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The Asian Vegetable Research and Development Center (AVRDC) is the 
international center with a mandate for the research and development of 
vegetable crops in the numid and subhumid tropics. Established in 1971, its 

activities include: germplasm collection, storage, and enhancement; varietal 

improvement; production techto;agy improvement; environmentcl and nutri­
tional Etudies; technology transfer: trainang for national program personnel; and 
scientific publisning. 

AVRDC's rese rch and support staff consists of some 360 persons from 

a dozen countries. The Center's budget, which totaled US$6.47 million in 1987, 

is provided by the governments of the Republi2 of China, tle United States 
of America, Japan the Kingdom of Thailand, the Republic ot Korea, the Federal 
Republic of Gerrriany, the Republic of the Philippines and the French Republic. 

Special project funds are provided by a variety of international donors including 
thc Asian Development Bank, the Swiss Development Corporation, the Interna­

tional Deveiopment Research Centre of Canada, the Agency Tor International 
Developr.ert, the Sasakawa Peace Foundation and tne International Board for 

Plant Genetic Resources. 
AVRDC is governed by an international board which represents the various 

donor nations as well as experts from collaborating organizations. 

about the cover: Thai vegetable market photographed by Chen Ming-che 
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About this Report 

This report provides an overview of AVRDC reseiarch i 1 987. Readers who 
would like more detailed informcition aire asked to utilize the attached request 
card for detailed reports of l)rtictilir intertst. Compl mentary reprints of J;) 
to five sectons of thu report can (?requested by sending the attached postcard 
to AVRDC s Office of Irfor'ation Services. If miore than five sections are 
required, please iIn(de LIS$1.00 for each a(llitionail section. Checks, drawn 
on a bank in tIe USA. shlnLid he made out to AVRDC. The reprimts are grouped 
according to crop arid discipline and correSl)ond to the stnniar es found Ol 
the following pages. 

Suggested citation: 

Asian Vegetable Research and Development Center. 1988. 
Progress Report Summaries 1987. Shanhua. Tainan. 

AVRDC pubhlcation 88-302 
ISSN 0258-3079 

AVRDC, P.O. Box 205, Taipei 
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Foreword 

Every few years, flag words emerge, representing ideas which may 
be new in concept, or merely old ideas with new names. The flag words, 
at the height of their popularity, are often called buzz words, hecause 
they resemble the sound of activity made by man's noble ally. the bee. 

A few of the 'buzz words' u modern agricullure which are being 
overworked at the moment are constraints, networking anrd sustainbility. 
All are very good "ordsr all have s11OLlul earmiigs. The word of camnon 
is that a new name does riot alw,(ay idcat( a t .v ileal o new activity 

The word constrmfilt hais bee r!lt of agriclltual rcs'al-cl eltort 
for more than two htirihled years Ti- various imlaiug,(itf ehword 
include: to confine, to ch(-ck. to hold hack: arid t.a) A thief c.(itghttsti ict 
and hield with shacklts ,irud his arms and legs may not be able to 
spell the word hut lie i efirtely eperienc lnga (:otrstra1it. 

Many of the early frtilizer stodwis helped to brealk tfliollds of 
low yields. Plant hr euIer' have helped to cut the cords tnstrlctlrlg 
production associted vithi diseases. Iigfh tempeliatire alfld )lotopriod. 
We are now enturing an,efi Inw+liirh biotechnollogv m take i, to new 
levels of achlievenIit that we may mnt hdve th(Liglht poile. 

The AVRDC is conmitte to reducing courIstruluts,. 1ri( Iris heell 
since its dedication im 19 73. a1;cent('r for ge rmplai nlotr atlion 
and training, all effort; ir rhted 1o ItiitieS of assistn i1ce for tlhat 
purpose. The problum is riatchg rteorcn,-, v,ithl rheiori It is very 
much like the mosquito entering i(lorinitor of sleeping so irs. know 
what I want to do. hut wthere should I start't' 

Vegetable production it) In(, tropics h11 arr1y he\ l1,i1fconsttalints. 
The small farmer nay he confiied by too ilich rlin too) littlt, niofley 
or poor roads to the narkut The externsion I.,,orktrt ini l iw ,el fective 
due to the lack of a vehicle. poor resoutce mate,rials or inadoqpite train­
ing. The vegetable researcher nay operate it rin irhId e fficiricy be­
cause of limited access to research llterature, irnsu fs , fullds or lack'It 
of trained manpower. At the policy level. govuerrnmii officlals 1ay 
unintentionally restrict the development of a vqrrOuis veget lhlt i idustry 
by poor pricing policies, poor support for researcl and extitsion, or 
failure to help develop better roads and 'iarket facilities. 
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Forunteyman hlpulfo'rce of; increasing igicaear 
devlopngTh naioal rorams are beoigbtter tragined n 
equiped.The rivae sed an allied support cornpanies are,provid in 

more.a.d....esSistance to the small vegetable farmer inthe tropics.-;;:: 
:;:,,. _ _ :, .._ _ :, __Te
consumingpublic isbeco0mingrmoreawar;eof'food quality, food 

-i:¢safety and nutrition. The small farmer is learning more abu!!! i marketing 

. i
i:!:;more more and solutions from their nlational programs;.: -. answers0eand
tis o these forces are associated with a sdeveloping vegetable 

)ii :i.;':~;;progr ,.Perh~aps a new buz;z Wod.Wiill-be cin~ed .forthese develop-i :":.rmentsin by aimple termgcm­the meantime,we might wish to cal it 
e ois. Wsmercialization,. im t resarcen nd extesio e We m constantly 

aGeorge A. Marlowe and ho 

Director General
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Abbreviations and Acronyms
 

-AARD - Agency for Agricultural agronoriiqie pour le cie-
Research and Develop- veloppement (France) 
ment (Indonesia) -CLS - Cercospora leaf spot 

-ABA - abscisic acid -CMS cytoplasmic male sterility 
-ACB - Asiatic cornhorer -CMV - cucumber mosaic virus 
-ACC - 1-aminocyclopropane-l- -CSIRO - Conmmonweath Scientific 

carboxylic acid and Industrial Research 
-ACCT - Agency for Cultural and Organization (Australia)
 

Technical Cooperation -CV - coefficient of variance
 
(France) -CVMV - chili veinal mottle virus
 

-a.i. - active ingredient CTA - Technical Center 'r Agri­
-AID - Agency for International cultural and Rural Coop-

Development (U3A) eration (EC) 
-AMV - alfalfa mosaic .jrus -DAIS - District Agricultural Im­
-ARTT - advanced soybean rust provement Station 

-ilerance trial Taiwan) 
-ASET - AVRDC Soybean Evalna- -DAS dlys after sowing 

tian Trials -DAT dayS after trainsplanting 
-AVRDC - Asian Vegetal)e Research -dian diameter 

and Developnmnt Cerite- -DBM (fillioudbamck ninth 
(IARC)

-AYT - advanced viel t:Zr:s -EC - European Conummity 
-AzMV - Adzukiban) mosaic virus .-FVBRAP-A- Enipresa Brasileira de 

Pesqu isa Agropecuaria 

-BARI - Bangladesh Agricultulral (Brazil) 
Resti,rcht Istitte -ELISA enzyme-linked im iiriosor­

-BC - I)ickcross bent assav 

-BCMV - bean common ,nosaic 
virus FAO - Food and AgricuitLIre Or­

-BICMV blackeye cowpca mosaic ganrization of the United 
virus Nations 

-BORIF - Bogor Research Institute -FMV - feathery mottt, virus 
for Food Crops Indonesia) GRSU Genetic Resources aid 

-BW - bacterial wilt 
-BYMV - bean yellow mosaic virus Seed Unit AVRDC) 
BS -bacterial spot -GYT - general yield trial 

-HES - Horticultural Experimental
-CAAS - Chinese Academy of Agri- Station (Rep. of Korea) 

cultural Sciences -HI - heat injury 
-CARDI - Caribbean Agricultural Re- -HS - heat sensitive 

search and Dcvelopment -HT - heat tolerant 
Institute 

-CATIE - Tropical Agricultural Rc- -IAA -indoleacetic acid 
search and Training Cen- -IARC -international agricultural 
ter research center 

-CENARGEN- Centro Nacional de Re- -IARI - Indian Agricultural Re­
cursos Geneticos (Brazil) search Institute 

-ClAT - Centro Internacional de -IITA - International Institute for 
Agricultura Tropical Tropical Agriculture 
(CGIAR) (CGIAR) 

-CIRAD - Centre de cooperation in- -IMN - International Mungbean 
ternationale en recherche Nursery (AVRDC) 

Vi 



-INRA - Institut nacional de la re- -POP - Philippines Outreach 
cherche agronomique Program (AVRDC) 
(France) -PStV - peanut stripe virus 

-IPM - integrated pest imnnage- -PVC - polyvinyl chloride 
ment -PVMV - pepper veina! mottle virus 

-IRRI - International Rice Re- -PVY potato voi~s Y 
search Institute (CGIAR) -PYT - prelimirary yield trial 

-ISNAR -internationlI Service for 
National Agricultural He- RCBD - randomized complete 
search (CGIAR) block design 

-IYT - intermneoiate yield trial -RYT - regional yield trial 

-JICA - Japan Into.rnitioniil Coop- -SPLV - sweet potato latent virus 
oration Agency -SPUB - sweet potato virus B 

-SPV II - sweet potato virus II 
-LEHRI 	 Lemban, Horticulture -SPVB - sweetpotato vine borer 

Research Istitute -SPYDV - sweet potato yellow dwarf 
(lndonuoat virus 

-MARDI - Malaysian Agricultural Re- -t metric ton 
search and Development -TA technology adaptati-,,, 
Institute- TBRV tobaco ringspot virus 

-MLO - ,-,yoplarmaliktu organism -TEV tobacco etch virus 
-T' V - tomato leaf curl virus 

-NBPGR - National Butoma of Plant -, IV tobacco mosaic virus 
Genetic Resource<> (India) -ToMV tomato mosaic virus 

-TOP Thailand Outreach Pro­
-OS Office of Information 5(or gram (AVRDC) 

vice s (AVRDC) TRSV - tomato ringspot virus 
-OP open-pollin atled TSWV - tomato spotted wilt virus 
-OYT observational yield triil 

-USDA United States Department 
-PC - principal comporent of Agriculture 

(analysis)
 
-PeMV - pepper mottle virus -WAT - weeks after transplanting 
-pn - powdery mildew 

vii 
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Chinese Cabbage 

INTERNATIONAL COOPERATION 

Germplasm Distribution 

A total of 1,085 packets of seed was distributed to 93 
cooperators in 39 countdles. 

Crop Releases 

China - The Vegetable Research Institute, Jiangsu Academy 
of Agriculture officially released AVRDC Hybrids 58 and 62 
as 'Summer Pearl' and 'Summer Abundance', respectively, 
and provided farmers with the recommended cultural-prac­
tices in the Jiang Su Agriculture Science Journal. 

International Trials 

Indonesia - The Indonesia-AVRDC Bilateral Program conducted 
initial trials at its Lembang Horticultural Research Institute 
which identified several AVRDC hybrids for future lowland and 
highland trials. 

Japan - AVRDC Hybrids 82-46 and 83-20 and OP variety 77 
M(3)-27 produced larger heads and proved more promising 
for midsummer sowing than local varieties in trials at the Fu­
kuoka Prefecture Horticultural Research Center. 

Liberia - AVRDC OP 77M(2/3)-46 was the highest yielder in 
a trial conducted by Lowland-N.C.R.D.P. Soft rot and/or downy 
mildew were serious in Hybrid 59, 77 M(3)-27 and 77 M(3)-35. 

Malaysia - AVRDC Chinese cabbage 82-156, 82-157, 7Y 
M(3)-27 and 77 M(2/3)-46 obtained yields from 33.3 to 36.5 
t/ha in trials by MARDI at its Jalan Kebun Station. 

Nepal - AVRDC Hybrid 62 received the highest rating for its 
early maturity, compact head, bolting tolerance and highest 
yield per unit time and area in trials conducted by HMG/FAO 
Vegetable Production Project. 

Nigeria - In a trial conducted by IITA, AVRDC Hybrid 58 showed 
heat tolerance with no internal rot and the highest yield. 

Philippines - AVRDC-POP, in cooperation with the East-West 
Seed Co., conducted a feasibility study on production of 
Hybrid 62 in the Baguio highland area. 

Turkey - AVRDC Hybrid 83-20 showed a perfect harvest rat3, 
early maturity and high yield in two summer trials by the Dept. 
of Horticulture, Cumhurlyet University. 

3 



Crop Improvement Program 

BREEDING 

Combining Ability Trial 

Inbred lines previously developed from the Hakuran backcross 
program were crossed with old heat-tolerant inbreds and the resulting 
combinations were tested in a summer trial. The eight best entries were 
selected for their early maturity, perfect heading rate, high harvest rate 
arid promising preference traits to be further evaluated in the following 
year. 

Advanced Yield Trials 

Nine F, hybrid conlinations selected from the 1986 combining 
ability trials were further evaluated in six advanced yield trials over the 
summer season. Two combinations, 86181 and 86187. were com­
parable in maturity and stability, and were slightly superior in yield to 
the standard check. Hybrid 62. 

Cytosterility Backcross Program 

To develop a simpler ar.I more stable alternative to the self­
incompatibility system in f-1 hybrid seed production, two different 
sources of cytoplasmic male sterility (CMIS), radish and Brassic6 juncea 
had been backcrossed to tropical Chinese cabbage. Radish-originated 
CMS lines in the BCv-BC(. generation were evaluated for their combin­
ing ability during the summer season. They performed much poorer than 
the corresponding male-fertile lines as both parents and F hybrids.,
Backcrosses in BC.I-BCS, of B. juncea origin showed less undesirable 
traits than in the previous generation. Twenty-four elite plants were 
selected from this group of CMS backcross materials to be used in 
further backcrosses. 

The backcross lines (left and right rows) appear similar to the recipient 
line (middle row) after five backcrosses using mustard ex male-sterile 
source. The potential of this source uf male sterility Is still under study. 

4 
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Fi hybrid (left) using both male fertile parents and Fi hybrid using 
radish ex male-sterile maternal parent (rght. This source of male 
sterility is of no practical use.' 

Temporary Breakdown of Self-incompatibility 

In search of economic methods to multiply self-incompatible inbred 
lines of Chinese cabbage and related crops, C02 gas treatment and 
salt (NaCi) spray effects were studied with bee pollination. The C02 
treatment did not significantly increase pod and seed set. A daily spray 
of salt (1%-2%), however, successfully broke self-incompatibility and 
produced as high seed yields as bud pollination. Observation of pollen 
gerrdnat on on the stigma and pollen tube count in the style corres­
ponded with the seed yield data. 

ENTOMOLOGY
 

Biological Control of DBM in Luchu Township 

Attempts were made to control diamondback moth (DBM) (Plutella 
xylostella) on a commercial crucifer planting of 115 ha owned by 130 
farmers in Luchu Township in Kaohsiung County. A total of 110,050 
cocoons of two larval parasites, Diadegma eucerophaga and Apanteles 
plutellae, were released at intervals throughout the season. Total parasi­
tism ranged from 10.2%to 24.0%. This level of parasitism, coupled 
with use of Bacillus thuringiensis, gave adequate coitrol of DBM, Des­

~ 	 pite advice to the contrary, most farmers used chemical insecticides 
which caused parasite mortality and reduced parasitism. An effective 
extension program is a necessity for the success of any biological con­
trol program with DBM. 

Biological Control of DBM in Yuangminshannr 'ps'~r:rad!.5c
"
 

Attempts were made to control DBIVI by release of two larval 
par , Diadegma eucerOphaga an Apanteles plutellae, on farmers' 
fields in a 10 ha isolated area nerTr 1piAtoaof9,0prste 

35 
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Crop Improvement Program 
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Diamondback moth damape on cabbage. 

w : (h ii,- IiH Iti . r, rrri:;)t ]Il )iilblrt-sr[rl rr:tl, J Jr()!ri Jt)) to 

80'i ,1rd th, [A:'y 0o tilil i r , r (Juc d rorirov(t ]M I rva, per plait 
to 0.3 p,'r NlIro"tii, 1 ,, i-Sti WiArU keipt tider check by sex 
pheronion(! ,rwrl r ,", oIuf H,(:flrs thlrirngrensis.Spodloptera 

DBM Parasitism 

Cer ttil hln ;irccl si rie's were, coniducted ,,tn two larval parasites 
of DBM, Dar ,tur ierir(-. phaga ind Afxantelrg putelle. to understand 
the nature nof plira--iirir iii ordehr to enaiblle ut,; to '.loit them for the 
cont-ol of rib) in moth Di,/9hat lowerJri ;.(.' (DBM). prelruis 
temperltir , ( -i ) thimii -1)mtrlfes (20 -3 C! 1lie seconld and 
third ins*ar Jr(, pl. rrr:fiii rVitr t hl" fir I rid firtlr irlsa r for 
ovipositlon iy / rk. f litlr I() par tislirso it ill ot rw fOurrh rrrstazr 
dianiorilo otrlrhrIf ,if . A,,,f),Irt /lr p ,r ir1-tuir 1 of its hosts. 
Secor insta Ilrvae ,er(, slip/hrly pr frrd P ve otl-r ,itars.Both 
parasites, v), hIli Ior/ip r-rh .i lH thre Iir, n of insecticide­
resistant and r. rr;o(9MfMI'NIl \rril)r r tho irrrri. CtiCides, all 
formtratioris of H)r//hS tfhiirtlrfg-i s. arid insect grovth regulator, 
CME-134. and a spi apori pirrmlctivp ,)hrwere not toxic to either 
parasite. A ,yrihltic prthrrrrd. detarlnerl;thlmi, wasI rirhly toxic. 

Effect of Neem Extract on DBM 

Neern (Azirachra indtc ) Si.ed Lrd chinaberry (Me/ia azedarach) 
seed and bark extracts sprayed on cabbage leaves caused considerable 
mortality in diarond.-, k moth larvae. These treatments also adversely 
affected emerge-ic, of diarnondback moth adults from treated pupae. 
Both plant mater:ai.s showed a similar effect to the commercially used 
insect growth regulators. 

6 



Chinese Cabbage Entumology 

Testing of Bacillus thuringiensisFormulations 

Certain newly developed insect growth regulators and formlulations 
of Bacillus thuringiensis were tested for control of DBM and imported 
cabbageworm (Pieris rapae) ir, two field tests. Insect growth regulators 
BAS 166801 at 60 g a i., PH70-23 at 75 g a.i., WL115110 at 50 g a.i., 
1K17899 at 50 g a.i. and CME134 at 37.5 g a.i./ha gave good control 
of both pests. Among Bacillus thuringiensis formulations, Thuricide gave 
superior control of both pests and greater yield compared to four other 
formulations. 

7 
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Mungbean 

INTERNATIONAL COOPERATION 

Germplasm Distribution 

Atotal of 4,371 seed packets was distributed to 97 cooperators 
in 4i countries. 

Crop Releases 

Australia - 'Satin', which had AVRDC's V 2013 as a parent, was 
registered by CSIRO Division of Tropical Crops and Pasture because 
of its high yield, resistance to lodging and to CLS. 

Somalia - The Legumes and Oil Crops Section of the Bonka Research 
Station released 'Filsan' (AVRDC cultivar VC 1168B) because of its 
early maturity and nonshattering quality. 

Thailand - The Chai Nat Field Crops Research Center released 'Chai 
Nat 60' (AVRDC cultivar VC 1178) for its early and uniform maturity, 
high yield and suitability for rice-based cropping systems. 

International Trials 

IMN 

In the 14th International Mungbean Nursery (IMN) trials, it was 
found that location contributed to 76% of the total variation. Eight 
lines, V 3426, VC 2750A, VC 2754A, VC 2768A, VC 2802A, VC 
3004A, VC 3012B and VC 3061A, were considered moderately 
stable. Three accessions (V 2010, V 2984 and V 3726) and two 
AVRDC lines (VC 1628A and VC 3012A) were highly sensitive to 
environmental changes and, therefore, :ess stable cultivars. 

Bahomas - The Department of Agriculture reported that AVRDC 
breea;n !ines, VC 1628A, VC 2768A and VC 2768B produced high 
yields ( > 1.5 t/ha) during the fall season. 

Cameroon - The Comitd Diocesdin de Development reported that 
three AVRDC breeding lines, VC 1628A, VC 2755A and VC 2764A, 
produced high yields of about 1.5 t/ha in acidic soils. 

China - The Institute of Crop Germplasm Resources, CAAS reported 
that the area under mungbean production increased by 60,000 ha 
to 530,000 ha in 1987. AVRDC mungbean lires such as VC 1973A, 
VC 2778A and V 1381 were well received. 

Laos - Of the more than 100 AVRDC lines evaluated at the Haddokkeo 
Research Station, three lines, VC 1168B, VC 2750A and VC 1560D, 
have been selected because of their high-yielding and resistance 
to PM characteristics. 

Vietnam - The Faculty of Agriculture, University of Cantho, reported 
that 60% of the area under mungbean cultivation in the Mekong 
Delta is occupied by three AVRDC varieties 'DX91' (VC 1560D), 
'DX1O2A' (VC 2768A) and 'DX113' (VC 2763A) which are 
recommended in Alluvial soils. 

9 



Crop Improvement Program 

BREEDING 

Hybridization Program 

To combine high yield, early and uniform maturity and disease 
resistance, single plants wer e selected from the segregating population 
derived from the 1986 factorial deslign hybridization and were inter­
crossed to further generate reoonlihnations and breaking ef linkage 
blocks. In the fall s,-isson, the single plants selected from the first 
segregating generations were idvainced by slfitrg, imd crossed with 
four elite miingbean liles, VC 3890A, VC 2755A, VC 276;8A aid V 3726 
to introduce more f~ivorable alleles it the geii. pool. The p otin iance,
of each population, wH!Obe evAluate(e in the aldvance(l geilatloii for 
desirahle traits. 

Genotype x Environmental Interactions 

Bo ciuse yuld trials conducted over years and seasots require 
consice;rable ( X\prndture of resourcCs, Stilliatioli of ger otype x 
environmental cornirpor its will he useful to ohtain i oilrm ltiOtl on the 
optimum number aiId allkc(tion of rtlphcwtes, seasorns arid year. Data 
from two years (1984 ar l 1986) ind thre,(. seasons (spring, .irllriler 
and fall) involving 10 i(ht tirig)ilfn lines were u~sed in this analysis 
to estirmate O couriponernts Balsud ofn thegeniotype eiiviMrlairntal 
results, it was concluded t2t yield tria--l condLIctetd ov(r three years, 
three seasons and three replicates woi ld he(.th e iost cost effective 
and realistic for the evalh'TrOrl Of niLilgbe'h(i yiell trials it AVFRDC 

CLS Resistance 

The high-yielding, early arid synchronoitsly ilitirinig n rlghca1n 
lines V 3726, VC 1628A arid VC 1973A are susce'ptibh (r oimderately 
susceptible to CLS. the level of CLS resistance in 13 ndwly developed, 
early maturing murngbearl lines was evaluated under fu trgicide-protected
and nonprotected cornditions along with both resistant arrid susceptible 
checks. New lines with high !eve!s of synchronous nlaturity. large seed 
and high yield with moderate levels of resistance to CLS such as VC 
3737A, VC 3890A arid VC 4050A were identified. Four other lines, VC 
2991A, VC 3664A, VC 3853A and VC 3766-38-2-B were very high 
yielding and showed high levels of CLS resistance. However, matUrity 
was only moderately synchronous. 

New AVRDC Elite Breeding Lines 

A multivariate technique known as principal component (PC) 
analysis was used as a means of assessing the progress towards acihiev­
ing the multiple breeding targets in tile mungbean breeding program.
A hypothetical ideal mungbean cultivar with desirable characteristics 
was included in the PC analysis along with tle new elite lines and check 
cultivars. The first two principal components accounted for 53% of the 
information on the desirable traits. The position of the new breeding 

10 



1 
lines 'compared to the check cultivars on the two-dimensional plane,

j idicated the amount of progress achieved towards m'eeting the ideal 
~ i'otential mungbean lines which could serve as better parents 

for future hybridization -were also identified. 

M ungbeanwCu ltlvarBlends 

Two mungbean cultivar blends, each comprised of three mungbean
 
cultivars in equal proportions and their, component lines, were tested
 
in the summer and fall season at AVRIDC to improve the yield stability
 
of mungbean lines under low input, unfavorable environments. The pure
 
line, VC 2768A, produced the highest yield in both seasons, However,
 
the yield differences between the two cultivar blends and/or among the
 
other four component lines were not significant. The results of the
 
sequential yield component analysis revealed that the seed yield was
 
greatly influenced by the pods/peduncle and the proportion of flowering
 
nodes. These two cultivar blends will be further evaluated for yield stabi­
lity, especially under poor environments, in IMN trials.
 

.. 

Covariance Analysis 

Mungbeans are very sensitive to microsoil variation in the experi­
mental sites within the same location and season. A large fertility
 
gradient or microsoil variation inthe experimental sites isan impediment
 
to reliable estimation of cultivar effects. Therefore, the effectiveness
 
of moving mean (computed from 2-5 adjacent plots) covariance analysis
 
compared with randomized complete block design for error control in
 
mungbean yield trials was investigated. The results clearly indicated
 
that covarian~ce adjustment using moving means computed from five
 
adjacent plots gave superior control of the experimental error and is,
 
thereTore, recommended in asituation where a'large number of lines
 
are evaluated in asite with a large' fertility gradient.
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Beanfly damage in stem. 

ENTOMOLOGY
 

Beanfly Resistance 

Three agromyzid species, Ophiomyia phaseoli, 0. centrosematis 
and Melanagromyza sojae are important pests of mungb6ans from trop­
ical to subtropical Asia, Africa and the Pacific. In 1979 AVRDC identified 
amungbean accession, V 4281, which had a moderate level of beanfly
resistance. This accession, which has poor agronomic characters and 
is susceptible to diseases, is"being utilized at AVRDC for breeding
agronomic breeding lines with beanfly resistance. In 1987 two prog­
enies were screened which were bulked throughseven generations and 
selected in the Fa on a single-plant basis fo" high-yield potential. Inthe 
screening of the first set of progeny, comprised of 144 entries, 17 
entries had low beanfly infestation, similar to the resistant check, over 
two observations. Inthe second set, comprised of 50 progeny, 8 entries 
had low beanfly infestation similar to the resistant check. These 25 
entries already carry disease resistance and high yield potential. Their 
actual yields under high beanfly population pressure will be evaluated 
in 1988 before making these lines available to the national programs, 

Insect Growth Regulators for Beanfly Control 

Among the three selective insect growth regulators tested for the 
control of beanflies on mungbeans, cyromazine, at rates between 75 
and 150 g a.i.iha gave control comparable to omethoate, a broad 
spectrum organophosphorus insecticide. 
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Asiatic Cornborer Resistance 

Studies were conducted to understand the characteristics of the 
Asiatic cornborer (ACB) (Ostrinla furnacalls) damage to mungbeans in 
order to breed mungbeancultivars resistant to this pest and develop 
alternae otr.. measurestresistant.cultivarscould.notbe developed- .. 
There was'a significanit positive correlation between plant stern diameter 
aindinsect infestation, Similarly, accessions with short internodes were 
significantly less damaged than those with iong internodes. Trichore 
density on the stem had no bearing onACB damage. Vigna sublobata 
was generally lessdamaged than mungbein and among 100 V. sub­
iobata accessions, 25 were free of ACB damage. The thin stems of V. 
siublobatacould be responsible for less ACB damage to this species. 
In a corn and mungbean intercrop, ACB overwhelmingly preferred corn 
initially but eventually moved to mungbean after most corn plants had 
been d3maged,. 

Bruchid Resistance Breeding 

Practically throughout the world, a bruchid (Calosobruchus chinen­
sis) causes considerable damage to stored mungbeans. AVRDC identi­
fied one black gram accession, VM 2164, which is highly resistant to 
the pest and initiated a breeding program to develop agronomic mung­
beans with bruchid resistance. In 1987 two' backcross populations 
(BCiFs and BCI F6) were screened for resistance'to bruchids in storage. 
Certain BCjF 5 populations that showed less bruchid damage were assusceptible int- nx generation: (BCIF6) as the "susceptilmungbean check. It was found that although the hybrids of mungbean 

and VM 2164 are resistant, advanced progeny that carry more 
mungbean traits are susceptible to bruchid infestation, 

New Sources of Bruchid Resistance 

In a search for new sources of resistance to the bruchid within 
mungbean or cross-compatible Vigna species, all 100 V. sublobata 
accessions studied were resistant to this bruchid. The insects laid eggs 
on some accessions but larvae failed to bore into the seeds. Rough and 
hard seed coats appeared to be responsible for this effect. One beanfly­
resistant V. glabrescens accession, V 1160, also showed a high level 
of resistance to C.chinensis, Among additional recently screened mung­
bean germplasm, one mungbean accession showed a high level of resis- • 
tance. The mechanism of bruchid resistance in this accession will be 
studied in 1988. ­
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Pepper Breeding 

BREEDING 

Pepper Improvement Program 

Based on infornmarin frem the literature, a ruestionnaire survey 
and AVRDC's own observations, problem areas which deserve high 
priority in the pepper varietal improvement program are resistance to: 
(1) viruses (TMV. CMV, PVY and CVMV), Phytophthora rot and bacterial 
leaf spot for both hot and sweet peppers; (2) bacterial wilt (sweet 
pepper); and (3) anthrcnose (hot pepper). Sunscald tolerance (sweet 
pepper) and increa,-ed pungency (hot pepper) ,lso require attention. 
Early maturity is esseitial to maike the crop)moi e easily adaptable to 
various farming systems. More basic studies are nue(hdt on fruit de­
velopment under hlrait- ind vihiis slrc's:, con(diOto s.; nd ott ;-o) reaction 

to excessive soil moistur(-. Green-coihrnl hell-.,pe; sweet peppers of 
about 100 g fruit weight have )eC( toild to )e.tl W most widely accept­
able, while hot peppers showed gi e- hvar- cori.iiners' pe f­eit i 
erence.
 

For the tropicalization of sweet pt.Il)er, parhllho I iock(ross, proj.friiis 
for each of one or two traits, lollowed by a py aii(l ti()roi proce,,ss il 
one genotype are proposed Irli t ppper, dentiti. toii a ( itribution 
of the row and enhance ohrdi riat-r i;is t')ot"1) Plp11ational programs 
tackle area-specific problems will be the nplor ictivity of VRDC. The 
desired breeding rature of minprovt'd per otyp,; mid de'ir-h.le type of 
cooperation, with national proriiv. is wol! ,,sinhject aireais which neede 

urgent atte tlion from other diSc:liri s. arc discussed, 

Germplasm Evaluation Trials 

To find setft jgenetic materials for the pepper improvement 
program, a total o1 318 entries were evaluated through two observa­
tional, two preliminary inrl rime advanced germplasni evaluatioc trials. 
Promising genot%/pes were rought for early maturity, yield, fruit charac­
ters and disease resistance. Eighty-eight different crosses were made 
among the selected entries for various objectives. 

ENTOMOLOGY 

Literature Survey of insect Pests 

A detailed survey of the literature on insect and mite pests of pepper 
was conducted to determine the focus for AVRDC research. A total of 
293 insect and mite species infest pepper plants in the field and some 
attack pepper fruit in storage. Foliage harbors the largest number of 
species (111) followed by fruits (71), stems (38), flowers (31) and roots 
(8). Fourteen species damage pepper fruits in storage and four species 
attack young seedlings. Some species such as aphids, thrips and mites 
attack more than one plant part. Myzus persicae (Sulzer), an aphid 
species which is an important virus vector, is the most widespread insect 
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infesting pepper in 37 countries including several .tropical countries.Two other well-known virus vectors, an aphid,(Aphisgossyppi Glover) 

and a whitefly (TrialeurodesvaporariorumWestwood), occur in 13 and 
1.0 countries, respectively. While A. gossyppi occurs in the tropics aswell as temperate areas, T. vaporariorumoccurs mainly in temperate 

areas. Two mite species, (Hemitarsonemus latus and Tetranychus
urticae Koch) are also widespread and found in the tropics. At least five 
species of fruitflies attack pepper and all of them are present in the 
tropics. 

PATHOLOGY 

Pepper Diseases 

Viruses, Phytophthora blight, bacterial leaf spot, powdery mildew 
and anthracnose were the most important diseases of peppers in Taiwan 
in 1987. Three hot pepper cultivars, MC4, MC5 and Szuchuan were 
found resistant to tomato bacterial wilt in the field nursery. In field 
surveys two different anthracnose species were found. Colletotrichum 
gloeosporioides caused slightly sunken dark yellow spots on the red,
ripe fruit. Its conidia showed a dull or round shape at the ends. 
Colletotrichum capsici caused a darker infected area and its conidia were 
tapered at both ends, resulting in a sharp pointed shape. The symptom
caused by C.gloeosporioides was more frequently found than that of 
C.capsici in the disease nursery. Some lines highly resistant to anthrac­
nose were found. The pathogenicity of the isolates of Phytophthora
capsicishowed significant difference either in hot pepper or in the early
stage after inoculation in sweet pepper. Seven very highly resistant lines 
were obtained from the resistance screening trial. 
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Pepper Pathclogy 
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Shock reaction, of CMV on pepper. 

Monitoring for Viruses 

s, i 'i~'i.gsu ii n . C' r,iI nc,] t;Va's. selected for 
i)r(cill iiiiir i ,. ,w(re mironritored at 25- to 35-dav intervals for the 
rilirici :o! i(. - iii AVRDC ields. Four viruses, CVMV, CMV. PVY and 
1MV wVU touriVirViruses w;re; first detected about 29 days fter 
Ira-spll-',%,.CMV lad CVMV Lenierally appeared first, followed by PVY. 
,MV ricirr; v es genrally low and occurred ait later times (55-60 

Virus Isolation and Straintyping 

Asrrvey for l epper vrriS,-, v.,s conducted in Taiwan and Thailand. 
A tot I of 1 , lI( d ar-0lticc , re collected and tested by ELISA for 
presciicu of ! I virus,-s, (CMV. PVY, PeMV, -'VMV, CVMV. TEV, TMV, PVY, 
TSWV, AV. TBRV arid PSV) ()ry Iur vuses, CVMV, CMV, PVY arid 
TMV (in or(,er of i-pirtu cu) were! (J.,tected Pure isolates of each virus 
lave, heen rcovered, Prlirilm, t,", strai ityplirg inidicated that PVY-O is 
the most prevaient stran of FV' it,) ywirli. 

PHY$O LO Y 

Water Uptake, Growth and Fruit-set of Peppers 

Preliminary .tiirli- (rn hld -i d sweet pepl)2rs Under greenhouse 
conditiors rveal that hoti pppers constimed more than 770 liters 
of water thiroughout a 120-di'y growig period, and carried certain levels 
of heat tolerance in terr,)s of fruLt-,,tting. A larger proportion of dry 
matter was diverted to the slms of hot peppers, which had high dry 
matter production wid hiigih iI rogen conrent in the leaf and steml. 
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Soybean
 

INTERNATIONAL COOPERATION 

Germplasm Distribution 

A total of 19 packets of AVRDC Soybean Evaluation Trials 
(ASET), 407 elite breeding lines, 58 pedigrees/populations 
and 108 germplasm accessions was sent to cooperators In 
33 countries. 

Crop Releases 

Indonesia - Upon the recommendation of BORIF, the Ministry 
of Agriculture released 'Tidar' (AVRDC's G 2120-M). 'Tidar' 
was from 8% to 182% higher yielding than the existing varie­
ties and, because of its earlier maturity, it will fit into rice­
based cropping systems. 

Taiwan, China - The Kaohsiung DAIS released AVRDC vege­
table soybean cultivar AGS 292 as 'Kaohsiung No. 1' because 
of its high yield, resistance to downy mildew and suitability 
for mechanical harvesting. 

International Trials 

ASET - Thirteen ASET results wei'e received from scientists 
from 12 countries. The results revealed that AGS 124, AGS 
129, AGS 217, AGS 299 and AGS 162 outyielded the local 
checks in one or more countries. 

Mali - After a number of trials the Soybean Association of Mali 
would like to purchase 7,000 kg of seeds of either AGS 200 
or AGS 215. 

Sri Lanka - The Canadian organization, Plenty, reported that 
AGS 186, AGS 1.88, AGS 190 and AGS 191 vegetable soy­
beans performed very well, were readily accepted by the 
c.,;.;:,mers and had less beany flavor. 

Vietnam - 'kmong the entries received from AVRDC, G 2261 
has been reported to be performing well. 
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Crop Improvement Program 

BREEDING 

Hybridization 

To develop productive good quality vegetable soybeans modified 
backcrossing was used. Specific crosses were made to combine narrow 
leaflet, high yield and resistance to soybean rust, downy mildew, stink 
bug and defoliators. Crosses were also made to einhanc3 the seed size 
and seed quality of inproved AVRDC selections. Selrectk ris will be made 
for the desirable combination of traits from the inbreo generations of 
the crosses. Hybridization was also jtilized to under stand the inheritance 
of a few specific characMers. 

Evalua'tion of introductions 

New soybean introductions may have useful genes for the breeding 
program. Therefore, new germplasm and improved varieties are intro­
duced and evaluated. Of the 175 new accessions from five countries, 
there was sufficient seed available for 110 introductions which were 
evaluated in tnree different trials. None of the entries were superior in 
yield compared to the AIRDC checks. Seven entries were selected for 
their superior seed ( aality and soybean rust resistance/tolerance which 
need to be confirmed in further trials. 

Yield Trials 

Selected pedigrees are evaluated at various stages for their 
s'u perior yield potential combined with disease resistance, seed quality,
maturity duration and other desirable agronomic characteristics. 
Genotypes such as GC 82341-7-2, CG 81038-18-3, GC 81075-36, PI 
379618, GC 81075-16, GC 8108C-13 and 269 had either similar or 
higher yield potential in the spring and/or summer seasons and a better 
level of bacterial pustule and downy mildew resistance than AGS 129 
(check). Although season-specific and multiple-season adapted geno­
types were selected from the yield trials, since the genotype x environ­
ment interaction is predominant, it is desirable to have multilocational 
yield trials to identif\, wide adaptability. 

Soybean Rust Tolerance 

Soybean rust is an important yield-limiting constraint for soybean 
production in the tropics and subtropics in Asia. Significant genotype 
x fungicide interaction was observed in the yield trials. Genotypes AGS 
302, SRE-D-14A and GC 00 138-29 had higher yield potential with lower 
rust tolerance level. SRE-C-56A and SRE-D-14B had a high level of rust 
tolerance but they had relatively low yield potential. Crosses between 
the former and the latter groups are proposed to combine high yield
and a high level of rust tolerance. The correlation between percent rust 
infection and yield was highly significant. In the two yield trials 52% 
and 69% of the yield loss is attributed to reduction in 100-seed weight. 
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Soybean Breeding 

The importance of evaluating and incorporating good seed quality along 
with high yield potential and rust resistance is emphasized. 

Bacterial Pustule Resistance 

During the rainy season, bacterial pustule can cause yield reduction 
in soybean. A higher level of bacterial pu::iie resistance reported in 
AGS 129 and G 8190 relative to the knov,', "esistant cv. CNS needs 
to be better understood. Results showed that bacterial pustule disease, 
initiated at the R4 to R5 growth stage, can cause more than 60% yield 
reduction in susceptible cv. Shil, Shih compared to 12% in AGS 129, 
1% in G 8190 and no yield loss in CNS. Such results suggested that 
the resistance in CNS is as good as or better than AGS 129 and G8190. 
The inheriance studies indicated that resistance to bacterial pListule 
is probably governed by a recessive gene as reported earlier. However, 
the major dominant gene governing the susceptibility to bacterial 
pustule is modified by other susceptible genes. Selected resistant F:, 
pedigrees will be progeny-tested in the F, to confirm their resistance. 
From 2.7% to 3.0% of the Fs were selected as being resistant to 
bacterial pustule and containing other desirablc agronomic characters. 

Breeding Vegetable Soybeans 

ehas excellent potential in enriching the diet 
of people in the developing tropical and subtropical countries. From 
crosses made in 1983, GC 83011-35 and GC 83008.16 yielded 12.8 
and 11.7 t/ha marketable pods against 8.5 t/ha for the check Ryokkoh 
in the spring season. In the summer, in spite of a typhoon, AGS 292 
and GC 83006-7 were able to give 13.1 and 10.3 t/ha compared to 

Soybean as aveg .....

8.1 t/ha for the check Tzurunoku. In order to increase the percentage 
of two- and three-seeded pods the narrow leaflet gene, InIn, is being 
introduced into the vegetable soybeans through backcrossing. 

AVRDC vegetable soybean released as Kaohslung No. 1 in Taiwan. 
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Crop Improvement Prngram 

ENTOMOLOGY 

Tolerance to Beanflies 

Tolerance of soybean gerinplasm to a beanfly species, Melana­
grornyza sojae (Zehntner) damage was studied in three tests. Soybean
accession G 8586 showed consistently less yield loss due to heantly 
infestation for three consecutive years. PI 171444, PI 229358, and G 
79 4 also showed tolcrance to beanfly damige. 

Beanfly Resistance 

Four plant introductions, PI 1 f 1444. PI 171451, PI 227687 and 
P1 229358, were tested at the cotyledon stage for beanfly, Ophiomyia 
phaseoh, resistance in a greenhouse. The number of popae per plant 
was significantly less in PI 227687 tha iin the siisceptihie check and 
the three other PI accessions. Plant mortality was significantly less in 
PI 171444 and PI 227687. PI 227687 aippears, to hi re.ta5,;tnt and PI 
171444 tolerant to 0. phaseoh. 

Mass-rearing of Beanfles 

A simple and inexpensive procedure that Litilzes freshly emerged
soybean cotyledons, was developed for mass-rearing of beanfly Ophio­
myia phaseoli. Beanfly adults lay eggs in the soybean cotyleclor's and 
the larvae feed and pupate in that plant part. Larvae and pupae can 
be taken out and used for stuhies at any stage of deveiupment or the 
pupae can be maintained until adult emergence. The insect raised in 
this manner retains its ability to infest soybean. Up to 2.000 flies per 
day have been raised by this method with the in)ut of one laborer. 

Mass rearing of Ophiomyia phaseoli: (A) beanfly in feeding tunnels; 
(B) larvae; and (C) pupae in soybean cotyledons. 
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Soybean Entomology 

Biology of Ophiomyia centrosematis 

The biology of an agrornyzid pest, Ophiomyia centrosematis (De 

Meijere), was studied under laboratory conditions utilizing soybean as 

a host plant. Tire inseict laid eggs just unclernuat the epidermis in the 

hypocotyl of young seedlings. Oviposition started on the third dJay and 

lasted -ntil the 18th day after adult emergence. Most of the eggs were 
a single lemalelaid between 1100 and 1700 hocurs. On Wue average 

laid 63.25 ± 13.68 eggs in her lifetime. tarvae which fed on cortex 

tissue had three instars during 10.88 ± 1.89 days of the larval period 

at 280C. Despite numerous eggs eing laid. a maximLum of only tvO 

pupae were found per plant. Adults emerged between 1100 and 1300 

hours at room temperatures from 18"' to 20"C ar(il betweeti 0700 and 

0900 hours from 28" to 32'C. Most of the niatings took place bct,,een 

0500 and 0800 hours. The longevity of m.ale a(ults was 15.36 ., 5.36 

days while that of the female wa.s 12.45 t 4.06 days. Within the range 

of 20" to 35- C. the higher tre temperature the shorter were the 
hlr atory conditions, 0 cntrosematisdevelopmentil stages. Under 

infested 15 corninon legune crops. On soybeanr, inughean, snap bean, 

adzuki bean, cowpea, pigeort)pel. lorse grain and alllfal the insect 

completed all growth stages successfUlly. On blick gram, rice beain and 
l)nrp paefaba bean the la-rvae mrined ilnto the stern hr it tailed to Im(:o 

and on moth bean, chickpea, lentil and "hioster bean tu in si Ct oviposited 

but eggs failed to hatch. Ovipositiol ill soybea i)icrease(l Withlt i;creas 

ing plant age between, three irid s,.,veni days after germination . It de­

clined thereafter. 

Sex Pheromone Activity in Beanfiy 

Laboratory experiments were conducted to determine whheer 

classical sex pheromone activity exists in the bearifly, Ophicmyia pha­

seoh. Mating activity occurred mainly between 24 and 48 h after adult 

emergence. Repeated sex pheronone bioassay utilizing Y tubie and one­

to two-day-old virgin females arid unmatedimales indicated that the 

classical sex pheronione activity common iii insects belonging to Lepi­

doptera does not exist in either females or males of 0. phaseoh. 

Insecticide Screening for Beanfly 

Among nine organophosphorus, synthetic pyrethroid, and insect 

growth regulators tested, cyromazine, an insect growth regulator, gave 

control of beanflies (Melanagromyza sojae) comparable to the standard 

organophosphorus chernical, omethoate. 

Biology of Stink Bug 

The biology of the stink bug (Riptortus clavatus Thunberg) was 

studied in the laboratory utilizing potted soybean plants. The egg stage 

lasted from 4.15 days at 35°C to 12.64 days at 20'C with egg mortality 

5% at 200C to 19% at 35°C. Very high nymphalincreasing from 
mortality was observed at 20'C. There are five nymphal instars with 

the total nymphal period lasting from 13.9 days at 350C to 22.8 days 

at 25C. There was a highly significant positive correlation between 
instars and the lengths of the body andthe progression of nymphai 

23 



r
: Aonc nae. Aduhlts survived for 22'8 days. Egg's werelaidsingly s 
4, I on the foliage Oviposition lasted from three days to 24 days after adult'

emergence,!A total of 129 eggs were laid by a single female. 

Inaeeimtinh aryscen od,00obeanacsinslne 
once each in September and October 1986, for resistance to limabean 
podberer (Etiella zinckenelia Trietsche), eight entries, G3515; G3543,
G3574, G3638, G3681, G3755; AGS 99 and AGS 169, were relatively
less damaged than the rest in both plantings, In a second screening
of selected accessions that were least damaged in 1985, accessions
G.3469 and G3472 were the least damaged infour monthly plantings
between July and October 1986. These accessions I 'jve distinctlysmaller pod and seed sizes compared to the susceptibl(k' check. Among
the four defoliator plant introductions, PI 227687 and PI 229358 weresig.ificantly less damaged than the susceptible check. Resistance ofthese accessions will be confirmed during the 1987-88 season. 

Trichome Density 

Inasurvey of pod morphology of 1,667 soybean accessions, the
trichome density on green pods (R3-R4) ranged from 101 to 663

trichomes per 4 mm2 ofpod surface. The pod size ranged from adia­
meter of 1.93 to 8.28 mm. There was no statistically significant correla­
tion between the trichome density and the pod size. This data will be

used for selecting soybean germplasm in screening forrE. zinckenella A.
 
resistance.
 

i. PATHOLOGY 

Adanced Soybean Rust Tolerance Trials (ARTTs) . 

:::::::: :/Three advanced trials (ART:T-1, ART-11 and ARTT II1)were conducted : ::i::!inboth fall 1986 and spring 1987.'A total of 42 lines was tested in :i: 

the fall season and 36 Inthe spring season. Five of the cultivars (AGS
302, SRE-B-15C, SRE-C-56A, SRE-D-14A and SRE-D- 14B)far surpassed
the original selection criteria. They had superior performance with 
respect to yield and rs oeac over 5-6niomnsaddmn 
state that high levels of rust tolerance and stable, high yield can becombined in advanced lines. The yield stability ofSRED. 14B isr Close 
to the idealof 1.0, and yield, eithewith or without fungicide protection,­was, superior to all check cultlvars. In ARTT ltetobs utvr 
across both seasons, SRE-D 14-0-Bkl-6e-1-3-Bk-2-2'and SRE-D-14'0-BkI­
6e -13k-1 2, had yields similar to AGS 129, the highest-yIeldIng check,, 
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J when protected with fungicide and yielded 1.24 and 1.09 t/ha more 
when the planis were not 

protected byfungicide. Nine cultivars from ARTT-l1 wereselected and 
will be further evlatd 

~K~; Screeningfor Rust Resistance 

Soybean rust is one of the most serious diseases of soybean in 
Southeast Asia. No highly-resistant or highly-tolerant soybean cultivar 
has been identified yet; Therefore, a total of 212 Glycine accessions 
were screened by artificial inoculation to identify additional sources of 
resistance. Fifty accessions were selected as highly resistant based on 
at least three test evaluations. Because of their high levels of rust 
resistance, these accessions will be excellent materials for interspecific 
soybean hybridization programs. . .b 

Germination of Soybean Seeds 

The effect of seed size, genetic potential and storage condition 
(cold room vs room temperature and containers, nylon net bacg vs closed 
plastic jar) on the germination of soybean seeds was studed. Soybean 
seeds from three different cultivars that varied in seed size from large 
seed (23.6 g/I 00-seed weight) to small (12,4 g/ 100-seed weight) were 
utilized in a 12-month storage study. The germinability of all three 
cultivars remained uniformly high and unchanged after a one-year 
storage period in the cold room in plastic jars sealed with screw-top 
lids. The large-seeded cultivar, PI 459025, had distinctly better longevity 
and germinability than the other two cultivars. Therefore, the genetic 
potential for seed longevity can be high in large-sn,"ded cultivars. 
Apparently, seed longevity is strongly influenced by a complex inter­
action between genetic potential, storage temperature and seed mois­
ture. It appears that exposure to high humidity alone may not be suffi­
cient to cause an increase in seed moisture content. It also appears 
that high temperature adversely affects the actual germination process 
and may confound future studies on seed longevity. 

Inheritance of Resistance to PStV 

r 

A 

Inheritance of resistance to a soybean isolate of peanut stripe virus 
(PStV-strain PN) was studied in three soybean varieties, AGS 129, Ankur 
and PI 230971. Genetic analysis was based on necrotic, mosaic and 
symptomless reactions in inoculated soybeans. A single incompletely 
dominant gene inAGS 129 was found to confer the resistance to PStV 
and was tentatively designated as Pst. The hor ozygous parent AGS 
129 possessing the genotype Pst Pst was immune, while Ankur and 
P1 230971, with a genotype of pst pst, were susceptible, showing 
mosaic symptoms. The heterozygous genotype Pst pst resulting rfrom 
the, cross of either Ankur or PI 230971 with AGS 129 reacted with 
necrosis, distinctly different from the reactions of either of the h..o­
zygous genotypes. This genotypic effect was confirmed through the 
phenotypic segregation inBC, F2 and F3. 
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Crop Improvement Program 

Virus Survey in Indonesia 

In a survey of soybeaii, m1UngIbeaill 1nd peaflUt in Eist Javia. tile 
fllowing viruses were found: AzMV. BCMV, BICMV. BYMV. PStV. CMV 
and an unknown poty viruS. PeaLut tittIc vCrii . cowpel mosallC 'vIrd-, 
S, cowpea mosaic virus Y, cowpea mottle virus, )eanut stunt vius, 
southern bean mosaic virus, blackgram inottle wriis. ,ld Alfalf mosaic 
virus were not detected. Bean yellow fi,saic vili.s lc(i o;1te(j 'or 35t, 
of the soybean samples with various types of yellowing '-yioptonls This 
virus is considered responsible foi the yellow mosaic U!)idMncS on 
soybean, reported previously in this area. 
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Soybean Pathology 
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Crop Improvement Program 

SWEET POTATO 
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Sweet Potato 

INTERNATIONAL COOPERATION 

Safe Germplasm Exchange 

To minimize the risk of possibly distributing virus-infected 
vegetatively propagated sweet potato germplasm, AVRDC 
developed a virus elimination scheme which utilizes thermo­
therapy and meristem tip culture followed by indexing for 
qbsence of viruses by serology and two cycles of graft­
inlexing on susceptible indicator plants. The following 22 
improved sweet potto varieties are now available: 

- 157 (Tainung 57) - CN 1216-10 - CN 1448-49 
- 1981 (Tainung 66) - CN 1219-1 - CN 1448-59 
- I 423 (Tainan 17) - CN 1232-9 - CN 1489-43 
- CN 1028-15 - CN 12S0-3 - CN 1489-89 
- CN 1038-16 - CN 1345-8 - CN 1510-25 
- CN 1058-10 - CN 1367-2 - CN 1517-139 
- CN 1108-13 - CN 1421-56 - CN 1525-11 

- CN 1421-68 

International Trials 

China - Eleven AVRDC sweet potato lines were included in yield 
trials conducted by cooperative research institutions. These 
institutions were the Chinese Sweet Potato Research Labora­
tory in Xuzhou; the Sweet Potato Laboratory of the Jiangsu 
Academy of Agricultural Science in Nanjing; the Crop Re­
search Institute of the Sichuan Academy of Agricultural 
Science in Chengdu; and the Upland Crop Research Institute 
of the Guangdong Academy of Agricultural Science in Gijang­
zhou. 

AVRDC sweet potato CN 1108-13 performed well in these 
preliminary yield trials. In Xuzhou the clone outyielded the 
best check variety, Xushu 18 (the newly released, award­
winning Chinese national sweet potato variety), in total leaves, 
root yield and chip production. CN 1108-13 was selected to 
be further tested for, adaption to broader growing areas in 
China. 

29 



Crop Improvement Program 

BREEDING
 

Hybridization Program 

Three open crosses and a series of hand crosses were conducted. 
The main objectives of the crosses wsere to: (1) obtain higher dry matter 
yield for staple/feed type: (2) raise dry matter content of orange-fleshed 
type; (3) obtain higher level of scab resistance; and (4) backcross sweet 
potatoes to interspecific hybrids 

Seedling Screening and OYTs 

A total of 65,435 seeds were sown in the 1987 seedling screening 
trials from which 2,196 clones were entered into observational yield 
trials (OYTs). In the CYlis selection was made mainly based on flesh 
color, dry chip weight and( root performance. 

Preliminary and Advanced Yield Trials 

In order to select clones wvhich aidapt well to humid tropical 
conditions, preliminary yield trials (PYTs) and advanced yield triais (AYTs) 
were conducted in two difterent seasons (spring and sumnmer) in the 
hot-wet season in Taiwan Out of 21 entries in the AYT, three breeding 
lines with high dry matter yield (CN 1510-25, CN 1489-89 and CN 
1688-116) showed relatively good tolerance to the hot-wet conditions. 

Utilization of Interspecific Hybrids in Breeding 

In order to utilize wild relatives in breeding, 4 x hybrids (obtained 
from the crosses between sweet potato cultivars and 4 x Ipomoea 

Promising BC1 hybrid. 
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trifida) were evaluated in 1986 and some of them showed weevil 

resistance or high dry matter content. Backcrossings were conducted 

and the BC, progenies were Wievalnated in OY1 IMAN timonitor whethei 

the desirable traits of the 5 x hyhrids co kt! , transfered into the 

the yielding ability. There are clearbackcrmss prog:.nies and to recover 
differccc',: by., ossi ig directions lu woo'n qwr'oi ptatuos and the 5 x 

hybrids for capsl.idlu set, seed gtrnllnation ind root pilor rlrianct:. Weevil 

resistance wilI he (,valatcd il 1 .. 

Preliminary Germplasrn Evaluation for Less Sweetness 

Sweetness of weet pntto''- ( ),'ods on Itiecon centrations of 

c'l '-r . Idi( ro:csweet1'rcleveloa)nr t of both nonreducInt aid 
sweet potatoes is one of thy possih tltn to imin(iofe the tilization of 

this crop as a staple oi a supplemenltalnpe. A total of 70 gerplalsln 

was analyzed for noonredicirig ii''ar contrrt = betaand die activity of 

amylase which converts starch into reducing sngar during cooking 

Thirteen clones showed low ota-anylase activity and also low sugar 

content and were io tilfied as pIorisiorg breedirng i narrals. 

ENTOMOLOGY 

Sweetpotato Weevil Resistance 

Three sets of ti ialss weil cor aJte(1 to screen sw'et potato germ­

plasm for resistance to nweetl)ota o weevI Cylas formicarius forni­

carius. Certain accussions showeidI significantly less infestation than the 

ce wide variation in weevil infestationstandard susce ptfilce checks. Si 

of any particular sweet potato ;cCssiOnii from season to season and 

location to location iscormrnr, th, haqt d iage( accessons will be 

screened next year to crontiinm tint r wnhtain(t. 

Interspecific Cross Progeny Screening 

hutweun Wpomoca hat atas and I.Forty-nine progemes of a cross 

triMda, that were lweas damaged in tle 1985-86 season,, were screened 

for resistance to sweetpotato weevil. There was wide variation among 

the replicates of each entry and aniong tlhe eitries which missed selec­

of the least damaged clones based on statistical test. Nonethelesston 

13 entries were rue of weevil infestato: and five entries had less than 

1 wuevil/kg roots These entrius will be screened next year to confirm 

the stability of resistance. 

Root Characters and Weevil Infestation 

In a three-ye .nH 984-86) study of cot relation between easily quanti­

fiable sweet potato root characters and sweetpotato weevil (Cylas 

formicarius)irfestation. no significant and consistent correlation was 

observed between root characters such as dry matter. sug3r, beta 
infestation.carotene, and protein contcnt and weevil 
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Irrigation Weevil Infestation 

The influence of irrigation on sweetpotato weevil was investigated
once eachinthe 1985-86 and 1986-87autumn seasons. Inreasing
the frequency of irrigation during the season tended to reduce weevil

bit alse eoot yields. proper.balancebetween -the­
f-req"ency of;irrgation to reduce soil crycking, thereby denying the
weevilaccess to roots, and at the same time preventing the excesssoil moisture from adversely affecting the root yield; should be es­tablished f each soil type and crop cultivar. 

Weevil Sex~Pheromone 

Studies were conducted in the utilization of synthetic sex phero­mone of the sweetpotato weevil in the field. Adose of 0.11tg was moreeffective than five virgin females in attracting weevil males. Within a range of 0.001 to 1 mg, a proportionately greater number of maleswere captured intraps baited with increasing concentrations of the sex
pheromone. Among five different traps tested, awater trough trap withan opening near the top in all directions was more effective, easy to 
use and relatively less expensive than other traps. The capture of weevilmales decreased with traps placed at increasing distance from 5 tol10100 . from the pheromone source. Within a distance of 10 m, over 90%of the males were captured inthe pheromone-baited trap. Preliminarystudies indicated the possibility of utilization of sex pheromone forcommunication disruption in which the insect will not mate thereby
reducing their population. 

Weevil Integrated Control 

Attempts were made to introduce integrated pest management(IPM) technology to control sweetpotato weevil in farmers' fields on
Penghu Island, Taiwan. IPM was based on the use of weevil-free cuttingsfor planting, removing Ipomoea sp. plants from the surroundings and 
the use of a sex pheromone to trap male weevils. A total of 69,315 

f 

Sweetpotiito weevil damage (below). 
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male weevils were captured in sex pheromone traps in 62 fields. The 
numb r of weevils per kg of roots at harvest ranged from 0 to 98 with 
a mean of 14.5. The percentage of weevil-damaged roots ranged from 
0 to 58% with a mean of 1 1.6 ". In the majority ot the cases, the root 
danage was less than 10", and in nine fields there was no weevil 
infest tion I: ,iorv f;ar a in) a irnr,tity rigorously follows the IPMm.om 
neasures, this method has tire potential to eradicate the weevil over 

a period of timle 

Resistance to Vine Borer 

Progeny of crosve. hetween swee t potato vine borer (SPVB), 
Oinphisa aoastoroolalis (Gi 'e".), resistant aiccessions a:d agronomic 
cultivs were .screened 1(: rPVB resist-rce en Penghu Island. Taiwan. 
The average darage imm , 122 breeding materials was 33.2 3&plants 
damagfd,. 3 for a su sceptible check and 7.1 ',The dasmie wa s (.4', 
for thiee resistant c hucks. hW,some progen , despite heavy SPVB 
daniage, the root yield'was high. This raises the possibility of developing 
SPVB-toleia nt s-weet )utnito cu;ltivar.s. Eight rres ivr'I1 less than 20%'6 
damaged plint, were selected for fLktAIr al)rav'iMCet. 

Vine Borer Resistance Characterization 

Stidies ve, ncrfiated on plant morpli oloy, ovposition prefer­
enice and lVal fediP (of -VIIIiriS far to a er stand the m!echanisrn 
of SP',/B resistaem Ii tin,,, sweet photao ap;onsnoas: I 55. I 92 and 
I 789 No clear cut diefkr ciw:i ,ce (tumi( in plaint morphology and 
ovipositin hot feeUdirg Of ILrr\Vae.: aI aitac' il)inlts indicated ihat certain 
active principle, stor s redcc larval ii(,slang arid cause significantly 
greater larval inortality ir i Heresistant, tuan.i, aw 'c.eptihle, ,weet potato 
accessions. This fnding wil' he corfirmned it 1988. 

Vine Borer Sex Pheromone Activity 

Lihoratory and field studies wet' conrducted to characterize s."x 

pheromone activilt' i SP'vB. In fem le aiotli there was a distinct calling 
beihavior which nitrate.s-, at the beginrmn ,g ; the evening dark period; 
mating starts 6.5 i ours after tli,- initiation darkiess. Peak matingshi 
occurred between 7 and 7.5 hours after the onset of darkness. Most 
adults emerged from pupae one hour at' er initiation of darkness and 
few mated later during the same night but nrost mated the following 
night. Three- to four-day-old viiu. u fernales a)ttract-d a gr,-eater number 
of males than the younger or older ones. Virgin females of six (Jays and 
older failed to attract males. These data will be utiiized for i- slatias the 
SPVB sex pheromone in future studies. 

Sweet Potato Scab 
Sweet potato scab is very serious in the wet, humid tropics. 

Resistance screening was compared at two locations, Hualien where 
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scab is endemic, and Tainan where scab is normally not endemic. The 
feasibility of a seedling screening method and the comparison of scab 
evaluation methodologies were also investigated. A scab epidemic could 
be induced by artificial inoculation and overhead irrigatio 'at Tainan 
(AVRDC) durilng the slmer rainy season. It was huni d that r'tltivars 
rated highly resistant to scab at Hualien were rated similarly under 
Tainan conditions. A seedling screening test is not feasible at this time. 
For greenhouse screening tests, the selected scab rating system
evaluates the percentage of diseased stems and petioles. Under field 
conditions, the preferred rating system is a 0.5 scale, where a value 
of 1 indicates a level of disease sinvlar to or less than the highly-resistant
standard check cultivar. V2-30. aid a wlue of 4 indicates a level of 
disease similar to tlhe Ii ihly susceptibfle standrard check cultivar, TN 
New 31. 

Virus Elimination and Indexing 

Virus elitnination aid v iis indexing has been accomplished for the 
first set of AVRDC promising breeding liies. 1wenty-one months were 
required to complete the procedure from sprouLing to distribution. 
Another 134 lines (comprising AVRDC irmleding lines Set II. part of the 
Thailand germplasm collection and some AVRDC accessions) are ready
for graft indexing. -lhese [ihr s have not been heat-treated. Several other 
batches comprising 47 lines froii Chitm, Ptierto Rico, PapLua New 
Guinea, Peru and Nigeria have been heat-treia ted aid meristeined and 
are now ready for/or are undergoing viriIs-indeXing Using serological 
tests and gralting to susceptible iniricator plants. All antisera (FMV,
SPYDV, SPLV and SPV II)used for viwus indrlex!ng have been p)rodiced 
at AVRDC. 

ORIGINAL RISr" TETy

PLANT MATERIAL ~ rSTE"I-4P I 
 jTMI 
HEATTRATh4ENT PILANTILEI T'uL JT1El, T 

FLISA FLI$A SR E 

NES PERMSTORGE 

GROW OUT CUT BAC E P ML TL ATION 

PLANTLET PLANT I L 

P P PLANT DISTRIBUTION 

GRAFT GRA< >FT 2 '-

NEG PG -

Sweet potato virus indexing at AVRDC. 
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Sweet Potato Pathology 

Meristem-derived Sweet Potatoes 

Stem cuttings of meristem derived and nonmeristem derived plants 
were grown in a nonreplicated field trial to obtain an indication of the 
vigor of the meristem-derived plants and of possible mutation of 
morphological characters. The meristem-derived plants did not differ 
in overall morphology from nonmeristem-derived plants. Yields were 
generally comparable. 

Medium for Meristem Culture 

A new standard medium (medium L)has been proposed by IBPGR 
for sweet potato tissue culture. On medium L, 41 % of the meristems 
developed into viable plantlets, compared to 53% for medium K, the 
AVRDC standard medium. However, when explants are first placed on 
medium L and then transferred to medium K, approximately 61% of 
the meristems produced viable plantlets. The combination of these two 
media has now become standard use at AVRDC. 

Medium for Rapid Propagation 

In order to produce the large number of aseptically propagated 
plants of AVRDC elite breeding lines required for distribution, a rapid 
in vitro propagation medium was sought. Three different cytokinin­
containing liquid media were tested on excised '.m pieces, each 
contained one axillary bud. One of the media tested ' ased the axillary 
bud from apical dominance and promoted the development of numerous 
buds, which developed into viable shoots and later plantlets. 

Heat Treatment and Meristem Excision Against SPYDV 

Meristem tip culture and thermotherapy have beeni widely used to 
eliminate viruses from infected tissues of a number of different crops. 
The effectiveness of both virus elimination methods was studied in 
SPYDV-infected sweet potato tissue. It was found that meristems were 
free of the virus, whereas some of the stem sections immediately below 
the meristems still cQntained the virus. A heat treatment of 37"C for 
one or two months was apparently sufficient to eliminate virus in the 
tip of the stems up to 2.5 cm below the meristem. 

Elimination of MLO 

Only limited information is available on the elimination of rnycoplas­
ma-like organisms (MLOs), which cause sweet potato witches' broom, 
by meristem tip culture, thermotherapy or antibiotic treatment. In 
st,,ies using severely infected witches' broom plant materials, it was 
shown that MLOs were eliminated by meristem tip culture but not by 
culture of 1 cm stem tips excised immediately below the meristem. 
However a one-month treatment of stem cuttings with heat (37°C) and 
a three-day treatment with tetracycline prior to excision of stem tips, 
resulted in a high percentage of healthy plantlets. 
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PHYSIOLOGY 

Photosynthesis and Respiration of Leaf Cuttings 

Net photosynthetic rates and gas conductance in the leaves of self 
and reciprocally grafted leaf cuttings were measured. High-yielding CN 
1028-15 scions had the highest net photosynthetic rate, but this was 
reduced by the low-yielding stock, CN 1367-2. High-yielding stock 
increased leaf gas conductance of low-yielding scions, and thus 
increased photosynthetic potential. Results clearly indicated that the 
developing storage root had a regulatory effect on photosynthesis in 
the leaf. Furthermore, grafted leaf cuttings with the low-yielding stock 
had high specific leaf weights. Specific leaf weight may be used as an 
indication of source potential and sink strength. 

Anatomical Observations of Leaf Cuttings 

Anatomical observations were carried out on self and reciprocally
grafted leaf cuttings of CN 1028-15 and CN 1367-2. A large amount 
of starch granules were deposited in leaf blades and petioles when CN 
1367-2 (weak sink strength) was used as the stock. Tile developing 
storage roots of CN 1028-15 had greater anomalous cambium number 
and more large parenchyma cells which, as indications of strong sink 
strength, could accommodate more assimilates from the leaf. 

Potassium Content of Leaf Cuttings 

Potassium contents were determined in different parts of self and 
reciprocally grafted leaf cuttings of CN 1028-15 and CN 1367-2. High 
K contents in nonstorage organs of grafted leaf cuttings with the high­
yielding CN 1028-15 stock may be related to the ready translocation 
of assimilates to the developing storage roots: and in storage roots be 
related to starch formation. 

Cytokinins and Auxins during Storage Root Development 

Fibrous and storage roots of self and reciprocally grafted leaf 
cuttings of CN 1028-15 and CN 1367-2 were examined for endogenous 
hormonal contents during the initiation of storage root development. 
Both zeatin riboside and indoleacetic acid (IAA) increased with advancing 
storage root development, and storage roots of high-yielding grafted
leaf cuttings of CN 1028/CN 1028 contained high amounts of both 
zeatin riboside and IAA. Both zeatin riboside and IAA probably are 
needed for the bulking of storage roots. 

Starch Synthesis of Leaf Cutting 

Self and reciprocally grafted leaf cuttings of CN 1028-15 and CN 
1367-2 were determined for enzyme activities of starch synthesis.
Starch synthesis in the developing storage roots is probably controlled 
by the availability of carbohydrates rather than enzymatic activities of 
starch synthesis. 
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Reciprocal grafting of sweet potato leaf cuttings. 

Source Potential and Sink Strength5.t 

Fhirty-five sweet potato clones without prior selections for any
 
agronomic characteristic were assessed for source potential and sink
 
strength, i.e. total and storage root dry matter productions, by grafting
 
of rooted leaf cuttings with themselves or low-yielding CN 1367-2 or
 
high-yielding CN 1028-15 as scions. None of 35 clones outyielded the
 
high-yielding CN 1028/CN 1028 in storage root dry matter; however,
 
the results clearly indicate the rooted leaf cutting could be used as an
 
easy method for assessing source potential or sink strength in sweet
 
potatoes, 

Varietal Difference in Amylase, Total Soluble Sugar and 
Starch 

Eight sweet potato clones were examined for amylase activity, 
soluble sugar and starch content in leaves and/or storage loots from
 
in vitro plantlets or callus, rooted leaf cuttings and field-grown plants,
 
in order to establish some screening parameters for nonsweetness in
 
sweet potatoes. Soluble sugar contents and amylase activities varied
 
greatly with environmental and plant factors, and the characteristics
 
of these need to be further studied before an easy screening method
 
can be established.
 

Temperature Effect on Rooted Leaf Cuttings 

**if ~Rooted leaf cuttings were planted inJanuary and May to investigateJ 
the clonal differences In growth and yield under different temperature 
conditions. Both 1423 and CN 1517-139 produced high total dry matter 
and storage root under high temperature conditions. However, there 
was a trend of reduction in starch content under high temperature 
conditions. 
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Tomato 

INTERNATIONAL COOPERATION
 

Germplasm Distribution 

A total of 2,136 seed packets was distributed to 95 
cooperators in 59 countries. 

Crop Releases 

Philippines .. The Philippine Seedboard officially released 
AVRDC processing tomato CL 2784-1-1-4 as 'BPI-Tm P-i' or 
'Mapula' because it outylelded Rorna VF (check) by 16% and 
possess better processing traits, bigger fruit, more intense 
red color, and a soluble solids content of 6.3%. 

Trinidad and Tobago - The Ministry of Food Production 
officially released AVRDC lines CL 1131-0-0-43-4-12 and CL 
143-0-10-3-1-10 as 'CES No. 1' and 'CES No. 2', respectively, 
because of their heat tolerance; suitability to high density 
planting; extreme tolerance to bacterial wilt; resistance to 
,rult cracking; marketable yields as high as 90 t/ha; and firm 
fruits with good solids content and excellent red color. 

International Trials 

Italy - Sementi Nunhems S.R.L. found that AVRDC lines PT 
1656-2 and CLN 496 possessed good quality and resistance 
to common leaf diseases. 

Indonesia - The NTT Integrated Area Development Project 
noted decidedly better yields with AVRDC lines, with CL 
5915-206-2-5-0 obtaining the highest yield. 

Nigeria - Shell Petroleum Development Corp, Nigeria Ltd. 
found AVRDC lines CL 5915-93-1-0, CL 5915-93-1-0-C-1 and 
CL 5915-223-2-1-0 to have commercial potential. 

Senegal - A FAO/Senegal lstitute for Agricultural Research 
trial selected four AVRDC lines for advanced trials. Of these 
CLN 229 BC1F2-4-1-4-1-1 and CLN 236 BCIF2-26-3-3-15 are 
from AVRDC's first batch of nematode-resistant tropical lines. 

Yemen, PDV.- - The Elkod Research Center conducted a heat 
tolerance t.'ial In temperatures ranging from 290 to 341C in 
which CL 9-0-0-1-3-0 outyielded the check by 300%. 
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BREEDING 

Crosses and Populations 

Progenies from crosses to dovelop nematode-resistant tropical line,­
have been undergoing selection for important claracters required for 
tropical adaptation. New tropical lines confing otrt of the progrmi carry 
nematode resistance Screeni g and selections have been11made from 
segregating poplilat1 101 with resistance to hactetri,11 leaf spot and potato 
virus Y (PVY). 

In 1987, 14 specil crosses were made to !coinorte ft wit rniness 
into the tropical geanetic hackground. In the processing type. 12 crosses 
were made to develop new inhred linies which coriihint heat tolerince. 
disease resistance frUt froness, goot viln cover iid compaIct growth 
habit. 

An rdditioil 30 crossses were iil(e to hreed cher ry type tonaito 
lines which r e adajpted to hot, hlmild COn(litio1 A total of 24 crosses 
were also iii ide to Iticorn orte resistance In)to11)1 Ito yel Ulw leaf curl Virus 
into AVRDC 's tropical frst. illrket ard piocessir g liios 

Heat Tolerance in New Introductions 

Fifteen n-wv introd o(iilt vicre envaluated for fruit-setting atlblity 
during the 1987 ti. humind -IiMiner. None compared favorably with 
the heat-tolerant (HT) Ine, CL 5915- 153-3 3-. However. the new 
materials prordoced firmnr fruits thani AVRDC's HT checks and carried 
usable levels of heat tolerance, especialily when compared with heat­
sensitive (HS) creck, TK- 70. and HT check, CL 5915-93- 1-- C-1. Sone 
of these HT lines have already been Used as sources of firmness and 
heat tolerance in) the AVRDC tropical tomato program. The other nate­
rials will le valhiable additions to the heat-tolerant par rental stocks. 

Bacterial Wilt Resistance 

Eight sets of genetic materials were screened for bacterial wilt (BW) 
resistance using the field screening method developed in 1986. Regres­
sion analyses of two trials indicated that the distributions of inoculum 
in the BW nurseries were honiogeneous. The coefficient of variation 
(CV), which was (.,provided further proof of thegenerally below 25%, 
adequacy of the tests. 

Bacterial wilt-resistant genetic materials, comparable in level to L 
285 and CLN 65-349, possibly the two most resistant stocks in the 
AVRDC program, were found in all eight trial sets. The most advanced 
materials already have multiple resistance to BW, tonato mosaic virus 
(ToMV) and nematode: moreover, they have been selected for other 
important traits such as good fruit-set under hot conditions, crack 
resistance, improved fruit size and relative fruit firmness. 

In tests of large-fruited F1 hybrids, the proportion of the hybrids 
with good BW resistance was generally higher when both parents 
possessed BW resistance, even in varying degrees, than when one of 
the parents was susceptible. However, resistant Fis could still be found 

40 



Tomato Breeding 

in the latter crosses although the fre(luenIcy of those that compared 
favorahly with the resistant checks, L 285 and CLN 65 349, was lower 
than it) (crosses anrOfr, resistarnt parents. 

Analysis of Segregation for Heat Tolerance 

Gcietk. ariaS o f lb..( r1ss C 5915-15 ' 3 3-/BL 267 did not 
readily show the enaracteristie Olit t distrihtion that was evident 
in the 1986 'entic mater ,Hs Ci.'.,-r the tine'l)ected l;eterozygosity 
of the heat -ensitive par i '6lL7. this, vi:i: not stirprising. There 
were still compelliiig li(iiv , thit tew imih(,r of heait tolerance genes 
dilfurerit ltii th prets iII 0ie prt.-srit cu:s, inay also he as few as 
had heeii COicli(h fed III tit " . 

, 

sti(d 
1i the ciiit rnat r I-.a sgl blacker sto the recurrent tropical 

parerit did iot , ,iimiiwdecisive idviiiitaige over selfing in terms of 
increasing the frequecrlCy of selectale individuals The advantage, if 
any, vwould liot he en-tough to ottset the te(diLinl of iatiuial pollinations 
required to prodce the backcross hirogetnies. 

Variation in Quality Between Tropical Lines 

Two near isogenic ines- dfte wig In growth habit were compared 
for various fruit quality attri;tes. The indeterminate isoline proved to 
he superior III r j' (iality f); 1r Cters, such asaor soluble solids, total 
solids, color anri sugar-aciuji ratio. to its determinate counterpart. 
Moreover, vI;In lir C was allso sigiit icantlv higher ii the indeterminate 
isolhne. Reguiatingd the fruit load by iaritni i a fixed number of 
developing cutsters pet plaint also il)roved the vitamin A and C 
contents, rest ted in higher sugar-acid ratio atnd produced slightly less 
acidic fruts. B3ased O0 these preliminary results, selection of 
indeterminate tropical lines s otuld lead to new genotypes witn better 
quality than cotild hhe obtained with determinate tomatoes. The use of 
indeterminate varieties may ailso be combined with the traditional 
pruning systenli to ohtai fturther improvements in quality. 

Yield Trials of Tropical Breeding Lines 

Three batches of tropical lines were evaluated in the 1987 summer 
season. Of the few nematode-resistant tropical lines tested, none proved 
to be superior in yield and heat tolerance to the heat-tolerant checks. 
The lines that showed advantage in fruit firmness will be further tested 
in 1988. Among the bacterial wilt- and ToMV-resistant lines, one entry 
(CLN 294B13F2(G)-28-1 7-1) outyrelded the heat-tolerant check, CL 5915­
153-3-3-0, and produced firmer, less cracked fruits without blotchy 
ripening sym:)tcms. This line will be included in our international distribu­
tion list. 

Processing Tomato Yield Trials 

Four preliminary and six advanced trials of new processing hybrids 
were conducted in the 1986 winter and 1987 spring seasons, respec­
tively. Outstanding hybrids selected from the 1986 PYTs showed the 
following desirable characteristics: high yield, good soluble solids 
content, fruit firmness and, in a few cases, better concentrated harvest 
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Processing tomato field day. 

than the check ("Lltivdras. he jest st;Oct)r, trii thse train wrI 
entered it tho a dV;mlCe(d tiwlhs Conidlicted ilthe ] , prlin, (,lsi . 

The best perforiing Virl i ]o the, ,Y als sto. ei the same, 
desirable chracte ,tic I}" n. ,, t[)It t, ,1 IAthI etl tie noluLe, li.(15 
content in these trils getli l lyle it t(i )e;lover, )lWT,ilIiM)ivbecaiuse 
of the high soil niinttae, ad lhi r e ctellt itioie, (tiril g the 
harvest period, The solhublu k lidJ netellt of the seltehld hyild.- werl 
always compaiable, however, withti lat of tie check, ' N) !-our hybrids 
performed conisistently well III)oth Winter 1nd spring ;eaSoWs 

Mkulchng With black p!antwC itivuriiiv improv(d the, pro(uctivity 0? 
tomatoes in tie advaircf(i tri ,litlt iid i t;effects- on processifg 
quality. However. mil&;iii,. gi iin(iotr ttf.igetdls.IVe V etative growth 
and greater ,cridecu of foliagedtists 

EfNTOMOLOGY 

Fruitworm Resistance 

In a continuatiorn of our tomato t ruit worm (Ftetiothis armigera -lub­
ner) resistance breeding programi, 26 BCF families were evaluated 
for fruitworm resistatice and desirable bortictiltural characters. There 
was a significant nenative correlaitio i Ietween the fruit iirmber per plant 
and the frtitworl1 dan1ii . Niritetei resistaint p harblonging tots 10 
families were selected for further illplroveiln nt of liorticiltural charac­
ters. 

Trichorne Density and Foliage Characters 

An F., population of a cross between torlat, tritworm-resstaint 
Lycopersicon hlrsutm f glabratumfralit susceptible L. esculentu17 was 
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surveyed for the presence of high density of glandular trichomes which 
contain 2-tridecanone, a chemical responsible for imparting the fruit­
worri resistance in certain L. hirsutum accessions. In certain entries 
foliage showing . escnlenturn characters possessed high trichome 
density but the larval mortality in these entries was not always related 
to the trichome density. It seems that quantitative neasurement of 
2-tridecanone in foliage or bloassay with . armigera is necessary to 
judge the inheritance of the fruitworni resistance rather than compari­
son of the trichome density. 

Pheromonal Control of Fruitworm 

Based on the prelimirary studries diiiing 1985-86 wlich showed 
potential for achieving communication disrulpton by the use of a con­
mercial, slow-release formulation of tomato fruitworm sex )heromone, 
studies were conClicted betweeri Octolber 1986 and February 1987 to 
achieve this in the field. The toraito crop was grown[ by two 1rieLhods: 
staking as is done for fecl,-inaixet pnoductio;l and nonstalki g as is 
commonly uone for processing tomato production. Biolrire. ii coiner­
cial slow-releasL phero oio0e dispetisor. Wits placel 1 i ihovu the soil 
surface at 5 ni grid throughout the treatruent ficlrd. Observations onl 
the frLogt damage were eonitored at intervals start lri with the appear 
ance of a substantial nuin ber of ripe fruL!ts. 

The percent fruit damage in the pheroirnon treiatrient processing­
type tomato field was 19.34%, 11 .09% and 19.03''as against 5. 0i. 
5.29% and 5.36'', in the control field. Tie frilit damage was l.iii forii 
throughout the field. Ici the stake field, the frult d a-age 'A'as 10.15% 
and 12.78% in the treated and 7.33", and 7.80,. in the coritrol field. 
There was no significant difference in percent fruits damaged in the 
border area (11.45%) and center (14.16",) of the treatment field as 
well as check fields: 8.22% and 7.38%., respectively. Virgin female­
baited traps caught significantly less males ill the treated than in 
the check field (4/trap in treated, 16/trap in control). There was no 

N",f_ 

Pheromone traps Intomato fruitwoim-control field showing small size 
of field and neighboring corn field. 
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significant difference in marketable yield in treated and check fields. 
The cause of greater fruitworm damage in the plieromone-use area 
appeared to be due to thuL migration of maLed females from a neigh­
boring corn field, which was tear the pheromone-use area but not in 
the vicinity of the control field. Partial failure of communication 
disruption due possibly Lo reduced concentration of pheromone cannot 
be ruled out. In view of the potential for mated female migration, a larger 
field size seems to be essential for successful control of fruitworm by 
communication disruption. 

PATHOLOGY 

Virus Resistance Screening 

Both CMV and T!CV Ore important viruses of tomato in the tropics 
and subtropics, causing considerable yield losses. Commercial cultivars 
with resistance are not available. Materials with reported resistance to 
TLCV were tested both in Thailand and at AVRDC, and were found to 
be susceptible. Resistance to CMV is present in wild l.ycopersicon sp. 
The resistance of L 533 was confirnved, al'iough the line was found 
to contain some susceptible plants (23%). 

Bacterial Spot - Development of Resistance Screening 
Methodology 

Greenhouse studies. Bacterial spot (BS) caused by Xanthornonas 
campestris pv. veslcatoria is a serious foliar disease of tomato in the 
tropics. AVRDC recently selected BS and its causal organism for inten­
sive research. The effect of plant age, inoculurn density and pressure of 
inoculum application was investigated, using Flora-Dade, a susceptible 

Bacterial spot on tomato. 
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cultivar and Hawaii 7998, a resistant cultivar. Hawaii 7998 was more 
resistant to BS on leaf, petiole, stem, and peduncle than Flora-Dade, 
but not on fruit. The 35- to 44-day-old plants of both varieties had the 
highest percentage of diseased leaf area. Across different Inocultm 
densitiesthe percentage of diseased leaf area, the lesion number and 
lesion size were significantly higher on the susceptible variety. Optimum 
inoculum concentration for mass-screening trials was determined to 
be 108 cfu/ml. Increasing inoculation pressure did riot consistently 
aftect the disease parameters measured. The data indicate that lesion 
size is the most stable single disease parameter to measure resistance. 

i~sease development in the field. A commercially acceptable tomato 
cultivar, resistant to bacterial spot, has not yet been developed. There­
fore, research was Undertaken to identify a suitable field screening 
method for BS resistance. Six lines were tested including a resistant 
and a susceptible check. Artificial inoculation, after transplanting and 
heavy rainfall, appears to be necessary for disease development. 
Sprinkler irrigation, even as often as four times per day, did not have 
the same effect as heavy rainfall. CLN 5915-153D4-33-0 and CLN 
1911B1F2-1-7-0 weru highly susceptible. Flora-Dade and CLN 5915­
206D4-2-2-32-15 were moderately susceptible, CLN 363B1 F2-167-1-0 
was moderately resistant, and Hawaii 7998 was highly resistant to BS. 
Throughout the course of this epidemic, average lesion size was very 
stable and therefore aupears to be a useful pmameter for estimating 
the level of resistance in preliminary nia.ss screenng tests. 

Screening for Resistance to CL.S 

Cercospora lea spot (CLS) (Cercospor tujhiqena) is a serious foliar 
disease of tomato in tropical countries. The best media for rapid mycelial 
growth was found to be dextrose agar with either rice, oat or corn meal 
added and that the optimum temperature for growth was between 24' 
and 28°C. However. conidia were not produced M any of the culture 
conditions used in these experiments and therefore mycelial fragments 
were used as Moculurn. Nearly the entire tomato gerrnplasii coflection 
was screened under greenhouse conditions to determine the levels of 
resistance/susceptibility to C. fuligena. Thirty-nine accessions were 
classified as highly resistant, 546 as moderately resistant and Le 
remaining 4,446 accessions were classified as either moderately or 
highly susceptible. 

'Resistance-breaking' Biotypes of Meloidogyne incognita 

On!y one gene foi resistance to root-knot nematode is known to 
exist in tomato. Reports in the literature indicate that 'resistance­
breaking' races of M. incognita can be developed in the greenhouse 
after repeated life cycles on the resistant cultivars. Four root-knot 
nematode isolates were successively cultured through three cycles on 
four root-knot nematode-resistant tomato cultivars. The number of galls 
and egg masses produced per root system at the end of the second 
cycle increased mcie than threefold. This large increase during the 2nd 
and 3rd cycles indicates that 'resistance- breaking' biotypes of the root­
knot nematode had developed or were selected for during the first cycle 
when the nematode was cultured on the resistant plants. Additional 
studies are necessary to determine the occurrence and population 
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dynamics of 'resistance-breaking' biotypes in the field and to assess 
their potential damage to the tomato crop. 

PHYSIOLOGY 
Tomato Fruit Size 

Five tomato genotypes of different fruit sizes were grown under 
cool-season conditions to investigate for the relationship of cell number 
and size, carbohydrate level and fruit size. Fruit size was demonstrated 
to be the most important yield component in determining the final fruit 
yield level in this cool-season experiment: it was strongly related to the 
initial ovary size before or near anthesis. Developing ovary size from six 
days before anthesis to three days after anthesis war predestined by
cell number rather than cell size and, nerice, cellular laiyer in the per icarp. 
Varietal difference in fruit siZe was also expressed in the ovar-y cultured 
under in vitro conditions for 30 40 days. In vitro cJlti re of developing 
ovaries at 320C tended to reduce frl size of lar,(e(-fruited entries. 

High soluble sugar contents in the sepal, pedicel, ovary and leaf 
from three clays before anthesis to seven (ays after antmuesFis were 
positively related with high friit set hut negatively related with ovary
development of large-fruited entries. High starch contents, in sepal, 
pedicel and leaf opposite to the cluster, or) the other hirlld, were related 
to large fruit developmient. Although the fruit size is predetermined 
genetically, if.s; finil expr:ssion may be influenced by the competition 
of assimilates due to the ni ii ber of fruits set, position of fruit or clusters, 
or temperature conditions. Te analysis of carbohydrates in the sepal 
and leaf before anthesis ny/ serve asi cues for frLit-size potential. 

Hormonal Control and Carbohydrate Changes in Pedicel 
Abscission, 

Abscission of tomato floral pedicels was examirned under in vitro 
conditions and carbohydrate contents in the reproductive organs, leaves 
and stems were determined. Floral pedicels of heat-tolerant CL 5915­
153 and L 123 abscised Much slower than other entries. Basipetal 
applications of IAA at 2 ng/pedicel prevented ebscission of all pedicels:
acropetal and basipetal applications of ABA and ACC, on the other hand, 
enhanced abscission of pedicels of CL 59 15-153 and L ]123. High fruit­
setting potential of CL 5915-153 and L 123, under either cool or hot 
conditions, was likely related to thie ready availability of soluble sugars 
in the reproductive organs. The implication for plant breeding is that 
some initial screening of tomatoes for nl(eat tolet ance, based on in vitro 
pedicel abscission or analysis of carbohydrates with a limited number 
of entries, may he possible under cool season conditions. 

Tomato Fruit Set 

Both brassinolide and BAS 112 00 W were tested on tomato for 
possible improvements of fruit set and yiCld under high temperature 
conditions. No effect was observed with brassinolide; however, BAS 112 
00 W increased fruit set of the heat-sensitive L 387, and fruit yield of 
both heat-tolerant FMTT 14 and heat-sensitive L 387. BAS 112 00 W 
was more potent than a commonly used growth regulartor, CPA; 
however, it has a similar effect as CPA to cause parthenocarpic fruit set. 
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CHEMISTRY 
Vegetable Soybean 

The uitritiorral qI t,lit o.oyhoar etrtile was whievaluated lid 
cornpare(l to t e green peai. V(egettl~t. soybel)an w;ls ftilld to he imore 
nutritious than green pe.i biis(d ()ithe diety pilttern ot Taiwin. It Is 
an excellent sourc (ifthianiri nd aigood s(rce nt lolem, iron, ribo­
flavin anld phosphrous Ibsed ni theiiitritrollil qiillly index exptes ed 
as a rlritrieit den;ity rmio. The totli afvest lortel t e!; of te v(golit)hle 
soyean ciiltivir < , kaistishliiroge (AGS 29-), F/j Zn No Fo (AGS 205), 
and kyokkoh (AGS 305),were evilaiiiled. ct pod color of .:tilllvar AGS
 
292 degraded faster thani 
th othe iwo ciltivars. lrqeiirint .spllylig 
of ta) wat( waI folnd to hte e'fectiv( for preveiting, coloir ileraidatior
 
of this ctlltivair. AGS 292 is also lw(r IIi ptrrteii 
content. A corripositional

analysis reveled tih l
at clrhohydrates, igri 'i llarch i IniIJ)l (ollstl­e 

tu rrts lft('iirvst
los t 

Bioavailability of Provitamin A 

The effte(,ts of fielart rh. such ai-oiiot)llW) ,1poteill source, starch 
source aiid edible fiers, as w.ell i tihel ' contents of provitamin A,
flonprovitarirr A caroler roids; ,inl chlorophylls, n Iioavailability of
provitamin A were! sttilwd with e!xperirrients by rats. The bioavailability
of beta-caroteneo wvs fou 1(1 to e ireciprocal 41rur11Of betai-c-arotene 
concentrltiii. Norliprovlitirriiri A c;irruterie, lycoperIe. inhibits the
bioavailability of iilpha ind betal c lrotene., lilt not Ibtil-cryp)toxalthine.
Protein qualify reioiat tects tlu. lal)ility of blai-caro(Jotene of a sweet 
potato starch-Ibase(t diet hrilt this eff!ct is niot sigiificilnt on a corn 
starch-tbasedldiet. Studies o1) protein aid starch source combinations 
suggested that the casein-rice stxrch diet was the best combination 
tested. High edible fibers in tile diet rediuces the bioavailability of 

Nutritious vegetable soybean. 
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provitamin A. Lignin was found to be a stronger inhibitor than pectin, 
hemicellulose and cellulose. 

CROP MANAGEMENT 

Density and Spacing of Vegetable Soybeans 

The yield of vegetable soybeans and their attributes were signifi­
cantly affected by spacing and the number of plants/hill. Wider spacing 
and less plants/hill gave more pods and branches per plant but with 
more empty pods. Conversely, yields from narrow spacing and a high 
number of plants/hill were higher than those of wide spacing and low 
number of planits/hill, due to higher population density. 

Spacing Effects of Sweet Peppers 

A field stLI;dy was conducted to evaluate the effect of spacing on 
growth arid yield of hell peppers. ftie results indicated that when spacing 
was decreased, yield o the crop was increased. A 50-cm spacing gave 
the highest yield among the interrow spacings, whereas, a 40-cm 
spacing yielded the highest amoriig the intrarow spacings. The yield 
difference was due to the difference in number of fruits/plant and 
number of plants/stand. The relative importance oI the plant stand 
contribution toward the difference in yield was 2.3 times that of the 
number of fruits/plant. 

Solarization Against Soft Rot in Chinese Cabbage 

Soft rot is one of the most destructive diseases in Chinese cabbage. 
It infects the crop extensively in the hot-wet summer season. At present 

/V, 

Solarization against softrot in Chinese cabbage. 
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there is no reliable chemical control measure for this disease and not 
a single crop variety is resistant. By using a solarization technique,
whereby the Chinese cabbage beds were covered and solarized by clear 
plastic sheets for 12 days, the soft rot incidence was dramatically 
reduced from 45% to 5%. About 71% of the marketable yield was 
recovered by this techn~que. 

Irrigation Schedule for Tomatoes 

To use limited irrigation water most efficiently, a study was carried 
out to evaluate the effect of a furrow irrigation schedule on tomato yield.
The study revealed that with a proper irrigation schedule, tomatoes 
irrigated three times yielded as high as those irrigated tour or five times. 
The most efficient and best treatment was to irrigate the crop three 
times at 0, 30, and 45 DAT. This irrigation schedule significantly
enhanced fruit-setting of the crop as indicated by a higher number of 
fruits/plant at harvest 

Drip Irrigation 

Drip irrigation is the most efficient and effective system in supplying 
water for plant growth. At present, many types of drip irrigation systems 
are commercially available. Unfortunately, most of them are very expen­
sive, highly sophisticated and delicate, and they require high pressure.
These systems are obviously far beyond the reach of srnall-holding 
farmers who constitute tiie major proportion of the farming community
in the tropics. Therefore, we developed a low-pressure drip irrigation 
system, specifically to meet the needs of small farmers. The system
does not require high pressure or filtration, is very inexpensive, simple,
and can be constructed by farmers themselves. It consists of PVC pipes
which serve as laterals, holes (5.0 mm diam) on the laterals, sponges 
(2.0 cm long, 1.0 cm wide, and 0.7 cm thick) which served as drippers,
and a water tank of 200 liter capacity. Results of a trial on Chinese 
cabbage indicated that the system performed satisfactory and the 
system uses 65.8% to 77.2% less water than furrow irrigation. 

CROPPING SYSTEMS 
New Vegetables 

The purpose of this study is to gather more information on tropical
vegetables for AVRDC's nutrition garden project and bilateral programs,
and for the Center's cooperaturs. The second set of 15 new vegetables 
was selected in 1986. A total of 566 varieties of these crops had been 
collected through December 1987. Observational and advanced trials 
of some of these crops were conducted during 1987. Results showed 
that three entries of malabar spinach, fcur of yard-long bean, and two 
of kangkong outperformed other entries. These entries will be included 
in advanced yield trials for further confirmation and nutritional studies. 

New Vegetable Crops: Onion 

Following the recommendation of the last External Review (in 1984) 
to include new principal vegetable crops for a maior research thrust 
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at AVRDC, man,/ vegetables were evaluated based on a numb'-r of 
criteria such as popularity in the tiopics. nutritional level, level of 
adaptability in the hot-wet tropics, potential to increase farmers' income, 
adaptability into existing cropping patterns, and practicality of including 
in the existing research envrorrnent o1 AVRDC. 

Onion was considertd as one of the piority crops proposed for 
research at AVRDC an-] tie cowstran ts if) tropical onion production, 
the positive and negative aspects of including (lnions as an AVRDC crop, 
and the possible research thruswts for onions at AVRDC are summarized 
in this reporl. 

Garden Program 

Now that the production of vegetables on a garden basis has been 
clearly denionstrated, garenrresearch during 1987 focused on the 
information on inCividual crops, and the possible interactions between 
crops. The characteristics which might be used in the garden design 
from 43 varietes of 16 vegetables have been recorded from the school 
and home gardens and placed in the Tropical Vegetable Data File (TVDF). 
The AVRDC noncirculating hydroponic system was adopted for urban 
homie gardens, and seven out of eight leafy vegetables were found to 
be suitable for this system. Deep plowing and compost application wore 
found to be suitable management techniques for the garden. 

High Population Density of Mungbeans 

Early and uniform maturity are needed for mungbeans to easily fit 
into various cropping systems and to reduce the labor requirement for 
harvesting. It was attempted to use management techniques, i.e. high 
population densities and harvest once-over, to achieve both objectives. 
Mungbean lines, VC 3738A and VC 2764A, were sown in three spacings 
at a rate of 400,000 and 800,000 plants/ha, respectively, during three 
seasons to compare their first harvest and total yields. It was concluded 
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t atiis 	 fe aleth~: ~eAVRDC-im'proved lines to harvest mungbeansonce-overinorderto reduce growth duration and to save labor costHowever, -a high popuaton density of more than 400,000 plants/ha
shouldbe maintained. ~~ 

IntercroppingSweet PotatopandsSoybean a.n 

.. 2: Intercropping has been shown to give a higher combined yield than
sole cropping because of the better use of growth resources., It may 

' 

bethe only viable multiplecropping scheme to increase crop producti- .. 
~~ 'vity in rainfed areas. Sweet potato-soybean lntercropping could be a.,,"

~good combination to increase total productivity as well as better ba­
lanced, nutrition. 

,This study examined the effects of genotype, spatial arrangement,

and 'relative planting of sweet potatoes and soybeans on competition

of these two crops in intercropping, inorder to minimize this competition

and to increase intercrop productivity. It was found that sweet potato

NT 67 ard soybean AGS 66 were more suitable genotypes for inter­
cropping than other entries. Two rows of soybeans per bed were abetter 
arrangem 	 ent than one row for this particular combination. Soybeans
seemed to dominate inthis intercropping system Inthe summer season 
planting, 

Previous Crops and 'SH' Mixture 

One of the main production constrai'nts in intensive vegetable
production systems isthe continuous cropping hazards. This study ex­
amined the effects of rotating Chinescabbage with rice and application 

, .	 of an dSH soil improvement mixture to alleviate the continuous cropping
hazards. Chinese cabbage Hybrid 62 was grown after rice and after 
other vegetables with and without 'SH' treatment, and their yields were 

~ :~:.compared. Results implied that rotation with paddy rice could be aneffective method to mitigate continuous cropping hazards caused by
intensive vegetable production. 'SH' could reduce some of the hazard 
but was not as effective as the rotation with rice on landwviti high pH
value-,. 

CROSS-COMMODITY PHYSIOLOGY 

Heat Tolerance in Vegetables 
Different vegetable species were examined for heat tolerance by

measuringelectrolyte leakage of leaf tissue with a conductivity meter. 
Twenty vegetables 'were assessed for the .optimum incubation 
temperature for leaf tissue heat injury (HI). An incubation at 5000 for 

V 59 vegetables grown, under three'dlstinct seasons inthe year showed 
V that species of Monocotyledoneae and Convolvulaceae were heat" 

tolerant,,arid that Cruciferae and Umbelliferae species were heat sensi-, 

A regression analysis of stability showed that low leaf tissue His' 
tended to be less fluctuated by environment.I factors (high temperature)
under different growing seasons; the hardening process probably was 
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not required in heat-tolerant vegetables High leaf tissue His ,on the 
other,hand, tended to be less, stable under different growing seaso. s; 
the hardening process might take place among some of these vege­
j tablesto ameliorate stress effects under high temperature conditions 

ON-STATION TESTING , , I 

Regional Yield Trialst e! 

Promising AVRDC lines and the selected varieties of new vegetables 
(including sweet and hot peppers, cauliflower, Chinese radishes, 
mustard, and snap beans) were tested under different environments 
in Taiwan through regional yield trials (RYT). After successful testing, 
vegetable soybean variety AGS 292 was released in 1987 because of 
its outstanding performance during these trials, Entries which outper- " r 

formed the check entries in the RYT during 1986 and 1987 are: soy­
beans - AGS 208 and AGS 215; vegetable soybeans- AGS 190 and AGS 
292; mungbeans - VC 3738A and VC 389A; fresh-market tomato -

FMTT 22; Chinese cabbages - AVRDC 85-216 and AVRDC 82-156; sweet 
potato- CN 1345-8; sweet pepper- Gypsy; hot pepper- Passion; Chinese 
radishes - Chui Pei Kan Zuyi and Tung Shih Kan Zu; mustard- tender 
green and Chinl-singly; and snap bean - Witsa. 

Vegetabe Soybean Seed and Pod Size Relationships 

Large pod size is one of the important criteria determining vege­
table soybean quality. It was noticed that the pod size of one of the 
most popular vegetable soybean CLIltlvars, 205 (Tzu Zu No Ko), was 
getting smaller each year. -This project, in cooperafion with the K~oh­
slung DAIS, investigated the possible reasons responsible for this pheno­

menon and sought solutions to ensure the quality of vegetable soy­
beans. The first set of experiments studied the effects of the size of 
the seed sown on pod size, marketable and total pod yields, and seed 
size and seed yield. Results showed that the size of seed sown might 
not be a major factor responsible for the decreasing pod size. On the 
other hand, the cultivation management might have been related to this 
phenomenon. This warrants further investigation. 

q- SOIL SCIENCE 

Improved Cropping Systems 

This Study utilizes a crop rotation system to evaluate different . ' 

Cropping patterns arid the effects of mulch and compost on yields of 
,sixcrops.Results show that: 

1) Soybean and rice in asequence cropping are both adequate crop _- - -. 

rotations With no continuous cropping hazards, while maintaining 
reiatively high yields. 

2) In the spring the cropping of soybean, rice and tomato arere 
commended. 
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3) In the itimme,, thlt (7 opI)ing of r IIIgt h.an Is hIglly reconIlIend 
ed: rice is lso eco(I}lieI(i . 

4) In t Ititiilllltt cr()lo])IrliZ of Jiii eoh(; ,il)x,.,ei1(l COOi are 
highly r(e-:ilriiwiI(u l.. i,tvw1 lw; tWimiti mid ,oyneml 

5) Applici(hii tit (:(irll i lwtllh liil(:lllrfri ,ils, wru, slt \i(jiil '11i0 p 
press d iI), intisixhii I)ii 

Soybean Continuous Cropping 

Silce the 'ititurllrl oti I .) , u\, aWIl14Phi )(('11 i tilvtvae twICe Or 
thrice a veoir. mnsprig, s)tnmiui10 Jutaitih. 011 thre sarrie k~ind. The 
yield increased gr adtial,!\.v, uch %f, i1ntl(1 rec-lclwre l 1.6 thl in thet spring 
cropping of 198i. No contitiiii.. lrop)ingd lvid heell ohsrved.tih 


54 



DEVELOPMENT
 
PROGRAM
 



4 

4oeec 

. .
4'.. 

4' I
!ii(i
e 44: 


~t44> ~56 

~~S. 

Training 

In 19,87, 40 trainees from nine Countries welretenrollfed in nine
different disciplines at AVRDC. AVRDC 'provided a ttlo 3mn
months or 7.7 man-years of,training. About one-third of the time was
provided by plant breeding and two-thirds was shared by eight other
disciplines. Only two of the 40 trainees came from the bilateral programs*
(one each from Indonesia and the Rep. of Korea). The rest came from
national/other programs. Tomato ranked first among the crops chosen*
by participants as the subject of their studies followed by soybean,
Chinese cabbage, sweet potato, mungbean, and peppers. Sixty-three
percent of the scholarship funds was provided by eight sponsors and
379/ by AVRDC. 

TVIS 

The Tropical Vegetable Information Service (TVIS) is a multidisci­
pline, multicomponent activity Inwhich the role of the Development4
Program isone of coordination. The main activity of TVIS isthe admini­fo.nonsaad h e ofKra. h et aefo
 

. . 4.stration and coordination of the IDRC-funded TVIS project. The project4'atonloterprgam.
omt rakdfrtaogtecoscoe
focuses on three principal AVRDC 
. 

crops: Chinese cabbage, mungbeanbypriiansa4h subject ofter'tdesfloedb'oyen
4'
hns cabg, we potto mngea andppper .4Sixty-three
 

percen of.th schlarhi funds wa prviedb eigh posr a,
 
and soybean, During 1987 the single most significant activity'of TVIS 
was to support the 2nd International Mungbean Symposium, held in
Bangkok, Thailand. The TVIS-related literature data bases for these 
crops contain over 7,393 processed records and will continue to Ibeexpanded. Aseries of scientific Information isbeing published in the
form of bibliographics, directories, technical buletins and cxtension 
documents for each crop. A total of 16 publications have been 
completed by the end of 1987 and 11 additionrswpublications are 
expected to be published by the end of the first phase of the project. 
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RESEARCH PROGRAM 

ChineseCabbage Vrit Trials 

Five trials were conducted by LEHRI and one by Universitas Islam 
Malang. In the first trial at Lembang, the early growth'of the seedlings 
in the field looked normal but later the plants showed very slow growth: 
the plants grew vigorously in the morning but wilted during the day due 
to clubroot infection. No entry showed resistance to this disease. 

Hybrid-82-46 performed well in head quality, uniformity and yield 
in the lowlands but this hybrid and OP 77 M(213)-43 showed-a suscep­
tibility o bolting in the highlands. Hybrid 62 performed best among the 
entries; it was early, uniform and high yielding in the lowlands as well 
as in the highlands. Other hybrids which showed better performance 
than the control varieties were Hybrids 82-157, 83-2 and 82-156. 

Higher yields were' obtained at Lawang (medium elevation) 
, rcompared to the highlands and lowlands. This could be caused by the 

higher rate of fertilizer appication. i.e. 200-80-150 kg/ha vs 100-100­
100 kg/ha N, P2 05 and K20, respectively. 

It is interesting to note that varieties tested in Delta Upang (a 
*swampy area with pH 4.8), which were watered with saline water during 
the growing period were still able to produce good yields. 

Tomato Variety Trials 

Four trials were carried out at Lembang and Subang in the dry and 
wet seasons. Results of the dry season trials identified six high-yielding 
lines in the highlands, i.e. LG 154-1208, LSU-36-3-0, LSU-34-6-0, 
Berlu-6, LG-153-553 and Berlu-6. (LG selections are the result of SSD 
selection by crosses Gondol x Intan and Gondol x Ratna made by Dr. 
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~~~Traditionalwatering method. i • 

R.T. Opeha of AVRIDC at Lembang; LSU selections were chosen from' 
segregating populations of crossings made at Louslana State University 
(USA); and Berlu selections came from Berlian). All of the entries were 
infected by late blight (ranging, from 26.6 % to,32.4 %), while the bac­'-4 *4'v. 8V 4,.-V5
terial wilt infections were low (ranging from4.3% to 7.6%).
 

In the Iowland'trials onl ,four entries, gave yields of more than 10 
t/ha, L~e. LSU-37.7.0, Berlu-1 , LG.153-553 and LG 154-858. Six entries 
did not survive the hea t, although straw mulch had been applied.

Inthe wet season trials nine AVRDC lines (8 FMV TT lines and one 
CL 5915 line) gave better yields than the check, Ratna. Only three FMV 
TT~lines (-19, -18, -16) gave total yields of more than 110 t/ha and only 
two (FMVTT.-19 and -18) gave marketable fruit yields of more than 10 
tiha. Late blight infections ranged from 0% to 35% and bacterial wilt 
from 5% to 15%. ,. 

Lowland Crop Management of Chinese Cabbage 

An experiment to study the effects of mulch application and 
planting distance on growth and yield of Chinese cabbage in the lowland 
area of Subang (elevation 100 m) in the dry season showed that mulch­
ing and planting distancce significantly influenced the growth and yield 
of Chinese cabbage; but these Ieffects varied depending on the variables 
observed. The MID4 treatment gave a high response to plant growth, 
especially'to the enlargement of leaf canopy, YID2 and MoD4 treat­
merits pr..'duced high head yields,.but with no(finficant differences 
between them. The longest head size was reached by the MoD2 treat­

ment. 

Lowland Fertilizer Effects on Chinese Cabbage 

Inexperiments carried out in Subang (elevation 100 m) in the dry, 
season, the plant height at 4 WAT and canopy diameter at 12 WAT were 
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significantly increased by lime application. Although liming increased 
totai yield by 22.5% and head yield by 14.6%, the results did not 
significantly differ from that of no liming. In general, N-P. treatments 
caused significant differences in the plant growth and head yield of 
Chinese cabbage. Under this experirnental condition, the highest head 
yield of Chinese cabbage was reached by an N2P2 treatment (90-90 
kg N-P205/ha). 

Lowland Mulching and Plant Spacing Experiments on 
Tomato 

In an experiment conducted at lowland Subang (elevation 100 m) 
in a farmer's field from September to December 1986, mulching did 
not significantly affect the growth components of cv. Berlian. However, 
an increase in total yield (9.65%) and marketable yield (9.7%) was 
noted. The best plant spacing under this experimental condition was 
single row at 60 x 50 cm with a mulch application. 

Lowland Fertilizer Effects on Tomato 

An experiment conducted at Subang to study the effects of liming 
vs eight combinations of N and P in the dry season showed there was 
no significant difference in yield with the liming treatment but that there 
was a decrease in growth parameters. The N and P treatments gave 
a significant increase in both growth parameters and yield. An N-P 
combination of 90-45 (kg/ha) gave the best results (17.7 t/ha vs 9.6 
t/ha for control). In the wet-season trial, liming had no significant effect 
on growth parameters but showed a marked increase in both total and 
marketable yields. N and P treatments showed variations in plant height 
(39.98 to 49.51 cm), and bran h number (2.07 to 6.28). N and P 
treatments also caused variations in marketable and total yield ranging 

Transplanting Chinese cabbage. 
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from 7.10 to 14.72 t/ha and 28.15 to 48.58 t/ha, respectively. The 
best results were obtained with the N and P conbination of 90-45. 

F1 Seed Production 

Two parent lines of Hybrid 62 received from AVRDC were observed 
in two seed production trials. Parent t was more productive in both 
trials. F1 seed will be tested in January 1988 for comparison with 
Hybrid 62 and the parents. 

Chinese Cabbage and Tomato Trials 

Five Chinese cabbage hybrids (62,82-46, 82-157, 83-2 and 58) 
and one OP variety (B-40), along with tomato entries GH-5. Berli-6, 
4210, LG 154-858, LG 153-553, CL 59 15-93D.:-1-0, CL 113100 13 
8-1, 1131-0-0-7-20-1 1 aiid CLN,were tested at three lowlarld ai:d two 
medium elevations in javai in tIhe wet aind dry '.,easons 

AVRDC41- TEA _IBLA!ERAL fPROGRAM 
Disease Resistance and Sowing Time in Chinese Cabbage 

In anexpei irnent to comilxre, Sowing tillu; ith disease re..stdnce. 
it was found that the earlier the (Ai.5o,.-iti, higher the ilituctioli01 tht 
rate for soft rot. Virus irf(t ion was the lowest altthe first sowing ;and 
highest at the secotid ;owing. Two selected crosses (SSD139-3 x 
SSD31-2 and SSD139-3 x B 18) were toleramt to both soft rot and 
viruses at the second sowing. Harvest ratios of the third and Iotirth 
sowings were higher lhan those of the other sowings in all crosses. 

Cytoplasmic Male Sterility 

One backcross was carried oil duritg 1987 for two FRaphanus­
originated cytoplasmic male sterile (CMS) lines, Cheonglang and 60 
Days, to achieve isogenic similarity with the recurrent parents. Seed­
setting rates for both cultivas were lower than the parents. The 
germination rate for 60 days was similar to the recurrent parbnt and 
higher than that of Cheongbang. Although neither CMS line equaled 
the parents in plant weight and number of leives, they did in leaf length. 
More backcrosses are necessary to develop seed-setting ability and 
other characteristic for CMS lines. 

In Brassica juncea-originated CMS plants, a BC.iF, generation was 
made to three lines in 1987. The seed-setting rate was very low 
compared to last year's performance, as well as compared to the re­
current parents. Advance generation will be made next year. 

To clarify the genetic background of the CMS plaits originating 
from the Korean native turnip found in 1986, two CMS plants, 
originating from different lines, were crossed with eight male fertile 
lines. All offsorings of the two CMS lines crossed with three lines inwhich 
CMS plants were found in 1986, segregated into male sterile and male 
fertile at the same rate, but when crossed with other lines proved to 
be male-fertile plants. With these results the two CMS lines are assumed 
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to be GMS or CGMS. After precise clarification of the genetic back­
ground, the mialc-sterile lines will be used tc breed male-sterile Chinese 
cabbage. 

In an experment to determine an efficient cult re method for yield 
improvemetit, varieties TM 103 (AVRDC) and Jinlong (HES) were Used. 
Results poin ted to 11et prop and stakln cH Iture wItniout pinching as 
being promising for their effectiveness InIredticing the amllouInt of 
defective fruit. Superior Ilit-set ability i nnstaxing of TM 103 with 
ligot ridge col ntpeii'sl ed sritfiCilc tly for loN pIlling density ani a 
relatively high r;te of rfofectve fruit. 

AVRiDC, ARDI VEGETABLE
 
IESEA Q PROGRAM
 

Development of Improved Planting Materials 

Hot peppe;. Rseiu:l cmn ictft, on lot ple)per :nchd:d screening 
e1 varieties for hi' f i lds; . fiy)ri iziti, to develop lines with desirable 
agrr)iiOrili(: traitS aId i oiirt lon resistance into these lines,llj(cm f (fis;tas 
a, well as fertilizer ;ird disease manalemen tudIOeS. 

From tl \,vim is ty screened iearlier, bird pepper (Capsi­gei,() . 
cuni ,tiitnlj.jj'fjl) a (lDieiv., DArcv & Esb.) las been identified)r 

as the mos.t - i, i to ImupnlhiCnos(pepper, followed by Serrano 
tllllpiqllfl() I .'cii i,i Iti (mii (es matd(e to incorporate the 
re, ls-.nt f;t i ll iiird If In, [ I ,) If) ;usceptible cultivjrs are 
h)ellig pulfiwl(; (l, I 11(1 fofhilLq',h)ri[ lg rolrom mic performanrce. 

, p Vnesit 
heeri deriifI ! ;dit. VMV. -SWV, CMV, TM' And TLCV. The incidence of 
CVMV is nin while the other viruses often occur in mixed 

Frorn ttfn li., ili( il i( prev ilent if)Malaysia have 

rno ci m 
infection with CVMV. A resistance gene against CVMV from C annuum 
var. aviculare has been succes-iully incorporatd into a susceptible cul­
tivar and the advanced material is now at the FI-generation. Emphasis 

Anthracnose on pepper. 
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is currently placed on breeding for multiple resistance to viruses. 
Meanwhile progenies that are resistant to both CVMV and CMV have 
been isolted from crosses between resistant Mexican varieties and 
susceptiblu cultivars. 

Chinese cabbage. A replicated yield trial cri 25 Chinese cabbage 
varieties, 13 of which were from AVRDC, was conducted at Jalan Kebun 
Station. Autumn Queen (43.3 t/ha) yielded significantly higher than both 
MARDI and AVRDC control checks (Saladeer and Hybrid 62, 
respectively). Promising AVRDC varieties (82- 156. 82- 157, 77 M(3)-40, 
and 77 M(2/3-46) that outyielded the local check by at least 16% will 
be evaluiated in further yield trials with varieties from other sources. 

Mungbean. Results from ar IYT coniducted on 14 mu11ingbean varieties 
from AVRDC indicated theit there were rio significant differences 
between the yields of all viieties tested. The tot) four performers were 
VC 2768A, VC 2523A, '/C 1628 and VC 2778A with yields above 1,000 
kg/ha. These varieties will be used in sulisequent yield trials together 
with material from other sources. 

Another yield tr'al wa a con(iicted withI ,igh t mifighean varieties 
in late 1987 None of the AVRDC varieties oityielde Ithe local check 
VC 1163-2-2-6-2B. The three varietie,. viz. VC 1502A VC 2770C arld 
VC 3664A, with yields exceeedirg 1,000 kgfhI, have heer selected for 
further evalLation. 

Soybean. A replicated yield trial was conducted with four AVRDC 
varieties and a loical cl ieck it Serdai ig. Three varieties produced s!gni­
ficantly higher yields ltai th;it ut tire local check, PaInletto. Two of these 
(AGS 190 and G 81082163) ite vegetabhle types with a seed size of more 
than 20 g/ 100 seeds. 

Sweet Potato. A replicated yield trial was condlucLed at Serdang in 
which 27 superiof varieties from AVRDC were tested against 3 high­
yielding MARDI varieties and one local variety. The highest fresh tubei 
yields were from CN 1219-1 (20.9 01ba) aid I 423 (18.4 tilha). The 
highest dry tuber yields were obtairnerl from CN 1219-1 (5. 13 ttha) and 
PC 1-177 (4 97 t/ha). 

Tomato. Thirty-four AVRDC tomato lines, 10 of whicl were processing 
types, were evalt;ited against two local checks, MT I and MT 11, on peat 
soil. The restits i rdicated that none of the AVRDC lines produced signi­
ficantly larger fruits )Or higher yieldls than MT1. 

Other Vegetable Research 

Evalual' t of ,oiiiiner ciiil varieties anrl hybrids from local and 
foreign seed comipaies was also conducted on cailiflower, garlic, 
lettuce, white potato, aspiuagus, long bean, French bean and cucurn­
ber. Promising varieties were identified among the following species; 
cauliflower (4), garlic (1), cabbage (2), white potato (five for lower and 
six for higher altitudes in the Cameron Highlands) and lettuce (4). 

Cauliflower. Twenty commercial varieties from Japan. Taiwan, the 

Netherlands. the United State, and Thailand were evaluated on peat 
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Vegetable production in the Cameron Highlands. Malaysia. 

soil at Jalar Kelb l.i Tfit ' f w1et I ( liow lop, 

Snow Oue(.ii, .[-(tslsai L'ira trl, oijiCha Jin No. I. 1ltese vairieties 

yiel(e(l tltlh21 (by 5 3 lo 0 c -d s.4IgiItII tt ,itid iiodu(lc h1eavier 
heotads th ri the check. Stillwt. il 

i 'It station 
e/alu ate tile l r-fornlt it ot fomt ur r,, .rittics(Fu-Wei, Ho Mei. Shi-

LO arfld StII-Kolig) fromlr aw Io imfica.nt difference in 'yield was 

Parlic. A trial was rifrtf at tin. moronl Highhlrlaits to 

- .
 

observed. TIhen yivlds obtained were lov,,. argru, g rom 2.27 t/ha (Shi-
Kong) to 2.93 t/ha (Ft Wei). Shi Lo. nhowever, prodLuced heavier uilbs 

with the least weight redcition dtolmg stIrag_ t will ne further 
evaluated before rilro(kction to irorers 

Management of Pests and Diseases 

SttudieS ol P t 11 diSe t i iriger en t il ud e chemical control 

of diamondback moth. Plit,.Ila \1 lost/lla (L.): cabbae wel)wor11, hIullila 
undabs; (F.): virus vectors of chili and leaf router of sugar peas, 
Chronaitovia hor[/co/a. Several screenug tri'ls were conchite(t to 

determine the efficac'y of varioiis" ingicides against anthracnose of chili, 

bacterial diseases of cabage atd totmato. late hliight of tomato and 
rust disease of long bear S(veral Interimintegrated packages were 

also tested to dtermio tlheir effectivtress il the conitrol of virLs 
d seases of chili. 

AVRDC-PHILIPPINE$
 
OUTREACH PROGRAM (POP)
 

Chinese Cabbage Yield Trla, 

Fifteen entries composed of F, hybrids and OP lines were eva­

luated and compared tr,the cueck. Reyna Elena (Hybrid 62), during the 
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Irrigation pond, the Philippines. 

wet and dry seasorv. Tere were: significa (it iia,rewetii(ittere utbut none significantly otltyicided the ceck which ))rodt(2t 1(.92 l'th, 
marketable head yield during the dry season ifd 19.88 ti/hl (11inkrg tlie 
wet season. Hybrid- 82 1 ,6wis highly resistant to soft rot (2' infction)ot 

while lines 77 M(2/)4.S4 183.). Hytrid 7 (16.7. 
 arid 82-46 
(14.7 %) were rated wipsceplt . 

Chinese Cabbage GYT 

A wet season genieral yield trial (GYT) was conducted on four

promising selecticns to reconfiriri their yield potentials over the checl
 
under the prevailing hot-Il i -idconditions of the lowland 
tropics. TItic
 
check, Reyna Elerra (Hyhrid 62), oltained the Iighest yield oi 18 t/ ha
 
and was followed closely hy entry 82 .16 with 
 1.5 t/l ,.The gratriid near

yield for the five entries wars l5.9) t/th . t;age, of
-Ferite otur(:. soft rot
 
infection war, low for illthlt.rtr s lixi
nIn N:ixttr id58 ,,tricl Nid 1
 
infection.
 

Seed Production of Hybrid 62 

In order to undertlK(e (moloiese.t (thig Iyhid seed prodliCtoln in
 
Baguio City (during the coo! &iieasor,the pmreritail hies of Reyir Elena 
(Hybrid 62). E-7 and B 18 need i v rriliaitiorn ijwiod of 21, ind 14 
days, respectively, it9 C. FlwoptihIn fertili/er rat is1 50-90 90 NPK 
kg/ha. Both under ;r over-v(errnailrzitioti have a regrliv( effuct on 
flower and seed oiproduction. 

Mungbean PYT 

Eighty-nine Iulingbean lines were evaluated in three sets of PYTs 
to identify lines with high yield potential, desirable agronumic characters,
and disease resistance, particularly Cercospora leaf spot (CLS) and 
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powdery mildew (PM). In Set 1, 16 entries completed the third season 
of PYT evaluation. No test lines outyielded the check BPI-Mg5 in either 
the dry or wet season of 1987. Of the 23 entries evaluated in Set il, 
7 entries had yields ranging from 1,485 to 1,644 kg/ha which 
significantly outyielded the check, BPI-Mg5 (1,205 kg/ha). In Set Ill, out 
of 50 entries, only line VC 4060-2B-2-B-1-B, with a mean yield of 
1,447.0 kg/ha, significantly outyielded the check, BPI-Mg5 (1,104 
kg/ha). Of the 89 entries evaluated, 8 showed high resistance to CLS. 

Mungbean GYT 

Three sets of entries were evaluated under the GYT for 1986-87. 
Of the 18 entries in Set I, none significantly outyielded the highest 
yielding check, BPI-Mg5 (1,616 kg/ha). In Set II only VC 3821-B-1-1-
1-B with 1,708 kg/ha outyielded the check, BPI-Mg5 (1,629 kg/ha). Of 
the 11 entries in Set Ill, six promising lines with mean yields ranging 
from 1,286 to 1,496 kg/ha outyielded BPI-Mg5 (1,231 kg/ha). These 
lines were also rated moderately resistant to CLS and mungbean virus. 

Mungbean RYT 

RYT is a cooperative endeavor between research institutions and 
agencies involved in varietal improvement. For the crop year 1986-87, 
line EGM 1973 (VC 1973) performed exceptionally well in all RYT sites 
with 1,164 and 1,177 kg/ha in the dry and wet seasons, respectively. 
It ranked first among the 12 entries in five locations during the wet 
season and in two locations during the dry season. The four other 
AVRDC entries in the RYT were all rated moderately to highly resistant 
to CLS, PM, rust and virus diseases. They also exhibited high tolerance 
to lodging. 

IMN 

Of the 20 International Mungbean Nursery (IMN) entries evaluated 
during the wet season, no lines significantly outyielded the check, Pag­
asa 1 (V 3476) (1,317 kg/ha). The grand mean yield for the 20 entries 
was 1,120 kg/ha. Cercospora leaf spot infection for all entries was 
moderate, with a mean rating of 2.97. 

Soybean PYT 

Twenty-two promising lines/accessions from AVRDC and other 
sources were evaluated in the PYT during the dry and wet seasons of 
1986-87. The study was conducted to identify and evaluate soybean 
lines with high bean-yield potential, resistance to common pests and 
diseases and other desirable attributes. During the dry season, 4 entries 
significantly outyielded the highest-yielding check, BPI-Sy 4. During the 
wet season, no entry significantly outperformed the check. 

Soybean GYT 

Low yield was obtained in the dry-season trial due to drought and 
severe infestation of mites at R-2. Only GC 50095-7-0-9 gave a highly 
significant yield difference over the highest-yielding check. None of the 
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entries during the wet season significantly outyielded the higher-yielding 
check UPL-Sv2 (2.63 t/ha) Until iow entry GC 50095-7-0-9 has given 
consistently Iiglh bean y ebds during the (Iry and wet season trials. 

Soybean RYT
 

Promising syhe in inns from the GYT wore evahlatud in the 
regional vield (RYT) iagoinst two staldard checks. The study was 
desirged to verify the )ertorimarce of the pro sing strains/varieties 
undet the ditfer tcii re)giois of the Philippines in terms of yield potential 
and reaction to iii ajor pests and diseases. After a s )i, op-season trial, 
EGSY 19 (AGS I9) i,,,; recoro iordnd for technology adaptation (TA) 
testing III (. 'for r'gI(,,ii Io n re-;tlits from the two-season TA/TV 
testing fom 11ihonas fo if, futtre regionial recommendations of 
vat ieties. 

Sweet Potato Germplasm Collection 

A total of 110 sweet )otlto litts/ accessini ios from local and foreign 
sources (mostly AVRDC) are maintained at the station.The collection 
serves as a sot irce o researnch mat(riafls to( POP and other research 
organizato ' 

Sweet Potato PYT 

A total of 25 AVRDC sweet potato lines were evaluated under the 
PYT for the scntidear agvo tot linst the efieck BNAS deter:ine their 
marketable tiiher yield ad otlher agrouiomi c characters. For the 1986 
crop year. two sets of plantings were n m'. the first set during the wet 
and the secoi) I set dulriig tie dry season. 

In the wut-st, -(i. Itll, 10 test entries with marketable tuber yield, 
ranginp frortl 2 1.9 1o 34.0 /ha. sionificantly outyielded the check (9.8 
t',a). The three highest yielding eitr;es. CN 1219-1, CN 942-47 and 
CN 1232-9, iafl-o prodticed high Vields during the 1985-86 dry season 
trial. The dry seson set did not produce credible data due to severe 
droi g fit. 

Sweet Potato GYT 

The promising lines/accessions from the PYT are elevated to the 
GYT to confirm further their marketable root yield, reaction to major 
pests and diseases, and other agronomic characters. Sixteen promising 
lines/accessions were evaluated against the check BPI-Sp2 during the 
wet and dry seasons of 1986-87. Results of the wet-season trial showed 
that none of the test entries outyielded the check (20.1 t/ha). However, 
six lines (LS 27-12, Cl 551-3, CI 949-1, Cl 916-46, Cl 951-6 and Cl 
916-66 with yields of 10.6 to 18.8 t/ha) may be considered promising. 
In the dry-season trial, entries C1946-30, C1913-6 and Cl 946-25, with 
yields of 9.98, 10.56 and 10.88 t/ha, respectively, significantly 
outyielded the check (6.48 t/ha). The grand mean yield for the 17 entries 
was 6.11 t/ha. 

Sweetpotato Weevil Resistance 
rhe study was temporarily suspended for the 1987 crop year 

because of the lack of new lines to be evaluated for reactions to 
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sweetpotato weevil (Cylas fornmicarius formicarius F.). Until now ailthe 
lines/accessions evaluated have been found to he moderately suscep­
tible to very susceptible. 

Tomato Single-Seed Descent Tial 

The single-seed descent trial conducted rhiring the dry season 
1986-87 was composed of three sets of plantings. These weie: St 1 
with 10 AVRDC OP lines: set 2, with 7 AVRDC F! hybrids, four OP lines. 
and 5 East-West Seed Co. F, hybrids (all fresh-market lines) and: set 
3 with 52 AVRDC processing tomato F1 hybrids. Most of the OP fresh­
market tomatoes that showed good yield performance were elevated 
to the PYT during the wet seaison 1987, 

Tomato PYT 

Of the 13 AVRDC OP fresh market tomato lines evaluated in a PYT 
during the dry season (1986-87), only CL 591 5-222 D6-0-5 obtained 
the same yield as the check (33.1 t/ha). Two sets of plantings were 
made in the wet season. In Set 1, the check variety. Mar kit, outyielded 
all of the test entries. In Set 2, 6 of the 11 OP ines oityielded Marikit. 

Tomato GYT 

CL 143-0-1-3-3-1 and CL 551-6-0- 18 1-1 have completed the four­
season evaluation during the dIty season 1986-87. These vi!l be 
submitted for regional yield trial (RYT) when einough seeds have been 
produced. During the wet season 1987. four promising selections fril 
the PYT were elevated to the GYT. 

Tomato RYT 

The regional yield trial (RYT) was conducted at 11 statioiis 
throughout the country. AVRDC line CL 1344-48 outyielded the check, 
Improved Pope, by 19.86%. AVRDC line CL 2784-1-1-4. Hi OP 
processing tomato, was approved by the Philippine Seedboardl in May 
1987 and released for cultivation: its local name Is 'apnia. 

AVRDC-THAILAND 
OUTREACH PROGRAM (TOP) 

Tomato Trials 

Of the 10 hybrids and one local check tested in tllree tomato yield 
trials for new breeding lines, FMTT-23 had the Illghest market fruit yield 
(37.7 t/ha) followed by FMT1 -21 (35.5 J-ha). All 11 AVRDC hybridsF1 
tested outyielded the local check (2502) by as much as 147 !-.PT 4148 
(54.0 t/ha) was the highest yielding line followed by PT 4030 (51.5 t/ha). 
The local check had heavier fruits than the new AVRDC lines. PT 4030, 
followed by PT 4045, were the most susceptible to early blight disease. 
All AVRDC F, hybrids were orange colored anc] not firm. 
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In tomato trials for heat tolerance, the new AVRDC OP lines set 
larger fruit during the hot-wet season than the former HT lines. Indeter­
minate type CL 5915-39D4-1-2-0 (26.6 t/ha) and determinate type CL 
5915-93D4 -1-2-0 (28.3 t/ha) were the highest yielders among the 
eight lines tested. 

Chinese Cabbage Evaluation 

After seeds were distributed to far ers for evahtiation. (uestion­
naires were sent out to determine practices adapted and probhlems 
encountered. Farmer responses showed that Hybrid 62 had more rapid 
growth than any commercial ciiltivar and matured earlier (42.5 DAS). 
The trials showed that Hybrid 62 can he grown well in cerrta: aind 
southern Thailand and tha it i'noted for good hu d Ioirrlliriri, hiph 
yield in the summer season amid lovw irodicti, cost (dii torapid growth 
and early maturity). 

Sweet Potato Evaluation 

In an evaluation of ninu AVRDC ctiltivars with one local chec',. CN 
1028- 15 was consider ed best tor its quality, weevil tolerance aid good 
agronomic characters. Although previous reports classif(,d this cultivar 
for ariimal feed. tli studv i(rlicted it is fitfor hi1irimil corirl1ptioni. 

Soybean Trials 

In soybean yield trials. AGS 20 and AGS 208 ywlded hijh,)r than 
either check cultiars OCB or SJ5. Seed (In lit\ (if thc varieties. Iiwever 
was rather poor, with AGS 3124 (earliest maturimg) ard AGS 12-1 (atest 
maturing) having the worst quality. 

Fifteen AVRDC lines were tested in the 1987 dry :w,, ririi\ sn sn., 
Results showed that AGS 270 (1.7 t/ha). AGS 208 (1.6 t/ha), AGS 129 

Research at Kamphaengsaen Campus. 
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(13 t/ha) and AGS 217 (1.3 t/ha) were among the dlsease-susceptible 
lines, AGS 129, however, was highly resistant to both downy mildew 
and bacterial pustule. 

Fifteen vegetable soybean cultivars, introduced from AVRDC, were 
evaluated against NW 1.V esoy #4; Vesoy #1, 7016 and NW 1 all gave 
acceptable yields, however, the seeds were too small for the export 

Mungbean Trials 
Results of the 14th IMN showed that few lines were able to signi­

ficantly outyield VC 1973A. VC 3012B yielded the highest (1.87 t/ha) 
but was among lines with the smallest seed size. VC 2755A and VC 
2768A yielded comparably to VC 1973A. 

The evaluation of selected sublines from VC 1973A and VC 2778A 
revealed that lines extracted from VC 1973A were rather uniform and 
showed no variation in any of the traits measured. Lines from VC 2778A 
displayed some variation in yielding abilities and other agronomic 
characters. No line displayed overall superiority compared to mass­
selected Kamphaeng Saen 1 and 2. 

in a fertilizer trial, application of HaO and honey as foliar fertilizers 
had no significant effect. Both HaO and honey, however, tended to 
increase seed weight of VC 2778A. 

Preliminary results of the 15th IMN showed that no new entries 
outperformed VC 1973A for yield and seed size. Of the 10 mungbean 
lines reported as resistant to several insects at AVRDC, none displayed 
any superiority over Kamphaeng Saen 1 and 2 in Thailand. 

Crop Release 
The Thailand Department of Agriculture officially released the new 

mungbean variety Chainat 60 (VC 1168/Mg 50-1OH/Y x ML-6). It is 
the earliest maturing among all varieties available in Thailand. 

2nd International Mungbean Symposium 
The efforts of the Thai Government Kasetsart University, the Dept. 

of Agricultural Extension and the Dept of Agriculture, combined with 
the AVRDC and TOP directorate and staff successfully conducted the 
Second International Mungbean Symposium in Bangkok. Over 200 
scientists from 3 1countries, reported the recent progress on mungbean
researci and dev'elopment work., 

Dicssion dur ng the: Second International MUngbean Symposium. 



Regional Programs 

Regional Programs
 
Thailand Regional Training and Research Program 

Fourteen traiing scholars from China, Indonesia, the Philippines,
Sri Lanka, TIhailand and Vietnam completed the 5th Regional Training
Course on Vegetable Production and Research, bringing to 64 the 
number of scholairs who have completed the course. The 6th Regional
Training Course. consisting of six Chinese, seven Vietnamese, three Sri 
Lankan. two Thiais m; one Filipino, began in October 1987. 

Africa Vitamin A Gardening Project 

The objectivc of this AID-funded project is to increase the produc­
tion and consmpH)tion of vitamin A garden crops in the Sahelian region
of West Africa. During tl.e first year of operation the project's progress 
covered the following activities: site selection; setting up project
administration: establishing collaborative contacts: hiring, orienting and
placing of project staff: negotiating a Memorandum of Understanding; 
getting equipment and supplies ordered and in place in Taiwan and at 
the Africa project site; establishing a mechanism for ;n independent
project evaluation: setting up a training center; initiating a needs assess­
ment; and establishing reporting procedures. At the end of year one,
land was prepared by the Africa project staff and observation trials were 
begun on 14 garden crops at the project's site near Niamey, Niger. 
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GENETIC RESOURCES AN) SEED UNIT 

GRSU Goals 

The goal, o We GRSL are to piom.A. the utilization of the collec­
tions through (:vioblt()t,;i Cod ConIprelelsive docLnmentation; build up 

base and active colluctions of ve;gOtable speci'; popLlar in the tropics; 
strengthen AV RDC s cooperat1mr witim0 the international network of 
genebaiik. m ,L tlilItit 1iW()coullle, 111(1 oLuton11lg see(n samples are 

free of pest.; 0(d ls(:i>-et. 

Germplasm intoduction 

In 1987 the GRSLj c(Imie i total of 5,954 accessions of 21 crop 
genera. Thu moust importont hatches are the collections of 4,313 
Capsicum fror iJt SDA. geer-,hlasi fi Ilie Central Institute for Geneticsron 
and Research on Cultivated Plants (Germin Dem.Rep.), CATIE, MARDI, 
the Rural D<v(.,u)pmnrent An inniistratiori (Rep. of Korea). Bruirsma 
Selectehedrijvrr l(.i mpii Research CenterHvlid (1 (dC v (Netherlands), 

for Agrohotm y (WIbA). it tdiI I,:it s'w-n;Irs ot 12 crop genera 
collected II Nt-up)il by Htl. IM, i/tiki. 

Germplasm Conservation 

The GRSU itaintains 27,599 accessions. Since commission of our 

lor -term stores in mid-1985, we have transfered 5,186 accessions 

Multiplying plants in the nethouse. 
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into base storage. Efforts are concentrated on the principal cops. Since 
pepper was made a principal crop in 1986. 4,313 accessions have been 
acquired including accessions from all the major collections in tie USA, 
from CATIE, the Fed. Rep. of Germany, TIlailand, Malaysia. etc. Batches 
of these accessions are being c! raracterized arid evaluated to support
the utilization work. Accessions for hase aied active collections are 
multipled in netbouses. 

Germplasm Characterization 

A total of 1.250 a c(esior s of tulmatoes and 508 of Capsicum have 
been characteri/ed 

Germplasm Documentation 

The GRSI 1. withI tf issstarice of thle AVRDC Conputer and Statis­
tical Services, is depvth'ii g an AVIRDC geretic resources data base 
using the MIN',SIS software poi ,frain. Pres rtly. all passport data has 
been entered as well as thle ct,'racterizaton diat a which has been 
obtained for mufil)rheos., ,we(t-I potatoes, iioi-USDA soybeans and OP 
Chinese caM)bagf:. 

Seed Distribution 

A total of) 11183 seeed samples (germplasm and hreeding lines) 
were distrjhtjted to 305 coolierators in 95 countries and territories in 
1987. Two big )atches of gern )lasM were )rvided for otur entomolo­
gist to screeri against beanflies in soybean11 ourid lalit pathologist 
to screen against Cercospor i leaf spot in tomato. 

Germplasm Utilization and Evaluation 

The utilizatiom ivid evaluatjori of 1 t1oghCars, so ybeans arid sweet 
potatoes since 1972 are sUminarized. The important parents for the 
improvement of these crops at AVRDC are identified. The tisefuAl geri­
plasm identified through years of screening and evaluation are listed. 
These summaries form a very useful set of reference information. 

Evaluation in 1987 

Tomato. A total of 5,071 entries from 5,031 accessions were 
screened for resistance to Cercospora leaf spot. Only 11 'o of the entries 
showed certain levels of resistance. The 37 accessions classified as 
resistant are listed. 

Sweet potato. Tubers of 734 entries from the AVRDC sweet potato
gernplasm collection (1985/86 season) were analyzed for dry matter, 
fiber, protein, starch and sugar content with a Near-IR analyzer. Wide 
variation was found in all the tuber characters studied. Accession I 362 
has starch content up to 78%; I 954 has dry matter content of about 
42%; 1963 has protein content of 11.08%; 1 122 has sugar content 
of 27.14%; and I 498 has low sugar content of only 8.78%. 
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Germplasm Recipients 1987 

Anguilla (UK) 

Corito Trading Co., Ltd. 

Argentina 

Agrotecnica Trebol Sur S.R.L. 
Instituto Nacional de Tecnologia 

Agropecuaria 
Universidad Nac. de Tuc. 

Australia 

Gatton Redland Hrt. Res. Sta-
tion 

Horticulture Research Station 
Pacific Seeds 
Redlands Horticultural Research 
Station 

Bangladesh 

BARI 

MCC
 
Institute of Postgraduate Stu-


dies in Agriculture 


Barbados 

CARDI 

Belize 

CARDI 

Bhutan 

Centre for Agricultural Re-
search and Development 

Department of Agriculture 

Brazil 

EMBRAPA-CENARGEN 
EMBRAPA-UAPNPBS-RIO dle 
Janeiro 

University Federal de Viqosa 

Brunei 

Ministry of Development 

Burma 

UNDP 

IRRI/Burma Program 

Cambodia
 

Church World Service
 

Canada
 

Agriculture Canada
 
Plant Gene Resources of Canada 

University of Guelph 

Cape Verde Islands 

fInStitUto Naciona! de Investigacao
Agraria (INIA) 

Chile 

FAO 

Colombia 

Agrotrading Import & Export
 
Corp. (ATRIMEXCO)
 

CIAT
 

Cook Islands 

Totokoitu Research Station 

Costa Rica 

Centro de Asesoria e Investi­

gacion Biologica y Agricola 
Coalicion Costarricense de Inicia­

tivas de Desarrollo (CINDE)
Finca Selvamar
Mision Techica Agricola De 

Taiwan 
San Joaquin de Flores Heredia 

Cuba 

Instituto Nacional de Ciencias 
Agricolas (INCA) 

Dominica 

Agricultural Technical Mission 
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Dominican Republic 

Centro Sur de Desariollo Agro-
pecuario (CESDA) 

Enda - Carihe 

Egypt 

Field Crops Research Institute 
Minufiya University 

El Salvador 

Agricultural Technical Mission 

Ethiopia 

Bako Research Centre 

JOCV/Fthiopia 

Nazrek Agricultural Research
 

Station 

Fiji Islands 

Legalega Research Station 
Ministry of Primary Industries 
Sigatoka Research Station 
Vuda Garden Ltd. 

Fiance 

Andre Rlondeau Selectionneur-
Obtenteur 

Clause Seed Company 
Ecole nationale superieure 

agronomique 
INRA 

Germany, Democratic Rep. 

Zentralinstitut fOr Genetik und 
Kulturpflanzenforschung 

Germany, Federal Rep. 

Bayer AG 
Biologische Bundesanstalt fOr 

Land und Forstwirtschaft 
University of Bonn 

Ghana 


Agricultural Services Co-
operative Society Ltd. 

Nyankpala Agricultural Experi-

ment Station
 
Tanyigbe Atidze Community
 

Farms 

Guadeloulr e (France) 

Centre de recherches agronomi­
ques des Atitilles et du la 
Guyana 

Guam (USA) 

University of Guam 

Honduras 

Oficina de la Mision Tecnica del 
Japon 

La Escuela de Agricultura 

India 

Aligarh Muslim University 
Ankur Agrl. Research Labora­

tory 
Assam Agricultuiral University 
AT & PO Bonarrd 
Central AgriCiL:IJ tial Research 

Institit e 
Central Experir ent Sta)tion 
Coronandel Indag Products India 

(P) Ltd. 
Dept. of Genetics & Plant 

Breeding 
Family Planining Association of 

India 
Farm & Home Consultancy 

Service 
Farm Seeds 
Fredrick Institute of Plant Protec­

tion and loxicology 
Haryana Agricultural University 
I/C, Scheme for Res. on Veg. 

Crops 
IARI 
Inst. of Advanced Studies, Merrut 
ISNAR 
Lakhnu Pura Rural Integrated 

Project 
Nath Seeds Private Ltd. 
NBPGR
 
National Pulses Research Centre 
PAK-College of Agriculture 
Punjab Agricultural University 
Reg. Res. Station/TNAU 
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Rural Leprosy Trust perimnent Sta tioll
 
Sheetal Hybrid Seeds Company Kagome Co., Ltd.
 
Tagore Society for R iral De- Kgoshiii Ali i t ,l).Stlitioti
 

velopment Koch Uiniveri t \v
 
The Lniversity ofi \,rrci0 tilral Moriokj Biiicirhl. V, c)rii-O 


Sciences 111 lIl CilI p Pr- ti,

NH ii O ([t-I ~ l,,hI ttlll 

Indonesia L\p(u.r I1m'rIt St'itirri 

AARD/ISNAP tori 
Agricultural Toclimcal Mission (gasv, i i - il It[ lraAgr(icul-
Akademi Ftarining Semrn rarln titral C'ititi 
Balittan Stukaniandi (SLRIF) Okioii, K ki\,ii S-i (' . Ltd. 
Centre for the Application (d SltlkI[ I S it Corl iotli i 

Isotopes and Rl(.fn ti()l [ivii () lt I td,-tll -10 ) , 
Hortictlthiru Resoarm l ii(! D T)ik,ilkrr,.'ka P nr(:lhCOrit('or
 
veiopnlielt Ccontr- I t. irxt;,,g iio U-1ivorsitv ol nikvi
 

hidonesia/AVFRDC BIlateral Tokyo A(t 1hlve1rsity
 
Project [ hi Intormiatiliiil
l-sn Agrictil-

Lernbang -Iorti Mn itltit WBislcl tiral riiriii, Ci trt. JCA 
Institute (LEFlRI) 

Malang Re-;n ,roh, t Jordanw tI r i-())I 
Crops (MARIF) 

Nutrition Reso(:.l p,i itl [),L'ino [istirl CompanV 
ment Cenlro 

Sub B-alal P . r Mu Keny a 
Universitas Mt~ (,12,a 

t


kMii iiii Kenya 
University of Mortihoka 

Natioral Dryiand Farming Re-
Iran seariich Statioil 

Seed and PlInt liripi ovement Kiribati 
Instittite 

Engelhiardt Training Centre 
Iraq 

Korea, Rep. of 
Agriculture and Water Re­

sources Research Centre Cheii I ,itloforal t.liversity 
Chon-[ulk Ri ra lDeveloptmet

Israel Admii ist rat oil 
Dongwvoii No,,.oan Seed Co. 

NIRIT Co. Gy:oi igsaim,, Nat:!oial University 
HorticrlIttflral IEXlF nont Station.erii 

Jamaica Rural Develop'x it Adimnistrm 
tiorl 

FAO JejLI Provincial Office i)f Rural 
Irwin Developmeitii 
University of the West Indies Provincial Rt:val Development 

Administratoti (PRDA) 
Japan The Chonnam Provincial Rural 

Development Administration 
Agricultural Research Center 
Fukuoka Pref. Federation of Lebanon 
Agrl. Cooperatives 

Ibaraki-Ken Horticultural Ex- American University of Beirut 
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Liberia 

AVSPPiNCRDP 

Lowland - NCRDP 

NCRDP - Saolepea
 

Madagascar
 

Madagascar - IRRI 


Malawi 


Bvumbwe Research Station 


Malaysia 


Agriculture Research Centre 

MARDI
 
Universiti Pertanian Malaysia 


Maldives 

Kandhu Edhuruge 

Marshall Islands 

Agricultural Technician Mission 
in Marshall Island 

Mauritius 

Farming Society 

Mexico 

Centro de Investigaciones 
Agricolas del Golfo Centro 

SARHK Inst. Nacional de Investi­
gacioncs Agricolas 

Namibia 

Ju/wa Bushman Development 
Foundationl 

Nepal 

HMG/FAO Vegetable Seed Pro-
duction Project 

Institute of Agriculture and 
Animal Sciences 

PADCO 
Rural Development Centre 
Secretariate of National Agricul­

tural Research 

The United States Mission to 
Nepal 

Tribhuvan University 
Vegetable Development Division 

Netherlands 

Bejo Zaden B.V
 
Bruinsma Seeds B.V.
 
Deruiter Zonen B.V.
 
Glasshouse Crops Research &
 

Experiment Station 
Royal Sluis B.V. 
Sluis & Groot Research, Zaadunie 

B.V. 

Niger 

Institut pratique de development 
rural (IPDR) 

Nigeria 

Ahmadu Bello University
 
Anambra State University of
 

Technology
 
IITA
 
M.A.N.R.
 
Ministry of Agriculture and Na­

tural Resources 
Nosomag Farms (Nig.) Ltd. 
Okapuala Cooperatives 
Omorogbe Farms Ltd. 
Shell Petrot-Dev. Corp. Nig. Ltd. 
UNDP/FAO Project NIR/84/014 

Niue Islands 

[t. of Agriculture & Fishery 

Pakistan 

kgricultural Research Institute 
National Agricultural Research 

Centre 
Nuclear Institute for Agriculture 

arid Biology 
STM International 
Panama 

Nestle Panama, S.A. 

Papua New Guinea 

Division of Primary Industry 
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Laloki Agrl. Research Station 
Pacific Adventist College (PAC) 

Peru 

Estacion Experimental Agrope-
cuaria 

Estacion Experimental Banos 
del Inca 

Philippines 

Asian Farming Systems Net-

work/IRRI
 

AVRDC/PCP 

Benguet State University 

Bohol Agricultural Piornotionw
 

Center 

Don Mariano Marcos Memorial
 

State University 
!"stitute of Plant Breeding 
IRRI 
Mai ano Marcos Slate Univo­

siry 
Mindanao State University 
Ministry of Agilculture and 

Food 
Negros Forr': & E,:ological 

Foundalion Inc. 
Nestle Philippines, Inc. 
r.ortherr, Mindianao State Insl-

tute of Science & Technology 
Panay State Polytechnic College 
Pangasinari State University 
Phil-nut Product & Food Industry 
Rizal College of Agriculture & 

Technology 
Second Laguna cle Bay Irrigation 

Project, Veg. Component 
University of Eastern Philippines 
University of the Philipnines at 
Los Bands 

Visayas Stari: College of Agri-
culture 

Polynesia, French 

CIRAD 

Portugal 

Universidade de Evora 

Saipan 

Northern Mariana College 

Germplasm Recipients 

Samoa, American
 

American Samoa Community
 
College 

Saudi Arabia 

Comninrity Development Consul­
tatts (UDC) 

Tabuk Agricultural Development 
Co. (TADCO) 

Senegal 

Ilnsttut senegalais de recherches 
agricole,. 

Seychlles 

Grand'Anse Experimental Centre 

Singapore
 

Eastreco (Pte.) Ltd.
 
World Farm Col, Ltd.
 

South Africa 

University of Stellen Bosch 

Sri Lanka 

Agricultural Research Station 
Israel Interests Section 
Department of Agriculture 
Development Alternatives, Inc. 
Tea Research Institute 
Tropical Sunblest Fruit CoM­

pany 

St. Lucia 

CARDI 

Swaziland 

Agricultural Technical Mission 
Univ. of Swaziland 

Switzerland 

NESTEC. TAGR. 

Tahiti (France) 
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CIRAD 
Taiwan, China 

Academia Sinica 
Chiayi Agricultural College 
Fu Jen University 
Hwalien DAIS 
Known Yo i Seed Company 
National Chliayi Institute of 
Agriculture 

National Churng Hsing Uimversity 
National Taiwan Univ('rsIty 
Taichnirig DAIS 

Tanzania 

Ilonga AgrI. Res. InsttteRifel 
Kilombero Sugar Co. Ltd. 

Thailand 

AID - Wyoming Team 
Asgrow Seed Company 
Campbell Inst. for Research and 

Technology 
Eagle Seed Co. 
Ferry Morse Seed Co. 
Harris Moran Seed Co. 
Heinz USA 
Hot.Science Inst ittte, USDA 
Land O'Lakes., Inc 
Mississippi Agr. & Forestry Expt. 

Station 
Northrup King Company 
Oklahe na State University
Oregon State University 
Peto Seed (Co'.Inc.a oCo.Ic
Richfield kItifU, Co.. Inc. 
Seedcrast, ii 

University ol C ilifornia 
Iniversity atoAiizotiii. Tucson 

Northern Regioial Agr cu;JItL-ir 
Development Ce, tre 


Chainat Field Crops Rese'arch
 
Centre 


Chlia Tat Co., Lt .
 
Chiaing iaiii t ltV 

College of Agrictiltur,
 
East-West Seed Cot iniy 
Field Crops Research Institute 
Kasetsart University 
Maejo Institute of Agricultural 

Technology 
Oxfarn-BelgirLie 
Prince of Songkhla University 
Srisamrong Field Crop Experi­
ment Station 

Thailand Institute of Scientific 
and Technological Research 

TOP/AVRDC 

Togo 

Ecole sutI. dagronomie 

Trinidad 

Caribbean Chemicals and 
Agencies Ltd. 

The Universtty of the West Indies 

Tarkey 

Cuithuriyet University 

United Kingdom 

L.W. Lanbourn & Co. 

USA 

Uganda 

lWeer o Rural Dtevelopmnent
 
Coop. SonictIv Limuted
 

Maker er Uliversity
 

Vanuatu 

Tage AgriCultural Scool
 

Vietnam 

University of Cantho 

Yemen Arab Rep. 

Ministry of Agriculture & 
Agrarian Reform 

Yugoslavia 

University E. Kardelj, Ljubljana 

Zaire 

Agriculture fruits et legumes, 
s.p.rI. 

Zambia 

Mwal)ula Research Estates 
National Irrigation Res. Sta. 
Zambia Seed Co., Ltd. 

Zimbabwe 

Chiredzi Research Station 
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INFORMATION SERVICES 
During 1987 0IS tr inert onk. 11101(g otherS. le foilnwng ac-tivities: 

Publication Activities 

" 	Puiblislels d .- 2 i o(24,2)(lifferent !)LI)iCdtiOiiS Wli1i cOl­

" 	 Edited 1Hbola. dc:iiiiiits. 3 piir(0hiCii . 93 SylnlpOSIL1in1 presen­
tatioils. 6 hlocimii( , ,J il-',Oirforoiil ill)ers: ailtioredr one issue 
of CenUtetij)(n t '11i l)iIl(I th l 1()8.S6 I/)t)ort Sim-Repitt.', 

mntess" 	 prirlmed "i. 1ii-~ lmigv ; lt'lilii1if hA I1, (V) 'iiti'ii[IM prilli re­

(iJ( ,t L, 
SIilitIitc( O ijtjil)IC:t0 1 of AVRDC li,tu ilo l)j;,;,t , rii og.,raphl on 
13e~iii}t Ws t im t1 Ltd.it (()(I ',',liiS a)pi;. h Wiley Lastern, 
of Calclltt :10(1 .. ,silt(' copii hl-Thi 'r C IA mrid ACCT to ready 
the French 0(lt1 ,)I AVR[DC's, So , Po ito Pric:e igI for press: ct 

* 	 Aided] AVRDC te's to ohraiiI I iHcation of 13 journal papers, 
prepare 	 I I xu:'s r fItu-e Ipbition mid prepare 24 symn­

)SIt~ii i~ pr--i[t(h I()s %
 

Public Relations Activities 

( t,'))r". I and 1et with jourralist-; from four na­
tI)110. a 1(i 
Arrariged for AVRDC-*, i ipiit irto the IARC Directors' new 'Public 
,'Warore'- (imtiI t(c'. 

! 	 m-a 0l11, 

Data Bases 

* 	 Establishow 0 coiplinmeiitary !ibrary mailing list data base id con­
tin'ued to ktoop the Ce(iter's mailinr list data base up -- date. 

Photographic and Art Services 

" 	Maie over 16,000 photographic recorus of the scientific work in 
progress during 1987 inover 1,000 separate photographing 
sessions in the fields, laboratories or Studio. 

• The art unrlit drew 230 figures, tables, posters, book covers, etc. 
from 16 reluests 

Symposium Activities 

Edited the 83 papers and helped prepare and print all of the 2nd 
International Mungbean Symposium materiai, organized u oublica­
tion display/sales at the Symposium, provided full photographic 
services and issued a press release. 

Distribution Activities 

* 	 Began implenentation of the activities outlined in the 1986 pro­
posal 'Towards a Cost-effective Publication Policy': 
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AVRDC' puLblicat ion displajy 
ocond luternatioriul MILlgbeari SympIIosiumI. 

catiows 
*SLb;l;i/iI( tillE lu'st of (?)I[Iistv tfilt)[Ht~i \etlrlh 
nienrEIJ If LO~iISI~H u 1AlIl:i~h ltatiriw II Iiitizil 
plecipe for 1988 
Tocevslt late ttht! (ffe' trve(Ha%> (ot the? \Vl-,)[ (:(mIijjriuir tijt !jijry 
CtuStrIhL~t:uascE) rie (A's milvueyunI thet 5 11I) ~( tio (telti2 rrHt 
thre vc,ii o(f~ AV'R[DC t)l)flCdtIo1 ( dV~fllkltyit ~i10 l~t ol htelmslte(
AVRDC pi~lDic~itions. pullicd[itiofi 5o(:Isirge i;m( vvIifignei;s aJnd 
aiility to. 11 se AVPDC piDhtitorw if) the ftjtiie' 

*Fuill Lltill/Iz ot posali tariffs throngs~ !D(It1i C.t[tl l5 tt,"II)I~hI­
(IlLies tor retsc.',i weight irud ()OisoliditeCS inolgs: ;anti

*Quadralert sis -)Ver[ 1986 Dy eXterwIdng til(e C0111nii leri-ii rtlstrlun 
tion network 511(1 mawr iggressive ;prrunoitofii ai(ivitics) inchiting
book rcviews; anfd sae/riply t screr2titic aleetir 's. 
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Publications Available 

How to Order 

All of the publications listed below can be ordered from the Office of 
Information Services (OIS), AVRDC. The following list of distributors in the highly­
developed countries (HDC) and less-developed countries (LDC) have many of 
these publications available for sale in local currency. 

The prices quoted below include surface postage. If airmail delivery is 
required the additional postal charges will be added to the invoice. All charges 
should be paid with a US dollar check (payable by a bank in the USA) made 
out to AVRDC, or with Unesco coupons. 

HDC Distributors 

Sel.:ct Books Pte. Ltd. Publishers International Corp. 
19 Tanglin Rd. 2nd Floor, Newfield Building 
Singapore 1024 42-3 Ontsuka 3-chome 
Republic of Singapore Bunkyo-ku, Tokyo 112 

Japan 

Agribookstore INFO LINE
 
161 1 N. Kent Street. Suite 600 GPO Box 506
 
Arlngton, VA 22209 Sydney, N.S.W. 2001
 
USA Australia
 
(Orders for North America) (Orders for Oceania)
 

LDC Distributors 

World Universities Press Publications Section 
B-5/132, Safdarjung Enclave CGPRT Centre 
New Delhi - 110 029. India Jalan Merdeka 99 

Bogor 16111, Indonesia 

Africa Book Services, Ltd. University of Malaya Co-Operative 
Quran House Bookslop, Ltd. 
Mfangano Street P. 0. Box 1127 
P.O. Box. 45245 Jalan Pantai Baru, 59.700 
Nairobi. Kenya Koala Lumpur, Malaysia 

National Book Store, Inc. INDEX. Book Promotion &
 
9th Floor, NBS Building Service. Ltd.
 
701 Rizal Ave. Ploenchit Road, Pathumwan
 
Manila, Philippines Bangkok 10500, Thailand
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Annual Progress Reports 

1983 Report. 444 p.
 
1984 Report. 480 p.
 
1985 Report. 47 1 p.
 
(All issues of Progress Reports cost HDC. $20.00: LDC $15.00)
 

Progress Report Summaries 

1985 Summaries. 96 p.
 
1986 Summaries. 94 ).
 
1987 Summaries. 98 p.
 
(All issues of Progress Report Summinaries cost HDC $7.50; LDC $4.00)
 

Symposium Proceedings 

AVRDC. 1,,7. Vegetable Technology in Asia. Proceedings of the worksnop on 
pre- and post-h, c.' 5'-p. (HDC $12.00: ( DC $8.00) 

Cowell. Robert (cd.). I ropical tomato Proceedings of the first international 
symposium. 21)) ). (HADC $18.00. LWC $1u0.00) 

Talekar, N. S a!i I D iiggs (eds.). 198 1. Chiesecabbage Proceedings of 
the first iriheriational ;yiposinm -189 p. (HDC $25.00: LDC $15.00) 

VillareaI. R. i. ard T.D Griggs (eds.). 1982. Sweet potato: Proceedings of the 
first interniatioiinal symposirii. ,181 p. (HDC $28.00: LDC $15,00) 

Shanmnngasuoldiaram, b.. E-dward Snl/Zerger an1d Bruce 1. McLean (eds.). 1986. 
Soybean in Tropicadl anrid ( .LlropiigSysteis, Revised ed. 485 ). (HDC 
$25.00: LDC $18.00) 

Talekar, N. S. mid . D. ,rgg.(;ds; 1986. Diamioiidback Moth Management: 
Proceedings. 483 ).(HDC $25.7.: LDC $18.00) 

Sha;3nmoLgasundaram. S., P. Lastinosa and N. Llemit (eds.) 1987. Soybean 
Varietal Improvement. Proceedir igs of the iiternatioral workshop. 93 p. (HDC 
$7.50: LDC $4.00) 

Lastimosa, Pura J. arid Nornvr V. L'drilit (eds.) 1987. Gardening Nutritious 
Vegetables: Proceedirgs of the Vegetable Improvenent Gardening Workshop. 
136 p. ,HDC $10.00: LDC $6.00). 

Technical Bulletins 

TB 1 	 Menegay, M. R. 1975 Taiwan's specialized vegetable production areas: 
An integrated approach. 1 p.(HDC $4.00: LDC $3.00) 

TB 2 	 Menegay, M. R. 1976. Farm management researc) on cropping 
systems. 19 p. (HDC $4.00; LDC $3.00) 

TB 3 	 Caikins, P. H. 1976. Four approaches to risk and uncertainty for use 
in farm management extension. 18 p. (HDC $4.00; LDC $3.00) 

TB 4 	 Calkins, P. H. 1977. Farmers' viewpoint of sweet potato production 
in Taiwan. 44 o. (HDC $5.00: LDC $3.50) 

TB 5 	 Calkirs, P. H. 1978. Vegetable consumption in five cities of Taiwan. 
24 p. (HDC $4.00: LDC $3.00) 

82 



Publications Available 

TB 6 	 Huang, S. Y. and P. H. Calkins. 1978. Summer tomato production in 
Taiwan. 29 p. (HDC $5.00: LDC $3.50) 

TB 7 	 Huang, K. R. and P. H. Calkins. 1978. Vegetable production in Taiwan; 
A survey of 300 farmers. 36 p. (HDC $5.00: LDC $3.50) 

TB 8 	 Calkins, P. H. 1978. Why farniers plant wlat they do: A ,tudy of 
vegetable pro(duction technology in Taim, an. 92 p. (HDC $7.50: LDC 

$4.00) 

TB 9 	 Calkins, P H. and H. M, War g. 1978. Improvug' the marketing of 
perishable commodihes. A case study of selected vegetables in 
Taiwan. 65 p. (HDC [DC$6.00 L$3.50) 

TB 10 	 Calkins, P. H. aind S H TH. 19 I'H. White potato prodrctiOnl in Taiwan: 
A farur survey. 29 p. (HDC $4.00, LDC $3.00) 

TB 11 	 Calkins, P. H. 1978 Soybean production in Taiwan: A 'arn survey. 28 

p. (HDC 	 $4.00: LDC $3 00) 

TB 12 	 Riley, James J. 1978 [vluatron of evironmental parameters in the 
humid tropics for ,:ap g prrposes. 31 p. (HDC $4.00, LDCiot ;dil 
$3.00) 

TB 13 	 ShanmugW..rMdarain. S. 1979. VarietErl development and germplasm 
utilization it ,.oheans. 36 p. (HDC $5.00: LDC $3.50) 

TB 14 	 Caldwell, John '.and DorrlaI W. Newsom 1984. Vegetable consump­
tron arid prodrL(;trr In two ri'nicjipalities inIlocos Norte, Philippines. 
24 p. (HDC $4,00: LDC 3 00) 

TB 15 	 Green, S. K. 1984. Guidelines for diaginostic wolk in plant virology. 
43 p. (HDC $5.00: LDC $3.50) 

TB 16 	 Caildwell, John S. 1987. Assessing rainy season vegelable production 
alt erriatives: A case study Ii 'upstreani' farming sytenis research. 50 
p. (HDC 	 $5.00, LDC $3.1-r) 

TB 17 	 Opena. R.T.. C.G Ki;i rad J.Y. Yoor. 1988. Breeding arid Seed 
Productiori of ChDiieF:, cabbage in the Tropics and Subtropics. 92 p. 
(HDC $7 50. LDC sa.o0) 

biiographies 

Talekar, N. S., H. C. Yan,. S, T.Lee, B. S. Clhen and L. Y Sun (comps.). 1985. 

Annotated bibhliography of (Jlironiiack iolth. 469 p. (Gratis, limited stock 
distributed sijlec t i ely) 

Hwang. P. L , F. C. liri xid C. (; V.i i:inp .),Saa(iaOLuI, M., A. T. Tschanz 
anrI J.W. Sodenrrlt (L, I I 9 Sii,c "1 st lihliography. 103 p. (HDC $7.50;/ :, 
LDC $5.00).
 

AVRDC. 9,. ii-w ict Pests rif MuNLigbean arid Black ADl,,tie ci Gram: 
Bibliography 254 p (HDC $ 5 ). LDC $10 00) 

Monographs 

3sani, Ricardo. 1982. World needs for nutrition and the role of vegetables 
ard legumes. 22 1, (HDC $4.00, LDC $3.00) 

83 



Information Services 

Chandler, Robert F. 1983. The potential for breeding heat tolerant vegetables 
for the tropics. 10 p. (HDC $3.00; LDC $2.00) 

Choudury, B. 1934. Vegetables and the quality of life in the year 2000. 7 p. 
(HDC $3.00; LDC $2.00) 

Innes, N. L 1983. Breeding field vegetables. 34 p. (HDC $5.00; LDC 3.50) 

Liu, M. S. and Paul C.Ma. 1983. Postharvest problems of vegetables and fruits 
in the tropics and subtropics. 14 i. (HDC $3.00: LDC 2.00) 

Wittwer, Sylvan H. i983. Frontiers for science and technology in vegetable 
production. 19 p. (IDC $4.00. LDC $3.00) 

Miscellaneous 

AVRDC. 1987. Arccornpihments, Goils and Structure. 23 p. (Gratis) 

Van der Goot, P 193() lrailated 1984. Agromyzid Flies of Some Native 
Legume Crops in J;in;i 102 I (H[.)IO$7.50; LDC $4.50) 

Franssen. C J H ],'04 ttrieflti 19871. Insect Pests of Sweet Potato Crop 
in Java. 24 )tHDC !)$41 [)C $3.00)
 

Sh'iarinnt~u~gtrdaiiri S
. , T linri it L. F. Cher. 1985. AVRDC Soybean 
Evaluation Fri il (ASI 1) 11 o. 1,-0 1 6P ratis, l.t(lmited stock distributed 
selecthvely) 

Ali. Chaug-Soon. Jin Hii Cheri irol Hinkoir Chen. 1985. International 
Munigoean Ntrser, (IMN) 1981 &. 19, .4 86 ). (Grittis, lrin,ted stock distributed 
selectively) 

Shanugasundararn, S. 1988. A Catalog of Mongheati Cultivars Released 
Around the World. 20 p. (HDC $4 00: LDC $3.00) 

International Guide Sheets 

78-63 Park, H.G. 1978. Suggested cultiral practices for runnghean. 2)p. (Gratis)
 

78-64 Park. H.G. 1978. Procedu insfor mtnngbeal eVai ation trials. 4 p. (Gratis)
 

78-65 Villareal, Rirhn L. and S H, Lai. 1978 Pollen Collector. 2 p. (Gratis)
 

78-66 Riley. James J. 1978. AVRDC crop envirnint. 2 p. (Gratis)
 

78-101 Villareal, Ruben L. and S.H. Lfli. 19f18. Procedures for tomato evaluation
 
trials 4 p. (Griti s)
 

79-112 Shannilrgasunitararn. S 1979. Suggested cultural practices for
 
soybean. 2 p. (Grtts)
 

79-12 1 Hubbell, John N. 19-79. Stiggested cultural practices for sweut potato
 
experiments. 2 p. (Gratis)
 

79-125 Shaniugasundaram. S, 1979 Evaluating AVRDC soybeans. 4 p. (Gratis)
 

84 



Publications Available 

79-127 Kuo. C.G arid S H. Lai. 1979 Suggested cultural practices for tomato. 
3 p. (Gratis) 

80-134 Villir.l MhIeirl 1 1980 Proiced(firrr, for sweet pOtatO evaluiation trials. 
41 p. (Gratis) 

80-144 Opeiaii. Rirn) I .ind S. I1 Lo. 1980 Procedures for Chinese cabbage 
evaluatlion t tl 1) (6i t)s) 

85-23-1 Kuo.( Gorg- : ] 5 Hardhling ia wt , t tatogeriplasm. 2 p. (Gratis) 

85-238 Kim, G arof , . S i r inI , ( 1I 8tri, _ Sweat potato germplasm 
for irnte trriti)rilI r ,p', A ) (Gritits) 

87-272 Yo(rar Jin 'r r , I m))11a Chiril . 1987. Culturalird)lieri-chinii 
)practic:. tfmi iri. . ibs r* ,it AVNDC . 6 (;) Iari ,i 

88-292 	 I alckr N a I , I4f-ov, to Cori ( Weevil: A practical,dS'.r:tlsrtatO 
IPM a)proaclh i p (Grati) (Stunis-w ition ia availablle. 

Newsletters 

Centerpoiri - s av>, l i)tuf AVIDC proJviden up-to date information on 
research, traiinirip, p hlic,itin irh - (GTatis) 

TVIS Necws Ili aoirr iil i l) iiteid hy the Tropical Vegetable Information 
Service (rVIS) throi i,h AVRDC ,in iuhlishud twice a year. It provides a platform 
of excianj1-! at irifrrriitiari for siit s working with iUngbeaf1, soybean and 
C1irne.• cabat)h (iD[(,' I..O0/isirL LDC $2.00/issue)fd fl 

SoW)e tea r.t ritewslititerf This. ar irua-l neowsletter is publisbed )y tbe International 
Woriking Gnip oi Soybean Rust through tlre TVIS project of AVRDC. (HDC 
US$5.00.isS aJI.DC UJS$2.00/issue) 

,rnal Paper Reprints 

JP 1 	 Mackenzie, D. R.. L. Ho, T. D. Liu, Henry B. F. Wu arid E. B. Oyer. 1975. 
Photoperiodisar of mung bean and four related species. HortScience 
10(5):486-487. 

JP 3 	 Wu, Henry B. F., T. 1. YU and T. D. Liou. 1974. Physiological and 
biochemical comparisons of sweet potato varieties sensitive (Tai- Lung 
57) and insensitive (Red-Tuber-Tail) to chilling temperatures. Bull. 12, 
Roy. Soc. of New Zealand, p. 483-486. 

JP 5 	 Mew, I-pin C., T. C. Wang and T. W. Mew. 1975. Inoculum production 
and evaluation of niungbean varieties for resistance to Cercospora 
canescens. Plant Dis. Reptr. 59:397-401. 

JP C 	 Mew, T. W. and W. C. Ho. 1976. Varietal resistance to bacterial wilt 
in tomato. Plant Dis. Reptr. 60:264-268. 

JP 7 	 Mew, T. W., vV C. Ho and L. Chu. 1976. Infectivity Lid survival of soft­
rot bacteria in Chinese cabbage. Phytopathology 66:1325-1327. 

JP 9 Mew, T.W. and W.C. Ho. 1977. Effect of soil temperature on resistance 
of tomato cultivars to bacterial wilt. Phytopathology 67:909-911. 

85 



" ' -v An er.; Soc. Hort'...ScL403(6):82O .. -...... 
 ..
 
SJP 13 	 Opehia R.T. and S. H;~o:, 1978, Derivation of matroclinal diplids in 

~Chirnese cabbage and evaluation of their significance in breeding, J. 

JP 15 	 Shan..gasundaram, S. and Samson C. S. Tsou 1978,. Photoperiod
and critical duration for flower. induction in soybean, Crop Si, 18: 

rKuo.C.G.andI.
J'STsay, 1977. Propagating Chinese cabbage by axillary 
bud culture. HortScience 	12(5):456-457. 

JP 20 	 Talekar, N, .. L. T, Sun, E. M. Lee, J. S. Chen, T. M. Lee and L. Lu 
1977, Residual behavior of several insecticides on Chinese-cabbage. 
J. Econ, 	Entom. 70(6):689-692. 

JP 27 	 Kuo, C,G., M.C.H.Jung and S.C. S. Tsou.. 1978, Translocation of14C-photosynthate in mungbeani during the reproductive period. 
HortScience 13:(5):580-581: 

JP29 	 Lim, W. L., S. H. Wang and 0.. C. Ng. 1978. Resistance in Chinese 
cabbage to turnip mosaic virus. Plant Dis, Reptr, 62:660-662. 

JP 31 	 Villareal, R. L. 1979. Use of sweet potato (Ipomoea batatas) leaf tips 
as vegetables, Expi. Agric., 15(2):113.127. 

JP 33 	 Villareal, R. L. Observations on multiple cropping in Taiwan. Philipp­
--' \\1-JC'p ci. 	 -. ;J. Crop Sci. 1(3):129-136. 	 . 

JP 34 Villareal, R. L. 1976. The philosophy in the tomato and sweet potato 
.breeding programs of the Asian Vegetable Research and Deve­
lopment Center. Philipp. J. Crop Sci. Jan. - March 1976:32.35. 

JP 36 	 Cowell, Robert C. 1976. Vegetable Research in Southeast Asia: The 
Asian Vegetable Research and Development Center. Entwicklung + 
Landlicher. Vols. 5 & 6. 

JP38 	 Ho, Leonard. 1976. Some aspects of seed production and distribution 
in Asia. Seed Technology in the Tropics. p. 179-205. 

JP 39 	 Villareal R. L., S. K. Lin and S.-H. Lai. 1979. Variations in the yielding 
ability of sweet potato under drought stress and minimum input 
conditions. HortScience 14(l):31-32, mum 

JP 40 	 Villareal, R.L., S.C.Tsou, S. H.Lai and S.L.Chiu, 1 79. Selection 
criteria for eating quality in steamed sweet potato roots. J. Amer, Soc. ; 

* 	 Hort. Sci. 104(l):3 1-33. 

JP 41 	 Yang, C.-Y. 1977. Past and present studies of soybean rust incited 
by Phakopsora pachyrhizi Syd. Bull. Inst. Trop. Agr. Kyushu Univ., 
Japan. 2:78-94. 

JP 42 	 Cowell, R,L. and C. L Luh. 1978. International research in agriculture. 
Span 21(3):104-106. 

JP 45 	 Opeh'a, R. T. and S.H.Lo. 1979. Genetics of heat tolerance in head-;<;~ 
ing Chinese cabbage. HortScience 14(1):33 34. 

JP 46 Shanmugasundaram, S. 1979,Variation in the photoperiodic response 
of several characters in soybean, Glyclne max (L.)Merrill. Euphytica ' 

-~, -- *28:495-507. 

JP 47* 	 Talekar, N.S. 1980. Search for host plant resistance to major insect -. , 

86 	 i 

http:1976:32.35


.: A" .... - A ''iA ", .. . -A ' " ° :, 

JP,49~k 
pr

Villare 
tioa. 

a .,S.K Li,,S.C 
f 
ag 

tiperos vegetablesin T 
and . . ai 197, Use 

w Aril 
of-'A<sweet . 

"A' 

171 ,18.Pt rt 

practcesiiniAsaJ Fo 

pest50hesHu bbela.,J. 
et e aun, 

Po , n P 

.. ... . n: PrceinsoThe 
T ia . lp ne:: , . 

, : -0...! " 

', jacesympossimoninomtioe ':$'4 

JP5 shnAT, ;and T.C. Wang, 1980, Soybean rus develop)ment :anld .~ :
apreutinfection rates at five locations einTaiwan. p riEcol­

8JP521 S h a n nm a s u n d a nra m , S. aid M.SwLee. 1980. nInflueces of night 
P 4 temperaure on the foweringyof the photopeiodsensitive and day-. 

neutral sybeans,.In : Prceedings df legumeinthe tropics. Faculty­

:~i''.!:,.,::::i:.!: of. Ag~riculture.J unlversiti .Pertlantan Malaysia, Serdlang, Selangor,: 
='- '::'"" :"":; i; Malaysia. p 53-66.: -,- . 

P Jil,. a,K. C.L, Tsai and R.J, . .1981. Tipburn of Chinese 

po to1 ( lation to calciumlu ition and distributionScentia Hrtic. 

15:11-136, : 

JP 55 ShanmugasUnaram, S and M RSLee, 1981, Flower-pnducing potency
ARofdiffeent kndsiof leaves insoybean Glycine max (L,) MerrBot. Gaz.-

JP56 Chin Michae, n 980. Admnistrat on of a research center under' 

i:::::,: :constraints::- some ways of cutting costs. Entwicklung + Landlicher 

JPh57Riey, daam S.J.S. and Lee.oaw19 80. Inftalepoueceo noight 
As~a. heConerence o Thca poopCeidssitiv and day-ton 

Hoollu Hawiip. c 830 99 

.- : 

'Ai 

JP 58 iuo, C.G., FH. tsu, Js,.Tsay and HG, Park. 198. Variation inspecific 

leafbweight and RuDpCase acti ityin mungbean Can J.Plant Sc,.. 
10:1059-1062., 

JP 5 hiagu HS. and.S. TalekSar. 1980 Fdentrfcationdf suroes of 

fsistaeetothe bealY and t ootaer Gycnyzid flies nsoybean and. 
1u(bean, Eon tO 73(2)9 9 

JP 6 Co, icG. ,S. Pengand. Tsation ofec fehigh ter r ude 

onsrailngrinsgermina t o n , pol n ts. Ewth,iandseed y ie ld , 

Chinese inec abb6a ge .:Rortsciec 16l :67-68. : : 
JP 57 Iley J.J and J.G. Mo a981. F79, Vngtalon ofdBrasc ipicales 

Ade totalCdarkness. HortScienc mis)N92N193io 

sHolel, n ai.181Cultiv-. .response sHa Marof 2to8-0te1s9 

'elay copingortSciece 16(:552553,, 

JP 58 Kuo, C.G., F.H. huJTayand HeG. Park. 198 0, atiofnCh inesec a b afle 

leafdweih ano uPaeatvtn mungbean,CaJPlantan sic6:47-47 

JP 594 Cla, .S.and N.S. TaearL 198. IdnifcinosourceswtdifrnMof 
oresistance toh balyand twohsothierigrmyzi ies Iunsbean andco 

rnunbean J.Econ'Enom.73(2:197199 



Informatilun Services 

Entom. 	 74(5):639-642. 

JP 65 Shanmugasuindaram. S. 1981. Varietal differences and genetic behavior 
for the photoperiodic responses in soybeans. Bull. Inst. Trop, Agr. 
Kyushu Univ. 4:1-61. 

JP 66 	 Kuo, C.G., J.S. Tsay, B.W. Chen and P.Y. Lin. 1982. Screening for 
flooding tolerance in the genus Lvcopersicon HortScience 17(1):76. 
78. 

JP 67 	 Shanmugasundararn, S., CIR. Yen and T.S. -oung. 1982. Genotypic
response to maximum and mnimumnnput if soybean. In: Proc. of the 
pit. breeding symp., ROC Rug. Soc. of SABRAO and the Agrc. Assoc. 
of China. 

JP 68 	 Kuo, C.G. and R.S. Huang. 1982. Effect of 'esicular-arbuscular 
mycorrhizae on the growth arid yield of rice stubble cUltnred soybeans.
Pit. and 	Soil 64:325-330. 

JP 69 Talekar, N.S. 1982. Effects of sweet potato weevil (Coleoptera: Curcu­
lionidae) infestation on sweet potatu Toot yields. J. Econ. Entoi. 75(6): 
1042-1044. 

JP 70 	 Talekar, N.S. 1983. Infestation of sweet potato weevil (Coleoptera:
Curculionidae) as influenced by pest rioaragenTent techniques. J. Econ. 
Entom. 	76(2):342-344. 

JP 71 Tsay, J.S., W.L. Kuo and CG. Kuo. 1983. Enzymes involved in starch
synthesis in the developing mougbean seed. Phytochemistry 22(7): 
1573-1-76. 

JP 72 	 Talekar, N.S., J.S. Chen and H.T. Kao. 1983. Long-term persistence
of selected insecticides in subtropical soil: Their absorption by crop
plants. J. Econ. Entom. 76:207-214. 

JP 73 Talekar, N.S., J.S. Chen and H.T. Kao. 1983. Persistence of fenvalerate 
in subtropical soil ate repeated biweekly applicatios over two years.
J. Econ. 	Entorri. 76:711-716. 

JP 74 Talekar, 	N.S., HT. Kao and j.S. Chen. 1983. Per,i;erice of selected 
insecticides in subtropical <oil after repeated bowe(:,ki, ,ip)licatioris over 
two years. J. Econ. Entoni. 75:711-716. 

JP 75 	 Sajjapongse, A. ard Y.C. Roan. 1983. Effect of shadiip arid lea!f tying
 
on summer 
Chinese cabbage. HortScience 18(4):464-465. 

JP 76 	 Talekar, N.S. and B.S. Chen. 1983. Seasonality of insect nes.s of soy­
bean and mungbean in Taiwan. J. Econ. Entom. 
76.34-37 

JP 77 	 Talekar, N.S. arid '_.S. Chen. 1983. Identification of sources of lesis­
tance to limabean podborer (Lepidoptera:Pyralidae) in soybean. J. Econ.
 
Entom. 76:38-39.
 

JP 78 Ruelo, J.S. 1983. Integrated corirol of Meloidogyne incognita on 
toriato using organic ameridmerw marigolds, and a nematicile Tlt. 
Dis. 67:671-673. 

JP 80 Kuo, C.G. and C T. Tsai. 1984. Alternation by high temperature of auxin 
and gibberellin concentrations in the floral buds, flowers, and young
fruit of tomato. HortScience 19(6):870-872. 

JP 82 Talekar, N.S., and Ko Wen Cheng. 1987. Nature of damage and sources
of resistance to sweetpotato vine borer (Lepidoptera:Pyralidae) in sweet 
potato Journal of Economic Entomology. 80:788-791. 

88 



Publications Available 

JP 84 	 Green. S.K. 1985. Turnip mosaic virus strains n c'c,-oiis losts 
in Taiwan. Pit. Dis. 69(1):28-31. 

JP 87 	 Kuo, C.G.. H.M. leri aial I l.N'la. b-l:a. I ttect l ligh teil)eratlie 
on proline content iIlt mrlh tljlo l )diii ,ilni lv( .J.Aln . Soc. 
Hort. Sci 11 1(5): 4 (ki. 

JP 88 	 Selleck, G.W. aind PI. Opeuii. I985. Notioii l 1
the needProgriuils: 

for increased eniplhasis or til (c velopnlierlt of vegetables and 
legumes FFTC Book Set ,esNo. 30, p 54-66 

JP 89 	 Talckar N1.S 1987. Host plant reistirice to iiisects attacking soy­
bean dni mInlgbeall in the tropics, is;ect Science and its Appli­
cation. 

JP 9) 	 Talekar, N S. lc)87 ,affluence of cttiil pest i,,ariagen lent techniques
 
on the ltloft- lf swettpotato Ilsect ScIe ice aiid its Appli­(itiorl i,,i . 
cation. 

JP 91 Talekar, N.8. 19H,b*i 5e,t, Il t'lilthith to otillhItiiilweevil.
 
Insect Scinetl
u '1110 its 	 ,\l~llhclul 

JP 92 NS 	 i O'Tatlekar, 1'9t,*i Fofq~il f'it ,, f ;:,l, (ifl ltlVar III 

sw oetpotato wt evil t}!)filtI~ wttl ~l ich(;hllii ,i)(lI it,, ttlon.
 

JP 93 	 Greel, S. ind111Di I.P1( 198 .( )i: illl I ,ill llihrltitled 
potyvlro'!; of Soyi 'JIiIl rml)" ml IIl Irlm!){ il ft i llli tft tar h 

Series Nil 19. 

JP 94 	 Green, 5.K. 18 . Vir is disti.es if tl1lli 1111 (Illlisi cabage 
in Taiwan inl soores uf ;IjsistilCie itn llllt VII(I. [)ilises of 
Hortictltural (.-ps in the Tropics, 1i1i SI tIll - f TC Look Series 
No. 33. 

JP 95 	 Kuo, C.G.13J Shen.H.M. Chei H C. }lwoIili]ri kI. 1Opfh 198i. 
Associationls betweern heiit tolkTiirlc i i I oiiii )tilll iinl 
morphologi aolclliractturs III Chlllticsct: ctgi thilhyticii 

JP 96 	 Green, S.K. 198/' two poty vlrtlsts I set plotitli. rlti.aIl Pest 
Managernort. 

JP 97 	 Green. S.K., L.L. Hwailg 0rd1Y.J. Kin 1986. Epldenmology o) tomato 
mosaic virus Ill Liwan and i(leitificatloti of stalils. JOlrnal of Plant 
Diseases and Protectlioi. 

JP 98 	 Kratky, B.A. and Y.C. Roan. 1987 A steel reilforce(f. concrete filled 
PVC pipe shelter for vegetable seedliigs. p. 140 1,15. In:Hemphill. 
D.D. Jr. and N.S. Mansour. eds. Proceedlltigs of tIhe Twerltieth Na­
tional AgrlcUltUrii] Plastics Congres,. 

Talekar, N.S. and H.H Pspoi 

Taiwan. J.of Econ. Entomology.
 

JP 99 	 ,-l. of soybean to foliage loss in 

JP 100 Talekar, N.S., H.C. Yang and Y.H. Lee. Study of morphological and 
physiological traits associated with agromyzrd (Diptera: Agrom­
zidae) resistance in mungbearn. 

JP 101 Talekar, N.S. Resistance of soybean to four defoliator species in 
Taiwan. 

89 

http:disti.es


Information Services 

JP 102 	 Yoon, JY. 198?. Peppers and Chinese cabbage adaptation to the 
tropics. Span 30(2):64-66. 

JP 103 Characteristics of Melanagroiayza sojae (Diptera: Agromyzidae) 
damage in soybean. J. Econ. Entomol. 

JP 104 	 Ota. YasUo. 1988. !ntroduction to the Asian Vegetable Research and 
Development Center. Agriculture Techniqnes 42(2):29-32. (Ii Japa­
nese.) 

JP 105 mini, H., C H. %,I,). TS. 1-,,,, id S. Shaninugasuidarani. 1987. 
Soybear yiif-; c, ,et 4 5 rlitjha 1chliveCJ in Asia with rmaxiluill yields 
systetlr Rt tr_r C r,;v.4 hrtorn!rt.or 3(2): 14-16 

JP 106 	 Talekar, N.S. aLd Y H. L(o A procedm-li for i asu-reuirig of bean fly 
(Diptera: Agroniyzia,,!e). 

JP 107 	 Talekar, N.S. and Y.1. Let . 1988. Bi:flogy of Ophiomyva cer~trose­
matis (Diltera: Agronm zid.ae), a pest of so},bear. Annual of Entomo­
logical Society of Arlerici ,. 

JP 108 	 Sajjapongse. A(n;ak, Mei lhuey Wu and Yu-chi Roan. 1988. Effect of 
planting date on Prowt and yield )f sweet potuto. HortScience. 

90 

http:hrtorn!rt.or


Appendix I 

Board of Directors
 

Dr. Paul C. Ma, Chairman
 
Director, Food Industry Research and Development h-nstitu'a (FIRDI)
 
P.O. Box 246
 
Hsin-Chu, Taiwan, ROC
 

Dr. Yoshiaki Ishizuka, ,'ice Chairman
 
Professor Emeritus, Hokkaido University
 
3-4, Kotoni
 
Sapporo, Japan 063
 

Prof. Dr. Sutharm Areekul
 
Director, Kasetsart University
 
Bangkhen, Bangkok 10900
 
Thailand
 

Mr. C. H. Huang
 
Director, Department of Agriculture and Food
 
Council of Agincu!ture, (COA)
 
Taipei, Taiwan, ROC
 

Dr. Jung-Ho ffim 
Director General, Horticultural Experiment Station 
Rural Development Administration 
No. 475 Yeemock-Dong 
Suweon 170. Republic of Korea 

Dr. Tetsuo M. Koyama 
Director of Asiafc Program 
The New York Boracical Garden 
Bron', New York 10458 
USA 

Dr. Klaus Lampe 
Head, Dept. of Agriculture, Health and Rural Development 
German Agency for Technical Cooperation (GTZ) 
Dag-Hammarskjold-Weg 1 
D-6236 Eschborn 1 
Federal Republic of Germany 

Dr Manuel M. Lantin 
Assistant Secretary, Dept. of Agriculture 
Elliptical Road, Diliman 
Quezon City, Metro Manila 
?hilppines 

91 



Board of Direc t ors 

Dr. Shu-Huang Ou 
4721 Malero Place 
San Jose, California 95129-1455, USA 

Dr. James Garrett Ryan
 
Deputy Director
 
Australian Centre for Irt. Agr. Res.
 
G.P.O. Box 1571
 
Canberra, A.C.T 2601, Australia
 

Dr. Allan X. Stoner
 
Agricultural Consultat to AVRDC
 
(US Department of Agriculture)
 
American Institute in Taiwan (AIT)
 
7, Lane 134, Hsinyi Road, Sec. 3
 
Taipei, Taiwan, ROC
 

Dr. George A. Marlowe, Jr.
 
Director General, AVRDC
 
P.O. Box 205
 
Taipei
 

Observers 

Mr. F.T. Chang 
Council of Agriculture (COA) 
37 Nan-Hai Road 
Taipei, Taiwan, ROC 

Mr. P. Chase 
American Institute in Taiwan (AIT) 
7, Lane 124, Hsinyi Road, Sec. 3 
Taipei, Taiwan, ROC 

Dr. H. Hortik 
Agricultural Consultant to AVRDC 
(US Department of Agriculture) 
American Institute in Taiwan (AIT) 
7, Lane 134, Hsinyi Road, Sec. 3 
Taipei, Taiwan, ROC 

Mr. Tsuneo Watanabe 
Taipei Office of Interchange Association 
43, Chinan Road, Sec. 2 
Taipei, Taiwan, ROC 

92 



Appendix II 

Senior Scientific Personnel 

Administration 

George A. Marlowe, Jr., Ph.D., Director General
 
Paul M. H. Sun. Ph.D., Deputy Director General
 
Michael Chin, B.S.. Director of Administration
 
David I. K. Chi, G.A.. C.P.A., Comptroller

Jeng-hua Chen, B.S., Superintendent, Building and Maintenance
 
Ann Hwa, Manager, Food and Dormitory Services
 

Crop Improvement Program 

Program Director: Romeo T. Opea 

Breeding, Chinese Cabbage 

Jin-Young Yoon. Ph.D., Associate Plant Breeder 
Lien-chung Chang. B.S., Assistant Specialist 

Breeding, Mungbean 

George C. J. Fernandez. Ph.D., Research Associate 
Hao-koan Chen, M.S., Principal Research Assistant 
King-ruth Jeng, B.S., Research Assistant (Nov.-Dec. 1987) 

Breeding, Pepper 

Jin-Young Yoon, Ph.D., Associate Plant Breeder 
Lien-chung Chang, B.S., Assistant Specialist 

Breeding, Soybean 

S. Shanmugasundaram, Ph.D., Plant Breeder 
Li-fen Chen, M.S., Principal Research Assistant; 
Kun-te Lee, Senior Research Assistant 

Breeding, Sweet Potato 

Hiroko Takagi, Ph.D., Research Associate 
Takao Ando, M.S., Visiting Senior Sweet Pota'co Breeder 

Liang-yu Chien, B.S., Research Assistant 

Breeding, Tomato 

Romeo T. Opeia, Ph.D., Plant Breeder 
Jen-tzu Chen, Assistant Specialist 
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Senior Scientific Personnel
 

Entomology
 

N. S. Talekar, Ph.D., Entomolcgist 
Ying-huey Lee. M.S., Principal Research Assistantl
 
Song-tay Lee, M.S., Principal Research Assistantll
 
Jer-chyuan Yang, M.S., Principal Research Assistant
 
Chih-pin Lin, B.S., Senior Research Assistant
 
Jen-wang Hou, B.S., Research Assistaiit:
 
Chi-chung Huang, B.S., Research Assistant'
 

Plant Pathology 

Arnold T. Tschanz, Ph.D., Plant Pathologist. HurI, Plant Pathology 
Tien-cheng Wang, B.S_, Associate Specia list 
Chao-feng Wang, M.S., Principal Re-snrc liAssistnt 
Hao-jan Lin, U.S., Senior Research A,_;.tt, it 
Yao-hua Cheng, CS.. Senior Research Assistnt: 
Jung-chih Cheng, Research Assistc,;,t 

Sylvia K. Green, Ph.D.. Associate Plant Pathologist (Virology) 
Dar-ren Lee, M.S.. Principal Research Assistant: 
Yen-jen KLio, M.S.. Priuall Research Assistant: 
Ying-maw Chen. M,S., Prir ic'pal Reseacti Assistant' 
Feng-yi Bie, M.S., Principal Research Atsistant (June-Oct., 1987) 
Shiow-fang Wa, Resea.!(rch A-,sistar' 

Plant Physiology 

George C. Kuo . Ph.D.. Plait PFtyL tolee,ist
 
Huei-mei Chen. M.S.. Assistant So Lialist
 
Hsiu-chu Chen, M.S.. Primc:pat Research Assistant
 

Production Systems Program 

Program Director: Sanmson CS. Tsou 

Crop Management 

Adisak Sajjapongse, Ph.D., Associate Scientist in Crop Management 
Yu-chi Roan, B.S., Associate Specialist 
Mei-huey Wu, B.S., Senior Research Assistant 

Cropping Systems 

James J. S. Tsay, Ph.D., Research Associate 

Nutriticn/Vegetable Gardens 

Jack Gershon. Ph.D., Nutritionist 
Shoai-tzy Yang, M.S.. Principal Research Assistant 

On-Station Testing 

Sen-hsiung Lai, B.S., Associate Development Officer 
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_SoilScience,,­

asuo a Ph, Prnia SolS init 

Chir,-iu Wu, B.S. Research< Assistant -

Development Program 

Program Director: AnldT Tschanz 

nK BCodungatest Jav, idonsia 
Tlhongchai Tongutiaisri, Ph.D. Resident Scientist, lndonesia/AVRDCBilateral Project, Lembang I-o~ciuaRsacIntitfte, Jalan
 

Tangkuban Peruhu 517, LembangBnugWs avlcoei~
 

Jung-Ho Kim,.Ph.D. <Director, The Korean Sub-Center Affiliated wt 
~-AVRDC,~ Horticultural Experiment Station, Rural Development

~~Adminitration, Suweon,, Republic of Korea 

EEl Mostafa Saadlaoui, ,Ph.D., Resident Scientist, Malaysia/AVRDC

SVegetable Research Program, MARDI, Jalan Kebun, Kelang, Selangor,

West Malaysiat,
 

SBenijamin P.Legaspi, Affiliate Horticulturist, AVRDC/ Philippine Outreach 
±~Progra m, Bureau -6f Plant Industry, Economic Garden, Los Bai'os,
 
~~
~Laguna, Philippinies. -

Charles Y. Yang, Ph.D., Director and Resident Scientist, Thailand
 
Outreach Program/AVRDC,1 P.O. Box 9-10 10, Kasetsart,. Bangko

10903, Thailand
 

Training ~-

Discao .Castro, M.. Training Spcals 
-Yuan-chin Yang, B.S.,'Principal Training Assistarid
 

Sy mingWang, B.S., Senior Training Assistantt
 
Su-jenn Weni, B.S., Training Assistantf
 

~ ~ Regional Programs 

Charles Y. Yang,- Ph.D., Director, Thailand/AVRDC Regional Training

Program,, P.Q 'Box 9-1010, Kasetsart, Bangkok 10903, Thailand
 

Jack Gershon, Ph.D., Chief of Party, Africa/A VRDC Vitamin AGardening
Project, EB.P. 12820,~Niamey,~Niger-. 

SJohn Quyen H.Nguyen, Ph.D., Horticulturist (a-Sept. 1987)
 
--- Anne Daniel Turner, M.S. Resident Scientistt
 

SResearch Support, Services 

-~Chemistry PE 

Z Samson CS. Tsou, Ph.D. Biochemist -- \ 
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Senior Scientific Personnel 

Kuang-kung Kan. MS., Assistant Specialist 
Shu-jern Wng, MS. Principal Research Assistant 

Computer and Statistical Services 

Hsien-y ang Tct, 13-.S PrHHcpal Con iputer Assistant
 
YuLh-iMg Clhen. . Sr Computer Assistait
 
Ke-lung Shill. , D, Statistical Assistant'
 

Experimental Farm 

Teng-sheng T1i. BS Farim Sietiintendent 

Genetic Resources and Seed Unit (GRSU) 

Chong-seng T,Io PhD A,-(, at S(eed Technologist (on leave Oct. 
86-July 8T) 

George CJ.F4'iihrw, Ph.D Atiig Hnad. 6RSU. (Oct. '86-July '87) 
JIn itwi Lu., S. lPini(:ip l Ptwaicli A.ssistant : 

Yurg klang Huir). H.S. R(seach AissIat nt 
chow aIfl Ch ('1. A"& "rm_,tcs tamlt
 

HLu(ci-liM g (liiL, [3 S . Rt:s,,arcli Assistant 

Information Services 

Bruce T Mct..(wii. 13.A , uOclt( Information Specialist 
Norma V L.liiit. M A.. Assistant hiiornation SpecialistC 
Joh W. Sin hcrhwii, B.S., Editorial Assistant' 

Library 

Teng-hui HwanLg. 3.A., Senior Librarian 
Pei-hng Hwa g, MS. DucLi mentalist; 
Ying jen Wong.M.S., Documentalist' 

Arrivedl fitii , ,
 

Lutt d t -ii,'
 

.Reirt,itiij,iftui advic(;d study leave. 
96Protori iii [987 
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Appendix III 

Finances 

AVRDC's projected budget for 1987 was US$5.400,000 com­
pared with an actual inco e of USS6,466,535 and e'x)enditures of 
US$5,944,984. In 1987 AVlDC i cuived support froiu the following 
governments: 

" the Repbhlic of hftia 
" the United Stat-,s of A r ni,t 
* Japan 
* the Kingdoni uf Thaid 
* the Republic of Korea 
* the Federal Replilic of Germaniy 
* the Republic of Etli Piilinpifres 
* The French Repui :I 

Grants and otheur tusr l isistCe wer-e also received toi. t!h,, 
Asian Development al., (ADB), the Swiss Developmeinc C)r pu),iiotin, 
the Inlternatiooslr De,(lopnroe-it Research Centre (IDR(' tlre Agric\ for 
International Develpuic-n (AID). thui er ati ortial EB)oid li Plrit tiri 

tic Resources (IB31-GR), Cou of Agricurltuire (ROG). tlticll Sr'rlxsvu P,,ae 
Foundation, the T] fhrwcui (Cfitfr for Agricll ('1,1il;d Puil ,C1Cuprr ItIti( 
(CTA). the Au.stralian (. n fur itrihrhti(:)iiiI Agll(i t r i- r ii ' r 
(ACIAR),the UnIited Nitio . [ StAP (,P 'R.i,1itr. lit (if rfiil Mini,stry 
for EconoImIic Coopetrir i .ti ), urif Ell' iriii'ri(li(ir11wt i ol}r 
Development Cooper{iors ill' ijiiii) 

641 
.',, I } .L ,,USSmillions)K 'i i-1_ 

6.' 
LL-(]! 'rolects 

I~lLT- r',hjiqet , 

144 

2.;
 

'1-'74 '75 '6 '78 '79 80 '81 '82 '83 '84 '85 '86 '87J77 

"U $ 4 2 mllior for cip,!a!xperdlures j /4 
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ImnternatonalAgriculturaln ResearchCetr 

I PICA INTERNATIONAL' 

CIMOD' 

IBSRA 

CIAT 

Asian Vegetable Research and Development Center (AVRDC) 
'Centro Internaclonal de Agricuitura Tropical (CIAT)
 
Centro Internacional dle la Papa (CIP) ~
 
Cenltro Internacional dle Mejoramiento dle Maiz y Trigo (CIMMYT)
 
International Board for Plant Genetic Resources (iBPGR)

International Board for Soil Research and Management (IBSRAM)

International Center for Agricultural Research in the Dry Areasi (ICARDA)

Intcrnational Centre of Insect Physiology and Ecology (ICIPE)

International Centre for Integrated Mountain Development (ICIMOD)

International Center for Living Aquatic Resources Management (ICLARM)

International Council for Research inAgroforestry (ICRAF)

Internationai Crops Research Institute for the Semi-Arid Tropics (ICRISAT)

International Fertiiizer Development Center (iFDC) I
 
International Food Policy Research Institute (IFPRI)

Internatlonql Institut)eof Tropical Agricuiture (IITA)

International Irrigation Management Institute (IIMI)

Internationai Laboratory for Research on Animal Diseases (ILRAD)

International Livestock Centre for Africa (ILCA)

International Rice Research Institute (iRRI)

International Service for National Agricultulbil Research (ISNAR)

West Africa Rice Development Association (WARDA) 

, 

Winrock International Institute for Agricultural Development (WINROCK INTERNATIONAL) 
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