well (Table 6) and these have been selected for 

RYT 

Table 7 Economics of summer tomato cultivation at 
Jessore during Khanf II, 1996 (average of 22 
replications) 

Items Yield/dec Value (BDT) Yleld/ha Value (BDT) 
A Gross return 56 kg 1750 14000 kg 4 37 500 
B Total cost 

Labor 
Polythene 
Bamboo 
Rope 
Fertilizer 
Insecticide 
Fungicide 
Hormone 
Total cash cost 

C Net profit 
D Cost/Benefit ratio 

126 
308 
210 

21 
40 
11 
15 
75 

806 
944 
22 

31500 
77,000 
52500 
5250 

10000 
2750 
3,750 

18750 
201500 
236000 

22 

Tomato sale price = 31/25 BOT/kg Labor = 42 BOT/day/person 

Farmers fIeld trtals on summer tomato 

In collaboratIOn with OFRD, RRC conducted 89 

farmer field tflals m dIfferent agroecological zones 

(AEZ) From these tflals it can be concluded that a sum

mer tomato crop can be grown successfully In 

Bangladesh and farmers can make a good profIt 

(Tables 7 and 8) 

Chili peppers and sweet peppers 

A germplasm evaluatIOn tnal was conducted at 

SRC, Joydebpur, dunng wmter 1996-97 Sixty hnes col

lected from AVRDC SAVERNET, and local sources 

were sown on 16 October Of 51 hnes transplanted m 

Table 8 Economics of summer tomato cultivation due to 
extended harvesting at Jessore durmg Khanf II, 
1996 (average of 6 replications) 

Items Yield/dec Value (BDT) Yleld/ha Value (BDT) 
A Gross return 133 kg 2926 33250 kg 731 500 
B Total cost 

Labor 
Polythene 
Bamboo 
Rope 
Fertilizer 
Insecticide 
Fungicide 
Hormone 
Total cash cost 

C Net profit 
D Cost/Benefit ratio 

210 
308 
210 

23 
45 
15 
20 
75 

2020 
2020 
32 

Tomato sale price = BOT 22/kg Labor = BOT 42/day 

52500 
77 000 
52500 
5750 

11 250 
3750 
5000 

18750 
5,05000 
5,05,000 

32 

Table 9 Yield and Yield contributing characters of 11 selected chili lines, wmter 1996 97 
Plant Plant leaf Leaf FrUit Yield/ Hot 

Acc no height spread length breadth length plot Yield ness 
(cm) (cm) (cm) (cm) (em) (g) (Uha) 

C0045 (Rang pur 3) 596 235 59 22 36 508 281 VH 
C0100 (Jessore 33) 630 412 62 24 35 416 230 VH 
C0265 (Home Garden) 980 580 50 29 62 519 288 VH 
C0272 (NARC 4) 730 450 58 35 45 412 229 VH 
C0275 (Loungl) 710 480 59 21 61 417 231 VH 
C0277 (Yatsufusa) 850 452 67 23 43 412 229 VH 
C0291 (PBC065) 334 372 49 1 6 39 455 252 VH 
C0292 (PBC075) 430 372 48 1 5 38 445 247 VH 
C0295 (PBC549) 538 292 50 24 47 465 258 VVH 
C0371 (PBC600 LC 932 408 48 23 48 465 258 MH 

sendang) 
GZPR Local 101 0 482 52 31 1 7 440 244 VVH 
v V H = very very hot V H = very hot M H = medium hot 
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Table 10 Performance of AVRDC 21 st International Mungbean Nursery, set I, khanf II, 1996, at RARS, Ishurdl 
Days to Days to Plant Pods! Seeds! 100 seed Pod Plants/ 

Entry flowering maturity height plant pod wt length m2 Yield YMW 
(em) (g) (em) (tlha) (%) 

VC61448 12 38 58 79 11 89 65 99 34 1 24 6 
VC6144(47 28 2) 37 56 75 10 94 65 121 34 1 03 2 
VC6148(50 12) 37 57 66 11 108 64 102 31 100 5 
VC615389 35 53 62 10 100 66 95 32 90 3 
VC6153820P 36 57 73 10 109 74 103 35 1 11 2 
VC6173B 6 35 54 58 11 91 63 11 5 31 110 5 
VC6173B 10 34 52 61 9 93 73 107 28 130 3 
VC6173B 11 38 57 62 10 99 73 11 4 27 132 3 
VC6173B 13 36 54 55 10 109 71 11 8 21 96 2 
VC6173B 14 37 55 67 10 90 72 11 6 33 117 2 
VC6173B 33 35 53 71 11 96 74 102 28 1 01 5 
VC6367(44 55 2) 35 54 71 9 11 4 78 123 31 96 4 
VC6372(458) 33 52 59 9 87 78 92 37 109 10 
VC6375(41136) 37 56 67 12 92 72 103 25 1 01 5 
VC6141 96 35 52 73 9 93 59 96 32 95 3 
VC6379(23 11) 36 57 75 11 96 61 97 35 1 38 2 
VC637092 32 48 52 10 90 52 86 33 73 4 
Kant! 35 56 69 10 84 66 68 41 86 5 
F Test •• •• .. NS NS •• NS .. .* 
CV % 35 30 84 169 163 57 62 197 14 
LSD(O 05) 1 8 23 79 25 22 05 09 89 208 

Table 11 Performance of AVRDC 21 st IMN set II, khanf II, 1996, at RARS, Ishurdl 
Entry Days to Days to Plant Pods! Seeds! 100 seed Pod Plants! 

flowering maturity height plant pod wt length m2 Yield YMV 
(em) (g) (em) (tlha) (%) 

VC3960A 88 34 55 71 7 18 105 52 87 38 128 2 
VC3960A 89 33 51 647 15 11 4 38 75 45 117 5 
VC6141 90 34 52 679 17 11 8 34 71 50 100 4 
VC6173A 35 52 624 15 11 5 72 101 36 122 0 
VC6173C 33 51 613 15 11 4 66 104 44 129 2 
VC6368(46 7 2) 32 49 630 12 104 57 94 43 1 12 2 
VC6368(46 40 4) 31 51 547 14 11 3 54 93 37 106 5 
VC6369(53 97) 37 50 737 16 11 4 51 92 44 1 11 6 
VC6371 93 35 53 775 16 11 5 69 96 47 122 2 
VC6370(30 65) 34 51 535 15 11 1 57 94 39 99 3 
VC637092 34 55 504 15 11 3 57 10 1 33 94 2 
VC6371 94 34 54 627 15 11 3 56 124 40 95 0 
VC6372(458 1) 34 56 655 14 109 53 91 40 107 2 
Kant! 35 55 749 16 109 33 72 59 102 2 
F Test •• •• .. NS NS •• .. •• • • 
CV % 31 33 97 176 107 108 182 199 1 4 
LSD 0 05 1 5 25 90 38 1 7 08 24 121 214 

Table 12 Performance of cabbage line CE 001 at SIX locations, 199697 
Yield (tlha) 

Entry Joydebpur Hathazan Akbarpur Rahmatpur Jessore Jamalpur 
CE 001 805 395 427 466 607 639 
K K Cross 800 427 546 511 659 759 
Atlas 70 1002 473 522 523 593 791 
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the field on 2 December, 11 were IdentIfied as promIs- YIeld potentIal and are hIghly tolerant to Mungbean 

mg and slated for further tnals (Table 9) Yellow MOSaiC VIruS (MYMV) 

Mungbean Lmes VC 6144B-12, VC 6173B-6, VC 6173B-1O, 

VC 6173B-11, and VC 6379 (23-11) from Set I, and 
International Mungbean Nursery 1996 hnes VC 3960 A-88, VC 6173 A, VC 6173 C, and VC 

Seed sets of the 21 st International Mungbean N urs- 6368 (46-7-2) from the Set II, were found qUIte prom-

ery (IMN), 1996, receIved from AVRDC-ARC, were Ismg at RARS, Ishurdl 

sown dunng August-September, khanfII season at five 
At Jessore, hnesVC 6144 B-12, VC (6148-50-12), 

10catlOns PRC J oydebpur, ReglOnal Agncultural Re-
VC 6173B-1O VC 6173B-13, VC 6367(44-55-2), VC 

search StatlOn (RARS), IshurdI, RARS, Jessore, Instl-
6379(23-11), and VC 6370-92, all from Set-I, YIelded 

tute for Post-graduate StudIes mAgnculture Salna, and 
more than 800 kglha and were selected for further test-

BINA, Mymensmgh The data from Ishurdl (2) Jessore 
mg SIX hnes from Set-II, VC3960A-88, VC6141-90, 

(2), and BINA (1) are presented m Tables 10 and 11 
VC6368( 46-7 -2), VC6368( 46-40-4), VC6369(53-97), 

From the data It IS clear that most of the new AVRDC 

hnes are qUlte early, umform m matunty, have hIgh 
and VC6372( 45-8-1), were selected for further testmg 

At BINA, Mymensmgh, mne hnes from the Set-I 

and three hnes from Set-II were selected These hnes 

Table 13 Yield and Yield contrlbutmg characters of 23 eggplant varieties/lines 
No of Wt of Av Av % Days 
frultsl frultsl frUit FrUit FrUit plant Infested to 1st FrUit First 

Entry plant plant wt length dla ht Yield frUit harv color shape 
(g) (g) (em) (em) (em) (tlha) 

BL056 28 2357 86 128 49 708 314 122 95 P 0 
BL032 18 2509 137 96 73 686 334 185 84 P R 
BLS

4 
31 3809 122 168 61 709 508 98 99 P 0 

B003 23 2841 126 189 52 866 379 11 3 84 P 0 
BL117 25 2155 83 265 32 896 287 97 84 G L 
ISD006 9 2537 289 133 87 745 338 154 105 P R 
Islampun 17 3113 185 10 1 85 814 41 5 138 94 P R 
BLS3 39 1802 46 18 1 30 855 240 57 122 P L 
B009 29 2383 74 308 31 1072 31 8 11 9 118 P L 
BL 114 54 3902 72 11 6 58 757 520 88 95 P 0 
BL083 22 1687 76 314 28 835 225 100 118 P L 
BL072 22 2471 111 103 71 553 329 72 84 G 0 
ISD011 24 2034 88 178 30 834 271 89 105 P L 
BL099 41 2068 51 259 24 91 8 276 55 105 P L 
BLS 13 2003 53 99 78 726 264 275 94 P R 
BL039 19 1933 100 85 64 756 258 11 2 84 P R 
BLS18 23 2418 106 95 70 653 322 129 84 P R 
BL 118 22 1783 80 250 31 791 238 103 84 P L 
BL034 51 3344 65 160 39 777 446 70 95 P 0 
BLSs 27 1363 51 193 26 670 182 89 92 P L 
BLS

1 
61 2222 47 166 39 729 266 55 114 P L 

Tarapun 21 3056 144 157 64 826 407 108 105 P 0 
UUara 55 3032 56 146 36 798 404 101 100 P L 
CV% 244 186 129 138 122 66 187 386 
P Purple G Green 0 Oblong R Round L Long 

1997 Report 167 



YIelded more than 1 tlha and were hIghly tolerant to m a senes of cross combmatIOns at PRC Some of these 

MYMV, Cercospora Leaf Spot eCLS), and Powdery crosses are qUIte promIsmg More than 475 demonstra-

MIldew (PM) hans of NM92 were conducted m 1996 

Mungbean Ime NM92 registered and released for Results of other tnals, latd out m Khanf 1997, WIll 

general cultivation m Bangladesh as BARI Mung-5 be mcluded m next year's report 

AVRDC's promIsmg lme NM 92 has been regIs-

tered and released for general cultIvatIOn under the name 

BARI Mung-5 ThIS lme has also been used as parent 

Table 14 Yield and Yield contnbutlng characters of 12 selected omon lines from AVRDC germplasm collection 
Plant Av bulb Neck Dry Yleld/ 

Entry height wt thickness Bolting TSS recovery plot Yield 
(cm) (g) (cm) (%) (%) (%) (kg) (tlha) 

ON0165 (AC325 Isolation) 708 756 1 8 14 44 266 97 323 
ON0166 (AC451 CG) 642 1297 14 2 72 465 179 596 
ON0167 (AC459(y)(C) NB) 652 847 1 5 1 99 201 109 364 
ON00170 (AC506 CG 3163) 681 1146 1 6 0 128 170 141 470 
ON0177 (TA 377 CG) 674 1567 1 5 0 82 11 7 227 757 
ON0178 (Granek 429) 705 1293 1 5 0 49 284 159 530 
ON0179 (Texas Grano 502) 711 131 7 1 4 0 46 194 161 536 
ON081 (AC 11) 672 1030 1 5 0 97 308 14 1 471 
ON0186 (AC453) 61 3 1634 1 7 2 40 150 188 626 
ON0187 (AC461) 688 1031 1 9 0 92 227 163 543 
ON0188 (AC514) 707 627 09 0 45 192 93 339 
ON0189 (AC542) 586 1156 1 2 10 556 237 11 9 397 

Table 15 Yield and Yield contributing characters of selected omon lines 
Plant No of Leaves Bulb Av bulb Yleld/ 

Acc no height leaves/ length shape wt plot Yield Pungency 
(cm) plant (cm) (cm) (g) (kg) (tlha) 

ON0056 676 10 520 Thick flat 75 1329 443 High 
Red Creole 
ONOO64 739 11 570 Flat globe 171 2145 7152 Low 
Arad (H) 
ON0067 Gladalan 677 9 489 Narrow ovate 169 2029 6764 Medium 
brown 

ON0068 681 10 51 0 Flat 138 1286 4286 Medium 
Dessex (H) 
ON0069 71 5 11 567 Rhombi 101 1438 4126 High 
RIO Raj Red (H) 
ON0070 674 11 492 Globe 103 1500 5000 Medium 
Granoble 
ON0073 775 14 684 Spindle 111 1688 5625 Medium 
Pera IPA6 
ON0074 681 10 629 Narrow ovate 111 1686 5620 Medium 
Jenln (Hazera) 
ON0079 727 11 600 Spindle ovate 88 1271 4236 High 
Arka Kalyan 
ON0141 786 97 458 Globe 136 1634 5446 Medium 
RIO RaJI Red (F1) 
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Cabbage 

RegIOnal YIeld tnals of the new seed-producmg 

cabbage Ime CE 001 along wIth KK Cross and At

las 70, were completed at SIX locatIons m the last week 

of February 1997 (Table 12) The seed productIOn ca

pablhty of CE 001 was found to be qmte satIsfactory 

Eggplant 

Twenty-three eggplant lmes selected m germplasm 

tnals m 1996 were evaluated dunng September 1996 

to March 1997 Two hnes YIelded more than 50 t/ha 

and the first harvestmg was conducted m less than 100 

days A breedmg lme, BL 114 gave the hIghest Yield, 

5203 t/ha, followed by BL S-4 at 50 28 t/ha (Table 13) 

Twelve ehte vanetIes receIved from AVRDC un

der the SAVERNET program were tested m wmter 

1995-96 Khatkhatla, from Bangladesh, gave the hIgh

est YIeld, followed by Pusa Krantl and PPL from India 

Pusa Krantl and PPL WIll be tested m farmers' fields m 

Bangladesh 

Omon 

Two germplasm evaluatIOn tnals, one mcludmg 30 

hnes receIved from AVRDC and the other mcludmg 29 

hnes from SAVERNET and other <;ources, mcludmg 

local hnes, were conducted m wmter 1996-97 Twelve 

promIsmg hnes from the AVRDC collectIOn and 11 

Table 16 Seed crop performance of new radish line RH 021 
Seed Yield kg/ha 

Llne/vanety Ishurdl Akbarpur Rahmatpur Jessore Jamalpur 
RH 021 1220 305 1767 1220 1690 
Tasakl 1670 333 1873 1337 1500 

from other collectIOns were selected for a secondary 

YIeld tnal (Tables 14 and 15) at SRC 

Radish 

RYT of an advance radIsh Ime RH021 

PromIsmg radIsh hne RH 021 was evaluated 10 dIf

ferent agro-ecologlcal zones (Table 16) 

Kangkong 

RYT of an advanced kangkong Ime 

Lme Broad Leaf, mtroduced from AVRDC, was 

evaluated at SIX locatIOns m 1996 (Table 17) ThIS new 

hne IS ready for regIstratIOn and release 

Homestead vegetable production 

Two homestead models developed at BARI were 

tested, along WIth the released Kahkapur model as a 

check, at the Olenculture DlVlsIOn ofHRC, Joydebpur, 

for three years from September 1993 The new models 

made use of seven raIsed beds, 3 0 x 0 80 m, and four 

comer beds each 0 75 x 0 75m The Kahkapurconslsts 

of five raIsed beds of (5 05 x 0 80 m) on 25 m2 The 

new models are deSIgned for mtenslve, year-round cul

tIvatIOn employmg a croppmg system WIth vegetables 

for hIgher YIeld per umt area and tIme, better nutntIOn 

and more profit 

The performance of vegetable productlOn models 

I and II, growmg 24 and 22 dIfferent vegetables, re

spectlvely, and spIces and qmck-growmg fruIts, was 

compared WIth the Kahkapur model whIch mcorpo

rate~ 14 vegetables Model-II gave the hIghest YIeld 

3068 kg/year, followed by Model-I 28248 kg/year 

Kahkapur produced 259 8 kg/year 

Table 17 Performance of new kangkong Ime, Broad Leaf, m summer 1996 

Llne/vanety 
Kangkong 
(Broad lean 
Glma kalml 

1997 Report 

Hathazan 
803 

706 

Yield 
Akbarpur Rahmatpur 

608 707 

777 625 

Jessore Jamalpur Ishurdl 
569 509 61 3 

545 459 524 
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AVRDC - Philippines Outreach Program 
The objectIve of the AVRDC - Phlhppmes Out

reach Program IS to mcrease farmmg productIvIty and 

profitabIlIty by developmg Improved vanetIes of field 

and vegetable legumes, and other vegetables The Pro

gram IS conducted m partnershIp wIth the Department 

of Agnculture, Bureau of Plant Industry, Los Banos 

NatlOnal Crop Research and Development Center 

(NCRDC), Laguna, Phlhppmes 

Evaluation and selection of mungbean Imes 

As part of an effort to develop non-Iodgmg and 

non-shattenng mungbean vanetIes wIth hIgh and stable 

Yield, umform and early matunty, and resIstance/toler

ance to major pests and dIseases 25 entnes from the 

AVRDC InternatIOnal Mungbean Nursery were evalu

ated dunng the dry and wet seasons of 1997 Durmg 

the dry season, YIeld was low and the dIfferences be

tween varIetIes was mSlgmficant 

In the wet season VC 6379-23-11 produced the 

hIghest yIeld, 859 kg/ha, but Its YIeld was comparable 

to the check BPI-Mg9 whIch YIelded 790 kg/ha VC-

3902 A gave the heavIest 100-seed weIght 7 9 g All 

entnes were rated hIghly to moderately reSIstant to CLS 

VIruS and lodgmg 

Imtlal results of the 18 entrIes evaluated In Set IV 

showed that VC 6173-B-I0, VC 6173-A, VC 6173-

B-14, VC 6173-B-6, and VC 6173 C outperformed the 

check PSB-Mgl (Table 18) All the entnes were rated 

moderately reSIstant to CLS and VIruS and hIghly to 

moderately susceptIble to lodgmg 

Mungbean general Yield trial 

Twenty-eIght advanced hnes were evaluated m two 

sets of tnals for YIeld potentIal, adaptabIlIty to local 

agrochmatlc COndItIOns, and reSIstance to common dIS

eases, partIcularly CLS and VIruS 

Of the 16 entnes m Set II, VC 4420-B-12 sIgmfi-

Table 18 Field performance of the 18 entries (Set IV), prehmmart Yield trial, wet season 1997" 
100 seed Days to Number of 

Entry Yield (kg/ha) weight (g) Flower Mature Pods/plant Seeds/pod 
VC 6173 B 10 1416 63d 31 dc 53 d 9 
VC 6173A 1388 70 ab 31 de 54 c 9 
VC 6173 B 14 1321 69 bc 33 bc 54 c 8 
VC6173 B 6 1248 67c 33 bc 54 c 8 
VC 6173 C 1221 67c 30 e 53 d 8 
PSB Mg1 (ck) 1201 51 9 33 bc 54c 9 
VC 6148 (50 12) 1160 70 ab 34 ab 54 c 7 
VC 6153 B 19 1151 60 ef 30e 53 d 8 
VC 60915 1113 52g 33 bc 54c 9 
VC 61129 1092 59f 35 a 56 a 7 
VC 1973A 1092 62 de 33 bc 54 c 8 
VC 61738 11 1040 72a 33 bc 55 b 9 
VC 6309 (22 4) 2 1003 64d 34 ab 55 b 8 
VC 6153 B 20P 934 51g 30 e 53 d 8 
BPI Mg9 (ck) 881 59 f 34 ab 54 c 8 
VC 396088 753 51 9 32 dc 53 d 8 
VC 6347 (44552) 728 52g 33 bc 53 d 8 
VC 6368 (46 40 4) 622 50g 30 e 53 d 10 
Grand mean 107553 603 3219 5369 824 
CV% 200 195 259 061 1390 
a Planted 24 June 1997 Data mean of 48m2 subplots distributed In RCBD With two replications 
b Rated on a scale of 1 to 5 where 1 = highly resistant and 5 = highly susceptible 
Means followed by the same letter are not significantly different at 5% level uSing OMRT 
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12 
12 
12 
12 
11 
12 
12 
11 
13 
11 
11 
12 
12 
11 
11 
11 
12 
11 
1148 
565 

CLSb Virusb Lodglngb 

20 20 30 ab 
20 20 30 ab 
20 20 20bd 
20 20 15 cd 
20 20 30 ab 
20 20 20bd 
25 20 40a 
25 25 25 bc 
25 25 1 0 d 
20 25 20bd 
25 20 10d 
20 25 30 ab 
20 30 15 cd 
20 20 20bd 
25 25 20bd 
20 25 15 cd 
20 20 15 cd 
20 25 10 d 
219 225 208 

1658 1943 240 
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candy out-YIelded the check, PSB-Mgl, dunng the dry 

season However, three entnes, VC 4390-B-6 (72 g), 

VC 4366-B-2 (72 g) and VC 4390-B-1O (7 1 g), pro

duced the heavIest 100-seed weIght All the entnes were 

rated hIghly resIstant to moderately resIstant to CLS 

(Table 19) 

National Cooperative Testing of mungbean and 
maintenance of breeder seed stock 

NatIOnal CooperatIve Testmg (NCT) was con

ducted to evaluate the performance of promIsmg hnes/ 

vanetIes m 8-9 locatIons throughout the country 10 

terms of bean YIeld, reactIOn to pests, and other desIr

able agronomIc characters 

In the Los Banos dry-season tnal, EGM 3995 pro

duced the hIghest YIeld at 06 tlha, whIle EGM-3885A 

produced the heavIest 100-seed weIght at 64 g 

(Table 20) All entnes were rated hIghly resIstant to 

moderately resIstant to CLS and VIruS 

Based on eIght wet and 13 dry season tnals 10 1995-

1997 across locatIOns, EGM-3995 was recommended 

by the NatIonal Seed Industry CouncIl for seed Increase 

for possIble approval as a new vanety EGM-3395 pro

duced a mean YIeld of 1 17 tlha and 1 00 tlha dunng 

the wet and dry seasons respectIvely 

Dunng the wet season, IPBM 86-49-3 (078 tlha) 

and IPBM 86-26-43 (077 tlha) outperformed the check 

PSB-Mg4 (0 68 tlha) EGM-3885 produced the heavI

est 1 ~O-seed weIght at 6 0 g All the entnes were rated 

moderately resIstant to CLS and VIruS, and hIghly to 

moderately resIstant to lodgIng 

Some 34 1 kg of breeder seed was produced 

enough to plant about 2 ha Some 195 kg of seed was 

dIstnbuted for research and seed productIOn by the In

terested chents (Table 21) 

Evaluation and selection of soybean breeding lines 

The objectIve of the soybean work IS to develop 

non-shattenng soybean varIetIes WIth hIgh YIeld po

tentIal, early matunty, wIde adaptabIlIty, tolerance to 

Table 19 Field peroformance of the 16 entries (Set II), general Yield trial, dry and wet seasons 1997 
Yield 100 seed Oays to Oays to No of No of 

(kg/ha) wt (g) flower mature pods/plant seeds/pod 
Entry OS' WSb OS WS OS WS OS WS OS WS OS WS 
VC 4420 B 12 378 a 563 62 de 56 ab 41 34 60 55a 8a 8 11 a 11 b 
PSB Mg1 (ek) 226 b 673 60 f 56 ab 41 34 60 54 ab 7 ab 8 11 a 12 a 
VC 4390 B 6 193 be 792 72a 52 ef 41 33 60 55 a 4e 8 7d 11 b 
VC 3767 3B 2 B 171 b d 581 62 de 49 h 41 34 60 54 ab 6 be 8 9 be 11 b 
BPI Mg9 (ek) 165 e e 647 62 de 49 h 39 35 59 55 a 5 be 9 10 ab 11 b 
VC 3767 3B 2 B 171 b d 551 64be 54ed 41 33 60 54 ab 6 be 9 10 ab 11 b 
VC 3690 B 5 B 4 B 160 e e 582 60 f 53 de 40 34 60 55 a 5 be 8 8 cd 11 b 
VC 3732 B 3 B 2 B 146 e e 683 60 f 50 gh 40 34 60 54 ab 6 be 8 9 be 11 b 
VC 3751 3 B 2 2-B 142 e e 833 61 ef 55 be 40 34 60 54ab 5be10 8 ed 12 a 
VC 436682 132 e e 535 72a 57a 42 34 60 54 ab 5 be 8 8 cd 11 b 
VC 3844 28 4 1 8 130 e e 699 56g 451 40 33 60 54 ab 5 be 8 9 be 11 b 
VC3912 281121-8 121 de 552 64 bd 51 fg 42 34 60 55 a 5 be 8 9 be 11 b 
VC 3753 B 12 B 121 de 481 65h 54 ed 42 34 60 55 a 5 be 9 8 ed 11 b 
VC 4420 B 1 108 de 658 54h 51 fg 42 34 60 55 a 6 be 9 10ab11b 
VC 3543 B 2 1 1 B 107 de 692 63 cd 57a 41 34 60 53 b 4e 8 9 be 11 b 
VC 4390 B 10 99 e 741 71 a 57a 40 34 60 54ab 5be 9 8 cd 11 b 
Grand mean 1420 6414 63 53 41 0 33 7 60 0 54 4 50 85 90 11 1 
CVO/O 277 248 16 22 28 20 07 14 247 11 4 108 35 
a Planted 28 Jan 1997 Data mean of 48m2 subplots dlstnbuted In RCBD with two replications 
b Planted 24 June 1997 Data mean of 48m2 subplots dlstnbuted In RCBD with two replications 
C Rated on a scle of 1 to 5 where 1 = highly resistant and 5 = highly susceptible 
Means followed by the same letter are not significantly different at 5% level uSing DMRT 
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Lodg 
CLS ratlngC Vlrusc IngC 
DS WS WS WS 
1 5 be 1 8 23 1 5 
13ed20 25 1 5 
13ed 15 23 1 0 
20a 23 28 1 3 
1 8 ab 1 8 20 1 8 
13ed25 23 1 3 
18 ab 25 1 8 1 0 
15e 23 23 1 5 
13cd 18 18 1 0 
10d 25 25 1 5 
13ed 23 25 1 3 
10d 23 25 1 3 
10d 25 25 1 0 
10d 20 23 1 0 
10d 28 25 13 
1 5 be 1 8 20 1 0 
130 21 23 1 3 

154 264 211 375 
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drought, resIstance to pests and dIseases and wIth good 

processmg qualItIes 

Out of 17 hnes evaluated, 13 outYIelded the check 

vanety, BPI-Sy4 WhICh had a bean Yield of 084 t/ha 

G-9017 had the hIghest YIeld, 1 69 t/ha 

In work to develop Improved vanetIes of soybean 

through hybndIzatIOn and selectIOn, of the 27 hnes 

evaluated dunng the dry season, hne AGS-135 gave 

the hIghest bean YIeld at 1 39 t/ha 

Gram soybean prellmmary YIeld trIal 

Of the 17 Imes/accessIOns of gram soybean (16 

from AVRDC and one from Central Luzon State UnI

versIty) evaluated dunng the dry season, 10 entnes pro

duced bean YIelds comparable to the check, BPI-Sy4, 

whIle lme G-9956A sIgnIficantly outYIelded the check 

(Table 22) 

Soybean regIonal YIeld trIal 

Ten test entnes were evaluated agamst two natIonal 

checks and one regIOnal check sImultaneously m dIf-

ferent regIOns m the 1996-97 dry season and the 1997 

wet season 

Out of the SIX test entnes evaluated dunng the dry 

season at NCRDC only EGSy 96-6-1 (3 12 t/ha) 

outYIelded the hIghest YIeldmg check PSB-Sy6 (2 98 

tlha), but the dIfference was not sIgnIficant (Table 23) 

For the wet season, none of the five test entnes 

outYIelded the hIghest YIeldmg natIOnal check vanety, 

PSB-Sy3, whIch had a bean YIeld of 3 05 tlha EGSy 

96-7-8 and EGSy 28-1, however, WIth bean YIelds of 

3 04 and 2 97 tlha, respectIvely gave YIelds compa

rable to PSB-Sy3 

Table 21 The breeder seeds produced and distributed by 
NCRDC 

Varretles planted 

PSB Mg1 
PSB Mg2 
PSB Mg3 
BPI Mg9 
Total 

Available seeds 
(kg) 

109 
845 
52 
955 

341 
a Carned over from 1995 

Amount dlstnbuted' 
(kg) 
36 
465 
515 
605 

1945 

Table 20 Field performance of mung bean entries under the NCT, dry season 1997, conducted at NCRDC' 
Yield 100 seed Days to Number of 

Entry (kg/ha) weight (g) Flower Mature Pods/plant Seeds/pod Plants harv CLSb Vlrusb 

EGM 3995 593 a 61 b 38 b 60 a 8 11 a 136 23 ab 1 3 
MG 50 10A (reg ck) 466 ab 61 b 40 a 59 b 7 11 a 137 23 ab 1 0 
EGM 3737 419 bc 52d 39 ab 60 a 9 11 a 95 1 5 bc 1 0 
PSB Mg1 (Nat ck) 419 bc 60b 39 ab 59 b 8 11 a 100 23 ab 1 0 
EGM 4488 398 bc 59b 39 ab 60 a 8 11 a 110 18 bc 1 0 
IPBM 85 45 4 356 b d 45 f 40 a 60 a 8 10 b 95 15 bc 1 3 
PSB Mg 2 (Nat ck) 343 b d 61 b 40 a 60 a 7 11 a 102 15 bc 1 0 
BPI Mg9 (Nat ck) 331 b d 56c 40 a 60 a 8 11 a 86 23 ab 1 0 
IPBM 85 45 1B 296 cd 50 de 40 a 60 a 7 11 a 108 20ac 1 3 
IPBM 84 5611 294 cd 51 de 39 ab 59 b 7 11 a 116 28a 1 0 
IPBM 85 3518 294 cd 4ge 39 ab 60 a 8 11 a 83 18 bc 1 0 
EGM 4477 286 cd 56c 39 ab 59 b 8 10 b 88 23 ab 1 5 
IPBM 85344 224 d 44f 40 a 60 a 8 11 a 86 18 bc 1 3 
EGM 3885 222 d 64a 40 a 60 a 6 11 a 75 13c 1 0 
Grand mean 35289 547 3936 5966 76 1091 101 2 193 1 0 
CV% 2542 231 157 061 1343 511 298 2885 3479 
a Planted 28 Jan 1997 Data mean of 60m2 subplots dlstnbuted In RCBD With four replications 
b Rated on a scale of 1 to 5 where 1 = highly resistant and 5 = highly susceptible 
Means followed by the same letter are not significantly different at 5% level uSing DMRT 
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Tomato Improvement 

The work m tomatoes IS mtended to develop hIgh 

Yleldmg fresh market tomato vanetIes adapted to hot

wet condItIons (ramy season) and resIstant to bactenal 

WIlt (BW), and to develop hIgh Yleldmg processmg to

mato vanetIes WIth good processmg quahtIe~ (hIgh sohd 

content, firm fruIt, and deep mtense red color) 

Tomato general Yield tnal 

Fresh market tomatoes evaluated dunng the dry 

season showed good YIeld performance, whIle pest and 

dIsease problems were hIgh dunng the wet season Of 

the 13 mdetermmate FI hybnds screened agamst Pope 

and MaIgaya (check vanetIes) dunng the dry season 

FMTT-114, FMTT-13B, and FMTT-586, wIth total 

YIelds of 524,52 1, and 49 5 tlha, re<;pectIvely, sIgnIfi

cantly outYlelded the check Pope, whIch YIelded 36 tlha 

(Table 24) FruIt SIze vaned sIgnIficantly rdngmg from 

31 to 138 g/frult The hIghest YIelders produced me

dmm-slzed fruIts 

Twelve determmate entnes were evaluated agamst 

Pope and MaIgaya m the dry and wet seasons Total 

Yield dunng the dry season ranged from 32 7 tlha for 

Ant-9 to 487 tlha for CL 5915-93 D4-1-0-1-2, wIth a 

grand mean of 40 8 tlha (Table 25) The hIghest YIelder, 

CL 5915-93 D4-1-0-1-2, produced comparable YIeld 

to Pope (414 tlha) and MaIgaya (427 tlha) In the wet 

season, Ant-7 and Ant-9 produced total YIelds compa

rable to MaIgaya (9 5 tlha) wIth a grand mean of 5 13 

tlha 

Marketable YIeld m both seasons signIficantly var

Ied wIth a grand mean of 39 30 tlha m the dry season 

and 4 51 tlha m the wet season 

SIgnIficant dIfferences m fruIt sIze among entnes 

were observed m both seasons wIth a range of 18 to 80 

g/frult m the dry season and 13 to 37 g/frult m the wet 

season CLN 236 BC 1 F3-42-2-2-12-0 (dry season) 

and CLN 466 BC1 F2-44-7-5-0 (wet season) had the 

biggest fruItS at 80 g/frult and 37 g/frult, respectIvely 

Table 22 Mean bean Yield and other agronomic characters of gram soybean Imes, prehmmary Yield tnal, dry season, 1996 97" 
Bean Yield 100 seed weight Days to Pest ratlngb 

Entry (tlha) (g) MatUrity mites 
G 9956 4 1 21 a 1323 8100 c 20a 
SJ 4 097 ab 1543 c 8067 c 15 b 
GC 50259 2 19 6 7 65 2 096 ab 2217 a 77 00 f h 20a 
GC 84040271 096 ab 1547 c 7867 gh 20a 
GC 50259 2 19 6 7 65 6 095 a c 2003 b 7667 gh 18 ab 
GC 87028351 088 a d 1067 f 8367 a 16 ab 
GC 87022351 086 ad 1047 f 8267 b 18 ab 
GC 50227 5 22 6 9 48 8 084 ad 1997 b 7600 h 15 b 
GC 50227 5 22 6 9 21 6 082 ad 1487 c e 7600 h 1 5 b 
GC 50227 5 22 6 9 21 8 077 b d 2067 ab 7633 gh 18 ab 
GC 50227 5 22 6 9 48 6 075 bOd 2220 a 7667 gh 20a 
BPI-8y4 (ck) 070 b d 1537 cd 77 33 e g 20a 
EG8y 93639 069 b d 1470 c e 7833 de 15 b 
GC 87028383 067 b d 1057 f 7800 d f 18 ab 
GC 87022181 063 b d 1367 c 8000 c 18 ab 
GC 87022 5S 1 055 c d 1288 e 8100 c 1 6 ab 
GC 50259 2 19 6 7 65 3 049 d 1990 b 7633 gh 16 ab 
Grand mean 081 1601 7900 177 
CVO/O 2536 731 073 11 46 
a Planted 10 Jan 1997 Data means of 5 m2 subplots distributed In RCBD with three replications 
b Rated on a scale of 1 to 5 where 1 = highly resistant and 5 = highly susceptible 
Means followed by the same letter In each column are not statistically different at 5% level by DMRT 
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Tomato regional Yield tnal 

Nme fresh market tomatoes were evaluated 10 the 

regIOnal YIeld trIal under the NCT for vegetables dur

mg the 1996-97 dry season At Los Banos total YIeld 

ranged from 40 1 to 52 1 t/ha wIth a grand mean of 

44 4t/ha Two AVRDC hybrIds, FMTT-138 (52 1 t/ha) 

and CL 6046 (51 9 t/ha), sIgmficandy outYIelded all 

entrIes mcludmg the check (Table 26) The good crop 

enVlfonment contnbuted to the hIgh YIelds of the dIf

ferent entrIes 

Table 23 Mean bean Yield and other agronomlcal characters of soybean lines, regional Yield tnal, dry and wet seasons 1996 97" 
Pests and 

Bean Yield (kg/ha) 100 seed weight (gm) Days to mature disease ratlngb 

Entry OS WS OS WS OS WS Mites Rust 
EGSy 9661 3116 a 2698 1842 a 208 82 c 9975 20b 1 0 
PSB Sy6 (N ck) 2978 a 2949 1072 e 135 84 b 10325 17 be 1 0 
PSI Sy4 (R ck) 2519 b 1575 b 80 d 20b 1 0 
IPBSy 91 1001 2355 bc 2364 1127 e 141 97 a 1175 17 be 1 0 
EGSy 9678 2312 be 3037 1510 b 181 80 d 101 0 24a 1 0 
EGSy 9978 2299 be 1687 b 82 c 15c 1 0 
EGSy 951722 2050 b d 1395 c 79 e 20b 1 0 
IPBSy 91 11 18 1897 c e 2742 1302 cd 141 97 a 1175 19 b 1 0 
LGSy 281 1696 de 2978 1347 cd 160 79 e 10025 20b 1 0 
PSB Sy3 (N ck) 1535 e 3054 1250 b 16 1 79 e 1020 20b 1 0 
Grand mean 2276 28314 1410 161 84 10585 1 9 1 0 
CV% 137 53 06 106 
a Dry season (OS) planted 10 Jan 1997 and wet season (WS) planted 26 June 1997 Data means of 5 m2 subplots distributed In RCBD with three 

replications 
b Rated on a scale of 1 to 5 where 1 = highly resistant and 5 = highly susceptible 
Means followed by the same letter In each column are not statistically different at 5% level by DMRT 

Table 24 Yield, horticultural characters, pest and phYSiological disorders, indeterminate tomatoes,general Yield tnal, dry 
season, 1996 97" 

Yield (tIha) Days to FrUit size Pest & ~hlslologlcal dlsordersb 

Entry Total Marketable Mature (g/frult) FM BER SS Cr 
Set I 
FMTT 105 457 a c 448 a c 70 b 89 cd 105 b 1 58 a c 163 b 285 a 
FMTT 18 441 a c 384 b d 73 a 74 c 088 b 408 a 085 c e 073 c 
FMTT 13B 521 a 512 a 75 a 74 c 105 b 095 be 085 c e 085 be 
CLN 657 F2 285 0 20 0 24 294 d 291 d 77a 108 cd 085 b 073 c 105 c e 070 c 
CLN 595 206 04 2 5 0 376 b d 366 b d 75 a 111 cd 100 b 105 be 118 c 070 c 
CLN 595 206 04 2 4 0 385 b d 376 b d 77a 89 cd 085 b 343 a c 195 a 070 c 
CLN 595 206 D4 2 2 0 0 382 b d 369 b d 75 a 74 c 125 ab 1 58 a c 1 15 cd 070 c 
Pope 360 cd 341 cd 70 b 46 b 088 b 170 a c 120 c 070 c 
CL6046BC11225111255101B 422 a c 399 ad 73 ab 31 a 123 ab 243 a c 078 e 075 c 
FMTT 589 465 a c 443 a c 73 ab 138 d 160 a 388 ab 088 c e 070 c 
FMTT 586 495 ab 467 ab 77 a 129 d 110 b 295 a c 080 de 070 c 
FMTT 22 454 a c 432 a c 75 a 98 cd 100 b 338 a c 090 c e 105 be 
FMTT 110 471 a c 453 a c 73 ab 100 cd 160 b 425 a 080 de 080 c 
FMTT 114 524 a 499 a 70 b 74 c 110 b 283 a c 085 c e 115 b 
Grand mean 432 413 74 765 110 248 1 06 093 
CV% 172 168 39 2275 268 720 206 224 
"Transplanted 27 Jan 1997 harvested SIX times from 1 028 Apnl1997 
b Percent incidence based on total Yield 
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Table 25 Yield, horticultural characters and reactions to pests, disease and physiological disorders of entries In the general 
Yield trial, dry season 1996 97, wet season 1997' 

Total Yield Marketable FrUit size Blossom 
(t/ha) Yield Oays to mature (g/frUlt) end rot TMV FrUit worm 

Entry OS WS OS WS OS WS OS WS DSC WSd OS" WSd 
199697 1997 199697 1997 

Set II 
CLN 95 28005-1 70 379 b d 3ged 368 be 33e 68 a e 67 ab 69 e 9 33 ab 17 ab 32 ab 09 ab 17 ab 
CLN 698 BC1 F3 371 080 391 ad 26d 377 a e 20e 67 a e 71 ab 61 ef 25 b d 20 ab 30a 08 ab 22 ab 
CL 5915 93 04 1 0 1 2 487 a 35d 471 a 30e 68 a e 69 ab 5ge 30 a d 16 ab 27 ab 08 ab 20a 
CLN 236 BC1 F3 42 2 2 12 0 412 a d 30d 380 a e 26e 63 e 71 ab 80 9 35 ab 25a 37a 08 ab 17 ab 
CLN 466 BC1 F2 44 7 5 0 382 b d 30d 359 be 26e 65 e 68 ab 39 e 37 a 20 ab 37a 08 ab 15 b 
CLN 637 BC1 209 0 0 399 a d 30d 392 a c 52bd 67 a e 71 a 73 e 9 29 a d 14 ab 37a 09 ab 17 ab 
CLN 65 349 05 2 0 448 a c 78ae 442 ab 73 a b 65 e 66 ab 39 e 18 de 11 b 35a 07b 17 ab 
CLN 698 BC1 F3 512 0 12 473 ab 50bd 467 a 46 be 66 be 71 ab 46d 25 b d 1 3 b- 27 ab 08 ab 20 ab 
CLN 475 BC1 F3 265 129 1 417 a d 18d 407ac 16e 74 a 70 ab 41 cd 25 b d 14 ab 32 ab 10 ab 20 ab 
CLN 452 BC1 F5 65 22 1 360 ad 36d 350 be 21 e 66 be 66 ab 78 f 9 30 a e 12 b 37a 11 a 27a 
Ant 7 392 ad 87ab 379 a e 80 ab 65 e 72b 66 e 9 29 a d 1 5 ab 22 ab 10 ab 17 ab 
Ant 9 327 d 82 ab 319 e 71 ab 72 ab 69 ab 43 cd 24 b d 16 ab 25b 07b 20 ab 
Malgaya 427 a e 95a 400 a c 89a 65 e 67 ab 18 a 13 e 12 b 20b 08 ab 20 ab 
Pope 414 a d 52bd 394 a e 49 be 65 e 67 ab 31 b 19 c e 22ab 30 ab 08 ab 15 b 
Grand mean 408 513 393 451 67 6914 450 267 162 304 085 1 91 
CV% 1423 490 1433 580 64 53 1072 272 430 250 262 375 
a Dry season (OS) tnal transplanted 6 Jan 1997 and harvested from 6 March to 3 Apnl 1997 Wet season (WS) transplanted 30 June 1997 and harvested 

25 Aug to 15 Sept 1997 
b Peak of harvest 
" Transposed data to 18 + 5 
d Ratings from 1 to 5 where 1 = none (no damagehnfectlon) resistant 2::: less than 10% damage moderately resistant 3 = 11-40% damage moderately 

susceptible 4 = 41 70% damage susceptible 5::: more than 71 % damage very susceptible 

Table 26 Yield and horticultural characteristics of entries In NCT, dry season 1997' 
Yield (t/ha) FrUit size Oays to 

Entry Marketable Total (g/frUlt) 1s1 harvest last harvest Shelf hfeb BERe 
1 PT06 413 b 436 29 a 56 e 96 e 76a 200 e 
2 17B 410 b 426 43 be 56 e 97 be 36 b 225 be 
3 8 h-2 413 b 456 36 a c 56 e 101 b 80 a 300 a 
4 CL 591593 389 b 406 35 a c 56 e 99 be 68 a 225 be 
5 CL 143 392 b 401 30 a 58 c 97 bc 69 a 200 c 
6 BPI Tm1 (ck) 380 b 409 34 a c 56 e 101 b 74 a 275 ab 
7 FMTT 138 51 1 a 521 43 be 64 a 116 a 63 a 200e 
8 DSF 88 7 21 412 b 422 45e 56 c 96 e 32 b 200 e 
9 CL 6046 512 a 519 33 ab 61 b 114 a 75 a 175 e 
Grand mean 426 444 364 575 101 8 637 222 
CV(%) 143 162 23 25 173 1912 
a Transplanted 12 Dec 1996 and harvested nine times from 19 Feb to 15 Apnl1997 Subplot area = 10 m2 

b Percent good frUits after seven weeks of storage In ambient conditions 
cRated 1 to 5 where 1 = resistant 2 = moderately resistant 3 = moderately susceptible 4 = susceptible 5 = very susceptible 
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Eggplant Improvement through introduction and 
selection 

A set of 20 acceSSIOns from AVRDC headquarters 

and a local check vanety were field-evaluated for YIeld, 

desIrable hortIcultural charactenstIcs, and BW reSIS

tance m the 1996-97 dry season and 1997 dry and wet 

seasons EIght entnes gave very poor germmatIOn and 

were dropped from the tnals Dunng the dry season, 

EG 195 and EG 203 were promlsmg m term~ of YIeld 

and resIstance to BW (Table 27) EG 195 hIghly SIg

mflcantly outperformed the two checks, EG Long 

Purple and EG 120, whIch were hIghly susceptIble to 

natural mCIdence ofBW The AVRDC acceSSIOns were 

rated moderately resIstant to resIstant to BW 

Also m the 1996-97 dry season, mtroduced entnes 

Shm JIm and EG 199 were found promlsmg wIth YIelds 

of 6 2 and 6 0 t/ha, respectIvely FrUIt length of the dlf-

ferent entnes m thIS batch ranged from 12 9 to 27 0 

cm, whIle wIdth ranged from 2 2 to 4 2 cm 

Pepper Improvement through introduction and 
selection 

Seventeen hot pepper entnes form the 6th Interna

tIOnal ChIll Pepper Nursery (6th ICPN) and two local 

checks were evaluated m the 1996-1997 dry season and 

1997 wet season SIgmficant dIfferences were observed 

for YIeld, number of fruItS per plant, fruIt SIze, and plant 

heIght among entnes m the 1996-1997 dry season 

PBC 973 and PBC 601 sIgmficantlyoutperformed 

the hIghest YIeldmg check MatIkas whIch YIelded 4 9 

t/ha (Table 28) 

Pepper preliminary Yield tnal 

Four Szechuan selectIOns from AVRDC were 

evaluated agamst two checks, Matikas and Hotshot, 

dunng the 1996-97 dry season Two entnes, 921206 

and 921207, outperformed MatIkas 

Table 27 Field performance of the 13 eggplant entries evaluated for bacterial wilt resistance, dry season 1996 97" 
Yield No of frUits FrUit size (cm) Days tob Bacterial Growth Color of 

Entry (kg/ha) per plant Length Width 1st harvest wilt ratlngc habit frUits 
EG 195 17322 a 20 a 64d 39 bc 143 c R spreading green 
EG 203 15,728 ab 10 bc 77d 45a 143 c R spreading purple 
EG 190 11,236ac 16 ab 11 7 bc 251 146 c MR erect light green 
EG 014 10,861 a c 18 a 104 c 26 hi 146 c MR semi erect purple 
S7 10403 a c 9c 158 a 26 hi 143 c R spreading light purple 
S 47A 9719 a c 4 cd 178 a 32 eg 143 c R erect green 
S 90 8153 a c 9c 41 e 41 ab 143 c R spreading hght green 
S 64 6988 a c 4 cd 134 b 30 f h 148 c MR spreading light purple 
S 69 6806 a c 10 bc 34e 37 cd 156 b R spreading green 
S 87 4603 a c 8 cd 34e 35ce 143 c MR erect green 
S 56 B 3416 bc 6 cd 34e 34df 143 c MR erect green 
EG Long (local ck) 2,680 bc 4 cd 165 a 28g1 143 c S erect purple 
EG 120 (Taiwan ck) 2,142 c 2d 157 a 34df 164 a S erect dark purple 
Level of 
slgmficanced ** ** ** ** 
Grand mean 84586 90 100 33 146 
CV% 249 266 123 74 32 

a Transplanted 21 Nov 1996 In a 60m2 subplot distributed In RCBD With three replications harvested eight times from 24 March to 16 May 1997 
b Number of days after sowing 
c Based on percentage survival In the field and visual observation of BW occurrence 
d •• = highly Significant • = Significant 
Means followed by the same letter are not significantly different from each other uSing DMRT 
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Table 28 Field performance of 17 hot pepper/chili entries from 6th ICPN and two local checks, dry season 1996 97" 
No of FrUit size (cm) Dry matter 

Entry Yield (kg/ha) frUits/plant Length Width Yield (kg/ha) Days to flower Growth habit 
PBC 973 9666 a 24 ef 117 bc 164 a 138 91 9 erect 
PBC 601 8263 ab 40 c f 134 a 091 c e 169 97 c f semi compact 
PBC 586 6427 bc 81 a c 89d 065 fg 256 97 c f compact 
PBC 367 5888 cd 116 a 132 a 061 f h 224 100 a c erect 
PSC 142 A 5611 c e 102 a 75 ef 062 f h 266 98 b e compact 
PBC-634 5488 c f 48 c f 76 eg 146 a 241 94 e 9 erect 
PBC 972 5291 c f 22 ef 121 b 124 b 154 98 be erect 
Matlkas (ck) 4944 c 9 46 c f 11 0 bc 091 c e 169 98 be compact 
PP 921206 4520 c h 55 c f 107 c 065 fg 191 93 fg compact 
PS 585 4514 c h 75 a d 77 ef 056 gh 247 97 c f semi compact 
Hotshot (ck) 4180 d h 37 c f 11 6 bc 080 d f 225 102 ab compact 
PBC 368 4038 d h 65 be 138 a 039 h 200 99 ad erect 
PBC-316 3994 d h 79 a c 31 f 071 e 9 199 98 b e semi erect 
PSC 714 3514 e h 35 c f 11 3 bc 145 a 278 95 d 9 compact 
PBC 137 3333 f h 77 ad 84 de 054 gh 217 94 e-g compact 
PSC 364 2810 gh 57 b f 39g 111 bc 189 91 9 compact 
PSC-739 2347 hi 13 f 91 d 102 cd 180 99a d erect 
PSC 556 S 7221 33 d f 28h 040 h 272 103 a semi compact 
PSC 497 440 I 49 c f 20h 052 gh 351 98 be compact 
Level of 
slgmficanceb •• •• •• •• ns • 
Grand mean 4354 550 915 085 219 97 
CV% 266 2883 70 147 259 26 
"Transplanted 21 Jan 1997 In a 6 a m2 subplots replicated three times In RCBD and harvested five times from 15 April to 13 May 1997 
b •• :: highly significant '::: significant ns::: not significant 
Means followed by the same letter are not significantly different from each other at 5% level of significance for plant Width and days to flower and 1 % for 
other parameters usmg DMRT 

Table 29 Yield performance and other horticultural characteristics of Onions, dry season, 1996 97 
Hortlcu Itu ral 

Total Total Bulb character traits Storage loss 
Yield number of dla (cm) No of Plant Neck thick Days to % rotten % sprouted 

Entry (tlha) buds/ha Polar Equatorial leaves ht (cm) ness (mm) harvest bulb bulb 
AC47 230 c 481000 48c 52b 120 522 026 c 116 72 28 
AC 453 670 a 559000 63a 74a 73 51 1 066 a 116 36 28 
AC 173 460 b 422000 56b 63b 77 51 1 026 c 116 36 0 
AC 2 370 b 637500 48c 55b 93 516 043 b 120 28 56 
AC 319 340 b 614000 43c 60b 93 593 030 b 120 8 8 
AC45 218 c 509500 45c 53b 97 557 040 b 127 52 24 
AC 11 190 d 465000 45c 52b 97 475 040 b 122 48 4 
Grand mean 354 52685714 
CV(%) 380 267 134 743 300 805 165 
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Omon evaluatIon trtal 

A set of 12 acceSSIOns from AVRDC headquarters 

were evaluated for YIeld and other Important hortIcul

tural traIts dunng the 1996-97 dry season Seven ac

ceSSIOns were screened III RCBD WIth three replIca

tIons The other five entnes had very low genmnauon 

and were dropped from the tnal 

SIgmficant dIfferences were observed III YIeld, 

YIeld components, and other hortIcultural characters 

Entry AC-453 WIth 67 0 tlha bulb YIeld, sIgmficantly 

outperformed the other acceSSIOns (Table 29) Its hIgh 

YIeld was attnbuted to ItS bIg bulbs, whIch had the hIgh

est polar (6 3 cm) and equatonal (7 4 cm) diameters It 

also had the thIckest bulb neck, sIgmficantly dIfferent 

from the other acceSSIOns tested 

Early matunty of 116 days after sowmg was noted 

III AC-453, AC-47, and AC-173 After five months of 

storage at ambIent condItions, the longest shelf lIfe was 

observed m AC-173 and AC-319 WIth 0 and 8 % sprout-

mg respectively The hIghest YIelder, AC-453, had the 

hIghest percentage of sprouted bulbs 

Bulb SIze, shape, color, and other charactenstIcs 

of vanous om on acceSSIOns evaluated are reported m 

Tables 30 and 31 

Table 31 Bulb size and shape of the different onion aeees 
Sions, OS 1997 

Bulb size (%) , Bulb shape (%) b 

Entry S M B F TF G HG S 
1 AC 47 979 21 370 366 260 
2 AC 453 245 545 21 1 183 520 287 
3 AC 173 236 606 159 63 343 353 205 35 
4 AC 2 594 406 578 237 285 
5 AC 319 580 420 482 283 235 
6 AC45 638 362 480 520 
7 AC 11 759 241 347 522 130 
a Bulb size S = small (3 5 cm) M = medlem (5 1 7 0 em) B = big (7 1 9 

em) 
b Bulb shape F = flat TF = thick flat G = globe HG = hi globe S = 

spindle 

Table 30 Bulb color and other characterrstlcs of different onion acceSSions, OS 1997 
Bulb color (%)' Spilt Bolter Rotten Firmness 

Entry Y W VLR LR DR R (%) (%) (%) (%) 
AC 47 06 990 190 1 1 Firm 
AC 453 995 05 1 9 Firm 
AC 173 1000 08 27 Firm 
AC 2 09 990 50 32 74 Firm 
AC 319 04 996 63 1 0 VF 
AC 45 14 514 470 57 21 Firm 
AC 11 20 980 11 2 220 Firm 
, Bulb color Y = yellow W = white VLR = very light red LR = light red DR = dark red R = red 
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AVRDC·ROC Cooperative Program 
The AVRDC-ROC CooperatIve Program contm

ues to undertake adaptIve research and tnals m coop

eratIon wIth the natIOnal agncultural research program 

of ROC The program IS supported by the CouncIl of 

Agnculture (COA), ROC ProlTIlsmgAVRDC vegetable 

varietIes/hnes are evaluated m the field m dIfferent sea

sons and locatIons m TaIwan m cooperatIOn WIth van

ous DlstnctAgncultural Improvement StatlOns (DAIS) 

The research and tnals aim to strengthen the natIOnal 

vegetable research system and to IdentIfy promlSlng 

vegetable vanetIes for release to Taiwan farmers 

A total of 15 AVRDC vegetable vanetIes have been 

named and released by the natIOnal program In 1996 

all areas planted to mungbean m Taiwan grew an 

AVRDC-released varIety, Taman No 5 Twofresh-mar

ket tomato hybnds, TaIchung ASVEG No 4 and Huahen 

ASVEG No 5, occupIed 886% of the total area devoted 

to summer tomato productIOn The planted acreage of 

the newly released cherry tomato, Taman ASVEG No 6 

wa~ estImated to be 560 ha m 1996-97 The area of 

vegetable soybean Kaohsmng (KS) No 1, decreased 

from 91 % of the total area m 1994 to 27 6% m 1996 

due to the promotIOn of new varietIes, KS No 2 and KS 

No 5 These AVRDC-developed vanetIes have made 

sIgmficant contnbutIOns to farmers' mcomes 

Regional Yield trials 

A total of 39 regIOnal YIeld tnals (RYTs) were con

ducted m cooperatIOn WIth Taman, TaIchung and 

Kaohsmng DAIS m 1996-97 The RYT evaluated prom

Ismg AVRDC vanetles/lmes of vegetable soybean, 

mung bean fresh market tomatoes and c.herry toma

toes, along WIth locally developed vanetIes at dIffer

ent locatIOn~ m vanous seasons 

Vegetable soybean 

In summer 1996, vegetable soybean RYTs were 

held m SIX locatIOns Eleven hnes, along WIth three 
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check vanetles, were eVdluated Two AVRDC hnes 

GC87012-20-B-2 and GC87012-20-B-8-2, gave a rela

tIvely hIgh YIeld of 10 5 tlha, sIgmficantly hIgher than 

the YIelds of all the other entnes except KVS568 m 

Pu-tzu (Table 32) 

Nme new vegetable soybean hnes were tested m 

autumn 1996 and sprmg 1997 at three and eIght loca

tIOns, respectIvely (Table 33) In autumn 1996 KVS544 

had the hIghest YIeld, 5 5 tlha, whIch dIffered sIgmfi

candy from the best check KSS No 1, m the AVRDC 

tnal At the other two locatIOns none of the entnes was 

supenor to the best check In spnng 1997, the crop at 

AVRDC produced excellent YIelds, all exceedmg 

11 tlha Two entnes, TS82-01V-03 and GC87021-1O

B-l-1, had YIelds of 130 and 128 tlha, respectIvely, 

WhICh dIffered sIgmficantly from the YIelds of all three 

checks 

Quahty analYSIS revealed dIfferences m dry mat

ter, protem, 011, sugar, starch, and fiber content among 

the entnes (Table 33) TS82-0 1 V-03 had the hIghest dry 

matter (37 1 %) and protem content (437%) 

Table 32 Marketable pod Yield (tlha) of vegetable soybean, 
regional Yield trial, summer 1996 

Entry 
KV8490 
KV8508 
KV8565 
KVS 568 
GC 87010343 1 
GC 87010661 19 
GC 8701220 B 2 
GC 87012 20 B 8 2 
TS 81 105 
TS 81 115 
T881135 
KSNo2 
KSNo3 
Ryokkoh 
Mean 
L8D(5%) 

Pu tzu 
74 
93 
79 
95 
75 
54 
105 
105 
67 
55 
54 
46 
88 
39 
73 
1 4 
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Fresh market tomato 

FIve new fresh-market tomato hybnds were evalu

ated m RYTs at five locatIOns m summer 1996 YIelds 

at HsmYI and Jen-I (at elevatIOns of 600 and 1000 m, 

respectIvely) were much hIgher than YIelds at the other 

locatIOns The YIelds of all entnes were lower than the 

check, Talchung ASVEG No 4, m the three lowland 

tnals, however, FMTT553 had YIelds comparable to 

the check In HsmYl, FMTT593, FMTT553, and 

FMTT591 outYIelded the check, Talchung ASVEG 

No 4, whIle m Jen-I, FMTT552 and FMTT591 YIelded 

best among five entnes All five hybnds produced more 

than 70 tlha m HsmYI Comparmg the mean YIelds of 

five locatIOns, Talchung ASVEG No 4 was sull supe

nor to other entnes wIth an average YIeld of 54 9 t/ha 

FMTT591 had the largest fruIt, 163 g, but had a hIgh 

mCIdence of crackmg and malformatIOn In addItIOn, 

the green fruIt shoulders of FMTT553 , FMTT556, and 

FMTT593 were darker than the fruIt shoulder of the 

check vanety preferred by the local consumers 

Cherry tomato 

Cherry tomato RYTs were conducted m four loca

tIOns m autumn 1996 and spnng 1997 to evaluate five 

new cherry tomato hnes along WIth Taman ASVEG 

No 6 (CHTI54) and Santa, two check vaneties 

(Table 34) Taman ASVEG No 6 was the most Impres

SIve vanety YIeldmg the best among entnes m seven 

out ot the eIght tnals In addItIon It produced an ex

tremely hIgh YIeld of 176 5 t/ha at Taman DAIS m au

tumn 1996 a record for the cherry tomato trIals The 

average YIelds of Taman ASVEG No 6 were 99 7 and 

51 8 t/ha m autumn 1996 and spnng 1997, respectIvely, 

whIle the overall mean of eIght tnals was 75 7 t/ha 

In autumn 1996 tnals, the five new hnes produced 

comparable YIelds to the check vanety Santa, but the 

dIfferences were not sIgmficant YIelds obtamed from 

the tnal m Taman DAIS were much hIgher than YIelds 

from other locatIOns The average YIeld of 131 t/ha from 

Taman DAIS was tWIce the YIeld from Chia-LI and four 

tImes the mean YIeld achIeved m AVRDC's tnal 

CHTl64 had the largest fruIt weIght 13 g, but It was 

not sIgmficantly dIfferent from the other SIX hnes 

CHTl60 had the hIghest soluble solId content (67° 

Bnx) among the five hnes, however, It was lower than 

that of Santa (6 9° Bnx) 

In spnng 1997 tnals, when comparmg the average 

YIelds of four locatIOns, none of the fIve hnes out

YIelded the two checks (Table 34) However CHTl63, 

Table 33 Marketable pod Yield (t/ha) of vegetable soybean, regional Yield tnals, autumn 1996 and spnng 1997 
AVRDC Mel Long Wan Dan Mean" Dry Protein 

Entry AU96 b SP97 AU96 b SP97 AU96 b SP97 AU96 b SP97 mattere (%) (% DM)C 
KVS515 45 11 0 70 31 58 21 58 54 345 421 
KVS534 30 11 1 78 29 61 21 56 54 335 425 
KVS541 39 11 9 80 31 63 31 61 60 338 414 
KNS544 55 11 4 82 33 70 34 69 60 338 420 
TS 82 01V 03 130 57 29 72 371 437 
TS 82 02V 14 11 3 61 38 71 345 436 
TS 83 108V 11 0 45 26 60 338 433 
GC 87021 10 B 1 1 46 128 79 53 58 41 61 74 346 412 
GC 8701210 B 4 43 120 73 33 57 39 58 64 336 417 
KSS No 1 44 11 7 76 36 68 40 63 64 349 386 
KSNo2 33 11 7 88 43 68 31 63 64 340 41 9 
KSNo5 42 11 1 72 44 50 28 55 61 352 425 
Mean 42 11 7 78 41 61 32 60 63 
LSD (5%) 07 09 08 1 8 1 1 09 
a AU96 mean of three locations SP97 mean of eight locations 
b poor germrnatlon 
e mean of three locations from the spnng 1997 tnals 
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CHTI64, and CHT165 produced YIelds comparable to 

Santa, even though theIr YIelds were sIgmficantly lower 

than that of Taman ASVEG No 6 The mean fruIt SIze 

of the entnes ranged from 10 1 to 13 0 g, but none was 

larger than the two checks CHT163 and CHT165 had 

Bnx of 752° and 7 49°, respectIvely, WhICh were SIg

mficantly hIgher than the two checks 

Collection and evaluation of nonprmclpal vegetables 

AVRDC has successfully grown and IdentIfIed, 

through collectIOn, evaluatIOn, and selectIOn, promls

mg vanetles of several nonpnnclpal vegetables for rec-

ommendatIOn to the ROC natIonal program Currently, 

lettuce, snap bean yard-long bean, broccolI, and caulI

flower are mcluded m the project 

Lettuce 

Four lettuce types, cnsphead, butterhead, leaf, and 

romame, were tested agam m autumn 1996, but poor 

germmatIOn problems were encountered Among 34 en

tnes planted, data were only obtamed from 26 vanet

Ies SIX cnsphead entnes YIelded more than 30 tJha, 

the hIghest was Saladm RZ at 32 9 tJha (Table 35) 

Among butterhead entnes, Nevada was the hIghest 

Table 34 Yields (t/ha) of cherry tomato, regional Yield tnals, autumn 1996 and spring 1997 
Spnng 97 Autumn 96 Mean of 

Entry AVRDC Tung Shih Chla LI Taman DAIS Mean AVRDC Talnan DAIS Chla LI liw Chlaw Mean 8 tnals 
CHT160 377 383 280 231 31 8 356 1153 644 463 654 486 
CHT163 326 393 355 297 368 382 121 2 653 399 661 514 
CHT164 386 435 341 351 378 362 1226 623 384 648 513 
CHT165 360 477 351 238 356 348 1277 587 447 665 511 
CHT166 388 361 308 252 327 346 1260 603 420 657 492 
CHT154 (ck) 606 594 350 522 51 8 531 1765 702 991 997 757 
Santa 420 568 378 353 429 234 1226 623 451 649 539 
Mean 409 473 338 320 385 366 131 0 634 508 704 545 
CV 97 11 6 11 9 256 148 91 53 129 180 103 120 
LSD (5%) 59 81 60 122 79 49 104 122 136 150 87 

Table 35 Top performers In lettuce observation tnal, autumn 1996' 
Yield Days to harvest Yield Days to harvest 

Type/Entry (tlha) Type/Entry (tlha) 
Cnsphead Butterhead 

Saladin RZ 329 55 Nevada (CH) 487 61 
Santls RZ 31 4 52 V1016 323 57 
Ontano 31 3 52 ElVira RZ 285 49 
Anuenue 309 55 Summer Green 277 43 
Georgia 306 55 Kangranager Summer 260 35 
Calmar 304 59 Mean 326 49 
V1008 296 53 
Centennial 294 57 Leaf 
Sun 245 53 Pnzemor Oscura VML 467 65 
Vanity 239 44 New Red Fire 419 66 
Mean 295 54 Rapldmor Oscura VML 328 53 

Ralsa RZ 308 68 
Romaine Marsala (CH) 290 60 

Augustus PVP 462 53 Red Salad Bowl 248 74 
Romulus PVP 324 44 Pnzehead 211 45 
Maravlmor Clara VML 275 43 Sunglow 188 38 
Mean 345 47 Mean 307 59 

, Planting dates sowing 22 Oct planting 19 Nov 1996 
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YIelder at 48 7 tlha Pnzemor Oscura VML had the best 

YIeld, 46 7 tlha, among the eIght leaf lettuce entnes, 

followed by New Red FIre at 41 9 tlha Agam, Augustus 

was the best romame type It YIelded 46 2 tlha When 

companng the performances across the three seasons 

m 1996, the promISIng vanetIes m terms of stable YIeld 

were butterhead VlO16, cnsphead Sun and VlO08, 

leaf lettuce Pnzemor Oscura VML and Rapidmor 

Oscura VML, and romame Augustus 

Snap bean and yard-long bean 

The snap bean tnal m spnng 1997 was unsuccess

ful Ram Just after sowmg caused a very poor stand 

YIelds of all entnes were very low, however, NY91-

2504 and NY2458 stIll produced 8 7 and 7 0 tlha, re

spectIvely They also matured qUIte early at about 52 

days after sowmg 

Yard-long bean varIetIes were ob~erved m a replI

cated tnal m autumn 1996 YIelds of 20 entnes ranged 

from 55 to 144 tlha WIth a mean of 11 3 tlha The 

hIghest YIeld was produced by Green Arrow, WhICh had 

faIrly long pods (568 cm) The promISIng entnes m 

terms of YIeld and pod length were Green Arrow, 

Tun21O, Tun209, and WhIte Pod Another 89 acces

SIOns collected from AVRDC-ARC, ThaIland, were ob

served m spnng 1997 Among them, five acceSSIOns 

produced YIelds more than 15 tlha They were VUllO, 

VU028, VU097, vuon, and VU057 VUllO had the 

hIghest YIeld, 20 3 tlha, WIth 45 2-cm long pods 

Broccoli 

Twelve broccoh vanetIes were evaluated m autumn 

1996 (Table 36) Head YIelds ranged from 11 3 to 14 1 

tlha The three top YIelders were Mercedes FI, Everest 

FI, and Dark Horse FI, WhICh produced head YIelds of 

14 1, 13 5 and 13 2 tlha, respectIvely Dark Horse FI 

was the earhest varIety, matunng by 49 days after trans

plantmg (DAT), but ItS average head SIze was a~ large 

as 26 x 15 cm Another early-maturmg varIety was 
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Green Treasure, whIch matured at 53 DAT and YIelded 

13 0 tlha 

Cauliflower 

Twenty-five caulIflower vanetIes were observed 

m a replIcated tnal m autumn 1996 (Table 36) Head 

YIelds dIffered sIgmficantly among the entnes, rang

mg from 12 1 to 28 3 tlha The hIghest Yield was pro

duced by GuardIan, followed by OE3120 FI (27 4 tlha), 

however, they matured late at 111 and 83 DAT, respec

tIvely It IS worth pomtmg out that an early vanety, 

OE3121 FI, from Denmark matured at 48 OAT, but 

YIelded 20 4 tlha Another SIX entnes m the early-ma

tunng group (withm 60 DAT), all produced low YIelds, 

about 12-14 tlha 

Seed production and dlstnbutlon 

AVRDC produced stock seeds of released vanet

Ies for the natIOnal seed productIOn program, wIth the 

support of the ProvmcIal Department of Agnculture 

and Forestry (PDAF), and COA, ROC In 1996-97,29 8 

kg of cherry tomato (Taman ASVEG No 6), 1089 kg of 

Table 36 Top performers In broccoli and cauliflower 
observation trials, autumn 1996" 

Days to Total Yield Head Yield 
Vanety harvest (tlha) (tlha) 
Broccoli 

Mercedes F1 557 348 141 
Everest F1 593 354 135 
Dark Horse F 1 493 347 132 
Gallant (S 130) 61 8 375 13 1 
Green Treasure 525 363 130 
Mean of 12 589 371 124 
LSD (5%) 82 72 26 

Cauliflower 
Guardian 1107 741 283 
OE 3120 F1 827 565 274 
Speedy 833 565 260 
Minuteman 923 638 256 
Fremont F1 RS 1027 588 241 
45 Days F1 (507) 800 494 230 
White Corona F1 663 438 209 
OE 3121 F1 477 465 204 
Mean of 25 723 421 183 
LSD (5%) 81 132 48 

a Planting dates sowing 9 Sept planting 4 Oct 1996 
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vegetable soybean (KSS No 1 and KS No 5), 2319 kg 

of soybeans (TNS No 1, TN No 2, and KSS No 10), 

and 200 kg of mungbean (Taman No 5) were produced 

These stock seeds passed through all mspectIOns by 

the Seed Laboratory of the PDAF They are bemg dIS

trIbuted to the natIOnal program 
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Taipei Taiwan 

Dr Mau ylng TJlu 
3rd floor No 6 1 Lane 6 
Tal An Street 
Taipei Taiwan 

Dr Takashl Yoshldab 

AdVisor Agrl business Department 
Japan Tobacco Incorporation 
221 Toraanomon Mlnato ku 
Tokyo 103 Japan 

Dr Samson C S Tsou 
Director General (ex officIo) 
AVRDC Shanhua 
Taman Taiwan ROC 

a Left dUring 1997 b Assumed office dUring 1997 
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Admmlstratlon 
Samson C S Tsou, Ph D Director General 
Hldeo Imal Ph D Deputy Director General 
Tung hal Huang, MBA Director of Administration 

f 
Nancy C Chao Associate Comptroller 
Mel hua Yu B A Supenntendent Administrative Service Unit 
Jeng hua Chen B S Superintendent, 

BUildings and Maintenance Unit 
SUI-fang Wu, B A Manager Food and Dormitory Services 

Unit 

Crop Improvement Program 
Program Director C George Kuo Ph D 

Breedmg 

CrucIfer 

Dae Geun Oh Ph D ,Associate Plant Breeder 
lien chung Chang, B S Associate Specialist 

Pepper 

Terry G Berke Ph D Assistant Plant Breeder 
Sheue chin Shieh B S Research Assistant 

Soybean 

S Shanmugasundaram Ph D Plant Breeder 
Mlaw rong Van B S Research Assistant 

Tomato 

Peter H Hanson Ph D Associate Plant Breeder 
Jen-tzu Chen B S Associate Specialist 

All,um 

C S Pathak Ph D Plant Breeder 
Shin jlun Cherng M S Principal ResearchAsslstant 
Swee Suak Ko M S Principal ResearchAsslstant 

Entomology 
N S Talekar Ph 0 Entomologist 
Mel yin lin M S Pnnclpal Research Assistant 
Chen-YI LI M S Principal ResearchAsslstant 
Fu-cheng Su B S Research Assistant 

1997 Report 

Staff 

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 (Bactenology) 
Thierry X Jaunet Ph D ResearchAssoclate 
Tlen chen Wang Ph D Associate Specialist 
Wen shlng Chung, M S Principal ResearchAsslstant 
Ber tsu Chlange M S Principal ResearchAsslstant" 
Wen shl Tsal M S Principal ResearchAsslstant 
Su ling Shih M S Pnnclpal ResearchAsslstant 
YI dan Fang M S Principal ResearchAsslstant (project) 
Cheng II Lee M S , Principal ResearchAsslstant

a 

Chlh-hung Lin M S Principal ResearchAsslstant 

Plant Physiology 
C George Kuo Ph D Plant Physiologist 
Chien An Llu Ph D Research Associate 
Huel mel Chen M S Associate Specialist 
Tyng-shyang Lal M S Principal ResearchAsslstant

a 

Jlnq chyl Chang M S Principal ResearchAsslstant 
HUI hSIn Yen, M S Principal Research Assistant (project) 

b 
Yu chueh Hsueh M S Principal ResearchAsslstant (project) 

b 
HSiang yl Huang M S Principal ResearchAsslstant (Project) 

Genetic Resources and Seed Unrt 
Llwayway M Engle Ph D Geneticist and Head 
Yung kuang Huang M S Principal ResearchAsslstant 
Jla chain Shieh B S Research Assistant 
Ching huan Chang B S Research Assistant 

Production Systems Program 
Program Director RlchardA Morns Ph D 

Crop Management 
Toshlo Hanada Ph 0 Crop Management Specialist 
Yu chi Roan B S Associate Specialist 
Deng lin Wu Research Assistant 

SOil SCience 
Richard A Morns Ph D SOil SCientist 
Chin hua Ma Ph D Associate Specialist 
Shin yl Lee M S Principal ResearchAsslstant

a 
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Socioeconomics 
Mubarlk All Ph D Associate Agricultural Economist 
Mong-chun Hu M S , Principal Research Asslstant

a 

Mel huey Wu B S Principal Research Assistant 
b 

Shu nu Wu M A Principal Research Assistant 

International Cooperation Program 
Program Director S Shanmugasundaram, Ph D 

HSloh-chung Lu Consultant 

Trammg 
YI mlng Chen M S , Principal Research Assistant" 

Publications and CommUnications 
David G Abbass BSc (Agr) Assistant Information Officer 

and Head of OPC 
Sylvia Katherine S Lopez M S Assistant Editor" 

Information and Documentation 
Teng hUI Hwang, B A Superlntendent

e 

Fang chin Chen, B A, Library Officer
e 

Wen yu Yeh B A Officer" 
Tal Ling Tsal, B A OfflCer

e 

Jin tlen Hu, Officer" 

Cooperative Programs 
Country Program/Eggplant Breedmg 

Nung che Chen Ph D Horticulturist 
Huel mel LI M S , Principal Research Assistant 

Indonesia AVRDC Vegetable Research Program 

Prabowo Tjltropranota, Ph D Director Central Research Institute 
for Horticulture Jalan Ragunan 29 Pasar Mmggu Jakarta 
Indonesia 

Malaysla-AVRDC Vegetable Research Program 

Sharif bin Md Ahmad Ph D Director General Malaysian 
Agricultural Research and Development Institute, Kuala 
Lumpur, Malaysia 

Phlllppmes-AVRDC Outreach Program 

Adoraclon A VlrtUCIO Project Director Los Banos National Crop 
Research and Development Center (BPI LBNCRDC) BPI 
Region IV Los Banos Laguna 4030 Philippines 
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Korea AVRDC Outreach Program 
Ju ho Chung Ph D Director Vegetable Cultivation DIvIsion 

Horticultural Experiment Station Rural Development 
Administration Imok Dong Suwon Korea 

Bangladesh AVRDC Agflcultural Research Project 

Madan Mohan Lal Chadha Ph D Senior Horticulturist! 
Agronomist Dhaka 1212 Bangladesh

a 

b 
Dharam Pal Singh, Ph D ,Senior Horticulturist/Agronomist 

Nepal-AVRDC Vegetable Research Program 
R KRaut Ph D Chief Vegetable Development DIvIsion Nepal 

Agricultural Research Council Khumaltar Agricultural 
Research Station Lalltpur Nepal 

REDCAHOR 
James NienhUis Coordmator

b 

Regional Programs 

ASian Regional Center, Bangkok, Thailand 
Charles Y Yang Ph D Dlrector

a 

Romeo T Open a Ph D Dlrector
d 

African Regional Program, SADC AVRDC-CONVERDS, 
Arusha, Tanzania 

Romeo T Open a Ph D , Dlrector
a 

Madan Mohan Lal Chadha Ph D Senior Horticulturist! 
b 

Agronomist 
Reml Nono Womdlm Ph D Associate Plant Pathologist 

Research Support Services 

Analytical Laboratory 
Samson C S Tsou Ph D Biochemist 
Ray-yUl Yang M S Principal Research Assistant 
Shih chen Chang M S Principal Research Asslstant

a 

Statistics and Computer Services 
HSlen yang Tlen B S Assistant Speclallst

e 

Yuh-ling Chen B S Research Assistant" 

Farm Operations 
Teng sheng Tu B S Superlntendent

e 

~ Left dUring 1997 
Arrived dUring 1997 

~ On study leave 
Transferred from another "nit 

e Changed title In 1997 
f Promoted In 1997 
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Meteorologlcallnformabon, 1997 

Meteorological data (monthly mean) collected at AVRDC weather station. 1997 
January February March Apnl 

Humidity Dallyavg 7984 8443 7377 7173 
(%) 
AJr temperature Dally max 2229 2089 2687 2986 
("C) Dally min 1267 1351 1692 2032 
SOil temperature Dally max 2128 2090 2555 2793 
10 cm ("C) Dally min 1835 1831 2157 2432 
SOil temperature Dally max 2109 2050 2395 2614 
30 cm ("C) Dally min 2004 1952 2264 2499 
Wind velOCity Dallyavg 
(m/s) 
Solar radiation Dallyavg 278197 269775 384252 444555 
(wlhr/m2/day) 
PrecIpitation Monthly 2700 7000 7400 1900 
(mm) 
Evaporabon Dallyavg 308 275 446 504 
(mm) 

May 
7258 

3124 
2258 
2910 
2643 
2791 
2693 
200 

431257 

12400 

566 

June July August September 
7605 7505 7917 7628 

3043 3179 30 41 2945 
2351 2345 2366 2142 
2950 3046 2985 2990 
2703 2778 2762 2704 
2846 2924 2904 2871 
2753 2826 2809 2775 
242 176 231 175 

403037 432023 323878 393877 

45000 51900 56000 20000 

561 570 427 476 

October November 
7331 6943 

2917 2741 
2096 1809 
2813 2576 
2604 2309 
2786 2546 
2695 2445 
179 192 

344635 346939 

000 000 

457 412 

December 
7208 

2466 
1542 
2334 
2086 
2326 
2242 
244 

272561 

1000 I 

326 I 
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Financial Statements 

Audited financIal statements for the year are aVailable from the Office of the DIrector General AVRDC 

THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER 

ST ATEMENTS OF ASSETS, LIABILITIES AND FUNDS 
(Prepared on a Modlfted Cash Basls and Expressed m U S Dollars - Note 2) 

ASSETS 

CASH 

ADVANCES AND REFUNDABLE DEPOSITS (Note 3) 

ARC-A VRDC ACCOUNT (Note 9) 

PREPAYMENTS 

TOTAL ASSETS 

LIABILITIES AND FUND BALANCES 

RECEIPTS FOR CUSTODY (Note 4) 

RESERVES FOR EMPLOYEE BENEFITS (Note 5) 

FUNDS 
Core fund 
Workmg capItal fund (Note 7) 
Restrlcted core fund 
SpeCIal projects fund 
Self-sustammg opera han fund 
Total Funds 

TOTAL LIABILITIES AND FUNDS 

December 31 
1996 

J 997 (Restated) 

$3,321,345 $3,432,128 

325,341 181,966 

801,978 561,623 

42,742 7.171 

$4.491.406 $4,182,888 

$ 325.142 $ 278,878 

1.051,010 1.188,575 

734,219 
900,000 
69,158) ( 

1,296,616 
253,577 

3,115,254 

$4.491,406 

221,880 
900,000 

63,618 ) 
1,455,220 

201,953 
2,715.435 

$4.182,888 

The accompanymg notes are an mtegral part of the £manClal statements 

(WIth T NSoong & Co report dated March 6,1998) 
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER 

ST A TEMENTS OF CHANGES IN CORE FUND (Note 6) 
(Prepared on a ModIJied Cash BaSIS and Expressed m U S Dollars - Note 2) 

ADDITIONS 
Contnbunons 

RepublIc of Chma 
Japan 
Federal Repubhc of Germany (Note 6) 
Umted States of Amenca (Note 6) 
Thailand 
Repubhc of Korea 
AustralIa 
Phlllppmes 
France 

Grants 
Japan Internanonal Cooperanon Agency 
Taiwan Kagome Co, Ltd 
Non-Tal Seeds Co 

Other (Note 6) 
Translanon adjustment (Note 2) 
Total Addlnons 

DEDUCTIONS 
Capital expenditures (Notes 2 and 6) 
OperatIng expenditures (Note 6) 
Total Deducnons 

NET INCREASE (DECREASE) IN FUND 

FUND BALANCE, BEGINNING OF YEAR 
As prevIOusly reported 
Translahon adjustment (Note 2) 
As restated 

FUND BALANCE, END OF YEAR 

Years Ended December 31 
129Z 1296 

$4,604,014 $4,177,912 
883,000 1,033,000 
658,963 542,173 
650,000 600,000 
126,090 204,993 
150,000 150,000 
156,012 148,658 
47,670 100,000 

368.271 
7,644,720 6,956,736 

42,960 12,990 
1,535 1,822 

1,822 
1,034,427 679,958 

742.82Z) ( 3.218 ) 
7.280.745 Z.650.110 

96,708 130,060 
Z.361.l58 8.412.332 
7.457.866 8.542.392 

522.879 892.282) 

221,880 1,169,584 
1O.54Q) ( 55,422) 

211340 1.114.162 

$ Z34,212 ~ ~2],8~Q 

The accompanymg notes are an mtegral part of the fInanCial statements 

(WIth T N Soong & Co report dated March 6, 1998) 
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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 m U S Dollars - Note 2) 

ADDITIONS 
From German Agency for Techmcal Cooperahon 
From U S Agency for Intemahonal Development 
Total AddIhons 

DEDUCTIONS 
Transfers to Core Fund as contnbuhons of 

Federal Repubbc of Germany 
Umted States of Amenca 

Total DedUCTIons 

NET INCREASE (DECREASE) IN FUND 

FUND BALANCE, BEGINNING OF YEAR 
As prevIOusly reported 
Translahon adjustment (Note 2) 
As restated 

FUND BALANCE, END OF YEAR 

Years Ended December 31 

( 
( 
( 

1997 1996 

$ 558,313 
550,000 

1.108,313 

658,963 
4,sQ,Qoo 

1.108,963 

6,sQ) 

63,618) ( 
4,82Q) 

68,5Q8) ( 

$ 758,084 
300,000 

1,058,084 

542,173 
4QQ,Qoo 
942.173 

115,911 

193,592) 
14,Q63 

179.522) 

($ 62.158) ($ Q~,61~ ) 

The accompanymg notes are an mtegral part of the fmanclal statements 

(WIth T N Soong & Co report dated March 6,1998) 
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Sponsors 

Japan 

ASian Development Bank 

Federal Repubhc of Germany 

CounCil of AgrIculture/ROC 

US AID 

Rural Development AdministratIon/Korea 

National ScIence CouncIl/ROC 

International Development Research Center 

SWISS Agency for Development and Cooperatlon/ 
SADC (Note 9) 

Others 

THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER 

STATEMENTS OF CHANGES IN SPECIAL PROJECTS FUND (Note 9) 
(Prepared on a Modified Cash BasIs and Expressed m U S Dollars Note 2) 

YfiU Engeg Df!:fmbf[ 31. 1222 (lSestilts:g) Yeilr Enged Q~s:mber 31 122Z Balance Translation Balance Translation 
Begmnmg Adjustment End Adjustment 

ofYeil[ (Note 21 ~ddillQlli l.ledudl~ QfYear (Note21 Additions Deduction:; 

$ 248308 $ $ 340000 $ 240151 $ 348157 $ $ 310000 $ 304473 

41195 ) 463420 304719 117506 344 770 432637 

28180 326416 239774 114822 121504 385051 

213892 1480) 682762 790248 104 926 16513 } 697359 668451 

136356 245814 285708 96462 403358 535309 

6755 19980 8398 18337 15013 10481 

23037 160) 16071 31997 6951 1093) 61126 50191 

3276 30096 33372 

838053 276430 561 623 6979 569802 336426 

69339 112) 257.m4 239.825 80.436 2Q6 2Z6.228 _22A.3Z4 

$ 68z.248 ($ 1.Z52 ) $3,2]9,646 ~24506~ ~1,455.ZZQ ($ 10421 ) $2.7~210 $ 294Z.323 

The accompanyrng notes are an mtegral part of the £manClal statements 

(WIth T N Soong & Co report dated Mdl'Lh 6, 1998) 

Balance 
End 

oLYeiI.L 

$ 353684 

29639 

148725 ) 

117321 

35489) 

22869 

16793 

801978 

13B.546 

$1.296.616 


