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ACIAR 

ACP-EC 

ADB 

ADF 

ADRC 

a.i. 

AMV 
ANOVA 
ARTT 


ASEAN 

ASET 
AT ED 
All 

ALJDPC 
ARC 
AVNEl 

AVRDC 

AVSEi 

Avg. 
AYT 
BADC 

BARC 

BARI 

BAW 

BePMV 
B3E B 
BiDW 
RINA 

BMZ 

BP 

BPI-

LBNCRDC 

BSIS 

BSU 

EI 
BW 


CONVERDS- Collaborative Network for Vegetable 

- Australian Cenlre for International 
Agricultural Research 

- African, Caribbean and Pacific-
European Community 

- Asian Development Bank 
- acid detergent fiber 
-- Agricultural Development Research 

Center (Northeast Thailand) 
active ingredient 

- alfalfa mosaic virus 
analysis ofvariance 

- advanced soybean rust tolerance 
trials 

- Association ofSoutheast Asian 
Nations 

AVRDC Soybean Evaluation Trials 
--- area tinie egiivalency ratio 
- Agricultural Training Institute 

(Philippines) 
- Area under diseaso progress curve 
- AVRDC Asian Regional Center 
- Collaborative Vegetable Research 

Program forSoutheast Asia 
--- Asian Vegetable Research and 

Developpment Center 
- AVR[)C Vegetable Soybean 

Evaluatien Trials 
- average 
- advanced yield trial 
- Bangladesh Agriciltural 

Development Corporation 
- Banigladesh Agricultural Research 

Coiinil 
- Bangladesh ArinculIural Research 

Institute 
- beet arniyworm 
- hell popper mottle virus 
- blossom end rot 
- Bread forthe World 
- Bangladesh Institute ofNuclear 

Agrictulture 
- German Ministry forEconomic 

Cooperation 
- bacterial pustule 

- Bureau of Plant Industry-Los 
Bahos National Crop Research 
and Development Center 
(Philippines) 

- Bangladesh Society for Horticultural 
Science 

- Bengunet State University 
(Philippines) 

- Bacillus thuriongiensis 
- bacterial wil 

CAAS 

CAMV 
CARDI 

CATIE 

ctu 
CGIAR 


CGN 

CGR 

CHC 
CHT 
CIAPAN 

CIAT 

CIDSE 

CIMMYT 

CINDE 

CIP 

CLS 
CMS 
CMV 
COA 

CPA 
CR 
CRIH 

CSIRO 

CTA 

CTL 
cv. 
c.v. 
CVMV 
DAC 
DAE 
DAI 
DAIS 

DAS 
DAT 

- Chinese Academy of Agricultural 
Sciences 

- cowpea aphid-borne mosaic 
- Caribbean Agricultural Research 

and Development Institute 
- Centro Agron61nico Tropical de 

Investigaci6n y EnseFanza 
- colony-tofnring units 
- Consultalive Group on International 

Agricultiral Research 
-- Centre for Genetic Resources (the 

Netherlands) 
- crop growth rate 
- cabbage head caterpillar 
- cherry tomato 
- Centro do Invesligaciones Agricolas 

del Pacifico Nore (Mexico) 
- Centro Internacional do Agricultira 

Tropical (CGIAR) 
- Cooperation inlernationale pour Io 

developpernent socioeconOrnilue 
- Centro Interrnacional de 

Meloramienlo de Mai! e y Trigo 
- Coalicion Costarricense de 

Inicialivas de Desarrollo (Costa 
Rica) 

- Centre Inlernacional do laPapa 
(CGIAR) 

- Cercospora leafspot 
- cytoplasrmic male sterility 
- cucumber mosaic virus 
- Council of Agricullure (Taiwan) 

Research and Development in 
Southern Africa 

- para-chlorophenoxy acelic acid 
- common region 
- Central Research Institutefor
 

I lorticulture (Indonesia) 
- Cornmonwealth Scienlilic Industrial 

Research Orgfanization 
(Australia) 

- Technical Centre for Agricultural 
and Rural Co-operation (EC) 

- control theshold level 
- cultiv..r 
- coefficient of variation 
- chili veinal mottle virus 
- double antigen coating 
- (Jays alter emergence 
- days alter inoculation 
- District Agricultural Improvement 

Station (Taiwan) 
- days alter sowing 
- days alter transplanting 
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DBM 
diam 

DM 

DMRT 
DNA 

DOAE 


DSR 

DWB 

EC 

EEC 

EDTA 
DAS ELISA 
ENEA 

FAO 

FIRDI 

FLSD 
FMTT 
FMV 

GCLV 

GIS 
GRSU 

GTZ 


GYT 

HPLC 


HS 
HSI 

HSP 

HT 
IARC 

IARI 

IBPGR 

IBSRAM 

IBWDN 

ICARDA 

ICIMOD 

ICIPE 

ICLARM 

ICRAF 

ICRISAT 

ICW 
ID 

- diamondback moth 

- diameter 

- duwiy mildew 

- Duncan's multiple range test 

- deoxyribonucleic acid 

- Department of Agricultural 


Fxtension (Thailand) 

- disease severity ratings 

- dry weight basis 

-- electric conductivity 

- European Economic Community 
- ethylenediaminefelraacetic acid 
- double antibody sandwich 
- Comitato Nazionale per la Ricerca 

per to Sviluppo dell' Energia 
Nucleare e delle Energie 
Alternative (Italy) 

- Food and Agriculture Organization 
of the United Nations 

- Food Industry Research and 
Development Institute 

- Fisher's least significant difference 
- fresh market tropical tomato 
- eathery mottle virus 

- garlic common lalent virus 

- Geographic Iifurmation Svstem 

- Genetic Resources ard Seed Unit- Gernenc ors aTdeeUnic 
- German Agency for Technical 


Cooperation (Germany) 

- general yield trial 

- high performance liquid 


chromatography 


- heat-sensitive 

- head shape index 

- heat shock protein

- heat-tolerant 
- international agricultural research 

center 
- Indian Agricultural Research 

Institute 
- International Board for Plant 

Genetic Resources (CGIAR) 
- Irternalional Board for Soil 


Research and Management 

(IARC) 


- Internationa! Bacterial Wilt Disease 
Nursery 

- International Center for Agricultural 
Research in the Dry Areas 
(CGIAR) 

- International Centre for Integrated 
Mountain Development (IARC) 

- International Centre of Insect 
Physiology and Ecology (IARC) 

- International Center for Living 
Aquatic Resources Management 
(IARC) 

- Intenational Council for Research 
in Agroforestry (IARC) 

- International Crops Research 
Institute for the Semi-Arid Tropics 
(CGIAR) 

- imported cabbageworn 
-- internal diameter 

IDIAP 

IDRC 

IEM 
IFDC 

IFPRI 

IIMI 

IITA 

ILCA 

ILRAD 

IMN 

IMPMN 

IMYMVN 
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INIREB 

INRA 

INTHOPE 

IPB 
IPDR 

IPM 
IRRI 

ISEM 

ISNAR 

IYT 
LAD 
LAI 

LAR 
LEHRI 

LI S 
LYSV 
MAb 
MAFF 

MARDI 

MARIF 

m asl 
MYMV 
NAR 
NARC 
NARS 

- Institulo de Investigaci6n
 
Agropecuaria de Panamg
 

- International Development
 
Research Centre (Canada) 

- immuno-electron microscopy 
- International Fertilizer Development 

Center (IARC) 
- International Food Policy Research 

Institute (CGIAR) 
- International Irrigation Management 

Institute (IARC) 
- International Institute for Tropical 

Agriculture (CGIAR) 
- International Livestock Centre for 

Africa (CGIAR) 
- International Laboratory for
 

Research on Animal Diseases
 
(CGIAR)
 

- International Mughean Nursery 
(AVRDC) 

- International Mungbean Powdery 
Mildew Nursery (AVRDC) 

- International Mungbean Yellow 
Mosaic Virus Nursery (AVRDC) 

- Instiluto Nacional Agrario 
(tHonduras) 

- Instituto Nacional de 
Investigaciones Sobre RecUrsosBiolicos (Mexico)
 

- Insfilt national de la recherche
 
agronomiqUe (France)
 

- International Hot Pepper Trial
 
Network
 

- Institute of Plant Breeding (UPLB) 
- Institut pratique de developpement 

rural (Niger)- Integrated pest management 
- International Rice Research 

Institute (CGIAR) 
- immunosorbent electron 

microscopy 
- International Service for National 

Agricultural Research (CGIAR) 
- intermediate yield trial 
- leal area duration 
- leaf area index 

- leaf area ratio 
- Lembang Horticulture Research 

Inslitute (Indonesia) 
- ligh interception 
- leek yellow stripe virus 
- monoclonal antiboFy 
- Ministry of Agriculture, Forestry and 

Fisheries (Japan) 
- Malaysian Agricultural Research 

and Development Institute 
- Malang Research Institute for Food 

Crops (Indonesia) 
- meters above sea level 
- mungbean yellow mosaic virus 
- net assimilation rate 
- Nepal Agriculture Research Council 
- national agricultural research 

systems 
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NBPGR - National Board for Plant Genetic 
Resources (India) 

NC - nitrocellulose 
NIAB - Nuclear Institute of Agriculture and 

Biology 
NIRS - near-infrared reflectance 

spectroscopy 
NGO - Nongovernment organization 
NPGRL - National Plant Genetic Resources 

Laboratory (Philippines) 
OP - open-pollinated 
OPC - Office of Publications and 

Communications 
OYDV - onion yellow dwarl virus 
OYT - observational yield trial 
PBNV - peanut bud recrosis virus 
PCARRD - Philippine Council for Agriculture, 

Forestry arid Natural Resources 
Research arid Development 

PCR - polymerase chain reaction 
PDA - potato dextrose agar 
PDAF - Provincial Department of Agriculture 

and Forestry (Taiwan) 
PE - polyethylene 
PeMV - pepper mottle virus 
PMMV - pepper mild mottle virus 
POME - palm oil mill effluent 
POP - Philippines Outreach Program 

(AVRDC) 
ppm - parts per million 
PVMV - pepper veinal mottle virus 
PVX - potato virus X 
PVY - potato virus Y 
PYT - preliminary yield trial 
RAPD - random amplified polymorphic DNA 
RDA - Rural Development Administration 

(Rep. ot Korea) 
RFLP - restriction fragment length 

polymorphism 
RGR - relative growth rate 
RH - relative humidity 
ROC - Republic of China 
ROI - return on investment 
RTI - rust tolerance index 
RYT - regional yield trial 
SABRAO - Society for the Advancement ot 

Breeding Researches in Asia and 
Oceania 

SAI - stem area index 
SAVERNET - South Asian Vegetable Research 

Network 

SD 
SDC 
SDI 

SEC 
SED 
SEP 

SLV 

SPFMV 
SPLCV 
SPLV 

SPV II 
SPYDV 
SRI 
SSD 

STI 

TA 
TARC 

TARI 

TEV 
TFW 
TLCV 
TLCV Tai 
TMGMV 
TMV 
TOA 
ToMV 
TSIPS 

TTC 
TTLCV 

TSWV 
TuMV 
TVDF 

TYLCV 
TVMV 
UCNCT 

UNDP 

UNICEF 

UPLB 


UPM 
USAID 

- standard deviation 
- Swiss Development Council 
- selective dissemination of 

information 
- standard error of calibration 
- standard error of deviation 
- standard error of prediction 
- shallot latent virus 
- sweet potato feathery mottle virus 
- sweet potafo leaf curl virus 
- sweet potato latent virus 
- sweet pofalo virus II 
- sweet potato yellow dwarf virus 
- soybean rust infection 
- single seed descent 
- stress tolerance index 
- technology adaptation 
- Tropical Agricultural Research 

Center 
- Taiwan Agricultural Research 

Institute 
- tobacco etch virus 
- tomato fruilworm 
- tobacco leat curl virus 
- Taiwan tomato leaf curl virus 
- tobacco mild green mosaic virus 
- tobdco musaic virus 
- tomato oatmeal agar 
- tomato mosaic virus 
- Taiwan Seed Improvement and 

Propagation Station 
- triphenyl telrazolium chloride 
- Taiwan tomato leafcurl virus 
- tomato spotted wilt virus 
- turnip mosaic virus 
- Tropical Vegetable Data File 

(AVRDC) 
- tomato yellow leaf curl virus 
- tobacco vein mosaic virus 
-- upland crop national cooperation 

trial 
- United Nations Development 

Programme 
- United Nations International 

Children's Educational Fund 
- University of the Philippines at Los 

Bah'os
 
- Universiti Pertanian Malaysia 
- United States Agency for 

International Development 
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Allium Breeding 

Strategies for Allium Improvement 

Summary 
Based on the literature, status papers presented at the International Symposium on Alliums 

for the Tropics. and the survey report on onions in the tropical regions (1990) conducted by the 
Natural Resources Institute, U.K., problem areas identified which deserve high priority in the 
allium improvement project are resistance to: (I) purple bloich and Stemphyliun blight in onion, 
garlic, and slallot crops; (2)viruses, union yellow dwarf virus [OYi)V I, leek yellow stripe virus 
[I1YSV I,shallot latent virus [SIN 1,and garlic latent virus [GI.V 1)for both garlic and.,hallots, and 
(3) thrips in onion, garlic, and shallot. Tolerance to abiotic stresses, viz., ( 1) high temperature 
(onion, garlic) and (2) high and low moisture stress (onion, garlic, and shallot) also need attention. 
Long storage life of bulbs is essential to reduce storage losses in the tropics. Early naturity in 
onion is required to make the crop more easily adaptable to various farming systens. Heterosis 
needs to be explored for improving productivity. Development ot male sterile lines using sterility 
genes derived from tropical germplasm also needs to be initiated. 

Seed product ion problems in onion, particularly in the tropics, are many and need attention. 
Work on flowering and seed set in garlic and developing shallot varieties which can be propagated 
by true seeds will also be initiated. To achieve all these objectives, special attention will be given 
to the enhanccment of genetic resources in these crops. Provision of breeding lines both at early 
and advanced stages will receive highest priority at AVRI)C to help national programs tackle 
area-specific problems. Cooperation from national programs and collaboration with international 
organizations are vital to tile success of the programs at AVRI)C. 

Introduction 
Onion, garlic, and shallot crops are widely grown in the tropics. Onion is the second most 

important crop anong vegetables after tomato. Tropical countries invariably suffer from low 
productivity in all these crops. Several biotic and abiotic factors adversely affect the productivity 
in the tropics. 

Recognizing the importance of alliums in the tropics, AVRI)C has included them in its list 
of priority crops to work for their overall improvement. 

l)uring tile first year, the most urgent and essential task of the allium improvement project was 
to establish a sound breeding goal, setting practical objectives based on the crop situation and 
problems faced by these crops in major target areas, besides detining priorities based on the 
available resources and prevailing environmental factors. The information collected from various 
sources has lead to tile developnent of a sound inprovement project for these crops. 

Sources of Information 
Inforr ation was collected fromn several sources such as: 



16 AVRDC 1993 Progress Report 

(1) Presentations and discussions regarding status papers ofparticipants frorn several countries 
during the International Symposium onl Alliunis for the Tropics held at Bangkok, 
Thailand, on 15-19 February 1993 (table 1);

(2) 	Literature survey, including monographs and review papers on related subjects; 
(3) Survey report on "Onions in the Tropical Regions" (1990) by Lesley Currah and Felicity 

IProctor 

The survey report on "Onions in the Tropical Regions" (1990) includes responses from 46 
countries and was quile useful in identifying constraints in onion production in tropical countries. 

The International Symposium on Alliums for the Tropics coorganized by AVRDC and 
serveral international and national organizations helped identify problem areas in onion, garlic,
and shallot crops mainly in the tropics. Status rexorts fron 2 1countries, which cover majority 
ol the target areas Ior AVRI)C's activities, were presented during the symposium (table 1). 

Table 1.Status papers presented on production constraints during the International Symposium 
on Alliums for the Tropic-,, February 1993 

No. Countr)' Title 
1 Argentina Onion breeding in Argentina
2 Bangladesh Status of Allium production in Bangladesh 

3 	 China Allium production and research inChina 
4 	 India Status of Allium production and research in India 
5 	 Indonesia Allium production and research status in Indonesia 
6 Iran Evaluation of onion production in Iran and 

its problems
7 Malaysia Status of alliums in Malaysia 
8 Myanmar Production of alliums in Myanmar 
9 Nepal Constraints of onion production and improvement/ 

Measures adopted by farmers in Nepal
10 Pakistan Production of alliums in Pakistan 
11 Papua New Onion production in Papua New Guinea 

Guinea 
12 Philippines The status of alliums in the Philippines 

13 	 Reunion Island Allium production in Reunion Island 
14 	 Sahelian Onion production and constraints inSahelian 

countries countries of Africa 
of Africa 

15 	 Senegal Onion varieties invegetable cropping systems 
inSenegal

16 	 South Africa Onion breeding inSouth Africa 
17 Sri Lanka Production of alliums in Sri Lanka - prospects 

and constraints 
18 Taiwan The progress and problems of Allium crops 

inTaiwan 
19 Tanzania Status of Alliurn production inTanzania 
20 Thailand The status of alliums inThailand 

21 	 Zimbabwe Onion production and constraints inZimbabwe 

Authors 
C. Galmarini 
A.K.M. Amzad Hossain and 

Md. Zamiul Islam 
XU Peiwen et al. 
M.L. Pandita 
A.H. Perrnadi 
Ahmad Saffarian 

P. Vimala et al. 
Aye Thein 
K. Budathoki and S.P. 
Bhattarai 

M.Banaras Raja 
G.C. Wiles 

Ester L. Lopez and 
E.A. Anit 

J.C.Girardet al. 
W.O. Baudoin et al. 

J. Pz ges 

C.Bester and J.J.B. Vanzijl 
U.R. Sangakkara 

Chao-Hsiung Lin 

T.A. Mtaita and D. Msuya 
S. Sukhontasing and 
C. Parnutat 

J.M. Made 
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Literature covering the general situation of the crop and some important specilic aspects were 
taken into consideration. The major sources of information in this category are listed in table 2. 
The information from these sources were quantified as indicators of tie relative importance of 
problem areas for these crops. 

Although onion, shallot, and garlic crops are horticulturally very distrinct from each other, 
these crops share diseases, insect pests, sensitivity to daylength, temperal ure, and other problems. 

Table 2. Literature used to help identify priority problem areas and breeding objectives for allium 
1. Bose, T.K. and Som, A.G. (eds.).1986.Vegetable Crops in India. Calcutta: Naya Prokash. 
2. 	Currah, L. and Proctor, F.J. 1990. Onions in Tropical Regions. Bulletin No. 35. NRI Publication. 
3. 	Eucarpia - proceedings of 4th Allium symposium. 1988. 6-9 September 1988, held at IHR, Warwick, 

U.K. 
4. 	IBPGR .1982. Genetic resources of Allium species - a global report. AGPG/IBPGR/81/77/
 

IBPGR/FAO; Rome. 38 p.
 
5. 	Jones, H.A. and Mann, L.K. 1963. Onions and their allies. Leonard Hill: London. 
6. 	Pathak, C.S. and R.V. Gowda. 1992. Onion improvement in India. Advances in Horticulture.
 

Vol.V (eds.) Chadha, K.L. and Kalloo, G. Malhotra Publications: New Delhi, India.
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General Situation and Goals 
Tropical countries produce about 30% (8.4 million t) of the world's onions growl on about 

45% (0.9 million ha) of'the world's arabic land. Yields ofi~opical onions average about 9.5 l/ha, 
which is low compared to the 18 t/ha average in temperate zones. For garlic, tropical countries 
with about 39% ((. 18 million ha) ot the production area produce only 28% (0.8 million t) of the 
world's total produclion. Garlic yields are generally low (7.3 i/ha) but in tropical environments 
are particularly low (4.5 t/ha). 

Another importanl crop in the allinuIn group is shallot which performs well under tropical 
climatic conditions and often stores better than bulb onions. Yield levels of shallot are generally 
low (8.3 I/ha), but its market valuc is high compared to onions. 

The need for improving the productivity of alliums in tropical environments is well 
documented. 

The goal of' the AVRI.)C alliun improvement project, therefore, is to tackle production 
constraints through inmproved genotype, increased yield, stability, resistance to major diseases 
and pests, tolerance to high temperalures and water stresses, long storage lile of bulbs suitable 
for growing in the tropics with imajor emphasis on tile high humid tropics. 
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Major Production Constraints 
Diseases are considered the most serious production constraints of onion, garlic, and shallot 

crops. Purple blotch (Ahiernuari porri), Slenmphyliuni blight (Stemph'liiun vesicoriwn), and 
Anthracnose (Colit fotirich un gloeo.ypo oides)are considered serious problems (Iable3). Virus 
diseases are considered the most inportant problems in garlic and shallots (table 6). Among the 
storage diseases of onion, black mold (Aspergilhts niger) and bacterial pathogens are major
problems. Thrips (7Triips 4aboci) is believed to cause danage than all other pestsmore to 
alliaccous crops (table 4). Among the abiolic factors considered important for allitm1 production
in the tropics arc highi temperature and moisture stresses (both high and low) (table 5).

In onion, improved varieties (table 5) suitable for growing iUnder tropical conditions ire 
constrained by high temperature and short daytength. It is estimated that aboutl hal lotthe farners 
il tropical IeVelopi ng c intries use local seeds. These varieties, althou l acclimatized to the 
tropics, lack uiinifl 1rinity and produce niany unnarkelable bulbs like doubles, premature blotters, 
and thick necks. Seed production in onions is considered one oftlhe miost important problems in 
tropical countries. Storage capacity of bulbs is another major constraint in the tropics. 

The choice of varieties is an important paranieter which generally varies Iron one location 
to another. This also needs to te taken into consideration. In a breeding program such as 
AVRIX)s which serves a wiide region, it is important to identify not only the characteristics of' 
most concern but also those most widely preferred. 

Table 3. Importance of various onion diseases from different information sources 
Diseases Status papers presented at Literature' 

..... the Allium Symposiuma... 
Tropical Asia Other regions

Purple blotch EHd(90)c VH (54) VH 
Stemphylium blight VH (40) L (9) VH 
Black mold VH (40) M (18) VH 
Bacterial soft rot H (30) L (9) VH 
Anthracnose H (30) L (9) H 
Basal rot H (20) H (36) H 
Nematodes L (10) H (27) H
Downy mildew L(10) H (27) M 
Pink root (0) H (45) H 
I International Symposium on Aliums for the Tropics, Thailand, 15-19 February 1993. 

Summarized from literature listed in table 2. 
Scores are based on the frequency and importance of the disease (100 = all participants [listed in 
table 1] rated the disease as the most important; 0 = no participant listed the particular disease).
EH = extremely high; VH = very high; H = high; M= medium; L= low. 
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Table 4. Importance of major insect pests of onions from different information sources 
Insect pests Status papers presented at Literatureb 

. the A//u.m symposiurn 
Tropical Asia Other regions 

Thrips EHd(90)c VH (63) VH 
Beet army worm H (30) L (9) H 
Mites M (20) L (9) M 
Leaf miner M (20) L (0) L 
Head borer L (10) L (0) L 
Onion fly L (10) M (18) M 
ainternational Symposium on Alliums for the Tropics, Thailand, 15-19 February 1993.
 
bSummarized from literature listed in table 2.
 
cScores are based on the frequency and importance of the disease (100 = all participants [listed in
 

table 1] rated the disease as the most important; 0 = no participant listed the particular disease).
 
dEH = extremely high; VH = very high; H = high; M = medium; L = low.
 

Table 5. 	Importance of various production constraints in onion based on the data collected from 
different information sources 

Status papers presented at LiteraturebConstraints 

Tropical Asia Other regions 
Problems inseed production VHd(70)c M (27) H 
Storage losses VH (60) VH (63) VH 
High temperature VH (50) M (18) VH 
Moisture stress VH (40) H (27) H 
Nonavailability of planting material VH (40) L (9) H 
Double bulbs H (30) H (27) H 
Nonavailhbility of early varieties M (20) M (18) H 
Premature bolting L (10) H (45) M 
Low dry matter L (10) M (18) H 
alnternational Symposium on Alliums for the Tropics, Thailand, 15-19 February 1993. 
bSummarized from literature listed in table 2. 
cScores are based on the frequency and importance of the disease (100 = alt participants [listed in table 

1] -ated the disease as the most important: 0 = no participant listed the particular disease). 
-H = extremely high; VH = very high; H = high; M = medium; L = low. 
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Table 6. 	 Importance of various production constraints in garlic and shallot crops in tropical
Asian countries based on information collected from different sources 

Constraints Status papers presented at 
..the Allium symposium ,
Garlic Shallot 

Literature' 
Garlic Shallot 

Diseases 
Viruses 
Purple blotch 
Stemphylium blight 
Anthracnose 
Pink root 
Nematodes 

EHd(70)-
H (30) 
M (20) 
(0) 
(0) 
M (20) 

VH (50) 
M (20) 
L (10) 
L (10) 
L (10) 
L(0) 

EH 
VH 
M 
L 
L 
VH 

VH 
H 
L 
H 
M 
M 

Insect pests 
Thros 
Beet army worm 
Mites 

VH (30) 
M (20) 
L (10) 

VH (40) 
M (20) 
(0) 

VH 
H 
H 

VH 
H 
L 

Other 
Storage losses 
High temperature 

M (20) 
VH (30) 

VH (40) 
L (0) 

H 
VH 

VH 
L 

Moisture stress (High) M (20) M (20) H H 
alnternational Symposium on Alliums for the Tropics, Thailand, 15-19 February 1993. 
'Summarized from literature listed in table 2. 
cScores are based on the frequency and importance of the disease (100 = all participants [listed in table 

1] rated the disease as the most important; 0 = no participant listed the particular disease).
dEH = extremely high; VH = very high; H = high; M = medium; L = low. 

In onion, bulb color, pungency, size uril rinity, dry malter, and storage life are all equally
important in the Asian tropics. Some counlries preler only red bulbs with high dry maler and 
more pungency, whereas others prefer yellow-skinned bulhs with sweet flavor. Long storage life 
is preferred by all; however, at present, lack of this trait iltropical onions leads to huge slorage
losses. Aside from having while colored bulbs, onions intended for dehydfration should have high 
dry matter (> 1617() and high pungency. Most ofthe whiteonion varieties grown in the tropics have 
low dry matler. 

Early bulb maturity is another area where not much was done in t' past. Most oft he onion 
varieties at present take a mini mum of 14() days for bulb maturity. An early variety maturing in 
less than 120 days with acceplable yield is desirable. 

Available Genetic Variability 
Onion (A lliun cep) and shallot (A. cepa var. ascalonicun) belong to the same group. Shallots,

although sometimes disti nguished botanicaflly from bulb onions, appear to be atype which have 
been selected for teir ability to renaini vegelalive, having accunulated a large nuiintber oflgenes
for the splitting characteristic. They lend to flower less readily bit are fully crossable with billb 
onions. 

Garlic (Allium salitwn) is another vegetatively propagated crop. Very few lines show 
flowering capacity, but wilhout any seed setting. Some success has been achieved recently in 
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seed setting illthis crop in Japan and tile USA, mainly from the clones collected from the former 
USSR. 

There are about live more species, viz., A.fistt'osuni (Welsh onion), A. ampeho'asum (leek), 
A. schoenoplrasuln (chives),A. tuberoswn (Chinese chives), and A. chinense (Rakkyo), which are 
grown widely but in limited areas. 

Although A. cepa holds a great deal of genetic variation, many useful genes such as disease 
resistance and stress tolerance have been located in other species, e.g., A.fistulostun andA. roylei. 
little success has so far been achieved from interspecific crossing programs using these species. 

In garlic and shallot, large amounts of variability for several traits exist in lines collected from 
diltferent places. This variability can be of great use in the improvement project. Fnhancement of 
genetic resources has been given major emphasis in all the target crops, i.e., onion, garlic, and 
shallots. AVRI)C will collaborate with the International Board lkr Plant Genetic Resources 
(I BPGR), regional gene banks, and national agricultural research systems (NARS) partners in the 
various activities related to gernplasrn enhancement of alliilm crops. 

Improvement Strategy 
Resistance to diseases will be given the highest priority in variety improvement. Purple 

blotch and Stenphyliul blight need to be studied in all three crops with more attention to onion 
and garlic. Sources of resistance to these diseases need to be identified. The success in this area, 
so far, has been very limited worldwide. Similarly, resistance to thrips needs to be given due 
attention. Possibilities of locating resistance to thrips need to be explored, in addition to 
developing integrated pest mnanagenent (1PM) methods to control this pest. 

Virus diseases are a serious problem in garlic and shalht production. Viruses, viz., onion 
yellow dwarf virus, leek yellow stripe virus, shallot latent "irus, and garlic latent virus are 
considered to be serious in both crops. Work on virus elimihnation and indexing has been given 
priority. Success in virus elimination is expected to lead to the development of technology for the 
mass production of virus-free garlic and shallot using tissue culture techniques. This technology 
will be used by NARS partners for large-scale production of virus-free planting materi'l. This 
will also help in the easy exchange o1 germplasm material. The possibilily of developing 
resistance to virus diseases will also be explored. 

Studies on tolerance to high temperature and to high awd low miisture stress are expected to 
lead to the identification of lines having wider adaptability within the tropics. Breeding lines will 
be tested during the hot-wet season at AVRI)C; including growth-chamber studies will also be 
conducted. Flooding experiments will be conducted under controlled conditions to identify lilnes 
tolerant to high temperature and m:isture stress. Similarly, growth chamber and field expcriments 
will be conducted for low moisture stress. The genotypes thus identified will be used in tile 
breeding project. Onion and garlic crops will be the main targets for studies on these abiotic 
factors. 

)ue attention will be given to developing lines wilh long bulb storage life mainly in onion 
and garlic. Problems related to seed production in onion also require attention. 

Hlybrid varieties generally exhibit yield and adaptability advantages over open-pollinated 
varieties. At present, very few hybrid onion varieties are available especially for the tropics, and 
they are grown in a linited area in tropical countries. Stable male sterile lines, preferably using 
male sterility derived from tropical gerniplasm, will be developed to exploit heterosis in onion. 

The other challenging areas which AVRI)C will explore include flowering and seed set in 
garlic. Garlic production through true seeds will reduce losses due to virus diseases, besides 
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reducing the cost of planting material. The use of sexually fertile garlic producing true seeds will 
also help in genetic maneuvering in this crop.

Similarly, the initial cost of planting material and viral diseases are two important factors
which limit the production of shallots. There is growing emphasis on developing true seed
varieties of shallots for commercial cultivation. At present, vegetative planting material is used
commercially. Work will be initiated to develop shallot varieties which can he propagated by true 
seeds. 

International Collaboration 
To achieve the various goals set For the improvement of bulb alliums at AVRID)C, in!ernational 

collaboration will be vital, particularly in tile areas of(1) enhancement of genetic resources, (2)
establishment of allium nurseries in tropical countries, (3) bilateral cooperation wilh centers 
actively engaged in related problems such as disease resistance, temperature and moisture stress,
etc., and (4) collaboration with advanced centers to work on specific problerm areas such as virus 
diseases, stress physiology, and biotechnology. 

Germplasm Enhancement 

Germplasm enhancement is one of the important activilies in the improvement of onion, 
garlic, and shallot crops.

Seeds of 402 germplasm accessions ofalliums were collected during the year from all over
tie world, which brings tile total collection to 525. Oftliese, 350 accessions are onion (Allitam celm)
varieties tie majority of which belong to the shorl-day type.

Seeds of 27 species of alliums were also collecled which include some of the imporlant
species such as A..fisttdosumn, A. aliaicum, and A. vavilovii. These may he useful in breeding for 
disease and stress resistance in onion. 

A total of 95 accessions of garlic were collected mainly from the tropical Asian countries, tlhemajority of which were from Taiwan, Indonesia, Philippines, India, and Thailand. These 
collections exhibited a large an ount of variabilily which will be utilized in the improvement
project. 

Thirtly-five shallot accessions were collected mainly from Taiwan, Indonesia, Philippines,
and Thailand. Flowering shallot lines were also collected fron Taiwan and Indonesia. These lines 
will be used to develop true-seed shallot varieties. 

Germplasm Evaluation Trials in Onion 

Summary 
To identify suitable genetic material for tile onion improvement project, a total of 206 entries 

were evaluated through one observational and six preliminary evaluation trials. These trials were 
conducted at different planting dates between )ecember 1992 to April 1993, covering the spring
and summer seasons, to identify useful genotypes having better adaptability, high bulb yield,
early maturity,disease resistance, long storage life, and high dry matter. The Irials conducted aftcr
the March planting generally had lower bulb yields, which may be due to increased atmosphcric 
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temperature during that period. Promising genotypes were identified for high yield, early 
maturity, long storage life, high dry matter, and resistance to Stenphyliumi blight. 

Introduction 
Tropical onions, in general, suffer from low bulb yields, poor storage life, low dry matter, 

susceptibility to diseases and insect pests, besides high temperature and moisture stress. 
Identification of useftl genotypes for these traits is one of tle important aspects of the onion 
improvement projct. 

Fvaluation trials were conducted on the entries collected from all over the world to: (1) 
observe and evaluate tile collected germplasm at different planting dates; (2) select promising 
lines for further testing, and (3) search for genetic material to be used in the onion improvement 
projecL. Both observational and replicated yield trials were conducted to ident ify useful genotypes. 

Materials and Methods 
A total of 2()6 entries were included in seven germplasn evaluation trials (GET) conducted 

at seven diffcrent planting dates between )ecember 1992 to April 1993 (table 7). A popular 
commercial variety, Granex 429, was used as a check in all these trials. Seedlings were grown 
inplastic trays, filled with asterilized mixture of soil, compost, sand, and rice hull.The field plot 
consisted ola 1.5-ni-long and 0.6-ni-wide beds. Spacing between two rows in a bed was 15 cm 
and 10 cm between plants in a row. Arandomized complete block design with three replications 
was used. Beds were mulched with dry rice straw. Regular management practices related to 
irrigation, weed, and pest control were carried out. Bulb maturity was based on >75% fall ofltops. 
Disease screening for Stemphylium blight was carried out in tile trial GET 3 when tile disease 
infection, intensity, and spread were very severe. 

Table 7. Germplasm evaluation trials (GET) inonion conducted during 1992-93 
Trial No. of Dates 
no. entries Sown planted Harvest 
GET 1 24 19 Oct. 1992 10 Dec. 1992 10 Apr. 1993 
GET 2 55 16 Nov. 1992 04 Jan. 1993 28 Apr. 19,13 
GET3 68 26 Nov. 1992 19 Jan. 1993 13 May 1993 
GET 4 9 16 Dec. 1992 02 Feb. 1993 28 May 1993 
GET5 5 14 Jan. 1993 04 Mar. 1993 12 June 1993 
GET 6 35 28 Jan. 1993 23 Mar. 1993 29 June 1993 
GET7 10 05 Feb. 1993 02 Apr. 1993 02 July 1993 

Results and Discussion 
The first four trials (GET I to GET 4) conducted at different planting dates up to February 

1993 produced higher bulb yields, whereas later trials (GET 5 to GET 7) planted during March 
and April had lower bulb yields. Bulb size was also affected severely at later planting dates with 
the majority of the bulbs either medium or small, compared to early planting dates which 
produced large-sized bulbs. 

Promising lines were selected from each trial for high bulb yield and quality traits. These are 
presented in tables 8-11. 



Table 8. Yield and other traits of some selected entries from a prelimilary evaluation trial of onion varieties (GET 2) 
AVRDC no./ Source Plant Leaf Fresh Bulb diameter (cm) Neck Bulb Premature Dry Pungency8 Bulb
Variety ht no. leaf Polar Ecquaforia- yield bolting matter color 

(cm) (/plant) wt (g) (tlha) (%) (%)
AC 4 India 70.Oa 13.8D 22.7bc 4.2d 3.6cd 2.4a 31.3 6.4de 8.4 Red
AC 8 India 73.8a 9.8f 22.7bc 4.2d 3.6d 2.2ab 27.8 24.3b 9.4 Red 
AC 9 India 70.6a 10.Oef 30.0a-c 5.0c 3.9cd 2.2ab 26.6 19.2bc 9.7 Red
AC 18 India 66.5a 15.3.3 30.0a-c 4.9cd 3.9cd 2.5a 32.8 1.3e 9.7 YellowAC 26 India 52.Ob 11.Od-f 22.6bc 7.Ob 3.8cd 1.6cd 29.7 37.1a 11.7 6.7 Red
AC 42 India 50.6b 10.6d-f 28.6a-c 7.1b 4.6bc l.6cd 27.3 3.8h 13.1 6.6 Red
AC 43 India 47.9b 12.Ocd 20.6c 7.4b 4.8bc 1.3de 29.6 8.9c-e 10.9 6.8 Red
AC 48 India 51.5a 12.9bc 37.3a 7.6b 5.1b 2.Obc 35.1 18.8bc 11.9 6.6 Dark red
AC 49 India 52.4a 10.6d-f 34.6ab 7.4b 5.2b 1.9bc 38.1 9.0c-e 11.3 7.2 Yellow
AC 51 India 53.6b 11.6de 37.Oa 7.3b 5.3b 1.8c 36.4 15.6b-d 10.7 6.7 Yellow
Granex USA 37.6c 10.1ef 6.7d 9.2a 6.6a 1.3e 74.1 O.0e 6.1 4.1 Yellow 
429 (ck) 
c.v. (%) 8.2 7.3 26.5 7.0 13.2 10.4 47.2 
Means in the same column followed by the same letter are not significantly different at 5% level (DMRT). 
'Unit of pungency is micromole pyruvic acid/g fresh weight. 

Table 9. Performance of promising onion lines grown in spring 1993 (GET 3) 
Yield (t/ha) Bulb diameter (cm) Bulb diameter (%)AVRDC Variety Source Market- Total Polar Equatorial Rot Double Large Medium Small Color D.M.a 

no. able (%) (%)
TA 5 IEE/305 Egypt 34.1cd 52.9b 5.3b 6.8a 1.28b 34.6cd 25.6ab 32.1a-d 6.4bc Red 114TA 6 IEE/316 Egypt 43.2a-d 59.5ab 5.5b 7.Oa 0.00b 23.3d 28.6ab 46.8ab 1.3c Red 114
TA10 Savages flat Australia 13.7e 54.8ab 4.4c-e 8.Oa 15.09a 66.2a 10.2ab 3.3d 5.2c White 114 

white 
TA 11 S.A. white Australia 41.la-d 79.4a 6.5a 7.1a 0.00b 45.4bc 31.2ab 19.5b-d 3.9c White 114 

globe
TA 69 Baia Brazil 51.3ab 51.3b 5.2b 5.1c-e 0.00b 0.Oe 48.7a 23.1b-d 28.2a Yellow 90
TA 101 Shinkaizuka Japan 28.7d 69.9ab 6.8a 6.9bc 0.00b 50.0a-c 43.3ab 6.7cd 0.Oc Ye'low 114TA 102 Sorachiki Japan 36.8b-d 53.8b 7.2a 6.8ab 7.41ab 21.8d 6.7b 35.2a-c 28.9a Yellow 114
AC 50 Landrace India 43.8a-c 57.8ab 4.9b-d 7.4a 1.92b 21.2d 21.2ab 55.8a 0.Oc Yellow 114

Tainung No. 3 Taiwan 54.7a 63.6ab 4.6cd 6.3bc 0.00b 0.Oe 36.7ab 40.Oab 23.3ab Yellow 114 
Granex 429 (ck) USA 37.7b-d 79.8a 7.1a 8.1a 0.00b 57.9ab 26.4ab 15.8b-d 0.Oc Yellow 114 

c.v. (%) 19.3 20.1 6.8 11.3 195 27.9 68.7 58.1 95.7 
Means in the same column followed by the same letter are not significantly different at 5% level (DMRT). aD.M. : days to maturity. 



Table 10. Performance of onion varieties for various traits planted in late spring 1993 (GET 6) 

Yield (t/ha) Bulb diameter (cm) Rot bulb Bulb diameter (%) Bulb 
AVRDC no. Variety Source Marketable Total Polar Equatorial (%) Medium Small color 
AC 132 Tropic Gold Australia 10.68a 13.17a-c 4.8a 4.7c 10.5b 80.7ab 19.3cd Yellow 
AC 133 Ely E. Cream Gold Australia 6.5bc 8.37c 4.2a 4.6c 14.2b 48.2cd 51.8ab Yellow 
AC 137 Gladalan White Australia 9.36ab 16.87a-c 4.7a 4.8c 23.7b 77.6a-c 22.4b-d White 
AC 139 Lockyer Gold Australia 6.17c 9.22c 4.5a 4.4c 21.1b 46.6cd 53.4ab Yellow 
AC 142 T.Y. Grano 502 France 7.82ab 10.51bc 4.6a 4.6c 13.0b 55.1a-d 44.9ab-d Yellow 
AC 148 Texas Grano Saad 7.04bc 12.39abc 4.5a 4.7c 22.Ob 45.8d 54.2a Yellow 
AC 149 T.E. Grano 502 PRR Saad 8.05ab 9.16c 4.7a 4.5c 9.5b 53.3b-d 46.7abc Yellow 
AC 163 Pom Pei Holland 4.44c 19.65a 2.9b 6.1a 55.6a 85.0a 15.Od White 
AC 164 Barletta Holland 4.31c 18.21ab 2.9b 5.5b 54.5a 75.Oab-d 25.Oab-d White 

Granex 429 (ck) USA 9.25ab 10.95bc 4.4a 4.7c 9.1b 72.2ab-d 27.8a-d Yellow 
c.v. (%) 17.9 31.4 4.0 7.0 43.4 22.1 35.2 

Means in the same column followed by the same letter are not significantly different at 5% level (DMRT). > 

Table 11. Performance of promising onion lines grown in 1993 summer (GET 7) P 

Yield (t/ha) Bulb diameter (cmj_). Bulb size o/) 
AVRDC Variety Source Mkt. Total Polar Equatorial Neck Medium Small Rot 
no. 
AC 165 Contessa USA 10.7cd 13.7de 4.Obc 4.4b-d 1.07cd 31.3bc 46.1ab 22.6b 
AC 166 Perla USA 16.1a-c 18.3a-d 3.6cd 4.Ocd 1.17a-c 58.Oab 30.0b-d 12.0b-d 
AC 167 Granex 33 USA 4.3d 9.2e 3.4cd 3.8d 1.01d 7.1c 38.9a-c 54.Oa 
AC 168 Texas Grano 1015Y USA 22.6a 24.4ab 4.8a 4.8a-c 1.17a-c 72.1a 20.4cd 2.7d 
AC 169 Texas Grano 1025Y USA 20.8ab 21.4a-c 4.3ab 4.8a-c 1.19ab 69.5a 27.8b-d 7.5d 
AC 170 Texas Grano 438 USA 23.4a 25.4a 4.5ab 5.3a 1.22a 78.3a 13.8d 7.9d 
AC 171 Granex 429, Hybrid USA 21.8a 22.7ab 4.3ab 5.lab 1.14a-c 67.9a 28.1b-d 4.0d 
AC 172 Red Creole USA 10.8cd 12.Ode 3.3d 4.6a-d 1.09b-d 34.7b 55.Oa 10.3cd 
AC 173 Texas Grano 502 PRR USA 13.7bc 16.Ybc-e 4.6a 4.5a-d 1.14a-c 36.8b 43.2a-c 20.Obc 

Granex 429 (ck) USA 21.7a 23.Oab 3.9bc 4.6a-c 1.08bcd 70.1a 23.9b-d 6.0d 
c.v. (%) 20.8 19.7 7.4 9.8 5.3 24.1 29.3 38.8 
Means in the same column followed by the same letter are not significantly different at 5% level (DMRT). 

I1/_ 
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GET 1. In the first trial, out of 24 entries evaluated, 11 were selected for better performance
in bulb yield and quality. Var. Granex 429 performed best in terms of bulb yield (73.6 t/ha),
followed by XPH 3325 (48.7 t/ha), Rio Hondo (47.9 t/ha), and Regal PVP (46.6 t/ha). The 
varieties Rio Bravo and Superex produced larger sized bulbs. 

GET 2. Fifty-live entries collected from India were evaluated in replicated trials. Bulb yield
rang,,:d from 9 t/ha (AC 24) to 74.0 t/ha (Granex 429). Premature bolting was very high in these 
lines which ranged from 0.0% (AC- 1,Granex 429) to 99.3% (AC 53). Most of the lines evaluated 
in this trial produced premature bolters. Neck thickness was also adversely affected in these lines 
as most of the lines produced thick-necked bulbs ranging from 1.3 cm (Granex 429) to 2.5 cm 
(AC- 18). As these lines were collected from India, the genotypes performed differently with 
change in climatic conditions at AVRI)C. Thus, suitability to various tropical climatic conditions 
should be considered in selecting for these traits. Eleven better performing genotypes were 
identified for further :;tudies (table 8). 

GET 3. Sixty-eight entries were evaluated in this trial planted in .lanuary 1993. Bulb yield
ranged from 11.0 t/ha (TA 25) to 79.8 tlha (Granex 429). A high percentage of large-sized bulbs 
were produced by lines TA 69 (48.7%), TA 101 (43.3%), and Tainung No. 3 (36.7%). Compared 
to these, Granex 429 produced only 26.4% large-sized bulbs. Double bulbs were produced in 
large numbers by Granex 429 (57.9%) and most of the other germplasm lines (table 9); however, 
line TA 69 and Tainung No. 3 were free from this defcct. Performance of 10 selected entries from 
this trial is presented in table 9. 

GET 4. Out of nine entries tested in this trial, Granex 429 performed best with very high bulb 
yield (101.0 t/ha). In other varieties, bulb yield ranged from 18.0 t/ha (AC 114) to 71.6 tlha (AC
112). The only Asian entry in this trial from Nepal (AC 119) performed very well with attractive 
dark red bulbs of large size, high bulb yield (49.5 t/ha), and very thin neck (1.2 cm). 

GET 5 to GET 7. Inthese trials conducted at later planting dates during March and April the 
performance of genotypes was severely affected by adverse climatic condiions, likely high 
temperature and increasing daylength. Bulb yield was reduced in the check variety Granex 429 
to a great extent. Otherentries were also affected and produced lower yields and reduced bulb size 
(tables 10 and 11). Some genotypes identified with comparatively better performance were 
Granex 429, Texas Grano 502, Equanex, Superex, Pome Pci, Barletta, and Texas Grano 1015. 

Identification of useful genotypes 
These trials (GET I to 7) also led to the identification of several useful genotypes for bulb 

maturity, storage life of bulbs, dry matter content, male sterility, and resistance to Stemphylium 
blight (table 12). 

Earliness 
This trait was found in nine iines having bulb maturity less than 100 (lays after planting with 

fairly good bulb yield (table 13). The lines TA 55 and TA 56 also displayed very high bulb yield
(>80 t/ha). These genotypes were more than 15 days earlier than Granex 429. 
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Table 12. Promising entries for some important traits from onion germplasm evaluation trials 
(GET 1 to GET 7) 
Traits Genotypes 

Early maturity TA 4,TA 8, TA 55, TA 56, TA 57, TA 69, TA 70, TA 71, 
TA 72 

Long storage life AC 50, Rio Bingo, Pusa Red, Yellow Creole, XPH 3325, 
Jaune de Valence 

Resistance to Stemphylium blight Allium fistulosum accessions TA 9,TA 104,TA 105, 

High dry matter 
Male sterility 

TA 107, TA 108 
AC 23, AC 24, AC 36, AC 44, AC 52, AC 53 
AC 26 

Long storage life of bulbs 
Six genotypes wilh long storage life of bulbs were identified in an experiment conducted 

using ambient temperature conditions (28-320C). These genotypes were observed for 5 mo. 
Sprouting and rotting losses were mainly taken into accou nt. The genotype AC-50was identi flied 
as best, followed by Rio Bingo and Yellow Creole (table 14). 

High dry matter 
High dry malter content ranging from 15.9% to 2(. 1% was recorded in six genotypes. All 

these lines had poor bulb yield and small bulb size (table 15). In comparison to these, the popular 
Granex 429 had very poor (fry matter (6. 1%). 

Resistance to Stemphylium blight 
Five accessions of Alliwnnfistulosun, TA 5, TA 104, TA 105, TA 107, and TA 108 were 

found resistant to Stemphyliun blight in the field experiment conducted under naturally 
epiphytotic conditions with severe disease incidence (GET 3). None oftheA. cepa lines out of 
110 lines evaluated for this trait was found resistant. 

Male sterility 
Male sterility is an essential component for the exploitation of hetcrosis in onion seed 

production. Stable male sterile lines, preferably using male sterility derived from tropical 
germplasm, need to be ,veloped for exploiting heterosis. All the onion lines grown (luring the 
year which produced flowers were observed for this trait. Line AC 26 had male sterile plants 
having 100% pollen sterility. This line will be studied further. 

Hybridization and Development of Inbred Lines 

Several crosses (about 50) were made (luring the year using important genotypes such as AC 
50 (long storage life), AC 26 (male sterile), AC 52 (high (try matter), and Alliwnfistulosum 
accession TA 108 (resistant to Stenphyliun blight) as one of the parents. These were crossed 
with other high yielding genotypes. There was generally good success in all the crosses except 
those between Alliun fistulos'wn (AC 108) and Alliwon ceha lines, which did not produce any 
seed. These crosses will be evaluated in the next season. 

Selfing was carried out in about 120 plants selected from 20 accessions ofronion covering 
both red and yellow genotypes. These will be evaluated for uniformity and other bulb quality 
traits. Better performing inbreds will be used in the hetcrosis breeding project. 



Table 13. Performance of germplasm lines identified for earliness towards bulb maturity 

AVDC Variety Source 
Yield 

Mkt. 
(t/ha)__ 

Total 
Bulb diameter (cm) 
Polar EqJatoria Rot Double 

Bulb size(%) 
Large Medium Small 

Bulb 
color 

Days to 
maturity 

no. (%) (%) 
TA 
TA 

4 
55 

IEE1177 
Gradalan Brown 

Egypt 
Australia 

12.8e 
82.1a 

31.4d 
89.8a 

4.6c 
6.3ab 

6.7a 
7.8a 

5.3a 
0.Oa 

47.6a 
7.7bc 

2.6d 
70.5ab 

20.9bc 
20.5bc 

23.5a 
1.3b 

White 
Yellow 

100 
98 

TA 56 Gradalan White Australia 69.Ob 85.8a 6.1a-c 7.3a O.0a 15.4b 61.5ab 20.5bc 2.6b White 95 
TA 
TA 

57 
69 

E. Lockyer Brown 
Baia 

Australia 
Brazil 

31.4d 
51.3c 

33.2d 
51.3c 

4.9bc 
5.2b 

5.6ab 
5.lab 

2.8a 
0.Oa 

2.8bc 
0.Oc 

14.1cd 
48.7b 

42.5ab 
23.1bc 

37.9a 
28.2a 

Red+Yellow 
Yellow 

90 
90 

TA 70 Conquista Brazil 43.9c 44.6c 5.Obc 4.9b O.0a 1.3c 11.9cd 52.6a 34.2a Yellow 98 
TA 
TA 

71 
72 

Sao Paulo 
E. Lockyer white 

Brazil 
Australia 

72.8ab 
48.6c 

72.8b 
54dc 

6.2ab 
6.2ab 

5.2ab 
6.9a 

0.Oa 
7.7a 

0.Oc 
O.Oc 

80.8a 
25.6cd 

16.7c 
46.2ab 

2.6b 
20.5ab 

Yellow 
White 

98 
85 

Granex 429 (ck) USA 30.3d 72.3b 7.1a 8.1a 6.Oa 57.9a 26.4c 15.8c 0.0b Yellow 115 > 
c.v. (%) 13.6 10.0 4.9 16.4 323.8 49.3 32.6 46.6 66.8 
Means in the same column followed by the same letter are not significantly different at 5% level (DMRT). 

Table 14. Performance of selected onion germplasm lines for bulb storage 
Variety Source Total bulb Sprouting Rotting Total Brix 

yield (t/ha) loss(%) loss(%) loss(%) (%) 
Jaune de Valence France 28.3 0.0 14.3 14.3 6.3 
Pusa Red India 8.3 0.0 15.1 15.1 10.8 
Rio Bingo USA 27.91 0.0 10.4 10.4 6.1 
Yellow Creole USA 13.1 5.0 7.5 12.5 6.2 
XPH 3325 F1 UK 48.7 0.0 14.0 14.0 9.2 
AC 50 India 57.3 0.0 10.1 10.1 5 
Texas Grano 502 (ck) USA 28.3 0.0 41.6 41.6 6.1 
Tainung no.3 (ck) Taiwan 27.1 12.0 52.0 64.0 12.2 
Granex 429 (ck) USA 73.6 9.2 71.6 80.8 5.9 

'Bulbs stored in ambient temperature conditions for 5 months. 



Table 15. Performance of selected germplasm lines identified for high dry matter 

AVRDC Source Plant Leaf Fresh Bulb diameter (cm) Neck Bulb Pre- Pun- Dry Bulb 
no.Nariety ht no. leaf Polar Equatorial (%) yield mature gencya matter color 

(cm) (/plant) wt (g) (t/ha) (%) > 

AC 23 India 41.9cd 10.5a 31.3a 5.',-d 3.4c 1.7ab 13.1 96.2a 7.26 16.8 bc Darkred 
AC 24 India 39.5cd 9.Oa 16.7b 4.7d 2.8d 1.4bc 9.2 87.2b 6.4 17.6bc Dark red 
AC 36 India 46.1bc 10.5a 30.7a 6.Ob 3.9b 1.6a-c 17.4 98.7a 7.46 15.9c Red 
AC 44 India 36.7d 10.6a 28.7a 4.8d 3.4c 1.7ab 11.9 97.4a 6.35 18.2ab Red " 
AC 52 India 56.2a 9.9a 27.3a 5.8bc 3.6bc 1.9a 16.9 95.4a 6.73 18.2ab Dark red 
AC 53 India 50.2ab 9.1a 28.3a 5.Ocd 3.3c 1.9a 11.2 99.3a 7.53 20.1a Dark red 
Granex USA 37.6d 10.1a 6.7c 9.2a 6.6a 1.2c 74.1 O.Oc 4.14 6.2d Yellow 
429(ck) 
c.v. (%) 9.2 9.6 21.8 8.7 6.7 12.9 4.8 7.1 

Means in the same column followed by the same letter are not significantly different at 5% level (DMRT). 
aUnit of pungency is micromole pyruvic acid/g fresh weight. 
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Germplasm Evaluailon Trial in Garlic 

Summary 
A preliminary evaluation trial was conducted on the four entries collected locally from 

Taiwan. Three of these entries are commercial clones grown in Taiwan: the other is cultivated 
mainly for flower stalk production. Bulb yield and quality traits were evaluated. Individual bulb 
selections were made For better bulb yield and quality traits. 

Introduction 
A preliminary evaluation trial was conducted on clones cultivated locally in Taiwan to study

the comparative performance of these lines for various traits. A comprehensive replicated trial 
will be conducted next year after collcting a large number of entries for evaluation. 

Material and Methods 
Four entries collected locally from Taiwan were grown in an observational-row trial. 

Planting was carried out on 23 October 1992 in a 4.0 m x 0.75 in bed with aspacing of 15 cm 
between rows and 1)cm within plants. The field was mulched with rice straw. Observations on 
bulb yield and other quality traits were recorded. 

Results and Discussion 
Clone H-silo was distinctly better in terms of yield, average bulb weight and clove weight

followed by variety Hua Suan for all these traits (table 16). The number of cloves per bulb was 
highest in variety 1-o Mei, and, correspondingly, it had the lowest average clove weight. Clone 
Hua Suan is cultivated mainly for flower stalks. The local garlic clone also produced flower 
stalks, which were quite distinct from the clone Hua Suan. These two clones were also studied 
for their flowering behavior. 

Table 16. Performance of locally collected garlic lines in spring 1993 
Variety Bulb yield Bulb diameter (cm) Avg. bulb No. of Avg. Bulb 

(t/ha) Equatorial Polar wt (g) cloves/ clove wt color 
bulb (g) 

Hsilo 10.2 5.5 5.0 53.8 11.2 5.4 White 
Ho Mei 7.1 4.5 5.1 33.6 17.4 2.1 White 
Hua Suan 8.1 5.1 4.6 40.4 11.0 4.9 Light pink
Local garlic 7.5 4.7 4.5 38.3 12.3 White2.8 
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Studies on Flowering and Fertility in Garlic 

Summary 
Two flowering garlic lines, viz., Hua Suan and a local garlic, were evaluated for flower and 

fertility traits. These two lines displayed distinct variation in these traits. Hua Suan had fewer 
flowers and topsets per umbel than the local garlic line. Meiosis was abnormal in Hua Suan, 
leading to complete pollen sterility. In the local garlic line, variation between the plants was 
observed for pollen fertility. Plants with high pollen fertility were selected. Hand-pollination 
resulted in fruit development, and in some fruit embryo development was also observed. Seed 
setting could not be achieved during the year. 

Introduction 
Presently, garlic is cultivated by using vegetative planting material because of sterility. This 

situation has lead to several problems such as: (1)severe yield losses due to virus diseases; (2) 
problems due to several other diseases carried by vegetative planting material; (3) increased 
product ion cost because of high cost ofplant ing material; (4) serious bottlenecks in the movement 
of gerniplasm from one place to another; and (5) severe restriction in tile genetic maneuvering 
of this crop, thus hampering its improvement. 

Based on these factors, a program has been initiated to study the flowering and seed setting 
in garlic lines with the following obhitctives: (1)collection of garlic lines having potential for 
flowering, (2) flowering and fertility behavior, (3) identification of causes related to sterility in 
flowering lines, and (4) developing fertile lines in garlic. 

Materials and Methods 
A total ofeight possible flowering lines were collected during the year from Taiwan. Ofthese, 

only two lines, Hi-a Suan and a local garlic, were collected in time for planting. Plants of these 
varieties were grown in replicated trials in the field during winter. Observations on flowering and 
presence of topsets were recorded. Topsets were removed using fine forceps in all the unibel 
heads to allow the flowers to grow. Meiotic studies were carried out in young floral buds and 
pollen fertility was determined by using the acetocarnine staining method. Hand-pollination was 
carried out and pollen germination observat ions on stigma were recorded. You ng developing fruit 
was excised to look into embryo development. 

Results and Discussion 
All the plants produced flowers in both the varieties Hua Suan and the local garlic. The 

flowering started (luring the ionth ofMarch and continued until May 1993. Both clones produced 
topsets mixed with flowers in all the unibels. Removal of topsets at an early stage led to proper 
development of flowers. 

Flowering behavior was quite distinct in these two lines. Flower stalk length as well as spathe 
length was distinctly high inthe local garlic line. This line also had more flowers as well as topsets 
in each umnbel (table 17). Flowers were purple and had morphologically normal androecium and 
gynoecium in both lines. Meiolic studies revealed a high percctage of abnormalities in the Hua 
Suan clone. These included multivalent formation, unequal separation, lagging chronmosomes, 
etc. The other !ine had a comparatively lower frequency of abnormalities (table 17). Clone Hua 
Suan had complete xllen sterility, whereas in the local garlic line variation towards pollen 
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fertility was evident between lhe plants. 'lants having pollen fertility upto 17.5% were identified. 
Pollen fertility ranged fron () toI 17.5%/. Se\'eral plants were identified as having pollen fertility 
around 5 to I(c. lland-potllination was carried oul; it helped in the development of lruit in tIle 
local garlic line. Few (leveloping emhryois were obscrved; however, seed setting could not be 
obtained during the \ear. Selections made for pollen fertile lines will be usel in further sitdies. 

Table 17. Flowering, meiosis, and fertility studies in two garlic clones in1993 
Variety Length Length No. of No. of ,Meiotic Pollen Fruit Flower 

of flower of flowers per topsets abnor- fertility develop- color 
stalk 
(cm) 

spathe 
(cm) 

umbel 
(range) 

per umbel 
(range) 

malities 
(%) 

(%) ment 
(N) 

Hua Suan 55.8 6.3 20 28 52 0.0 0.0 Purple 

Local garlic 55.6 14.5 
(10-32) 

33.5 
(12-37) 
41.3 11 0 17.5 26.3 Purple 

(20-46) (25-68) 

Germplasm Evaluation in Shallot 

All lhe germplasii lits collected from various countries were tested positive lor viruses and 
are now being used in the vinis elimination program. Field evaluation (i these lines will be 
conducted after virus elimnination. 

Out of I 2 gerinplasm lines co llected 10C. Ily 1ri01 I'aiwan during the year, only one was 
collected in time for evaluationdluring Ihe spri rig season. '[his Iilie produced good bulb yield (15
t/ha), but there was no unifo+rtity inbulb Color, which ranged frot deep red to light red. 
Variations were ailso bl)se\,eI in fiowerirg ability. F-:ew plants which lowered during ihe season 
were studied sep:tratclv. 

Breeding for True Seed Shallots 
A sizable nutuher lplants produced tlower stalks ina local sliallot variety grown during the 

spring season. Sonie ftliese plants prtduced good btlbs in tlie beginning and later in the season 
started flowering, whereas, most of the oilier flowering plants produced poor bitlbs (premature 
bolters). The plants which produced better bulbs and flowered at a later stage were selected. 
Selline as well as hand sibhing, was carried out in such plants and some seeds were produced. 
Seeds were also collectced fromii flowering shallot plants durin visils to shallot-growing arers in 
Taiwan (5 accessions) and Indonesia (2 accessions). 



Allium Pathology 

Evaluation of Allium Accessions for Resistance to
 
Stemphylium Leaf Blight
 

Summary 
A total of 126 Allium spp. accessoonsl were evaluated under natural field conditionls at 

AVRI)C fbrtlheir reactioisto Stcniphyl ini ltealblight. OneA. nih'msum accessioni,AT 116, and 
two A. rUiOumatccessi( ns AR I I tldAR 13(0, w+'ere rtte as highly resistat. F Iteen accessions 
a;montIhree species ---A.pornwl (TA 7,TA 37,TA 46, TAS 7,AP 120, A1 123, and Al' 128); 
A..fi.olo l(TA 9. TI'A43. TA 104, TA 105, TA 1)7, TA nd s'chiw'wp/rui'(). a II117); and A..
(ASC 115) were rate(l as resislant. NO useflI level O1l resistance idulnti fled among the 106-- ,Was 
accessions of A. ctpU tested. 

Introduction 
A survey of alliul crops for lungal leaf lisases in Taiwani (lunrig, 1993 showed that 

Stetllpllliut leaf blit caused by Scniphliiumo v'.sicurium (Wallr.) F.Si nnonst was the 
predolminttant lisea.e. It occurred on all the crops exami ned (onion, shallot, garlic, Welsh onlion, 
and leek) an(l was lound on leaves Iroin all fields sampled throughout the year. I.e,,in;becinla' 

water-soaked spots near the teafl tip that become oval in shlape, turn1 liguht yellow to brown, and 
expand towar(l the leallbase. ()der lesions turn dark brown to black, frequently tormin a iz.oate 
pattern when abun(ltant spotrulation occurs. Stlemphyliuln lealf hlig1ht can catuse comnplete crop 
la1ilre un(ler condiliolIs co(ticive to disease developmient. Tile purpose (oIthis study was to 
evaluate accessiolns in the allium gerinplasin collcclion at AVRI)C lot their resprises to 
Stcnpihy,.lnlnIeat blight in aln attclnpt to i(lentily Sources (f' resislancce to the disease. 

Materials and Methods 
Alliwisspp. accessions planted in the germplasn evaluationi trials during the spring of'1993 

in the dlds at AVRI)C were evaluated lbor their reactions to Steirphylium leal blight. A total of 
126 accession s including 106 A.u-u, 7A../i.IIo.luiin, 9A.p)n)lllll, 2 A. riosu, IA. Ioblcoslti,. 
and I A..schoe'tiopusi,, enlries were evaluate(l. Young phtl s were transplante(l ito11e field in 
,hlnuary arindwere arraned in a rand(mni/,ed complete block (lesigii. There were 26 to 5(1 plants 
per treatmntl with three replications. I)isease developntt was froi niatural inoculutm. I)iseasc 
ratigngs were made inearly May by visual observation. I)isease reactions were rated on a scale of, 

oIto5 in which I very resislant, no symptoms; 2 = resistant. less than ./ol, the leafarea allected; 
3 = moderately resistant, 6 - 25k of the leaf area infested; 4 = susceptible, 26 - 5() oftlhe le.af 

,
area aTlected, arid 5 = very su.sceptible, 5 1/cor moorc ol the leal area alected. 
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Results and Discussion 
Severe Stemphyliurn leaf blight development on the A. cepa accessions was indicative of

abundant natural inoculum and good conditions For disease development in the test Iold (table
1). Three accessions, AT 116 (A. iubeirostin),AR 118 (A. ratnosun), and AR 130 (A. ramnostun),
did not show any symptoms of Stciphylium leaf blight and were rated as very resistant (table
2). Seven A. porrutmn accessions - TA 7, TA 37, TA 46, TA 87, All 120, AP 123, and AF 128; 

Table 1. Summary of the field evaluation of allium accessions for their reactions' to 
Stemphylium leaf blight, spring 1993 

No. of entries 
Total Very Moderately Very

entries resistant Resistant resistant Susceptible susceptible 
A. cepa 106 0 0 2 34 70
A. fistulosum 7 0 	 07 	 0 0 
A.porrum 9 0 7 2 0 0
A. tuberosum 1 1 0 0 0 0
A. ramosum 2 2 0 0 0 0
A. schoenoprasum 1 0 1 0 0 0
Total 126 3 15 4 34 70 
aVery resistant = No symptoms.
 
Resistant _<5% leaf area affected.
 
Moderately resistant = 6 - 25% leaf area affected.
 
Susceptible = 26 -50% leaf area affected.
 
Very susceptible = _>51% leaf area affected.
 

Table 2. Allium accessions identified in the field that possess resistance to
 
Stemphylium leaf blight', spring 1993
 

Entry Species Disease ratingb
 
AT 166 tuberosum 1
 
AR 118 ramosum 1
 
AR 130 ramosum I
 
TA 7 porrum 2
 
TA 9 fistulosum 2
 
TA 37 porrum 2
 
TA 43 fistulosum 2
 
TA 46 porrum 2
 
TA 87 porrum 2
 
TA 104 fistulosum 2
 
TA 105 fistulosum 2
 
TA 107 fistulosum 2
 
TA 108 fistulosum 2
 
ASC 115 schoenoprasum 2
 
AF 117 fistulosum 2
 
AP 120 porrum 2
 
AP 123 porrum 2
 
AP 128 porrurn 2
 
8A total of 126 entfies evaluated: 3 were very resistant, 15 were resistant, (not shown: 4
 

were moderately resistant, 42 were susceptible, and 62 were very susceptible).
b	Disease rating: 1= very resistant, no symptoms; 2 = resistant, less than 5% leaf area
 

affected; 3 
= moderately resistant, 6 - 25% leaf area affected; 4 = susceptible, 26 - 50% 
leaf area affected, and 5 = very susceptible, 51% or more leaf area affected. 



35 Alliuln Pathology 

seven A.fistulosun accessions - TA 9. TA 43, TA 104, TA 105, TA 107, TA 108, and AF 117; 
and a single accession ofA. schoenoprastan,ASC 115, had less than 5% of their foliage affected 
and were rated as resistant. None oflhe A. cepa entries in tile study were rated very resistant or 
resistant (table 1). Of the 106 entries tested, two lines were rated moderately resistant but the 
remainder were rated either susceptible or very susceptible. 

These results suggest that sources with good levels oflresistance to Stemphylium leaf blight 
occur among allium accessions at AVRI)C. Additionnal accessions will be evaluated for their 
disease reactions as they become available. Future emphasis in this area ofresearch will be placed 
on developing a reliable laboratory disease screening protocol with S. vesicarinu to evaluate 
additional germpia, m sources and breeding populations developed at AVRi)C for their reactions 
to Stemphyliunm leaf blight. 

Survey of Foliar Diseases Affecting Allium Crops in Taiwan 

Summary 
Three fungal pathogens, Stemphyliun vesicarium, Alternaria porri and Colletotnichulm 

gloeosporioides,were identified fron 4,281 diseased leaf samples of allium crops collected in 
Taiwan. Stemphyliuni blight was by far the lost coImlon disease in this survey with over 80% 
ofthe diseased leafsamnples due to infection by S. vesicarimn.This isthe first report ofSteniphyliumn 
blight on allium crops in Taiwan. 

Introduction 
Bulb alliums were included in 1993 among the mandate crops for investigation at AVRDC. 

As aresult, asurvey ofallium crops being grown in Taiwan was conducted to determine the major 
foliar fungal diseases affecting these crops. Literature available regarding foliar diseases of 
allium crops in Taiwan is very limited, but there are reports of the occurrence of purple blotch, 
Alternaria porri; downy mildew, Peronospora destructor; anthracnose, Collelotr-ichlm 
gloeosporioides;and black mold, Stemphylitn boti'ostim. The purpose ofthe survey was to 
serve as an initial step ill assessing the importance of fungal diseases as constraints to Allium 
production in Asia to establish research priorities at AVRi)C on diseases of these crops. 

Materials and Methods 
The disease survey covered the period from January to October 1993 and included onion, 

shallot, garlic, Welsh onion, and leek. Some 4280 diseased leaf samples were collected from 42 
fields at various locations in Taiwan. Sampling sites included fields at Shanhua (AVRI)C), Hsilo, 
Chilsu, Hsuchchia, Hsiaying, Checheng, Ilan, Chian, -lsihu, and Luyeh. Filly to 200 diseased 
leaves were collected at random from each field and examined microscopically for diagnostic 
spores. Tile percentage of leaf lesions caused by each pathogen at each location was determined 
to estimale tile relative importance of each (isease. 

Results and Discussion 

Stemphylilma vesicoriuni, the causal agent of Stemphylium leaf blight, was tile predominant 
pathogen associated with lesions on the diseased leaves collecteO' from all of the Allium crops. 
Stenphylium[ blight occurred in every field sampled throughout the year and was the disease 
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associated with 83.4% of the leat samples collected (table 3). Purple blotch, A. porri,was found 
in 23 of the 42 fields sampled but was associaled wilh only 5.3% of the total leaf samples. Its 
occurrence was very sporadic during tile period from .anuary through May (table 3). However, 
from June through October it was found in all but one field sampled and ranged in frequency from 
Table 3. Frequency of occurrence of Stemphylium leaf blight, purple blotch, and anthracnose 

on diseased leaves collected from allium crops in Taiwan, 1993 
No. of Disease occurrence (%) 

Field leaves Stemphylium Alternaria Colletotrich-urh 
Date location Crop sampled vesicarium porri gloeosporioides 
5 Jan. AVRDC (Phy.) Onion 100 100 0 0 
5 Jan. AVRDC (Ent.) Onion 100 100 0 0 
11 Jan. AVRDC (Phy.) Shallot 100 100 4 0 
1 Feb. AVRDC (C.P.) Onion 100 100 0 0 
3 Feb. Hsilo Garlic 110 100 0 0 
16 Feb. Chilsu Garlic 100 100 0 0 
16 Feb. Hsiaying Garlic 100 100 0 0 
16 Feb. Hsuehchia Garlic 200 100 0 0 
16 Feb. Hsuehchia Shallot 100 100 0 0 
16 Feb. Chilsu Shallot 100 100 2 0 
25 Feb. Ilan Welsh onion 100 100 1 0 
26 Feb. Checheng Onion 200 100 7 0 
26 Feb. Checheng Garlic 100 100 0 0 
9 Mar. Chian Welsh onion 170 99 0 2 
10 Mar. AVRDC (C.P.) Onion 100 100 0 0 
10 Mar. Hsihu Welsh onion 100 100 0 0 
11 Mar. AVRDC (Phy.) Onion 100 100 0 0 
11 Mar. AVRDC (Ent.) Onion 100 100 0 0 
7May Luyeh Leek 50 100 0 0 
7 May Chian Leek 50 100 0 0 
7 May Chian Garlic 50 100 0 0 
7 May Chian Welsh onion 50 100 0 0 
25 Jun. AVRDC (P.P.) Onion 100 90 10 15 
25 Jun. AVRDC (P.P.) Shallot 100 85 7 10 
25 Jun. AVRDC (P.P.) Welsh onion 100 82 12 13 
25 Jun. AVRDC (P.P.) Garlic 100 80 6 5 
26 Jul. AVRDC (P.P.) Onion 100 58 26 18 
26 Jul. AVRDC (P.P.) Shallot 100 66 4 6 
26 Jul. AVRDC (P.P.) Welsh onion 100 50 18 15 
26 Jul. AVRDC (P.P.) Garlic 100 59 8 7 
30 Aug. AVRDC (P.P.) Onion 100 44 36 13 
30 Aug. AVRDC (P.P.) Shallot 100 68 3 6 
30 Aug. AVRDC (P.P.) Welsh onion 100 55 14 17 
30 Aug. AVRDC (P.P.) Garlic 100 40 12 10 
27 Sept. AVRDC (P.P.) Onion 100 36 18 9 
27 Sept. AVRDC (P.P.) Shallot 100 70 0 3 
27 Sept. AVRDC (P.P.) Welsh onion 100 52 12 12 
27 Sep. AVRDC (P.P.) Garlic 100 43 3 2 
29 Oct AVRDC (P.P.) Onion 100 85 10 1 
29 Oct. AVRDC (P.P.) Shallot 100 89 2 0 
29 Oc:. AVRDC (P.P.) Welsh onion 100 80 5 2 
29 Oct. AVRDC (P.P.) Garlic 100 72 4 1 
Total/Mean 4,280 83.4 5.3 4.0 
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2 to 36/c among the diseased leaf sanmples. Similarly, anthracnose, C.gloeosporiioides, was not 
detected very oflen among sanmples collected from January through May. Except for a single field 
in which it was not detected, anthracnose was associated with 1 to 18% of tie diseased leaf 
samples collected from tune through October. Anthracnose was associaled with only 4% of the 
tol diseased leaf samples collected lhloughout the year. 

This apparently is the first report of lhe occurrence oflStemnphyliun leal blight in Taiwan. To 
find it to be the predomirant leaf disease of alliums in Taiwan came as a surprise based on 
published information which suggests that purple blotch is the most serious leaf pathogen here 
and elsewhere. Symptoms of the two diseases are very sinilar, therelre accurale diagnosis 
requires microscopic observation. 

This survey was continued dluring the remai nder of 1993 and will be repeated to determine 
the pattern of foliar fungal diseases on alliiun crops in Taiwan in 1994. Virulence studies will be 
conducted with alljin isolates olS. esicariun, Allerntria spp., and C.gloosporioidesto select 
specific isolates of each for use in mulliple disease resistance screening of allium accessions. 
Elforts will be initiated in 1994 o assess tle reflat ive importance oflvarious fu ngal diseases in bulb 
all ium in olher Asian counutries. 

Seed Health Testing of Untreated Onion Seed from 
the Natural Resources Institute, U.K. 

Summary 
Seedlots of 5() connercial onion cultivars were received from the Natural Resources 

Instilutle, U.K. for seed heallh testing. The seed were treated with a 1% sodium hypochlorite 
solution and subsamples of each seedlot incubated at 24'C and 35'C on noist Filler paper for 8 
days. Seven potential fliage or storage pathogens olonion were identilted -A. wrgillusniger, 
A..fiutigmilus,Fusa'rin spp., Alternmria spp. Rhizopits sp., Bot-Ytis sp., and Penicilliun sp. One 
or nore oft hese fu ngi were dlectel on all 50) seedlots. 

Introduction 
Many plant pathogens can be seedhorne either in the form of infected or infested seed. These 

scedborne palhogens frequently serve as the primary inocultm for a new crop. Seedborne 
pathogens and n inpatlIogens may be disseminated over long (listances and introduced info new 
areas via seed distribution. Utilization of good quality, pathogen-free seed is the first step in 
successful crop production. Several fungal pathogens have been associated wilh seed of onions 
and allied crops. To assess the potential role of seedborne pathogens in onion, seed of 50 
commercial cullivars obtained from the Natural Resources lnstitLue, (NRI), U.K. were assayed 
lfr associated flin'i and bacteria. 

Materials and Methods 
I)r. i.esley Currah provided seedlots of50)shorl-day onion cultivars from the NRI collection 

inthe Vegetable (ene Bank at Ilorticulture Research International, Wellesbourne, Warwick, 
U.K. These cultivars represent a broad geographical collection, having been obtained from 
several countries. 



38 AVRI)C 1993 Progress Report 

Separate assays were conducted on each seedlot at 24C and 35C to dtect associated 
microorganisms. Seed were treated for 1ra in a 1%sodium hypochlorite solution, rinsed twice 
in sterile distilled water, and transferred aseptically to sterile petri plates with moist filler paper.
Four hundred seed of each cultivar were tested, with four replications of I0 seed each, at each 
temperature. After 8 days of incubation, microscopic observations were made to identify
microorganisms associated with each seed, and notes were made on seed germination. 

Results and Discussion 
Eight different ftngi and unidentified bacteria were associated with the seed. Seven of the 

fungi - Aspergilhtis niger,A.ftunigatus,Fusariwn spp., Alterttaria spp., Rhizoptts sp., Botri-is 
sp., and Penicilliwo sp. - are potential foliage or storage pathogens of onion (table 4). One or 
more of these fungi were detected oil all 50 seedlots. A. niger and A. ftnigatits occurred most 
commonly, being detected on 72% (24°C) and 98% (35°C)olthe scedlots, respectively. Bacteria 
associated with the seed were not identified. Assays at the two temperatures, 24C and 35C,
caused some shill in frequency of recovery of the microorganisms. The higher temperature
increased recovery of A.fiwnigatts, Chaetomitmu sp., Bon-'tis sp., and bacteria while suppressing 
recovery olthe other fungi. Mean seed germination among all cultivars was 75% at 24°C and 14% 
at 35C. 

These results show that several onion storage pathogens ire frequently associated with onion 
seed. It is not known if the seedhorne pathogens play an important role in subsequent storage
decays when crops are grown from contaminated seedlots. The occurrence ofAlternariaspp. in 
42% oflthe seedlols raises SOnlle concern that seed may serve as an important source of inoculuml 
for development of purple blotch in onion crops. The absence of Stemphyliun vesicaritn in the 
seed assays was of paricuilar interest in view of recent surveys which show Stemphylium leaf 
blight to be the most prevalent leaf disease of alliuin crops in Taiwan. 

Table 4. Microorganisms associated with seed of 50 onion seedlots" incubated on moist filter 
paper at 240C and 350C 

Microorganisms 
24 0C 

Individual ..... 
350C 
. In-d iidualt.. 

Aspergillus niger 
Seedlots (%), 

72 
seeds(%) 

2.30 
Seedlots(%) 

46 
seeds(%) 

0.55 
Aspergillus fumigatus 84 1.96 98 8.20 
Fusarium spp. 46 0.30 20 0.08 
Chaetomium sp. 14 0.24 36 0.30 
Alternaria spp. 42 0.21 22 0.13 
Rhizopus sp. 56 0.64 24 0.22 
Botrytis sp. 2 0.01 12 0.10 
Penicillium sp. 24 0.13 18 0.07 
Others 4 0.02 0 0 
Bacteria 68 0.61 86 2.01 
aProvided by Natural Resources Institute, U.K., the seedlots represent a collection of cultivars from 

several countries.
bValues based on assays of 400 seed per seedlot; four replications of 100 seed each. 



39 Allium Pathology 

Virus Elimination and Virus Indexing of Garlic and Shallot 

Summary 
All vegetatively progagated allium crops such as garlic and shallot are inflected by virus, 

causing yield losses of 20-70%. AVRI)C is developing a virus clinination schemie for its 
germplasm collection that will ensure that no virus is accidentally introduced into Taiwan or 
exported to olher countries during germplasm exchiange. Three vii-iis group; "ver,- ou nd on garlic 
and shallot during a survey of larmers' fields and local markets in Taiwan: poty-, carla-, and 
closteroviruses. Coinftct ion with several viruses was a common phenomenon. Inifection with 
onion yellow dwarf virus ()YI)V) and shallot latent virus (SIN) appeared to predominate. 
Studies were conducted to optimize the virus elimination procedure. A phostoxin fumigation 
treatment of 12-24 h was lound to he optimal without any detrimental effect on plant growth and 
will be applied routinely for tie elimiination of miles and insects on all incominig germplasm. 
Meristems excised from unsprouted garlic and shallot cloves had an average survival rate of'> 
90%, and plantlets developed from such mcrislems were virus-free. This was not the case when 
meristems were excised at later growth stages. A heat treatment of 38°C for 39 days belore 
meristem excision resulted in almost complete virus elimination from intcted garlic cloves. 
Similarly, a heat treatment ol 33°C for 35 days resulted in absence of virus in meristem-derived 
shallot plantlets. Meristem survival was not affected by the heat trealment in either garlic or 
shallot. Therefore, in cases where virus eliniination cannot be achieved by meristem tip culture 
alone, cloves nay be subjected to heal prior to nerislem excision to iniprove virus eli minalion. 
Similarly, the placenent of meristems into a mediuni containing 50 mg/I of virazole was found 
to improve virus elimination. 

A routine virus elimination scheme was initiated which uses merislem lip culture (0.3 mam) 
of 24-h phosloxin fumigated cloves and three ElISA tests oflthe meristem-deri ved plantlels up 
to the second maturity cycle. Ten virus-free garlic and two virus-free shallot lines have been 
obtained using this scheme. 

Introduction 
It has been shown that all vegetatively propagated allium crops are virus infected. Virus 

elimination schemes are urgently needed because virus infection often results in high losses in 
yield and quality. ;uch schemes, however, have rarely been implemenled because ofinsufficient 
knowledge of the viruses involved and tile lack of diagnostic tools to detect them. AVRDC, which 
is in the process of assembling a large germplasm collection of tropical Alfitan species, has 
initiated studies to optimize vinis elimination and virus indexing of vegetatively propagated 
alliums to characterize the riost common viruses and to develop reliable diagnostic probes for 
their (]etection. 

Materials and Methods 

Optimum growth stage for meristem excision 
Four garlic lines (White Leaf, Black Leaf, China Pei San, and China Honan Suan) and one 

shallot line from Thailand were used. Meristems of(0.3-0.5 mm were excised frori plant materials 
at the following growth stages: unsprouted clove (stage 1); sprouted clove with a shoot 
approximately I cm long (stage 2); sprouted clove with leaves approximately 5 cm long (stage 
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3); sprouted clove with 10- to 15-cmn-long leaves (stage 4) and from sprouted cloves with 15- to 
20-cm-long leaves (stage 5) (fig. 1). The cloves were leflt to sprout in Vermiculite®. For each 
growth stage and line, 1()merislems were excised as described in the AVR1)C 1992 Progress 
Report and placed on Murashige and Skoog (MS) medium in 10-m-long tissue culture tubes. 
Cultures were maintained in a growth room at a consint temperature of 23-25'C and a 16-11 
photoperiod using 40-watt daylight fluorescent tubes providing a light inteisity ofapproximately 
5 Klux at tube level. Virus int ction was assessed twice by adot I)AS El .ISA test on nitrocellulose 
(NC) membranes at tile tine of meristem excision (of tissue immediately adjacent to tile 
meristematic tissue and of tissue jusl below the outer membrane/skin of the cloves) and when 
leaves approximately 7 cm long had developed from meristem-derived plantlets. Two antisera 
were used: one with specificity to onion yellow dwarf virus (M)IV) and shallot latent virus 
(SIN), and a second wilh specificity to OYI)V, SI N, garlic common latent virus (CLV), and 
leek yellow stripe virus (ILYSV). 

Growth Stages Of Garlic 

F t'issute tested for virus .....
by Elisa : 

S0-.1 

Stage I (bulb) II III IV V 

Fig 1. Different growth stages of garlic tested for meristem excision 
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Effect of phostoxin fumigation with or without subsequent heat treatment 
on growth of garlic and shallot 
Two garlic lines (Black l.eafand China Tsang Shar) and two shallot lines (Taiwan Local and 

Thailand Local) the dormancy of which had been broken by a 1-2 no cold treatment at 40C were 
used. Four different phostoxin fumigation treatments (0,6, 12, and 24 h) were applied using 10()0
bulbs/line for each treatment. After fumigation, the cloves were planted individually into 9-cm 
plastic pots containing autoclaved potting rhodiuin and Nan Ti Wong plant mediuin (1:1). Tile 
pots were transferred to an insect-prool screenhouse until the plants had developed Four to)live 
lea\'f!,, long. The potted plants were then placed in a growth room (16-happroxinately I()cm 
photoperiod provided hy daylight fluorescent lights giving 2 KILx at plant level) where they were 
subjected to stepwise dry air heat treat menits as follows: 

"garlic: stepwise temperatire increase from 31 to 38'C over It)days, followed by 38°C for 
21 days (treatment 3). 

"shallot: 30)C/7 lays, Followed by 33(C For 28 (lays (treatment 3). 

In trealment 4. tlie soil was pretreated witl 15 l/pol oflthcilenmat icide(C)xamyl (24%) at 75()x. 
Emerging plants were sprayed after I and 2 wk with the hacteriocide Aakin at I1()()()xand the 
fungicide Kasugamycin at 8(W x before they were Subjected to the heat treat ment. Treatnient 5 
consisted of an additional hot water fornialdchyde treatment after lumigation before the bulbs 
were grown 1ouItiii tlie heated(growt i room: 12 h ii 2(1-25 'C II ,(), tien I l/I 11( )+ IV 11(III () (35 %) 
at 44.5'C, foll owed by I i/ll,() + 1(I 1lC l() (35/r) at 43"(. There were two checks (rcalments
I and 2) which didInot receive any heat trealments: bulbs panled (ireclly insoil mixture (Nan
Ti Wong plant ieiuni) after fuiiigalion (treatiet I) and bulbs planted insoil inixturc :llieided 
witlh 15 nil of the nernaticide ()xamyl (24%) 7()(x; plants were sprayed after I and 2 wk with tlhe 
bacteriocide Atakin I()(x and wilhi tie tnngicide Kasuganlycin at 800x (treatnent 2). 

An indirect (lot FI1SA test oii NC menbranes was conducted on leaf lissue of tle plants
before the heal trealmernl and on Clove tissue after the heat treatinert . P1 alit survival was measured 
I nonth after planting by counling tile percenlage of ive plants. 

Effect of heat on cloves or bulbs before meristem excision on meristem 
survival and virus elimination 
Four garlic lines (White L.eaf,Black Leat, China I'ei Suan, and China Flo Nan San) and three 

shallot lines (Shaniua L.ocal, Taiwan Local, and Thailard I.ocal) were used. Stepwise heat 
treatments were conducted as follows: 

Garlic cloves: 	treatment 1 (5(0 days): 30(C, 7 days; 360C, 14 (lays; 380C, 29 days;
 
trealnent 2 (60 days): 3()°C, 7 days; 360C, 14 days; 380C, 39 day;
 
Ireatnient 3 (70 days): 3()°C, 7 days; 360C, 14 clays; 380C, 49 day.


Garlic bulbs: 	 treatment 1(60 days) and trealneril 2 (7) (lays), corresponding tot
 
treatments 2 and 3 above;
 
treatment 3 (80 (lays): 3(0C, 7 (lays; 360C, 14 (lays; 38'C, 59 (lays.
 

Shallot bulbs: 	treatment 1 (42 (lays): 30(C, 7 (lays; 330C, 35 (lays;
 
treatment 2 (49 days): 300(C, 7 (lays; 33"C(, 42 (lays.
 

Heat treatnients were conducted on dry cloves/bulbs sub.ected to cold treatment at 40C to 
break dormancy. The cloves/bulbs were kept on perforated aluniiinurii shelves in agrowth roomi 
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where the temperature was provided by a healer and where relative humidity was kept at 50-60%. 
Light was not provided. A first EILISA test on NC membranes was conducted after the heat 
treatment on the cloves just before nvristems of ,0,.3 0.6 mm were excised as previously
described. When plantlets had developed leaves approximately 5 cm long, the leaves were 
subjected to another ELISA test. 

Effect of virazole on merisiem survival and virus elimination 
Three garlic lines (China Tsang Shan, China Pci Suan, and Black Leal) and one shallot line 

(local shallot) were used. Meristeins were excised from 40 unsprouted cloves per line and placed 
on MS medium as previously dcscribed. After 10 days, those meristems that grew well were 
transferred to MS medium amendcd with either 20, 30, or 50 mg/I of the virocide virazole (MSV
medium). After 6 wk on MSV medium, a 0. 1to 0.2-cmn-long shoot was re-excised and placed on 
MS mediuin. An EIHISA test w s condLucted at the same time on the remaining leaves of 10 
plantlets per line per virazole col.centration. 

Survey for viruses of garlic and shallot in Taiwan 
Thirty samples of fresh bulb garlic and II samples of fresh shallot were collected from the 

main production areas (Hsilo, Huwci, and Chialisin) in Taiwan and AVRDC fields. Thirteen 
samples of dried garlic and 26 dried shallot bulbs were also collected from various markets. 
Twenty-four Welsh onion and one Chinese chive sample were collected from several locations 
in southern and central Taiwan. Each sample consisted of 2) bulbs. Of each sample, three bulbs 
were selected. A l)AS ELISA test was conducted on two cloves of each of the three bulbs using
polyclonal antisera to OYI)V, ILYSV, GCLV, and SIN and monoclonal antibodies to SLV, 
closterovirus, and potyviruses. 

Virus elimination and indexing of garlic and shallot germplasm 
Fig. 2 shows the schbIie adopted for routine virus elimination and indexing in alliums. Garlic 

and shallot cloves are subjected to a 24-h phostoxin fumigation treatment followed by a 6-8-wk 
cold treatment at 40C to break the dormancy ifnecessary. The outer 'skin' is removed and a small 
piece of clove tissue underneath is excised for a first EILISA test (= ELISA 0). The remaining
clove is placed in 70% ethanol for I min. After two rinses in sterile distilled water, tile cloves are 
surface sterilized for 15 min in 1% Clorox. Following three rinses in sterile distilled water,
meristems of 0.3-0.6 mm are aseptically removed. The excised meristems are placed on MS 
me(lium in 10-cm long tissue culture tubes which are kept at 23-25°C for a 16-h photoperiod with 
I Klux at tube level. After 10- 14 days, when the meristeni tips are growing well. and show green
color, the tubes are moved to 5 Klux. After another month tile plantlets are transferred to MS 
medium containing 0.5mg/I NAA until they have developed three to four leaves. This stage is 
normally reached around 6-8 wk after meristen excision. At that time a piece of the leaf at least 
5 cm long is removed for a second FILISA test (ELISA 1). Indirect (lot blot ELISA tests are 
performed on NC membranes using two polyclonal antisera: one which detects OYDV and SIN 
and another which detects OYDV, SIN, GCV, and LYSV. Plantleis in which no virus is 
detected are transferred to plastic pots with autoclaved soil medium and Nan Ti Wang plant
medium (1:1) and kept in an insect-prof greenhouse at 22°C and 60-90% RH. Two to three 
weeks later the plants are transferred to 15-cm clay pots and allowed to grow into mature plants.
A third ELISA test (ELISA 2) is conducted 2 months after transplanting. Afourth ELISA (ELISA
3) (as described earlier) is conducted on mature plants, using a 3-cm leaf section of one of the 
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Fig. 2.Virus elimination and indexing scheme for A/hium sp. 
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leaves (first maturity cycle). EI.SA-negalive plants arc then allowed to dry in an insect-prool
greenhouse for about 1-2 wk by withholding water. Alter breaking the dormancy (shallot 3 wk 
at 4°C; garlic 2mo at 4C), the dry cloves arc replanted in sterile soil IflediuL Mand allowed growIo 

out again to maturity (second maturily cycle). At this time a fifth EISA test (ElISA 4) is 
conducted. Ifthis lest is ricgativc again, tile cloves are dried as described earlier and transfcrred 
to the Geneic Resources and Seed Unit for further use. Twelve garlic and one shallot line were 
subjected to this scheme in 1992-93. 

Results and Discussion 

Optimum growth stage for meristem excision 
It is evidentIhat virus infctlion was high inallIi nes before meristem excision (table 5). Virus 

infection rance(l from 70 to 100% in garlic and was about 80% in shallot. As expected, virus 
infcclion ad.acenlt otile mcristcmatic tissues was significantly less than in tissues near the outer 
skin of the cloves. I lowevcr, it was also observed that sprouted cl(oves had a higher percentage
of virus infeclion nearIhe oerisremalictissie Ihan tileunsprouted cloves. Possibly the active cell 
growth otllhe meristeiatic tissUes also slimulated virus replication and multiplication. Men.lemI 
survival in carlic was )(1%I for ineristents excised at stages 2, 4, and 5. The survival rale of 
meristems excised from stage I and stage 3 cloves was 90)and 88'Z, respectively.

Shallot iueristcii survival was 1)(% when iteristems were excised at stages 2, 3, and 4. 
When excised at stages I and 5 tueristem survival was 90 and 7)'/(, respectively. No virus was 
detected illtissLe-cullured -latMtlets oI carlic developed from explants taken froin unsprOuted
clovCs and from slace I cloves. Plhlllets developed Frott sprouted cloves at later growth stages
had varying percentages of virus infcclion. No virus in feclion was letected in any of the tissue
cultured shallot plantlels developed From explants at any of the live growth stages. 

Effect of phostoxin fumigation with or without subsequent heat treatment 
on growth of garlic and shallot 
None ot'lhe three fuumication treatments had any (ltritncntal eftect on plant growth ofeitlher 

garlic or shallot (table 6a). lowever, when phostoxin treallmell of'cloves was followed by hot 
water/frmaldchyde tirealimenl, plant growtlh was drastically reduced. This effecl was also 
observed itgarlic check plantls which were suhjected only to hol water frmaldehyde but not to 
pliostoxin ftuligaliol. lhostoxinlhad no etfect on1virus incidence in garlic and shallot (table 6b).

Virus incidence in shallot was not reducedl after Ileat treanetit. Hleat treatment did, however, 
considerably reduce, although not eliminate, virus iincidence in garlic (table 6b). 

Effect of heat on cloves or bulbs before meristem excision on meristem 
survival and virus elimination 
Meristem survival ol carlic was not afTected by the 50- and 61)-day heal treatnierils (table 7a).

However, ithe 7()-day treatlment was higIhly (letlri mental, causiig (eatIC1 (i the bullbs/cloves and 
slow growili of theInmeristetns. The 5(- and 60-day heal trealments bIelore tucristem excision 
seemed to corsiderahly reduce virus inlfeCton in I lietissue-Cllured plantlets. Virus was defected 
in only one ol the fMr lines of the 60-day heat treatment and viruses. Garlic bulbs seemed 1o 
tolerate longer heal treatment than garlic clovcs (table 7a). 
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Table 5. 	 Percent survival and virus infection of garlic and shallot plantlets taken from 
meristems at different growth stages of the original plant material 

Virus infection before Virus infection aiter 
meristem excisionb (%) meristem excisionb (/) 

Tissue below outer Tissue adjacent Meristem Leaf tissue of meristem-
Growth -- membrane to meristem survival (%) derived plantletc 
stage and OYDV OYDV OYDV OYDV OYDV OYDV 
line4 SLV GCLV SLV GCLV SLV GCLV 

LYSV SLV SLV 

LYSV LYSV 

Stage 1 
garlic 1 0d 80 0 10 90 0 0 
garlic 2 20 100 20 20 70 0 0 
garlic 3 0 100 0 0 100 0 0 
garlic 4 0 90 0 0 100 0 0 
shallot 1 80 50 0 0 90 0 0 

Stage 2 
garlic 1 0 100 0 0 100 0 0 
garlic 2 0 100 0 0 100 0 0 
garlic 3 10 100 0 0 100 0 0 
garlic 4 10 100 10 100 100 0 0 
shallot 1 30 0 0 0 100 0 0 

Stage 3 
garlic 1 10 90 10 80 90 0 0 
garlic 2 0 100 0 30 100 0 0 
garlic 3 0 100 0 10 60 0 0 
garlic 4 0 100 0 90 100 17 0 
shallot 1 50 10 10 10 100 0 0 

Stage 4 
garlic 1 70 70 10 70 100 0 0 
garlic 2 100 100 0 20 100 13 0 
garlic 3 90 80 100 100 100 33 33 
garlic 4 100 100 30 70 100 (25) (25) 
shallot 1 20 0 0 0 100 0 0 

Stage 5 
garlic 1 70 90 0 90 100 0 0 
garlic 2 100 100 50 30 100 0 0 
garlic 3 90 90 10 30 100 (11) 0 
garlic 4 100 100 40 50 100 0 0 
shallot 1 10 0 0 0 70 0 0 

'Garlic 1 = local Black Leaf; garlic 2 = local White Leaf; garlic 3 = China Pei Suan; garlic 4 = China Ho 

Nan Suan, shallot 1 = loca! Thailand. 
bAssessed by indirect dot blot ELISA on NC membranes. 
cAssessed by indirect dot blot ELISA on tissue-cultured plantlets when leaves were approximately 7 cm 

long. Number in parentheses indicate weak ELISA reactions. 
dl 0 cloves per line and growth stage were tested. 



Table 6a. Percent survivala of garlic and shallot plants grown from phostoxin-fumigated bulbs
Treatment No fumigation 6-h fumigation 12-h fumigation 24-h fumigationLine lb 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
Garlic 

Local 90 83 87 91 
 72 93 83 88 88 69 94 90 
 89 87 72 92 90 
 88 90 56
China Local 94 92 94 95 79 9P 
 94 94 95 72 95 92 93 91 58 
 96 100 94 90 37
Shallot 
Local 70 82 
 78 96 96 
 92 100 97 95 91 100 
 98 100 90 75 97 96 96 96 67
Thailand Local 100 100 100 100 93 100 100 100 100 78 100 100 100 100 69 100 100 100 100 63

aMeasured at 30 days after planting. 
In the case of garlic local, 100-200 cloves were planted per treatment.
 
In the case of garlic China, 110 cloves were planted per treatment.
 
In the case of shallot, 30-40 cloves were planted per treatment.
 

bNumbers refer to different treatments after fumigation.

1 = Check 1: bulbs planted in soil mixture (Nan Ti Wong plant medium) directly after fumigation.2 = Check 2: bulbs planted in soil mixture amended with 15 ml of Oxamyl (24%) 750x (nematicide); plants were sprayed after 1and 2 weeks withAtakin (bacteriocide) 100x and Kasugamycin 800x (fungicide).3 = Bulbs planted in the soil mixture directly after fumigation; heat treatment of whole plants when leaves had reached 10 cm.4 = Bulbs planted in soil mixture, as described in 2; heat treatment when leaves had reached 10 cm.5 = After phostoxin fumigation, bulbs were treated with hot water/formaldehyde (12-h H20 at 20-25°C, 1-h H2 0+followed by 1-h H20 1% HCHO [35%] at 44.50C,+ 1% HCHO [35%] at 430C) before they were planted in soil mixture; heat treatment of whole plants when leaves had

reached 10 cm. 



47 Allium Pathology 

Table 6b. Percent virus incidence inheat-treated plants derived from phostoxin-and heat-treated 
cloves 

After heat treatmentb 
Before heat treatmenta Treatment 3c Treatment 4 Treatment 5 

Line OYDV OYDV OYDV OYDV OYDV OYDV OYDV OYDV 
SLV SLV SLV SLV SLV SLV 'SLV SLV 

GCLV GCLV GCLV GCLV 
LYSV LYSV LYSV LYSV 

Garlic 
Local 84 98 39 33 96 73 78 76 
China local 100 99 70 60 63 60 60 56 

Shallot 
Local 95 86 90 79 96 91 100 81 

Thailand local 95 87 NT NT 95 94 95 88 
aI he values are the average percentages ot incidence recorded on plants (at the 15-cm leaf stage) of all
 
five treatments ( = 250 plants) before they were subjected to the heat treatments; leaf tissue was used
 
for the dot DAS ELISA tests.
 

bThe values are the average percentages virus incidence recorded on 24 plants each of all three
 
phostoxin treatments (24, 12, 6 h) (= 96 plants); clove tissue was used for the ELISA tests.
 

cTreatment 3 = After fumigation, bulbs were planted directly inNan Ti Wong plant medium; heat
 
treatment of whole plants when leaves had reached 10 cm.
 
Treatment 4 = After fumigation, bulbs were planted inNan Ti Wong plant medium amended with 15 ml
 
of the nematicide oxamyl; plants were sprayed after I and 2 weeks with Atakin/Kasugamycin; heat
 
treatment of whole plants when leaves had reached 10 cm.
 
Treatment 5 = After fumigation, bulbs were treated with hot water/formaldehyde before they were
 
planted in soil; heat treatment of whole plants when leaves had reached 10 cm.
 

Shallot, which is more sensitive to heat, was only subjected to 33C for 42 and 49 days. 
Meristem survival was not reduced at either heat schedule (table 7b). All viruses appeared to be 
eliminated, since no virus was detected in the tissue-cultured plantlets developed from any 
meristems of such heat-treated bulbs. 

Effect of virazole on meristem survival and virus elimination 
Before merislem excision, all garlic lines wvire 100% virus-infected, whereas virus infection 

of shallot was 45%. Meristeni survival for garlic was 100% on 20, 30, and 50 mg/l MSV (table 
8). Similarly, meristem survival of shallot was 100% at any of the virazole concentrations. 

Two of the garlic lines (China Tsang Shan and local Black Ieal) were virus-free at any ofthe 
virazole concentrations used. However, tile line China Pei San still had 31 (0/ and 12.5 % virus
infected plantlets on 20 and 30 mg/I MSV medium, respectively. No virus was detected in any 
plantlets grown on the 50 mg/l MSV medium. 



Table 7a. Effect of heat treatment of garlic cloves and bulbs on meristem survival and virus incidence 
Check (no heat)-Vr s(o%) .... 50-day heat (38zC/29 days) 60-day heat (38-C/39 days) 70-day heat (38 C/49 days).. .. Virus (%)o ... ... v\5s~ o ... 9 (,) . ... _-_-_. .. ...
 

Line _VrUScY irsVir us (I")infection before infection after infection after Virus(%
infection after infection after 

menstem meristem menstem menstem meristem 
-- excision"(%) excision (%) excision'/(%) excision() excision (%) __ 
OYDV OYDV Meristem OYDV OYDV Menstem OYDV OYDV Menstem OYDV OYDV Meristem OYDV OYDV 
SLV GCLV survival SLV GCLV survival SLV GCLV survival SLV GCLV survival SLV GCLV 

LYSV (%) LYSV (%) LYSV (%) LYSV (%) LYSV 
SLV 
 SLV 
 SLV 
 SLV 
 SLV
 

Cloves,
White Leaf 100 100 95 14 0 98 22 0 95 0 0 dead der-t deadChina Pei Suan 100 100 85 0 0 98 30 0 100 7 0 75 18 19China Honan Suan 100 100 90 6 13 95 67 0 100 G 0 93 0 0
Black Leaf 95 90 90 17 0 90 12 0 
 90 0 0 dead dead dead


Bulbs, R 
White Leaf 97 100 90 80 3 NT NT NT 100 70 0 50 50 0China Pei Suan 100 100 100 2 5 NT NT NT 100 0 0 90 0 0
China Honan Suan 96 98 100 8 1 NT NT NT 0 0
100 10 0 100 

'Cloves: single cloves were subjected to the heat treatment; bulbs: intact bulbs were subjected to the heat treatment.bAssessed immediately after the heat treatment by dot ELISA on NC membranes on clove tissue just below the outer skin. 
'Assessed as above on clove tissue immediately after haat treatment. 
"Assessed on the leaves of the tissue cultured plantlets (at the 7-cm leaf stage) derived from meristems excised from heat-treated cloves or bulbs. 



Table 7b. Effect of heat treatment on meristem survival and virus incidence of shallot cloves 
Check (no heat) 42-day heat (33-C/35 days) 49-day heat (33-C/42 days) 

Virus .. . .Virus Virus - Virus Virus Virus 
infection before infection after infection before infection after infection before infection after 

Line mensteming meristeming meristerning mensteming meristeming mensteming 

OYDV OYDV Meristem--OYDV OYDV OYDV OYDV Menstern OYDV OYDV OYDV OYDV Meristem OYDV OYDV 
SLV GCLV survival SLV GCLV SLV GCLV survival SLV GCLV SLV GCLV survival SLV GCLV 

LYSV (%) LYSV LYSV (%) LYSV LYSV (%) LYSV 
SLV SLV SLV SLV SLV SLV
 

Shanhua Local NT NT NT NT NT 20 5 90 0 0 0 0 100 0 0 
Thailand Local 80 5 100 14 0 0 0 100 0 0 10 0 100 0 0 
Taiwan Local 85 80 95 0 0 NT NT NT NT NT 65 50 100 0 0 

Table 8. Effect of virazole on meristem survival and virus elimination 
Virus infection before Virus infection on MSV medium after 
meristem excision, (%) meristem excisionc (%) 

Line Meristem .... 2-0rng/I 30mg/1 50mg/1 
OYDV OYDV survivab OYDV OYDV OYDV OYDV OYDV OYDV 

SLV GCLV (%) SLV GCLV SLV GCLV SLV GCLV 
LYSV LYSV LYSV LYSV
 

SLV SLV SLV SLV
 

Garlic 
China Tsang Shan 100 88 93 0 0 0 0 0 0 
Black Leaf Local 100 100 33 0 0 0 0 0 0 
China Pei San 100 100 88 91 0 36 0 0 0 

Shallot 
Local 45 5 100 0 0 0 0 0 0
 

a Assessed on 40 cloves by dot blot -LISA. 
Assessed on 40 meristems per line per treatment. Weristem survival was the same on all three virazole concentrations.
 

c Assessed on 20 meristem-derived plantlets after 7-8 wk in tissue culture (10 days on MS and 42 days on MSV).
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Survey for viruses of garlic and shallot inTaiwan 
All garlic samples except one (from tile Shanhua market) were infected with virus. 

Coinfection with several viruses was a common phenomenon (tables 9a-9c). All virus groups
(poty-, carla-, and clost2roviruses) were detected. Infcction with OYI)V and SIN appeared to
pre(ominate. Only two samples from Iarmers' fields in Chialisin were found infected with a 
closterovirus. Only weak reactions were obtained with polyclonal antisera to LYSV and GCIV.
It is possible that these were either unspecilic reactions or weak positive reactions, reflecting a 
very low titre of these two viruses in the tested garlic samples.

The situation was similar for shallot. All shallot samples were infected, usually with OYDV 
and SIN. In 13 samples a strong ELISA reaction was obtained with antiserum to LYSV. GCLV 
was present in two samples and a closterovirus in six samples. 

Table 9a. Survey for viruses of garlic in Taiwan 
No. of . ... Potyvi us-.... ...sCarlavirus . Clostero-

Location samples POTY OYDV LYSV GCLV SLV virus 

d Number denotes the number of samples with strong reaction to antiserum in DAS ELISA. 

collected 
Hsilo (F)A 15 
Huwei (F) 10 
Tainan (M) 12 
Shanhua (M) 1 

M11 
6d 
4 
6 

-

P1. 
2 
2 
-

-

P, 
11 
2 
9 

P, 
(2) 
(2) 

-

P1 

-

P, 
(4) 
(1) 
(8) 

P, 
4 
1 
9 
-

M, 
4 

(1) 
7 

M, 
3 
1 
5 
-

M, M1 M5 
(2) 
-

(1) 

Chialisin (F) 
AVRDC (F) 

4 
1 

1 
1 

3 
1 

2 
1 

(1) 
-

(1) 
-

(1) 
-

3 
-

4 4 
-

(3) 
-

2 2 

I F = field, M = market. 
b M = monoclonal antibodies. 

P = polyclonal antiserum. 

Numbers inparentheses denote the number of samples with weak reaction to antiserum. 

Table 9b. Survey for viruses of shallot in Taiwan 
No. of Potyvirus Carlavirus Clostero-

Location samples POTY OYDV LYSV GCLV SLV virus 
collected Mb P" P2 P 1 P1, P, M1 M M M, M, 

Chialisin 1 (F)a 3 (1)" (1) - (3) - (1) (2) 2 2 (1)
Chialisin 2 (F) 3 3 (3) 3 (3) (3) 3 3 3 1 
Chialisin 3 (M)* 3 3 1 (3) - (3) 3 3 3 (3)
Chialisin 4 (M)* 6 1 (1) 1 (4) (2) 5 6 6 1 
Huwei (F) 3 (1) (2) (1) (2) (2) - (3) 3 2 (1)
Hsilo (F) 2 - (1) (2) (2) (3) 3 2 (1) -
Shanhua 1(M) 4 - 1 1 (4) (1) (1) 1 1
Shanhua 2 (M) 3 2 (2) 2 (3) (1) 3 3 3 1 -
Tainan (M) 3 2 (2) (3) - (1) 3 3 (2) -
Hsuechia (M) 6 6 3 5 (5) (5) 1 1 (5) (6) 5 4 
Anting (M) 1 1 1 1 (1) 1 1 1 - -
AVRDC 1 - - - - 1 1 1 1 
I F = field, M = market, originated from Indonesia. 
,M = monoclonal antibodies. 
P = polyclonal antiserum. 

d Number denotes the number of samples with strong reaction to antiserum in DAS ELISA. 
Numbers inparentheses denote the number of samples with weak reaction to antiserum; 
- = no reaction in DAS ELISA. 
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Table 9c. Survey for viruses of Welsh onion and Chinese chive inTaiwan 
No. of Potyvirus Carlavirus Clostero-

Location samples POTY OYDV LYSV GCLV SLV virus 
collected Mlb Pc P, P1 P1 'll P2 M1 M2 M3 M1 M2 

A. fistulosum 
Huwei (F) '12 (2) (8) 2 4 4 2 4 - -
Hsilo (F) 
Hsichou (F) 
AVRDC (F) 

4 
6 
2 

1 
-

(2) 
-

(4) 
(1) 

-

(3) 
(1) 
-

3 
1 
1 

3 
2 
-

(3) 
2 
-

2 
(1) 
-

-

-

-

-

-

A. tuberosum 
AVRDC (F) 1 -1 1 1 1 

F= field, M = market. 
IM monoclonal antibodies. 
p= polyclonal antiserum. 

"Number denotes the number of samples with strong reaction to antiserum in DAS ELISA. 
Numbers in parentheses denote the number of samples with weak reaction to antiserum; 
- = no reaction inDAS ELISA. 

Virus infection is obviously not the sane in garlic and shallot. This may be because much of 
the shallots both for field-plaling as well as for sale in the markets are imported from other 
countries. 

Virus elimination and indexing of garlic and shallot germplasm 
Average mcrislem survival of garlic was 97% (tables l0a and l0b). Virus was detected in 

21 %of the tissue-cultured plantlets (ELISA 1). In EIISA 2 (conducled on plantlets grown out 
for 2 mo), an average of 15% of the plantlets were lound to still harbor virus. These virus-infected 
plantlets were eliminated. In HISA 3 (first maturity cycle) and EI.SA 4 (second maturity cycle) 
no virus was detectable. The average meristem survival of shallot was 92%. 

Conclusions 

Optimum growth stage for meristem excision 
The high percentage of virus infection observed in cloves of garlic and shallot is the reason 

for AVRi)C's conimilment to subject all local and foreign germplasni to a rigorous virus 
elimination/i ndexing scheme. Therefore, forrouline vinis elimination we plan to excise merislems 
from unsproulcd cloves because an average merislem survival of approximately 90% can be 
obtained and without infection in plantlels developed from these mcrislems. 

Effect of phostoxin fumigation with or without subsequent heat treatment 
on growth (f garlic and shallot 
Plhostoxin fumigalion of bulbs and cloves eliminates contamination with insects, nemalodes, 

and mites. Since tile latter are vectors of several viruses of Allinm spp., it is, therefore, very 
import ant to eradicate them in our virus eliimi nat ion and indexing facilities. None oft he phostoxin 
treatments had any adverse efTect on plant growth, so phosloxin funigation will be routinely used 
on all materials that will be subjecled to virus elimination. Ilot water/lormaldehyde treatment, 
which is often recommended against bacterial and nematode conlami nations, will not be 
routinely used in our operations, since it drastically reduces plant growth, especially after 
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phostoxin fumigation. Ifheat treatment ofwhole plants is considered in future, the soil and plants
will be treated with bacteriocides and nenaticides instead of applying tlO/IICIO1( to the cloves/
bulbs. However, since heat treatment of whole plants not only requires much space but is also 
labor-intensive, we will attempt heat treatment of cloves instead of whole plants. 

Effect of heat on cloves or bulbs before meristem excision on meristem 
survival and virus elimination 
Tihe data suggest that the 6)-day leat treatment completely climinated certain viruses such 

as (C2V and ILYSV. l.onger treatmentls (7(0 days) at this itneperature lead to dealh of the garlic
cloves and are, thus, not recommended. Furthermore, they did not appear to have any other 
positive effect on virus reduction in the planlcts developing from meristems ofsuch heat-treated 
cloves. Heat treatments of shallot cloves at 33T(for 35 an(l 42 days did not negatively affect 
nieristem development and virus could be completely elinitunated. Thus, in the case o fshallot, heat 
treatment of bulbs may he considered ifwe cannot achieve effective virus elimination by 
meristcm tip Culture alone. 

Table 10a.Virus elimination and virus indexing of shallot as of 1993 
Item Before After meristeming . 

meristeming la 2b 3C 4d 

Thailand I 
Total no. of lines 1 
No. of meristems excised 26 
No. of lines survived 
No. of plantlets tested 

23 (88.5%) 
12 6 6 3 

No. of ELISAO-positive plantlets 0 0 0 0 
Positive for OYDV+SLV 0 0 0 0 

OYDV+GCLV 0 0 0 0 
+LYSV+SLV 

No. of virus-free lines 1 

Thailand It 
Total no. of lines 1 
No. of meristems excised 9 
No. of lines survived 9 (100%) 
No. of plantlets tested 8 5 5 
No. of positive plantlets 0 0 0 
No. of cloves tested 5 
No. of ELISA-positive cloves 0 
Positive for OYDV+SLV 0 0 0 0 

OYDV+GCLV 0 
+LYSV+SLV 0 0 0 

No. of virus-free lines 1 
aELISA test conducted on meristem-derived plantlet (when leaf approximately 5 cm long) while still in 
the test tube. 

tELISA test conducted on plants grown out in soil for 2 mo. 
ELISA test conducted on plants grown out in soil (in insect-proof screenhouse) for approximately 5 mo. 

dELISA test conducted on second generation of plants grown out in soil (in insect-proot screenhouse for 
approximately 1/2 ma) from cloves of meristem-derived plantlets. 

'Dot ELISA on NCM membranes. 
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Table lob. Virus elimination and virus indexing of garlic as of 1993 

Item 

Thailand I 
Total no. of lines (dry cloves) 
No. of meristems excised 
No. of lines survived 
No. of cloves tested 
No. of plantlets tested 

No. of positive plantlets 

No. of ELISA-positive cloves 

Positive for OYDV+SLV 

OYDV+GCLV 


+-YSV+SLV 


GCLV 

SLV 

TMV 


No. of virus-free lines 

Thailand II 
Total no. of lines (dry cloves) 
No. of meristems excised 
No. of meristems survived 
No. of cloves tested 
No. of ELISA-positive cloves 
Positive for OYDV+SLV 

OYDV+GCLV
 
+LYSV+SLV 


No. of virus-free lines 

Israel 
Total no. of lines 
No. of meristems excised 
No. of lines survived 
No. of bulbils tested 
No. of plantlets tested 
No.of positive plantlets 
No. of ELISA-positive bulbils 
Positive for OYDV+SLV 

OYDV+GCLV
 
+LYSV+SLV 


No. of virus-free lines 

Before After meristeming .... 

meristeming 1a 2 3c 4d 

7 7 
277 
261 (94.2%) 
262 (7 lines) 

159 (7 lines) 35 (7 lines) 30 (7 lines) 14 
(5 lines) 

11 (6.9%, 0 1 (1 line) 0 
5 lines) 

151 (57.6%, 
7 lines) 

94 (62.3%, 2 (18.1%, 0 1 (100%, 0 
6 lines) 2 lines) 1 line) 

9 (81.8%, 
3 lines) 

130 (86.1%, 
7 lines) 
0 
0 
0 

7 5 

1 
20 
19 (95%) 
20 

8 (40%) 
3 (37.5%) 

7 (87.5%) 

1 (bulbils) 
26 
26 (100%) 
26 

26 4 
22 (84.6%) 3 (75%) 

26 (100%) 
9 (34.6%) 4 (18.2%) 3 (100%) 

26 (100%) 22 (100%) 3 (100%) 
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Table lOb. Continued. 
Item 

France 
Total no. of lines 
No. of meristems excised 
No. of meristem survived 
No. of plantlets tested 
No. of positive plantlets 

No. of cloves tested 
No. of ELISAO-positive cloves 

Positive for OYDV+SLV 
OYDV+GCLV 

+LYSV +SLV 

No. of virus-free lines 

Taiwan 
Total no. of lines (Hua Suan) 
No. of meristem excised 
No. of meristem survived 
No. of cloves tested 
No. of ELISA-positive cloves 
Positive for OYDV+SLV 

OYDV+GCLV
 
+LYSV+SLV 


No. of leaves tested 
No. of positive leaves 
Positive for OYDV+SLV 

OYDV+GCLV
 
+LYSV+SLV 


No. of plantlets tested 
No. of positive plantlets 
Positive for OYDV+SLV 

OYDV+GCLV 

+LYSV+SLV 

No. of virus-free lines 

AVRI)C 1993 Progress Report 

Before 
meristeming 

10 
34 (10 lines) 

32 	 (10 lines) 
19 (59.4%, 

8 lines) 
5 (26.3%, 

4 lines) 
19 	(100%, 

8 lines) 

1
 
15
 

15
 
7 (46.7%)
 
6 (85.7%)
 

7 (100%)
 
15
 
15 (100%)
 
15 (100%)
 

15 	(100%)
 

0 
0 

1a 
After meristeming 
2b 3c 4d 

34 (100%) 
19 (8 lines) 
7 (36.8%, 

4 lines) 

10 
0 

(7 lines) 5 (3 lines) 
0 

7 (100%, 
4 lines) 

0 

0 

0 

0 

0 

3 

15 (100%) 

4 
0 
0 
0 

3 
0 
0 
0 

1 
0 

aELISA test conducted on meristem-derived plantlet (when leaf approximately 5 cm long) while still in the
 
test tube.
 

bELISA test conducted on plants grown out insoil for 2 mo.
 
CELISA test conducted before harvest of plants grown out in soil in insect-proof screenhouse
 

(approximatley 5 mo).
d	ELISA test conducted on second generation of plant grown out insolI (in insect-proof screenhouse for 

approximately 1/2 mo). 
*Dot ELISA on NCM membranes. 



55 Allium Pathology 

Effect of virazole on meristem survival and virus elimination 
Contrary to a previous experiment (see AVRI)C 1992 Progress Report) where rneristems 

failed to develop when they were directly placed on MSV media, all meristens in this experiment 
developed into plantlets, because they were first given a 10-day virazole-free regeneration period 
on MS medium. Therefore, when dealing with heavily infected lines where meristem tip culture 
is not enough to obtain virus-free plants, the growth of the explants on MSV medium after their 
establishment on MS medium should be considered. 

Suivey for viruses of garlic and shallot in Taiwan 
The survey has shown that most garlic and shallot are infected by virus, often despite any 

visible symptoms. This is one ofthe reasons why the virus elimination scheme will also be applied 
to both local and exotic accessions. We want to make sure that AVRI)C distributes only virus
tested materials to its partners. The different reactions obtained with monoclonal antibodies 
against one virus suggest that virus strains may exist. 

Virus elimination and indexing of garlic and shallot germplasm 

The absence o1 virus in shallot after meristeming and the low virus delection in meristemed 
garlic in the first and second EIISA tests is evidence of the efficiency of our virus elimination 
procedure. Apparently, the size ofour excised meristems is so small that virus has not yet moved 
into it. At present, we do not see any need to routinely subject the cloves (or plants) to an additional 
heat treatment prior to meristeming or grow the explants in medium containing virazole. 
However, should we encounter accessions from which we cannot eliminate virus with the 
adopted method, we will consider the use of one of these additional treatments. 
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Application of Random Amplified Polymorphic DNA (RAPD) 
for Identification of Garlic Clones 

Summary 
The potential use ol'randon amplifIed p )lym( )rplic I)NA (RAPl)) for clonal identification 

was investigaleIL using a garlic gerplnhlSm collection maintained at IIheTainan I)islricl Agricultural
Improvement Station (I)A IS), Taiwan. We were able to create 32 RAl) hands with genonfic
)NA fron 30 garlic clones using Iixe randomfly selectC(I primers. Fw priters, ()117 and ()P117, 

could dlisinguish hCVeCn lighl-leaf anld(ark-leaf clones. The dendrogrant analysis of RAPI )
bands using an ANrIBIS N11P2 program revealed ihat the (legree ofsi ii larily wilhiin 3(Iclomes was 
9 2 %. Similarity levels within the light-leaf cloi es and dark-leaf clones were 94% rad 96%, 
respectively. The SAS average linkage cluster analysis also revealed low variation within lighl
leaf and dark-leaf c1)nes. This high similarity indlicates that these garlic clones in the Tainan 
DAIS gerinplasn :ol lection were likely ohlained from a narrow geo graphical area. 

Introduction 
)ist inguishing between closely related plant cullivars is often diflicult. This is certainly true 

with many clones of garlic, a vegetatively propagated crop. Its variation is mainly the result of 
n'iural mu.tation or artificial selection. Morphological characteristics such as leaf shape and 
color, stein stifThess, floxweri ng or nonflowering characteristic, poxlth habi, aind clove shape and 
colorare thC usua.l meMs by whichclonal variat ions are (letermi neld. Ilovever, some garlic clones 
are so phenotypically similar that idenlification by o servahle traits becomes very diflicult. )ue
to this phenotypic similarity, confusion exists among persons charged xvitil growing, breeding, 
marketing, or othcrwise concerned with garlic clonal idenlification. A more sensilix'e tool to 
accurately identily garlic genotypes would, therefore, be (ff valtie. 

Within the past several years, molecular biological lechniques have heen applied to the area
1o ant cu llivar identificatioln. ()ne such techinillue, I)NA fingerprinting, whichclploys analysis 

of random amplified polymorphic I)NA (RAPl)), has been parlicularly useful. RAIlI)s are 
generated by the am1plificalion of genomic I)NA wilh a single primer of arbitrary nucleotide 
sequence. Its polyni rphism has proven to be a very sensilivc tool for separatinrg closely related 
plants. In this study we checked whetiter RAPI)s could he used to diflerenliale a major garlic 
collection of 3(chonal accessions maintained at Tainan DAIS in Taiwan. 
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Materials and Methods 
Plant materials 
Plant samples were taken from newly energed leaves from 30 cloncs listed in table 1, grown 

at the Yi-chu station of Tainan DAIS. Among thcm, CITC- 10, CITC- 11, and CITC- 12 were 
collected from Indonesia and tile rest locally, of which some were recent introductions froll 
China. Based on their agronomic characteristics, they had been grouped into live types. 

Table 1. Garlic clones used in the RAPD analysis 

Clonal Clonal name Leaf color Genomic Agronomic 
no. grouping grouping 

1 Wang-zi-she flowering type Light 1l 1 
2 Xi-pu flowering type Light 1l 1 
3 Guan-liao flowering type Light II 1 
4 Early-maturing flowering type Light I 1 
5 Flowering type Light VII III 
6 Wang-zi-she northern type Intermediate II IV 
7 Jiang-su-tai-chang (northern type) Intermediate II IV 
8 Northern type Intermediate II IV 
9 CITC-11 Dark V II 
10 CITC-10 Dark V VI 
11 CITC-12 Dark VI II 
12 Yi-lan san-jiao Light II III 
13 Feng-shan Sel. No. 1 Dark Ill II 
14 Flowering type selection Light II II1 
15 Chia-yi No. 1 Dark II1 II 
16 Chia-yi No. 2 Light II II1 
17 Xi-luo No. 2 Intermediate IlI II 
18 Xi-luo No. 4 Dark ItI It 
19 Xi-luo wide black leaf Dark I It 
20 Xi-luo two black leaves Dark I It 
21 He-mei white-jeaf Intermediate IV II 
22 White leaf (Xi-luo) Intermediate IV II 
23 New black leaf Intermediate II Il 
24 He-mei black leaf Dark 111 II 
25 He-mei early maturing, wide leaf Dark II1 II 
26 Xi-gang-pu Dark ItI It 
27 Black wide leaf Dark III II 
28 Zhuang-wei new south Light II II 
29 San-xing (Ta-yi) Light II VI 
30 Yuan-shan-nei-cheng Light II VI 

DNA isolation 
Three grais of fresh young leaf tissue were oblained and pooled from 15-20 garlic plants of 

each clone. Total genomic I)NA was isolated based on Young (1992). l.ealftissue was ground to 
a line powder with a mortar and pestle in the presence ofliquid nitrogen, then slored at -80'C until 
)NA extraction. G rotd lealpowder wasextracted wilh I I nil olextraction bt ffer at p!-l 8.1)( 1()() 

rnM Tris-HCI; 5) mM El)TA; 50(0 mM NaCI; 1.25% SI)S; 3) mM Nal ISO 4) at 65(C fbr 15 ruin. 
After 65°C incuhation, 3.5 inl olf5M potassium acetate was added and kept in ice lbr 6(0 nin and 
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then centrifuged at 3000 rpm for 15 min, followed by the collection of the supernatant. Thesupernatant was lilt,2red through miracloth, and an equal volume of isopropanol was added and
mixed well for 60 rin to precipitate the DINA. The precipitated )NA was hooked out carefully
by a modified Pasteur pipette and washed with 70% ethanol befbre being transferred to a 1.5 mlEppendorftube. After vacuum drying for 12 min, I)NA was resuspended by adding 400 p1of TE
buffer (p- 7.5) at 65 0C. Extracted DNA was further treated with RNase at a final concentration
of 50 pg/ml at 37°C for 120 min to remove RNA. The DNA concentration was determined by
running aliquots of DNA on 0.8 agarose gel with I )NA standards. 

Polymerase chain reaction (PCR) 
The IPCR was performed by using Cetus Gene Amp Core reagents. A 25 p1reaction solution

containing 0.625 unit of Taq polymerase, Ix reaction buffer, 100 pM of each dNTPs, 5pico-mole
primer (Operon, CA, USA), 3 mM MgCI, and 51 rig genomic )NA was used as a template. A
control PCR tube containing all components but no genomic DNA was ruii with each primer to
check for contamination. DNA amplification was performed in a Perkin-Elmer CetusProgrammable Thermal Cycler (Model 480, Perkin-Elmer Cetus). The reaction was overlaid
with I drop of mineral oil and the thermal cycle usd was: 94°C (2 rin) for initial strand
separation, 36°C (I rin) for annealling, and 72°C (2 mln) for extension. This temperature profilewas run for ihrece cycles, and then Followed by 94°C (1 min),36°C (I iini), and 72'C (2 mini)for
40 cycles, and finally 72°C (5 min) for extension. Amplification products were analyzed by
electrophoresis in 1.4% agarose gels and detected by staining with ethidium bromide. The gelswere photographed under UV light withi Polaroid ili 667. Size markers used were pBR328 DNA 
(Bgl I + Hinf l)and I )NA Bst Eli digests. 

Data analysis 
The polynorphism generated with each primer was scored for the presence (I) or absence(0) for each band and operational taxonomic unit (OTU). Analyses were carried out with

polyniorphic I)NAs with an AMBIS Micro PM systen as well as SAS average linkage cluster
analysis. The AMBIS system employed a program which worked by producing a similarity
matrix from the stored image file, and then constructing a dendrogran via tile unweighted pair
group average method with arilhmetic averages (UPGMA). 

Results and Discussion 
Twenty random I()-mers were tested in this study, but only five pri mers (table 2)showed clear

polyniorphiisms among 30 garlic clones. Thirty-two bands (ranging from 1500 to 300 bp) were
obtained rom these primers (table 3). Two of them were unique to all clones, six specific to lightleaf clones, and four specific to (lark-leaf clones. No band related to flowering tradt ofgarlic could
be found. Two primers, OP.1 and 01117, could distinguish between light-leaf clones and dark
leaf clones. 

A dendrograrn was created with RAPI) data derived from 01117 and 0P117 (fig. 1). At the
highest rank (i.e., 931/ similarity level) on the dendrogram, light-leaf clones can be separated
from dark-leaf clones. Similarity levels were 95% and 96% for light- leaf clones and dark-leaf
clones, respectively. Similarity near I)10% was found for clones 28 and 29; clones 1)and 25; and
clones 19 and 20. In comparing within clones 23, 29, 28 and 2; clones 16, 8, 6, 12 and 4; clones
11 and 17; clones 22, 2 1,24, 20, 19, 18, 25, and 10; and clones 13 and 14, the similarity level is 
as high as 99%. Three previously identified as intermediate leaf color clones (17, 21, 22) were 
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Table 2. Random primers used inthe RAPD study of garlic clones 
Code Sequence (5'-3') 
OP 03 CAGAAGCCCA 
OPI 07 CAGCGACAAG
 
OP 13 CTGGGGCTGA
 
OPI 1? GGTGGTGATG
 
OPI 18 TGCCCAGCCT
 

Table 3. Classification of the 32 RAPD bands in30 garlic clones
 
Characteristics Band no.
 
Unique for 30 clunes 2
 
Specific for light-leaf (LL) clones 6
 
Specific for dark-leaf (DL) clones 4
 
Polymorphic in LL 5
 
Polymorphic in DL 8
 
Monomorphic inLL but polymorphic in DL 1
 
Monomorphic inDL but polymorphic inLL 1
 
Polymorphic for 30 clones 5
 

found identical with dark-leaf clones when detected with O1I17, with 100% similarity level. Four 
intermediate leaf color clones (6,7, 8,23), with 100% similarity when detected with OI 17, were 
found closer to light-leaf clones when detected with OT17. 

The results ofintegrated data analysis by SAS average linkage cluster analysis are similar to 
those from the AMBIS dendrogram analysis. Two major groups were formed in relation to light 
and dark leaf. The intermediate leaf color clones were grouped as AM BIS system. When more 
clusters were processed, clones 20 and 19 formed the third cluster, followed by 9 and 10, 5, 12, 
and 22 and 21. 

The results reported here show that RAPI) may be a reliable and effective means to detect 
genomic background. This is also an indication of the relatively high degree of similarity among 
garlic germplasm maintained at the Tainan DAIS, some of which originated from China and 
Indonesia. This high degree of similarity indicates that these garlic clones were likely obtained 
fron a narrow geographical area. 

Bulbing Response to Daylength of Some Tropical Bulbing Alliums 

Summary 
Fourteen onion cultivars developed for tropical regions were tested for bulbing response in 

fourdaylengths (10, 12, 14, and 16 h). None ofthe14 cultivars bulbcd at 10 and 12 h ofdaylength 
in the final observation 90 days after sowing (1)AS). Precocious bulb formation and leaf 
senescence were promoted by longer daylengths (i.e., 14 and 16 h)with inadequate leaf growth. 
Furthermore, there were cullivar differences in bulb formation and leaf senescence at longer 
daylcngths. N 53 (AC 43), Selection 14 (AC 45), and Brownsville (AC 132) did not form bulbs 
at tle lime of the final observation of 90 )AS. 

Two entries each of onion, shallot, and garlic wcre also hcsted lir bulbing response as 
described earlier. All bulb alliums were sensitive to long daylength in bulbing response, but both 
onion and shallot were more sensitive than garlic and resulted in lesser number of leaves. 
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Fig. 1. Similarity analysis of 30 garlic clones using the dendrogram analysis. Dendrogram was 
created with merged RAPD data using OP17 and OP117 as random primers 
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It appears that thc threshold daylength for bulbing among the test entries is between 12 to 14 
h of daylength. Short-day bulb alliums in the tropics must acquire adequate leaf growth before 
initiating and forming bulbs to reach maximum bulb size. To achievethis in production, they must 
produce ample leaf number at daylength less than threshold daylength before being exposed to 
critical daylength for bulb initiation and enlargement. 

Introduction 
The requirement of long daylength to induce bulbing in bulb alliums has been well 

documented. In general the bulbing response is greater with increasing daylength. l)aylength is 
considered the major determinant ofbulbing in garlic, onion and shallot. However, there is alarge 
diversity of onion cultivars selected for growth in different daylength conditions. The bulb 
alliums which can he grown in tropical regions are often referred to as short-day (but are 
physiologically long-day) cultivars or clones. And in file tropics where yearly daylength change 
ranges from I I to 13 h, temperature instead itas been suggested as the nore important factor. 
However, there is no precise information on the bulling response of short-day bulb alliums to 
daylength longer than the norm in the tropics. The objective of this study was to investigate the 
daylength response of short-day bulb allium cultivars that have been developed or evolved in the 
tropical regions. 

Materials and Methods 
Experiment 1 
Seeds of cultivars Superex (AC 131), Brownsville (AC 132), Tronic Gold (AC 133), East 

Early Creamgold (AC 134), East Locker Brown (AC 136), Gladalan White (AC 137), Hybrid 
Granex (AC 138), Gladalan Brown (AC 139), Lockyer Gold (AC 140), Onion Rouge (AC 141), 
Texas Yellow Grano 502 (AC 142' flranex 429, N53 (AC 43), and Selection 14 (AC 45) were 
sown directly into small seedling pots containing soil, vermiculite, aid compost mixture (2:1: 1) 
on 9 July 1993. After emergence, seedlings were thinned to one per pot, fertilized, and watered 
at regular intervals. 

Seedling pots were placed on a mobile cart. Right after emergence, seedlings were given 
different daylengh itreatments. Seedlings were sunlit for 10 h every (lay. The illumination during 
the remaining lay hours was by incandescent and grow-lamps giving 1000 lux at plant height. 
l)aylengths of 1), 12, 14, and 16 h were used. There were four plants per treatment. 

Plants were observed for bulb formation at 60, 70, and 80 l)AS. At 9(0 DAS, fresh weight, 
dianieter and length of bulb, plant height, leaf nmber, and total fresh weight were recorded. 

Experiment 2 

Seeds of two locally adapted onion cultivars, Granex 429 and Yellow Granex PRIZ, were 
directly sown in seedling flals on 20 April. 1993. Forty days later, i.e., 9 May, they were 
transplanted to pots (15 cm diam x 13 cm ht) containing a fine sandy loam soil and grown under 
greenhouse conditions. At the same time, two cultivars each of garlic (Black Leaf No. 1and No. 
2) and shallot (Local and Red) were planted. They were grown in growth chambers at 20-25C 
with 12-h light for two months. Growth chambers had 60% RI-, and photosynthetic photon flux 
densities were 150 to 18(0, and 350 to 450 pmol/m/s for growth chamber and greenhouse, 
respectively. On 29 July, seedlings were maintained at four different daylengths as described 
earlier. 
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Forty-five days after the initial treatment, i.e., 13 September, plants were sampled for growth
and bulbing observations. There were three teplicates for each treatment. 

Results and Discussion 
Fig. 2 shows the bulbing response of 14 onion cultivars to 14 and 16 h of daylength as

observed at 60, 70, 80, and 90 l)AS. All 14 cultivars bulbed at 16 11of daylength; some cultivars
reached 100% bulbing and neck lodging with very small bulb size and meager overall growth at
70 DAS. Under 14 h of daylength AC 43, AC 45, and Brownsville (AC 132) did not form bulbs
but all other cultivars did. On the other hand, none of the 14 cultivars formed bulbs at 10 and 12
h of daylength in the final observation at 90 I)AS. The results reported confirm that the bulbing
process is more rapid as the daylength is increased, and daylength requirement for bulbing differs 
among cultivars. The longer lhe day, the sooner lea fgrowth ceases and the sooner the bulb ripens.
It appears that the threshold daylength for bulbing among tested cultivars is between 12 and 14
h. Although the variation over the year in daylength in the tropics is within a narrow range of
approximately II to 13 h, some extremely sensitive cultivars readily initiate and form bulbs
without adequate leafgrowih under this photoperiodic condition. This phenoimenon is detrimental 
to bulb enlargement because of limited supply of photosyntllates.

Based on the harvest index data (table 4), all three bulbing alliums are long-day plants in terms
of bulb formation. L.ong daylength promoted early maturity ofonion, shallot, and garlic, resulting
in less total fresh weights 45 lays after the initial daylength treatment, Leaf numbers of onion and
shallot decreased substantially under long-day conditions. Both onion and shallot appeared to be 
very sensitive to long daylength in bulbing response. In contrast to these results, however, both
onion cultivars produced relatively larger bulbs. This is likely (tue to their ability to accumulate
sizable nonbulbing leaves under short-day conditions for 60 (lays before being exposed to 
different daylength treatments. 

In conclusion, bulbing allium production in the tropics requires shorl-day cultivars. However,
this does not mean these cultivars are physiologically short-day plants in terms of bulbing, a term
which has a different and specific meaning. They are all still physiologically long-day plants, but
have relatively shorter threshold daylength. The results reported here show that short-day
cultivars require adequate leaf growth before initiating and forming bulbs to attain maximum bulb
size. For this to happen in production, they must begin leaf growth at daylength less than threshold 
daylength before being exposed to threshold daylenglh fbr bulb initiation and formation. In terms
of varietal improvement, the results also suggest that the selection of short-day bulb alliums is
possible in the seedling stage by exposing the seedlings to artificial light. 
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Table 4. Effect of daylength on bulb and total fresh weights and harvest index of allium cultivars 
Cultivar Daylength Bulb FW Total FW HI Leaf no./ 

(h) (g/plant) (g/plant) (%) plant 
Onion 10 7.46 ea 45.71 b 16.3 d 6.8 ab 
Granex 429 12 15.11 d 54.2 a 27.9c 7.1 ab 

14 32.88 b 45.88 b 71.5 b 5.4 a-c 
16 39.60 a 48.19 b 82.4 a 3.7 c 
10 7.15 e 45.15 b 15.6 d 7.7 a 

Yellow Granex 12 18.67 d 35.19 a 33.9 c 7.3 ab 
14 26.05 c 34.35 c 76.0 ab 5.0 a-c 
16 30.20 bc 36.84 c 83.0 a 4.4 b 

Shallot 10 8.46 d 48.81a 17.1d 65.2 a 
Local 12 14.96 c 43.64 b 34.7 c 44.7 b 

14 15.59 c 28.51 c 55.2 b 23.9 cd 
16 19.51 ab 32.88 c 59.0 b 31.3 c 
10 9.06 d 45.04 ab 20.1 d 57.9 a 

Red 12 21.01 a 41.79 b 50.6 b 33.9 c 
14 15.16 c 20.24 d 76.0 a 21.2d c 
16 17.76 b 21.92 d 82.0 a 17.0 d 

Garlic 10 6.64 bc 49.43 b 13.5 cd 8.8 
Black Leaf 1 12 7.62 b 54.11 a 14.5 cd 9.0 

14 12.74 a 45.11 c 28.6 b 9.9 
16 10.90 a 38.21 d 28.7 b 9.3 
10 5.59c 46.91 bc 11.7 d 9.3 

Black Leaf 2 12 8.49 b 48.46 bc 17.7 c 10.3 
14 12.90 a 50.03 b 26.0 b 10.2 
16 12.39 a 36.39 d 34.4 a 9.9 

8Means in the same column of the same cultivar followed by the same letter are not signiticantly 
different at 5% level (DMRT). 

Tissue Culture System for Garlic and Onion 

Summary 
Efforts were made to estahlish a tissue cullure syslem for the propagation and genetic

Iranslformation of garlic and onion. B-5 medium wilh NAA 0.1mg/l and 2-ip 0.5 rg/l, or NAA 
(.5 mg/ and 2-ip 2 mg/l were suitable For advenlitious shool formation and multiplication of 
halved shool-lip ofsprouting garlic cloves. MS media with NAA 0.5 mg/l and BA 5 rg/l, or NAA 
0.5 mg/l and 2-ip 5 mg/l were suitable for adventilious shoot lormation and multiplication of 
onion hulh scale-bases. 

Introduction 
Garlic is an apomiclic plant. This delers the progress olcross-hreedi ng for varietal improvcment. 

Thus, improvement of this crop may havc to rely onl genetic transformalion. F-urthermore, 
vegetative propagalion olgarlic is slow, seasonal and readily infecled with viruses. The ohjective
ol this study is to establish altissueculIlure system for garlic germplasm preservation, muItlliplicalion, 
and genetic transformalaion. This sludy also lested onions as references: aii effecli vc lissue culture 
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system of onion would be useful for maintenance and multiplication of male-sterile lines for 
hybrid seed production. 

Materials and Methods 
Garlic 
Dormant and sprouting bulbs of Black I.eafclone were used. Cloves were separated from tile 

bulb, their protective membranes removed, and then sterilized with 70% ethanol for 30 sec. The 
storage leaf was removed, and(tile whole or halved shoot-tip with basal plate, measuring 6-8 mm 
in length, and shoot-tip alone, were dissected as explants. B-5 and MS media al pH 5.8 containing 
0.8% agar, BA, 2-ip and/or NAA were used. t'xplanls werecultured in test tubes (I )cm in length) 
containing 10 ml of' media under 250C and 12 30W(X) lux light conditions. l)ifferent sucrose 
concentrations (2-8%) were tested to promote multiple shooting. 

Onion 
Sprouli ng bulbs of Yellow Granex and Granex 429 were used. After removal ofseveral layers 

of leaf scales, bulbs, about 40 mm, were sterilized with 7t)% ethanol For I min.They were then 
cut transversely at tie wi(lest point, and outer scales of the lower half were peeled off. Tie basal 
plates with two to three small leaf scales (3 x 10 m) were used as explants. 

Tile basal mediumin (BM) at pIt 5.8 consisted of half-strength of MS salts, 100Img/l myo
inositol, 0.5 iug/I thi amine-ICI, 1.0 mg/I pyridoxine- F-CI, 5.0 mg/I nicotinic acid, 30 g/l sucrose, 
and 0.8'/ agar. The medium was supplemented with BA, 2-ip and/or NAA. Cultures were kept 
under 25°C wilh 12 h of 3000 lux light. 

Results and Discussion 
Garlic 
On B-5 supplemented with 0. I mg/I NAA + 0.5 mg/l 2-ip or 0.5 mg/l NAA + 2 mg/l 2-ip, 

whole shoot-tips with basal plates grew better than shoot-tips alone. Most cultures were single 
shooting. Plantlets derived from shoot-tips with basal plate were healthy and strong. Some of 
these plantlets could be multiplied by cutting at the basal portion. 

I)ormant cloves were easier than sprouting cloves for explant preparation. High sucrose 
concentrations were not effective in promoting shoot proliferation ofall three types of explants, 
but improved the vigor of shoots. Most shoots on the media with higher sucrose concentrations 
also tended to form bulbils. These bulbils could sprout after about 3 mu (fig. 3) and should be 
goo(l sources for multiplication. 

Halved shoot-tips with basal plate of the dorniant cloves and sprouting cloves produced 
adventitious shoots on B-5 media with 0.5 mg/l 2-ip and 2 mg/l 2-ip. Combination of().1 mg/I 
NAA + 0.5 ing/l 2-ip, or 0.5 mg/l NAA + 2 mug/l 2-ip further increased shoot number (table 5). 
Sprouting cloves were better than dormant cloves for mulltiplication. Explants from sprouting 
cloves multiplied to about 10 shoots within 6-7 wk (fig. 4), in which period plants had been 
subcultured once. Results suggest that clove vigor was important for shoot proliferation. 

All multiplied shoots could be easily rooted by subculturing in MS media with I mg/l NAA. 

Onion 
1.afscale nieces cultured on BM containing 0.5 mg/l NAA and 5 mug/l 2-ip gave rise to amass 

of mnre than 20 adventitious shoots within 6-7 wk (fig. 5). The same explants, cultured on BM 
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with 0.5 mg/I NAA + 5 mg/I BA and 3 mg/I NAA + 10i mg/I BA after heing cultured under 
darkness on BM with 10 mg/I NAA + 10 mg/I BA for 3-4 wk, also produced more than 20 
adventitious shoots within 5-6 wk (table 6). 

Advent itious shoots, produced either frout leal bases or scale explants, cou Id be easily rooted
by suhculturine in MS mCdiul Containing I mg/I NAA. The nass of adventitious shoots was 
trilnmed to 10-20 mm high and separated into halves or quarters at each snbculture. Some olthe
shoots thickened at the hase of the plantlct to firm bulbils. ()nce the hulhil firmed, the 
multiplication rate o1 adventitious shoot seeed to be reduced. 

Fig. 3. Sprouting of garlic bulbils after 3 months of in vitro culture 

Table 5. Response of halved shoot-tips with basal plate from sprouting cloves of garlic in 
B-5 media with NAA and 2-ip 

Total no. No. of cultures Shoot no./
Media supplement of cultures with shoots culture 
0.1 mg/I NAA 
+ 0.5 mg/I 2-ip + 2% sucrose 7 5 4.2 
0.1 mg/I NAA 
+ 0.5 mg/I 2-ip + 3% sucrose 8 7 1.8 
0.1 mg/I NAA 
+ 0.5 mg/I 2-ip + 8% sucrose 3 1 4.0 
0.5 mg/I NAA 
+ 2.0 mg/I 2-ip + 3% sucrose 9 6 4.9 
0.5 mg/I NAA 
+ 2.0 mg/I 2-ip + 4% b icrose 4 2 
0.5 mg/I NAA 
+ 2.0 mg/I 2-ip + 8% sucrose 6 4 1.5 

3.5 
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Fig. 4. 	 Shoot proliferation of garlic halved shoot- Fig. 5. Multiple shootb of onion, 
tip with basal plate cultured for 5 wk on B-5 Granex 429, cultured on BM 
medium with 0.5 mg/I NAA and 2 mg/I 2-ip, with 0.5 mg/I NAA and 5 mg/I 
in which period explants had been 2-ip for 5 wk 
subcultured once 

Table 6. Response of leaf-scale pieces of onion in modified MS media (BM) with NAA, 2-ip and/or 
BA 

Total no. No. of cultures No. of plantlets 
Media of cultures with shoots with multiple shoots 
BM + 0.5 mg/I NAA + 5.0 mg/I 2-ip 23 16 8 

BM + 10mg/I NAA + 10mg/I BA 
then BM + 3 mg/I NAA + 10 mg/I BA 11 9 5 

BM + 10 mg/I NAA+ 10 mg/I BA 
then BM + 0.5 mg/! NAA + 5.0 mg/I BA 8 7 3 
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Development of Heat-Tolerant Chinese Cabbage Composite Populations 

Summary 
In tile late sum mer of 1992, three B4 composite populations and(a ntinher of fatnilies oflthree 

bee-pollinated composite populations derived from progeny testing Using S, families (B 4/1ITS 1
Chinese cabbagc populItions were grown in Ihlield to select coipolnents forseling, inlercrossing,
and further bulking. l)uring the 1992-93 cool season, the composite was produced by randomly
intercrossing wilhin populations in an isolated screenhouse. All selections were selfe(I by hand 
to produce inbred seeds.Stllecd seeds of 4/IY'S1 families with high heall-tolerant frequency were
also bulked in equal proportion and grown in pols a ter directly inducing to flower to produce
composite in the same way. These bulked cOmposite popuItat ions were grown in lhe field in the
illidIstmInier ot 1993 to evaluate lheir heal tolerance. I)i fferences amnong coliposite populations 
were not significant except that composile Ill had a signi licantly higher lead shape index. There 
were no significalt differelces in head weight and solidity of heads among all entries, indicaling
the possibility of selecling a high level of heat tolerance from ihen. The composite populations
will be furl her selecled for heal tolerance and Ior increased frequency of heat-toleranlt genes. 

Introduction 
The nain goal of Ihe Chinese cabbage inmpr venlenl project is to tropicalize the crop and

obtain an economically reasonable yield level. Recently, the developlent of a few genetically
diverse heat-tolerant composiles was adopted as a general strategy. This strategy was designed
to ensure the mllaXiuLlin ulilizalion of previously developed genetic inaterials and to preserve
them for fart her research. 

In 1992-93 we conlinued to work on the three composite P ipoplahiis lhat had been developed
earlier. We also planted then in tihe 1993 hot season to observe their general perlormance Under 
high tetuperatures and tosee if the procedure shoi:,l be adj usted. 

Materials and Methods 
In inidsinnier 1992, three bulked hee-pollinated co nposile (B4) populations were conlpared

to Ihe standard heal-lolerant check, ASVF(; No. I. At the sale lime, sel fed (S ) fainilies 1roln tihe
third conposile cycle (B1 ,S,) were planted in the field to evaluale for heal tolerance. They were 
sown on It - 12 .Juneand transplanted to the field on 30 .une I .fuly 1992.or 

In the hle sinuntier of 1992, new popuL tioins were composed of selecled heat-tolerant plants
of the B, cycle (designated as cycle B) and fron set thd seeds (B,S) of families with a high
frequency of heat tolerance (designaled as cycle B4/I'TS, which means they are derived through 
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progeny testing using S, families) for observation and selection. Three new B4 populations were sown on 7 August and transplanted on 3September 1992. Se fed seeds of B/IrS, lamilies were 

sown on 12 August and transplanted on 4 September 1992. Both Composite I (Chang Puh-type) 
and Composite I (ASVEG I-type) consisted of 22 B4 /IrFS, populations, each with a standard 
heat-tolerant check, ASVEG No.1. Composite Ill (semitropical type) contained 23 B/lISI 
populations with ASVEG No. I as the check. Each plot unit consisted of two 1.5-in-wide, 4-m
long double-row beds. Tile spacing was 50 cm between rows and 4() cm between pla,-ts. 

The criteria Ikr selection were as follows: frequency of heat-tolerant plants, rate ol bolting, 
incidence of disease (such as soflrot, downy mildew, Alternaria, and tipburn), and other 
horticultural traits (e.g., vigor, maturity, and head shape). I)uring the !992-93 cool season, 
synchronization o1 flowering among tile selected components was carried out lor the three B4 
groups. Alter being selfcd by hand, groups were randomly arranped in an isolated screen cage for 
mass pollination by honeybees. Selections (flthe three B3/IFS,groups were selfed only by hand. 
Seeds from each selection were harvested individually and COnlposited in an equal proportion to 
create new base populations of the composite. These new base p opulations were evaluated for 
heat tolerance in the 1993 hot season. 

In )ecember 1992, another three batches from sel fed seeds of B/ITS, families were sown 
in petri dishes. They were transferred to the vernalization chamber (5'C) to induce flowers after 
germination. Seedlings were transplanted to clay pots after tile treatment. Each group was moved 
to an isitIed screen cage For mass pollination by honeybees. Seeds from each plant were 
collected individually and composited in an equal proportion to create new populations. These 
new base poptilmions were also evaluated for heat tolerance in tlie 1993 hot season. 

In tile 1993 ho; season trial, those new base populations selected from tihe 1992 summer and 
winter trials were observed. A randomized complele block design with three replications was 
employed. The field layout was the same as that in tile 1aesuCmer trial of 1992. ile composite 
populations were evaluated for heat tolerance and other major horticultural traits. 

Results and Discussion 
Seventy-five selections each were chosen from tile three B4 compo,,tes. However, only 50 

plants of Composite 1,46 of Composite 11, and 60 of Composite Ill survived after Ihcy were 
transferred to pots. The selctions that survived were induced to flower synchronously. Seeds 
were produced for new bases of composites. Selfk.d or intercrossed seeds were harvested 
separately from individual plants. They were the components of each group for further uses. 

In the 1992 late summer trial, several selections were also made from the other three B4/lr'SI 

composites: 65 plants fromii composite I,64 from Composite 11, and 67 from Composite Ill. After 
they were transferred to pots, only 37 plants of Composite 1, 39 of Composite II, and 34 of 
Composite Ill survived. The survivors were induced to flower and selfed seeds were collectld. 

The 1993 summer trial was severely damaged by pests (flea beetles then diamondback 
motis) due to tile extraordinary drought after transplaming. Almost evry entry was damaged by 
pests to a certain extent except the hybrid check, ASVEG No. 1,which escaped damage because 
of its extremely early maturity (table 1). These entries tended to be late maturing, and they 
suficred more from diseases and the insect attack. Their rates of heading, harvest, and yields were 
low. 

In general, differences among composite populations were not signi ficant (table 1)except for 
long head conFbrination. Composite Ill had a signi ficantly higher head shape index. There were 
no1 significant differences in head weight and solidity ofthe heads between the composites and 
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the heat-tolerant check ASVEG No. 1, indicating that it is possible to select a high level of heat 
tolerance from among the composites. 

Table 1. Performance of compositesa compared to the heat-tolerant check ASVEG No. 1, 
AVRDC, summer 1993 

Entry Yield 
(t/ha) 

Maturity 
(DAT) 

Harvest 
rate 

Head 
weight 

Head 
shape 

Solidity Heading 
(g/ml) rate 

Soft 
rot 

Composite I(B) 12.2 bc 45 bc 
(N) 

63 c-e 
(kg) 
0.57 

index 
1.8 b 0.41 

(%) 
71 c 

(%) 
4 

Composite I (B3S1/B) 
Composite I (B3PTS,/S,) 
Composite 11 (B,) 
Composite 11 (B3S,/B,) 
Composite II (B3PTS,/S,) 
Comtposite III (B,) 
Comr osite Ill (B3S,/B,) 

12.6 abc 
9.1 bc 

15.4 ab 
13.3 a-c 
8.7 bc 

13.8 a-c 
13.1 a-c 

48 ab 
49 ab 
41 c 
47 a-c 
47 a-c 
52 a 
52 a 

63 c-e 
58 c-e 
83 ab 
68 b-d 
54 de 
71 bc 
59 c-e 

0.58 
0.47 
0.57 
0.58 
0.48 
0.58 
0.68 

1.8 b 
1.7 b 
1.7 b 
1.6 bc 
1.6 bc 
2.2 a 
2.3 a 

0.48 
0.41 
0.39 
0.41 
0.47 
0.39 
0.41 

72 c 
73 c 
88 ab 
77 bc 
77 bc 
78 bc 
72 c 

5 
6 
4 
7 

10 
8 

11 
Composite III(BPTS,/S,) 
ASVEG No. 1 

8.4 c 
19.3 a 

52 a 
32 a 

50 e 
97 a 

0.49 
0.59 

2.3 a 
1.4 c 

0.49 
0.53 

72 c 
97 a 

13 
0 

c.v. % 27.9 7.3 12.9 21.3 6.8 15.5 9.9 
aMeans within the same column followed by the same letter are not significantly different at 5% (DMRT). 

Conclusions and Recommendations 
In general, differences among composite populations were not significant except for the long

head conformation wh ich was miore preponderant in composite I11.No significant differences in 
head weight and solidity of the heads between the composites and ASVEG No. I indicaled that 
a high level o fheat tolerance can he selected from among ihe composites. These popu lations shoul( 
be further selected to increase the frequency of heat-tolerant genes. 

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

Summary 
Selected families wilh the desired long head shape and dense head lormation (indication of 

heal tolerance) were taken from four segregaling populations. Most oflhe selected families were 
mediuin-early to medi uinI-late maturing with compact, medihin-long to long heads. Some F 
families from an i,rercross population were medi um maturing with very long heads which were 
tile typical 'banhoo-type' heads of B 61. Several S,families derived from the maternal line
selection (ML S) of 77M(3)-27 were mediuti-early maturing with long and large heads. In 
general, the segregating mtterials deviated appreciably front lhe 'bamboo-type' head conlornation 
of B 61L Selections willh the longest head types were taken for inlralfamily intercrossing with lhe 
aim of recapturing the head conformation of B61 and the heat tolerance of tropical parents in the 
subsequent generat ion. 
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Introduction 
One of the major hindrances in popularizing AVRI)C's tropical Chinese cahbage in some 

countries is its round to near-round head confoirmation. Consumcrs are apparently familiar with 
cultivars with a elongated head shape, particularly 'Wong Bok' which is popular in the tropical 
highland production regions. A breeding pro.ject was initiated in 1985 to develop heat-tolerant 
varieties with cylindrical or elongated head shape to reet the consumer preference in the tropics. 
In 1993, several xopulations developed from Various sources were planted for further selection. 

Materials and Methods 
Four balches of segregating populations selected in the fall of 1992 and scrcened agailist heat 

tolerance in the summer of 1993 were planted for further selection. Batch I consisted of 12 F , 
families from intercrosses between promising and ,'ylinlrical-headed inbred lines of the 
backcross program. latch 2 consisted of 17 F4 families froin triple crosses between promising, 
cyiindrical-headed inbred lines with heat-tolerant inbrcd lines. Batch 3 included 33 S, families 
which were derivatives of the maternal line selections froi 77M(3)-27. Balch 4 included 15 S, 
families derived froim MI.S of' 77M(3)-35. Forty individuals from each selected family were 
planted. In addilion, 40 plants; of ASVF(1 No. Iwere also planted in each batch as a general check 
Fir heat tolerance. The seg~egaling families and thle checks were planted to the field on 1.5-n1 
heds.Unit plots consisted ofdouble-row and 4-ni-long beds. Spacing between rows within each 
bed was 50 ciii and between plants within rows, 40 cm. 

Seeds were sown on 2(0 August and seedlings were transplanted to the field on 9-1(0 
September 1993. Selcc ion of progenies emphasized the combination of compact head formation 
with elongatcd halo. shape. 

Results and Discussion 
TaIle 2 shows t lie general characteristics oflhe sclectec families frori segregatiig populations 

possessing the combination of lhe desired elongated and compact heads. The first two batches 
werc relalcd to proimising and cylindrical-lcaded inbred lines. The rest were selections froni MLS 
of open-pollinated varieties. Most selectel families tended to be niediu rn-early to riedium-late 
niatr !rig wilh c¢Orpact and niedium-long to long heads. As expecte(, ASVEG No.1 matured the 
earliest vilh very compact and medium-sized heads. 

Table 2. 	 Summary of selection for heat-tolerant families with elongated head shape 
from various segregating populations, AVRDC, late summer 1993 

Population No. of General Heat Head 
families maturitya tolerance ' sizec Disease 

Batch 1 12 M-L 3-6 M-LL 1-3 
Batch 2 17 ME-L 3-8 M-L 1-3 
Batch 3 33 E-M 4-9 M-LL 1-2 
Batch 4 15 E-ML 3-7 M-ML 1-4 
ASVEG No. 1 (ck) VE 10 M 4 
1E = early; ME = medium early; M= medium; ML = medium late; L = late; VE = very early.
'Rating scale: 1 = low; 10 = high. 
IM= medium; ML = medium large; L = large; LL = long and large. 
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Some F5 families of intercross population were nedium maturing with very long heads, 
typical of the 'blamboo-type' heads of B 61. These selections produced heads that were very light 
on tie bottom and middle parts, but partly loose at the top. Several S, lfamilics derived from MIl S 
of 77M(3)-27 were medium-early maturing with long and large heads. 

In general, tile segregating materials deviated appreciably from the 'bamboo-type' head 
conlormationo f B 6 1.Selections witlh the longest head types weretaken for initrafamily inlercrossing
with the aim of recapturing in the subseqlucnt generation the head conformation of B 61 and the 
heat tolerance of tropical parents. These selections will be further tested and stibilized. Self
incompatibility olthe selections will be examined during tile selting process to isolate potential 
inbreds for hybrid development. 

Development of Heat-Tolerant Common Cabbage 

Summary 
To develop heal-tolerant common cabbage inbred lines for hybrid or open-pollinated

varieties, 98 accessions were grown in the field during the sunner wet season, but only 61 
nonhybrid accessions and 2 hybrid checks had enough seedlings for observation. Among the 61 
nonhybrids evaluated, only five accessions showed relative heat tolerance. Based on heat 
tolerance, disease resistance, and general performance, 76 plants were selected and 49 of ihem 
were successfully induced to flower to produce selfed seeds for further breeding work. Another 
25 hybrids were also observed in this season. Among ihem, only three commercial varieties 
performed well in terms of heat tolerance and resistance to black rot. 

In the 1992 plantings, seven accessions, including two F, hybrids, F, populations ot two F, 
hybrids, two breeding lines, and one open-pollinated cullivar, were observed in the first autuni 
planting. Eighty plants were selected and 58 of them were induced to produce seeds. In another 
planting, 2(0 nonhybrid accessions with good pertformance in the earlier planting and three hybrid
checks were replanted to confirm the selection. Four hundred and two plants were selecled, but 
113 selections produced seeds. 

In the 1993 hot-e trial, all nine accessions were heal-tolerant because of their rather high
heading rates and relatively acceptable yields. Most accessions were niediun-early maturing
wilh flat heads, except the two oblong varieties, BB 113 and BB 116, which had compact and 
small heads. BB 113 was extremely early which matured 41 l)AT, while BB 116 was ;elatively
late maturing at 61 l)AT. Further conformation trials are necessary before incorporating Ihese 
heal-tolerant malerials into the common cabbage breeding project. 

Introduction 
Heat-tolerant common cabbage hybrids have been developed and released to cabbage 

growers in the tropics by several seed companies. However, seeds of Ihese hybricis are 
inordinately priced. The quality of the seeds also tendls (o be lower than those grown in the high
elevation or during tie cool season in the lowland. National programs clamor for less expensive
seeds of tropical varieties. The development of heal-tolerant cornnmon cabbage ibr tile tropics is 
a goal of the center's Crop Improvement Program for crucif[crs. 
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Materials and Methods 

1992 summer trial.Two plantings were done at the 1992 summer trial. Ninety-six nonhybrid 
accessions an(I two check hybrids were grownat thetirst plinting. Among the 96 accessions were 
one Chinese kale, one Chinese cabbage, one cherry radish, one collad, and five kale. The sources 
of the sceds wcre ( RSU, TARI, and the Sanchuong Branch Statlom of-l'aoyu an I)AIS. Forty
eiehil see(ls orI each accession were sown on 9 .J u ly and seed Iings were transpIanted to tIhliel(I 
on 6 August 1992. The second planting wa; sown on 13 .1ilyand transpl aledtl 6August 1992. 
There were 25 hybrids at Ihe second planting. I lcat tolcranlce, disease resistance, and Leneral 
performnance were served anl. s(moe stlccti(n was dme to o fdtce sceds 1o filthcr experiinent s. 

1992 atttimnitrial. Seven accessions wCre sown on 15 ()ctoIber anl(f 5(X) plaits ofeach vere 
transplaned to the field on 23 November 1992. The accessions included IwO F, populations of 
two hybrids, KY Cross, and Shial'og No. I (the'fwroCr was propagated at AVIR1)C and the latter 
was provided by TARI). two breeding lines (IB1B 023 and1B1B (24) from Sa nchuong Branch 
Station ofTaoyan I)AIS, and three checks (KY Cross, Shialbng No.1 Iboth are I ,hybrids I,and 
Yehshern, openI-pollinlloIhcaOl cultivar-). I leat 1t1erance, (lisease resistoice, and other desirable 
trails were Observed. 

Anothcr planting had 2(0 nonhybrid accessions which had goo (l perlrmane in earlier 
plantings. They were sown oi 1l()ctober for iore intcnsive sclection purposcs. To improve the 
gernmilnation rate, se.ls \ere sown in petri dishes and inctibaled unader fIvorable con(litions. 

;crirmk1ind scedlings wyere idividually transferred to polyethylene pots and raiscd under net 
tUnnels. l'wo 1 hybrids, Cross and Shiaiong No. I,and one open-pollinalted cultivar,1: KY 
Yehshern, were used as checks. They were transplantcd to Ilie licld (up to 2(( plahts of each 
family) on 24 November 1992. 

1993 ht-wet season tril. Illhe h( l-wet mo)nsoon seaso 5n of 1993, iii ne new accessions were 
grown under hlot and humid conditions to evaluale their heal lolerancc, disease resistance, and 
general perfl 1(9, Sn nshia F hybrid from Seoul Seed Co. o f Korea; BBormance. They were B13 
110, Chunchiolu tF hyhrid from Noongslreng Seed Co. of Taiwan; 13B Ill, Iianguan Cabbage 
from China; and six F,hybrids from Takii Seed Co.ol.Japan: 13B 112, KK Cross; B131 13, Golden 
Cross; BB 114, Y-R SummerS5(); BB 115, Southern Trcasure; BB 116Tight Glohe; and 1313 117, 
Green Stone. These accessions were sown on 1April almlg with two hybrids from .lapai., natmcly, 
BB 006 Shialkn No. I, a pOpular heat-loleranl variety, and1BB (XX KY Cross, the most popular 
variety in Taiwan, and one open-pollinaled cullivar, namely, 1313 02( Yehshcrn, as checks. 
Scedlings were nursed in podlyethyle ne pots un(lIer screen net 1tinluel. They were transplanted to 
the field on 29 April 1992. 

For all trials, RCI31) with two replications was used. Each unit plot consisted olone 5-in-long, 
double-row bed. The spacing was 15() cm hetwecn beds, 5()cm between rows, and 5( betweenc 

plants wilhin literow. Beds were mulched \vilh rice straw on lie top to reduce weeds and infection 
due to conli iOus heaivy rains. 

Results and Discussion 
1992 summer trial. Most seeds provided by (iRS U were old and had very poow germinatlion 

rates. Collections from TARI and TSIPS were almost in similar condition. At thie first planting, 
only 63 enlries, including tie two hybrid checks, gerininaled. Healthy and vigorotis seedlings 
were transplanted to the field on 6 August. Seedlings from see(llots had poor germination rates 
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and were generally weak and retarded. They were transplanted after being maintained in the 
nursery for a prolonged period of nursing. In spite of this, they were less vigorous and easily
damaged by heat and moisture stress (minimum daily air temperatures above 25'C; more than 
500 nm cumulative monthly precipitation) after transplanting. Rejuvenation of these seeds was 
recognized to be a high priority in the improvement of this crop. GRSU multiplied 10 accessions 
in the 1993-94 cool season. 

Among the 6" germinated accessions, Shiachong performed relatively well with a heading
rite of 75%, an acceptable flat head shape and moderate black rot resistance. KY Cross did not 
form compact heads in the trial. Only five nonhybrids showed some levels of heat tolerance. They
were: BB 014, BB 015, BB 016, and BB 017 (all provided by TSIPS), and BB 024 (from tile 
Sanchuong Branch Station of Taoyuan DAIS).

Based on leal tolerance, disease resistance, and general performance, 76 plants were selected 
from the nonhybrid accessions in the summer trial to develop heat-tolerant common cabbage
inbred lines for hybrid and/or open-pollinated variety development. Fifly-five plants survived 
after transferring to individual pots; 49 surviving selcclions were successfully induced to lower 
and selfed seeds were produced for further breeding work. 

Among tile 2. hybrids evaluated, Shiafong No. Iperformed best, with a heading rate of 80%,
the acceptable fiat head shape, and moderate resistance to black rot. Shiafong No. I was followed 
by [ambada with a 65% heading rate and small round heads, but it was sensitive to black rot. The 
third one, Shiachong, was only moderately heat-tolerant (indicated by its 40% heading rate), but 
had acceptable flat heads and was resistant to black rot. 

1992 autumn tri'il, Except for BB 007 (F, seeds of Shiatong No.1 provided byTARI) which 
did not germinate, the F, seeds of KY Cross propagated at AVRI)C and two breeding lines, BB 
023 and BB 024, germinated beter compared to previous plantings because olbetter germination
and seedling care. All accessions produced plenty of seedlings (500 each) for transplanting to the
field. In this planting, 85 plants were selected; 76 ofthem survived after they were transferred to
individual pots. Fifty-eight survivals were induced to flower and successfully produced seeds for 
further breeding work. 

Survival selections which failed to produce seeds in the cool season of 1992-93 were kept in
the greenhouse during the summer s;eason and were rejuvenated by cutting for the next cool 
season. Due to limited amount of selfed seeds, consequent trials were delayed until favorable 
weather conditions i. the autumn of 1993 for further selection. 

AVRDC's experience with Chinese cabbage shows that the survival rate of selections taken 
in the midsummer in Taiwan is relatively low. To ensure effective selection, remnant seeds of the 
best 20 fatmilies from the 1992 summer trials were replanted for more inlensive sele.tion in the
1992 late summer/fall. The germination rate in this addilional planting was imiproved by
germinating them in cntrolled temperature chambers. Seedlings were generally stronger than 
thos., in the first planting by improving the nursery management. Many entries had sufficient 
seedlings (200 each) for transplanting. In this planting, 402 plants were selected and 295 of them 
survived after they were transferred to individual pots. Only 113 survivals were induced to flower 
and successfully produced seeds because these high latilude-originated varieties did not survive 
wel! after vernalization at 5°C and 24 h continuous light. 

1993 hot-wet season trial. Table 3 shows the performance of new common cabbage
accessions in the hot-wet season of 1993. All trails, except for the percentage of heads infected 
by softrot, were significantly different among various varieties. The open-pollinaled check 
cultivar BB 020 Yehshern yielded very poorly ((1.5 tlha) and produced loose (0.43 g/ml in 
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solidity), small heads (0.28 kg/head) with very low heading rate (13%), resulting in a low harvest 
rate (6%). Other entries carried heat tolerance genes as evidenced by rather high heading rates. 
Only BB 115 Sunmmer Treasure and BB 117 Green Stone outyielded the checks. Most entries 
were medium-early maturing with I]at-shaped heads shown by (< 1.0) the head shape index (IISI). 
TIwo accessions had oblong-shaped heads indicated by higher IISI (1.2- 1.3) with compact and 
small heads. B1 113 (olden Cross was extremely early maturing (41 i)AT) while BB 116 Tight 
Globe was relatively late maturinig (61 I)AT). Further trials Ibr con lrmation are necessary belfore 
incorporating Ihese heat-tolerant materials into the common cabbage breeding project. 

Table 3. The performance of common cabbage accessions" inthe hot-wet season trial at 
AVRDC, 1993b 

Entry Variety Yield Maturity Harvest Head Head- Solidity Heading Soft 
(t/ha) (DAT) rate weight shape (g/ml) rate rot 

N% (kg) index P.) N% 

BB 006 Shiafong No. 1 14.9 a-c 51 b 82 d 0.69 abc 0.8 bc 0.46 cd 91 a 10 
BB 008 KY Cross 18.9 a 51 b 82 d 0.86 a 0.7c 0.47 b-d 88 a 19 
BB 020 Yehshern 0.5 d - 6 f 0.28 e 0.8 bc 0.43 ce 13 b 0 
BB 109 Sunshia F 8.7 c 51!) 63 e 0.52 c-e 0.9 b 0.51 b-d 83 a 7 
B8 110 Chunchiou F, 16.6 ab 51 b 88 cd 0.71 _-c 0.7 c 0.44 cd 91 a 10 
BB 111 Lianguan 13.4 a-c 58 ab 91 bc 0.56 b-d 0.9 b 0.48 b-d 94 a 6 
BB 112 KK Cross 14.1 a-c 55 ab 91 bc 0.59 a-d 0.8 bc 0.34 d 97 a 7 
BB 113 Golden Cross 12.8 a-c 41 c 100 d 0.48 c-e 1.3 a 0.69 a 100 a 0 
BB114 Y-R Summer 50 17.2a 54ab 97ab 0.66a-c 0.9b 0.44cd 97a 3 
BB 115 Southern Treasure 20.1 a 54 ab 94 a-c 0.80 ab 0.9 b 0.58 a-c 100 n 3 
BB116 Tight Globe 9.1 bc 61 a 97ab 0.35de 1.2a 0.65ab 97a 0 
BB 117 Green Stone 20.3 a 54 ab 94 a-c 0.81 ab 0.8 bc 0.60 a-c 97 a 0 

c.v. % 20.5 7.1 3.8 17.1 8.8 13.5 8.2 
'Means in the same column followed by the same letter are not significantly different at 5% level 

(DMRT). 
'Sown on 1 April and transplanted on 29 April 1993. 

Flowering Trials on Common Cahbage 

Summary 
A series of lowering trials were conducted under natural cool conditions to observe tile 

flowering behavior ol sonie cabbage accessions. The accessions were sown at various times in 
mil-Septemher. October, and November 1992. BB (1(0, a Chinese kale, was observed to flower 
tile easiest completingilowering in 58 I)AS. Chinese kale nay be a good source of easily
flowering gene. BB ()2(), a local Taiwanese conimion cabbage, not only lowercd easily but also 
had some acceptable trails. Itcould be tile best source of Ilowering genes for lhe tropical conmmon 
cabbage improvement projecl. 

Three kinds o inechanical plant treatments were done; all of Hillecil facilitated bolting and 
flowering. Cttine across iie head was the best way of producing m.ore 'oranclits thani culling tle 
top altf of tile head. Plants with cut and trimmed whole head had good branching, but this 
treatment onl y hav)rcd the late iiiaturing variety. 
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Another series of flowering trials were conducted under artificial conditions by combining
vernalization (5'C for 25, 35, and 45 days) and daylength treatments (24 h of light or darkness). 
Plants grown under these six combinations flowered earlier than under the natural condition. KY 
Cross, a later bolting variety under natural cool seasons, responded to treatments better than
Shiafong No. I. When the duration of vernalization was long enough, it could displace the long
day requirement, as indicated by no significant difTerences between combinations with two light
conditions (i.e., 24-h continuous light vs. complcte darkness). Twenty- ive days of low temperature 
treatment were suflicient to show the effect. 

Introduction 
Seed production of crucificrs in the tropics is difticult due to the inadequate winter chilling

to induce bolting and flowering. High tetiperatures result in abnornal floral development:
enlarged sepals, delective anhers, and low pollen viability. Therelore, the seed set is poor.

Many Brassicaspecies are induced to flower by low temperatures. Effects oflow temperatures 
on common cabbage are evident only when growing plants are treated. Common cabbage is
considered as tie green plant vernal iza ion type. A lot o'Brtlssicaspecies pertain to quantitatively
long-day plants. Tile longer the daylength is, tile more extensive and earlier the flowering
becomes. Many Brassica species which respond to vernalization are also sensitive to long-day
stimulation to flowering. The interaction of these two factors are oreither supplementary
complementary. Thus, long-day stimulation may quantitatively displace the low temperature
requiren ent. Acoinbinat ion 0fvernal izat ion an( long day is required for the maximum flowering 
of comnlt'm cabbage.

In the initial stage of the common cabbage improvement project, it is necessary to conduct 
a series of experiments to observe the flowering behavior of accessions under AVRIDC's natural 
cool season conditions and to search for some treatments to facilitate bolting and flowering. 

Materials and Methods 
Based on results of earlier plantings, live open-pollinated varieties, three breeding lines, one

Portuguese cabbage variety, and one Chinese kale variety were sown in 1992 along with two F 
hybrids, KY Cross and Shiafong No. I, as checks. Three plantings were done to compare the
flowering behavior oflthese 12 accessions. They were sown on 16 September, 16 October, and
16 November, and transplanted on 14 October, 13 November, and 16 )ecember, respectively.
Because of insu fficient seeds, one open-pollinated variety, Nantou, was grown only at the first 
planting, and the Chinese kale, Sihu Black L.eaf, was grown at the first and second planting.

Another trial on the eflect of mechanical treatment was perlornled in these three plantings.
A split-plot in randomized complete block design with two replications was employed in this 
experimeni. A main unit plot consisted of one 5-in-long, (hble-row bed. The spacing was 150 
cm between beds, 5)cm between rows, an( 50cm between plants. The following treatments were 
randomly employed in each main plot with a check: (a) the head was cut across; (b) the top half
of the head was cut; (c) the whole head was cut and trimmed. Each unit subplot consisted oflive
plants per treatnct. l)ays to flowering was recorded and averaged across all accessions at tile 
same treal ment 

In the excriment determi ni ng the relationship bet ween Ihe durat ion olft lhe vernalization with 
"laylength, two F, hybrids, KY Cross and Shiafong No.], were sown on 16 September and
transplanted to the field (200 plants each) on 14 October 1992. Ninety plants with normal heads 
were selectcd from each variety. Sixtyofthem were induccd to flowerunderdi fferent vernalization 
conditions, while the rest were used as checks and borders. The vernalization treatment began on 
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14 )ecembcr 1992. Vernalization was tested under 5OC with six different combinations of low
temperature duration (25, 35, and 45 days) [rmd light duration (24-h continuous light and complete 
darkness). The design oftlhe experiment was randomized complete block with two replications. 
There were live plants for each treatment. Elac plant was completely trimmed on tie head and 
roots, leaving only a lilIc root zone, and wrapped inl newspaper and a plastic bag. l it a collected 
included days to flowering, fre(quency o1 flowering, and other relevant data on flowcring 
characteristics, e.g., extent of branchiing, devernalization rate, and others. 

Results and Discussion 
BB )I () Si hu Black L.eaf, a Chinese kale included in the lirst two plantings (I and 2), was 

observed t flower the easiest. In the first planting, it took only 58X days for kale to complete 
flowering aflter sowing (30 i)AT; table 4). Chinese kale may be a good source of the llowering 
genes for incorporation into colllni cabbage so that the seed production constraints in tropical 
countries may be solved. 

Table 4. 	Flowering behavioraof common cabbage-related varieties at AVRDC, natural cool 
season 1992-93 

Planting" 
Entry Variety 1 2 3 Mean 
BB002 Valitascos Xn 162 c 151 d 135 d 150 d 
BB 006 Shiafong No. 1 189 b 190 bc 195 b 192 b 
BB 008 KY Cross F, 241 a 205 ab 216 a 221 a 
BB 008F 2 KY Cross F2 255 a 219 a 218 a 231 a 
BB010 Sihu Black Leaf 58 g 61 g - -
BB018 Darp- 188b 177c 164c 176c 
BB019 Nantou 119ef - - -
BB020 Yehshern 119ef 117ef 114fg 117f 
BB 021 Taiwu 138 de 132 de 122 ef 130 e 
BB022 Wukarn 149cd 141 d 125de 138e 
BB023 A5-7 108f 108f 111 g 109f 
BB 024 A6-7 115 ef 117 ef 115 e-g 116f 

c.v. % 7.6 7.1 5.4 6.8 
'Days to flowering after sowing. Means within the same column followed by the same letters are not 
significantly different at 5% level (DMRT). 

'Planting 1: sown on 16 September and transplanted on 14 October 1992. 
Planting 2: sown on 16 October and transplanted on 13 November 1992.
 
Planting 3: sown on 16 November and transplanted on 16 December 1992.
 

BB 002 Valilascos X1, a Portugusce cabbage included ill all three plantings, performed 
contrary to expectations that it would flower easily with its norlheading character. This open
pollinated variety presented a tremendous variation inl loweri :g. Some flowered at 80 I)AS, bul 
some did not even I'lower when the three planting trials were terminaled. ii the hlnL run, it took 
longerIto lower than most otller commlrlonr cabbages. Amo tihe It()comn cabbac accessions, 
three Japanese varieties (Shiaong No. I , KY Cross F, and KY Cross F,) hadlmore di fficult y in 
flowering than Taiwancse locals. The FI arid , populalions ()I KY Cross had More diflfculty ill 
flowering than Shialong No. I. All accessions from Taiwan flowered relatively easily with the 
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only exception of BB I)1I.Yehshern (BB 020) had been a leading open-pollinated variety in 
Taiwan and was introduced to Japan to be the Y parent of KY Cross. Considering the easy
flowering character and its broad genetic base, Ychshern may he good a germplasm source of the 
easy flowering gene fbr incor-oration inlo commllon cahage. 

Table 5 shows consistently significant results of three plantings in the observational trials. 
All three kinds of mechanical treatlnents were very helpful to enhance bolting and flowering.
Treatments A and 13 were both more elfective than Irealiment C. Treatment A seemed to be the 
best because it enhanced more branches than treatment B (data not shown).

There were no signs ofdevernalization in these six treatments. Regardless of variety, plants 
grown under the six cominations significantly flowered earliest than under natural conditions 
(table 6). KY Coss, a ater b 1 tine variety under natural condilions, responded to low temperalture
and !ong-day treatments more than Shialong No. I. When the effect of low temperature duration 
on flowering was compared, the 25-day duration treatments flowered tlie earliest while the 45
day ones tendedlo take longer to flower. These restlIts show that 25 (lays oF low temperature
freatlment or probably less, was e nougch to induce flowerinr. txposure to sulIlcienl (lurations of 
low lempleratire could displace tbe long-day requ ireient ofcoinmon cabbage, as indicated by
the nonsignificant di ferences within the two light durations. Fo search For the best combination 
of vernalizali n and long-day treatment, more follow-up research should be dlone. 

Table 5. Effect of different mechanical treatments on the flowering behaviorlof 10 common 
cabbage varieties at AVRDC, natural cool season 1992-93 

Plantingb
Treatment 1 2 3 Mean 
A: the head was cut across 152 c 143 c 133 c 143 c 
B: the top half of the head was cut 152 c 142 c 138 c 144 c 
C: the whole head was cut and trimmed 175 b 157 b 164 b 165 b 
D: ck 187a 181a 171a 180a 
Mean 167 156 152 158 
c.v. % 7.7 7.0 5.4 6.8 
'Days to flowering after sowing. Means in the same column followed by the same letters are not 

significantly different at 5% level (DMRT). 
"Same planting and transplanting dates as in table 4. 

Table 6. 	Effect of six different vernalization conditions under 5oC on the !lowering behavioraof 
two common cabbage varieties at AVRDC, cool season 1992-93 

VarietyTreatment Combination Duration Light Shiafong No. 1 KY Cross 
1 
2 
3 
4 
5 

T, Loo 
T25 L24 
T35 LOO 
T3 L24 
T4 , LOO 

25 days 
25 days 
35 days 
35 days 
45 days 

Complete darkness 
Continuous light 
Complete darkness 
Continuous light 
Complete darkness 

68 bc 
64 c 
69 bc 
67 bc 
73 b 

65 c 
66 c 
68 c 
67 c 
73 b 

6 
7 

T,, L24 
ck 

45 days 
Natural temperature 

Continuous light 
Natural light 

72 b 
100 a 

73 b 
111 a 

c.v.% 3.5 1.9Days to flower after treatment. Means in the same column followed by the same letters are not 
significantly different at 5% level (DMRT). 
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International Cooperation 

Seed Distribution 
In 1993, a total of 482 seed packets of crucifer crops were distributed to 53 cooperators in 27 

countries. Most of the seeds consisted ofopen-pollinated and/or F, hybrid cultivars, together with 
local checks and AVRDC's standard heat-sensitive check. A limited number of shipments of 
parental lines ofF, hyb;ids were also provided to national programs for in-country seed production 
experiments. Sixty-one seed packets of live elite Chinese cabbage inbreds were distributed by 
ARC to Asian countries. Reports of the promising performance of AVRI)C breeding materials 
from various cooperators were received during the year and summarized below. 

China. Numerous Chinese cabbage accessions collected from China were screened against 
turnip mosaic virus (TuMV). Two accessions were identified to be immune to all five strains of 
TuMV. These new materials are being used in the Chinese cabbage breeding project. 

Forty-seven Chinese cabbage varieties were sent to China, and 35 heat- and moisture-tolerant 
vegetable accessions, including 13 Chinese cabbages, were received from tile Institute of 
Vegetables and Flowers, CAAS. In addition, Four Chinese cabbage hybrids, three common 
cabbage breeding materials, two cytoplasmic male sterile (CMS) cabbage lines and their 
maintainers were obtained. These CMS lines will be used in the cabbage breeding project. 

Indonesia. Mr. Suryadi, a researcher in the Brassica Breeding Section of the Lembang 
Horticultural Research Institute (I.0H RI), conducted a series of trials under lowland conditions 
at Subang Station (90 m above sea level) and Krainat Station (5 m above sea level) to evaluate 
the phenotypic performance of AVRI)C inbred lines, open-pollinated, and hybrid varieties. Two 
AVRDC open-pollinated varieties - 77M(3)-26 and 77M(3)-4() - were formally released in 
Indonesia and named Sangihe and Talaud, respectively. Seed production trials were conducted 
under highland conditions at ILifRI, l.embang (1250 m above sea level) to multiply seeds of 
inbred lines and produce cimmercial seeds of released varieties in a larger scale. Ten kilograms 
of Chinesec. hbage seeds ofTalaud were produced to fullill partial requirements of f'rmers. New 
crosses among inbred lines introduced from AVRI)C were also made. BPH-9() 1702, anew hybrid 
combination, was superior to the check Talaud in 1992 trials. A number of selected AVRI)C 
varieties, such as Hybrid No. 82-46 and Hybrid No. 82-157, together with outstanding new 
combinations, were included in an ongoing multilocation trial to test their adaptability. 

Philippines. Mr. Eugene C. Cahiles and Ms. Rizalina C. Guibao, researchers of the 
Vegetable Section of the Bohol Agricultural Production Center, conducted yield trials at 
Tubigon, Bohol, to evaluate two open-pollinated and six hybrid entries from AVRI)C vs. tihe 
standard heat-sensitive check, B 40. A dry season trial was sown on II September and 
transplanted on 5 October 1992. Results are presented in table?. Varietal (iffcrences were significant 
between the heat-sensitive check and AVRIDC heat-tolerant varieties in terms of yield, maturity,
harvest rate, head shape index, and softrot infection. The late maturily of the heat-sensitive check 
caused high softrot infection and lowered the harvest rate, resulting in low yield. The standard 
heat-tolerant check, Hybrid No. 62, which had been formally released in the Philippines as Reyna 
Elena, yielded the highest followed by Hlybrid No. 85202 and 85216. Hybrid No. 85202 with an 
outstanding longer head shape (HSI of 1.9) is expected to match, if not surpass, Reyna Elena (HSI 
of 1.1) in terms of local preference which is determined to some cxtent by head conformation. 
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Table 7. 	 Yield and other characteristicse of AVRDC entries in a dry season trial at the Bohol
 
Agricultural Promotion Center, Tubigon, Bohol, Philippines, 1992b
 

Harvest Head Head Heading Soft
Entry Yield Maturity rate weight shape Solidity rate rot
 
(t/ha) 
 (DAT) (%) (kg) index (g/ml) (N) (%)
 

77M(3)-40 10.9 de 43 bc 52 bc 
 570 cd 	 1.4 cd 0.70 a 75 21
77M(213)-46 17.1 cd 43 bc 70 ab 547 d 1.4 cd 0.68 a 91 13

Hybrid No. 82-156 15.2 d 44 b 75 ab 546 d 1.2 de 0.66 a 3
78 

Hybrid No. 82-157 13.8 d 44 b 
 70 ab 	 454 d 1.2 de 0.60 ab 80 2Hybrid No. 83-20 23.0 bc 43 b 88 a 716 bc 1.3 d 0.57 ab 90 0
Hybrid No. 85202 24.9 ab 44 b 	 97 a 747 b 1.9 b 0.56 ab 100 2
Hybrid No. 85216 24.5 ab 42 c 87 a 735 b 	 1.4 cd 0.49 bc 90 0
Hybrid No. 62 29.7 a 42 c 97 a 907 a e 0.48 bc1.1 98 0

B 40 (HS ck)c 
 5.5 e 	 49 a 37 c 436 d 2.8 a 0.40 c 91 48 
c.v. 11. 18.8 1.6 19.7 14.4 5.2 14.0 11.9
 
'Means 
 in the same column followed by the same letter are not significantly ditterent at 5% level 

(DMRT).
 
"Sown on 11 September and transplanted on 5 October 1992.
 
IHS = heat-sensitive.
 

I'able 8 shows similar resulls it the dry scasn Irial. 'i'hese two seasonal trials showed that
Htybrid No. 852()2 possessed the desired combination 1eClongaled head shape and dense head
lormalion which inatlchd local preference more lhan Reyna [I.na did. 

Table 8. Yield and other characteristics, of AVRDC entries in a wet season trial at Bohol 
Agi icultural Promotion Center, Tubigon, Bohol, Philippines, 1993b 

Harvest Head Head Heading Soft
Entry Yield Maturity rate weight shape Solidity rate rot(t/ha) (DAT) ( ) (kg) index (g/ml) (%) ()
77M(3)-40 21.0 b 47 a 94 a 686 bc 1.5 bc 0.61 95 	 0
77M(2/3)-46 20.6 b 45 b 88 b 669 bc 1.4 c 0.57 95 6
Hybrid No. 82-156 23.9 ab 45 b 98 a 731 b 1.3 cd 0.55 98 0
Hybrid No. 82-157 25.5 ab 45 b 93 ab 820 ab 1.3 cd 0.67 95 1
Hybrid No. 83-20 29.4 a 45 b 	 92 ab 961 a 1.3 cd 0.60 96 5
Hybrid No. 85202 27.0 ab 45 b 83 bc 972 a 1.6 b 0.63 98 15
Hybrid No. 85216 23.2 ab 79 c45 b 909 a 1.5 bc 0.59 96 17
Hybrid No. 62 29.4 a 45 b 950 a 	 0.6793 ab 1.3 cd 98 5
B 40 (HS ck). 14.1 c 47 a 77c 2.9 a 91550c 	 0.54 8 
c.v. % 14.7 1.9 7.7 11.2 5.9 7., 4.6
'Means in the same column tollowed by the same letter are not signiticantly ditterent at 5% level 
(DMRT).

tSown on 13 January and transplanted on 1 February 1993. 
:HS = heat-sensitive. 



Crucifer Entomology 

Effect of Temperature on Parasitism of Diamondback Moth 
by Oomyzus sokolowskii 

Summary 
Ve inveslivaled the ellect of temiperaltire ranging lroi n )0C to 35°(- i the parasitisn of* 

dialIllhllack Inl(th (1)13NI), Pl/ll .'1vlvilia. larvae hy a h'renopteroluS parasite, Om1' zits' 

.Yckolhow'ski. Iiiturlh instar I)IM larvac and 2-da-old O.sokolowskii adults were coinditioilcd for 
6 Iby mainainl nin ilthe insects at differctl tenperature seltings: 10, 15 20, 25, 30, and 35TC. 
(hunll?'c.n '.kii ai(utlls were Ilien icleased over I)3Ni larvae lhr 24 h at each temperature..sJko 


each treatment were then Inaintained at 251C' unlil all pupated inll 
pLpael2. hie'[ trcent age parasitism was 0Oat IOt,,24.0 al 15')C', 50.4 it20'C, 68.4 at 25C_, 76.3 
at 3()<'. lli 

I)BM larvae ill parasite or I)BM 

and )5.I at 35CWC. Iligh parasitiismiat 30"Caalnd 35'C indicates that this parasile is suitable 
,rl
tihe Control of I)BIM in the Iropical lowlands. Parasite iortality ranged Ilromn 4.5% to 14.6c, 
and it was not relaeld to temperatLre. 

Introduction 
I)ialio rdhack nitlh,I'Ih/h/ltr\'/v.+ve'l~a, is considered as the ilit destnict ive pest olvegetablcs

in &eneral andl 'crcilers in partilar throu,.lghout Asia. Insect larvae Icd on all abovegroulnd 
pitllt nst lcruciters. As a i-eSrIt Olfilsct leeCling, .luialitv and yield tthe p ice are adversel v 
affclted. At present. farers mot lusetcheiical inscticidles to control this pest. As aresult ofI 
ideal tltnperalture r developnt,and availahility lInls-l lants throughlut the year in rtropics,n 

the insect hrceds i)ver 15 gcncrations per year. This high bree ding poitential coupled wilh 
indiscriminate use otfinsecticides has restilled in I)[IM hecoiiing resistant to iost chemiical 
insecticides. 'hus. it has bcoie very (i tIcull to cotrol I)I1N1 illAsia. AVRI ).ains to develop
iniegrated control iieasures based on tihe ise of I)13NI's natural enciics. In this res-ard we have 
iliported cerltain parasites to control I)13M in Asia.0ui ,.s".kolxokii was impotled in lnid-
I1992 Iilrsuch purpi isC. Very little puhlished in uinatioln exists on tile sutitahilityotolihis parasite 
Ior two distinct agrccoloical conditions -- cool highlands and hot-div lowlands - where 
crucilers are rown and where I)IMis a serious pest. Temperatre (fitlers slubstanltially inl these 
two avroecolh'ic'il arCas. (recidedl sltuldy tileiTee tilhWe.tlhrCetr. to of temperature oi 
parasitism lI)BMh ). skolowskii. 

Material and Methods 
Trhree to 5-day-old ). sokolor.skii adulls and third and foourth I)i3M larvae were nailintai ned 

separalcl),at various lemperallures: 10, 15, 20, 25, 30, and 35C i 6 h to con(litioin both host and 
parasite at these temperatures. Fill), .sokolowskii adults were then coinined with 50 I)B3M 
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larvae feeding on cabbage leaf placed in a 15-cm diam 30-cm-long acrylic cylinder both sides of'which were covered with tine muslin cloth. Four such cylinders containing parasite adults andhost larvae, each cylinder being one replicate, were each maintained at I), 15, 20, 25, 30, or 35°Cfor 24 h. During this period O. sokolowskii adults laid eggs in DBM larvae. After 24 h, DBMlarvae were transterred to 25±2'C and reared until pupation. At pupation time the number oflarvae pupating in l)BM pupae and parasite pupae were recorded and percent parasitism wascalculated by dividing the number of parasite pupae by 50 and multiplying the product by 100.A simple linear regression between the temperature and percentage parasitism was calculated. 

Results and Discussion 
The parasitism of I)BM by 0. sokolowskii at various lemperaturet; is sunnarized in fig. 1.As the temperature rose trom It)C to 35'C. parasitism rose proportionately. There was a highlysignificant positive correlation (r = 0.987) between the temperature and percentage parasitism.High parasitism at 3()'C and 35"C indicates that this parasite is suitable thr the control ofl)BMin the lowland areas of the tropics. Parasile mortality ranged from 4.57 to 14.6% and it was notrelated to temperalture. This parasite has now been introduced in crucifer growing areas of

Taiwan, Thailand, and Malaysia. 

100 
Oomyzus sokolowskii 

80 

E 60 

40 -1
 
CL
 

20 :X 

10 15 20 3025 35 
Temperature (C) 

Fig. 1. Parasitism of DBM larvae by Qamyzus sakolowskllatvarious temperatures 
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Relationship Between Diamondback Moth Larval Population Density 
and Parasitism by Oomyzus sokolowskii 

Summary 
In this field experiment we studied the dependence of'rate of'Oouiyzus sokolowskiiparasitism 

on tie density of diamondback moth (DIBM), Phaelh xvlostella. In a parcel of land planted to 
common cabbage we introduced 500 I)BM adults to initiate pest infestation. Two lays later we 
introduced 10()() O.,sokolowskiiadultls. An additional 5()parasite adults each were also intro(uced 
2, 3, and 4 wk later. Once a week we monitored the larval population ofl)13M on cabbage plants 
and parasitism o' I)BM larvae by O.sokolowskii or Cotesialuhellae, a larval parasite of I)BM 
that is already established in lowland areas of Taiwan and most of Asia. I)BM larval population 
increased steadily 1() plants. P'arasitismdays after insect release up to harvest from 2 to 22 per 1()
of*DBIM larvae by O.sokolowskii increased steadily from 1.3,h to 21.9% but that of C. phlnellae 
decreased froln 481,r to 3. 1% during this period. In our earlier study we Ibund similar decrease 
in parasitism of C. lutellue from beginning towards the end of the season even in the absence 
of any parasite. Based on our present findings, itappears that introduction oi O. sokolowskiihelps 
supplement I)13M control achieved by C.phtelhc. 

Introduction 
Among the four parasites that AVRI)C is using in biological control of diamondback moth, 

two, Ooiyztus sokolowskii and Cotesia p/welhe, are found in hot and humid lowlands. Cotesia 
p1lutehte occurs in several countries in Asia, but O. sokolowskii does not. AVRI)C has imported
this insect with the purpose of introducing it in lowland areas. We are conducting research in 
various biological parameters of this insect to judge its suitability in various agroecological 
regions. In this particular test we studied the relationship of I)BM larval density and rate of' their 
parasitism by O. sokolowskii. 

Materials and Methods 
A O.A -ha parcel of land was worked into 1.5-in beds and planted to I-mo-old cabbage 

seedlings. Ten (lays aftertransplanting we introduced 5(X) I)BM adults in the field to initiate insect 
infestation. Two clays later we introduced I00( O.sokolowskii adults in thesamne area. Additional 
parasite adults were also introduced 2, 3, and 4 wk later. Once a week we monitored the larval 
population of l)BM on cabbage plants and parasitism ofIDBM larvae by O. sokolowskii. Since 
l)BM larvae were also parasitized by C. p/hitelh/e which occurs naturally in lowland areas of 
Taiwan, we also recorded the number of I)BM larvae parasitized by C. plnewac. The percent 
parasitism was calCilated by dividing the nu mber otfparasite pupae by the total nomumber of I)BM 
larvae per 10 plants and dividing the product by 100. 

Results and Discussion 
DBM population increased steadily from 10 days after adult release up to harvest from 2 to 

22 larvae per 10 plants. Parasitism of I)BM larvae also increased steadily fromi 1.3% to 21.9%. 
There was significant correlation (r = 0.844) between larval population density and level of' 
parasitism (fig. 2). It appeared that this parasite is also host population density-dependent. 
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Fig. 2. Relationship of population of DBM larvae and parasitism by 0. sokolowskii 

PIarasitism oII)BM by C.)/httl:/ac'decrease(lfrom 48% at I()tdays alter insect releaset o 3. 1% 
at harvest time. In atn earlierstudy, we found a siinlar(lecrease in parasitism o'l)BM by C.phottalh
from the beginning to the end or the crop season whelher other parasites are present or not. Our 
present findings show that introduction of O. sokoloia'kiidoes not compele bul supplements 
I)BM control achieve~d by C. I/titelac. 

Control of Diamondback Moth by Oomyzus sokolowskii 

Summary 
Prior to the introduction of Ooivztus sokolowskii in farmers' fields for tilecontrol of 

diamondback moth, PIhlela xylostlla, we a stu(ly atconducted AVRI)C to invesligale the 
potential oflthis parasite under field on(litions. A parcel olland planted to common cabbage was 
divided into three 27 m x 13.5 in plots. Each area was subsetqucntly confined on all four sides and 
the top by fine mesh nylon nil I.o prevent movement of insecls between the plots. In two plots we 
introduced 10() I )B M adults each, and the third plot was m ai nt ai ned insccl- free. ()ne week later, 
inone ofltle lwo plots where ID)BM was introduced, we releascdall (. sokolwskiia(telemergiig 
from 100(0 parasitized cocoons. An additional 50(0 parasite cocoons were each released 2, 3,and 
4 wk later. We monitored extent of I)B3M parasitism throughout the season and yield and 
marketable cahbage heads at harvest. Parasitism of the I)13M larvae varied from 2%7( to 2 I7%. 
At harvest, in the plot whereonly I)BM was released, only 26. 17,heads Ve-re narkelable whereas 
ilithe pl twhere both pest and parasiles were introd(ccd. 44(/( f the heads were marketable. 
Total yield was 0.8 I/ha,1 inl the I BM-only plot( and 2.8 I/ha in the I)13M-wilh-parasile plot. The 
increased yield and marketability was due to tlhe enclicial effect olthe parasile. In the plot where 
neither 1,BMnrwpar,,ite were intl oduced, ihe yield was 2 1.4 I/ha and 76.1I of the cabbage heads 
werk! marketable. 
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Introduction 
A major portion of AVRI)C's research on crucil'ers deals with the control of diamondback 

moth, Ph1('111h xvlostela, a very destructive pest of cnici fers throughout Asia. We emphasize the 
use of biological control agents to combat this pest. In mid- 1992 AVRI)C imported Oonvyus 
sokolowskii from Cape Verde Islands in West Africa via tile International Instittile or Biological 
Control. Illate 1992 and early 1993 we conducted several investigations to study biological 
parameters of this insect to determine its suitability to (illercnt agroecological conditions where 
cruel fers are grown. Ilthis experiment we investigated the poxtentlial ol1O.sokolowskii in reducing 
tile pOpulatiOn of I in l)B1 cages constrIcted in the field. 

Materials and Methods 

A parcel of land was rolotilled and worked into 1.5-ni beds and divided into three equal 
portions, eatch nieasuring 27 in x 13.5 m. Fach portion was covered on all lour sides by 2-m-high 
fine mesh nylon nlet. The bottom hal f tihe net was lined with a thin plastic sheet to prevent 
movement o1 O..sokolowskii from one cage to tile next. The top of each cage was also covered 
by the same type of' nylon net. ()ne-month-old l)BM-free common cabbage scedlings were 
transplancd inside each cage. Normal cultural practices were used to raise tie crop. No 
insect icide was applied. Ten days alter transplanting we introduced 1(11)1)13 Nia(ltllIs inside eal 
of two caLces; the third cace was mainlaincd I)BN-Irce. ()ne week alter I)BM release we 
iiito)(tuce( all adults emergingiromi 1()) O..sokolowskii parasitize(cocoons. ALl adullsemerging 
from 5(1(1 conms w'ere also} introduced acain 2, 3, and 4 wk later. Wemnilorcd the population 
of I)13M larvae and pupae per 21) plants taken lrom three 3 x 10 in areas inside eacl cage. We 
removed 2( third and foIrlh instar I)BM larvae from each sampled area and raised theni until 
pupation in the laboralory. At pupation we recorded the numbero Ilparasitized and I)BMcocoons 
and calculald percnl parasitism. At harvest we uproolcd all plants in three 3 m x It) m area in 
each cage, ard recordcd the number of plants in tihe sampled area, tile weight ol each cabbage 
head, and total \'ield in each ca 'e. 

Results and Discussion 
Ilnthe cage where parasites were released, parasitism of I)BM luvae by O. sokolowskii 

ranged fr(m I to 22%,. IParasitism which was very low, hovering around 2% early in tile season 
increased to 221 2 wk belore harvest. I)311 larval populalion which reinained low (around 5 
larvac/plant) throug1hout miost of the season increased to 22.4 larvae per plant a week before 
harvest. We were unable to judgc tile reason I'm this su(l(en increase in population. The rate of 
parasitism was obviously not adequate to prevent I)BM population build-up. In the plot where 
I)BM only was introduced larval populaliol was high and reached 36.9 larvae/plant a week 
before harvest. Cabagce heads, on the average, weigihed 1.4 kg/hca(. The head weight increased 
to 1.5 kg in the plot where I)BM and 0. sokolmskii were released. In the control plot where no 
I)BMvN nor parasite were rcleiscd, each cabbage head weighed 1.0 kg. )nly 26. 1 (/ (lthe heads 
were marketable in I)BM-only plots; marketability increased to 44%/( in tihe plot wilh parasite but 
it was far below 760(Z in theciteorol plot where no insect was releascd. Cabbage yield was 6.8 t/ 
ha in the l)BM-only plot: it increased to 12.8 I/ha due to parasite introduction, but was still blow 
tile 21.4 I/ha obtained in the conlrol plot where neither I)BM nor parasile were inlrodu(cd. 
Marketable heads rather than head \wcight contributed to yield increase. Introduction of 0. 
sokolowskii increascd head weighl, iiarketable heads, and practically douhlcd tile yield of 
cabbage. These data indicate thlli otrodtictic in ofO..okohwskii t(iccinlr(l I M can reduce l)BM 
infestalion and increase cabbage yield. 
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Biology and Epidemiology of Alternaria Leaf Spot of Chinese Cabbage 

Black leaf spot (Alternaria leafspoit) of crucifers primarily caused by Alternaria brassicicola 
and Alternaria brassicae is an important disease of Chinese cabhage and other cruciferous crops 
including cabbage, cauliflower, and broccoli. l)uring 1992-93 a series of experiments was 
conducted under laboratory, glasshouse, and field conditions to establish conditions conducive 
for infection, describe the symploms of disease, establish the pattern of epidemics in space and 
time under different seasonal conditions, and screen Chinese cabbage accessions for resistance. 
Infection of Chinese cabbage by A. brassicicola and A. brassicae is related to periods of leaf 
wetness duration, i.e., periods of rain or dew. l.eaf wel ness duration of at least 12 h is required or
 
infection. Symptoms of infection vary according to the inoculuiin (lose. Single spore infections 
lead to hypersensitive reactions and non-expanding lesions while multiple sl-x~re infcclion leads 
to expanding lesions which sporul ite as concentric rings. Newly emerging leaves become 
infected as they expand (fue to deposition of spores. Disease increases both temporally and 
spalially. Initial results indicate that disease spreads down the rows with little spread between 
rows. Results further indicate that the distribution fldisease in plots was not aggregated around 
the line sources suggesting Ihat infections arose from sources outside the plots. Three-week-old 
seedlings of 159 Chinese cabbage accessions were inoculated (I 0 conidia/m lof a nixture ofA. 
brassicicolt and A. brassicae) and evaluated after a 6-day incubation in a growth room iat24'± 
2°C and 90±5% RI-I for their disease responses. Eight moderately resistant lines were identified: 
B 6, B 41, B 127, B 132,B 140, B 142, B 144, and B 150. No highly resistant sources were found 
anong tile accessions tested. 

Studies on Clubroot of Chinese Cabbage 

Clubroot caused,, by Pil.'msodiophorabrassicae is a very dair ,ging disease on most cruci fers 
grown in temperate climales or tropical highlands, especially Chinese cabbage. Several field irials 
were conducted on clubroot of Chinese cabbage at AVRI)C during 1991 and 1992 primarily to 
determine the effcct of certain management practices on the development oflthe disease. Studies 
were conducted to determine the effect of transplant age, pre-transplant fertilizer regime, and 
nursery pot size on subsequent(Ldisease severity and yield ol Chinese cabbage. In general, tile 
amount of root clubs and concomitant crop yield loss were reduced by using 4- to 5-wk-old 
transplants compared to direct sown or I- to 3-wk-old transplants, presumably due to the shorter 
exposure period ofthe crop to the pathogen when using the older transplants. Increased frequency 
of fertilization oftransplants while in the nursery reduced the amiount oflroot clubs Ihat developed 
later in the field, but crop yield was also reduced. Comparison of nursery pot size (3, 6, and 8 cmi) 
with subsequcnt root club development and yield showed that clubbing was greatest and crop 
yield lowest with 3-cm Iransplants. There was no difference in the amount of club formation 
between 6- and 8-cm transplants, but yields were greater frcmn 8-cmi transplants. 



Eggplant Breeding 

Observation and Evaluation of Eggplant Cultivars and Germplasm 

Summary 
A total of 105 eggplant collections which included 63 commercial varieties, 39 gernplasm 

collections from SouLtheast Asia, and 3 local varieties were used in an observation and evaluation 
trial. A wide range of diversity was observed anmong the entries in yield and horticultural 
characteristics. 

Most of the commercial varieties performed very well. The yields of the top 20 eggplant 
varieties ranged fron 58.5 t/ha to 72.3 t/ha compared to 45.5 t/ha and 38. I i/ha for two local 
varieties, Farmers I.ong F and Pinglung I.ong, respectively. Eggplant varietiesexhibited important 
traits such as erect plant growth, less branching, early maturity, large fruit, more fruit, high yields, 
and fruit size good for processing. Some of these genetic resources will be used in tile eggplant 
breeding project. 

Introduction 
Eggplant (Soltwmu melongena) is a common vegetable in the tropics and subtropics. It is 

largely grown as an important commercial vegetable crop in Bangladesh and India. In Asia, the 
major eggplant producing countries are India (30(0),()() ha), China (176,0)0 ha), Indonesia 
(83,(X)() ha), Japan (I 8,( )()ha), and Philippines (16,0(0) ha). 

To date, AVRI)C's eggplant gernplasm collection is cemprised olmore than 500 accessions. 
A worldwide collection of eggplant cultivars was assembled in early 1992 with the help of the 
major seed companies in the U.S., lapan, Australia, Europe, tie Middle East, and Southeast Asia. 
An experiment was conducted to: ( 1)observe and eCvaluate the collected commercial cultivars and 
parts of germplasm collections; (2) select promising varieties for further testing; (3) identify 
desirable genotype and postuilate for tropical lowland cultivation; and (4) search for genetic 
materials to be used in the eggplant breeding project. 

Materials and Methods 

A total of 105 entries, including 63 varieties from commercial seed companies with a 
predominance of IFhybrids, 39 germplasm accessions from GRSU, and 3 local check varieties 
were employed in this observation and evaluation trial. Trial entries were sown oi 1September 
and transplanted on 25 September 1992. Seedlings were transplanted to raised beds (1.5 in x 6 
tn) with a single row in each bed (plot), 12 plants per plot and a 50-cm space between plants. The 
entries were planted in two blocks and replicated twice. 

Cultural management was based on the standard procedures adopted by farmers for eggplant 
production. Black polyethylene mulches wer, provided Ior weed control. Yield data and major 
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horticultural characters were collected and recorde(l. Fruit was harvested weekly froln five plants
(excluding border plants) in each plot for eight consecutive weeks. 

Results and Discussion 
D)iv'ersity ot'collections. (ireat diversity or plal type, frui size, fruil shape, and fruit color 

was observed aniong the 1()5 entries. Based on fruit color and shape, the 1)5 varieties can be
classified into diIlellt catecories as shown intable I.Cyli rider, oval, and tearlrop were the major
f'ruit shapes aioing these entries. Seventy-eiglh out of 1(05 varieties had purple fruil which was 
a maior lfruit co0lr ill Cplall. 

Table 1. The diversity of color and shape of fruits among 105 varieties of eggplants 
Color 

Cylinder 
Shape 

Oval Teardrop Novelty Total 
Purple 28 23 25 2 78 
Green 7 10 1 7 25 
White 
Total 

0 
35 

0 
33 

1 
27 

1 
10 

2 
105 

Plant types. Plant types aitonL varieties varied ronli erect, MIuch-brarched sulshrub to
bushy spreading. Plant heights ,lfthe 105 entries ranged frot 78 cm Ito 136 cn with aieall of
10)9cll (fig. 1). Majorily ol the varieties had ptant heitls ranging fron 1(111 to 12(1 cm. A large
variation ill unlur ofl bralnches was Iound among tIle enltries which had 5.1 to 1(1.4 branches per
plant (tig. I ). The average nunber of branches was 7.1 per plant. Ilruniln and defoliation are 
Corr11101 cultural practices used by the eggplanl growers. These operations are very costly where
labor is expensive as in '[aiwan. The relationship between plant type, prunirrg, yield, and its 
components will be studied. 

Malltirity. The distribhution ot days to mlaturily for the 105 enlries is shown ill fig. I. About 
81(, (84 varieties) of the entries imatured in 11(-125 days alter sowing (I)AS). The earliest 
Iaturing varielies were Sellno No. 2Fi, Sanshi Naga F1'Millionaire F , and M7(01 F while the

lalest inaluring varielv was 'S 96 (Kopek). 

Number (it fruit per plt. A large proportion ofthe entries produced less than 20 Iruit perplant during the first eight harvests (li. I). The highest runruer if 8(1 fluit per plant was ciivee 
by' 'S 17 (,lapuri).a varietly trorn Malaysia wilh small fruit. The avcrage nuniher of fruit per plants
was 24, while tie lowesl was 6 fruit/plant. Ingeneral, lhelre was a necative association between
nrrnier of fruit and rfuil size. The i1l0ore fruit per plat, the sirraller the Iruit. 

Fruit size. There were !iceat variations il fruit size ill telills of, fritl weilit. Florida I lich 
Bush, TS 49. Tasca F, and Black Bell F gave the highest fluil weight ol above 4(0) g. The fruit
weiglts oi 1(5 entries ranced flon 17 to 406 g with an average ol 219 g (fig. I ). Anriog the
varieties, 321/,. 241/ . aind 2O11( of themr produced rruit size in the categories of 1(011-20) g, 3(0(1
400 g, and < 1(111 g, respectivelyy. 



89 Eggplant Breeding 

80 50
Mean: 109.0 65 Mean: 7.1 

0 Max:137.5 40 37 Max: 10.4 

Min: 77.9 Min:5.1 

W 30 
40. 

0 20
20 / 14
 

6/ 20 19,| . ..
 
<81 
 .00.12 ..>120 
 D- H

0 - ,0 - - " : . . 

80 80-100 100-120 >120 < 6 6-7 7-8 8-9 .9 
Height (crn) No. of branches 

50 60 
Mean: 117 5054 Mean: 24.0 

40- Max: 128 38 50 // /Max: 80.1 
. Min: 104 Min: 6.2
 
C 30- 25 33
 

2o5 

O 20 21 30 

12 20 12 
0l- / > 1 101 -"- 5 

z 10- 10~.td 

0105 105- 110- 115- 120- ><20 20-40 40- C- 60-80 >80 
110 115 120 125 No. of [ruit/plant 

Days to maturity
40- 50~ _____________34 Mean: 209 I Mean: 44.9 

W Max: 466 40 Max: 72.3 40 
.230- 27 25Min: 17 4-Ma: 7.3 

777 30
0 19 19 

20 16 

10 // 
10 5. .Z 

wOo0 10 0 - 2 00 - ' 30 0 - > 4 0 0 0 ... 

200 300 400 20 20-30 30-40 40-50 50-60 >60 

Fruit weight (g) Yield (t/ha) 

Fig. 1. The distribution of horticultural characteristics among 105 entries of eggplants 

Yield. The distri ntiion of yields of 105 entries in six vj oups of yicld is given in fig. I. The 
yield of 105 entri s ranged fIrom 7.7 t/ha to 72.3 I/hal witih a incan )144.9 I/ha. Thc ligh,est yield 
was ohlained by Nile King I-,, while the Iwcst yield came from "'S 99. AI()LII .1,"' ofthC CntriCs 

produced yiel(s belwcen 4()-50 i/ha. Aitong all cnlries, 19 varieties (I 8%) which yielded more 
than 60 /ha were considercd a high-yielding group. 
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Overall performance. The yields and horticultural characteristics of the top 20 eggplant 
varieties are given in table 2. These varieties produced 59.5-,2.3 tl/ha of marketable yields. 
Compared with Farmers Iong, a hybrid from Known You Seed Co., these varieties had higher 
yields ranging from 29% to 59%. The yield increases were much higher (54-90%) when 
,.,mpared to 1ingpung L.ong, an OP variety. The lour best varieties were Nile King F, (Petoseed), 
Black Bell F, (Peloseed), Taro Wase I1 (Mikado), and Bonesa F (l)aehnkldt). The high yield1 
was generally attributed to the combination of nu mbcr of fruit per plant and fruit size. The results 
ofl his variety observation and evaluation trial show that high yielding and good quality eggplant 
varieties are available in the commercial seed companies. Selected promising varieties from 
either commercial seed companies or germplasm collections will be further tested in replicated 
advanced yield trials. 

Table 2. 	 Horticultural characters and yields of top 20 varieties of eggplant in comparison with 
local varieties-, 

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

(cm) branches (g) (cm) (cm) (t/ha) 
Nite King F, 106 7.4 59 119 DP 0 318 12.8 8.9 1.4 18.2 72.3 
Black Bell F, 113 5.8 63 114 DP TD 410 15.2 8.2 1.9 13.8 71.9 
Taro Wase F, 103 7.5 61 118 DP TD 377 14.1 8.2 1.7 14.5 68.8 
Bonesa F, 108 6.4 63 118 DP 0 372 16.8 8.0 2.1 14.3 67.2 
Hybrid 29 109 7.9 66 120 DP 0 402 11.9 10.2 1.2 13.5 65.4 
Soma F, 113 7.2 59 115 DP 0 351 15.9 9.4 1;' 13.8 65.4 
Edna 112 6.4 59 115 DP TD 331 17.3 7.9 2.2 16.2 65.3 
Solara F, RS 128 7.8 60 116 DP C 335 20.9 6.9 3.0 15.3 65.2 
Tasca F, 121 7.6 63 118 DP 0 410 14.5 9.3 1.6 12.0 64.6 
Nubia F, 111 7.6 60 113 DP 0 400 13.5 8.0 1.7 12.7 62.8 
Bonesa F, 113 7.8 60 118 DP 0 386 16.3 8.5 1.9 12.4 61.9 
TS 123 97 7.1 63 119 GW N 184 18.2 6.3 2.9 26.1 61.8 
Oria F, 124 7.1 60 117 DP TD 369 17.5 7.8 2.2 12.9 61.6 
Burpee Hybrid 114 6.5 63 118 DP 0 344 14.1 9.3 1.5 13.6 61.4 
TS61 (Hijau) 95 5.6 59 117 GW N 245 16.1 7.3 2.2 19.5 60.9 
Murena F, RS 106 7.7 63 117 DP 0 353 15.8 8.8 1.8 13.4 60.0 
Black Gnome 101 5.8 63 124 RB C 116 19.3 4.0 4.8 52.6 59.9 
Othello 107 6.5 64 120 DP TD 385 15.1 9.0 1.7 11.8 59.9 
Epic F, 117 5.7 63 113 DP TD 321 19.2 7.8 2.5 14.3 59.5 
TS 88 (Ihijau) 91 6.0 59 116 G C 200 14.9 6.5 2.3 22.3 58.5 
Farmers Long F,d 114 5.6 63 122 DP C 103 28.2 2.7 10.4 38.6 45.5 
Pingtung Long' 102 5.9 63 116 P C 140 26.3 3.4 7.7 21.2 38.1 
Means of 105 109 7.1 117 196 3.2 25.2 46.1 
'Planting dates: sowing: 1September 1992; transplanting: 25 September 1992.

bFruit color: DP: dark purple; G: green; GW: green with white stripes; P: purple; RB: red brown.
 
'Fruit shape: C: r.ylinder; N: novelty; O:oval; TD: teardrop.
 
dLocal varieties.
 

Identification of' important traits. Some important traits were identitied from the entries: 

" Erect plant type: Mlegal F1, Sicilia F, Onila F, Vernal F, Market Supreme, TS I l. 
" Less branching: TS 121, Violetla )i Firenze, TS 61 (Hi.iau), Farmers Long F, Epic FI. 
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"Early maturity: Sengro No. 2 F,, Sanshi Naga F,, Millionaire F,, M 701 F,, Rikuzennaga 
F1. 

"Large fruit: Florida High Bush, TS 49, Tasca F,, Black Bell F,, Market Supreme. 
"Small fruit: TS 98 (Glatik), TS 17 (Rapun), TS 103B (Tcrung -lijau Kecil), TS 91 (Hijau 

Besar). 
"Greater number of fruit/plant: TS 17 (Rapun), TS 89, TS 55 (Tening l.alap), TS 87 (Glatik), 

TS 91 (Hijan Besar). 
"High yield: Nile King F,, Black Bell F,, Taro Wase F,, Bonesa F, Hybrid 29, Soma F,. 
"Good processing qualities: Rikuzcnnaga F,, Slim Jim, Black Gnome, TS 2. 

All these resources need to he reexamined for the respective traits in replicated trials. The 
correlation between important traits will be studied. An attempt was made to postulate an 
ideotype of eggplant for tropical lowland production. However, more studies involving plant 
growth and development, yield components, crop physiology, etc. are needed. 

Seasonal Variation in Growth, Yield, and Horticultural Characteristics 
of Selected Eggplant Cultivars 

Summary 
Field experiments were conducted to investigate tile effect of date of planting on the growth 

and yield of 10 selected eggplant cullivars. Plant growth and yield were affected by date of 
planting. The August planting gave the highest yield (average 61.3 tlha), while the February 
planting gave the least (average 2).3 lha). The dilereniial response of varieties to planting date 
was significant. Temperature, light intensity, and excecss rainfall were tie primary environnental 
tactors causing seasonal di fTerences in growth and yield of eggplant. 

Introduction 
The growth duration of the eggplant crop is relativeiy long compared to other vegetables. 

Under tropical or subtropical conditions, there are abiolic and biotic stresses which considerably 
influence the growlh and production of eggplant. This experiment aimed to: (1) observe the 
seasonal variation in growth, yield, and horticultural characteristics; (2) investigate these abiotic 
and biotic tfaclors: and (3) identify I e major constraints to eggplant production. 

Materials and Methods 
Ten cullivars which represeued ditferent plant and fruit types were used. Bimonthly 

plantings started in April 1992 and were completed in February 1993. Each planting used a 
randomized complete block design (RCBI)) with four replications. 

In each planting, plants were sown and transplanted to raised bed; (1.5 m x 6 in). Each plot 
contained asingle row of 12 plants with 50-cm spacing between plants. Before making the raised 
beds, 1500 kg/ha conpost, 300 kg/ha ammontium sulphate, 6t00 kg/ha calcium superphosphate, 
and 20(1 kg/ha potassium chloride were incorporated into the soil. Mulching was dole by using 
plaslic filim. Cultural praclices suggested by local experiment static;ns were ftkllwed. 

Plaxt height and number of leaves were measured and recorded at 1()-day inlervals beginning 
at 10 or 2(I)AT and ending at 100 or 1I1(I )AT for cullivars Pi ngtung Long. Farnwtrs Iong F,, 
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and F- 1(). Data on plant height, days to maturity, fruit size, numberof fruit/plant, and yield were 
collected and analyzed. 

Results and Discussion 

Plant growth. The growth and development in terms of plant height and number of leaves 
were measured and recorded at l(-day intervals lor three cultivars: li ngtu ng long, Farmers Long
F-:,1 and F- I100. The growth, initerns of height as inldicated by sigmloid curves, differed remarkably 
among the various phlnting times (fig. 2). Varieties showed similar growth trends within times 
of planting, however. Generally, plant growth was faster and more steady in April, June, and 
August plantings than others. These three plantings had warmn temperatures (2_3-28C) during tile 
early growing stage. ()n the other hand, the eggplant seemed very sensitive to temperature. Plant 
growth was very slow in the tirst 5() I)AT Imr the October and )ecember plantings when mean 
temperatures decreased to below 2 I"C. All the three cultivars exhibited a very simihr growth 
curve which sh(wed last growth in height from 40 to 6(1 l)AT and leveling ofl aflerward (fig. 2). 

The time ot planting had a marked elflcct on the nunher of leaves. In general, the nUinber of 
leaves increased slowly during the first 4(0 )AT, 'ollowed by a steady increase during the period 
between 4( DIAT and 8() l)AT (fig. 2) with some exceptions among the varieties and plantings. 
The Iluctuation in) numnber of ieaves of' each cultivar within the plantings was attributed to 
deloliation whicli was caused by somie environmental lactors such as wind. m(onsoon rain, and 
other physiological stresses. 

300
F-100 Farmers Long F, Pinglung Long 

>200

0 100

0 
120 

12. I I I I I I 

20 40 60 80 100 0 20 40 60 80 100 020 40 60 80 100 120 

Days after transplanting 
- -Apr. + Jun. -- Aug. Oct. - Dec. "--I- Feb. 

Fig. 2. The growth of eggplant cultivars F-100, Farmers Long F1, and Pingtung Long at different 

planting seasons 
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Plant height. The final measurcment of plant heights of the selccted cultivars in six plantings 
are given in table 3.Significant differences were observed among cultivars within the plantings. 
Among the varieties, Black Enerma 564, F- 100, and Onita F, were tall types, while Easter Egg 
F, and Senguro No. 2 were relatively dwarf-like. Varieties responded differently to times of 
planting. Maximum plant height was obtained in the April planting in all cultivars except Easter 
Egg F1 . The June, August, I)ecember, February, and October plantings showed decreases in 
height in that order irrespective of varieties. Temperatures and solar intensities during tile 
growing periods influenced plant height of eggplant. 

Table 3. Plant heights (cm) of selected eggplant cultivars as affected by the time of plantinga 

Variety April June Aug. Oct. Dec. Feb. Mean 
Onita F, 116 107 124 11 I 96 111 111 
Black Enerma 564 159 135 89 121 114 106 121 
Terong Ungan Bulat 101 93 91 94 87 82 91 
F-100 132 126 119 114 104 109 117 
Easter Egg F, 87 88 90 57 75 53 75 
Senguro No.2 111 106 85 54 69 85 85 
Ma su 127 106 98 69 92 86 96 
Pingtung Long 110 100 99 76 79 80 91 
Bride F, 94 85 93 78 80 76 84 
Farmers Long F, 109 98 98 86 93 80 94 
Mean 115 104 99 86 89 87 97
 
c.v. (%) 4 6 17 7 4 8 
LSD (0.05) 8 9 24 8 5 10 
Ihe 6 sowing dates: 24 April 1992; 24 June 1992; 19 August 1992; 20 October 1992; 21 December 
1992; 19 February 1993. 

Naturity. I)ifTerences in days to maturity were significant ariong varieties within the 
planting limes (lable 4). The average number of(lays to maturity ranged from 112 to 156. Among 
the cultivars, Easter Egg F was the earliest maturing variety while Terong Ungan Bulat was tile 
longest maturing one, regardless of plantings. ilanting times had rio significant effects on 
mailurily irrespective of varieties. lowever, eggplant grown in cool season (October, I)ecember, 
and February plantings) too(k slighlIly longer to mature llan those grown in warm season (April, 
June, and August plaritilrigs). 

Fruit size and number of fruit. Fruit size, in lernis of weiujhl, varied with cultivars and 
planting tinres (table 5). F- 100had tIre largest lea:drop-shlaped frril averaging 274g, while Easter 
Egg F1 had the smallest rounid fruit \veighing only 72 g. I)i fferences in fruit weights among 
cultivars within the plantings were significant. In most of the cullivars, the fruit weight was higher 
in the August planting than in other plantings. Varieral responses to different tiies of planting 
were mixed. Irrespective (f culti~arS, the mean fruit weights were approxi intely 153, 145, 139, 
133, 117, and 116 g for the August, I)ccriber, .lune, ()clober. February, arnldApril plantings, 
respectively. The plants of1 lie April planting sulered frrn a flooding ir.hily that had some 
adverse elfects oi the fruit size. 

Number of fruit per plant varied with the cultivars an planting times (table 6). Among all 
the varieties. Bride F,produced consistently the highest num 1 r ofltruit per plant in all plantings. 
Generally, there was a negative correlatioi bet weei fruit size andILrnuber )I fruit per plant. The 
larger the fruit, tile less the nu mber IOf Iruit per plant. )n tile olher hand, crop (uration also affected 
the number of fruit per plant. Cultivars which produccd miore fruit per plant usually had long crop 
durations. Planting dates had a considerable effect on fruit per plant in different cultivars. The 
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Table 4. Days to maturity of selected eggplant cultivars as affected by the time of planting' 

I he 6 sowing dates: 24 April 1992; 24 June 1992; 19 August 1992; 20 October 1992; 21 December 

Variety April June Aug. Oct. Doc. Feb. Mean 
Onita F, 138 140 126 129 113 129 129 
Black Enerma 564 
Terong Ungan Bulat 
F-100 

156 
145 
129 

127 
147 
146 

143 
154 
135 

144 
165 
161 

144 
174 
154 

150 
148 
152 

144 
156 
146 

Easter Egg F, 
Senguro No.2 

93 
135 

143 
121 

120 
107 

130 
126 

112 
100 

72 
118 

112 
118 

Ma su 
Pingturig Long 
Bride F, 
Farmers Long F, 
Mean 

145 
131 
127 
129 
133 

136 
136 
141 
139 
138 

146 
143 
148 
151 
137 

149 
153 
153 
153 
146 

143 
151 
149 
128 
137 

144 
161 
158 
138 
137 

144 
146 
146 
140 
138 

c.v. (%) 10 5 4 2 8 15 
LSD (0.05) 20 9 9 4 17 14 

1992; 19 February 1993. 

Table 5. Fruit size (g) of selected eggplant cultivars as affected by the time of planting' 
Variety April June Aug. Oct. Feb.Dec. Mean 
Onita F, 107 142 158 148 186 148 148
Black Enerma 564 210 278 284 235 238 164 235 
Terong Ungan Bulat 121 164 168 166 141 134 149
F-100 245 27a 322 263 297 236 274 
Easter Egg F, 70 63 81 68 72 79 72 
Senguro No.2 106 94 124 82 152 112 112 
Ma su 77 86 92 82 84 66 81

Pingtung Long 92 112 123 116 124 98 111 
Bride F, 67 88 90 79 70 f 66 77 
Farmers Long F, 70 87 85 86 f 80
86 65 

Mean 116 139 153 
 132 145 117 134
 
c.v. (%) 9.9 7.6 8.0 8.9 11.2 15.8 
LSD (0.05) 17 15 18 2516 26
I he 6 sowing dates: 24 April 1992; 24 June 1992; 19 August 1992; 20 October 1992; 21 L)e,;ember 
1992; 19 February 1993. 

Table 6. No. of fruit per plant of selected eggplant cultivars as affected by the time of planting' 
Variety April Junn Aug. Oct. Dec. Feb. Mean 
Onita F, 13.0 27.1 17.6 15.6 4.8 15.6 16
Black Enerma 564 19.6 19.8 20.4 15.6 9.6 8.4 16
Terong Ungan Bulat 25.6 32.2 22.234.0 36.4 24.3 29
F-100 21.3 25.6 23.1 22.4 14.3 12.2 20 
Easter Egg F, 38.9 73.2 58.9 29.0 42.5 12.7 42
Senguro No.2 16.7 27.4 17.4 9.112.3 16.6 17
Ma su 27.3 26.7 46.7 14.8 25.5 12.6 26
Pingtung Long 34.9 26.7 24.437.3 27.9 17.5 28
Bride F, 49.3 54.4 68.6 47.0 51.5 33.6 51
Farmers Long F, 57.8 44.5 66.3 37.3 36.9 15.3 43
Mean 30.4 35.7 39.0 24.1 25.9 16.9 29 
c.v. (%) 18.611.9 13.1 18.6 20.4 29.5 
LSD (0.05) 5.26 9.7 7.4 7.1 7.1 7.4 
a Ihe 6 sowing dates: 24 April 1992; 24 June "-"'; 19 August 1992; 20 October 1992; 21 December 

1992; 19 February 1993. 
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cultivars responded differentially to (tale of planting (lable 6). Irrespective of cultivars, the plants
produced remarkably more fruit per plan in warm (April, June, and August plantings) than in cool 
season (October, December, and Fehruary plantings). The warm temperature, high solar 
radiation, and adequate moisture supply (luring tile crop season were tile main factors affecting 
fruit number. 

Yield. The marketable yields of 10 cultivars in six planting dates are given in table 7. The 
difTerences in marketable yiel(s among varieties were significant with regard to the planting 
dates. Averaged over planting dates, yields varied with the cultivars. The large fruiting variety,
F-1(00, gave a considerably higher yield (77.9 flha) than tie others. One of the early varieties, 
Senguro No. 2, had the lowest yield (21.2 l/ha). Planting (lates had a rem.Arkable effecl on 
marketable yields of' different varieties. The highest yields were oblained from tile August
planting in all cullivars. except Onila :1and Senguro No. 2. Varietal responses to remaining 
planting dates were dissimilar. Irrespective of varieties, the highest average yield o"6 1.3 /ha was 
produced by the August planting, while tile February planting gave the lowest yield (20.3 t/ha). 
The yield of August planting was approximately three tinres more than that of February planting
(table 7). The tune,October, I)eccmber, April, and February plantings showed (lecreases in yield 
in that order. Apparently, the low yield in February planting was attributed to tie nonsoon rains 
which occured during the fruiting period of tle crop, while that in April planting was probably 
caused by the water stress (flooding) which occurred in .uly 1992. 

Table 7. Yield (t/ha) of selected eggplant cultivars as affected by the time of planting, 
Variety April June Aug. Oct. Dec. Feb. Mean 
Onita F, 12.5 43.2 34.8 24.8 8.6 24.8 24.8 
Black Enerma 564 45.6 68.7 71.4 45.6 28.2 14.3 45.6 
Terong Ungan Bulat 34.4 62.1 71.6 45.9 63.0 37.0 52.3 
F-100 56.8 83.3 93.0 73.9 49.9 32.5 77.9 
Easter Egg F, 29.7 57.7 59.3 21.7 35.3 8.2 35.3 
Sen:jr- No.2 19.7 31.7 26.9 11.9 15.7 21.2 21.2 
Ma su 23.3 29.0 53.3 14.3 25.1 9.1 25.7 
Pingtung Long 35.4 37.3 56.1 34.5 41.0 19.9 37.4 
Briue F, 36.3 59.2 76.8 45.7 43.1 25.4 47.6 
Farmers Long F, 45.0 46.5 70.3 39.7 36.7 10.8 41.5 
Mean 33.9 51.9 61.3 35.8 34.7 20.3 40.9 
c.v. (%) 17.0 13.4 10.7 20.7 17.5 24.7 
LSD 	(0.05) 8.3 10.1 9.5 10.9 8.8 7.1 
1he 6 sowing dates: 24 April 1992; 24 June 1992; 19 August 1992; 20 October 1992; 21 Uecembklr 
1992; 19 February 1993. 

The results oftlhis investigation revealed that eggplant can be best planted in June to August. 
The high yield obtained from August planting was associated with large fruit ,ize and high 
number oflfruit per plant. Favorable environmental factors, such as higfh temperature during tile 
early growing stage, high solar radiation, su fficient moisture supply, and elfcclive control of 
disease and insect pests were contributing factors to high yield (tluring this crop season. 

Constraints. As a warri-season crop, eggplant thrives best at relatively high temperatures.
It is more sensitive to low temperatures than tomato or pepper. This investigation showed that 
botli cool temperatures and low-intensity solar radiation caused slow growth of the young plants 
and decreased pollen viability and fruit set in flowering planls as indicated by the low number of 
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fruit and yields in the cool-scasonl plantings. Although eggplanit was sol('Wll to he quite tolerant 
to flooding, excessive water caused c()nsi(derable yield re(luclion.

Insects are Lenerally considered the n. st serious constraint in eggplant production il the 
tropics. AmIongIthe insecls, Ihirips and mites werelthe most l ixprtanlt one.s which cau,'d Sei 0Ius 
(tlnac to leaves and olliel plal parts. The damIage was mnore proniunced dllring tlhe warmn ild 
dry season. i )iscases are another mai r problem of eggplant protuction, especially in tropical
Asia. lowever. no particutrly important (iSCaSC was luld it AVRI)C's experimental field. 
Foliage disease sich as leaf spot commionly occurs late in tle crop season. 

Preliminary Screening of Resistance to Bacterial Wilt in Eggplant 

Summary 
Commercial cultivars ofeggplart fronit world\wide collections were screened in aereenh(ouse

for resistance to baclerial will caused 1,y P. sol/ac arnon. Anong the 30 cultivars tested, N/! 7)1
1;'1and Slini.liri were highly resistant with only ./ and 7 o lisease indices, respectively. Their 
resistance wa superior to the resistant control, Tcrong Ilijau. These resistant varieties could he 
01 great importance in an cggplatl breeding project. 

Introduction 
Bacterial wilt (13\V) caused by I' u ass o/auacuIrno is an iinport ant (lisease ofeggplant

worldwide. The bacteria can survive in soil in areas oflmild to warmi climates and can be alimiting
Ilaclor in growiiw eggplant. Field losses of.5(1 V have been observed in tie U.S., Ind losses 
helwccn 75 /A and x I have been reortfed in India. The purpose ol this expeniment is to evaluatev'arietal resistance Ito bacterial wilt and to idlenti fy res istant sources,. fbr (tevehpinig breelin,_ lines. 

Materials and Methods 
Thirty cominmcrcial eg planl culi vars includi tig Ihe resislan and sus.cepti hle control varieties 

Were Us doI.Seeds were sown ill 2-in. plastic pots ill Ih i- recl htilse. Flacth ctlry was compose(l ol 
15 phints ii a Icav and arlanecxt in RCI11) wih three rlplicalion.s. BactCrial will inoculutl P,
97 was prepared by thc plant pallioogy tni. IM, screctli e ais done by sotil in cul atin milethod 
to supptlciicllroot culing. \When seedlings were 3((1days old, cacth pot was drenched wilh 2() il 
inoculuii ao(ilicsd Ito a ct)lcciliraltio ohI l() bacteria cells/nil. Altcr inoculalion, soil ioisture was 
Inailtline(l at a highi level and teUiloralturc was iaiiilainc,( at 25-32"C ill the Lreenhlouse. 

The inla'tLldC( plants were ob.scr\cl daily, and reco rds were kepi ohte (latdle ol appcaraiice
of wli sy uptoin anl(h)otplantl dCalh. I)isCase rCadine, hasedon the scalc ofl)- 5 ((l= iiosyniploi.s,
I = oine leaf willied. 2 two or three leaves wilted, 3 = all leaves willed exceptlop two or thre'e,
4 = all leaves willed. = dad ), was laken ial 7-day intervals and conericd to disease indices. The 
cxperintc il wa.t iiinale( 30.a's altelr ino culation (I A ). I )ala \v,1re analy, . bv AN( )VA and 
I )lcllan's 1i1tiuliple ralile tests. 
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Results and Discussion 
Wilt symptoms were f6)und 5 I)AI especially on the susceptible varieties. The inoculation 

technique was %,eryeflective, Most o1 the susceptible plants were dead wilhin I()-- 14 I)AI. 
Under these test conditions, none ollthe commercial cullivars showed(immunity to bacterial 

will. I lowever, two varieties, IM7()1 IF1and Sli iim. appeared to he resistant with disease indices 
of 3'/, and 7'/ , respeclively (table 8). The resistant control variety, Tcong Ilijau (TS 5613), had 
adisease in(iex ol*2( i,. Senguro No. 2 F , I ni lung I mg, and Niasuini FI were moderately resistant 
to bacterial will. Twcntly-tihrce varieties (82 ) were considered to be sItceptible inltudinfILIwo 
oh the m dIratel y susceplible ones. 

Table 8. The disease indices and percentage of nonsymptomatic eggplant after inoculation 

bDisease index %= (Xn x i)/[i, (in,)],where i = disease reading, 0 - 5. i,... -- 5.; Means followed by 

with (Pseudomonas solanacearum PSS7) for 30 days, 

Acc. Variety Disease Nonsymptornatic Bacterial 
no. index" plants (%) wilt 

(%) reaction' 

S017 Violette Lunga 88 ab 10 S 
S024 Long Purple 100 a 0 S 
S026 M701 F, 3h 97 R 
S028 Millionaire F, 46 c-f 53 MS 
S030 Senguro No. 2 F, 24 f-h 76 MR 
S029 Ichiban F1 86 ab 14 S 
S039 Rikvzen Naga F, 92 a 8 S 
S040 Sanshi Naga F, 77 a-c 20 S 
S117 Pingtung Long 38 d-g 62 MR 
S116 Ma-su 72 a-c 28 S 
S119 Farmers Long F, 67 a-e 33 S 
S003 Casper 89 ab 11 S 
S014 Slim Jim 7 gh 93 R 
S016 Sicilia F 89 ab 10 S 
S021 Othello 77 a-c 20 S 
S023 Queen of Sheba F, 97a 3 S 
S025 Florida High Bush 97 a 3 S 
S027 Megal F, 97 a 3 S 
S037 Black Gnome 83 ab 17 S 
S038 Masumi F, 36 e-g 63 MR 
S041 Ichifugi 70 a-d 30 S 
S042 Daikokuden F, 56 b-e 40 MS 
S121 Vittoria F, 100 a 0 S 
S001 Blacknite F, 97 a 3 S 
S002 Vernal F, 100 a 0 S 
S009 Onita F, 97 a 3 S 
S020 Ingfrat F, 100 a 0 S 
S022 Edna F, 100a 0 S 
TS56B Terong Hijau (R ck) 20 f-h 80 R 
S120 Bonne (S ck) 100 a 0 S 

'Planting dates: sowing, 15 June 1993: inoculation, 14 July 1993. 
x 

the same letter are not signdcantly different at 5% level (DMRT). 
'R = less than 20% plants wilted; MR = 20 to 409/6 plants wilted; MS = 40 to 60% plants wilted; S = 

more than 60% plants wilted. 
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M 701 F, is a Japanese variely from Musashino Sced Co., whereas Slim Jilm is a small fuit 
eggplant from Fratelli Ingegnoli, Italy. Both varielies have good horticultural clharacters. M 701 
F, has teardrop Ifils, 19.8 cm long and 5.3 cm thick, and is dark purple in color. Slim.lini has small 
cylindrical dark purple fruit 13.3 cm long and 3.7 cm in diameter. The resistant control, Terong 
Hijau, is a germplasm collection from Indonesia. It hears small round fruit 4.2 cm long, 4.1) cm 
thick, and is green with while stripes. '[ie evidence of 13W resistance in these varielies will be 
rcconfirmed. The use oflthesC gCnetic materials should he benelicial in gradually improving tihe 
level of resistance of eggplant to bacterial wilt. 



Mungbean Entomology 

Identification of Sources of Resistance to Bean Pod Borer in Mungbean 

Summary 
Bean pod borer (Mar'ia tesitdalis) is one of the most (destructive pests of mungbean and 

related Vigna species in tropical to subtropical Asia and Africa. Insect larva bores into the pods
and feeds on decloping seeds. AV RI)C aimsIto breei mungbcan cultivars resistant to this pest. 
In late 1992 and early 1993 we screened 200(1 mtaglean accessiols for resistance to bean pod
borer in Thailand where this insect isendemic. Seeds ol each of the 20()()accessions were planted 
insingle rows in individn Il4 in x (.4 m plo ts. Plants were grown using custoimary cultlural 
practiciCs hut no insecticide was used. At harvest we recordedilhe total and insect-daunaged pods
and calculated the perct.ilage o(damaged pods lor each accession. Pods dalnaged ranged from 
(0to 931/t. The averagce damage was 157. Three accessions (V 3274, V 3276, and V 3279) had 
damage-f:ec pods whereas accessions V 3277, V 328:, V 3483,V 38 12, V 3949, V4300, and 
V 44 11 had less than 21( pods with insect daniage. These I(accessions appeared promising and 
will again be screened lor rcsistance in mulIt ireplicate tests in Thailand to conlirin the resistance 
bel'ore utilizing lhen in our tl)dborer-rcsislance breeding program. 

Introduction 
l3ean pid bi rcr, Mearatct es'tI(dIliS. is a destructive pCstl01 mungtbean and related Vig a 

species in tropical to subtropical Asia and Africa. Larvae of this insect bore into thc green 
mt ngl tbapiods and feed on develhoping seeds. As a rese It1 such leelin g habit, seed yield is 
reduced directly. AVRI ),aiis t( brecd iingnubean cultivars resistant to bean pod bo)rer. Since 
1991. AVRI )C's [IInbteal germnplasm collection has been screened lbor resistance to bean pod
borer. In late 1992 and early 1993, we screened 2(0I)((0)mLgean acccssions [Or resistance to this 
pest (t) which inight have cenelic resistance to bean lp)d borer.select the least daniliaed(ones 

Materials and Methods 
The screeninU was dome at the Field Crops Research Station, IPhitsanul k. by the Chainat 

Fild Crop Research Cenlter, Thailand. ILand was worked into 4-m-lhong and 0.4-in-wide plots. 
Seeds of each ()12(1)(X) acccssions were planled as a single row inindividual plots. The crop was 
grown using customary cultural practices with no insecticide used. At harvcst we recorded the 
total Iniumber oh liatlure pods as well as bean pod borer-daia cd ones in each accession. Percent 
damniage( pods was calculaled by dividing iltthnumber oI (amtaged lds by the total numbcr of 
pods and multiplying the product by 1)0). 
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Results and Discussion 
'The insect-damaged pods among the 200() accessions ranged from (0 to 93%. Average 

damage was 15(/,. Pods ofIhree accessions, V 3274, V 3276, and V 3279, were free of any bean 
pod borer damage. ILess than 21%of pods oflaccessions V 3277. V 3281, V 3483, V 3812, V 3949, 
V43(X), and V441 I were damaged by ihe insect. These I()accessions appeared to be promising. 
We will screen these accessions again in Thailand utilizing several replications to confirm their 
resistance before utilizing them in our bean pod borer-resistance breeding program. 
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Mungbean Physiology 

Selection for Homozygous Bruchid Resistance in the
 
Mungbean F3BC2S, Population with RFLP Markers
 

Summary
F 1'BC',S lines o a cnr)5S between bruchid-resitlaniit 'T 1960 amd susceptible brecding line 

Vt'3 89( )t were i n\'est iated usi n restriclitm Iraelntl lelgth piolymorphism (RI.1) analysis to 
select plants holno,.zveos lor bruchid resistance. Filteeln FIBC plants, expected to have thelS 
1omo/.y !,'.(h)ruchid resistance ucne, were selectel usi i two RH .1Tmarkers closely linked to 
both sides of thlbruchid resistancc gene in linkage group nio. X. 

Introductlon 
The current iun!lban RF .l linkage1map11 has beCn dse ftr r'curn.uIt selection with 

bruchid rCsistaMt marke,,rs in the po em l'crosses bet ween brchid-suscephlilb c V' 3,8()A 
and bruchid-resislant' T 1966 a wi l(d l ~genitI. Vigmi im ssp.. f/I/h~bI. This cr ss was 
one (l the crosses used in the convenitional backcross breedir. I'rviously two lilies (53 andl0 
28) in the lF. gelneration tor having,89.4'4 of tlhrectrrent ..1 B' were selected paireit'.5 enome' 
and lNrteroLyius brclihid Iesistlanle ,Cne t'loni tlh.donlor pamrent by RII .P, aialysis. In tlis 
sludy we Iricd it)atvance Ihe Cncr',tiOn ad select plats aniorr tihe selIj.2s Of these Iwo 
FI(.', lilnes to otain htonalozvyconlls bruchid-resislanlt ucacs with a niininiruril Wthe undesirahlc 
geles horn the dnr A\rnmic charac'ters selectedtl pat. IaI1(',; lilnes and tile recurrnllt 
par,'llltV('3,,Y)\. Vere also coallrped. 

Materials and Methods 

Plant materials 
Sellhet lilnes in the FI:,lt? generation (i.e.. IB(,S, lilries) ol bruchid-susceptible VC 389(0IA 

x bruchil-resist ant 'l'11906 wvr planlted in pols am! grmvn under greenh use crnditions. l)uri ng 
the g rowving period, they weure egularly inspect~I Ior urirpliohgical characte.'ristics. AI 2()days 
alter plantinlg..3 g o)lnwly erlnCued leae'cs were Collecteld lrot0n each plant and broughL to1the 
labolratolrv omthe exractionloItenoinic I)NA. 

Genomic DNA preparation 
SatIleCd ICa\'cS werC r/c ilI liquid niltrocn anm grolund well usilg inrtlar and pestle. 

(1l-Ulltl l l pOW(L-r wa.,., l0l1 )I: Tris-I It?!;incllh',ted with II extraction buufler at p11 8.) 100 r1\ 
5)ru~ 'ITA; 1.25W, SI )S; .O() t o ti5min.5()()t,1 Nati.:l NI NaIIS() 65't rI ,\fler incubation. 

Ni-ptassitir acetlte was adcd and kept in the ice Ior 01) rill.3.6 inl15 M It was Ihen certriluged 

http:selIj.2s
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at 3(X)( rpm for 15 min; the supernatant was collected by filtration through miracloth. An equal
volume of isopropanol was added, mixed well and kept at -20C lor 60 min to precipitate ihe 
DNA. The precipitated DNA was hooked out careftilly by a modited Pasteur pipette and washed 
with 701% elhanol then transferred to a 1.5 ml micro tube. Alter drying, )NA was resuspended
by adding 400 pI- of TE huffer and treated by 2 p1 of RNase (10 mg/ml) at 370C for 60 min. 

Probes 
)NA probes were provided by )r. Nevin Dale Young of the University of Minnesola, USA. 

1R26 and M371 probes which are closely linked to both sides of the bruchid resistance gene in 
linkage group no. 8 were used for detection ofbruchid-resistant loci, while A3 15, Q43 and M287 
were used to conlirm the genotype with recurrent parent, VC 3890A. A randomly primed DIG 
labeling kit (Boehringe'r-Mannheim) was used lor labeling the probe. 

Southern analysis 
Fi, e Iicrrams of I)NA of bolh parents and 58 BC,S, plants were completely digested with 

20 units of restriction enzymes: EcoR I for R26, Hind II lor M2X7, and EcoR V for M371 and 
Q47 were digested at 370C overnight, and Bst NI lorA3 15 at 60°C overnight. Digested I)NA was 
then loaded on I1%agarose gel and run for electrophoresis belore being transferred to a Hybond-
N nylon membrane with 20x SSC solution. Each I)l(G-labeled probe was hybridized with tile 
membrane at 63T(overnight. After that, :hc membrane was washed twice, each for 15 min with 
2x SSC, 0. 1% SI)S and ().5x SSC, t). 1% SI)S al (()°C before the dleection of signals by the )IG
clemiluminescent detection method. 

Results and Discussion 
Fig. Ishows that 1R26 and M371 probes, which are closely linked to both sides of the bruchid 

resistance gene in linkage group no. 8, provide adequate p)lymorphism to detect for bruchid 
resistance. With this analysis, (lat a in table I show that among 58 F(BC,S1 plant!;, IR26 and M37 I 
RET.P markers were segrceated at a ratio well fitted to 1:2:1 (c = 0.3, P > 0.75); crossing-over 
rate i 10.3% (i.e., 6 among 58 plants). Fiftlecn plants among 58 FBC,S, plants scem to be 
homozygous for bruchid resistance. 

The A3 15 probe which is situated at a (listance of 12 cM from M371 locus confirmed thmat 
the chromosome segment was already homozygous with the recurrent parent, VC 3890A. The 
region of Q43 and M287 RFIJP markers which are located on difTerent linkage groups no. I and 
3 arc also homozygous with the recurrent (VC 3890A) chromosome segment. The results 
reported here show that RFH.l-based selection is very reliable and effective for breeding for 
bruchid resistance. 
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BCzIS (# 28) 

VC TC 23 24 25 26 27 28 29 30 31 32 33 34 35 36 3738 

R26/
 
EcoRI
 

i
f 

EcoRV 044. a 

R26 1 3 3 2 1 2 2 3 3 2 3 2 1 2 2 3 2 3
 

M371: 1 3 3 2 1 2 2 3 3 2 3 2 1 2 2 3 2 3
 

Fig. 1. 	 RFLP analysis for the selection of homozygous bruchid-resistant mungbean plants in 
F3BCSS (line 28) population using DIG-labeled R26 and M371 probes which are closely 
linked to both sides of bruchid resistance gene (B). VC: VC 3890A; TC: TC 1966 (Vigna 
radiata ssp. sublobata); and *:B/B 

Table 1. Segregation of HFLP markers in the FBCS, population 

Markers 
Linkage 

group no. Genotype' 
No. of BC2S 1 plants 

AA Aa aa 
Expected 

ratio X2 P (df = 2) 

R2611 8 Aa 17 26 15 1:2:1 0.30 0.75-0.90 
M37111 8 Aa 16 26 16 1:2:1 0.31 0.75-0.90 
A315c 8 AA 58 0 0 1:0:0 0.00 1.00 
Q43 1 AA 58 0 0 1:0:0 0.00 1.00 
M287 3 AA 28 0 0 1:0:0 0.00 1.00 
a BC2 genotype for bruchid resistance by the RFLP analysis. 

Markers 	are closely linked to the bruchid resistance gene, with only 10.3% recombination value. 
Marker in the distance of 12 cM from M371 locus. 

Selection for Bruchid and Powdery Mildew Resistance in the 
Mungbean F3BC2S1 Population with RFLP Markers 

Summary 
RF11. nuirker-assisted in nghean hreedI ing for hruchid and [)wdery ihidew resistance was 

carried 0.l in IhC tBC , g~ceneralion o I the VC 389()A/'' 1900 cross. ()ne plant each from 

previo sly identilied hele'rozygotis resislant lines ( 12 and 23 )were hoin vZ/ ous for two hruchid 

(B) resistant markers and one pow .ldrymildew (OMNII resistantl marker. Sonice ene(s) correlated 

with indclerminate growth scemed to he linked to the I'M resistant loci. Further confirmalion with 
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more RFLP markers will be necessary to distinguish these two traits and efTectively select flor PM 
resistance. 

Introduction 
An RFII. linkage map has been previously used l1krselection of bruchid- and powdery 

mildew-resistant lines in the F,, F13, t-BC, and FBC.generations of the VC 3890A/TC 1966 
cross. In this study we tried to sell and advance the F C2 generation, using RFI1P markers to 
select plants among tie sell'ed generation ofFBC, or homozygous baichid- and(powdery mildew
resistant genes 1ron both parents. 

Materials and Methods 
Selffed seeds of two bntchid- and powdery mildew-resistant lines (12 and 23) and two 

bruchid-resistant lines (28 and 53), previously selected Ironi the FBC, generation by the R.I1 
method, were sown on 3(0.June and 19 .July. About 3 g of newly emerged leaves of these plants 
were harvested, ground in liquid nitrogen, and stored in-8()OT belore I)NA extraction. I)NA
extraction and Southern blot analysis were conduclcd as previously described. With two parents 
a:;controls, btruchid- and powdery mildew-related markers were scored for selection. 

Results and Discussion 
For bruchid resistance, M371 and R26 probes, which are 20 cM apart, were used for scoring.

Among 74 progenies of line 12, nine and eight plants each were homoizygous lorTC 1966 at M371 
and R26, and five plants homozygous for both loci. Among 40 progenies of line 23,eight, nine 
and eight plants each were homozygous lot TC 1966 at M37 I, R26, and both loci. Cross-ovcr rate 
between these two loci was extremely high (25c) in line 12, compared to less than 20% in other 
lines. 

For powdery mildew resistance, Q43 and A 132 are two linked markers. l)ue to shortage of 
A 132 probe. M241 was scored as a reference. Five plants in line 12 and nine in line 23 are 
homozy&ous l )rQ43 locus. )nly one plant in each line was hot ItozygOIus for Q43, M371,and R26 
loci, but no p1ln was homozygous fr all lour loci. ()n lhe Bst Nl-digesled membrane,
hybridization with N1 241 showed two polymorphism (a,b). ()n tile other hand, only one 
pilyniorphism (c)appeared on the Rl-di&,ested membrane when probing with M24 1.Polymorphism 
b was highly correlated with polymorphism c (r = 0.49,1'< 0(.01). Among three polymorphisms 
createdI by M24 I.polymorphism bishighly correlated with Q43 (r= ().26, P< .()1).The inconsistent 
scoring result between Q43 and M241 loci could be (ItIe 1o the long distance (i.e., 47 cM) between 
the two loci. Since M241 is far from the I'M resistance gene, further confirmation with A 132 
would still be necessary. 

Progenies from bruchid- and i'M-resistant lines (12 and 23) tended to be faller than those lines 
(28 and 53) with bruchid resistance only (table 2). Table 2 also shows that line 53 is most closely
related to the recurrent parent, VC 3890A, in agronomic traits. L.ine 53 is also more unif1,rm than 
lines 12 and 23, the genotype of which is about 80% (li fferell from that ofthe donor parent (about
80% from the heterozygous genotype otllhe donor parent), TC 1966. Since the wild donor parent
(TC 1966), wilh an average height of' 1()cm carries indeterminate growth character, the results 
indicate that some plant height or indetermninale related gene(s) are located at the same 
chromosome and closely linked to Q43. The correlation analysis also indicales that plant height
is related to the Q43 sc ring (r =0.43, P < 0.01). Since indeterminate growth is an unfavorable 
character, furthei investigation on markers near the PM resistance gene would still be necessary 
to identify these two traits independently. 
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Table 2. Comparison of five agronomic traits of four FBC, lines and their parentsa 
Line no. Recurrent Peduncle Pod no./ Seed no.! 100-seed wt Plant ht 

genotype (/) no./plant plant pod (g) (cm) 
Line 12 (Br+PM) 83.7 

Mean 4.6 22.9 6.7 6.4 96.8 
SD 2.0 10.9 1.1 0.7 28.4 
c.v.% 43.8 47.5 17.0 11.4 29.3 

Line 23 (Br+PM) 82.8 
Mean 4.1 22.3 6.4 6.3 88.8 
SD 1.3 11.9 1.4 0.9 22.1 
c.v.% 31.8 53.3 20.9 14.1 24.9 

Line 28 (Br) 89.4 
Mean 3.4 12.7 6.4 6.4 64.2 
SD 0.5 3.6 0.9 0.4 9.0 
c.v.% 14.5 28.1 13.3 6.5 14.0 

Line 53 (Br) 89.4 
Mean 10.0 23.6 6.2 6.7 74.6 
SD 2.5 8.2 0.7 0.5 8.1 
C.V.( %) 25.1 34.7 11.9 7.8 10.9 

VC 3890A 100.0 20.0 6.8 6.8 74.2 
TC 1966 0.0 9.0 7.0 1.6 180.6 

Identification of Bruchid-Resistant Plants with Two Molecular Markers 

Summary 
The mungbean RFI.1P map for bruchid resistance Cene was constructed based on a specific 

cross, VC 39(0A x TC 1966. This experiment was carried out to test its applicability in ident ifying 
bruchid resislar.ce in progeny derived fronm different parentages. Parents and F, progenies ot the 
cross between BC , ('EC 1966 x VC I 178A) and Korean cultivar .leonnatm 2 were analyzed or 
this gene with mllorphological and RI]I.l markers. Sone genomic changes took place in the 
resistance gene region during the course oft hree backcrossins and eighl sellings. But inlcrini 
results suggest lhat R26 and A3 15, located 10znd 30 cM, respectively, fron the resistance gene, 
could be used as probes to selecl bruchid-resistant plants in different cro ss conthi nations 
involving TC 1966. 

(n the other hand, the segregation data indicate that hypocolyl color probably is controlled 
by more than one gene. Further analvsis is needed to identily F, gcncralions to cc mlirni the 
inlrogressin ol bruchid resistance gene. 

Introduction 

The mu ngbean RH-,1 genetic map, consisting of iore than 2()( RFII' ald RAll) markers, 
has been constructed anc is in the process of saturation. The RFlI ,l) map fow bruchid resistance 
was essentially based on the segregation ot markers in the F, popu latiocn ofla cross of VC 389(0A 
x TC 1966. This study aimed to investigate the applicability ol this map in dclermining the 
bruchid resistance ot the progeeny of a cross of BC.3 FS (of TC 1966 x VC I 178A) and Korean 
variety .eonnan 2.The study also tested agailst segregation of niorplilogical markers such as 
hypoctyl color and seed coiat luster. 

http:resislar.ce
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Materials and Methods 

Plant materials 
A bruchi( resistance gene was incorporated from TC' 190T6 to VC I I78A through a 

conventional backcross breeding iltlhod. Its progeny, B' was crossed with a Korean variety. 
.1e nnain 2. F, planlts of this cro ss were grown in the greenhouse and used l or RI .l analysis. 
Analysis involvini F, plants is still in progress. fIW" KF x VC' I 17,A)has green hypocolyl(l'tI 96 
ann shin 2 hals green hypocotyl and dull secdcoalt. lwo morphologicalel coati; .lonnai These 
characleris ics were inspccictd in F and F",'_'Ccralions. 

DNA extraction, restriction digestion, and blotting 
I)NA is lation and Souhern Iransfer were conducled as Pic\ iouslv descrihe(l. I)N\ (o[bo h 

panlts were diLcCd lhweielil reISItiction cn/vincs: IOR I,FcO1 V,IstNI, lind Ill, I)r;l, Ilac 
IlI, Bainl II, and Sall. 'ie I )( i-Iihblcd RI"11 plobe was hybridi/d aa,iL,;nstSoulhern blots 
containinel (1ic1ested I)NA. I )etctlcd polyiiiorphic iirkers were used [or sclectilne true F hybrid 
plants along F excted pliilts an1d will he used [or analysis of see-c'atlion in , populaioln. 

Results and Discussion 
Twellt\' polymphliic markcrs were (ltcc(lcd from 32 RI" .'hclones ollwhich lte map position 

had been construcled. I)ectected polymorphic markers Were usC(I for selection of true F, hybrid 
and will he l.sCd flr the analvsis of F, generation. 

Aiong- 2(1 plants o[ the cross fBC' I<(T(" I900 x VC"II 78A )and .leonnani 2. Imr were 
loIund ( be s lted OIL. 21). IP1illanlnuiibers 5 to 7 illfli. 2 werel ikely setll-crosscd because they had 
the saile RI . score Ind hY\pocolyl color as .lonnain 2.These F, planls also had duill seed coat 
like .leonnain 2. 

HaeI.I.I 4M MW 

ii
 

EcoRI 	 " 

RFLP-Score: 1 3 2 2 2 2 1 1 1 ' 2, 2 2 2 2 2 
Hypocotyl G G P P P P G G G G P P P P P P 

___Se .. D S D D D D D D D SD D DD D D 

Fig. 2. 	 RFLP analysis of F,plants derived from the cross of BC3F, (TO 1966 x VC 1178A) and 
Jeonnam 2. DNA of F, plants were digested by Hae III and EcoR I and hybridized with 
DIG-labeled R26 probe. Je: Jeonnam 2; BC: BC3 F, (TC 1966 x VC 1178A); F, - 1: 
Jeonnam 2 x BCF,: F, - 2: BCFax Jeonnam 2; Hypocotyl: P (purple), G (green); Seed 
surface: D (dull), S (shiny) 
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Literature suggests thatl hypocotyl color is determi ned hy a single duminan genc which is 
linked to seed-coat stllrc cie wilh 15.()// olcrossin-over rate, and(Ilita purple Iypocot l is 
dominant to iclenhywcotyl. Fig.2 shows that btlh parents hid gr.ell hvpocotyl but the IFplants 
had purple hvpocotvl. 'Fable 3 shows that tl F,population segr1+ueated with a ratio a ainst the 
single-gren theory (3:1 ) hut was proneC to ltwo-gne theory ():7 or 1: 1). I.ikelv this character is 
controlled by two closely linked eucs. 

Table 3. Segregation of hypocotyl color in F2 population of the cross between BC3F x 
Jeonnam 2 

Entry Hypocotyl color No. of F, plantsa Expected X., P (dr = 1) 
Purple Green ratio 

BC3F6 Green 
Jeonnam 2 Green 

F Purple 32 46 3:11 48.0 <0.001
 
(BCF. x 9:7b 7.38 0.01-0.05
 
Jeonnam 2) 1:11 2.51 0.10-0.20
 

F, Purple 37 33 3:11 19.81 <0.001
 
(Jeonnam 2 9:71 0.32 0.50-0.70
 
x BCF,) 1:11 0.23 0.50-0.70
 
,'Conventional theory tor hypocotyl color in rnungbean.
 
'The ratio for characters controlled by two independent genes.
 
'The ratio for characters controlled by two closely linked genes.
 

\Vilh IZ26 clhne (i.e.. Itt cM loni the bruehid resistance gene) as a prh.,fi..3 shows, tha 
indi\'iduatls in the lI( F'hatve adistinet batnd atr5.6+Kb. I however. bulke+d I )NA troult 5() individual 

plants show tlhe olhthr distinct hand at 3).1 Kh,which is unique to .l1onnan 2,Md not presented 
in the individuals oIh11C)] parents. 

.BCJeonnaw,2 	 3Fe 

WJ,4 3 48-1 26'2 4 5 6 .7 B M 

23.1 
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Fig. 3. 	 Purity test of Jeonnam 2 and BC3 F,(TC 1966 x VC 1178A) by RFLP analysis with R26 as 
a probe. DNA of each plant and bulked DNA from 50 plants were digested by EcoR I and 
hybridized with DIG-labeled R26 probe. B: bulked DNA from 50 individual plants. M: I 
Hind IIImarker 
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The inlroeressitn ol the bruchid resistance Lne.into tihe F plants of' BIF (oflT'C 1966 x 
VC I 178A) x .ktonlnai 2 is cotn i rure1.cd hy 1I1.R1 .1analysis. Fig. 4 shows ieT(. 19o6-speci lie 
icoi I-derived, R20-hybridi/ed band (5.6 Kb)presented ini (olTC' 196 x VC II 78A)the B13C' 
potpULation and in 1] (tot BCI, x .teonnarr 2) but iot in other anccstries (i.e.. VC I I 7XA and 
.1oiiniair 2) and norlald lines. all of thesc have 3. I bKband. This band is likely a deletioin 
or irsertion of a ccllain franir i tire region. This T(" I 9C0-spcific band (5.6 Kb).I)N.A il] 
which cOUld hbe lrvbridi/Cd With R20 clone, is 0ltectiie IrIclid resistaMce inlrselni I'r QCri 
distanrt eillratiols involviil 1900"(" ( as a paiCll. 

1si g /%.3 I h iloppositc side 2iClne (iC.,. ) c.1, ltor the luchMii resistance gem at ine tle 
loIuS) as a prObe also prves tire inicorporatiorr of eeLniIrroirr a bruclhid-rS'i.allt pr;Ielll irlto 
K',I and 1 (lie. Si. Ihowever. ie. 5 also indicates C1ra 'T.It9(6-spcific BstNI-diestd hand 

t.() Kb) was changed in W',F arnd F, plants to 6.2 Kh.Both bands wcc no(t prcscntd inl ot lr 
anceslries and Ircedinme lines. .\ppacrntly. (leliomi od abot).8 K or ba8tse pair suhslitution ltr 
l'coR I rccoLniliom sil took place in this re.g ion. This stu.gests that groirric chaglecs look place 
drjrirr tie coursC Of threC I9( x \'C II 78A. This studyhakcrossines and cielit sclilirs of TC' 9 
is still ill rss h cotniril tiL ce in Ir1. I:2gerieratiorr.pl( 	 h ichid resistl 

.. 1 2 3 4 5 6 7 8 9 1oi 

23.1, 

SFig 4. 
Pedigree of Jeonnam 2 and6.6 	 BCF,(TC 1966 x VC 1178A) by
RFLP analysis with R26 as a 

56 J '- probe. DNA of each entry was 
digested by EcoR I and4.4 hybridized with DIG-labeled 
R26 

3.1~I. 	 ,,,,, 
M: IHind Ill marker 

1: TC 1966 
, 2: VC 1178A 

2.3 	 t,3: BCF,(TC 1966 x VC 1178A) 
2 4: F,- 1 (BCF, x Jeonnam 2)

5: F1 - 2 (Jeonnam 2 x BCF,)
6: Jeonnam 2 (V 2984 x VC

1089B) 

7: V 2984 
8: VC 1089B 
9: VC 3890A
10: VC 1973A 
11: V 5926 
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Pepper Breeding 

Seed Production, Observation, and Evaluation Trials 
of New and Advanced Germplasm 

Summary 
Seed product ion inisolation under screened cages or tunnels was conducted for 187 breedinglines. rFie materials consisted of 20 lines from disease screening, 30 sweet peppers from SriL.anka, 16 Szechwan pureline selections, 30 INTIIOPF no. 3entries and 91 new accessions orseed slocks f )r ini tenance. Al advanced yieldf rial was conducted on 22 breeding lines oltreshmarket s,eet peppers fron Sri ILanka carrying resistance to baclerial wilt and tolerancc to CVMVand CMV. Averatwe yield alter I I harvests was 31 t/ha. Five lines were most promising.)bservational trials ol Ilugarian fresh market peppers were conducted in search of usefulbreeding materials. All-winter observational trial, at two planting densities, was conducted in1992-3. I)espitc heavy infestalions of mites and lhrips oil some varieties the marketable yieldswvere wilhin expectations for cool season performuance. In the 1992-93 cool-dry season anadvanced vield trial was conducted on 16 selected and 3 check lines from Taiwanese Szech warlandraces. Ten selections had early marketable yields comparable to the hybrid clheck, whereas,

three select ions had sun marketable yields comparable to lhe hybrid. Breeder's seed oltthese lines 
is available for glohbal lesting. 

Introduction 
Seed production, ohservational and evaluation trials are ongoing activities in the pepperbreeding project. 'liese activities are essential for maintainiig breed lines and identifying newbreeding inaterials. Sweet peppers from Sri ILanka carrying resistance to bacterial wilt andtolerance to CVM V and CMV were exaluated and adxanced from Fto F attAVRI)C. Some linesshould be promising to improve sweet peppers for the tropics. Cooperation in pepper breedingbegan witln the ilungarian Vegelable Crops Research Institute in 1992. Among other activities

observation trials oil I Iungariran fresh market peppers are being conducted at AVRI)C in searchoI useful breeding materials. I .ast year a spring-su muter evaluation was conducted. The fallwinler trial (1992-93) is reported here. Another evalnat ion trial was conducled on 16 Szechxwan
selections and 3 check lines during the 1992-93 cool-dry season. The Szechxwan selections aresmloolh elongated fruil types f InWderaIel y low pungency. They are most stable for cool season
production Under illtellSive manalllclLellnenlt. 

Materials and Methods 
Seed production 
Seed production in isolation under screened cages or tunnels was conducted for 187 purebreeding lines. The materials consisted of 20 lines from disease screening, 30 sweet peppers from 
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Sri Lanka, 16 Szechwan purelines, 30 INTHOPE no. 3 entries, and 91 new accessions or seed 
stocks for maintenance. 

Observation and evaluation trials 
Sweet peppers from Sri Lanka. Twenty-two F sweet pepper lines and one parent check 

were evaluated in three replications in a randomized complct block design. lines were sown on 
1October 1992 and tranwplanted on 5 November 1992. Fach experimenlal unit comprised ot 20 
plants in a two-row, 1.5-m-wide bed: spacing between plants was 0.5 ilbetween rows and 0.45 
ill between plants in the row. Phant population density was 29,63() plants/ha. Management 
practices consisted of fertilizer applications of aclual N-PO5-K,() at 147-106-133 kg/ha, Borax 
at 10 kg/ha, and 1.3 t/ha of an organic fertilizer amendient. All fertilizer was incorporated 
pretransplant. Beds were mulched with silvery plastic. Fruits were harvested at the green mature 
stage beginning on 24 )ecember 1992 until 4 March 1993 (11 harvests). Crop duration in the field 
was 17 wk (119 days). Mean temperatures (maximum and mini mnum) and humidity, and total 
precipitation were 23.4°C, 15.6"C', 80.7% and 49 mm, respectively, Ir the period. Yield 
performance, fruit characteristics and quality traits were evaluated. Organoleptic evaluations 
were conducted by a volunteer panel. 

Fresh market sweet and hot peppers from I lungary. Six hot pepper varieties, including 
lour hybrids, and eight sweet pepper \,ariet ies,including two hyhrids, wCrc cho~e,,t c ; 1CS;an 
evaluation. Two hybrid check varieties, 'Blue Star and '(Gypsy., were also lested. The Hungarian 
varieties were selecled based on their superior pertormance out of 3 1 varieties tested in the 
previous sumiimner. The experimleInt was sown on 3t) )clober 1992 and transplaite( on 8 )ecember 
1993. Fach variety was sown at two plant densities, 29,630 plants/ha vs. 53,333 plants/ha on 1.5
m beds without replication. There were 14 plants per plot, 1(0 of which were harvested. Crop 
management was the same for the experiment described earlier.t-larvest began on 17 February 
until 7 April 1993 (8 harvests). Sweet peppers were harvested in the green mature stage, whereas, 
hot peppers were harvested at red maturity. Total crop duration posttransplanting was 120 days 
(3.9 mo). Mean temperatures (maxinumn and minimum) and lhmidily, and total precipitation 
were 23.6'C, 15.9°C, 81 % and 35.5 min. respectively. Yield performance and quality traits were 
evaluated. 

Hot pepper Szechwan pureline selections. Sixteen Szechwan selections, two original 
landrace populations, and one hybrid variety, Hot Beauty (Known You Seed Co.), were sown on 
7 September 1992 and transplanted on 8 October 1992 in an advanced yield trial. The 
experimental design was a randomized complete block with Iour replications. The experimental 
unit was 26 or 30 plants spaced 0.45 m between plants and 0.5 ilbetween rows on a two-row, 
1.5 in x 6.75 in bed. Fertilizer was incorporated into the beds once at actual N-11,0(5-KO of 147
106-133 kg/ha, Borax 10 kg/ha and 1.3 I/ha of an organic tertilizer amendnent. beds were 
covered with silver plastic mulch. Furrow irri gation was employed. Plots were harvested eight 
times at the red imature fruit stage, beginning on 13 .1a nuary until 4 March 1993. Total crop 
durat ion posttransplanti ng was 146 days (4.7 mo). Mean temperat tires (maxi mu iand mi ni mum) 
and humidity, and total precipitation were 24.5°C, 16.4'C, 8 1.I (h., and 4) min, respectively, for 
the ci op duration. I)ata were collected for determining fresh and (try weight yields, harvest index, 
and fruit dimensions. Quality traits were evaluated by the Analytical laboralory using NIRS and 
anthracnose disease was evaluated by the Plant Pathology Unit based on tile percentage of fruits 
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showing symptoms of latent infection after incubation. Plant and fnlit types were ohserved for 
unifI ormlity. 

Results and Discussion 
Sweet peppers l'rom Sri Lanka. Mean fresh marketable fruil \veight for all harvests was 

3).97 ± 5.8 I/ha. The iean oI the parent line CA 8 was 15.5 f/ha. Cull fruits accounled for less 
than 'ofhlle total yields. )n a dry weight hasis lines had 7.5% dry matter, 26.8/ , lotal sugars,
and 6. 1'!( )8.7 Ilg/ 1() g (fresh weight) on the average. Most lines hadlipids, and vitamin C at 
taperef fruit s',shape. Color ranLeld from waxy-yelow to green. Based on earli ness, growlth
characteristics, yield and lruit quality, live lines were highlighted. A detailed report is puhlished
inl lhe 'raininiilg Reports 1993. Twenty F, lines, the parent check, and three commercial hybrids 
are heing evaluated from produclion ill h-raily Season.the 1993 l 

Fresh market swee! and hot le)lpers I'roln Iliiiriry. I)espile heavy intestalions of tites 
anI thrips on som variciics the marketable yields were within expectations lfor cool season 
perlornliance. I lte h(ot peppers, the hybrilds Rapidus, Rapires, Novator, and Novares had high
and co np'arahle inurkclable yields hCween 2)-25 t/ha. )f ilie sweet pepper;s, tile hybrids Blue 
Star (local check), Savo, Block andl tile open-pollinated variety lloss/u 'l'allos had high and 
c(unparahc yields hetween 19-20 t/1la,. Frrits per plat were si unilicantly less at the hither 
planting density ()rthe sweet peppers, 111(1 intlividtual frIritweihlits were sienificantly less for 
both the lit an(l swecet peppers at the higher plant density (,a (.115) (table I). Yield difllrences,
however, were ntot signif icari inlicalin2 that the Iliher plant dlensity colnipensated for a reduction 
i cert aini yiel1 c( ipoeits.("tillfrIIits ,verayet. l V,ottlictotal fruit pritduclion. Qualitytraits
avera0ed 6.7'4 dry inailer. 28(/(! sUgars, 51/ lipid (all hased on dry weighti) and vitamin C at 120 

1g11 ieties Fccske, Ng (fresh weight ).The ,'ar ,,t(r 1:1, Rapidus I'll Nivares F,, and Rapires
1'Fhad the hig-hest vitamin C content (I()-2(0 rg/1(X) g). Plerformtanlce ol the lines was 
considlerahly hetter in this cool season evaluation than inltile spring-sutiner trial of 1992 (see
AVRI)C 1992 lPrress Report). Nlore detailed variety informrnation is available upon request. 

Table 1. Mean performance of Hungarian fresh market peppers at two planting densities, 
AVRDC, cool season 1992-93 

Marketable 
Fruit type 

Hot 
(6 varieties) 

Planting density 

29,630 

53,333 

Cruit per plant 

12.5 

9.4 

Yield (tlha) Single fruit wt 
15.1 43.1 

18.2 36.7 

(g) 

Student's t 
(t ,flh,=2.228) 

2.2 1.8 3.7 

Sweet 29,630 8.4 14.3 59.9 
(10 varieties) 

53,333 6.0 15.5 48.9 

Student's t 4.8 1.2 4.2 
(t , =2.101) 
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[lot pepper Szechwan pureline selections. The major production constraints were mile and 
thrips illjury, fruit worms, and virus. Mean marketable yields were 7.1 I/hia (fresh) and I.() /ha 
(dry), slightly lower than for the 1991-92 trial (AVRI)C 1992 Progress Report). Ten selections 
had early marketable yields comparable to the hybrid check, whereas, three selections had sum 
marketable yields comparable to the hybrid (tahle 2). Cull fruit averaged 23% by nu mber and 15% 
by weight. The hybrid had the highest harvest index of143%c whereas the mean harvest index was 
2,%. On the other hand, the hybrid had tile most cull I ruits (37%). One selection, Szechwan 9-
19-1-I-1BK had exceptionally long elegant fruits, which averaged 15 cin in length iand a 
fruit: le neth rat i¢ f 12.9. The Sechwan I landrace had acoipeitiye yield but was nonuniform 
lfor fruiltype. The Szechwan I() landrace had lair unilorurity bilu low yield. Quality traits (on (fry 
weight) averaged 14.71/, dry matter, 1.37 rng/g I)NI capsaicin, 23% sugars, 8.7% lipids, 8302 
color value (note: Ilungarian paprika standard = 20,274 color value) and vitarin C (fresh weight) 
119 mag/Il()) g (table 3). Anthracnose incidence was relatively low with a mean latent infection 
of 5. X%. Four lines, including the hybrid check, had higher anthracnose incidence ranging from 
14 to 21 /c/.Breeders' seed oflseventh and eighth generation selections from Taiwanese Szechwan 
landraces is available or glohal testing. 

Collection, Evaluation, Multiplication, and Distribution 
of INTHOPE Entries 

Summary 
The International I-lot Pepper Trial Network (INTH()PF) has fostered the systematic 

evaluation and distribution of tropical hot peppers. At present, evaluation has been standardized 
for independent disease screening against 1( pathogens, NIRS analysis for six quality traits, 
abrided characterization for 2(0 descriptors, and 24 field pcrformance variables including 
rnaturity, yield components, harvest index and frulil characterislics. Subsequent to cool-seasoll 
seed production, fle INTI I()PE no. 3 set of 16 out of 3() entries te:lted was distribuled via 34 seed 
shipments coverig 64 test sites among 23 counties. Field performance of th2 30 entries was 
evaluated twice in the 1992 hot-rainy season and twice in the 1992-93 cool-dry season. 
Treat ments that were added to he su hiner season evalution tested tie effect ol',owi rig Ldate/plant 
density (coifonde(l eflccls) on field perlornance. Yields were considerably higher fron Ile 16 
June 1992 sowinu (44,444 plants/ha) compared to the I May 1992 sowing (66,667 plants/ha). 
Combined yields lir fihle two plantings were low and averaged 35.5 total fruits per plant, 1.6 I/ha 
and 2.8 1/11a niarkcatile and total yields, respectively. In the cool season, the effects of silver 
plastic vs. rice-straw mulch were compared. Farly yields were enhanced iy the plastic-mulch 
treatmrent; however, final yields were significantIly higher for the straw r ulch treatment. Overall, 
the cool-dry season performance averaged twice the hot-humid season evaluation. 

Introduction 
The International 1lot Pepper Trial Network (INTlII)I F) has Iostered lie systematic 

evalation and (list ri but ion of tropical holt peppers. The INTI IC)IF no. 3 set was evaluated at 
AVRI)C in 1992-93 and 16 of 30 tested lines were distribute(l in 1993 to 34 participants, 
representing 64 test sites ariong 23 countries. Field performance If30 entries was evaluated 
twice in the 1992 hol-rainy season and twice in the 1992-93 cool-dry season. The first rainy
season trial was reported briefly last year. I)isease screening resulls for resistance to 0pathogeris 
were completed an( are reported in the Pepper Pathology Section. 



Table 2. Mean comparisons of field performance of Szechwan pureline selections, AVRDC, cool season, 1992-93 
Pedigree Na SMFP EM SM FW SM DW TCN T CW HI 

Szechwan 1-4-1-Bk 
Szechwan 1-4-1-Bk3 
Szechwan 1-10-Bk4 
Szechwan 9-19-2-Bk4 
Szechwan 10-9-5-Bk4 
Szechwan 1-3-1-Bk4 
Szechwan 1-10-3-Bk4 
Szechwan 9-10-1-1-Bk4 
Szechwan 9-10-1-2-Bk4 
Szechwan 9-19-1-1-Bk4 
Szechwan 9-19-1-1-Bk4 
Szechwan 10-9-1-1-Bk4 
Szechwan 10-9-5-2-Bk4 
Szechwan 10-9-6-1-Bk4 
Szechwan 10-9-6-2-Bk4 
SzechwanVC 
Szechwan 1 (ck) 
Szechwan 10 (ck) 
Hot Beauty (Fl) 
Mean 
c.v. (%) 
1isher's Protected LSD, 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

29.4 
37.8 
40.5 
41.4 
25.0 
24.9 
50.1 
25.1 
25.3 
29.9 
29.5 
24.5 
29.3 
35.0 
34.5 
30.7 
30.7 
23.7 
55.2 
32.8 
15.1 
7.0 

rank 
12 
5 
4 
3 

1E 
17 
2 

15 
14 
10 
11 
18 
13 
6 
7 
8.5 
8.5 

19 
1 

(t/ha) 
1.8 
1.9 
2.3 
1.9 
2.1 
0.8 
2.3 
0.8 
0.9 
1.8 
1.3 
1.3 
1.8 
2.0 
1.6 
1.8 
1.7 
1.2 
2.4 
1.7 

27.3 
0.64 

rank 
8 
7 
3 
6 
4 

18 
2 

19 
17 

9 
15 
14 
11 

5 
13 
10 
12 
16 
1 

(t/ha) 
6.5 
7.7 
8.9 
7.5 
6.7 
5.1 
9.3 
5.3 
5.9 
6.0 
6.4 
5.3 
7.3 
7.2 
8.7 
7.1 
8.4 
5.9 
9.6 
7.1 

14.9 
1.50 

rank 
12 
6 
3 
7 

11 
19 
2 

17 
16 
14 
13 
18 

8 
9 
4 

10 
5 

15 
1 

(tlha) 
0.9 
1.1 
1.3 
1.2 
0.9 
0.8 
1.4 
0.8 
0.9 
0.9 
0.9 
0.8 
1.0 
1.0 
1.1 
1.0 
1.2 
0.8 
1.6 
1.0 

14.7 
0.22 

rank 
12 

7 
3 
4 

11 
16 
2 

18 
14 
13 
15 
19 
9 
8 
6 

10 
5 

17 
1 

(%) 
31.2 
25.2 
20.9 
23.1 
27.7 
25.7 
13.5 
21.1 
15.7 
23.1 
25.6 
23.7 
26.7 
23.0 
21.2 
14.1 
20.9 
15.4 
36.8 
22.9 
21.9 

7.1 

rank 
2 
7 

14.5 
9.5 
3 
5 

19 
13 
16 
9.5 
6 
8 
4 

11 
12 
18 
14.5 
17 
1 

(%) 
20.8 
17.9 
14.2 
14.4 
19.0 
17.8 

8.3 
12.3 
10.6 
14.9 
17.2 
14.8 
17.7 
14.6 
14.5 

9.4 
13.6 

9.8 
31.5 
15.4 
25.1 

5.5 

rank 
2 
4 

13 
12 
3 
5 

19 
15 
16 
8 
7 
9 
6 

10 
11 
18 
14 
17 

1 

(%) 
28.4 
31.9 
33.8 
31.9 
25.3 
21.8 
32.4 
17.6 
24.9 
28.9 
24.1 
22.6 
26.9 
30.0 
31.3 
25.9 
29.4 
22.5 
43.1 
28.2 
12.5 
5.0 

rank 
10 
4.5 
2 
4.5 

13 
18 
3 

19 
14 
9 

15 
16 
11 

7 
6 

12 
8 

17 
1 

P_<0.05, a = 0.05; N = 4 
Fisher's Protected LSD, 0.236 5.4 
P<0.05. a = 0.05, N = 3 vs. N = 3 
Fisher's Protected LSD, 5.7 
P_<0.05, a=0.05, N=3 vs. N=4 
aNo. of replications sampled, experimental design: RCB with 26 plants per experimental unit.
Note: data in bold indicates a missing replication; S = sum (all harvests); E = early; M = marketable; FW = fresh weight; DW = dry weight;
T = total (marketable + culls); FP = fruits per plant; t/ha = tonnes per hectare; CN = cull number; CW = cull weight; HI = harvest index 



Table 2. continued.
 
Name or pedigree N- IMFW FL FWD FLWR WTH
 

(g) rank (cm) rank (cm) rank rank (cm) rank 
Szechwan 1-4-1-Bk 4 7.5 8 12.4 11 1.2 12 10.1 10 0.22 2.5 
Szechwan 1-4-1-8k3 4 6.8 16 12.2 15.5 1.1 16 11 7 0.21 6.5 
Szechwan 1-10-Bk4 4 7.4 9 12.9 4 1.3 7 10.4 9 0.21 6.5 
Szechwan 9-19-2-Bk4 4 6.2 18 12.5 8.5 1.1 16 11.2 4.5 0.17 17 
Szechwan 10-9-5-Bk4 4 9.1 2 11.9 18 1.5 1 8.1 19 0.2 11 
Szechwan 1-3-1-Bk4 4 6.9 14 12.7 6 1 19.5 12.6 3 0.17 17 
Szechwan 1-10-3-Bk4 4 6.3 17 12.4 11 1.1 16 11.1 6 0.21 6.5 
Szechwan 9-10-1-1-Bk4 4 7.1 12 12.9 4 1 19.5 12.7 2 0.17 17 
Szechwan 9-10-1-2-Bk4 4 7.8 7 12.2 15.5 1.3 7 10 11.5 0.2 11 
Szechwan 9-19-1-1-Bk4 4 6.8 16 13.8 2 1.2 12 11.2 4.5 0.2 11 
Szechwan 9-19-1-1-Bk4 4 7.3 10 15 1 1.2 12 12.9 1 0.18 15 
Szechwan 10-9-1-1-Bk4 4 7.2 11 12.6 7 1.2 12 10.5 8 0.19 13.5 
Szechwan 10-9-5-2-Bk4 4 8.5 5 12.2 15.5 1.4 3 8.9 18 0.21 6.5 
Szechwan 10-9-6-1-Bk4 4 7 13 12.9 4 1.3 7 10 11.5 0.21 6.5 
Szechwan 10-9-6-2-Bk4 4 8.6 3.5 12.5 8.5 1.3 7 9.7 13.5 0.22 2.5 
Szechwan VC 4 8 6 12.4 11 1.4 3 9 17 0.19 13.5 
Szechwan 1 (ck) 4 9.4 1 12.3 13 1.4 3 9.1 16 0.23 1 
Szechwan 10 (ck) 4 8.6 3.5 12.2 15.5 1.3 7 9.2 15 0.21 6.5 
Hot Beauty (F,) 4 5.9 19 11.3 19 1.2 12 9.7 13.5 0.14 19 
Mean 7.5 12.6 1.2 10.4 0.19 
c.v. (%) 7.9 5.1 7.7 5.1 9.2 
Fisher's Protected LSD, 0.8 0.9 0.1 0.8 0.03 
a = 0.05; N = 4 

ano. 	ct replications sampled, experimental design: HUB with 26 plants per experimental unit. 
IMFW = individual marketable fruit weight; FL = fruit length; FWD = fruit width; FLWR = fruit length:width ratio; WTH = fruit wall 
thickness (subsamples = 10) 
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Table 3. 	 Quality trait comparisions for hot pepper Szechwan pureline selections, AVRDC, cool 
season 1992-93 

Pedigree N' Dry matter Capsaicin Sugars Lipid Color Vitamin C
 
value (fresh wI)


(DM) (%) (mg/g DM) (%) (%) (x100) (mg/100 g)
 
Szechwan 1-4-1-Bk 4 
 14.3 1.0 23.9 8.6 78.2 163.5
 
Szechwan 1-4-1-Bk3 (4) 14.5 
 1.2 23.8 8.6 75.1 130.6 
Szechwan 1-10-Bk4 4 15.1 1.1 24.3 8.7 98.6 169.8
 
Szechwan 9-19-2-Bk4 4 16.4 
 2.9 19.9 10.0 79.6 94.2
 
Szechwan 10-9-5-Bk4 
 4 13.9 0.3 25.2 8.7 86.7 101.7
 
Szechwan 1-3-1-Bk4 3 15.5 
 0.6 	 21.8 9.1 87.5 179.9 
Szechwan 1-10-3-Bk4 4 14.8 3.1 23.6 8.4 87.0 122.4
 
Szechwan 9-10-1-1 -Bk4 4 15.2 
 3.8 23.9 8.5 82.5 93.9
 
Szechwan 9-10-1-2-Bk4 4 15.3 2.2 22.5 
 8.9 75.3 144.9
 
Szechwan 9-19-1-1-Bk4 
 4 15.2 0.4 22.7 9.2 80.1 170.5
 
Szechwan 9-19-1-1-Bk4 4 13.9 
 2.5 24.0 8.3 73.3 132.8
 
Szechwan 10-9-1-1-Bk4 4 14.8 0.6 23.6 8.8 93.1 91.8
 
Szechwan 10-9-5-2-Bk4 4 13.4 0.4 24.0 8.2 83.1 82.3
 
Szrchwan 10-9-6-1-Bk4 4 14.4 1.3 23.8 9.0 
 86.2 87.5
 
S:zechwan 10-9-6-2-Bk4 4 
 13.1 2.1 23.9 7.7 85.9 92.7
 
Szechwan VC 4 13.7 0.6 20.4 8.3 74.2 78.8
 
Szechwan 1 (ck) 4 14.6 0.7 22.8 8.9 84.2 135.2 
Szechwan 10 (ck) 4 13.7 0.2 	 25.8 8.2 90.3 89.9 
Hot Beauty (F) 4 16.9 0.9 21.0 10.0 77.6 121.3
 
Mean 14.7 
 1.37 	 23.2 8.7 83.0 119.2 
c.v (%) 3.8 39.7 3.8 5.3 7.9 15.1
 
Fisher's Protected LSD,
 
P-< 0.05,a=0.05 0.78 
 0.77 1.26 0.66 9.33 25.41 
Fisher's Protected LSD,
 
P < 0.05 a = 0.05, N = 3 vs. N = 4 0.84 0.83 
 1.36 0.71 10.08 27.44 
"No. ot replications sampled, experimental design: HCB, 26 plants per experimental unit in bulk tor 

quality analysis. 
Note: all values based on dry weight except for vitamin C; data in bold indicates a missing replication. 

Materials and Methods 
1992 hot-rainy season. The experimental design was a randonized complete block wilh 

lhrce replications and a lactorial analysis of Irealent I = 3) varieties and treatment 2 = two 
sowing (tales c0inrlo n(lC(I in twO planting (lensities (I May 1992 at 66,667 plants/ha ald 16 .lune
1992 at 44,444 plants/ha). Replications were nested in sowiig dale for the analysis of variance. 
The May and Jlune sowk'i ilgs were transplanted oin 4 .uine 1992 and 2 1Iuly 1992, respectively, with 
each variely on a2-row bed. Beds were I .) nt aparl. Plant spacing for the .une and .Jilytransplants 
was 0.3) ill 	 0.3) ill(between plants), and (). () in (belween rows) x (.45(betlween rows) x in 
(between plants), respectively. Tie cxpenicntal unit was 26 p;ants bordered by end-row pairs.
Beds were nlitlched wilh rice straw. tertili/cr was applied by a basal incorporation of N-P+()
K,() at 0)- 121)-12(0 kgha, I()kg/hLa 11iax, and ann organic flrtilizer ai nicilin llof I1.3 I/hia.Side
dressing bctween plants was done four lileis wilh N-I,(),-K,() at 4()-1()-2() kg/ha. Conditions 
were rainled witi supplemental turi ow irricalion five and six tines (includintilransi~llilg) for 
the May and .hneplantings, respectively. From the May sowing fruits were harvested I i limes 
beginning 29 .uly unlil 7 ( )ctobcr 1992. T tlal crop (luratiol positransplant iing was 125 days (4.1 
nio). Mean tenperatires (taxiiutin and1(n i il unit) i1(1 h ilnidily, and t ll precipitation were 
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31.3 0C, 25.5 0 C, 88. 1%and 1410.5 mm, respectively. From the.lune sowing hlits were harvested 
12 times beginning 21 October 1992 until 6 .Tanuary 1993. Total crop duration posttransplanting 
was 169 days (5.5 mo). Mean temperatures (maximum and minimum) and humidity, and total 
precipitation were 28.4°C, 2 1.4T , 84.4% and 635 mm, respectively. 

1992-93 cool-dry season. The expei itnental design was a randomized complete block with 
three replications and a faclorial analysis of treatment I = 3(0 varieties and treatment 2 = silver 

plastic vs. straw\ mulch. Replications wvere nested within mulch treatments 1kw the analysis of 
variance. Sowing and transplanting werc dle on I Septelnber and 6 ( )ctober 1992, respectively. 
Plant population density was 29.63(0 plants/ha arrainged with each varicly on a two-row bed with 
(1.5 in betw~een row)\vs and 1.5 in betwecn heds. Plant spacine within the row was (.15 ill. The 
CxperiIllental Unrit was 26 plants bordered by end-row pairs. lertiti/er maIna-enen was the same 
as (escribed elsewhere in this report lor plastic vs. straw-mulchcl plots. Irrigation was by surface 
lurrow. ITl plastic-mu lched plots were harvested 13 ti ines and the straw-mu Ichied plots 16 imes 
over a 15-wk period roim 24 I)ecmnber 1992 unlil 9 April 1993. Total crop duration 
posttransplanting was 18 3- 185 days (16 mo). Nean temperatures (maximull and iniiilmm) and 
huinidity, and total precipitation were 24.60 C, 16.8'C., 8 1.717%and 78.5 nun, respectively. Data 
were collected I'Mr quality Irails, anthracrose incidence, yield components, harvest index ,+ld 
fruit dimensions. 

Results and Discussion 
1992 lnt-rainy season. As brie liy nrioned in last year's report, the production constrai rits 

during this season \were mite and thrips injury, virus, bacterial spot, antlhracnose incidence, and 
loo(linlg. Col-inled yields lbor the two plantings averaged 35.5 total fruits per plant and 1.6 1/ha 

and 2.X t/h.i markulable and total weights, respectively. Although the effect of sowing (late was 
conlounded with plant density, die combination ot'earlier sowing wilh high plant lensity resulted 
in signiicatilly lo\,er yields than the later sowing with the lower plant density (table 4). 

Table 4. Effect of sowing date/plant density on mean yield components of INTHOPE no. 3 
entries, AVRDC, 1992 

Sowing date / plant density (/ha) 
Yield components 1 May / 66,667 16 June / 44,444 
Total fruits per plant 25.5 45.6 
Marketable t/ha" 0.8 2.4 

' Marketable t/ha t 0.4 0.8 
Total t/hal 2.5 3.2 
Cull number (%) 75.1 37.2 
Cull weight (%), 69.8 28.2 
Biological yield (t/ha)b 4.2 2.8 
Harvest index (%) 20.1 35.3 
Fresh weight basis; 'dry weight basis; (all d,fferences significant at 5%). 
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Variety by sowing date interaction effects were significant For the variables days to 
flowering, total fresh weight yield (marketable + culls), dry weight yield, percent cull number, 
percent cull weight, harvest index, individual fruit weight, fruit length, and fruit width. Mean 
comparisons Forcquality trails from the June sowing :c indicated in table 5. Lines with dry matter 
(DM)above 25% meet the standard criteria for dried spice production. Capsaicin content offmost 
entrics was moderate to mild. The ImIoSt pungent entries n this evaluation were C 01664, Perennial 
HDV, and PBC 370. The mean response (based on dry weight) of all entries was 22.0% DM,2.2 
mg/g DM capsaicin, 12.8% sugars, 14.4 % lipid, color value 8981 and 189.4 mg/I00 g (fresh 
weight) vitamin C. 

1992-93 cool dry season. Tile most significant finding of the cool season INTl-lOPE no. 3 
trial was that the silver plastic mulc" treatment enhanced early yields, and the total marketable 
and biological yields were significantly higher from the rice-straw mulch treatment (table 6). This 
result can pantly be explained by higher pest damage resulting from army worms, mites, and fruit 
worms on the plaslic-mulched plots. Virs incidence and powdery mildew were of her constraints 
to overall production. 

Genotype by mulch treatment interaclions were signiticant (P<(1.1)5) for days to flowering, 
early and stin marketable fruits per plant, early and suin total fruils per plant, su inmarkeable t/
ha, early total I/ha, total I(cull numb1er, sunm marketable and total fruit dry weight, harvest index, 
and individual marketable fruil wcight. The significance of these inleractions suggests that 
multilocalinal testing is needed to(distinguish lines with wide vs. specific adaptability. Fruit 
shape dimensions were not significantly aflected by genotype by mulch treatment interactions. 

Combined over mulch treatnents, there were also significant differences aning entries 
(tables 7 and 8). The entries with the highest narketable fruil number were Perennial HI)V, 
P13C 370, C 01664, Tiwari il,and Pant C- I. The entries with the highest marketable yields were 
Tiwari 1I, Il3C 473, Pant C-I, JIBC 371,Rolan, Chili ltybrid- 1,Luang, Perennial HI)V,and PBC 
370. Compared to the summer season evaluation, mean perormiance olthe cool season trial was 
approximately twofold [or fruit numbci and fresh and (try weight yields. Quality trails were 
significantly (P_(:.01) influenced bv mulch treatirents For capsaicilm Content but not for other 
quality Iraits. Mean capsaicinl content was higher for the straw mulch r.trlment (2.47 mg/g I)M)
compared to the plastic mulch treat ment (1.58 mg/g I)M); however, most of the INTH( )PE no. 
3 entries had moderate to lhw capsaicin levels in general. Quatlity perltrmance did not vary
considerably bctween the hot-hlum1id and cooler-dry seas m experi meints. Entries with dry matter 
above 25% were Perennial PB(? 3701,MlllV, Tiwari II, Pant (2-1, and G-3. All of these lines were 
from India except P13C 370 (Thailan,). Entries with the highest sugar content (above 25%) were 
Ca 87067, Yuak. and 114415ot. Average sugar content was 15.3%. Entries with tlhe highest lipid 
content (above 17%) were Perennial H I)V and P1BC 37). Average lipid content was 13. Ilk. Our 
readings on lipid content are indirect measures of potential olcoresin recovery. Color value 
averaged 8796. lDetailed comparisons of INTHOPE no. 3 entries are available upon request and 
are being compiled in a small bulletin Ifordistribution to all INTHl-OPE participants. 



Table 5. INTHOPE no. 3 comparison of quality traits for 30 entries, AVRDC, hot-rainy season 1992 

Name Dry matter Capsaicin Sugars - n- Lipid . Color value_ . Vitamin C 
(N) Na rank (mg/g N ra,,k (%) N rank (%) N rank (*,00) N rank (fresh wt) N rank 

DM) (mg/1 00 g) 

Perennial HDV 32.8 3 1 3.6 3 4 1.8 2 21 19.8 2 2 65.9 3 22 259.2 2 4 

PSP-11 22.8 3 12 2.2 3 10 10.4 2 14 17.0 2 6 98.5 3 7 167.5 1 14 

Cayenne Cajun 1 14.6 2 22 1.5 2 18 26.4 2 1 9.5 2 21 113.5 2 2 126.4 2 17 

Cayenne Cajun 2 14.8 2 21 0.5 2 21 20.7 2 4 11.2 2 18 92.9 2 11 108.5 2 18 

PBC 370 31.3 3 3 3.8 3 2 0.8 1 22 23.1 1 1 72.2 3 20 ne ne 

PBC 371 24.2 3 7 2.9 3 6 9.5 1 16 18.5 1 3 90.0 3 14 256.7 1 5 

PBC 454 23.8 3 10 1.2 3 19 10.1 2 15 16.3 2 7 81.1 3 17 254.6 2 7 

MI-1 23.6 3 11 2.6 3 8 10.9 3 12 14.5 3 12 77.5 3 19 224.7 3 8 

Tiwari 11 27.5 3 4 2.6 3 7 5.7 1 20 16.1 1 8 77.8 3 18 255.3 1 6 

Pant C-1 (ck) 25.9 3 5 3.6 3 3 7.8 2 18 14.9 2 10 90.2 3 13 267.2 2 1 

Ca 87067 15.4 1 20 0.3 1 23 22.6 1 3 11.6 1 16 126.1 1 1 149.9 1 16 

IR 
Szechwan 8 (ck) 
Luang 

18.4 
16.9 
17.5 

3 
3 
3 

16 
18 
17 

2.2 
1.7 
1.9 

3 
3 
3 

11 
17 
12 

14.3 
19.6 
12.6 

1 
3 
3 

8 
5 
9 

11.2 
9.7 

17.0 

1 
3 
3 

19 
20 

5 

100.7 
110.0 
37.1 

3 
3 
3 

5 
3 

23 

263.1 
169.4 
95.4 

1 
3 
2 

3 
13 
19 

.:
71 

Mun 20.0 3 15 1.7 3 15.5 14.9 3 7 12.1 3 15 95.3 3 9 197.1 3 10 

Yuak 12.6 3 23 0.5 3 20 25.0 3 2 8.5 3 22 89.4 3 15 73.5 3 21 C. 

G-3 25.1 1 6 1.8 1 14 8.4 1 17 13.3 1 14 71.1 1 21 204.9 1 9 , 

Nabeul II 16.2 1 19 0.4 1 22 18.5 1 6 11.4 1 17 96.9 1 8 191.1 1 12 

Chili Hybrid-1 21.4 3 13 3.3 3 5 12.4 3 10 16.0 3 9 98.5 3 6 196.7 3 11 

KA 6-5 23.9 3 9 1.8 3 1;. 7.0 2 19 14.6 2 11 88.0 3 16 87.3 2 20 

PBC 473 20.3 3 14 2.2 3 9 11.7 2 11 13.5 2 13 93.2 3 10 163.3 2 15 

Rotan 24.0 2 8 1.7 2 15.5 ne ne ne ne 90.5 2 12 ne ne 

C 01664 32.1 2 2 5.6 2 1 10.5 2 13 18.3 2 4 109.2 2 4 266.0 2 2 

Mean (all samples) 22.0 2.2 12.8 14.4 89.8 189.4 

Mean (N>2) 22.5 2.4 13.8 14.0 87.6 177.0 

c.v. (%) 5.60 35.81 19.59 10.17 15.77 20.01 

Fisher's Protected LSD. 2.10 1.42 4.64 2.43 23.04 61.01 

a = 0.05; N = 3 
Fisher's Protacted LSD, 2.35 1.58 5.18 2.72 25.76 68.21 

a=0.05,N=2vs N=3 

Fisher's Protected LSD, 2.57 1.73 5.68 2.98 28.22 74.72 

a = 0.05, N = 2 

aNo. of replications sampled, experimental design: RCB with 26 plants per experimental unit in bulk for chemical analyses. 

Note: statistical analyses conducted only on entries for N>2; ne = not evaluated. 



120 	 AVRI)C 1993 Progress Report 

Table 6. Mulch treatment comparisons on the mean performance of 30 INTHOPE no. 3 entries,
 
AVRDC, 1992-93 cool-dry season
 

Fruit per plant Fresh weight -Dry weight
Mulch 	 EM SM EM SM SM BY 

(t/ha) 
Silver plastic 4.3 29.8 0.8 2.8 0.8 1.6 
Rice straw 	 2.6 68.9 0.4 4.0 1.3 2.3 
Fisher's Protected LSD 0.4 6.2 0.1 0.3 0.1 0.2
 
(P = 0.05; a = 0.05)
 
Note: E = early (harvest Interval 1-4); S = sum (all harvests); M = marketable ; BY= biological yield.
 

Hybridization and Selection of New Genotypes with Combined
 
Disease Resistance, Quality,and Regional Adaptation
 

Seven activities were conducted lor gerinplasm enlharicenent of pepper genotypes during the 
1992-93 growing seasons: 

(1)Sweet and hot pepper crossing blocks to improve CVMV-resistant/._'MV-Mleranl F3 
selections lor horticutural type, 

(2) 	 Screening and generation advance (I':F4 ) of sweet peppers carrying Bs2 or Bs3 genes for 
resistance to hacLterial spot, 

(3) 	 Screening and Leneration advance (I,:F,) of sweel and hot peppers lIr resistance to 
Ph111)'tol-11r caps.ici, 

(4) 	 Generation advance and establishment of four cycle-zero [mpulations lfor mass selection 
improvement for heat tolerance and disease resistance, 

(5) 	 Earlygeneralion testing for heat tIleranceofFpedigree-deri\,ed Fclinescarrying tolerance 
to local virus strains, anthracnose, and powdery mildew, 

(6) 	First generation backcross of CVMV-resistant F, selections to 22 recurrent parents, and 
(7) 	 New crosses for hot ind sweet pepper improvenient. 

Seed Distribution 

In 1993, the pepper breeding unit distributed 34 seed shipments for INTl-lOPE no. 3 
representing 64 test sites among 23 countries. Five and six additional sets of INT-OIPE no. I and 
no. 2, respectively were distributed. Olher seed shipments of various breeding lines and 
populations totaled to 57 shipments among 32 countries. 



Table 7. INTHOPE no. 3 mean comparisons for field performance of 30 entries, AVRDC, cool season 1992-93 

SMFP EM SM FW SM DW TCN HI 
Name Origin/Donor N. rank (I'ha) rank (tha) rank (tiha) rank (I/.)-rank-(%)--an 
Perennial HDV France/INRA 6 192.1 1 0.2 23 5.1 8 1.6 4 5.4 30 61.8 11 
PSP-1 1 India 6 89.2 8 0.2 20 3.4 17 0.8 13 20.0 25 55.8 15 
Cayenne Cajun 1 USA/LSU 5 0.9 29.5 0.0 29 0.4 29 ne 48.3 6 ne 
Cayenne Cajun 2 USA/LSU 4 4.8 26 0 5 11 1.6 23 0.1 24 45.8 8 24.7 25 
CNPH 703 India/Brazil-CNPH 6 8.0 22 0.3 18 0.4 28 ne 60.7 3 ne 
PBC 365 Italy,'mfm 6 44.1 12 0.6 9 1.8 22 0.3 21.5 31.8 16 33.7 24 
PBC 370 Thailand/AVRDC 6 191.4 2 0.1 27 5.0 9 2.2 1 7.3 29 71.3 3 
PBC 371 Thailand/AVRDC 6 92.3 6 05 12 5.5 4 1.3 5 12.3 26 68.9 6 
PBC 454 lndiaAVRDC 6 36.5 15 1.4 5 3.2 18 0.9 12 32.1 15 67.0 8 
MI-1 Sn Lanka/RARC-MI 6 61.5 10 0.2 24 4.0 14 0.9 11 38.9 9 66.5 9 
Tiwan II IndiaMalaysia 6 1164 4 0.9 6 7.1 1 1.9 2 8.1 28 76.6 1 
Mexico Mexico/Malaysia 6 0.9 29.5 0.1 30 0.1 30 ne 64.3 2 ne 
Serrano Tampiqueno Mexico/Malaysia 6 3.5 27 0.3 14.5 0.5 26 0.1 26 46.7 7 17.9 26 
Serrano Huasteco Mexico/Malaysia 6 5.6 24 0.2 21 0.5 27 ne 38.7 11 ne 
Pant C-1 (ck) IndiaJiARI 6 107.6 5 0.4 13 6.0 3 1.6 3 23.1 23 74.5 2 
Ca 87067 USAJAES 6 9.5 20 2.3 1 4.6 11 0.6 17 29.9 19 55.4 16 
I R IndonesiaLEHRI 6 14.7 18 1.7 3 4.3 12 0.7 16 54.9 5 61.3 12 
Szechwan 8 (ck) Taiwan/AVRDC 6 16.5 17 0.9 8 3.9 15 0.6 18 31.5 17 49.3 19 
Luang ThailandKasetsart 6 41.6 14 0.1 26 5.2 7 0.7 15 21.0 24 53.8 17 tZ 

Mun Thailand/Kasetsart 6 23.2 16 0.3 16 3.8 16 0.8 14 35.2 12 58.3 13 
Yuak Thailand/Kasetsart 6 5.9 23 0.2 22 2.3 21 0.3 23 58.0 4 42.9 22 -. 

P1 441561 Brazil/AVRDC 6 5.4 25 0.9 7 3.1 19 0.5 20 28.8 20 48.4 20 
G-3 India/NBPGR 6 12.3 19 0.3 19 1.0 24 0.4 21.5 38.8 10 45.4 21 
Bako Local Ethiopia/Sri Lanka 6 1.9 28 0.3 17 0.6 25 0.1 25 79.1 1 38.2 23 
Nabeul II Tunisia/MES 6 9.2 21 2.3 2 4.0 13 0.6 19 33.0 13 51.4 18 
Chili Hybnd-1 India/PAU 6 42.2 13 1.6 4 5.2 6 1.0 10 25.2 22 62.5 10 
KA6-5 Sri Lanka/RARC-KA 6 64.6 9 0.6 10 4.7 10 1.1 8 30.2 18 69.7 5 
PBC 473 Indonesia/AVRDC 6 58.1 11 0.3 14.5 7.0 2 1.1 7 32.9 14 68.1 7 
Rotan Indonesia/AVRDC 6 91.9 7 0.1 25 5.4 5 1.2 6 27.7 21 70.5 4 
C 01664 Denmark/AVRDC 6 129.8 3 0.0 28 2.5 20 1.0 9 12.2 27 57.6 14 
Mean 49.4 0.6 3.4 1.0 34.1 61.8 
cv. (%) 42.7 59.2 28.5 22.2 28.3 11.6 
Fisher's Protected LSD, 24.1 0.40 1.11 0.26 11.0 8.3 
P<O.05: a=0.05: N=6 
Fisher's Protected LSD, 0.27 8.7 
P < 0.05: a = 0.05: N = 6 vs. 5 

'No. of replications sampled, experimental design: RCB-factonal, 26 plants per experiment unit; three replications nested in two mulch treatments. 
Jf N <_4 then entry (both treatments) was excluded from ANOVA and mean comparisons. 
Ne: not evaluated: na: not analyzed, normal distribution rejected: S = sum of all harvests: FP = fruits per plant: E = early; M = marketable; FW = fresh weight; 
DW = dry weight: T = total: CN = cull number; CW = cull weight: H I= harvest index. 



Table 8. INTHOPE no. 3 mean comparisons for fruit characteristics of 30 entries, AVRDC, cool season 1992-93 

Name N IMFW rank N FL rank FWD rank FLWR rank WTH rank 

Perennial HDV 6 0.9 29 6 3.5 29 0.8 28.5 4.2 25 0.3 29.5 
PSP-11 6 1.4 26.5 6 6.3 21 1.0 23.5 6.3 17 0.7 20.5 
Cayenne Cajun 1 5 15.5 4 5 11.7 6 1.8 6 6.4 15.5 2.1 1 
Cayenne Cajun 2 4 14.1 6 6 12.7 4 2.0 4.5 6.6 12.5 1.2 7.5 
CNPH 703 6 1.8 25 6 7.0 17.5 0.8 28.5 8.5 7 0.5 26.5 
PBC 365 6 1.4 26.5 6 3.5 29 1.1 21 3.1 29 0.8 16.5 
PBC 370 6 0.9 29 6 3.5 29 0.8 28.5 4.7 23 0.3 29.5 
PBC 371 6 2.1 22.5 6 5.9 23 1.2 18.5 4.9 21 0.7 20.5 
PBC 454 6 3.2 16 6 8.4 14 1.4 13.5 6.4 15.5 0.7 20.5 
MI-1 6 2.5 20 6 10.3 11 1.2 18.5 10.0 2 0.7 20.5 
Tiwari II 6 2.1 22.5 6 7.0 17.5 1.0 23.5 7.2 9.5 0.6 24 
Mexico 6 5.7 11 6 5.2 25 1.6 8 3.4 28 1.2 7.5 
Serrano Tampiqueno 6 4.8 13 6 5.8 24 1.4 13.5 4.2 24 1.4 3 
Serrano Huasteco 6 2.9 17 6 5.0 26 1.3 15.5 4.0 26 1.2 7.5 
Pant C-I (ck) 6 1.9 24 6 6.7 20 1.0 23.5 7.2 9.5 0.6 24 
Ca 87067 6 16.4 3 6 18.0 1 2.0 4.5 9.2 6 1.2 7.5 
I R 6 9.6 8 6 14.4 2 1.5 11.5 9.4 4.5 1.1 11.5 
Szechwan 8 (ck) 6 7.8 9 6 11.7 6 1.3 15.5 9.5 3 1.2 7.5 
Luang 6 5.0 12 6 6.7 19 1.6 8 4.8 22 0.9 13.5 
Mun 6 5.8 10 6 9.4 12 1.5 11.5 6.5 14 0.8 16.5 
Yuak 6 14.5 5 6 6.2 22 3.0 1.5 2.1 30 1.2 7.5 
PI 441561 6 18.7 1 6 13.2 3 2.3 3 6.0 18 1.4 3 
G-3 6 2.6 19 6 7.7 15 1.0 23.5 8.1 8 0.6 24 
Bako Local 6 10.7 7 6 11.0 9 1.6 8 6.8 11 1.1 11.5 
Nabeul II 6 17.5 2 6 11.7 6 3.0 1.5 3.9 27 1.4 3 
Chili Hybrid-1 6 4.2 15 6 8.8 13 1.6 10 5.8 19 0.9 13.5 
KA 6-5 6 2.7 18 6 7.6 16 1.2 18.5 6.6 12.6 0.8 16.5 
PBC473 6 4.4 14 6 10.9 10 1.2 18.5 9.4 4.5 0.8 16.5 
Rotan 6 2.2 21 6 11.6 8 0.9 26 16.4 1 0.5 26.5 
C 01664 6 0.9 29 6 4.0 27 0.8 28.5 5.2 20 0.4 28 
Mean 6.1 8.5 1.4 6.6 0.9 
c.v. (%) 23.3 13.1 14.3 22.6 44.4 
Fisher's Protected LSD. 1.6 1.3 0.2 1.7 na 
P <0.05; a = 0.05: N = 6 
Fisher's Protected LSD, 1.3 0.2 1.7 na 
P < 0.05: a = 0.05: N = 6 vs. N =5 

'No. of replications sampled, expenmental design: RCB-factorial, 26 plants per expenmental unit; three replications nested in two mulch treatments; If 
N < 4 then entry (both treatments) was excluded from ANOVA and mean comparisons; ne: not evaluated; na: not analyzed (normal distribution 
rejected); IMFW = individual marketable fruit weight: FL = fruit length; FWD = fruit width: FLWR = fruit length: width ratio, WTH = fruit wall thickness. 



Pepper Pathology 

Evaluation of Resistance of Pepper to Pseudomonas solanacearum 

Summary 
A total of 108 accessions of pepper have been screened for resistance to bacterial wilt. Forty

two accessions which had shown 80- 100% plant survival in previous tests were regrown to verify 
the resistance using a soil drenching with root-severing method, willing, vascular discoloration, 
El ,ISA, and selective medium. From live batches o fscreeing 50(% oflthe accessions gave similar 
results, whereas, the other 50(% were inconsistent. In addition to whole plant wilting, disease 
symptoms such Is stem lesions, wilting of lower leaves, and vascular discoloration were 
observed. Based on these symploms, a possible disease rating system 1or screening of bacterial 
wilt in pepper was explored. The number of plants which scored positive in vascular discoloration 
and ElIISA tests were highly correlated. Among the 1)8 accessions tested, MC 4, Cili l.angkap, 
and 11 -38475 appear to have a high level ol'tolerance to inlfection by PseiidouimoutssoIuiac'artnl. 

Introduction 
Bacterial will, caused by Pseudolnonas sohanacearmun, is an important disease of pepper 

under certain tropical conditions. Yield loss up to 100% have been reported in certain areas of 
India. The development ofresistant varieties Ilus oiers an effective means to control this disease. 
AVR I)C has conducted an intensive resistance screening program. A total of 1O8 accessions of 
pepper have been screened. Oflthis, 26 have been retested. Inconsistent results in ihe resistance 
screening ol some otllhe accessions led to another retest. Forty-two accessions which had shown 
80-100% plant survival in previous tests were grown to verily the resistance using a soil 
drenching with root-severing nllhod. Wilting, vascular discoloration, 1Ht.1SA and a selective 
me(liumin were used to characterize resistance. 

Materials and Methods 

Inoculation 
Seeds of 42 accessions were sown in flats with susceptible and resistant checks. Seedlings 

were inoculated with bacterial strain IISS71 at 28 days afler emergence (I)AE) using soil 
drenching wilh the root-severing muethod. Roots were injured with a knife by cutting the soil 1.5 
cm away from the slein and a 12({)-nml bacterial suspension ( 1) c11il I) poured into each flat. 
After inoculation, plants were kept in a heated glasshouse, the lemperature of which was 
maintained around 2X"C. The experiment lollowed the randomized complete block design with 
three replications. Each accession had five plants per replication. Plants wilh all the leaves willed 
were considered wilted; disease scoring was done up to 28 days after inoculation (I)AI). 
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Enzyme-linked immunosorbent assay (ELISA) 
At tile end of 28 I)AI, accessions with 93-100r%plant survival was subjecled to an indirect 

ELIISA test. All plants in these accessions were cut at the base of lhe stem and any discoloraion 
of the vascular tissues was noted. Plants that were discolored were scored as positive. Then, 3
ci cuttings were taken from fihe base ofeach olthe plant, weighed, andmacerated separately with 
extraction buffer pl-19.6. For each I g oftissue, I ml of bufTer was added. A volume of 100 p11of
 
each extract was added to each well and incuhated al 37C fo r I h.The sap was llicked out from
 
the plate and wells were washed three times with PI3S-T for at least 5 in. Then, 200 p1 blocking

buffer was added to each well and inculbaled at 37C for another hour. Washing- was done
 
following the proced(tre explai ne( earl ier.Subsequentl It, 1(i speci ic antibohdy (Ig( R 303)
1()() 

diluted 1:2000 in blocking butfler was added to each well and incubated for I h at 37'C'. Washing
usi ng IBS-Twas repeated and I X)tl ofl he second goat anti-rabbit, ant ibody-al kaline phosphalase
(iAIR-AP) con jugate dilued 1:30()0 in bhcking Ibufter was added to each well.These were lhen 
incubaLed for I h at 37TC and washed with PBS-T again. A volume of 100 tlo1 peroxidtase

substrale solution was adoded to each well and lett for 5-20 nin until reaction was completed.

Change in color was observed and the samples were scored as positive and negative. lgGR303

antibody was kindly supplied by I)r. John lphi nslone of the N at ural Resources Institute, U.K.
 

Selective media 
The remaining plant steiis frot Ihe above tests were used. A stemn piece weighing aboul I 

g was cuLt front the base of each remaining stern, washed wilh lap water, and dried. Each piece 
was then surface sterilized with 707 alcohol and put separately into glass tubes containing 5 ml 
sterile water. Samples were incubated at 1,"C for 16 ]hand the suspensions were streaked out on 
Iriphenyl telrazolilur II chloride (TC) mnedium plates. Alter incubating at 30"C for 2days, samples 
will) plates showing typical P.solauccarunmcohoies were scored as positive. 

Results and Discussion 
Percentage of 'ilt for each accession ispresented in comparison with the results of previous

screenin tests in table I. InIli\,e balches olscreening, 5C % toflhe( accessions gave siiltar resuts; 
the other 50% \were inconsistent. Some of the accessions which gave 0-201% will in previous
screening tests showed a hil level of susceptibility (8()- 1))/r). Inconsistent results for sone of 
the accessions may be attributed to factors such as environmental clhanges inthe glasshouse,
growth differences oftllie plants, failure to diagnose the sylnphois olher than the whole plant
willing, and gciotypic (iffereices wv ilhin lie accession. Although tlie plats were kept ina lieated 
glasshouse, fluctuating day and night temperatures anl retative liilies were observed. These 
differences may have inluenced tie degree of susceplibility of the accessions. 

The infectioni rate, calculated u.sng area under tile disease progress curve (AUI)IPC) and the 
togit transformation for each of the accession, is giveni in lable 2. The high AUI)lIC and slope
values were related to the iiglilysurscep ible accessions as deterii ned y final percentage of wilt. 
Atolal of 14 accessions slroxwe( 93-1()()% planlt survival inithis screening. Aside from wholeplant 
wiIting in tiese accessiors, disease syiptmns; such as lesion development along the stlem, and 
wilting offone or txx'o leaves at the lower r1(ik!: were observed. Size oflhe lesions xaried between 
1-12 cm and in sonic cases plants broke at the place where the lesiors developed. Most of ihe 
unwilled plants showed 'ascutar discolorali( n at Ihe slern base aind were positive to H ,ISA test. 
The numiber ofplants score( xosilive for x'asculr (lisco(oration, and(those posilive for EISA test 
were highly correlated (r=0.86, P= ().C)(X)I), whereas, plants scored positive using the selective 
mediurn were not correlated wil Ihie positive scores of vascutar discoloration or H.ISA. One 
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Table 1. Bacterial wilt evaluation for 45 accessions of peppers inoculated" in five screening tests 

.Date of inoculation (D-M-Y) . . .... 
Name or Pedigree Origin 11-2-93 27-10-92 13-7-92 7-7-92 31 -12-91 

.............--- Wilt (%)--------
Orias Koszarvu Hungary 100 0 -

Kun Ja Korea 93 - 0 
Tiwar II India 80 20 
California Wonder USA 80 68 87 9 80 
(S ck) 
KA-2 Sri Lanka 80 7 
Huay Sithon Thailand/KKU 67 - 27 20 
Cheong Yang Korea 60 0 
UL-2190 Nigera/IAR 53 0 
CO 1621 Hungary 53 13 
Num Thailand/Kasetsart 53 20 
KKU Cluster Thailand/KKU 53 - 0 33 
Unknown 41 Thailand 40 13 
Huaruar Thailand/KKU 40 - 7 47 
Var. U-Kimba Nigena/IAR 33 20 -

Jawahar218 India/PAU 33 - 7 27 
Lv. 1092 Indonesia/LEHRI 33 - 0 60 
G-3 India 27 7 - -

PBC199 Thailand 27 0 
U-Kashinburgu Nigeria/IAR 27 0 
Kenting Indonesia/LEHRI 27 - 7 13 
Lv. 2323 Indonesia/LEHRI 27 0 7 
Perennial HDV France/INRA 20 0 -

PBC370 Thailand 20 20 
PL-2289 
Szechwan 8 ° " 

Nigena/IAR 
Taiwan/AVRDC 

20 
20 

0 
15 

Lv. 2319 Indonesia/LEHRI 20 - 0 27 
P. Sakaraho* Nigeria/IAR 20 0 33 
PL-2289 Nigeria/IAR 20 - 0 40 
Szechwan 8- Taiwan/AVRDC 13 20 
Var. P. Sakaraho" Nigena/IAR 13 - 0 
MI-2 Sri Lanka/RARC MI 13 0 27 
Cipanas Indonesia/LEHRI 13 - 0. 7 
R1-26(17) Malaysia/MARDI 7 0 
King Gum Go Chu Korea 7 0 
PBC385 Malaysia 7 13 
MC 5 Malaysia/MARDI 7 - 13 24 
Szechwan 10 Taiwan/AVRDC 7 0.0 33 
MC 4 (R ck) Malaysia/MARDI 0 0 0 0 0 
IR Irdonesia/LEHRI 0 0 
PSP-1 1 India 0 7 
PBC473 Indonesia 0 7 -

Lv. 1583 Indonesia/LEHRI 0 0 
PBC384 Malaysia 0 0 
Cili Langkap MalaysiaMARDI 0 7 
PL-38475 Nigeria/IAR 0 7 
Lv. 1583 Indonesia/LEHRI 0 - 0 27 

'Soil drenching with root-severing method. 
- Not evaluated. 
"&*" same accessions with different seed lots. 
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Table 2. Percentage of wilt and the rate of infection estimated from the regression of the logit transformation
of AUDPC on 25 days after inoculation for 45 accessions of pepper

Name Origin/Donor 

Oras Kossarvu Hungary 

Kun Ja 
 Korea 

Tiwari II 
 India 

California Wonder 
 USA 

(S ck)

KA-2 Sri Lanka 

Huay Sithon Thailand/KKU 

Cheong Yang Korea 
UL-2190 Nigeria/IAR 
CO 1621 Hungary 
Num Thailand/Kasetsart 
KKU Cluster Thailand/KKU 
Unknown 41 Thailand 

Huaruar Thailand/KKU 

Var. U-Kimba Nigeria/IAR 

Jawahar 218 IndiaIPAU 

Lv. 1092 Indonesia/LEHRI 

G-3 
 India 
PBC199 Thailand 

U-Kashinburgu Nigeria/IAR 

Kenting Indonesia/LEHRI 

Lv. 2323 Indonesia/LEHRI 

Perennial HDV France/INRA 

PBC370 Thailand 

PL-2289 Nigeria/IAR 

S!echwan 8 Taiwan/AVRDC 

Lv. 20 19 Indonesia/LEHRI 

P. Sakaaho Nigeria/IAR 
PL-2289 Nigeria/IAR 
Szechwa,, 8 Taiwan/AVRDC
Var. P. Sakaraho Nigeria/IAR 
MI-2 Sri Lanka/RARC MI 
Cipanas Indonesia/LEHRI 
R1-26(17) Malaysia/MARDI 
King Gum Go Chu Korea 
PBC385 Malaysia 
MC 5 Malaysia/MARDI 
Szechwan 10 Taiwan/AVRDC 
MC 4 (R ck) Malaysia/MARDI 
IR Indonesia/LEHRI 
PSP-1 1 India 
PBC473 Indonesia 
Lv. 1583 Indonesia/LEHRI 
PBC384 Malaysia 
Cili Langkap Malaysia/MARDI 
PL-38475 Nigeria/IAR 
Lv. 1583 Indonesia/LEHRI 
HSD, 

"Tukey Kramer HSD (a = 0.05).
 
"Soil drenching with root-severing method.
 
'Area under disease progress curve.
 
"Regression coefficient In(1/1 -x) on days after inoculation.
 

%Wilt" AUDPC', Regression 
coefficientd 

1O0 86.8 0.160
 
93 74.8 0.148
 
80 66.3 0.103
 
80 60.0 0.119
 

80 57.0 0.092
 
67 57.7 0.041
 
60 45.5 0.100
 
53 48.8 0.010
 
53 41.3 0.047
 
53 38.8 0.071
 
53 35.2 0.018
 
40 33.5 0.026
 
40 39.2 0.024
 
33 29.2 0.017
 
33 25.0 0.024
 
33 23.5 0.020
 
27 23.2 0.013
 
27 21.5 0.016
 
27 20.7 0.018
 
27 20.2 0.015
 
27 18.7 0.014
 
20 24.7 0.005
 
20 17.2 0.013
 
20 15.5 0.013
 
20 13.8 0.013
 
20 13.2 0.009
 
20 10.5 0.016
 
20 8.3 0.010
 
13 11.5 0.004
 
13 11.2 0.006
 
13 9.5 0.009 
13 9.5 0.007 
7 6.0 0.002 
7 6.0 0.002 
7 6.0 0.002 
7 5.2 0.004 
7 1.2 0.003 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 
0 0.0 0.000 

0.127 
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reason for this poor correlation may have been that the same sten section was not used for both 
ELISA and the selective-nediun assays. Bacterial population may not be the saine below and 
above 3 cm Fron the base of the stem. 

The accessions MC4, Cili l.angkap, and Plt-38475 showed 01%wilt. In these accessions, 33% 
of the plants were positive to the ElIISA test an( for vascular discoloration (table 3). Tile 
accession PSIP- II was immune to tile disease in this testing. None of the plants in this accession 
wilted or contained bacteria inside the plants. I)ue to the slow germination rate, the seedlings of 
this accession were very sinall and had two expanded true leaves at Hie lime of inoculation, 
whereas, the other accessions had 6-I 1 leaves. In pepper, it appears that wounding either roots 
or stem is necessary to diflerentiate levels of resistance to bacterial wilt (see AVRI)C 1991 
Progress Report). These siall seedlings may 1ot have had a sufficietlly grown root systenl althe 
time of inoculation fOr which the roots could be wounded by cutting the soil surface in between 
two rows o1 plants. Therefore, in screening aI large number of accessions, it is inportant to have 
uniform gcermination to inimsize physiological growth (lilerences\vithil and among accessions. 
Prior knowledge about the growth rate ,fdi ffercrt accessions could also help improve screening 
efficiency. Accessions with similar growth rates could be sown in the same Ilats and inoculated 
at the proper growth stage rather than ai a specific day after sowing. For routine screening of 
resistance to bacterial wilt in pepper, susceptibility is mainly based on whole plant willing. In 
some accessio lns, ot her symptons, e.g., stern lesions, wilting of' lower leaves, and vascular 
discoloration were observed. Ignorirg such symiploms in disease scoring inay overlook soine 
iechanisms of tolerance or otherwise misclassify susceptible plants. 

In this screening, six accessions were free fromliwilt symplotis, but most of the plants olthese 
accessions gave a positive reaction to the El.ISA test and showed vascutar discoloration at tlhe 
stem base. The incorporation of a bacteria detection method by Hi.ISA may increase tile 
efficiency olselection of'resistant genotypes. However, ihe higl correlation shown between tile 
percent infl.ctled pints diagnosed by EI.ASA and vascular discoloration shows that the latier can 
be equally effective in detecting bacterial wilt resistance in pepper plants. 

Table 3. PPcentage of disease incidence obtained using five methods of evaluation for 
resistance to Pseudomonas solanacearum in 14 accessions of pepper, 

Name or pedigree Origin Wilt VDSB ELISA SIM Stem lesion 
IR Indonesia/LEHRI 0 80 87 47 20 
PSP-11 India 0 0 0 0 0 
PBC473 Indonesia 0 27 60 33 7 
Cili Langkap Malaysia/MARDI 0 33 33 33 7 
Lv. 1583 Indonesia/LEHRI 0 73 73 67 7 
PBC384 Malaysia 0 67 80 20 0 
PL-38475 Nigeria/tAR 0 33 33 57 0 
Lv. 1583 Indonesia/LEHRI 0 60 60 47 7 
MC 4 Malaysia/MARDI 0 33 33 50 13 
R1-26(17) Malaysia/MARDI 7 87 73 40 0 
King Gum Go Chu Korea 7 60 53 33 7 
PBC385 Malaysia 7 60. 60 40 0 
MC 5 Malaysia/MARDI 7 67 53 40 7 
Szechwan 10 Taiwan/AVRDC 7 93 93 13 33 
'Evaluation based on the means ol three replications and live plants per replication alter inoculation by 
soil drenching with root wounding. 
VDSB- vascular discoloration at stem base. 
ELISA- enzyme-linked immunosorb,nt assay, positive reaction. 
SIM- selective medium, positive reaction. 
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The results ot,,,dned upon screening of thie different accessions up to 28 I)AI indicated that 
there were four possible types oflresponse in pepper to 1-. so100(lce(roi : ( I ) whole plant wilting;
(2) lesions on the stein with or without few wilted leaves at the lower nodes and vascular 
discoloration at steli; (3) neither wilting nor stein lesion but vascular discoloration at stein base;
(4) 110 wiltin, n vascular (liscoloration and no detectable aiouint of' bacteria by FIHSA test. 
Aniong the I) accessions lested, MNC 4, Cili l.angkap, and tII.-3S475 had the highest level of 
resistance to bacterial will based on the Ifour niethods of evaltiliil used. FLiiher studies are 
neede(d t) dlet eriine if a more (Icl ai led disease rating wUttl dalequately characterize resistance 
and whether s,'ipltms other than wilting are associated with disease incidence or plant survival 
Under field conditions. 

Screening for Virus Resistance in Peppers 

Summary 
Viruses, particularly th1osC transnitte(d by aphids, are the major constraint to successful 

prodiuct ionof peppers intropical Asia. Weekly or m11re tre(lueni prevetii\'C insectici(le sprays ,ireconinion. AVI )C, wilh its goal ()f sstinaiblc agricultural prodluction, has niade it a priority to 
develop virlis-rcsistlanlt lines/populatio)ns. Many sources of resistalnce to potalto virus Y (PVY)and
the tohailloviruses tobacco liOsaic virus (TMV) and iiato itosaic virus (TONMV) have been 
identified in prcvin us years. Similarly, a few lines with chili veinal mottle virus (CVMV)
resistance have alst been 61.u1tI. 'ii syear's l(ctis was on cucuntimber msaic \ irus (CNI V), pepper
inild mottlc virus (WMIMV),and pCant bud necrosis virtus (PBNV), atospovirtis similarto tollato
spoitted will virus (TSWV). Rcsislalnc to CNMV has not been found so( far. A (Ii fferent screenirwic 
meth(od was, iherclore, used this year that would Cllable ts 1t (letect tolerant lines. Several lies 
wilh tolerance to CNIV were idcnlificd with this nietimod. Seed of' tolerant lines have been 
collected and will undergo itre thorough screenig.

Additi(nal siirces of resistance to CVM V and IPVY were found in I'1C and VC lines and
(;, SU accessions. Two lines were identified with PIMMV resistance. We also futind ihat lines 
which arc resistant Iotle tomiato spotted wilt type strain are not necessarily resistant to peanutl bud 
necrosis virus, arelated hill (istinct tIspovirus which inlects pepper and tlomato ill Asia. 

Introduction 
()ne utindred percent virus infection in farmers' pepper fields is not iconimion in tropical

Asia. Knowing thai mio(st viruses are tranmiited by ins-cls, farmers rouLtinely apply insecticides 
weekly or more frequently. This practice is not only costly but also liarniful to the farminer and tie 
constmier. A VRI)C has, thercore, made it oneofits priorities to develop lines (orpolpuilaitions with
resistance to the IIost illrxlrtalt viruses (CMV, CVMV, IVY, TM VI'oMV, and PM MV; ill 
order of' importance). Intensive screeninLg f tihe geriplasni collection [or virus resistance had
been illitiated se'eral years aco. Many s1Lirces of resislance to P VY, "rNIV,and TMV and a few 
sources of resistance to ('VNIV have becl identified ill Ihe past and are already being used by
AVR I)C hreeders. Il)wevcr, nostable resislance aailiist C V, (ic oiflhe niost (laiaging viruses 
of peppers, has hccn idenltifled. Simiilarly. only two sOiurces of resistance tI PMM V have been 
fbiumd ill wild species. The search for tl(eranice/resistllce to CNIV and resistance to PMNI V has 
been given priority iii 1993. Some attention has also been given to tos[ovirus resitalce, sinCe 
this virus isconsidered potentially dangerotis ill pepper plantings. 
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Materials and Methods 

Comparison of two inoculation methods for CMV 

Two inoculation initliods were tCstCd: inocuilation at tile cotyledon slage, alld inOCulaltion of' 
the third leIal ofplants c(lcapitalc(.i ust below tle 11tiflully (IevCh)pCdIleaf. Inoculations were done 
first with Pleet's strAin and 2 days tlhereater with strain NT9 at 1: 10in .illM PC), buffer p117.2. 
At 2 and 5 wk after inoculation, tile Uini llCulI atCd leaves W\'ere ICsted by I)AS FLISA as follows: 
cotyledon inioctlation - the third and sixth leaf tested; third leaf inoculation - the two new 
shoots Were testel by Hl .ISA. The fllowing lines were tcsled: 97 PI("lines (067,074,075, 0 1, 
092,097, 105, 110, 136, 137, 140, 142A, 146, 148, 151,155. 157, 158,158-5, 172, 174, 178, 180, 
185, 186, 193, 199,204, 206, 207, 209, 241, 272, 289, 3 MA, 323A, 329, 362, 365, 370, 371,373, 
376. 377, 380, 381, 384, 385, 389, 398, 4(01, 403, 404, 405, 407, 408, 409, 411,412,413,415, 
416-2, 417, 426. 427, 451), 452, 454, 457A, 461,462, 462A, 463. 469, 47(, 471,485,5 18, 535, 
537,546,548,5-19,552,595,596,597,598,687,688,690,69 1,092,693,694,695, 71 ),2 GRSU 
accessions (()()60()5 and ()1777): 5 Thai local varieties (Bangchatng, Pichil (8, llichil 014, 

iKhcnoo Ubon, and Chau Makan );and 1t)VC lines (16a, 33a, 4ta,41 a, 38a, 39a, 215,218,221, 
and 195). 

Screening for TSWV resistance 
)ne C psicum chim'utse liie, lP1 159236, which has been reported resistant to isolates from 

the USA and to certain isolates from Brazil was lesled. C. (nnlimni (Yolo Wonder) served as tie 
susceptible check. Twenty planls were mechanically inoculated at file seconld-leaf stage wili 
peanut bud necrosis virus (fo rmerly called \vaternclorl or to1iato strain olFISWV). The virus was 
propagated in N. cnttlhmiua 10 in phosphate buier containing ().(1. A homogenale of 1: M 
Na,S(), (p1117.)) served as the ilnoculum. Symptoms were recorded at 2(1-3) I)AI. At the same 
time, an iidirect (tt H ISA on NC membranes o1 the uninocuted lCavCs was condLucted. 

Routine resistance screening 
The fol lowing PBC liites were screened for resistance to CMV, iPVY, CVMV,and PMMV: 

PBC 92, 97, 1101, 140, 142A, 172, 178, 18), 186, 193, 206, 272, 31(0, 323, 323A, 319, 370, 427, 
457, 47(0, 471, 545, 549, 569, 69), 691, 692, 693, 694, 695, 71), 711,787, ai IV 2411. In 
addition, the following VC lines: VC 38a, 39a. 195, 196, 197, 198, 199,2()()and GRSU accessions 
C(474, 1175, 1315, 162-1, 1622, 1694, 1862A, 27411B, 3289A, 3763, 3764, 3765, 3773, 4(07(, 
4(071, 4)72, 4073, 415), 4198, 4356, 4712, 5(045, and 5472 wete screened. The following 
INTI I()I no. 3cn ries were screened for resistance to PMMV,IPVY, (VM V, CMV, ToMV, and 
TMV: P13C(7', 137, 142A, 365, 37)). 371,417, 45(),452,454,461,463,473,474,485,495,518, 
519, 521, 523, 524, 535, 548, 552, 595, 596, 597, 651, C(O1664, and ('04352. 

The followirng INTI I()PF no. 4 liiies were screened for resistance to CMV,CVMV,PVY, 
TMV, ToMV, and PMMV: IPBC 174, 142A, 455, 456, 464. 483, 522, 534, 539, 558, 58(0, 581, 
582, 592, 600, 612, 613, 615, 621, 622. 632, 643, 729, 73(1, 731, and 830. 

Results and Discussion 

Comparison of two inoculation methods for CMV 
Most IBC liines reacted similarly in h li itioculationl Itetliods, nat nely, 10(% infection wili 

strong mosaic. I lowcver, six lines (113C 136, 18,,310A. 546,549, and 688) showed considerably 
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less infcction when inoculated at the third-leaf stage. Some lines (PIBC 075, 370, 37 1, 463, 518,
537, and 548) also produced fewer inifected plants when inoculated at the cot yledon-leat stace. 
One olf tlh, VC lines (VC 16a) was identified with ()'/ inllfction when ilnoculated at the thir-leaf 
stlage, comparel with 17', inlclion at tile cot,,ledo stiace. Similarly, 2, ofhplants ofline V( 41a 
became inlected at the thir(-IeaI'st_e, compared to 23'( at tile cit ledn slntlge. line VC 33a had 
47% inlfected pilants whcn in tlateld at the third-leal stage anld 96( / in fected plants w+'+hen 
inOculted ;it tie cOtyledon staie. Two oflthe ( IlkSI acccssions (C 048( and C 0563) c'omaine(l 
a high percentiaceiI( reistallt irldivi(lalIs when inoculate(l 1, both iettods. m\1n the Thai 
linies, Klieeooo Uohn had 3()% infection when intoculated at the thirt-lealstage compared to 71% 
at the cotyle(ton stage. ILin Chau Makau had 501k resistant plants by bolh intoculationl methods. 
Resistanl plants were transplaited lo tle held and subjct.ed to natural inlection. Seed was 
collected Iroun individual plts thIat were still resistanlt alter ito in the field. Since all olher lines 
were 100 / inhecled, tile above results indicate that tolerance may be present in some olthe lines 
listed above. Plants ,f these seeds will be tested again inl the greenh+Ouse by careful monlitoring
of virus entry, virus tmvenilnt within the plants, and virus titer. 

Routine resistance screening 
INTllOPE entries. I:leven entries ol INTIt()PF no. 3 were fru nd resistanl to PVY (FBC

365, 370, 45(, 452, 454. 495, 52 1, 524, 535, 596. and 0_)1664) and some entries had a high 
percent age (> 3)11 ) oIlVY-resist ant individuals (I)BC 37 I,417,485, and 5 19). Five entries were 
resistant to CVNI V (IBC 37 1, 495, 5 18, 523, and ('01664) and several had a high percentage (>
60/) if UVNIV-rcsistmt individuals (IWBC 137, 142A, 365, 45(, 452. 454, 46 1, 474, 5 19,.524, 
548, and 596). Lines lPB(' 137, 365, 4 17, and ('04352, were resistant to ToNIV and TMV; line 
PIBC 473 was resistant to ToMV. 

Anome the INTI IP)1 1 no. CVMV;4 cnries, I (I"BC 522) was resistant to I I were resistant 
to IVY (IPl" 483. 534, 58(1, 581. 582. 592. 622, 729, 73(1, 731, and 83(1), and I (13C 621) 
resistant to TNIV and T"INIV. 

IBC lines. Nint P'I lines were resistant to CVMV (I'll(- 092, 18), 349, 37), 545,549, 569, 
691, anrd 787), aid iree had a high percentiage (> 0()/ ) oif esistant pl ,cis (I"BC 457A, 69), and 
695). Five lines ': BC' 349, 458, 545. 71), and 787), were resistant to lPVY and one (PBC 323) 
was resistant ti lIMMV. 

VC lines. Two oI the VC lines (V' 198 auttd 199) were resislant to both ToM V and TMV. 
Two liines (VC 38 and VC 195) were resistant Ito IVY and CVMV, and one line (VC 2(X)) had 
> 6(1% CVM V-resislant plants. 

(;RSIJ accessions. l'woi ifllhe lRSJ accessions (C 00503 and C (1 315) were resistant to 
C VMV, an one line (C04712) was resistant to PIMMV. 

Screening for TSWV 
C. chit'ctsc 159230 proved susceptible to the Asi.i IBNV. Sevetmy-flve percent of the 

plants of' this line became system ically infected with pronoutnced chlorotic rintics. Presence of 
virus inl such tissue cttl(l be conifrned Ibv indirect Fl ISA. The susceptible liiie Yolo Woinder had 
83% infected plants (systemic chlorotic rings and etching) inl which virus Coid also he detected 
hy indirect Hl .ISA. This indicates thal lines resistant to the type siraiii of TSWV which seems to 

http:subjct.ed
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predominate in the Western Hemisphere are not necessarily resistant to the tospovirus IPBNV 
which infec, '-epper (and other crops) in Asia. 

Conclusions 
A nmber of additional sources ol CVMV resistance were Found which are probably of 

dillerent genetic background than the ones previously identified. Screening for further resistance 
sources to CVMV may no longer be necessary. We will locus on tolerance to CMV now that we 
have identified several lines with suspected CMV tolerance. The investigation of the resistance 
mechanism involved will be our priority. The search for additional sources of PMMV will also 
continue, since only few and wild types with resistance have been found so far. Some attention 
also needs to be given to identilica!ion of sources of resistance to PBNV since none have been 
identified yet. 

Further Studies on Pepper Mild Mottle Virus, Chili Veinal Mottle Virus, 
and Cucumber Mosaic Virus 

Summary 
Chili veinal mottle virus and cucuiiiber mosaic virus arethe most important viruses on pepper 

in Taiwan as well as in other Asian countries. The reasons for the high incidence in farmers' fields 
are not well understood. Another virus, pepper mild mottle virs, is causing severe damage on 
pepper fruit in southern Europe. The virus has bcen detected on a number of se,-dlots produced 
by commercial companies in Taiwan. Seed defection methods and virus elinination from 
infected seed, therefore, need to be developed. 

No evidence lor seed or soil transmission of either CMV or CVMV was found. The aphid 
species A. goss7Vfii which is abundant in farmers' pepper fields was shown to effectively transmit 
both CMV and CVMV. 

PMMV was present on 80t% of the seedcoats and in all the embryos of seed collected from 
PMMV-inoculated plants. However, only 20% of seedcoat-borne PMMV was infectious 
compared to all the embryo-bornc PMMV, as shown by local lesion assay on N. glutinosa. 
Similarly, only 1(1% of the hot pepper plants and 37% oflthe sweet pepper plants grown from 
ElISA-positive seed showed any visible symptoms of I'MMV infeclion. When tested by ELISA, 
however, 100 /( of the plants showed presence of PMMV in the roots, compared to around 50% 
in aboveground plant parts. The reason as to why this virus does not produce tile characteristic 
fruit mottling and deformation symptoms here in Taiwan, as observed in southern Europe where 
the same virs is devastating, is not clear. 

None oflthe seed treatmenls tested, which are used against other tobamoviruses, were found 
effective in eliminating seedborne PMMV. 

Introduction 
Chili veinal mottle virus and cucumber mosaic are the most important viruses in Taiwan as 

well as in many other Asian countries. )etailed epidemiological studies which would help 
explain tile high incidence of these two viruses in farmers' fields have not yet been conducted. 
Pepper mild mottle virs, which causes serious damage on field grown peppers in other parts of 
the world such as Europe, has only been found sporadically in Taiwan. The role of seed 
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transmission in tile epidemiology of this vinis in Taiwan is not well understood. Preliminary
experiments were, thereflore, conducted to clarify some of the abovementioned problems. 

Materials and Methods 

Detection of PMMV on seeds 
Seed Was collected froni hot pepper plants (cv. Passion) mechanically inoculaled with 

PMMV at lhe second-leaf stage. Sixty seed batches of 30 seeds each were used for the detection 
of virus by inoculation to N. glutinosa, a local lesion host of PMMV and by EHISA. The buller 
in which seeds were shaken, as well as the seeds themselves, were used for the tests. 

Movement of PMMV from seed into plants 
Seed was taken from PMMV-inoculated hot and sweet pepper (cv. Passion) pepper (cv. Yolo 

Wonder) 6 mo after harvest. Forty seeds were sown in Vermiculite'. Plantlets were transplanted 
at the third-leaf stage inlo atioclaved soil in 10-cm clay pots, making sure that the plants did not 
touch each other. An HiISA test was conducted on leaves 106 days after transplanting (I)AT) and 
on root; and fruit at 165 )AT. At the sanc time, root, fruit, and stem tissues (fron the top and 
middle sections) of 10 HlISA-positive plants Were inocultatcd on N. ghtinosa. 

Effect of seed treatments on elimination of PMMV 
Seed was collected from plants mechanically inoculated with PMMV at the secomd-leaf 

stage. Three treatments, described in detail in the AVRI)C 1992 Progress Report, tested:were 
HCI (5.3/r) for 4 h; NaO(- (2%) for 10 mrin; NalPO4 (10(%) for 2 h; 76°C (fry heat for 3 days. For 
each treatment, batches of 30 seeds were used with four replications. An HIISA test was 
condlucted onl each seed balch after seeds were shaken overnight in extraction buffer. Both tlhe 
buffer in which the seeds weie shaken as Well as the seeds themselves were tested. 

Survey for PMMV in Taiwan and characterization of PMMV isolates 
Three hundred and sixty-six leaf samples were collected from pepper-growing areas in 

soulthern and central Taiwan (Tainan, Pingtng, Chiayi, and Puli). They were tested by I)AS-
FISA for the presence of i'MMV using a l'MMV-specilic polyclonal antiserum prepared at 
AVRI)C. 

PMMV was isolated from these samples via systemic infection of Capsiciun .futescens,
followed by four single local lesion transfrers on Nicotiana tabacun Xanthi NC. Pathotype
idenlificalion was on a set of five differential hosts, including L. esculenttun (Bonnie Best), C. 
annumn (Tisana), C. baccatuiPI260549, C. chacoense PI 26)429, and C. chinense P! 159236. 

Soil transmission of CMV and CVMV 
Twelve soil samples of 5 kg each (top 30 cm soil) were collected randomly from AVRDC 

fields and used to grow hot peppers with a higll incidence of both CMV and CVMV. The soil 
samples were divided into two parts: I kg was mixed 1:2 with 0. 1M phosphate hiffer, p-17.0,
and shaken overnight. An H,.ISA test was conducted in triplicate on the boffer solu tion in which 
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the soil samples was shaken. The buffer samples were also used to inoculate N. ghttinosa. Tile 
other 4 kg was distributed into 84 small plastic pols (8-cm diam) into which two seeds each of 
the hot pepper cv. [lot Beauty were sown. At the second- and lifth-leaf stages, all plants were 
tested by I)AS-EI ISA for the presence ol CMV and CVMV. 

Seed transmission of CVMV 

Seeds were collected froni hot pepper plants known to be infected with CVMV. Twenty-four 
balches originating from 24 different hot pepper lines, each containing 4() seeds, were ground in 
t). I M I)4 bu ffer and lested by I)AS-HI.ISA. Three other batches, cach consisting of 15) seeds, 
Were Lrow\'n in atloclaved soil in 8-cm plastic pots. The emerging plantlcts were tested at the 
second- and iftli-leaf stages by I)AS-lI .iSA for the presence of CVMV. 

Insect transmission of CVMV and CMV 

Three hundred aphids (A. gos ' ii) Were collected fromofield-grown pepper plants infected 
with both CMV and CVMV. The aphids were released inside a screen cage into which I00 hot 
pepper seedlings cv. tier Beauty had been planted. After I wk the insects were killed wilh 
insecticide. At 3 and 56 days thereafter the plants were tested by EI.ISA for the presence ofCMV 
and CVMV. 

Results and Discussion 

Detection of PMMV on seeds 

Eighty-three percent ofthe buffer samples inl which lJMMV-infrcted seed were shaken and 
100% olthe crushed seed gave a positive EI.ISA raction, indicaling that most IM NV is present 
inside the seed embryo. I owever, when lested ol N. gluiiios, only 20% of the buffer samples 
pro(duced local lesions. On the other hand, all of the groutnd seed samples produced Iocal lesions. 
Thus, only a small percentage of the seedcoal-borne PMNIV appears to be inicetious. )n the 
contrary, all PMM V carried inside the seed was infective. Therefore, lor effective seed health 
testing, El .ISA tests should be stpplemenled by mechanical inoct, lalions to(deterline whet her 
virus detecle(, by 1.J 1SA is indeed infectious. A positive 11 .ISA test (liseed (toes not necessarily 
imply that plants emerging from such seed will become inlected. 

Table 4. Movement of PMMV into plants from infected seed 
Plants showing Positive ELISA reaction (%) 

Host sympt.ms (%) Leaves Root Fruit 
Hot pepper 10 (mid mosaic) 7 97 47 
Sweet pepper 37 (mid mosaic) 53 100 60 

Movement of PMMV from seed into plants 

Only 1(1% (f thle liot pepper and 37/ of the sweet pepper plants showed visible syniptoms 
when grown from see(llots o(f'MNIV-inoculte(d plants (table 4). However, El ISA lests detected 
virus in 97% olthie roots ofhot pepper and I(X)% ofroots ofsweet pepper planls. Virus was present 
in 53c of the leaves and 6(k)% o lthe fruit of sweet pepper plants compared to 7% of the leaves 
and 47% of the fruil (f hot pepper plants. 
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Infectious PMMV (producing local lesion on N. ghutinosa) was only detected in 44% of ie 
roots and 56% of the fruit and stems ofthe ELISA-positive hot pepper plants chosen for infectivity
testing. Similarly, infectious PMMV was only detected in 63% of the roots, 25% of the fruit, and
38% of the slems of the El ISA-positive sweet pepper plants. It appears that most ofthe virus from 
tile infected seed had moved into tile roots, and only some into leaves, stems, and fruits. Tile 
reason as to why infectious PMMV was found only in some of the ElISA-posilive tissue is not 
clear yet.

Th PMMV isolate ised for these experiments is the same patlotype, namely, P11.2, which
is known to cause considerable damage to sweet pepper crops in southern Europe. However, 
severe fruit deflormlation and mottle, commnion in southern Europe, were not observed in any of 
tile fruit produced from plants grown from infected seed in our experiments. This may be due to 
differences in environmental conditions, particularly temperature. This will be subjected to
further investigation. When conducting surveys for PMMV, samples should be taken from roots
rather than from ahoveground plant parts since roots appear to be nearly always 100% infected. 

Effect of seed treatments on elimination of PMMV 
The 3-day heat treatment was Found to completely eliminate PMMV from seedcoats. 

-lowever, tile same treatment only eliminated virus carried in tle endosperm in one of the four 
seedlots. None of the other treatments was efTective in eliminating virus from tie seedcoats nor 
the endosperm. All seedlots tested were found to be still 100% contaminaled after any of lhe other 
treatments. These results indicale that PMMV, unlike ToMV, is very difficul Ito eliminate from 
pepper seed (particularly in case of embryo contamination) using conventional treatment 
methods. Therefore, different methods need to be developed to eflfectively eliminate PMMV 
From seedcoats as well as embryos. 

Survey for PMMV in Taiwan and characterization of PMMV isolates 
Only seven of tie 36 plant samples tested by ElISA were found to be positive. The finding

of only a few plants infected with PMMV was unexpected in view of the high percentage of
PMMV-infected pepper seedlots of local seed companies (see AVRI)C 1992 Progress Report).
One reason for this may he that most PMMV is usually present in the root tissue and very little 
in aboveground tissue, as shown above. 

Three pure PMMV isolates were obtained. All produced mosaic on C. (alnliuun(Tisana) and 
C. btlccatttm PI 260549, and necrotic local lesions on C. chacoense Pi 260429 and C. c/iinense
PI 159236. All three isolates are, therefore, of palhotype 1.2, the same patlotype found in 
previous surveys. This pathotype is also very common in Europe. 

Soil transmission of CMV and CVMV 
None of the 12 soil samples collected from pepper fields with high incidence of CMV and 

CVMV gave a positive reaction in EIISA with CMV or CVMV. Similarly, when soil samples
shaken overnight in buffer were used in inoculated N. gtttinu."a, no systemic infection with 
mosaic (typical lor CMV) or chlorolic spots (typical for CVMV) were observed. Furthermore, 
none of the 1(1(1 hot pepper seedlings planted in soil collccted from the same fields showed any
virus symptoms, nor was the presence of CMV or CVMV detccted by ElISA. These two sets of 
results suggest that soilborne infection with either one olthese two viruses iseither absent or may 
not play a major role ill AVRDC fields. 
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Seed transmission of CVMV 
CVMV was not detected by EIISA in any of the 24 batches of 40 seeds tested. Furthermore, 

none of the 143 seedlings grown out from seed of CVMV-infected plants became infected with 
CVMV, as shown by the absence of visible symptoms and negative ELISA tests. 

Insect transmission of CVMV and CMV 
A. gossypii was found to transmit both CMV and CVMV. More plants (55%) showed CVMV 

symptoms than CMV symptoms (23%) at 39 (lays after tile plants were exposed to infected 
insects. This may indicate that CVMV is more effectively transmitted by A. gossypii than CMV. 
However, at 61 (lays 93% of the plants exposed to insects becanle infected with CMV, compared 
to only 63% infected with CVMV. 

Conclusions 
Apparently, there is no transmission of CMV and CVMV through seed anti soil. Therefore, 

initial infection must be through aphid-transmission from neighboring crops or weed hosts. Aphis 
goss.vpii, a common aphid species in Taiwan, is an efficient vector fbr both viruses. 

Seed of PMMV-infected plants carry the virus on tile seedcoat and inside the embryo as 
shown by EIlISA. However, HIISA does not distinguish whether the virus is merely present or 
also infective. Therefore, infectivity tests on N. gitinost are nced to determine whether virus 
detected by ElISA is also infectious. Such tests showed that all virus carried inside tile embryo 
is infectious compared to only a snall percentage of virus carried on the secdcoat of emerging 
plantlets. Only a small percent age ofplants eiergi ng from infected seedt actually become infected 
and show visible symploms. Most virus will move into the roots upon seed gcrmi nation and not 
all will be infectious. Therefore, when conducting surveys for PMMV root tissue or fruit should 
be used as sample andlnot the leaves. All PMMV isolated so far are pathotype P1.2, tile same 
pathotype which causes severe symptoms on sweet pepper in southern Europe. The reason as to 
why this virus, which is devastating to pepper crops in southern Europe, hardly produces any 
visible symptoms on leaves or fruit is not clear. 

Artificial Barriers to Reduce Aphid and Virus Incidence 

Summary 
Previous experilents conducted at AVRi)C and elsewhere have shown that the planting of 

corn as barrier crops significantly reduced virus incidence in peppers. However, per-plant-yields 
were significantly lower, because of tlhe shading effect of the corn. This method of virus control 
has, therefore, not become very popular among farners. Also, for more convenient management, 
farmers prefer a monocrop of peppers to one of peppers and corn. An experiment was, thus, 
conducted to test a reusable inert mechanical barrier such as a net that might deter aphids from 
landing on the pepper plants and would not give a strong shading effect. A I-in-high clear nylon 
net barrier around a 7.5 x 10-ni plot was found ffecltive in reducing virus incidence in hot pepper 
plants by about 50t)%. Throughout the growing season, altmo)st the same aphid populations were 
found on plants of these plots as on those not surrounded by mechanical barriers but receiving 
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weekly insecticide applications. One reason for this is probably tile presence of the ladybugs in 
the unsprayed plots surrounded by nets. Although yields of tihe first three harvests were 
significantly lower in plots surrounded by nets, overall yields were the same. Thus, the use of a 
nylon net barrier without insecticide application is elfective in reducing virus incidence under 
southern Taiwan conditions, and maintaining the same overall yields as in farmers' fields where 
insecticides are applied weekly. 

Introduction 
Past experiments conducted at AVRI)C and elsewhere have shown that planting corn as a 

barrier crop can significantly reduce vinis incidence in pepper fields. Ilowever, because of the 
shading effect, yields have generally been lower than when peppers were grown without corn as 
barrier crops. Also, high populations of aphids were usually lIbund on the corn crop, which could 
move to file neighboring pepper plants when the corn crop was disturbed or harvested earlier. 
Therelore, a mechanical barrier willout these disadvantage and which mnight be equally effective 
in reducing virus but witlhout any adverse effect on yield was tried. 

Materials and Methods 
The hot pepper variety Ilot Beauty was used in this sludy. Two treatments were compared: 

treatment 1:plots surrounded on all Four sides with a I-m-high, 32-mesh translucent nylon screen 
and no insecticide application; and treatment 2: farmers' practice, which consisted of weekly
spraying with the insecticide Tamnaron o'plots not surrounded by a net. Ther, were three 
replications. Each plot was 7.5 x 1)il and consisted of five beds with double rows of 22 plants 
per row. Planit-to-plant distance was 45 cm and belween-plant distance was 5() cm. I)istance
bet ween treat ments was 7.5 i to prevent interplot treal menl interlcrence. Beds oboth treat ments 
were covered wilh a locally producedl plastic ]"Oil (silvery side up). Seed was sown on 15 
September in an insect-proof screenhouse and transplanted to the field on 22 ()ctber. ()ne day
before transplanting, plants oflall treatments received one application of' lirimnor, an insecticide 
effective against aphids and Kelthane, a miticide. 

At regular intervals, aphid counts were conducled on each plant using a scale of' 1-3, with I= 
0 aphids/plant, 2= 1-20 aphids/plant and 3= >20 aphids/per plant. The counts were taken the day
bef'ore insecticide was applied on trealment 2. Similarly. the number of ladybugs/plant were 
counted on 5, 12, and 19 March. Virus incidence (CMV) was measured on all planls/plot (except
the end-of-the-row plants). ()ne leallrom tihe lop, middle, and bottom oleach plant was collected, 
pooled, and used Fbr the El .ISA lest. Five El .ISA tests were conducted ol I November (101 )AT),
17 	November (26 I)AT), 23 )ecember (62 I)AT), and 16 February (1 17 I)AT). 

The climatic environment (temperatures, wind speed, wind direction) during the course of' 
the experiment is given in fig. 1. 

Results and Discussion 
Aphid and ladybug counts. Aphid counts in unsprayed Plots surrounded by border nets and 

insprayed plots generally did not significantly diif'cr from each other (table 5). l ligh aphid counts 
were noticed on 28 October; 13, 20,and 27 Novemnbr; 4 and I I )ecember; and 12 and 19 
February. The aphid population was extremely low from 18 )cember to 4 February and Irom 
5 to 17 March. These low aphid counts did not always coincide, as anticipaled, \villi extremely
low temperat tires and high winds. However, some of the low counts, namely, on I and 24 
)ecember; 20 and 29 .January; and 5 February were correlated with low temperatures and high 

winds. 
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Fig. 1. Climatic data for the growing period of hot pepper 

****High aphid counts on the plants (>50% of the plants have aphids and > 10% of these 
plants have populations of more than 20 aphids). 

• 	 Low aphid populations on the plants (most plants have no aphids, 10% of the plants 
have aphids populations of 20 fewer than). 
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Table 5. Comparative aphid counts on pepper plants in plots surrounded by nets and plots not surrounded by nets 

Aphid coun Oct. 29 
Nb NNc 

Nov. 9 
N NN 

Nov. 13 
N NN 

No. of plants 
Nov. 20 

N NN 
Nov. 27 
N NN N 

Dec. 4 
NN 

Dec. 11 
N NN 

0aphids 
*<20aphids 
> 20 aphids 

138ad 
80a 

1 

142a 
78a 

0 

202a 
18a 

0 

164a 
55a 

1 

187a 
31a 

2 b 

148a 
52a 
20 a 

165a 
38a 
17 

97b 
67a 
56 b 

160a 
48b 
12 a 

111 b 
107a 

2 a 

190a 
27a 
3 a 

187a 
32a 

1 a 

199a 
21a 

0 

180a 
40a 
0 

Dec 18 Dec. 24 Dec. 31 Jan. 7 Jan. 14 Jan. 20 Jan. 29 < 
N N N NN N NN N NN N NN N NN N NN 

0aphids 213a 217a 220a 218a 219a 217a 220a 216a 219a 215a 217a 209b 217a 209b 
<20aphids 
> 20 aphids 

7a 
0 

3a 
0 

0a 
0 

2a 
0 

la 
0 

3a 
0 

0a 
0 

4a 
0 

la 
0 

5a 
0 

3b 
0 

11 a 
0 

3b 
0 

11 a 
0 

Feb. 4 Feb. 12 Feb. 19 Feb. 26 Mar. 5 Mar. 12 Mar. 17 0 

N NN N NN N NN N NN N NN N NN N NN 

0aphids 
<20aphids 

217a 
3b 

209b 
11a 

145a 
75a 

171a 
49a 

68a 
152a 

168a 
52a 

196a 
23a 

190a 
30a 

217a 
3a 

218a 
2a 

218a 
2a 

218a 
2a 

216a 
4a 

220a 
0a CD 

> 20 aphids 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
aNumber ot aphids per plant; measured on all plants of each plot except those at the end o the rows. 
bN = net, no insecticide sprays on the plants. 
CNN = no net, weekly insecticide sprays on the plants. 
dData are means of three replications. For each date, means within rows followed by the same letter are not significantly different a tlhe 5% 
level (DMRT). 
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On 5,12, and 19 March an average of 5.6, 3.6, and 1.9 ladybugs, respectively, were observed 
on plants in plots surrounded by the border net and not receiving any insecticides. However, no 
ladybugs were found in the plots receiving weekly insecticides. Regular insecticide spraying thus 
completely eliminates ladybugs, the natural enemies of the aphids. It is very possible that the 
presence of ladybugs in the unsprayed plots is the reason why the aphid population in these plots 
was not higher than in sprayed plots. 

Virus incidence. Virus incidence was unexpectedly low in both treatments (fig. 2). However, 
it was clear that virus incidence in plots surrounded by the border net was lower than in plots not 
surrounded by the net. Aphids are generally passive long-distance fliers but are carried by the 
wind. A mechanical barrier in the form of a I-m-high net is apparently effective in reducing, but 
not totally preventing aphids from alighting on the pepper crop. 

30 -

.[ [ X Net, no insecticide 

Q-- No net, weekly insecticide 

20 -
0 
., 

2 10 

0
26 40 54 68 82 96 110 

Days 	after transplanting 

Fig. 2. 	 CMV incidence inplots surrounded by net barriers receiving no insecticides and plots 
not surrounded by nets receiving weekly insecticide sprays 
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Yield. Plots surrounded by nets and receiving no insecticide treatments had significantly 
lower yields (in terms of total fruit weight, fruit number, and average fruit weight) in the first three 
harvests than patis ,.m ,ir,,nded by nets and receiving insecticides (table 6). However, in the 
following six harvests yields (in terms of total fruit weight and total fruit) of plots surrounded by 
nets were significantly higher. When comparing all harvests (harvests 1-9), there was no 
signif,cant difference in total yields between the two treatments, although total fruit number was 
higher and average fruit weight was lower in plots surrounded by the nets. Therefore, if high 
yields in the first three harvests and large overall fruit size are not absolutely desired by the farmer, 
he can achieve similar overall yields without using insecticide, provided he surrounds his plots 
w'th a mechanical barrier such as a screen net. 

Table 6. Yield parameters of hot peppers grown on plots surrounded by 1-m-high clear plastic 
mesh screens with no insecticide applications 

Harvests 1-3 Harvests 4-9 Harvests 1-9 
Treatment Total fruit Total Avg. fruit Total fruit Total Avg. fruit Total fruit Total Avg. fruit 

wt (kg) fruit no. wt (g) wt (kg) fruit no. wt (g) wt (kg) fruit no. wt (g) 
Net, no 3.1 ba 493 b 6.3 b 18.7 a 5,675 a 3.3 a 21.8 a 6,217 a 3.5 b 
insecticide 
No net, 5.6 a 741 a 7.5 a 14.4 b 3,896 b 3.7 a 20.0 a 4,635 b 4.3 a 
weekly 
insecticide 
Data are means ot three replications. Means within columns followed by the same letter are not 
significantly different at the 5%level (DMRT). 

Conclusions 
In the absence of insecticide sprays, a 1-m-high clear nylon net barrier was found to reduce 

virus incidence by 50% in 7.5 x 10-i plots. Total yields of such plots were not significantly 
different from those of plots not surrounded ,y the net but receiving weekly insecticide. Thus, 
under southern Taiwan conditions this method may show promise in reducing virus incidence 
during the winter months. Since winds generally come from the north (luring that time ofthe year, 
a single barrier on the north of the plot might be sufficient to reduce virus incidence. Since such 
a net can be reused, it presents a cheaper and environment friendly control method. 
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Evaluation of Pepper Entries in INTHOPE no. 3 
for their Reactions to Anthracnose 

Summary 
Pepper accessions in INTHOPE no.3 were evaluated for their reactions to anthracnose based 

on the incidence of postharvest fruit rot developing from latent ield infections. Entries with the 
lowest percentage of infected pods and presumably the most resistant to anthracnose were PBC 
651 (2.2%), PBC 495 (5.0(%), PBC 417 (6.8%), CO) 4352 (8.3%), IPBC 552 (8.3%), and PBC 370 
(8.8%). The percentage ofpods developing anthracnose ranged among enlries from 2.2 to 37.9%. 
These results weie compared with the size or lesions that developed on fruit of tie same entries 
following laboratory inoculations with Colleotriclh capsiciand C. glovoqporioides. Average 
lesion size (scale ofi0-4) for the vario s entries lfollowing inoculation ranged from 1.7 to 3.2 for 
C. caps'ici and 2.6 to 4.0 for C.gloeosporioides. The percentage of field-infected pods was not 
significantly correlated with the lesion size on pods oflthe sane entries caused by eilher pathogen 
in laboratory inoculations. These results suggest that tihe current laboratory inoculation ielhod 
is not reliable Irevaluating anthracnose resistance in pepper. 

Introduction 
Anthr acnose fruit rot is one oltIle most important diseases of pepper grown in the hot-hunfid 

tropics. The disease frequently causes severe yield loss when pepper ikgrown during the rainy 
season. Collforiclunm calpsici and C. gloosporioid's are generally reported as tile two major 
causal agents of anthracnose. C.glovosqorioidhs is predominant in Taiwan. Resistant lines have 
been reported, bul most are not suitable types for cullivation. This study was conducted to 
evaluale 30 pepper entries included in the third International lot Pepper Trial Network 
(INTHOPIF no. 3) lor their reactions to anthracnose under field conditions, and to compare a 
laboratory evalualion method witli the field results. 

Materials and Methods 
Pepper fruit fron each entry in INTI()P'E no. 3 were evaluated for their reactions to 

anthracnose. Two melthods were used for evaluation, i.e., (1)incubation of fruit harvested frol 
a naturally infected field to determine the incidence of pods developing symptoms from latent 
infections, and (2) inoculation (ofpods with conidia of C. gloeo.porioides and C. capsici 
independently, using a pin-puncture metlod and rating disease response based on lesion size. 

Disease incidence from latent infections 
Asymptoinatic nature red fruit froin three separate field plantings of INTHOPE no. 3 at 

AVRI)C were observed lor postharvest development (t anthracnose. Fruit samples were taken 
fron harvests made on 10I)ecember 1992 (planting l1P92SU0513), 8 Janiuary 1993 (planting 
1P92F- 14A), and 8 January 1993 (planting i'92F- 1413). Three 20-pod fruit samples of each 
pepper entry from each o lthe three plantings were evaluated. Pods were rinsed in tap water, 
blotted dry with paper towels, and imnersed ina I IXsodium hypochlorile solution for 2 iin 
followed by rinsing in(list illed water. The pods were immediately transferred onto awire screen 
in a plastic bag and incubated at room temperature lor 2 wk. Anlhracnose diagnosis was 
confirned by microscopic observations of conidial morphology f*rorn representative lesions. The 
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numbers oflpods with anthracnose were counted after the 2-wk incubation. The incidence of pods
developing postharvest anthracnose was determined For each INTI I)PE entry by averaging the 
results from the three 2()-pod samples from each planting and taking the mean ot the results from 
the three plantings. 

Disease response of inoculated fruit 
Asymptomatic pods were surface sterilized and incubated in the same way as described 

earlier. Three replications of" 1(pods each troim the 3(0 INTHIOIE no. 3 pepper lines were
inoculated and evaluatedI or their responses to C.glocosVJorioidsanrd C. ((l)sic,, separately. The 
experiment was cotn(ted twice using fruit harvested on 15 .anuary 1993 from plantingiP921
14A and X.anuary 1993 ticrmipl antin was inocunl ated by making a clusterice1'1'921 -14B.'ach p1(1u
ofoUr needle punctures near the center of the pod and placing (.2 ril ol a conidial suspension
(C.,hocosporioides or C. capsici) ()n the woulided area. I)isease severity ratings were made 2 wk
after inoculation using a (-4 rating scale: ()= no lesion; I = lesion < (0.5 cr; 2 = lesion (.5- 1)
cm; 3 = lesion 1.1 - 2.0 cii; and 4 = lesion > 2.1 cn. 

Results and Discussion 
There were 3(1 accessions in INTHOIPE no. 3, but only 27 evaluatedwere for disease 

developmuent troi latent in fections because insu Ifficient fruit ol accessions PIBC 450, PBC 463,
and PBC 519 were availahlbI for sampling. The average incidlence of'diseased pods developing
ais a result of latent inlfection over all entries was 33.1%, 12.2%, and 12.4%., respectively, for
plantings l1P92S.( 1511, i92F-I4A, I 92F-1413. AlthoLugh 1)0oth C. C(p.iCi and C.1I and 
glocoxl orioitIcswere observed as inci tats fant iracnose inall! 1l]ree planti gls, C..ooslorioides 
was lhe predominant patlhogn. The mean incidence olfdiseased pods for each entry froom the three
field planti ngs sht iws a wi(le range 1I reactions to anthracnose atong the pepper entries (table
7). The percentage cit po t ls developing anthracniose during Ihe 2-wk incubation period ranged 
among entries frm 2.2 o 37.91/(. Entries with the lowest percentage oIf inifected pols and
presumably the most resistant to anthracnose were IP3C 65 1(2.2(k), IPBC 495 (5.(1/,), 11(3C 417 
(6.8%), C (4352 (X.37, . PBC 552 ('.3%), and PBC 370 (8.8r). There is some reservation about
including C 04352 and PBC 552 in this group,because fruit oiflthese entries was not available for 
evaluation from the PIX)2SIUJ(5 13planting which had Ihe highes overall incidernce ofathracnose. 

Fruil of all pepper entries developed lesions tkd h wing inoctlation with spores of either C. 
capsiciorC /oca p)rioidcs.The average lesion sie on ascale (olf1-4((1= no lesion and 4= lesion 
> 2.(1 di ani) 2 wk after inoculation was 2.4 Icr C.capsici and 3.5 f'or C.gloosporioides over
all entries. The avera.,e lesion size fcr th_ varionus cltries ranged fro m 1.7 to 3.2 Ior C. capsiiand 
2.6 to 4.1 Ior C. ,,,lohospnoroide.,(table 7). There was ico correlation (r = .)75) between the 
ndividUal responses cltic 3(0 pepper accessins to the two pathogens, sug,,esting any resistance 

mechanism is likely Itobe expressed independeritly.
The perceolage of cpds developirg anthracnose from latent field inf ct ions for each of the 

pepper accessions was compared tc tile disease response, measured by lesion size, of the same 
accessions It toHwi rig wOUIld inoculation by the two patlhogens. There was no signilicant
correlation hetween Ihe incidence of field infeclion and lesion siZe induced by C.ctapsici(r=.416) 
nor C. gloco r.ioids(r = -. 178). Assuning that the incidence clpods developing antlhracnose 
bfrom latent field iiifecticos isa valid means 4fevaluating resistance, these results suggest that the 
pin-puntlure inocul meatin mietlid is not reliable for evaluatirig antiracnose resistance in pepper. 
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Table 7. Anthracnose reactions of INTHOPE no. 3 pepper lines 

Field _ Laborato ry inoculation 
Infected pods Lesion sizeb 

Entry Name percentagea C. capsici C. gloeosporioides 
PBC 651 Chili Hybrid-1 2.2 1.7 4.0 
PBC 495 Perennial HDV 5.0 2.3 3.3 
PBC 417 Ca 87067 6.8 2.2 3.3 
C 04352 P1441561 8.3 2.0 3.4 
PBC 552 Nabeul II 8.3 2.1 3.4 
PBC 370 PBC 370 8.8 1.7 3.4 
PBC 452 Cayenne Cajun 2 12.1 3.2 3.9 
PBC 595 Yuak 12.2 2.1 3.6 
PBC 074 Szechwan 8 12.2 2.6 3.5 
PBC 371 PBC371 12.8 2.8 3.8 
PBC 521 Tiwari II 12.9 2.4 3.7 
PBC 142 Pant C-1 14.1 2.6 3.7 
PBC 454 PBC454 17.1 2.0 3.6 
PBC 518 PSP-11 17.7 1.7 3.2 
C 01664 C 01664 18.7 3.2 3.6 
PBC 548 G-3 20.1 2.6 3.2 
PBC 137 CNPH 703 21.9 2.5 3.4 
PBC 461 KA 6-5 23.2 2.3 3.2 
PBC 535 IR 23.3 2.6 2.9 
PBC 597 Mun 27.0 2.6 3.8 
PBC 524 Serrano Huasteco 27.1 2.8 3.8 
PBC 473 PBC 473 28.2 2.7 3.5 
PBC 596 Luang 28.7 2.5 3.8 
PBC 485 MI-1 29.7 2.7 3.4 
PBC 474 Rotan 30.2 3.0 3.7 
PBC 523 Serrano Tampiqueno 31.9 1.8 4.0 
PBC 365 PBC 365 37.9 3.0 2.6 
PBC 463 Bako Localc - 3.6 3.4 
PBC 450 Cayenne Cajun 11 3.5 3.7 
PBC 519 Mexicoc 2.4 4.0 

Mean 18.4 2.4 3.5 
LSD (0.05) 19.7 (0.01) 1.2 (0.01) 0.7 
Correlation coefficients: 

Percentage infected pods with C. capsicilesion size: r = 0.416. 
Percentage infected pods with C. gloeosporioides lesion size: r = -0.178. 
C. capsiciwith C. gloeosporioides lesion size: r = 0.075. 

4Percentage of apparently healthy pods at harvest that developed anthracnose lesions from latent 
infections during a 2-week postharvest incubation. Values shown are based on observations of up to 
180 pods per entry, i.e., three 20-pod samples from each of three separate plantings. 

bLesion siz2 was scored on a 0 to 4 scale following wound inoculation of pods; 0 = no lesion; 2 = lesion 
diam < 0.5 cm; 2 = lesion 0.5-1.0 cm; 3 = lesion 1.1-2.0 cm; and 4 = lesion > 2.0 cm. Values presented 
are the means of two experiments, each replicated three times. Sample size was 10 fruit per 
replication.

Clnsufficient fruit available for evaluations; these entries are not included in the rank order. 
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Conclusions and Recommendations 
We have previously Tbserved that diflerences aniong pepper lines exist in their levels of

susceptihility Ioanthracnose based on disease incidence in the field and laboratory inoculations,
Even though rcsultts are soiewhat inconsistent in various trials and among evaluation nelhods for 
disease response, the pepper breeder has begun to incorporate some o1*he more resistant SoUrces 
into the breeding prograin at AVRI)C.Futtire patlology studies will concentrate on pepper lines 
ohserved inprevmios sltidies t( have resistnce ()antlraciose. Several isolates o IC.glo'oslVorioidet,
and C. culmici will be testel fIr their reactions on these pepper lines to deterinine whether disti nct
pathotypes exist aniong isolates oftlhe two fungal species. Additional studies will be conducted 
to refine the laboratory inoculation nictiodoogy. 

Evaluation of Pepper Entries in INTHOPE no. 3 
for their Reactions to Phytophthora capsici 

Summary 
'Thirty enlries in INTII( )I no. 3 were evaluated at the seedling stage in agreenhouse study

fuor their reactions to I'hyoplulhora ctpsici. The disease reaction of each entry w:', deterlined 
based on the percentage of surviving plants 14 I)AI (3()( ml of a It zoospores/ni su,;pension
applied to the soil surface olea, hi planter flat 3(0 I)AS). Uscl'l levels ol resistance were observed 
inlour entries: I1BC 370,113C 37 1,IBC495, and P3(7 535 in which more than 6()% of the plants
survived. 

Introduction 
lPhylophlthora blight of pepper caused by Phtvolgithora capsici is aseriotis disease of pepper

in both tropical and temperale cli males. The disease occurs in both rainfed and irrigated dry land 
pepper crops. The ftintus is soilborne and causes root rot, stei blight, foliar blight, an( fruit rot 
ofpepper. Thirty entries in INTit()PE'no. 3 were evaluated in this sttidy for their reactions to P. 
c'Upsici. 

Materials and Methods 
Seeds of the pepper lines to be tested were sown in asteani-sterilizeI soil mix, lour lines per

soil flat (32 x 4X cin),and thinned alter eniergence to 2(0 plants per line. Each line was replicated
Four times wili each replication planted in adi fferent flat and arranged in arandomized conplete
block design on a greeihouse bench. In addition to the 3(0 INTtI( )PE no. 3 lines being tested,
highly resistant W1I 2)1234) and highly susceptiblC (Queen Star) pepper lines were included as 
controls. 

T prepare in(culInii, isolate Pc-4 of1I'. (UCSiCi was grown On V-X juice agar in petri plates
fo(r I wk. Each plate colony along with the agar nieditin was cUt into lour equal sections and each 
seciol inoved aseptically to a sterile petri plate and diced into approximately 5 1n1 pieces.
Stilfhicienl sterile distillc(l water was poured into each plate to bring the level even withIthe tipper
surface oflthc agar blocks andithe plates were incubated with continuous ligiting at 28C' l"or24 
i lorsporangial development. The plates were then translrred to an inctuba r a 4±1'C'for 45 mini 
to trigger zoospore lorination and release. Water containing zoo)spres was decanited fron lhe 
plates and a(ljtisled toIIt1' zoospores/ni.

Plants were inoculated by drenching the soil stirface of each fHat with 3(0( nil (itthe 1)'
zoospores/mil suspension 3( days after seeds were sown. The disease reaction of each entry was 
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evaluated based on the percentage of surviving plants 14 )AI. l)isease reaction categories were 
based on the system described in the AVRDC 1989 Progress Report: highly resistant = 80- 100% 
survival, moderately resistant = 50-79% survival, moderalely susceptible = 30-49% survival, and 
highly susceptible = 0-29% survival. 

Results and Discussion 

Useful levels ofresistance were found in tour ol30entries tested (table 8). One line, PBC 370, 
was raled as highly resistant based on survival of 87.5% of the seedlings Iollowing inoculation. 
Three lines, 1113C 495, 113C 371, and P13C 535, were rated as moderately resistant with survival 
rates of 75.0%, 63.8%, and 61.8%, respectively. This study is a portion of a larger effort at 
AVRI)C to evaluate peppers for their reactions to Phylophlihora bliglt and to identify sources of 
resistance to 1). capsici in Capsicum spp. lor use in development of resistant pepper lines and 
cullivars. 

Table 8. Percentage survival of pepper plants among entries in INTHOPE no. 3 14 days after 
inoculation with Phytophthora capsici 

Entry Name/Source Survival (%) 
PBC 370 (Thailand) 87.5a 
PBC 495 Perennial HDV 75.0 
PBC 371 (Thailand) 63.8 
PBC 535 IR 61.8 
PBC 074 Szechwan 8 44.5 
C 01664 
PBC 474 

(Denmark) 
Rotan 

30.0 
26.8 

PBC 473 (Indonesia) 22.5 
PBC 461 KA-6-5 16.5 
PBC 142A Pant C-1 13.8 
PBC 597 Mun 12.5 
PBC 548 G-3 10.8 
PEC 596 Luang 8.8 
PBC 137 CNPH 703 6.3 
PBC 365 (Italy) 5.0 
PBC 454 (India) 2.5 
PBC 651 Chile Hybrid 1 2.5 
C 04352 PI 441561 1.3 
PBC 463 Bako Local 1.3 
PBC 518 PSP-11 1.3 
PBC 417 Ca 87067 0 
PBC 450 Cajuni 0 
PBC 452 Cajun2 0 
PBC 485 MI-1 0 
PBC 519 Mexico 0 
PBC 521 Tiwari II 0 
PBC 523 Serrano Tampiqueno 0 
PBC 524 Serrano Huasteco 0 
PBC 552 Nabeul II 0 
PBC 595 Yuak 0 
P1 201234) 100 
Queen Starc 0 
LSD (0.05) 12.9 
avalues based on 20 plants in each ot tour replications. 0Highly resistant control. 
'Highly susceptible control. 
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Development of Soybean Rust-Tolerant Lines 

Summary 
Soybean rust caused by Plkopsorapachiyrhi izi resulls in yield losses oftup to 95%. Extensiveresearch at AVRI)C and elsewhere has shown thal single-gene resistance is not dependable dueto multiple virulent genes in the pathogen. Soybean rust tolerance and partial resistance appearto be the solution to the problem. Breeding has made considerable progress in making selectionsfor rust tolerance. Utilizing the advanced yield trial data 'roin spring and autumn a rust toleranceindex (RTI) similar to a stress tolerance index (STI) was developed. The STI is able todiscriminate effectively Ihe high-yielding, rust-tolerant selections inenvironments with and 

without rust. 

Introduction 
The yield loss due to soybean rust caused by Phakobsoralachyrhizi has been reported to be5-95%. Four independent single dominant genes conlrring resistance to four specific races oftile soybean rust pathogen have been identified (Hartwig 19861).However, they were ineftectiveagainst other virulent races of the pathogen. Although rate reducing resistance has been identi fiedthe di fticullies associaled witlh he identification and quantification made us change the strategyand select genotypes tolerant to P.pachvrhizi instead. Tolerance to P.pachyrhizi intection wasdefined as the yiclding ability of soybean genotypes grown under severe rust stress relative tothose grown under no or mini-amum rust stress. The objective of this research is to select genotypeswith high yield potential wilh genes fOrpartial resistance and tolerant to soybean rust to minimize

the use of fungicides resulting in reduced production cost and yield increase. There is also a needto develop a reliable selection criteria for identifying holh high yield and rust tolerance.
In 1992 a stress tolerance index (STI) was lound to be a better predictor of soybean rusttolerance and high yield potential. STI is estimated as: (Yp * Ys)/(Yp) 2 where Yp = the yieldunder no-rust environment or potential yield; Ys = yield under environment with rust; and Yp = mean yield potential. The rust intensity (SI) was determined using one minus the ratio between

the mean yield in rust environment and mean potential yield I-(Ys/Yp). 

Materials and Methods 
Two advanced yield trials (AYT I and 2) were conducted in autunn 1992 and spring 1993.The planting dates and the number of entries evaluated are given in table 1. 

'Hartwig, E.E. 1986. Inheritance of a fourth major gene conferring resistance to soybean rust. Crop
Science 26(6):1135-1136. 
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Table 1. Planting dates and number of entries for AYT and IYT in 1991 - 1993 
Experiment No. of entries plus (checks) Dates of planting 
AYT 1 
AYT 1 
AYT 1 
AYT 2 

12(2) 
12(2) 
12 (2) 
11 (3) 

11 February 1992 
16 July 1992 
30 September 1992 
25 February 1992 

AYT 2 
IYT 1 
IYT 1 
IYT 1 

11 (3) 
51 (3) 
51 (3) 
51 (3) 

1October 1992 
27 February 1992 
16 July 1992 
2 October 1992 

IYT 2 
IYT 2 

39 (3) 
39(3) 

27 February 1992 
16 July 1992 

IYT 2 39 (3) 2 October 1992 
AYT 1 
AYT 2 

11 (3) 
11 (3) 

23 February 1993 
24 February 1993 

A split plot design with fungicide and no fuingicide as main plot and genotypes as subplots, 
with four replications was used. Entries were planted in 6-rn-long, six-row plots. The harvest plot 
size 'as 5 x 2 in (fIur middle rows). 

i'u ngicide-treated plots were allowed lo have only natural disease infection (i [any). The plots 
without fungicide were inoculated with soybean RIst pathogen irnocuhln i prepared by the plant 
pathology group. I)ata on percent soybean rust infection, grain yield, and )00-seedweight were 
collected and subjected to pooled analysis of variance to determine the source of variation for 
various components. In analyzing tile data. the genotypes, treatments and seasons were all fixed 
while the replication was considered random. 

Tie list tolerant index (TI) (AVRIC 19912) was calculated as follows: 

Yield (Ys) ,)rI00-seed weight (10()0 SWs) w/o fungicideRTI = x I(0 
Yield (Yp) or 100-seed weight (1()() SWp) with fungicide 

- Ys or I()0S\Vs x 10() 
Yp or I(0SWp 

A combined analysis of 1992 spring and autu in planting was conducted and an estimate of 
component of variance was also determined. 

Recently a statistical procedure was developed and reported for identifying genotypes with 
high yield and stress tolerance potential (Fernandez 1993-).The stress can be either drought or 
excess moisture. The stress tolerance index (STI) is estimated as: (Yp * Ys)/(Y p)2 where Yp= 
the yield under no stress environment or potential yield; Ys = yield under stress environment, Yp 
= mean potential yield. The larger the value of STI in astress environment, the higher was its stress 
tolerance and yield potential. Since soybean rust disease is also a stress condition for ite plant, 
this procedure was used to determine rust tolerance and yield potential. The relationship between 
RTI and STI was also inveslimaled. The rust intensity was determined from the ratio between the 
mean yield in a rust environment and mean potential yield l-(Ys/Yp). 

2AVRDC. 1991. AVRDC 1990 Progress Report. Shanhua, Tainan, Taiwan. 
'Fernandez, G.C.J. 1993. Effective selection criteria for assessing stress tolerance. In: Kuo, C.G. (ed.)
"Adaptation of Food Crops to Temperature and Water Stress: proceedings of an international 
symposium". Taiwan. 13-19 August 1992. p. 257-270, AVRDC, Tainan, Taiwan. 
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Results and Discussion 
Yield trial, 1992. The maximunm rust severity was 78% which is almost similar to 1991. The 

RTI varied fron 31 o 96 for yield and 69 t98 lor l00-seed weight. Percent rust lesion in fhe plot
with fungicide was 6-15% in AYT I while in A YT 2 it was 5-11%. Selections (C 8405 1-9- I and
(C 84058- I8-4 had an RTI olmore than 9()% ('orhoth yield and 100-seed weight. Five seleclions 
(GC 84(151-32- I, GC 86017-170- I N, (_ 86049-35-2- -1-8- IN, GC 84051-9-I, and GC 84(158
18-4) had an STI ot more than 0.80. In general, lie results appear to be similar to 1991. 

Combined analyvsis of the AYT (ita for spring and autum n 1992 showed that tie differences 
between genotypes (G), seasons (S), and reatlments (T) were highly significant for both grain
yield and 111()-seed weighlt, which is an important yield component inlluenced by soybean rust. 
Among the first order interactions, 6xS, VxT, SxT for yield and I(00-seed weight were highly
significant in both AYT I and AYT 2 (table 2). 

Table 2. Pooled analysis of AYT trial data in spring and autumn, 1992 
Source of variance Yield 100-seed w 

DF MS (106) F Pr>F DF MS (102) F Pr>F 
AYT 1 
Between genotypes (G) 13 0.1713 5.83 0.0001 13 0.914 57.58 0.0001 
Between seasons (S) 
GxS 

1 
13 

3.8923 
0.2206 

132.58 
7.52 

0.0001 
0.0001 

1 
13 

0.4847 
0.131 

30.53 
8.25 

0.0001 
0.0001 

R (S) 6 0.2688 9.16 0.0001 6 0.0826 5.2 0.0001 
Between treatment (T) 
VxT 

1 
13 

116.3142 
0.7128 

3961.88 
24.28 

0.0001 
0.0001 

1 
13 

31.7555 
0.175 

2000.42 
11.02 

0.0001 
0.0001 

SxT 1 33.8888 1154.32 0.0001 1 4.2957 270.61 0.0001 
TxR (S) 6 0.0146 0.5 0.8092 6 0.0355 2.24 0.0422 
SxVxT 13 0.0423 1.44 0.1459 13 0.0357 2.25 0.0098 
Error 156 0.0294 156 0.0159 
AYT 2 
Between genotypes (G) 13 0.9855 31.97 0.0001 13 3.2666 483.42 0.0001 
Between seasons (S) 1 41.0406 1331.23 0.0001 1 0.1986 29.39 0.0001 
GxS 13 0.3368 10.92 0.0001 13 0.0326 4.83 0.0001 
R (S) 6 0.2257 7.32 0.0001 6 0.0139 2.05 0.0617 
Between treatment (T) 1 40.7282 1321.1 0.0001 1 7.1894 1063.93 0.0001 
VxT 13 0.8761 28.42 0.0001 13 0.1422 21.04 0.0001 
SxT 1 3.8 123.26 0.0001 1 0.0754 11.16 0.0010 
TxR (S) 6 0.2773 9.0 0.0001 6 0.0155 2.29 0.0380 
SxVxT 13 0.1632 5.29 0.0001 13 0.0177 2.62 0.0026 
Error 156 0.0308 156 0.6757 
DF = degrees of freedom; MS = Mean square; F = F test; Pr=Probability 

A crilical review ol' the soybean rust tolerance screening resllts ill the past three years
suggested that oy" was the Ial jorcomponent otlvariance for yield in spring and autlUin. I lowever, 
in 199 i, tile 2S was the major component variance. But 1992 (lat a for both AYT 2 were similar 
Io file past three years except 1991 (table 3). The severity of soybean rust in both spring and 
aulumn is at1most similar in tile trealment without flingicide (AVRI )C 1993'). 

4AVRDC. 1993. AVRDC 1992 Progress Report. Shanhua, Tainan, Taiwan. 
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Table 3. 	 Estimates of the components of variance for yield 
inAYT, spring and autumn, 1992 

Component of variance Estimate (%)
 
AYT 1
 
-G 0.49 (0.0001)

02S 1.89 (0.0001)
 
Y2F 56.79 (0.0001)
 
*2GS 1.31 (0.0001)
 
o2GF 4.67 (0.0001)
 
o2SF 33.07 (0.0001) 
o2SFG 0.18 (0.1459) 
G2 1.60 
AYT 2 
o*2 G 	 5.61 (0.0001)a 
*2S 34.40 (0.0001) 
(Y2F 34.14 (0.0001) 
o2GS 3.59 (0.0001) 
o2GF 9.93 (0.0001) 
*2SF 	 6.32 (0.0001) 
o 2SFG 	 3.11 (0.0001) 
02 	 2.90 

aProbability level. 

The relationship between RTI and yicld ST'l and yicl(l; RTI and STI and SI are given in table 
4. For AYT I and 2 in aUtuin 1992 the relationship between RTI and yield and STI and yield were 
highly significant. However, RTI and STI were significant for AYT I in 1992 but not for AYT 
2. Soyhean rust intensity was higher for AYT I compared to AYT 2. 

Table 4. Correlation coefficient between RTI or STI and yield-without-fungicide and RTI and STI 
in different seasons and different years 

Year/season/trial Correlation between 
RTI and yield STI and yield RTI and STI st. 

1992 autumn AYT 1 0.95... 0.94- 0.79... 0.34 
1992 autumn AYT 2 0.77 ** 0.86- 0.35 NS 0.29 
1993 spring AYT 1 0.65" 0.891- 0.25 NS 0.30 
1993 spring AYT 2 0.87- 0.87- 0.52 NS 0.38 
Stress intensity = (1-(Ys/Yp]). 
*',-Significantat 5%, 1%, and 0.1% level, respectively. 

Three-I) plots with soyhean rust severity (Ys X-axis), yield with fungicide (potential yield 
Yp, y oxis), and STI (Z-axis) lor AYT I and AYT2 in autumn are presented in fig. I and 2. The 
X-Y plane is dividCd into four setments as reported by Fernandez (1993)by drawinp intersecling 
lines throus-h Ys an( Yp. The four resulling groups are marked A, BC,and(I). (;roup A genotypes 
in AYT I ((;C' 7(19-4-1(0-4, A(S 129, and SRIZl)-I 4B) expresse(d Lnilorm superiority in 
environments vith and wilhoutl rusl; in AYT 2 gen types ;C S6(149-35-2-I-1-8-I N and (C 
84(051-32-1 belone(d to (rou p A. (iroup B genotypes perflormed favorably only in the 
environment wil hout rust; (jroup (?genotypes yielded relatively high otily in a rus environmenlt; 
and Group I) genotypes perl)rfoe(I poorly in envi ronnie nts with an( witlhot rums. 
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G C0.420
1.89 	 2 GroupD =1.9 

YS=1.29 	 1.63 Y 

0.67Ys 

Fig. 1. 	 The 3-D plot among STI, Yp,and Ys under moderate conditions (Sl = 0.34), AY- 1, 
autumn 1992 

Group
 
A B C 
 D 

(8)a GC 87019-4-1 B-4 (1) GC 87018-20S-B-1 (3) SS 86054-23-2 (2) SS 86013-7-4 
(13) AGS 	129 (4) GC 87016-12S-B-2 (5) GC 87012-10-B-5 (6) GC 87016-11-B-2 
(14) SRE-D-14B (7) 87017-40-B-1 (12) GC 86004-9 (10) GC 87021-26-B-1 

(9) GC 87021-13-B-2 
(11) SS 84009-6-5 
(10) GC 87021-26-B-1 

"Numbers in parentheses are code numbers. 

http:Group2.25


151 Soybean Breeding 

STII
 

F.pan g roup A n10m c 2.58 

3 13 G;roupI BI 
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Fig. 2. The 3-D plot among STI, Yp, and Ys under moderate conditions (SI = 0.29), AYT 2,autumn 1992 

A B C D 

86049-35-2-1-1-8-1N(4) olGC (1) GC 86017-170-1N (6) GC 84051-9-1 (2) GC 84058-21-4 
(5) GC 84051-32-1 (10) GC 84040-16-1 (7) GC 84058-18-4 (3) GC 84058-21-2(11) GC 84040-7-1 (9) GC 86018-427-3 (8) GC 84040-27-1 

(12) AG S 129 
(13) AG S 302 
(14) SRE-D-1 4B 

8Numbers inparentheses are code numbers. 

, ield trial, 1993. The maxininm soybean rst severity was rather low compared to)most 
years (o)nly 59r/(). Seven entries ((jC ()()(X)2-1(00, G;C ()()138-29, G;C 600(20)-8-7-7-18, SRE-B
15C, SRE-C-56A, SRE-)- 14B3,and A(G, 3()2) in AYT I and one entry ((GC 84()59-18 -4) in AYT 

2 had an STI of more than (.8() fr yield. The relationship between RTI and yield was highly 
significant only for AYT 2, whereas STI and yield were highly significant for both AYT I and 
AYT 2. Rust inlensity (SI) was more for AYT 2 than for AYT 1. No relationship was observed 
between RTI and STI (table 3). 
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The three-D plots can be seen in lig. 3 and 4. A total of seven genotypes in AYT I and AYT 
2 belonged to Group A which expressed Unilform superiority in treatments wilh and without rust. 

STI 

9 

• 	 51 
1 61

0.950x 

12 

0.615-Z1 

2.35
 

0.280 	 Yp 

YS=I.71 	 1.42 

1.07 

Fig. 3. 	 The 3-D plot among STI, Yp, and Ys under moderate conditions (SI = 0.30), AYT 2, 
spring 1993 

. Group-

A B 
 C D 

(4)- GC 60020-8-7-7-18 (2) GC 82146-43-9-9 (9) SRE-D-1 4B (3) G 9947-21-9 
(5) GC00138-29 (4) GC 00002-100 (13) AGS 302 (8) SRE-D-14A 
(6) SRE-B-1 5C (11)269 
(7) SRE-C-56A (12) AGS 129 

(14) OCB 
aNumbers in parentheses are code numbers. 
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Fig. 4. 	 The 3-D plot among STI, Yp,and Ys under moderate conditions (SI = 0.38), AYT 2 
spring 1993 

Group 
A B DD 

(7)- G C G C 84058-18-4 (1) CC GC 86017-170-1N (2) GC 84058-21-4 (3) GC 84058-21-2 
(9) GC 86018-427-3 (5) GC GC 84051-32-1 (6) GC 84051-9-1 (4) GC 86049-35-2-1-1-8-1N 

(11) GC 84040-7-1 (8) GC 84040-27-1 (13) AGS 302 
(10) GC 84040-16-1 (14) SRE-D-14B 
(12) AGS 129 

'Numbers 	 in parentheses are code numbers. 

AYT, 1992. The results of the analysis o1 variance for spring arid sIimmer; sutinuer and 
autumn; and spring, suimer, arid aMtrn1i 1992 for AYT I are present ed intables 5-7. As in the 
past years, highly signilicant differences were observed between geriolypes ((G) and between 
seasons (S),arid the (ixS interaction was alsO si&'niicarit for yCl arid lI)-sced weight (tables 
5-7). Ihe estimates olcomp nents of variance Ir yield in A YT I were calcutated as shown in 
table 8.The proportion of variance (Inc to seasons for yield was substantial compared to thatl (IC 
to G or GxS. The differences in environmental conditions between years and seasons iInflueIce 
the performance of the genotypes considherably. The (lirection of breeding should be geared 
toward selection for speci fic season adapted genotypes. Iloweve, the gen()type should be less 
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sensitive to photoperiod and temperature within a given season. The mean yield of genotypes is 
shown in table 9. Two genotypes, GC 87019-4-1 [3-4 and GC 86004-9, have adapted to multiple 
seasons combined with levels of resistance to both downy mildew and bacterial will (table 9). 
Although these genotypes have adapted to multiple season, the stability analysis for yield showed 
that possibly only GC 87() 16-12S-2B had yield stability regardless of environment. 

Table 5. Combined analysis of variance of AYT 1 data from spring and summer 1992 
Source of variance Yield 100-seed wt 

Between genotypes (G) 
Between seasons (S) 
GxS 
Error 

DF 
13 
1 

13 
78 

MS (106) 
0.0919 

53.6558 
0.2543 
0.0358 

149

F 
2.57 
9.69 
7.11 

Pr>F 
0.0053 
0.0001 
0.0001 

DF 
13 
1 

13 
78 

MS (102) 
0.0644 
2.0657 
0.0121 
0.0012 

F 
54.24 

1739.37 
10.21 

Pr>F 
0.0001 
0.0001 
0.0001 

Table 6. Combined analysis of variance of AYT 1 data from summer and autumn 1992 
Source of variance Yield 100-seed wt 

DF MS (10") F Pr>F DF MS (102) F Pr>F 
Between genotypes (C) 13 0.0752 2.75 0.0029 13 0.0479 73.77 0.0001 
Between seasons (S) 1 3.2892 120.41 0.0001 1 1.2758 1963.49 0.0001 
GxS 13 0.1696 6.21 0.0001 13 0.0058 8.93 0.0001 
Error 78 0.0273 78 0.0006 

Table 7. Combined analysis of AYT 1 trial data in spring, summer, and autumn 1992 
Source of variance Yield 100-seed wt 

DF MS (106) F Pr>F DF MS (102) F Pr>F 
Between genotypes (G) 13 0.0948 2.63 0.0030 13 0.0909 86.95 0.0001 
Between seasons (S) 2 29.1068 806.28 0.0001 2 1.1454 1095.5 0.0001 
GxS 26 0.1893 5.24 0.0001 26 u.u096 9.21 0.0001 
Error 117 0.0361 117 0.001 

Table 8. Percent contribution of each component of variance to the total variunce for yield of 
AYT 1, 1992 

Component of variance SP + SU SU + AU SP + SU + AU 
o2G 0.66 (0.0053) 4.71 (0.0029) 1.22 (0.0030) 
C2S 90.76 (0.0001) 45.82 (0.0001) 86.4 (0.0001) 
a2SG 5.18 (0.0001) 27.97 (0.0001) 6.38 (0.0001)
02 3.39 21.49 6.0 
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Table 9. Promising selections from the combined analysis of AYT 1 in spring, summer, and 
autumn 1992 

Adaptation to seasons Yield Days to 100-seed Disease reaction 
(t/ha) maturity wt (g) DM BP Rust (%) 

Spring, summer, and autumn 
GC 87019-4-1B-4 2.3aa 100c 21.7c R MS 36 
Summer and autumn 
GC 86004-9 1.8 a-d 97 bc 16.4 i MR R 35 
Spring and autumn 
GC 86004-9 1.9 a 102 ab 17.9 g MR R 35 
Spring and summer 
GC 87019-4-1B-4 2.4 a 101 c 20.8 d R MS 36 
GC 86004-9 2.4 a 103 ab 17.4 f MR R 35 
aValues followed by the same letter are not significantly different from each other at 5% level (DMRT). 

Incorporation of Bacterial Pustule and Downy Mildew Resistance 
into Advanced Lines 

Summary 
One of"he major objectives of AVII)C's soybean programn is to combine resistance to 

bacterial pust ule (B P) and downy mildew (I)N/1) wi h high yield. This isin addition to incorporating 
adaptation to more than one season andtolerance to soybean rust. A number ofentries have bcen 
cntcrcd into advanced and inlermcdiale yield trials. The analysis of thc data Irom different seasons 
confirlnc(lour prcvious findings thatl spring is Ihc highesl yicling scason followcd by sumner and 
autumn. Txwo selections, (C 8 7(19-4- 1B-4 and (IC86004-9. have atalpli1n to multiplC seasons 
with iesislance to Bl and I)N. (C 87016-12S-2B proved to have stable hipih yield across 
environicnts. Selections G C6() 17- 170-IN, C 84040-27- 1, i Ihad high yieldand (;C 4040- 16-
and resislance to [3l and I)N and tolerance to soybean rust. Several selections with multiple 
disease resislance and high yield were observed in the intermediale yield trial. 

Introduction 
In Asian countries baclerial puslule caused by Xanthomonas i)/lUs'oli var..sojensis is a 

serious (lisease during Ihe hol-wel season. I)owny mi ldew incited by PJ'IvoIospo Illswhllliwa 
occurs in most growing areas. Resistance to BP is controlled hy a si gle recessive allele (irxp) 
while resist tance to I)NI is governed by asingle doini nant allele (Rpm). At AVRI)C tihe obJective 
of'lthe varicall (cvclplicnnt pr. jcct includes Ilic select ion fbr speci fic season and multiple season
adapted lines with high yield polcntial and multiple lisease resistance. 

Materials and Methods 
Types of grain soybean trials conducted, nunber of eilries evaluated and their respective 

sowing (lates are given in table I. The advanced yield Irials (AYT) (luring Fhebruary and August
planting were condluctcd using a split-plot design with fungicidc and no fungicide as minv in plots 
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and genotypes as subplots. Four replications were used. In the .uly plnting, AYT was planted 
using RCBI) with ibur replications. They were planted in 6-m-long, six-row plots. The harvest 
plot size wats 5 x 2 1n (four middle rows). 

The interniediate yield trial (IYT) was planted in RCBI) with two replications. Each 5 x 2 In 
plot was composed of four rows. 

Results and Discussion 

AYT'l', 1991-93. The yield (lata from spring, suiner, and autumn 1991 AYT; spring and 
autumn 1992 AY' 2; and spring 1993 AYT 2 were analyzed together to undersltand the GxE 
interaction. The combined analysis of variance confirmed our previous findings for individual 
year analysis that seasonal factors are highli ysignificait foryield. I)ifferences hetween genotypes 
and GxS interaction were also highly significant (lable 1(0). Higher yields were obtained from 
spring llOwll d ) summer and autunmt (tble 11). 

Table 10. Combinpd analysis of variance of AYT data from spring 1991 to spring 1993 
Source of variance Yield 

DF MS (x101) F Pr>F 
Between season (S) 
R (S) 
Between genotype (G) 
SxG 
Error 

5 
18 
13 
65 

234 

9.0076 
0.1561 
1.3133 
0.2612 
0.0537 

57.71 
2.90 

24.44 
4.86 

0.0001 
0.0001 
0.0001 
0.0001 

Table 11. Mean yicld of genotypes in different seasons and years 

Year and season Mean yield (t/ha) 
1991 spring 2.7 ba 
1991 summer 2.6 b 
1991 autumn 2.2 c 
1992 spring 3.2 a 
1992 autumn 2.1 c 
1993 spring 2.6 b 
'Values followed by the same letter are not signilicantly ditterent at the 
5% level (DMRT). 

The estimates of components of variance for yield showed that the proporlion of 
variance due to seasons was the largest while that itle to genotyjpes was next to season. 
Three genotypes, (;C 8(017- 170- 1N (2.9 t/ha), (C 84040-27- 1(2.9 t/ha), and GC 84040
16-1 (2.8 lha), had sigilificantly higher yield than the check varieties (2.4 /ha). Their 
stanlard Lrror of b in the stability anily,sis was also Siglifictart siggesti g that they are 
slahle. A, long tlie three (;C 86() 17 170- IN has the highest yield and has the hest stability 
(fig. 5). It has moderate resistance to I)M and 11P, and the lowest rust percntnlage (3 1 l). 
Hlowever, according to 3-I) plotting of potential yield, yield wit h rust stress, ad rust Sre,,sS 
index, (C 800 17-170- IN belonged to group B which perlofornied lavorahly only with 
fuIn ic idet treatlleit. 
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Fig 5.The relationship of variety adaptation (regression coefficient) and variety mean yield in 
AYT; 14 soybean varieties grown in six seasons from spring 1991 to spring 1993 

Evaluation of the same genotypes can be condLucted in more locations for at least two years 
so that reliable rust-lolerant high-yielding lines could be selected. 

IYT1 I and 2, 1992. A combined analysis of spring, summer, and auLumn IYT 1,and IYT 2 
showed that there were highly significant diflferenc,-s for yield and 100-seed weight between 
genotypes, seasons, and GxS. However, in both IYT I and IYT 2 the prolx~rtion ot variance due 
to seasons was predomitnan for both yield and I(X-seed weight (table 12). Promising selections 
with resistance to BiP and )M are shown in tables 13 and 14. The highest yield was 3.5 I/ha in 
109 days by (GC87031-3-9 in IYT 2. 
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Table 12. Combined analysis of IYT trial data in spring, summer, and autumn 1992 
Source of variance Yield 100-seed wt 

DF MS (106) F Pr>F DF MS (102) F Pr>F 
AYT 1 
Between genotypes (G) 53 0.5835 10.28 0.0001 53 82.0333 95.59 0.0001 
Between seasons (S) 2 158.2793 2789.63 0.0001 2 1054.5075 1228.77 0.0001 
GxS 106 0.2399 4.23 0.0001 106 4.4648 5.2 0.0001 
Error 159 0.0567 159 0.8582 
IYT 2 
Between genotypes (G) 41 29.4849 9.09 0.0001 41 134.9722 151.96 0.0001 
Between seasons (S) 2 285.9437 3356.43 0.0001 2 1343.6402 102.47 0.0017 
GxS 82 17.2606 2.66 0.0001 82 6.1195 6.83 0.0001 
Error 123 0.0791 123 0.8882 

Table 13. Promising selections from IYT 1, autumn 1992 
Entry Yield Days to 100-seed Disease reaction 

(t/ha) maturity wt (g) DM BP 
GC 87033-8-B-2 2.9 108 13.4 MR MS 
GC 87033-21-1-1 2.7 106 11.7 MR R 
GC 87036-2-2 2.4 100 23.3 R MR 
GC 87034-1-2 2.4 99 17.9 R MR 
GC 88037-35-1-1 2.4 103 24.9 MR MR 
GC 87032-1-1-2 2.3 100 14.3 R MR 
GC 87033-22-B-3 2.3 103 13.1 MR MR 
GC 87033-22-B-4 2.1 101 14.3 MR MR 
AGS 302 (ck) 2.1 100 25.3 R MR 
AGS 129 (ck) 2.0 99 18.1 HS HR 
AGS 181 (ck) 1.8 87 15.5 R MS 
Mean of 54 entries 2.2 102 17.6 
c.v. (%) 7.7 2 3.7
 
LSD (0.05) 0.4 3 1.3
 

Table 14. Promising selections from IYT 2, autumn 1992 
Entry Yield Days to 100-seed Disease reaction 

(t/ha) maturity wt (g) DM BP 
GC 87031-3-9 3.4 109 10.8 MR MR 
GC 87032-2-10 2.8 105 10.8 R MR 
GC 87023-2-2 2.8 102 12.0 MR MS 
GC 87027-3-7 2.4 98 12.5 MR MR 
GC 86004-727-1 2.4 104 19.7 R MR 
GC 88041-11-4-1 2.3 105 19.1 R R 
GC 87027-3-6 2.3 104 9.4 MR R 
GC 87030-1 S-1 2.2 104 19.2 R MR 
GC 87027-1S-1 2.1 100 10.4 R MR 
373-1 2.1 99 18.8 R MR 
AGS 302 (ck) 2.0 99 25.5 R MR 
AGS 129 (ck) 2.0 99 18.0 HS HR 
AGS 181 (ck) 1.6 87 14.5 R MS 
Mean of 42 entries 2.1 100 18.2 
c.v. (%) 10.1 2 4.2
 
LSD (0.05) 0.4 4 1.5
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Breeding Appropriate Vegetable Soybean 

Summary 
Vegetable soybean (I1nown as edaname in Japan, muot~oi in China, and pool kong in Korea) 

is one of the tastiest syloods in the East. It has gr'at potential to enhance the nutritional health 
in the developing c(;untries of Asia and Africa. Many Asian, African, and American countries are 
currently using gr,,in soybeans as vegetable soybeans. Therelore, AVRI)C's vegetable soybean 
program is specifically directed to develop varieties adapted 1kr the tropics and subtropics with 
high yield potential disease resistance and good consumer qualities. A total of1726 crossed seeds 
From 54 hybridizations were obtained. Selections from the crosses were entered into advanced 
and intermediate yield trials at AVRI)C and at Kaohsiung )istrict Agricultural Improvement 
Station ()AIS) in spritng and autoImn iI.ligher yields were obtained at AVRI)C but low yields at 
Kaohsiung (IA) IS) during spring. l)uring autumn high yields were obtained at Kaohsiung DAIS 
and low yields at AVRI)C. Since pholoperiod is almost similar in both locations, it is likely that 
temperature and edaphic factors were responsible for these di fferences in yield. New breeding 
lines with standard pod yield of up to 9 I/ha have been identified in the 1992 trials. In the 1993 
trials, the standard pod yield were up to 1I0.5 tlha in selected entries. The quality characteristics 
are highly location and season specific. It is essential to understand the heritability olthese traits 
to systematically design the breeding melhod to combine desirable quality trails. 

Introduction 

Vegetable soybean is soybean harvested after the I§ and before R7 growth stage while the 
pod is still green and the seeds have developed to fill 80X-90% of the pod. It has great potential 
to enhance the nutritional value olmost cereuai-based (iets, particularly in developing Asian and 
AlriL .n countries. Itcan be cooked anid eaien as a snack. The green beans can he shelled, cooked 
alone or withi meat and other vegetables. They have a slightly sweet taste compared to grain 
soybean. In the past, vegetable soybeans adapted to the tropics were unavailable. Ihierefore, 
many countries used grain soybeans as vegetable soybeans. 

AVRJl)C's vegetablesoybean program is (lesigne(l specifically for le tropics arid subtropics. 
The spin-off from the program could be used for temperate environments as well. The major 
breeding objectives in developing tropical and subtropical vegetable soybean !ire higher yield 
potenlial, disease resistance, and good consulnerqualities. The horticultural quality c.aracteristics 
include poo and seed color, appearance, flavor, texture, laste, size of pod and sed, fInd tihe 
number of seeds per pod. 

High yield and (fUalily characters are some of the criteria used for making nl(w cross 
combinations. Selections from F, to F. generations are used to cross with better quality vegetable
soybean to incorporate (luality characteristics. Large-pod soybeans fronm the tropics are used as 
one parent to reiain le tropical adaptation, while temperate vegetable soybeans are used as tlhe 
other parent. Bacterial pustule, downy mildew, and soybean rust resistance/tolerance are the other 
objectives in crossing. 

Vegetable soybean breeding activities include greenhouse and lield observation of new 
accessions, generation advance, pedigree evaluation, quality assessinent in ilie laboratory, and 
yield trials. Yield trials were conducted both at AVRI)C and at Kaohsiung DAIS. The results of 
crosses and yield trials are presented here. 
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Materials and Methods 
Selections fron F, generation ol'crosses between large-seeded Neu Ta Pien from China were

crossed with Ryokkoh which has excellent and desirable green color. Similarly, F, selections 
fron large-seeded Tanbagiro from .apan were also crossed wilh Ryokkol. OCB fron Thailand 
crossed with Neu Ta Pien was crossed wilh Kaohsitng No. 2 to improve the size and color. 

Sonic of the varielies adapted to Thailand (such as TVB-5, White Lion, and KPS 292) have 
heen crossed with oflher promising crosses with large seed and good quality such as Ryokkoh.

In 1992. AYT lor vegetable soybean (AYT VS) and IYT for vegelable soybean (JYT VS) 
were conducled al AVR I)C and Kaohsiung I)AIS. In 1993 AYT VS was conducled at Kaohsiung
I)AIS. The number of ntries and their planting dates are given in table 15. All trials were 
conducled using RCBI ). AYT VS had four replications while IYT VS had two replications. AYT
VS trials were planted in four-row plots of 5 x 2 i, and the harvest plot size was 5 x I in (the middle 
two rows). IYT VS was planted in ftour-row plots of 3 x 2 n. AVRI)C's suggested cultural
practices were followed at AVRID)C. At Kaolhsiung I)AIS, vege,ahle soybean was planted
Following rice without land preparation. Observalions were made on days to R1 and R,growth
stages; I00-sced weighl at R, growth stage: graded pods (two-seeded unblemished pods); weight
and total plant weighl were taken for live rand mily chosen plants for each variety from each 
replication. Numher ard weiglt olone-, tw(o- and three-seeded po(ls, and pod length and width 
of two- and lhree-sceded p(ods were noted. Numtber and weighl of damaged pods, as well as 
harvest index for grad(le pod and t(tal pod were also calculaled. 

Table 15. 	 Details on number of entries and planting date for vegetable soybean
yield trials at Kaohsiung DAIS and AVRDC, 1992 and 1993 

Experiment No. of entries plus (checks) Dte of planting 
1992 
AYT (AVRDC) 
AYT (KS DAIS) 
IYT (AVRDC) 
IYT (KS DAIS) 

15 (3) 
15(3) 
21 (3) 
21 (3) 

1October 1992 
6 October 1992 
2 October 1992 
8 October 1992 

1993 
AYT (AVRDC) 
AYT (KS DAIS) 
IYT (KS DAIS) 

11 (3) 
11 (3) 
13 (3) 

1 March 1993 
10 February 1993 
10 February 1993 

All ihe data frot each localion were analyzed. Whenever seasons were involved, a combined 
analysis was done and estimates of components of vari antce were determi ned for graded pod yield. 

Results 	and Discussion 
A total of1726 crossed seeds from 54 cross conbinations were obtained. Seven crosses were 

made specifically as part of the ROC Council of Agriculture's special prolject. Majority of Ihe
remaining crosses were tuade for adaptation to the tropics and to combine resist ance/tolerance 
to downy mildew, bacterial pustule an( soybean rust. 

Yield trials, 1992. Estimates (oilthecomponents of variance for standard po)d yield for AYT 
in spring and aLuinln 1992 showed that at AVRI)C lhe proportion of variance (]ue to season was 
the largest followed by genotypes and GxS (table 16). However, at Kaohsiung l)AIS the
proportion of variance due to GxS was the largest foliowed by genotypes and the season was the 
lowest, although it is also highly significant (table 16). 
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Tables 16. Estimates of the components of variance for 
standard pod yield of AYT VS, 1992 

Component of variance SP + AU estimate 

AVRDC 
o2G 26.06% (0.0001) 
G2S 47.68% (0.0001) 
ci2SG 14.36% (0.0001) 
a2 11.90% 

Kaohsiung DAIS 

*2G 	 20.93% (0.0001) 
*2S 	 6.71% (0.0001) 
02SG 	 54.93% (0.0001) 

2 	 17.43% 

A combined analysis ol'spring and autumn at both locations for stan(lard pxod yield, 100-seed 
weight, total pod yiel(d and biomIass yield showe(d that the di ITerences between (, S, locations (L), 
and all the first ordr and second ordr interactions were highly significant (tables 17a and 17b). 
The estimates of the components of varianice are presented in table 18; all of them are highly 
significant. For standard pod yield the maj( )r component of variance was -2I .. Kaohsiung I)AIS 
had higher yield than AVR I)C. But for l(10-seed weight and pod yield (3'S was the highest. For 
total biomallss CFS had 30/c and &T-SI, 42% of tle variance. The results of tile 1992 AYT data 
contradicted those of 1991. 

Table 17a. 	 Combined analysis of AVRDC and Kaohsiung DAIS of AYT VS, spring and autumn 
1992 

Source of variance Standard pod yield 	 100-seed wt 

DF MS (106) F Pr>F DF MS (10) F Pr>F 
Between genotypes; (G) 17 6.9093 17.88 0.0001 17 2.6820 16.79 0.0001 
Between seasons (S) 1 108.7258 281.3 0.0001 1 85.5868 535.66 0.0001 
GxS 17 3.2416 8.39 0.0001 17 0.9259 5.79 0.0001 
Between location (L) 1 493.5440 1276.91 0.0001 1 27.5158 172.21 0.0001 
SxL 1 40.7442 105.41 0.0001 1 1.2535 7.85 0.0056 
VxL 17 5.1507 13.33 0.0001 17 1.6252 10.17 0.0001 
VxSxL 17 3.4779 9.0 0.0001 17 1.5447 9.67 0.0001 
R (SxL) 12 0.4667 1.21 0.2796 12 0.1074 0.67 0.7769 
Error 204 0.3865 

Table 17b. 	 Combined analysis of AVRDC and Kaohsiung DAIS of AYT VS, spring and autumn 
1992 

Source of variance Pod yield 	 100-seed wt 

DF MS (106) F Pr>F DF MS (10) - F Pr>F 

Between genotypes (G) 17 9.6822 17.35 0.0001 17 66.6018 32.8 0.0001 
Betwee'n seasons (S) 1 428.5216 767.8 0.0001 1 1825.9105 899.14 0.0001 
GxS 17 3.7059 6.64 0.0001 17 8.0434 3.96 0.0001 
Between location (L) 1 87.2505 156.33 0.0001 1 128.1945 63.13 0.0001 
SxL 1 160.8865 288.27 0.0001 1 1249.4852 615.29 0.0001 
VxL 17 5.9046 10.58 0.0001 17 22.5910 11.12 0.0001 
VxSxL 17 2.7293 4.89 0.0001 17 7.4570 3.67 0.0001 
R (SxL) 12 0.8449 1.51 0.1212 12 4.0287 1.98 0.0272 
Error 204 0.5581 204 2.0307 
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Table 18. 	 Estimates of the components of variance (%)for AVRDC and Kaohsiung DAIS of AYT 
VS,spring and autumn 1992 

Component of variance Standard pod yield 100-seed wt Pod yield Biomass yield 
C

2G 6 9 7 10 
o2S 10 34 35 30 
Y2L 47 11 7 2 

0
2GS 5 26 5 

a2GL 8 10 8 6 
o 2SL 	 8 1 26 42 
a2SLG 	 11 20 6 3
a2 	 5 9 6 5 

The differences in maximum and minimum temperature between AVRI)C and KaohsiungDAIS are shown in fig. 6. In spring the temperature is slightly higher in Kaohsiung DAIS than 
at AVRDC. Although the maximum temperature in the autumn was higher at Kaohsiung DAIS,
the minimum temperature was almost the same. The soil at Kaohsiung DAIS is clay loam and isbetter in inherent fertility than at AVRDC which is calcareous with low organic matter. These 
factors together with differences in genotypes resulted in the variability of performance between 
years and locations. At least at present, a widely adapted single vegetable soybean is unavailable 
among the new genotypes. 
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in 1992 
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At AVRI)C GC 87009-8-4-2 had significantly higher standard pod yield (7.3 t/ha) than all 
the three checks, but almost all the entries except GC 87010-34-3-1 outyielded KS No. 1. All
selected genotypes were 3 to 11 days later maturing than KS No. 1; GC 87009-8-4-2 matured 81 
[JAS, the same as KS No. 2 and No. 3. 

At Kaohsiung DAIS the standard pod yield of GC 87010-34-1 (8.7 t/ha) was significantly
higher than those of the checks KS No. Iand KS No. 2. GC 86057-6-1-9 had a standard pod yield
of 8.6 t/ha in 65 days, three days earlier than KS No. 1. 

In general, protein content of vegetable soybean was lower (38- 43.3%) at AVRDC than at 
Kaohsiung DAIS (41.7-44. 1%). Similarly, the fat content was also lower at AVRI)C (I ,.01,
19.3%) than at Kaohsiung )AIS (18.2-19.5%). But sugar and starch contents were higher at 
AVRI)C than at Kaohsiung DAIS. A color value ofbelow 3.5 was acceptable. The lowerthe value 
the darker is the green color which is preferred by consumers. Fiber content and hardness should 
have lower value tor better copsumer acceptance.

Analysis of the spring and aulunn AYTdata from AVRDC lor quality traits showed that the 
genotypic differences were highly significant for (try matter, protein, sugar, color value and 
hardness (tables 19a- 19c). The data suggest that the proportion of variance due to seasons was 
highest for all quality attributes. Only for dry matter and hardness was the proportion of variance 
due to GxS high followed by genotypes (table 20). The results suggest that the quality characters 
are influenced by specific seasons and environmental fluctuations between years. The conclusion 
is substantiated by nonsignificant correlation locations for all qualityfill, between the two 
attributes (table 21). Therefore, quality traits are highly location specific. Further studies are 
needed to determine the heritability of these traits so that appropriate breeding methods can be 
used. 

AYT VS, 1993. In spring, the yield differences between AVRI)C and Kaohsiung DAIS were 
dramatic. At AVRDC, there were no significant differences between the highest yielding
genotypes and the check varieties. However, some of those with yields up to 10 t/ha need to be 
reexamined at other locations. )uring spring AVR1)C is a higher yielding location than 
Kaohsiung DAIS. 

IYT VS, 1992. Unlike the AYT VS spring data, the results oflIYT VS were quite the opposite.
Graded pod yield at AVRI)C was considerably lower than at Kaohsiung DAIS. The highest yield
at AVR1DC was 5.6 t/ha while at Kaohsiung DAIS it was 9.0 tlha. Although the yield differences 
were not significant among the selected high yielding entries and the check varieties, some of the 
newer selections had higher sugar content than the check varieties. 



Table 19a. Combined analysis of AYT vegetable soybean trial data, spring and autumn 1992 
Source of variance . .. . Dry matter .. Protein Fat 

DF MS F Pr>F DF MS F Pr>F DF MS F Pr>F 
Between genotypes (G) 17 5.7983 4.37 0.0001 17 6.9236 4.32 0.0001 17 1.0947 1.93 0.0229 
Between seasons (S) 1 0.611 0.46 0.4991 1 110.32 68.85 0.0001 1 111.496 196.94 0.0001 
GxS 17 7.0803 5.33 0.0001 17 7.6454 4.77 0.0001 17 0.8338 1.47 0.1199 
Error 102 1.3281 102 1.6024 102 0.5661 

Table 19b. Combined analysis of AYT vegetable soybean trial data, spring and autumn 1992 
Source of variance ... ... Sugar Starch Hardness 

DF MS F Pr>F DF MS F Pr>F DF MS F Pr>F 
Between genotypes (G) 17 1.6651 2.61 0.0015 17 1.2037 1.6 0.0767 17 0.0404 1.2 0.2788 
Between seasons (S) 1 73.345 115.06 0.0001 1 49.444 65.87 0.0001 1 19.6028 581.2 0.0001
GxS 17 1.1627 1.82 0.0346 17 1.9531 2.6 0.0016 17 0.0577 1.71 0.0524 
Error 102 0.6375 102 0.7506 102 0.0337 

Table 19c. Combined analysis of AYT vegetable soybean trial data, spring and autumn 1992
 
Source of variance 
 Colo r value Hardness:
 

DF MS F Pr>F DF MS F Pr>F
 
Between genotypes (G) 17 0.1163 2.85 0.0006 17 1.3716 9.69 
 0.0001
 
Between seasons (S) 1 0.8867 21.72 0.0001 1 6.3085 44.57 0.0001
 
GxS 17 0.0899 2.2 0.0080 17 1.4985 10.59 0.0091
 
Error 102 0.0408 102 0.1415 
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Table 20. 	Estimates of the components of variance (%)for chemical content of AYT vegetable 
soybean, spring and autumn 1992 

Component Dry Protein Fat Sugar Starch Fiber Color Hardness 

of variance matter value 
C;2G 16.82 12.67 3.11 6.81 3.35 0.32 14.29 20.83 
a2S - 28.54 68.45 52.88 37.99 86.81 14.29 12.5 
02SG 43.24 28.54 3.11 6.81 16.76 3.22 14.28 47.22 
Go 
2 39.94 30.25 25.33 33.5 41.9 9.65 57.14 19.45 

Table 21. Correlation between AVRDC and Kaohsiung DAIS AYT VS,autumn 1992 
Pearson correlation coefficient 

Dry matter Protein Fat Sugar Starch Fiber Hardness 
-0.164 0.020 0.175 0.266 0.176 -0.091 -0.104 

NS NS NS NS NS NS NS 

Breeding for Limabean Pod Borer Resistance in Soybean 
Using Brazilian Lines 

Summary 
Among tie pests o fsoyhean litnabean pd(I borer, Etiellazinckeela isserious since it directly 

alTects the economic product: pods and seeds. Control of the insect by conventional means, 
including insecticide, is difficult due to its concealed feeding habit. Soybean lines resistant to 
stink bug developed using P1 227687, an insect-resistant line, were used as parents in crosses with 
AGS lines to develop limabean pod borer-resistant lines. F, generation pedigrees selected for 
least limabean pod borer damage were used for further selection. Progenies ol 33 F, pcligrees 
in F.were screened lor pod borer damage. Pod borer danage ranged from () to 88%. Both the 
Brazilian resistant parent and the susceptible A(GS lines had no pod damage. It is likely that 
resistant alleles are present in bolh susceptible and resistant parents. Using a truncation point of 
less than or equal to 5% darnaged pods, effective seleclion intensity for dilerent crosses varied 
from 0.9 to 1.6. Results suggest that some crosses such as GC 90()014 and GC 90()(4 have higher 
lavorable gene frequencies than other crosses. 

Introduction 
Limabean pod borer, Etiellhzinckem'la, is aserious pest of'soybean and several other species 

of legumes intropical to subtropical Asia. Adults lay eggs on green pods and larvae bore inside 
and feed on developing seeds. Fully mature larvae escape the pods and pupate inthe soil. Because 
of its concealed Iecedinrg arld pupation liabits, this insect is difficult to control by conventional 
means, including insecticide use. Therefore, research at AVI)C aims at breeding pod borer
resistant soybean cullivars. I )espile repeated screenings of soybean germupl asm, a truly resistant 
soybean accession has not been lound. 

In 1993, F,generalion from crosses belween AGS lines and slink bug-resistant lines frori 
Brazil were screened For resistance to limabean pod borer. These were derived from 54 F4 
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pedigrees from six crosses. Among them, 33 pedigrees were selected as least damaged by the
limabean pod borer. In the F3 and F4 generations also the statistical analysis of the data indicated 
that there was no correlation between seed size and percentage of pods damaged by tile pod borer.
Therefore, tile data suggested that true genetic resistance to tile pest is present in the selections.
To ascertain further segregation for resistance the progenies of 33 pedigrees were screened. 

Materials and Methods 
A parcel of land was rototilled and 0.75-rn-wide beds were Fbrmed. Tile beds were divided

into 13.5-m-long single-row plots. Seeds of progenies of 33 F4 pedigrees from six crosses were 
sown at a spacing of 10 cm between plaits within tile row. Susceptible check KS 9, Four
susceptible parents -AGS 129, AGS 313,269, and AGS 327- and three resistant parents were
planted in each plot with other entries once at the beginning of the trial, then again at 3 wk and
6 wk after tile first planting to compensate lor differences in damage due to differences in days
to maturity. Amonth aflertie first planting (15 .anuary 1993), the entire planted area was covered
by a 2-m-high fine mesh nylon net cover. At irregular intervals throughout the pod filling and
maturing period, a large number of laboratory-reared limabean pod borer adults were released
inside the cage to initiate insect infestation. At full maturity, individual plants were harvested 
separately and tho I, al number of pods and damaged [x)dls were recorded; the percent of damaged
pods was calclated. Simultaneously, 4 x 100 seed samples from each entry were weighed and 
100-seed weic-nt was determined. 

Results and Discussion 
Thc pod borer damage ranged from to 88% (table 22). Among tie resistant parents only IAC

78-2318 had plants with no damage. Among the susceptible parents AGS 327 and 269 also had
plants with 0% damage. Assuming they are not escapes it is likely that resistant alleles are also 
present in the susceptible parents used in this study. Mean damaged pod ratio also suggested such 
a conclusion. 

Table 22. Mean pod damage ratio of seven parents and a susceptible check
 
Parent No. of plants 
 Damage pod ratio 

Min. Max. Mean - td.
AGS 129 28 2.22 31.75 13.4 7.39
AGS 327 (OCB) 65 88.460 29.06 27.03
269 27 0 42.31 12.02 8.27
IAC 100 38 3.08 30.77 12.87 7.18
IAC 78-2318 37 0 39.29 11.20 9.09
IAC 80-4228 21 30.773.85 11.30 7.40
AGS 313 78 2.86 72.06 29.73 16.69

KS 9 (ck) 71 2.27 100 
 66.17 33.44 

After evaluating tile damaged pods in each plant, a truncation point of less than or equal to 
5%damaged pods per plant was used for effective selection. 

The intensity of selection was calculated using the formula i = Slop, where S is the effective 
selection differential, IXselection -X lotall. Out o'a total of 1010 progenies from six crosses 117
pedigrees were selected (11.6%). The mean percent of damaged pods for the population in each 
cross varied froni 7.8 + 5.1 for GC 90014 to 20.0 + 12.5 For GC 89048. As a result of selection
based on a truncation point of less than or equal to 5% damaged pods, the mean of selected 
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pedigrees was 2.1 + 2.5 to 4.1 + 0.9. The effective selection intensity (i = S ap) ranged from 0.94 
to 1.60. Where the selection intensity (i) was less, more plants have been selected; there were 
fewer selections when i is larger. 

Assuming that tile gene frequencies are tile same in all populations derived from all crosses, 
tile number of selections would tend to increase as the population increases. However, ifthe gene 
frequencies aredifferent in different populations to begin with, then the number of selections will 
be more in the crosses with higher favorable gene freqluencies. Based on this argument, it appears 
that GC 90014 has more favorable gene frequencics than G 9000 1. GC 90004 is a reciprocal of 
GC 90014. The results fron the succeeding generations will throw more light on this conclusion. 

International Cooperation 

Summary 
In 1993, four new AVRI)C lines were released and extended to farmers for cultivation in 

Taiwan (Tainan No. 2), Bangladesh IG 212( (M7) 69-1 , Vietnam (AK-05), and Sri Lanka (AGS 
190). As of 1993 12 countries have released 26 improved varieties using AVRI)C soybean 
selections. Thirty-two cooperators in 17 countries received 6 ASETS and 453 other Iines. Another 
26 cooperators from 14 countries received 8 AVSFTS and 348 other vegetable soybean lines for 
evaluation. In Vietnam AGS 327, AGS 314, SRE-B-15C, and G 9956 significantly outyielded 
local checks. In the Philippines vegetable soybean G 1(1142 produced 19 t/ha graded pod in 60 
days. A total of146 kg seeds of F, and bulk population were produced at AVR1)C during the off
season and airfreighted to Korea. 

Introduction 

Reseaichcr, from the national agricultural research systems (NARS) and from private 
agencies request germplasn and improved breeding lines from AVRDC, either for direct release 
to their farmers after evaluation or for use in their breeding programs. Majority of the scientists 
return the data from their trials to AVRDC, commenting on the performance of the AVRI)C 
materials relative to their local check varieties. NARS scientists also periodically raise issues 
confronted by their farmers in cultivating soybeans efficiently and economically. AVRI)C 
recognizes the ongoing national research activities, anticipates tile future needs of (lifferent 
NARS, and tries to undertake research which can assist and strengthen their efforts. 

Variety Release 
Oin 20 May 1993 the Tainan DAIS released AVRDC selection GC 81(77-4S-33 as Tainan 

No. 2. It is higher yieldi ng than KS No. 1(0, has narrow leaflet, is suitable for spring and sumnmer 
planting, is resistant to downy mildew, and moderately resistant to bacterial pustule. It is also 
suitable for mechanical harvesting. 

In Bangladesh, the Mennonite Central Committee (MCC) has identified G 212(0 (M7) 69-i 
as a good variety; it is planted by farmers. It is early maturing and high yielding with good seed 
viability and germination. 

In Vietnam, AVRI)C accession G 2261 has been released as AK-O5. It is tolerant to soybean 
rust, resistant to bacterial pustule and suitable for spring and winter planting. 

In Sri L.anka, the Plenty Canada is extending AGS 19)10 tihe farmers. It is large-seeded, high
yielding, and suitable for making soybean milk and soy ice cream. It has a less beany flavor which 
is acceptable to consunlers. The list of varicties released so far are given in table 23. 
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Table 23. AVRDC soybean released by cooperators (as of November 1993) 
Local name AVRDC ID no. Year Country Remarks 

Darco 1 
G 2120 (M7) 69-1 
AGS 29 

1993 
1981 

Bangladesh 
Honduras 

HY, EM, LSV, G 
EM, UM, HY, CLS 

KM 1 
G 2120 
Wilisb 
Kerincib 
Tidar 
Krakatau 
Taiwan 30050 
BPI Sy4 

AGS 2 
G 2120 
G 2120 
AGS 2 
G 2120-M 
AGS 66 
AGS 17 
AGS 73 

1980 
1980 
1983 
1985 
1987 
1992 
1982 
1985 

India 
Indonesia 
Indonesia 
Indonesia 
Indonesia 
Indonesia 
Malaysia 
Philippines 

RF, HY 
HY, CC, SC, ST, G, LSV 
EM, HY, (R)c 
HY, (R), BF 
HY, EM, RF, LSV, G, ST 
R, CMMV 
HY, MH 
HY, EM, UM, LSV, BP, R, L, S, 

La Carlotta Soy-1 
(PSBSY-1) 
BPI-Sy6 (Saguisag) 
AGS 190 

Clark 63 x AGS 129 
(LGSY 01-24) 
AGS 19 
AGS 190 

1990 

1990 
1993 

Philippines 

Philippines 
Sri Lanka 

WA 
(BP, R), EM, UM, L, (S), 
acceptable to NestI6 
NL, HY, resistant to virus 
HY, suitable for soymilk and ice 

beany 
cream making and soynuts, less 
flavor 

Kaohsiung No. 9 
Kaohsiung No. 10 
Tainan no. 1 

AGS 12 
AGS 129 
AGS 66 

1982 
1985 
1986 

Taiwan 
Taiwan 
Taiwan 

HY, NP, SSP, SQ 
HY, NL, BP, SSP 
HY, S, MH, EM, SP, DM, BP, L, 

Kaohsiung No. 1 
Kaohsiung No. 2 
Kaohsiung No. 3 
Tainan No. 2 

AGS 292 
Ryokkoh x KS 8 
PI 157424 x KS 8 
GC 81077-4S-33 

1987 
1991 
1991 
1993 

Taiwan 
Taiwan 
Taiwan 
Taiwan 

BS 
HY, MH, DM, VS 
HY, MH, VS 
HY, MH, VS 
NL, MH, HY, DM, (BP), suited to 

Sukothai No. 1 
KPS 292 
Dowling 

AGS 9 
AGS 292 
G 58a 

1986 
1992 
1978 

Thailand 
Thailand 
USA 

spring & summer planting 
NL, HY, NP, (R, DM, PSS) 
HY, VS 
R, HY 

AKO 3 
AK-05 

G 2261a 
G 2261a 

1988 
1993 

Vietnam 
Vietnam 

HY, EM 
R, BP, HY, suited to spring and 

Total 
GC 30229-8 (AGS 19)1983 
26 

Zimbabwe 
12 

winter planting 
NL, EM 

3Selected at AVRDC, but not an AVRDC-improved line. 
'Cross between AVRDC line and local cultivar. 
Parentheses indicate moderate levels of resistance. 

RF: suited to cultivation in rice fallow CC: suited to crude c ltivation 
EM: early maturing SC: suited to intercropping with sugarcane
UM: uniformly maturing BP: resistant to bacterial pustule
HY: high-yielding SSP: suited to spring and summer planting
CLS: resistant to Cercospora leaf spot R: rust-tolerant 
NL: narrow leaflet LSC: :ong seed viability 
L: nonlodging S: nonb-'h1!ering
MH: suitable for mechanical harvesting G: good germination 
RCI: suitable for intercropping with rice or corn SP: suited to summer planting
ST: preferred for making tempeh WA: wide adaptability
BF: resistant to beanfly BS: suited to bean sprouting
VS: utilized as vegetable soybean PSS: resistant to purple seed stain 
SO: good seed quality for storage CMMV: tolerant to CMMV 
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Distribution of AVRDC Germplasm and Elite Lines 
Thirty-two cooperators from 17 countries requested and received 6 AS,1Ts, 123 AGS 

selections, 171 pcdigrce lines, and 157 germplasni accessions for evaluation (table 24). Interest 
invegetable soybeanl continuCs to be strong.Atotal ot26 cooperalors trom 14 cou ntrics requested 
and received S AVSFTS,64 AGS scleclions, 119 (C pedigrees, and 165 other germplasm 
accessions lbr evaluation and use in their brceding programs (table 25). 

Table 24. 	 Distribution of AVRDC soybean evaluation trial (ASET) and other enhanced 
germplasm to national programs in different countries, 1993 

Country No. of Type of seed sent 
cooperators ASET AGS line GC pedigree Acc. New acc. Other 

Bangladesh 2 5 14 1 
Brasil 1 5 
India 1 1 
Indonesia 2 1 2 6 5 1 
Japan 2 3 2 4 6
 
Korea 
 1 67 
Malaysia 1 1 
Mexico 2 1 10 1 
Oman 1 5 
Philippines 4 2 3 40 1 2 
Sierra Leone 1 6 13 1 
Singapore 2 1 4 6 4 
Taiwan, ROC 7 63 75 5 8 13 
Thailand 2 7 9 3 
Ukraine 1 8 6 1 4 
USA 1 2 
Vietnam 1 20 9 

Total 32 6 123 171 44 10 103 

Table 25. Distribution of AVRDC vegetable soybean evaluation trial and other enhanced 
germplasm to national programs in different countries, 1993 

Country No. of Type of seed sent 
cooperators ASET AGS line GC pedigree Acc. New acc. Other 

Bangladesh 1 1 4 1 
India 2 18 11 5 
Indonesia 1 1 5 
Italy 1 1 4 2 
Korea 2 1 12 62 21 79 3 
Lesotho 1 2 2 2 
Malaysia 1 1 
Nepal 1 1 4 1 
Philippines 6 3 16 6 2 3 
Taiwan, R.O.C. 4 3 11 2 2 9 
Thailand 1 1 
Ukraine 1 1 
USA 3 7 12 14 9 
Vietnam 1 1 2 5 

Total 26 8 64 119 53 93 19 

3 
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Grain Soybean Trials 
A summary of the results received from tile cooperators from Vietnam are given in table 26. 
In Vietnam, AGS 327, AGS 314, SRE-B- 15C, and G 9956 has significantly outyielded the 

local check varieties. AVRI)C entries were earlier maturing than the local checks. 

Table 26. Summary of international cooperation results 
Country/ Location/ Entry Yield Days to 100-seed Seed Remarks 
Cooperator 
Vietnam 
Lat. 10057 ' 
50 m 
Mr. Ha Huu Tien 

AGS 327 
SRE-B-15C 
SRE-D-14B 
AGS 9 

(t/ha) 
1.3 a 
1.3 a 
1.2 ab 
1.2 ab 

maturity 
78 f 
84 d 
89 b 
86 c 

wt (g) 
15.8 ab 
13.6 bcd 
17.1 ab 
9.8 d 

quality 
1 b 
1 b 
2 a 
1 b 

Date planted: 
15 Aug. 1992 
T: 14 
R: 2 

Local check 1.2 ab 84 d 13.3 bcd 1 b Autumn 

Vietnam 
Lat. 10048'N 

Local check 
AGS 314 
AGS 327 

1.1 ab 
1.6 a 
1.6 a 

83 e 
78 f 
74 g 

11.5 cd 
5.3 e 

16.7 c 

1b 
1c 
1c 

Date planted 
15 Dec. 1992 

50 m 
Mr. Hoa~ig Kim 

G 9956 
AGS 205 

1.5 ab 
1.5 bc 

78f 
74 g 

16.0 c 
13.0 d 

2 b 
2 b 

T: 14 
R: 3 

AGS 299 
AGS 9 

1.5 bc 
1.4 c 

80 c 
82 b 

15.7 c 
15.7 c 

2b 
2b 

Winter-spring 

AGS129 1.3d 82b 16.0c 2b 
Local check 1.4 c 82 b 13.7 d 1c 

Vietnam 
Lat. 10048'N 
50 m 
Mr. Hoang Kim 

Local check 
AGS 327 
G 9956 
AGS 314 
AGS 205 

1.1 e 
1.3 a 
1.3 a 
1.2 ab 
1.1 bcd 

85 a 
75 h 
84 d 
82 ef 
81 fg 

13.3 d 
16.5 cd 
17.0 c 
6.0 h 

13.5 fg 

1 c 
1 c 
1 c 
1 c 
1c 

Date planted: 
14 Sept. 1992 
T: 14 
R: 2 

AGS 299 1.1 cde 80 g 15.5 de 2 b Autumn-winter 
SRE-D-14B 1.0 def 89 a 22.5 a 3 a 
AGS 9 1.0 def 89 a 15.5 de 2b 
AGS 73 1.0 efg 83 de 16.5 cd 3a 
AGS 129 0.9 fgh 86 bc 14.5 ef 2 b 
Local check 
Local check 

1.2 abc 
0.9 gh 

86 bc 
90 a 

13.5 fg 
13.0 g 

1c 
1c 

Vegetable Soybean 
Philippines. A graded pod yield of up to 19 f/ha has been obtained with i 10142 in 60 days

which shows the potential for vegetable soybean production in the Philippines (table 27). 

Malaysia. AGS 334 and AGS 292 appear to be promising in Malaysia. The data given in table 
28 are in plots of 5 x I in-. 

Seed Multiplication for Korea 
As in the past years, generation advance and seed multiplication of Korean soybean breeding

lines were successflly carried out during spring 1993. An F bulk population was mulliplied and 
60 kg seeds were harvested by SSI). A total ol about 46 kg seeds ofF, and bulk population were 
airfreighted to Korea on 28 May 1993. Since the rain did not affctl the harvest, seed quality was 
excellent. Th seeds will be planted in Suwon and Milyang Experiment Stations. 
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Table 27. Promising selections from PYT vegetable soybean in the Philippines, wet season, 
1992 

Yield (t/ha) Harvest Graded Days to Pod Pod 100- No. of 
Entry grade total index pod maturity length/ width/ seed graded 

pod wt pod wt harvest 2 seeds 2 seeds wt (g) pod/ 
index (cm) (cm) 500 g 

G 10142 19.3 22.4 52.51 45.24 60 5.2 1.4 52.0 171 
G 10494 18.8 20.7 42.45 38.55 61 5.0 1.3 37.3 216 
G 10503 18.5 22.4 39.09 32.33 61 5.0 1.3 44.0 231 
AGS 190 18.3 19.9 25.25 23.24 77 5.2 1.5 51.0 204 
AGS 191 17.8 19.4 26.37 24.27 81 5.7 1.4 56.0 192 

Table 28. Promising selections of vegetable soybean, in Malaysia 1993 
Yield (t/ha) Harvest Graded Days to Pod Pod 100- No. of 

Entry grade total index pod maturity length/ width/ seed graded 
pod wt pod wt harvest 2 seeds 2 seeds wt (g) pod/ 

index (cm) (cm) 500 g 
AGS 334 3.1 8.4 42.12 15.78 78 4.6 1.1 64.3 296 
AGS 292 2.8 6.3 51.35 22.81 66 4.9 1.1 57.0 265 
AGS 328 2.2 6.2 44.12 15.99 77 5.4 1.2 69.9 248 
AGS 335 2.2 6.9 44.85 14.25 74 5.0 1.2 66.7 274 
AGS 331 1.6 6.1 45.62 12.39 69 4.7 1.1 69.9 281 



Soybean Pathology 

Bacterial Pustule Development and Associated Yield Loss in Nine
 
Soybean Lines
 

Summary 
Nine soybean lines were inoculated with ,trltomoon.s canowsIris pv. glycitws, the cause of 

bacterial pustule, or kept disease-lree in an experiment in 1991 and 1992. In each trial, data were 
recorded on fhe percent leaf area infec',edl, del'oliation, 100-seed weight (WSW), and yield.
Calculalions were made to (letrmi ne the area under the disease progress curve ()IC), area under 
(dll liation proeress curve (I)ITPC), and area tudcer green leaf area progress curve (G IAlPC).
Percentage yield, ()S\V, I)FHFC and (ii AlPC fI'con!trol plots were used to compare lines. 
Racterial pustule levelopment, IV)PC, IF)IPC, and ( I.APC dilI 'ered signilicantly (1< 0.05) 
among lines. I.ines ; 2424, A(iS 129, G 8 190 had significantly lower I)iP( values illboth years
compared to other lim-, except lor A(;S 66 in 1991 and ( 2034 in 1992. L.ines that had more 
bacterial pustule also had higher I)I iC and lower (CI.AIC.Sced wight and yield diffel-ed 
significantly amiong lilnes in bhoth years except lr yield in 1992. In 199 1,there was a significanl 
correlation between I)lPC and (I AllC to ()SW and yield. 

Introduction 
Bacterial ptust tile of'soybeans, caused by Xanihomontis camlwstris pv. giycines (Nakano) Dye,

frequently occurs tinder humid and high rainlall conditions. Initial lesions are individually
associated with raised pustules on the underside ol leaves and are olten surrouinded by chlorolic 
haloes. Le.sions co alesce causing large amounts of leaf necrosis and plants may prematutirely 
(leloliale. 

Soybeans are attacked b3y ai in er olf fli.ir palhogens includ(irilg X. c. pv. gvcilles. Significant
yield reduclions have been reported '(.Irpallhogens that catlise baclerial blight, brown spot, mosaic 
virs, red leal bh tch. Conversely, bacterial pus,Iite has not been reported to cause major losses 
intemperate areas, i.e., 4.3%/v on susceptible lilnes, lno significanl yield loss on Petlla,a susceptible
cultivar and even at t imrues an increase it yield under severe disease pressure. Yield losses 
associated with bacterial pustule may be more prevalent Under humid sIbtropical and tropical
condi tit ins and severe rai nfall with higher temperatLires occtirs more lre.ltient lywhere ct tnti nLOus(it 
'han under tellperate corlnitions. 

Resistamce ioA. c. pv. g/vins was initially reported in 1929. Culti var CNS has a recessive 
gene, rW ,which has hCCn Used widely as aresistance st tircC 1I &IevelICp cO nn.rcial cullivars wilh 
resistance in the United States. Pathogenic races oIV. c. pv. g/ vcinv's have ot itbeen reported and 
cullivars withe r p gCnC cont inrue to be highly resistant iltileUnited St.ates where yield lhss 
estlinales relain low. 

The object i yes ollihis experiment were to evaltale resistant sources to bacterial pustule and 
determine associatc(l yield losses of resislant and StLiSCCptiblc soybCan lines. 
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Materials and Methods 
Experimental plots and soybean cultivars. Experiments were conducted at AVRI)C in 

Shanhua, Taiwan from 4 September to 6 December 1991 and from 15 May to 25 August 1992. 
The soil type was a sandy clay loam and the previous crop in both years was tolato. 

Experimental plots measured 4 x 6 in wilh 2 in between each plot. Seeds were planted in eight 
rows, 50 cm apart, i.e., 1(cm between hills with two seeds per hill. Tlr3experiment was arranged 
as a split plot in a randomized complete block design with four replications. The main plots were 
inoculated Wilh tile bacterium or prolected regularly with applications ol'a bacteriacide (Kocide). 
The subplots were ni, -!ines selected from previous sludies based on information on their reaction 
to pustule in the field (table I). 

Table 1. Soybean lines, sources, and reaction to bacterial pustule caused by Xanthomonas 
campestris pv. glycines 

Line Source Reaction' 
G 2424 SRF400 HR 
AGS 129 Shih-Shih x SRF400 HR 
G 8190 PI 371611 HR 
G 2034 CNS MR 
AGS 59 CH42 x KS528 MR 
AGS 66 Forrest x Shih-Shih MR 
G 38 Shih-Shih HS 
TN 4 H-15 HS 
AGS 284 PI 248407 x Clark 63 HS 

Inoculations. A strain of X. c. pv. glcines was is(,,ted from infected field-grown soybean 
leaves before each trial. A single colony was isolated after streaking macerated lesions on yeast 
(extrose agar. The bacterium was increased on nutrient a:-ar and plants were inocu,:tted by 
spraying a suspension of about 10 cfu/nil on leaves with a pressurized sprayer set at 9.X-14.7 x 
10, Pa on a weekly basisduring the vegetative growlh stages. Plots were furrow-irrigated initially, 
and at the time of inoculation, overhead mist-irrigated 3 days per week for 10-min intervals for 
8 h per day. 

Disease and yield assessflleot. Leaf area infected was estimated by recording the percent 
infection on a per plot basis at 6- tw 8-day intervals. Since the lines varied in their maturity, 

comparisons among lines were made ising the relative life time from planting to full maturity 
as a percent of the life span from 0 to 100%. Area under the disease progress curve (I)PC) was 
calculated. Leaf area infected was converted to logits and slopes over relative maturity were 
compared for each line. A'ong with each disease assessment, five plants Fer ploi were evaluated 
for the number of nodes with leaves and the number of nodes without leaves. Tile area under tile 
defoliation curve (I)1FFPC) as perceittape oft he control I)FPC was calcul ated. Green leaf area 
(GIIA) was calculated lI = 100 - percentage defoliation - (proportion of healthyas 0lows: GI A 
tissue x percentage leaf area affected). Area Under the green leaf area progress ci ve (GILAPC) 
was calculated like the IV)IC. The percentage GILAIC of the control plot was determined for 

comparing cu ivar/Iines. 
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Yield was measured from a 3 x 5 m area in the center of each plot. Weight of 100 seeds wasrecorded in grams. Both weights were adjusted to 13% seed moisture. Reduction in yield and seedweight was expressed as a percentage of the yield from plants in uninoculated-protected plots
within each replication.

Data were analyzed by analysis of variance. Fisher's least significant difference (FLSD)values were calculated (1 < 0.05) for the slope values of logit leaf area infected. Seed weight andyield data for each plot were correlated with percent leaf area infected, DEFPC, and thepercentage of GIA, I)PC, and GLAPC to control plots. 

Results and Discussion 
Disease development. Symptoms ofbacterial pustule developed 2 to 4 days after inoculatingplants ini the vetati ve growth stage. The severity of bacterial pustule differed between controland inoculatcd plots in both years as the disease severity increased (luring the growing season.There was a wider range of )PC values in the 1992 than in the 1991 season. Based on the logitof the percent leaf area infected, the slope values ranged from 0.025 to 0.058 in 1991 and 0.04to 0.097 in 1992, respectively. Highly resistant lines G 2424 and G 8190 had significantly (P <0.05) lo .verslope Values than all other lines. In general, those lines that were previously classifiedhighly resistant (table 1)had much lower I)PC values than highly susceptible lines; however, theresistant sources even with the rx) gene had some pustule development and were not immune.These resistant lines have partial or possible minor genes associated ,vith the rxvp gene conferring

less disease. 
Plant defoliation increased throughout the season in both years and was most evident ininoculated susceptible lines which had 116 to 132% more defoliation than plants in the controlplots (table 2). DFIPC differed significantly (P < 0.05) between main plots and differed betweenlines with a greater range of differences in 1991. The I)EFPC values for main plots were 1512and 1728 in the control and inoculatel plots, respectively ([SD 0.05 = 90). There nowasinteraction between main andlsubplots ineitheryear. Susceptible lines averaged 129% and 119%compared to 112 and 109% for resistant lines in 1991 and 1992, respectively. Although thedifference in defolation between the lines was not large, the general ,;end was that defoliationincreased when the (lisease was more severe, i.e., plants in inoculated plots and highly susceptible

Sines. 
The percentage GLAIC values compared to those in the control plots over lines ranged from39 to 81% with an average of'61% in 1991 and ranged from 49 to 101% with an average of 74%
in 1992. The three susceptible lines had significantly lower percentage GLAPCs in both years.
The percentage GI.APC was lower than the percentage i)EFPC indicating that available green
leaf area was lowered more by leaf area infected by pustules than by defoliation.
 

Yield. Percentage yield ofplants in inoculated plots compared to plants in protcted plots was89% in 1991 and 78% in 1992. The percentage yield of lines was significant in 1991 but not in1992. Yield data from 1992 was three times as variable than that of' 1991, making differencesdifficult to detect in 1992. Percentage seed weight differed significantly (1'< 0.05) among linesin control vs. inoculated plots in each year with the more susceptible lines having a lowerpercentage of weight than the other lines. These data indicate that bacterial pustule significantly
reduced yields and seed weight. 

Relationship of yield to disease. There was a significant (P < t).05) correlation betweenpercentage yield and seed weight of control plots to I)PC, i)EFPC, and GLAiPC in 1991 and in 
1992 except for yield. 
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Table 2. Percentage yield and 100-seed weight of control, and area under the disease progress 
curve (DPC), and percentage green leaf area progress curve (GLAPC) and defoliation 
progress curve (DEFPC) for nine soybean lines inoculated with Xanthomonas 
campestrispv. glycinesin two seasons 

Yield (%)' _ Seed weight (%) _ DPC ..... GLAPC (%) _DEFPC (/)___

Lines 1991 1992 1991 1992 
 1991 1992 1991 1992 1991 1992
 
G 2424 97 76 98 97 1072 78 95 109
416 109
 
AGS 129 97 64 97 85 1291 468 69 101 118 98
 
G8190 90 67 94 112 111E 7.4 90 10
634 119
 
G 2034 85 81 86 99 1676 65 91 102
753 106
 
AGS 59 79 96 95 86 1706 2379 54 58 114 109 
AGS 66 96 78 95 88 1162 1377 81 79 95 il1
 
G 38 86 69 87 71 2336 3277 39 49 127 119
 
TN ,4 79 96 88 84 2218 2569 42 49 132 121
 
AGS 284 93 71 89 78 2030 2711 48 53 127 116 

LSD(P<0.05) 12 NS 7 9 212 191 7 12 15 13 
c.v. (%) 9 30 6 7 9 8 4 6 6 6
 
aPercentages based on the following [(x, - x2)/x]. 100 where x,= value obtained inprotected plots
 

(control) and x. = value obtained in inoculated plots. 

Soybeans have the capacity to yield well despite some foliar stresses including leaf lesions 
and premature defoliation. Allhough bacterial pustule may appear to be very severe causing 
lesions on most of lhe Icaves throughoul lhe plant anl ltn causing premaltire de folialion, it (foes 
not cause as much yield loss as has been reported for other soybean loliar palhogens such as red 
leaf blotch, rust, and Sepltria brown sr. i.Although bacterial pustule has not been a serious 
problem in yield in the United States, li' bacterium has overcome lhe resistance conflerred by the 
rxp gene in our study and resulted in significant yield loss. It is not known whether races of X. 

v.pvglvci'.eS hve developed ill the humid subtropics and tropics or ifenvironment al conditions 
restrict the expression of resistance. 

Field Evaluation of Soybean Lines for Reactions to Anthracnose, 
Charcoal Rot, and Pod and Stem Blight 

Soybean anthracnose, Colletofrichunm Irl/ICat(lllm; charcoal rot, Ma/crolltonmincIt(ilH eolit(; 
and pod and stem blight, JD)iaorlhel)lit'eoloruni var.sojac, are maJor fungal diseases in tropical 
and subtropical production areas. The objective of this study was to evalae soybean lines from 
the AVRIDC soybean rust program for their reactions to these other fungal patlhogens. In two 
separate field studies, severity of anlhracnose, charcoal rot, and pod and steni blight were 
recorded on atotal ol28 soybean lines. Twenty plants collccled at randon romn each olfeight plots
(replications), were ralcd i ndividual ly or severily ofthe three diseases. Significantly di flerent (11 

0.01 ) disease severit ies were recorded among tihe lines for all three diseases. lines showing least 
symploms ofanthracnose included: OCB, SRE-- 1413, and SRI--B- 15C in sludy I (table 3) and 
GC 8405S-21-4, OC 84040-16-I, and (C 8458-21-2 in sludy 2 (table 4). Lincs showing least 
symptoms of charcoal rot included: PI 37961 8, SRF-I)- 14A, and GCO(0)( )2-1 1(0 in study I (table 
3) and GC 84058-21-4, GC 84051-32- 1, (jC 84040- 16-1, and GC 84058-21-2 in study 2 (table
4). Symptom development was much less for pod and slem blight than for lhe other two diseases, 
therefore the data are likely to be less reliable. Results in general suggest that useful levels of 

http:glvci'.eS
http:LSD(P<0.05
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resistance to anthracnose, charcoal rot, and pod and stem blight are available in advanced soybean
lines, and responses of soybean lines to these diseases should be considered when making
selections in the Future. This is tile first report of charcoal rot on soybean in Taiwan. 

Table 3. 	Severitys of anthracnose, charcoal rot, and pod and stem blight among advanced 
AVRDC soybean lines in AYT 1, spring 1993 

Lines Anthracnose Charcoal rot Pod & stem blight 
GC 60020-8-7-7-18 44 31 2 
GC 82146-43-9-9 51 26 3 
G 9947-21-9 62 34 5 
GC 00002-100 38 9 1 
GC 00138-29 78 27 3 
SRE-B-15C 27 17 1 
SRE-C-56A 50 11 2 
SHE-D-14A 33 5 1 
SRE-D-148 23 11 1 
PI 379618 48 3 1 
269 49 38 4 
AGS 129 46 36 2 
AGS 302 40 31 1 
OCB 18 10 1 
Average 43 21 2 
FLSD (P<0.01) 23 12 2 
aPercentage of main stem surface area showing disease symptoms; average of eight replications with 

20 plants each. 

Table 4. Severitya of anthracnose, charcoal rot, and pod and stem blight among advanced 
AVRDC soybean lines in AYT 2, spring 1993 

Lines Anthracnose Charcoal rot Pod & stem blight 
GC 86017-170-1N 66 42 2 
GC 84058-21-4 40 29 ? 
GC 84058-21-2 49 32 2 
GC 86049-35-2-1-1-1N 59 46 3 
GC 84051-32-1 63 30 2 
GC 84051-9-1 61 33 2 
GC 84058-18-4 60 60 4 
GC 84040-27-1 74 63 2 
GC 86018-427-3 58 	 54 13 
GC 84040-7-1 	 59 38 3 
GC 84040-16-1 49 31 2 
AGS 129 68 62 3 
AGS 302 52 47 3 
SRE-D-15B 64 50 4 
Average 	 59 44 3 
FLSD (P!50.01) 16 19 4 
'Percentage of main stem surface area showing disease symptoms; average of eight replications with 
20 plants each. 
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Bacterial Wilt Evaluation of Breeding Lines and Introductions 

Summary 
Two heat-sensitive introductions, 1-7997 and TBI-4, showed high bacterial will resistance 

(BWR) and may be useful newsources of resistance. Twenty-four indeterminate fresh market 
lines showed no mortality in BW evaluations while 34 lines had survival rates of about 90%. 
Fifteen of these lines were also heat-tolerant and firm-fruited and will hc included in 1994 
preliminary yield trials. 

Introduction 
BWR is oneofthe most important comlponents o tropical adaptation inIomnato, and continues 

to receive high priority. In 1993, we screened a number of tropical fresh market breeding lines, 
hybrids and new germplasm for resistance using a soil drench inoculation method at the seedling 
stage in the plastichtouse. 

Materials and Methods 

Types of- materials evaluated for BWR in 1993: 
Type of materials No. of entries Sown Inoculated Recorded 
Introduced germplasm 13 07/13/93 08/11/93 08/18 - 09/08/93
Indeterminate lines 130 06/10/93 07/08/93 07/15 - 07/29/93
Fresh market hybrids 36 09/12/93 10/07/93 10/12 - 10/24/93 

Entries were tested at the seedling stage during Ihe 1993 summer iinder the plastichouse using 
asoil drench inoculation melhod (20 ml of' 10' cell/nl strain SSP no. I added to each 6-cm diam 
pot containing Iplant). Twenty-four plants per entry were inoculated 25 days after sowing (about 
five true-leaf stage) inside the plastichouse. Pols were arranged in arandomized complete block 
design with two rep!ications for tropical breeding lines and hybrids; entries oflintroductions were 
not replicated. Mean temperatures in the plastichouse during tIle test ranged from 25 to 42'C. Wilt 
evaluations began I wk aflter inoculation and continued for 3 wk. 

Results and Discussion 
Survival rates (SR) of resistant introductions are listed in table 1.1-7997 and TBI-4 shlowed 

levels of BWR equal to lhe resistant check, i. 285. 
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Table 1. Bacterial wilt resistance of the best promising germplasm vs. checks; 
AVRDC, summer 1993 

Entry Variety name SR (%)'
L285 (Rck) Chang No. 1 94.1
BL 814 TBL-4 100.0 
BL 782 H 7997 90 
BL 809 LS 1811-2-14 86
BL 810 LS 1811-2-8 86
BL 781 GA 1565 86 
L 390 (Sck) Nan-Tzu Apple 0 
apercent of inoculated plants surviving after 4 weeks. 

Of tile 136 largc-fruited indeterminate fresh market tomato breeding lines evaluated for
BWR, 25 lines showed highly resistant ( 1(00/c survival rate) reactions and 34 lines had survival 
rates of about 90%. Fifteen lines were also heat-tolerant, with firm, large fruit. 

Among the fresh market hybrids tested, FMT1'4()8, FMTF565, and FMi1'5()l had survival 
rates >80%. FMI" 565 and FMT" 500 also produced good yields in separate yield trials. 

The Relationship Between Bacterial Wilt Resistance and
 
Fruit Quality Traits
 

Summary 
Experiments to determine the relationship between bacterial wilt resistance (B3WR) and fruit 

quality characters were conducted in 1992 fall and 1993 summer. BWR and fruit size werenegatively Correlated, bul a positive correlation between BWR and fruit color, as well as BWR 
and fruit acidity was detected. There were no significant relationships between BWR and
marketable yield, or BWR and soluble solids content. More backcrosses increased BWR, but 
reduced fruit size and tended to increase fruit acidity. 

Introduction 
BWR is otlen associated with small fruit size. Tropical lines bred early on at AVRDC
 

invariably produced small fruit, averaging only 3(1 g per fruit. This is probably because available 
sources of heal tolerance and bacterial wilt resistance had sinall fruit size. I.ate, attempts to
increase fruit size through changes in breeding strategies met wilh moderate success - fruit size
improved to aboul 60 to 12(1 g per fruil in some advanced lins. In the AVRI)C 1991 Progress
Report, it was reported that a high level of BWR could be easily recovered in early backcross
(BC,) generations. The objective of lhis experiment was to (letermine the correlation between 
bacterial will resistance, fruit size. color, acidity, and marketable yield, as afThcled by number of 
backcrosses. 

Materials and Methods 
Randomly selected F, backcross-inbred lines of two backcross generations (BC, and BC)

froin two crosses (CLN 690 and CLN 735) were used.CLN 690 is a cross between a tropically
adapted bacterial will-resistant lineCl. 5915-931)4- 1-0and susceptible line BI. 284 (cv. Cavalier, 
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a large-fruited variety from Petoseed Co.); CLN 735 was derived from a cross between CLN 65
3491)5-2-0, a tropical bacterial wilt-resistant line, and BL 284. The resistant parent in both crosses 
served as the recurrent parent. 

The experiment was arranged in a randomized complete block design with two replications. 
Seventy-two backcross-inbred lines from each backcross generation were included with four 
check cultivars for a total of 76 treatments. Checks includcd the parental lines, 1, 285 (resistant) 
and I. 390 (susceptible). In the trial, 24 plantsper 1iiicwere c\ "tluated for BWR (%survival). BWR 
testing was conducted in the greenhouse using the :;ecdiiiig inoculation method described earlier. 
Sowing was done on 15 June and 12 July, and plants were inoculated on 15 July and I I August, 
respectively. (Average inax/nin temperatures in the plastichouse were 42 C/25"C). Weekly wilt 
readings started on 22 July and I8August for the first and second inoculation (tates, respectively 
and were completed on 6 August and 2 September. Individual survival rate % data of the 
experimental units were Iransformed by arcsine prior to statistical analysis. 

A separate trial to observe horticultural characteristics was conducted in tall 1993. Fruit size, 
fruit color, Brix and acid contents, and marketable yields for lines were determined. Plots 
consisted of a single 4-i-long row with 12 plants, with 1.5 in between adiacent rows, and within
row spacing of 4() cm. 

Results and Discussion 

BWR levels increased significantly 1rom BC, to BC, for CLN 690, but only slightly in CLN 
735 (table 2). Average fruit sizes decreased from BC, to BCin both crosses, although no effect 
on marketable yield was noted. 

Table 2. 	 Bacterial wilt reactions and horticultural characteristics of F, backcross-inbred lines 
averaged over crosses and backcross generations; AVRDC, fall 1992 - summer 1993 

Survival Fruit Mkt. Brix Color Acidity
Cross Generation rate size yield (%) (a/b) (% .itric 

(%) (g) (t/ha) acid) 
CLN 690 BC, F7 59 81 80 4.0 1.83 0.44 
CLN 690 BC3F7 73 69 82 3.7 1.85 0.45 
CLN 735 BC,F7 83 64 70 3.8 1.98 0.40 
CLN 735 BC3F7 86 58 70 3.9 1.89 0.40 
CL 5915-93D,-1-0 85 65 92 3.8 1.78 0.44 
CL 65-349D,-1 -0 95 61 67 3.6 2.04 0.46 
BL 284 = Cavalier 39 211 101 4.3 1.78 0.36 
L 285 (Rck) 98 12 10 6.0 1.74 0.58 
L 390 (Rck) 	 11 42 23 5.6 0.21 0.37 

Correlalions between BWR (%survival) and other horticultural traits are presented in table 
3. Highly significant negative correlations between BWR a.,d fruit size were detected, but a 
positive correlation between BWR and fruit color was observed. Marketable yield and BWR 
showed no significant correlation (in the absence of the BW pathogen). Similarly, there was no 
significant negative correlation between BWR and soluble solids content, except for CLN 
735BC 1F7. BWR and titratable acidity showed a significant positive correlation, except for CLN 
735BCIF 7. 
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Table 3. 	 Correlation coefficientc between bacterial wilt resistance and horticultural traits in two 
crosses and backcross generations; AVRDC, fall 1992 - summer 1993 

Cross and Correlation between 
backcross generation SRI/Fruit size SR/Mkt. yield SR/Brix SR/Acidity SR/Color 
CLN 690 BCF 7 -0.25341 -0.1672 

s -0. 0 0 7 5 S 0.3122b 0.3107b 
CLN 690 BCF 7 
CLN 735 BCF 7 

-0.3589b 
-0.2942b 

-0. 0 1 23 1s 
0.11261s 

- 0 ,1 8 87S 
-0.2070S 

0.3739b 
0 .16 8 1NS 

0.3201b 
0.6009b 

CLN 735 BCF 7 -0.3106b 0 .0 4 5 8 s -0.3468b 0 .3 17 2 b 0 .6 0 6 8 b 

,significant 	at 5% SH: Survival rate (%)
bhighly significant at 1% 

Conclusions 
Results olIlthis expcriinent reconfirmed that high levels or 13WR can be easily recoveed in 

tile BC generation. Untorttnalely. lfit size and BWR were rieatively correlated. This could be 
(be to liinkage beltween nenes conditioriiig fruit size and 3WR or possibly a pleiolropic effect of 
BWR genes on fruit size. l'o obain larger fruil size an(IBWR, lb(regoi ig hackcrossing altogether 
andl simply scre.ni t large nu obhers of progeny fr large-l[ruiled i ividuals with BWR might be 
belier. Forlu nalely, large- fruilred, bacterial xxill-resistalnl materials fron INRA in (iuadaloupe are 
available as alternative sources of 13NNR. 

Performance of Tropical Breeding Lines 

Summary 
Tie best 13W-resistant lines froim the O.N 7353C, 1;series, lesled in the summer7 1993 

advanced yield trial (AYT) 1,yielded 15 to 19 tlha. as high as the best-yielding checks and tie 
bacterial wilt-resistant parent. These lines prUfced me(liuim- to large-sized fruit with good 
firroness and no crackiric. 

The best lines, CI.N 1311 )C-637-1 I-). CI.N 13011 )C4-72()-l 1-0. and CTIN 13011 )C,-376
19-0, infihe 1993 soumner AYT 2 yielded 16 - 22 I/a. reater Ihan hea tl-llerant checks Cl. 5915

9 31)C- 1-0-3 and Cl, 575BC F,- 1-2-2- 12. These lines xw'ere also superior to the checks in fruil 
size and firmness. 

Introduction 

We continue( to pursue tlhe dexelopment oftropical lines witlh broad resistance to diseases 
and improvedlorticul ural characleristics such as larger fruit size, better fruit lirmness, small 
blossomi end scar. thick pericarp, sniootli, tougl' skin, and resistance to cracking. 

Materials and Methods 
Two trials were perlkrntted during the h land wel sruner season. rilrntali oion tile entry 

nuibers, trial types, swing, planting, and harvest dales are viven belrv: 

Type of trial No. of entries Sown Transplanted Harvested 
AYT 1 12 03/24/93 04/22/93 06/17 - 06/28/93
AYT 2 14 03/24/93 04/22/93 06/17 - 07/05/93 
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AYTs were planted in a randomized complete block design with three replications. Each plot 
consisted of three 4-rn-long beds spaced 1.5 in apart; within-row spacing was 40 cm. 

Results and Discussion 

Bacterial will-resislant lines in the IN 735BC F. series were tested in the 1993 summei 
AYT I and data on the best entries are listed in table 4. Five entries gave stalislically comparable 
yields (15--19 t/ha) as the heat-tolerant checks and parental line Cl .N 65-3491),-2-(). These five 
lines not only produced larger, firiner, and more crack-resistant fruit, but also had better flavor 
than tile checks based (:I tihe so gar:acid ratio. 

Tile six best entries Iron the AYT 2 are presented in table 5. Cl .N 13)1 I)C -657-I 1-(1, CI .N 
1301 I)C4 -7()2-I -), and C.N 13)1)C4 -376-19-) perlormed well, showing goo(d marketable 
yields and mediuin fruit sizes. These entries also produced firmer fruit, belter foliage cover, and 
less cracking lhan the checks. AYT 2 was flooded onl 26 NIay; differences an mog lines in flood 
damage were detected. The best lines will be increased and inade available to international 
cooperators in 1994. 

Performance of Fresh Market Tomato Breeding Lines 

Summary 

Two preli in inary yield trials ol indeterminate fresh markel inbred lines were carried oul in 
the 1992 lale fall. The best entries significantly outyielded the check, cornmercial hybrid KY 301. 
Rlige (; fruit set over all entries was &i0,11lboutl 70-83%/, per clustc, Fruit sizes of lhe best 
entries were close lo tihe ideal size oIf 12(0 g per fruil, and the Iruils sho )wed better lirni ness, color 
and crack resistance than KY 3t01. None oflthe selected entries collpared well with KY 3(01 in 
soluble solids content but this coUld havechcon due to tihe low yield (11 KY 3(01 since soluble solids 
and yield are inversely related. 

f the heat-tolerant indeterni nate fresh narkel inbred lines evaltated in the 1993 SUminier 
observat ioiial yield trial (()YT), only CI.N 1462-22-1t-49-1 yielded as high as the check hybrid, 
FN1'IV 22 (8 0/ha). This line prodCuce( good plant vigor and loliage cover, firm fruit, good color, 
and crack resislance. 

Two prelininary yield trials were CLICtledC duri ng the Inot and wet sti muer seas(nr to 
identify fresh market lines with large fruil, good foliage cover, and disease resistance. Some lines 
had coinparahle yields as the [teal-tolerant checks Ci. 5915, Cl. 5675, and F-M'I-F 22, and had 
firner and larger fruils than CI. 5915 and CL. 5675. 

Introduction 
Fresh in arket llato lines with the IlIlowing characteristics are sough! afler: heal tolerance; 

resistance to hactrial wilt, tom ato il(lsaic virus, and root-knot nic|ialode: large, firni, smooth 
fruit with god(liavor, dark green shoulders, crack resistance, and a small blossom eid scar. 

Materials and Methods 

Two fresh market trials were conducted in the fall of' 1992, and three trials were perf(ormed 
during the Ii,)l and wet suminer (If 1993. li format ion on the trial types, and sowing, Iransplanting, 
and harve.I dates are presented as follows: 



Table 4. Yield and other horticultural characteristics of the best determinate tropical breeding lines and check cultivars in AYT 1; AVRDC, summer 1993
Entries Mkt. Fruit Fruit Days to Acidity Brix Color Sugar/ Crack-	 ° Blotchy Firm- Vine ToMV 

yield set size first (% citrate) (%) (a/b) acid ing" ripening, ness, cover 
(t/ha) (%) (g) flower ripe fruit ratioCLN 735BCF,-51 19.0 bI 43 63 a 16 a 54 ab 0.41 b-d 5.3 a 1.44 ab 12.9 0 VSL F G 21/21CLN 7358CF 6-72 18.9 ab 48 63 a 13 bc 53 b 0.42 bc 5.4 a 1.44 ab 12.9 0 SL MFCLN 735BCF,-29 15.4 a-c 49 57 a 13 bc 	

E 21/21
54 ab 0.42 b-d 5.1 a 1.54 ab 12.1 0 M MF G 2a/2aCLN 7358C,F-33 14.8 a-c 47 55 a 16 a 53 b 0.41 b-d 5.4 a 1.41 b 13.2 °
 

CLN 735BCF,-43 14.7 a-c 50 62 a 14 ab 
0 SL MS F 21/2


55 ab 0.42 b-d 5.1 ab 1.53 ab 12.1 0 M MF G 21/21CLN 735BCF.-31 14.2 bc 49 61 a 14 ab 56 a 0.41 b-d 5.4 a 1.47 ab 13.2 0 SL MF F 2/21CLN 735BCF -52 13.8 bc 41 55 a 14 ab 54 ab 0.44 bc 5.4 a 1.49 ab 12.3 0 SVL MF F 21/2"CL 5915-93D,-1 -0-3 (ck) 19.9 a 50 32 b 12 c 50 c 0.45 b 4.8 ab 1.30 bc 10.7 VSLR SL MS G 2"/2,CL 5675BC, F,-1-2-2-12 (ck) 17.1 a-c 48 28 c 13 bc 50 c 0.50 a 5.3 a 1.03 c 10.6 VSLR VSL MSCLN 65-349D,-2.0 (ck) 16.3 a-c 45 59 a 
G 2'/2a

14 ab 54 ab 0.42 b-d 5.3 a 1.73 a 12.6 0 SL F G 21/2,Mean of all entries 15.8 47 54 14 54 0.43 5.3 1.44 12.3 c.v. (%) 	 17.7 11 8.8 7.3 2.6 6.6 3.9 11.2 -

U = none; VSLH = very sirgnt radiai cracking.

VSL = very slight: SL = slight; M = moderate.
 

-	 MS = moderately soft; MF = moderately firm: F = firm. 
F = fair: G = good: E= excellent. 

'2a/2' = homozygous for allele Tn-2', conditioning tomato mosaic virus resistance.
'Means in the same column followed by the same letter are not significantly different at 5% (DMRT). 



TableS. Yield and other horticultural characteristics of the best determinate tropical breeding lines and checks in the AYT 2; AVRDC, summer 1993 
Entries Mkt. Fruit Fruit Days to Acidity Brix Color Sugar/ Crack- Firm- Vine Scale of ToMV* 

yield set size first (% citrate) (%) (a'b) acid Ing. ness' cover' flooding 
(t/ha) ( (g)g) flower ride fruit ratio damage'

CLN 1301 DC.-637-20-0 21.8 a' 57 ab 99 b 15 a-c 57 a 0.53 ab 4.8 de 1.64 ab 9.1 SLR F G 3 212'
CLN 1301DC,-702-11-0 18.2 ab 55 ab 89 bc 19 a 57 a 0.51 ab 5.1 b-e 1.42 ab 10.0 VSLR F G 4 2'2' 
CLN 1301DC.-376-19-0 18.1 ab 55 ab 114a 14 bc 57 a 0.47 b 4.6 e 1-32 ab 9.8 SLSA/R VF G 3 2/2
CLN 1301DC,-637-20-0 15.9 bc 59 ab 80 cd 14 bc 57a 0.54 ab 5.2 b-e 1.33 ab 9.6 VSLR F G 3 2*/2 ° 

CLN 1301 DC,-243-8-0 14.3 b-e 60 ab 71 de 13 bc 54 ab 0.54 ab 4.8 de 1.36 ab 8.8 SA VS MF F 5 2°/21 
C/R

CLN 1301DC,-326-15-0 13.4 b-d 59 ab 90 bc 13 bc 54 ab 0.47 b 5.0 b-e 1.42 ab 10.6 SLR MF F 4 2-/2-
CLN 1301DC,-376-0-0 12.8 c-e 64 a 74 de 18 ab 54 ab 0.60 a 5.5 .b 1.27 ab 9.2 SLR VF F 4 2'/2a
CLN 1301 DC.-87-5-0 11.9 c-e 54 ab 73 de 13 bc 54 ab 0.51 ab 5.4 a-c 1.22 ab 10.5 SLSA F F 5 2*/21
CL 5915-93D,-1-0-3 (ck) 14.5 b-d 50 ab 32 b 12 c 50 c 0.53 ab 4.9 c-e 2.37 a 9.2 SLSA/C MF F 2 2'/, r-
CL 5675BC,F,-1-2-2-12 (ck) 9.4 d-f 49 ab 29 h 14 bc 52 bc 0.47 b 5.3 b-d 0.98 b 11.3 MR MF F 6 2/2
Mean of ail 'tries 13.1 55 70 14 55 0.51 5.09 1.39 9.9 -

c.v. (%) 21.1 10.7 7.3 13.1 2.9 8.7 4.3 35 -
'VhLH = very slignt racial cracking; bLH = sfignt racial cracKing bLaADH = slignt superficial aorasion ancl racial cracking; ZLS AI = siignt supenicial aorasion ano concentric 
cracking. 

'MF = moderately firm; F = firm; VF = very firm. 
cF = fair: G = good. 
'Rating scale of 1 = none; 2-3 = slight: 4-5 = moderate: 6-7 = serious; 8-9 = very serious. 
"21/2" = homozygous for allele Trn-21. conditioning tomato mosaic virus resistance. 
'Means in the same column followed by the same letter are not significantly different at 5% (DMRT). 
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Type of trial No. of entries Sown Transplanted Harvested
Observational . 18 04/12/93 05/12/93 06/17 -08/0393
Preliminary 1 24 10/22/92 11/18/92 02/02 - 03/19/93
Preliminary 2 24 10/22/92 11/18/92 02/02 03/19/93-
Preliminary 3 9 04/13/93 05/13/93 06/17 - 08/03/93
Preliminary 4 10 04/13/92 05/13/.2 06/17 - 08/03/93 

)YT x,.'s imadC up of Iwo-row, unrcplicaled plots. ( )Ys arc designed to identi fy lines 
dcserving further lestingPrelininary yield trials (P'YT) were conducted usi ng a randomized 
complete block design with two replications. Plot size was identical to tile ()YT. 

Results and Discussion 
In the ()YT 1,CL.N 1462-22- 1(0-49-1 yielded comparably to the hcal-toleranl hybrid check, 

FM1IT 22, displaying good(plant vigor and floliage cover, lirmer truith very slight cracking, and 
better color than FM'IT 22. 

Mcan yields ol enlries in tile 1992 fall I'YT I ranged from 81 to 1(05 i/ha, greater thanl checks 
RIodade (7X i/ha) and [ITll- 33 (70 i/la); however, only CL ,N 977l3C, 1,-44-24-2 1-2-23 yielded
signilicant ly greater than tie checks. Fruit set averaged over enlris was 76'.1 per clusler. ThIe fruit 
olsome entries were as large as the checks wii h belter firiilncs, coer, arid crack resistanlce. None 
of ihe entries had conip-arable soluble solids and flavor (stgar- acid ralio) as FN'IT 33. 

l)ata for nine selecteCd entries ltmn I YT 2 ire presented in table 6. Fiuries signilicn lly
otvl'2lded Ihe commiercial cultivar, KY 3(11, but not AVRID)C fresh market tomalo hybrid, FMFT 
33. Average fruit set was about 831/ per cluster. l'ruit size of Ihe selected entries was 123-1 55 
g. close (to the ideal size of 13(0 g per fruit; fruit had better liriiness and crack resistance than tliL 
check, KY 3(01. None oh tie best enitries had comparable soluble solids as KY 3()1. 

The best experilnienal deterininlale fresh market hybrids in the 1993 suniuer I'YT 3 yielded
from 14 to 22 t/l:i, statistically commlparable It)hCa-lt)leranlt checks 2l. 5915-931 )C4 - I-(1-3 anld(.1,
5675 BC IF,- I-2-2-I2. The best entries -- [MiT 5 )1, FMI'" 51(, FM'IT 454, FM'T 4X6, and 
IFM'I'5(16--- had beticr fruit set (44--5 I"/,per cluster), larger rtit size (64 -97 g per fruit), firier 
fruit, good fliage cover. low fruit cracking, and less foliar disease than tile check cullivars. 

Yields oflihe best indeterminale fresh lilarket experimental hybrids in Ils 1993 summer I'YT 
4 ranged from If) to 21 I/ha, betler than commercial check KY 3(01 but less Ihan AVRID)C hybrid
[MTI" 22. Few ;i ciIcanl dirf'erences in Inarketable vields anion hylbrids were detected, 
probably die to hiieh enviiromhentl variation, indicated by the large coelticienl oh' variation 
(40.89% for inamarkeltable yield. 'There were few dilCrences among experimental hybrids in fruil 
size. FMI" 3X5 and [-MTI" 52' )ad Lo( l soluhle solids contents, comparahle to checks FMiT 
22 and KY 3(1, but lended to crack. All entries had lirm fruil, fair flliage cover, and blotchy 
ripening. 



Table 6. Yield and other horticultural characteristics ot selected fresh market tomato lines and checks in PYT 2; AVRDC, fall 1992 
Entries 	 Mkt. Fruit Fruit Days to Acidity Brix Color Sugar/ Crack- Firm Vine ToMVO 

yield set size first (% citrate) (a/) (sb) acid ing, nessO cover' 
(tha) %) (g) flower rice fruit 	 ratio 

CLN 399BCi,-19-t0-12-12-8-22-0 98.0 a 37 a 123 ab 27 83 bc 0.38 a-d 4.9 b-d 1.7 a-c 12.7 0 VF G 2/2' 
CLN 399RC,F.-19-6C-12-12-8-12-9 97.7 a 88 a 123 ab 24 83 bc 0.37 a-d 4.7 cd 1.8 a-c 12.7 0 VF F 2"/2" 
CLN 399EC.F,- 9-6-18-19-1-0 96.0 ab 90a 127 ab 27 83 dc 0.38 a-d 5.4 b 1.7 a-c 14.2 0 F F 2/2' 
CLN 3998C.1,-19-60-3-5-11-t0 95.6 an 39 a 136 ab 29 90 a 0.37 a-c 5.0 b-d 1.8 a-c 13.5 0 VF F 2"/2' 
CLN 399BC.F,-t9-60-8-5-t1-0 91.8 ad 73 ab 128 ab 26 82 nc 0.35 a-d 4 7 cc 1.8 a-c 13.2 0 MF F 2'.'2" 
CLN3993C.F,-19-6-13-17-7-1-0 90.8 ao Q1 ab 134 ab 28 82 bc 0.35 a-c 5.1 b-c 1.9 a-c 14.3 SLR MF F 2',2-
CLN 399BC.F,-19-6- '£.-17-7-9 90.6ab 80 ab 155a 24 33 bc 038 a-d 4.9 b-. 1.9 a-c 13.8 0 F F 2'/2" 
:LN 399C-F,- 9-60-8-5-1 1-6 90.1 a: 81 ac 124 ab 26 b33c 0.34 t-c 4.6 d 1.7 a-c 13.3 0 VF F 2*/2' 
C24 3995C.F-19-60-8-5-6-13 38.3 ab 84 a 124 ab 27 83 bc 0.338 a-d 4.6 d 1.7 a-c 12.1 0 VF F 2"/21 
= MTT 32 c1 37.9 ad 7 ac 133ta 24 83bc 0.39 a-c 5.15 b-d 1.9 a-c 130 SLR MF G 2'/+ 
KY 01 .c . cc6 59 b 141 ab 26 0c 0.35 a-c 6.0a 2.1 a 16.9 MR MF G "/ 
M.ear.s C; all enrles 83 33 128 26 82 u.37 5.0 1.3 

14.5 9 8 6 1 5.1 3.7 7.2
 
0 ncr. LH = sj.gnt racial cracKing: ,IH = mocerate rad:al cracKng.
 

-	 MF =mccerateiv tirm: F fi;rn: VF = very firm. 
F = f'1r: G = =cd. 

. . 2' 
2 2' - - = Tm-2" homozygote; Tm-2" heterozygote, and wild type susceptible, respectively. 

* Means in the same coiumn followed by the same let.er are not significantly different at 5% (DMRT). 
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Performance of Tropical Cherry Tomato 

Summary 
Selected SN series cherry lines outyielded the check hybrid, Santa, in the 1993 early summer 

observational yield trial, showing high soluble solids content, good flavor, high fruit set (71
87%), desirable fruit size (6-8 g per fruit), and firmness. SN cherry lines developed less cracking 
than Santa. 

In the 1993 preliminary yield trial 5, selected SN series were significantly more heat- tolerant 
than checks ClIT 264, Santa, and Season Red, although yields ranged from only 2.6 to 4.4 I/lh.
Selected entries were better than checks in fruit firmness, fruit set, flavor, and crack resistance. 

The best determinate and indeterminate cherry hybrids were tested in 1992 fall PYT 1 - 2. 
Entry yields were comparable to checks, but they produced lowCe soluble solids content than the 
checks. Entries were better than checks in firmness and Foliage cover. 

The best determinate experimental hybrid, ClIT 500, did not significantly outyield check 
cultivars ClIT 261, CHT 264, and Season P.ed in 1993 summer PYT 3. Foliage cover, firmness,
and soluble solids content of ClT 50() were acceptable. All entries suffered from cracking and 
blotchy ripening due to flooding and heat. 

Six indeterminate cherry hybrids in the 1993 summer PYT 4 yielded 18 - 30 t/ha, out
performing Santa (6.4 t/ha). Hybrids contentshowed high soluble solids and firm fruits,
coi,, arable to the check. Entries and checks developed high incidences of cracking and blotchy 
ripening due to flooding. 

Introduction 
The AVRI)C tomato improvement project seeks to develop tropically adapted cherry tomato 

lines and hybrids, emphasizing selection for the following characteristics: heat tolerance;
resistance to bacterial wilt, tomato mosaic virus, and root-knot nematode; good fruit traits such 
as firmness, crack resistance, uniform fruit size within a long cluster, high soluble solids content, 
and a high sugar:acid ratio (greater than 16) for better Ilavol. 

Materials and Methods 
Six cherry tonato trials were conducted in 1992-93. General information on the kind of 

materials evaluated, type of trials, sowing, planting and harvest dates are given below: 

Type of trial No. of entries Sown Transplanted Harvested 
Observational 43 03/17/93 04/18/93 06/20/93 -07/15/93
Preliminary 1 13 09/21/92 10/21/92 12/28/92 -02/02/93
Preliminary 2 21 09/21/92 10/21/92 12/28/92 -02/02/93
Preliminary 3 10 04/13/93 05/11/93 07/12/92 -08/02/93
Preliminary 4 10 04/13/93 05/11/93 07/12/92 -08/02/93
Preliminary 5 17 06/11/93 07/08/93 08/07/93 -08/10/93 

Plots For OYT consisted of one two-row bed. Bed spacing was 1.5 n and row length was 4 
in. Between and within-row spacing was 60 cm and 4) cm, respectively.

Preliminary yield trials I and 3 included delerminate cherry lines and hybrids, while PYT 3, 
4, and 5 consisted ofindctcrminate cherry hybrids and semideterminate lines. PYTexperimental 
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units were the same size as OYT except that indeterminate and semideterminate PYTs included 
two beds instead of one. Entries were replicated twice and arranged in RCBI). 

Results and Discussion 
Data on selected cherry breeding lines from the 1993 early summer OYT are presented in 

table 7. Selected lines on average yielded twice as much as the check Santa, and produced high
soluble solids content (5.2 - 6.3%), good flavor based on sugar:acid ratio (16.3 - 18. 1), high fruit 
set (71 87%), desirable fruit size, and firmness. Most entries showed more crack resistance than 
til check. Although Santa and experimental lines showed good fruit set and similar fruit weights,
tile lines produced more clusters and more fruit than Santa. 

Lines tested in PYT 5 yielded poorly (2.6 - 4.4 tim), but significantly outyielded check 
cultivars Season Red, Cl-IT 264, and Santa. Fruit-set, f'uit per plant, and flavor were significantly
better than the checks, lines were also superior in thi! firmness, crack resistance, and disease 
resistance, especially compared to Season Red and CI IT 264. Bacterial leaf spot infection ranged 
from moderate to severe on entries. 

Few significant differences in marketable yield were found in the 1992 fall PYT I and 2 
among entries and solid,; content was lower than in the checks. Indeterminate cherry hybrid CHT 
460 yielded 33.4 t/ha and determinate cherry hybrid; CHT 500, C-IT 495, CHT 589, and CHT 
499 yielded 50 t/ha or more. These hybrids produced moderate to very firm fruit, good foliage 
cover, and were less damaged from flooding. 

Table 8 presents data on the perlormance of six determinale cherry hybrids in the 1993 
summer PYT 3. The best hybrid, CHT 500, did not si gni ficanll y outyiCld check cultivars CHT 
261, CHT 264, and Season Red. Selected entries produced acceplable soluble solids content and
fruit sizes, good foliage cover, firm fruit Ibut with moderate to severe cracking, and blotchy
ripening due to flooding. All entries except CHT 448 and CHT 264 were heavily infected with 
Taiwan tomato leaf curl virus (TTI.CV), a whilelly-vectored geminivirus.

Results of six indeterminate entries evaluated in the 1993 PYT4 are presented in table 9. New 
entries outperformed the check cultivar, Santa, in marketable yield, but were similar in yield to 
heat-tolerant checks CHT 104 and CHT 204. All entries had soluble solids content and firnmess 
comparable to the checks, but developed cracking and blotchy ripening due to flooding. Some 
entries were also susceptible to TTI.CV, a severe problem in the field this year. 

Performance of Processing Tomato Lines 

Summary 
Six new processing tomato lines and hybrids were selected for further testing from the fall 

1992 observational yield trial. Yields of the best entries ranged from 74 to 89 t/ha, comparable 
to the best check, iT 4121; they also showed good foliage cover, vine compactness, acceptable
fruit size, color, and crack resistance. 

The best processing tomato hybrids in tile 1992 fall AYT had improved fruit size and 
firmness, and yielded 93-104 t/ha, better tian checks PT 4454, UC 2(WA, an(l UC 82. The best 
yielding hybrid, PT 4717, produced larger and firmer fruit, but not better solubt,, solids content 
than tie checks. PT4714, 1"4691, and PT4708 carry thejointless pedicel trait for easy machine 
harvest. 
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Table 7. Yield and other horticultural characteristics of selected cherry tomato breeding lines and hybrid check in OYT; AVRDC, early summer 1993
 
Entries Mkt. Fruit Fruit Acidity Brix Color Sugar/ Crack Growth 
 Vine, Firm- No. of Uniform, 

yield set size (% citrate) (%) (a/b) acid (%) habit cover ness' fruit/ size with 
(/ha) (%) (g) ratio cluster cluster 

SN-60-7 27.7 83 7 0.33 5.8 1.14 17.6 11 Semideterminate G VF 12 E
SN-240SD-4 23.8 87 8 0.33 5.4 1.60 16.3 34 Semideterminate G F 12 E

SN-664-1 21.9 59 6 0.38 
 6.3 1.49 16.5 7 Semideterminate G MF 12 E
SN-60-lo 21.7 84 6 0.32 5.2 1.37 16.3 1 Semidetermin3te G VF 10 E

SN-310-10 21.0 74 6 
 0.32 5.8 1.60 18.1 22 Semideterminate G F 10-16 E

SN-531 -0 20.7 72 8 U.38 6.3 
 1.14 16.5 10 Semideterminate G F 10 G
 
SN-60-1 18.7 83 
 6 0.36 6.2 1.88 17.2 11 Determinate F VF 10 ESN-240SD-2 18.3 71 8 0.36 6.1 1.02 16.9 26 Semidetermiante G VF 10 E

Santa (ck) 7.8 89 
 7 0.32 5.6 1.28 17.5 45 Indeterminate G F 11 F
 

F = lair: U = good: t = exceilent.
 
MF = moderately firm: F = firm; VF very firm.
 

Table 8. Yield and other horticultural characteristics of selected determinate cherry tomato hybrids vs. check cultivars in PYT 3; AVRDC, summer 1993 80 
Entries Mkt Fruit Fruit Days to Acidity Brix Color Sugar/ Crack- Blotchy Plant Vine Firm- ToMV* TTLCV' 

yield set size first (% citrate) (%) (a/b) acid ing' ripening' vigor' cover' ness' 
(tlha) N%) (g) flower ripe fruit ratio 

CHT 500 27-4ag 46c 15 a 14 49 0.49 b 5.9 b-d 1.39 12.0 SVC/R M P F MF 2'/+ M -CHT 497 25.9 a 48 bc 23 ab 14 49 0.51 b 5.7 cd 1.56 11.2 SVC/R SL G G VF 21+ SLCHT 499 24.7 a 52 a-c 21bc 15 50 0.51 b 5.9 b-d 1.73 11.6 SVC/R M F G VF 2/+ MSVCHT 448 19.7 a 64 ab 10.d 15 49 0.56 ab 6.2 a-d 1.72 11.1 MR SL F G F 2'/+ 0CHT 493 16.4 a 47 bc 19 c 16 51 0.53 ab 6.0 b-d 1.47 11.3 SLC/R SL F G F 21/+ SVCHT 264 (ck) 18.5 a 56 a-c 11d 14 48 0.51 b 6.6 a-c 1.62 12.9 MC/R SL G G F 2"/+ 0CHT 261 (ck) 17.2 a 57 a-c 11 d 14 50 0.53 ab 6.9 a 1.95 13.0 MSVC/R SL F E F 2/+ VSL
Season Red (ck) 15.9 a 69 a 19 c 16 49 0.61 a 5.9 b-d 1.66 9.6 SVC/R MSV G G MF 2"/+ MSVMeans of all entries 20.2 56 17 15 49 0.52 6.1 1.66 11.7 .. . . . . .
 
c.v.(.) 18.0 9 6 6 2 4.6 4.2 8.2 -.. . . . .
'Z L CH.= slignt concentric and radial crack; MN = moderately radial crack: H UN = moderately concentric and radial crack; MbV (..-H= moderately 

severe concentric and radial crack; SV = severe concentric and radial crack. 
'SL = slight; M = moderate; MSV = moderately severe. 
:P = poor: F = fair.G = good. 
'MT = moderately firm; F = fair; G = good. 
*2'12' . 2'1+. + + = Tm-21 homozygote; Tm-2" heterozygote, and wild type susceptible, respectively. 
TTLCV = Taiwan tomato leaf curl virus; 0 = none; VSL = very slight: SL = slight: MSV = moderately severe. 
"Means in the same column followed by the same letter are not significantly different at "% (DMRT). 



Table 9. 	 Yield and other horticulturalcharacteristics of the best indeterminate cherry tomato hybrids vs. check cultivars in PYT 4; AVRDC, summer 
1993 

Entries 	 Mkt. Fruit Fruit Days to Acidity Brix Color Sugar/ Crack Blotchy ' Firm- ToMVI TTLCV* 
yield set size first (%citrate) (%) (a/b) acid ing ripening nass, 
(t/ha) (%) (g) flower ripe fruit ratio 

CHT 491 29.9 a' 50 cd 12 d 11 b e4 0.52 b-d 6.5 ab 1.05 ab 12.5 MSVR MSV F 2'/+ 0 
CHT 492 27.5 ab 51 cd 11 d 11 b 44 0.44 e 6.5 ab 1.06 ab 14.8 MSVR SL F 2'/+ 0 
CHT 480 20.8 a-c 75 ab 17 b 16 a 48 0.50 b-e 6.6 ab 1.14 a 13.2 SLC MSV F 2'/+ SL 
CHT 377 20.3 a-c 56 cd 17 b 11 b 48 0.49 b-e 6-2 b 1.10 a 12.7 VSLC MSV VF 21/+ M 
CHT 479 	 18.3 bc 76 ab 16 bc 15 ab 49 0.52 b-d 6.5 ab 1.10a 12.5 SLC/R SV F 2'/+ 0

CHT 484 	 18.3 bc 74 ab 16 bc 14 ab 48 0.53 bc 6.7 ab 1.16 a 12.6 MSLCR MSV VF 2*/+ M 

CHT 104 (ck) 29.0 a 62 a-c 22 a 14 ab 48 0.52 bd 6.3 b 1.13 a 12.1 SLR SL F 2'/+ M 
CHT 264 (ck) 28.9 a 52 cd 11 d 14 ab 49 0.47 c-e 6.6 ab 0.92 ab 14.0 MR MSV F 2!,+ 0 
CHT217(ck) 21.9 a-c 46cd 11d 14ab 50 0.55 b 6.8 ab 1.16 a 12.3 SLC/R M F 2'/+ 0 
Santa (ck) 6.4 d 36 d 8e 11 b 49 0.46 de 6.8 ab 0.81 b 14.8 VSVR VSL F +/+ 0 
Golden Pearl (ck) 15.8 cd 78 a 7 e 14 ab 46 0.72 a 7.1 a 0.07 c 9.7 VSVC/R 0 MF +/+ MSV 
Means of all entries 20.8 60 14 13 47 0.52 6.6 0.97 12.6 . . . . . 
c.v.(%) 	 14.8 10 3 8 3 3.9 3.2 7.8 -.. . . 

'Vz LC = very sngnt concentric cracking; bLC slight concentric cracking: Lu,H = signt concentric and racial cracKing; MSLCH = .oaerately slignt concentric 
and radial cracking; MR = moderate radial cracking; RC/R = moderate concentric and radial cracking; MSVR = moderately severe radial cracking; VSVR = very 
severe radial crack: VSVC,'R = very severe concentric and radial cracking. 

IVSL = very slight; SL = slight; M = moderate: MSV = moderately severe.
 
MF = moderately firm: F = fair; VF = very firm.
 
21/21. 2'/+. + + =Tm-2" homozygote; Tm-21 heterozygote, and wild type susceptible, respectively.
 

*TTLCV = Taiwan tomato leaf curl virus; 0 = none; SL = slight; M = moderate; MSV = moderately severe. 
'Means inthe same column followed by the same letter are not significantly different at 5% (DMRT). 
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Introduction 
We continued our search for new processing tomato lines and hybrids with good yield,

disease resistance (tomato mosaic virus, bacterial wilt, and root-knot nematode), high concentrated
fruit set an'J firmness for mechanical harvesting, and acceptable processing quality. In addition, 
we looked for materials with the jointless pedicel for easy machine harvest. 

Materials and Methods 
Two trials were conducted (luring the 1992 fall season. Information on numbers of entries,

trial types, sowing, planting, and harvest dates are given below: 

Type of trial No. of entries Sown Transplanted Harvested
 
Observational 
 16 09/22/92 10/21/92 02/08 - 2/23/93
Advanced 21 09/22/92 10/21/92 02/09 - 2/23/93 

OYT was arranged in a randomized complete block design with two replications. Plots consisted 
of two, 4-mi-long beds spaced 1.5 m apart. Within-row spacing was 40 cm.

The advanced yield trial was aranged in a randomized complete block design with three
replications. 'lots consisted of four instead of two beds. Spacing was idenical to the OYT. 

Results and Discussion 
Six introduced lines and hybrids from the Petoseed Co., listed in table 10,were evaluated.

Entries yielded compai ably to check 1IT4121, and displayed good foliage cover, vine compactness,
acceptable fruit size (61  91 g per fruit), good color, and crack resistanc.-. BI. 787 produced a 
high marketable yield and Brix content. 

The best lines in the AYT (table 11I)- PT 4717, P-T 4714, and IT 4659 - produced high
yields (1)1  1(4 t/ha), high soluble solids content, and good color, comparable to checks, PT
4454, UC 204A, and UC 82. The best entries produced firmer and larger fruits than the checks.
PT 4714, 1T 4691, and IT4708 have the jointless pedicel advantageous for machine harvest. All
entries were resistant to bacterial wilt and tomato mosaic virus. 

Crosses and Segregating Populations 
Objectives and numbers oi crosses completed in 1993 are presented in table 12. About 25%

of the crosses were designed to improve tropical tomato lines For Taiwan tomato leaf curl virus 
(TLI.CV) or cucumber mosaic virus (CMV) resistance. Several TlI.CV crosses involvedinterspecific hybridization between Lvcopersicon esculetunm x Lv'copersicon chilense, but
viable F,plants were obtai ned via embryo rescue from onlyone cross (Cl. 5915-931).4- 1-0-3 x LA
1969). Backcrosses are planned to transfer virus resistances into tropical tomato backgrounds and
develop populations for RFI.I" analysis of virus resistance genes. Sixteen crosses were made toinlrogress CMV resistance from L. hirsnttmn into tropical tomalo. Two fertile F, families from L. 
esctdentum x L. pennelihi crosses were backcrossed to L. escttIennIm to oblain BC,! .; the
objective is to transfer the acyl sugar trail for insect resistance into cult ivated tomato. The majority
of crosses were made to test combinations for possible hybrids. Crosses intended for RFI 



Table 10. Yield and other horticultural characteristics of introductions and checks in OYT; AVRDC. fall 1992 
Entries I kt. Fruit Fruit Days to Acidity Prix Color Crack- Firm- Vine Vine 

yield set size first (% cilrate) (%) (a/b) ing" ness* cover' compact
(tha) (%) (g) flower ripe fruit ratio ness 

BL 691 = p 56994 88.8 76 79 a-c' 15 76 0.27 h 4.4 2.16 ab 0 MS E E 
BL 787 = psR 74208 87.1 86 76 a-d 16 69 0.36 a-d 5.2 2.22 ab 0 MF G G 
BL 789 = ps x p 1596 83.2 86 65 b-d 16 73 0.35 a-e 4.9 2.26 a 0 MF G G 
BL 786 = psR !3010 81.1 88 61 cd 15 69 0.31 e-h 4.4 2.12 ab 0 MS G G 
EL 680 = Hysol 649 75.6 78 87 ab 16 69 0.36 a-c 4.8 2.16 ab 0 MS G G 
BL 685 = Nema 1435 74.4 82 91 a 16 76 0.27 h 4.9 2.24 a 0 MS E E 
PT 412 i (ck) 77.2 83 73 a-d 15 67 0.34 b-f 4.7 2.09 ab 0 MF G G 
BL 444 tck) = UC 204A 68.8 83 68 b-d 16 73 0.38 ab 4.9 2.16 ab 0 MF G G 
UC 82 (ck) 66.3 85 60 c-d 16 69 0.30 f-h 4.5 2.10 ab 0 MF E E 
Means of all entries 72.6 83 71 16 70 0.33 4.8 2.17 -
c.v. (%) 18.6 7 9 6 4 5 6.7 3.1 
r3 = none 
IMS = moderately soft: MF = moderately firm. 2 
G = good; E = excellent.'Means in the same column followed by the same letter are not significantly different at 5% (DMRT). 

Table 11. Yield and other horticultural characteristics of the best processing tomato hybrids and checks in AYT; AVRDC, fall 1992 

Entries Mkt. Fruit Fruit Fruit Acidity Brix Color Joint- Firm- Vine Vine ToMtVc ." 

yield set size first (% citrate) (%) (a/b) less ness' cover' compact
(tiha) (%) (g) flower ripe f.-uit ratio ness' 

PT 4717 
PT 4714 

104.2 a' 
103.2 ab 

78 
77 

89 a-c 
z0 b-f 

21 b 
21 b 

79 b 
76 bc 

0.29 ab 
0.32 ab 

4.6 b-f 
5.1 a-c 

2.25 
2.19 

-
+ 

VF 
VF 

G 
F 

F 
F 

21/+ 
21/+ 

PT 4659 100.7 ab 73 89 a-c 19 bc 77 b 0.27 ab 4.5 d-f 2.15 - VF E E 21/+ 
PT 4691 100.5 a-c 80 72 f 21 b 76 bc 0.31 ab 4.9 a-e 2.10 + MF F F 21/+ 
PT 4716 
PT 4708 

98.8 a-c 
95.9 a-c 

81 
79 

88 a-d 
81 b-f 

21 b 
21 b 

88 b 
77 b 

0.30 ab 
0.32 ab 

4.7 b-f 
5.1 a-d 

2.22 
2.16 

-
+ 

F 
F 

G 
G 

F 
F 

21/+ 
21/+ 

PT 4651 
PT 4718 

94.9 a-c 
93.4 a-c 

79 
70 

95 a 
86 a-e 

21 b 
20bc 

80 b 
79 b 

0.29 ab 
0.26 b 

4.7 a-f 
4.8 a-f 

2.17 
2.16 

VF 
MF 

E 
G 

E 
G 

21/+ 
2/+ 

PT 4454 (ck) 82.3 bc 77 76d-f 18c 72,': 0.40a 5.0 a-e 2.16 MF G E 2*/+ 
UC 204A (ck) 79.4 c 79 71 f 20 b 77 b 0.39 ab 5.3 a 2.23 MF E E 
UC 82 (ck) 82.4 bc 80 71 f 19 bc 76 bc 0.31 ab 4.7 a-f 2.15 MF G G '1+ 
Mean of all entries 92 76 83 21 78 0.30 4.8 2.15 
cv. (%) 11.7 8 6 4 2 16.2 5.3 4.1 
Wi- = moderately firm; I-= tirm; V- = very firm. 
'F = fair; G = good; E = excellent. 
'2'/+ = heterozygous for allele Tm-2; "/+ = susceptible. 
'Means in the same column to,:-)wed by the same letter are not significantly different at 5% (DMRT). 
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analysis of particular traits were advanced by single seed descent to eventually obtain recombinant 
inbred lines. 

Table 12. Crosses developed in1993 inthe tomato improvement project 
Objective of crosses No. of crosses 

1. Incorporation of TTLCV resistance 
2. Incorporation of cucumber mosaic virus resistance (from L.hirsutum) 

53 
16 

3. Further improvement of tropical tomato (heat tolerance and bacterial wilt) 26
4. Combining ability test (fresh market and cherry tomatoes) 162 
5. Crosses designed for RFLP anal,/sis


Late blight resistance 
 4
Heat tolerance 2
Black leaf mold 2
Bacterial leaf spot 3
Flood tolerance 2 

Segregating populations were planted in 1993 as part olan overall program to select desirable 
traits in appropriate seasons. Ninely-two heat-tolerant F4 lines with improved fruit size were 
selected from F,parthenocarpic lamilies. One hundred-thirl y (i)C, ) fresh markel lines Carrying
high levels of bacterial wilt resistance and heat tolerance, as well as large fruit size, and firmness 
were selected Ior further testing. DiCty-twol)-5 cherry lines with heat tolerance and improved
flavor were also selected. 

Evaluation of New Germplasm for Heat Tolerance 

Summary 
Forty-three entries were evaluated Ior heat tolerance in the summer with average maximum! 

nininum temperatures of 33"C/25 C. One line from mainland China was better in lnit set to other 
entries, but comparable to AVRI)C heal-tolerant checks Cl. 5675 and Cl. 5915. Three heat
tolerant U.S. hybrids set fruit pooirly under Taiwan summer condilions. 

Introduction 
Introduced tomato lines and hybrids are routinely evaluated each sumner for tropical

adaplation, particularly for fruit set under high temperatures, as well as desirable horticultural 
trails. 

Materials and Methods 
Two trials of new germplasm were evaluated during the 1993 summer season. Infornation 

on entry numbers, sowing, and planting dates are given below: 

Materials No. of entries Sown Transplanted 
Trial 1 39 06/21/93 07/15/93
Trial 2 4 07/22/93 08/16/93 
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Entries were evaluated in one 4-rn-long row an(l not replicated. Beds were spaced 1.5 in apart, 
and plants within the row were 4(1 cm apart. 

Results and Discussion 
MaJorily (8 6 ,) otlthe 43 introductions evalualed for surnmer lruit-set (33 C/25 C) failed to 

set fruilor set 1-4 fruils. ()ne line l)roni China had better fruit-set than other introductions and 
equal l( AVRI)C he.al-tolerant checks CI. 5675 and CL. 5915. 'Tayninh', from Vietnam, was 
moderately heal-tolerant but its mediuni-siZed fruit tended to be severely cracked, solt, and 
calfaced. Both could prove to be useful sources of new heat tolerance genes. Three U.S. leal
tolerant hybrids, Ileatwave, NC 82162. and Solar Set, set fruit poorly under Taiwan lowland 
summer conditions. 

International Cooperation 

Official Cultivar Releases 
Three AVRI)C lines coded by a scientist in Bangladesh as TM-() I , TM-6387, and TM

(054, were officially released as Red Gold in Bangladesh. 
iProcessi ng t(onatohylvbrid Ilmg-Za No. 16 was released in China in 1992. One parent of the 

hybrid is AV RI )C line CIL 1069-(0-5-4, sent to the Institute of Vegetables and Flowers, Chinese 
Academy of Aericulltural Sciences in 1986. 

Trial Feedback 

China. Mr. Yong-.iian Zhou, Institute of Vcgetahles and Flowers, Chinese Academy of 
Agricullural Sciences, reported that processing hybrid Hlung Za No. 16, a parent of which is 
AVRI )C line Cl. 1)69-0)-5-4, signi licant ly ouLtyieldCd the check cult ivar, IIhLig Ma-Nau No. 140 
by 1351/ in the staked/pruned pamting of 1988, and also increased yields by I I Ir/ in the 
unslaked/unpru ne planting1 (f 1989 (table 13). 

Table 13. Yield and other horticultural characteristics of the best processing hybrid Hung Za No. 
16 vs. the check cultivar; China 1988/1989 

Year Varieties Days to maturity 1st Harvest Brix Acidity Lycopene 

Yield % of (%) (%citrate) (mg/100 g) 
(t/ha) harvest 

1988 Hung Za no. 16 110 84 80 4.8 0.49 9.67 
1988 Hung Ma-Nau No. 140 115 36 68 4.6 0.39 9.43 
1989 Hung Za no. 16 109 78 94 5.2 0.62 9.70 
1989 Hung Ma-Nau No. 140 116 54 83 5.2 0.48 12.40 

AdvanagcesolCI. 1069-0-5-4 were better concentrtlcd set (early iarvest included ahout 80% 
of1t01a1 yield), uii form color, smooth, snall blossom end and pedicel scars, early maturity, crack 
resistance, and resislanc : to TMV. 
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Mozambique. Mr. George Horlings, agronomist with World Vision International, observed 
that CLN 657BC,-285-0-21 did well in northern Mozambique despite heavy infection by root
knot nematodes. He hopes to multiply seed for on-farm trials in 1994. 

Nepal. Dr.I).S. Rana of the Vegetable Seed Production Project, GCP/FAO, at Kathmandu 
has tested I I AVRDC tropical lines since 1987. Two lines, CL 1131-0-0-13-0-6 and CL 1131
0-0-7-2-0-9, perfornied very well and seem adapted to the high temperature environment of 
Kathmandu, Nepal. They will miiultiply seeds for on-farm testing in 1994. 



Tomato Entomology 

Effect of Temperature and Photoperiod on the Production of Acylsugars 
in Lycopersiconpennefli 

Summary 
One Lycopersicon petnm'lii accession shows consistent resistance to tomato fruitworn.

(Helicoverpaarmigera) in Taiwan and to several other insect species infhe United States. The
insect resistance is due to production ,Iacylsugars in Ole loliage which are toxic to insect,;.
AVRI)C is using this accession to breed tomato resistant to tomato frutworm. EfTect of 
temperature and photoperiod on the production of acylsugar was investigate(] in two laboratory
experiments. L. pennel'i plants in the first expcriment were grown under Ibur sets of temperatures:
15, 20,25, and 35% 12:12 h lighl and dark conditions. In the second experiment thtse plantsOand 

were grown Under 12:12, 14: 10, and 16:X 1 light and dark condition at 25C. Six weeks later we
extracted second and third leaflets from the Iopmost leaf wit imethylene chloride and estimated 
the acylsugar content by chemical assay inthod. As the temperature increased, produiction of
acylsugars also increased. A significant positive correlation was *oundhe!ween temperature and
concentration of acyl,ugar. ILength of photopcriod did not afTect acylsugar production. These
studies indicate that the acylsugar-mediated insect resistance in L. pennellii will not be adve,'sely
affected by the high temperaltures and photoperiod common in the tropics. 

Introduction 
Tomato fruitworin, Helicoveipaarmigera,is economically the most important insecl pest of 

tomato in all countries of Asia. AdUlts lay eggs on lliage and newly emerged larvae feed on 
leaves during the first and occasionally the second instar stage. Older larvae bore into the fruits 
and remain there until pupation which takes place in soil. O)nce inside O.e fruit, larvae remain
inaccessible to any conventional control practices such as oflen-used insecticide applications.
Besides tomato, this polyphagous insect atacks many other economically important crops such 
as cotton, tobacco, and corn. Indiscriminate use of insecticides to control Ihis pest on these crops
has resulted in the insect becoming resistant to alarge number of nsecticides which is adversely
afTecting the control of this pest on tomato. At AVRI)C we have been studying host-plant
resistance with a view of breeding to11rnato ciltivars resistant to this pest. We have been using one 
L. pennielii accession. foud111 to be resistant to various pest species in the U.S., to breed tomiato 
cultivars resistant to toloiatolfruilwo ri. The resistance is (lue to pro(luctionl 0 toxic acylsugars
in the Foliage which kill insect larvae feeding on leav:.s. Since tomliato in tropical to subtropical
Asia is cultivated under relatively higher temperatures arnd shorler pholoperiods, we studied the 
eflcct ol Ihese two environriental parameters on the production of acylsugars by L. e'nnellii 
plants. 
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Materials and Methods 
Il tie first experiment where effects of tcmnperature ol hc produciton of acylsugar was 

studied, L. ienn'!liiplants were grown Under fItir sets 4tenperatures: 1. 2(0, 25, and 30)C ,and 

12:12 Ii light ind(iark period flr 6 wk. Intie second experiient, where inl]uncC olphlol()period 
was investigate., L. pe'nn'llii plants w%.ere grown at 12:12, 14:1) and 16:,8I light:dark hour 
C,,nditions at 25" [Or 6 wk. After 6 wk of growth, we cxt ractedl tie second and thirI leallet of 
the topmost leaf fromi each of eight plants, each plant beIing one replicate, placed unifder dilTerentenvironiiLental conmditions. I .c:lfletswere' ntiolintatrily dipped in t hylene chlo~ridec andl acylsugar 

concellration ill the nitctlcne chloride extract was analyzed by co;lorimcric tnlhod. 

Results and Discussion 
There was nto sivni ficantl (i Ifercnce in teie concentralion ofacylsulgar when plants were growl 

at varying lengths of photoperiod ranging from 12 to 16 11. Ieiiiperaturc, however, had a 
significant inluencCe il acylsuigar prOduction (table I). 

Table 1.Influence of temperature on production of acylsugars in L. 
penneliifoliage 

Temperature pg cr-? 
0C leaf area 
15 4.164±1.118 
20 5.053±1.994 
25 5.114±1.520 
30 6.521±1.897 
LSD(0.05) 1.709 

As the tcnpcrature increased from 15TC to 3(0 C, the concentration of acylsugars also 
incretse(l. There was a1statistically signii cant positive correlation (r =0.945) bet ween teliperature 
and acylsugar productioln. This ihlicates tha liet high temperatures commonly encountered 
dturing totnato growinp seasoi in the tropics will not adversely alfect acylsuigar production and 
thereby resistance ofllhese cultivars to tomato fruitworin. 

http:LSD(0.05
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Tomato Pathology 

Tomato Black Leaf Mold: Host Range and Evaluation of Resistance 
in Accessions of LycopersiconSpecies 

Summary 
Five while potato cultivars and eight tobacco iines (Nicoliuna spp.) were inoculated under 

cont rolled coiditiofs with two toll;.tli isoles ofP.Oeulocros/wra fi1ig'arNone of the plants 
developed symptoms ot black leaf mold. Known susceptible toto, eggphlat, sweet pepper, and 
Sohtin n :wi w ahlg,with, hot pepper selection and a local l/i\'s'aliswere planted in the lielh 
sp. selection with an unknown disease respmnse. The plants were inoculated five tlimes Will a 
lolato isolate anti observed for black leafl'0(ld development froim Novenher 1992 to February 
1993. Synplnms developed only (i tolniatlo and eggplant. Flortv-six ,ycotier,sicoil accessions 
representing I(1species w,,ere in ctilate(l ui(ler cintrollted condiit cils and evaltuateil fo re'sistance 
to black leaf mold. Ili0ih levels of resistance (< I()'/ leaf area aflected) were identified allolng 
entries ifL.c/'c.",'unii, L. chInii'l'wskii. Lg. Io!thilosio, L. Ii'maniui,L.pInh'ii,L. paIrv'llown, 
I. p'rfciamai,and L. impinlll(o/ioni. 

Introduction 
lBlack l,af Modl caused by '.ucd 'rcospnrafiliemi(Roldan) l)eiglt n is an iiport lnt 

loliar disease ofltomaloes in subtropical and tropical coutries. There is little information ol host 
ra lle t(r s ttrces olresisltlce in t mato. The repoilled host ra..' olP..fu/lig,'/ll is to(iati, So/aIon11 
uigrimn, and pepper. ()ur obieclives were to determine whether this patligen could infect other 

stolaalCou.'s plants and to idcenli fv sources ofresisltance to hiack lealniol( by screening accessions 
of L'copersiconspp. ikr their reactions to the pathogeni. 

Materials and Methods 

Inoculum and plant inoculation 

Two totiiato isoI atesolIt./idieiawere used in this Sltldy: isolate I'f-2 collected Iroi Tainan 
in west Taiwin and isolale l'f- 14 from I laulien in east Taiwan. Conidial inOculuni1 was prepared 
lroln cultures rVown oi tomo-oatmneal a ar (T()A). T()A was inatc_ with boiling water extracts 
froml 5)L tIt;lh leaves and 15 Lotit, comibined with 2!) g agar and adiustled to I liter with 
distilled water b~etctrc an'11lavi hg l',,tri plate cullurcs crovn l t inciculutiii werC established byv 
stteakinc the alC'r surflace with ,Onljidia and iictiatlec ' 2 C with 12 i/ay llumuescenl light for 
I()dlays. ('onidia we+ic harvested,, I lhmcili u2 thc plate cutlturc with distilled water ard scraping 
the colon1y SUlaCC with the CdCe of a cl'ss microscope slide. The conidial suspensioniwas 
decale(l and lillered thro[ugh a4(),1111 sieve. (tuantitaed using a henacytomeelr, anddiluted with 
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distilled water to the desired concentration for inoculation. Plants were inoculated by spraying
the foliage to the point of run-off with a conidial suspension using a hand pump sprayer. 

Laboratory inoculation of potato and tobacco. Five white potato cultivars including Feng
white, Scangre, Cardina, Kennebec, and Omega and eight tobacco entries including Nicotiana
tabacwmcv. Havana, Xanthi, Samsun, White Burley, and Van-licks plus singh, linesofN. glatca,N. rustica, and N. benthtItijanawere inculled to determine if they could serve as hosts for P.
fidigena. Tomato cv. Taichung ASVEG No. 4 was included as a susceptible control. One
replication of each entry consisted of three plants in a single 15-cm-diam clay pot. There weref(turreplications. See(ling wasd(oneon 12 lDecember 1992, and plants were inoculated 9 February
1993 with an equal mixture of 5 x I10 conidia/ml suspensions from isolates Pf-2 and Pf-14 ofJP.fidigena. The inoculaled plants were maintained in a growth room at 2±2°C and 95±2% R wilh14 h oflighl (49.3 pll/im2/s) per day. They were observed 15 and 20 days after inoculation ()AI)
for disease development and symptom expression. 

Field studies with solanaceous plants. Solanaccous crop and weed species were [lanted inthe field and inculated with P..fudigena to observe their responses to tho palhtcn. Eggplant
(Pingtung L.ong and Known You I.ong); hot pepper (Szcchwan); sweet pepper (Blue Star); black
nightshade (Solanum nigrirm ); ground cherry (Ph ysalis sp.); susceptible tomato (Known You
301 and I. 194); anti resistant tomato (1. 733 and I, 3718) were tranisplantedI to the field on 24September 1992. Fach ;realnent consisted of a single 6-m-long row with 12 plants. The
experimental design was a randomized complete block with three replications. All plants were
inoculated on 14, 19,28 October and 3,4 November 1992 by spray application ofa 4l)/ml conidial
Suspension of P..fuligIIa, isolate 1~f-2. The plants were observed from 28 October 1992 to 3
February 1993 at 2-wk intervals for symptoms. and those exhibiting symploms were evaluated
onl a per plot basis for (lisease severity based on thc percentage of leaf area affected. 

Screening lycopersion accessions for resistance. Forty-six lycopersicon accessions

representing I(1 species and an interspeci tic hybrid, L. 'scuientum xplimpiinellfilitim, were assayed
for their black leaf mold respo nses. Three known susceptible cultivars, Known You 301,

Taichung ASVI-(' No. 4, and TN-2, were include(l as positive controls. Seeds were soaked for
I min in I17 sodium hypocih)rite, rinsed with water, transferred onto moist filler paper in petri
dishes, and germinalcd in a 24C incubator with a 12 I/day lighl pcriod. Seedlings were
transplanted iin a steam sterilized soil mix in 9-cm-diam plastic pots, with ()ne plant per pot, and
placed 0m the ercenhu.se bench where they were shade(l wilh a black net dtriing the first 2 wk.
()Oe imnth afler transplanling, the plants were inoculatedI by spraying the foliage with a 5 x 1()3
conlidia/nIl suspensi( ( f .ffligelna, iis date 1f-2, and subsequently maintai ned in a growth roon
at 28+2° 'anti 95±27 RI-I with 14 hoflight (49.3pFJim 2/s)per(lay. Scventeen days aflcrinoculaltion 
the plants w\ere rated f")r (lisease severity by eslimaling the percentage of tcatarea affecled. Tile
number (of plans fior each entry ranged fr(om 4 to (7 (lepenlding on availability of sedllings. 

Results and Discussion 
lalborat'-ry inoculation of potato and tobacco. Plants were observed for symptoms at 15

and 2(0I )AI. None of the po tato mnor tobacco entries develuped any (lisease symptomns suggesting
that they are not hosts (ofP..fdiget. 'liesusceptible tomato, Taichu ng ASVEG No. 4, developed 
severe symplonis urder the same condit ions with 60% of the leaf area affected 15 i)AI and 70%
affected on the 2)th day. These data show that viable inoculn was use(d andi that conducive 
environmental conditions were provided. 

http:ercenhu.se
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Field studies with solanaceous plants. Following repeated inoculation with P.fidigena, black 
leaf mold symploms developed only on the two highly susceptible tomalo entries and the two 
eggplant entries (table I). Szechwan pepper and ground cherry did not develop symptoms in the 
field nor in a previous laboratory study (AVRI)C 1992 Progress Report), Ithus they appear not to 
be hosts of P..fidigena. Blue Star pepper, resistant tomato lines 1. 733 and 1. 3718, and black 
nightshade failed to develop symptoms in this field study allhough each had developed limited 
symptoms in the previous laboratory study. These results show that tile laboratory conditions 
used in the previous study were more conducive to black leaf mold development Ihan the field 
conditions that prevailed during the winter season of 1992-93 at AVRI)C. 

Table 1. Black leaf mold development on field grown solanaceous plants inoculated with tomato 
isolate Pf-2 of Pseudocercosporafuligena 

Crop / Weed Cultivar / Selection Leaf area affected (%)b 

Tomato L 733 0 
Tomato L 3718 0 
Tomato L 1914 17 
Tomato Known You 301 62 
Sweet pepper Blue Star 0 
Hot pepper Szechwan 0 
Eggplant Pingtung Long 15 
Eggplant Known You Long 15 
Black nightshade Native 0 
Ground cherry Native 0 
8Transplanted to the field 24 September 1992; inoculated on 14, 19, 28 October and 3,4 November 

1992. 
'Percent leaf area affected was recorded 3 February 1993. 

Screening l.ryCopersicon accessions for resistance. High levels ofblack leaf moldresistance 
(< 1()c leaf area affected) were identified among individual entries of L. cheesimnaii, L. 
chimielw.skii, L. glandidosiun, L. hirstuttm, L. plnn/llii, L. pli-viflorium, L. pertivianwm, an(l L. 
pimpinellfoliuni (table 2). None oft he L. esculemntt nor L. e'scidl'nttun x pimpinellifoliumn entries 
were resistant. These results show that there are ntiumerous available sources olresislanc,' to black 
leaf*mold. Some ol ihese sources have been provided to the breeer an( crosses have been made 
in an attempt to incorporate resistance into more horticultural ly acceptable types and to study the 
inheritance u1 resistiance. 
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Table 2. Evaluation of Lycopersicon accessions for their response to black leaf mold following
inoculation with Pseudocercosporafuligena, isolate Pf-2 

Entry Spec!as 

L 4253 L. cheesmanii 

TL 1044 L. cheesmanii 

TL 1052 L. Lheesmanii 

TL 1078 L. cheesmanii 

TL 1082 L. cheesmanii 

LA 317 L. cheesmanii 

LA 1402 L. cheesmanii 

TL 1169 L. chi/ense 

TL 1171 L.chi/ense 

TL 1175 L. chilense 

LA 1932 L. chilense 

LA 2884 L. ;hilense 

LA 1028 L. chimie/ewskii 

LA 1306 L. chimie/ewskii 

LA 2663 L. chimi/ewskii 

L 1 L. esculentum 

L 2 L. esculentum 

L 3 L. esculentum 

LA 1546 L. esc. v. cerasiforme 

LA 1673 L. esc. v. cerasiforme 

L 634 L. glandulosum 

L 639 L. glandulosum 

L 641 L. glandulosum 

L 643 L. hirsutum 

L 645 L. hirsutum 

L 733 L. hirsutum 
LA 1353 L. hirsutum 
LA 1908 L. hirsutum 
LA 1223 L. hi.sutum f. glabratum 
LA 1326 L. parviflorum 
LA 1505 L. pennellhi 
L 631 L. peruviaum 
L 635 L. peruvianum 
L 638 L. peruvianum 
LA 111 L. peruvianum 
LA 385 L. peruvianum 
LA 1292 L. peruvianum f. glandulosum 
L 139 L. pimpinelifo/ium 
L 140 L. pimpinellifolium 
L 141 L. pimpinellifolium 
LA 722 L. pimpinellifolium 
LA 2184 L. pimpinellifolium 
LA 2584 L. pimpinellifolium 
L 457 L. escu. X L.pimp. 
L 483 L. escu. X L. pimp. 
L 486 L. escu. X L. pimp. 
KY 301 (ck) L. esculentum 
Taichung 
ASVEG No. 4 L. esculentum 
TN-2 (ck) L. esculentum 
Mean 

No. of ._L eafarea affected (%) 
plants Each Species
tested entry average 

41 20.24 
35 3.43
 
24 30.20
 
15 5.65 
40 11.50 
23 36.09 
13 11.50 16.94 
11 30.00 
14 12.50 
20 11.00 
4 10.00 

10 20.40 16.78 
10 5.50 
20 2.45 
15 10.00 5.98 
34 25.00 
48 23.54 
48 25.68 24.74 
24 12.50 
22 25.45 18.98 
41 7.32 
38 16.05 
36 11.11 11.49 
36 8.33 
33 9.09 
67 0.75
 
20 10.00
 
16 1.32 
15 2.10 5.27 
12 8.75 8.75 
11 6.05 6.05
 
40 16.75
 
22 10.45
 
32 6.25
 
67 19.10
 
4 5.15 

16 9.40 11.18
 
45 22.22
 
46 22.61
 
48 9.38 
20 9.40 

7 37.14
 
10 26.00 21.13
 
14 40.00
 
49 26.94
 
46 23.91 
 30.28
 
24 54.71
 

24 45.83 
24 60.05 53.35 

17.53 
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Screening Lycopersicon Accessions for Resistance to Late Blight 

Summary 
In an aitempt to identify sources of resistance to tomiato late blight, 795 l.ycopersicon 

accessions representing four species were teste( l'ktheir reactions to a Taiwan isolate, Ili l,of 
Phyltol)lior infifsi(las. HElit 4-wk-old seedlings (if each accession were inoculated (I(0 
sporangia/ml) and inaintainetl at 22±20 C in a lighted growth room with a|n1inermilttent overhead 
water mist for 7 days. Four highly resislant accessions were idenihied: Ili 365904 (L. hirmuw1n), 
P13659)5 (L. hirtviumn), Pl 365951 (L. lwrou'ianum), and Ill 365957 (L. pimlpim Ilifolium). 
Intermediate levels of*resistance were fond in IS accessions. 

Introduction 

Late bight caused by Phlolillhora ine'stans is one of tihe most destructive diseases 01 
totlliao illwet temperale climates and tropical highlands. The palhogen attacks all abovegrouind 
parts of the plant causing rapid (lelfoliation and fruit rot. )urable host resistance to late blight is 
not available thus chemical control is the only alternative for disease manaemenlt when tile 
tollatlo crop is gr vl Under conducive conditions. The first ob"jective of this sludy Was to 
deternine an appropriate level of' inoculun ltoevaluate the late blight reactions of tollato 
accessions. The second objective was to assay accessions of wild L%-('.r(simcon spp. for their 
reactions to P.i/nisvan in the laboratory to idenlify sources ol resistance. 

Materials and Methods 

Inoculum and plant inoculation 

the 
throughout tlhese studies. The !,solale wa,: maintained on Rye Agar slant tub 1 18TC. 

Isolate li I of',. i' fstans obt'ie(l from tonalo plants ill -Isin Yi area in Taiwan was used 
cultures at 

Sporangia for inoculumn were produced on delached tomato leaves mailntainied in 15-clm-diain 
petri dishes omo )etachedioisl filler paper with ',vl cotlon covering the cuL end of the petiole. 
leaves were spray inoculated with a sporangial sispension from Rye Agar or detached-leaf 
cultures of J).in 'fstans.The petri dishes were sealed vilih paralin and incubated at I 0C with 
a 12 h/day light period lor 7 to 14 days. Infected leaves were transferred to a beaker of sterile 
distilled water and agitated to dislodge the sporangia. The sporangial suspension was filtered 
through three layers of cheesecloth to remove leaf fragncnls and then dilutled, based on 
helmacyt nleter cOu)nls, to the desired concenltration. Tonlato plants werC ilnOcu latCd by spraying 
the foliage to the point of run-off with a sporangial suspension and inculaled in a growth room 
maintained at 22±2°C and 98+2/ • RHII with 14 h of lighlt (68 p E/m /s). The plant foliage was kept 
wet by an overhead water system that emitted a line mist for 3()-sec periods Iwice each hour. 
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Disease assessment scale 

Disease severity ratings (l)SR) were made according to the following scale: 0 = no visible 
symptoms; I = I - 10% leaf area affected; 2 = 11 - 20% leaf area affected; 3 = 21 - 40% leaf area 
affected and/or 1- 10% stem area affected; 4 = 41 - 70% leaf area affected and/or II 50% stem-

area affected; 5 = 71 - 90% leaf area affected and/or 51 
- 100% stem area affected; and 6 = 91 
100% leaf area atfected and/or plant (lead. 

Inoculum concentration and disease development. A known susceptible tomato line, IV 
01249, was used to evaluate tile effect of inoculum concentration on disease development.
Tomato plants were propagated understandard greenhouse conditions individually in 9-cm-diam 
plastic pots containing a steam sterilized soil mix. Thirty-day-old plants were inoculated with P. 
infestans spx)rangial suspensions of I x 102, 5 x 10-?, 1 x 10', 5 x 10', 1 x 10', 5x 104, and 1x 101 
sporangia/inl. Three plants were included in each treatment with four replications. The plants 
were auTanged in a randomized complete block design on the growth room bench and sprayed to 
the point of run-off with the appropriate sporangial suspension. 

Screening tomato plants for late blight resistance. Seven hundred ninety- five Lycopersicon
accessions representing four species were tested for their reactions to a Taiwan isolate, Pi 1,of P. 
infestans. Plants of each accession were propagated in the greenhouse with a single plant in a 6
cm-diam plastic pot containing a steam sterilized soil mix. Eight plants of each accession were 
grouped in a flat with live other lines. When the plants were 4 wk old they were transferred to the 
growth room (described above) and spray inoculated with a suspension of 101 sporangia/mil.
Overhead misting of the plants was suspended 5 1)AI, and disease severity ratings were made 7 
DAI. 

Results and Discussion 

Inocullum concentration and disease development. The disease severity ratings were 
recorded daily from 3 to 7 DAI. The three plants in each replication were scored individually and 
averaged to obtain the DSR value for each replication. These data were used to calculate the area 
under the disease progress curve (AUI)PC) for comparison of treatments (table 3). An increase 
in disease severity was associated with increasing inoculuni levels at concentrations from 102 to 
104 sporangialml. However, at concentrations from 10' to IW there was no difference in disease 
severity. Basedonthis information, the 104sporangia/ml concentration waschosen as the standard 
inoculum concentration for evaluation of tomato accessions for resistance to late blight. 

Screening tomato plants for late blight resistance. l)isease assessment ofeach accession 
was done by scoring each of the eight plants according to the disease severity scale described 
earlier and calculating a mean DSR. Four highly resistant accessions (l)SR < 2) were identified: 
PI365904, L. Ihirst.n;PI365905, L. hirstatttm; PI365951, L. ertivianum;and PI365957, L. 
pilpinellfolin(table 4). In addition, 18 accessions with intermediate levels of resistance (l)SR 
3to 4) were identified among the 795 accessions tested. Durability of these highly resistant and
intermediate resistant sources will be tested in field plantings at several geographic locations and 
by laboratory inoculations at the University of Wales using a series of internationally collected 
isolates of P. infistans. 
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Table 3. Effect of inoculum level on the rate of tomato late blightb development 
under laboratory conditionsc 

AUDPCdConcentration 
(sporangia/ml)
 

1x 102 8.7
 
5 x 102 12.3
 
1x 103 15.5
 
5 x 103 18.9
 
1x 104 21.2
 
5 x 104 21.2
 
1x 105 20.2
 
LSD (0.05) 2.2
 

aA known susceptible AVHUC tomato accession, L 1249 (PI 169576).
bPhytophthorainfestans, isolate Pil. 
cPlants were spray inoculated to the point of run-off and incubated in a lighted growth room 

at 22±2 0C and 98±2% and 98±2% RH with an intermittent overhead mist system.
dArea under disease progress curve, calculated from disease severity ratings made daily 
from 3 to 7 days after inoculation. 

Table 4. Sources of resistance to Phytophthora infestans identified among 795 accessions of 
wild Lycopersicon spp. 

Plant Disease, 
Accession introduction severity 
no. no. rating Speciesb 

Highly resistant 
L 3683 365904 1.5 hirsutum 
L 3684 365905 1.6 hirsutum 
L 3707 365951 1.9 peruvianum 
L 3708 365957 1.0 pimpinellifolium 

Moderately resistant 
L 0637 126437 3.1 esculentum xpimpinellifolium 
L 0901 128664 3.3 esculenturn xpimpinellifolium 
L 1468 198912 .;.3 esculentum xpimpinellifolium 
L 1533 205012 3.6 pimpinellifolium 
L 1742 251299 3.6 esculenturn xpimpinellifolium 
L 1948 266376 3.9 peruvianum 
L 1959 270150 3.9 esculenturn xpimpinellifolium 
L 2106 270436 3.9 esculentum xpimpinelifoliurn 
L 2107 270437 3.9 esculentum xpimpinellifolium 
L 2110 270440 3.6 pimpinellifolium 
L 3689 365913 3.4 pimpinellifolium 
L 4155 -c 3.4 pimpinellifoliurn 
L 4862 407533 3.5 pimpinellifolium 
L 4863 407534 3.6 pimpinellifolium 
L 4885 407556 3.8 pimpinellifolium 
L 4969 432362 3.1 pimpinellifoliurn 
L 5392 - 3.9 unknown 
L 5948 306216 3.4 pimpinellifolium 
'Vsease severity rating on a scale of 0 to 6 inwhich 0 = symptoms and 6 = 91 to 100% leaFarea 

affected. 
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Resistance Screening of Tomato to Xanthomonas campestrispv. 
vesicatoria 

Summary 
Resistance screening of tomato to Xantlhomonas campestris pv. vesicatoriawas conducted 

in the greenhouse and field. A total of 44 entries of tomato were tested. The greenhouse
inoculation methods, such as dipping and atomization were not suitable lor resistance screening,
possibly due to the high temperature in the greenhouse. Based on tile field screening, three 
accessions, 1. 195 1(Lvcopersicon escilettw x pilinellfoliutn), I. 2 12() (L. pihpinelIfoIliu1),
and I. 4848 (L. peruvitnitm), were as resistant as Hawaii 7998, the resistant control. Among tlhe
II breeding lines tested, CtT 14-171C-16-l10-0, CtT 14-171C-3-1-1, and CHT 33-7C-14-5-2 
were the most resistant. None o lthe six commercial cultivars tested were resistant to bacterial 
spot. I. 4848 is a reliable source of resistance which was as resistant as Hawaii 7998 during the 
four lield-scrcening trials. 

Introduction 
Bacterial spot catdsed by Xantholnonas campestris pv. vesicatoria (Xcv) is one of the lost 

widespread and serious diseases of tomato under tile hot and humid regions of lthe tropics and 
subtropics. The disease is endemic in most regions possibly due to the survival of Xcv in seeds,
soil, plant debris, and weeds, etc. Resistance breeding is tile most promising control nthod for 
bacterial stl due to the resistance oflthe pathogen to chemicals such as streptomycin and copper
compound. It has been dem(nstrated that planting resistant materials such as lHawaii 7998 can
reduce disease severity on foliage from 89%/( to 26% and on fruil from 56%/c to 2c under high
disease pressure. Hawaii 7998 has been the only reliable resistant source to bacterial spot.
However, the resistance in this line is quantitatively inherited and its resistance nechanism is not 
expressed when the plants are kept at 30"C constantly. Moreover, there is a new race of Xcv to 
which Hawaii 7998 is susceptible. Therefore, it is necessary to look lor other resistant sources for 
tile breeding program. 

Resistance screening of the tomato germplasn collection from GRSU of AVRI)C has been 
conducted. A total of 544 accessions have bcn lested in the field. The screening results of 27 
selected tomato entries and other materials in tile field, and the attempt to develop a greenhouse 
screening method are reported here. 

Materials and Methods 
A total of 27 tomato accessions from GRSU were used for the greenhouse and field screening

conducted during fall 1991 and spring 1992 (table 5). They were selected based on the results of 
previous field screening. Another 29 tomato accessions were used for the field trials conduc,'d 
during fall 1992 and spring 1993 (table 6). Twelve oflthen were selected from the 27 GRSU 
materials, II which were tolerant to bacterial spot based on field observation were AVRI)C
breeding lines, and six were common commercial cultivars in Taiwan. Seeds ofltonato were
germinated in vermiculite then transpanted to 9-crii-di am plastic pots. Seedlings were transplanted 
to the field or the greenhouse for screening at about 30 I)AS. Hawaii 7998 was used !is resistant 
control and Cf. 5915-153-3-3-0 as the susceptible control for all screening tests. 
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Table 5. Values of the area under disease progress curve (AUDPC) for 27 tomato entries 
inoculated in the field with Xanthomonas campestris pv. vesicatoriain two seasons 

AVRDC no. PI or name Species a Fall 1991 Spring 1992 

L1165 155372 escu - 236.6 
L491 114967 escu 141.0 233.0 
L510 117898 escu 116.3 217.9 
L 715 127808 escu 154.6 277.7 
L719 127813 escu 81.5 160.4 
L911 129019 escu 112.7 219.2 
L 305 BonnyBest escu - 278.4 
L 2772 283930 escu 140.1 359.6 
L4486 401770 escu 173.9 274.9 
L 486 114038 escu x pimp 138.4 294.4 
L 531 118784 escu x pimp 103.6 256.7 
L 1161 155368 escu x pimp 176.3 -

L1171 155378 escu x pimp 121.2 179.9 
L 1452 195784 escu x pimp 165.7 253.4 
L 1499 204978 escu x pimp 171.2 252.3 
L 3312 319369 escu x pimp 100.0 213.8 
L 1951 269139 escu x pimp 156.9 236.6 
L 135 LA1237 SAL318-1 pimp 157.0 208.1 
L 142 LA1263 SAL345 pimp 198.8 -

L692 126949 pimp 211.4 267.1 
L 714 127807 pimp 128.6 235.7 
L 1533 205012 pimp 114.0 240.2 
L 2117 270447 pimp 126.3 243.9 
L 2120 270450 pimp 131.8 223.3 
L 4421 390715 pimp 142.5 222.2 
L 1034 129145 peruv 176.8 313.7 
L 4848 390687 peruv 58.8 63.3 
R ck Hawaii 7998 escu 77.7 65.8 
S ck CL 5915-153-3-3-0 escu 350.4 498.1 
Avg. 145.5 241.7 
LSD (0.05) 67.8 75.2 
escu : Lycopersicon esculentunr, pimp: L. pimpineifoium peruv: L. peruvianum. 

Strain XVT-77 which belongs to race 3olhe tomalo-pepper group based on the classi fication 
system reported by Minsavage et al. (1990) was used as inoculum. Bacterial suspension was 

prepared fronm 24-h-old culture on 523 media at 30"C. The concentration was adjusted with distilled 

water until the (.). value was equal to 0.3 at 60) nm which contained approximately I()* cfu/ml. 

Another concentration was prepared by dilution from the above suspension. 

For greenhouse screening, three nethods were used: (1) (lippingi method: plants were kept in 

the dark overnight and inoculated early the next iuoriii ng. 'IIe aboVeground part oflseedlings was 

dipped inlto bacterial suspension (10" cfu/ml) conlaining (.0)25%1 (v/v) of surfactant i.-77 (Union 

Carbide) for 3(0 seconds. Plants were moved into the greellloise flter in culalion; (2) a! omization 

method: leaves ofeach seedling were atomized with bacterial suspension (1 0' cfu/mlI) Under 1.5 

kg/cmI 2 pressure. Plants were kept under high humidity for 2 days then moved to the greenhouse; 

(3) infillration method: three leaflets from three different fully expanded leaves were infiltrated 

with bacterial suspension (1(1 clu/ml). lypersensitive reaction was observed at 24 "C for 72 I1. 
Each experiment was conducted twice usinga complele randomized design with five replications. 

The percentage of diseased leaf area of each plant was evaluated when the lesions were fully 

developed for the first two methods. 
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Table 6. Values of the area under the disease progress curve (AUDPC) for 29 tomato entries 
inoculated inthe field with Xanthomonas campestris pv. vesicatoria in two seasons 

Variety AUDPC 
Fall 1992 Spring 1993 

L 1499 1376 741 
L 4421 2143 746 
L 1951 912 782 
L 0692 2162 725 
L 3312 1610 607 
L 1452 2149 840 
L 2117 1330 505 
L 0135 1304 644 
L 1171 1372 756 
L 2120 1029 519 
L 0719 1179 697 
L 4848 978 382 
CHT 14-171C-3-1-1 766 757 
CHT 14-171C-3-1-12 776 861 
CHT 14-171C-16-10-0 920 775 
CHT 14-171C-20-6-0 963 850 
CHT 14-171C-16-1-0 930 916 
CHT 33-7C-14-5-2 1262 833 
CHT 33-7C- 14-5-5 1256 875 
CLN 81 9TC1 F1 -3-16-27-1-19 1024 981 
CLN 824TC1 F1 -5-21-3-10-2 1541 1141 
CLN 824TC1 Fl-5-21-3-10-11 1388 829 
CLN 824TC1 F1-5-21-3-10-15 1611 937 
Farmers 301 945 1073 
ASVEG No. 4 620 944 
Double Fortune 675 1107 
Hei-Shiu 689 1158 
Season Red 715 1141 
Santa 652 977 
Hawaii 7998 (R ck) 951 680 
CL 5915-153-3-3-0 (S ck) 1632 1569 
Avg. 1189 850 
LSD (0.05) 353 160 

The 27 accessions in the field were screened twice. Seedlings of the first trial were 
transplanted on -) October 1991. Plants were inoculated with bacterial suspension (I O'cfu/l)
by atomization in the field on 14 and 21 November. Seedlings of the secnd trial were transplarled 
on 14 April 1992. Plants were inoculated on 6 May. Both trials used randomized complete block 
design with three blocks. Plot size was 1.5 in x I m with 1(1 plants per plot. Five pl~mls were 
randomly selected and rated based on the Barra'l and Horsfall scale. Estimated mean percentage
of diseased leaf area was obtained based on the conversion table. Area under disease progress 
curve (AUIPC) values were calculated. 

Field screening of the 29 accessions was conducted twice. Transplanting was ,:onducted on 
8 October 1992 fbr the first trial and on 3 1March 1993 for ile second trial. Plants were inoculated 
four times during the experiment for both trials. The experimental design was randomized 
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complete block design with three blocks. Plot size was 1.5 in x 3.2 rn with 16 plants per plot. 
Disease rating was conducted as described above. 

Results and Discussion 
None of the test entries showed hypersensitive reactions, except Hawaii 7998 72 h after 

infiltration. This indicated that they were all susceptible to Xcv or hypersensitive reaction is not 
associated with resistance of the test entries. Disease severity of the resistant control (Hawaii
7998) was not significantly different from the susceptible control (Cl. 5915-153-3-3-0) based on 
the rcsults of the other two greenhouse screening methods. Disease severity of all test entries was 
not significantly less than the susceptible control based on the results of the atomization method. 
However, six entries were more resistant than the susceptible control based on the results oftlhe 
dipping method: I. 3312, 1. 486, 1, 1171, 1. 1452, 1. 135, and L 4848. Result, of field and 
greenhouse screening were subjected to correlation analysis. The response to Xcv in both dippinig 
and alomizati ln me!'4ods was not significantly correlated with AUI)PC data from the field 
screening. Therefore, these two methods are not suitable as replacements for field screening for 
bacterial spot. It is known that the resistance in Hawaii 7998 is associatel with hypersensitive
reaction (-IR) which is sensitive to high temperature. The incompatible interaction between 
Hawaii 7998 and Xcv becomes compatible when plants were kept constanmy at 30)C. )uring the 
greenhouse experiment (from inoculation until observation), the average maxi mumin temperature
ranged froni 34.2 to 37.4"C and the average minimum temperature ranged from 2 1. 1 to 26.70C in 
the greenhouse. It is possible that the resistance mechanism in !awaii 7998 and other entries was 
not expressed fully under this environment. 

AUI)PC values were used to determine the resistance level oflthe test lines. The results of 
field screening of lhe 27 entries selected from previous trials are listed in table 5. The AUI)PC
value of Hawaii 7998 was significanlly less than that of CL 5915-153-3-3-0 in both trials. The 
percentage of diseased leaf area was 4.9% in Hawaii 7998 and 54.4% in Cl. 5915-153-3-3-0 at 
42 l)AT in the 1992 trial. The average maximum and minimum temperature ranged from 17.8 to 
28.9"C and 11.6 to 2()"C during the 1991 trial, and from 22 to 31.80C and 16 to 24.60C during tlhe 
1992 trial. The resistance in Hawaii 7998 can be expressed under this environment. The AUDIPC 
values of 15 entries were not significantly dilTrent from that of ltawaii 7998 in the 1991 trial. 
However, only one entry, I. 4848, was as resistant as lawaii 7998 in the 1992 trial. 

Based on the results of grcenhousC and field screening, 12 of the 27 entries were selected for 
furlher screening. Other AVRI)C tonato breeding lines and commercial cultivars were screened 
to determine their resistance to bacterial spot. Among the 29 test entries, 17 were as resistant as 
Hawaii 7998 in the fall 1992 trial and 14 were as resistant or more resistant than I lawaii 7998 in 
the spring 1993 trial. Six were common in both trials. These were 1, 1951, 1.2120, i4848, CHT 
14-17 IC-3- I- I, CI-IT 14-17 IC- 16- 10-), and CIT 33-7C- 14-5-2 (tabl, 6). 

The AUI)PC values oflall the commercial cultivars were not significantly diftferent from that 
of Hawaii 7998 in the fall trial but were significantly different in the spring trial. This is possibly
due to the higher disease severity in the spring (83.4% diseased leafarea of the susceptible control) 
than in the fall trial (57.5%7c). The results of the spring trial arc thus more reliable. The total 
precipitation during the 1993 spring trial was 834 am, but it was only 4t0.5 mm during the 1992 
fall trial. Spring weather is more suitable for resistance screening of bacterial spot.

1.4848 (L. peruvianum) is the most promising entry as a new resistance source for bacterial 
spot based on the greenhouse and four field screening trials. This resistance was not associated 
with hypersensitive reaction and possibly was not as sensitive as that in Hawaii 7998 to high 
temperature. The characteristics and inheritance of the resistance in 14848 will be studied further. 
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Biovar Identification of Strains of Pseudomonas solanacearum and
 
Development of Molecular Detection Methods Using DNA Probes
 

Summary 
Bacterial wilt caused by Psenidoinonas.soltmacearuwo(Is) can be a major limiting factor in 

the cultivation of many agronomically import ant plants in tropical and subtropical areas of the 
world. The extrenle variability of the pathogen makes it difficult to control tile disease. It is,
therefore, necessary to approaches anddevelop effective to detect identify I's strains. The 
pathogen can be classified into five biovars based on the utilization of different carbohydrates.
Forty-tbur oftlhe 64 I's strains from stored cultures were identified as biovar 3, 17 were biovar 
4, and thrce were unidentilied aflter three repeats. A more clticient nucleic acid-based technique 
was also used to differentiate the pathogen in this study. Three I)NA probes were tested for their
specilicitics of I s st-ains. The biovar nonspecitic probe (092-()313 col.5) can hybridize with all 
I's strains tested bul not other plant pathogenic bacteria. The biovar 4 specitic probe (092-()3A
col. 18) can only hybridize wilh strain 092 (biovar 4 from Australia) and one Xaithomonas 
C(II)e'trispv. tesicwotia race I strain. None oftlhe hiovar 4 strains from Taiwan showed any
hybridization hands. The biovar 3 specitic probe (( 17 1- 1) no. 9) can hybridize with both biovars 
3 and 4 straius. All strains, but One Taiwan biovar 4, had the same pattern which was different 
from that o fstrain1092. The biovar 3strains frou Taiwan showed three di[ferent patterns and were 
different from that of most Australian biovar 3 strains. 

Introduction 
Pse/uhotona/s.s'ohaacarutntis the causal agent of bacterial wilt, one ofthe Iost destructive 

plant diseases in the tropical and subtropical areas oflhe world. The disease can affect niore than 
44 families of planils and most of the econtmic danage is caused to solanaceous plants such as 
potato, tomato, tobacco, eggplant, and pepper, and some nonsolanaceous hosts such as banana, 
pealult, and ginger. 

To control the disease, the pathogen should first be detected and identilied. Effective 
techniques to identify the different Ps strains should be developed since this pathogen is very
diverse. Traditionally, semi-sClective agar plates (such as TZC plates) are used to detect tlhe 
palhogen by observing the colony morphology. This inethod is time-consuming, laborious, andcannot differentiate the bacteria into hiovars or races. Serological approaches (such as EIISA) 
are easy to apply, but not very speci tic. It is not known if any biovar-specitic antibody has been
developed. The nucleic acid-based lechniques, which require tile development of a specitic probe
(as in hybridization or blotting methods) or a set of specilic primers (as in polymerase chain 
reaction aiplilicali( )s) have been developed recently and are fast, specitic, and sensitive. 
Several phytopalhogenic bacteria such as P. syring,,a pv. phaseoli ,,id Clavibacter 
Inichigan(nsessp. sepedonicum can be detected using speci tic )NA probes. The specific DNA 
probes can be obtained by random cloning, genonic subtraction, or specitic s.cquence of cloned 
genes, etc. 

At present, there are two classilication systems of Ps: the biovar and the race systems. The 
pathogen can be differenliated into live biovars basedon ils abilily to use different carbohydrates.
It can also be classified into three major races according to the host range. The aini of the study 
was to develop a )NA probe that can be used to delect and identify the pathogen. The study also 
aimed to: (I) differentiate the I's strains into biovars by acid production from carbohydrates; and 
(2) determine tie specificity of di firent )NA probes to the Ps strains in Taiwan. 
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Materials and Methods 

Bacterial strains and plasmids 

A total of64 Ps strains were used in biovar identification. Tley were isolated lrom tomato, 
sweet pepper, tobacco, eggplant, ix)tato, bird of paradise, and perilla in Taiwan. Selected strains 
from different hiovar groups were used in the hybridization with different probes. Other plant 
pathogenic bacteria used in this study were XanhomonasuafJestris pv. I'esicatoria(Xcv) race 
I (XVT28), 2 (XVT4,), and 3 (XVT77) isolated from tomato; Xcv strains isolated from pepper 
(XVP25,41,59, and 64); Xatrliontioiits(wtfp(.'Stris pv. cunlestris (Xcc4 and I()); Xauttho1ons 
campestrispv. glycc,,ia (Xcg3 and 7); Erwitnia carotovorassp.carotovorii(Fcc, TSR IandTSR5); 
Erwinia chi- 'thanthemi (Fch); 1'. (c'pcia(11c5); and I'. gladioli(lc 10). The plasinids containing 
different inserts of 's I)NA fragments were provided by I)r..1. Tiimis, U5niversity of Adelaide, 
Australia. The inserts \w'ere unique polymerase chain reaction (IPCR) products by random primers 
and cloned with the vector pCRMII. lPlasmid 092-(03A col. 18 contains biovar 4 specific I)NA; 
)92-03A col.5 contains biovar nonspecific I)NA; ()171-I ()no. 9 contains biovar 3specific )NA. 

Differentiation of Ps into biovars 

Ps strains from stored cultures were grown on '"IC agar plates first. Typical colonies were 
picked and grown on 523 agar plates. The bacteria wei e then resuspended in sterile distilled watei 
and inoculated into tubes with basal media (4) plus different carbohydrates at a final concentration 
of 1%. The tubes of inoculated bacteria were incubated at 30"C and examined after 2, 7, 14, and 
2 1 days. The basal mediui was made by dissolving the constituents (NI- HlP()4, 0o. 1%; KCCI, 
0.02%; MgS().711l,, 0.()2/(; l)ifco Bacto Peptone, 0. 1%; Bromthymol blue, ().(X)X%) in 
distilled water; then adjusting the pl1 to 7.(0-7. I with 40(k Na() I. The agar concentration was 
0.3%. 

Genomic DNA isolation and restriction enzyme digestion 

Bacteria were grown overnight on nutrient agar plates at 3()"C, \vaslie(l once, an(l resuspei(ed 
in TF8 buffer (50 mM Tris, pHX, 20nmM FI)TA). The bacterial suspension was incubated at 70"C 
for 15 mi n to inactivate I)NAase and cooled to room teniperature. After the addition of Sarkosyl 
anti proteinase K,the bacterial suspension was incubated at 5()"C for 15 h. Phenol and chloroform 
extraction were perforn led and the I)NA was precipitated by ethanol and dried. The pellets were 
dissolved in TE buffer and the I)NA concentrations were calculated by measuring the O.I). value 
at 260 nm using a spectropholomeler. One microgram of )NA was (ligestel by 5 units of EcoR 
I at 37"C for 5 h. 

Probe preparation 

The plasmids were digested by EcoR I and separated by ().8% low-nelting agarose gel 
clcctrophoresis at 4 C to get sharper bands. The gel was stained with ethidium bionide and tihe 
insert I)NA fragnent was cut under the UV light from the gel. The insert )NA was pur:fied by 
the following proce:dure. The cut agarose gel was melled at 65-70)C and diluted to the final 
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concentration of agarose below 0.3% by the addition ofTE buffer. One-tenth volume of 5 M NaC 
was added and the mixture was incubated at 65-70"C for 5-10 main.The mixture was cooled to 
room temperature. After the extraction of phenol and chloroform, the DNA was precipitated, 
dried, and dissolved in a small volume ofTE buffer (Sambrook et al. 1989'). The DNA was then 
labeled with I)IG-dUTI following the Boehringer Mannheim manual. 

Southern blotting and detection 
The digested genomic DNA (1 pg) was fractionated by 0.8% agarose gel electrophoresis at 

5() volts. The gel was stained, photographed, and transferred overnight to positively charged
nylon membrane directly using 0.4 N NaOH as the transferring buffer according to the 
manufacturer's recommendation. The membrane was then air-dried, baked at 120 0C for 30 rin, 
prehybridized at 650 C for 2 h, and hybridized at 650C overnight. The membrane was washed under 
a high stringent condition (680C) and detected following the BM manual. 

Results and Discussion 

Differentiation of Pseudomonas solanacearum into biovars by acid 
production from carbohydrates 

To differentiate I'sstrains isolated from Taiwan into biovars, the bacteria were inoculated 
into tubes with basal media (olive green) plus different carbohydrates, incubated at 30 0C, and 
examined after 2, 7,14, and'or 21 (lays. The media will change to yellow ifthe bacteria can utilize 
the carbohydrate and produce acid. In the first trial, the growth of bacteria was observed up to 14 
days. Most strains can be classified into biovar 3 or 4. However, about 20 strains did not belong 
to any of the existing live biovars. These 20 strains can be separated into nine groups according 
to the reaction patterns. They were identified again. In the second trial, the growth of bacterial 
was observed tip to 21 (lays. Son strains were still not differentiated due to contamination or 
different reactitn patterns. Thus, the unidentitied seven strains were inoculated for the third lime. 

Table 7. Oxidation of carbohydrates by strains ofP. solanacearum 
Carbohtydrate PSS 4 PSS 27 . PSS 34. ..... "S74 PSS 86 

(biovar 3) (biovar 4) 1a 2 3 1 2 3 1 2 3 
Lactose (L) + .b ?a + - + +/.d -
Maltose (ML) + + + + +/. +/. +/. +/.
Cellobiose (C) + + + +/.
Mannitol (M) + + +/- +/- +/. . +/. +/. +/. +/.

Sorbitol (SB) + + +/- +/- +/. +/. + + +/. +/. +/.
Dulcitol (D) + + + - ? +/. +/. + +/. +/. +/. +/_

aThe number of repeats.
 
'Color of medium did not change 21 days after inoculation.
 
'Color of medium changed from olive green to yellow 21 days after inoculation.
 
dColor of medium changed slightly 21 days after inoculation. 
"The media was contaminated. 

'Sambrook, J., Fritsch, E.F, and Maniatis, T. 1989. Molecular cloning. A laboratoiy manual. 2nd edition. 
Cold Spring Harbor Laboratory Press. 
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All but three strains (PSS 34, 74, and 86) (table 7) can be classified into biovar 3 or 4. To 
summarize the results, 44 of the 64 tested strains were identified as biovar 3, and 17 were biovar 
4. 

Several reasons may contribute to the different results of the three repeats. (1) The 
carbohydrate concentrations were slightly different each time. This should not make any 
difference to the strains that can utilize tile carbohydrate efficiently since tile final concentration 
of carbohydrate was about 1%. However, it may affect the results if the strain is more sensitive 
to the carbohydrate concentration. (2) Tile strains were different each time because of the high 
mutation rate ot Ps. Experience is required to be able to pick a typical and normal colony from 
TiC plates. Thus, it was possible that a mutated colony was picked for tile test. It is not known 
whether the mutants would affect the biovar ditfferentiation. (3) The observation time was not 
long enough. A longer time may be required for some strains to utilize the carbohydrates and to 
accumulate enough acids that can change the color of the media. In fact, two strains showed 
different results based on the observations at 14 and 21 days. 

Specificity of DNA probes 
Several spec f~c )NA probes developed by Dr. .1. Timmis are thought to be able to 

dilferentiate Ps into biovars. To test the specificity of these DNA fragments in I's and other plant 
pathogenic bacteria in Taiwan, the DNA inserts were repurilied from low-melling agarose gel and 
labeled with l)iG-dUTIP. Bacterial genoric DNA was digested with EcoR I and Iractionated by 
agarose gel elect rophoresis. Southern blotting and detection of the homologous sequences were 
performed as described in Materials and Methods. 

The biovar nonspecific probe (092-(13B col.5) can hybridize with all Ps strains tested and 
showed a single band only (fig. 1). The other tested plant pathogenic bacteria (such as Xcv, Xcc, 
Xcg, Ecc, Ech, Pc) cannot hybridize with this probe. The result suggests that this probe can be 
used to differentiate Ps from other bacteria since only Ps strains contain this specific DNA 
sequence. 

The biovar 4 specific probe (092-03A cot.18) can only hybridize with strain 092 from 
Australia but not any biovar 4 strains isolated from Taiwan (fig. 2). The interesting finding was 
that one Xcv race I strain showed ahomologous sequence with this probe (fig. 2). More Xcv race 
I strains need to be tested to be able to draw any conclusions about the specificity of this probe. 
However, it is also not known if this )NA sequence is present in all biovar 4 strains in Australia. 
Based on ourpreliminary results, this probe cannot be used as a biovar4specific probe inTaiwan. 

The biovar 3 specific probe ((171- It) no. 9) can hybridize with both biovar 3 and four strains 
from either Australia or Taiwan. Out of the four Australian strains of biovar 3 tested (017 1, PSS 
no. 2 1,PSS no. 22, PSS no. 25), three had the same hybridization pattern. PSS 25 had a pattern
similar to some Taiwan biovar 3 strains (fig. 3). The biovar 3 strains in Taiwan can be separated 
into three groups based on the hybridization patterns (fig. 3). Biovar 4 strains from Taiwan 
showed the same pattern except one strain (PSS 43) which was similar to one group of Taiwan 
biovar 3 strains. However, the Taiwan biovar 4 pattern is diffcrent from file Australian one (strain 
092, fig. 3). This polymorpnism is probably caused by the great variation among the Ps strains 
themselves. Thus, it is difficult for us to use this probe as a biovar 3 specitic indicator. However, 
this probe cannot hybridize with )NA from other plant pathogenic bacteria (fig. 4). 

Based on the results described above, it is possible to use tile biovar nonspecific probe to 
identify and detect I'sfrom plant and soil samples. Specific primers can be developed from the 
)NA sequence of this probe. Thus, PCR amplification, a more sensitive method, can be applied. 

However, methods for prep:'ration of samples need to be developed since some compounds in the 
crude samples may inhibit the polymerase activity in the application of PCR. 



212 AVRI)C 1993 Progress Report 
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Fig. 1. 	 Southern blot analysis of genomic DNA of various strains digested with EcoR I and 
hybridized with biovar nonspecific probe (092-03B col. 5). Lanes I:PSS 4 (bv. 3); 2:0171 
(bv. 3); 3: 092 (bv. 4); 4:PSS 52 (bv. 4); 5:PSS 43 (bv. 4); 6:XVT 28; 7:XVT 48; 8:XVT 77; 
9:XVP 41; IO:XVP 64; 11:Xcc 10; 12:Xcg 7; 13:Ecc; 14:Ech; 15:TSR 1; 16:TSR 5; 17:Pc 5; 
18:Pc 10 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Fig. 2. 	 Southern blot analysis of genomic DNA of various strains digested with EcoR I and 
hybridized with biovar 4 specific probe (092-03A col.18). Lanes 1-3 are Ps biovar 3 
strains and 4-6 are biovar 4. 1:0171; 2:PSS 4; 3,PSS 97; 4:092; 5:PSS 43; 6:PSS 71; 
7:XVT 28; 8:XVT 48; 9:XVT 77; 10:XVP 25; 11:XVP 59; 12:Xcc 4; 13:Xcc 10; 14:Xcg 3; 
15:Xcg 7; 16:Ecc; 17:Ech; 18:Pc 5; 19:Pc 10 
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Fig.3. 	 Southern blot analysis of genomic DNA of various Ps strains digested with EcoRl and 
hybridized with biovar 3 specific probe (0171-10 no. 9). Lanes 1-9 are biovar 3 and 10-16 
are biovar 4. 1:0171; 2:PSS 4; 3:PSS 5; 4:PSS 37; 5:PSS 60; G:PSS 97; 7:PSS 21; 8:PSS 22; 
9:PSS 25; 10:092; 11:PSS 27; 12:PSS 36; 13:PSS 43; 14:PSS 70; 15:PSS 71; 16:PSS 114 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Fig.4. 	 Southern blot analysis of genomic DNA of various strains digested with EcoRI and 
hybridized with biovar 3 specific probe (0171-10 no. 9). Lanes 1-3 are Ps biovar 3 strains 
and 4-6 are biovar 4. 1:0171; 2:PSS 4; 3:PSS 97; 4:092; 5:PSS 43; 6:PSS 71; 7:XVT 28; 
8:XVT 48; 9:XVT 77; 10:Xcc 4; 11:Xcc 10; 12:Xcg 7; 13:Ecc; 14:Ech; 15:Pc 5; 16:Pc 10 
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Studies on Cucumber Mosaic Virus, Leaf Curl Virus, and
 
Tomato Spotted Wilt Virus and Network Support
 

Summary 
Cucumber mosaic virus (CMV), leaf curl viruses, and tospoviruses are considered fhe most 

important viruses of tomato in the tropics and subtropics. Commercial lines with resistance to 
CMV or tospoviruses are not available, and only recently lines with resistance to one of the many
dilerent leafcurl viruses, namely, TYI .CV, have become available. In the past, screening Ior leaf 
curl virus and tospovirus has been dilficull because speciftic diagnostics have not been available. 
Using the newly developed nonradioactive I)NA probe and an improved hybridization method, 
we were able to screen this year (76) new accessions and identify several lines with resistance to
leaf curl virus. These are already being used by our breeders. Resislance/tolerance to CMV could 
also be identified in several wild species. Three lines with repOrted tomato spotled will virs
resistance in the USA were found susceptible to the Asian tonlato tospovirus, and peanut bud 
necrosis virus ( BN V). This finding is i portant inithat olher resistance sources need to be soughl 
to develop lomato lines resistant to the Asian tospovirus.

Virus surveys conducted in Tanzania indicatedlhat potato virus Y (iPVY), tomato mosaic
virus (ToMV), and CMV were the most iniiportant vinises ol tolato. I.ea f curl virus was also 
found. Preliminary hybridization tests showed tihat tihe leaflcurl cirus is similar to or the same as 
file tOlato yellow leaf curl virus (TYICV) that is predominant in the Mediterranean region. 

Introduction 
Cucumber mosaic virus (CMV), leaf curl virs, and tospoviruses are considered the most

devastating viruses o1 tom11ato in the tropics and subtropics. While CMV usually alfects tolato 
year-round, the 01hr two cause epidemics at certlai n times olhe year, coincidi ng wilh abundance 
of lthe vectors. I)espite intensive screening efforts, resistance to these viruses has not been easy
to identify. In the past we reported a high Inumber of CMV-resistanl plants in one line of L. 
Ilihrstauln. This line has in the meanti me undergone purification for CMV resistance and it has
been used for making crosses. Progress on resistance to tIle Taiwan lonialo leaf curl virus 
(FI',CV) was slow in the past because oflthe absence of reliable diagiostics. Screening was done
by double-sancdwictI graIfling and visual syiupmli observation. Ilow\,eve, this year, screening
could be stepped Up because we have developed a 'F1I.CV-specifiC nucleic acid probe. This
probe, as well as others specific to otlher geminiviruses of lomiato, is also being used in virus 
surveys lhat are conducted as parl oflthe network activities in Soulhi Asia and Africa. Screening
for resistance 10 peainut bud necrosis (formnerly called tomnato/watermlelon strain ofTSWV) was 
not possible in lie past because of clilficulItly in maintaining the virus in pure culture and the 
nonavailability of specific diagnostics. Thcse bottlenecks have in the meantine been overcome;
the virus is naintained in a growth room and PBNC-specific polyclonal anliseruni and nucleic 
acid probes have become available. 

Materials and Methods 

CMV resistance screening 
Fifly L. chilense, 54 pureline selections of L. hii-suiun VL 262, and 17 F, generations of L. 

hilwuitant VL 262 x FM 54 were screened using an inocuLum of one part infected leaves in nine 
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parts 0.01 M. phosphate buffer. The first inoculation was at the second-leaf stage with Peet's 
isolate. One week thereafter plants were inoculated with strain NT9 and Iwk later with a mixture 
of Peer and NT9. Resistant plants were transplanted to the field where they were exposed to 
natural infection. Three ElIISA tests were conducted, the first I wk after the second inoculation, 
the second 2 wk after the inoculation with the virus mixture, the third 8 wk alter transplanting to 
the field. 

TSWV resistance screening 

Two L. escidewtium lines (VI. 362, VL 364) and one L. hirsmm line (PI247087) with 
reported resistance to the TSWV-type strain (formerly TSWV-lettuce strain) were tested for 
resistance to 1II3NV. Test plants (12 plants per line) were mechanically inoculated at the second
leal stage wid IIBNV propagated on N. benthamina.The vinis was originally isolated from 
tomato in the Tainan (Taiwan) area. A homogenate of 1: 1) in phosphate buffer (plus 0.01 M 
Na 2SO) (p-1 7.0) served as the inlOculum. Symptoms were recorded visually at 20-30 )AI. At 
the same lime, an indirect dot El.ISA on NC membranes was conducted ol the uninoculated 
leaves. 

LCV resistance screening 

Fifty new Lycop'rsico' ch ilense accessions and 26 various other materials (breeding lines 
and commercial lines) with reported resistance/tolerance toTYI..CV were screened. One stem tip 
per plant of the lines to be tested were clell-grafeld on -'TlCV-infected L. esctlentum stock 
plants. ()feach line, 20-25 plants were tested. At 3-4 wk after grafting, the gralted stem lips were 
tested for the presence of TTI.CV by nucleic acid hybridization as follows: 

A 1.5kbTI1.CV l)NA fragmernt (pAl. lv 19/9-pAR Ic715) cloned in KS+Bluescript plas'fid 
was used to make a I )NA probe (AVRI)C 19932). Linear plasmid fragments were generated by 
using random primers wilh Klenow polymerase. Nonradioactive labeling was by digoxigenin, 
using dioxy uridine-triphosphatc (I)IG-dUTP at 37°C/16-24 h) of the Bochringer Mannheii 
Biochemical Kit. 

Detection of gemini viral I)NA used the squash blot Method. 1.eaf disks of 0.8 cni diameter 
were excised with a corkborer from 4-wk-old gralted slem tips. The disks were placed on a 
flybond-N nylon membrane (Amershiam) covered with a small piece of clear plastic sheet, and 
gently squashed with the aid of a pestle. The membranes were placed on filter paper, saturated 
with 0.5 N. Na()li 1kr 5 min or lysis of plant cells and denaturation of I)NA. Afier washing in 
I M Tris p1l 7.5 (5 min) followed by incubation iii 2 x SSC (5 iun) and rinsing in 95% ethanol, 
the membranes wvere air-dried. I)NA was bound 1(;'he membrane by UV crosslinking (5 rin) at 
254 nam. Pirehybridizatlim (I Ii) and hybridization (16-24 Ii) were carried out at 60()C ill 
hybridization bu lkr (5 X SSC - 2% blocking reagent, 0. I% Iw/vI N-lauroylsarcosiie, 0.02% [w/ 
vISl)S). Unbound lahieled I )NA was removed by washing twice in 2 X SSC-tt. 1% (w/v) SI)S For 
5 min at room t unperalUir (). I rtSSC 1% (w/v) SI)S at 6()C. Foriu-iiiescenildetectiotiand i -(). 

the membrane was soaked for 3 Mill in btffer 1(0.1M maleic acid, ).5 M NaCI,(0.3% 1w/vl Tween 
20 p- 7.5). After addilim of1% blocking solution, tlie membrane was placed in anti-digoxygenin 
alkali lie phow:platase Fab' (1:10,0)()0) in I% blocking solution. U nhou 0(1 conjugate was reioved 
by washing twice in washing blTffer. After 2 min equilibration i buiffer 3((). 1 M Tris HCL, 0.1 
M NaCI, 0.()5 M MgCl., pH 9.5), the membranes were incubated for 5 nin at 37°C in lumigen 
1I) (1: IX)) in buffer 3. The inmibranes were exposed Ior 16-24 h at room temperature to x-ray 

filim (Fuji). Films were developed inI)- 19 solution (Faslinan Kodak). 

2AVRDC. 1993. AVRDC 1992 Progress Report. Shanhua, Tainan, Taiwan. 

http:1.5kbTI1.CV
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Optimization of sample selection for leaf curl virus detection 
Four leaves, the newest Lully expanded leal. and three other leaves below (each at 15-cm 

distance trom the other) ot the malIislti ofI() natluirtiy infected tonatlo plants (oripproximtely
60-cm height) were tested individualli y by nucleic acid hybridizati, Ii to determine which leaf
position Contained the highest virus titer and would be most suitable For reliable virus diagnosis
in field surveys (i naturally infecled plants. Two sample applicatioa methods were tested:
squashing (it lealdisks (see above) and spoitting ofcentri fu ged plant sap (one leaf disk o1"8 mm
diam was excised, ground in 10 pl ITE buffer, and cenlrifiged at 10,000 rpm/5 iun, 5 11 of'the 
supernate was used t(o apply to the membrane).

The recoinniendcd hybridizati(n proce(Lure requires the use of forruanride at ahybridization
temperalurc of 42°C. I lowever, since lhrniamnide which prevents reannealing of I)NA is very
Ioxic, an adjustrneiItl '(1ep!-OcCdture thal did not nec,Silte the use olthis chemlical was solght. 

Network support: survey for tomato viruses 
One hutindred and eighty-seven tom11lato leaf samples, s(Lulshed on NC membranes, were

received troni the Africa Regional Iriraii, Tanzania. The samples originated trom plants
sh(wing various types ()Ivirus symploms and were collected From several tomato-growing
regions in thc c(unlry. They were tested hy irdirect FtISA tor presence ofToM V,CMV, PVY,
PVMV, TS\VV, and IPBNV. 

In addition, three nylo ruerribranes cach cortaining 30 spoiled leaf squash samples ofplanls
sIspect(l to be inlctled with le.f ctLrl virus were lested for the presence of leaf curl virus. They
were probed with IG)( labeled clined )NAs fromTri -giypt, thefYIe Indiarn t11I1leaf curl
virus (ITiI.CV), atd the Taiwan lniato teal curl viius. The l(ihwine clones were used:
ITni .CV: III iCR anpt lied trag 1ic11 usi rig lhe (legenerale pri miner pAl. Iv1979 and pAR Ic715;I 

TYI .CV-Igypt; and 'll PCV:ICR airpl itied fragment usi ng lhe degenerale pri rner pAl. I v 1979
 
and pARlIc7l5.


Tie hybridizaltin was done at low slringency fior
I 1;cross linking and tilin exiwsure were 
as described earlier. 

Results and Discussion 

CMV resistance screening 
F-ur ol (fllhe 50 L. chih'nse lines screened were ;sistint to CMV (IA 1969,LA 273 1,LA

2737, and IA 2746) in a first resistance screening usi ng two CMV isolates (I'el and NT-9). All 
other lines were suscept ible. Thirly-seven of tile 54 pureline L. hirstanin selections were still
resistant after 8 wks in the field. All other lines had avery low percentage (35%) of susceplihle
plants. Among tlie F,cross coihinatios, ihe percentage of susccptible plants was low and ranged
froi ( o 3(17c. F conhinations wilh tewer than 1(0%susceptible plants were FM54 x VI.262
6-12-1 - 1,FM54 x V1262-0-12-1-5, and FM54 xVI.262-6-I I- I - I. All F1 planlsoftlhecross FM54 
x I.V262- 19- 16-3- 10 were resistant. The potenlial of L. hirsulnm for CMV tolerance is obvious. 
However, ImIrllih)catlionalI tests are necessary to confirm whether this resistance is strain specitic 
or not. 'Fle resistance of L. chih'nIe ieeds to be reconuirined. 
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LCV resistance screening 
Thirty-seven oflthe 48 L. chihlns' lines screened were resistant to ITI CV. 'hirty-one did not 

show any syllptoisanl I17'I ' I)NA was mt (letectc(I by I)NA hybridization (ILA 1969, 2731, 
2737, 2764, 2765. 2774, 2779, 27X(), 2755. 2762, 2879, 2XX4, 2891, 2930, 2946, 2949, 2952, 
2955, 29X8( 2981A, 311 1.3112,3113, 3114.3115. 295. 130. 45S, 1917. 1968, 1970). Lines L.A 
2750 and 1958 were iii(erately susceplible, wit lionly 75 and 6,() A suscepti ble planls, rcspccli vely. 
The remaining lines contained lewer than 60()'/ resistant plai ts. ()f the lines with reported 
resislance/tolerance, only one. namely. TY-King. a commercial F l11\'hrid, was hMnilldI resis.lanl. 
Nonme olits plants sh we( any sylliptois, ald T'! CV-I)NA was Ill (let ected (L4. 5:-). Seven 
lines had more than 5()'/! resistant indi viduals (Fiona I, Rol/a, 1I. T 140, K\VR, l'.T2AA). and 
Ihree lines had4()-5()(; resislanl i aidtlls [ ',TY-20).li (I lirsepl yc, I.ignon C -()( Seven oftlie lines 
were hmnd susceptible (feat wave, I'-1 . Co~ilnbi an 1988, Ralan, I'o eress 7 I"T. 15- I,'
245. The remaining lines had 4-3(/, reistant individuals ((,hepertylc U-92, Colonial, IPertylc, 
()Cloylc, Pinihirtylc, I uotyc. P-2. Iarly Cascade. CI.-I 13 1-0-0-43-8- I. I .ignonC2(t-5.Tn 126, 
Manik, Tv-(iold, Big Strike, Cheperylc). 
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Fig. 5a. 	 DNA hybrization leaf squash tests of lines with suspected 
tolerance/resistance to leafcurl virus. Al-C5, TY-20; D1-FS, 
Octotylc; 131-15, CL 1131-0043-8-1; J1, J2, healthy check; 
J3, J4, diseased check; J5 diseased check dot blot, using 
plant sap centrifuged with TE buffer 10,000 rpm 
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Fig. 5b. 	DNA hybrization h-af squash tests of lines with suspected 
tolerance/resistance to leafcurl virus. Al-C5, LA 1969; D1-
F5, TY King; G1-15, Fiona; J1, J2, healthy check; J3, J4, 
diseased check; J5 diseased check dot blot, using plant sap 
centrifuged with TE buffer 10,000 rpm 
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Fig. 5c. 	 DNA hybrization leaf squash tests of lines with suspected 
tolerance/resistance to leafcurl virus. Al-C5, Pertylc; D1-
F5, Hirseptylc; G1-JS, Chepertylc; J1, J2, healthy check; J3, 
J4, diseased check; J5 diseased check dot blot, using 
plant sap centrifuged with TE buffer 10,000 rpm 
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Optimization of sample selection for leaf curl virus detection 
Results indicate that the squash test isgenerally more sensitive for field samples than tile dot 

blot test and that leaf position 2 is the most optimal for use in hybridization tests (table 8). The 
use of formamide was found to be not essential. When the hybridization temperature was raised 
to 60'C, equally good results were obtained without the addition of formamide than with the use 
of formamide at 42°C. 

Table B.Virus titer insquashes and dot blots of leaves of naturally LCV-infected plants 
Plant no. 

Leaf 1 2 3 4 5 6 7 8 9 10 
positionaS1 D S D S D SS D S D S D S D S D S D S D 

1 ++ ++- +/- - + +/- +/- ++ + + - - - + + -

2 ++ ++- ++ + ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ + 
3 ++ + +/-- +/- + + - + ++ ++ + ++ + +/- + +/
4 +++ + +/- + + + +I-+ + + + + + +/- + -

Leaf 1 = topmost fully expanded leaf; leaf 2 = [eat at 15 cm below the top most leaf; leaf 3 = leaf at 15 
cm below leaf 2; leaf 4 = leaf at 15 cm below leaf 3. 

bS = squash.
cD = dot blot. 

Network support survey for tomato viruses 
PVY was the most frequently detected virus in the samples with 86 of the 180 samples giving 

a strong positive reaction. Sixteen samples reacted with ToMV, 12 with CMV. None of the 
samples reacted with TSWV, IBNV, or IPVMV. One oflhe suspected leaf curl samples gave a 
positive reaction with the TYI.CV-Figyp probe; I I samples reacted weakly with that probe, and 
all other samples were negative. Six samples reacted weakly with the ITnI.CV probe. None of 
the samples reacted with the TFl.CV probe. This suggests that the virus causing leaf curl 
symptoms in Tanzania isclosely related to or identical to TYICV-Egypt. The weak reaction of 
some samples with ITmI .CV prohe needs to be further investigated. The possibility exists that 
two different geminiviruses infect tomato in Tanzania. However, the weak reaction may also be 
caused by cross-reaction of tile TYLCV-Fgypt with ITml.CV. 

Conclusions 
Line VC 262 has shown a high level of field tolerance to CMV under southern Taiwan 

conditions. However, since many strains of the virus are known to occur worldwide, it is 
important to conduct multilocalional testing in other Asian countries to determine stability of 
resistance. The resistance to CMV in L. cltilense needs to be reconfirmed. 

Our finding that genes which confer resistance to the tomato spotted wilt type strain do not 
necessarily confer resistance to the closely ielated peanut bud necrosis virus is important for 
developing resistance breeding programs in the Asian region, where PBNV, not TSWV seems 
to be tile predominant tospovirus. 

With the newly developed nucleic acid probe of the Taiwan tomato leaf curl virus and after 
optimization of tile hybridization lest procedure, we have been able to con(uct resistance 
screening more effectively and were able to identify sever'il new sources of resistance to TILCV 
which may be useful in the AVRI)C breeding program. 
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Preliminary surveys in Tanzania have shown that PVY, ToMV, and CMV arc tne most 
important viruses of tomato. Ieleaf curl virus has also been detected. Based on nucleic acid 
hybridization tests, the virus is similar or identical to the tomnato yellow leaf curl virus of Egypt 
and Israel. The importance ol lhis virL,, in the country needs to be establislied. e'Firesults olthis 
survey will hlp to determine the most suitable to lo and pepper lines ltr Tanzanian conditions. 
Since AVRII)C leadquarters lctIses on CMV, PVY, and leaf curl virus, any resistant lines ltlal 
will beco me availtable at headquLarters should also be tested for usefulness in Tanzania or other 
cooperating countries where leaf curl virus prohlemns exist. 
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For seed cloning, mature fruit from each ofthe crosses listed in table I were harvested. Seeds 
were then extracted and sterilized before planting in 90 x 15-nam petri dishes containing 20 mlof half-strength MS basal medium. Petri dishes were maintained at room temperature under total
darkness, and observed for seed germination throughout the experimental period.

For embryo cloning, fruit from each of the crosses listed in table 2 were harvested 3-4 wkafter pollination and surface sterilized. Fruits were dissected under sterile conditions and theimmature seeds excised. Immature seed coats were removed and embryos at the heart stage weretransferred to 125 ml Erlenmeyer flasks containing 20 ml of the MS basal medium supplemented
with IAA,1BA,GA 3 NAA, kinetin, zeatin, 2 ip, or2,4-l). Flasks containing the immature embryoswere maintained at room temperature under 12 h of light. Regenerated plantlets were dissected
into various segments and cultured in the MS basal medium without hormones for multiplication.

After multiplication, plantlets were transferred from flasks to 250 cm - plastic boxes filledwith sterilized vermiculite and grown in the culture room. When the plants showed shoot
elongation and leaf expansion, they were transferred to a growth chamber and maintained at 25/
20C (day/night temperatures) and 75% RH. 

Table 1. Comparison between L. esculentumx L.chilensehybrids of number of mature seeds 
cultured and plants regenerated


Crosses 
 No. seeds cultured No. plants regenerated
CL 5915-93 x 1L 20 0
CL 5915-93 x 1OLC 37 0
CLN 698 x Bulk of 1L, 2L &4L 2 0CLN 399 x 1OLC 3 0L3957 x Bulk of 1L, 2L& 4L 13 0CLN 399 x LA 1990-4 7 0CL 5915-93 x 8LC 37 0CL 5915-93 x 2L 10 0L3957 x 1LC 10 0CL 5915-93 x L 1964 10 0
L 3957 x 91C 5 0CLN 65 x 4L 11 0L3957 x 10 LC 5 0CLN 698 x 1L 12 0 

Table 2. Comparison between L. esculentum x L.chilense hybrids of number of embryos
cultured, embryos that produced plantlets, and plants regenerated


Crosses 
 No. embryos No. plantlets No. plants 
cultured regenerated regeneratedCL 5915-93 x 1L 78 4 0CL 5915-93 x 1OLC 40 37 96CL 5915-93 x 2L 64 0

CL 5915-93 x 8LC 111 4 10
CLN 399x Bulk of L& LC 80 0 -CL 5915-206 x Bulk of L 109 0 -
CL 5915-93 x Bulk of L & LC 122 0
CL 5915-93 x Bulk of L 156 0CLN 65 x Bulk of L&LC 66 0

CLN 65 x Bulk of L 
 25 0
CL 5915-93 x (CL 5915-93 & bulk of L) 80 0
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Embryo Culture of Lycopersiconesculentumx L. chilenseHybrid
 
Genotypes Possessing Resistance to Tomato Yellow Leaf Curl Virus
 

Summary 
Genotypes of Lycopersicon chilense LA 1969 siblings selected from accessions that possess 

resistance to tomato yellow leaf curl virus (TYI.CV), a geminivirus transmitted by the Beinisia 
tablaciwhiielly, were used as male parents in crosses with TYI.CV-susceptible L. esculenttmn 
breeding lines Cl. 5915-931)4-1-0-3, Cl. 5915-2061) -2-2-(0-4, CLN 399BCF,-2-6-0, CILN 65
3091) 5-2-0, CLN 698BCF,-358-4-13, and 1. 3957 (BI. 6807 from Canada), respectively. The 
incongruity barrier between the two plant species was overcome by an embryo cloning technique 
but not seed rescuing. Hybridity ofthe F, progeny obtained from the crosses of Cl. 5915-93 x ILA 
1969 I10.C, and Cl. 5915-93 x LA 1969 81,C was confirmed by differences in leaf morphology 
and growth habit. Research is still in progress to improve the technique and investigate the 
weakness, fertility, and virus resistance of F, plants. 

Introduction 
Resistance to many pests and diseases have been found in wild tomato genotypes, especially 

in tile peruvianim group (which consists of L. peruvitantanand L. cttilense). Self-inconpatible 
L. chilense is known to possess resistance to tomato yellow leaf curl virus (TYI.CV), a 
gemini virus transmitted by the Beinisia tabaci whitelly and drought stress. However, 
incompatibility barriers between plants offlthepertiviwinlim and escidentuln complexes have made 
the routine transfer of these desirable traits fron the pertvianum complex to the esclen/tilt 
complex, including esculent tomato, difficult. The objective of this work was to introgress the 
TYLCV resistance gene(s) fron L. chilense to L. esclenttun germplasm via embryo culture. 

Materials and Methods 
Genotypes used in these experiments were L. chilense LA 1969 (851.876)m sibs) selections 

resistant to TYI.CV and cucumber mosaic virus, 21.C, 81,C, 91.C and 101.C, and resistant to 
TYl.CV only, 1I., 21. and 4L, and LA 1990-4 and 1. 1964. These genotypes were maintained by 
artificial selling. TYI .CV-susceplible L. escuentuln linesCI.5915-931)- I-()-3, CI.5915-2061)4
2-2-0-4, CLN 399BCF,-2-6-(, CLN 65-3)91) -2-), CIN698BCF,-358-4-l3, and I. 3957 (BI. 
6807 from Canada) were used as fenale plants in crosses with tileresistant L. c/ilease clones. 

Crosses between various genotypes of L. esculemtul and L. chilense were nade in an open 
field in spring 1993. Plants were grown in the fertilized soil mixture. L. chi/ense genotypes were 
used as male parents in all crosses. Two days before anthesis, liowers ofL.escdentn plants were 
emasculated and hand-pollinated. 
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Results and Discussion 
The number of seeds in each cross was highly variable (table 1). A total of 182 seeds were 

planted. After one month of culture, most of the seeds became brownish and no germination was 
observed. 

Most of the immature seeds produced small, brownish, globular-stage embryos. Several 
hundred immature embryos were isolated from these immature seeds and cultured, but none of 
the crosses involving the bulked pollens from selections of LA 1969 were rescued. About 45 
immature embryos from the crosses of CL 5915-93 x LA 1969 IL, Cl. 5915-93 x LA 1969 10LC, 
and CL 5915-93 x LA 1969 8LC at the heart stage were rescued (table 2). No somatic 
embryogenesis was observed on the callus, but adventitious shoots were obtained. Subsequently, 
the shoots were rooted, and plantlets were dissected for multiplication. Regenerated plantlets 
were transt'erred to culture boxes for stem elongation and leaf expansion. Several F, plantlets were 
transferred to pots after conditioning. However, many ofthem did not survive the transfer from 
tissue culture to soil growing conditions. The leaf morphological characters and growth habit of 
those F, plants from the crosses of Cl, 5915-93 x IA 1969 1()LC and CL. 5915-93 x LA 1969 8LC 
which survived, more closely resembled the male parent or were between the two parents. This 
indicates the dominance of morphological attributes of wild L. chilense over L. esctlentuin. 

Research is still in progress to test other cross combinations, improve the technique of embryo 
rescuing, and investigate the weakness, floral stlcture, fertility, and virus resistu.nce of those 
F, plants that survived. 

Expressions of Heat Shock Proteins in Tomato 

Summary 
The expression of heat shock proteins (lISI's) in leaf tissue of heat-tolerant tomato breeding 

line CL 5919-153 and its double-crossed parents (CL. 1131-38, L 127, CL 9, and CL 949) was 
analyzed by using Sl)S-polyacrylamide gel elcctrophoresis and 2-D electrophoresis. Three 
proteins, ranging from 17kI) to 27kl) in CL 1131-38, two proteins in CL 9, and four proteins in 
CL 949 were newly synthesized after heat treatment. No newly synthesized protein showed in L 
127 and CL 5915-153 by 2-I) electrophoresis. 

Introduction 
Heat shock proteins induced by heat stress are known to have a protective role in heat stress. 

These stress proteins are arbitrarily divided into two groups: high molecular weight (68 to 110 
kD) and low molecular weight (15 to 27 kl)). In plants, low molecular weight HSPs play a 
dominant role in the determination of heat tolerance. Although the kinetics of HSP synthesis, 
electrophoretic prolifes, and intracellullar localization have been characterized in several plants, 
little is known about their physiological roles in heat tolerance of phoi.s. This study investigated 
the expression of HSI) in heat-tolerant and -susceptible tomatoes to lay the groundwork for the 
potential application of I-ISPs in conventional or modern improvement of heat tolerance in 
tomato. 
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Materials and Methods 

Plant materials and growth conditions. A heat-tolerant tonato breeding line (CL 5915153) and its double-crossed parents (Cl. 1131-38, 1. 127, Cl. 9, and Cl. 949) were used in thisstudy. All plants IOr analysis olthe heat shock response were grown in growth chambers at 25C 
on a 12-hlday/night cycle for 4 wk. For heat treatment, plants werC subjected to 40T(For 4 I. 

Protein extraction. Five grams of'leafltissue were dry crushed in a mortar with liquid N. Thepowder was resuspended in 5 ml of 30 mM Tris-Cl buller (p1i 8.7) with I mM iIF, 1 mMascorbic acid, I iM El)TA, I mM phenyhnmelhyiosulfonyl fluoride, 5 mM magnesium chloride 
and 30 mM of ins(luble PVP. A tcr centrifugalion at 37,0001g for 4() min, an equal volume of S1)Ssolution containing 4% S1)S, 5% 2-mercaptoelhanol, and 5% sucrose was added to tlhesupernatant. The mixture was heated in 370C for I hand centriftged al 37,(X)() g Ir 4()rin. Fourvolumes of ice-cold acetone with 1(0 iM 2-nmercaptoethanol was added to the supernatant to
precipitate for at least I h at -20TC. After 15 rini of centrifugation at O g,(X)()g,the pellet was air
dried. P)rolein samples were run on SI)S-I'AGF and 2-1) electrophoresis. 

lsoelectrofoensing (IEF). The proteinus were loaded on 3 x 13()mm tube gels containing 4%
(w/v) acrylamide, 0.36c bis-acylamide, 9.5 M urea, 2% Noiidet NP-40, 1.6% Ampholyte 5/7(401%), (.4%7, Amph ldyte 3.5/1( 0 (407(), ().(01 , (w/w) ainmoniui persul fate and 0.001 %/c(v/v)
TEM-I). The calhodic solution was 1i mM histidine, and the anodic solution was 1 mM
phosphoric acid. I're-electr phoresis was run at 211 V for 15 in, then 3(00t V fIor 30 min, and 400V tbr 3( main. lsoelectrofocusing was carried out at 300 V for 17 h, then X0(0I V for I h. Just before
electrophoresis, 250 pg of the protein samples were soluhilized in 50 pl sample solution
containing 9.5 Miurea, 2%1c NlP-40, I.6% Ampholyte 5/7, (.4% Atnpholyte 3.5/10, and 5% 2
mIercaploetlanol. 

SDS slab gel electroploresis. The second-dimensional SI)S gels were run with the running
buler containing 01.25 M Tris-base, 0. 192 M glycine and 0. 1% SI )S. A 1.5-mm thick II %polyacrylaiude slab gel with a4% polyacrylamide stacking gel, both 0. 1f/ in SI)S, was poured
and run in a vertical slab system. The IE.F ,elsrun in the second dimension were equilibrated inI0-mIl 2.3%k SI)S-equilibrate bufIer containing 62.5 mM Tris-base (ptl 8.0), 10(% glycerol, 5%2-nercaptoethanol for at least 2 Ihwitli two clhanges to remove most of lhe amupholyte, urea, and
thc Nonidet NP-40. Then 2.3%, SI)S-equilibrale hbuler/0.75%/ agarose sealer was pipetted into
the trough and the tube gels were quickly loaded on top of lthe hot agarose solutioi. The low12-77 kl) and high (43-200 kI )) molecular weight markers were layered on either edge of the
slab before the running bu fter was adlded to the upper chamber. The LIfler in the lower reservoir was cooled with acoolinji coil connected to arefrigerating waler bath set at 12C. lectrophoresis
was started with an initial Current of 17 mA, which gave a voltage of 31 V, and performed
overnight (about 17 I). The conditions of SI )S-IA(EIFlr I-I) electrophoresis were the same asfor 2-1) electrophioresis but only di ITered in solubil izing of sam ple solution (containing 62.5 mM
Tris-base, pH 6.8, 3% SI)S, 10%k glycerol, and 5% 2-mercaploethanol) and heating sample at 
boiling water for 5 min. 

Staining. The ,1)S-IAGE gels were stained with (.k1%Coomassie blue R-25() which
contained 30% melhanol, 3.6% sullisalicylic acid and 12% trichloroaceic acid, and destained
with5% methanol,containing 10)% acetic acid. The 2-1) gels were silver stained by Bio-Rad silver 

http:hbuler/0.75
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stain kit. Gels were oxidized with potassium dichrimate and nitric acid, reacted with silver nitrate, 

arid developed hy sodiun carbonate and para-lformaldehyde under room temperal Lire. 

Results and Discussion 

Tomato ICaf tissuC exhibited a small change in the protein synthesis with or without heat 
trealment (fig. 1). No silificant qualitali\'e differences between heat and nonheat treatiments 
were observed in the protein pattern olFthe low molecular weight by 1 -1) SI)S-I)A( F analysis. 
The 2-I) I I--S I)S-IA( l-' electrophoresis, on the contrary, revealed production of low Imolecular 

weight I ISPs in heatl-tolerant, double-crossed parent, C. 113 1-38, and heat-susceplible parents, 
Cl, 9 and CT 949. Cl 1131-38 had two prolins -- 2() kl) and 2 kl) -- ('L 9. two proteins, 22 
ki) and 24 kl), and (T 949, tur proteins from 19 kl) to 25 kl) after heat treatnent (fig. 2). 

AmonL the molecular factors involved in the developienl of heal tolerance, liSPs are 
considered the imiost important. In general the low moIlecu'r wei2l IlSPs arC the majOr liSPs in 

plants. In our stutdy, I-I) St)S-IPA( iF analysis failed to detect tlhe correlation between low
molecutlar IlISPS and heat treatlnllt (OIg. I ). This tmay be becaulse beat toleralce is a luantitative 
rather than qualitative expression of the genes controlling IISP synthesis. 

Analysis tI 2-I) clectrophoresi s shi iwed th,t h w-noIlccuh1 IartISt s were generated not oly 
by heat-tolerant I. 1 31-38 bul also by hcal -susceptibl Cil. 9 and (T 949. lowever, their 
dlouble-croissed poigeny, CL5I,.915-153. did riot show any lISt' synthesis after heat treatmenl. (lig. 
2). It secemed that there was no relationship between I ISls and heat tolerance. We believe that 
I SlI's have a lunclion in heal tolerance based oil the results otf studies on other plants by some 
scientists. [teat tolerancer,a complcar IctC,nee(ls ,-urther ilnvesligalion. We also ned to 

ascertain whether IISI's work in heal tolerance atnd how. 

;J ($'PAGE of To~ato. Leaves 

;~~.cL313 127 CL9 CL949 CIL59115-151 

77. 

25 '40 25 40 25i 40 25 40 25 40 (OC) 

Fig. 1. SDS-PAGE of total protein from leaf tissue of CL 5915-153, and its'double-crossed 
parents, CIL 1131-38 (P31), L 127 (P2), CIL 9 (P3), and CL 949 (P34) with or without 40'C 
treatment for 4 h 
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Mr 

IM Wt 

Fig. 2. Comparison of 2-D protein patterns of leaf tissue of CL 949 and CL 5915-153 with or 
without 401C treatment for 4 h 
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A Rapid Transformation Method for Tomato and Pepper 

Summary 
Plasmid pBI 121 carrying NPT 11 and GUS genes was introduced into genomes oftomato and 

pepper via pollen-tube pathway. Seedlings from three tomato cultivars, L 123, CL 5915-153, and 
CL 5915-206, and two pepper cultivars, Early Calwonder (ECW) and Szechwan, were selected 
on medium containing kanamycin after pBl 121 I)NA application. About 0.25% of the seeds 
were transformed and 4.48% of the treated florets produced transgenic tomato plants. The 
transgenic plants were coillrmed by Southern or dot analysis. Sweet pepper ECW was screened 
by spraying kanamycin solution to growing plantlets. The trarsformation efficiency was about 
14.6% of the plants from ECW seeds. lot pepper Szechwan had a problem with flower 
abscission. This problem needs further exploration. The pollen-tube pathway method seems 
simpler and can avoid the problem of regeneration from callus. 

Introduction 
Since pollen-tube pathway method was introduced in 1981 for gene transformation of plants, 

more reports show that this method can be applied not only on various crops, but also in 
developing stable nereditary cultivars in F-F4 generations. In comparison to Agrobacterium
mediated system based on explant transformation, the pollen-tube pathway method seems 
simpler because it avoids ihe use of time-consuming tissue culture steps. In this study, the gene
transformation system of tomato and pepper via pollen-tube pathway was investigated. 

Materials and Methods 
Plant materials 
Three tomato cultivars (L 123, CL 5915-153, CL 5915-206) and two pepper cultivars, ECW 

and Szechwan, were used in exogenous transformation via pollen-tube pathway. 

Plasmid 
The plasmid pB 1 121 (Clontech Co.) carries neomycin phosphotransferase II(NPT 11, which 

confers kanamycin resistance) and f3-glucuronidase (GUS) genes. JM 109 harbors pBI 121 
cultures in LB medium containing 50 pIg/ml kanamycin for overnight application at 37°C. 
Plasmid was isolated by the protocol of Birnboim et al. (1980). 

Plant transformation 
Foreign DNA transforma'"on via pollen-tube pathway. Tomato and pepper plants were 

grown in the greenhouse for three months. Floral buds at one day before anthesis were artificially 
pollinated with their own pollens. One day later, the top 1/3 to 2/3 ofthe stigma was cut away with 
a pair of scissors. Some 5- 11of the DNA solution (pBl 121 50 Vag/mIl in TE buffer) was placed 
on the cut surface using a pipetman. The floret was covered by a paper bag. Mature seeds were 
harvested about 3( (lays after the DNA treatment. Seeds were germinated on 1/2 MS medium 
containing 10(( pg/mIl kanamycin at 25°C for selection. An alternative method of screening for 
transformed seeds was to spray 100 pg/mil of kanamycin on growing plantlets with normal 
looking green leaves. 
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Southern analysis 
Total 	 NA was prepared from tomato and pepper leaves by the modified method of 

lellaporta ct al. (1983). The DNA was digested with EcoR I or EcoR V, anti 8 jig samples of 
digested )NA was clec!rophoresed in 0.8% agarose and blotted onto Hlybond-N membrane 
(Amershan) by neutralization blotting procedure. The membrane was hybridized to 1)IG-dUTIP 
labeled pBl 121. 

GUS assay 
ILeaves were homogenized for GUS assays in extraction buffer, the buffer consisting of 5()

mM Nal(), pt17.0, 1(mM E)TA, 0. 1%TritonX- I(X), 0. 1%Sarkosyl, 10 inM 13-mercaptoelhanol.
Samples were ccntrifuged at 1(0,00( rpm for 2(0 in.The supcrnatant solution was transferred to 
tie fresh cppendrol. -'or each sample, 20() laI of (US extraction bu ffer containing I mM methyl
umbelliferyl glucuronidc was pre-incubaled at 37'C' for 2 h to I day. Samples were observed 
under long-wave UV( 36() m) transillurnination. 

Results and Discussion 
Twenty-fnur hours after florets were pollinated, the top 1/3 to 2/3 of the stigma was cut and 

applied with p13112 II )NA. Mature seeds were harvested about 3f)days after the i)NA treatment. 
Seeds were germinated on 1/2 medium containing I(0) p~tg/ml kanainycin for selection. About 
0.25%/c ol the seeds were translormed and 4.481/.of the treated fhorets produced Iransgcnic toml1ato1 
plants (table 3). Table 3 shows the restlls olexogCnous tlrasfollsrmationi tor three tomalo cultivars. 
Ftseeds derived from transftormend plants were screened. Among the ihree tonato cultivars, 1,123
has a lower seed product ion, hence it needs more trealc ftoretls to get belter trans form ation result. 
C,5915-2(16 has higher seed production, therelfore its transformation ratio is higtler. The 
transgenic plants were confirmed by SouLthern analysis (fig. 3).

Sweet pepper is a very good material Ibr the pollen-tube pathway mchllod because it has
bigger flowers an(t stigma, an( a large quantily ofseeds for I)NA application. However, ils sligma
is shorter and very close to the ovary, so it is advisable not to cut the stigna so as not to injtire
the ovary. Seedlings of Early 'alwonder after I)NA treatment were directliy sp .,yed wilh 
kanamycin fhr screening oIf r'ur.norned plants. Abti it 14.6k of lolal seeds was resistant to 
kanamnyciin and confirined by dolt-blot analysis.

H(ot pepper is iore diffctil t to use i DilNA treatment because its stig ina is very slender and
flower abscission tends to occur after treatment, which makes fruil setlling impossible. This 
problem requires turther examination. 

Table 3.	Transformation ratios of tomato plants after exogenous apr'ication

of pBI 121 DNA (carrying NPT IIand GUS genes) via pollen- ibe
 
pathway
 

Transformed plants/ Transformed plants/

Entry treated florets 
 collected seeds 

No. % No. % 
Tomato
 

CL 5915-153 5/216 5/4957
2.30 0.10 
CL 5915-206 12/96 12.50 12/2600 0.46 
L 123 2/112 1.80 2/184 1.09 

Pepper
 
ECW 	 - - 19/133 14.29 
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Genetic Resources and Seeds 

Status of the AVRDC Germplasm Collection 

As of 30 September 1993, the total ntumber ofregistered accessions in the AVRI)C collection 
was 39,329 (table 1). This represents an increase of 3379 over that reported last year (AVRi)C
1993). The i,reatest acquisition was 931 accessions of Glvcine soja from USI)A-ARS, Fbllowed 
by 429 accessioils o pepper, 370 accessions of newly collected eggplants, and 205 alliums which 
included newly collected material andldonations from the Natural Resources Institule/Horiiculture 
Research International, United Kingdom. 

Table 1. The AVRDC germplasm collection as of 30 September 1993 
Crop No. of accessions 
Priority crops: 
Soybean 
 13,603
Tomato 6,629
Pepper 6,363
Mungbean 
 5,737 
Brassica spp. 1,421 
Eggplant 564 
Allium spp. 327 

Subtotal 34,644 

Other crops:
 
Yard-long bean and cowpea 1,600

Black gram 
 452 
Phaseolus beans 450 
Luffa spp. 229
 
Pea 
 207
 
Cucumis 206 
Abelmoschus 187 
Lablab bean 161 
Cucurbita spp. 148 
Benincasa spp. 126 
Others 919
 

Subtotal 4,685

Total 
 39,329 

From the collecting expeditions in the Philippines and Thailand, 1299 accessions of other 
crop species were added. The tomato collection includes l)r. Charles M. Rick's (Tomato Genelics 
Resource Center) standard set of core collection which provide representative collections of the 
different races, varieties, lorms and other subspecilic groups.

The transfer of the sweet potato gerniplasm colleclion to C1), Lima, has been completed. 
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Multiplication and Characterization of the Germplasm Collection 

Summary 
A total of 4606 accessions were multiplied and characterized in 1993 at headquarters, 

Philippines, and Thailand. Based on demand, the priority for multiplication are pepper, wild 
species of tomato that are potential sources of resistance to diseases, and the new crop species 
Allium and eggplant. Another priority is accessions with low viability. New strategies for faster 
and more efficient methods of multiplication are being developed and tested to cope with 
increasing requirement for special materials. In vitro conservation of garlic and shallot has been 
started. 

Introduction 
One of the objectives of GRSU is to build up base and active collections of vegetable species 

popular in the tropics. To have enough seeds for preservation and distribution, newly acquired 
materials are planted for seed increase. )uring seed increase, characterization is routinely done. 

Changing needs for germplasm and conditions of newly received as well as stored materials 
require that yearly prioritization for multiplication be done. The increasing demand for wild 
species which require special cultural management and seed production techniques necessitate 
tile development of new strategies for their multiplication. 

Materials and Methods 
Before the start of the planting season, GRSU sends out a reminder to center scientists to 

submit a list of germplasm material that they would like to be multiplied. GRSU considers the 
list in the schedule of multiplication. Accessions observed to have low viability and low quantity 
of seeds for distribution are also included in tile priority list. 

The number of accessions planted for multiplication in 1993 are shown in ,able 2. 

Table 2. Number of accessions multiplied in 1993 
Crop species Site Tctal 

Taiwan Philippines Thailand 
Soybean 1,000 2,000 3,000 
Pepper 341 541 - 882 
Tomato 66 -66 
Eggplant 36 36 
Allium 36 - -36 
Brassica 36 - 36 
Others - 396 154 550 

Total 1,515 937 2,154 4,606 

Headquarters 
All of the priority crops were represented in tile multiplication. To save on cost, 36 net cages, 

4 x 24 x 2.1 m in length, width, and height, respectively, were constructed. Inside each cage, two 
1.5-i-wide beds were formed and covered with plastic mulches. One accession each of live crop 
species was enclosed in one net cage: Al/iun, pepper, tomato, eggplant, and Brassica.The number 
of plants per species equals 60 for Brassica, 30 for the solanaceous species, and 40 for Al/ium. 
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Management practices included furrow irrigation, fertilization, spraying against pests, staking,
and pruning. To increase pollination, bees were released inside the cages. Bees were kept inside
their boxes for48 11before release to prevent their bringing into the net cages pollen from outside. 

Due to increasing requests for wild species, three more species of wild tonaloes were planted
inside the screenhouse. Supplementary hand-pollination was done to increase sced set. Using an
inmprovil collector, dlehiscing pollen frim all plants in one accession were collected, mixed, and 
stored inside the freezer (()0C) until pollination time. Pollen was brushed onto receptive stigma 
of the same accession. 

An additional 25 n-': cages were constructed to accommodate 305 accessions of pepper.
Soybeans were sown in the field. 
In vitro conservation of garlic and shallot was started. 
All characterization was based on a standardized set of descriptors. For pepper, a 200-g

sample of each accession was sent to AVRI)C's Analytical Laboratory for NIRS analysis of dry 
matter, sugar, fat, and color value. 

Philippines 
A total of 402 accessions of pepper were sent to the National Plant Genetic Resources 

Laboratory, University of the Philippines Los Bafios for multiplication and characterization. An 
additional 13 accessions from locally collected material were included. 

As part of the project "Conservation, Evaluation, and Utilization of Vegetable Genetic
Resources: aCollaborative Network Project for Southeast Asia", accessions multiplied last year
but which did not produce the required 20,0)() seeds were again planted. These include 71 
accessions of lima beans, 54 winged beans, 53 yard-long beans, 34 Luffa spp., 17 Ctcurbita
 
moschata, 15 Caij'qus cajan, 9 bottle gourds, and 4 wax gourds.
 

Thailand 
At Kamphaengsaen, 2(X)() accessions of soybeans and 154 yard-long beans were planted. The 

decision to mulliply soybeans in Thailand is based on Ihe need to quickly mulliply a large number
of accessions that have deteriorating viability and the transfer of the soybean breeding program
to the regional center where consequently the soybean and mungbean active collection will be 
located. 

Results and Discussion 
Allium 
Only 17 of the 36 accessions germinated. All 17 had circular cross-scction of leaf. All 

accessions had light green !eaf color except one which had medium-dark green leaves. Leaf 
surface was covered with wax. In one accession (TA 103), live of 40 plants flowered. However, 
no seeds were recovered. The quality of bulbs produced was poor. Surviving bulbs were 
vernalized and planted in autumn 1993. 

There are now 13 accessions of garlic and 7 shallot maintained in vitro. 

Crucifer 
The majority ot the accessions multiplied this year belong to the toria and sarsongroup from 

Nepal. No vernalization treatment was needed.Although these accessions were thought to have 
a high degree of incompalibility, seed selling for most of tlhen was high possibly due to the 
presence of bees as pollinator and the favorable growing conditions. Seed yield ranged from 486 
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to 1549 g per accession of 30 plants or an average o 'ahout 700g per accession. Onlyone accession 
(TB(XX)I) proved to be a mixture of two types based on vegetative traits, days to matlurity, and 
seed color. 

Pepper
 
Tables 3 and 4 show the flower and fruit characteristics of the accessions multiplied. 

Tomato 
Due to the increasing demand for wild species, multiplication of tomato germplasm was 

concentrated on the wild species. Inflorescence and fruit Iraits observed are summarized in tables 
5 and 6. 

Eggplant 
Except for TS 113 (S. melongena) from the Philippines, all tile other 35 accessions produced 

at least 140 g of seeds, enough for the base and the active collections, 

Conclusions and Recommendations 
Seed production in net cages with a single crop and net cages wilh mixed crops were the same. 

Supplementary hand-pollination in eggplants and wild tomatoes increased fruit/seed set. If 
growth of onions is not improved, they will have to be moved out of the net cages. 

Mixed cropping inside one net cage did not pose a problem m irrigation, weeding, and 
fertilization. However, tile planting schedule for each crop should be adjusted so that most of them 
will flower at the same time. 

The rate of mulItiplication of wild species as well as the new crop species still cannot meet 
the demands ofcenter scientists. New strategies to increase tile number of accessions that can be 
multiplied yearly need to be considered. 

Distribution of Vegetable Germplasm 

Summary 
In 1993, various AVRI)C research units requesed a total of4142 seed samples most of which 

were used in screening fr resistance to pests and diseases. Externally, a total of 14,245 samples 
of germplasin and breeding lines were distributed to 67 countries and territories. The Asian 
Regional Center (ARC) received tile most number of samples. A large quantity o fgermplasml also 
went to the Africa Regional Program (ARlI) and to countries witli which the center has formal 
collaborative activities. 

The Zambian collection of Capsic n has been multiplied and is ready for repatriation as 
requested by the Zambian national program on assembly of all gerniplasm originating from their 
cOlntry. 

Distribution of mungbean breeding lines is now done through the Asian Regional Center in 
Tliailand. 



Table 3. Diversity in inflorescence characters of pepper germplasm from different sources characterized in 1992-1993 
Country Species No. 

of 
Fruit 

pungency 
Days to 
flower 

No. of 
pedicels 

Corolla 
color 

Calyx margin 
shape 

Corolla 
spot 

Anther Filament 
color color 

Stigma position 
in relation to 

acc. per axil anther at full 

Guatemala annuum 20 Mixture 62-133 1 White Intermediate/ Absent Blue White 
anthesis 
Exserted 

Honduras 
frutescens 
annuum 

1 
41 

High 
Mixture 

73 
56-120 

1 
1 

White 
White 

Dentate 
Intermediate 
Dentate 

Absent 
Absent 

Blue 
Blue 

White 
White 

Exserted 
Same level/ 
Exserted 

frutescens 5 High 120-179 2 Yellow- Intermediate Absent Blue Light Exserted 

Belize annuum 5 Sweet/ 76-100 1 
green 
White Dentate Absent Blue 

purple 
White Exserted 

> 

Intermediate/ 

chinense 2 
High
Intermediate/ 92-111 2/3 Yellow- Intermediate/ Absent Blue Light Exserted 

Zambia annuum 24 
High 
High 73-120 1 

green 
White Intermediate/ Absent Blue 

purple 
White/ Exserted 

baccatum 2 Low/ 244 1 White 
Dentate 
Dentate Green Yellow 

Purple 
White Inserted 

chinense 4 
Intermediate 
Low/High 92-111 2 Yellow- Intermediate Absent Blue Light Exserted 

;U 

frutescens 24 High 92-100 2 
green 
Yellow- Intermediate Absent Blue 

purple 
Light Exserted 

Mexico annuum 69 Mixture 62-144 1 
green 
White Intermediate/ Absent Blue 

purple 
White Exserted 

baccatum 5 Low/High 83-133 1 White/ 
Dentate 
Dentate Green- Yellow White Exserted 

Light yellow 

chinense 9 Intermediate/ 
High 

92-111 2/3 
yellow
Yellow-
green 

Intermediate/ 
Dentate 

Absent Pale 
blue/ 

Light 
purple 

Same level/ 
Exserted 

frutescens 6 High 92-133 2 Yellow Intermediate Absent 
Blue 
Blue Light Exserted 

green purple 



Table 4. Diversity in fruit characters of pepper germplarbm from different sources characterized in 1992-1993 
Country Species Fruit Fruit Fruit wa;I Fruit Fruit Fruit color at Fruit Fruit Duration to 

length width thickness weight color at intermediate color at shape fruiting 
(cm) (cm) (mm) (g) immature stage between mature 

stage immature and stage 
mature stage 

Guatemala annuum 1.5-10.4 1.0-5.6 0.7-5.1 0.7-70.8 Green Brown Red Elongate/ Early-Late 
Conical 

Honduras 
frutescens 
annuum 

1.1 
3.0-9.2 

0.4 
1.3-5.2 

0.4 
0.8-6.0 

0.2 
3.2-68.0 

Green 
Green/ 

Orange 
Brown 

Red 
Red 

Elongate 
Elongate 

Late 
Early-Late 

Yellow Conical/ 

frutescens 1.1-2.5 0.8-1.0 0.6-0.9 0.4-1.0 Green Brown/ Red/ 
Blocky 
Elongate/ Early-Late 

Orange Orange- Oblate/ 
red Conical 

Belize annuum 3.6-8.3 1.6-2.8 0.8-2.2 1.9-13.7 Green Brown/ Red/ Elongate/ Intermediate- = 
Orange Orange- Conical Late 

chinense 1.4-1.9 1.7-2.0 1.4-1.7 2.0-3.0 Green Brown/ 
red
Red/ Conical Intermediate C 

Zambia annuum 1.7-10.5 1.0-1.6 0.4-1.5 0.7-6.4 Green 
Yellow 
Brown 

Yellow 
Red Elongate' Intermediate-

Oblate/ Late 
Conical 

baccatum 
chinense 

2.7-3.0 
1.2-3.3 

2.6-2.8 
1.0-2.2 

1.4-1.7 
1.1-1.8 

4.8-8.5 
1.0-4.9 

Green 
Green 

Orange 
Brown 

Red 
Red 

CamparLlate 
Oblate/ 

Late 
Intermediate- C 

frutescens 1.2-1.8 0.3-0.4 0.3-0.4 0.1-0.2 Green Brown 
Orange 
Red 

Camparulate 
Elongate 

Late 
Intermediate-

Mexico annuum 1.4-12.5 0.7-5.7 0.3-3.9 1.6-66.4 Green Brown Red Elongatu' 
Late 
Early-Late 

Conical 
baccatum 1.0-3.4 1.4-1.8 1.0-2.2 1.3-3.8 Green Brown Red Elongatuv Intermediate-

Oblate/ Late 
Round/ 

chinense 1.0-3.8 1.3-2.6 0.6-2.8 1.4-5.7 Green Brown/ Red/ 
Campanulate 
Elongate/ Intermediate-

Orange Orange- Round/ Late 
red/ Campanulate 

frutescens 1.0-1.4 0.4-0.8 0.4-0.7 0.1-0.3 Green Brown/ 
Orange 
Red/ Elongate Late 

Orange Orange- Round 
red 



Table 5. Diversity in inflorescence and fruit characters of tomato germplasm from different species in 1992-1993 
Species Days to flower Inflorescence No. of flower/ Days to Exterior color Intensity of No. of fruit/


type inflorescence fruit of immature greenback inflorescence
 
fruit

chmielewskii 53-61 uniparous 6-11 110 light slight 3-11
cheesmanii 59-87 uniparous 7-13 110-157 light /medium mixture 3-13
 
chilense 61-76 multiparous .5-49 110-157 light none/ 
 11-40
 

slighthirsutum 68-81 multiparous 12-13 142 light none 1-2 

medium peru vianum 46-84 uniparous 8-14 79-93 light slight/ 4-11 

medium
pimpinellifolium 46-68 uniparous 9-29 57-93 light 	 slight/ 2-14 > 

medium 

Table 6. Diversity in fruit characters of tomato germplasm from different species in 1992-1993 
Species Fruit Fruit width Fruit Thickness Soluble Ease Exterior Interior Predominant 

length (cm) weight of fruit wall solids of color of flesh color fruit shape 
(cm) (g) (mm) (brix) peeling mature 	 intensity 

fruit 
chmielewskii 1.2-1.6 1.4-2.1 1.4-3.8 0.7-1.1 6.1-10.4 fair/ green light slightly "C
 

good 	 flattened/ 
roundcheesmanfi 0.9-1.3 0.9-1.5 0.4-1.6 0.7-1.5 5.4-18.5 fair orange light slightly 
flattened/ 
round/high
round
chilense 1.1-1.5 1.4-1.9 1.2-2.7 0.8-1.3 7.7-9.1 fair/ green light 	 slightly 

good 	 flattened/ 
round/high
round
hirsutum 1.3-1.6 1.5-1.9 1.4-2.4 1.3-1.4 7.9-8.1 poor green light slightly 
flattenedperuvianum 1.5-2.6 1.5-3.0 2.0-14.6 1.1-2.5 4.2-6.6 fair/ red medium round
 

good

pimpinellifolium 0.9-2.7 1.0-2.9 0.6-13.5 0.6-2.4 4.5-10.3 fair/ red 	 light/ round 

good medium 
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Introduction 
To complement conservation with utilization, GRSU maintains a large active collection for 

distribution purposes. Most of the materials go to national breeding programs, research at ccnler 
headquarters, and regional activities. 

Materials and Methods 

Requests for germplasm are regularly received by AVRI)C. l)epending on the nature of 
material required, the request is either served by G(RSU or channeled to the other units of 
AVRI)C. 

This year, materials for distribution were pre-packed in laminated aluminum foil envelopes 
immediately after seed processing and drying priority crops at 50 seeds/pack, nonpriority crops 
at 25 seeds/pack, and wild species at 15 seeds/pack. 

The 200() accessions of soybean multiplied at ARC in Thailand are being processed to be part 
ot the active collection that will he distributed through ARC. 

Results and Discussion 
External seed distribution 
Table 7 shows the recipients of AVRI)C germplasm including breeding lines and in vitro 

materials. Thailand received the greatest number of samples, followed by Taiwan. The large 
number of samples received by Taiwan is due to the duplication at the National Plant Genetic 
Resources Center, Taiwan Agricultural Research Institute of 50() accessions of tomato, 3(X) of 
pepper and 2(XMofBrassica.Table8 shows the major institutions that received AVIRI)C germplasm 
in 1993. Thailand is the location of the AVRDC Asian Regional Center and Tanzania o! the 
AVRI)C Africa Regional Program. About 40() of lhe samples sent to the Philippines wee for 

Table 7. External distribution of germplasm and breeding lines in 1993 (as of 30 September) 
No. of samplesa 

Country A B C G I L 0 S V Total 
Thailand 0 5 259 51 703 135 C 0 1,493 2,652 
Taiwan 0 204 218 574 0 500 20 0 0 1,516 
Korea 0 30 62 620 408 45 166 0 74 1,405 
Philippines 0 85 348 190 15 134 17 7 426 1,222 
Tanzania 6 0 23 0 0 1082 0 0 0 1,111 
India 7 37 535 82 0 328 35 14 2 1,040 
Indonesia 0 0 96 61 42 75 27 0 385 686 
Peru 0 0 0 0 443 0 0 0 0 443 
USA 0 2 182 52 0 81 31 0 78 426 
Sri Lanka 7 0 250 0 0 62 2 14 0 335 
Othersb 21 258 1,333 383 107 1,055 64 46 142 3,409 

Total (67) 41 621 3,306 2,013 1,718 3,497 368 81 2,600 14,245 
aA = Alhurrr, B = Brassica;U =Capsicum;G =Glycine; I= Ipomoea; L =Lycopersicon; . = Others; S = 

Solanum and V = Vigna. 
blncludes 57 countries and territories: Australia, Austria, Bangladesh, Bhutan, Botswana, Brazil, 

Canada, Central Africa, China, Colombia, Egypt, Ethiopia, Fiji, France, Gabon, Gambia, Germany, 
Ghana, Grenada, Guadeloupe, Guam, Hong Kong, Hungary, Israel, Italy, Ivory Coast, Japan, Kuwait, 
Lesotho, Madagascar, Malawi, Malaysia, Mauritius, Mexico, Nepal, Netherlands, New Zealand, 
Nicaragua, Nigeria, Oman, Pakistan, Panama, Samoa (American), Samoa (Western), Seychelles, 
Sierra Leone, Singapore, South Africa, St. Christopher and Nevis, Granada, St. Lucia, Togo, Uganda, 
Ukraine, United Kingdom, Venezuela, Vietnam, and Zimbabwe. 
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Table 8. Recipients of AVRDC vegetable germplasm in 1993 
Australia 
Cunningham Laboratory 

Austria 
University of Vienna 

Bangladesh 

AVRDC/!JSAID/Bang'adesh Project 

Crop Diversification Programme - Dutch 


Executing Agency 

Grameen Krishi Foundation
 
Mennonite Central Committee (MCC) 


Bhutan 

Center for Agriculturz-1 Research and 


Development 
Department of Agriculture 
Integrated Horticulture Development Project 
Ministry of Agriculture
 
Royal Government of Bhutan 

UNDP/FAO 


Botswana 

SACCAR 


Brazil 
EMBRAPA-CENARGEN 
University de Brasilia
 
Universidade Estadual Paulista-UNESP 


Centril Africa
 
Department of Research 


China 

Chiangsu Provincial Agricultural Sciences 
Chinese Academy of Agricultural Sciences 
Guangxi Academy of Agricultural Sciences 

Colombia 
Centro International de Agricultural Tropical 
Frutera de la Costa S.A. 

Egypt 
Assiut University 
FAO Protected Cultivation Project 
Minufiya University 
Vegetable Research Sections 

Ethiopia 
FAO Office 
Nazareth Research Center 

Fiji 
Sigatoka Research Station 

France 
CIRD/C.A. Martinique 
Royal Sluis 

Gabon 
Organisation des Jeunes du Village pour
 

le Development Rural (OJVDR)
 

Germany 
Biogische Bundesanstalt fur Land-und
 

Forstwirtschaft
 
Bundesangstalt fOr Zuchtungsforschung an
 

Kulturpflanzen
 
Humboldt-Universitat Zu Berlin
 
Technical University Berlin
 

Ghana
 
Universal Pest Control and Agric. Ventures Ltd.
 

Grenada 
The Agricultural Technical Mission of the ROC 

Guadeloupe 

Institut National de la Recherche Agronomique 

Guam 
University of Guam 

Hong Kong 
Ellerman & Company, Ltd. 

Hungary 
Bartok B. UT 41 
Budakert KFT 
Vegetable Crops Research Institute 

India 
Agricultural University Ludhiana 
Annamalai University
C.R.S., Punjabrao Krishi Vidyapeeth 
Central Agricultural Research Institute 
E.I.D. Parry (India) Ltd. 
G.B. Pant University of Agriculture 
Harrisons Malayalam Ltd. 
Indian Institute of Horticultural Research
ITC Limited 
Khatau Junker Limited 
National Agricultural Research Center 
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Table 8. Continued. 
Nuziveedu Seeds Pvt. Ltd. 
Punjab Agricultural University 
Tamil Nadu Agricultural University 
University of Agricultural Sciences 
University of Agricultural Sciences & 

Technology 
Vijay Seeds Co. Pvt. Ltd. 

Indonesia
 
Bogor Research Institute for Food Crops 

Central Research Institute for Horticulture 

International Potato Center/Indonesia 

Lembang Horticultural Research Institute
 
Malang Research Institute for Food Crops 

Mitra Tani Terpadu, pt. 

PT. Selektani 

Sukmandi Research Institute for Food Crops 

Ualan Pajajaran Bogor 

Universitas Nusa Cendana 


Israel
 
Agecotec, Agricultural & Biotechnologies Ltd. 

Hazera (1939) Ltd. 

The Israel Genebank for Agric-iltural Crops
 

Italy 

National Agency for Atomic Energy (ENEA) 


Ivory Coast
 
IDESSA-DCV 

Japan 
Kagawa University 
Kogome Food Company 
Kobaysahi Seed Co., Ltd. 
Sumitomo Chemical Co., Ltd. 
Tokyo University of Agriculture 

Korea 
Agri. Biotechnology Institute 
Crop Experiment Station 
Horticultural Experiment Station 
Hung Nong Seed Co., Ltd. 
International Technical Cooperation Center 
Kangwon Provincial Rural Development 
Administration 
Korea Atomic Energy Research Institute 
Korea Seed International Co., Ltd. 
Korea University 
Mokpo Branch Station, CES 
Seoul National University 
Young Nam Crop Experiment Station 

Kuwait 
Kuwait University 

Lesotho 
Agricultural Research Division 

Madagascar 
FOFIFNCENRADERU 

Malawi 
Bvumbwe Agricultural Research Station 
Chitedze Agricultural Research Station 

Malaysia 
Dip Agr. (M)Agr. Sc. (Hons) (M) 
Instant Garden Industries 
Malaysian Agricultural Research and 

Development Institute (MARDI) 
Pusat Penyelidikan Pertanian 
Universiti Pertanian Malaysian 

Mauritius 
Mauritius Sugar Industry Research Institute 

Mexico 
ICRISAT - CIMMYT 
Instituto Nacional de Investigaciones 

Forestales Y Agropecuarias 

Nepal 
Center for Environmental and Agri. Policy 

Res. Extension and Development 
GCP/NEP/043/SWI 
Lumle Regional Agricultural Research Center 
Nepal Agricultural Research Council 
Tribhuvan University
 

Netherlands
 
Enza Zaden de Enkhuizer Zaadhandel B. V.
 
Nunhems Zaden B.V.
 

New Zealand
 
Crop and Food Research
 

Nicaragua 
Mision Tecnica Agropecuaria de la 

Republica de China 

Nigeria 
Jigawa State Polytechnic 
Ministry of Agriculture and Natural Resources 
Samaru Ahmadu Bello University 
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Table 8. Continued.
 
Oman 

Sultan Qaboos University 

Pakistan 
Agricultural Research Station (North) 

AYUB Agricultural Research Institute 

National Agricultural Research Center 

Pakistan Agricultural Research Council
 
Pakistan Organic Farmers Association 


Pan ama 

Nestle Panama S.A. 

Peru 
International Potato Center (CIP) 

Philippines 
Asian Development Bank 

AVRDC/POP 

Benguet State University 

Bohol Agricultural Promotion Center
 
Central Luzon State University

Department of Agriculture 

Institute of Plant Breeding, UPLB 

Isabela State University
 
National Plant Genetic Resources Laboratory

Northern Philippines Root Crops Research 

and Training Center 
OIC, Central Post Entry Station 
University of the Philippines Los Bahtos (UPLB)
University of San Carlos 
Xavier University 


Samoa (American)
 
American Samoa Community College 


Samoa (Western) 

University of the South Pacific
 

Seychelles 

Ministry of Agriculture and Fisheries 


Sierra Leone 

CTA-GCP/SIL/015/NOR 

Rice Research Station 


Singapore 

Eastreco (PIe.) Ltd. 

First Grade Agency Ptd. 


South Africa 

May Ford Seeds (Pty.) Ltd. 


Sri Lanka 
Central Agricultural Research Institute (CARl) 
Department of Agriculture

Eastern University BPI-LANCRDC
 

(Economic Garden)
 
Eastern University Sri Lanka
 
Regional Agricultural Research Center
 

St. Christopher and Nevis
 
Agricultural Technical Mission of the ROC
 

St. Lucia
 
ROC Agricultural Technical Mission
 

Taiwan (ROC) 
Council of Agriculture, Executive Yuan
 
National Chiayl Institute of Agriculture
 
National Pingtung Polytechnic Institute
 
National Plant Genetic Resources Center
 
Taiwan Agricultural Research Institute
 

Tanzania 
Kimango Farm Enterprises Ltd.
 
SADCC/AVRDC-CONVERDS
 

Thailand 
Asian Regional Center-AVRDC 
Chiang Mai Field Crops Research 
Church World Service 
Department of Agriculture 
Faculty of Agricultural Technology, KMITL 
Kasetsart University 
Slui; Vegetable B.V. 

Togo 
Universite du Benin - Ecole Superieure

D'Agronomie 

USA 
BHN Research, Richfield Packing Co., Inc. 
Cornell University 
Louisiana State University
Mahyco American, Inc. 
Northern Mariana College, Asterlaje Campus 
North Carolina Sate University 
Pepper Research Inc. 
Peto Seed Company 
Texas A & M University 
Tropical Rural and Island/Atoll Development 

Experimental Station
University of Agricultural Sciences, Dharwad 
University of Arkanasa at Pine Bluff 
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Table 8. Continued. 
University of Hawaii Center Rothamsted Experimental Station 
University of Minnesota University College of North Wales 
University of Wisconsin University of Leeds 

University of Wales 
Uganda
 
FAO UGA'87/003 "Development of the Venezuela 

Horticulture Industry" Universidad Central de Venezuela 
Namulonge Horticulture Farmers' Group 

Vietnam 
Ukraine University of Cantho 
Plant Breeding and Genetics Institute 

Zimbabwe 
United Kingdom Agricultural Development Authority 
Natural Resources Institute Horticultural Research Center 

the .joint AVRI )C-NI(IRI. multiplication of pepper gerniplasmn project. The materials sent to 
Peru consisted ol the swect potato gerniplasm that was translcrrcd to CI1, lPi ma. 

The 36 accessions of Capsiculn originaling from Zambia are now ready for repatriation as 
relUesled hy Zanbia through 113PGR as part oft he coruntry's elforl to asselbe its germplasm 
material. 

As in 1992, the ma jority of the secds distributed outside oJf AVRI)C vere breeding lines, 
including sets involved in variety trials (e.g., IM N, INTl 1()PE, ASET, AVNIT). 

Since the Iclumc hrceding, activity has been Iranslerred to ARC, (list ri but ion o mun hanL 
breeling lines is noIwldme through the mungbean bree(der stationed there. RequCsls received at 
headquarters are transmilled 1o the regional center except for materials that are maintained at 
(1RS1-. The 2(111 accessions ol soybean multi plied at ARC are being processed to be part of the 
active collection that vill be (listribuled through ARC. -tlowvcer, the lack of an efficient seed 
drying facilily is impeding the rate o1 processing. 

Internal seed distribution 
'Fable 9 shows utilization of gcrinplasm collection by the center's researchers. Most of the 

materials went to the Pathology and FI-ntomology units: 73X accessions of tonalo [or screening 
for resislance lo late hIiih and 5() accessions oflpepper for screening for resistance tobroadmies. 
Table 1(0 show,: h(w the requested materials were used by ile center scientists. 

Conclusions and Recommendations 
)istriutliontoflgcrmlasm is one olthc heaviest loads in the operation olI( 1RSU. The transfer 

oflthe legume breedirg program to ARC provides aot her routle for gernplasn (listri bulion. [rom 
hereon, breedi ng lines olmi runghean will be distributeld through ARC. Efforts to transfter the active 
col lection olsoybean to ARC hav also started. Hlowevcr, there is a need to improve seed-drying 
facilities at ARC to acconIodate the large amount of material that needs to be processed. 
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Table 9. Internal seed distribution of germplasm as of 30 September 19^3 

'A =Alhun, B = brassica;C =Uapsicum;G =Glycmne: L =Lycopersicon;U =Uthers; S =Solanum; and V 

Unit Aa B C G L 0 S V Total 
Pathology 
Entomology 
GRSU 
Country Programs 
Plant Breeding 
Crop Management 
Training 
Physiology 
Analytical Lab 

50 
0 
0 
0 

103 
0 
0 
0 
0 

51 
0 
0 

129 
0 
0 

11 
0 
0 

640 
799 
345 

0 
74 
0 
6 
0 
0 

0 
0 
0 
0 

33 
0 
0 
0 
4 

1,472 
0 
0 

12 
1 
0 

12 
18 
0 

0 
0 
0 

84 
0 
0 
0 
0 
0 

0 
50 
4 

106 
0 

113 
0 
0 
0 

0 
0 
6 
0 

19 
0 
0 
0 
0 

2,213 
849 
355 
331 
230 
113 
29 
18 
4 

Total 153 191 1,864 37 1,515 84 273 25 4,142 

=Vigna. 

Table 10. Utilization of AVRDC germplasm by center scientists in 1993 
Crop species Purpose 
Allurn Evaluation trial 

Meristem culture 
Inoculation experiment

Crucifer TuMV 
SO 2 resistance/sensitivity

Eggplant Bacterial wilt 
Fruit borer 
Shoot borer 
Thrips 
Heat tolerance 
Waterlogging trial 
Grafting trial 
Development of management practices

Pepper 	 Virus 
Anthracnose 
Black leaf mold 
Broadmites 
so 2 resistance/sensitivity 
SDS-PAGE 
INTHOPE seed distribution

Soybean 	 Summer trial 
Lipoxygenase isozyme activity assay

Tomato Virus 
PVY 
TSWV 
Bacterial wilt 
Late blight (greenhouse and field) 
Bacterial spot 
Black leaf mold 
Development of management practicesMungbean Seed protein SDS-PAGE 

Others Heat tolerance 
(Amaranthus, celery, lettuce, kangkong, Evaluation as leafy vegetable

basil, Basella, kailan, mustard,
 
and yard-long bean)
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Diversity in the Philippine Mungbean Germplasm Collection 

Summary 
Initial results revealed five protein profiles, two of which shared low Jaccard similarity values 

with respect to the predominant profile. Re-examination of the accessions and their passport data 
showed that the latter belonged to a misidentified V.glabrescens accession and to Red Mungbean 
accessions which were re-identified to be non-V. radiatabased on plant and seed morphology. 

Three mungbean profiles remained for analysis. Profile 1 was exhibited by 98% of the 
accessions, Profile 2 by three accessions, and Profile 3 by two accessions. It was composed of all 
the Profile I bands plus Band 8 (26.9 kl)). The predominance of Profile I among the 271 
accessions examined indicated a low degree of variation with respect to seed protein profiles. All 
ti e bands exhibited a relative frequency of 1.00; except for Band 8 which exhibited 0.01 and Band 
9 which exhibited 0.99. The bands were thus monomorphic with respect to a 0.99/0.01 
polymorphism criterion, indicating low genetic variation with respect to seed protein polypeptides. 

Low genetic diversity ofseed proteins among the Philippine mlungbean populations represented 
in the study was hypothesized to be due to agenetically homogeneous progenitor population that 
reached the Philippines from India. Given the apparently short historical duration of nungbean 
cultivation in the country, variation in seed proteins did not arise insignificant proportions, maybe 
because of a slow rate of emergence of successful mulations, or an absence of environmental 
selection pressure for variant seed proteins. 

SI)S-PAGE ofseed proteins was demonstrated to be useful in rapid identification ofdi fferent 
species in a germplasm collection. It was able to identify non-V. radiatespecies that have been 
mistakenly assigned to the V. radiatecollection. Characterization of the mungbean accessions 
based on seed protein profile was also demonstrated to be useful as an adjunct to established 
morphological cluster analysis. Thus, SI)S-PAGE may be used to characterize genetic diversity 
of nmingbean accessions with the final objective of nominating accessions to a core collection. 

Introduction 
The genetic resources of crop species have been conserved by means of genebanks. These 

genebanks store the seeds of the various populations of the crop species to preserve the diverse 
genotypes that have evolved through thousands of years (Yndgaard and Kjellqvist 19841). The 
germplasn collections of many genebanks have become very large and thus need to be organized 
in a manner that will facilitate thei use. One approach to organization is to set up a core collection: 
a small subset of the collection that is easy for breeders to access for tile desired genotypes and 
yet representative of the entire range of genetic diversity present in the whole collection. The 
genetic diversity that is represented by the different entries, or accessions, of a genebank 
collection thus have to be characterized to allow its ample representation in a core collection 
(Brown 19892). 

A worldwide collection of mungbean has been assembled at AVRDC. The collection had 
grown to 5737 accessions and so research activities were launched with the ultimate objective of 

'Yndgaard, F.and Kjellqvist, E. 1984. Economic aspects of genebank conservation. Plant Genetic 
Resources Newsletter. 58: 34-36. 

2Brown, A.H.D. 1989. The case for core collections. In Brown, A, Frankel, 0., Marshall, D., and 
Williams, J. (eds.). The Use of Plant Genetic Resources. Cambridge Univ. Press. pp. 136-156. 

http:0.99/0.01
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establishing a core collection. The strategy used was to form country cores from which
nomination to a global core will be based. The present study was conducted in line with that
objective and characterized the genetic diversity of a subset of the mungbean collection which
originated fron tie Philippines. Tile genetic diversity of the Philippine collection had been
previously clharacterized based on morphlological characters (Cababasay 1991'). The data was
used in tile formalion of clusters roin which a country core was developed (Cahabasay et al. 
19931; Engle et al. 19931).

The concept o fgenetic diversity, in its broadest sense, encompasses the total variation within 
all living organisms and lheir habitats or biodiversity (IBi'GR 19926). In a narrower sense, ihe
 
presence of observable difTerences between different populations of the sane species, e.g., lhe

mungbean species Vignta raldita,also reflects genetic diversity. By observing lhe differences in

the phenotypes of the individuals from different populations, the differences in their genotypes
 
- their genetic diversity - can be observed.
 

This study characterized genetic diversity in mungbean wilh respect 
 to one particular
phenotype: the seed storage proteins. Sodiu m dodecyl sul fale-polyacrylamide gel electrophoresis
(S1)S-PAGE) which separates the different polypeptide components of the seed proteins
according to nmolecular weighlt was used. Any differences between the seed proteins were thus
detected by the presence or absence ofdifferent molecular weight polypcptides in the proteins of 
seeds from different p ipulations.

This study was designed to test the hypolhesis that genetic diversity in seed proteins exists
in the mungbean gerniplasr, ithat had been collected from the Philippines. Its objectives were: (1)
to determine the SI)S-PAGE band pattern distribution in the collection, (2) to calculate the
frequency of occurrence of speci Iic bands in lhe collection, and (3) to determine how SI)S-PAGE 
can be used in the management of germplasm collections. 

Materials and Methods
 
Preparation of seed materials
 
A total of 315 accessions from the Philippines were listed as V.radiatavar. radiata in tile

GRSU germplasm catalog (Tay el al. 19891). Only 263 o lhese accessions were used in this study;
13 accessions were unavailable and 32 accessions were culled out because they were traced to
have originated fromn other countries. Ninety-six of the 263 accessions were subdivided in the
catalog into two or more subaccessions due to the recognition of morphologically distinct
populations aflter plant multiplication procedures. Only i I pairs of these subaccessions were 
examined; and the seeds of the remaining 85 accessions were obtained fromi the mixed 
premultiplication populations. 

3Cababasay, M.P. 1991. Classification of mungbean (Vigna radiata) using cluster analysis. B.S. 
Statistics Special Problem. UPLB, Philippines.

'Cababasay, M.P., Engle, L.M., and Gironella, A.I.N. 1993. Abiometrical clustering of mungbean (Vigna
radiata) accessions from the Philippines. Phil J Crop Sci 18 (Supl 1): 4.5Engle, L.M., Cababasay, M.P., Gironella, A.I.N., and Kim, D.H. 1993. Establishing acountry core 
collection in mungbean. Phil J Crop Sci 18 (Supl 1):44.6 IBPGR. 1992. Geneflow. IBPGR. R. 1992. Geneflow. IBPGR.

'Tay, D.C.S., Huang, Y.K., and Chen, Y.L. 1989. Germplasm Catalog of Mungbean [Vigna radiata (L.)
Wilczek] and other Vigna species. AVRDC, Shanhua, Tainan, Taiwan. 
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Extraction of seed proteins 
About 100 mg of seeds were placed inside small paper envelopes, immersed in liquid 

nitrogen, and pounded to formi a fine meal. The seed meal was transfcrred to a microfuge tube, 
to which 1.0 ml of extraction buffer (0.05 in Tris-ICI with 0.2% SI)S and 5 i urea at pH 8.0) 
was then added. Twenty n croliters of2-mercaptoethanol was added and the tuR-. was vigorously 
shaken for about 2 main to mix the seed meal with the buffer.The resulting slu! .,was centrifuged 
at 3000rpm for5 mii, and the protein extract was transferredl oa new microfuge tube which was 
subsequently innersed in a boiling water bath for 90 sec. 

Electrophoresis 
Electrophoresis was carried out according to the syslem of Laemmli with a 12% resolving 

gel and 5% stacking gel. Two BIO-RAI) Mini-PROTEAN 11vertical slab cells, connected to a 
BIO-RAI) Model 2)0/2.0 power supply unit, were employed. 

The seed protein extracts were diluted in a fourfold volune of extraction buffer and 15 p1 of 
thedilutions were loaded in the gel. Si. na MW-SI)S-701. molecular weight standards were used. 
Electrophoresis was carried ou: with constant voltage of 100 v in the stacking gel for about 20 
main, and 150 v in the resolving gel for about 45 min.The gels were stained with tie general 
purpose protein stain, Coonassie Brilliant Blue R-250, and destained with an aqueous solution 
of40%k methanol and 10% acetic acid. 

Each protein extract was subjected to two separate runs to confirm the consistency of its 
banding pattern. 

Analysis of bands and banding patterns 
The relative mobility (RI) of each band was calculated by taking the quotien of the distance 

it migrated over the disancc traveled by the fastest marker protein, alpha-lactalbumin. The 
average Rf value of each band was calculated over all gels and then used to estimate its molecular 
weight from a standard curve. The standard curve was drawn by plotting the base-10 logarithm 
of molecular weight in kilodaltons (kl)) of the marker proteins against the average ot their Rf 
values relative to alpha-lactalbumin. 

The banding patterns of the differet accessions were comnpared to each other on the basis of 
repeatable bands. A band was considered to be repeatable when it consistently appeared on the 
duplicate gels for each accession. The di fferent accessions were classi fied according to tile type 
of handing pattern or protein profile, and the different protein profiles were compared to each 
other by calculating the Jaccard coefficient for each pair of profiles. 

The relative frequency of each repeatable hand was calculated by taking the quotient of ils 
occurrence among 'the different accessions over the total nunber of accessions. 

Results and Discussion 
Estimation of molecular weight 
The marker proteins exhibited tie following average I,f values relativeto alpha-lactalbtmfin: 

bovine albumni =0.25, ovalbulin = 0.44, glyccraldehyde-3-phosphate dehydrogenase = 0.5 1, 
carbonic anhydrase = 0.58, trypsinogen = (1.73, trypsin inhibitor = 0.82, and alpha-lactalbunin 
= I.(1. A standard curve was constructed from a plot of the base- 1( logarithn of molecular 
weiglit against the Rf values. The best-fit line was obtained from linear regression as y = 2.022 
-0.884 x, where y is the logarithmn of mlolecular weight in kilodaltons (ki)) and x is the Rfvalue. 
The molecular weight of the sample polypeptides was calculated from the logarilhn values 
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obtained from this standard curve. The low standard deviation values of each band indicate a 
high degree of precision in relative mobility between the gels (table 11). 

Table 11. 	Band composition of the five profiles exhibited by mungbean populations originating
from the Philippines 

Rf valuea SDb M.W. (kD)c Profile 1 Profile 2 Profile 3 Profile 4d Profile 50 
0.190 
0.262 
0.270 
0.296 

0.04 
0.05 
0.02 
0.02 

71.5 
61.8 
60.8 
57.6 

0 
0 
1 
1 

0 
0 
1 
1 

0 
0 
1 
1 

1 
1 
0 
0 

1 
0 
0 
0 

0.300 
0.332 
0.350 

0.03 
0.04 
0.02 

57.2 
53.5 
51.6 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 
1 
0 

1 
0 
1 

0.373 0.02 49.2 1 1 1 1 0 
0.410 
0.432 

0.02 
0.02 

45.6 
43.7 

0 
1 

0 
1 

0 
1 

0 
1 

1 
0 

0.503 
0.555 

0.02 
0.02 

37.8 
34.0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

0.575 0.03 32.7 0 0 0 0 1 
0.627 0.03 29.4 1 1 1 1 1 
0.671 
0.699 

0.02 
0.04 

26.9 
25.4 

0 
0 

0 
0 

1 
0 

0 
1 

0 
0 

0.718 
0.733 

0.12 
0.02 

24.4 
23.7 

0 
1 

0 
0 

0 
1 

0 
0 

1 
0 

0.824 
0.835 

0.02 
0.02 

19.7 
19.2 

1 
0 

1 
0 

1 
0 

0 
1 

1 
0 

0.920 0 16.2 0 0 0 1 0 
0.946 0.02 15.4 1 1 1 0 1 
'Mean value of relative mobility with respect to alpha-lactalbumin.
bStandard deviation of the Rf values. 
cEstimated molecular weight inkilodaltons. 
dProfile of V. glabrescens. 
'Profile of Red Mungbean, an unidentified non- Vigna radiata var. radiata species. 

Banding patterns 
Five banding patterns were observed from the 274 accessions included in the study. These 

banding patterns were designated as profile I through profile 5 (table 1I, fig. 1). Profile I was 
exhibited by 263 accessions, while Profile 2 was exhibited by 3 accessions, and Profile 3 by 2 
accessions; Profile 4 was exhibited by accession VI 160, and Profile5 by the two Red Mungbean
accessions. The .laccard similarity coefficients for each pair of profiles showed that Profiles i, 2,
and 3 were very similar; and that Profiles 4 and 5 were very dissimilar, both to each other and to 
the other three profiles (table 12). The three accessions exhibiling Profiles 4 and 5 were, therefore,
re-examined. Seeds were retrieved and planted for observation. Passport data was also studied 
in detail. Accession V 1160 was found to be P1207655 which has been previously reported as V. 
glabrescens (Poehlrnan 1991'). The Red Mungbean accessions also turned out to be diftcrent 
from mungbean with respect to the following characteristics: (1) red seed coat, (2)concave hiluni,
(3) glabrous pod, stems, and leaves, (4) squarish leaf base, and (5) puiple flowers. The purple
flowers of Red Mungbean indicate that they do not belong to the subgenus Ceratotropis, which 
has characteristic yellow flowers. Therefore, this accession is not a memberof Vigna radiatavar. 
radiataor mungbean which is included in subgenus Ceratotropis. 

8Poehlman, J.M. 1991. The Mungbean. Oxford and IBH Pub. C. Pvt. Ltd. 



247 Genetic Resources and Seeds 

71.5 71.5 

rm 0.608 60.8 = 60.8 618 

576 

49.2 
576 

49,2 ~.49.2 
5 

El 
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45.6 
43.7 43.7 43.7 

37.8 m 378 - 378 -_, 37.8 E 37.8 
34.0 
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34.0 

29.4 . 

34 0 

294 

m 34,0 

29.4 
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29.4 
,' 269 

23.7 23.7 2 24.4 

19.7 19,7 m 19.7 gr, 119.2 19.7 

~ 154 15.4 154 , 16.2 15.4 

Profile I Profile 2 Profile 3 Profile 4 Profile 5 

Fig. 1. Band composition of the five profiles exhibited by mungbean populations originating 
from the Philippines (Profile 4 is for V.glabrescensand Profile 5 is for Vigna sp.) 

Table 12. Jaccard similarity coefficients of the protein profiles 
Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 

Profile 1 1.00 
Profile 2 0.90 1.00 
Profile 3 0.91 0.82 1.00 
Profile 4 0.24 0.29 0.22 1.00 
Profile 5 0.25 0.27 0.24 0.25 1.00 

The subsequent analysis, therefore, considered only the 271 accessions that exhibited 
profiles 1,2, or 3, which from hereon will be referred to collectively as 'mungbean profiles.' The 
band composilion and relative frequency of these mungbean profiles and the different bands are 
shown in Table 13. An analysis of variance showed that the differences in Rf values between 
different bands in the same gel were highly significant compared to the error variance between 
identical bands in separate gels. The mean square between gels, indicative of the error variance, 
was only ).)6% of the mean square between the Rf values. This means that the experimental 
procedure used in the study accurately resolved the different bands ofthe mungbean seed proteins 
according to their relative mobilities, and that experimental error had an insignificant effect on 
the resolution of the proteins into bands. 
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The hands exhibiled by the predominant profile I were compared to previous studies on
mungbean seed proteins that presented SI)S-PAGIi gel pholographs. lose (I992) ' reported tlhe 
genetic segregation of seed protein hands in a Iunngbean-blackgram cross. Relference to her data 
indicates that Bands 2 and t0 in this study may be under tile control of codoininant alleles, and 
Band 5, oldominant allele. Rao el at. (1992)' reported seed protein bands that are characteristic 
of mu nghean aniong 1()Vigna species. These inay be Bands 2, 3, 4, 5, 0,and 7. Thakare et al.
 
(1988)'1 reported four bands Ihlalwere characteristic to nmnghean. which may be Bands 2, 3, 6,
and 7. Bands 6 and 7 lnmay correspoird to the cleavage products ola laree vicilin iolecule as they

-reported. .ast ly, Toniooka et al. (1992) '2reported tie polymorplic bands amiong di fferent Asian 
populations of mntgbean. Bands 5 and 6 may correspond to their alhumin bands, while Bands 
7,9, and 1)mnay correspond to their !lohulin bands. This in ference was supporled when the bands 
were fraclionated accordingly in the laboratory using their procedure. The Prolein Type I of
Tomnooka el al. (1992) seems tocorrespond with Profile I in this study, much more so because 
they reported that Protein Type I was exhibited hy 84c of the Philippine populations they
studied. They reported that 1517( ol'the Philippine iN)pulations exhibited tProiein Type 3, in which 
A 1(37 kl ) was su"ituled witIt A3 (34.4 kl )); althoughi n an earlierpulicationofl ttIe same study
(Tomooka et al. 1991' ') this was Protein Type 2,in which A I was substi tiled with A4 (36.3 ki)).
File present study was unable to (list inguish these protein types from Protein Type I, probably
(fue to a lower resolution of ihe rminigel apparalus or the concentration oflthe resolving gel. This 
inference is plausihle because 36.3 kl) was very close to 37 ki) and the txxo bands may have 
appeared identical in the mi nigels used for this sludy. Tomooka et al. (1992) furlher reported a
P'rotein rType 7 which was rare inthe Philippines and which seems to correspond to Profile 2 in 
this study. They reported no protein type which corresponds to Profile 3, even among the other 
Asian populations. 

Genetic diversity in seed proteins 
Tile relative frequencies oltthe SI)S- PA( I hands indicate a monomorphic composit itIn for 

tlie Philippine population of' iungbean (table 13). All the valties are inoioniorphic wili respect 
to even a 0.99/0.)1 polymoirphisi criterion. Thus, there is no genetic divxersity of seed proteins
in the Philippine inunghiean population.

An examinalioniofthe classificatioin ofthe accessions used in tihe study showed that 30% were
breeder lines and 54% xx,'ere accessions donated front other collect ions (table 14). All tile breeder
lines exhibited Proflile Iexcept for DES M-2 which exhibited Profile 2.Tile pedigree of these lines 
were ulti mately traceable to a fex ancestral varieties; because the nationwide selection prograin 

Jose, D.S.R. 1992. Variation and inheritance of seed proteins in mungbean Vigna radiata (L.) Wilczek
(NCM 53) x blackgram Vigna mungo (L.) Hepper (ACC 25). B.S. Biology Thesis. UPLB, Philippines.

'"Rao, R., del Vaglio, M., Paino d'Urzo, M., and Monti, L. 1992. Identification of Vigna spp. through
specific seed storage polypeptides. Euphylica 62: 39-43.

"Thakare, R.G., Gadgil, J.D., and Mitra, R.1988. Origin and evolution of seed protein genes in Vigna
mungo and V.radiati. InMungbean: Proc. 2nd Intl. Symposium. Bangkok, Thailand. p.47.

''Tomooka, N., Lairungreang, C., Nakeeraks, P., Egawa, Y., and Thawarasook, C. 1992. Center of
genetic diversity and dissemination pathways inmungbean deduced from seed protein
electrophoresis. Theor. Appli. Genet. 83: 289-293. 

"Tomooka, N., Lairungreang, C., Nakeeraks, P., Egawa, Y., and Thavarasook, C. 1991. Center of
genetic diversity and dissemination pathways inmungbean deduced from seed protein
electrophoresis. InMungbean and the Genetic Resources: the Subgenus Ceratotropis. TARC, Japan

and Chainat Field Crops Research Center. Thailand. pp. 59-66.
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conducted by the Bureau of Plant Industry (BPI) came tip with only a few parent varieties 
(Catirxm et al. 1988''). Furthermore, CFS 14 and MG 50-I A, which were ancestors or most of 
the breeder lines (lable 11), both exhibited IProfile 1.IHence, it can be hypothesized th; the lack 
of genetic diversity in seed proteins among the breeder lines was due to the lack of' genetic 
diversity in seed proteins amnong its ancestors. The selection irogram conducted by Bill seems 
unl - because the local varieties not used in the breeding program wereortunate in retrospect, 
apparently not systemiatiicil ly conserved as a collect ion. These local varielies may have exhibited 
genetic (iversity - in seed proteins and in olher characters - which are lost today. 

Table 13. Relative frequency of electrophoretic bands among the mungbean accessions 
Band no.a M.W. (kD)b Profile 1 Profile 2 Profile 3 Frequency, 
1 60.8 1 1 1 1.00 
2 57.6 1 1 1 1.00 
3 49.4 1 1 1 1.00 
4 43.7 1 1 1 1.00 
5 37.8 1 1 1 1.00 
6 34.0 1 1 1 1.00 
7 29.4 1 1 1 1.00 
8 26.9 0 0 1 0.01 
9 23.7 1 0 1 0.99 
10 19.7 1 1 1 1.00 
11 15.4 1 1 1 1.00 
Frequency of protein profile: 0.98 0.01 0.01 
sArbitrarly assigned band identification number. 
bApproximate molecular weight in kilodaltons. 
'Relative frequency over 271 mungbean accessions. 

Table 14. Classification of the Philippine mungbean collection 
Classification Name of accession Source Number Percentage 
Unclassified '21-' Unknown 4 2 

'STB' Unknown 4 2 
Unnamed Unknown 35 13 

Subtotal 43 17 
Breeder lines 	 'CES' and 'Pag-asa' IPB, UPLB 38 14 

'DES' and 'EG' BPI 23 8 
Other BPI lines BPI 12 4 
'PAEC' and 'PARC' PAEC, Quezon City 10 4 

Subtotal 83 30 
Donated collections '4-' RPIP collection 45 17 

'OSU' OSU collection 4 2 
'Phil. Coll.' SEARCA collection 47 17 

'PHLV' Unknown 49 18 
Subtotal 145 54 
Total 271 100 

"Catipon, E.M., Legaspi, B.M., and Jarilla, F.A. Development of mungbean varieties from AVRDC lines 
for the Philippines. In Mungbean: Proc. 2nd Intl. Symp. Bangkok, Thailand. p. 88. 
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It is interesting to note that BPI Mg4 and BPI Mg5 had PHLV 18 as a parent. PHLV 18 
exhibited Profile 2, but the effect of this on BPI Mg4 and BPI Mg5 is unfortunately unknown
because these two varieties were absent in the GRSU collection. Another interesting fact was that 
the PAEC lines all exhibited Profile 1. This may mean that either their mutant ancestor also
exhibited Profile 1because the seed protein genes were not mutant, or that the PAEC lines did 
not inherit a mutant profile. If is unfortunate that the mutant ancestor was absent from the GRSU 
collection and its native yellow mungbean progenitor was unidentifiable. 

The other fraction of the collection consisted of accessions donated from other collections. 
Since no varietal names were given for these accessions, it may be assumed that they were
obtained from field collections and not from breeding institutions. Of course, some of these 
accessions may be breeder lines, which were either undocumented in the transfer, or unidentified 
in the field collections. However, given the emphasis of most collectors on local varieties to avert
genetic erosion, it is plausible to assume that most of these accessions were local varieties or
landraces. For this group of accessions, Profile 1 again predominated, excepting 48-071 -(X)963
which had Profile 2; and PHI .V 18 and PHINV 170 which had Profile 3.Thus, it appears that even 
the local varieties exhibited low genetic diversity in seed proteins.

The low diversity in seed proteins of lthe mungbean populations in the Philippines may be 
explained by tie origin of the earliest mungbean populations in the Philippines. Mungbean was 
domesticated in India and then dissemi nated to the other parts of Asia. The mungbean populations
that first reached the Philippines were hypolhesized to be of simple genetic composition
(Tomooka et al. 1992; l)ela Vifla and Tomooka 19931-). This means that a few populations with
low genetic diversity ultimately gave rise to the different accessions in this study. The historical 
duration of its cultivation in the islands has also been relatively short compared to India, the-
center of genetic diversity - as evidenced by the observation of San Miguel (1916)16 that its
intensive culture was limited to Pangasinan even in 1916. However, genetic diversity in 
morphological types and isozynes had evolved from the simple progenitor population during this 
short period of Ilistory. Why no parallel genetic diversity of seed proteins had evolved may be 
explained by the nature of genetic variation in seed proteins.

Nevo and Payne (1987) 7 presented another hypothesis to explain the origin of seed protein
variation: through natural selection the geographical distribution patterns of seed protein types 
were cotrTlated with ecological factors and must have been due in part to natural selection. 
However, cultivated mungbean populations in the Philippines have been grown under arelatively 
more favorable and uniform environment - the farm - and consequently were not sublected to 
selection for different adaptive variants of seed proteins. Hence, lack of selection pressure for
variant protein forms maintained the homogeneity of tile populations with respect to seed 
proteins. 

Application of seed protein SDS-PAGE to genebank management 
SI)S-PAGE of seed proteins is useful in rapid identification of different species in a 

germplasm collection. The rapidity ofSI)S-PAGE analysis was evident in this study, considering
that 274 accessions were analyzed in duplicate runs for only about 25 working days. S1)S-PAGE 
was able 1o identify V 1160 and Red Mu ngbean as non-V. radittai species, as coni-ned by literature 

15Dela Vifia, A.C. and Tomooka, N. 1993. Isozyme variation and geographic distribution of mungbean, 
Vigna radiata (L.) Wilczek. Phil J Crop Sci 18 (Sup 1):3.6San Miguel, L.A. 1916. Tests and selections of mungo beans. Phil Agric and Forester 5: 164-179. 

7Nevo, E.and Payne, P.I. 1987. Wheat storage proteins: diversity of HMW glutenin subunits in wild 
emmer from Israel. 1.Geographical patterns and ecological predictability. Theor Appl Genet 74: 827
836. 
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and observation of morphological characteristics. Thus, SI)S-PAGE analysis was demonstrably 
useful in screening for accessions that have been mistakenly assigned to the V. radiala collection. 
Since only a few seeds are needed the procedure can be used to quickly confirm species identity 
of incoming seeds. 

SI)S-PAGE profiles also provide useful characters which can be used in conjunction with 
morphological characterization in establishing a core collection. To demonstrate this point, the 
rare protein profiles exhibited b,the mungbean accessions were compared to the results of the 
cluster analysis based on morphological characteristics (Cababasay 199 1). 

(I) Accession V 1390, which exhibited Profile 2, was placed in Cluster 123 along with 35 
other accessions which exhibited Profile 1.All the accessions in Cluster 123 are morphologically 
similar, but tihe different seed profile exhibited by V 1390 means that it can be assigned to a 
separate cluster. The seed protein profile may thus beused as another character in cluster analyses. 

(2) Accession V 2303A, which exhibited profile 2, was placed in Cluster 44 alone, while V 
2303B, which exhibited Profile 1,was placed in Cluster 126. It may he recalled here that V 2303A 
and V 2303B were varieties of accession V 2303. This means that the original accession V2303 
was mixed and contained two populations with disti nct morphology and seed protein characteristics. 

(3) Accession V 3168, which exhibited Profile 2, was placed illCluster 132 along with five 
other accessions which all exhibited Profile 1.Based on seed protein profile, it can be separated 
fromn tile five accessions and assigned to a separate cluster. 

(4) Accession 1397, which exhibited Profile 3, was placed in Cluster 16 along with V 1066, 
which exhibited Profile I. This means that Cluster 16 must be divided into two clusters. It may 
be recalled that Tomooka et al. (1992) and other researchers were not able to detect Profile 3 in 
their studies. This may mean that Profile 3 is unique to the Philippines, and that it may be a mutant 
of V 1066-type mungbean. 

(5) Accession 1404, which exhibited Profile 3, was subdivided into V 1404A and V 1404B 
and placed in separate clusters. V 1404A was assigned to Cluster 49 with seven Profile I 
accessions. Itmay now be assigned to its own cluster based on seed protein profile. V 14)4B, on 
tile other hand, was assigned to Cluster 130 by itself. This means that it was morphologically 
different from V 1404A and all other accessions. Unfortunately, 1404A and 1404B were not 
analyzed separately in this study, and so it is not known whether or not they both exhibit Profile 
3. 

Conclusions and Recommendations 
SDS-IAGE using minigels proved to be a rapid and effective method of analyzing seed 

protein in mungbean. It was demonstrated that it can confirm species identity of accessions. It, 
therefore, can be used to quickly verify species identity of new introductions even before they are 
mulliplied. It can also be used to detect mixtures and variants in all accession. 

The Philippine mungbean accessions at GIRSU predominantly exhibited one seed protein 
SI)S-PAGE profile. Profile I was exhibited by 98% ofthe accessions, while Profiles 2 and 3 were 
exhibited by 1%each of the accessions. 

The polypeptidc bands of Profiles 1,2, and 3 all exhibited 1.0)0 relative frequency, except for 
two bands which exhibit 0.99 and 0.01, respectively. All bands are, thus, mononorphic based on 
a 0.99/0.01 polymorphism criterion. 

Based on the predominance of one SDS-PAGEI profile and the monomorphic distribution of 
bands, the Philippine mungbean collection at GRSU does not exhibit appreciable genetic diversity 
with respect to seed proteins. 

http:0.99/0.01
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The seed protein SI)S-PAGE profiles are, however, still useful as an aiidditional frait to be 
considercd in nonflinaling accessions to a core collection. Accessions thal exhibited [he rare 
profiles COUld he scparated fromn the other accessio)ns with which it had been grouped based on 
morphology, and assigned to new clusters. The SI)S-IIA(;E profile can thus he used as an adjunct 
to morphological characteristics in cluster analyses of the collection. 

It is reconhirrencled that the sludy he extended to other r)puilalions in the inungbean collection 
and that Ilie collection be firther suidied wilh respect to other characters; such as resist laice to 
pests, diseases, and environmental stress. 

Diversity in Seed Proteins in the White-flowered Capsicum 

Summary 
Two hundred one accessions belonging to five species of Copsict u were anal yzed lr their 

seed protein banding patlerns usine SI )S-PA(;1:. Partial results indicated the possibility of 
idenlil ing both ('.LUIOi which lacks Band I and C. arcoctse which exhibits band pattern
2. The likeliti(nd otoccurlecllce ofC. btI(ca'nI vhren both Bads I and 2 are present is suggested
 
by high leny of ocurrence hbth
bands. The highest intraspccilic similarity was observed 
to be in C. a/mun1. This resultedIIomil less varia.ttion in its bandi ng pattern. The highest
inlerspeci lic si nilaritv was between ('.umittni and C. hielse,f I loved by C. nmttui and C. 
./'tutws1's.The Ihrec species are the :losely related donreslicaletd forms of'Capsicum. 

Introduction 
Seed proteins have been used as Lenetic markers fir sLrveyiIlg Ihe geneLic v'ariation in a crop

and knowing its probable site of domeslicalion, lor cullivar and hybrid i(enililicalion ill grass,
collon, andlpepper, and to characterize (lurui \vhcat, rye, anifd triticale, maize, inungbean, and 
barley ((cepls I989' , Rao el al.1992, and Ile et at. 1993"). In the sltu.y of gentlic diversity, seed 
proteins mrray give beler resutlls colmipared to enzymes as they undergo a sl(o\,'er process of 
evolution (tue Ittleir 'lonessential' n1alture. 

This stLu~d' utiIiZed tlre whil e-Ib Ixwered species of clhili peppers. The seed prolein profiles of 
each were anal vied usi ire SI)5-I'A(it'The dala that were ealhered fr (IiffTrent popuIla.tlions
represent gene homhlogies anrd tts were used illinterpreting species relationships anud also ill 
( Ieternrinirg C ,atterirI f gCetic diversity airrong tIre species. ThIis study \as condtcted froIIte 
March to 'April 1993. 

The general oblj.+ecti Ve ofltre study vas to detelririne tire genelic diversitv among p pulat ions 
of C. ((lltlll l, C'. bac((l' llII (xvilh C. )( ltll vxar. /NICUcIIIf/I and C. buiccalni var. .:t:lth41l ).
C. chitclse. C.chcluc'll.s, and ('.I)'ls''ns.Tie specifIc object iIes were (1)to coiIpare hC,eed
protein band pallerirs o five species of 'Capsictm,(2) to cotrpule fior the percenlage silnilaril,'s
xvilhin and betxveen po)pulations of the live species, and (3) to delermine tIre geographic 
(listibtiorn o1 lIe band palterns. 

1"Gepts, P. 1989. Genetic diversity of seed storage proteins in plants. In Brown, A.H.D., Clegg, M.T.,
Kahler, A.L., and Weir, B.S. (eds.) Plant Population, Genetics, Breeding, and Genetic Resources. 
Sinauer Ass. Inc. pp. 64-82. 

''He, K., Yoshida, K.H., Soutome, K., Kajiwara, K., Komatsu, S., and Hirano, H. 1993. Relations 
between seed storage proteins and malting quality in two rowed barley (Hordeum vulgare L.). Jap. J. 
Breed. 43: 81-90. 



253 (ienctic Resources and Seeds 

Materials and Methods 
tighly seeds or 201 accessions of C. (ftfl, C. I)acclW, C. chm-onxise, and C../rwscen.s 

were used inlthis sltudy. For each accession, 25) ing ol'seeds were inimersed inliquid nitrogen 
erounl and see(f proteins cxtractcd. The protcin stain solution u.sed was 0l.125/ Cooniassic 
Brilliant B1LC R-25(). I)staining was done with 5,,methanol and I(01, acetic acid. 

The ntihcr o!proitin hands resolved per accession were countcd and (rawlV. ani ttmllhers 
were assiLcd bh._innint- from the slow mligraling down to the last imigraling bands. Banlitle 
pallerls were idnti Illed and thle lotal ubCrof ac'essions that exhibitCd . arlicular band pattern 
was lbulatetl. lie siiiiilarit iexd (S valies) allmong the i ferent accessions withiarlnd between 
species were Colputeliusing thle hriiula o"Sokal and Snclli ( 1973),0. 

'[lic similarily indices allioni-the band patterns observed and aniong the accessions o lthe 
diffecrnt species were plotted in a matrix. 

cographic distribution ol 'bandpatterns and specific hands was lahulated and analyzed. 

Results and Discussion 
Band pattern distribution 
Sevn ty\pes (t bandinog p.ttterns were recog tized (lig. 2). TIie frhequency dist ribution f"or 

bandilL pattelrn is shown in table 15. IPattern 4 was the tmost conlon in the whole population 
dholowed by I'attern 7. I'atterns 2 and 3 may h considered rare had patterns. "l'hisetwo appeared 
Ibe spCcics-sp'ci lic. ''mey were found only in C. 'r-'cla,,'clbaccmn, respctively. ( )nlya al C. 

Pattern 4 was cominl to all species. Pattern I was 1(1 founld ilC. alm llUoad C../l's''tl; 
Pal n h(l(ocl' C. r'/i and Pattern 7 ill nse.ill C. (I/l n(IlC.chiw'nllc Pattern 0 ill .i'sc: C.ch 'O 
Pattrnl I wasi lost coIllil(ill ill".)'('(Ion, l'afrn4 in C.almmui C.I 'and lllttrn 
7 ill equal freuenCJcy inl C. 'hihm'.S'C.C'. filh''cms. Patitrnls 4 and 7 occur ill 

BAND PATTERNS IN Capsicum sp. 

Fig. 2. SDS-PAGE seed storage protein band patterns observed among five Capsicum species 

2OSokal, R.and Sneath, P. 1973. Principle of Numberical Taxonomy. W.H. Freeman Co. 
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Table 15. Distribution of protein band patterns observed indifferent species of Capsicum 

Species -2 . 
Band patterns 
3 -- 5 6 

No. of 
acc. 

C. annuum 46 2 1 38 
observed 

87 

C. baccatum 
(52.9)-

28 
(2.3) (1.1) 

1 
(43.7) 

1 1 8 2 41 

C. chacoense 
(68.3) 

1 1 
(2.4) (2.4) 

3 
(19.5) (4.9) 

1 6 

C.chinense 
(16.7) 

1 
(16.7) (50.0) 

1 
(16.7) 

11 23 

C. frutescens 
(4.3) (47.8) 

10 2 1 
(47.8) 

14 27 

Uncertain - 1n 
(37.0) 

4 
(7.4) 

3 
(3.7) 

4 
(51.8) 

5 17 

Total 30 
(5.9) 

2 1 
(23.5) 

75 
(17.6) 

8 
(23.5) 

15 
(29.4) 

70 201 
(%), (14.9) (1.0) (0.5) (37.3) (4.0) 
aPercentage of the species population exhi ing the band pattern. 

(7.5) (34.8) 

'Percentage of the total population studied exhibiting the band pattern. 

Specific band distribution 
The percentage 0f1thc population ocf ech species showing aparticular band is shown in table 

16. The bands that were always present in all the species were Bands 2, 4, 5, 8, 9, 10, 11, and 12. 
Variation was observed only for bands I, 3, 6, and 7. 

Table 16. Band position distribution in five Capsicum species 
Band no. C.annuum C. baccatum C.chacoense C.chinense C. frutescens 

1 1 (1) 37(90) 2 (33) 1 (4) 1 (4) 
2 87 (100)' 41 (100) 6(100) 23 (100) 27 (100) 

3 39(45) 11 (27) 2(33) 11 (48) 15(56)
4 87(100) 41 (100) 6(100) 23(100) 27(100) 

5 87(100) 41 (100) 6(100) 23(100) 27(100) 

6 87(100) 40(98) 5 (83) 23(100) 27(100)
7 2(2) 1 (2) - 2(7) 

8 8"/.(100) 41 (100) 6(100) 23(100) 27(100)
9 87(10) 41 (100) 6(100) 23(100) 27(100) 

10 87 (100) 41 (100) 6(100) 23 (100) 27 (100)
11 87(100) 1 (100) 6(100) 23(100) 27(100)
12 87(100) 41 (100) 6(100) 23(100) 27(100)

aNumber of accessions with the particular band. Values inparentheses are percentages of the 
population for each species studied. 
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Only one in 87 accessions of C. annuunm exhibited Band 1.Thus, it can he forwarded that in 
a collection of C. a(nntttn, screening for the absence of Band I can be done to check the identity 
of the accessions. Similarly, C. chtacoense and C. chinense lacked Band 7, Lhus, the possibility 
ofidentitying an accession as belonging to eithr of these two. However, one cannot say to which 
of the two species an accession lacking Band 7 belongs to since the two are similar For presence 
of all other bands. C. baccatinn was observed to exhibit Band 1at avery high frequency (90.2%). 
Thus, tile probability t1hat ain accession that exhibits Band I is C. btacciaitn is high. 

Similarity index 
Index of similarity for the seven band patterns ranged from 66.7 to 1(K) (table 17). The 

noticeably high values for the similarity index resulted because owtvariation present only for a few 
bands. A similarity index oi66.7 means that the accessions compared differed only in four bands. 

Table 17. Range and average of similarity index values observed in five species of Capsicum 

Species C. annuum C. chinense C. frutescens C. chacoense C. baccatum 

C. annuum 75.0-100 83.3-100 75.0-100 75.0-100 66.7-100 
(95.3) (95.2) (94.6) (91.6) (88.0)a 

C. chiner. e 83.3-100 83.3-100 75.0-100 75.0-100 
(94.9) (94.6) (91.6) (88.3) 

. frutescens 75.0-100 75.0-100 66.7-100 
(93.9) (90.4) (87.4) 

C. chacoense 75.0-100 75.0-100 
(88.3) (88.2) 

C. baccatum 66.7-100 
(94.0) 

'Mean similarity between all the accessions in the species combination. 

Intraspecific comparisons. Accessions within C. anuwm .andC. chinense gave the highest 
average similarity index value of195. The second highest value observed was in C.firittescensaad 
C. baccatltum. However, the range was wider in C. btaccaltn. This indicates that variation in C. 
baccaiwltn was greater than in C. frwescens. C. chaconse showed the lowest average similarity 
index. Interms ofdegree in intraspeci tic variation, the species may beranked as follows: C. annmtnw 
= C.chinense > C.fr-escens > C.baccantm > C. chacoense. However, due to the much smaller 
number ofaccessions observed in C. chacoense, any conclusion regarding this species should be 
taken wilh reservation. 

Gepts (1989) suggested the loss of genetic diversity upon domestication of a crop species. 
From the li ve species of Calpsiculnstudied, those with hi Igh average similarity index are considered 
domesticated and widely cultivated, e.g., C. annuum, C. chin'nse, and C..fruiescens (Pickersgill 
199121). C. c(Icoense is a wil( species, and its lower average similarity index means that it 
exhibited more variable seed protein patterns. This suggests that liversity in the polypeptides of 
seed proteins was greater inl C. chacoense. C. bacciwum includes both the0 cultivated form var. 
pendtuhu and the wild form var. baccatttn which probably explains why lhe range observed was 
very wide. True enough, when the accessions known to beiong to the cultivated form were 
analyzed separately from those known to belong to the wild form, the range and average For var. 
pendulhan was 83.3-100 and 91.7, respectively and for var. beccattm was 83.3-100 and 86. I. 

2 tPickersgill, B. 1991. Cytogenetics and Evolution of Capsicum L. In Tsuchiya, T. and Gupta, D. K. 
(eds.). Chromosome Engineering in Plants: Genetics, Breeding, Evolution. Elsevier. pp. 139-130. 
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Interspecirie comparisons. When interspecific comparison was done, C. anutum vs. C.
chinense showed values similar to those oblained in intraspecific comparison. This suggests that
interspecific variation for see(I proteins was no greater than inlraspecific variation for these two
species. The same thing may besaidofC. chitnseand C.frutscens. C.chacoctisewas less similar 
to the three prcviously mentioned species than the three were to each other. 

The lowest index olsiniolarily was observed hetween a cultivated and wil form ofC. baccaflai,
accessions C(4229 and C())739, respectively.

Since SI )S separates the protein into their piolypeplide subunits, itmnay he assuned that when 
two accessions extl ihit the same band, they have the same Iornm of tie gene coding for thepolypeptide. Therefore, accessions with similar handing pattern are genotypically similar. It also
lotlows that sireo. similarity indices for the different species was high the species of Capsic'tn
studie(l d not vary much genotypically based on their seed proteins.

All of the species used in this study belong to the while-flowered group. Pickersgill (1991)
and IBI(R ( 1983)22 gave a crossabilily polygon I-r the white- and purple-flowered species. C.
(1111lWW1,C. baccailli, C. chim'nse, C. chaco'as,, und C..fii'.scns produced F, hybrids. All 
crosses pr, tuct normal atd viahle hybids except when C. clraco'nsewas crossed to C.fr'resce,,s
with the latter used as the male parent and when C.'chaco s, was crossed wilh C. baccef*hI with
the latter used as the feniale parent. This criss compati hi lity may be supported by the observations
of this sludy. I'e species compared (did ol vary very much genotypically. 

Geographic distribution and dissemination pathways 
The geographic distribution ofeach hand is shown in table 18. The 48 countries of origin of

fhe 2 1()accessions were groutped into 1(1regions: North America, Mexico, Central America and
the West Indies, South America, East Asia, Soulheast Asia, South and Sou thwest Asia, Russia 
and the Balkan States, Western and Lentral turope, and Africa.

The number of representative accessions fron each region was not COnStall, ihethus
frequencies of the hand patterns were computed hy dividi figlhe nunber of accessions exhibiting
the particular banlo pat tern by the total number of accessions lhal were observed in the particular
reg ion. Patterns 4 and 7, tie two in ist frequenit hand patterns were present in all regions varying
in frequency from region to region but showig io ohvious clinal pattern (fig. 3). I'altern I which 
was associated with C. batCcalti was Ifotll(l rlilslty in tle New World with only three accessions
in the Old World exhihiting it. ()n the other hand, I'atlcrns 2 and 3 were found only in Europe and

Southeast Asia. Patterns 5 and 6 were 
fu(dl in Central America anid ilie West Indies, SoulhI 
America, Europe, Soulieast Asia, andl Africa. 

19. Bands 2, 4, 5, and 8-12The frequency distributlioll fr specific hands is shown in table 
were not included in the taile since thycy were present in all accessions and miiay he considered
niononorphic. ()rly the polymorphic Bands 1, 3, 6, and 7 were considlere( in Ihe analysis of
geographic (list ri but ion. Band I is listrihoted indecreasiig order of frequency in South Americ:t
> Europe > North ArIerica > Mexico > Central America and the West Indies > Russia and the
Balkan States > Sourtheast Asia > Sout h a d Southwest Asia > Africa and absent in East Asia. ForBan( 3, Mexico = Russia and the Balkan States > Africa > Cenlral America and the West Indies 
> East Asia = ,OU lheast Asia > Soutllh alld Soulliwest Asia > Sot h America > North America.
Band 6 exhihited variation only in Soulheast Asia and Furope and Band 7 only in Southeast Asia,
Central America and tie West Indies, Souti Aiicrica, and Africa. The ahsence of Band 7 in altthe other regi(ns may be due to the loss of the gene for the said band or file fixation ofthe gene
that fails to produce the correspon(ing polypeptide. 
21IBPGR. 1983. Genetic Resources of Capsicum. International Board for Plant Genetic Resources. 

Rome, Italy. 49 pp. 
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Table 18. Geographic distribution of SDS-PAGE band patterns in Capsicum 
Region No. of .. .Band pattern 

acc. 1 2 3 4 5 6 7 

North America 17 5 - - 10 - - 2 
(0,3)- (0.6) (0.1) 

Mexico 12 3 1 - - 8 
(0.2) (0.1) (0.7) 

Central America and 18 3 5 1 1 8 
West Indies (0.2) (0.3) (0.1) (0.1) (0.4) 

South America 43 16 12 2 8 5 
(0.4) (0.3) (0.05) (0.2) (0.1) 

East Asia 11 - 6 - - 5 
(0.5) (0.5) 

Southeast Asia 20 - 1 7 4 2 6 
(0.05) (0.4) (0.2) (0.1) (0.3) 

South Asia and 13 1 8 4 
Southwest Asia (0.1) (0.6) (0.2) 

USSR and 9 1 - 2 - 6 
the Balkans (0.1) (0.2) (0.7) 

1 
West and Central 31 1 1 1 3 - 3 12 

Europe (0.03) (0.03) (0.03) (0.4) (0.1) (0.4) 
Africa 27 - - 11 1 1 14 

(0.4) (0.04) (0.04) (0.5) 
Total 201 30 2 1 75 8 15 70 
Percent 14.9 1.0 0.5 37.3 4.0 7.5 34.8 
8Values in parentheses are frequencies. 

The dissemination pathways of tile banding pattern:, for the while-flowered group of 
Capsicum, represented by lhe accessions exanine(d, can hypothetically be reconstncted. History 
of the spread ofl he genus has been reviewed by Somos (19 84)23. Peppers were introduced by early 
European voyagers who carried the plant from Soull America to Europe via Spain sometime in 
1493. The plant was then introduced to Central Europe in 1585 and taken to India and 
Southeastern Asia in the 171h century by the P1ortuguese. The distribution of S1)S-PAGE band 
patterns and specific bands partly support these hypotheses. The greatest variation was Found in 
South and Central America. Variation was gradually lost as the species moved Ip north. The 
original variation was represented in Europe but gradually decreased as the species moved 
eastward. The high degree of variation in Southeast Asia may mean a direct route from Central 
America. The African population may have conte from both Central and South America as well 
as Southeast Asia. 

More gene combinations are found in Europe compared to South and Central America or 
Southeast Asia. Hlowever, considering the frequencies of specific bands, South and Central 
America contain a greater amount of diversity. Based on the degree of polymorphism in these 
regions, most of the genes are far from either fixation or extinclion. 

Thus, considering total seed proteins in the white-tlowered group of Clpsicuni,itappears tlat 
the South American region is where the greatest anount of'genetic diversity can be found. There 
are two other secondary centers of diversity: Europe and Southeast Asia. 

23Somos, A. 1984. The Paprika. Academiae Kindo. 
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Table 19. Geographic distribution of specific SDS-PAGE bands in Capsicum 
Region No. of ac,-. Band iumber 

1 3 6 7 
North America 17 5 2 17 -

Mexico 12 
(0.3) 

3 
(0.1) 

8 
(1.0) 
12 

Central America 18 
(0.2) 

4 
(0.7) 

7 
(1.0) 

15 -
and West Indies (0.2) (0.5) (1.0) 

South America 43 24 13 43 2 

East Asia 11 
(0.6) 

-
(0.3) 

5 
(1.0) 

11 
(0.05) 

-
Southeast Asia 20 2 9 19 4 

South and 13 
(0.1) 

1 
(0.4) 

2 
(1.0) 

8 
(0.2) 

Southwest Asia (0.1) (0.7) (1.0) 
West end Central 31 5 17 29 -

Europe 
Africa 27 

(0.3) 
1 

(0.6) 
15 

(0.9) 
27 1 

Total 201 
(0.04) 

46 
(0.6) 
88 

(1.0) 
195 

(0.04) 
8 

Percent 22.9 43.8 97.0 4.0 

Values in parentheses are frequencies. 

Conclusions and Recommendations 
Partial results indicated the possibility of identifying both C. Ifltlull/ln which lacks Band I and 

C. clmcoense which exhibits band Pattern 2.The likelihood of occurrence of C. baccatun when 
both Bands I and 2are present is suggested by high frequency ofoccurrence of both bands. SDS-
PAGE on minigels can thus be used as arapid means to confirm species identity of accessions. 

The procedure can also be used to characterize tile degree of genetic diversity in apopulation
and thus aid in the formation of homogeneous clusters from which nominations to a core 
collection can be based. 

The highest intraspecific similarity was observed to be in C. anunlnn. Tillis resulted from less 
variation in its banding pattern. The highest intcrspecilic similarity was between C.(linnlotn and 
C. chinense, followed by C. annuum and C..frttescens. The three species are the closely related 
domesticated forms of*Capsicum. 

Conservation, Evaluation, and Utilization of Vegetable Genetic 
Resources: A Collaborative Network Project for Southeast Asia 

Summary 
The focus for tie year was seed increase and characterization of the collected germplasn.

Diversity inthe material posed aproblem. To meet the required amount of seeds asecond planting 
was sonetimes necessary. In the Philippines, 257 accessions of eight species were planted for a 
second timie. In Thailand, tile whole collectionof yard-long bean was multiplied andcharacterized. 
Meanwhile, collecting is ongoing in Indonesia and plans are being finalized for Vietnam. A 
special collecting expedition for garlic yielded 41 samples from tile Philippines. 
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One national program staff member from Thailand finished her 6 months' internslip at 
GRSU. Three came from tie Philippines with partial support from the project to do specific
research work, and one from Indonesia came fbr a 3-month internship. Another from Vietnam 
started a 6-month internship in genetic resources management. 

Introduction 
In 1989, (1RSU, in collaboration with the .tapan International Cooperation Agency (JICA),

started implementing a proiject to extensively collect vegetable germpl asm lrom the Southeast 
Asian countries of Malaysia, Philippines, Thailand, and Indonesia. The materials collected are 
to be multiplied to get enmgh seeds For long-tcrm storage, distribution, characterization,
evalualion, and (locumientation. The project also aims to provide lor training in genetic resources 
of*national program personnel from tile countries involved. 

The diversity in the nialerials collected will provide a broader genetic base for vegetable
breeding progranis and safety hack-ups to the dangers of a limited and highly uni form gene pool.

The nationals trained through the project will form a pool of skilled individuals in plant
genetic resources work, which is expected to result in Ihe upgradi ng olfthe participal ing countries' 
national programs in plant genclic resources. 

Activities in the Philippines were coordinated by the National P'lant (;eneic Resources 
ILaboratory (NIGRI.), in Thailand by AVRI)C-ARC and Kasetsart University, in Indonesia by
the l.embang -florticnitural Research Institute (IEHRI), and in Vietnam by the Vietnanm 
Agricultural Science Institute (INSA). 

Materials and Methods 

Collecting 
Based on a previously mapped collecting route, an expedition was launched by collaborating 

staltfrom IEH RI and GRSU on the island of'Java. Aspecial collecting expedition lor garlic was 
done in the Philippines. 

Seed increase and characterization 
Of the 1071 accessions collected from the Philippines and iultiplie(d last year, 257 were 

replanted to produce enough seeds fkr prese! vation and distribution. In Thailand, 154 accessions 
of yard-long bean were multiplied and characterized. Seed increase and characlerization were 
done in the country of origin by national program staff wvho received training at GRSU. 

Characterization data are being compiled For transfker to a central database. 

Training 
Special-purpose trainees and research interns were accepted. Based on the needs of the 

national programs, the priorities offRSU, and the interest of the trainee, a training programn for 
each was developed. 

Results and Discussion 

Collecting 
Collection is still in progress in Indonesia. The special collecting expedition for garlic in the 

Philippines yielded 41 samples. 
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Seed increase and characterization 
Of the 1071 accessions collected from tile Philippines and multiplied last year, 257 were 

replanted to produce enough seeds for preservation and distribution. 
Characterization data for the yard-long beans from Thailand showed variation in almost all 

the traits considered (table 2(1). The biggest variation was in the nuinber ot pods/plant and seed 
yield. ()ne accessimn did not flower, probably duc to photoperiod scnsitivity; while 36 failed to 
germinate. Table 21 shows correlation between some quantitalive traits. Highly significant 
correlat ioms were fou nd between po d length and mean fresh pod weight; pod length and I00-seed 
weight; fresh pod weight and I()-seed weight; number of pods/plant and seed yield; days to 
flowering and days to I rst harvest. ThIe following were negatively correlated: days to 50% 
flowering or days to first harvest and pod length, mean fresh pod weight, number of pods/plant, 
and seed yield. 

Table 20. Variation in quantitative traits observed in yard-long bean from Thailand 
Trait Range Mean S.D. c.v. 
Days to 50% flowering 36 - 62 44 4.9 11.1 
Days to 1st harvest 41 -69 50 5.8 11.5 
Pod length (cm) 12.4 - 61.8 36.6 9.4 25.6 
Mean fresh pod weight (g) 3.3 - 24.2 12.6 3.9 30.1 
No. of pod/plant 2 - 132 43 22.5 52.4 
No. of seed/pod 4- 18 12 3.1 25.3 
100-seed weight (g) 10-24 17.3 2.6 15.1 
Seed yield (kg/ha) 97.2 - 2,902.8 1,198.7 583.6 48.7 

Table 21. Correlation coefficient between some quantitative traits in yard-long bean 
Days Pod Pod No. of No. of 100- Seed 

to harvest length weight pods/ seeds/ seed yield 
plant pod weight 

Days to flowering 0.92b -0.36b -0.31b -0.331, 0.12 -0.002 -0. 3 5b 
Days to harvest 1.00 -0.36b -0.30b -0.35b 0.14 -0.002 -0.40b 
Pod length 1.00 0.77b -0.10 -0.15 0.41b 0.01 
Pod weight 1.00 -0.04 -0.01 0.36b 0.03 
No. of pods/plant 1.00 0.01 0.07 0.83b 

No. of seeds/pod 1.00 -0.13 -0.01 
100-seed weight 1.00 0.238 
aSignificant at 1%level. 
bSignificant at 5% level. 

Training 
One trainee from Thailand finished a 6-month internship. She participated in routine 

genebank operations and trained in sorne research methodologies (e.g., cytology of pepper, 
germination behavior in pepper, and computer use). The three studenls from the Philippines 
received training in diversity analysis in pepper and mungbean using electrophorelic procedures. 
One staf ofIIEFRI, Indonesia, slayed for 3 months to observe genebank operations at GRSU. 
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Economic Analysis of Mungbean Cultivation in Java, Indonesia 

Summary 
A farm-level survey was carried out in February/March 1993 involving 179 frm households 

located in seven districts in Java, Indonesia. Tile study represents a collaborative elort betwcen 
AVRI)C, the Central Research Institute for Food Crops (CRIFC) in Bogor, the Sukamandi 
Research Inslitule for Food Crops (SURIIF), and the Matlang Research Institute for Food Crops 
(MARIF). The main aims oflthe survey are to provide a dClailed inpuLt-output characterization of 
nunghean cullivalion in lava, analyze its profitability, assess the adoption of AVRI)C-related 
iungribean technologies, and delermine the ima jor biotic andl ahiolic constraints in mungbean 
cultivation in Java. The survey dala are being analyzed for the sample ,as a whole as well as lor 
each of the diferent cropping systems in which mu ngbean is being grown. The results of the study 
are expecld 1o provide useful indications for tile (lirection of fUlture Iinnngbean research aimied 
at increasing the produclivity and profitability of mu ngbean in Indonesia. 

Introduction 
Mu nelbean ( Vi,,ia radiata) constitutes an important surce ol'proei n in lhe cereal-based diet 

of large nu mbers of people ini Indonesia. Its production has shown (Iranatlic increases over tile 
past 2() years, troin just over 4(),(X)() t in 1969 to nearly 270,00() t in 1989 (Jansen and I)umsday 
1991 ). Although area has increased about fourlfold (luring tile peri(d (fIrom oie (),(0(ha ill 
the late 196)s to over 34(),(X)() ha in 1989), yield increases have also collribuLted significantly to 
production increases, parlicularly alher 19X3 with the release of several improved CUltivars 
(eveloped at AVRI)C. Yields increased from less than 50)() kg/ha in ile 196(0s to nearly 80(0 kg! 
ha by tile end oftlhei 198(s (lansen 19922). 

Area expansion has been responsible for 7()'( )i past productln iincreases, with yield gains 
contributing 3()%. Increasingly limited availability o land makes a continuation of past area 
increases highly unlikely. This implies that ftlture production advances have to come trom yield 
gains, emphasizing the nced or a continuing supply of yield-itncreasing technologies which can 
be prolitably adopted by f,.rmers. 

The standard local mu nghean variety in Indiesia is called hakti. VC I()89A was the first 
AVRI)C breeding line in Indonesia, released in 198313 Under tIle nane Manyar by SURIF. In the 
saniie year, a selection fron another variely, V 2773, was released as URI. These were followed 

'Jansen, H.G.P. and Dumsday, R.G. 1991. Preliminary impact assessment for AVRDC-improved 
mungbean varieties in five countries. AVRDC wo'king paper no. 2. 15 p.

2Jansen, H.G.P. 1992. Supply and demand of AVFIDC mandate crops in Asia: implications of past 
trends for future developments. AVRDC working paper no. 4. 84 p. 
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by VC 1160 and VC 1163A which were released in 1986 as Gelatik and Walet, and VC 2754A 
which was released in 1991 as Merpati.

The project's overall objectives are to characterize major mungbean-growing farming 
systems and assess their profitability; identify the major factors responsible for the considerable 
yield gap in mungbean and hindering further productivity growth; and suggest ways to increase 
farm-level yields. 

Materials and Methods 
A pro forma of a production survey questionnaire was developed jointly by CRIFC and 

AVRDC. Pilot testing of this survey questionnaire was done in January 1993 by AVRI)C,
CRIFC, SURIF, and MARIF. The main survey was carried out during February/March 1993 
among a total of 179 farmers in seven districts in West, Central, and East Java (between 22 and 
28 farmers in each district), making sure that the major mungbean cropping systems were 
adequately represented. Mungbean in Indonesia is grown under different systems during all three 
seasons, i.e., early dry season (March-June), late dry season (July-September), and the wet season 
(October-March). The main survey districts included Cirebon and Karawang in West Java where 
mungbean is grown in the early and late dry seasons on paddy land after rice; Grobogan in Central 
Java where mungbean is grown in the uplands during the wet season; Pati in Central .lava with 
a mungbean-growing system similar to that in Cirebon; l)emak in Central Java where mungbean
is planted in the late dry season on rainfed paddy land; Mojokerto in East Java where mungbean
is grown in lowlands; and Banyuwangi in East Java where mungbean is grown in uplands after 
maize. 

The main survey was carried out under the general direction and supervision ofCRIFC which 
was also directly responsible for data collection in Grobogan, Pati, and Demak districts, as well 
as for data entry. SURIF was responsible for the survey's implementation and data entry in 
Cirebon and Subang districts; whereas, Lamongan and Banyuwangi districts were the responsibility 
of MARIF. 

Analysis of the survey data is done jointly at AVRDC in Taiwan, between an AVRDC 
economist and an economist from CRIFC. 

Results and Discussion 
Analysis of tile survey data is under way and is being (lone for the sample as a wh(;le as well 

as for the different cropping systems. A detailed quantitative and qualitative description of 
mungbean-growing practices on Java in terms of cultivation methods and input-output coefficients 
is being generated. Product ion costs and profitability ofmungbean production are being analyzed
for the various cropping systems. The survey data also contain information regarding production
and sales of other crops and, together with secondary data on their cost structure, will allow some 
conclusions regarding the competitiveness of mungbean vis-a-vis other crops. The survey data 
will also allow an analysis of the adoption of AVRI)C-related mungbean cultivars. In addition,
major biotic and abiotic constraints were identified by the survey and will form the basis for 
recommendations for future directions of research aimed at improving mungbean production in 
Indonesia. The study's final results are also expected to result in improved knowledge among
researchers and policymakers which can be used in the design of follow-up projects and/or 
government and extension policies. 



267 Agricultural Economics 

Per-urban Vegetable Production
 
Around Ho Chi Minh City, Vietnam
 

Summary 
AVRDC's production systems program pays increasing research emphasis on peri-urban 

vegetable production systems. In this context, a study was initiated on economic and agronornic 
aspects of peri-urban vegetable production near Ho Chi Minh City (HCMC) in Vietnam, in 
collaboraticn with the University ofAgriculture and Forstry, Thu I)uc, HCMC. The objectives 
of the sludy are to provide a detailed quantitative and qualitative description of vegetable
growing practices in the peri-urban vegetable growing belt around HCMC in terms of cultivation 
mcitods and input-output coefficients; to provide estimates of production costs and profitability 
of peri-urban vegetable production; to investigate growing constraints faced by peri-urban 
vegetable growers (including those of an agronomic and soil nature); and to suggest ways to 
alleviate growing and marketing constraints. A detailed farm-level survey among 98 peri-urban
vegetable growers in four districts was carried out. The survey data which are currently hJng 
analyzed provided a wealth of information on cropping patterns, growing methods, input use, 
yields, and cultivation and marketing constraints. ()ne researcher from Vietnam underwent 
training at AVRI)C in data handling and analysis methods. In addition to the economic analysis, 
detailed agronomic and soil measurements will be taken and analyzed in early 1994. 

Introduction 
FAO and WHO recommend a daily vegetable intake of 2(X) g per person. However, with a 

total vegetable production ofjust over 3 million t per year (on an area of 250,(X)0 ha), vegetable 
availability in Vietnam is only just over 130 g/day (FAO 1991). l)espite the expected decrease 
in population growth in Vietnam over tile next two decades, growth in demand for vegetables has 
been projected to significantly exceed supply growth, mainly due to strong expected growth in 
per capita income (Jansen 1992, World Bank 199 11). If historical supply growth patterns would 
prevail in the future, per capita availability of vegetables may decrease. 

While tiere is a clear need to increase vegetable supplies in Vietnam in general, future 
demand pressure can be expected to be especially high in and around urban areas. This is becausc 
people in urban areas depend to a much larger extent on market supplie fb' their fbod 
consumption than rural people, and urban regions usually have higher incomes an( exhibit faster 
income growth than rural areas. Also, the urban population in Vietnam has grown at an annual 
rate of nearly 3.5% during the past decade, compared to an overall population growth of just over 
2% per year. 

The presence of virtually assured markets in urban areas with their high concentrations of 
people dependent -)n purchases for most of their Ibod needs is very conducive to intensive 
vegetable production close to cities. Increased peri-urban vegetable production by small-scale 
commercial farmers close to the major urban foci of demand could significantly increase the 
availability of vegetables in urban markets and reduce malnutrition, reduce transportation costs, 
minimize produce spoilage, while at Ihe same lime provide farmers with an assured source of 

3FAO. 1991. Food Balance Sheets, 1984-86. Average. Rome, Italy.

4World Bank. 1991. World Development Report 1991: The Challenge of Development. Oxford University
 

Press, New York. 290 p. 
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income. These developments would also lead to increased employment for rural and urban 
people, particularly women (Hayami c al. 199(W-).

Ho Chi Minh City, the largest in Vietnam, depends to a large extent on small- ,cale vegetable
producers located in tile so-called Green Belt around tie city (up to 35 km frni the city center)
for its daily supply of vegelables. The Green Belt around HCMC occupies some 10 to 14 thousand 
ha, with each fIarmer cultivating between 0. 1and 2 ha of vegetables. To provide an adequate
supply of vegetables to a rapidly growing urban center such as HCMC, reliable information is
needed 1 quanli fy the demand, supply, and prices of dilferent vegetables on a year-round basis.
In addition, there is a need to identify the constrain,s and opportunities for vegetable production
and marketing and to quantify the use olinpuls and pinpoint potential sources ofl h(rticulturally
generate(] environmental pollution, provide basis for public policy,to the in frastructure 
development, horticultural research, and manpower devel(opment.

Constraints in peri-urban vegetable cultivation arou1nd HCMC may include labor shortages
(vegetable growing has to compete with other urban activities requiring labor); land shortages
(because of tle demand for land by other urban systems); high incidence of pests and diseases,
particularly in year-round sequential cultivation of leafy and other vegetables; decreasing soil
fertility caused by a lowering of organic maler content of the soil, possibly causing yield
decreases over time; pollution o1 waler resources for agricullure, industry, and drinking water
caused by the usage of high amounts of ferlilizer, especially nitrogen and organic manure; and 
excessive use of pesticides, particularly insecticides. 

Materials and Methods 
The main research method consisted of adetailed farm survey among 98 peri-urban vegetable

producers carried out in March/April 1993 by a multidisciplinary team of local scientists, after 
a joint pilot test with AVRI)C in January 1993. Secondary sources of information are used to
complement the survey (lata. Most survey analysis tak-,,place at AVRI)C in Taiwan, with 
involvement of'one collaborating researcher froni Vietnami trained in data handling and analysis 
lelhods. 

The economic analysis will be followed by a detailed analysis olinput and output ofmineral
nutrients to coiiiCe up will a crude pollution index (potential), perhaps for pesticides as well.
Representative soil samples will be taken to oblain indications of soil types and determine bul er 
capacity Ir P and K. 

Results and Discussion 
The analysis of the survey data is currently under way. A detailed quantitaive and qualitative

description olfvegelable-growing practices in the Green Belt in teriiis ofcullivation methods and
input-output coeflicients is being generated. Production costs and profitability of vegetable
production in the Green Belt are being analyzed for the various cropping systems. The survey data 
also :ontain inforniation regarding niarkeling patterns and this will allow an analysis of prices
as well as an approximation of lhe total quanlity of vegelables produced for th, HCMC market.
This will also enable a compari.,,un of the total quanLilies ol vegetables curre Illy reaching the 
HCMC market with the supplies needed to meet present and flture nulritioaal requirements.
Major biotic and abiotic constrai nits were also i(lenliied during the survey and will form the basis 
upon which ways will be suggested to develop vegetable delivery and production systenis that 
5Hayami, Y., Kawagoe, T., Yokoyama, S., Bagyo, A.S., and Zakaria, A.K. 1990. Maketing Innovations
for Vegetables: Conditions of Diversification inUpland Farming. ESCAP CGPRT Centre and Bogor

Research Institute for Food Crop, Indonesia.
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closely link farn production capacity with market requirements. A follow-up visit to Vietnam is 
scheduled in 1994 to carry out the agronomic and soil measurements. The study's final results 
are expected to contribute to knowledge among researchers and policymakers which can be used 
in tile design of follow-up projects an/(lor government policies aimed at improving small-scale 
commercial peri-urban vegetable production. 

Per-urban Vegetable Cultivation Around Bangkok with Emphasis on
 
Pesticide-free Growing of Leafy Vegetables
 

Summary 
AVRI)C's production systems program pays increasing research emphasis on peri-urban 

vegetable production systems. In this context, a study was initiated on tile economic and 
agronomic aspects oflvegetable cultivation near metropolitan Bangkok in Thailand, with special 
emphasis on pesticide-free production o tleafy vegetables. The study is being carried out in 
collaboration with the l)epartment of Agricultural Extension (l)OAE) in Bangkok. The objectives 
of the study are: (1) to identily and review relevant domestic research and development initiatives 
in the area otf pri-urban vegetable growing and marketing; (2) to provide a detailed quantitative 
and qualitative (escription of vegetable growing practices in the peri-urban system around 
Bangkok it"terms ol cultivation methods and input-output coeffi,i,_nts (both in economic and 
agronomic terms), including an assessment ofdilfferences between pesticide- free, low-pesticide, 
and con, entional farming methods; (3) to provide estimates of production costs and profitability 
of peri -urban vegetable I~rodu,: ion around Bangkok; (4) to investigate growing constraints iaced 
by convent ional, low-pesticide, anid pesticide-free vegetable growers around Bangkok, including 
a thorough analysis of prices and assessment of price advantages of low-pesticide and pesticide
free produce; (5) to investigate patterns and costs of marketing conventional vs. low-pesticide and 
pesticide-free produce; and (6) to suggest ways to alleviate growing and marketing constraints. 

Introduction 
In Thailand, vegetable availability over time has at best stayed constant or may even have 

decreased, currently standing at less than 1()) g/day (FAO 1991). If historical supply growth 
patterns would prevail in the future, per capita availability of vegetables may decrease further 
(.anse 1992). This may hold particularly for leafy vegetables, the Bangkok wholesale prices of 
which have exhibited rapid increases in the order of 45% over the past decade or so, indicative 
olan increasing gap between demand and supply. While there is a clear need to increase vegetable 
supplies in Thailand in general, Iture demand pressure can be expected to be especially high in 
and around urban areas. This is because people in urban areas depend to a much larger extent onl 
market supplies for their lh od consumption than rural people, and urban regions usually have 
higher incomnes and exhibit faster income growth than rural areas. Thailand is a prime example 
of this, where the urban population has grown at an annual rate of 3.5% during the past decade, 
compared to an overall pN)pulation growth of less than 1.5% per year. Inmost peri-urban systems, 
vegetables are grown near the miajor foci of demand, to a large extent irrespective of natural 
parameters and agroecological faclors. Because of the high profitability of vegetable cultivation, 
producers frequently take extraordinary eltorls to grow vegetables under difficull conditions. 
Thus, pen-urban vegetable production systems can be considcred as anthropomnorphic (i.e., 



270 AVRDC 1993 Progress Report 

human-made) production environments, rather than as agroecological zones based on natural 
parameters. 

To provide an adequate supply of vegetables to a rapidly growing uiban center such as
Bangkok, reliable information is needed to quantify cultivation methods, marketing patterns as
well as the demand, supply, and prices of leafy and other vegetables on a year-round basis. In
addition, there is a need to identify the constraints and opportunities for vegetable production in 
general, and for low-pesticide and pesticide-free vegetable production and marketing in particular;
and to provide improved information for public policy, infrastructure development, horticultural
research, and manpower development. Thus, it is important to monitor the conditions under 
which peri-urban vegetable production around Bangkok takes place, and idenlify possible ways
in which peri-urban vegetable systems could be improved. In particular, itis timely and important
to analyze the scope For further increases in environmientally-friendly (in its widest sense to
include humans, too) ways of producing vegetables such as pesticide-ree farming. In recent 
years, pesticide-free cultivation of vegetables has received increased attention due to the rising
awareness among consumers regarding tile adverse impact of excessive use of pesticides on 
human health. Short season vegetables usually have pesticide residues at harvest since little time
exists for pesticide dis,ipation. Continuing strong economic performance of the Thai national 
economy and tile resultant rapidly growing upper and upper-middle class in cities like Bangkok
with matching purchasing power have created a rapidly growing markt for low-pesticide and 
pesticide-free produce.

Constraints in peri-urban vegetable cultivation around Bangkok may 'nclode labor shortages
(vegetable growing has to compete with other urban activiiics requiring labor); land shortages
(because of the demand lor land by other urban systems); high incidence of pests and diseases,
particularly in year-round sequential cultivation of leafy and other vegetables (and especially
relevant for pesticide-free farming); decreasing soil fertility caused by a lowering of organic
matter content ot the soil, possibly causing yield decreases over time; and pollution of water 
resources for agriculture, industry and drinking water, caused by the usage of high amounts of
fertilizer, especially nitrogen and organic manure. Vegetable growers in general may not always
be sufficiently aware of tie adverse impacts on human health ot excessive use of chemicals. 

Materials and Methods 
Extensive use will be made of secondary data sources including both government sources

(researchers, extension services, statistical agencies) and the private sector (seed companies,
marketing agents, companies involved in contract growing, retailers, exporters).

A detailed farm-level survey using structure(Lquestionnaires will be carried out in cooperation
with the I)OAE among peri-urban vegetable growers around Bangkok. Care will be taken to 
adequately represent ma.or cropping patterns in the survey, including a sufficiently large number
of farmers who practice low-pesticide or pesticide-free vegetable farming. The data collected by
the survey will refer to an entire year. Detailed information will be sought on cropping systems,
input-output relalionships, environmental conditions, agronomic practices. major land use 
systems, and important frmer constraints. 

If data permit, a linear programming (1.P) model of a representative peri-urban vegetable
farm will be developed incorporating bolh-agronomic and economic relationships. The model 
will be built in such a way that, given certain constraints, allows for simulation and evaluation 
of various objectives and scenarios including yield and income maximization, and minimization 
of negative environmental effects. 
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Results and Discussion 
The research will result in: (1) a detailed quantitative and qualitative synthesis of both 

conventional, low-pesticide, and pesticide-free per-urban vegetable cultivation around Bangkok 
in terms of cullivation methods, production systems, input-output coelh1cients, and marketing 
organization; (2) identification of major constraints to, and opportunities for, increased supply 
of low-pesticide and pesticide- free vegetables for Bangkok linked to a quantification of tile 
demand for, and supply of, pesticide-free vegetables, including projections for the fuliure; and (3) 
clear-cut policy recommendations regarding the potential of low-pesticide and pesticide-free 
vegetable farming For improved sustainability of vegetable producLtion and natural resources 
m1anagenment. 

A Preliminary Analysis of Technical and Economic Aspects
 
of Soil Conservation Among Vegetable Growers
 

in the Cameron Highlands, Malaysia
 

Summary 
A major portion of vegetables in tropical countries is grown in highland areas because 

lowland vegetable production still succumbs to high temperature and humidity, flooding and 
typhoons, and pests and diseases. however, highlands are often characterized by their fragile 
environment of steep slopes, highly dissected topography, and shallow impoverished soils. As 
a result, highland vegetable producLtion often causes sieni ficant neCative off-site effctcs 
(externalities) which are typically unaccountcd lbr in private producers' decision-making, 
resulting in sustainabi lily problems. This study, Underlaken by AVRI)C in cooperation with tlhe 
Malaysian Agricultural Research and Development Institute (MAR)I) and l.a Trobe University, 
Australia, and funded by the Australian International I)evelopmeni Assistance Bureau, addresses 
such problems in the Cameron I ighlands (CII), an important highland vegetable-growing area 
in Malaysia. 

The extent of vegetable production in the Cl-I has expanded over the past 25 years, and has 
been held responsible for most oftie increase in sedimentation in tunnels and reservoirs in tile 
region. Recent changes in land use within tile CH were quantilied by way of Geographic 
Information Systems (G(IS), landsat imagery, a digital elevation m d)del, and a comprehensive on
farm survey representing 10% of farners undertaken in 1992. The extent of soil exposure, over 
space and lime, was analyz,-,d to determine sources of soil erosion. Broad platform terraces, cut 
out of the natuoral slope, arc more conimio than bench terraces. Bench terraces, while reducing 
erosion (measured in this stLidy as thc loss olclay content), are not construcled lue to lack of labor 
an(l other farmer considerations. Although slopes of1 cullivatCd beds on platform terraces rarely 
exceed 10, and beds are predominantly positioned across the slope, terraces are resurfaced 
periodically due to impoverished soil and low yields. Wilh tihe exception olplastic rainshelters, 
which in(uce high erosion control and reduce net farm income, other agronomic practices do not 
substantially reduce erosion from the cultivated areas. Hence, the traditional concepts of land 
management do not appear to apply in this production system where the natural environment is 
so heavily modified (e.g., with mechanical excavations and other ear hworks, chicken manure, 
lime, inorganic fertilizers). 

While cognizant that soil erosion exists, and that it will continue in tile IuLture, farmers contend 
that their standard of living will continue to improve. ILack of labor limils adoption of some 
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practices, e.g., mulching an(l relay cropping, which could potentially reduce erosion following 
crop harvest, during preplanting cullivation, and hefore full canopy cover. However, since
evidence suggests that tile source oferosion is related to fhe preparation and periodic resurfacing
o1 plaltform terraces, recommendations with greater potential impact are made in line with the 
liming of hind clearing and resurfacing of terraces. 

Introduction 
The Camcron Highlands (C-I) represent a textbook example of environmental tradeolT,

where sloping lands form the calchlinent area for a rin-off river hydroelectric scheme in an (until
recently) undistu rbed tropical lorest. Clearing ol'lhe forcst, iiol ivale(l by horticultural development
(largely vegetables, but alsO flowers and lea), urban expansion, an(l accommodlatlion for tourists,
while generating income f6r those sectors, has reportedly diminished returns on investment in 
Tenaga Nasional Berhad (TN B=Electricity Board) infrastruclure as a resu ltof acceleraled soil 
erosion ilh consequent sedimentation in to nnels, waterways, and reservofirs (O(mar 1988 ').While 
creating a nc! inconsiderable source of oreign exclian-e througli export of vegetables and
providing ft rfarming families willin the Ci, clearing the ltrest las the negative effects for the 
FNB oltpredisposing soilto erosion, and for 1turisiln lhrough the creation of eyesores (e.g., bare 
soil particularly afler forest clearing and land leveling, and clear plastic rain sheller). These 
(lisadvanlages slo100ul( enter i1o lhe scenario when considering long- and short-tern management
of nalural res;ourccs wi thin the CH. 

The main reservoir in the egi,,i was constructe( in1965 when somne vegetable production 
was already inforce; area esti mates for 1968 range from 535 ha to 769 ha (lim 1970, Macken 
and )iog 1979'). Wilh tIle present -(lay expansion of vegetable production on newly opene( lands,
fhe precise Iand area under production is not well documented. This sludy partly ai med to 
delerinine, by satelliie iniagery, tile current extent of vegetable (and other crop) production, to
relate that to the propensity lbr erosion given natural slope classes, ind by survey of vegelable
larnners lo determine the level of adoplion of crosion control practices, and tlhe variation illnet 
farmi income across le CH. 

In tihe present context, the sustainable management oftlhe CH is shown to be uinlike tfat of
marginal eniviroinlents in the tropics where the level of external inputls is often limited by lack 
of financial resources. Bearing in mind the economic resources of farmers in the CH, a set of 
recommelndati os to reduce soil erosion ill tile CH] is outl lled. 

Materials and Methods 
The survey was carried out aillorg vegetable grovers in the Cl-, an area of about 750 k11 2 ,

located in the state ot I'ahang, 250 km from the capital Kiiala lu mpur (fig. I). Most vegetable
cultivation in tlhe CH takes place at allitu(tes of between 9()( and 1400 in as, within the 
mountainous area which rises to 2100 in asl. The area is highly (lissecled, with few pockets of 
broad mountain valleys. Vegetable production is rarely practiced on natural sltopes; bench 
terraces (1-2 in wide) or more generally plalform terraces (10-I )0 in wide) are cut out oftlhe 

6Omar, Md. F. 1988. Watershed management for Cameron Highlands and Batang Padang hydroelectric
scheme. Paper delivered 24 September. 

7Lim, K.P. 1970. Economics of vegetable market gardening in Cameron Highlands. Master's thesis.
 
Univ. of Malaya, Kuala Lumpur.


'Macken, 	 K.P. and Ong, T.S. 1979. Survey of cultural practices and conservation measures performed
by maket gardeners in Cameron Highlands. Soil conservation and Reclamation Section Publication no. 
15. Dept. of Agric. Peninsular Malaysia. 39 p. 
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natural slope witli()u concern for repositioning of huLus or organic in'Iter. Soils are mainly 
derived fron granite, with sandy to sandy clay loam textures, and are . issified as paleudults 
(Paramanalhan 1977(). Organic matter in the N of Cl-I in virgin soils reaches 80-1 ())cm in depth 
(Gunong Brinchang series), falling to 4) cm in the Central Tanah Rata Series and to a negligible 
layer of huults in the Ringlet Series of the S where altitude is less and lemperatures higher. Soil 
collected fron the Al horizon beneath the organic layer had the following comxsition: 40% sand; 
16% silt; 44% clay; I{C (). and p-I 4.2. The cool temperate climate ofilhe Cl-I is ideally13 mS cmr, 
suited to tlie pro(duction 0f1 temperate vegetables, with intxi nwi monthly mean temperature 
ranging from 22 to 23.5C and minimunl from 11 to I40 C. Rainfall dala for 1981-1991 show an 
annual bimodal pattern, with peaks in April/May an,' ()cober/Noveniber. No month is without 
rainfall, although least rainfall is experienced in the w.,nths ofI )ecember and June. Annual 
rainfall for the past 34 years averaged 2205 nmm. Using ph. =,)graphic charts for the period 1981
91, erosivity as kinetic energy (KE) was calculated for 30 m/n intensity, and only for storms of 
> 1(1 mm as follows: 

I)aily Kl-*t 1-3()=Y (KE x rainfall) x ma). 30 min inlCnsity (l)umsday and Huang 1992:"). 
The study on land use was based on the digital landsat TM (lata (scene no. 127/57) for 23 April 

1990, the 1:50,000 topographic map (sheet no. 3662), and the hlduse map for 1986 produced 
by the l)epartment of Agriculture Malaysia ()OA). To produce a landuse map for 1990, a 
standard false color composite TM image of bands 7, 4, and 2 with red, green, and blue colors 
at a scale of 1:50,000 was developed, and visual interpretaion, aided by ground-truthirig, was 
done. 

9Paramanathan, S. 1977. Soil genesis on igneous and meta:norphic rocks inMalaysia. D.Sc. thesis. 
State Univ. of Ghent. Belgium. 

'0Dumsday, R.G. and Huang, J. 1992. Rainfall erosivity in the Cameron Highlands, Malaysia (1981-91). 
AVRDC. Background paper no. 4. 
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A digital elevation model (DEM) ofthe study area was developed, taking 100 mcontour lines
and peaks from the topographic (1:50,000) map of the area. Landuseinformation of 1986 and1990 were drafted onto the model, using 100 in x 100 m gridsize (which interpolated altitude ofgrid cells when they lay between contours), and a slope map with classes <2', 2-5, 5-10, 10-20, 
20-30, 30-40, and > 400 was prepared.

A stratified random sample along a N/S transect consisting of 206 farmers in 13 diflcrent
locations (between 9 and 28 farmers per location) representing vegetable-producing regions in
fhe CH was interviewed during January 1992. Concurrently, consolidated representative soilsamples were collected at each farm, and analyzed tor physical composition, pi], and electrical
conduclivily. Measurements taker: with a clinometer enabled assessment of natural land slopes
on each farm, and slopes ofterraces and beds. Besides tile formal interview, observations on tiledegree of soil erosion on each farm were recorded. From the sample, 194 farmers for which
complete data sets were avaiiable were retained for analysis, representing approximately 10% of 
all vegetable farmers in the CH. 

Results and Discu5ssion 
Land use 
Summary statistics (table 1) indicate that >300(0 ha were used in vegetable and flowerproduction in 1990. However, compared to other sources (Ko et al. 1987'') this is likely an

overestimate of about 50% since the areas involved in this class include farm roads, farm 
buildings and yards, and irrigation channels. 

Table 1. Landuse statistics (hectares) for 1990 (by satellite imagery) and for 1986 
(landuse map of MARDI) for the Cameron Highlands 

Landuse types 1990 1986 
1. Vegetables and flowers 
2. Tea estates 
3. Cleared tea areas 

3236.8a 
2821.0 
209.5 

1453 
2942 

n.d. 
4. Newly opened forest 
5. Scrub and scattered farms 
6. Towns 
Total 

14 5 2 .5b 
1859.7c 

179.0 
9758.5 

n.d. 
1702 
194 

6291 
,Includes farm roads, farmhouses, rainshelters, farmyards, and channels.
 
blncludes dead ferns, cleared forest, barren land, and even landslides.
 
clncludes fruit orchards.
 
n.d.= no data.
 

Analysis of distribution of land in thedesignated slopeclasses for vegetable production (table2) indicates that >4(0% of vegetable production in 199(0 was on land with natural slopes >1(00,
compared to >60% for tea plantations. Although the greatest proportion of farmers cultivate
vegetables oin land with a natural slope of 10)-20, more than half use beds with a slope of <20,
and only 1(1% had beds with a slope>5'. Ofall newly opened areas only 16% have slopes >20';
not excessive considering that most new lands are peripheral to those already opened wilhin each
valley in the CH (fig. 2). From 1986 until 199(0, the lotal dcveloped lanld area increased from 6097 

"Ko, W.W., Syed, A.R., N. Mohd. Shukor, Saparuddin, Ho, and Azhar, I.A. 1987. Agriculture in theCameron Highlands. Proc. Internat'l Conference Steepland Agric. Humid Tropics et al. MARDI, Kuala 
Lumpur. p. 130-151. 
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Table 2. Distribution of vegetable production land (%) in the Cameron Highlands by slope 
classes, according to the digital elevation model (1990 data) and survey anialyses (1992 
data) 

Slope class 
0-20 2-50 5-100 10-200 20-300 30-400 >40' 

Survey 2.1 12.0 29.3 46.1 11.5 0 0 
DEM 30.2 9.3 18.4 28.0 11.1 2.7 0.3 

N VEGETABLE AREAS

4y (1986-1990)
 

N Vegetable aes1986 

, '"El Additional vegetable 
areas 1990 

0 Recently opened area 

* Town 

20 Primniry road 
N Secondary road 

Scale
 
r "5 Km
 

Fig. 2. Change invegetab~a areas, 1986-1990 

to 9758 ha, at an average annual rate of 732 ha. As long as access is feasible, it seems that 
expansion of new areas will concentrate on lower angle slopes further up each valley (fig. 2). 

Erosivity 

Although a close linear fit (y = 0.86 1± 0.041 x - 19.57; r2= 0.785 n = 130) was observed 
between monthly rainfall erosivity and rainfall, data for the month ofMay 1991 was an important 
outlier, when erosivity was much greater than expected based upon data for the monthly rainfall. 
It is possible that a large proportion of the erosion for the lI-year period would be accounted for 
by that month's KEt. Erosion control practices, to be effective, should be implemented in 
anticipation of extraordi nary rainfall events. 
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Farm size and ownership 
Average farm size slightly exceeds ().8 ha. Most farmers' tenure arrangcment consists of a 

Temporary Ownership License (TOI.); 67% of farmers in our study and 75% in another sltIy
-(Taylor ct al. 1993 acommon') farmed TOI. land. T()l.s are form of land tenure where land is 

held For 5-15 years, with nominal fees (about M$25(0-35()/ha/year) paid annually or priodically,
accompanied by reviews o land use and imnaellment practices. About one quarter 0lall sample
farmers make use ofplastic shcllcrs; on average, abml 0.4 ha ofland is covered by farmers who 
use shelters. All farms have some form of irrigation facility, 901X with sprinkler irrigation. Water 
is directed from stream fHow higher in the watershed, by way of small weirs and plastic pipes, to 
provide 'ufhiCienl head to operate sprinklers. (eneralIly, farmers have facilities to irrigate their 
whole farl area. 

Cropping patterns 
Most farmers grow between two and five ditferent vegetable species. The 13 most popular

vegetable crops in the CH, in decreasing order of frequency, include Fnglish cabbage, tomato,
Chinese cahbage, lettuce (Indian and head), onion, snowpeas, celery (English and Chinese),
spinach, tong hi (garland chrysanth), beans (butter, green, French), mutlard (Chinese, kaves,
leaves), sweet pepper, and radish. 

The popularity of intercropping depends on the species grown, but is ot en preclIuded due to 
labor slhortages. Vegelables are grown year-round, altlhough Somlle seasonality is encounteredamliong species. Consideration of harvest time is important in relation to exposure and erosion of 
soil during presowing cultivation and before groundcover by the succeCeling crop. Forexample,
harvests of Enlish and Chinese cabbage (which together accounL for nearly half of total gross 
area cultivated) are more predominant during wet periods, wilh peaks in April and August (when 
prices are very low). 

Costs and returns 
Total net farm income (NI'I) per year was calculated ais tlhe stil (over vegetable species) of 

net returns per hectare per year, multiplied by tile actual area For each individual species, minus 
tie sum oflthe cost itellis which could not he attributed 1o inidividual vegetable species. The latter 
include hired labor costs (including permanent lahor, hul excluding family labor): annualized 
costs of irrigalioi plastic shelters, andtcrrace cotstrucltio; recirrent cost ofbeds (remaking) and 
terraces (resurlac~ing); tother material costs; land rent and taxes; elect rici t vcosts; mnarkeliig costs;
and any other c(sts. Anmiual NFI calculated inl this way can be interpreted as net prolits or relturns 
to family labor aid nialiageiient (table 3). Expendit, res for manure (mostly chicken (lung to 
iiprove soil fertility) account Ir thie largest part oltotal malerial costs lor every vegetable except
celery and radisli. and are particularly high for capsicuin. Costs for seiniperianent structures 
such as irrigation facilities, plastic slilcers and terraces were annualized using ilie following
f'oriniila: A= I)(r/ 1-( I+r)-' I)where A iS lie annual ized capital cost oflie structure; 1Pis the current 
cost ol lhe strucLure; Iis the aSSLied life span ofthe structure; and r is the interest rate at whic' 
the farmer can onliai n loan. ()n the basis oflhe survey data, the life span of irrigation and plastic
shelter struclures was sel at 10 years, with Ile fire span orlhe plastic itsellset at 2 years. Terraces 
were assumed to last ror 15 years, and an an nual interest rate of ', was tise(l. 

'2Taylor, D.C., Mohamed, Z.A., Shamsudin, M.N., Monayidin, M.G., and Chiew, E.F.C. 1993. 
Sustainability of English cabbage production practices inCameron Highlands. Mimeo Report. Jabatan 
Ekonomi Pertanian. Universiti Perianian Malaysia. 121 p. 
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Table 3. Mean annual net farm income (MS) (N = 194) 

Mean c.v. 
Total annual gross revenues 
from vegetable crops 27,714 96 

Total annual material costs 
(vegetable-specific) 
- seed 
- manure 
- fertilizer 
- pesticides 
- tractor use 

512 
2,454 
1,458 

638 
79 

115 
102 
125 
113 
220 

Total annual costs 
(nonvegetable-specific) 

- hired labor costs 
- annualized costs of 

- irrigation 
- sprinkler 
- other 

- plastic shelters 
- terraces 
-bench 
- platform 

- bed costs 
- cost of liming 
- costs of other materials 
- land rent 
- land taxes 
- electricity costs 
- marketing costs 
- other costs 

2,418 

1,567 
92 

1,474 

232 
9,123 
279 
198 

2,291 
651 
243 
141 
603 
46 

269 

152 
513 
269 

254 
67 

314 
171 
71 

306 
124 
154 
120 
988 

Total input costs 24,496 70 

Net annual income per farm 3,218 682 

Tihe calculations from which (lal a in table 3were derived indicate that about halfol'f all sample 
farmers lose money. While this situat ion nearly certainly holds for a number of'the sample 
I'irmers, it should he slrCssC(l tlt these are preliminary results only and thait licre still remain a 
lew issues which neCCd furl hCr clarification. 

Soil erosion causes, estimates, and influence of farmers' practices 
Soil ersion is a scri us problemn in the CII, with the average accountable l.-,,sof' soil 

estimated at 16. t/ha year. Most likely this is an tInderestinate since thC rale (,1sediment 
(eposition in the reservoir and, there re, probably the rate nFIland clearing, has; progressively 
increased (sediment: 1965-(in'; 1975-153,(00() in; 1982-575,((() n; 1992-2.382 million m ) 

(()mar 198,8).Soil bco imes exposed to[ lowing forest clearing, resurlaci ng ofl pal form terraces. 
clearing aid pruning of tea, and crop harvest. 
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The physical composition of topsoil was quantified on the assumption that silt and clay
fractions would be detached sooner than sand as a consequence of runoff and soil erosion. The 
percentage of clay in soil from farms with plastic shelters was positively correlated with the 
proportion of land under plastic. The clay fraction in soil from farms with all land covered by
plastic shelters was also greater than that from farms without any plastic slhelters ( 18.0 vs. 15.6%, 
t=2.319(114 to 153). Data for cultivated soils show that much silt and clay has been washed away
compared to the virgin soil. However, there were no significant relationships between percentage
sand, silt, or clay and the natural slope, the arable slope nor the slope nor length of beds. In fact. 
although farmers implement a number of agronomic practices which in theory should reduce 
erosion, their causal effect on sand, silt, and clay composition in soil could not be established. For 
example, there was no evidence to suggest that at greater application rates of manure the loss of 
silt or clay particles was limited. Similarly, there was no general reduction in liner particle size 
with more weeding. 

Most farmers construct some type of terrace, with 54 and 187 farmers having constructed 
bench and wide (i.e., platform) terraces, respectively. The percentage of land under wide terraces 
greatlyexceeds that under bench terraces, with on avrage 36% of the land ofthe 54 farmers under 
bench terraces, while wide terraces on average occupy 92%, of farmland. Bench terraces have 
soeic disadvantages relative to platform terraces: (I) their construction is entirely done by hand 
(as opposed to platform terraces which are constructed largely by machine) and labor shortage
is a critical concern among farmers; (2) cultivation is more arduous; (3) they are relatively
difficult to irrigate; and (4) it is impractical to protect them with plastic shelters. Nevertheless, 
there did seem to be a benefit in terms of retained silt and less sand as tie proportion of bench 
terrace per farn increased. 

Seventy-five percent of all farmers cultivate across the slope on platform terraces, with most 
of the remaining farmers planting on bench terraces up and down tile slope. None of these 
practices significantly affected sand, silt, and clay composition in soils. Terrace cultivation is 
considered by farmers to facilitate water control in general and improve drainage in particular,
minimize human drudgery, maximize land area, and improve photosynthesis. Very few farmers 
plant along the contours which is generally viewed as making most farming operations too 
difficult, particularly irrigation and transportation of-inpuls and harvested produce. Stagnation of
rainwater and flooding are niajor problems during the heavy rain season. The curret cultivation 
practices art, emp!oyed because 26% of farmers believe that they create better water flow offlthe 
land and 36% are convinced that drainage is improved.

Generally, farmers seem to be well aware oflhe environmenal problems in the (11 and expect 
a future deterioration in most indicators of'sustainabilily such as soil quality, crop yields, and pest
and weed infestation. Farmers' perception of soil erosion differs depending on the context, i.e., 
own fields, local district, or the CH as a whole. Generally, they perceive soil erosion to be an 
increasingly serious problem the farther away from their own farms. Thus, while only 28% 
farmers view soil erosion as serious or very serious on their own farm, 61% and 8()% indicated 
similar concerns for their local district and the CH, respectively. 

There was a shill in soil quality perceived by sampled farmers; from the past to present
assessment the proportion of farmers with very good soil declined while Ihe category of good and 
fair increased. Many farners expectcd their soil quality to dccli ne furtlher in the future, with> 30% 
of farmers expecting poor or very poor soil compared to about 15% in the past and present. 
Expectations for crop yields, pests and to a less marked extent weeds, were similar to those for 
soil quality, but nevertheless, standards of living were predicled to increase for a significant
proportion of farmers over the same time frane. 



279 Agricultural Economics 

Besides farmers' perception of soil erosion, the survey also asked for the enumerators' field 
assessment of the extent of soil erosion on each individual farm. Rill erosion is clearly the most 
serious, with 73% of all sample farms already experiencing at least moderate rill erosion; 
followed by gully erosion which is reason for concern on nearly half of all sample farms. Even 
though two-thirds of all sample farms have not yet had land slips, and nearly 60% thus far have 
been saved from sheet erosion, the situation can be expected to worsen in lheicncai future. During 
the survey, obvious severe land slips were observed on 10% of the farm,, most fikely following 
the heavy rains in May 1991. There was a close correlation between vi.,u:! ,.ssessment of gully 
erosion and decrease in clay fraction of soil comix)sition (1<0(.) 17), hut no other visual assessments 
of erosion were related to soil physical compositions. Rill erosion was more likely to occur when 
the natural and arable slope was high, but neither bed length nor slope were related to visual 
estimates of rill erosion. Similarly, no such relations were evident for gully, sheet, nor landslip 
erosion.
 

Conclusions and Recommendations 
Preliminary analysis Suggests that a major porti on of soil erosion from vegetable fields in the 

CHI occurs before vegetable crops are in the ground. All developed land intheCH was at one time 
newly opened, liable to erosion, and probably responsible for a large proportion of the measured 
sedimentation. In fact, land clearing, together with resurfacing of platform terraces, may well be 
the most imporant source of soil erosion. ()ther significant occurrences of soil erosion are 
following harvest of vegetables when soil is once again exposed, particularly when coinciding 
with peak rainfall; and, more generally, when a combination of conditions occurs such that the 
soil is heavily charged with water followed by long continuous heavy rain causing landslips. 
Thus, it is not surprising that, even thoughl vegetable farmers within the CH do implement a series 
of practices which counteract the effects of erosion, their effectiveness is far less than desirable 
in that none of these factors alone were responsible for maintenance of high clay/silt: sand ratios 
compared to that of virgin soil. Such practices include limiting the slope of man-made tcrraces 
to < 100, a predominance of across the slope as opposed to up-down alignment of beds, ini dmum 
tillage through reuse of production beds with reasonably long periods between reconstruction of 
beds, the use of brophytes to counteract erosion from sides of beds (and as a weed suppresser), 
a degree of intercn.ppi ng, and emphasis on adequale drainage. Even the use ofplastic shelters did 
not prevent loss of silt and clay in absolute terms far beyond that of tie unprotected farm. lands, 
and incidentally, led to greater soil EC and was negatively associated with NFI. It almost certainly 
also leads to increased rate and volume of streani fnow. That farmers need to resurface their land 
is yet another indication that the agronomic practices are Uniformly ineffective in controlling 
erosion. Relationships between the need to resurface terraces and the implementation oferosion 
control practices were nonexistent. Hence, since little scope apparently exists to increase 
profitability through traditional agricultural approaches, farmers resturface their fields. 

Tie adoption of soil conservation and other production practices was not apparently 
constrained by the land tenure of individual farmers. Almost all farmers have overhead sprinkler 
irrigation systems installed, and the distribution ofplastic shelters wa; not biased towards farms 
with freehold land access. In this respect, therefcore, the condition (financial and access to 
resources) of farmers in the CH does not limit their ability to implement sound erosion control 
practices. Therefore, potential solutions to the sources of soil erosion in the CH might take the 
following form: 
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"conservation of organic hunus and repositioning over newly formed terraces;
* use of organic mulches, and/or relay cropping practices during production to continue to 

cover soil after harvest (particularly of cabbage which occurs when rains are particularly 
heavy); 

• use of mulches or cover crops on terrace batters;

"avoiding preparation of new lands and resurfacing of old ones (luring the peak rainfall
 

mlonlths; and
 
"reinfrorcing the retaining structure for platform terraces to avoid landslips.
 

The scope or adoption oflhose requiring large labor inputs will be questionable. 

Sustainable Vegetable Supply for Kathmandu with Emphasis 
on Natural Resources Management in Nepal 

Summary 
To meet rapidly increasing demand for vegetables in the Kathmandu area and to reduce 

widespread mal nuiriIi in, production of vegetables must be intensilied on existing land especially
if new marginal land tracts are not tole exploiled and environmental deeradalion is to be avoi(le(l.
This research isaimed at identifying sustainable ways to guarantee future vegetable supplies to 
Katlhmandu that will match pro.jectcdldeiand and mcel nutritional requirementis. A collaborative 
effcort involving several agencies and a multidisciplinary team olfscientists has been initiated, in 
which diagnostic, rapid rural appraisal (RRA) type field surveys May be hollowed by format 
structured tari surveys in three districts. The results from these surveys, together with already
available seconary data and data ronill herstudies will be collated by AVRI )C and collaborators,
and analyzed in the perspective of (icographical Information Systems toet her with a set of 
physico-socio-biological data bases which have been and will continue to be developed by the 
International Centre for Inlegrated Mounlain I)evelopment (ICINI(O) )) and AVRI )C,respectively.
The project is expected to result in adetailed quantilative and qualitali 'e synthesis of vegelable
production practices, constraints and opportunities for increased supply in areas responsible for
Kathmanlu's daily vegetable supplies; matching demand 1r vegelables withi the most suitable 
sites (logistically, climialically, and environmentally); clear-cut policy recomme lorincndations 
improved suslai nabilily o1 vegetable pro)(luction and natural resources anageement and in 
Action Plan to improve upon the suslainahility of vegetable produlion and natural resources 
managcement lfor vegetable supply to Kathmandu. 

Introduction 
Kailiniandu has an estimated population which probably exceeds 1.5 million, and is growing

at an aslonishil annual rate of'7.3/., dramalicaly exceeding tlie national population growth of
2.6% per year (World Bank 1992'). Current interest in vegetable production is based upo) tile 
fact that vegetable c nstimplion, in a country where aninial forms o' prolein and nutrients are 
minimal, is h w at less than 5(0 kg/capita/year. To ensure vegetable supply which maintains tlie 
acceptable level )I around 75 kg/capila/year while keeping abreast witi predicted population 

"World Bank. 1992. World Development Report. 1992. Oxford University Press, New York. 
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growth, production of vegetables must he intensiIied on existing land especially if new marginal 
land tracts are not to be exploiled. Such an intensification, as has been experienced in a number 
of Southeast Asian countries in which a (eman(-le(l expansion of vegelahle production has taken 
place, must be plamned in accord with avail able national and purchased inputs, and not achieved 
at the expense of environmental degradation. If historical supply patterns would prevail in tlhe 
future, per capita availability of vegetables may drastically decrease unless steps are taken to 
ensure otherwise (.ans mn 1992). 

Kathmandu receives its supply of vegetables from diverse sources, ranging predominantly 
from the highlands (i.e., temperate crops such as cabbage) du(ring the summer, wilh some 
supplementary leafy vegetahles from the peri-urban context ( i nclutin tig true peri-urbanlzoneIIIc 
ot TlIimi/Bhaklapur in Kathmandu Valley, and I)hading and Kavrepalanchowk districts) and 
cuIcurbitaceous vegetables from the Terai; toa winler supply olvegetables (l(imi nadte( by the Terai 
(Nepal and India), when cool temperatures in the highlands preclde producti( m of most crops. 

Given this general description of vegetable supply, Ikr the ftlure it is imperative to plan 
expansion otlproduclion so that it is in line with availabilily of inputs, especially fertilizer and 
seed; with marketing potential wilh concomitant inroads inlo reduction of postharvest losses; and 
with devel pmnenlt of technology which Will ensure equitable increases in produclion while 
ensuring environmental protection (in the widest sense to include hu moans, too). 

This recently initiated research is a collaborative elfort of lthe fflowing agencies involved 
invegetable research and development in Nepal: Vegetable )evelopment I)ivision, Ministry of 
Agriculture (VI)!)), Winrock International Instiltute fr Agricultural I)evelopment (Winrock), 
ICIM()I), Food and Agriculure ()rganization of the ninted Nations/Swiss I)evelopment 
Corporation (FA()/SI)C), University of British Colombia (UIBC), and AVRI)C. The main 
ohleclive of tliresearch is to idlentify sustainablC ways to guarantee future vegetable supplies to 
Kathmandu Ihal wil! naath projected demand and meet nutritional requireients. 

AVRI)C has paricuIlar interest in involvement with the true peri-urhan vegetable production 
system, since in comparison to the other supply areas of seasonal importance, year-round 
production and supply of vegelables Within the Kathmandu Valley are characterized by a series 
of problems not yet faced elsewhere in the cou ntry, with perhaps the exception of the ouLskirts 
o Ilokhara. Such problems include high land and labor opportunity costs, urban encroachment, 
soil erosion, declining land productivily, limils to availability of organic manures, pollution of 
ground water and pOl1lutlion by industrial water sources. 

Materials and Methods 

An interdisciplinary team comprised of personnel from AVRI)C and collaborating local and 
international agencies has been lrmed to implement the project. Additional expertise will be 
added tI the lean on a need basis. I)iagnostic methods (i.e., rapid rural appraisal type field 
surveys) were used by the team in November 1993 in Thimi/Bhaklapur (Kathmandu Valley, 
about 1,300 in asl), I)hading (outside the Valley, about 60(1 il asl) and Bara (Terai, less than 2(10 
in asl). In the R lA-type surveys, farmers were interviewed on a pilot basis to understand farmer 
p actices and their level of technical knowledge. Members (Ifithe pilot survey leam interviowed 
farmers using informal, open-ended interviews. The results fr(mn0t lhese surveys, together wilh 
already available data fromi earlier studies (including those ConlRUCte(l by FA()/SI)C, UBC, 
Winrock and VI)!)), will be collated by AVRI )C and collabora ors, and analyzed in the 
perspective of(; IS toget her with a set oIfplysico-socio-hio ogical (lat1a bases which have been and 
will continue to be developed h,,ICIMO)I) and AVRI JC, respectively. The RRA surveys may be 
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followed up by a formal baseline survey using structured questionnaires after an exhaustive 
search for secondary data. 

Secondary data will be collccted from several sources including ICIMOI)'s GIS database;
climatic data from the )eparlment of Hydrology and Meteorology of the Ministry of Water 
Resources; and production statistics and information on markets, cropping systems and input use 
from available government sources (AS1) 1992"', I)OH 19925, VI)l) 199216) and foreign-aided
projects. In addition the team members will visit various government organizations, NGOs,
wholesalers, retailers, as well as national and international research organizations in the study 
ca. The team will characterize and describe the climate, cropping systems, topography, soil,

vegetable marketing channels, postharvest handling procedures, environmental conditions,
agronomic practices, major landuse systems, land tenure, transportation systems, and demographic 
features of the study area. 

On the basis of primary data obtained from the surveys and the various types of secondary
data gathered, a comprehensive database will be established for vegetable production, natural 
resources, socioeconomic factors, and institutional setting of the supply areas for Kathmandu. 

Although commercial-scale vegetable production takes place mostly in roadside areas (and
to some extent irrespective of agroclimatic factors), specific combinations of climatic and soil 
conditions for max-i-,um yields under cos:-effective input levels can be identified. Climatic 
variations are gradual and noticeablh only over relatively large distances, while soils show more 
abrupt and local di fferences. Regional combinations of climate, soils, topography and land types
will be linked to factor!; which are imp)rlant for crop perormance. They will be organized in a 
system of agroecological zones, together with the determination ofthe most suitable crop foreach 
area. To achieve the latter, appropriate use will be mnade of crop modeling, mostly using and/or
adapting existing models. The relative importance of physical and biological factors which 
determine the extent of vegetable production will be evaluated and scope for research and/or
development interventions quantified taking into account tile integratei( 'upply of vegetables to
Kathmandu. This may result in a better identification of suitable sites for fresh vegetable
production within and beyond the peri-urban belt of Katlmiandu. 

Marketing patterns, price fluctuations, and postharvest handling procedures and losses will 
be studied to determine major constraints to urban supply of vegelables.

Viable management strategies, based on current knowledge, for achieving sustainability in 
peri-urban vegetable production and natural resources management will be evaluated for 
potential implementation.

Based on the rcsults oftlhe diagnostic and formal baseline surveys and the integrated analysis
of vegetable; productin and supply, preliminary key issues will be selected. The order and 
magnitude of the problems, constraints, and opportunities will be assessed and analyzed.
Research, led by VI)I, will be initiated in situ on well-defined broad problem areas, particularly
related to maintenance ofthe resource base, while production type on-farm research will further 
enable identi ficat ion of production constraints beyond the comprehension of farmers. Sol utions 
to these problems will be sought through research. 

1"ASD. 1992. Agricultural Indicators of Nepal 1992. His Majesty's Government of Nepal, Ministry of 
Agriculture, Department of Food and Ayricultural Marketing Services, Agricultural Statistics Division, 
Lalitpur, Nepal.

15DOH. 1992. A proposal for eighth five year plan (1993/94-1997/98). His Majesty's Government of
Nepal, Ministry of Agriculture, Department of Horticulture, Kirtipur, Nepal (unpublished).

16VDD. 1192. Vegetable Development Program - Statistics on area and production of fresh vegetables
in 1991/92, Nepal. Vegetable Development Division, Khumaltar, Department of Agriculture, Ministry of 
Agriculture, Nepal (unpublished). 
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Results and Discussion 
A report on the results of the diagnostic survey is under pi eparation. The research is expected 

-to result in a delailed quantitative and qualitative synthilsis of'vegetab! growing practices in the 
major vegetable growing areas responsible lor Kalh mandu' s6aily vegetable supplies; identi Iication 
of ma"jor constraints and opport uni ties for increased supply ol fresh vegetables for Kathmandu; 
matching demand for vegetables with the most suitable sites (logistically, clim.alically, and 
en vironmenl ally) within the counlry resu lting in increase(l eliciency oflresl vegetable product ion; 
clear-cut policy recoinimendations Ir improved sUstlai nalbilily of vegetable production and 
natural resources ianacenent; and an Action Plan to inprove upon the sustainability of 
vegetable production and nat ural resources management for vegetable supply to Kathmnandu. 

How to Perform Economic Analysis of Agronomic Field Data: 
an Example for Hot Pepper 

Summary 
This research represents a first attemipt to economically evaluate the results of two field 

experiments carried(out at the AVRI)C experimental farm during 1991-92. The particular field 
experiments chosen for economic analysis were designed for testing the inlluence of various 
mianagemnent practices on the inci(lence o fviruses on hot pepper ((uplsicnm tlantouttr).The purpose 
of the research is twolold: (1) to make AVRI)C crp improvement scientists fanii liar with, and 
increase their apprecialion ofI, the concept olparlial budgCing which, it is hoped, will eventually 
result in a ,diuation where the design of field experiments explicitly allows for the possibility of 
an ex-posl econlomic u:nalysis of the experimental data, and (2) to assess the relative profilabilily 
of alternative lilaagenmeill practices to control cucumber mosaic virus (CMV) and chiili veinal 
mottle virus (CVMV) on hot pepper in Taiwan. The results of the first experiment indicate that 
farmers' current practices, consisting oft he use ola locally-produced reflective foiliin combination 
with a weekly application of insecticide, is considerably more prolitahle than alternative 
management p-actices involving varioues combinations of imported foil, insecticide.;, alarm 
pheronmone, whilewash, and yellow sticky traps. The results of the second experiment suggest 
that an investment in a floaling net is risky and is a prolitable alternative to tile use of insect-ide 
only when hot pepper prices rise to improbably high levels of at least NT$56/kg. A number of 
shortcomings of the analysis are also pointed(out. 

Introduction 
Two hol pepper (Capsicum anmr) experiments were carried out during 1991-92 at the 

AVRI)C experimental farm in Shanhua, Taiwan, looking at alternative virus control measures 
which interfere either with the landing behavior ol lhe aphid vectors or with the virus transmission 
process (AVRI)C 1993) 7.The two aphid-transmitted viruses causirng concern included cucu mber 
mosaic virus (CMV) and chili veinal oit le viru:; ( The mnain variables inl the experi mnentsIVMV). 
included two kinds of rellective foil (1'aiwanese reflective foil commonl, used by local farmers 
and a reflective lfil imported frorn Japan); Tarneron insecticide, a biolocical insecticide, Neem 
(imported froim (ermany); an alarm plieronmone, larneserci (a whitewash imported fromi the UK); 

17AVRDC. 1993. AVRDC 1992 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
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Table 4. Reduction of virus incidence experiment: mulching, insecticides, whitewash, and traps 
Treat- Mulch Tameron Farnesene Neem Whitewash Yellow sticky
ment traps
 
1 Taiwan foil weekly 50% at
 

1:1000
 
2 Taiwan foil weekly 50% at
 

1:3000
 
3 Taiwan foil weekly 50% 
at weekly at 

1:3000 0.01 g/l

4 Taiwan foil  - 1500 ppm at 

1:200 weekly 
starting 28 DAT 
and 1:150

5 Taiwan foil at 28 DAT 
6 Japanese foil 
7 Japanese foil	weekly 50%
 

at 1:3000
 
starling 14 DAT
 

8 Taiwan foil yes
 
'Farmers' practice.
 

Table 5. Reduction of virus incidence experiment: floating net
 
Treatment 
 Mulch Tameron Floating net 
1 Taiwan foil weekly 50% at 

1:1000
 
2 Taiwan foil  up to 35 DAT 
'Farmers' practice. 

and yellow sticky trlps (also imported lromn Germany). InI a(dition, the use ofa lighl l(oaling net 
(imported from (ernany as well) was also evaluated. 

In the first experiment, eight dilfferent trealments Iincluding farmers' practice which consists 
of m;'hing with a locally produced rellective fIbil in combinalion with a weekly application ofTaiwan insecticide (5(()/, ) at 1:1((01 were developed using various combinations of rellective 
mulches, Ibiot!gicll i nsct icides, phwicionine, whitewash, and yellhw sticky traps (table 4).
Sowinu occurred in August, Iransplanlting to tile field i) ()ctober, and harvesling (I1ring January-
March. The use of a Il0alin net was ev'lualed against farmers' practices in aseparate trial (table
5). Inithe latter experiment, sowing took place in N .rch, transplanting in April, and harvesting 
duIrig .Lne-Au -st. 

Materials and Methods 
A partial bud.et was developed to analyze tile reselts of the experiments fron an economic 

perspeclive and gel anl indication as to which trianageirenl praclices may w,'arrant further lesting 
or may be worth recommen(ling to [armers. Subsequcntly, a marginal analysis was performed to 
compare the costs thl vary with tle m1etbenefits. After elimination of doinitate(I treatments,
marginal ratcs of return (NMRR) were calculated and compared to the miinimii required rate of 
return (MRIZ) based om the opportunity cost ohfcapilal. For'liwan, tilt tllecaincalpproximately
be the rates at which Iarmers can borrow moncey from cooperative banks. I)epcling on lhe 
purpose and duratill of the loan, Ihese rales current ly vary between 9.75 and I 1.751/ per annum. 
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Results and Discussion 
Table 6 shows the partial budget for tile first experiment, using a hot pepper price of NT$29/ 

kg which represents tule average price during the harvestIng months olthe experiment (January-
March) for the past six years. Yields (fresh weight, total olfseven harvests) are averages of three 
replications. Treatment 4 is dominated (i.e., has higher total costs that vary, but lower net benefits) 
by treatments 1,2, and 5; treatment 6 by treatments 1,2, 4, and 8; and treatment 7 by treatments 
I and 2. Therelore, treatments 4, 6, and 7 were ignored in the marginal analysis (table 7). Of 
treatments 1, 2, 5, and 8, the fwarmers' practice (represented by treatment I using Tat .-n foil and 
Tameron insecticide at flill strength) has tile highest total cosis tlla! vary and also t)i.- highest net 
benefits. Thus, each of treatments 2, 5, and 8 represents a cost sa ling relative to the farmers' 
practice but, of course, at acost in tile lorm ofHower net beneilts. These decreases in net benefits 
are substantial and are noit lstifiable in view of the rather low-cost savings achieved by switching 
f'roi the farmers' practices to alternative nanagem ent practices tested in treatmenls 2, 5, and 8. 
The moarginal returns on the farners' current practices relative to the practices of trealments 2, 5, 
and 8 are 2889, 264(), and 1516%, respectively. These margi nal rates oflret urn are all exceptional ly 
high, exceeding the opportunity cost olcapital manilold. 

The two most significant sources of risk lfor hot pepper farmers in Taiwan are yield risk (e.g., 
caused by tile presence ol viruses year-round or by the much inore seasonal and, therelore, less 
important, occurrence ofra typhoon) and (related) price risk. Since the experimental data available 
are only fr (oleyear ( 1991-92) and one location (tile AVRI)C experimental farm), yield risk was 
ignored and only price risk was taken into account by varying prices based on historical price data. 
Price variability considerably exceeds variability in supplies (table 8). Apart From substantial 
variation in average annual prices (coeflicient of variation c.v. I= 0.32), seasonal price variations 
are even higher as shown by an average coellicient of \,ariatiotin of().49 1or tie sinie 6-year period. 
In addition, hot pepper prices in Taiwan show large varialion between years lor the salle seasons, 
as evidenced by values exceeding ).39 f)or tie coelicient ot vari at i oif montily prices for tile 
6-year period. 

Since tile profitability of mainagement practices can be expected to depend to a considerable 
extent on prices, the partial budgeting exercise was carriedlOut for a range of hot pepper prices. 
Average hot pepper prices during the peri d .laiuary-March were lowest in 1987 (NT$ 16/kg) and 
1991 (NT$ 17/kg), and highest in 1992 (NT$ 60/kg). CoInsequcntly, two additional partial 
budgeting calculations were performed under tile assumptions that the hot pepper price is NT$ 
16 and NT$ 6() per kg, respectively. However, the basic conclusion that the farmers' practice is 
to be preferred remained unaltered at either NT$ 16 or NT$6()/kg, with marginal rates of return 
which all exceeded 801)(/). Simutation analysis showed that prices of hlot pepper would have to 
fall to improbably low levels of less than NT$2/kg for marginal rates oflreturn to fall below 20%. 

Tile use of a floating net up to 35 days afterlransplantling (I)AT) withILIt any insecticides 
increased hot pepper yields by nearly 2()% , (table 9). 

The second experiment was harvested from .June to August when hot pepper prices inTaiwan 
lend to be slighltly higher than during January-Marc flie harvesting perio(d of the first 
experimert; see table 8). At a hot pepper price of N'F$3()/kg, which is the average price for tihe 
period .tlne-August over tie past 6 years, the treatment involving a floating net was dominated 
by tile treatment representing farmers' practice (table 9). ()nly when the price of' hot pepper 
exceeds NT$56/kg will tie MRR be higher than 2(1% (table t0). The data in tales show lhal there 
is a very ow probability that this will actually occur, making the use ola Iloat ing :let quite a risky 
investment. 



Table 6. Partial budget, first experiment 
_ _Treatment
 

2 3 4 5 6 7 8
 
Reported yield (kg) 7.11 5.15 
 5.23 4.14 3.82 7.62 9.67 3.3
Yield per ha (kg) 8,778 6,358 6,457 5,111 4,716 9.407 11,938 4,074
Price per kg (NTS) 28 28 28 28 28 28 28 28
Gross field benefit (NTS/ha) 245,778 178,025 180,790 143.111 132,049 263,407 334,272 114,074
Costs that vary (NTS/ha) 

Taiwan foil 16,500 16,500 16.500 16,500 16.500 16,500
Japanese foil 190,400 190,400
Tameron insecticide 3,400 1.1331,133 1,133 1.023

Labor to apply Tameron 11,250 11,250 11.250 
 9,643
Farnesene na 
Neem 17,000

Labor to apply Neem 
 11.250 
Whitewash 2,500
Labor to apply whitewash 8,000
Yellow sticky traps 5,000
Labor to install and remove traps 1,500

Total costs that vary (NT$/ha) 31,150 28,883 28,883 44,750 27,000 190,400 201,066 23,000
Net benefits (NT$/ha) 214,628 149,142 151,907 98,361 105,049 73,007 133,206 91,074 

Table 7. Marginal analysis, first experiment' 
Treatment Total costs that vary Net benefits Marginal rate 

(NT$/ha) (NTS/ha) of return 
1 31,150 214,628 

2,889% 
2 28,883 149,142 

2,640%
5 27,000 105,049 

1,516%
8 23,000 91,074 
aCalculations are based on an average hot pepper price of NT$28/kg. 



Table 8. Hot pepper supplies and prices, 1987-92 
Year January February March April May June July 

supply price supply price supply price supply price supply price supply price supply price 
1987 0.126 17.89 0.133 14.44 0.136 15.38 0.132 16.28 0.157 10.27 0.137 14.09 0.151 13.44 
1988 0.128 35.95 0.131 23.49 0.141 22.02 0.160 18.48 0.145 34.30 0.149 35.59 0.170 27.34 
1989 0.182 15.34 0.142 15.20 0.169 19.93 0.183 21.74 0.189 23.40 0.199 20.61 0.199 17.62 
1990 0.120 48.32 0.153 19.20 0.165 21.60 0.179 21.53 0.168 25.56 0.151 41.49 0.132 53.66 > 
1991 0.181 16.17 0.154 16.20 0.185 17.07 0.189 16.58 0.196 15.10 0.206 16.27 0.183 18.31 
1992 0.154 64.88 0.096 58.37 0.119 59.12 0.108 55.86 0.153 36.70 0.163 41.60 0.186 20.84 
c.v. (%) 0.17 0.56 0.14 0.64 0.15 0.58 0.19 0.56 0.11 0.39 0.15 0.41 0.13 0.53 " 

Year August September October November December Inter-year cv Annual average 
supply price supply price supply price supply prico supply price supply price supply price 

1987 0.114 21.65 0.128 20.92 0.106 24.42 0.107 34.33 0.106 43.41 0.13 0.45 0.128 20.54 
1988 0.159 30.85 0.148 25.57 0.145 24.29 0.151 24.81 0.163 20.12 0.08 0.21 0.149 26.90 
1989 0.171 18.92 0.129 40.04 0.091 116.97 0.082 96.48 0.099 67.41 0.27 0.85 0.153 39.47 
1990 0.117 90.03 0.087 87.08 0.078 93.69 0.138 40.38 0.192 18.42 0.24 0.59 0.140 46.75 
1991 0.173 33.95 0.170 18.31 0.154 24.86 0.145 58.54 0.177 29.72 0.10 0.52 0.176 23.42 
1992 0.137 31.16 0.115 49.32 0.087 73.67 0.108 51.99 0.170 27.79 0.23 0.32 0.133 47.65 
c.v. (%) 0.17 0.64 0.20 0.59 0.26 0.63 0.20 0.45 0.24 0.49 0.11 0.32 

Note: Data are averages for two Taipei wholesale markets. Prices are in NT$/kg: supplies are in '000 tons. 
Source: TAPTC: Monthly Report on Vegetable and Fruit Transportation (Chinese, various issues). 

00 
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Table 9. Partial budget, second experiment 
Treatment 

1 2 
Reported yield (kg) 4.79 5.72
Yield per ha (kg) 7,096 8,474
Price per kg (NT$) 30 30 
Gross field benefit (NT$/ha) 212,889 254,222 
Costs that vary (NT$/ha)

Tameron insecticide 3,400
 
Labor to apply Tameron 11,250

Floating net 
 70,500 
Labor to install and remove floating net 8,000

Total costs that vary (NT$/ha) 14,650 78,500
Net benefits (NT$/ha) 198,239 175,722 
Note: treatment 2 is dominated. 

Table 10. Marginal analysis, second experiment
 
Treatment Total costs that vary 
 Net benefits Marginal rate

(NT$/ha) (NT$/ha) of return 
1 14,650 382,743 

20.8%2 78,500 396,048
 
'Calculations are based on a hypothetical hot pepper price of NT$56/kg.
 

Conclusions and Recommendations 
Current pratctices arrr(ntr 'l'ti\vnesehot pepper Iarmers to control fhe incidence of CMV and

CVMV consist ol ritulchitln with a locally produced rellective foil in conhiialion with a weekly
alpplication of "larero insecticide (507( at 1: 100)). A number of alternative conlrol measures 
were eval tllcd in Iwo selarate field Irials. 'lre first Irial involved the use ol'various comlinalions 
of loil, "rmcton inseclicide, biological insecticide, alarrm phcromone, whilwash, and yellow
sticky traps. The second trial tested tire uSe of1 a loating nelinlslead of laCron inseclicide. 

Anl economic analysis was perlormed oi the (a1t of boll trials. \','hile in the first trial the
Ireatinctll which r,-lecls Iarures, practice involved the highest cost anontg all n Iondomninaled 
Ireallilenls. Ire rsult.'s revAlcdl hatIre extra rlronelv investe(d is well spent, yielding aimarginal
rate ol rctlurn exccedfirg 151 )f)().. In otlervcwords. hv S;ting some money in other nondoninated 
treatments the tarihrrc would hirego tie possihility of earnine a relurn o' over 150(11% oi those 
savinlgs. Unlcss llere cxisl atllcrnalive invcst nints which yicld moore than 15001c, the Iarmers' 
current practice is preferred. 

The dllaolhre'second Cxperilll s1.1rest that replacing Tamcrom inseclicidce witha floating
net ilcrela;cs tll pepper yields Iv ath)(4 2()'/. IIowever, the results of the economric analysis
indicate thlat ilnvesting inl It floailg net is ill attractive pro.position orly whlcn ill pepper prices 
exceed 11hc ikhlly iilrl - ,thh. IC\'Cl I' NIl$. /k T u.lIr,1he use of'a 1latilm,! nel insteadcherrnicalslh tocolh itliruses is armeffetCi Vr I*IinaLerrrrI pracricerrrrly F'-mlmIlnot arvircrnmrrental, 
ec)llnrlic, poinllofviw. 

A nuinlier o t reservat iors shlomld he kepl in rinid when inelrprling the results oIf tile
economic analysis as descrihed aiihove. Tie shlorlcmirings of tfre analysis may he overcomle lhr 
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future field experiments iftheir design would explicitly take into account the possibility ofan ex
post economic analysis of the experimental dala. First, partial budgeting analysis should ideally 
be performed on data from on-farm rather than on-station experiments, to let all nonexperimental 
variables reflect actual farmers' practices and conditions a;,el scly as possible. This is parlicularly 
important where tihe ultimate gWal of tie analysis consist; o naking recommendations that are 
likely to be adopted by farmers. Since AVRI)C leaves the on-farn evaluation ofits technologies 
to its national partners, the results of its on-station experiments are mainly useful in guiding 
further research ralher than makii farmer recomlmenlations. 

Second, partial budgeting and marginal analysis should ideally be done over tile pooled 
results of a number of locations, usually over more than one year and/oi season. Only then can 
it be confidently predicted that lhe resulls are representative of a wide spectrum of condilions that 
farmers can expect to be confronted with. This will also allow for the possibility of a meaningful 
minimum returns analysis in which the average (across locations) oft he lowest benefits tor each 
nondoninated treatment is compared to farmers' current practices. This gives farmers additional 
information about tie variability in returns implicit in a proposed recommendation in comparison 
with farmers'current practices. 

Third, for experiments to be evaluated trom an economic viewpoint in a logical way, they 
should examine relatively few factors at a time. The various practices to be evaluated should 
ideally Ibllow each other in a sequential and incremental manner across the different treatments. 
This will allow a meaningtful marginal analysis ofeach individual treatinent as well asofpackagcs 
consisting of a number otfdiffcrent treatments. This is important in view olthe fact that stepwise 
aLoption of technCological packages an ng farmers is a common phenomenion. 

The Contribution of the Horticultural Sector Towards Taiwan's
 
Agricultural Development: a Spatial and Temporal Analysis
 

Summary 
The vegetable industry in Taiwan has been very successful over the course ofthe postwarera 

in ensuring an adequate supply of vegetal'les to consumers, while at tie same time generating 
substantial foreign exchange carnings from high value-added agricultural exports and attractive 
incomes to Taiwan's many small farrmers. The general ob'jective oftthis study is to analyze tile role 
of various government policies in proinoli ntg agriculItLural development and more specifically, the 
role of vegetable pr 'luclion and marketing iii promoting economic development. Specific 
objectives include analyzing the deterniinails of spatial and temporal differences in horticultural 
cropping patterns; identifying physical and economic factors cont ributing :o growth in vegetable 
production in Taiwan over the past 3t0 years; and distilling lessons for countries which consider 
similar paths towards agricultural developmen. 

Introduction 
The vegClable industry in) Taiwan has bcen very successftl during the postwar era in 

providing high value-added agricultural exports and attractive incomes to Taiwan's small 
farmers. Canned mushroom, asparagus, processed tomlato es, and frozen vegetable soybean are 
just a few Of the individual success stories. In analyzing the reasons behind the success of 
Taiwan's vegetable industry, a twolold approach was taken. First, a spalial and terporal analysis 
of the determinants of the location of horticultural (i.e., vegetables and fruits) crop production in 
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Taiwan is under way. Second, case studies of various individual industries were prepared. This 
report addresses the first approach. 

Materials and Methods
 
A township-level database (303 observations) (table 11) 
 was constructed using secondary

data for the years 1961, 1970, 1980, and 1990 which includes sown-area figures for nine major
crop groups and various measures of market access. Least squares regression analysis will be
applied with the percentage of total area sown to vegetables and/or fruits as the main dependent
variable. A set of access variables will be used to explain the spatial variation in cropping patterns
for each of the four years. The same set o1 variables will also be regressed against the changes
in the same cropping pattern indicators over the following five years (e.g., 1961 access variables
against cropping pattern changes 1961-65). In addition to ideiitifying variables thal are significantly
related to high levels of horticultural crop production, marginal products will aiso be calculated. 
Using the distance to the nearest wholesale market as an example, the marginal product wouldgive the percentage change in each of the cropping pattern indicators which could be expected
from a one-kilometer change in this distance. GIS will be used to calculate distances to markets 
and help visualize temporal and spatial differences in cropping patterns. 

Table 11. Database for the locational analysis of Taiwan's vegetable industry 
Data item Source 

Sown areas by crop groups (1-9) Taiwan Food Bureau

Distance to cities (1-7) AVRDC, GIS
 
Population of cities (1-7) 
 Taiwan Statistical Yearbook
Distance to nearest fruit Agricultural Wholesale Market

and vegetable wholesale market Yearbook
 
Railway dummy Ministry of Transport
Road density of county Ministry of Transport

Percent irrigated area Taiwan Agricultural Census

Percent area in each of 3 AVRDC, GIS
 
elevation classes
 

Percent area ineach of 3 
 AVRDC, GIS
 
soil-type classes
 

Results and Discussion 
The results of the analysis will be of use to pFiicymakers inplanning programs to support the 

development of horticultural crops, especially in the rapidly growing countries of East andSoutheast Asia. As farmers begin to shift their land away from grain and other field crops and into
horticultural crops, their main concerns change from being simply the provision of a scarce
commodity to finding the best combination of modern inputs, ensuring proper postharvest
handling, awl monitoring markets for signals of changes in consumer demand. How best can 
government agencies support them in this effort? 

The proper location of production areas is v'ery important in this respect, including not just
the selection of optimal growing conditions but also of areas with excellent infrastructure and 
easy access to processing facilities. At the national level, too, it is vital that countries choose crops
that are appropriate to their endowment, e.g., lower-income countries with abundant and cheap
labor should choose labor-intensive crops for which quality and processing requirements are not 
severely limiling factors. 
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Provision ofproper infrastructure is another important element in a horticultural development 
program. But, specifically, how important is each type of infrastructure? Should governments 
invest in roads, railways, wholesale markets, or irrigation systems? How important are such 
unchangeable factors such as distance to cities, elevation, and soil lype? The present study can 
aid decisionmakers in deuling with these problems by providing policyanakers with answers as 
to how strongly each ofthese factors were associated with greater al local ion of land into vegetable 
and fruit production over tile course of Taiwan's fast-growth era. 1fa particular type ofsupporting 
factor is deemed essential to commercial horticultural crop production, tile government can 
respond either by investing public funds in the provision of what is lacking or by targeting 
programs to areas already well supplied with what is needed. 

A Case Study of the Mushroom and Asparagus Industries in Taiwan 

Summary 
The vegetable industry in Taiwan has been very successful after the war in providing high 

value-added agricultural exports and attractive incomes to Taiwan's many small farmers. Canned 
mushroom and asparagus, representing two of the outstanding success stories, were the subject 
of individual industry case studies. The major objectives of thes, studies were to analyze tile 
factors responsible for the success oftle mushroom and asparagus industries and to distill lessons 
for countries which consider similar paths towards agricultural development. Taiwan's experience 
suggests that, while production, processing, and marketing of' high value-added agricultural 
produce is best left to individua, farmers and the private sector, there exists an important 
facilitative role for the government which should develop appropri ate support policies in the areas 
of input supply, credit, extension, and marketing. Moreover, governmeil'regulations and risk
reducing measures can ensure optimal location of production and processing, and stimulate farm
level adoption of new crops during the initial learning period. Finally, nonstandard, independent, 
and flexible organizational approaches with active farmer involvement are important for 
successful rural development. 

Introduction 
The development of tile canned mushroom and asparagus industries in Taiwan are famous 

examples of successful agricultural development policies. Neither had been grown in Taiwan 
before the 1950s; in fact, both crops had been considered unsuitable to toe subtropical conditions 
of Taiwan. Yet, after cultivation methods were devised, both diffused rapidly across the island 
with local farmer associat ions teachi ng the new skills invol ed.Since both crops were very labor
intensive while requiring little in the way of either capital or land, average farmers were able to 
adopt the crops and gain an important supplement to family incomes. Moreover, mushroom had 
the important additional trait th;t it was a wintei (i.e., off-season) crop. 

Tile spread of Mushroom cultivation was able to make use of another available resource as 
well. Under illeJapanese occupation anexte,.ive network ofcanneries had been built, and prewar 
exports of canned pineapple had reached a peak of 1.6 million cases. After World War 11 tile 
industry at first went into a sharp decline, but by the late 1950s it had reached new highs. When 
not being used to can pineapple, the same plants could be used to process mushroom with only 
minor adiustment. The export of canned mushroom grew from 147,00A)cases in 1961 to over 2 
million before the end of the decade (table 12). The same kind of explosive growth occurred with 
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i'able 12. Production and marketing statistics for mushroom 
Year Sown area Output Yield Exports Price to Export price 

(1000 mi) (m.t.) (kg/m) (10OO of farmer per case 
standard cases) (NT$/kg) (US$) 

1961 147 14.5 12.3 
1962 709 
1963 1378 
1965 8565 32430 3.79 1606 13.5 12.8 
1968 12530 52400 4.19 2320 15.0 13.1 
1971 11788 57422 4.87 2958 15.0 15.6 
1976 5463 51992 9.52 2671 17.0 20.8 
1981 6437 66947 10.40 1948 25.5 27.9 
1984 4274 545C2 13.94 2785 25.5 27.7 
1989 2109 27359 12.97 1033 26.5 25.9 
1991 455 

Source: Cols 1,2 and 3: Provincial Department of Agriculture and Forestry.
 
Col 4: Taiwan Canner's Association.
 
Cols 5 and 6: Hsiung (1990), pp. 88-89.
 

canned asparagus, followed only afew years afler by mushroom (table 13). By the late 1960s, the 
two crops together acco nled for ISr, ofI Taiwan's agricultural exports (table 14). 

Materials and Methods 

slttdies or ro)and asparagus drew secondary in 
Clinese and Fuel ish. as well as oit interviews with knowledgeable individuals, to analyze tlhe 
determining faclors hehind the gro\vth of each industry and draw implicalions for agriculltural 
deve opment policics (I.uh 1965). 

The case , 1u1hr( on infformation totlh 

Results and Discussion 

Mushroom 

In the early 1950s canned mushrooms from apan or France were an expensive imported item 
in Taiwan. BcginninLe in 1953 the Joint Commission on Rural Reconstruction (JCRR) in 
collitboration with the "i'aiwan Agricultural Research Institute (TARI) initiated trials to see ifthe 
While Or FrenchIushroon (Agaricus cmpesilris)cou1(1 he grown locally. The goal was to lind 
a mctlid olculitivatioll which did not relyon techniques beyond the reach (lthe average farmer-
such as air-co(litioned Iiushroom houses. Initial experimcnts in abanldoned mines u]Sillg horsC 
manure, the sian(lard growing ne(lia for mushroom, werec ncourayin L.There are \'cry few horses 
in Taiwl,, hlowc\ 'r: so effo-s IocusCd On develCoping all artificial Co n sl. After many failures, 
research workers ai TAR I succeeded in developing a compost ti1adC frt rio sItw auI1 cthemical 
lfrtiizcr (a mixtrc lN, I). and K). I lts made frot bambhoo and rice straw were used as growing 
siles. 

After tlie seco(t rice crop. tlie faner cnould constlruct his mushroont1 hut and mix the conMpost 
using a few silmple locally available inL:edients. Mushroon culture quickly became a smuall but 
profitable business in ihc northern and central parts of the island. They were marketed locally as 
a fresh vegetable: al lirst al a very high price (NT$ 32 per catly), huLt later as more farrmers enlered 
tile market the price tlll to 30-600/1 Of its peak level. By 1959, 600( t were being pruducCd. 



Table 13. Taiwan's annual production and marketing statics for asparagus 
Year Sown Output Exports Value of Canneries Townships Collection Price Export price 

area (m.t.) (standard exports stations to farmer per case 
(ha) cases) (USS) (NTS/kg) (US$) 

1964 270 616 33.244 410.952 43 12.80 12.3r
1965 9,535 16,776 801,039 11,047.654 73 16.10 13.79 
1966 10,877 44.120 916,328 14.218,221 113 75 113 8.20 1552 
1967 8,002 31.010 1,744,509 23,956,381 130 103 154 8.30 13.73 
1968 6,385 51,583 2,136,386 28.827,137 163 99 103 12.60 13.49 
1969 8,315 67.679 3,353,314 38,866,254 161 71 100 9.20 11.59 
1970 12.588 112,331 3,723,417 35,573,382 161 116 150 9.70 9.55>. 
1971 17.456 127,517 4,017,814 35,043,829 159 110 196 7.70 8.72 
1972 15,918 106,602 3,376.303 39.630.331 121 32 240 9.00 11.75 
1973 16.146 112,477 3,741,974 55,207,178 116 31 240 11.05 14.75 
1974 17.355 111,146 3.493.318 84.826,979 104 76 238 16.30 24.28 
1975 17.636 80,113 3.659.566 78,893.259 99 68 234 16.30 21.56 
1976 12.936 93,986 3,899,449 97.020,879 94 59 205 18.50 24.88 
1977 13,741 102.117 2,835,369 79,103,052 78 58 204 21.11 27.89 
1978 13,583 97.393 4,344,340 117.870,770 68 57 195 21.11 27.13 
1979 11,754 101.520 3,773,612 119.121,938 66 54 191 22.50 31.58 
1980 12,428 112,871 3.937,816 135.658,724 65 52 192 24.70 36.13 
1981 12,369 81.338 3,057,606 101,171,746 63 46 172 24.70 34.50 
1982 11,'36 52.808 2,656,715 88,183.671 62 44 175 25.70 32.60 
1983 9,500 45,638 1,758.927 60.878,623 58 33 137 ?7.70 34.61 
1984 9,4)0 54.143 1,665.485 60,716,515 54 32 130 27.70 36.46 
1985 9,903 62,068 1,136,122 3.5,833,287 49 30 124 27.70 31.54 
1986 9,326 41,836 2,055,634 62,612,425 47 27 112 26.20 30.46 
1987 5,046 13,706 561,153 22,972,762 34 24 113 27.70 40.94 

Source: Liu, Tai-Sheng. 1588. Luhsun ch'anhsiao kungtso paokao (report on asparagus production and marketing work). 
Proceedings of the fourth symposium on asparagus research in Taiwan, Tainan DAIS, Tainan, Taiwan. 
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Table 14. Percent of Taiwan's total agricultural exports - annual average 
1962-66 1967-71 

Mushroom 7.1 9.8 
Asparagus 1.8 8.2 
6ource: Lee, I.H. and Chen, Y._. 1974. Diversification of agricultural exports, in I .H. 

Shen, ed. Agriculture's place in the stategy of development: The Taiwan experience,
Joint Commission on Rural Reconstruction. Taipei. 

In 1960, a tour group which included three members of the JCRR, a representative of the 
canners' association, and two government officials traveled to Europe and the United States to 
study production and marketing issues. A pilot-scale operation was set up that same year with 
designated local farmer associations providing nushroon to contracted canners. This led to the 
initial export of 130,(X)() cases which were well received by overseas buyers. Wilhin a few years,
nushroom exports had reached 2 million cases, a level that was maintained for over 2) years
(table 12). Mushroomr cultivation diffused so rapidly across the island that by 1964 over 47,000
households (or 101% of all lari hauseholds) were engaged in mushroom growing. Eventually,
mushroon was grown in all areas of the island, except for ilehigh mountains and file east coast. 

The geographical concentration of mushroom exports has always been very high. In the 
1960s, Germany and the United States took about 80%, wilh Germany having the larger share. 
By 1974, the United States was the maj or buyer and Germany's share was falling very rapidly.
By 1979, North America purchased 68% of exports, and by 1986, 79%. 

Once tie industry was in place, government involvement continuend on several levels: 
regulation of production and processing. continuing research into improved lteclniques, -mid 
(beginning in 1962) institution olthe planned production and marketing system. The inspection
and grading of flresh mLushroms were done at collection cetilers scatcred aroun th1hecountryside.These were nimnjointly by representatives Iroim tile local farmer association ann Ie contracting 
canner. The standards used, however, were set by the Provincial I)epartnent of Agriculture and 
Forestry (PDAF). At the canneries, government inspectors exami ned the product bel'ore and after 
canning. The governmient also regulated the spawn houses. 

Continuing research was carried oultby TARI (financed out oflthe government budget) and
by Ile Food Technology Center of the Taiwan Pineapple Corporation (a private corporation).
Topics of research included selection of desirable strains, improvements in tie performiance of 
synthetic compost, and pest control techniquCs. For example, eighlt strains were introduced wi'h 
the goal of fin(ling which was best suited to the local condition.; in each olthe islard's inusirooni
growi ng areas. 

)eveloping a better syntltic compost was he single most important research issue. In 1963,
niushroorn yields in other producing countries ranged front 5 to 15 kg/i 2 , while Taiwan at this 
time was averaging less than 4 kg/m 2 (table 12). The ma or reason flor ll;s dif.erence was tlc 
insuflicien application of spawn and reiiance on synthetic compost inlTaiwan.Moreover, since 
horse manure, where it was readily available, was much cheaper than syntlhetic compost, Taiwan 
growers were at a cost disadvantage inrthis regard. Researchers loctsed on bothi improving the 
comIDpst forniula and disseminating preparation teclhniquCs to farmers. Yields c ortinued to 
improve gradually right up to the late 1980s (table 12). 

The linal government intervention was perhaps the most significant, and certainly the most 
surprising. In 1962, at a liri when rapid expansion olf output had led to downward pressure on 
prices, a systerl of planned production and marketing was introduced. Each year total demand 
was pr:jeclcd for the next year, then each cannery was assigned aquola based oil its share (lithe 
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previous year's output. Each of the canners would then contract with tie farmer associations in 
their locality to provide the needed supply of mushroom. Prices were determined through 
collective bargaining between the canners and the farmers under government arbitration, with 
contracts signed before the crop was planted. This system froze out areas where production had 
not yet started. The system was maintained until 1990, and was even extenled during that time 
to include asparagus, bamboo shoots, and pineapple. Taiwan's mushroom industry dealt with 
world markets as a cartel, all canners citing a single price. 

Yet another part of tile planning system was the control of the manufact ire and distribution 
of the empty cans. The Provincial Materials Bureau carried out the importation of tin plate on a 
unified basis and allocated it to the IMor so can makers. A single processing price was established, 
and canners could purchase emply cans as they saw lt. The purpose ol the system was to assure 
the quality of the cans (which had been a real problem in the 195( )s) and to provide a guaranteed 
supply. However, the system may also have contributed to the high costs of Taiwan's canning 
industry. This system too was only brought 1o ai, end in 1990. 

The policymakers who instituted the planning system on the mushroom industry were deeply 
suspicious of unfettered, free markets, which could arbitrarily impose large gains or losses on 
persons which might bear no relation to the social w(,rth of the activity they were engaged in. 

Asparagus 

Beginning in 1955, the JCRR assisted the Taipei I)istrict Agricultural Improvement Station 
(DAIS) in introducing several varieties of asparagus lkr test planting. It was soon discovered that 
the cultivation techniques used in temperate regions were not suited to Taiwan. After a series of 
experiments, the mother-stalk method was success fully developed. The first commercial growing 
began in 1959 when two hectares were planted near Changhua. 

In 1962 the Taiwan Asparagus Corporation was orined and began to maki: arrangements for 
contract growing with individual farmers. A year later 441 t of while asparagus were harvested 
and 335 cases test-exportel. As with mushroom, tie rccption was favorable and production sky
rocketed: 800,00() cases were exported in 1965 and over 3 million in 1969 (table 13). Expxrts 
remained at 3 to 4 million cases per year until 1982. The market For Taiwan's asparagus was even 
more concentrated than that for mushroom. Germany took between 60 to 75(7c in almost every 
year, with niost of lthe remainder going to other -uropean countries. 

Asparagus production was concentrated in the wcst-cenlral part of the island, especially in 
the valleys of six small rivers. The sandy soils Ibund in these areas were low in fertility, and were 
thus unsuited to most other crops. l owever, asparagus culture in Taiwan relied on much higher 
rates of fer ilization than found in otlher countries; and in sandy soils fertilizers are easily leached. 
On average, 4 t/ha of chemical fertilizer were applied each year, and in somelC areas as much as 
10 I/ha werc used. In addition, various organic fertilizers were also applied at a rate of 30 t/ha or 
more. The result ofall these nutrients were yields that were about double those foind in the United 
States at around tile same time. Anot her reason 1kr such high yields was that the extended warm 
weather in Taiwan enabled two harvests per year. Initially, liarvesting had been confined to tile 
March to June period only, since tile hiih temperat tires of July an(I August shifted the plants' 
metabolism towards respiration, decreasing shoot developmuent. Beginning in 1968. however, a 
second harvesting was carried out in tihe fall (Septemher-November), greatly increasing the yield 
(table 13). 

The involvement of government agencies inrregulating tile industry was similar to that of 
mushroom, except that tile organization of the industry appears to have taken a little longer. By 
1970 there were 160 factories packing asparagus, and competition among them had driven the 
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export price ol a case down from over $15 in 1966 to ahout $9 (table 13). Importers of Taiwan 
asparagus held ofT buying in hopes o1frIther price cuts, an( so tile tactories had to cut hack on
their purchases of fresh asparagus from the farmers. As a restill, starling in 1972. asparagus
farmers and canners were placed under the planned production and marketing system. For similar 
reasons, the pineapple industry was also placed under the system in hlat ;ame year, and bamhoo 
shoot in 1980. 

In 1979 tie various existing government reguilalions were brought together in a single law: 
Methods lor the Planned Production and Markeling of Mushroom, Asparagus, and Pineapple for
Export. The International Trade I)ivision o lthe [con(omics Ministry, in consultiation with tie
relevant parties, was responsible t r proliecting the next year's total production. This was then 
allocated to the various canners on tie basis otltheir share ()]' the prior ye,tr's output. The actual 
lethod used was that each canner's quota was adjusled up or down based on 5()% ot their relative 

share oflthe previous year's total output and 50% on tie average out pul per canner. QuotaS were 
transflerable via sale, but only to canners who met the Fconon ic Ministry's slandards for tihe
product, and only after tile PI)AF had given its consent (to assure regional balance). Thus, by
liniiting entry the government created economic rents for th ise canners who had been forlunate 
enough to start processing a product beore recul ations were imposed. That is, they were assured 
a protit above that which a free market woul(1 have provided and, Ihths, could sell their place in 
tile quola system tlo an outsider at a substantial premium.

The advantages usually citld for the system are the stabilily ofprices, the stabilily of incones 
for farmers and a guaranteed supply for canneries. Certain drawbacks oftlhe system also seeni 
very clear, aiong which is a general loss of responsiveness to compel itive pressures. In addition,
the fact that Taiwan reported a single price each year meant that other countries only had to
undersell Taiwan by a little to he sure of a market for their produCts. Taiwan became the price
protection umbrella of lhe entire world. 

Another prohlen with the system was that since canners and growers were protected froi 
competition, products o finferior quality were sometimes produce(l. In theory, this could be dealt 
with through grading standards, but given tle inherent degree of subjectivily in the grading
process, problems could still be expected to resutl. Another potential issue was how quotas were 
distributed withinIthe towriships by the local farmer associations. 

I)espite these problems, Tai wan totally domninated he world's cn(Iasparagus iiniduistry for 
nearly 20 years, and was tile single largest exporter of canned mushroomi for nearly as long. To 
claii that a significantly betier performance might have been fortlicoming if the government had
been less inlrusive seems doubtful. By the 1980s, Taiwan's comparative advantage was shilting 
away from labor-inlensive goods due to rapidly rising wages and the sharp appreciation of lhe 
NT$ in 1987 (from 42 to 28 per US$). 

Conclusions 

The nia jor conclusion from the mushroom and asparagus case studies is that it is certainly
possible to achieve corsiderable success in the production and export of high value-added 
horticultural crops using programs ainited at many siall. dispersed farmers. In terms of its use of
idle lahor, the low levels of investment and land neede(ld, its impact (o Taiwan's income 
distribulion, and its generation cof foreign ianige,ex nushroon cullivalion was V'irtually an ideal 
agricultural develhpment policy. Asparagus was perhaps slighly less so. First of all, this was
because asparagus was not a winter crop, so its labor demands overlapped with agricultural busy
periods; although it also nude use of a relatively idle resource (sandy bolom land). Secondly, 
asparagus concentrated in parlicular geographic area (the river basins of the wcst -central coast) 
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and, thus, was not available to everybody. As a result, mushroom cultivation, compared to 
asparagus, diffused much more widely across the island. 

In terms of guidelines to policymakers in contemporary less developed countries, Taiwan ,s 
experience with the development olthC muShroom and asparagus industries offers tile following 
lessons: 

"	Indevelopingexpomr crops, it is important tochoose areaswitlh well-developed intrastrucLures. 
In Taiwan, even relatively easy traveling crops such as iRIushrooni anld asparagus were not 
cultivated to any significant extent in regions with poor transport infrastructure or without 
nearby canners. The promotion of high value-added export crops is not an appropriate 
development policy for poor and remote areas. 

" Access to international markets is essential in providing farmers with an attractive and 
relatively stable income which, in turn, acts as an important incentive to adopt new crops. 

" Export marketing of agricultural produce is best lct to the privale sector, including 
multintlimonals. The processing and marketing of horticultural products requires a 
sophistication and responsiveness to consumers, needs that state agcencies oitten cannot 
provide. Taiwan relied to a ge xtent on foreign firms to (dothe ovmc cas marketing of its 
prodIucts while culItivation, collection, and processing systems were left to domestic 
agencies.
 

"After land reform in Taiwan was completed in the early 195()s, 9(0,) o farms were less than 
2 ia in size. Taiwan, thus, relied entirely on many sinall,dispersed growers to supply tie 
canners with mushroom and asparagus. Fxperiencec shoiws thait this may he preferable to 
Iocusing oi relatively tew iatrLe growers, ifile right kinds of crops are selected For 
promotion - labor-intensive using relalively little capital or land. 

" Suppo;rt farmers with 'mne-stop' programs for inputs, credil, extension, and marketing. 
Horlicultural crops will generally be more input- and skill-inlensive than most field crops. 
The more individual suppliers that farmers have to seek out to put logelher the needed 
package of support services, Ihe less likely they are to adtopt a new crop. 

" Risk-reduction measures should be included in iovertnlcnt programs aimci; at assisting 
farmers. The thenc oflrisk reduCLtion is arecurrent (me in Taiwan's agriculturai devel opment. 
Risk-reduction measures should he of a tempcrary nature to help farmners overcome ihe 
inilial learning peri(ed. 

"	Finally, the inifrtanlceoff nntsta.n.t(Ir(I, independenl, andItxilleorgani:,a tional approaches 
needs emphasizing. The farmer associations were run by the farvtiers Ihemselves and mnuch 
more likely to be trusted Ihan a iop-down givermnllcnil agency. The .l(lCR t's independence 
was ensured by the fact that its fundine source was American aId rather that, oic governlment 
budget. The experls on its staff had the righl to put miony into projects without the need for 
prior approval ofany governmient agency. Togethcr IhesC organiatlions were carrying ouL 
integrated rural development long before the concept was promnoted in tile deveiopment 
literature. 
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Adoption of AVRDC-developed Technologies:
 
Bacterial Wilt-Tolerant Tomato Varieties in Taiwan
 

Summary 
A survey among 46 summer tomato growers in Nantou county, Taiwan, was carried out in 

the summer of 1992 by AVRI)C in cooperation with the Puli branch of the Taichung DAIS. The 
main objective of the survey was to assess the extent of adoption of AVRI)C-developed tomato 
varieties which are moderately resistant to bacterial will (BW). The results indicate a nearly
complete adoption of ASVEG varieties which, compared to KY varieties, are more tolerant to 
BW. A few shortcomings of the survey are pointed out. 

Introduction 
Fresh-;iarket tomato is one of 1he most importan! cash crops ofhile summer season in Taiwan. 

Because of high temperatures durin tihe summer months, these Iomaloes can be grown only in, 
the mountainous areas of central Taiwan. Co';cquently, supply of fresh-mnarket tomatoes du ing 
summer falls significantly short of demand, resulting in very high priccs iorwers -- about 17 
times the price of canning toiatocs in 1990. 

The bacterial wilt disease, caused by Pseudomoneas soltntcearuni, is consistently one of the 
most important problems of tomato grower, in subtropical and tropical regions. It is so difficult 
to control that it frequently destroys from 50 to 90% of a tomato crop. Research on host plant
resistance has been one oftbe primary means of seeking to control this disease. In 1989 and 1990, 
Iwo AVRDC-devcloped hybrids (Taichung ASVEG No. 4 and -lualien ASVEG No. 5, hereafter 
referred to as ASVEG varieties) were released inTaiwan. These varieties had been rated 
moderately resistant to bacterial will in regional yield trials. In surveys of farmers' fields made 
during the summer of 199), tile average incidence of wilt was only 22% afortile two ASVEG 
varieties, vs. 55% for all other varieties (KY 311 or 511 from the Known You Seed Company, 
hereafter referred to as KY varieties). 

Materials and Methods 
A survey questionnaire was prepared and translated into Chinese. The survey asked farmers 

for the details of all their costs and revenues from growing fresh-market tomato, as well as to 
report the size and wilt incidenco of each field. Farmers were asked specifically to give their costs 
for seeds, fertilizer, agricultural chemicals, tractor usage, irrigation, and hired labor; they were 
also asked to report all other relevant costs as well, including packaging and niarketing. The 
survey was test'd in.lJune 1992 by interviewing some farmers in Nantou county, with tile main 
survey carried oult i .tuly and August oflthe same year. Most farmers were interviewed iii person, 
even though sone were approached by mail. The identification of respondenit farmers was left 
to the Puli branch of the Taichtiv, i)AIS. An attempt was made to reach as many growers as 
possible withlout in any way id(ctifying a piiori which onlato varieties they were growing.
Follow-up calls were made to all growers in .January 1993 to assess their final sales and profits 
from fresh-markI tomiato. A kotal of 46 completed surveys were obtained; 29 trolri farmers 
exclusively growing ASVE(6 varieties, four from farmers exclusively growing KY varieties 
(reflecting the difficulty of finding lhem). and tlie remaining 13 from farmers growing both 
ASVF(1 and KY varieties. Only farmers who exclusively grew either ASVFG or KY varieties 
were retained for further analysis, since it turned out to be impossible to split total input 
expenditures aniong each variety. 
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Results and Discussion 
The most significant result of the survey is that nearly 2/3 of farmers growing summer fresh

market tomato were using exclusively ASVEG lines, while only l0%r, was using only KY 
varieties. Since tile ASVEG varieties were released only 2 to 3 years ago, this indicates very fast 
adoption, reflecting a strong preference among summer tomato growers for ASVFG varieties. A 
direct result of this strong preference was that the survey team had great difficulties identifying 
summer tomato growers who did not grow any ASVEG variety at all, resulting in a very low 
sample size for this group. 

The survey results suggest someofthe reasons behind the farniers' rapid adoption of ASVEG 
varieties. The mean profit (defined as revenues minus variable costs but excluding labor and land 
costs) per 0. 1ha for those planting only ASVEG varieties was a littlie over NT$ 73,000 vs. only 
NT$ 3,600 per 0.1 ha for those growing KY varieties (table 15). This difference is exaggerated 
by the fact that one of the four KY growers had both a 50% incidence of bacterial wilt and labor 
costs greatly beyond the average. If this particular farmer is excluded, tile remaining three KY 
growers earn an average return of nearly NT$ 95,)0)0/0.1 Iha. This compares with an average 
return fbr the ASVEG growers of just over NT$ 80),000)/0. Iha if the Four growers with the highest 
incidence of bacterial wilt are excluded from this group. The significance of this difference is 
difficult to determine given the small sample size of KY growers. However, there are seven 
growers in the ASVEG group who have profits exceeding that of the highest KY earner. 

Table 15. Costs and returns of summer tomato in Taiwan 

ASVEG growers KY growers 
(n = 29) (n = 4) 

Mean c.v. Mean c.v. 
Total sales (kg/0.1 ha) 5817 0.51 5679 0.58 
Average price (NT$/kg) 22.2 0.18 20.5 0.05 
Total revenue (NT$/0.1 ha) 131643 0.57 113138 0.57 
Total cost (NT$/0.1 ha)8 58385 0.45 109543 0.92 
Total profit (NT$/0.1 ha)b 73258 0.99 3595 44.47 
'Excluding labor and land costs.
 
bReturns to land, labor, and management.
 

Why did some farmers continue to grow KY varieties'? Farmers were asked 1heir reasons for 
choosing a tomato variety (table 16). Note thal in both groups 80% of tle farmers gave will 
resistance as among the reasons for choosing their variety. This would ,eer to indicate that the 
four KY farmers were unaware of the existence of tlhe ASVEG lines. As to whether differences 
in the price of the fruit or in marketable yield were faclors in favor of the K' varieties, here too 
the differences are slight. In fact, overall the pattern of responses between the two groups is so 
similar that there is a better lhan 9( ),chance that they were drawn from the same dis,ribut ion (chi 

square test). 
As to why the KY farmers were still unaware ot'llhe ASVF(I lines, some insights emerge 

when farmers were asked to name their main ,k,:urcesof farming inlhrmation (table 17). Here the 
overall pattern of responses were different ei.ough that lhere is only one chance in Flur thal they 
were drawn from the same distribution. The tna*jor differences were that ASVFG growers rely 
relatively moreon television and government (epartments, while the KY group relies significant ly 
more on private companies. Thus, relying on KY se-Cd dealers for information has resulted in this 
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Table 16. Reasons for choice of tomato varietys 
Reasons No. of ASVEG Proportion of ASVEG No. of KY Proportion of KY 

_ respondents 
1. Availability of seed 11 
2. Price (cost) of seed 9 
3. Disease resistance of plant 26 
4. Pest resistance of plant 11 
5. Bacterial wilt resistance 24 
6. Heat tolerance of plant 14 
7. Plant structure (ease of picking, etc.) 6 
8. Fruit characteristics 15 

respondents 

0.38 
0.31 
0.90 
0.38 
0.83 
0.48 
0.21 
0.52 

respondents 

1 
1 
4 
2 
3 
3 
2 
2 

respondents 

0.25 
0.25 
1.00 
0.50 
0.75 
0.75 
0.50 
0.50 

(color, travor, size, etc.)
9. Resistance to cracking 
10. Firmness, storability 
11. Market price of fruit 
12. Marketable yield 
13. Other 

11 
14 
14 
22 
1 

0.38 
0.48 
0.48 
0.76 
0.03 

2 
2 
2 
3 
0 

0.50 
0.50 
0.50 
0.75 
0.00 

,Number of farmers replying important". 

Table 17. Source of farming information-
Sources No. of ASVEG Proportion of ASVEG No. of KY Proportion of KY 

respondents respondents respondents respondents 
1.Television 9 0.31 0
2. Newspapers 7 0.24 1 

0 
0.25

3. Radio 6 0.21 0 0
4. Private companies 7 0.24 2 0.50
5. Other farmers 22 0.76 2 0.506. Government departments 15 0.52 0 0
7. Parents 5 0.17 0 0
8. Farmers' associations 19 0.66 2 0.50 
9. Other 0 0.00 0 0 
IN inber of farmers replying "important". 

grotip oflarners iniial lY hei ri inaware ofthe superior ASVEG lines. lowever, this temporary
inlorlriat io prohlem is rapidly being overcome as virtually all summer lonialto growers in the 
SUrfVy irei are swilching to ASVEG( varielies. 

IThe ilnal set (of(liestiols dcalt with the tilain erowii& constraints for loiiato (table 18).
Bacterial wilt wa.s nicnlioned by 72/ of llI farllers, aswell as by 72r1/ o"AS VF( growers. Thu, 
eveil despite the clear henllts stetriltiie froi tihe widespread aloption of the more tolerinl 
ASVF( liines, hactcrial will reniaius a scriouis problem. Only high variahility of tollato prices 
was cite(l by iil(I forliter.sas iniong their major concerns. As iniiht be expected, the availabilily 
(1 lalbor was cited by tiiorethan half, of the firiiers isa problem as well. 

Conclusions and Recommendations 
The itjo r restult (1 t le sourvey isthe high appreciation anong TaiWan's stinliner toilmto 

growers I r llie ctelrial wilt t lerance of ASVFtG varieties. This is (lenosralcd by tle rapid 
a'dopliiln of these nC\ liiles. 

Still lhere werc sonte pioblllis with file (lata collecte(l by tihe strvey, which should he kept
nlinnlinl hy lture reseirchers. First, silce loiilato ais lally only one crop iiong two or three 

to be grown 1nthe salle plot over theo trse ol'a yiair, quilte a ew farcmers did not know how much 
fertilizer lhcy had lscd specifically (in their tomiato crop. Their expe s, had to be estimated by 
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Table 18. Main tomato growing problemso 
Type of constraint No. of ASVEG Proportion of ASVEG No. of KY Proportion of KY 

respondents nrspondents respondents respondents 
1. Availability of credit 2 0.07 2 0.50 
2. Availability of land 6 0.21 3 0.75 
3. Availability of labor 13 0.45 4 1.00 
4. Weeds 7 0.24 1 0.25 
5. Insect pests 13 0.45 1 0.25 
6. Disease 19 0.66 4 1.00 
7. Bacterial wilt 20 0.69 3 0.75 
8. Soil fertility 12 0.41 2 0.50 
9. Soil erosion 9 0.31 1 0.25 
10. Availability of vegetable prices 20 0.69 4 1.00 
11. Availability of fertilizer & chemicals 17 0.59 2 0.50 
12. Availability of seeds 11 0.38 1 0.25 
13. Availability of information 10 0.35 1 0.25 
14. Other 0 0.00 0 0.00 
aNumber of farmers replying "important". 

taking the average fertilizer costs per unit area over those farmers who did report their expenses. 
Si ttihtrlv, a number of respondent farmers had used ASVEG o some of their plots and other 
varieties on fhe remainder. None of these farmers were able to rexort separate expenses for the 
different lines they were using and they had to he dropped frot [irther analysis. In the ILture 
when planning surveys of an individual veetlahle crop, which is likely to be relay- or 
mull icropped, itis advisable to contact the fartners ahead ofti me and enlist their assistance. I flhey 
could be convinced totkeep separate accounts by crop, and by variety if appropriale, much more 
usefttl inlormalion coultd be gIalhered. 

Second, the di l-icully with which farmers could be found who still grew exclusively non-
ASVFG lines resulled in a very small sample size for this group. In the future, it is desirable to 
ascertain hy talkine to extension workers and ollhers in frequent contact wilh farmers whether 
each of the desired larget groups does, in tact, exist. There wasJiuslenough usable dtta from this 
survey to be able to make the (fsiced comparisons. Hlowever, tile results are subject to an 
unknown, but probably relatively large, anount of error. 

Household Gardens in Bangladesh and Indonesia 

Summary 
Two case studies were carried out on Iousehold garden characteristics, benefits, and 

constraints using existing data sets for Bangladesh and Indonesia. The 1-Helen Keller International 
(HKI ) h1ousehold garden project in Bangladesh has led to full adoption f'gardens among its target 
households resulting in sini ficatl measurable educational, nutritional, and health benefits. 
Hlowever, the economic sustainabi lily olthe project remtains rather uncertain. 

InI Indonesia, gardens have traditionally played an important role itn household Food supplies 
despite significant regional variation in their relative importance. Household gardens have 
enjoyed renewed attention in ite light of the government's Food and Nutrition Iiversification 
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Project. Analysis of two data sets (one cross-sectional and one longitudinal) for a number of 
provinces is currently under way. 

Introduction 
Helen Keller International initiated a household garden and nutrition education project in 81

villages in northern Bangla(lesh in 1990. Itrequested flhe assistance of AVRI)C for the production
and socioecononic analysis component of the midterm evaluation oflie project (I-IKI/AVRDC 
199318). 

In Indonesia,household gardlen development has a much longer history than in Bangladesh.
The government offIndonesia has sponsored numerous household garden intensification pro jects
overt he last I()to15 years. The current atIent ion on household garden development stems mainly
from its potential role in tle ongoing Food and Nutrition i)iversification Project sponsored by tile
Ministries of Agriculture and Ileallh. AVRI)C cooperated with researchers from the Center for
Agro-Socioec(noilic Research (CAS[R) inanalyzing two sets of survey data. 

Materials and Methods 
I)etailed household level data in Bangladesh were available fron: (1)a baseline survey

carried out at Ihe begi nning otie project, (2) a midterm evaluation survey carried out 2 years after

initialing the project, and (3) live monitoring rounds. Target (n 1000), control (n = 200), and
= 

interaction (n = 100) households were interviewed for tile baseline and midterm evaluation
 
surveys, but only the larget group was included for the lonitoring rounds. The research design

of the project, lherefore, allowed comparisons over tirne between baseline and midterm 
 (for
target, Control, and interaction) and anong the target, control, and interaction groups al ttie time
 
of the baseline and midterm 
 surveys. Using (etailed structured questionnaires, the midterm

evaluation was carried out by multidisciplinary HKI tears consisting of 
a medical doctor, asociologist, an agriculturalist, and a specialist at taking anthropometric measurements. The data
 
were thoroughly verified before analysis took place.


The Indonesian case study is based on 
two sets oedata,collected during 1983-89 (monitoring
da;a from the transinigration project in Ianbi) ain(! in 1990-91 (cross-section data for four
provinces). The latter data set will be used to explore interregional variations in basic household 
garden characteristics and land and labor producl vity. The former data set will be used to assess 
household garden development over Iime in the same region. 

Results and Discussion 

Bangladesh 
In the time between the baseline survey and the midterm evaluation, target households all

adopted household gardens. At 138 n12, average garden size nearly doubled during the period of
intervention, while the average number (lfvarieties grown throughout the year increased fivefold.
This substan:ially increased vegetable availability throughout the year, particularly that of high
vitamin A species including carrots, spinach, amaranth, and papaya. Average total garden
production increa,;ed by over 6()% between ruonitoring rounds I and 4. Similarly, household
vegetable consumption increased significantly for the target group over baseline levels, from an 
average of5.8 kg per week to an average of 7.4 kg per week. I)uring the same period, vegetable 

18HK/AVRDC. 1993. Home gardening in Bangladesh. Evaluation Report. Dhaka, Bangladesh. 
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consumption for the control group did not change, remaining at 5 kg per week. Preliminary
figures on intrahousehold consumption indicate that the project has had a positive impact on 
vegetable consumption by infants and very young children. As a result, the incidence of night 
blindness has declined from 2.3 to 1.2% in the target group. Also, children in the intervention 
group were less underweight as well as less stunted than children in the control village,. 

Indonesia 
While the data are currently being analyzed, preliminary results suggest that household 

gardens make an important contribution to household nutrition and income, though conditions 
vary widely across regions and even within villages. The relative importance of government
interventions and variations in household decision-making with respect to resource allocation for 
variations in garden productivity will be determined. Using the monitoring data from the 
transmigration project in Jambi, particular emphasis will be given to identilication and analysis
ofthe factors underlying the transition from primarily subsistence garden cullivation to production 
for the market. 

Conclusions and Recommendations 
The HKI household garden and nutrition education project has been successful in increasing 

the year-round availability of particularly vitamin A-rich vegetables for a relatively large number 
of poor households in northern Bangladesh. As a result, vegetable consumption among target
households has increased significantly and the incidence of a number of diseases, particularly 
night blindness, has diminished substantially. However, while the project has been successful 
from an educational, nutritional, and health point of view, its economic sustainability may be 
questioned. The total monthly benefits from savings on purchased vegetables and income earned 
from sale of vegetables are only 150 taka(l US$ = 38 taka), an unknown portion of which can be 
considered as profits. On average, one hour per day is spent on gardening, resulting in an average 
benefit of only 5 taka per hour worked. After allowing for variable nonlabor input costs of 
vegetable production, returns to labor are nearly certainly lower than its opportunity costs. Even 
where no alternative employment opportunities are available, returns to labor of less than 5 taka 
per hour are likely to be significantly below an individual's value assessment of leisure time. 
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Processing Quality of Soybeans 

Summary 
Soybean is very rich in protein and oil which make it an important food comnmodity,

especially in Asia. It is generally consuIIed a1e" being processed. The nost common soybean
produLcs are soymilk and wftu. (food quality in soybean is expressed by the prolein recovery ratio
inmilk and gel yields alter coagulation wilh calciuisl. Soyhean sastplesofditlerent varieties,
harvest seasons, and storage periods were evalhlated fr tlheir processing quality. Tannin, present
in the seed coat, was lound 1o be the iia*jr faclor contributinig to the poor processing quality offreshly harvested seed in good wealher (fIall).lProlmiged storage, especially under higher
teniperalures and higher hlllidity. draiatically redueLd the processing quality of soybean seed.Itwas denionstrated that the processing quality of soybean is negatively associated with the acid
value (AV), peroxides (P)), and thiobarbiluric acid value (TBAvalue); and posilively correlated
with phospliolipids of soybean samples (R =).93 1fr pro1ei nrecovery; R2 =0.96 for gel yield).
It was suggested that lhe poor processing quality of soybeall seed is priniarily (lue to OXidation
of lipids and damage of b ilogical unenbranes. This explai ns why the stored seeds generally have 
a higher cOniuctivily toIhe soakingiup of waler. Analysis of soy'bean seed samiiples hirvested atspring and stinimer seasons showed a high AV and P). This resull suggested lhat oxidation of
Iipids call be stiliilated iftlhe seeds are matured in thlie wet and hot season.

Near-infrared reflectance spectrosc(opy (NIRS) was used as an analytical tool to evaluale tlhe 
quality of soybean seeds. Regression analysis suggested lhat NIRS was effective for rapid
evaluation. 

Introduction 
Many food coniniodities derived fron soybean are processed. l)ifTerent processes usuallyrequire specific seed properties. High protein recovery and gel yield have been suggested assuitable properties for nuaking soymilk and tofu. Prolonged seed storage nay redluce the lofu yield

and its quality. Expenri nal resulIts indicate that soue soybean varieties riake good-quality tofu 
ilthey are used right afler harvest; olherwise they deteriorated faster than olher varieties and,
consequently, Ile tIofiquality is re(huce(l. Soybean seed qualily varied vastly amt ii planting
seas(ns. The soybean seed had a poor germination rate arid storage property when it was
harvesled in the spring. It was not clear wIhether the physical and cheniical properties affected 
seed germination.

Near-infrared reflectance spectroscopy (NIRS) has been successfully used as a roiutine
niethod For compositional analysis of many crops inlhe Analytical i.aboratory. This niethod
proved to be areliable, low-cost, tool for rapidly analyzing nany samples. 
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This study aimed to evaluate factors affecting tie processing quality of soybean such as 
tannin content in file soybean seed, variety planting season and storage conditions. NIRS was used 
to evaluate soybean seed quality. 

Materials and Methods 
Among 6(0 varieties of soybean seeds supplied by the soybean breeder, Ihree were stored in 

the incubator at 30()C and 8(01A relative humidity (RIf); and 20 varieties harve :ted trom three 
SealSoInS Were stored in tie laborato ry at room teimperature for I year. 

Soybean seeds were imrnersed in water at 4TC for 16 h. The p1i value, soluble solids, 
conducli\'il, an(l color value (b) (b is lhe degree oftlhe yellow color) olseed soaked in water were 
measured under 25'C_. The swollen beans were h( movenizcd with water at a bean waler ratio of 
1:9 in a Waring bender and clarified With suctiotn filtration through cheesecloth to obtain tlhe 
soybcan inilk. The prrotein reco very of'soymilk was expressed as the percentage of protcin ilimilk 
per tolal protcin in the sample. 

The totti-like gels were prepared by heating 3) inl )lsoybean milk in acentrilu c tube above 
boiling water Ior I()min. The soybean milk was p(ored into another tube which contained 2 ml 
(f water and 2()) ng ()f coamulant (Cas(),.2tIi()). The gel-like lexture was dcveloped by 
incubaLine the milk at S50C lo)r 2(0 rin. The tube was centriluged at the rate of 4)()() rpm for I(1 
irrin. The wei hlot retaincd afiler discardins the supernalant was expressed as gel yield (g gelfg 
bean). 

I lexane-extracted crude oil wa.s prerixCd with an ethcr/ethanol lnixLturc bl)re it was lilrate(l 
with K( Il-ethanol solution lfor acid value (AV) determination. leroxides were assayed by tlhe 
fcrric thiocyanate mCehod. The crud(eoil was diluted and colorinetrically reacted with ammuonium 
thiocyate (3('/ ) and lerrous chloride solution. The (.1). valtre fthe mixture measured at 5(1( 
nmr indicated the perI()xid(e colent. The crude oil was reacted wilh te thi;tarbituric acid. Tihe 
mixture was nieasurcd at 532 nri. 

The Vanillir-1 t("'1 method was used t() delcrinine tlhe tannin content iir soy'ean seeds. Tannin 
Content WiS Imeasued-Cd ;IS ravine an absorbance value of 5() nir. 

Ai NI Rsyster model 65)1) was used in IbIis stLudy. The reflectance spectra, ranging from 40(10 
to 250(0 im, Were used fIor the stalistical analysis. 

Results and Discussion 

Effect of tannin content on the processing quality of soybean 
A vast difference in protein recovery (42.5 - 83.4%) was f-ound among the lested varieties. 

Varieties wilh poor protein recovery were lound to have high tannin content. Tannin is able to 
precipitate prot eins with cross-linkage propeities. Tie tannin content ofl the 6(0 varieties ranged 
From 5.1) to 98.5 mY1(1( g. The correlation co elficient (r) between protein recovery and tannin 
in 5(0 sanrples was high at -(0.81 (fig. I). This result showed tlhat tannin is a maijor factor affecting 
the processing quality ol soybeans. 

NIRS was used becaurse it is a good tool to rapidly evaluae tlre tannin content (ilsoybean 
seeds. The regression cocfficient (R2) for calibration and prediction of standard error was 0.89 
(fig. 2) and 1.64, respectively. 



306 	 AVRDC 1993 Progress Report 

90 

80 •0 
o 

0 
0 0

~70 0 0 
*0 
0 

o 	 00 60 

c

2 50 
0 

0 
40 0 

30 L I I 

0 20 40 60 80 100 

Tannin (mg/lOOg) 
Fig. 1. 	The relationship between tannin content and protein 

recovery in soybean 

100 

80 
Ul) 

z 
.o 60
 
c
 
02)
C 
0o 40
 

._9

C 
C 

0 20 

0 
0 -	 -- I I I 

0 20 40 60 80 100 
Tannin content by Vanillin-HCI 

Fig. 2. 	 The calibration curve of tannin content (mg/l00 g) in 
soybean obtained by NIRS 



307 Analytical Laboratory 

Effect of storage on the processing quality of soybean 
Three varieties of soybean, AGS 129, AGS 66, and PMT, were stored at 30'C and 80% RH 

for one year. Protein recovery and gel yield were dramatically reduced in seed varieties stored for 
5 mo or more (ig. 3). Therefore, soybean storage conditions decreased not only the germination 
rate but also the processing quality. To investigate the lipid oxidation of soybean during storage, 
three varieties of soybean were used to determine the acid value (AV), peroxide (PO), 
thiobarbituric acid value (TBA value), and phospholipids (P.). The results revealed that the 
processing quality of soybean was negatively associated with AV, P0, and TB3A values, and 
positively correlated (R2 = 0.93 for protein recovery; 12 = 0.96 for gel yield) with phospholipids 
of soybean samples (table I and fig. 4). Poor processing of soybean seeds could be primarily due 
to the oxidation of lipids and the damage of tile biological membrane. This explained why the 
stored seeds generally have a higher conductivity in the soaking water. 
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60 
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Fig. 3. 	 The relationship between protein recovery and gel yield in 
soybean during storage 

Table 1. 	 The coefficient of determination between lipid oxidation and related factors by
 
step-wise regression
 

R2 of 	 R2 of 

Variable protein recovery Variable gel yield 

PL 0.934 PL 0.964
 
PL, PO 0.939 PL, AV 0.969
 
PL, PO, TBA 0.941 PL, AV, TBA 0.970
 
PL, P0, TAB, AV 0.943 PL, AV, TBA, PO 0.970
 

PL: Total phospholipids PO: Peroxides TBA: Thiobarbituric acid value AV: Acid value 
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Fig. 4. Lipid oxidation of soybean during storage 

Effect of planting season on the processing quality 
Soybean seed harvested in the spring were found to have poor storage properties and

germination rate. To investigate whether planting season aflt'cts processing, 20 varieties of

soybcan planted in spring, summer, and autunn were evaluateld or processing quality. The

soybean sced samples harvested in spring and sunmmer showed 
a low p!, but high soluble solids
and conductivity, and the soaking water was (lark yellow before processing (table 2). Big
(lifferences were ohserved in protein recovery and gel yield among planting seasons. Analyses
oilipid oxidation 01 soybean secl samples harvestcd at spring and su inier showed the significant
highest AV, P), and TBA values, and the significant lowest I1l. (table 3). Soybean seed plantel
in the spring always matured in the periodl from June to .July...u ne and .luly are characterized by
a lot of rain and high temperaltire. This so ggests that oxidation of lipid can be slinulaled if'the 
soybean seeds are matured in lie hot and wet season. 

Table 2. Processing quality differences at three planting seasons 
Soaking water Soymilk Gel

Planting pH Soluble Conducti- Color pH Y Protein yield-Yield 

season solids vity (bvalue) (ml) recovery (ggel/ 
(oBrix) (Mohm) (%) g bean)

Spring 5.92b 0.7a 2.22a - 0.8a 6.27b 13.8b 72.6c 2.37cSummer 5.95b 0.4b 1.71b - 1.58ab 6.52a 13.9b 77.1b 2.46bAutumn 6.24a 0.4b 1.58c 1.60b 6.58a 80.5a14.3c 2.97a
Means obtained trom the 20 varieties. 
Means followed by the same letter are not significantly different at 1%level (DMRT). 
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Table 3. Lipid oxidation of soybeans harvested ir,three seasons 
Harvesting Acid value Peroxides TBA value Phospholipids 
season (mg KOH/g oil) (mg/g bean) (mg/1 00 g bean) 
Spring 0.727 0.21 3.491 14.012 
Summer 0.582 0.19 2.512 15.322 
Autumn 0.426 0.12 1.472 17.695 
LSD (1%) 0.205 0.03 0.275 2.012 
Note: Means separation within columns at 1% level by UMH I. 

Evaluation of processing quality of soybean by NIRS 
NIRS was used to calibrate protein recovery and gel yiold of'60 soybean varieties. The 

coeficients of determination observed were ).92 lorprotein recovery andl().93 forgel yield (table 
4). The standard L'rmrr olprediclion (SEII) were 7.67 and 0.40, respeclively, for protein recovery 
and gel yield. These results suggest that NIRS can be apotential tool to rapidly evaluale the 
processing quality of soybean samples. 

Table 4. Statistical results of processing quality of soybean obtained using NIRS 

Calibration curve Performatice iost 
Quality Range No. of R2 SEC** R2 SEP Slope 

wavelength 
Protein recovery (%) 9.30- 83.61 4 0.92 (30)' 6.02 0.87 (29) 7.67 1.00 
Gel yield (g gel/g bean) 0.23 - 4.85 3 0.93 (30) 0.31 0.89 (30) 0.40 0.98 
' Values in parenthesis indicate the number o samples. 
-Standard error of calibration. 

Screening of Lipoxygenase in Soybean 

Summary 
lTipoxygcnase catalyzes the hydroperoxidation of unsaturated fatty acids. It is akey enzyme 

in the lipid oxidation chain ol soybean seed. This enzyme is responsible for the beany flavor of' 
soybean milk and is possibly associated with soybean quality degradation in processing. To 
improve the processing quality of soybean, a breeding program was initiated at AVRIC to 
eliminate this enzyme using germplasm which lacks Ihis enzyme. 

It is known that there are three isozymes of lipoxygenase in soybean seed, namely, I,-I, 1,
2, and I.-3. They arc controlled by different genes. An assay of all the three isozymes forprogeny 
is, therefore, necessary to idenlify lines frec from all of thelll. 

lPolyacrylamide gel elcctrophoresis (PA(F) has been tried by many scientists in separating 
these isozyme.s. However, no reliable nelhod has been developed specifically for separating I.
3 from 1,-2. A rapid colorinmctric method wilh fFerrous lhiocyanale was adopted to determine L
2. Samples Found free of i-2 were then further lested for I,-I and 1,-3 by electrophoresis. This 
system was found reliable using samples of known lipoxygenase patterns. As Lx, is a single 
recessive gene, only 1/4 of the samples tested by colorinmctric method required further analysis 

http:andl().93
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by electrophoresis. The cost of analysis was thus dranatically reduced. Itwas demonstrated that
200 seed samples could be analyzed per day by one laboratory assistant. This method is 
nondestructive and requires only asmall piece of cotyledon. The seed sample could be used for 
generation advance after analysis. 

Introduction 
Lipoxygenase is a dioxygenase that catalyzes, as aprimary reaction, the hydroperoxidation

oflinoleic acid and olher polyunsaturated lipids that contain a cis-cis- 1,4-penladiene moiely. The
oxidation products are middle-chain aldehydes and alcohols associate(] with tie development of 
undesirable grassy beany flavor and bitter taste in soybean products. The hydroperoxides formed 
by file enzyme reaction also oxidiz(e ie sulfhydryl groups of proleins in soybean honogenates,
resulIling in adecrease in gel- forning ability. On the olher hand, the lipoxygenase may accelerate 
the rate of lipid oxidalion and then reduce Ihe storage life of soybean seeds. Therefore, lhe
lipoxygenase actions are significant problems ill the eflectiV e use of soyhean seeds for hulial 
food. 

lipoxygenase nornally exist in soybean seeds as three isozynies called lipoxygenase- I (L-
I), lipoxygenase-2 (.-2) and lipoxygenase-3 (L-3) that represent different gene products. They 

can be eliminated by breeding. Genetic sludies have denlnst rated that the absence of l.- I, I.-2,
and 1L-3 fron seeds is due to the operation of'single recessive alleles, lx,, and xiV,respectively;
ie 1x, locus is independent of(lie .Vand Ix, loci. And, the lx and lx, loci are very lighlly linked. 

Several analytical techniques, such as SI)S-PAGF, isoelectric foCuSil ig (IFE), aclivity
determination, ilmmunological ielhod, carotene bleaching nelhod, and ferrous lhiocyanate
method, had been developed for the identification of the three isozymes. However, no reliable 
iethods were fou nld individually suitable for separating I.-3 from IL-2. Inthis report, a more rapid

procedure was developed for screening null-triple lilxxygenase seeds. It screens the L-2-lacking
lines first by Ferrous thiocyanate melhod with sonic modification to avoid the problem of 
separating I.-2 from I.-3 by advanced SI)S-PAGF analysis. 

Materials and Methods 

Colorimetric method with ferrous thiocyanate 
The following nelhod referenced by Haniond et al. (1992)' with some modification has 

been used to prepare soybean seeds for analysis of lipoxygenase-2.
Solution A: 1) g refined soybean oil blended in 1() )nl of waler containing 1.25 g of gum

arabic. Solution B: soltlion of4 g ferrous sulfate and 4 anmnmonium tlhiocyanale ill 1(0(01li. water. 
Solution A can be stored at 4°C for I wk. Solution 13 should he prepare(] daily.

The pieces of seeds cut from the nonelnbryonic end were prepared and placed into each well 
of microplate with 96 wells. Two to three drops of solution A were added to the seeds. When all 
the seeds had been treated, the wetted seeds were clipped with forceps and spotted onto the
Whatnan no. I filler paper formalled previously by 1.5 cn x 1.5 cm For one sample. The paper 
was allowed to (fry until iost ofthe water had evaporated but the spots were still slighltly moist. 
Then it was sprayed lightly with solution B.The spots from seeds with I.-2 turned brown quickly,
while those lacking the enzynm remained cream colored. The colors were recorded as soon as 
they b, -aie apparent because the whole paper turned dark red in (1.5 to I h. 

'Hammond, E.G. et al. 1992. Rapid Screening Technique for Lipoxygenase inSoybean Seeds. Crop
Sci. 32:820-821. 
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Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) 

The stock solutions used to prepare the gel were: 
Solution A: 1 1.5 g of Tris and 2.0 g of 5I)S in a total volume of 500 ml, pH 9. 1. 
Solution B: 35 g of Tris and 2.0 g of SI)S in a total volume of 5(X) ml, pH 7.0. 
Solution C: 30 g acrylamide and 0.8 g Bis in a total volume of 100 il. 
Solution I): 1.4% ammoniumi persulftate prepared immediately before use. 
Solution F: 4 mg rihollavin in a volume of 100 ml. 
A conslant concentration acrylamide gel was used as a running gel. The 7.5% gel solution 

contained 1)ml A, 1)ml C,4 ml I), 36 ml water, 45 1l1Tetramethyl ethylene diamine (TEME)). 
A stacking gel was formed with a solution consisting of15 ml B,3nml C, 0.5 ml 1), 4.0 ml E, 7.5 
j,water, and It) iiTEMFI). Tile samples were prepared as folhws: a few chips from seeds were 
suspended in 0.5 ml of(0.05 MTris (p1] 8.0) containing 0.2% SI)S and 5M urea. After 30 min 
incubation, It) pl of 2-mercaploethanol with a little of' bronlophenol blue was added to the 
solution, then centrifuged at 12,()00 rpm for 5 iiiiin. Ten microliters of sanples were applied to 
the gel and electrophorescd at 8) volts lkr i.5 h using the BRI, mi ni-electrophoresis apparatus. 
The reservoir buler was a tenCIld (iluLtion of astock solution containing 144 g glycin, 3(1 g Tris, 
and 12.5 g SI)S. The eels were stained with ).02% Coomassie blue R-25(0 in II,O-MeOtt-HOAc 
(48:45:7) for 15 mi n,and destained with iI,()-Me()I I-]( )Ac (73:2):7) for I i. 

Results and Discussion 
The diagram ofthe mass-screening nethod fIrnull-triple lipoxygenase olsoybeans is shown 

in fig. 5.Since the lipoxygenase-lacking trait is a single Mendelian recessive trait, theoretically 
only 1/4 oftlhe samples were required for further analysis by PAGE. In fhe test of lilx)xygenase
2, the isozyme oxidizes tile polyunsaturated fatly acids in tile soybean oil to hydroperoxides. The 
hydroperoxides oxidize ferrous ion to ferric ion, and ferric ion turns brown with thiocyanate. The 
separation by SI)S-I)AGE depends on the size of the proteins. L.-I, L-2, and I.-3 have the 
molecular weight of 94,1)38, 97,1)35, 96,541 dalton, respectively, according to the identified 
amino acid sequences. It is not easy to separate IL-3 from I.-2 because of tle close noleculhr 
weight and sensiliveness to small changes in ionic strength of tlhe Iuler. 

Fi lty seeds froin eight lines of soybean, of which isozymes had been idenli fied, were prepared 
and mixed without any marks For confirming IhC accuracy olthe combined method. The number 
of seeds selected fromi the eight lines are listed in table 5. 

There should be 34 positive and 16 negative spots shown on the filter paper by the 
colorimetric method (fig. 6). The 16 L-2 lacking seeds were furlh'r analyzed by S1)-PAGE (fig. 
7). The result corresponded correctly with the isozyme types listed in table 5 (table 6). 

In consideration olcost and efficiency, three analylical methods were compared (table 7). For 
SI)S-PAGE analysis, three apparatuses of mini-electrophoresis with 20 wells a set were used in 
the laboratory. It would be faster i ftlhere were more sets olelectrophoresis because the cost would 
still be the same. For the combined mcthod, time and cost were NT$45()and 7.5 Ihper 21)1)samples,
which were the lowest in the three methods. It was demionstraled that 21)1) seed samples can be 
analyzed per day by a single laboratory assistant. This method only required a small piece of 
cotyledon and the analyzed seeds can be used for generations. Therefore, tile combination of 
colorimetric method and mini-electrophoresis is suitable for breeding and genetic programs. 
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Fig. 5. The mass screening procedure for null-triple lipoxygenase of soybeans 

Table 5. 	 Number of seeds selected from eight lines of soybean and their 
isozyme types 

Soybean line Isozyme types No. of seeds selected 
Century L-1, L-2, L-3 10 
L2L3-2-4 L-1 5 
Li L3-4-4 L-2 6 
B1F3* L-3 3 
G2891 L-1L-2 8 
L2-3 L-1 L-3 5 

1-5 L-2L-3 10 
B1F3* Null 3 
' Lines given by Kitamura, National Agriculture Hesearch Center, I sukuba, Japan. 

Table 6. 	 The results of the accuracy test of the screening method 

Colorimetric analysis Electrophoresis analysis 
Isozyme types L2-negative Lxi Lx3 LxlLx3 Null 
Theoretical value 16 5 3 5 3 
Experimental value 16 5 3 5 3 
Accuracy (%) 100 100 100 100 100 
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Fig. 6. Colorimetric test for lipoxygenase-2 

Among 50 seeds analyzed, 34 were brown colored (lipoxygenase-2 positive) and 16 were cream
 
colored (lipoxygenase-2 negative).
 

alO and bi0 were positive controls using the line with L-2. cl1 was negative control using the
 
line with L-1+L-3.
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Fig. 7. SDS-PAGE analysis for lipoxygenase-1 and lipoxygenase-3 

Lines 2, 6, 13, 14, and 16 were types with L-1 and L-3
 

Lines 1,7, and 11 had L-3
 

Lines 3, 4, 8, 9, and 15 had L-1
 

Lines 5, 10, and 12 were null types
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Table 7. Comparison of three analytical methods for screening lipoxygenase isozymes 
PAGE Combination of Enzyme activity 

analysis colorimetric and determination 
PAGE analysis 

Time spent 13 7.5 40 
(h/200 samples, person) 
Cost (NT$/200samples) 1430 450 920 

Analytical procedure L-1,L-2, and L-3 L-2-negative L-1,L-2, and 1--3 
simultaneously then L-1 and L-3 separately 
determined simultaneously determined 

determined 
*The cost of reagent, tips, and microcentrifuge was included. 

Dehydration of Vegetable Samples by Rotary Dehumidifier 

Summary 
Near-infrared reflectance spectroscopy (NIRS) has been adpted as amass-screening technique 

For composition analysis of various vegetable samples. It has many advantages: it is rapid, less 
costly than other methods, safe, and can he used to simultaneously (etermi ne several compositions. 
However, it requires drying the samples before they are submitted to instrument tests. In 
minimizing composition change duringz dehydration, arelatively low drying temperature (45o, ) 
has been used at AVRI)C. Due to the humid climale at AVI,)C, a long drying time (>48 h) is 
required, especially (luring the summer. The technique is not only time and energy consuming, 
but also carries the risk of spoilage by microorganisms. 

In cooperation witlh the [nergy and Resources laboratories, Industrial Technology Research 
Institute, Taiwan, a dryer attached to arotary delumidi tier was designed. The dryer was able to 
control the inlet air with relative hu lidily (RI ) of 11)7( and temperature of 45C. Vegetable 
samples could be dried to about 13';, within 24 h. 

Samples dried in the new dryer were compared with those dried using the traditional system. 
The qual ity was encouragi ngly comparable. The regression equations calibrated for the moisture, 
oil, and protein contents of samples dried by the old method are still applicable to samples 
prepared using our method. These calibration equations developed at AVRI)C can be used by 
partners who do not have this type of dryer. 

Introduction 
Near-infrared relleclance spectroscopy was Found reliable in deteriining tile moisture, 

protein, oil, fiber, starch, stlgar, and ash in vegetable soybean: it is also rapid, less costly, and safe. 
However, saniples need to be dehydrated and ground before they are subJected to NIRS analysis. 
The method traditionally used For drying vegelable samples at AVRI)C is hot-air drying (45T, 
24% RH), which retains most oft he constituents of tlie samples, but it is time-consuming. 

There are many other methods that call be used to (fry vegelables: e.g., spray drying, fit 
drying, freeze-drying. and pufti n, etc. Amoig these methods, free/e-drying is able to obtain the 
highest quality samples btll al higher cost. The advantages of hol-air (Irving are high drying rate 
and low cost, but ihe quality of samples dried is not as good as those dried by' freeze-drying. To 
obtain high drying quality and high drying rate, a rotary dehumidifier which used low temperature 
and low relative humidity was designed. 
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Materials and Methods 

Dryer 
Two types of dryers, the hot-air oven and rotary dehumidifier, were used to dry samples. The 

hot-air oven can be used when the temperature is 45C and the relative humidity is 24%. 
The rotary (lehunhidi tier shown in fig. 8 was designed in cooperation with the Energy and 

Resources ILaboratories, nustrial Research Instilute. The dryer removes tileIl Technology 
moisture fromi samples with its iotary delitimidifier which dries with hot air (about 90-I()0(C). 
The relative huimidity can he redluced to IX)% RH at 45°C using this instruiI ent. 

Sample preparation of vegetable soybean 
Fourteen varicties of \'egetahle soybean were harvested from trials at AVRI)C in summer 

1993. The graded pods were hlanched in boiling water for 9) seconds. Alter precooling, the 
bhlanched pods were Irozen at -4()OC and kept holow - 18'C hetore fuirther use. 

After removing front the pods, vegclahle soybean seeds were dehydrated at 45°C For 48 h in 
a hot-air oven and at 45'0C t I )%RI or 2I h in a rotary dehu midi fier, in (uplicate, and then ground 
into fine powder in a high-speed centril tige mill passing through a 0.5 inin screen. The samples, 
inpowder lkwin. were analyzed hy the NIRS as well as the chemical method. 

NIRS system 
A technico lnfraAlyzcr 40)0 was used in this study. InfraAlyzer 4(00 is a filter-type 

instlrument installed with 19 fixed wavelengths. The calibration curves had been established to 
predict the constitutents of samples dehydrated with both type of dryers. 

Chemical analysis 
The moisture and protei nwere determined hy the AOAC (Association of(O flicial Agricultural 

Chemists) incthod. The moistur,.' was (letermined in a I05°C oven. The fat was extracted with 
extraction unit (Soxtec System [FT6; 1046 Soxtec Service Unit, Tecator) I h by hexane. 

Results and Discussion 

Dehydration conditions 
As shown in lie. 9, there was a signiticant difference in the (ehydration curves ot vegetable 

soyhean using these lw types of (ryers. The moisture content was reduced to 13% afler 10 h in 
the rotary (lehuniiditier, hut 2( iin the hot-air oven. Moreover, the equililrium moisture of 
samples dried hy the rotary d(lhmniditier was lower than those by the hot-air oven. The 
(tehydratitintitine required was 2 hI at 45°C, IO(VA-I flor the rot ary d(ehoinidiltier, and 48 i at 45°C 
for the hot-air oven (tahle 8 and hL.S). 

The enerey consulned hv the hot-air oven was almost hallthal otfthe rotary (lehumiditier. To 
iniprove this, tile rotary dehunii tier will he connected wilh a solar energy system in replacement 
oflthe heater (ig. 8). With this change, the energy consumed is expecte(l o(lecrease comnparably 
and make the rotary dehmilitdiier a better dryer. 
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Fig. 8. The rotary dehumidifier system 

Table 8. Drying conditions of different dryers for vegetable soybean 
Dryer Condition Time consumed Energy consumed 

Temperature (°C) RH (%) (h) (kw/h) 
Hot-air oven 45 24 48 40.5 
Rotary dehumidifier 45 10 21 69.2 

- o) tot air oven 

o Rotary dehumniditjer 

30

0 110 *0 10 40 

Time (hr) 

Fig. 9. Dehydration curve of vegetable soybean by hot air oven 
and rotary dehumidifier 
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Prediction of three constitutents of vegetable soybean by NIRS 
Three constituents, moisture, protein, and oil, of vegetable soybcan dried by thc rotary 

dehumidiier were determined by the chemical method as well as tlhe NIRS method. The chemical 
and prediction values obtained were subjected to regression analysis. The analysis for the rotary 
dehumidifier was further compared with the result for hot-air oven to make sure the existing 
calibration equalions obtained from tile hot-air oven were suitable for predicting constitutents of 
vegetable soybean dried by the rotary dehumidifier. 

The correlation coefficient (I,2) and standard error of prediction (SEP) oflmoisture obtained 
using the hot-air oven were(.97 and 2.13, and(.99 and 2.22 forthe rotary dehthii fier. TheSEPs 
of both dryers were biased and reduced to 0.14. Tile correlation coefficients of oil and protein 
were 0.97 and 0.95, and the SEPs were 0.32 and 0.47 after being biased. These results showed 
that three constituents of the samples dried by the rotary dehumidifier could be determined by 
regression equations after bias. Although the SFlI of protein for the rotary dehumiditier dry ing 
was higher than tile hot-air oven, it is still less than the coelficient of field variation (3.5%) (table 
9). 

Vegetable soybean samples can be prepared using the rotary dehunidifier as a substitute for 
the hot-air oven in determining moisture, oil, and protein content. The regression equations for 
other constitutents are still being tested. 

Table 9. Prediction statistics of calibration equation for three constituents of vegetable 
soybean 

Hot-air oven Rotary dehumidifier 

Constituent R2 

(45°C, 30%RH) 
SEP 

(45°C, 30%RH) 
R2 SEP 

Moisture 
Oil 
Protein 

0.97 (24)* 
0.97 (25) 
0.95 (22) 

0.14 
0.32 
0.47 

0.99 (28) 
0.96 (27) 
0.90 (21) 

0.14 
0.33 
0.70 

'Values in parentheses are the number el samples. 

http:were(.97
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Crop Management and Cropping Systems 

Summer Tomato Production 

Summary 
Combining the use of raised beds, a fruit-set hornone, and simple plastic rainshelters 

increased yield threelold in lomato compared to the control. Lower canopy lemperature, less
leaching of nitrate, and greater light interception by this treatment combination were evident. 

Introduction 
'he rainy tropical suniier represents one climatic season when satisfactory production of 

temperate vegetables remains beyond the means of most farmers. While hydroponic culture 
represents one feasible approach (AVRI)C 1991'), simple lield-based management practices
have been researched at AVRI)C (AVRI)C 1993'). This year a pyramid of successful practices 
was tested over three transplanting dates to quantify risk and economic returns to each of the
practices. Currently, two of the three trials are still in the field, hence, data f"roin the first trial only 
are presented here. 

Materials and Methods 
The heat-tolerant F, hybrid FM'T 22 was sown on 9 April 1993 and transplanted to the liold 

on 5 May 1993. Trealments imposed were as follows: 
(1) Control - standard field management, transplanted in 20-cm-high, 1.5-i-wide double

row beds 
(2) 	 As in ( 1), but transplanted on 40-cm raised hed 
(3) 	 As in (2), but each truss sprayed with a fruit-set hormone (0. 12% by weight) when 50% 

flowers were open 
(4) As in (3), but with addilion of a plastic rainshelter straddling two 1.5-ni beds.
 
Plot size was 4 in x 3 ii. 
 Apart from lonlato yield(ldata, air:canopy temperature differential

(Everest iodel I I2AC.CS infrared thermometer), light interception (licor 1I 1000 radiometer),
spectral irradiance composition (licor radiospectrotneter), and soil nitrate data were also 
periodically collected during the co.Induct of the experiment. 

Results and Discussion 
Tropical storms occurred during the conduct of this trial causing willing of plants in low beds 

but not mortality. 

'AVRDC. 1991. AVRDC 1990 Progress Report. AVRDC, Shanhua, Tainan, Taiwan.2AVRDC. 1993. AVRDC 1992 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
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Total yields differed among treatments (table 1). Raised beds alone did not result in greater 
fruit yields in contrast to previous years' data. Yields differed significantly in treatments with 
hormone and hormlone plus rainshellers and 1ro11 the control. 

Light interception was significantly improved by the use of raised beds and rainsheltcrs and 
plants willed Much less under these treatments than on low beds. However, the rainshelter 
reduced incoming solar irradiance (3(X)- 1100 nm) by an average 44% during the middle of the 
day and increased the difference between leaf and air temperature (i.e., resulted in a greater 
depression of leaf, relative to air temperature - table 1). 

lollowing aheavyrainfall, soil nitrate content was measured. Under the rainshelter 7).I ppm 
was present, compared to 0.73 ppm in the open low bed. 

The comnbination of rainslhelter, hormone, and raised beds led to a threelold increase in yield 
above tile control treatment and may have led to a more efficient use o1 fertilizer N (with less 
leaching and potential soil water pollution). The economic implications of these treatments and 
For tile two repetitions oflthis experiment are pending and are parlicularly important since the 
harvest period spanned 2 .luly - 20 August, a period when fresh tomatoes command high market 
prices. 

Table 1. Influence of raised beds, fruit set hormone, and plastic rainshelters on various growth, 
environmental, and yield parameters in a summer tomato crop 

Canopy temperature 
depression 

Treatment 
Light interception (%) (canopy: air °C) 

49 DAT 62 DAT 79 DAT (39 DAT) 
Marketable fruit 
no./m2 t/ha 

Low bed 41.8 41.4 47.9 -0.24 14.2 10.2 
Raised bed 47.0 42.0 55.3 -1.45 12.6 8.9 
Raised bed + hormone 50.0 44.5 40.4 -1.70 25.7 21.9 
Raised bed + hormone + rainshelter 58.3 60.0 53.9 -2.85 29.0 28.4 
SED (9 dt) between two means 1.43 2.47 n.s. 0.41 2.34 2.01 

Overcoming Flood-induced Damage to Tomatoes 
Using a New Grafting Technique 

Summary 
The potential for grafting heat-tolerant scions onto flood-tolerant rootstocks was further 

studied in 1993 in an artificially and naturally flooded field. 
Grafting FM1IF 22 (Taichung ASVFG No. 4) onto tonalo lines tolerant to flooding resulted 

in yields more than twice as great as the ungraftled FMIT 22 control, but scll-graltins! of FMTT 
22 also increased yield compared to tile control. Grafls wilh two lines, I. 150ni L 073, resulted 
in yield significantly greater than that of self-graflted FMTTr 22. 

Grafting FMiTF 22 scions onto wild eggplant relatives also resulted in greater yield than that 
of the ungrafted 1MTT 22 control. All grafted plants survived flooding, whereas all the FMT 
22 control died. Eggplant roots apparently have more aerenchymna which may favor survival 
under flooded conditions, and grafled tomato lines with FMIT"22 scion had more fine root 
following flooding than ungraftled controls. 
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Root activily. measured as 0, consumption, did differ between natural or tomato grafted
plants, and was not related to flooding tolerance among lonialo(lines or eggplant rootstocks. l)ata
from further experiments are currently being analyzed. 

Introduction 
Of the seasonal stresses, flooding remains one in which little inroads have been achieved by 

way of plant breeding. ()bservations 2 years ago of eggplant, adjacent t onlato an(l surviving
waterlogging during the wettest period of the year, prompted this study. In 1992, simple
experiments were run to develop quick an( inexpensive gralfing procedures and to ascertain the 
grailf compatibililty between tomrto, pepper, and eggplant scions onto eggplant rootstocks. For 
tie genotypes lestcd. grafts bctween pepper and eggplant were incompatible, whii Ilclo nato:eggplal
and eggplat:eggplant were successfl. Tl'(mniaIotomnato gralts were also undertaken to gralt the 
best lear-iolerant table imato onlo roolslocks wilh known tolerance to waterloggirg (AV )C
198I0). Preliminary studies were also undertaken under flooded conditions thal year and 
extended in 1993 h1 iicludeIfel(l evaluatiios, sprea(iig to include a range ofpotential roolstocks 
chsei fron Within ith Solanlcac'. Studies on root anatomy an( root respiration were also 
conducted in 1993. 

Materials and Methods 
[our mijor field experiments were conducted, the data lor two of which are presented (the

others are still in the field). ()rie experiment (1), transplanted 5 March 1993, compared
toiriato:t(oalo grafts (1[AT11 22 (into to lerant rootstoicks) to a t(lolato control; the other (2),
transplaneld 18 March 1993, compared ornalto:eggplait gratts to the same tomato control. 

Based upon Ife 1992 experiments, grafting OfI tomrato onto tomato was done when tolmiato 
seedlits were 18-2 1days old. The best a'ailable fresh market tomato line, FMIT 22, was gralted
Onto tomriato) scions 01 various lines, and self-grafls of lthe sane lines were also made. Bolh were 
compared to tile ungrafled lines and to a control. FNI' 22. [or tomato:eggplat, the eggplant 
was sown approxinately' 15 days earlier than tlolato, since initial growlh was slower than that 
of' tomato. ()lice the lltoato reached 15- 18 days. lty Were grafted onto eggplanl rootstocks. 

oniatlo scions were sliced Witli a razir blade between lie cotyledonary an(l first leaf, at an angle
(i 30" to the perpendicular (fig. I). This sciom w'as inserled into a sliced piece of rubber tubing
(as used in bicycle valves). The stock seedlinges were also sliced at a similar angle and the nrbber 
tubing plus scion slipped (oit tile cul surface. Lininig lhe angle of cut of the sci-on With the angle
of slice oI tihe ruhher tubing prevents errors in p(isitioing i the scinl onito the st(ick (fig. I).
Grafled seedlings (of which 15)-20(0 may be prepared in I hour by one person) were then placed
in the shade at an RI of1> So'/( and telniperature oil 20-3()"C lor 3-4 days for toniiatotorillato and
S-7 days lor lo lo:eggplant beflore irealing as in the control (ungralted) seedlings. Success of 
grafting range(] from 9(1 t( 951/(. All olher nursery and field practices followed were standard. 

Three signilicai tropical storiis (Occurred during tlie co nduct of these experiments (24/24
April, 25-27 Mav, and I1/I I lune Willi 7( and 198 minnim, 242 rin, rai nfall, respectively).
These Were suppfcnented by arlificial flooding On lOUr occasiors ( 14-2 1April; 6- 14 May; 28 
May-4 .1lne: I I -17 Itle) I enhance dilfereriliar betxeen rot stck gentypes in their 
response to waterlogging. I)ata oi willing, crop biomass (55 and 9(1 days after transplanting
I)ATj in expeririierirs I and 2, respectively) and fruit yield xvere collected from twice-replicaled 

14VRDC. 1981. AVRDC 1980 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
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Fig. 1.AVRDC (Taiwan) graft 

plots measuring 1.5 m x 3.2 in.Root activity (oxygen consulnption) was also measured when the 
growth analysis sample was taken. 1hree-grain samples of ine root were submerged in 3(X) ml 
of air-saturated tap water and readings of') content were taken immediately and after 2 h to 
estimate ),uptake by the roots. Samples ol'roots (6 -8 cm trom the root tip) were collected twice 
(at 2 and 4 weeks after emergence IWAEI) from FMT7 22 and the eggplant line TS 28 for 
determination ol anatomical structure. 

Results 

Experiment 1 - tomato:tomato grafts 

Significant yield dilerences were observed in the mean performance of the rootstock lines 
and between grafted (with FMT 22), self-grafted or natural plant yields. No interaction was 
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evident between the rootstock lines and grafting or no grafting - this resulted in the close
correlation (r 2= 0.788, p<O.(X)I1) between self-grafted and natural plant yields across lines. Fruityields (table 2) of lines grafted with FMT 22 bore no relationship to the self-grafted or natural
plant yields. Grafted plants gave the highest yields (to be expected since the scion was the heattolerant line); the self-grafted lines gave a higher, but nonsignificantly dilerent yield than the
natural ungratted plants. Average yields of plants grafled with FMiT 22 were 1.03 kg/plant,
compared to 0.45 kg and 0.36 kg/plant, respectively lokr self-grafled and natural plants (SEI) 28df = 0.06). Of ma jor importance was the comparison in yields of grafted plants with the greatest
yields of the un- or self-graflted lines (including FMiT 22), i.e., which performed best under tlhe 
prevailing conditions. 

Table 2. Total tomato yield for plants grafted with FMTT 22
 
Line Yield/plant (kg) Name Species 
 Country
L 123 1.17 a-ca TK-3 ESCU Japan

L 125 1.07 a-d DIVISORIA-2 ESCU Japan

L 143 1.00 a-d LA 1280 SAL 369-2 ESCU PeruL 146 1.27 ab LA 1291 SAL 374-3 ESCU PeruL 150 1.34 a LA 1311 SAL 395-1 ESCU Peru

L 163 1.33 a-d LA 1388 SAL 472 ESCU Peru
L 191 1.00 a-d LA 393 ESCU Peru
L 973 1.33 a PI 129084 ESCU USA
L 3072 0.86 c-e P1 298943 ESCU PolandL 3091 0.76 de PI 303716 ESCU USA

L 4313 0.81 c-e PI 3855935 ESCU Malawi
L 4360 0.86 c-e P1390510 ESCU Ecuador
L 4422 0.89 b-e Pt 390716 ESCU Peru
FMTT 22 (Self-graft) 0.92 bcde
 
FMTT 22 (Natural plant) 0.53 e 
 (AVRDC F, fresh market tomato) 
aMeans in the same column followed by the same letter are not significantly different at 5% level
 

(DMRT).
 

Yieldsof grafted plants of L 150, [973,1. 146,1. 123,1. 163,1. 125,1. 191, and !. 143 difTered
significantly from the yield oftlhe ungrafled FMT 22; however, only gratled 1. 150 and 1. 973
differed significantly in yield from the self-grafted FM7T 22 (fig. 2). Major differences in yield
between these lines and the control (FMT" 22) occurred in the second and third harvCsts, when
control plants suflered wilting symploms (the first harvest was on 10 May; the field had

undergone one prolonged llood and was undergoing another). I)i fTerences between the ungrafted

control and the lines grafted wilh FM1T 22 (fig. 2) in the first harvest wer 
 also very marked due 
to the earlier flooding. No yield of iungraftol tonato lines surpassed (.75 kg/plant, and only sel'
grafts of one line (I, 3091) surpassed that with a yield of 1.If) kg/plant.

A simple growth analysis sample, taken I wk afler the end of tle first flood period, revealed
significant dilerences between the mean values lor lonato lines (mean obtained across grafted,
self'-grafted or ungrafted) in all characters measured except root and leaf weight. )i fferences
between grafted, self-grafted. or ungralted lines (mean obtained across all tlomato lines) weresignificant for all characteristics except plant height (table 3). In general, grafted plants were 
heavier, but had f'wer fruil. Interactions were significant for height, fruit number, and leaf
weight. Self-grafting increased plant height in six out of 14 lines, while grafting with MIT 22
increased it in live (particularly the shorl-slature lines). For fruit number a similar response was
evident, with self-grafting increasing the number in four lines but only in two lines when grafted 
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Fig. 2.	Tomato fruit yields at three harvests for stock lines grafted with scion FMTT 22 and 
compared to natural plant of FMTT 22 under flooded conditions in Taiwan, summer 1993 

Table 3. Influence of self-grafting, grafting with FMTT 22, or no grafting on growth 
characteristics of tomato plant measured 55 days after transplanting 

Fresh weight (q/plant) 
Plant height Fruit no. Root Leaf Stem Fruit Total biomass 

(cm) (/plant) 
Natural plant 98 a 23 a 29 b 124 b 417 b 262 b 833 b 
Self-grafted plant 103 a 23 a 29 b 125 b 470 b 325 b 949 b 
Grafted with FMTT 22 98 a 14 b 36 a 276 a 880 a 648 a 1841 a 
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with FMTT22 (the only two with natural fruit < 10/plant). leaf weight was increased in live lines 
with sclt-grafting and for 12 lines when gralled with FMT7 22. 

l)ifferences in mean values between lines for the fresh weight of line roots and their unit 
activity and total activity per plant (oxygen consumption) were not signi ticant; however, grafling
significantly influenced the fine root fresh weights and the unit activity. Grafting increased root 
weight and self-grafting the unit root activity in both by almost 20% compared to the neans of 
the other respective treatmnents. 

Experiment 2 - tomato:eggplant 
In Experiment I thcre was some indication that self-grafting improved tomato yields; the 

same was not evident ftr eggplant. Self-grafted eggplant lines had similar fruit weight (self
grafted-0.56 kg; ungrafted-0.59 kg, mean of 32 lines, p < (. 19) bul fewer fruits (self-grafted 
- 7.55; ungrafted 8.20, p 0.04) per plant than the ungrafled eggplants. Eggplant lines di ffered 
considerably in fruit yield (from 0.29 to 1.20 kg/plant), but, as seen later, the ranking ofungrafled
eggplant yields did not correspond to the ranking of tnat(o yields when grafted onto the eggplant
rootstocks. 

Flooding, which occurred after the first harvest of tollatO, caused death of ungrafled plants
of FM'IT 22, whereas all tomato:eggplant grafts survived to produce more fruil. Early flooding
(at 32 days and 40 days after transplanting) apparentlly did not diminish growth and yield of
control FMYT 22 more Ihan that of the grafted plants (fig,. 3). Indeed, the control at that stage had 
more fruit harvested than any other grafted lines. Thi:s agrees with our observation in other 

SED (32df) 1st harvest- IIl 2nd harvest-65 Total yield-142 
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800 •-- -U 
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FMTT22 TS 63 TS 126 TS 125 TS 50 TS 98 
TS 88 TS 111 TS 64 TS 91 TS 28 

Rootstock lines 

Fig. 3. Tomato fruit yields at two harvests for various eggplant stock lines grafted with FMITT 22 
and compared to natural plant yields of FMTT 22 grown under flooded conditions in 
Taiwan, summer 1993 

http:ungrafted-0.59
http:grafted-0.56
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species that early exposure to flooding does not necessarily result in plant mortality. Young root 
systems probably recover following flooding due to their superficial distribution near the soil 
surflace which (tries out first when flooding ceases. 

A biomass sample was only collected on tomato:eggplant grafls; the control FMTIT 22 had 
already wilted by the time of'sampling (3 mo after transplanting). No significant difrerence was 
evident between lines in any measured character, although for total fresh weight per plant 
differences were significant at p = 0.07 (data not presented). 

Root activity differed significantly between grafted and ungrafted plants (table 4) and across 
lines, but there was no interaction. (irafting otflMIT 22 onto eggplant rootstocks diminished Ihe 
amiLI[It of linc root and the oxygen uplake per unit root weight and per plant (lale4), as was seen 
for tonato grafts between difIcrent genotypes. 

Activity per unit root weight of FMiT 22, 0.073 p1 ()/gui, was as great as lhat of the most 
active ungraf ted eggplant and superior to nost tomat o:eggplanl grafts but, due to the very low 
amount of fine roots in FMTF 22 (3.85 g/plant), the activity per plant was one of the lowest of 
all treatment combinations measured. 

Table 4. Comparison of root activity (measured as oxygen uptake and amount of fine roots) for 
grafted and ungrafted lines of eggplant, measured 3 months after transplanting 

For graft types averaged over 32 eggplant lines 
Fine root Oxygen uptake Oxygen uptake 
(g/plant) (pl/g/h) (pl/plant/h) 

Natural plant 20.6 a 0.052 ab 1.070 a 
Self-grafted plant 20.4 a 0.057 a 1.192 a 
Grafted with FMT22 10.3 b 0.047 b 0.491 b 

For eggplant lines averaged over various grafts or nongrafts 
Line Fine root Oxygen uptake Oxygen uptake Line Fine root Oxygen uptake Oxygen uptake

(g/plant) (p/g/h) (ptl/plant/h) (g/plant) (pl/g/h) (p1/plant/h) 
TS 1 22.0 cd 0.052 a-e 1.177 b-d TS 84 15.3 f-i 0.060 ab 0.917 b-i 

2 20.7 c-f 0.063 a 1.286 a-c 87 8.5 m 0.055 a-d 0.464 g-i 
17 14.9 g-i 0.054 a-d 0.796 c-i 88 15.8 e-j 0.057 a-d 0.930 b-i 
28 16.8 d-i 0.047 a-e 0.808 c-i 89 13.8 h-I 0.035 e 0.540 f-i 
33 18.0 d-i 0.053 a-d 0.894 c-i 91 9.3 k-m 0.043 b-e 0.424 i 
49 18.5 d-i 0.056 a-d 1.063 b-f 96 25.1 bc 0.055 a-d 1.315 a-c 
50 27.5 b 0.058 a-d 1.711 a 98 20.1 c-g 0.042 c-e 0.954 b-i 
55 9.4 k-m 0.049 a-e 0.481 g-i 101 32.2 a 0.056 a-d 1.754 a 
56 14.6 g-k 0.051 a-e 0.734 d-i 103 13.2 i-m 0.047 a-e 0.637 e-i 
61 20.0 c-g 0.056 a-d 1.114 b-e 111 17.1 d-i 0.049 a-e 0.855 c-i 
62 13.9 h-e 0.047 a-e 0.680 d-i 112 19.9 c-g 0.057 a-d 1.187 b-d 
63 19.1 d-h 0.052 a-e 0.998 b-g 114 21.2 c-e 0.050 a-e 0.933 b-i 
64 19.3 d-h 0.041 de 0.807 c-i 121 18.0 d-i 0.052 a-e 0.962 b-h 
66 11.2 j-m 0.061 a 0.699 d-i 123 15.6 f-i 0.051 a-e 0.807 c-i 
69 8.6 pm 0.049 a-e 0.430 hi 125 17.8 d-i 0.059 a-c 1.092 b-e 
83 9.5 k-m 0.049 a-e 0.473 g-i 126 20.8 c-f 0.062 a 1.434 ab 
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Root anatomy 
Cross-sectional areas ofleggplant root were greater than those of tomato root at 2 WAE, but 

by 4 WAE there was no diffbrence between species (fig. 4). The cross-sectional area in the 
rnetaxylem to endodcrmis did not vary between species in either sample, but aerenchyma was 
clearly developed in the eggplant roots by 4 WAE; in tomato it was not. 

Discussion 
Quite evidently, grafting of FM'F" 22 onto tomato rootstocks tolerant to flooding or onto 

eggplant rootstocks improved tomato yields under conditions of flooding. Fruit yields of self
grafted tomato lines were closely related to those of natural plants of Ihe same lines (r2 = 0.788; 
p < 0.(X)I), but on average the latter had 24% less yield. Fruit yields of tomato lines grafted with 
FMTr 22 bore no relation to yields of self-grafted or natural plants. Grafting of FMTI 22 onlo 
flood-toltrant tomato rootstocks improved total yield of tomato beyond that of self-grafted 

Tomato primary root measured at the time after seeds germinated. 
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KUpper- part(Aerenchyma) 
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Fig. 4.	Transectional diagram of primary root of tomato and eggplant at two different seedling 
stages 
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FMTT 22 in only two lines. Grafting with FMF' 22 scions apparently stimulated growth of line 
roots (27.5,22.5, and 21.8 g/plant for FMTT22 grafts, self-grafts, and natural plant, respectively, 
SED 26 df = 1.64), but not root activity. A greater recovery in root function of grafted plants, 
manifested through a greater amount of fine roots, might have been responsible for the higher 
yields in those piants. The proportional increase (compared to the natural plants) in fruit yield 
across self-grafted lines was not related to proportional increases in any character measured in 
the growth analysis sample, but, for the plants grafted with !'MTF 22, proportional increases in 
stem weight (r2= 0.40 p = 0.006), total weight (r2 = 0.39, p = 0.)0 18) and fruit weight (r 2= 0.68, 
p = 0.001) over the natural rootstock yield were closely related to increases in grafted yield over 
the natural plant. Neither increases in root nor leaf weight were related to increased yields of 
plants grafted with FMTI 22 over the ungrafted plant yields. Simple correlations between the 
second and total fruit harvest weights, numbers, and biomass sample data of plants grafted with 
FMT" 22 indicate a close l-x)sitive relationship between plant height and all harvest data, and 
between leaf weight and fruit weight for the second and total harvest data. Total biomass at the 
sample date was not related to fruit yield (neither weight nor number of fruit), nor was root weight 
(total or fine roots -although the latter at p = ().()7 was related to total fruit weight) nor the oxygen 
consumption data. 

Among tomato:eggplant grafts, total yields varied markedly from 0.42 to 0.92 kg/plant, yet 
eggplant yielts bore no relation to yields oftomato grafted onto eggplants (r2=().052). I)i fferences 
between yields of oimalo:eggplant grafts were apparently related to plant height, slem, and leaf 
weight at biomass sampling, but not to total root weight. nor fine root weight nor measures oflroot 
activity, . Further studies will investigate the role of root activity immediately after a flooding 
period relative to genotypic tolerance to flooding. 

Additionally, to reduce the cost of providing grafte( transplants, pruning which results in two 
or more main stems in place ofthe current one per plant, while reducing planting density, is being 
studied. 

Intercropping Chili With Maize 

Summary 
Although intercropping chili (Capsicum spp.) with maize reduced virus in chili in previous 

years, this was not evident this year. lntercropping chili with maize populations > 1.0 plant/n 2 

raised intercrop productivity (measured with the land eouivalent ratio), but pepper yields were 
signilicantly reduced by > 2.0 plants/ 2 of maize. Fruit number, rather than individual fruit 
weight, was reduced when competition from maize was evident. A greater fruit yield response 
to increased chili ph'nting do isity wa.s evident in tile autuni, rather than the spring experiment. 

Introduction 
In two prevloit, years, diminished virus incidence and increased total productivity through 

intercropping maize with chili have been investigated (AVRDC 19914 and 1992 Progress Reports). 
Two further trials, one with a systematic design to measure the influence of increasing maize 
population on chili yields, and file other to screen chili genotypes for compatibility as intercrops 
with maize, were conducted. 

4AVRDC. 1992. AVRDC 1991 Progress Report. AVRDC, Shanhua, Tainan, Taiwan. 
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Materials and Methods 
Details ofexpel iment I comparing six maize and two chili populations were presented in lhe

previous year (AVRI)C 1992 Progress Report); the design was identical to another experiment
run during the spring of 1992. In summary, maize variety TN II was planted at 0, 0.5, 1.0, 1.5,
2.0, 2.5, and 3.0 plants/n 2 on the center of 1-n-spaced beds containing ome or two rows of chili
(3.3 or 6.7 phants/n 2), with beds orientated in N/S or E/W directions. Chili cv. Chain Fair was
transplanted at the time of sowing maize (30 September 1992). Maize was harvested 121 days
after sowing (1)AS), and chili was harvested over the period 85 to 122 days alter transplanting 
(1)AT). 

In expcrimcit 2, 15 chili genotypes were tranisplanted on 3(1 September !992, when maize
variety TN I I was also sown. Transplanting or sowing into two-row beds, 1.5 in apart, rsulted
in populations of 3.3 and plarts/ii 2 of chili1.) and maize, respectively. "rreatnleils with or
without the maize inlercrop comprised the main plots. Maize was harvested 121I )AS, and chili
harvests cxtended over the period 83 to 121I )A1'. ()ne bed ofeach genotype, 6 in long,coimprised
the split plots. l);ala collection was as oullined in the AVRI )C 1992 Progress Report and, where
feasible, a combined analysis of (lala from experiment I wilh those of the sane spring-sown
experiment was conducted. Analysis of chili yields in experiment 2 used data or only 13 
genotypes; two IPBC 475 (= Yaberawit) and PBC 641 (= Bird's Eye) I did not yield fruit. 

Results
 
F periment 1
 
Maize plant and grain yields per unit land area increased wilh greater inaize population and 

were malched with a decline in total chili yield over the same treatments (fig. 5). The higher of
fhe two chili rx)ptlalions reduced total and grain yields of maize (0.47 vs. 0.6(1 kg/plant total
weight, SEI) =115 (If]0.035; 3.2 vs. 3.6 I/bia grain yield, StI) 115 d1l = 0.(08 I). 

8 * maize yield 0.3 
7 • @ - chili yield 

6 	 L] maize yield per plant 

3 

2	 01 . 

0 ' , . .. -- 0.0
 

o 	 05 1 15 2 25 3 
Maize poplJation (planits/r ) 

Fig. 5. Total fruit and grain yields of chili and maize at various maize intercrop populations in the
autumn (means of two chili population densities, two row directions, and two gradient
directions for maize populations) 



329 Crop Managemcnt and Cropping Systems 

tle low chili populIa! ion (lCnsily was aboutlTotal and red fruit yield of chili ill one half tha 
of the high density planting (e.g., 3.4 vs. 6.1 I/ha, SEI) 118 df] = 0).33 for tolal frlit wei i.!ht), almost 
entirely (lue to fewer fruits per ulnitarca inIle forner (e.g., 16. 1vs. 30.6 red tnrit/n 2)since weight 
per red fruit only differed slightly (1I .85 vs. 11.)5 g/fruit for low and high chili population 
densities, respectively). Increasing maize Dxptrlaliori as an intercrop red(uLce(l chili yields, but the 
reduction was only marked (arid signi fican I) at iaize popuilation > 2.()plants/m 2. Although imaize 
canopy sencsced befoire final harvest of chili, no apparent compensation in iniercropped chili 
yields close to final chili harvest (fig. 6) was evident. 

8 

Maize Population/M2
 

6 - 0 

-* - 1.0 
~------- 1,5 

..o ....2.0• u 4 " 2.5" 

"A 3.0 

2

0
80 90 100 10 120 130 

Days after transplant 

Fig. 6. Cumulative total chili yields, intercropped with six maize populations during autumn 
(means of two chili populations and low row direction/population gradient treatments) 

Infection with CMV was not redLrced significantly in the intercropped chili (98% of chili 
plants were infected with CMV by 72 I)AT), :1llhlougll there was a tendency lor more infection 
in the plots withoutmaize. The c.v. of field sampling for virus was surprisingly highIt177% and 
41% for Ilie firsl and second samples. 

Combining chili yield data from experiment I (aituinir crop) wit lian identical experiment runi 
during the spring/sunimer (AVRI)C 1992 Progress Report) confirmed le main effects of 
Irealmenis across seasons, but highlighted vaijious interacions belween Irealnents and seasons. 
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For example, although red fruit (i.e., marketable) yield (lid not differ across seasons, total yields 
(lid (6.0 vs. 4.7 t/ha Ior spring vs. autunn) as did weight per fruit (4.3 vs. 11.5 g/fruit) and, 
therefore, fmitlnumber per unit area. The chili response to a double chili poputlation density was 
greater in the atlUlln crop (table 5) where growth was restricted by a progressively low 
temperature (see Meteorological lData lbr 1993, p. ). Chili yield was also signi ficantly greater in 
the N/S (increasing maize to the W) direction in spring, and in the I/W (increasing maize to the 
N) in autum11n. 

Combining maize yield data across seasons showed, as expected, strong effects of maize 
population on grain yield per plant and per unit area. Grain yield was differentially affected by 
row direction across seasons, with a marked increase in the N/S compared to the E/W sowing 
direction in sprini, but not in autuurn (table 6).The effect of1the chili population on maize grain 
yield also varied across seasons. )uring autunn, when maize irew somewhat slower, the higher 
chili population resutlled in lower maize yield (table 6) compared to the suminier season when 
significant differences between chili poputlalions and maize yield were not evident. 

Table 5. Effects of season and chili population density, and season and row direction, on red 
fruit yields (t/ha fresh weight measured across maize populations) 

Season Chili population Row direction 
Low High N/S E/W 

Maize increasing Maize increasing 
to E to W to S to N 

Spring 2.5 3.0 2.7 3.1 2.5 2.6 
Autumn 1.9 3.3 2.3 2.4 2.6 3.1 
SED within a 0.35 (6df) 0.42 (18 df) 
season
 

Table 6. Effects of season and chili populations, and season and row directions, on maize dry
grain yield (g/plant measured across maize populations) 

Season Chili population Row direction 
Low High N/S E/W

Maize increasing Maize increasing 
to E to W to S to N 

Spring 0.09 0.09 0.10 0.09 0.09 0.08 
Autumn 0.14 0.12 0.13 0.12 0.12 0.14
 
-D within a 0.008 (5 dr) 0.010 (15 df)
 

season
 

Experiment 2 
Intercropping maize with chili reduced total lfit number and weight per unit area (table 7, 

fig. 7a), but most other characlers, e.g., plant height, fruit size, plant weight at final harvest, were 
unalTected. The c.v. Ior yield data were unacceptably high, ranging from 19 to 5 1%. Significanl 
differences were evident anong all lines for all ineasured characters, bt on,y for total fruil 
number per unit area was there a significant interaction between intercrop sysenii and genotype. 
The line with the highest rruit number (PBC 370) sufered greatest reduction (501%) when 
inilercropped. The main elect of intercropping on chili yield was to reduce the numlber o fruit 
set; ilidividual fruit wCight was 111 inlluenced so markedly by the intercrop treatment (fig. 7b). 

Maize yield, atlhough ranging from 0.9 to 1.6 I/ha across intercropped plots with chili, was 
not significantly affected by chili genotypes (SF1) 114 df l= 0.335). Oin average, intercropped 
niaize yield at 1.3 I/ha was 24% of sole naize yield. Heavier ear weighl in intercropped maize 
was responsible for this since intercropped niaize had only 8% nore ears per plant. 
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Table 7. Yield and growth data for chili, intercropped or not with maize (mean of 13 genotypes) 
Treatment Plant height Plant dry Marketable 	 Total 

(cm; 55 DAT) weight at -Fr t-SizeFrui yield- Fruit no. Fruit yield 
harvest (g) (g) (t/ha) (/m2) (t/ha) 

Control 38.6 42.4 8.8 1.6 1178 3.1 
Intercrop 37.1 41.7 9.1 1.0 719 2.0 
SED (1df) n.s. n.s. n.s. n.s. 98 0.22 

4oo00 (a) 	 3o- (b) 

3500- 25-
S3000 0 
o 	 20-Q 2500-	 0 

o 	 0 0 
2000 -	 15

0 
4.- 1500- 01 

:o5
5005 

0 ---- r-0 00-r 0 
0 1000 2000 3000 400o so 0 5 10 15 20 25 30 

Sole chili 	 Sole chili 

Fig. 7. 	Plots of a)chili total fruit yield and b) chili marketable fruit size in intercropped vs. sole 
treatments for 13 genotypes inthe autumn 

Light interception (LI) twunealh the chili canopy differed significantly across chili genotypes 
at the three sample dates (33, 54, and 77 l)AT), but the differences between main (intercrop or 
not) plots were only significant at the two later dates, with the intercrop on average exceeding 
the control by 11% (table 8). A signilicant interaction at the final (late was the result of a 
proportionately greater increase in leaf index with intercropping in genotypes with low Il in tlhe 
sole treatment. When intercrop I.1 this cffect was highlighted bywas regressed on sole crop I.1, 
the value of the slope which was < 1.0 (y=0.30+l.44(±(.08)x, P=(.0()2) ie experimenlal mean 
maximum light interception at 4(0% was extremely low compared to our other intercrop 
experiments. This in part may have been due to the planting in 1.5-ni-wide beds. For two chili 
genotypes, light interception was also mea,;ured above the chili canopy (lable 9) to determine the 
actual interception ofirrradi ance by the maize crop. The maize crop inlercepted up to a maximum 
of 37% of incoming irradiance, more so where the chili genotype exhibited poorer LI. 

Discussion 
Reduction of virus incidence through intercropping with maize was not so marked as in 

previous years. However, overall productivity olintercrops in experiment Iwas greater than that 
of sole crops, as measured with the LER. As in the previous year, greater LERs were evident at 
the higher maize populations (table 10), but the optimum combination of intercrop densities will 
depen-4 upon the unit prices for each commodity. Apparently, at low maize pxpulations the loss 
in chih yield is not offset by gain in maize yield (as a proportion of their side crop yields), until 
the intercrops contain > 1.0 plants/i 2 of maize. Economic analyses of these da.ta are under way. 
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In the comparison between chili genotypes, only two genotypes (Orias Kossarvu and a sweet 
pepper genotype) resulted in IER > 1.0 (table 10). The reduction in intercropped chili yield was 
due to reduction in fruit numbers, not individual fruit weight. Since total plant weight was not 
reduced by intercropping (table 7), it is probable that bud or flower abscission in intercropped
plants was responsible for the reduced yield, and not a reduction in the number of branches. 
Further studies will elucidate this hypothCsis. 

Table 8. Total light interception in sole or intercropped chili on three 
occasions (mean for 15 genotypes) 

Treatment 33 DAT 
Control 11.1 
Intercrop 15.8 
SED (1 df) n.s. 

Light interception (%) 
54 DAT 
29.4 
38.8 

1.30 

77 DAT 
33.1 
44.9 

1.42 

Table 9. 	Light interception (% of incoming) by two chili genotypes with and without 
intercropping with maize 

... .PBC 485 Sweet pepper genotype. 
33 DAT 54 DAT 77 DAT 33 DAT 54 DAT 77 DAT 

Intercrop 
Above chili (= a) 2.6 18.5 37.4 6.0 18.8 29.7 
Below chili (= b) 14.2 38.4 44.2 24.9 44.3 57.1 
By chili (= b-a) 11.6 19.9 6.8 18.9 25.5 27.4 
Sole chili crop 9.2 25.4 27.9 12.7 34.9 50.6 

Table 10. Land equivalent ratios (LER) for experiments 1 and 2 

Experiment 1 
Maize population 

(plants/m 2) 
o 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 

Chili genotype 

COO 835 
Sweet pepper genotype 
PBC 412 
PBC 451 
PBC 374 
PBC 46? 
PBC 373 
PBC 485 
PBC 401 
PBC 140 
PBC 075 
PBC 600 
PBC 370 

Experiment 2 
Name 

Orias Kossarvu 

Tam Mild Chile-2 
Cayenne Cajun IA 
Jatilaba 
MI-2 
Keriting 
MI-1 
KA-1 1 
Jawahar 218 
Szechwan 92068 
LC-Serdang 
PBC 370 

LER 

1.0 
0.967 
1.181 
1.376 
1.407 
1.460 
1.586 

Origin LER 
Hungary 1.25 

1.10 
USA 0.98 
USA 0.88 
Indonesia 0.88 
Sri Lanka 0.85 
Indonesia 0.84 
Sri Lanka 0.80 
Sri Lanka 0.77 
India 0,77 
Taiwan 0.73 
Malaysia 0.70 
Thailand 0.63 
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Intercropping Sugarcane with Legumes 

Introduction 
To reduce levels of purchased inputs and to improve upon their efficiency of use and that of 

solar irradiance, various intercrop combinations of sugarcane and legumes have been studied 
(AVR !)C 1991 and 1992 Progress Reports). The earlier studies highlighted the suppression of 
weed growth by using legumes intercropped with sugarcane. Tnese studies, however, indicated 
the possible detrimental eflect on cane yield, especially file intcrcrop with munghean, p&rhaps as 
a result of allelopathic effects. Complete data for the two latter experiments in this series are 
presented. 

Materials and Methods 
Adetai led description ofthe three field experiments was presented in AVRI)C 1991 and 1992 

Progress Reports. 
In essence, experiment I compared intercrops of two vegetable soybean lines, at two 

rectangilarities (two or three rows per bed between sugarcane) with residues incorporated,
removed, or removed and followed by mungbean. Experiment 2 was the same as experinlent 1,
with the exception that all plots following vegetable soybean were sown to snap bean. In 
experiment 3, two sugarcane planting rectangularities (single rows at 1.3 m or paired rows at 0.7 
ni with 1.9 m between pairs) were sown with vegetable soybean as an intcrcrop, with residues 
removed or incorporated. Superimposed on these treatments was a second inlercrop of vegetable 
soybean, mungbean, or no intercrop. In each experiment, sole crops of sugarcane and ihe 
intercrops were included within the experimental designs. 

Results and Discussion 

Experiment 2 
lntercropped and sole vegetable soybean yields (graded pod and total fresh weipht) were 

identical and not influenced significantly by the variety of vegetable soybean nor by lhe 
rectangularity of sowing (table 11). Snap bean following vegetable soybean as an intercrop
yielded 20% of sole snap bean, yet total aboveground fresh weight per plant was similar. While 
snap bean yields were reduced in plots with incorporated residues of vegetable soybean (664 vs. 
311 g/m2 , p=(). 12), there was a tendency for intercropped snap bean yield to be greater in the 
treatnent previously sown to the three, than the two rows of vegetable soybean per plot, i.e., those 
plots in which cane light interception was marginally, yet not significantly, less than the others. 
Biomnass surveys taken 31 and 66 i)AS for snap bean also highlighted the reduction in growth of 
snap bean where vegetable soybean had been incorporated, and where vegetable soybean was 
sown as two-row plots. 

Light interception in intercropped plots already reached 78% by 30 I)AS, and a nmaximun 
of 92% by 42 l)AS, declining to 87% at 63 I)AS (fig. 8). No differences between vegetable
soybean lines nor sowing rectangularities were evident. Following harvest of vegetable soybean,
and immediately before sowing snap bean, intcrception by tie remaining sugarcane was 18-19%, 
compared to 44% in tIh sole cane plots. Three weeks later, light interception in the intercropped 
cane plots (3 wk into the sna:p bean crop) was similar whether above or below the snap bean,
indicative ofthe poor crop coverage by the snap bean. Five weeks after sowing the snap bean, light 
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interception in the intercropped plots reached 46% at ground level and 29% above the snap bean 
(i.e., snap bean intercepted 17% of available irradiance). In a further 3 wk (139 days after start 
of the experiment), interception by the inlercroppcd cane (above the snap bean canopy) was 
greater in plots previously with AGS 292 than with G 9053, (58.7 vs. 51.4%, SEI)(1 6di)= 1.8) as 
was snap bean fresh biomass (47.1 vs 33.8 g/pl). 

Table 11. Harvest data for vegetable soybean and snap bean following vegetable soybean, 
Experiment 2 

Vegetable soybean Snap bean 
Treatment No. plants Total fresh Graded pod Marketable Fresh weight 

(/m2 ) weight yield yield aboveg,ound 
(t/ha) (t/ha) (t/ha) 66 DAS (g/pl) 

Variety AGS 292 30.7 18.8 7.0 0.5 47.1 
G 9053 30.2 18.7 5.4 0.6 33.8 

Spacing Two rows 29.6 18.0 6.0 0.5 37.0 
Three rows 31.3 19.5 6.4 0.6 44.0 

SED (3df) Within pair 0.4 n.s. n.s. n.s. n.s. 
Sole crop AGS 292 34.4 18.4 6.9 2.7 48.9 

G 9053 36.5 18.6 5.4 3.0 65.9 

Harvest VSB Sow snap bean Final harvest 

100 " 	 snap bean 

80 	 .
 

0 

C: 

.2 

2 40 

0) 20 -0 - Total intercrop interception 
"*- Above snap bean canopy 
0 Sole crop sugarcane 

30 	 60 90 120 150 180 
Days after start of experiment 

Fig. 8. Light interception by sugarcane and its intercrops, (means of treatment combinations) 
Experiment 2 



335 Crop Management and Cropping Systems 

Sugarcane yields were not affected in sole plots by additional fertilizer (equivalent to that 
applied to the intercrops) nor by rototilling (80 DAS), although the number ofstems per unit area 
was higher if rototilled and receiving no extra fertilizer (table 12). 

Intercropping with vegetable soybean, as in experiment 1, significantly reduced the yield of 
cane (table 12) and the Brix. Reduction in the number of stems per unit area was largely 
responsible for the depression of cane yield, which was similar with either vegetable soybean 
variety. Incorporation of vegetable soybean residues resulted in a significant 10 /ha increase in 
cane yiel,. (table 12) (lue to more stems per hill, but no effect on Brix. 

lndmces of productivity of tile interciop conmhinatioi1 s wiec calculated (table 13). Land 
equivalent ratios (ILER) indicated a great response to intercropping, as would be expected if cane 
y;,.Ids were not greatly reduced by intercrops, and ifintercrops gave yields close to theirsole crop 
counterparts. The area x time equivalency ratios (ATER) which take into account land opportunity 
use over time, were not markedly greater than unity. ILERs and ATERs were consistently (but not 
significantly) greater with vegetable soybean variety G 9053, with three-row sowings of 
vegetable soybean, and if no vegetable soybean tops were incorporated (table 13). 

Experiment 3 
Vegetable soybean line AGS 292 was sown between single cane rows (as one two-row bed 

with O.4 m between rows on tile bed) or paired cane rows (as two two-row beds with 0.3 m between 
rows on the bed), with both crops in each treatment at the same population density. Early growth 
of vegetable soybean (lid not differ between the two treatments, but by the R4stage aboveground 
dry weight per plant was greater within the single-row cane planting, that with more space 
between vegetable soybean rows. This effect was manifest in the final pod number per plant and 
in total pool and graded pood weights (table 14). Following vegetable soybean harvest, a 
succeeding vegetable soybean crop showed a tendency to yield morn" in the double-row cane 
planting system, but the reverse was evident for the mungbean crop sown at the same time. 
Leaving the vegetable soybean residues of the first crop in the field depressed plant population 
of both vegetable soybean and mungbean with associated reduction in pod and plant yield (table 
15). 

Light interception differed between cane-planting systems, with the single-row systen 
giving consistently 14 to 7% advantage for the period 54 to 69 1 AS; there being no difference 
at 28 DAS (fig. 9). Following vegetable soybean harvest (74 I)AS), interception by intercropped 
cane ranged from 7.9% (single row) to 12.3% (double row, SF) (12 df) = 2.0), comparedto 14.7% 
fbr the sole cane in the single-row pl anti ng system. Following sowing of the succeeding vegetable 
soybean or mungbean crop (82 l)AS), light interception of intercropped plots 10 (lays later was 
24% (vs. 37.7% for sole cane plots). Prior to final harvest of the second intercrop (151 l)AS), the 
single row system intercepted more light compared to the double-row system (87.7 vs. 83.1%, 
SE1) 118 dl]= 1.3%); but no difference occurred immediately after harvest (average 71%). Later, 
the single-row system continued to intercept light better (86.3 vs. 82.0% at 160 DAS, and 93.9 
vs. 89.0% at 215 l)AS) (fig. 9). 

Cane yields were reduced in the intercropped paired-row cane planting system compared to 
the single-row system (by 9%) a!,d in tile intercropped cane compared to the sole cane (table 16). 
In particular, a reduced cane population in the padred-row system (perhaps due to more 
intraspeci fic compelition), resulting in fewer stems per unit area, was responsible for the low yield 
in that system. Heavier individual canes in the sole crop led to yields greater than those of 
intercropped cane. The second vegetable soybean intercrop increased cane yields slightly, and the 
mungbean decreased them, compared to the treatment with no second intercrop. Returning 
vegetable soybean residues to the field made no difference in the final yield of sugarcane. 



Table 12. Sugarcane yields (t/ha) and components of yield following fertilizer and intercrop treatments, Experiment 2 
Treatment Yield Stem no. Treatment Yield Stem no. Brix Treatment Yield Stem no. 
Fertilizer Rototilled (/m2) (/m2) per hill 
Normal No 176.3 7.6 No intercrop 184.7 8.0 21.0 VSB residue incorporated 154.9 3.8 
Extra No 168.0 7.7 Intercrop 147.6 6.8 19.9 VSB residue removed 144.9 3.6 
Normal Yes 204.1 9.1 AGS 292+snap 
Extra Yes 190.4 7.6 Intercrop 148.9 7.0 19.9 

G 9053+snap

SED (3 df) n.s. 0.21 SED (2 df) 7.8 n.s. 0.12 SED (1 df) 0.2 0.001 > 

Table 13. Land equivalent ratios (LER) and area x time equivalency ratios 
(ATER) for various cane/intercrop combinations, Experiment 2 

Treatment LER ATER
 
Intercrop AGS 292 2.62 
 1.09 
Intercrop G 9053 2.80 1.13 
SED (15 df) n.s. n.s. 
Two-row intercrop 2.25 1.11 
Three-row intercrop 2.87 1.12
 
SED (15 df) n.s. n.s.
 
Leave 1st crop residue 2.47 1.10
 
Remove 1st crop residue 2.95 1.13
 
SED (15 df) n.s. n.s.
 

0 
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Table 	14. Harvest data for the first vegetable soybean crops in Experiment 3 
Intercrop - R4 stage Final harvest 
system top dry weight Nodes/ Leaf area Pods/ Total fresh - Pod Vield G-r-aded od 

(g/plant) plant (cm 2/plant) plant weight/plant/(t/ha) (t/ha) yield (t/ha) 
Single row 8.53 7.89 9.03 14.3 15.4 8.0 5.7 
Paired rows 6.53 7.53 7.73 13.1 14.0 7.2 5.0 
SED (3 df) 0.52 0.11 n.s. 0.2 0.2 0.1 0.1 

Table 15. Harvest data for intercropped vegetable soybean (G 9053) and mungbean (VC 1160) 
following a vegetable soybean intercrop, Experiment 3 

Crop Previous treatment Plant no. Plant yield Plant weight Pod yield 
(/m2) (t/ha) (g/plant) (t/ha) 

Vegetable soybean Single row 13.4 3.2 23.8 7.0 
(VSB) Double row 14. 7 4.6 34.1 9.4 

SED (3 df) n.s. 0.6 n.s. 0.9 
Leave VSB residue 13.6 4.0 30.5 8.1 
Remove VSB residue 14.5 3.8 27.4 8.3 
SED (6 df) 0.3 n.s. n.s. n.s. 

Mungbean 	 Single row 71.2 4.5 7.2 
Double row 68.2 3.8 6.1 
SED (3 df) n.s. n.s. n.s. 
Leave VSB residue 60.2 4.0 6.9 
Remove VSB residue 79.2 4.3 6.3 
SED (6 df) 5.7 n.s. n.s. 

Harvest VSB Sow VSB/MB Harvest VSB/MB 

100 J 

80 

.o 60."
 
0
 

0
 

.E 40 	 - Single row
 
r"fr Double row
 

20 n.s. -... ..... Sole cane
20 
n.s. 

n.s.
 
0 * 
 , 1,J i i *0 	 3 

. 

60 9 120 150 180 210 240 
Days after start of experiment 

Fig. 9. 	Light interception by sugarcane and its intercrops, Experiment 3 (significance of 
difference between intercrop treatments indicated) 
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Table 16. Cane yield and yield components in various intercrop systems 
Treatment Hill no. Stem no. Cane yield *Brix 

(/m2) (/m2) (t/ha)
Single-row system 2.6 8.6 127.8 21.6
Paired-row system 2.4 7.3 116.3 21.7

SED (2df) 0.1 0.3 5.6 n.s.
 

VSB residue incorporated 2.5 122.27.9 21.7
VSB residue remved 2.6 7.9 121.9 21.6

SED (15 df) n.s. n.s. n.s. n.s.
 

No second intercrop 2.5 8.2 123.1 21.5
VSB second inercrop 2.6 8.0 127.8 21.6MB second inlercrop 2.5 115.37.6 21.8SED (18 dft n.s. n.s. n.s. n.s. 

Total productivity, measured as [ER or ATER, was greater in intercrops than for sole cane. 
Single-row planting was better than paired-row (table 17), and inclusion of a second intercrop
after vegetable soybean also raised overall productivity, whereas, as for experiment 2, incorporation
of vegetable soybean residues somewhat reduced overall productivity (table 17). 

Table 17. Productivity indices for intercrops with sugarcane, land equivalent ratio 
(LER), and area x time equivalency ratio (ATER), Experiment 3 

Treatment LER ATER
 
Single-row 2.33 1.18

Paired-row 
 2.16 1.08
 
SED (6df) 
 n.s. n.s. 
Leave 1st residue 2.23 1.13

Remove 1st crop residue 2.26 
 1.13 
SED (6df) n.s. n.s. 
2nd crop VSB 2.32 1.18

2nd crop mungbean 2.65 
 1.18 
No second crop 1.77 1.03
 
SED (6df) 0.13 0.08
 

Discussion 
The reduction in cane yield as a result of using various intercrop systems, and as aresult of

incorporation of legume residues, merits liurther attention. Economic analyses to determine
whether the loss in cane yield was offset by gain in legume revenues are under way and should 
provide the basis for recommendation of this practice, irrespective of whether total productivity 
was increased or not (tables 13 and 17). Thedata indicate lhal planting cane in a paired-row system
led to less firsl vcgetable soybean intercrop yields, less mungbean second intercrop yields, and
less cane yield than in the single row system, which was matched by less light interception in the 
paired-row systcm (fig. 9). 

In spite olgrcalest rcc rdedI IER and ATER values For the intercrop combinations invol vi ng
mungbean (duC o less total biomass yield re(luction in intercropped mngbcant Ilhan or reducion
of pods in intercropped vegetable soybean), data from experiment 3 and from a previous
experiment I suggest a pxssible allclopathic ef'Fect of mUngbean on cane yields beyond that
expected due to direct competition for aerial or edaphic resources. Furlher research will focus on 
this topic. 
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Analyzing Competition Between Soybean and Pai-tsai 
in a Competition Box Trial 

Summary 

Two competilion box trials were carried out in July and August 1993 in the greenhouse to 
analyze competition in soybean and pai-tsai grown as intercrops. lai-tsai yield was lowered most 
under full competition and least under no competition treatments. Shoot competition by soybean 
affected pai-tsai yield more than root competition. 

Introduction 
)uring 1992-93, field experiments inlercropping legume green manure (Medicagosativa, 

I)esmodital iuprlretll, lndigoferta tinctoria,and Glycim, mtx) with a short-duration (30 days) 
leafy vegetable were conducted at the AVRI)C experimental farm. The goal was to help reduce 
the time a vegetable farmer would have no cash-crop income in the field while growing legume 
green manure as sc ilamendment and fertilizer for tlhe next crop. As aresult oflthese experiments, 
pai-tsai yield was n)ot affected negatively compared to sole pai-tsai treat ments by l)esnoditn, 
alfalfa, and Indigfcfr, but it was lowered when intercropped with soybean. A competilion box 
experiment in the greenhouse was set tip to exaiine the relative effects of shoot anI root 
competition between pai-tsai and soybean. The trial followed the spocific additivc (Snaydon 
199 11) intercroppi ng arrangement where soybean was grown on 2/3 of the soil surface and pai
tsai on 1/3 in a binary mixture. 

Materials and Methods 
Two experiments, one in .uly and one in August 1993 were conducted in the greenhouse at 

AVRI)C, Taiwan. The method used differed slightly from that of Martin and Snaydon (1982)6 
because of the different plant species and the planting arrangement. The plants were grown in an 
additive (Snaydon 1991) design with four arrangements of partitions shown in lig. 10: ( ) full 
(shoot + root) competition between species, (h)no competition between species, (c) shoot 
compet ition between species, (d) root compet ition bet ween species. Pai-tsai (Brassicacalnpesiris 
(Ii inensi.) was sown in a row in tlhe middle of the box, with one plant every 1(}cm; soybean was 
sown in two rows (2 seeds/l0 cm) closer to the edge of the box. The boxes in which the plants 
were grown were 0.6 in long x 0.5 in wide x 0.3 in deep. They were divided into belowground 
comparlments off). 15 in x 0).5 in for soybean and 0.3 in x 0.5 in for pai-tsai grown in pattern (b) 
and (c), and 0.1 in x 0.6 in compartments for competition patterns (a) and (d) (fig. 10). Plywood 
was used for soil partitions iswell as for aerial partitions which were covered with reflective 
aluminum foil. A randomized block design with two replicates per trealment was used. 

The boxes were filled with a sandy loam soil (p1] 8.2, 0.64% organic C, and 0.08% total N). 
Soil was fertilized with the surface equivalent of 80 kg lP/ha (superphosphate) and I11)kg K/ha 
(KCI). Fertilizers were mixed with the top 10-cm soil layer before sowing pai-tsai and soybean. 
Amnonium sulfate (50 kg N/ha) was added to pai-tsai rows only in two sidedressings (1(0 and 

'Snaydon, R. W. 1991. Replacement or additive designs for competition siudies. Journal of Applied 
Ecology 28: 930-946. 

6Martin, M.P.L.D. and Snaydon, R.W. 1982. Root and shoot interactions between barley and field be3ns 
when intercropped. Journal of Applied Ecology 19: 263-272. 
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Fig. 10. Planting arrangement of soybean (o ) and pai-tsai (o ) to give: (a)full competition
between species, (b)no competition, (c) shoot competition, (d)root competition between 
species 

2() l)AS), wilh 25 kg N/ha each. The boxes were watered regularly to keep the soil close to field 
capacity. Soybean and pai-tsai were harvested 3( days aflter sowing, separating root and shoot, 
lor 1resh and dry weighl. 

Mixlure performances were expressed inl Relative Yiel(l otal (RYT) 
imYT= Yij + Yji 

Yii Yj 
where Yij = yield per plant species i Lrown in MixIlure with species i, Yii = pure sland yield 

per plantl ofspecies i, Y.ji = yield pt,.r plant species.i grown in mixture with species i, Y j= pure
stald yield per plant olspecies.i. RYT measures the ability olone component to obtain lintiting 
resources whcn grown in ntixture with anotlie component compared with its ability to Ililize 
ihose resources when gr iw,n ini pure stand(s (I)e Wyl and vanI )en Bergh 19657). Contpet itive ahility 
was measured 1y contpari ng Ihe hit mtass yield ollthe component in mixture under full competition
and that unoller nlo contpetilion. The relative competilive ability of the species is expressed as the 
aggressiveness ofls yhean relative to pai-tsai (NIc(iilchrist and "]'rentbath 197 1). 

7De Wyt, C.J. and van Den Bergh, J.P. 1965. Competition between herbage plants. Netherlands Journal 
of Agricultural Science 13: 212-221. 

'McGilchrist, C.A. and Trenbath, B.R. 1971. A revised analysis of plant competition experiments.
Biometrics 27: 659-671. 
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= I Y(i - YjiAggressiveness 

Results and Discussion 
Shoot weight 
In the July experiment, highest pai-tsai shoot yields were recorded in the no-competition 

treatment (fig. 1)). Shoot and root compelition reduced pai-tsai yield significantly (P0.05). 
Shoot competition had a stronger elecl on pai-tsai shoot yield and (ittered sinrficantly (1>().)5) 
f'roni root comlxtition. Full competition reducedpai-tsai shoot yield moreand(di ffered signiicantly 
(P>().()5) frolm shoot and root competition. Reduction of pai-tsai shoot yield by competition 
pattern wasi'lil giire'est to lCast, ull > shoot > root > no conpetition. Ini the Agtst experiment, 
highest pai-tsai yields were again obtained will no-competition treatment. Shoot and root 
Competition reduced pai-tsai si gniticantly. Full competition h];tdthe greatest yield reduction but 
di not dilIbr iler1i lv (P>().(1) 11010 the r(ILuctiol With CitlherShot or 1ott competition. The 
pai-tsai yield rlluctiol rankin1 older was lull > shoot > root > no competition. 

Soybean shoot yields of the full and root competilion treat ments di lTered significantly from 
no- and shotl-Comlpelilion treatments (P>).05) in both July and August experimeClts. In IJly 
soyCan shoot under full competition differed significantly from root competition and (no
competition treatment front shoot competition. These dilferences were not significant in tile 
August experiment. 

Aggressiveness and relative yield total 
Table IXshows the (ry matter yields ol pai-tsai and soybean in tlie uly and August 1993 

cxperiments, and indices of aggressiveness. 

Table 18. Dry matter (shoot + roots = g/plant) yields of pai-tsai and soybean, July (30 DAS), and 
August 1993 (32 DAS), and indices of aggressiveness 

July 1993 Dry matter yields 
competition: no. root shoot full 
Pai-tsai (g/plant) 0.44 0.33 0.19 0.11 
Soybean (g/plant) 0.98 1.35 0.93 1.43 
Aggressiveness (index) 0.31 0.26 0.61 
August1993
 
competition: no. root shoot full 
Pai-t5.-i (g/plant) 0.23 0.16 0.08 0.09 
Soybean (g/plant) 1.21 1.40 1.35 1.40 
Aggressiveness (index) 0.21 0.37 0.38 

Competitive ability, expressed as the aggressiveness of soybean relative to pai-lsai, was 
greater in full competition treatment ol hoth experiments. It was much stronger in .fuly than in 
August. This is probably because umler [till competition soybean was giveni more space above 
and belry gound so that it grew beler and strongly competed with pai-tsai. Moreover, 
aggressiv,,ncss under full competition ill .lulyeq(utale(i the Sinn ol the aggressiveness 0t1root and 
shoot competition. Ini Augtust tile differences between treatments were niuch smaller so that 
aggressiveness under shoot conpeition is comparable to those under full competition (fig. 11). 
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The RYT was 1.7 in July and 1.5 in August. These values indicate that the components do not
filly share common limiting resources, i.e., they compete partially and show partial resource 
complelnentarity. 

h.Jly 1993g/ihln t 
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13 Pai-tsai shoot
1 0 ..................... ....... .... 
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Fig. 11. 	 Dry matter yields (g/plant) of soybean and pai-tsai intercropped and grown under 
different competition treatments inJuly and August 1993 

Conclusions 
Soybean reduced pai-tsai yield due to shoot and root competition. Since soybean was planted

densely and grew tall very quickly, it shaded pai-tsai plants so that competition for light (shoot
competition) was more severe than root compelition. The largerrooting Volume, including access 
to more N, may have contributed to higher soybean yields. It is ageneral finding that tile stronger
component in a mixture (aggressor: soybean) increases its yield relative to its pure culture, while
the yield of the other component decreases. These compensating changes are usually due to tihe 
unev L- sharing of environnent growth Iactors, which the componenls must share. Furthermore,
when root barriers were omited soybean root encroachment into the pai-tsai root volume
probably contributcd to soybean's dominance. Thus, shool and root (i.e., ftill) competition
together made soybean in this specific arrangement a strong competitor tbr pai-tsai. 
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When sown simultaneously with soybean in the field, pai-tsai contributed little to the income 
of the farmer while growing legume green manures. Nevertheless, pai-tsai could be transplanted 
or sown l0days before soybean to increase its competitiveness and, therelore, contribute to farm 
income. 

Response of Mungbean with Contrasting Morphologies to
 
Various Population Densities and Rectangularities
 

Summary 
The response of some very early and short new breeding lines to increased population 

densities was compared to that of the control line VC 1973A. While it was felt that the shorter 
lines womld respond differently to the higher population, this was not evident, and may in part be 
due toour sowing at higeher populations ontlhree-, instead of two-row heds. Nevertheless, the early 
lines were earlier by 4 -7 days in malurity, and shorter by 1() to 2() cm in height than the control. 
Grain yield in tile spring and autumn was greater at the recommended population (40 plants/n12) 
in three- rather than two-row beds, but not in the summer when growlh was vigorous. The smallest 
seed-size lines resulted in greatest average yields (at an average population 17% greater than 

1recoinimended); and 1or summer and autunn, optimal population was 5( plant s/in2 for maxi mum 
grain yield. :n the spring, no clear response to plant density was evident. It is suggested that, if 
farmers broadcast sow tile mungbean crop, variety selection on-slation be better undertaken on 
three- rather lhan two-row beds because the former provides more accessible space per plant than 
the laller. 

Introduction 
Breeding of ingbean at AVRI)C for early andL uniforni harvest has lead to a reduction in 

plant height and canopy widlh. 
Although early studies (AVIRI)C 1974') with available lines at AVRI)C lead to arecominended 

population oflnot > 12 plants/i 2 (120,(t(i)/ha) and yield barely in excess of I t/ha, later work with 
the sm'diler seed-size lines showed that maximum yields (> 2.5 i/ha) could be achieved at higher 
population densities of 4() plants/n 2 (AVRI)C 1975'). Current AV, I)KC recommendations for 
variety eval uat ions are 1o sow two rows per I-i-spaced bed at 5 cin x 1()cm with two seeds per 
hill. A nuniber of high-yielding, early-maturing li es have been selected under these sowing 
conditions. These lines have been widely diffused among Asian countries, and, due to their high 
yield potential, their early mlat urity1(and feasi bilil to fit within cropping systems, they have been 
adopted on a large scale, accounting, for example, for 9(7)% of the total mungbean hectarage in 
Thailand (Tansen et al. 19931'). 

Observations on recent trials with the newest generations of early-maturing AVRDC 
mungbean lines suggest that futll advantage is not being taken of available irradiance once crop 
cover is maximal; soil remains exposed between adjacent rows within the two-row beds. 
Mungbean is often grown witlh minimal purchased inputs and limited field cultivation; this causes 
loss in potential yield. Besides loss of yield pxtential Ihrough reduced interception of irradiance, 

9AVRDC. 1974. Annual Report for 1972-1973. AVRDC, Shanhua, Tainan, Taiwan.
 
1°AVRDC. 1975. Annual Report for 1974. AVRDC, Shanhua, Tainan, Taiwan.
 
"Jansen, H.G.P., Charnnarongkul, S., and Kim, D. 1993. Economic analysis of mungbean production in
 

Thailand. AVRDC working paper no. 6, 96 p. 
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weed growth may furlher reduce yield if not checked by competitive mungbean plants. The 
current experiments were designed to determine whether the most recent AVRDC lines could beplanted at higher densities, and atimore favorable rectangularities to raise yields. In the long term,
studies on the response of these dwarf lines to irrigation and fertilization are being undertaken as 
part of a series of nlanagelient practices aimed at intensifying the production of mungbean. 

Materials and Methods
 
Four experiments were run in the spring (1), 
 summer (2), and autumn (3) of 1992 and the

spring (4)of 1993. )etails specitic to each experiment are presented in table 19. Factorial designs
were used within randomized complete blocks with three replications. Five planting densities 
were sown on three-row beds and were chosen as 20% multiples of the control population (40plants/nl 2); i.e., 20% less, the same, and 20, 40, and 60% greater than the control. Wilh tlhe
exception of the summer experiment, file control was sown at 0.5 in x 0. 1 in with three seeds per
hill thinned shortly alter emergence to two per hill (i.e., 40plants/n 2). For the sumnmerexperiment,
the control was sown al 0.5 m x0.133 in to give a lower population of 3()plants/n 2, since vegetative
growth during 111oSnliner is more profuse than1 during tile other seasons. Fertilizer application
f reach experiment was at the rate of 3():60: 100 kg/ha N: j,(): KO, with tile N split into two 
applicalions. 

Bolh crop cover (using a grid system - Anonymous 198612) and light interception (using a1 ICOR i 10(X) radiometer) data were collecte(ld two or three limes within each experiment, as were two sets of growth analysis data at the ti Ith to sixth week and the eighth to ninth week after
sowing. After measurement of height, plants were separated into slem,n leaf, root, and pods (ifpresent), and leaf subsamples were taken for leaf area determination. All parls were (tried at 70'C 
for 3 days before weighing. At final harvest, total seed yields and 1000-seed weight were
estimated from bordered areas within each plot, and data on yield components (i.e., number ofpods per plant and seeds per pod)were collected from five plants per plot. Phenological data, i.e.,
ile date of 50% flowering and 50% pod malurily (= black pods), were also collected biweekly.

All dala collected were subjected iostatistical analyses. However, in Experiment 1,dala from 
a number of plols in one corner of the Held were discarded (time to poor growth attributed to
allelopathic effects of a previous munghean crop. Analyses combining data from two or more
experiments (McIntosh 1983"') were also undertaken and are presented here. 

Results 

Experiment 1 
Early di fferences between crop cover were evident both among the four lines and the planting

density treatments; values for VC 3X90A were consistently less than for tile other lines, and crop
cover was greater at the higher densities (table 20). For the same density, but sown in two or three rows per bed, early civer values (lid not differ, but by 41 I)AS the three-row planting had a better 
crop cover. Only at the six-week sample for crop cover was there an interaction (p = 0.048)
between lines and (lensities, but no trend in the data was apparent. No dilferences in weight or
leaf area between densities were indicated, but wilh crop cover values at that (late barely
exceeding 65%, it is unlikely that compelition at tihe higher densities reduced individual plantsize. Values for leaf area and weight per unit area were quie obviously greater at the greater 
densities (data not presentel). 

'2Anonymous. 1986. A simple method for interpreting potato crop growth and yield. CIP Circular 14:7-9.'3Mclntosh, M.S. 1983. Analysis of combined experiments. Agronomy Journal 75: 153-154. 



Table 19. Details of field experiments comparing mungbean lines at various population densities and rectangularities in 
three seasons 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Sowing date 20 March 1992 21 July 1992 	 29 September 1992 22 March 1993
Plot size 5 mx 4 m 5 mx 2m 5 m x2m 5 mx2 m 
Plant spacing 0.189 m x 0.33 m (32) 0.25 m x 0.33 m (24) As Experiment 1 As Experiment 1 
(and density/m) 0.15 m x 0.33 m (40) 0.20 m x 0.33 m (30) 

0.125 mx 0.33 m (48) 0.167 mx 0.33 m (36) 
0.107 mx 0.33 m (56) J.14: mx 0.33 m (42) 
0.94 mx 0.33 m (64) 0.125 mx 0.33 m (48) 
0.10 mx 0.50 m (40) G.133 mx 0.50 m (30) 

Mungbean lines 	 V 3726 As Experiment 1 V 3726 VC 1178A 
VC 1178A VC 1178A VC 1973A 
VC 1973A VC 1973A NM 92 
VC 3890A CN 4 CN 4 

NM 92 

First growth analysis 46 DAS 36 DAS 35 DAS 44 DAS
 
Second growth analysis 66 DAS 58 DAS 
 56 DAS 64 DAS 

Table 20. Crop cover, growth, and yield data for four mungbean lines and six planting densities in Experiment I 
Crop cover (%) Growth sample (66 DAS) Final harvest GrainLine 27 DAS 35 DAS 41 DAS Leaf area Pod-(per plant) Dry weight (g,'plant) Plant height 1000-seed No. pods/ yield

(cmip!ant) no. wt (g) Top Root (cm) weight (g) plant (t/ha)
V 3726 11.1 a 25.7 a 62.7 a 430 c 8,3 b 4.4 a 8.4 b 0.6 c 36.7 c 62.6 a 7.9 1.a bVC 1178A 11.6 a 24.4 a 54.5 bc 357 c 7.6 b 3.9 a 7.5 b 0.5 c 33.3 c 62.1 a 7.7 1.7 b
VC 1973A 11.0 a 21.0 b 56.8 b 628 b 7.8 b 3.0 b 	 8.5 b 0.7 b 51.7 a 59.7 b 8.3 1.7 b
VC 3890A 9.0 b 19.0 b 48.9 c 739 a 9.7 a 3.5 ab 10.4a 0.8 a 44.9 b 55.8 c 8.9 2.0 a 
Planting density
0.189 m x 0.33 rn 7.0 15.6 45.3 693 10.2 4.4 11.1 0.8 42.2 62.0 9.7 2.0
0.15 m x 0.33 m 9.1 19.9 53.2 588 9.6 4.1 9.7 0.7 41.2 60.4 9.4 1.90.125 m x 0.33 m 11.5 25.1 61.2 482 7.7 3.2 7.6 	 0.6 39.4 60.3 8.6 1.8
0.107 m x 0.33 rn 11.9 24.4 59.8 464 7.2 3.0 	 7.4 0.6 40.5 59.0 6.7 1.7
0.094 m x 0.33 m 14.5 29.6 66.9 452 7.0 3.3 7.4 0.5 41.9 59.2 7.0 1.90.10 m x 0.50 m 9.8 21.4 47.4 497 8.3 4.5 9.0 0.6 40.6 60.4 8.0 1.6 
SED plant density (26 d) 0.57 1.40 2.95 47.6 0.58 1.14 1.90 0.12 n.s. 0.52 0.51 0.09 
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At the second growth sample, differences were evident between lines and densities for all
measured characters. Leaf area and all dry weights per plant were greater in VC 3890A, the line 
with the least crop cover, as they were at the lowest densities. Tile same was true for the 
aboveground dry weight per plant at final harvest. Nevertheless, greatest values per unit area were 
recorded in the higher densities. 

Compared to the control line VC 1973A, all other lines were shorter at final harvest by 7-18 
cm. Final height was not, however, influenced by planting density, although the number of pods 
per plant and the 10()-seed weight were; both significantly greater at the lower populations. At 
the same population (40 plants/n 2), sowing in three rows resulted in more pods per plant than 
sowing in two rows, but 1000-seed weight was unaffected by rectangularity of sowing.

For total seed yield, differences between lines and densi'ies barely reached significance (p 
= 0.0584 and 0.0587, respectively) with the latest maturirg line VC 3890A, and the highest
densities leading to greatest yields. The least yield was re.corded in the two-row sown beds. 

Incidenceo fpowdery mildew and lodgingwere also least in that line, but did not itffcramong 
densities (data not presented). 

Experiment 2 
As observed in experiment 1,early crop cover was greatest at the highest planting densities 

and, at the sane population, was greater in the three- than the two-row sowing (table 2i). Leaf 
area index, however, (lid not differ across the two- and three-row sowings at the same plant
density. By 50 D)AS differences between densities in light interception had leveled out. The line 
VC 1178A had consistently less crop cover or light interception than the other lines at 36 D)AS;
this was related to less leaf area index, but not at 58 D)AS. Plants of fhe control line, VC 1973A, 
were taller than those of other lines, as were plants at the higher density compared to those at the 
lower populations. The dwarf line V 3726, as in experiment I, had the least plant dry weight at 
the later sample, the least top dry weight at harvest (data not presented), and the least leaf area 
per plant. Although early crop cover was the grea:est recorded in this line, by 50 DAS it was
intermediate among lines in light interception, and by 65 D)AS it was least, at 30%, largely due 
to its early maturity (3 days earlier than Ihe !atest line). Plant height at 36 )AS was greater in the 
three- than two-row sowing at 30 plants/im2 as was plant weight, leaf area index (LAI), and the
leaf area to total weight ratio (data not presented), bul by 58 l)AS many o tlhesc differences were 
no longer evident. 

Clear trends, with increasing vaucs at the higher densities, were evident for plant height and
LAI (both samples), and lower values for total and component plant weights and leaf areas per
plant at the higher densities. Various interactions between densities and lines were evident: early 
crop cover (24 1)AS), plant height (36 and 58 I)AS), root dry weight (36 1)AS), pod dry weight
(58 1)AS), and aboveground and total dry weight (58 DAS). Crop cover at 24 I)AS peaked at 
control + 20(% in line V 3726, whereas in the other lines it peaked at the maximum plant density
(control + 60%). In tie shortest line - VC 11 78A, crop cover in the two-row sowing was much
less than that of the three-row sowing at the same density (by 25%), but the same was also true 
for the tallest line, VC 1973A. Only in VC 389)A (lid the cover of the two-row sowing reach the 
lowest value of the three-row rowing. Plant height of the two-row sowing was less than that of 
any three-row planting density in VC 1178A and VC 1973A, but for the other two lines it was 
intermediate among po)pulation densities. Root weight was much less in the two- than three-row 
sowing for two lines, V 3726 and VC 1178A, conmpared to the other lines for which root weight
did not vary markedly across population densities. Total dry weight (58 l)AS) was similar to 
aboveground dry weight to that for the short line, V 3726; the two-row sowing was similar to the 
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control + 40% population density, whereas for the tallest line (VC 1973A) it was similar to the 
lowest population density (control - 20%), the other two lines being intermediate. 

Flowering and maturity dates differed between linies (with V 3726 and VC I 178A earlierthan 
the other lines), but density had no measurable effect on phenology. Conversely, plant height 
(neasured by tile breeders) at the two phenological stages did not differ between lines, but was 
markedly greater at the higher der.sitics (data not presented). Maximum seed yield (1.2 t/ha) was 
achieved by VC 3890A, the line with least Cercospora infection and greatest number of pods per 
plant and seeds per pod (n.s.). However, uniformity of maturity in this line was poor compared 
to the others; only 71% of the total grain harvest was collected at the first picking, compared to 
91% for V 3726. An increasing trend (p= 0(1.057) in yield at greater densities was evident, but other 
components of yield with the exception of I(00-secd weight (p = 0.053) were not significantly 
affected by population. 

At the same plant density (30 plants/ni 2) there was no significant difference in yield between 
sowing in two- or three-row bed, (0.9 and 0.8 tlha, respectively). 

Experiment 3 
The control line, VC 1973A, was taller than other lines with greater leaf area, root dry weight 

(35 l)AS), and pod number and weight (56 l)AS) (table 22). Leaf area to total weight ratio and 
LAI were also greater in this line than in others on both sample dates, as was light interception 
42 and 55 l)AS. The shortest Flne (VC I 178A) was > 20 cm shorter than the control at 56 I)AS 
with V 3726 and NM 92 only 4 cm taller than VC 11 78A at 56 l)AS. Of lhose two lines, V 3726 
had better dry weight accumulation, light interception (with the exception at 78 I)AS) and LAI, 
but line VC I178A, particularly at the later (56 l)AS) sample, had less dry weight, LAI, and other 
measurable attributes than other lines. 

With the exception of plant height and leaf area to total dry weight ratio, all other attributes 
differcd significantly across planting densities in the same trends as observed in Experiments I 
and 2. Weight and leaf area attributes, however, tended to be greater (and on occasions 
significantly so) in two- than three-row sowing at the same plant density (40plants/n 2), yet light 
int!crception (1I.)was greater in three-row sowing. 

Interactions were evident for light interception at 42 I)AS (p = 0.098), 55 l)AS (p = 0.05), and 
78 I)AS (p = (.13). Essentially, at 42 l)AS the major influence of population on LI occurred 
between tile two lowest densities, with an increase in 1.1 at the higher oflthe two. This was, 
however, not evident for line NM ',2, for which IIincreased only at the highest but one (i.e., 
control + 40%) density. At botL 42 and 55 I)AS, the 1.1 in tihe two- vs. the three-row bed was much 
reduced in CN 4 and NM 92 compared to the differences in other lines. At 78 l)AS, 1.lof the two
row sowing was markedly less than that in the three-row sowing for all lines except CN 4. 

The tallest line, VC 1973A, was also the latest to reach 501% flowering and maturity (5 and 
7.5 days later than the earliest lines, respectively) (table 23). I)ifferences between all lines were 
significant lor seed yield, with the short line NM 92 yielding less than one half that of the highest 
yielding line CN4. Lodging was serious in the two tallest lines, but they both resulted in maximum 
yields. The yild advantaue of CN 4 was attributed to the greater number of pods per plant than 
other lines, and of seeds per pod, bul I()(-seed weight was least of all lines. Uniformity of 
maturity was greatest in this line, lending itself to a once-over or mechanical harvest. 

Plant density did not influence flowering nor maturity dates, but lodging was greater at all 
densities compared to the lowest plant density. Nevertheless, grain yield reached a naximum at 
the penultimate density, but did not difter significantly among the fuur highest densities. In 
particular, the pod number per plant was signi ficantly reduced at higher densities, as was the 1000
seed weight, but the latter not sigiificantly so. 



Table 21. Crop cover, growth, and yield data for four mungbean lines and six planting ,densities in Experiment 2
 
Crop cover Light interception Plant height 
 Leaf area Total plant dry Days to Harvest __(%)%) (cm) index weight (g) Flowering Maturity CLS 1000-seed Grain yield

Line 24 DAS 50 DAS 65 DAS 36 DAS 58 DAS 36 DAS 58 DAS 36 DAS 58 DAS wt (g) (t'ha)V 3726 72.8 a 69.9 bc 29.8 d 33.3 a 38.8 b 3.1 a 1.3 b 8.8 14.0 b 35.4 b 54.6 c 4.5 a 55.9 c 0.7 cVC 1178A 67.4 b 65.7 c 43.5 c 29.3 b 38.4 b 2.7 b 1.7 b 8.0 15.0 ab 34.4 b 55.8 b 3.7 b 56.9 b 0.6 cVC 1973A 7' 4 ab 73.8 ab 61.2 b 33.4 a 43.7 a 3.4 a 2.7 a 8.8 15.8 ab 37.1 a 56.1 b 2.9c 60.8 a lOb 
VC 3890A 0.7cb 77.4 a 68.2 a 29.1 b 38.1 b 3.1 ab 2.9 a 8.3 16.8 a 38.1 a 57.6 a 3.0c 55.5c 1.2aPlanting density
0.25 m x 0.33 m 64.4 66.7 51.4 29.1 35.4 2.6 1.7 10.1 18.1 35.8 55.7 3.5 58.00.20 m x 0.33 m 73.1 71.6 51.0 32.0 39.3 2.9 

0.8 
2.1 9.4 17.4 36.5 56.7 3.5 57.5 0.80.167 m x 0.33 m 75.4 72.3 49.4 31.2 40.3 3.0 2.0 8.2 14.0 35.8 55.8 3.5 56.60.143 m x 0.33 m 76.7 73.6 48.8 33.6 41.8 3.4 2.5 

0.9 
7.5 14.1 36.4 55.9 3.8 56.70.125 m x 0.33 m 79.1 74.4 52.6 34.1 44.5 39 2.6 

0.9 
7.6 13.3 36.1 56.2 3.6 57.20.133 m x 0.50 m 54.7 71.7 51.0 27.6 37.3 2.7 2.0 

1.0 
7.9 15.5 37.0 56.0 3.4 57.8 0.9SED (46 d!) 2.35 n.s. n.s. 1.37 1.47 0.224 0.242 0.61 1.21 n.s. n.s. n.s. n.s. 0.05 

between planting 
density means 

Table 22. Light interception and growth characteristics of five mungbean lines grown at six planting densities in autumn, 
Experiment 3 

Light interception (%) Plant height (cm) Sample 35 DAS LAILine 42 DAS- 5-5 D,,=S -78 DAs '35D--AS-- 56 DAS Root Leaf area: Total 56 DAS 
(g/plant) total weight (g/plant) 

(cmlg)V 3726 84.7 c 86.8 c 62.3 c 19.1 b 31.2c 0.22 b 125 c 3.23 a 2.57 bVC 1178A 80.8 d 84.1 d 65.6 bc 16.8 c 27.4 d 0.21 b 103 e 3.35 a 1.89 cVC 1973A 92.4 a 93.7 a 65.4 bc 23.7 a 49.3 a 0.28 a 155 a 3.35 a 3.87 aCN 4 87.4 b 91.6 b 68.7 b 19.2 b 37.8 b 0.22 b 139 b 2.91 b 2.84bNM 92 79.1 d 83.4d 73.7 a 20.1 b 31.3c 0.17c 113d 2.90b 2.05c 
Planting density
0.189 m x 0.33 m 81.7 85.6 67.6 18.7 35.5 0.25 134 3.61 1.520.15 m x 0.33 m 85.6 86.7 67.4 20.1 35.2 0.22 132 3.11 1.650.125 m x 0.33 m 87.2 90.2 68.2 20.4 35.2 0.22 123 3.08 1.810.107 m x 0.33 m 87.5 89.9 70.1 20.6 36.4 0.20 123 2.91 1.990.094 m x 0.33 m 86.5 90.5 68.5 19.4 35.8 0.18 128 2.64 2.190.10 m x 0.50 m 80.9 84.6 61.1 19.3 34.5 0.25
b1D (58 dt) 1.22 1.09 2.38 

123 3.54 1.71 
n.s. n.s. 0.014 3.8 0.166 0.200 

between planting densities 
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Table 23. 	 Phenological and harvest data for five mungbean lines sown at six densities in 
autumn, Experiment 3 

. Daysto Lodging Pod no./ 1000-seed First harvest Grain yield 
Line Flowering Maturity plant weight (g) proportion (t/ha) 
V3726 37.7c 67.5c 3.0c 10.4 bc 71.4a 0.92 ab 1.8c 
VC 1178A 36.7 d 66.2 d 1.3 e 10.4 bc 68.9 b 0.91 ab 1.6 d 
VC 1973A 42.0 a 73.9 a 4.8 a 11.0 b 69.7 b 0.90 bc 2.3 b 
CN 4 40.1 b 69.3 b 4.0 b 14.3 a 47.5 d 0.94 a 2.5 a 
NM 92 35.2 e 66.3 d 1.6 d 9.1 c 51.2 c 0.88 c 1.1 e 

Planting density 
0.189 m x 0.33 m 38.0 68.5 2.6 12.7 62.3 0.91 1.8 
0.15 m x0.33 m 38.5 69.2 3.0 11.5 62.1 0.90 1.9 
0.125 m x 0.33 m 38.1 68.2 3.0 10.6 62.1 0.91 2.0 
0.107 m x 0.33 m 37.9 68.2 3.0 9.7 61.3 0.92 2.0 
0.094 m x 0.33 m 38.9 68.8 3.1 10.2 60.4 0.91 1.9 
0.10 m x0.50 m 38.6 68.9 3.1 11.6 62.1 0.90 1.7 
S-L (46 dt) between n.s. n.s. 0.16 0.68 n.s. n.s. 0.07 
densities 

Experiment 4 

The greater height of the control, VC 1973A, and the shortest stature of VC I 178A and NM 
92 (especial ly at tile later sample date, 64 I)AS), were directly related to their dry weights, above 
and belowground, leaf areas, and crop cover and II data (table 24). With the exception of the 
earliest (28 I)AS) cover data, no difference was evident in cover nor L between tile control line 
and line CN 4 until 63 l)AS when a greater 1.1 was maintained by CN 4. 

With the exceptions of plant height at both samples and I, at 63 I)AS (when values started 
to decline) di fferences between other measured attributes across densities were significant. As 
anticipated from previous dala, crop cover and 1.1 increased with increasing planting density, and 
dry weights and leaf areas per plant were reduced at the higher densities. 

Crop cover was greater in three- than two-row sowings at the same plant density (40 plants/ 
in2) but by 5 I )AS 1.1 data illustrated no difference. Only fbr the later root weight sample were 
there significant differences between rectangularities, in the sane direction as above. 

Interaction between lines and densities was significant for crop cover at 37 I)AS and for II 
at 63 l)AS (p = 0.07). For line VC 1973A, crop cover increased over the range of densities to the 
highest density, whereas in VC I 178A it peaked at control + 20%, for CN 4 at control +40%, and 
for NM 92 (after a dip at control + 40%) at control + 60%. 

Root dry weight also showed an interaction with the two-row sowing illustrating greater 
competition (i.e., similar root weight to that of higher densities) in VC I 178A and NM 92 (tlhe 
two shortest lines) than in the other two lines. 

The range between the earliest and latest dates of flowering and maturity among lines were 
4 and 3.5 days, respectively, bti differences were significant (table 25). The control, VC 1973A, 
was latest and line NM 92 the earliest. As in experiment 3,yield of the intermediate maturity line 
CN 4 was greater than that of olher lines, with the two shortest lines resulting in lowest yields. 
I.ine CN 4 was also least infected with powdery mildew. A superior number olpods per plant and 
seeds per pod contributed to the high yield of CN 4, while I000-seed weight was lowest among 
all lines. In contrast to the previous season's result, CN 4 was not the most uniformly maturing 
line; a( 78% yield recovery at first picking, it was considerably poorer than the other lines. 



Table 24. Crop cover, light interception, and growth attributes of four mungbean lines sown at six densities in spring, Experiment 4 
-- Crop coyer (%)_o- Light interception (%) Plant height Sample 44 DAS - Top dry weightLine 28 DAS 37 DAS 51 DAS 63 DAS G4 DAS Top dryweight Root dry weight Leaf area 56 DAS 

(cm) (glplant) (g/plant) (cm/plant) (g/plant)VC 1178A 43.9 b 79.1 b 80.9 b 69.4 c 33.0 c 4.2 ab 0.4 b 459 b 8.8 aVC 1973A 50.1 a 87.2 a 83.0 ab 74.2 b 43.8 a 4.5 a 0.6 a 652 a 9.2 aCN 4 45.5 b 86.1 a 85.4 a 78.1 a 38.6 b 4.3 a 0.5 b 623 a 9.0 aNM 92 39.6 c 72.6 c 68.3 c 56.2 d 29.9 c 3.7 b 0.4 c 359 c 6.8 b 

Planting density
0.187 m x 0.33 m 36.5 80.0 79.6 69.7 35.5 4.9 0.6 617 10.80.15 m x 0.33 m 41.0 82.7 78.8 69.0 36.0 4.4 0.5 546
0.125 m x 0.33 m 48.9 84.6 78.8 71.0 35.6 

9.0 
4.3 0.5 535 7.90.107 m x 0.33 m 52.3 85.9 79.1 69.8 36.0 3.6 0.4 446 7.00.094 m x 0.33 m 56.9 87.7 83.5 70.5 36.8 3.6 0.4 456 6.50.10 m x 0.50 m 33.2 66.5 76.6 66.9 38.1 4.3 0.5 541 9.6S L (46 dl) between 2.00 1.70 2.01 n.s. n.s. 0.29 0.03 35./ 0.70 

densities 

Table 25. Phenological and final yield data for four mungbean lines sown at six densities in spring,
 
Experiment 4
 

Line Days to 
 Pod no. Seed no./ 1000-seed First harvest Grain yield Powdery
Flower Maturity plant pod weight (g) proportion (t/ha) mildew 

VC 1178A 41.8a 57.2b 9.5b 9.6bc 69.8b 0.87a 1.3c 2.75b
VC 1973A 41.8 a 58.1 a 7.9 c 9.8 ab 72.0 a 0.83 b 1.5 b 2.50 bCN 4 40.5b 56.8b 11.9a 10.0a 45.6d 0.78c 1.8a 2.18c
NM 92 37.7 c 54.7 c 9.5 b 9.4 c 53.3 c 0.87 a 1.1 d 3.25 a 

Plant density
0.189 m x 0.33 m 40.4 56.5 12.6 9.9 60.4 0.82 1.4 2.710.15 m x 0.33 m 40.6 56.7 10.7 9.6 61.1 0.83 1.5 2.54
0.125 m x 0.33 m 40.5 56.8 9.6 9.7 60.2 0.83 1.5 2.540.107 rn< 0.33 m 40.4 56.6 8.5 9.8 58.9 0.84 1.4 2.58
0.094 in,. 0.33 m 40.0 56.8 8.2 9.6 59.8 0.84 1.5 2.750.10 m x 0.50 m 40.8 56.8 9.1 9.7 58.9 0.87 1.3 2.88
SIED (46 dl) between n.s. n.s. 0.76 n.s. n.s. n.s. 0.06 n.s.
 
densities
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Grain yield did not vary significantly between densities, but sowing in two-row beds was 
inferior to the three-row system. The number of pods per plant was reduced at higher densities, 
but this was compensated for by the greater number of plants at those densities. 

Combined analyses 
Combined analyses for four lines in two seasons (experiments 3 and 4) and for two lines (VC 

1973A and VC 1178A) in two spring (experiments I and 4) seasons were run. 
For the four line data, the main effects of season, line, and planting density on grain yield 

were very highly significant, as was the interaction between season and line (table 26). The same 
trend was evident for most harvest data, with the exception of seed number per pod and 
phenological data which did not differ across densities (data not presented). 

Grain yield was greater in the autunm season (1.9 vs. 1.4 t/ha). Autuni yield was greater due 
to a longer maturation period (+ 12 (lays), although flowering was 2 (lays earlier. 

Over seasons, yield of NM 92 was consistently low ( 1.I /ha), whereas yields of the other 
lines were greater in the autunn (table 26). The two highest yielding lines (VC 1973A and CN 
4) matured later by 3 (lays than the other two lines in the autumn (which malured late), wilh many 
more pods per plant in the former. 

Table 26. Interaction means for four lines across two seasons (Experiments 3 and 4). 

.. Grain yield (t/ha) . .__ Maturity (DAS) No. pods/plant 
Line Autumn Spring Autumn Spring Autumn Spring 

'92 '93 '92 '93 '92 '93 
VC 1178A 1.6 1.3 66.2 57.2 10.4 9.5 
VC 1973A 2.3 1.5 73.9 58.1 11.0 7.8 
CN 4 2.5 1.8 69.3 56.8 14.3 12.3 
NM 92 1.1 1.1 66.3 54.7 9.1 9.5 
SED (92 dt) 0.10 0.62 1.10 
line within season 

Analysisof variance for two lines (V 1178A and VC 1973A) overthe two spring experiments 
showed similar main effects and interactions as the abovementioned combined analysis. 
Exceptions were for the number of pods per plant, which did not differ across years nor lines, 
1000-seed weight which was similar across lines, and seed weight and plant height at maturity 
which did not differ across population densities. There was also no significant interaction 
between years and lines in grain yield. Yields were greater in experiment 1(1.7 vs. 1.4 t/ha, no 
valid statistical test) when flowering and maturity were somewhat later (0.75 and 4 days, 
respectively). Major differences between years occurred in 1000-seed weight (61.1 vs. 71.0 g). 
Line VC 1973A matured > 6 (lays later in experiment I than in experiment 4, while for VC 1178 
it was 2 days later (tables 20 and 25). These differences were, however, not reflected in 1000
seed weight nor in the number of pods per plant, only in the number of seeds per pod and the 
aboveground dry weights at harvest. This latter character was also subject to an interaction 
between years and population density; bigger differences between years (larger values in 
experiment 1)were evident at the lowest densities (tables 20 and 25). 

Discussion 

Given the shorter stature of tile dwarf lines and their more compact habit, it was expected that 
they would respond to higher plant densities more than the taller lines. This was not so for grain 
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yield; no interaction between lines and densities was significant for yield or yield components.
In part this may have been due to tie sowing of most treatments on three rows, which could favor 
both shorter and taller lines in terms of availahle space per plant.

With tile exception of'the summer trial, yield of the three-row sowing was better than that of 
two-row sowing at tile sane plant density. Tile early vigorous growth in tile sunner (average 8.5 
g plant dry weight and 89() cm 2/plant leal area at 36 I)AS compared to tile closest maxima of 4.7 
g/plant and 523 cn 2/plant for experiment I at 44 I)AS) would, to somec extent, olfsel tile benefit 
of the more square plant positioning in the three-row sowing. Rigorous comparisons between 
seasons for growth data are, however, not feasible due to tie differences in durations between 
sowing and sampling. 

In spite oflthe profuse growth during summer, grain yields were least during that season (wilh
an average of 0.9 f/ha), largely due to the reduce(] number of pods per plant. Tile greatest grain
yield was achieved in autulnn ( 1.9 t/ha) lollowed by tie two spring seasons ( 1.8 ailo 1.4 t/ha for 
experiments I and 4, respectively).

Data froin previous studies at AVRI)C indicate that tle sinallcr-seeded lines respond more 
to higher densities than larger-seeded lines. Certainly the smallest-seeded lines (VC 3890A in 
experiments Iand 2 and CN 4 in experiments 3 and 4) resulted in the highest average yields (mean
planting density olfeach expcrinlent was 17c greater than recommended), but these lines did not 
differentially respond to a greater degree than did other lines to greater density.

Regression analyses for grain yield data (fig. 12) suggest tllt by sowing on Ithre-row beds. 
optinlmn density could be raised to 50 plants/i 2 or more ill tlC sum mer andl atlun .No interaction 
within each season was evidenl between planlting density and line for grain yield. Tile contrasting
behlavior in ile two spring seasons will b2 subjecC to further analysis, as will all data for analyses
of competition indices, and correlations between yield and growt h characteristics. When 
nungbean is broadcast sown, as it often is in farners' fields (.ansren 1993), a more square sowing
pattern is likely to ensue for between-plant spacing, hence choice olthe best yielding lines when 
sown and non broadcast, with the exception of the sunlmer, might be better undertaken oli tlhree
row beds. 
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Fig. 12. Mungbean grain yield as a function of population density in four experiments (means 
over four or five mungbean lines) 
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Effect of Different Rates of Nitrogen Fertilizer on
 
Pai-tsai Yield and Nitrogen Uptake
 

Summary 
Iligh N PK fertilizer norms in vegelable-growing handbooks for a short-season (30-day) leafy 

vegetable such as pai-tsai have led to quCsLtions ofiJusti fication for these high rates if the system 
is t( he sustainable. A sniall field trial varying the nitrogen rates (0, 25,50 kg N/ha) and recording 
their effect on pai-tsai yield and N uptake was conducted oil the AVRI)C experimental farm. 
Sigenilficant ly higher yields were achieved with N fertilizer applications conmparcd to none (0 kg 
N/ha). There was no significant yield difference between 25 and 50 kg N/ha; 25 kg N/ha is 
su fficient to achieve highcst pai-tsai yields, although tile best N fertilizer elticiency was only 
5(0.4 c. 

Introduction 
lPai-tsai (Brelssicacampslrischinensis,cv. Green Petiole 1563 )is a short-duralion (30-day), 

leafy vegelable frequentlly grown miTaiwan and olher cuntries of Southeast Asia. The fertilizer 
norms, e.g., 16 kg N, 90 kg P,()s, and 1)8 kg K,() /ha ( larvest Farm 1989"), or 1110-150 kg N, 
40-81 kg IP,() and 80-1 111 kg K,j)/ha (Ilarvcst Farm 19801"), or 140-211) kg N, 90-121 kg P,051 
120-150 kg K,) /ha (.ICRI'"),applicd to pai-tsai seem high when its short growing duration and 
limited ro()l systcn are taken into consideration. The sustainability ollhis vegelable production 
Syslell is,thus, queslionable SillCe the rcsidlual amlnLt1 o)ffertilizer, C.g., nitrogen, is probably 
leached int) the eroudwalcr. T[heTobjc ives ollthis trial were to quantity tile pai-tsai yield underdi Il'reni rates of nitro)ml lcrlilizcr application, to assess nitrogen uplake efciency of*pai-tsai, 

and to estilale the amlliount of residual nilroigen fertilizer afelr pai-tsai harvest. 

Materials and Methods 
Two ll cxperinicnts were conducted ol AV RI)C experiiental farm plot no. 79. The first 

experiment was so'vn on 12 March and harvesled 15 April 1993; thle second was sown next to lhe 
first field oin 7 Niay and harvesled 4 .line. Pai-tsai seed was bro)adcast over the bcd and thinned 
10 I)AS to a plant dcnsity of 20 plants/n 2 , which is 1/3 of-the commonly used plant density. A! 
31), ,\S,pai-tsai planuts were putlled out with roots, weighed fresh, and dried. Plant material was 
analyzed for total N 1v lie K.jcldahl dlislillation mtchod. 

\V here:
 
a) NitrogCn uptake in pai-tsai plants wilh 0 kg N /ha
 

(b) NitlroIgen uptake in pai-tsai plants with 25 or 5) kg N/la
 

the fk'llowing terins were dlefined as:
 
Residual soil N: (25 or 5(1 kg N/ha = lb-aI)
 
Fertilizer use efficiency: (Ib-aj/25 or 50 kg N/ha) (Uptake from fertilizer N/applied N)
 
The plot size was I in x 2 in and the field size 3 in x 9.5 in. Phisphorus and polassium were 

applied to all plots at tie rate of80kg 1I/ha (superphisphale) and 65 kg K/ha (potassiuin chloride). 

"Harvest Farm. 1989. Vegetable Growing, Harvest Farm Magazine. Taipei, Taiwan.
 
'sHarvest Farm. 1980. Vegetable Growing, Harvest Farm Magazine. Taipei, Taiwan.
 
'6JCRR n.d., Chinese-American Joint Commission on Rural Reconstruction. Vegetable Growing, Taipei,
 
Taiwan.
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The treatments were 0 kg N/ha, 25 kg N/ha as one sidedressing broadcast over the plot (10 DAS),
50 kg N/ha (25 kg N/ha as sidedrcssing) (10 DAS) plus 25 kg N/ha as sidcdressing (20 DAS)
applied as anmmonium sulfate. The naximun N contribution, 50 kg N/ha, is approximately 1/3
of the norm fertilizer for 60 plants/n 2 . The soil in this site is a sandy loam with a medium texture,
 
pt-I 8.2; 0. 1 (IS/cl]) EC; 0.64% carbon; and 0.08% organic nitrogen.
 

The trial was a randomized complete block design, with three teatmenls and four replications.
Analyses of variance were performed and linear contrasts were elmployed to detect differences 
between treatments. 

Results and Discussion 

Fresh and dry matter yields 
Yield trends over treatments were sinmilar in the two trials. In March/April, fresh yields tended 

to be higher with higher N fertilizer application. Pai-tsai yields with 25 or 5() kg N/ha differed 
from 0 kg N/ha significantly only at P<O.1.Yield differences between 25 and 50 kg N/ha were 
not significant. In June, pai-tsai plants were severely affected by striped flea beetle (Ph/ylloreta
 
strioh(ta) which caused a severe yiekl reduction. Plants remained small and had very slow growth

compared to the plants in March/April (table 27). In J.1u
ne also, the fresh pai-tsai yields with 25 
and 50 kg N/ha differed significantly (1<0.()5) from those with (0kg N/ha, but there was no 
significant dilerence in pai-tsai fresh yiel(ls between 25 kg N/ha and 50 kg N/ha. Based on tile 
results o1 both lield trials, pai-tsai cannot capitalize and raise its yield with the 25 N kg/ha added
 
in the second sidedressing in Ihe 50 kg N/ha treatment.
 

Table 27. Fresh and dry matter yields of pai-tsai (kg/ha) grown with different rates 
of Nfertilizer in two field experiments, March/April and June 1993 

N applied (kg/ha)

March/April 1993 0 25
 
Fresh yield (kg/ha) 3143.75 3818.75 4656.25
 
Dry yield (kg/ha) 728.92 848.6 903.14
 
June 1993
 
Fresh yield (kg/ha) 1159.25 1410.60 1599.25
 
Dry yield (kg/ha) 139.82 163.81 182.79
 

Nitrogen uptake 
Pai-tsai plants with N fertilizer applications in April/March (P<0.05) and in.unc (1k<O. I) had 

significantly higher nitrogen content compared to those with none (0 kg N/ha) (table 28).
Ni trgen content of plants with 25 kg N/ha did not di tter from those with 5t) kg N/ha in either trial. 
In Arril/March and .lune,significantly more nitrogen was taken up from plants with 25 and 50 
kg N/ha cipared to those with none (0Ikg N/ha). There was no difference in N uptake between 
plants with 25 and 50 kg N/ha (table 28). 

The more nilrogcen applied, the lower the fertilizer use efficiency and the higher the residual 
N in the soil whiu, could be leached into tile groundwater (table 28). This looks especially 
dramatic in .luneas the yields were so small. A farmer would probably have plowed his crop into 
the soil and started with another vegetable crop. Nevertheless, with growing environmental 
concern, a reduction in N fertilizer application in vegetable production, especially with short
duration creps, has to be achieved. As pai-tsai has a very small root system, foliar N application 
could be a valuable alternative. 
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Table 28. Nitrogen uptake by pai-tsai (%and kg N/ha), residual N in the soil after pai-tsai harvest, 
and fertilizer use efficiency (%) in March/ April and June 1993 field experiment 

Parameter Experiment ferttizeNapplied/haNKg 
0 25 50 

N in pai-tsai plant (%) March/April 3.1 4.1 4.5 
June 2.8 3.1 3.1 

Kg N in plant /ha March/April 22.5 35.0 40.6 
June 3.9 5.1 5.7 

Residual N in soil (kg/ha) March/April 12.4 31.8 
June 23.8 48.2 

Fertilizer efficiency (%) March/April 50.4 36.3 
June 4.9 3.6 

Reducing Bacterial Wilt Incidence in Tomato by Intercropping 

lummary 

Intercropping tomato with cowpea reduces the area under disease progress curve (AU1)PC) 
of the tomatoes significantly. Intercropping with soybean and Welsh onion has no significant 
effect on the AUI)PC. Compared with a sole tomato crop, intercropping with tomato did not 
reduce the population of Pseudomnonas solanacearuin in the soil. 

Introduction 
lntercropping potato with cowpea is known to reduce the bacterial will incidence in potato. 

For the development of an integrated pest management (1PM) program intercropping tomato 
with different crops was tested on the AVRIDC experimental farm (luring the summer (July to 
September). 

Materials and Methods 
Field soil was inoculated with Psetdoinonas solanaceartan, the causal agent of bacterial 

wilt of tomato, by establishing a bacterial wilt nursery. The soil was infested with P. solanacearum 
strain 4 (PSS 4, standard screening strain of AVRI)C) at a depth of approximately 20 cm. Beds 
with a width of 1.5 m were used for this field experiment. Between the treatments, separation 
beds were used to avoid cross contamination by irrigation or drainage water. 

The following three crops were used for intercropping with tomato: Welsh onion (Al/mun 
fisttlosttim), cowpea (Vignamlnguicudatf(), and soybean (Glvcine max). Tomato (Lycopersicon 
esculentmwn) as a sole crop was the control treatment for wilt incidence and bare fallow was the 
control treatment fbr the P. solanacearwm population in lie soil. 

The following two tomato cullivars were used: the susceptible Farmers 301 (Known You 
Seed Company) and bacterial will-resistant ASVFG No. 4 (FMT 22). Both cultivars are 
indeterminate, fresh-market tonato types. 

A completely randomized block design with four replicates was used. The intercrops were 
sown/transplanted 2 wk before the transplartdng of 4-wk-old tomato seedlings. Per treatment 
one row of tomalo and two single (cowpea and soybean) or double rows (Welsh onion) were 
sown/transplantcd per bed. EHach treatment comprised of 20 tomato secedlings per cultivar; the 
two cultivars were transplanted in one separate bed each. The legumes, i.e., cowpea and soybean, 
were seed-inoculated with Rhizobilil spp. before sowing. IPK fertilizer was based on the needs 
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of the tomato crop, but distributed over the whole bed in a basal and- for K - two sidedressing
applications. Depending on the intercrops, different rates ofN fertilizer were applied. The tomato 
crop received N fertilizer only locally in tWo sidedressings in all file treatments. Sole tomato crop 
was mulched with rice straw. The symptoms of wilting tomato plants were recorded regularly,
and on several c asions soil samples were taken at a depth ol'5 to 2() cm to determine the size 
o1 lhe P. solalatcau1trtn1 population in the soil during lhe field experiment. 

Results and Oiscussion 
Fig. 13 shows the disease progress curve for bolh tmlato cultivars. Welsh onion did not 

reduce the wilt incidence for either Ihe susceptible or the resistant cultivar. For both cultivars, 
cowpea reduce(] tile wilt incidence more than soybean. 
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Fig. 13. Progress of bacterial wilt in two tomato cultivars intercropped with Welsh onion, 
reowpea, soybean, or as sole crop; expressed in%wilting tomato (i.e., from the moment 
one leaf is partially wilted). A: Susceptible tomato cultivar Farmers 301, B: resistant 
tomato cultivar ASVEG 	No. 4 
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The AUPlCs were calculaled from transplanting to 77 days later (tahle 29). For both 
cultivars, the AJI)PC of the treatments intercropped with cowpea was significantly less (P 
0.()1) than the AUDPC of lthe contrl treatment. No significanl differences (P (0.05) existed 
between the tomato inlercropped with Welsh onion or so\vbcanand the control treatenlCt; neither 
for the susceptihle mor the resistant cultivar. 

Intercropping wilh cowpea can he considlred cltective in reducing the bacterial wilt 
incidence CCItf()1ato to a limited extent. But c\'en with the (moderately) resistant tomato cultivar 
ASVL( N .4 the whole crop succumb+d to bacterial wilt 77 days alter transplanting. 

Fiv. 14 shows the correlation be. ween the AUI)PCs of tle dilferent treatments of the 
susceptible cultivar (Farmers 3)1 ) ard the resistant cultivar (ASVFG no. 4). The effects of the 
reatments wcre independent ol the t )ratlo cultivar: cowpea has in both cullivars a significant 

depression. soybean a slight (lcpression, and Welsh onion no depression on the AUIPC when 
coMpatre(l to contrl] values, 

Table 29. 	AUDPC (in days) of two tomato cultivars from 0 to 77 DAT. (Treatments were compared 
with the control using linear contrast [ns: P >_5%, *:5% _ P _>1%, **: 1% > P]) 

Treatment Farmers 301 (AUDPC) ASVEG No. 4 (AUDPC) 
Welsh onion/tonato 49.92 ns 42.90 ns 
Cowpea/toroato 42.20"* 36.15"" 
Soyhean/tomato 47.47 ns 40.69 ns 
Sole tomato (control) 50.19 43.05 

45 	 _ 

Welsh oni/tomat tomato sole 

0 
z V 
wj soybean/tomato 

i) 40 

y - 0.47838 + 0.86783 

D r =0.9998 , 

cowpea/tom atoI_ 

35 	 11 

40 45 50 55 

AUDPC: Farmers 301 

Fig. 14. Correlation between the AUDPCs (in days) of the different treatments of the susceptible 
tomato cultivar Farmers 301 and the resistant tomato cultivar ASVEG No. 4 
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Fig. 15 shows the evolution of the P. solanaceartm population in the soil from 17 lays until
60 days after transplanting tile tomatoes. The initial population after the bacterial wilt nursery
decreased by a factor of 10 in all trcatments during the 17 days before the tomatoes were
transplanted. l)uring the next two months fhe population decreased slightly in the soil with the
susceptible cultivar. In the soil with the resistant cultivar the population in the legumes and the
control treatment also decreased slightly, whereas in the trcatment with Welsh onion and sole
Ioniato crop tile population of P. solatlacearn-n was increasing at the end of tile observation 
period. 
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Fig. 15. P. solanacearum population in soil (5 - 20 cm depth) after artificial inoculation of the fieldsoil using a bacterial wilt nursery. P. solanacearum population size is expressed in cfu/g
dry soil. The intercrops were sown/transplanted directly after the incorporation of the
bacterial wilt nursery and the tomatoes 17 days later. A: Susceptible tomato cultivar 
Farmers 301, B: resistant tomato cultivar ASVEG No. 4 
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None of the treatments had a strong influence on :he P.,olttafceartul population in tie soil. 
The general drop in population during thc 17 days before transplanting was probably due to the 
heavy rainfall during this lime (> 600 mn in 5 days). The efec ofcowpea on the wilt incidence 
of tie tolatoes callnot be explained by a reduction in the P. sollitlcenlrimpopulation before 
transplanting the tomato seedlings. Other factors, such as drier soil or a possible decelerati( n of 
tile root growth of the tomato plants due to the effect of the quick growing legume rools, could 
explain the reduction in will incidence over the sampling period. A species-specific factor also 
occurred; with a similar growth habit as soybean, only cowpea could reduce the AUI)PC 
significantly. 

Conclusions 
lntercropping tomato with cowpea could be potentially used as part of an IPM program to 

contlrol bacterial wilt of tomaio in the tropics. However, more investigation concerning the 
management of this cropping system, tile effect on other diseases and pests, and tile competition 
betwccn cowpea and l lato for water, light, and nutrients are needed before this cropping system 
can be incorporated into an IPM program. 
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Starter Solution Studies 

Summary 
Three liquid starter experiments were conducted. The first two showed little evidence ofresponses to eilher starter N or P applied to hot pepper. A third experiment in which responsesby three species were comparc( showed lare increases (in dry matter yield as well as N, 1), andK uptake) to slarler N but not to starter P1when applied to crops that have high earlier growth rates(Chinese cabbage and eggplant). I.ess significant responses to N were observed when early

growlh ratie was low (hot pevpper). 

Materials and Methods 
Two stu(ies were conlucted on h(ot pepper (uring the spring. The first was in the AVRI)Cexperiment slation, consisting of 14 treatments illIwo replicates of an RCI3). The treatienls andyields are sumnariized in tabte 1.F]orty plants were harvested fron each plot. Fach plot conlainedIwo I.5-in-wide beds of 4.5 ir length, with tIwo rows per bed. Available soil 1Pwas 33 mg/kg(Nal1C0) 1 extraclant) and exchangeable K was 48 mg/kg (NI 1.4acetale extractalil).
1ie :cconi(i Stulv was condctted in a farmer's ield. Plots were lhe s;aire size as those in thefirst study. The tre;,llerils inilable 2 were applied in three replicates of an RCI3I). Available soilPwas43 mg/kg( ,NalICI()3 extracant )and exchangeable K was 63 uig/kg (NI l.1 acetate extractant).
Because slarter effTcts were reportec in earlicr years hut were 110t obser\ed illthe first twostudlies, a third study was undertaken to examine closely the effects of liquid N ill] P starter onthree contrasting species. The surface 3(0 cur olsoil in the field used fImr tile study contlained 2(1kg inorganic N/ha, 47 kg available li/ha (Nal IC( )3extract ant) and 27 kg exchangeable K/ha(NI 14acetate extractant ). hlhe species. Chinese cablbage (ASVI.(; No. 2), eggplanl (lPingtung Long),andI hot pepper (I lot Beauty) were selecteI lr e.arly growth rate (Ii fIrences btll similar plantinggeoriretries. "rwocontrols were used: the till
N-lP hasal rale and 1/3 the till N-lI basal rate. The
starter Ireatirnlts consisled(Iof fclorial Comnbinations 
o three N levels and Iwo P)levels. Thesesix slarter treatilletlls also received a 1/3 N-Il' basal application. Ferlilizer Ireatlirerits arcsummarized in tahle 3. The slaricr solulions were applied in 5(0)ilvolumrres that were pourcd onthe soil in a 2-4 cin radtius animtnd(each plant on the day of transplanting. The phl and electrical

conductivilics of each solution are lisled in table 3.
The cihIfrtitier treatlents were arrangled in afact(rial conlbi nat ionwith the three species.Species were placed in niain plols and fertilizer Ireal rerrls were placed ill subplots. Threereplicates were Iransplante(I on 25 AgIonUSt 9. illIwo rows on (.2-m-high beds neasuring 1.5 illbet weer bec(lcenters. IPlannt derisity was 3(),()(X) plans/ha. Chinese cabbage was harvested 16 (laysaller transplaimi ng: eggplant and pepper were harvested 3 days later. These harvest dates occurred 

at approximately the dare Ilfat a first topdressing w.otuld be applied. 



Table 1. Total and marketable fruit yields from starter solution, basal, and total fertilizers treatments on hot pepper, AVRDC, spring 
1993 

Treat- Cultivar Starter fertlizer Basal fertilizer Total fertilizer Accumulated fruit yield at harvest of Total Total 
ment (mg/plant) (kg/ha) (kg/ha) (t,'ha) yield marketable 

N PO, KO N PO KO N PO. KO 1st 2nd 3rd 4th 5th (t/ha) (t'ha). .. 
1 Chain Fair 60 120 60 0 0 0 160 40 80 1.6 2.8 7.3 5.4 5.6 24.7 18.9 
2 240 120 60 0 0 0 160 40 80 1.6 3.1 7.8 5.0 4.7 23.3 17.4 
3 0 0 0 80 20 40 160 40 80 1.0 2.7 6.6 5.0 5.1 21.8 16.9 
4 60 120 60 30 60 60 190 100 140 1.9 3.7 6.4 5.4 4.9 24.2 18.0 
5 60 120 60 60 120 120 220 160 200 1.5 3.0 7.1 5.5 4.8 23.5 18.6 
6 240 120 60 60 120 120 220 160 200 1.9 3.8 7.3 4.8 4.2 23.0 16.8 
7 0 0 0 60 120 120 220 160 200 1.2 2.6 5.2 5.2 5.3 21.3 15.0 
8 Hot Beauty 60 120 60 30 60 60 110 80 100 0.7 6.8 5.3 1.5 1.5 16.3 15.8 
9 240 120 60 30 60 60 110 80 100 0.6 5.7 4.6 2.0 2.0 15.4 15.0 
10 0 0 0 30 60 60 110 80 100 0.6 5.6 4.0 2.1 2.3 15.5 14.5 
11 60 120 60 0 0 0 160 40 80 0.6 6.9 4.9 2.2 1.9 17.2 16.4 
12 240 120 60 0 0 0 160 40 80 0.8 5.1 4.8 2.4 1.9 15.7 14.7 
13 60 120 60 30 60 60 190 100 140 0.8 6.3 5.9 2.0 2.1 18.0 17.2 
14 0 0 0 60 120 120 220 160 200 0.7 5.9 4.5 2.4 2.2 16.6 15.7 



Table 2. Total and marketable fruit yields from starter solution, basal, and total fertilizer treatments on hot pepper applications in 
farmer's field, Su-Tsu-Liao, spring 1993 

Treat- Cultivar Starter fertilizer Basal fertilizer Total fertilizer Accumulated fruit yield at harvest of Total Total 
ment (mg/plant) (kg/ha) (kg/ha) (flha) yield marketable 

N 720 KO N P2O, K2 0 N P20 KO 1st 2nd 3rd 4th 5th (t/ha) (t/ha) > 

1 Chain Fair 60 120 60 0 0 0 160 40 80 1.6 2.8 7.3 5.4 5.6 24.7 
1 PBC 374 60 240 60 0 0 0 220 160 200 3.1 5.2 5.3 1.3 2.2 18.6 16.3 
2 PBC 374 240 120 60 0 0 0 220 160 200 3.4 5.2 4.8 1.0 1.2 16.7 14.6 
3 PBC 374 240 120 60 0 0 0 160 40 80 1.9 3.5 3.6 0.8 1.1 11.8 9.7 
4 PBC 374 240 120 60 30 60 60 190 100 140 2.1 4.5 4.6 1.0 2.0 15.8 14.2 
5 PBC 374 240 120 60 60 120 120 220 160 200 3.0 6.1 5.6 1.7 1.3 19.1 16.3 
6 PBC 374 240 120 60 0 120 120 160 160 200 2.3 4.9 5.4 1.3 1.6 16.8 15.2 
7 PBC 374 240 120 60 30 120 120 190 160 200 2.6 5.1 6.0 1.4 1.9 18.3 16.5 
8 PBC 374 240 120 60 60 0 120 220 40 200 2.3 4.7 4.9 1.7 2.2 17.5 15.5 
9 PBC 374 240 120 60 60 120 0 220 160 80 2.8 5.2 5.1 1.3 1.8 17.7 15.8 

2.9 5.7 5.7 1.2 1.8 18.4 16.510 PBC 374 240 120 60 30 0 0 190 40 80 

11 PBC 374 60 120 60 60 120 120 220 160 200 2.7 6.1 6.3 1.3 2.2 20.5 18.8 
12 PBC 374 0 0 0 60 120 120 220 160 200 2.0 4.6 4.9 1.6 2.2 17.2 15.8 
13 Hot Beauty 240 120 60 60 120 120 220 160 200 0.9 3.3 6.6 3.2 1.8 18.2 16.7 
14 Chain Fair 240 120 60 60 120 120 220 160 200 4.3 2.5 3.3 5.2 3.5 21.6 11.9 
PCbU 314 line trom the pepper breeding unit ot AVHL)X. 
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Table 3. Fertilizer treatments, pH, and electric conductivities of starter solutions 
Treatment Starter fertilizer B,.sal fertilizer Starter solution 

- (mg/piant)a -

N PO, KO N 
(kg/ha). 
PO KO pH EC (mmhos/cm) 

N,PoB, (NH,) 2SO 4 = (AS)b 60 0 0 30 30 120 6.5 9.7 
N2PoB, (NH4)SO , 120 0 0 30 30 120 6.3 16.6 
N3PQB, (NH,)2SO4 240 0 0 30 30 120 6.0 30.8 
NP,B, NHH2PO 4 + AS 60 120 0 30 30 120 4.8 8.0 
N2r'1B NH4H2PO4+ AS 120 120 0 30 30 120 4.7 15.6 
N2P B1 NH4H2PO4 + AS 240 120 0 30 30 120 4.6 30.4 
NoPoB , Check 1(distilled HO) 0 0 0 30 30 120 7.0 0.0 
NoP,8, Check 2 (distilled H20) 0 0 0 90 90 120 7.0 0.0 
'All nutrients were app!ied in a volume of 50 ml/plF.nt. 
AS: ammonium sulfate, (NH,)2SO 4. 

Results and Discussion 
I)alt (hot pepper fresh weighls) front aCCurnulaleld yields to the third, to the fiflh, and to tlhe 

final harvests (including remaining full-size green fruit) were analyzed statistically. The effects 
oltrealmentson yiClds aCCUmulat(ed to thtIhird and filth harvests were si mil ar to those on the total 
accumulaled yi1elds. 13cause evidence for starter elfTects in the earlier harvests was not detected, 
only the analyses frot tihfinal accunulateid yield oflmarketable plus untmarketable fruit are 
discusse(. 

A niajor portion (85%) of the treatmeCnt sum Of squares was accounted lor by a single (legree 
of fdcedhinl (d) foir cullivar. Mean yield from nCUltivar Chain Fair was 22.5 t/ha (fresh fruit) and 
from Ilot Beauty 17.4 tlha. Single (llcontrasts on starter, basal, and total applied N among the 13 
treatlment (dctresof frt and, alternatively, as continuous variables in rcression tiIodcls did 
not expose trends attrib utale to fertilizer N treatments. An analysis of variance onl residuals from 
a reiression niefi2 in which tile eflects of ctIlti vars and replicalion were removed showed no 
evidence that olher treatet efTecls remtained in tile dala. 

As in tile AVR I)C experiment station, only aCcllnllled marketable'list studyconducteCd i n tile 
plus unmnarketable fresh fruit yields sumed over all harvests are (fiscussC for the second 
experimcril. Analyses of earlier harvests sho weid si milar lrealient responises. A single dfcfontrast 
amneg varit1ics was sirificant. Yields ol hain Fair, IHlot Beauty, and PBC 374 from COtittitOll 
fertilizer treatmernts were 29.1, 2 I. 1,and 2().9 I/ha, respcclively. A Chain Fair vs. ollier cullivar 
single (fcllontrast atccOtIled for 581/c of the tret merit sum of squares ( 13 (11).Fertilizer effecls 
within the 12 IPBC 374 treatments were examined by regressing yields On tihe (lirattilics (f'starter 
N, basal N, and total applied N. ()nly tie coefficient of the latter variable was significant ((0.(048 
1hot peppr/ kg N as total N increased froin 160 to 22) kg N/ha, Prob>T = 0.028). The suit of 
squares explaitied by ilie total N variable accolnltCl Ior 267( oft1e treat ment sitlii of lsquares 
within the 12 PBC 374 data. Analyses of variance oti residuals reimaining after removal ol the 
effects Of CUllivar and total applied N exhibited no evidence oflother treatmtnt effects remaining 
inthe dala. 

F rt lhIhird sludyoI lieelcls oCliquid N and Pslarler (tre lire diCferent species. no effects 
were visihle oil tlhe ;althoIIh pH arid cotidluclivilis of the most concentratedplatits or in (lie (atl1, 

http:ml/plF.nt
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solutions were high. We conciluded thlat the sIalil moUnlts applied reacited rapidly with the soil 
and were sullicienllV distant from the roots to preclude root danagce. 

F'our attributes were determined: dry matter yield and N, IP,and K uptakes. As expected.
species made thle largest contribution to the variability withil each attribute. Starter N affected 
attribules signi ficantly, a+lthough examination of the data showed that N effects within the hot 
pepper data were ahsent. Signi ficant starter Pefects were not d(lectld, alth1ough the nutriell did 
increase dry hinter vields and 11 uptake slightly. 

Species and s arler N effects were ohvious in tIle dry matter yields and N uplake ill fig. I. 
Regression modcls (Y  i + hN i/2 + cN)were filled to the (li aIanl plotted on the ligure. Apparent
N recoveries (N uptake/N applied) Fron the 240 rnug, N/plaill treatinents were It., 9, 0 .53, and 0.29 
for Chinese cabbage, cggplant, and hot pcpper, respecdvely. These recoveries were in the same 
ranking as ican daily posttransplantling growth rates which were 0.77, (.34, and (.17 g dry 
weighi/day, respecti ve ly. 

AlthouhIiapparent N recoveries from Iitlstarter trealinenlsdi Itlred between species, utilizalion 
efliciencies (g dry mallr yield/ing N taken lp) were less ditfferent as evidenccd h theIdry matter 
yield vs. N uptake (lla in fig. 2. The dry mratlter yield vs. N. 11, and K uptake cutrves ill the liinire 
were estiriiicd with square ro I fuctonfunctions.'Fire P br01Cinese calhage requir( i (lulily
variable to Obtain good fit. The curves Showed that utilization efficiency dcClinCd iadIulily Is 
uplake increascd. I:(loieach nutrin.l til spec'iCs fit eS ille treCn(l ex'ep.,as nolte(_l earlier, fOrChinese 
cabbae. The siiiicatillty negalive dumnly variable (-3.9 c/plant) was evidence that it did not 
use 1) is eflicinlly as lie oticr species did. Moreover, the positions of the full N-lI basaltreatnents Ior Chiieese hha l and eggplant in tic. 2 (open atxesbelow tle dry matter yield-
N uplake regression line) are evidences that N taken tip from tihe additional 601 kg hasal N/ha was 
n1ot used aS efficielnlly as Ilal Iroi cOubiinalions olslarler N and the 3(0 kg N/lha in the 1/3 N-T 
hasal appl icatllin. 

'he' uptake curves in tic. 2 show not only tIhat tie species look up ticse nutrientis in decreasing 
proporlion to dry iiialter yield bit alsO that1 the quantities taken up di tiered bet ween species. Cli nese
cabbage tlook upIlmore than two tilies that taken tip b)y eggplant and five liies that laken ip by
hol pepper. (iorrespondlin. rali isfor I uptake were even larcer. 

Tle irean (ry Iniallter vields rori tilehfull basal control treatmerints of Chinese cabbag&iC,
e'planl, ani lot pepper were 13.2, 7.0, i(l 2.9 /plainl. y}rursirng the (Ir linaler yieldirecressiin 
curves ill ig,. 1, we CStiliiatC(l that aboul 4 kg/hia olslarler solution N replaced 601 kg hasal N/ha
applied to Chinese cahhe and eg hill. The corresponlirl replacernt for ht pepper was 
only I kg N/h,. For hotl pepper, however hasal ferilizer N did not proliiole early' growith to tihe 
extent observed in tIe tllii Species, aid allhruh liquid starter N did, tile response was iot large.
Ail adlvatage IrOmii starter N appears Io he realesl when early N uptake iced lor i crop is irce 
because tie Species hflas a large early growilh rale. Effects will he llost pronounced when soil 
inorganic N content is low as in this sturdly. Because last-growing species alm: lake tip iiore P and 
K earlicr than sh, wer-groViniig species dio, responses to P or K starter solutions are more likely 

whel 
niutrieint availabilities are low,however, commercially signiticamt responses ilay also occur oin 
slow-d(evelopiiig species such as hol pepper. 

to be .serve(i the. "irspecies ailabilities ofthese nutrientlsare nar.ginal. When 
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Fig. 1. Dry matter yields and N uptake by Chinese cabbage at 16 DAT, and eggplant and hot 
pepper at 19 DAT in response to liquid starter N applications 
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Fig. 2. Early dry matter yield of Chinese cabbage, eggplant, and hot pepper vs. N,P, and K 
uptakes. Equations of the form Y = a + bX't2 +cX were fitted to the data. A dummy
coefficient was required to obtain satisfactory fit. Treatments receiving full basal 
applications are shown with symbols with P as the independent variable. These were 
excluded from the regressions 
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Changes in Organic C and Available P and K in AVRDC Soils 

Summary 
After 2() years of intensive vegetable cultivation, changes in soil organic C and available 1P 

and K are apparent. Tile C depletion in most soils appears to have occurred within live years of' 
AVRI)C's establishment. l.iberal 1Pand K applications have created availabilities of these 
nutrients well in excess of crop requirements. A combination ot P applied in excess and Ca-rich 
irrigation water probably caused precipitation of'lhe large quanlities of inmmobile and unavailable 
Ca-P)) 4 observed, but much soil P1obviously was present in lhis form in 1972. K does not form 
immhobile coimpounds and, therefore, K applied in excesses of uptake and relention has probably 
leached. 

The Changes 

Sigtni ticant changes in soil organic carbon (SOC), P, and K availabilities have occurred since 
AVRI)C lields were developed in 1973. Soil acidity (p11), total carbon, cation exchange capacity, 
available: P1(NatiC( 3 extractant), and exchangeable K (NII acetale extractant) or a typical 
surface soil, from data in the AVRI)C Annual Report for 1974, are listed in table 4. The low P 
and K availabililies were confirmed by experiments conducted in 1973 and 1974 in which large 
responses to liberal applications of these nutrients as well as to N were observed. 

Table 4. Chemical characteristics of selected AVRDC soils in various years since 1974 
Year Block Soil pH Total C CEC Olsen P Exch. K 

no. (HO) (%) (+cmol/kg soil) (mg/kg) (mg/kg) 
1974 Typical surface soil 8.6 0.93 9.2 5 24 
1978 Means of 4 to 15 

surface soils 7.5 0.72 10.2 27 75 
33 2 7.5 0.48 6.3 50 150 
79, south part 4 7.8 0.41 5.7 16 57 
98 E 8.1 1.11 14.6 11 78 

1983 50 7 &L 7.9 0.57 - 14 52 
1993 Weather station 1 6.5 0.72 8.3 10 36 

33 2 7.3 0.41 6.2 34 70 
50, + compost 7 7.4 1.31 10.2 180 121 
50, - compost 8 7.7 0.60 7.5 73 94 
79, south part 4 7.4 0.56 9.3 23 94 
98 5 8.2 0.68 10.9 9 69 

Means from a numberofblocks salpled in] 1977 showed that within Iour years oldevelopment 
large quantities of available I and K had accumnulaled and, also, suggested that the initially low 
SOC contents had declined lfurther. Data from surface soils of four fields in 1977-78 exhibit the 
variation between fields in the sampling. Furthermore, the 1978 observations can be compared 
to observations oin the same fields in 1993. 

Block 33 must have received very large P and K fertilizer applications in the years just prior 
to the 1977-78 sampling, perhaps because the subsoil was mixed with surface soil when the block 
was developed. By 1993, P)and K concentrations in Block 33 had declined by 32% and 53%, 
respectively, but remained well above availabilities reported for typical surface soils in 1974. 
Soils sampled from an area of the weather station iinmediately ad'jacent to ie 1993 sampling area 
ol'Block 33 contained much less available P and K and had a lower p1 ,aswell. The p-I diference 
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can be explained by lack of frequent irrigatiol with Ca-rich water on Block 33 and perhaps by
acid rain in recent years. The large S()C difference between the weather station soil and Block
33 soil can he explained by the absence o t'illage on Ihe Iforiier. Tie C(_EC di flerence is attrilulable 
to the S()C diffe rence. 

Since 1991, 13,Mck 79 has been cropped three linies wilioutl P and K fertilizer to reduce
availabiilties otllhese nutrients. Even wilh these repealcd Croppings large quantilies o fboth nutrients,
remain. lock 98 was included because its soil is in a series dil1ereit from olher fields. It is more 
prone to looding tian other fields and its soils shrink to create large cracks during the dry season. 
Therefore, Blck 98 has been used al.most exclusiivly for rice. Even so, ir S(SC and, therefore,
CEC have decreased. I and K availabilities have rermained stalic probably because farmers are 
less liberal with lenrilizer applicaliois onl rice than oil vegetables.

Block 50 has hCen used Iom a long-terin experiicnt since 1983. Soil data collection started
in 1984. I)uring this period, compost was applied to halfthe experiment and inorganic fertilizer 
was applied unifornly to the entire experirment in most years. Totals of 280() kg N/ha, 2332 kg
i/ha, and 2093 kg K/ha were applied in inorganic lornis to 25 soybean crops. Much larger
addilional nutrient quantities as well as carbon were conltained in he compost (7846 kg N/ha,
3()()4 kg l/ha, am15241 ke K/Ia). The laree increases oPavailable Pand K frorin these applications 
are evident in table 4. Considterinrg the albundalit quantities olN fertilizer applied, p1l changes 
were small. Auain the Ca-rich irrigalion water probably reduccd the acidifying impact of N
fertilizer.l nicer cvapottra,,;isiration recuiremiferits ofi auturiin an( spring soybean crops, irrigation 
water carrying the cquivalert of about 0.5 t limi/ha was applied in most years. On plots not
reccivimri conpsi , S( )C chliged little helween 1984 and 1993 hul rore than dohubled where 
compost was applied. 'lelarge S()C increase is responsible l1kr the higher CC where conipo:,l 
was applied. 

The quaitities of I' fertilizer applied to AVRID)C fields grear ly excee( reirroval by crops. The
P accuniulalions in Block 50 represent an extreme case. When P)is applied to aldelicient soil and 
crop growth is netar irs conimnercial potleit ial, recovery seldon exceeds 15% oh tiLe quantity applied.
CoiseqtKelutly, exce ss I accuritlates anid miay be recovered by successive crops or rnay react with
soil constiliens. Preliriinary aiialyses were perlormed to deterriiiine how selected soils Ii ffered
 
wlh respect to IPtraclimns anid Psoirptim. Fig. 3 sho ws bar graphs offour fractions in each of five

soils. The Resin-P fraction represents P iin these soils lhat easily exclranes with P in soil solution.
 
NaIHC( )3-1 is e'ilI' (hesorbed froim soil particles as a crop depIc'les solluion 1. Togetlher Resin
1)arid Nal I() -P 
 ire rearded as labile and, therefore, readily [.vailable. Na( ) -P also desorbs 
bul less readily than Nal IC()-l and, lhrc'ore, is less a' ailatiic to Iiect crop needs, especially
Irs hort (lration slpcies. I ICl-l r-preients Ca-I()4.in varitius forlns. Its availability is negligible 
when soils are neutlral or alkaline. 

As expected, the labile fractions were smaller than the I(ICI-P fraclions in all soils, even ill
the weather slation soil. The very large 1-1-1P accunuilations in Block 50 were expected. The
ablndant P) applicaliolns ill Block 50 increased labile 1) fraclions, especially where comiipos, was 
applied, to quanlities larger dIan delecled in other blocks. The large p oporlion oil -I1 in Block
98 is probably due to tIre abundant Ca in thie water used to irrigate rice twice each year.


The partitioning olapplied1 belween 
 ihe soil sollulion and sorption oil soil particles is Shown 
for live soils in tig. 3. The typical P)range iii soil solution (< 0.5 ing/) is of riost interest. [our 
parameters for the curves in fig. 3. are sunriirizel ill labl- 5. As P application increased, sorbed
P increased bil soltilon 1) increased at a faster relalive rate. Ihowever, Ihe 1) sorbed on1particle
surfaces was iany iiiecs that ill solutlion. All soils in fig. 3. have very low 1Pfixinig poteintial
although differences between soils were observed. I-however, soils 5 and 7, froi Blocks 98 an(J
50 (+ coip sl), respectively, differed froiii theotlhers. In B lock 98, 1r )ll a hiiher clay c(inlent and 
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Fig. 3. Bar graphs: Fractions of Resin-P and NaHCO3 -P (labile P), NaOH-P (moderately labile P) 

and HCI-P (Ca-P) for five soils. Curves: Sorption isotherms for the same five soils 

Table 5. Selected values derived from isotherms that characterize P availability in six AVRDC 
soils 

Labile P P sorbed at Maximum Buffering capacity 
0.2 mg P/I buffering at 0.2 mg P/I 

soil solution capacity soil solution 
(mg/kg soil) (mg P/kg soils)/ 

(mg P/ml solution) 
1 26 35 346 95 
2 83 39 389 106 
4 54 40 389 113 
5 23 45 309 173 
7 389 24 132 113 
8 140 40 371 115 
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amorphous iron, formed during frequent submergence, probably contributed to the soil's 
comparatively high buffer capacity at a P solution concentration of 0.2 mg/I ((able 5). The large
quantity of organic matter in the Block 50 soil to which compost had been applied probably 
blocked some sorption sites thereby decreasing maximum buffer capacity (i.e., buffer capacity 
at solution = () mg P/l, table 5). 

A soil solution concentration of (1.2 mg/l is regarded as sufficient to mecet the needs of iosl 
crops provided that buffering is adequate. Comparisons of measured labile P vs. estimated P 
sorption at 0.2 Ing P/I solution showed that only in Soils I and 5 did fhe latter exceed the former, 
indicating that many cror;,,,iould respond to applied P in these blocks. Labile P in both soils from 
Block 5(1 exceeded the quantiliCs in equilibrium with a 0.2 mg lP/1 solution by severalfold. 

Potassium behaves simnilarly to P in that applied K is partitioned between sorption on particle
surfaces and solution. The characterizalion ofsorbed K vs. K in solution, however, takes a form 
different from that of '.The quantity of K sorbed or released from particle surfaces is a linear 
function of solution K when the laler is expressed as an activity ratio (ARK). The ARK adliusts 
for the influence that other ions insolution have on K behavior. An example of the partitioning
using Soil I is shown in lig. 4. Pcrtinent paramelers from preliminary K exchange analyses are 
listed in table 6. l.ahile K, the difference on the Y axis between the intercept and the origin, is that 
port ion o fK held on nonspeci tic exchange sites. The di fIfence between labile K and exchangeable
K represents K held at sites specific for K ions. Comparisons of pairs of soils high and low in 
organic mater (Soil I vs. 2 and Soil 7 vs. 8)show that the former have higher buffer capacities.
This is attribuedIto higher cation exchange capacities. The buffer capacily ofilhe soil from Block 
98 was exceptionally high. Ciay mineral species and/or clay abundance differences as well as 
organic niattler contents are implicated. 

0.5. 

Soil 1 

S0.4 (WS) 	 + 

0 
0 
E 0.3
".)
 

O 0.2 " 

0. 
" Labl K .- Soe-Bfe apacity 

.....
O 0B 	 .pac...... uffer.. 

M Equilibrium ARK 
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Fig. 4. K absorption or release in Soil 1 as a function Kactivity ratio (ARK) 
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Table 6. Selected values that characterize availability insix AVRDC soils 
Soil Labile Equilibrium Potential buffer 
no. K activity capacity 

cmoles/ 
kg soil 

ratio 
(moles/I)" 2 

(cmoles/kg soil)/ 
(moles/I) 12 

1 0.051 0.0016 32.8 
2 0.064 0.0025 25.5 
4 0.104 0.0029 36.4 
5 0.052 0.0009 58.2 
7 0.192 0.0063 30.5 
8 0.038 0.0016 23.8 

Soil Organic Carbon and Nitrogen Accumulations from Compost 

Summary 
Detailed analysis of soil data from a long-term experiment showed that sugarcane compost

applications reversed soil organic carbon losses and total soil N depletion. In the experiment, 
compost applications, which averaged 49 t/ha/crop, more than doubled soil organic carbon. Once 
application and decomposition rates reached equilibriu in, decomposition 1, ased aboul 300 kg
N/ha/crop. Simulalions showed that six years of large compost applicatioiis (50 t/ha/crop in the 
first year, decreasing gradually to 17.5 t/ha/crop in tile seventh year) can achieve a steady state 
equilibrium at a modest 0.75% soil organic carbon. Applicalion of 17.5 /hacrop provided 120,
45, and 67 kg N, P,and K/ha/crop, respectively, as well as the carbon required to maintain the 
soil organic matter. 

Organic Carbon 
Soil organic carbon (SOC)was delermi ned afler harvest of26 soybean crops inan experiment

in which plantings were made two or three times per year. The expc,,nent started in September
1983 and tile most recent harvest was in May 1993. Some summer crops were either not planted 
or not harvested because olunsuitable field conl'ttions or typhoon damage. Starting with the third 
crop, nushroomr compost residue or sugarcane ck., ,nost was applied to halfile treatmenls. In the 
other trealments, mushroom compost residue was applied only on the third crop. Both series 
received abundant and equal quantities of inorganic N, p, ard K fertilizers, averaging 104 kg NI 
ha, 38 kg l/ha, and 66 kg K/ha per crop. 

Two forms of nonlinear models were fitted to the SOC data from the treatments to which only 
the single mushroom compost residue was applied to the third crop, starting with thecropto which 
mushroom compost was applied. The models were SOC - Iexp (1ib) and SOC = aexp (kt) + b. 
Time (t) was in nmnlhs and SOC was in percent on a dry weight basis. Both models fit the data 
well but the cocelficients of tie first were estimated with less error. Moreover, tl'. t coelfficient 
in tie exponential term in 1h first model ad jusa'd the decay rate for time. The inclusion of a 
variable to adjust the decay rate is supported by ather organic maller decay studies that have 
shown that the rate decreases with timie. The ccelicients For the model are given in table 7. SOC 
data points and model estimates are shown in It. 5. 
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Table 7. Estimates and confidence intervals of decay model coefficients 
Confidence interval _

Coefficient Value Lower Upper 
For carbon 

a 0.435 0.405 0.465 
k 1.772 1.404 2.141 
b -0.581 -0.687 -0.476 

For nitrogen 
a 0.062 0.0618 0.0625 
k 0.967 0.946 0.987 
b -0.478 -0.426 -0.531 

Compost effects on soil organic carbon 
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Fig. 5. Trends in observed and estimated soil organic carbon in treatments with and without 
compost applications, AVRDC long-term experiment, 1983-1993 

Coeloficients frtmn the lirst nodel were used to eslimatC SOC accumulations in the Irealments 
to which compost was applied. The decay milodel was used to cstimae tihe organic carbon 
remaining from the carhon ill each comillxst application. Tle median carbon content oflthe collposi 
was 9.5% (range = 7-12%). 

The decay percentages lron the exponnctial model, however, undere';tintc(l the carbon 
losses during the first cight ilonths aflter it was applied. The underest ilationl is evi(tet! in fig. 5. 
Thcrcl)re, houn ifical ion coelli cielnls of176% (percentage carbon reniai ni ing) !or the first 4 mo and
65% for tile seco nd 4 mno were sulstilLted. The coefficients arc in agreement wilh homi ical ion 
coefficients of rea(lily (eco Ililposahlc organic carbon reporled for olher similar soil amndmt(ents.
Cocflcicnls lromim Ihe model were use( to esti male (ecay for all sobsequent 4-io intervals. Ihe
carbon conltlenls remaining fronm each Ipplication and tile originat S()C were suni med afler each 
crop (4 mlo steps) to ohlain overall SOC pe'cetlllges. 
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The estimates in fig. 5exhibit the gradually increasing SOC accunuulations in lle dala, showing 
minor rate changes due to compost application rates. Oflhe 22 seasons of SOC data in the model, 
only fbur sum mer determinations were made and tl,2 ( eviations ofl these data points Iroill 
estimates were negative in all cases (mean = -().(157c). The mean deviation; for the autuin and 
spring determinations were positive (mean = 0.(13%). Mean monthly soil temperatures at 10 cm 
-xceeded 3('C 1rom June to Scptembcr but declined to 20C in February. The model could 
probahly be-improved hy adjusting the huimilicalion cocllicient for seasonal clC'ts but that has 
not yet hCen attellptcd. 

The n idel was used to predict S()C accu mu lations from 10, 2(0, 30,4(1, and 5(0 ila Sugarcane 
compost applications (containing 5()/%. water content. 9.5% C on a dry weight basis) to three crops 
per year. Starling S)C was (.56517c and conditions during the long-term soybean experiniat 
were assunrCd (fit -..6). The model sin,,evd that appl icat ions of () /halcrop barel y mai litai ned SOC 
overa 1()-nmonli period. whereas, 5( I/ha appl ications doubled Ihe contlent. A strategy to increase 
S )C rapidly hy arge but diminishing applicatminrates (5( ti/ha/crop in the fi rfst year, 35 t/ha/crop 
in Ihe second, 3(1 t/lia/cr()p in the third, 25 t/ha/crop in tile urtlh, 20 t/ha/crop in the ifll through 
severnth, and 17.5 /hal/crip licreafler) should inaintainS)C at about 0.75%k. The application rates 
are large hut neccssary because tihe compost contains only oitest carbon c mncentra.tions, soils 

are warm, and tillage is intensive (3 times per year). 

Simulated soil organic carbon changes 
from continuous compost applications 
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Fig. 6. Predicted soil organic carbon contents from applications of 10, 20, 30, and 40 t compost/ 
crop for 100 months, from 50 t compost/crop for months 52 and no applications in 
remaining months (50-0), and from 50 t compost/crop initially, reduced gradually to 17.5 t/ 
crop after 84 months (50-17.5) 
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Nitrogen 
A second model was developed to estinate total soil N (TSN) accumulation with tinle. An

equation with the sane forn as that used to predict carbon decay was filted to TSN data from the 
treatment without compost (fig. 7). Because the C:N ratio in the data narrowed witlh time, ratios
of estimated SOC to estimated TSN were calculated and indexed to SOC. TI-: ratio was used to 
adjust for C: N ratio as decay progressed.

l)ecay of the initial TSN was calculated separately froi the decay of N in eacl compost
application. The N remaining from the initial TSN and from each previous compost application
were summed alter each season to estimate TSN changes with time. The agreement between 
observed and estimated TSN is apparent in fig. 7. 

Estimated N mineralized during decay of TSN and applied compost are shown in fig. S.
During 1b,,first 12 mo, most olestimated N released canie from the decay of initial TSN because 
quantities of applied N were comparatively small in the first year. By the 241h mo virtually allN cane fron the compost. Furthermore, by the 36111 no the amountl released eqlualed about 90% 
of that in the compost. A near equality between the N released and N applied, once asteafdy state 
equilibritml has been approached, has been observed in temperate studies. In this study, the 
quantity of N was about 3(X) kg N/ha/crop, ample even for those crops that do not have symbiotic
N fixation capacity. 

Compost effects on total soil N 
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Fig. 7. Trends in observed and estimated total soil N intreatments with and without compost
applications, AVRDC long-term experiment, 1983-1993 



Soil Science 	 375 

Nitrogen released from compost 
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Fig. 8. 	Estimated N release (solid boxes) from initial total soil N and N applied in compost (open 
boxes). The solid line shows the proportion of derived N from initial total soil N (scale to 
the right) 
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Training
 

Summary 
AVRI)C hosted 48 training scholars from 17 countries. Two had degree-oriented training 

while others undertook nondegree training. Thirty-seven percent of tile scholars had special 
research skills trainini. Thirty-three percent olthe trainees were women. The Crop Improvement 
Progran had 691XA oflhe scholars, of which 76V trained in plant breeding and plant pathology. 
The iProduction Systems lProeram and the International Cooperation Program had 17%/ and 6% 
ofilhe scholars, respectively. In 1993, AVRI)C provided IX().45 person-months or 15.04 person
years of training. In addition to AVRI ). I other donors supported the training program. The 
Iniaior donors were the Japan Shipbu ilding Industry F undation (.ISI:). German Agency lor
Technical Cooperation ((iFZ). Japan Special Project, and UNI )/FA(). Six scholars fron six 
Soutllh Asian counlries received training on advanced mielhods f"or virus diagnosis, specilically lor 
geminiviruses. Another group (I our trainces from AVNFT participated in an AVNET-II 
bacterial wilt course. "lrirlgh thle .ISIFpro ect, seven slide sets with scripts were reprinted and 
a new slide set on identilfication of diseases in tollto has been producCd. In 1993, a total oi224 
slide sets with scripts and ci!hl videoLs have been (listributed. 

Enrollment 
In 1993, AVRI)C had 48 training scholars lrom 17 countries (table I). Two had degree

oriented training, the others had nondegrec training under lur different categories (table 1). 
In line with tile policy olllte center, 371/ ollhe training scholars underwent special research 

skills training. Thirty-three percent were women. 

Program and Discipline Specialization 
The distribution of training scholars within AVRI)C programs and discipline are shown in 

table 2. The Crop Improvement Program had tile major share of scholars witi 69%. Nearly 76% 
of this group pursued training in plant breeding and plant pathology. The Production Systems 
Program and the International Cooperation Program had 17%/c and 6% of the total training 
scholars. In 1993, AVRI)C provided 180I.45 person-months or 15.04 person-years of training 
(tabe 3). 

Special Research Skills Training Course 
Six training scl olars. one rom each of tile South Asian Vegeltanle Research Network 

(SAVFRNtI T)countries, participated intile special purpose training on Advanced Methods for 
Virus )iagnosis from 22 February to 15 March 1993. 

The course aimed to provide participants witi knowledge oinhw to diagnose plant virus 
through i mmu nisurberit electro in icroscopy (IOSEM), t-I.SA, electrophoresis., ari( Western ilot 
metlods. The course inrcluded lfrrmal lectures, laboralory experience, and field trips. 
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Table 1. Distribution of training scholars by country and by category 
Country RF RIRS SPT UST Total 
Bangladesh 1 1 
Bhutan 1 1 
Ethiopia 1 1 
Germany 2 2 
India 1 3 4 
Indonesia 1 3 4 
Korea 1 2 3 
Malaysia 1 1 
Nepal 1 1 2 
Pakistan 1 1 
Philippines 3 1 2 2 8 
Singapore 1 1 
Sri Lanka 1 1 
Taiwan 9 9 
Thailand 1 2 3 
Vietnam 2 2 1 5 
Zambia 1 1 
Total 9 2 8 18 11 48 
RF = Research Fellow 
RS = Research Scholar 
RI = Research Intern 
SPT = Special-Purpose Trainee 
UST = Undergraduate Student Trainee 

Table 2. Distribution of trainees by program/discipline and training period 
Program/Discipline RF RS RI SPT UST Total PMS 
Crop Improvement Program 

Plant Breeding 1 4 3 8 31 3 
Plant Pathology 3 1 10 3 17 30.9 
Plant Physiology 
Seed Technology (GRSU) ° 

1 
2 3 2 

1 
7 

6 
24 

Subtotal 4 8 16 5 33 92.2 

Production Systems Program 
Agricultural Economics 1 2 2 15.2 
Crop Management 1 2 2 3 29.0 

Subtotal 2 ..... 2----------. . 2 . 8 44.2 
International Cooperation Program

Publications & Documentation 3 3 36 

Analytical Laboratory 4 4 8 

Total 9 2 8 18 11 48 180.4 
'Person-month 
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Table 3. Distribution of grantees in each training category by sponsors 
Sponsor RF RS RI SPT UST Total PM 
JSIF 3 2 5 18.8 
AVRDC 6 2 1 11 20 101.5 
AVNET 3 3 0.9 
SAVERNET 5 5 3.8 
E.1.D. 1 1 3 
WI 1 1 2 
GTZ 1 1 1 3 7.8 
RMI 1 1 0.3 
JSP 2 1 3 15 
PPD 1 1 0.5 
ZSC 1 1 5 
MOC 1 1 2 
UNDP/FAO 2 2 8 
Self-sponsored 1 1 12 
Total 9 2 8 18 11 48 180.4 
JSIF - Japan Shipbuilding Industry Foundation 
AVRDC - Asian Vegetable Research and Development Center 
AVNET - Collaborative Vegetable Research Program for Southeast Asia, Asian 

Development Bank 
SAVERNET - South Asian Vegetable Research Network, Asian Development Bank 
E.I.D. - E.I.D. Parry (India) Ltd. 
WI - Winrock International 
GTZ - German Agency for Technical Cooperation 
RMI - Resources Management International, Inc., Jakarta 
JSP - Japanese Special Project 
PPD - Primary Production Department, Ministry of National Development, Singapore 
ZSC - Zambia Seed Company Ltd. 
MOC - Maxworth Orchards Company, India 
UNDP/FAO - United Nations Development Programme/Food and Agriculture Organization of 

the United Nations 

Another group oItlr training schiolars lrotn AVNEIF co untries parlicipated in the training 
course ol bacterial will am(ider AIVNI-T-i fron 25 April to 3 Nay 1993. 

The oh.jeclive olfthis Iraining course was to provide inftrimation onl mo(dern technology to 
specifically and unequivocally identilfy and classify palh tgen types so Ihal screening can he 
highly specific and interaction will he avoidedl. The training was conducteld fr 1)(lays fr file 
participantis to understand: (I) palhIitype classification. (2) integrated disease management 
inclding screening, .and (3) scrtlhgy. 

Production of Training Materials through JSIF Project 
A slide set it hlelitification of I)iseases in Tomato was developed in 1993 to support tile 

Iraining and extension programs (fNARS in tile colilahoraling countriLs. The set has 40 slides. 
Il'w hundred and lifty copies of the slide sets and 50)() copies of' the descriptive hooklel 

acconlpanyizig Ihe slide set have heen prothced lir use intraining courses at AVRI)C regional 



382 AVRI)C 1993 Progress Report 

programs and Ibr distribution to national institutions organizing in-country training for extension 
staff and farmers. 

The fbllowing seven slide sets (I(X) copies of each slide set) were reprinted. 

Title No. of slides per set 
1. Integrated Pest Management of Sweet-Potato Weevil 38 
2. Growing Vegetables Using AVRDC Hydroponic Method 43 
3. Anthracnose of 'Pepper 24 
4. Symptoms of Pepper Viruses 22 
5. Bacterial Wilt of Tomato 20 
6. No-Tillage Rice Stubble Soybean Cultivation 44 
7. Vegetable Soybean Cultivation 49 

During the year a total of 224 slide sets with scripts and eight videos have been distributed 
to 38 training scholars. 



Information and Documentation 

Summary 
In 1993, a total of 1831 tilies of hooks and crop (ocuments, and 32 new serial publications 

were added to the library collection. The center's hook collection has reached 15,410(illes. Serial 
puhlications totaled 1532 titles. The crop documents had 32,8)9 entries. The Ci)-ROM databases 
w(;re used for more than 332 CPU hours. Tile Compact International Agricultural Research 
Library (CIARI .)ofC(IAR/IARCs and CI)-I)IS of USAII)'s inlormation system were added to 
the C)-ROM collection. Reader services reported a small reduction in library loans but a little 
inc ease in photcopy/dOcu Ient delivery services. 

Information Collection 

Acquisitions and exchanges 
A total oli317 titles olbooks and pholocopies were ordered, and the center subscribed to 127 

titles of serial publications. The average cost was US$43.66 per book and US$191.73 per serial 
title. A total ofi413 titles otfhooks, 12(Mtitles of photocopies, and 356 titles of serial publications 
were acquired through exchange/gi fltfrom 2 1 () institutes/organizations in 6()countries (table 1). 

Table 1. Acquisitions in 1993 
Title Request for order Ordered Paid Exchange 
Book 179 118 93 413 
Photocopy 270 253 205 120 
Serial publication 

Subscription 127 127 356 
CD-ROM 4 4 2 
Diskette 3 3 

Documentation and in-house database development 
A total of 1831 titles of hooks and crop documents and 32 new serial titles were catalogued 

and added to the library collection. Tie Compact International Agricultural Research Library 
(CIARI .)of C ;IAR/IA RCs and the CI )-I )IS of USA I )'sI)evelo;nent Informalion System were 
added to the database collection on Cl)-R()M. Additions to the Iihrary collection and in-house 
dalabase development are detailed in lable 2. 

http:US$191.73
http:US$43.66
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Table 2. Status of library collection and retrieval system 

Retrieval system 

Books 
Serial publication (titles) 

1993 additions 
704 

32 

Total holdings 
15,410 

1532 

Card catalog 
9,655 

Online DB 
5,755 
1532 

Back volumes 341 12852 
Cassettes 52 52 
CD-ROM (discs) 25 35 
Diskettes 79 256 
Maps 84 77 7 
Microforms 11 11 
Documents 
Chinese cabbage 14 1501 1501 
Diamondback moth 9 594 340 254 
Garlic 17 211 211 
Mungbean 85 4558 4558 
Onion 100 813 813 
Pepper 227 1216 1216 
Shallot 2 43 43 
Soybean 83 10158 7631 2527 
Soybean rust 2 428 428 
Sweet potato 
Tomato 
Others 

34 
288 
266 

3,885 
7,726 
1676 

2,566 
5,257 

1,319 
2,469 
1676 

Information Dissemination 

Bibliography services 
lightl rlhi hlii raphies relrieved [nI lal aba.se and C)-R(OM were providedronite in-house 

for internal users (tahle 3). 

Table 3. Bibliographies entries 
_ Crop (database) _ _ _ _ Total entries (title) 
Colletotrichum of biackgram, mungbean & s- 'bean (AVLIB) 45
 
Integrated pest management of peppers (A\VLIB) 107
 
Macrophornina phaseolina of mungbean (AVLIB) 43
 
Macrophominic rot, root rot, & stem rot of mungbean (AVLIB) 144
 
Seed production of chili, Chinesc cabbage, onion, soybean, and tomato (AVLIB) 130
 
Tomatoes in South Africa (AVLIB) 12 
White rot of garlic, onion, and shallot (AGRICOLA, AGRIS, CAB) 135 

Current awareness and SDI services 
Fur issues 1the I ibrarv IList (new acqo isilimis) and 15 issues o1lhe Tropical Vegctahle

inl'brmati u SI )1 Bullelin were published. The SI)I bulletin was (lislribuled to 184 partners and 
5 libraries in 42 cuttlries (lahle 4). 
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Table 4. Library list and TVIS SDI Bulletin 
Topics Issue Entries User Library Country 
Library list 4 556 (staff & training scholars) 
Chinese cabbage 1 141 74 3 32 
Eggplant 1 131 27 4 18 
Garlic 2 171 37 3 20 
Mungbean 1 95 104 4 19 
Onion 2 213 46 3 22 
Pepper 3 288 78 5 30 
Soybean 2 245 101 4 31 
Tomato 3 317 82 5 33 

Reader Services 

CD-ROM databases 
(1)-ROMI databases were used for iore than 332 CPU hours. Tie system was expanded and 

upgraded with support froni .apan Shipbuilding Industry FounIation. 

Library loans 
A total o14,459 titles olbooks and (ocuments were loancd out by stal, training scholars, and 

extertnal users in Taiwan. 

Literature searches 
A lotal olf 7( literature searches were (oe for staff, training scholars, and visitors (table 5). 

Table 5. Literature searches 
Databases Internal user External user 
AVLIB 18 13 
AGRICOLA 11 8 
AGRIS 7 8 
CAB 7 8 

Photocopy/document delivery 
A total of 1.2 12 titles tf documenls were photocopied and sent to 49 external users and 74 

libraries in 17 countries (table 6). 
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Table 6. Photocopy/document delivery services 

Cuba 
India 
Indonesia 
Italy 
Kenya 
Mauritius 
Niger 
Papua New Guinea 
Peru 
Philippines 
Singapore 
Sri Lanka 
Syria 
Taiwan, ROC 
Thailand 
USA 
Vietnam 

User 

1 
1 

1 

42 
1 
2 
1 

Library 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 

64 


No. of titles delivered 
37 
5 
3 
2 

48 
3 
3 
9 
8 

22 
2 
1 

20 
1000 

5 
24 
5 



Publications and Communications 

Summary 
OPC managed a large workload in 1993. This was because of several factors: (1) there was 

no olfice head for most of 1992, resulting in a backlog of publications needing editin, and 
production; (2) the demands of tile 20th anniversary celebration; and (3) increased public 
awareness initiatives. File head of OPC was co-chairman ofthe 201, Annivcrsary Committee. 

()lPC implemented apublic awareness strategy which resulted in AVRI)C receiving notable 
publicity in several areas. This includes press conferences at the World Bank and the U.S. 
Congress; interviews with scientists on Radio Australia, tile Voice of America, and the BBC;
articles in Free China Review and The China Post; programming on China Public Television and 
China TV; and articles in numerous magazines and newspapers. Arrangements were made for 
several journalists from tile U.K., the Philippines, USA, and Taiwan to visit the center. 

But perhaps the most significanl achievelienl was Ilteeti ng the e(li ting, pN ,dCt ion, publication,
printing, and iinlorinaition-dissemination requirements of the center. For its size, OPC manages 
a publications and commu nications program that rivals larger ii ternational centers. 

Communication Materials Production 
AVRDC published 21 books and newsletters, and several training manuals/course reports

with a total print run of 134,570 copies. Total number of printed pages was 3238. The list of 
published material is included under Appendices. 

Other materials produced include: 

20th anniversary materials 
Exhibits in Research Laboratory Building 
Building dedication citation brochures (3) 
20th Anniversary Program 
AVRI)C brochure (Chinese) 

Slide set scripts 
Hybrid seed production in tomato 
Vegetable nursery management teclniques 
Summer to)nato production using hormone 
Mungbean sprout production 
Identification of diseases in tomato 
Grafting to control soilborne diseases in eggplant 

Communication Support Services 
The print shop attended to 330 printing requests totaling sonme 402,000 pages of material. 
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The distri bution dlesk disseminated 15,487 publ icat ions. Among the more frequently requested
publications are the 1992 Progress Repoi :,the Vegetable Production Training Manual, and the 
Pepper Field Guide. Publications were sent to 182 countries. 

Graphic artwork involved making maps, figures, drawings, certificates, and designing a 
range of work. In all, sonie 243 jobs were coinpldted. 

The photo lab handled 103,)10( color slides; bluc slides, 1870; color prints, 3080; black and 
white prints, 3046. The photographer documented more than 100 visits, seminars, and events at 
the center, including tile 20lh anniversary celebration. 

Promotion of Public Awareness 
AVRI)C's public awareness initi:itive during 1993 was noteworthy in several areas: 

International Centers Week (ICW) 
The cenlter's biological coinltrol ofdiamondback mnolh research was showcased at a symposium 
at the World Bank during International Centers Week (CW). 
The selection was made on a compelive basis with the other IARCs. AVRI)C was one of six 
centers selected to present research belore U.S. and foreign environmental, science, and 
agriculture journalists, staff from the U.S. government, NGOs, and donors. 

Pre-symposium publicity resulted in Pr. N.S. Talekar being invited to present his work at a 
bricling at thC Rayhurn House Ofice Building (U.S. 1-louse of Representatives in Washington). 

The center's publicalions were displayed at the International Monetary Fund during ICW. 

Visiting journalists 
Several writers/journalists were inviteld to AVRI)C as part of the center's ongoing public 

awareness iniiatie. S ciologist and internat ional agricultural research authority and writer Dr. 
.li University spent a month at the center gathering material lor a book onin Lang of Vande bi lt 
vegetables. Another writer, Mr. Fred Powledge, who is collecting material lor a book abolt 
international agricultural research, will visit AVRDC in early 1994. 

Other wrilers and journalists wl ocame to AVRI)C in 1993 include Mr. Alan Fletcher (USA),
who wrote The AV RI )C Story a: parl oflthe 20h anniversary event; Ms. Fugenia Yun, who wrote 
an article on AVRI )(lor Free China Review (November 1993) and phlotographer Ms. Ching Su
Chang;and Filipino newspaper journalists Mr.Rudty Fernandez and Mr. .ose Burgos, who each 
wrote a series of arlicles aboutll AVRI)C's proggrams. Reporters fron The China Post visited 
AVRiDC and attended the 2()lh anniversary celebration program in Tainan. 

International media 
Voice of America awricultural programming producer Rob Sivak interviewed I)r. N.S. 

Talekar during ICW about his inltegraled pest managenient work wili diarmnndback moth. The 
research was also covered by Radio Free Europe/Radio I.iberty, the Associated Press, and the 
story was published in newspapers in 12 U.S. states. 

The British Broadcasling, Corporation (3B3C), thro uh arrangements initiated by ()lC,
interviewed the keynlie speaker of the AVRI)C-co, rganized International Symposiu iii on 
Alliums For the Tropics. Through similiar arrangenients, Dr. )avid Midmorc, director of tile 
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center's Production Systems Program, was interviewed in London at Bush House by BBC World 
Service ("The Farning World") producer I)avid Dixon. Programming material was obtained for 
five hroadcasts. I)ixon will visit AVNET proliects in t!i' Philippines in early 1994. 

l)r.Jaw-fcn Wang, AVRI)C pathologist, was interviewed three times (twice in English, once 
in Mandarin) by Radio Australia. 

AVRI)C's ccllahoratiom wilh the Philippine national agricultural system received extensive 
coverage in the Philippine press, radio, and television. 

Articles were also publishcd in Ag Sieve (2), Seed World (2), l)iversity, Biotechnology and 
Dcvel pment Monilor, Arab WOr ld Agribusi eSS, IBPGR Newsletter, Crawford Fund Newsletter, 
Free China Review, and The China Post (2). 

)tlher articles and photos about AVRI)C are known to have been published in agricultural 
inaga/ines and newspapers in Iltmgary, Thailand, the USA, Taiwan, Australia, the Philippines, 
and 13angla(lesh. 

News releases and the AVRI)C publication Centerpoint were sent to somne 35 U.S.-based 
iournalisis who cover science, agricp~lture, and development matters. Publicity given to Taiwan 
Green, a hihgl-yielding munghean variety, in Centerpoint generated much demand lfr the cultivar 
in Asia. 

Local media 
As part of the publiciylfor AVRI)C's 20)lh anniversary, arrangements were made for two 

television programs produced by Public Broadcasling and China TV in Taiwan. China TV spent
several days at AVRI)C and sent a production team to Bangkok to cover the work ofthe Asian 
Regional Center as well. 

The 2(1th anniversary celebration was covered by the national radio, including International 
Community Radio 'aiwan (ICRT) which broadcasts in English. 

Some 25 J(urnalisis from Taivan were invited to the anniversary celebration and press kits 
were provided to them in advance. Nunterous articles about AVRI)C and its anniversary 
appeared in the national press. 
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CollaLrative Vegetable Research Program 
in Southeast Asia - Phase II 

Summary 
The joint planning meeting of the second phase of the Collaborative Vegetable Research

Program in Southeast Asia (AVNET-i1) was held in September 1992 in conjunction with the final 
workshop of AVNET-I. The Technical Assistance Agreement was approved by the Asian
Development Bank (AI)B) in March 1993. Research activities undcr AVNET-11 have been 
divided into two subnetworks: subnelwork I - field evaluation and technology packaging for
selected vegetables; and subnetwork 11 - disease and pest .managemenl with components on
bacterial wilt, major viruses of peppers, andIPM of crucifers. A bacterial will training course was 
held at AVRIDC from 25 April to 23 May 1993 attended by a researcher each from the four 
collaborating countries, namely, Indonesia, Malaysia, the Philippines, and Thailand. Thailand 
took responsibility in organizing the training course on nonradioactive DNA probe diagnosis of
leaf curl virus held at Kasetsart University on 9-16 June 1993. Five participants from Thailand 
and one each romn Indonesia, Malaysia, and the Philippines attended the training course. 

Joint Planning Meeting 
The joint planning meeting of the Collaborative Vegetable Research lProgaA in Southeast 

Asia - Phase II (AVNET-lI) was organized and conducted on 24-26 September 1992 in 
conjunction with the final workshop of AVNET-I. 

Based on the achievements of AVNET-I, members of each subnetwork and of units within 
each subnetwork discussed in detail the proposed work plan. A jointly prepared proposal was 
submitted to the Asihtn Developmenl Bank for financial support. ADB approved the proposal to 
establish AVNET-II on 12 March 1993. The approved T. A. document No. 5517 was distributed 
to all country coordinators; they were asked to share the document with each unit's leader,: and 
researchers. 

Subnetv'orks 
AVNET-II has Iwo subnetworks: subeltwork i - ield verification and technology packaging

for selected vegetgables; and subnetwork II - disease and pest management.
Subnetwork II on disease and pest management has the following three components: 

"bacterial wilt disease management 
"management of major viruses of peppers 
"IPM of crucifers 
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Training 
A bacterial wilt training course was held at AVRI)C from 25 April to 23 May 1993. Dr. 

Niphone Thavecchai from Kaselsart University, Bangkok, Thailand, was invited as a resource 
person for the training. One researcher from each of the lour collaborating NARS participated in 
the training. Seven lectures and nine laboratory sessions combined with a field visit provided the 
training scholars an excellent opportunity to learn and plan jointly their proposed research. ie 
training was coordinated by l)r. .aw-fen Wang, assistant plant pathologist at AVRDC. The 
training course report has hTen compleled. 

A training course on nonradioactive l)NA probe diagnosis of leaf curl virus was held at 
Kaselsart University on 9-16 June 1993. The course included five lectures and four laboratory 
sessions and a field trip. One researcher each rom Malaysia, iPhilippines, and Indonesia and live 
from Thailand participated in the training. Drs. Sutevee Sukprakarn and Pissawan Chicmsombat 
coordinated the training course; there were fourotherresourcepersons. The training course report 
has been completed. 



South Asian Vegetable Research Network 

Summary 
The South Asian Vegetable Research Network (SAVFIRNFT) was established with the 

signing of tile Technical Assistance AIreement (I A) between the Asian )evelopment Bank 
(AI)B and AVRI )C. The eslablishmenlt of SAVIERNFT was Formally recommended during the
SolI h Asia Vegetable Resear ch I'1 a ini' and C(onsulta ion Workshop held on 24-29 Seplember 
199()jintly sponsored by A)13 and AVRI)C and hosted by the Pakistan Agricultural Research 
Council at Islamabad, Pakislan. Tl'e iniplenientalion of this Al)B-financed project (Al)B T.A. 
No. 5461) began in November 1991. 

The SAVR NIT"steerng committee is comlposed ola representative each fron the memnher 
countries who also serves as the technical coordinator. Seven AVlRI)C senior scienltists also 
participate in the implementation of SAVFRNFI as lead persons and program coordinator. 

A joint planning meeting was organized tiodevelop a work plan lor tle implementation of 
SAVEIRNiT research activities. A total of 36 scientists Fron the six collaborating countries and 
liur AVlRI)C scientists participated in the joint planning meeting held at the Bangladesh
Agricultural Rc:;earch Council (BAlRC), Dhaka, Bangladesh, on 24-27 February 1992. 

Subnew,rk I on the exchange and evalualion of elite varieties primarily aimed to" assemble,
multliply, maintain, distribute, and evaluale elite local cullivars (improved cultlivars and breeding
lines) of identitied priority vegelable crops: strerigthlien the research canability oflthe NAIRS and 
accelerate the develpmnt of improved vegetable cult ivars througli the sharing of such
materials; and facilitate sbaring of inlorlnation for varietal evaluation inl similar agroecologrcal
environments within the region ly using a unilirm varietal evaluation procedure. A large number 
of varieties of 12 dilferent vegerables exchanged arong tile South Asian con itries already staidis 
as amajor achievement. lI)ue to lack olseeds, oti of 12 1cnlries agreed lor exchange in the work 
plan, only 69 varieties of 13 vegetables have been received by the network coordinator. Tile 
participat irig cotr ltries agreed to provide ilie rest of the varieties in their next shipment. II 
accordance with the work plan, the vegetable seeds lor trial by each member countlry were eilher 
hand-carried or disiributed via airnmail. It took some time For each ollhe countries to collect and 
seId the seeds lor evaIualtion. As aresull, shipment olseeds to each partici,pali ng cou ltry his been 
delayed. DIue 10 Ihis deay, tile seeds were nol flanted in the winler season (o 1992. First planting 
was carried out with selected summer crops and the triIs are now in progre.;s. The 1993 winter 
trial resulIts are expected to show the potential of sone oflthe introduced varieties. 

Subinetwoirk Ifon crop and pest nanagenient research ainms to: assemble, disseminate, and 
assess avail'ible technology and iniforriaion at AVRI)C and the NARS of the participating
cOuntries (i topics such as bacterial will resistance in tomato and chili, leaf curl resistance ill
tomal( and chili, and inltegrated pest management of cruci fers wi th emphasis on (hiamondback
rioth; train researchers From the participatine countries in the above areas to create a mass of 
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trai ned people to undertake col laborati ve research acti vil ies usi ig corn nionly accepted procedures;
devel (p new technolIgv thrfugh collaborativye or contract research on the above components
withl view to share the new technology amone tie NARS; and exchange materials, methods, and 
expertise aniong the NARS and AVI )C. 

A bacterial will training course was organized from S ()ctober t 16 November 1992 at 
AVRI )C attended by representatives from each ol the six collaboratin counltries. In Bangladesh,
various chemical contrl measures have been tried aual ilst bacterial will but the result.- were not 
encouraging. °l'oialo lines sent by AVRI )C to tile Balgladesh Agricultural Research Institute 
(BARI) will 1be screened lfollowing the flmella d agrecd upon by the SAVIRNET countries. In 
Bhutan, sites for the bacterial xwill resistance screenig nursery (13\RSN) have been selected. An 
exlensive survey o bacterial xwill ill nia jor pepper. tomalo, eggplant, and potato growing areas 
has also bceri conducled. Ill India, a lileralture sur'ey on bacterial will ofsolariaceous crops (other
than polt o fl b acco) i; in progress. Since I)ccembher 1992, a t t (4275 references have been 
collected. Catal( cing started in Felruary 1993. Anlestrlctixe fetl fldetectinc I'scudonas 
So/hm(hcerIf'I/I in tomllito seedlings by iriliunosorbenl techniques (dat-bflt afd H .ISA) and for 
the rapid identi licatimi)Ilwill-resistiiti/to flcrafit seedlings in the nursery has also been (ex'eloped.
In Nepal, t(iltatO varieties lrom tile collaboraline countries have been sent to different locations 
for field lest ing. A survey flbacte ial wii Ioftolflato, capsicufil, afd eggplant in di lferent localities 
afnd districts in Nepal was also carriel out. In lPakistan, a detailed bacterial xxwilt survey plan was 
developed. In Sri ILarnka, bacterial viitidisease surveys were conducted at 1() localions iii 
Bandarawela. I)ala on disease incidence (percentage of'xxilted platls at flowering and harvesting
stages), culti var names, and eivi rnienal dlaawx'ere collecled. I)iseased planl tissues (samples) 
were also galhercd for isolation oi the pathogen for identilication. 

Tolllalo lealcurl virus (I .(CV) is (flie (flhe ma jor constraints iii tomifato and chili production
in South Asia. A trainifiln course (on advanced methods tbOr viru.S (l[iacr ios Was colcdUcte(l from 
22 February.to 16 March 1993 at AVROI)C. InrIanglacesh. 29 loialolhybrids xwere screened For 
resistance to TI.C V. Three lines showed tolerant reaclion. The experiment will be repeated to 
confirm the results. A thi rf ugh leal curl virus survey was cofiducted infBhulan throughout the 
major pepper, eggplani, ard tfrnalt groxxing areas oit the corunitry ill Rle 1993. Inl India, 75 
isolates/diseased samiples of torimato were collected frot dilTerent infected fields and plarited ifi 
the sick plot tor further multiplication ofi the viruses. The inllecled plants CxhibilCd curling,
mottling, thickening, pLfckering, aridl sluflifig 011the leaves. Tooalo aid chili breeding materials 
have been gefieraled and screened lfr resistance against TICV. InrNepal, a survey (it torailto, 
chili. ard sweet pepper grwing areas shwed lhe presence of leat curl sympl(mis. Infected leaf 
samples x'ere ct llectedl and preserved inr CaCl and stored at loxw leiiperature (5-1()<'C) for 
idelitihcalioni. In lakistain, fol owirig Ihe tra lirig at AVRI)C, a delaileo plai fbr the le fcurl virtis 
survey in ltfffratffdari chili was drawniup. In Sri I afik , fi extcnsive survc)xx'as urilletikeni (luring
the 1993 t lffow cala (dry) seasfri ie iltry dry /(ffie tff record varifufs syniptoiis associated witlh 
chili and tf cofllect samples o(f diseased plants tf r identihcalion (f viruses associaled will tie 
crop. 

Integrated pest ruaragcfintt crucicrous crops wiih emphasis fi (liamoldback moth aims 
t(f achieve the lkfllowirig: low-cost contrfl (fI)1)M with iacorncoilitait reduction in health hazards 
assfciateld with excessive use are harm ful1ff thft peslicides which le environment; an updated 
assessment (f I)'BM and flher vegetable insect pest problems and national research and 
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developiiient cltorts to combat these pests; insights into pesticide registration and u;e for 
vegetable crops and environmental assessment programs of concerned NARS; enhancevment of 
capabilities of the NARS' research personnel through training at AVRI)C and in-country 
training; and appliction of the concept of 'PM by researchers fr the control ol'other major pests 
of agricultural and horticultural commodities. 

In addition to tile release of parasites, judicious use of trap crop shall also he promoted.
Training on tile mass rearing of parasiles of diamondhack moth was conducted at AVRI)C from 
22 April to 22 June 1992. 

In Bangladesh, acomprehensive field survey of tihe seasonal abundance ofl)BM (Plntel!. 
xhoste'lhl..) (luring the rabi 1992-93 in majorcruciflerous vegetable growing areas of.Joydehpur, 
.lessore, Ra'jshahi, and Bogra was conducted. IllBhutan, parasite rearing facililies for l)BM will 
he constructed at tile National Plant Protection Centre (NIPC) complex in Sinmtokha, Thimphu. 
Surveys of local parasites of I)BM were carried out illand around Thilphu (Yusipang); a few 
parasites of I)BM were collected and sent to AVRIDC for identification. In India, a survey of the 
pilot pro ject site in ()oty, Nilagiris district, Tamil Nadu state (representing the highlands) was 
carried oul. A simple technique to collect a large number oleggs ofldiaiondback moth has also 
been developed, as well as a compuler software called Cabbage Pest [xpert Ver. .()which can 
be used by researchers, students, and extension workers involved in pest management. In 
Pakistan, the parasite rearing facilily will he established at the National Agricultural Research 
Centre (NARC). A survey for the presence of I)BM and its parasitoids will he conducted at 
Peshawar, Khanpur, Islamnabad, Rawalpindi, Murree Hills, Mullan, and Hyderabad. In Sri 
lanka,a bui liig plan for a parasile-rearing facilily las been approved. The dynamics ofcabbage 
caterpillars is also being studied under this IPM component. 

The managemrie nt ifhear, moisture, andiother physical stress lact rs, and tie technology 
available in each ofllhe NARS shall be reviewed and aconsolidaled procedure shall be deedoped 
for adoption. Ill13angl adesh, an experi merit using polyethylene sheets to pro. -ct tomato crop from 
excessive rains and other stress laclors was initiated. In India, plant stress management activities 
include: screening te,:hniqtues for drought and heat tolerance; application of growth hormones ill 
tollalo and chili to improve fruit set at high temperature conditions; response of' tomato to 
moisture stress-plant water balance and yield; and efTects tlheal stress on photosynthesis and dry 
matter distribution in tOniato. In IPakistan, a work plan primarily focused on the collection of 
germplasm and heat and tmfisture stress trials inlonialo and chili has been drawn up. InSri Lanka, 
research on plant stress management will conmmence in the wet season of 1993-94. 

Three major constraints hampered the smooth progress of the network activities. First, 
exchange of germplasm from different coLries was delayed and, hence,the planting season in 
most countries was also delayed. Second, staff rerembers assigned t spearhead the pro.ects had 
to be replaced lor one reason or a10tller. As a result, new persons had to be identified and 
familiarized with the pro iects. The tlird and most critical constraini was "unding. Alt lh(::gli the 
checks from AVRI)C had been scnt to the SAV<IRN[T NARS a:s early as August-Ocltober 1992, 
it took 5-8 mnths for the tfunds to he released to the scientists. 

As part of the moniliririg activili,.-s, the network coordinator visited the participating 
countries on several occasions to mce with researchers, inspect key research sites, and examine 
research facilities. 
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Introduction 
SAVERNET was established with the signing of the Technical Assistance Agreement (TA) 

between AI)B and AVRI)C. Tie implementation of this AI)B-financed project (ADB T.A. No. 
546 1) began in November 199 1. 

Project Management 
The SAVERNET steering committee is represented by a member frot -ach of the six 

collaborating countries, who also serves as tile technical coordinator. 

Country Steering Committee members 
Bangladesh )r. M.tl. Mondal, Mr. S.N.H. ArangzLb 
Bhutan Miss Chime P. Wangdi, Mr. Thinlay 
India I)r. K.I.. Chadha 
Nepal )r. R.K. Raut 
Pakistan Mr. M.H. Bhalli 
Sri Lanka )r. S. Nagarajah 

Seven AVRDC senior scientists also participate in the implementation of SAVERNET as 
lead persons and program coordinator. 

)r. S.K. (reen Virologist 
)r. L..M. Engle Head, Genetic Resources and Seed Unit 
I)r..I.M. loulos Pepper Breeder 
l)r..I.F. Wang Plant Bacterio!ogist 
Dr. N.S. Talekar Entomologist 
)r. P. Hanson Tomato Breeder 
)r. S. Shannmgasundaram SAVERNET Coordinator 

The establishment of SAVERNET was formally recommended during the South Asia 
Vegetable Research Planning and Consultation Workshop held on 24-29 September 1990 and 
jointly sponsored by AI)B and AVRI)C and hosted by the Pakistan Agricultural Research 
Council at Istamabad, P)akistan. For the implementation olthis cotllahorativye undertakine, tile six 
participating countries entered into a Memorandum of Understanding (M()U). 

Financial statements from the six countries have yet to be received. As a result of stringent 
financial procedures, disbursement of funds advanced to them from AVRI)C for the researchers 
has ,een delayed. Consequently, this unduly hampered tile implementation of the different 
pro.ect components. 

Joint Planning Meeting 
A joint planning meeting was organized to develop a work plan for the implementation of 

SAVERNET research activities. A total of 36 scientists from the six collaborating countries and 
four AVRI)C scientists participated in the joint planning neeting held at BARC, l)haka, 
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Bangladesh on 24-27 Fbnruary 1992. The meeting was inaugurated by BARC Executive Vice 
Chairman M.S.U. Chowdhury.

The first sessinin of ilt i.joint pani ng lleeting was (levoled t fihe presentation of countryreports on vegeLable research and development by each oflhe technical coo( rdinato rs. The rest of
the sessions were devoted to group liscussions on pri rity research areas such as exchange and
evaluation olnelite varieties, bacterial will of tonato and chili, leal curl oI tomalo and chili,
inegrated pest Iaelnglent. .n(l mIalagLe:nent ' heal, Iloisture. and (ofherplant stresses. 

The group discussi lls C(oenc(led with a plenary session held on tihe last day oftfie mneetig.Recommendaliins were presented by the chairman cd each group, and were Ihen approved lfkr 
impl ementali ni. 

Along with tlejcint planning a steerine colllnittee meeting was held on24 Februaryveeting.
1992. The ciumnillee elected BARI )irector (enCral NI.i. Mondal as chairman for 1992. For1993, 1ndian Ccnnil cfc Agricullural Research (ICAR) I)eputy I)irector ( ;eneral (-orticulture)
K. 	IL.Chadha was elected as chairman.
 

The next ileet ing o' 
 liee ring comn it tee will be held in Bangalore. India, in 1994. Funding
for 	the organizaticon of this meeling will be borne entirely by the AI)B. ICAR/( overnment of
India will provide facilities and olher lccal anangenients. 

Research Progress 

Subnetwork I - Exchange and evaluation of elite varieties 
The following are the lnajor .Jectives of subnetwork 1: 

(1) 	 To assemble. multiply, maintain, distribute, and evaluate the elite local cultivars 
(improved cultivars and breeding lines) of identified priority vegetable crops;

(2) 	To strenglhen the research capability oftlhe NARCs and accelerate the development of 
improved vegetable cultivars through sharing of such materials; aid

(3) 	To facilitate sharing of information for 	varietal evaluation in similar agroecological
enviroinments within the region by using a unifoirm varietal Lvaluaticin procedure. 

A list of seeds otf different varieties cif varicius crops received from ihe network member
countries is presented in table I. This large number of varieties of 12 different vegetables
exchanged among the South Asian countries already stands as a najor achievement. Out of 12 Ientries agreed lfr exchange in the work plan, only 69 varieties of 13 vegetables have beenreceived by tlie network coor(linalor. The participating countries agreed to provide the rest olthe 
varieties in their next shipment.

In accordance wilh the work plan, the vegetable seeds for trial by each member country were
either hand-carried or distributed via airmail. The list of seeds distributcd as of 14 April 1993 is 
presented in tables 2-7. 
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Table 1. Vegetable seeds received from SAVERNET countries as of April 1993 
Crop Variety name Seeds received (g) 

Bangladesh Cabbage Probhati 60 
Eggplant Uttara 75
 

Khafkhati 64
 
Islampuri 62
 

Onion Taherpuri 40
 
Tomato Manik 30
 

Ratan 36
 
Bhutan Cabbage Copenhagen Market 100
 

Cauliflower White Top 100
 
Chili Sha Ema 100
 
Cucumber S-Genchu 100
 
Eggplant PP Comg 100
 
Onion Kyoju 100
 
Tomato Roma 100
 

India Brinjal 	 Pant Samrat 455 
KT 4 455 
P.P. Long 450 
Pant Rituraj 610 
Pusa Kranti 250 

Cabbage Pusa Makta 484 
Capsicum California Wonder 480 
Cauliflower Pant Shubhra 480 

Pusa Snow Ball-I 478 
Pusa Deepali 500 
Pusa Snow Ball K-1 474 

Chili 	 Pusa Jawala 250 
Muskmelon 	 Wara Madhu 300 

Pusa Sharbati 300 
Pusa Madhuras 300 

Onion 	 Agrifound Dark Red 2000 
Pusa Madhui 1000 
Arka Niketan 500 
Pusa Red 	 2000
 

Pumpkin Pusa Vishwas 258 
Arka Chandan 300 

Tomato Pusa Ruby 500 
Arka Vikas 500 
Pant Bahr 165 
Pusa Gaurau 500 
PED (Pusa Early Dwarf) 500 
Pb. Chhuhara 500 

Watermelon Arka Manik 300 
Sugar Baby 300 

Nepal Cabbage Copenhagen M-rket 206 
Cauliflower Kathmandu 191 

Pusa Deepali ' )9.5 
Chili Yatsufusa 104.2 

Surya Mukhi 199.6 
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Table 1. Continued. 
Croo 

Eggplant 

Onion 
Sweet pepper 
Tomato 

Pakistan 	 Cabbage 
Cauliflower 

Sri Lanka 	 Bitter gourd 

Brinjal 

Capsicum 
Chili 

Cucumber 
Okra 

Pumpkin 
Tomato 

Watermelon 

Variety name 
Lurke 
Nurki 
Pusa Purple Long 
Red Creole 
California Wonder 
Monprecus 
Golden Acres 
Champa 
Chinolate 
1st Early 
2nd Early 
Thinnevelly White 
MC 43 
Thinnevelly Purple 
SM-164 

CA-8 

MI-2 

KA-2 

Ly-58 

MI-5 

MI-7 

ANK-1 

T 245 

T 89 

K.W.R. 
Sugar Baby 

Table 2. Seeds distributed to Bangladesh as of 14 April 1993 
Crop 
Eggplant 
Eggplnt 
Eggplant 
Onion 
Chili 
Brinjal 
Welsh onion 
Brinjal 
Brinjal 
Brinjal 
Brinjal 
Brinjal 
Capsicum 
Chili 
Onion 
Onion 

Variety name 
Uttara 
Khatkhati 
Islam Puri 
Taherpuri 
Sha Ema 
P.P. Long 

Kyojl 

Pant Samrat 

KT 4 

P.P. Long 
Pant Rituraj 
Pusa Kranti 
California Wonder 
Pusa Jamala 
Agrifound Dark Red 
Pusa Madhui 

Origin 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bhutan 
Bhutan 
Bhutan 
India 
India 
India 
India 
India 
India 
India 
India 
India 

Seeds received (g) 
234.6 
215
 
194
 

2000
 
50
 

100.8
 
70
 
64.4 
58.5 
68.1 
69.6 

269
 
300
 

52.4 
56.6 
65.6 
58.1
 
50
 

255.7
 
585
 
605
 
204.9 

54.9 
55.9 
55.6 

298.6 

Amount (g)
 
7
 
7
 
7
 
7
 

10
 
10
 
10
 
91
 
89
 
87
 

122
 
44.8
 
80
 
39
 

158
 
163
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Table 2. Continued. 

Crop 

Onion 
Onion 
Chili 
Chili 
Eggplant 
Eggplant 
Eggplant 
Onion 
Sweet pepper 
Bitter gourd 
Bitter gourd 
Brinjal 
Brinjal 
Capsicum 
Chili 
Chili 

Variety name 

Arka Niketon 
Pusa Red 
Yatsufusa 
Surya Mukhi 
Lurke 
Nurki 
Pusa Purple Long 
Red Creole 
California Wonder 
Thinnevelly White 
MC 43 
Thinnevelly Purple 
SM-164 
CA-8 
MI-2 
KA-2 

Origin 

India 
India 
Nepal 
Nepal 
Nepal 
Nepal 
Nopal 
Nepal 
Nepal 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 

Table 3. Seeds distributed to Bhutan as of 14 April 1993 
Crop Variety name 

Cabbage Probhati 
Cabbage Cop. Market 
Cauliflower White Top 
Chili Sha Ema 
Cabbage Pusa Makia 
Capsicum California Wonder 
Cauliflower Pant Shubhra 
Cauliflower Pusa Snow Ball I 
Cauliflower Pusa Deepali 
Cauliflower Pusa Snow Ball K-1 
Chili Pusa Jawala 
Cabbage Copenhagen Market 
Cauliflower Kathmandu 
Cauliflower Pusa Deepali 
Chili Yatsufusa 
Chili Surya Mukhi 
Sweet pepper California Wonder 
Cauliflower Champa 
Cauliflower Chinolate 
Cauliflower 1st Early 
Cauliflower 2nd Early 
Capsicum CA-8 
Chili KA-2 
Chili MI-2 

Origin 

Bangladesh 
Bhutan 
Bhutan 
Bhutan 
India 
India 
India 
India 
India 
India 
India 
Nepal 
Nepa! 
Nepal 
Nepal 
Nepal 
Nepal 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Sri Lanka 
Sri Lanka 
Sri Lanka 

Amount (g) 
74.5 

325 
14.9
 
33
 
46.5
 
43
 
38.5 

339 
7.1 

65.5
 
50
 

9.4
 
10
 
10
 
8.8
 
6
 

Amount (g) 
10.3
 
10
 
10
 
10
 

121 
80 
98 
96 
95 
93.8
 
42
 
51
 
38 
39.5 
14.9
 
33
 

7.5 
8.7 
7.2 
8.8
 
9
 

10
 
6
 
8.8 
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Table 4. Seeds distributed to India as of 14 April 1993 
Crop 
Cabbage 
Eggplant 
Eggplant 
Eggplant 
Onion 
Tomato 
Tomato 
Brinjal 
Cabbage 
Cauliflower 
Chili 
Cucumber 
Onion 
Tomato 
Brinjal 
Brinjal 
Brinjal 
Brinjal 
Brinjal 
Cabbage 
Capsicum 
Cauliflower 
Cauliflower 
Cauliflower 
Cauliflower 
Chili 
Muskmelon 
Muskmelon 
Muskmelon 
Onion 
Onion 
Onion 
Onion 
Pumpkin 
Pumpkin 
Tomato 
Tomato 
Tomato 
Tomato 
Tomato 
Tomato 
Watermelon 
Watermelon 
Cabbage 
Cauliflower 
Cauliflower 
Chili 
Chili 
Eggplant 
Eggplant 

Variety Name 

Probhati 

Uttara 

Khafkhati 

Islam Puri 

Taherpuri 

Manik 

Ratan 

P.P. Long 

Market 

White Top 

Sha Ema 

S-Genchu 

Kyoju 

Roma 

Pant Samrat 

KT 4 
P.P. Long 

Pant Rituraj 

Pusa Kranti 

Pusa Makta 

California Wonder 

Pant Shubhra 

Pusa Snow Ball-I 

Pusa Deepali 

Pusa Snow Ball K-1 

Pusa Tawala 

Wara Madhu 

Pusa Sharbati 

Pusa Madhuras 

Agrifound Dark Red 

Pusa Madhvi 

Arka N',etan 

Pusa Red 

Pusa Vishwas 

Arka Chandan 
Pusa Ruby 
Arka Vikas 
Pant Bahr 
Pusa Gaurav 
PED (Pusa Early Dwarf) 
Pb. Chhuhara 
Sugar Baby 
Arka Manik 
Copenhagen Market 
Kathmandu 
Pusza Deepali 
Yatsufusa 
Surya Mukhi 
Lurke 
Nurki 

Origin 

Bangladesh 

Bangladesh 

Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
Nepal 
Nepal 
Nepal 
Nepal 
Nepal 
Nepal 
Nepal 

Amount (g) 
10.3 
12.5 
10.6 
10.3 
66
 
5
 
6.2
 

10
 
10
 
10
 
10
 
10
 
10
 
10
 
91
 
91
 
85
 

122 
44.8 

121 
80 
96 
95.6
 
95
 
94.8
 
39
 
94.6 
89.6 
87.2 

158 
167 
74.5 

327 
86 
95 
68.5
 
69
 
32.8 
68.5
 
96
 
92
 
87
 
89.6
 
51
 
38
 
39.5 
14.9
 
33
 
46.5
 
43
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Table 4. Continued. 
Crop Variety name Origin 
Eggplant Pusa Purple Long Nepal 
Onion Red Creole Nepal 
Sweet pepper Califomia Wonder Nepal 
Tomato Monprecus Nepal 
Cabbage Golden Acres Pakistan 
Cauliflower Champa Pakistan 
Cauliflower Chinolate Pakistan 
Cauliflower 1st Early Pakistan 
Cauliflower 2nd Eady Pakistan 
Bitter gourd Thinnevelly White Sri Lanka 
Bitter gourd MC 43 Sri Lanka 
Brinjal Thinnevelly Purple Sri Lanka 
Brinjal SM-164 Sri Lanka 
Capsicum CA-8 Sri Lanka 
Chili MI-2 Sri Lanka 
Chili KA-2 Sri Lanka 
Cucumber Ly-58 Sri Lanka 
Okra MI-5 Sri Lanka 
Okra MI-7 Sri Lanka 
Pumpkin ANK-1 Sri Lanka 
Tomato T 245 Sri Lanka 
Tomato T 89 Sri Lanka 
Tomato K.W.R. Sri Lanka 
Watermelon Sugar Baby Sri Lanka 

Table 5. Seeds distributed to Nepal as of 14 April 1993 

Crop Variety name Origin 
Onion Taherpvri Bangladesh 
Tomato Manik Bangladesh 
Tomato Ratan Bangladesh 
Cauliflower White Top Bhutan 
Onion Kyoju Bhutan 
Tomato Roma Bhutan 
Cauliflower Pant Shubhra India 
Cauliflower Pusa Snow Ball-1 India 
Cauliflower Pusa Deepali India 
Cauiiflower Pusa Snow Ball K-1 India 
Onion Agrifound Dark Red India 
Onion Pusa Madhvi India 
Onion Arka Niketan India 
Onion Pusa Red India 
Tomato Pusa Ruby India 
Tomato Arka Vikas India 
Tomato Pant Bahr India 
Tomato Pusa Gaurav India 
Tomato PED (Pusa Early Dwarf) India 
Tomato Pb. Chhuhara India 
Onion Red Creole Nepal 
Tomato Monprecus Nepal 
Cauliflower Chinolate Pakistan 
Cauliflower Champa Pakistan 
Cauliflower 1st Early Pakistan 
Cauliflower 2nd Early Pakistan 
Tomato T 245 Sri Lanka 
Tomato T 89 Sri Lanka 
Tomato K.W.R. Sri Lanka 

Amount (g) 
38.5 

333 
7.1 
7 
9 
8.7 
8.5 
8.8 
9 

65.5 
50 
9.4 

10 
10 
8.8 
6 

83 
145.2 
149 
66 
10 
10.4 
10 
98 

Amount (g)
 
7
 
7
 
7
 

10
 
10
 
10
 
96
 
95.6
 
95
 
93.8
 

158
 
163
 
74.5
 

325
 
69.2
 
69
 
32.8 
68.5
 
96
 
92
 

339 
8.1 
8.5 
8.6 
8.8 
9.0
 

10
 
10
 
10
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Table 6. Seeds distributed to Pakistan as of 14 April 1993 
Crop 
Cabbage 
Eggplant 
Eggplant 
Eggplant 
Onion 
Tomato 
Tomato 
Brinjal 
Cabbage 
Cauliflower 
Chili 
Cucumber 
Onion 
Tomato 
Brinjal 
Brinjal 
Brinjal 
Brinjal 
Brinjal 
Cabbage 
Capsicum 
Cauliflower 
Cauliflower 
Cauliflower 
Cauliflower 
Chili 
Muskmelon 
Muskmelon 
Muskmelon 
Onion 
Onion 
Onion 
Onion 
Pumpkin 
Pumpkin 
Tomato 
Tomato 
Tomato 
Tomato 
Tomato 
Tomato 
Watermelon 
Watermelon 
Cabbage 
Cauliflower 
Cauliflower 
Chili 
Chili 
Eggplant 
Eggplant 
Eggplant 

Variety name 
Probhati 
Uttara 
Khafkhati 
Islam Pur 
Taherpuri 
Manik 
Ratan 
P.P. Long 

Market 

White Top 

Sha Ema 

S-Genchu 

Kyoju 

Roma 

Pant Samrat 

KT 4 

P.P. Long 
Pant Rituraj 
Pusa Kranti 
Pusa Makta 
California Wonder 
Pant Shubhra 
Pusa Snow Ball-I 
Pusa Deepali 
Pusa Snow Ball K-1 
Pusa Tawala 
Wara Madhu 
Pusa Sharbati 
Pusa Madhuras 
Agrifound Dark Red 
Pusa Macihvi 
Arka Niketan 
Pusa Red 
i usa Vishwas 
Arka Chandan 
Pusa Ruby 
Arka Vikas 
Pant Bahr 
Pusa Gaurav 
PED (Pusa Early Dwarf) 
Pb. Chhuhara 
Sugar Baby 
Arka Manik 
Copenhagen Market 
Kathmandu 
Pusa Deepali 
Yatsufusa 
Surya Mukhi 
Lurke 
Nurki 
Pusa Purple Long 

Origin 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
'ndia 
India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

India 

Nepal 

Nepal 

Nepal 

Nepal 

Nepal 

Nepal 

Nepal 

Nepal 


Amount (g) 
10.3 
12.5 
10.6 
10.3 
66
 
5
 
6.2
 

10
 
10
 
10
 
10
 
10
 
10
 
10
 
91
 
91
 
85
 

122
 
44.8 

121
 
80
 
96
 
95.6
 
95
 
94.8
 
39
 
94.6 
89.6 
87.2
 

158
 
167
 

74.5 
327
 
86
 
95
 
68.5
 
69
 
32.8 
68.5
 
96
 
92
 
87
 
89.6
 
51
 
38
 
39.5 
14.9
 
33
 
46.5
 
43
 
38.5 
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Table 6. Continued. 
Crop Variety name 
Onion Red Creole 
Sweet pepper California Wonder 
Tomato Monprecus 
Cabbage Golden Acres 
Cauliflower Champa 
Cauliflower Chinolate 
Cauliflower 1st Early 
Cauliflower 2nd Early 
Bittergourd Thinnevelly White 
Bittergourd MC 43 
Br'njal Thinnevelly Purple 
Brinjal SM-164 
Capsicum CA-8 
Chili MI-2 
Chili KA-2 
Cucumber Ly-58 
Okra MI-5 
Okra MI-7 
Pumpkin ANK-1 
Tomato T 245 
Tomato T 89 
Tomato K.W.R. 
Watermelon Sugar Baby 

Table 7. Seeds distributed to Sri Lanka as of 14 April 1993 

Amount (g) 
333 

7.1
 
7
 
9
 
8.7 
8.5 
8.8
 
9
 

65.5
 
50
 
9.4
 

10
 
10
 
8.8 
6
 

83
 
145.2 
149
 
66
 
10
 
10.4
 
10
 
98
 

Amount (g) 
12.5 
10.6 
10.3 
6.6 
5 
6.2 

10 
10 
10 
10 
93 
89 
85 

122 
44.8 
80 
29 

325. 
163 

74.5 
158 
68.5 
69 
28.5 

Origin 
Nepal 
Nepal 
Nepal 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 
Sri Lanka 

Crop Variety name 
Eggplant Uttara 
Eggplant Khafkhati 
Eggplant Islam Puri 
Onion Taherpuri 
Tomato Manik 
Tomato Ratan 
Chili Sha Ema 
Eggplant P.P. Long 
Tomato Roma 
Welsh onion Kyoju 
Brinjal Pant Samrat 
Brinjal KT 4 
Brinjal P.P. Long 
Brinjal Pant Rituraj 
Brinjal Pusa Kranti 
Capsicum California Wonder 
Chili Pusa Jawala 
Onion Pusa Red 
Onion Pusa Madhvi 
Onion Arka Niketon 
Onion Agrifound Dark Red 
Tomato Pusa Ruby 
Tomato Arka Vikas 
Tomato Pant Bahr 

Origin 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bangladesh 
Bhutan 
Bhutan 
Bhutan 
Bhutan 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
India 
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Table 7. Continued. 
Crop Variety name Origin Amount (g)
Eggplant Uttara Bangladesh 12.5
Tomato Pusa Gaurav India 68.5
 
Tomato PED (Pusa Early Dwarf) India 96

Tomato Pb. Chhuhara India 92
Chili Yalsufusa Nepal 14.9
Chili Surya Mukhi Nepal 33
Eggplant Lurke Nepal 48.6
 
Eggplant Nurki 
 Nepal 43
Eggplant Pusa Purple Long Nepal 38.5
Onion Red Creole Nepal 303
Sweet pepper California Wonder Nepal 7.5
Tomato Monprecus Nepal 14
Brinjal Thinnevelly Purple Sri Lanka 99.4
Brinjal SM-164 Sri Lanka 10 
Capsicum CA-8 Sri Lanka 10
Chili KA-2 Sri Lanka 6
Chili MI-2 Sri Lanka 8.8
Okra MI-5 Sri Lanka 144
Okra MI-7 Sri Lanka 149
Tomato T 245 Sri Lanka 10
Tomato T 89 Sri Lanka 10
 
Tomato K.W.R. Sri Lanka 10
 

It look soine time for each of the countries to collect and send the seeds for evaluation. As 
a result, shipment of seeds to each participating cotU1try has been delayed. I)ue to this delay, the 
seedts were not planted in the winter season (1' l199J2. First planting was carried out with selected
sutinmer crops an(l tie trials are now inprogress. Iie 1993 winler trial resulls are expected to show 
the potential ol somne oflthe introduced varieties. 

Bangladesh. By the last week of February 1993, BARI received seeds of II varieties of
eggplant (brinjal), 5 onion,4 chili, 3 sweet potato, I hitter gourd, and I Welsh onion from tlhe 
network coordinator. Bri njal has already been planled and the trial is in progress. All other 
vegetahles were planted during the 1993 winter. 

Blitan. In February 1993, seeds oI5 varielies ofchili, 3 sweet pepper, 4 cabbage, and II 
cauliflower were received. These will he evaluated at the Center for Agricullur:0 Research and
)evelopment (CAR)), Wangdi; Yusipang; and KhangniafTashigang. The National Plant 

Protetion Center will organize and conduct the trials. 

India. Evaluation of elite varieties will he conducted at tle Indian Institute of*Horticultural
Research (ll-IIR), Bangalore; and at the Project I)irectorate of Vegetable Research (P1VR),
Varanashi. 

The following scienlists are in charge oflthe evaluation at lhe di fferent sites: I)r. R.M.Pandey,
director, IIH1R, Bangalore; )r. Kalloo, director, Pi)VR, Varanashi; and )r. H.S. Gill, head,
Vegetable Crops, Indian Agricultural Research Institute (IARI), New )elhi.

India provided provided the network with see(Is ofa otIaloI29 varieties of I()vegetable crops
(onion. tomat(o, brin.al, cauliflower, cabbage, chili, watermelon, muskmelon, pumpkin, and 
sweet pepper). 
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Due to nonavailability, seeds of varieties N-53 (onion); Aruna (brinjal); Early Kunhavi and 
Pusa Shukra (cauliflower); Ambali (pumpkin); Andhra .yoli, J-218, Bhaskar, Musalwadi and K
2 (chili); :rnd Sel-2 and P-7 (okra) will he provided in the next season. 

Nepal. Sites for crop evaluation and the cooperators who will he involved have been 
identiftied. 

Tomato will be evaluated at the Horticulture Centre, Mawalpur, Sarlahi. Mr. Fuleshwor 
Singh, vegetable development officer and acting farn tmanager, will be responsihle for the 
ilplenentation oflthe project. 

C+'auIitic wer will be evalu abed at the Vegetable Seed Product ion Centre, Khumaltar, ,'ill Mr. 
l)ev kola as the l,, ad person. 

The evahti in of onion will be at the Vegetable Seed lroduct ion Centre, Rukui, Mushikot. 
Mr. K.i'. Adhikari, acting farm nanager, will be responsible for the trials. Rutku iis a major onion 
growing area in Nepal. 

Pakistan. Seeds for the crop evaluation were received fro the network coordinator in April 
1993 and were planted in the middle oft hai ionith at the Natiomal Agricultutral Research Centre 
(NARC), Islamabad, for preliminary evaluation. Mo re than hal fOllie seeds received were saved 
for the fllowinL summer planting for evalutation in the sutmmer of 1994. 

Muskmelmi. 'he three nuskmehn variclies that were planted lIowecred in 5t0(-55 days. ()nly 
Wara Madhu (India) mtlured in 7) days. ()ne fruit per plant weighed 1.6 kg. 

Fruitlly allack severely damaed both i'usa Madharas and I'Lusa Sharbati. 

Okra. Varieties M 1-5, M 1-7 (Sri I.anka), andlPusa (ireen (P'akistan) were planted for 
evaluation. All varieties lhowered in 5)-55 days and ntitured in 65-7 (ays. tPusa Green had the 
highest ntmber of pods/plant (12). Sri Ilankan varieties had 7-8 pods/plant. (;errination olSri 
l.ankan varieties was poor and plants were stunled. 

iwmpkin. All three varieties, Pusa Vishwas, Arka Chandan (India), and ANK I (Sri Lanka), 
flowered in Jtuly but had no fruit. 

Cucumber. All three varieties, I.Y-58 (Sri I.anka), S. Ghenclnt (Bhutan), and Sailkot I.ocal 
(Pakistan) had very poc r germination. I)ue to high temperature, 95./c of the plants died. 

Watermelon. Sugar Baby (indian and Sri lankan varieties) and Arka Mani k (Indian variety) 
were planted; all three varieties flowered in 55-58 days and matured in 75-80(days (table 8). Sugar 
Baby had two fruit/plant while Arka Manik had only one fruit/plant. Arka Manik, however, was 
heavier than Sugar Baby although it was not as sweet. 

Table 8. Information recorded for watermelon varieties planted in Pakistan 
Varieties Days to 

flowering 
Days to 
maturity 

No. of fruit/plant Single fruit wt 
(kg) 

Sugar Baby (India) 55 75 2 2.2 
Sugar Baby (Sri Lanka) 55 75 1.6 2.8 
Arka Manik (India) 58 80 1 3.4 
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Bitter gourd. Variety Thinnevelly took 48 days to flower and 65 days to mature, but was 
1(X)% susceptible to fruitfly. 

Cabbage and cauliflower. For the winter trial, both cabbage and cauliflower have been 
planted in the nursery. 

Sri Lanka. In March 1993, seeds ot44 varielies oldilferent vegetable crops were received 
from the network co)ordinator. 

Thirteen tomiato varieties and three sweet pepper \'arielies are bing evaluated at tlhe 
Regional Agricultural Research Cenlre (RAIRC),Bandarawela, with Mr. .M. Balasubramaniam, 
research efficer in charge. 

At 	 the RARC in Maha llluppallama, 2 okra v'arieties, 14 eggplant varieties, and 5 chili 
varieties are being evaluated. Ms. A.M. lPcrera, research 8"fficer, is in charge of the trials. 

Seven onion varieties are also being eval aled at l!' RARC in Maha Illuppallama with Mr. 
K.A. Methananda in charge. Varieties Taherpuri and Agrifound I)ark Red had poor germination. 

Subnetwork II- Crop and pest management research 
The subnetwork on crop and pest management research ainis pri marily to: 

(I)assemble, disscii nate, and assess available technoloiy and informat ion on tile following 
topics at AVRI)C and the NARS of the parlicipalinig countries:
 
" bacterial wilt resistance intolmato and chili;
 
" leaf curl resistance intomnato an(] chili;
 
* integrated pest management of cnici fers with empliasis on dianiondback nioli; and 
* management of heat, moisture, an( other stress Factors in tomato and chili. 

(2) 	 train researchers from the participating countries in tile above areas to create a niass of 
trained people to undertake collaborative research aclivities using commonly accepted 
procedures; 

(3) develop new technology through collaborative or contract research on the above 
coniponents with a view to share the new technology among the NARS; and 

(4) exchange materials, methods, and expertise among the NARS and AVRI)C. 

Bacterial wilt resistance in tomato and chili 
Bacterial wilt (BW) caused by Pseudonioas solhnau'arwn is one of the miost damaging 

diseases of tomato inthe lowland tropics and subtropics. Estimates of yield loss due to this 
disease range rom I15 to 95% worth about US $25-1958 million. 

The objectives of the bacterial wilt component of the SAVERNET are to: 

(1)survey the strategic tomato and chili growing areas in each oflthe countries in tihe 
region and identify the race, biovar, and palhotypes of the pathogen; 

(2) utilize available resistant materials froi AVRI)C and from each of the countries t) 
detertiine the potential resistant sources for breeding; and 

(3) understand the host, pathogen, and environniental factors and their interactions on 
disease severity, disease expression, and breakdown of resistancc. 
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The main strategies are to understand the variability in the pathogen and in the host, and the 
role of en'dronmnent in disease epidemics. Utilizing improved germplasm resources from 
subnetwork I, plant breeders are encouraged to work collaboralively with plant pathologists to 
develop bacterial wilt-resistant tomato and chili. 

'1he goal is to devise a bacterial wilt control method that employs genetic resistance. In the 
event that genetic resistance is not sufficient, the control method should make use of reliable, 
efficient, and economical ways of managing the disease given the available resistance level 

The methodology for the survey, pathogen identification, screening, resistance rating, and 
host genotypes should all be agreed upon by tile collaborating countries. Such common 
methodology is expected to facilitate a meaningful understanding of the pathogen and the host 
response to the pathogen and in devising appropriate control measures. 

A bacterial wilt training course was organized from 5 October to 16 November 1992 at 
AVRI)C. Parlicipanls to the training included Mr. Md. Abdur Rahman (Bangladesh), Mr. 
Thinlay (Bhulan), I)r. Roopali Singh (India), I)r. 1).B. Kelaniyangoda (Sri Lanka), Mrs. Kurshed 
Burney (Pakistan), and Mr. P.R. Bhurtyal (Nepal). The training scholars likewise benefited from 
an internat iomal bacterial wilt symposium organized by AVRI)C from 28-3() October 1992. A 
number of aulhorilies on bacterial wilt who participated in the symposium were requested to give 
lectures and demonstrations to tie training scholars. Resource persons from the U.K, Australia, 
and France shared valuable knowledge with the training scholars. 

Bangladesh. Bacterial wilt has been limiting production of solanaceous vegetables in 
Bangladesh. Various chemical control measures have been tried at BARI farms but the results 
were not encouraging. Tomao lines sent by AVRI)C to BARI will be screened following the 
method agreed to hy the SAVERNET collaborating countries. The bacterial wilt survey was 
conducted during the peak toma!o growing season in 1993. 

Bhutan. Bacterial wilt is an impo)rtant disease oftomato and potato in warm subtropical areas 
of Bhutan. However, no proper survey of incidence and severity has been carried out mainly due 
to lack of knowledge of the methodology. 

Following the training at AVRI)C, the phylopathologist who participated in the training 
toured tihe country for tile selection of sites for bacterial wilt resistance screening nursery 
(BWRSN). 

An extensive survey of bacterial wilt in major pepper, totnato, eggplant, and potato growing 
areas was conducted in June 1993. )ue to the current social unrest, the major tomato growing 
areas in the southern part of the country was not included in the survey. The areas surveyed are 
presented in table 9. 

Table 9. Areas surveyed for bacterial wilt in chili and eggplant 
Date 
collected 

Place Dzongkhag Sample 
no. 

Mem. 
no. 

Elev. 
(cm) 

Crop Symptoms 

20/6/93 
21/6/93 
13/6/93 

Langthel 
Kabjisa 
Lungtenzamp 

Tongsa 
Punakha 
Tashigang 

Nil 
Nil 
Nil 

Nil 
Nil 
Nil 

900 
1000 

Chili 
Eggplant 
Chili 

Wilting 
Wilting 
Wilting 
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Positive symptoms of bacterial will were observed in chili var. ILungtenzamp and Langihel
and in eggplant var. Kahjisa. In all tie places surveyed, bacterial wil of'tomato was not observed. 

'flie IIWRSN will he set tip at Kabjisa under I'unakha I)zongkhag. The place is ideal for the 
nursery due to its high temperature and humidity and to the presence of severe bacterial wilt on 
eggplants. Screening For resistance will be from )ecember 1993 to February 1994, the normal 
season for cepant, tomatlo. and chili growing at Kabjisa. 

India. Baclerial will is a major disease of tonmato and chili in India. Although considerable 
research has been d me on lie (lisease, there is a need to: iden'it fy different isolates oflle pathogen 
present in [lhe major tonlito and chili growing areas; understand the environment and host
pa ogen factors fr disease severity and expression or breakdown of'resistance; and utilize the 
above in ormalion and develop slable bacterial wilt-resistant tomnato and chili varieties. 

Tile IR in Bangalore has been selecled as the agency responsihle forthe conduct oflresearch 
on bacterial will. The scientists responsible Ilmr the implementation lthe project are: I)rs. N. 
Aniand, A.T.Sadasiva, K. MaIdhavi Reddy,Roopali Singh, and K.S. Mohan. 

A literature survey on bacterial wkilt of solanaceous crops (other than potato and tobacco) is 
in progress. The following topics are covered in the literature survey: 

" crop improvement - including sources of resislance, varieties developed, genetics of 
resistance, genotype x environment interaction, stability of resistance, and factors 
influencing susceplibility; 

•basis of resistance - biochemical, hiophysical; 
"disease llallagellcnl - chemical and biological control;
 
" weed and collateral hosts;
 
*biolcthnological aspects; and 
epatlh gen classification, serological identification, genelics olvirulence, and biotechnological 

approaches. 

Since )ecember 1992, a total of 275 references have been collecled. Cataloging started in 
February 1993. 

The bacterial wilt survey, which will commence as soon as funfds are released from ICAR, 
will be conducted in the l'ollowing areas: 

State Places
 
Kerala Trichur 
Karnataka l)harwar, l)oddaballapur, Anekal, Nelamangala 
Maharashtra Akola, Parbhani 
Bihar Ranchi 
Meghalaya Shillong 
Assam Jorhat 
Himachal Pradesh and Orissa IPalampur 

BlhIlbaneshwar 
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A nondestructive method ! detecting NIeiudoomoas solaniacerin ill tolnato seedlings by 
imminilsorlbrenl technique (dot-blot and .lISA) and for the rapid identification of will-resistanl 
tolerant seedligls ilnthe nursery has been developcd. This is expecled to facilitate the elimination 
of seedlings w+ahich h',bor the patlhogen hut (Io not show symptoms. This screening system is 
especially useful in brcedling programs. 

The local isolate ofIT..sohimulctillt Vls gro'lw lln nutriert agar plaes and the biovar sp..ecilic 
glycoprolti n (assciCtilud with 1t unirein layer was extracted and purified. lolyclonal antibodies 
Were raised in rabbits q_,,iinst lhe purilied glycoprorein altigen. The prcc(lure for the delection 
ol S'.hlll l+'ll'llI ill 1tmato seellinL's is still beini standlrdiled. This teclique oul'd help 
detect P. soulflmucc m'arw s.cells wilhin the petiole tissue of seedlin 

'l'TOVolve a techLnique Ior screeninci acainsl t'. soltlmlac lrl at the see-lling slage, seedlings 
of two resistant and lwo suscelptible ines were dipped in diflerent colncellralionls of bacterial 
oo/e. At (.3 ().1). the susceptible lines succuinbed to the dis ase ,l not the resistant lines. 
Ihowe vr, this Icactionl wa;Is tentIperaltu r-spCci fic (30+2 'C). Further Istudies to develop and relf lie 
this technique using lea) petioles are in ploress. 

TO a1cquiI Lighly resistant lins( lines (12) identified at 
AV RI )(, aperillit to irl-iport seeds has len acquired till oui thle National l3ureau oflIlanGt Genlic 
Resources (NB1( ilR). 

Nepal. I)ie to a reor ai/,ation. Mr.P.R. Blhurtyal who participated inl the bacterial wilt 
training course atIAVR, I ) has been Irans ferred to anothler offticc. In his place. Mrs. Ram I)e\vi 
I)hawa took over as the lead person inl the implementation oftlie poject. 

loato varieties sent to Nepal rin tile collaborating countries have been sent to the 
followinlLi locatiorns fOr field testine: 

Research farm Responsible officer 
Iule Reci_,onal Aericullural Research Center Mr. K. Budhatlhoki 
lakhrihas Agricultural Center Mr. S. (autan 
Acricult1ural IlZsearch,%l Station, Surklhet Mr. S.K. Pant 

A survc\ ofl bacterial will of lotiltnal capsicum, and eqgplanl in (i fferent localities and 
districts ill Nepal was co cnducted frmt 7 toc13 February 1993. Bacterial will-infecled samples 
were ccllectcd fronm Bhaklepur, Kalitandi, .Ihapa, Sarlaihi, unsari, arl(l .lanakpur. The samples 
Will be evaluaCd ilt l hhtratory by Mrs. R]am| I )e\i Ilhawa.bo 

Pakistan. Based on tlie wc cck plan. a detailed bacterial ,viIt survey plan was developed. It 
proposed to conduct surveys ill difldrent areas (table 1)). 
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Table 10. Proposed bacterial wilt survey plan in Pakistan 
Locations No. of locations to be surveyed 

Chili Tomato 
Punjab 
Sheikhpura 3 3 
Kasur 3 1 
Okara 4 1 
Sahiwal 3 2 
Sindh 
Tharparker 4 2 
Hyderabad 4 3 
Badin 4 2 
Balochistan 
Quetta 4 
Loralai 4 4 
N.W.F.P. 
Peshawar 1 2 
Mardan 1 2 
Swat 4 
Malakand 1 4 

Surv'ys will he conducted (luring the peak tomnato and chili growing season. 
The senior officer in charge of tile project is Mr. Khalid M. Kohokkor; Mrs. Khurshed 

Burney, a participant of the bacterial wilt training course at AVRDC, conducts all the research 
activities. 

Sri lanka. Bacterial wilt disease surveys were conducted at 1) locations in Bandarawela. 
Data on disease incidence (percentage of wilted plants at flowering and harvesting stages),
cultivar names, and environmental data were collectel. )iseased plant tissues (samples) were 
also collected for isolation of the pathogen for identification. 

In the laboratory, selected plant tissues collected from the survey were used lor the isolation 
of bacleria in TIC medium. A fluidal typical single colony was selected from the T/C plate and 
multiplied in rich media (523 or NA). Alter multiplication, the bacteria mass was transferred into 
sterilized tubes containing sterilized distilled water at room temperature to serve as long-term 
storage. 

In the field 4(1 different lines/varieties were tested. The bacterial will incidence was low. 
Therefore, no reliable conclusion was drawn. 

An international bacterial wilt disease nursery was established in two locations. 
In Sri Lanka the released tomato cullivar, Katungastota wilt resistant (KWR) remains highly

resistant to bacterial will. However, its fruit quality and yield are unacceptable to most farmers. 
In a resistance screening conducted by Dr. 1.J. )e Zoysa of the Central Agricultural Research 

Institute, Gannoruwa using root and slem inoculation with a highly virulent culture of P. 
solantacearuni (10' cfu/ml), a number ofltonato and capsicum germplasm resistant to bacterial 
wilt have been identified. However, none ofthe eggplant germplasm showed resistance. 

In another field screening, a naturally infected plot was developed and all crops of the tonato 
variety Marglobe succumbed to bacterial wilt 2 months after planting. 
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Leaf curl virus resistance evaluationin tomato and chili 
Leaf curl disease of tomato and chili is one of the major constraints in tomato and chili 

production in South Asia. Leal curl is caused by a whitelly-transnitted nonpersistent virus. 
A training course on advanced methods for virus diagnosis was conducted from 22 February 

to 16 March 1993 at AVRDC. The objectives of this training were to: 

" provide researchers in the developing countries hands-on experience in the effect,ve 
screening methodologies for host resistance; and 

" provide training in the useof recent diagnostic techniques for identification of these viruses 
and use in resistance screening. 

The topics covered in the training course were: (1)techniques for virus identification such 
as Enzyme I ;irked Iminunosorbent Assay (ElIISA), limmunosorbent Electron Microscopy 
(ISEM), use ot polyclonal antisera and monoclonal antibodies, nucleic acid hybridization, and 
electroblot imnmnoassays; and (2) screening protocols for evaluating host resistance. 

The course was conducted by the AVRI)C virology staff. Other resource persons included: 
Dr. I).E. Lesemann and HIJ. Vetten (Federal Institute of Agricultural Research, Germany), l)r.
.1.Cho (University of Hawaii Manoa), and I)r. I). Maxwell (University of Wisconsin). 

The course was attended by the following: I)r. P.M. WiJerantrie Banda (Sri Lanka), Mr. 
Shahid Hameed (Pakistan), I)r. Md. Ashraf Khan (Bangladesh), Mr. Ugyen Penjore (Bhutan),
Mr. Frederick Salal Raian (India), and Mrs. Krishna Kuiari Shreshtha (Nepal). I)r. SJ.Singh 
(India) will be trained in early 1994. 

Bangladesh. Tomato leaf curl virus (TI.CV) disease caused by a geminivirus transmitted by
whitefly, Beinisiatahaci Genn., is amajor ,imato production problem in Bangladesh. Thedisease 
has caused up to 50-60% yield loss. Experiments have shown that indelerminate tomato varieties 
are more resistant to TILCV than determi nate ones. 

Twenty-nine tomato hybrids were screened lor resistance to TLCV. Three lines showed a 
tolerant reaction. The experiment will be repeated to conflirm the results. 

Bhutan. A thorough leaf curl virus survey was conducted throughout the major pepper, 
tomato, eggplant, and tomato growing areas of the country in .lune 1993. Many typical leaf curl 
virus symptoms were observed on pepper throughout the country; however, symptons on tomato 
appeared to be different. 

The decision to include screening for leaf curl virus among the activilies under this 
component will depend on the diagnostic results from AVRi)C's survey samples from Bhutan. 
The places surveyed and the (late samples were collected are given in table 11. 

India. leaf curl is an important disease of tomato and chili in India. 
Two centers will be involved in the leafCurl virus resist ance research. ilHR in Bangalore with 

Dr.S.J. Singh as the lead person will deal with virological studies. At the Project Directorate of 
Vegetable Research at Varanashi, I)r. Kalloo will spearhead studies on virus strain identilication 
and will develop host differentials, strain confirnmation, multilocation testing, and testing of 
advanced breeding lines. 



412 AVRI)C 1993 Progress Report 

LU = leaf curling; YL 

Table 11. Leaf curl virus areas surveyed in Bhutan 
Date 
collected 

Place Dzongkhag Sample 
no. 

Mem. 
no. 

Elev. 
(M) 

Crop Symptoms 

13/6/93 
17/6/93 
19/6/93 
20/6/93 
20/6/93 
21/6/93 
22/6/93 
17/6/93 
21/6/93 
13/6/93 
20/6/93 
21/6/93 
13/6/93 
17/6/93 
24/7/93 
29/7/93 
29/7/93 
17/6/93 
13/6/93 
22/6/93 
29/7/93 
29/7/93 

Jomtsang 
Chali 
Chamkhar 
Langthel 
Tikay Zam 
Wokuna 
Lorina 
Autsho 
Kabjisa 
Lungtenzamp 
Langthel 
Wokuna 
Rongtong 
Lhuntshi 
Thimphu 
Chapey 
Balamna 
Tangmachu 
Pam 
Bajo 
Balamna 
Haa 

Tashigang 
Mongar 
Bumthang 
Tongsa 
Wangdi 

Lhuntshi 
Punakha 
Tashigang 
Tongsa 

Tashigang 
Lhuntshi 
Thimphu 
Haa 
Haa 
Lhuntshi 
Tashigang 
Wangdi 
Haa 
Haa 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 
2 
3 
4 
5 

1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 
1,2,3,4 

5 
5 
5 
5 
5 

1,200 

2,340 
900 

1,100 
1,100 
1,100 

700 
1,000 

860 
1,100 
1,500 
1,300 

2,500 
2,300 
1,000 

960 
1,060 
2,300 
2,100 

Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Chili 
Tomato 
Tomato 
Tomato 
Tomato 
Tomato 

SP,LC 
LC 
YLSPLC 
LC,PL,YL,W 
YL,LC,SP,PL 
YL,LC,SP,PL 
LC,SP,YL 
LC,SP,YL 
LC,PL,YL,SP 
LC,YL,SP 
LC,YL,SP 
LC,YL,SP,PL 
LC 
LC,YL,SP 
LC 
LC,SP 
LCYL 
YL,LC 
YL,LC 
LC,YL,SP 
LCYL 
LC,YL 

= yellowing of leaves; PL = puckering ot leaves; SP = stunted plant growh. -

Strain identification.Seventy-five isolates/diseased samples oflfonlato were collected from 
different infected fields and planted in the sick plot for further multiplication olfthe virises. The
infected plants exhibited curling, mottling, lhickening, puckering, and stunting of the leaves. 
Infccled plants exhibited cxtremely poor flowering and no fruiting. Infection at the early stage
resulted in no fruiting. l tle-infected plants produced few but unmarketable Fruit. 

I)isease severity in chili was low wilh only 2() infected samples collected; morphological
characteristics ot lhese samples have been identilied. There was curling and stunting olthe leaves. 
In spite of inlestation, the plants bore fruit. 

The virus strains will be identified using differentials. An affempt is being made to develop
differentials on the basis of degree of resistance in the plants/lines. Breeding p(,pult ions/lines
have been planted in the field and observations on the disease incidence/severily are being
recorded. On the basis of these observations, differentials will be developed. Such lines will he 
used to identify strains of TI.CV. Identification olstrains undc: lahorator onditions will also 
be tried. iL;aboratory facilities and probes are being developed for this purpose. 

Screening of breeding inaterial. Tomalo breeding materials have been generated with the
hybridizalion of L'copeisiconescictlenttm x LC'copcrsicon llirstlwn f.glabrataland Lvcopersicon
esctulenitin x Lycopersiconl pifllnellfo/iimu . Lvcolersicon hiirsultan f. glabratuln and 
Lycopersicon pihpinellhfoliuln were found resistant to TILCV. Advanced progenies have been 
developed using these sources. Such progenies were planted in the field on 28 August 1992 and
observations on the disease have been recorded. The number of'resisalit plants selected from ihe 
different populations is presented in table 12. 
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Table 12. Number of resistant tomato plants selected from the different populations 
S. Accession no. Total no. of plants No. of resistant 
no. plants selected 

L. esculentum x L. hirsutum f. glabratum 
1 BC,-BC2 bulk (1) 57 5 
2 BC,-BC, bulk (2) 368 10 
3 H-86-1 15 2 
4 H-86-2 217 8 
5 H-86-3 62 2 
6 H-86-9 3 
7 86-24-1 19 2 
8 86-24-2 73 5 
9 H-86-82 134 6 
10 H-88 194 10 
11 H-88-1 86 5 
12 H-88-2 275 10 
13 H-88-3 32 
14 H-88-4 182 10 
15 H-88-78 1 1 
16 24-1 Large fruited 

Cross: L. esculentum x L. pimpinellifolium 
17 P-2-21 73 2 
18 P.B. (13) 45 4 
19 BC-4 F4 Bulk hybrids/varieties 210 10 
20 Pant Bahar-AC-238 74 0 
21 D.T.-10 22 0 
22 Anand T-1 50 0 
23 Supriya hybrid 20 0 
24 Pari T-4 70 0 
25 A.T.V.-2 52 0 
26 Century-12 18 0 
27 BT (12-2) 72 0 
28 HOE-909 7 0 
29. NDT-96 31 0 
30 COTH-2 20 0 
31 K.S.-17 15 0 
32 Lerica 5 0 
33 NDM-1 26 0 
34 DTH-6 9 0 
35 BSS-39 12 0 
36 BSS-20 9 0 
37 NDTH-6 10 0 
38 NDTH-1 6 0 
39 Arth-3 6 0 
40 TC-16-15 3 0 
41 BT-12 26 0 

An cxpcri ment on chili hybrid cvalual ioniscrcL'ni ng was con(lucled on 20 November 1992 
in 3.6 x 3.( in plols wilh 6() x 2(0 cm distance in a randomized block dcesign. 

Theldisease incidence will be recorded after appearance of the symploms. The following 
accessions were tlISe(: 
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I. Sonali II. MT-6 
2. Padmaraj 12. PTH- 103 
3. Swarna 13. XLE-006 
5. Paramn Mitra 15. ARTH-3 
6. Century-12 16. TC-104 
7. Rupali 17. NI-25 
8. Naveen 18. NH-38 
9. Ajanta 19. Sel-16 
10. Kalyani 20. tlybrid No.-37 

Breeding materials involving the cross of cultivated and wild chili species (resistant) (total
12 entries) were transplanted in the field on 24 .hauary 1993 at adistance of 60 x 45 cm. Resistant 
plants will be selected when disease symptoms have appeared. The details are given in table 13. 

Table 13. Resistant chili plants selected 
S. no. Accession no. Total no. of plants No. of resistant 

plants selected 
1 Faizabadi Long Green 125 0 
2 HOE-808 307 0 
3 JCA-283 416 0 
4 BC-14-2 95 0 
5 BC-21-2 16 0 
6 CA-219 57 0 
7 LCA-206 273 0 
8 LCA-304 156 0 
9 LCA-305 220 0 
10 PKM-1 135 0 
11 Pusa Jwala 148 0 
12 Suryamukhi 78 0 

Fvaltiationofadvaitcedlines.Two variet ies levelop-d wit h the hybridization ofLycopersicon
escudentum and Lycopersiconhirstautmf.glabration have been transplanted along with susceptible 
varieties Selection-7 (Hisar Arun) and Sel- 18 at a distance of 60 x 45 cm. 

The data obtained from this experiment are presented in table 14. 

Table 14. Evaluation of advanced tomato lines 
S. Accession no. Total no. No. of Rating 
no. susceptible plants 
1 H-24 155 4 Resistant 
2 H-36 156 2 Resistant 
4 Sel. 7 check 50 40 Susceptible
5 Sel-18 check 54 41 Susceptible 
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Varieties H-24 and H-36 have shown resistance, whereas, checks were found to be 
susceptible. Seeds of H-24 and H-36 are being multiplied for distribution to the farmers. These 
varieties are expected to show promise in the farmers' fields. 

Nepal. A survey oftomato, chili, and sweet pepper growing areas showed the presence of leaf 
curl symptoms. The disease was suspected to be due to a geminivirus; whitetly, the vector 
normally associated with this virus, was not observed. 

Infected leaf samples were collected and preserved in CaCI, and stored at low temperature 
(5-1 )0 C) for identification. Samples were collected from Sarlahi, Chitran, Lalitpur, and Kathmandu 
districts; some of the samples were sent to the l)anish Government Institute of Seed Pathology 
in Denma k for identification. None of the samples showed virus particles when subjected to 
electron microscope examination. 

Following the survey carried out by Mrs. Ram )evi l)hawa and Mrs. Krishna Shrestha, about 
40 tomato samples have been collected from different parts of the country, e.g., Chitwam, 
Newalparasis, Nepalgunj, Punchkhal, Kathmandu Valley, and Sarlahi districts. All samples have 
been preserved in calcium chloride. Twenty selected samples wNere squashed onto a nylon 
membrane. Whitellies have been multiplied on eggplant and tomato inside insect-proofcages for 
transmission studies. 

Pakistan. Following the training at AVRDC, adetailed plan for the leaf curl virus survey in 
tomato and chili was drawn up. The provinces and districts to be surveyed are as follows: 

Province Districts 
Punjab Sheikhupura, Kasur, Okara, Sahiwal, Faisalabad, 

T.T. Singh, Khanewal, Multan, Rahim Yar Khen 
Sindh 'Flarparkar, Mirpur Khas, Badin, Hyderabad, Karachi 
NWFP Swat, Malakand 
Baluchistan l.oralai, Quetta 

The survey will be conducted during the tomato and chili growing seasons in 1993. Mr. Asif 
Khan ofthe National Agricultural Research Center will be responsible for the implementation of 
the project. Research activities will be spearheaded by Mr. Shahid Hameed. 

Sri Lanka. An extensive survey was undertaken during the 1993 yala (dry) season in the low 
country dry zone to record various symptoms associated with chili and to collect samples of 
diseased plants for identification of viruses associated with the crop. The following major chili 
growing areas were visited and on-site inspection of chili fields exhibiting leaf curl symptoms 
were made: 

Anuradhapura district - Nachcimaduwa, Rajangane, Katitigollawa, and Mahawali II area 
Polonnamwa district - Bakamuna 

Eleven samples wei e subjected to laboratory assay. These samples will be sent to Wisconsin 
and AVRDC for pathogen identification. 

At the RARC in Bandarawela, five tomato varieties were evaluated in the field for leaf curl 
and other virus symptoms. Two local hybrids, Vihara I and Vihara II, exhibited lower virus 
infection and higher yield compared to other varieties. 
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At Girandumkotte, the planting trial tine suggested that leaf curl virus symptons tended to 
increase from June onwards (during the dry period). At Bandarawela, leaf curl virus incidence 
was less conparcd to Girandunkotle; however, incidence ot olher virus diseases (yellowing, etc.) 
was high in the former which also tended to increase during the dry spell. Mr. M.G. Dlhanapala
will be in charge ofthe tomato trial in Girandumkotle, while )r. P.H. Wijeratne Banda will be 
responsible for chili trial in Maha Illupallama. 

Integratedpest management of cruciferouscrops 
Cruci ferous vegetables such as cabbage, cauli flower, broccoli, and radish are economically

important to many countries. In recent years, however, crucifer production has been seriously
affected by asteady increase in the infestation of insect pests, especially ofthe diamondback loth 
(DBM), Phutella xvi osiella. 

Farmers in South Asia have been using large quantities of'chemical insecticides to control
I)BM. As a result of injudicious use of pesticides, I)BM has developed resistance to practically
all chemicals now being used. Since no other practical control measures are yet available, farners 
are using ever-increasing quantities of insecticides. Indiscriminate use of pesticides not only
gives poor control of)BM but also kills the natural eneniCs such as predators and parasites which 
otherwise help check the natural populati ofo I)BM ard other pests.

Alternative measures to control I)BM have been developed. Scientists have found a bacteria,
Bacillus thtringiensis, which kills I)BM but is not harmful to parasiles, predators, and hunans. 
A synthetic sex pheromone which attracts I)BM iales has also been developed. Recently, tile 
chemical industry has come up with selective chemicals which are sate for the natural enemies 
of l)BM. AVRi)C has als(! been working on several parasites of l)BM.

The NARS of Souith Asia have unanimously agreed to accord high priority to the transfer of 
integrated pest nanagement (IPM) technology. 

The goal ofthe IPM oII)BM subnetwork is to transfcr tile concept and the technology of IPM 
to cruciferous vegelable scientists in Soulh Asia. Specifically, the subnetwork ails to achieve the 
following: 

"L.ow-cost control (f I)BM with a concomilant reduction in health hazards associated 
with excessive use of pesticides which are harnful to the environnient; 

" An updated assessment of I)BM and other vegetable insect pest problems and national 
research and development efforts to combat these pests;

" Insights into pesticide registration and use for vegetable crops and environmental 
assessment programns ofconcerned NARS; 

"Enhancement of capabilities of the NARS' research personnel through training at 
AVRI)C and in-country training; and 

"Application oIf the concept (f lPM !iy researchers for the control of other major pests of 
agricultural and horticultural commodities. 

In addition to the release of parasites, judicious use of trap crop shall also be promoted.
Training on the mass rearing of parasites of diamondback moth was conducted at AVRI)C

from 22 April to 22 .lune 1992. The training course was allended by Mr. Chencho l)orji (Bhutan),
Mr. P.N. Krishna Moorthy (India), Mrs. Shashi Adhikari (Nepal), Mr. Saifullah Talpur(Pakistan),
and Mr. (. Ratnasinghe (Sri Lanka). Mr. Ibrahim Ali (Bangladesh) was given a special training 
fron 15 October to 9 1)ecember 1992. 
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Bangladesh. A comprehensive field survey of the seasonal abundance of DBM (P/wella 
xylostela L.) during the Rabi 1992-93 in major cruciferous vegetable growing arcis of 
Joydebpur, Jessore, Rajshahi, and Bogra wr.s conducted. 

In Joydebpur, farmners' cabbage fields in Koddal, Kashimpur and plots of the Horticulture 
Development Center, Bangladesh Agricultural l)evelopment Corporation (BADC) in Kashimpur 
were visited. No serious infestation of I)BM on cabbage (Brassicaoleracea var. capata1 .. ) and 
other cruci fer vegetables was noted. Some farmers reported having noted some infestation during 
theearly season but which disappeared after insecticide spraying. Most farmers apply insecticides 
on cabbage regularly at fortnightly intervals as a prophylactic measure against the insect pest. In 
the B3AI)C farm, a serious outbreak ofl)BM on cabbage occurred in 1985-86 which was alnost 
unmanageable. Since then, no serious infestation of I)BM has been observed. )uring the 1985
86 season, a serious infestation of i)BM occurred at the research farm of BARI in Joydebpur, 
Gaziipur. 

In .lessore, farmers' cabbage fields near the Barobazzar area were visited and a high level of 
infestation was noted in all the fields. Farmers reported that I)BM infestation occurs yearly 
throughout tile growing season. As a control measure, they follow a calendar-based fortnightly 
prophylactic spray schedule of insecticides against the I)BM and other cabbage pests. l)uring late 
January, )r. M.A. Karim, Chief Scientific Officer, Entomology l)ivision, BARI, visited these 
areas and noticed similar )BM infestation. 

In Bogra, farmers' cabbage fields at Naruli and (lablali were visited. Serious infestation of 
I)BM was noted ins5o0 plots. Farmers reported that the infestation of I)BM has become a regular 
problem in recent years; hence, they needed to regularly spray against the pest. 

In Ralishahi, a serious infestation on radish (Rapqhaums sativius) pods and cabbage heads was 
observed at the Horticulture )evelopment Center (BAI)C) farm in Naudapara. I)BM larvae had 
almost skeletonized the radish pod. A cabbage field near the radish field was abandoned due to 
DBM infestation. According to a farm authority, they were unable to control the pest even with 
tile application of three sprays of I-kalux (Quinalphos), one spray of Malathion, two sprays of 
Ngos (dichlorvos), and one spray of I)imecron (phophamidon) throughout the season. I)BM 
infestation started during the seedling slages at the nursery and continued througho *tthe season. 
This year due to pest problems, farmers were unable to produce cauliflower (B. oleracea vr. 
caimpestrisIL.) seed. A serious I)BM infestation was also noted on cabbage in farmers' fields at 
Baro Banogram areas; farmers were unable to manage the pc.,t even by repeated spraying of 
different kinds of insecticides. 

In the infested cabbage field, a large number of adults and pupae of Cotesia plutellae and 
I)iadegma .semiclausflI parasitoids were observed. These specimens were sent to C.A.B. 
International Institute of Entomology (CABIIF), L.ondon for identification. Aside from these, 
predaceous coccinellid beetles, Coccinella transversalis,Chelomene se*xilacu/ata, Micrasjis 
discolor, staphylinid beetle, Paederus fuscipes, and spiders were found. C. phitellae and 1). 
semic/ansum are recognized as parasitoids of I)BM on cabbage growing areas worldwide. The 
relationship of the above mentioned predators with I)BM is not yet known. However, their 
presence in such a large number in the cabbage field suggests a functional relationship between 
them and the l)BM larvae. 

Besides l)BM, tobacco caterpillar (Spodoptera lituraF.), a polyphagous insect, was considered 
a major pest of cabbage, cauliflower, and other vegetables in Bangladesh. The infestation of this 
pest was noted in all the plots visited. As a control measure, farmers apply prophylactic sprays
of insecticides. Ali reported some effective natural enemies of the tobacco caterpillar from 
Bangladesh. Among them, a nuclear polyhedrosis virus was found to cause up to 43% larval 
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mortality while the parasiloids, Microplitissimilis Lyle and Chelonus sp. inflicted up to 84.5% 
and 14.5% larval mortality, respectively.

Although DBM and the tobacco caterpillar are considered major insect pests ofcrucifcrous
vegetables in Bangladesh, tobacco caterpillar infestation is the most regularly occurring. The 
occurrence of DBM has been erratic in some locations. However, the severity of the i)BM
infestation has been growing in recent years. This is attributed to the excessive use of chemical
insecticides on crucifer vegetables. l)BM has developed resistance against almost all groups of
insecticides in many countries. A related species of the tobacco caterpillar (S. littoralis Boisd.)
has also developed resistance against some insecticides. By adopting the intcgrated pest
management approach, lfaners need not solely rely on chemical insecticides for the control of 
these pests. 

Bhutan. The National Plant Protection Center (NPPC) of the I)epartment of Agriculture
initiates and implements the SAVERNET IPM program in Bhutan. The parasite rearing facilities
For DBM will be constructed at the NPPC complex in Sintokha, Thi mphu.

Surveys of local parasites of I)B M vere carried out in and around Thi mphu (Yusipang); a fcw
parasites ofl)BM were collected and sent to AVRI)C for identification. 

Construction of the parasite rearing house is almost completed. Equipment to control ihe 
temperature ;nside the rearing house has been requested.

Initial baseline surveys of local parasites of l)BM have been conducted since May 1993 to: 

(1) identifl and di ffreniate the various parasites altacking l)BM in Bhutan. This would help
establish their abundance and relative economic importance; and

(2)examine the degree of parasitism from parasite, host emergence, and mortality. Sampling
will be carried out in lhe eastern zone of the cou ntry, composed of five districts, namely, Thimphu,
Punakha, Paro, Haa, and Wangdiphodrang. The activities mainly include: 

"collection of fourlh and filth instar larvae. 
"collection of l)BM pupae.
" larval dissection and collection of other parasites pupating outside the host body. 

Some of the cooling and warming equipment lor the parasite rearing house will be purchased
through the EC funds. 

India. l)iamondback moth is a major pest of crucifcrs in India. The IIHR in Bangalore is
responsible for the implementation of the program. )r. K. Srinivasan and Mr. P.N. Krishna 
Moorthy are tlhe lead persons. 

Establishmentof parasitoidculture. Twenty insect rearing cages have been fabricated
especially for rearing parasitoids. With the import permit from the government of India secured, 
a nucleus culture of 1). senticlaustinand T. bactraehas been acquired froni AVRI)C, Taiwan.
Both parasiloids are being quarantined at the National Centre For Integrated Pest Management
(NCIPM) in Bangalore. 1). semicansuln,though,has already beencultured :t IIHR. Theparasiloids 
are surviving at room temperature ranging from 151o 270C. C.phaellaewas not imported since 
it is available both in the lowlands and highlands of India. 
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Survey ofhighlandpilot project sites. A survey of the pilot project site in Ooty, Nilagiris 
district, Tamil Nadu state (representing the highlands) was made in November 1992. The local 
strain of D. semiclmauswtn is already available at Ooty in the cabbagelcauliflower ecosystem. The 
identity of 1). semicllnsum has also been confirmed by )r. Chandra Mohan, Plrofessor of 
Entomology, Regional Research Station of Tamil Nadu Agricultural University, Vijayanagar, 
Ooty. According to )r. Mohan, D.selnicltlusn is dominant during winter (November-January) 
exercising 5()-6()/ parasitism at temperatures ranging from 3 to 20)"C. Tlhis local strain appears 
to have evolved over several years and could have delayed density (lependent regulation. Hence, 
it was proposed that the Indonesian strain cfl).se'iichltisulnobtained from AVRI)C be tried in 
isolated pockets at Ooty to evaluate its perfforiance the following year. 

Proposedstudiesin the lowlands (summer/rainy season 1993). The following field experiment 
was proposed either for the summer (April-June) or the rainy season (July-September) at the 
experiment station of IIHR. 

l)esign: Exploded block 

Treatments: 

"Releases of C. plutelh' under 1PM using Indian mustard as a trap crop.* 
"Releases of C. plutellae on cabbages alone.* 
"1PM using Indian mustard as a trap crop with recommended 4% neem seed kernel extract 
(NSKE) sprays. 

"Cabbage sprayed with 4% NSKE sprays as recommended under the 1PM with mustard as 
a trap crop. 

"Insecticide sprays at weekly intervals on cabbages. 
"Unsprayed cabbages. 
* Treatments I and 2 will be tried in separate blocks. 

Plot size: 10() m2 per plot. 

Observations were made on the following: 

(I) 	 Population of I)B M, leafwebber, Croccidolonifapavonana,Web worn, Hellulaundalis. 
aphids, Brevico-vne brassicae,gram caterpillar, Helicoverpa(irmigeraon cabbages. 

(2) 	Percent parasitism due to C. phltelhi' on l)BM. 
(3) 	Percent marketable heads of cabbage. 

A simp!e technique to collect large number of eggs of diamondback moth was developed by 
Mr. P.N. Krishna Moorthy and l)r. K.N. Srinivasan as described below: 

A cotton plug is wrapped around a tender cabbage leaf 4-6 in. in length and inserted in a 100
ml conical flask containing water. The cotton plug is kept in constant touch with the water to 
maintain leaflturgidity. Tissue paper, 6 x 4 in. is folded to get a I-in. strip. It is gently crumpled 
by hand and fastened around tile neck of the conical flask with a rubber band in such a way that 
half of the strip comes in contact with the leaf. The flask is then kept inside the I)BM oviposition 
cage containing 150-5() adults. Ater 24 hoursof'exposure the tissue paper is separated by cutting 
the rubber band. About 3(X)- 15WX eggs with yellow tinge can be obtained on the tissue paper per 
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day. Crumpling causes undulations inthe tissue paper in which adult moths readily oviposit. Few 
eggs are IOundon the tender leaf. In this method 20- 1 , more eggs can be obtained as compared 
to exposing the whole plant Ior oviposition. After 2-3 days, eggs laid on the tissue paper turn 
black. The tissue paper is tlen cut into pieces and pinned on the tender leaves of potted plants for 
subsequent larval development. This way, all the eggs laid by I)BM could he succcssfully utilized 
for rearing. This inelhod of egg collection also opens ip the possibill using them for directot 
parasitization by tIhe egg parasiidl, Trichoranmoid('abautrae, instead ol lhe present methc)dof exposing themt to ecgs of linI i olh, Corc'raccphlalonica. It also enables easy shipment of 
I)BM culture ahog witIi pupae of their parasitoids from one place to another. The eggs cLollected 
on tissue paper can also be stored under refrigeration (5-7C) without mortality for aimt i days.

The II IRIPM team ha: also developed acomputer soflware cal led Cabbage Pest EXlxprt Ver. 
1.0, the CtLureis of which ire described below:
 

Several researchers across the globe are w')rking oni p :ss 
 flcruci frs and their managemnlt.
Quite often difficulty is experienced in getting access t( comprehensive infrolrrnation on work 
done by oter researchers. The printing of annotatedlbibliographies aridiorarnizaiti of meetings 
ease the exchange (iio niriat i( and ideas. lhwever, these are increasi iigL v becoming costly and 
take a considerable amount oltinme. Fo fill ip this gap and provide needl-iased inlormlation for
researchers, the I Rhas c oe tip witIi an expert syst em available in diskette forn. This system
entitled "Cabbage Pest Expert Ver 1.()" was developed by P.R. Ramachander, K. Srinivasan, P.N. 
Krishna Moorthy, and K. C opalakrislhna IPillai. It was partly financed by a grant from the United 
States I)epartment of Agriculture under the U.S. India Fund. Inlornation contained inthis system
is supported wili literature citations and,i hence, can be used by researchers, students, and 
extension workers involved in pest management. The Cabbage Pest Expert has the following 
t aJor ienus: 

* International pest scenario
 
" Biology of major pests
 
* Parasifoids and predators 
* Economic and action thresholds 
" Insecticide resistance in diamondback moth 
" Host plant resistance to diamondback moth 
" Microbial control o pests 
" Us,- of pheromones to control diamondback moth 
* 	 Major IIPM ccompoents in different countries
 
S IPM vith Indian mustard as a trap crop
 

This expert system is IBM-lC compatible and is available in high density diskelte (5-1/4")
and occupies ;pproximately 8()( VB. It has been developed in basic language in GWBASIC
formation. Through SAVERNET the diskette is provided free to all participating members and 
others who request it. 

Nepal. Areas frequenilly surveyed in Kathtandu valley included Bliaktapur, Thimi,
Swayamhhu, Kuleshwor, and Kabre. So far, no severe I)BM infestatiotl has been observed in 
these areas. Some occasional parasites, which could be Aplnteles sp., were roted. 

Stock cultnre oft )BM has been maintained since 4 April 1993 otr cabbage see(lliigs in cages
of 50 x 50 x 50 cm under lahoratory conditions. At present lourth generation I)BM are being
maintained. The growth period from egg to pupa ranged from 15 to 2 1 days, with 3-5 days for 
egg stage, 9-12 days for larval stage, and 3-5 days Ior pupal stage. 
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Pakistan. The parasite rearing facilily will he established at tihe National Agricultural 
Research Centre (NARC). 

A survey lor the presence of l)BM and its parasitoids will he conducted at Peshawar, 
Khanpur, Islamahad, Iawalpirndi, Murree 1lills, Multan, and Ilyderahad. I)r. Ali Asghar I lashriii, 
I)irector of lntoiolo,y, Research ILahoralory al NARC will take the lead in the implementation 
of this project. 

Sri Lanka. The IM of I)13M pro ject will he conducled at RARC., Bancdarawela. Mrs. I. 
WahuldeniV~a and Mr.(;.Ratinasinghe will spearhead tihe implementlation oftlhe program. Since 
,Mr. Ralnasi nghe has gone abroad f'or postgraduate training, Mr. M.(. I)hanapala has lakeni over 
his work. 

A hu ildi ng plan lur a parasile rearing facility was approved in March 1993. Construction is 
now heiige supervised I! the RARC,Bandarawela. 

The dynamics oflcahbagc caterpillars are also heing sludicd under this I1PM componenl. 

Management of heat, moisture, and other physicalstress factors 

Ilih teneiperature and excessive or insuITicient mr islure are soie ol the niajor problenis 
hesetting tmlato', ari chili product io in the lowlands oflthe tropics and sutropics. 'oovercomne 
Ihese cr nstrai ils. rralnagelellitll pract ices o(r heat, nrioisture, and other stress factors have to he 
devel 	 ipd
and standardi/ed. Contract research in speciic counLries willIhe conducted to evaluaLe 
diI'flient ImlanacenlnI IuellrIds t()overcome tile problein of heal, Imoislure and otier stress 
fiactors. ald to assess the cc()onomlllic \iabilit' (l such IliClhols for finrler adoplioll. 

The technology availahle illcach oflthe NARS will Ihc reviewed and a consolidated procedumre 
shall be developed for adoptiotn. 

Mulchingo wilh rice straw or other types ol organic malcrials or plastics is heconining very 
popular to conlrol weeds, conserve soil 1loisLure, provide appropriate iiicro-envir(inients for 
optilliui growth and production, and prolec tihe planls froi daalginL diseases. I)itferent types 
(I trunlcles will be evaluatcd folsclecled priority vegetables such as totiato, chili, aid onion; and 
the restls will he shared to be able to come up with appropriale recommendations ortlthe farmers. 
Pilot farmer sites may be choscn for or-farm evalualion of selected iutlhes to deermineithe 
econrurlic feasibilily and social acceptahilily )Ithe techniology. 

Silimple plastic rain-sheliers tloalleviate strCss ird(Lrce(l by excessive SUlimer rainfkill shall also 
be evaluIated experielllitaltly, and, it provcn successful, will be teste(l undcr farier conditions. 

IPrelitin nary eliorls illIhis area will be spearheaded by Bangladesh, ridia, IPakistan, aid Sri 
ILaika. 

anigladesh. An cxperininit usirig p dyethylene sheets to protect tilmat() crops from 
excessive raiis ari(l other stress lacilors was iiiiatel. 

India. 111IR in langalore will iiplernient this project cornipoent. I)r. N.K. Srinivasan Rao 
will he lile lead scienlist. A (lclailcd research ptain has been drawn tip: 

First year 

* 	 Application (i) growlh hmimiitcs illlonai atid chili to ilinprove fruit set al high 
lciiperaltires. 

* 	 I'hysiological Stutlies Oilfruit set in chili at high leniperatures. 
* 	 Screening techriiqures for drought and heat tolerance. 
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Second year 

* 	 Screening of chili cultivars for drought and heat tolerance.
 
D
I)ocumentation of existing management practices inchili (survey work). 

Third year 

I)emonstration ol the developed technology ill the fIarners' field based on the results of 
two years of research. 

The lollowinrg research results have so tar been obtained: 

Screening techniquesfor drought and heat tolerance. In lolato whenihe tissue is inLured 
by exposure to highi temperat tires, lhe cel lu lar membrane permeability isincreased and electrolytes
dil(use out ol the cells. Cell membrane stability utilizing the conduclivity method ill fbur cultivars 
oh tonal was reco rded. Percent injury ill teat tissues by heat stress (45"C) was well correlated 
with cell niern iwa ne stahilil. The percent relative injury was less ini IIIR-1224 compared to
cullivars Arka Saurabh, Pusa Ruby, and Sioux. This technique can be used to screen gerniplasni
I'or Iigh temperature tolerance. 

Applicatio /'grwt)ih hioroniies in tomato a1dchilito impro~ve.lruit-setathigh ternperature
conditions.An experiment was cILucted ImI(tetrliine ie effect olltolaltlone on percent fruit
set. fruit growth rate, and its efhect on some physiological processes like photosynthetic rate,
stlnlatal conduclance, and proline conlent ill lmer buds. Two cultivars of chili (Arka l.ohit and 
Byadagi) and six cultivars o Itmnato (Arka Saurabh, IPusa Ruby, IlI R-1224, and three AVRI)C
heat-tiolerant lines) were used. Tomatotine was sprayed on idi ,itual liower clusters. Tenperalure
during fowerine and fruit selling was mainlained at 35"C during the day and 25'C at night.
I'xperiinents were carried out Li nder cotntrolled conditions. 

Responses oftomato to moisture stress-plant water halance and yield. The response of 2(0
selected cult ivars to noisture stress inpomsed at veetalive and fruiting stages and complete stress 
alter estahlishiment was studied during the sinuinier of 1992. )smotic pcotential, leaf water 
potential, and relalive water content were measured. In plants stressed at the vegetative stago,
water potential values \were less neialive and showed good reccovery alter relieflrom stress. As 
pl ant water p icntial became more negalive, osmltic polential values also became more negative
ill sonie oft lie culivars like Arka Saurabh, iP.F.I).. KT-2 Sioux, and Redrock indicating higher
turgor potenlial compared to otlier cultivars. These cullivars had maximum Fruit size and gave
higher fruit yield under waler stress. Water stress during fruil dev\elopment accelerated the 
process otfrluit drop belore ripening. In tile completely stressed plants, about 2(0-50%7c, fruit drop
was observed in Ihe different cultivars. Water stress acccunpaiiied by higher temperatures, above
28"C, during fruiling induced abot 30)-451 7t Iwer drop. The percent yield decrease in ihe
di ffereilt cult ivars varied from 1.3 to 52 IX,ill tie plants stressed at the vegetalive stage, 0-70% 
ill the plants stressed at thc fruiting stage, and 27-82% in the completely stressed plants. 
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Effects ofheat stressonphotosynthesis anddry matterdistribution in tomato. Plotosynt hesis 
rate, growth rate, and dry matter production were studied ini tWo cult ivars ol'tomato, III R-1224 
and Arka Saurabh, under high temperature stress condit ions (35/2() and 35/27"( day/night). There 
was a reduction in photosynthesis in both cul1tivars at 27,C night Icmperat lure. 11R-1224 had 
max imuin hiomass of 35.7g/plant at 27"C night teinperatiure. Irehardeni ng of plants ofilI IR-1224 
lbor 2 i at 45"C resulted in hiher relative growth rate (R( iIR), net assimilating rate (NAR), and 
crop growth rate (((R). Maximum flower drop was observed in Arka Saurabh at both 
temperatures. There was no fruit-set in Arka Saurablih at high night temperature. ItR-1224 
recorded a I '/( fruit set at 27"C indicating high temperature tolerance. 

Pakistan. I)r. AbdulI .lahbar is in charge of lhis compolent on plant stress management with 
Mrs. Naheed Akhtarand Mr. NI. Faroo&g asresearchers. Asof l)ecemher 1992, the following work 
plan has been proposed: 

Tomato 

CCollection of gernplasm; 
* Trials on evaluation for heat stress; 
* Trials Ior %ioisturestress; 
* Survey of local farmers' practices to overcome heat and moisture stress; 
" Trials oii the use of plastic mulches for moisture conservation and weed control; 
* Establishiment of shade house. 

Chili
 

C(2ollection (it germplasm;
 
DOC of existing managemenl practices by f'armers;
(cumeillation 

* Survey oft' he loca I farmiers' practices to overcome heat and moistlrre stress; 
* Trials for heat stress. 

Sri Lanka. Research on plant stress management will be conducted at RARC, Maha 
lluppallama. Research work will commence in the wet season of 1993-94 with Mr. S.N. 
Jayawardana. agronoimist, as ilie implemenulor. 

Constraints 
Three liajor conrstrainlts hampered the simootlh progress of the nelwork activities. First, 

exchange of germplasm from different counltries was delayed. The seeds were repacked and 
distributed immediately, bul arrival of the seeds did n(it e t1 the planting season ii liost 
countries. Also, seeds of soie oflthe varieties for exchanie were not available at the time of 
exchange. 

Second, staff iimenbers assigned to spearhead the projects had to be replaced for one reason 
or a ther. As a result, new persons had to be identified and familiarized with the projects. 

The third and most critical constraint was furiding. Al though tie checks frol AVRl)C had 
been sent to the SAVERNET NARS as early as August-()ctoler 1992, it took 5 to 8 months for 
the I'ids to he released to the sc entlists. 

The network coordinator made visits to the NARS and had discussions with the financial 
olhcials ard tle steering committee members to ensure that tihe problems are resolved. 
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Monitoring Visits 
The network coordinator visited all SAVERNET counlries member in 1992 and 1993 and 

mct with SAVERNET researchers in each country, visiled key research sites, and examined 
research facilities. i)iscussions were held with high level administrators and financial section 
staf 1tofacilitate fiscal mailers. 



Philippines-AVRDC Outreach Program
 

Mungbean Preliminary Yield Trial
 

Summary 
Tile study was conducted to identify mungbean lines with high bean yield potentials, 

desirable agronomic characters, and disease resistance, particularly to Cercospora leaf spot 
(CLS) and powdery mildew (PM). 

A lotal o168ientries were evaluated in crop year 1992-93. The grandihree sets of trials durini 
mean yields of all the trials were genera! ly low due to the un favorable climatic and soil conditions. 
Moisture stress and lack of good irrigation facilitics during the dry season anld continuous rain 
and strong winds which occurred at floweri ng and naturity st ages oft ecrop caused pod abortion 
and bean sprouting during !he wet season. l lowever, three lines, namely, VC 4297-1-13-7, VC 
42 16-2, and VC 3732-13-3-B-2-13, produced mean yields greater than tie check. Most of lthe test 
lines were moderately resistant to Cl.S and virus disease compared to the susceptible check 
variety 13lPI-Mg9. 

Twelve most promising lines that have completed four season trials were selected and 
elevated to the general yield trials (GYT). 

Introduction 
Selected lines with desirable agronomic characters (high bean yield potentials, early and 

unilform maturity, resistance to common pests and (liseas.'s, andItolerance to lodging), acceptable 
eating an(lprocessing qualities, and havi ng homozygosily were evaluated in the preliminary yield 
trials (PYT) to identily those adapted to local agro-cliniatic condidons. After two to four seasons 
of PYT, the most promising lines were elevated to the (;YT. 

Materials and Methods 
For 1992-93, three sets of trials were evaluated. Sets 1 (24 entries) and 2 (20 entries) were 

planted during the dry season and Sets 2 and 3 (20 entries) during tie wet season. Set I was in 
its last season oflPYT, while Sets 2 and 3 were in their first and third seasons ofltrial. In all tlhe 
trials, the entries were sown on 4-row, 5-rn-long subplots distributed in RCBi), and replicatcd 
three times. The rows were spaced at 0.5 in. 

Cul!ural management and dat acollect ion were based on the standard procedure suggested by 
AVRIC in its International Cooperators' (ide for Mu ngbean Evaluation Trial. 

Results and Discussion 
Set 1. I)uring tile dry season, the bean yield ranged from 0.3 I/ha for tile check Pag-asa 7 to 

1.0 tlha lor VC 4140-1B-5 with a grand mean of 0.5 t/ha for the 24 entries. Although significant 
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differences were observed among entries, only the high yielding line VC 4140-B-5 significantly
outyielded the check BPI-Mg9 with 0.6 t/ha. l.ines VC 4195-B-5 and VC 4195-B-4, both with 
5.6 g/100 seeds, produced tile largest seeds. 

Slight infections ofCl .S and virus were recorded during the later growth stages of the crop.
After collating the performance ofthe entries in four-season trials, 12 promising lines were 

selected and elevated to the GYT. Selection was based on the yield, l(X)-sced weight, disease 
reaction, and other important agronomnii. -haracteristics. 

Set 2. The average yield of the 20 entries was 0.5 t/ha during the dry, and 0.8 t/ha during the 
wet season. None of the test lines outyiclded the check BPI-Mg9 during the dry season, but 10 
lines outyiclded the same check during the wet season. However, the differences were not 
statistically significant. Two lines (VC 4297-I -B-7 and VC 4216-2) produced yields of more 
than I iha during the wet season. Most of the test lines were moderately resistant to CLS and 
virus diseases compared to the susceptible check BllI-Mg9. 

Set 3. Only line VC 3732-B-3-B-2-B with a bean yield of 1.) t/ha slightly outyielded the 
check Pag-asa 7 with 0.9 t/ha. However, differences among the 24 entries were not significant.
The grand mean yield was 0.8 I/ha. All the entries flowered in 35 (lays and matured in 57 (lays
from planting. So far, two lines showed ahigh level of'resistance to CILS and eleven to mungbean 
vinis. 

Mungbean General Yield Trial 

Summary 
Thirty-four advanced mungbean breeding lines selected fron the previous PYT were 

evaluated in the GYT in three seis of trials together with two check cultivars. 
Bean yields from the dry season trials were very low, ranging from 0.4 to 0.6 i/ha due to soil 

moisture stress and severe infestation of leaf miner. l)uring the wet season, grand mean yields
of.7 t/ha from Set 2 an( 1.0 tlha f'omn Set 3 were obtained. lines VC 4477 A, VC 4499 A, VC 
3963-B-3, and VC 4531 A yielded significntlly higher than tile check BPI-Mg9 in Set 2. VC 
4195-13-5 with 1.2 t/ha outyielded the check in Set 3, but the difference was not significant. 

Most of the breeding lines were rated intermediate to CL.S, while two lines (VC 4190-B- 1 
and VC 35 10-B- 1)were highly resistant to mungbean virus. 

Most promising lines that have completed the 2-year (;YT were elevated to the regional 
yield trials (RYT). 

Introduction 
The study was designed to further screen selected lines from the PYT for yield, adaptability 

to local agro-climatic conditions, and reactions to common pests and diseases. Results obtained 
from this trial serve as the basis for selecting entries for inclusion in the RYT or the National 
Cooperative Test (NCT). 

Materials and Methods 
Forty entries were evaluated in three sets of GYT during tile crop seasons of 1992-93. Set 

1 with 12 entries was planted (last trial) on II January 1993 ()S); Set 2 with 14 entries on I I 
January 1993 ()S) and 15 July 1993 (WS); and Set 3 with 14 entries (newly selected from the 
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previous IPYT trials) on 15 July 1993. A randomized complete block design (4-row plot, 5-i
long) with three replications was used in all sets of trials. The AVRIDC suggCsted cultural 
IllalagellCt and datla collection guides were used. 

Results and Discussion 
Set I. The top yicl(lers were VC 3X76-213- 1-2 (.7 i/ha) lollowed by VC 389(-B-3- 1,and VC 

3995-13- 1.VC 35601-13-4-4 produced the largest seed (6.8 g/ 100 secd) (table I). Slight infection 
of virus was observed. 

After the IbtLr-scuson trials ftlhe 12 entries, the three most promising lines were selected and 
reconimenued lor inclusion in the RYT. The lines were VC 3876-21B- 1-2 as IF(M 3876, VC 3995-
B-I as FGM 3995, and VC 2764 (Yellow Sel as F(WM 2764 fYI). 

Set 2. The data 1rom,the dry season trial were not validatcd (tile to the low imcan yield of .4 
I/ha caused hy unfavorable climalic ,ind soil conditions andlltiei levels ofteal miner infestation. 

The wet seasontrial pcrllueld rclalively better Ihan the dry season, althou1gh the averaCe 
yield ol.7 i/ha was ralher !ow (lable 2) due to lreqtlci heavy rains lhal occurred Iroin flowcring 
to maturity stages oI the crop and severe inlection of' ClS. and ituungbean virus. Six lines 
OUtvieldeCd th check cullivar Il'l-Ng 9, hut Ihc yield diflerence was statistically signilicant for 
four lines, namely, VC 4477 A, VC 4499 A, VC"3903-13-3, and V 4531 A, with nican yields of 
I.), .9,.9,and .9 I/ha, re.SectClively. 

Set 3. The grand iean of tllc 14 new entries was .()I/hi (table 3).Two test entries out yielded
the check BIlI-M ,9but the di fferences were not statistically signi ficalt. The highest yielder was 
line VC 4 195- B-5 with 1.2 t/ha. All liet Twoentries had inrtermediate levels olresistance to CL ,S. 
lines, VC 4191)-13-1 and VC 35 1(-13- I,were identified as resistant to mugbean virus. 

Table 1. Summary data of promising entries under the GYT (Set 1) during the dry season, 1993a 
Entry 	 Yield 100-seed Days Plant No. of No. of Virus" 

(t/ha) weight to height pods/ seeds/ rating 
(g) maturity (cm) plant pod 

VC 3876-2B-1-2 0.7 a 5.8 d 58 a 43 a 9 a 11 1.5 
VC 3890-B3-1 0.7 b 5.2 h 57 b 37 a-c 9 a 11 1.5 
VC 3995-B-1 0.7 b 5.7 e 57 b 38 ab 8 ab 10 2.0 
VC 3995-8-7 0.6 bc 5.5 g 56 c 35 b-d 8 ab 11 1.0 
VC 3530-B-1-1 0.6 cd 5.7 e 56 c 29 d 8 ab 11 1.0 
VC 3998-B-3 0.6 c-e 5.8 b 57 b 37 a-c 8 ab 11 1.8 
VC 2764 (Yel Sel) 0.6 d-f 4.9 i 56 c 38 ab 8 ab 11 1.3 
BPI-Mg9 (ck) 0.6 d-f 6.0 c 56 c 39 ab 8 ab 11 1.0 
Grand mean 0.6 5.7 56.7 35.4 7.6 10.7 1.4 
c.v, (%) 7.4 1.1 1.0 11.1 12.5 4.2 32.4 
'Planted 11 January 1993 a',d h,'.,ested 8-22 March 1993. Data means of 5.0 m2 subplots distributed in 

RCBD and replicated four times. Means in each vertical column followed by the same letter are not 
statistically different at 5% level (DMRT). 

'Rated on a scale of 1-5, where 1= highly resistant and 5 = highly susceptible. 
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Table 2. Field performance of promising entries evaluated under the GYT (Set 2) during the wet 
season,1993" 

Entry Yield 100-seed Days Days Plant No. of No. of Disease ratingb Lodg
(t/ha) weight to to height pod/ seeds/ CLS Virus ing 

(g) flower maturity (cm) plant pod 
VC 4477 A 1.0 a 5.9 ab 39b 61 cd 78c-e 13 ab 10b 4.8 ab 3.8 2.5
 
VC4531 A 0.9ab 4.8h 39b 61cd 83a-c 14a 
 11 ab 5.0a 3.5 1.8 
BPI-Mg 9 (ck) 0.7 cd 5.8 bc 39 b 60 d 79 b-e 13 ab 11 ab 5.0 a 4.3 2.0 
VC 3963-B-3 0.9 ab 5.8 bc 40a 62bc 88 a 10c 12a 4.0 c 3.0 3.3 
VC 4499 A 0.9 a 4 2j 39 b 61 cd 74 e 14 a 11 ab 4.8 ab 3.8 2.5
 
Grand mean 0.7 5.4 39.4 61.7 80.4 11.8 
 11 	 4.7 3.7 2.4 
c.v. (%) 12.1 1.5 1.3 14.2 6.0 7.81.5 4.8 	 12.4 30.8 
;Planted 15 July 1993 rind harvested 13-27 September 1993. Data means of 5.0 m2 subplots distributed 
in RCBD and replicated four times. Means in each vertical column followed by the same letter are not 
statistically different at 5% ° level (DMRT). 

"Rated on a scale of 1-5, where 1= highly resistant and 5 = highly susceptible. 

Table 3. 	Field performanc) o,tie new mungbean entries evaluated under the GYT (Set 3) during 
the wet season, 19F3" 

Entry Yiel.d Days Days Plant No. of No. of Disease rating' _ Lodging 
(t/ha) to to height pods/ seeds/ CLS Virus 

flower maturity (cm) plant pod 
VC 4195-B-5 1.2 a 33cd 55 ef 71 de 10cd 12 3.0 bc 2.0 a-c 1.0 d
 
VC 4140-B-1 1.1 ab 34bc 56c-e 68de 13ab 11 3.8a 1.5cd 1.5cd
 
BPI-Mg9 (ck) 1.1 a-c 33 cd 53 fg 73 d 11 b-d 12 3.8 a 2.0 a-c 2.0 bc
 
VC 4190-B-1 1.1 a-c 33cd 53fg 71 de 10cd 
 12 3.0 bc 1.0d 2.0bc 
VC 4150-8-2 1.1 a-c 33cd 59 ab 75cd 11 b-d 12 3.0 hc 2.5 ad 1.5 cd 
VC 4195-8-1 1.1 a-c 34 bc 58 a-c 74cd lOcd 11 2.8,: 2.0 a-c 1.3d 
VC 4140-B-3 1.1 a-c 34bc 57b-d 72de 11 b-d 11 3.5ab 1.8 b-d 1.0d 
VC 4146-B-3 1.0 bc 35 ab 59 ab 80 bc 14a 12 3.5 ab 2.8 a 2.5 ab 
Pag-asa 7 (ck) 1.0 bc 35 ab 58 a-c 84 ab - 11b 12 3.3 a-c 2.5 ab 1.5 cd 
Grand mean 1.0 33.5 56.5 74.8 . 1.4 11.5 3.2 2.1 1.6 
c.v. (%) 11.5 3.2 2.3 5.8 14.2 4.7 14.2C 24.4 22.4 
"Planted 11 June 1993 and harvested 9-23 August 1993. Data means of 5.0 ml subplots distributed in 

RCBD and replicated four times. Means in each vertical column followed by the same letter are not 
statistically different at 5% level (DMRT). 

bRated on a scale of 1-5, where 1= highly resistant and 5 = highly susceptible. 

International Mungbean Nursery 

Summary 
Twenty-two eli!: imunghean varielies/accessions were evaluated during Ihe 1993 wet season 

for their performance under Philippine condit ions. 
Mean hean yield ranged fron (.5 I/ha (MI, 267) lo 1.5 I/ha (Chuln Nam 4) wilh a grand mean 

ol0.9 tl/ha. A signi licant ldifference was observed only between highest yielding entry Chun Nani 
4 and the check BlPI-Mg7. Chun Nam 4 was also rated moderalely resistant to mu nghean virus. 
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Introduction 
The International Mungbean Nursery (IMN) is an international cooperative trial on mungbean 

currently coordinated by AVRI)C. Tile entries are elite cultivars/accessions from different 
countries of origin assembled by AVRI)C and sent to different cooperators representing a wide 
range in latitudes. Tile objectives ofthe trial are to provide informalion on the range of adaptation 
oflthe subspecies and specific cultivars, and the characteristics of the mungbean plant influencing 
adaplalion. It also serves as a means of disseminaling superior cultivars to research workers. 

Materials and Methods 
Twenty elite mungbean cultivars/accessions were planted on 15 July 1993 (WS) together 

with two local checks. Each entry was sown in 4-row subplots distributed in RCBI), replicated 
three times. Rows were 5 in long, spaced 0.5 m apart. 

Cultural requirements and data collection were based on the standard procedures suggested 
in the AVRI)C internalional Cooperators' Guide for Mungbean Evaluation Trial. 

Results and Discussion 
The yield performance of the 22 entries is presented in table 4. 
The grand mean yield ranged from 0.5 t/ha (ML 267) to 1.5 t/ha (Chun Nam 4) with a grand 

mean of().9 t/ha for the 22 entries. Only Chun Nam 4 significantly outyielded the check BPI-Mg7 
(I. I t/ha). The same line also had the highest number of pods/planlt and the lowest rating on virus 
infection. 

Table 4. Field performance of the mungbean entries under the 19th IMN during the wet season, 
1993a 

Entry Yield 100-seed Days Days Plant No. of No. of Disease ratingb Lodg
(t/ha) weight to to weight pods/ seeds/ CLS--Viru-s-- ing 

(g) flower maturity (cm) plant pod 
ChunNam4 1.5a 4.3i 37c 58 de 83a-d 20a 11 d 4.3 2.0d 3.0a 
VC1973C 1.3ab 5.9cd 38bc 60bc 86ab 16b 11 b 4.7 2.7b-d 2.3 a-c 
VC1973A 1.1 bc 5.7e 38bc 58de 84a-c 14bc 11 b 5.0 2.7b-d 2.3a-c 
BPI-Mg7 (ck) 1.1 b-d 5.8 de 38 bc 58 de 82 a-e 13 b-d 11 b 4.7 2.3 cd 2.7 ab 
VC4386A 1.0c-f 6.2b 39ab 60bc 79b-g 13b-d 11 b 4.3 3.3a-c 2.7ab 
VC3541 A 0.6jk 6.9a 40a 62a 69i 9d 11 b 4.0 3.3a-c 1.3cd 
Grand mean 0.9 5.2 38.3 59.7 75.0 12.9 11.0 4.6 3.1 2.1 
c.v. (%) 13.8 1.8 2.4 1.2 5.4 17.1 4.4 10.7 18.0 30.9 
'Planted 15 July 1993 and harvested 13-27 September 1993. Data means of 5.0 mrsubplots distributed 
in RCBD and replicated four times. Means ineach vertical column followed by the same letter are not 
statistically different at 5% level (DMRT). 
bRated on a scale of 1 - 5, where 1 = highly resistant and 5 = highly susceptible. 

Mungbean Regional Yield Trial 

Summary 
For 1992-93, nine entries were evaluated in the RYTduring the (ry season and 10 (luring the 

wet season. The study was designed to evaluate tile performance of the promising lines/varieties 
in tie different regions of the Philippines in terms of bean yield potential and reaction to major 
pests and diseases. 
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)uring the (try season only line EGM 3890 (0.8 I/ha) significantly outyielded tile national 
check BPI-Mg9 (0.5 l/ha). Among tile 10 new entries evaluated during the wet season, two lines 
(EGM 2764 Y I and IP1B 83-80-26) yielded higher than the check MG50- IOA, although their 
means were not statistically different. There were also significant differences among entries on 
thle different yield parameters measured in holh wet and (try seasons. 

Introduction 
The RYT for munoghean unlder upland monoculture conditions was conducted in cooperation

with the Institute of Plant Breeding (IIPB) and other institutions involved in the varietal 
improvement of field legumes. The test was conducted in eight to nine locations to evaluate thle 
perforniance oflthe pr onising strains compared to thle national check under lifferent conditions 
in various regions othe country. The results roni the RYT were used as basis for recommending 
to the 'hilippine Seedboard varietal release Imr regional or national producltion. 

Materials and Methods 
'he promising liires selected in the PYT or ( YT were submitted to the National Legume

Technical Colmliltee f tlhe Philippine Seed Board fkr inclusion in tihe RYT. Accepted entries 
were e\vlllalted 1()r 1ur to six seasons in diffcrent cooperating stations. The performance o"lthe 
variclies Were reviewed by tile Technical Commititee each year. The entries that consistently

surpassed Ihe yield or (lher characteristics oft lie standard checks were su bil it ed to the Philippine

Seedhoard hr approval, while those interior to the checks Were dropped froin the trial after 
 our 
seasOnls. 

For 1992-93, the nine entries evaluated included lines developed by the Bureau of' Plant 
Industry-Il s Baios National Crop Research and I)evelopment Center (B I'I-113NCRI)C) and 
IIPB and two check varieties, BI I-Mg9 (national check) and NI5(- It(A (regional check). Each 
entry wasphanled in 1()-i12, four-row su bplots distribuled in RCB I) and repl icated four times. The 
cultural Iana cnint and datli collection were hased on tile G uidelines of the Upland Crop
National Cooperative Trial (LUCNCT) of the Philippine Seed Board. 

This report presents only the results obtained from BII-1,BNCRI)C. 

Results and Discussion 
The results from the (fry season trial are presented in table 5. Among the six test entries 

evaluated, only three lines with yields ranging from 0.7 t/ha (IPB M79-13-45) to 0.8 t/ha (EGM
389(0) ouLyiclded lhe repional check MN(5()-I(IA with 0.6 t/ha. However, only the yield of lhe 
high-yielding line NM 389(0 was statistically significant over the check. It also produced(lthe 
biggest seeds (5.6 g/ It seed). Almost all the entries were rated moderately resistant to CILS and 
virus diseases. 

As agreed uporn 1hy the members olthe Legume Technical Working Group, all tile dry season 
tro/.en tihe NCT. A coibinedl analysis lheentries were Iron across locations will be (lone by

secrelarial and reviewed during the next Seed Board meeling. 
A new set olenlries was evaluated during the wet season. The entries were composed of four 

BIlI and four IIB lines and three check cultivars. The average bean yield oflthe 1(0 entries was 
0.9 t/ha (table 6). The yield ranged trom (1.7 i/ha for iIPB 83-33-20 to 1.2 t/ha for EGM 2764 (Y).
Entries E( M 2764 ( Y) (1.2 t/ha) and II1B 83-80-26 (1.1 /ha) outyielded the regional check 
MG5)- I()A (I ( I/ha), bul their differences were not statistically significanl. Line EGM 3902 
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produced the biggest seed with 6. 7 g/IC{) seed's. Mean plant height was 83.4 cm. Number of days 
to maturity ranged from 5 1 to 59 days after planting. 

All tile entries were infected wilh 'Cercospora leaf spot. EGM 3902 had tile lowest disease 
score of2.5 (moderately resistant), while the regional check MG50- 10A had the highcst score of 
5.0 (highly susceptible). 

Table 5. Field performance of nine mungbean entries in the RYT conducted at BPI-LBNCRDC 
during the dry season, 19920 

Entry Yield 100-seed Days Days Plant No. of No. of Disease ratinq b 

(t/ha) weight to to weight pods/ seeds/ CLS Virus 
(g) flower maturity (cm) plant pod 

EGM3890 0.8a 5.6a 39b 61 ab 45ab 11 a 12a 1.8b 1.5 
EGM 3541 0.7ab 5.5ab 39b 61 ab 45ab 11 a 12a 1.8b 1.8 
IPBM 79-i3-45 0.7 a-c 5.4 b 39 b 61 ab 42 bc 8 bc 12 a 2.0 b 1.5 
MG50-10A(Rck) 0.6 b-d 5.5ab 38c 59c 48a 11 a 12a 3.0a 1.3 
EGM 3901 0.6 c-e 5.5 ab 40 a 60 bc 41 b-d 8 bc 12 a 2.3 b 1.5 
BPI-Mg9 (Nck) 0.5 c-e 5.5 ab 39 b 61 ab 45 ab 9 b 12 a 2.3 b 1.5 
Pag-asa 7 (Nck) 0.5 de 5.5 ab 39 b 60 bc 36 de 7 cd 11 b 2.0 b 1.8 
IPBM 79-22-108 0.5 e 5.0 c 39 b 61 ab 38 c-e 8 bc 11 b 2.0 b 1.5 
EGM 3827 0.4 e 5.5 ab 40 a 62 a 33 e 6 d 11 b 2.0 b 1.3 
Grand mean 0.6 5.4 39.2 60.6 41.3 8.7 11.6 2.1 1.5 
c.v. (%) 15.3 1.6 1.2 1.3 8.7 11.6 3.9 16.2 25.3 
aPlanted 16 October 1992 and harvested 14-28 December 1992. Data mean of 5.0 m2subplots 
distributed in RCBD and replicated four times. Means ineach vertical column followed by the same 
letter are not statistically different at 5%level (DMRT). 
bRated on a scale of 1-5, where 1 = highly resistant and 5 = highly susceptible. 

Table 6. Field performance of 10 mungbean entries in the RYT during the wet season, 1993' 
Entry 	 Yield 100-seed Days Days Plant No. of No. of Disease ratingb Lodg

(t/ha) weight to to height pods/ seeds/ CLS Virus ing 
(g) flower maturity (cm) plant pod 

EGM2764(Y) 1.2a 4.7h 32d 54c 82c-e 10bc 12a 3.8bc 1.8 2.0d 
IPB 83-80-26 1.1 ab 5.0 g 32d 52d 70g 11 ab 12a 3.3c 2.0 1.8d 
MG 50-10A(ck) 1.0ab 6.1 d 32d 51 d 79d-f 11 ab 11 b 5.0 a 2.0 2.3cd 
EGM 3902 0.9bc 6.7a 34b 56b 71 fg 10bc li b 2.5d 1.8 1.0e 
EGM3995 0.9bc 5.2f 35b 59a 90bc 9c 12a 4.0b 2.0 2.8bc 
BPI-Mg9(ck) 0.9 bc 5.9c 33c 52d 75e-q 11 ab 12a 3.8 bc 2.3 1.8d 
EGM 3876 0.9 bc 5.6 d 35 b 58 a 93 b 11 ab 12 a 3.8 bc 2.3 3.8 a 
IPB85-4-11 0.8bc 5.2f 35b 59a 89bc 12a 11 b 3.5bc 2.8 2.8bc 
IPB 83-46-31 0.7c 5.3 ef 35b 58a 85b-d 11 ab 12a 3.3c 2.5 3.0b 
IPB 83-33-20 0.7 c 5.4 e 36 a 59 a 101 a 12 a 12 a 3.8 bc 2.3 3.0 b 
Grand mean 0.9 5.5 33.9 55.7 83.3 10.8 11.7 3.6 2.2 2.4 
c.v. (%) 16.9 1.7 1.9 1.5 6.1 9.3 3.9 12.2 23.8 18.8 
'Planted 9 June 1993 and harvested 6-20 August 1993. Data mean of 5.0 m2subplots distributed in 
RCBD and replicated four times. Means in each vertical column followed by the same letter are not 
statistically different at 5% level (DMRT).

bRated on a scale of 1-5, where 1= highly resistant and 5 = highly susceptible. 
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Soybean Preliminary Yield Trial 

Summary 
Twenty-six promising soybean lines/accessions from AVRI)C and other sources were

evaluated in the PYT during the dry and wet seasons to identify those with high bean yield
potentials, low sensitivity to photoperiodism, resistance to common pests anti diseases, and other 
desirable characters. 

Although there were significant differences in bean yield among the entries in the dry season 
trial, none significantly outyielded the check UPl1-Sy4 with 1.9 t/ha.

For the wet season, lines GC 50227-3-3, TGX 239-250-18, GC 50227-3-5, and GC 50227
3-1 gave bean yields comparable to UP1.-Sy4 (ck) which produced 3.0 t/ha. No significant mean 
difference in bean yield among entries was observed. 

Introduction 
Promising AVRDC lines/accessions were evaluated in the PYT during the dry and wet 

seasons to identify lines/accessions with high bean yield potentials, low sensitivity to 
photoperiodism, resistance to common pests and diseases, and other desirable characters. 

Materials and Methods 
Twenty-six test entries were evaluated against the standard checks, BI3I-Sy4 and UPlI-Sy4,

during the dry and wet seasons. Plantings were made on I I )ecember 1992 for the dry season 
and 15 June 1993 for the wet season. In both trials, the entries were drilled in two-row, 5-i 2 

subplots, distributed in RCBI), and replicated three times. Complete fertilizer at 30-30-3() kg/ha 
was applied at planting. AVRI)C evaluation procedure for soybean was followed in conducting
the trials. 

Results and Discussion 
)uring the dry season, none of the test entries outyieded the highest yielding check UPlI-Sy4

with 1.9 f/ha. The average bean yield of the 26 entries ranged from 1.1to 1.9 t/ha with a grand 
mean of 1.4 t/ha. Significant mean differences among entries in 100-seed weight and (lays to 
maturity were noted. All entries were rated resistant to leaffolder and mites. 

In the wet season trial, lines GC 50227-3-3, GC 50227-3-5, TGX 239-250- 18, and GC 50227-
3-I gave comparable bean yields to UlP.-Sy4 (ck) with 3.0 t/ha. No significant mean yield
difference among entries was observed. All entries were rated resistant to moderately resistant 
to bacterial pustules and purple seed slain. 

Soybean General Yield Trial 

Summary 
The general yield trial was conducted to further verify the yield potentials and resistance to 

common pests and diseases, and to identify the desirable agronomic characters of the lines 
selected from the PYT. 
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Of the 15 test entries evaluated (luring the dry season, only G 0062 outyielded the check 
variety UPI .-Sy4 with 1.6 /ia, but the difference was not statistically significant. All entries were 
early maturing, ranging from 75 to 8)days from planting. 

During the wet season, three test entries outyielded the highest yielding check variety - BPI-
Sy4 with 2.5 1/ha, but the diftfrence was not statistically significant. 

Introduction 
Promising lines selected from the PYT were further tested in GYT for their bean yield 

potentials and reactions to major pests and diseases, and to determine their other desirable 
agronomic characters. The selections from the GYT were finally evaluated in the RYT for the 
regional evaluation and possible regional and/or national recommendation. 

Materials and Methods 
Fifteen and II test entries were evaluated against the standard checks, BPI-Sy4 and UPI-

Sy4, during the (try and wet seasons, respectively. The (fry season trial was planted on 11 
l)ecemher 1992 and the wet season trial on 15 June 1993. In each trial, the entries were sown in 
4-row, l()-i 2suhplots, distributed in RCB1), and replicated three tinies. Complete fertilizerat 30
30-3) kg/ha was applied at planting. Cultural management and data collection were based on the 
standard cultural practices suggested in tile AVRI)C International Cooperator's Guide for 
Soybean EValuation trials. 

Results and Discussion 
Bean yield ranged from 1.1 1o 1.6 t/ha with a grand mean of 1.4 t/ha (table 7). All entries were 

rated resistant to leaffolder and mites. 
l)uring the wet season trial, five test entries outyielded the highest yielding check variety BPI-

Sy4 with 2.5 t/ha, but the difference was not statistically significant. The entries matured from 
91 to 97 days after sowing. All the entries were rated resistant to moderately susceptible to 
bacterial pustule and purple stain. 

Table 7. Mean bean yield and other agronomic characters of selected soybean lines under the 
GYT during the dry and wet seasons, 1992-93" 

Entry Bean yield 100-seed weight Days to Disease and pest ratingb 
(tlha) (g) maturity .. Mites-leafoder BP P. stain 

DS WS DS WS DS WS DS WS DS WS 
G 0062 1.6 a - 13.5 cd - 79 b - 1.7 1.6 -
SJ4 1.6ab 2.3 13.2de 15.5d 78bc 97b 1.9 1.6 3.0 1.7 
UPL-Sy4(ck) 1.6ab 2.3 12.7d-f 16.8c 80a 95d 1.5 1.4 1.0 1.5 
BPI-Sy 4 (ck) 1.3 c-e 2.5 12.3 e-g 17.2c 78 bc 92 g 1.8 1.7 3.5 1.8 
Grand mean 1.4 2.5 (ns) 12.7 16.7 78 95 1.8 1.6 2.9 1.9 
c.V. (%) 7.3 14.3 4.2 3.4 0.9 0.3 7.7 10.2 17.3 10.4 
aDS planted 11 December 1992 and WS 15 June 1993. Data mean of 5 m2 subplots distributed in 
RCBD with three replications. Means followed by the same letter are not significantly different at 5% 
level (DMRT).

'Rated on a scale of 1-5, with 1= highly resistant, and 5 = highly suceptible. 
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Soybean Regional Yield Trial 

Summary 
Eight and I I entries including the national and regional checks were elevated to RYTduring

the dry and wet seasons, respectively. Tile study was designed to verify tile perl'ornance of
promising strains/varieties in the different regions of the Philippines for yield potentials,
reactions to najor pests and diseases, and desirable eating and processing qualities.

Results fron BI-I.3NCRI)C during fhe dry season showed that only II'B-Sy 201-013 had 
significantly higher yield over tile highest yielding regional check BPI-Sy4 (1.6 t/ha).

l)uring the wet season, I.GSy 12-12 outyielded the highest yielding national check PSB-Sy I 
with 3.2 t/ha, bul the difference was not statistically significant. Four test entries, namely, 1113 
Sy 201-013, FI'GSy 93-147, FGSy 93-18-7, and ILGSy 5-8 produced bean yields comparable to 
the highest yielding national check PSB-Sy . 

Introduction 
The regional yield trial for soybean was conducted in cooperation with the University of the 

Philippines Los Baios' (UPI .B), Institute of Plant Breeding (1PB) and other institutions involved 
in tie soybean varietal improvement program. Coordinated by the Field l.egumes Technical 
Working Group oflthe Philippine Seed Board, promising entries from various national breeding 
programs were evaluatedl for four seasons in 8-12 cooperalinig stations using co1mn1 standard 
procedures. 

Tile study was designed to identil'y high yielding varieties with desirable agronomic
alt ribu les adapted to tie di ferent regions ofthe cottry. To regiionlize varietal recommendation,
promising soybean entries in the RYT in a given region were further evaluated for two seasons 
in te technology adaptation (TA) trial before being released il the region. 

Materials and Methods 
Eight and I I soybean entries including the national and regional checks were evaluated in

six cooperating stations during the dry and wet seasons oi"1992-93. In both trials, each entry was
planted in 4-row, 12 1112 subplots distributed in RCBI), and replicated four times. The standard
procedures For evaluating soybean prescribed in tile UCNCT of the Philippine Seed Board was 
followed by all cooperating stations in conducting the test. 

Results and Discussion 
Out of the eight ent riCS evaluated during the dry season, IPB-Sy 201-013 gave significantly

higher bean yield of' 1.6 t/ha over the highest yielding check, BPI-S'y4 (table 8). Significant
differences on I00-sced weight and (lays to maturity among entries were noted. All the entries 
were rated resistant to leaffolder and mites. 

During the wet season, L.GSy 12-12 outyielded the highest yielding national check PSB-Sy 1
with 3.2 t/ha, bul the di Iference was not statistically significant. Entries weie rated resistant to 
moderately resistant to bacterial pustule and purple seed stain. 



Ihilippines-AVRl)C Outreach Program 	 435 

Table 8. 	Mean bean yield and other agronomical characters of seiected soybean lines under the 
RYT during the dry and wet seasons, 1992-93' 

Entry Bean yield 100-seed weight Days io Disease and pest ratingb__ 
(t/ha) (g) matui;ty Mites-leaffolder BP P. stain 

DS WS DS WS DS -.'S DS DS -WS WS 
IPB Sy 201-013 2.0 a 3.1 ab 12.8 a 17.5 d 83 a 98 e 1.5 1.2 1.7 2.6 
BPI-Sy4 (ck) 1.6b 2.6bc 12.3ab 16.4e 77c 91 g 1.7 1.5 3.5 1.5 
PSB-Syl(ck) 1.5bc 3.2ab 12.0bc 18.1 cd 77c 106b 1.5 1.5 1.0 3.0 
EG Sy 93-147 3.0 ab - !9.1 b 931 - 2.2 3.0 
Eg Sy 93-18-7 3.1 ab 20.3 a 92 fg - 3.0 2.0 
LG Sy 5-8 3.0 ab 18.3 b-d 93 f - 1.2 3.0 
LG Sy 12-12 - 3.6a 18.6 bc - 93f - 1.0 3.0 
Grand mean 1.5 2.8 109 16.9 78 99 1.6 1.4 1.9 2.2 
c.v. (%) 12.0 14.4 3.4 2.7 1.0 0.8 9.7 8.1 22.4 7.9 
ADS planted 11 December 1992 and WS 15 June 1993. Data mean of 5 m2 subplots distributed in 

RCBD with three replications. Means followed by the same letter are not significantly different at 5% 
level (DMRT). 

'Rated on a scale of 1 - 5, with 1 = highly resistant and 5 = highly susceptible. 

Preliminary Yield Trial of Vegetable Soybean 

Summary 
Nine AVRI)C vegetable soybean accessions were evaluated under the PYTon 11 December 

1992 (dry season) and on 15 June 1993 (wet season) to delermine their yield potential:;, eating 
qualities, and reactions lo pests and diseases under local climatic conditions. 

The grand tmcan of the fresh pod yield ort he nine entries during the dry season trial was 
5.4 	t/lha. The highest yielding entry was A(;S-186 (6.8 /ha). Almost all yield components 
measured 	siowed si enificant mican differences atnong entries. 

I)uring the wet season trial, the highest yielder was (;-10503 with f'resh bean yield of' 
11.5 t/lm; the grand mean for the nine entries was 10.3 t/ha. 

Introductior 
There is an increasing demand for vegetable soybean for domestic consumption and for 

export. Because o1 its high nutritional value and ease of produclion (can be grown even in 
backyard gardens), vegelable soybean has been included as one of tlhe priority crops in the 
nuLtrition pr gratn ol the local municipal government. 1o support this program, promising lines 
of vegelable soybean from AV, I)C are being evaluated at the station for yield potentials, eating 
qualities, and reactions t pests and diseases under local climatic conditions. 

Materials and Methods 
Nine entries were evaluated during the wet and dry seasons. Each entry was sown in 4-row, 

5-i-long subplots distributed in RCB), and replicated three times. The rows were spaced 50 and 
60 cmi apart for dry and wet seasons, respectively. AVRI)C standard cultural practices for 
soybean were Followed in raising tie crop. 
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Results and Discussion 
The grand mean yield of fresh pod evaluated during the dry season was 5.4 t/ha. The highest

yielding entry was AGS-186 with fresh pod yield of 6.8 t/ha (table 9). Line AGS-191 gave the 
highest seed weight of 64.0 g. Seed size ranged from 46.2 to 64.( g/l(K) seeds with a grand mean 
of 51.6 	g/l() seeds. All entries were rated resistant to moderately resistant to soybean rust 
infection and mile infestation. 

For the wet season trial, line (- 10503 gave the highest fresh bean yield of 1I.5 t/ha. Fresh 
bean yield rangedl from 8.6 to 11.5 t/ha With agrand mean of 10.3 t/ha (table 9). iLines (i-1(0478,
G;-42, and (G-10)142 had comparable fresh bean yields. All entries were rated resistant to 
moderately susceptible to purple seed stain. 

AGS- 186, AC S-190, and AGS- 191 had the best ealing quality as boiled green pods. 

Table 9. 	Preliminary yield trial of the AVRDC vegetable soybean accessions during the dry and
 
wet seasons, 1992-938
 

Entry Fresh pod yield 100-seed weight Days to Disease and pest ratingb
(I'ha) 	 (g) maturity Rust Mites Purple stain

DS WS DS WS DS WS DS DS WS 
AU- 186 6.8a 8.6c 47.0c 44.7d 70a 77 2.3 1.8 3.5 
G-10478 6.5a 11.3 ab 48.3 bc 55.0c 62c 63 3.0 1.5 2.0
 
G-10500 6.3 ab 9.9 a-c 48.5 bc 53.3 c 62 c 63 3.0 1.9 2.0
 
G-42 5.9 a-c 10.9 ab 46.2 c 53.7 c 62 c 63 3.0 1.7 2.5

G-10503 5.2 b-d 11.5a 46.2c 60.7b 62c 63 3.0 1.5 2.0
AGS-190 5.1 b-d 10.0 a-c 60.7 a 69.3 a 70 a 86 3.0 1.6 3.5
AGS-191 4.9 cd 9.4 bc 64.0 a 70.3 a 70 a 86 3.0 1.6 3.5 
G-10494 4.4 ce 10.0 a-c 53.3 b 50.7 c 63 b 63 2.3 1.9 2.5
G-10142 3.6 10.9 ab 50.7 bc 62.5 b 62 c 63 3.0 1.7 2.5
Grand mean 5.4 10.3 51.6 57.8 65 70 2.8 1.7 2.3 
c.v. (%) 11.4 10.2 5.2 4.7 0.3 - 9.5 7.7 
IDS planted 11 December 1992 and WS 15 June 1993. Data mean of 5 m2 subplots distributed in RCBD 

with three replications. Means followed by the same letter are not significantly different at 5% level 
(DMRT). 

'Rated on a scale of 1-5, with 1 =highly resistant and 5= highly susceptible. 

Tomato Preliminary Yield Trial 

Summary 
Fi fteen i ndeterninate fresh-market tomatoes were compared to Pope during the dry and wet 

seasons to idenlify lilnes witlli heat tolerance, high yield potential, acceptable eating and 
processing qualities, and resistance to diseases. The grand mean yields oflthe entries were 24.8 
and 3.( I/ha lr the dry and wet seasons, respectively. Low yield during the wet season was due 
to high 	incidence of bacterial wilt and lobacco mosaic virus. Six entries did not survive the 
Unfavorable conditions. 

The 10 processing t(ollatoes were compared to Mapula durig the dry season and yielded 
from 1(.6 to 24.7 !/ha. 
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Introduction 
The preliminary yield trial on fresh market deterininate and indeterminate tomatoes was 

conducted in both (lry and wet seasons. )uring the wet season, screening for heat-tolerant lines/ 
varieties was given emphasis for off-season production in the tropics. The screening of 10 
processing types undertaken during the dry season aimed to identify entries with high yields, 
acceptable processing qualities, and resistance to diseases. 

Mr.terials and Methods 

Sixteen indeterminate fresh market toniatoes from AVRDC and II processing tomatoes (6 
AVRI)C, 2 French, and 2 U.S. hybrids) were evaluated in the PYT during the wet and dry 
seasons of 1992-93. The indeterminate entries were transplanted on 15 December 1992 (I)S) 
and 22 .une 1993 (WS); the processing tomatoes on 27 November 1992. A subplot of 5 m2 with 
12 plants per row was used foreach entIy. The sublplots were dlistributed in RCBI) and replicated 
three times. The AVRI)C cultural recuiretnents were followed in raising tile crops. The 
indeterminate tomnato crops were provided with trellis, and all sets of Irials were mulched with 
rice straw at about 5 t/ha. 

The indtlerminate fresh market totuatoes were harvested at green ripe stage and the 
processing type at red ripe stage. Total and marketable yields were taken during the dry season 
and potential yields during the wet season. Important horticultural traits and reactions to pests and 
diseases were also noted. All data were analyzed statistically. 

Results and Discussion 

Indeterminate fresh market tomato 
Of the 15 test entries compared to Pope in both seasons, six entries did not survive tile wet 

season due to adverse climatic conditions. 
FMT 18 gave the highest total yield of 32.6 t/ha during the (fry season, and FMTT 115 with 

5.4 t/ha during the wet season. However, there were o)significant differences in the total and 
marketable yield among the entries in both seasons. The low yields during the wet season were 
due to high incidence of bacterial wilt ([3W) and tomato mosaic virus (ToMV), and lack of heat 
tolerance in the test entries. 

Fruit size produced during the (Iry season significantly varied among the entries with the 
biggest fruits observed in FM'IT4 (99 g) and FMTT 23 (98 g). )uring the wet season, fruit size 
ranged from 14.3 g to 33 g,but differences were insignificant atnong entries. 

)ays to flowering varied in both seasons with significant differences during the dry season. 
Variety Pope flowered the earliest at 24 days during the (fry season, and FMT' 115 at 22 dLys 
during the wet season. 

The incidence of' BW was lower during the dry season. The reaction of tihe entries was 
significant with the highest score of2.7 observed on FMTT 77 in the (fry season. )uring the wet 
seas(on), the hot-wet conditions favored the developnent of BW and ToMV organisms. The entries 
showed varied reactions, but tihe differnces were statistically insignificant. 

Fruit worms were tnore severe during the (fry season, affecting the entries at various degrees 
of severity. However, the differences atnong entries were statistically insignificant. 

Percent survival was highest (831/() in -M'TF IS and FMTF 264 during the dry season, and 
in FMTT 19 and FMTI 115 during the wet season (61%). 
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Processing tomato 
Entry Re 1805 F, from France lproduced InI P;ighesr total yield of 24.7 tl/ha which was not

significant compared o tie check Mapula ( I8.()tia) and six AVId )C hyhrids with yields ranging
from 18.3 to 21.9 I/ha. Fruit si;:e varied among entries, bul the differences were statistically
insignificant. The entry wilh the biggest fruit was Re 1805 F, (58 g), while the smallest was
Mapula (43 g). The earliest to flower was PT-4098 (21.3 days), and the earliest to malure was
Bulle (66 days). Baclerial will was observed on all test lines at varying degrees of severily, but
its effect was insignilicant. The least infecled were 1T-4066 and Mapula (score: 2.3), and tile most 
susceptihle was Butte (score: .)). 

Tomato General Yield Trial 

Summary 
Thirty fresh market determinate tonaloes were compared to checks, Pope and Maigaya, in

three sets oftrials during the dry season. Promising lines were: Alton, CI.N 698 BC F,-5 17-OP
5, C.N 229 BC! F,-12-5-3-12-12, CLN 657 BCI F,-206, and Cl. 143-0-10-3-1 -0-1-).

During the wet season, Maigaya outperlormed the 19 entries evaluated in two sets of 
plantings. 

In the processing tomato trial, IlT- 1599 FI had the highest total yield of 30.1 t/ha. 

Introduction 
Toniato lines/varieties selected from the preliminary trials were furtlher evaluated in the

general yield trial. For tie deterini nate fresh market tomatoes, screening for off-season production
during the wet season was given emphasis to identify entries with high yield potentials, heal 
tolerance, and pest and dfisease resistance. 

The processing lonaloes were screened during the dry season to evaluate the yield and 
processing qualilies of lthe entries. 

Materials and Methods 

1991-93 dry season 
The 30 determinale tomatoes evaluated (luring the )S 1992-93 were divided in three sets of

planting..Set I was composed of 10 entries (seven AVRDC OP lines, one from China, one Fiji
variety, and two checks); Set 2 with 12 entries (10 AVRI)C hybrids and two checks); and Set 3
with II entries (nine AVRI)C OiP lines, one Fiji variety, and one check). Sets I and 2 were
transplanted on 24 November 1992 and harvested seven linres from 22 .January to 22 February
1993, while Set 3 was transplanted on 15 I)ecember 1992 and harvested four limies from 
February to 15 March 1993. 

1993 wet season 
Nineteen dlermi nale lines selected from the dry season trial were evalualed during the wet 

season in two sets offplanting. The first set was composed of four AVRI)C OP lines, anid one Fiji
variety compared to the checks Pope and Maigaya, while the secoid set was composed of 11 
AVRDC hybrids and three OP lines compared to Maigaya. 

18 
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In both seasons, the entries were distributed in RCBI) with four replications. A subplot of 
5 m2with 12 plants per row was used for each entry. Triple 14 fertilizer was used as basal, applied 
at 1 tbsp per hill or at the rate of 6(X) kg/ha. The plants were side-dressed 10 and 20 days after 
transplanting with equal proportions of urea, solophos and muriate of potash at tile rate of I tbsp 
per hill. The total NPK applied was equivalent to 168-104-324 kg/ha. The plants were sprayed 
at weekly intervals against pests andldiseases. 

Total and marketable yields, importanl horticultural characters, and reactions of the test 
entries to pests and diseases were recorded and analyzed statistically. 

Results and Discussion 

Dry season trial 

Fresh market tomato (Set 1). The Fiji variety, Alton, gave tile highest total yield of 35.6 t/ 
ha which was comparable to Maigaya (29.3 t/ha) and CLN 95-280 1)5-1-7 (27.0 I/ha), but 
significantly different fron the rest of the test lines. Flowering among entries significantly varied 
with Maigaya, the earliest to flower at 24 days, and Cl 5915-206 1)3-2-4-0, the latest at 29 (lays. 
Peak of harvest varied from 7 to 79 (lays but differences were insignificant. Smallest fruit (14 g) 
was produced by Maigaya, and th biggest (56 g) by Cl. 5915-206 1)4-2-4-0. Fruit worms and 
blossom end rot (BER) were observed on Cl. 4657-9-0-4R-NI-() (score: 3.7). 

Fresh market tomato (Set ,).Three hybrids outperformed Maigaya, but the total and 
marketable yield differences were insignificant. 

The most promising entry was Cl. 698 BC1 F,-517-OP-5 which produced 38.3 and 34.9 1/ha, 
total and marketable yield, respectively. Entry C1.N 229 BC1 F,- 12-5-3-12-10 had the earliest 
peak of harvest at 67 (lays. Maigaya produced the smallest fruit size (17 g), while tile biggest (65 
g) was observed on C[N 229 BC F,-12-5-3-12-1) and CI.N 657BC F,-206-0-(). Slight BW 
infection was observed among test lines, but the reaction was insignificant. 

Fresh market tomato (Set 3). Total and market able yields of32.6 and 30.6 t/ha, respectively, 
were highest on Cl. 143-0-10-3-1-0-1-10 outyielding the check, Maigaya; but differences were 
insignificant (table 10). All entries had acomiparable peak of harvest which ranged from 71 1o 77 
days except for CLN 484 BCF3-58-5-4-() with 84 (lays. Fruit size significantly varied with 
sniallest fruit (20 g) produced by Maigaya, and the biggest (79 g) by CLN 65-349 1)5-2-0. The 
entries showed moderate resistance to BW,fruit worm (FW), sun scald (SS), and BER. 

Processing tomato. Total yields of the processing tomatoes were not significantly di fferent 
among the entries. The grand mean marketable yield was 25.2 t/ha. Entry PF-1599 Fl (28.4 t/ha) 
was comparable to the check and the three East/West hybrids. Fruit size significantly varied 
among entries and ranged from 25 g (I'T- 1017 F,) to 51 g (lIT- 1600). Maturity ranged from 77 
to 85 (lays, but was not significant among the entries. Entry PT- 1599 F, was the most susceptible 
to BW infection with a score of12.5. 

Wet season trials 
Fresh market tomato (Set 1). The check Maigaya significantly outperformed the other test 

lines in total and marketable yields. Total yield ranged from 1.7 to 11.9 t/ha, while markelable 
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Table 10. 	Yield, horticultural characters, pest, disease, and physiological disorders of
 
determinate fresh-market tomatoes in dry season, 1992-93,
 

Yield Days to Fruit Ratingt" Entry (t/ha) Flower- Peak of size BW FW SS BER 
Total Marketable ing harvest (g)


Alton 29.9 a-c 25.4 a-c 29 b-d 77 b 
 32 e 1.0 1.8 1.3 1.3
CL 1131-0-0-13-0-6 24.3 a-d 21.8 a-d 27d 71 b 32e 2.0 2.0 1.0 1.0
CL 143-0-10-3-1-0-1-10 32.6 a 30.6 a 29 b-d 76 b 29 e 2.0 1.3 1.0 1.0
CL 5915-223 D-2-1 -0 21.3 b-e 18.9 b-e 30 a-c 76 b 61 b-d 2.0 2.0 1.0 1.0 
CL 5915-93 D4-1-0-1-2 22.0 b-e 18.7 b-e 31 ab 71 b 75 ab 1.8 1.8 1.3 1.0
CLN 65-349 D,-2-0 22.0 b-e 19.5 b-d 30 a-c 76 b 79 a 1.8 1.8 1.3 1.0CLN 698 BC F,-512-0-12 22.1 b-e 19.4 b-e 30 a-c 	 76 b 62 b-d 2.0 2.0 1.3 1.0
CLN 484 BC, F3-58-5-4-0 12.9 e 10.2 e 32 a 84 a 68 a-c 2.3 1.8 1.3 1.0
CLN 475 BC, F,-265-12-9-1 19.3 de 16.3 c-e 30 a-c 71 b 56c-d 2.3 1.8 1.0 1.3 
CL 5915-93 D-1-0-3 19.8 c-e 15.5 d-e 29 b-d 77 b 53 d 1.8 1.8 2.0 1.0
Maigaya (ck) 30.6 ab 	 28.1 ab 28 cd 76 b 20 e 1.0 1.3 1.0 1.0Grand mean 23.3 20.4 30 	 75 52 1.5 1.73 1.2 1.0 
c.v. (%) 25.9 	 27.9 4.6 5.2 16.5 40.5 24.5 31.2 24.4
'Transplanted 15 December 1992 and harvested four times from 18 February to 15 M.-ch 1993.
 
'Rating scale of 1 = none to 5 = severe.
 
Note: Means followed by the same 
letter in each column are not statistically different at 5% level
 
(DMRT).
 

yield ranged Irnil 1.4 to 9.6 I/ia. Flowering ranged fron 22 to 30 days bur dilfcrences were
insignilhcanl. The first harvesl at 64 days was made on Maigaya, whichdiflered signilcanlly from
the rest ol'the enlries. Fruit size ranged Iron 15 r (& aigaya) t(o 3(1 g (C, 5915-93 ),- 1-0-C-2),
which significanlly varied an'1n1 g cut rics. Biacterial will infected Ihe entries. Maigaya was the 
least susccptiblc (s)ore: 2.) while \lton was tle most susceptible (score:4.75). ToMV was noted 
in all cntrics, butlditfernces wcc insinifficai. 

Fresh marketl tomato (Sct 2). Maigaya wili a tolal yield of 13.5 I/ha and markelable yield
of 12.6 I/ha siglfIictnl Iy oulyielded the 14 AVR )C test lines (!able I I). Flowering rancd Ifom
23 (Maigaya) to 33 days (CL.N 657 BC1 1 ,-267-(0-3- I-4). First harvest was from 67 (Maigaya)
1t 77 days. The sinal lest fruit ( 12 1') was produced by Maigmaya, and Ih Iebiggest (39 g) by CI.5915
93 1)4- 1 -)-I .-2. l huh incidence .13BW and TM V was observed in all entries with a grand mean 
oI" 3.5 and 3.7, respeclively. 

Table 11. Yield, horticultural characters, and disease ratings of selected fresh-market tomatoes 
during the wet season, 19938 

Entry Yield Days to Fruit Rating'. 
(f/ha) Flower- First size BW TMV 

Total Marketable ing harvest (g)
CLN 5915-223 D,-2-1-0 8.2 b 7.6 b 31 a-c 75 ab 30 a-e 3.3 4.0
CLN 229 BC,-12-5-3-12-10 8.7 b 8.0 b 27 b-d 75 ab 37 ab 3.5 3.8CLN 657 BC,-209-0-0 7.5 b-d 7.1 b-d 30 a-c 72 bc 26 c-f 3.0 3.8
Maigaya (ck) 13.5 a 12.6 a 23 c 67 c 12g 2.8 3.8
Grand mean 5.7 5.2 29.0 75.4 26.5 3.5 3.7 
c.v. (%) 	 31.4 32.3 10.5 3.8 19.6 21.7 23.7 
aTransplanted 23 June 1993 and harvested two times from 24 August to 3 September 1993. 
bRating scale of 1 = none to 5 =severe. 
Note: Means followed by the same letter ineach column are not statistically different at 5% level 
(DMRT). 

http:score:4.75
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Tomato Regional Yield Trial 

Summary 
Enlry I)SF-82352 proluced the highest total yield of 34.8 I/ha during the dry season which 

was comparable to the seven test lines includini tlhe check, Maileaya. IDuring the wet season, tile 
check (Maigaya with 18.4 I/ha) signilicanlly oulyielded tihe rest of tihe entries. Significanl
(Iiflcrences were also noted in other yield parameters measured during, tihe wet and dry season 
trials. 

Introduction 
The regionml yield trial was conducled in 13 stations all over the country. The prinmary

objective was to identity lines/hybrids adaple( to tile diflerent regions of the couintry. Results of 
tour season tests were use(d as a basis by the Philippine Seed Board to release new varieties for 
regional and/or national recolinmendation. 

Materials and Methods 
The dry season trial was composed of four hybrids from I13, five open-pollinated lines from 

I)A-I)alwanari Seed IFarmr (I)SF), and two lines fron AVRI)C-P()P. For tile wet season, two 
hybrids tInllIIB, liur lines hroli l)SIF, and ihree lines foni AVRI)C-PO()I were evaluated. 

The entries were transplanted on 2 l)eceinher 1992 and harvested five tines froin 27 January 
to 23 February 1993 for tihe dry season; and lransplanted on 22 June 1993 and harvested three 
times trorin 24 Aunst to 7 Septernber 1993 for the wet season. 

The crops were raised according to standard national procedure in cmnducting regional trials. 
)ata on yield and other important horlictilural characters were taken from the 10 inner plants of 

the two inner rows of each stibplot. 

Results and Discussion 
I)uring the dry season, toctal yield ranged from 24.4 t/ha for AVR-()3 to 34.8 t/ha for I)SF

82352 (table 12). Total yield of I)SF-82352 was comparable to seven test entries including tie 
check, and sigiilficantly (Iif erent firoii four entries. Marketable yield ranged from 2 1.8 to 32.3 
t/ha. Fruit size significantly varied among the entries with ithe biggest fruit, 5) and 48 g, from
AVR-062 and Cl, 5915-93 1)4 -I -0-C-I respectively. 

Total yield durine the wet season also varied significant ly with highest yield produced by tie 
check Maiava ( 18.41/Ia). Market able yields ranged fromni 1.2 to 15.6 I/ha. Significant differences 
were observed aning tile smallest frur it ( I 1-12 g) produced by NTMaigaya, 1)SF-82353, and I)SF
8234, and the biggest (28 g) produced by AVI,-035. 

Table 13 shows tile sinificant reactions of test entries to pest, diseases, and physiological 
disorders duInring tile dry and \%et seasons. 
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Table 12. Total and marketable yields and fruit size of RYT entries during the 1992-C3 dry and
 
1993 wet seasons
 

Entry Yield (t/ha) Fruit
 
Total Marketable - size (g)


IDS WS DS WS DS WS 
AVR-035 24.4 d 21.8 d 41 bc2.6 cd 2.0 c 28 a
AVR-039 31.6 ab 3.1 cd 29.6 ab 2.5 c 41 bc 22 b
AVR-062 28.9 bc - 25.6 b-d - 50 a 
AVR-065 27.4 b-d 
 24.1 b-d 45 ab
DSF-0585 29.8 a-c 27.8 a-c 18 g -
DSF-8505 30.6 a-c 2.3 cd 28.2 a-c 1.8 c 32 ef 20 b
DSF-8234 32.0 ab 2.6 cd 29.6 ab 2.3 c 35 be 11 c
DSF-82352 34.8 a 32.3 a 41 bc1.5 d 1.2 c 20 b
DSF-82353 31.8 ab 1.4d 29.4 ab 1.2c 39cd 12c
CL 5915-93 D4-1-0-C-1 33.0 ab 9.6 b 29.3 ab 8.8 b 48 a 21 b
CL 5915-204 (G) D4 -1 25.0 cd 11.4 b 22.5 cd 9.7 b 29 f 18 b
Maigaya (ck) 30.0 a-c 18.4 a 26.5 a-d 15.6 a 17 g 12 c
EG Altor - 5.2 c - 4.6 c - 21 b
Grand mean 30.0 5.8 5.0 18.527.2 36.3 
c.v. (%) 11.3 13.236.7 43.5 9.7 18.5DS transplanted 2 December 1992 and harvested five times from 27 January to 23 February 1993.
WS transplanted 22 June 1992 and harvested three times from 24 August to 9 September 1993.
Note: Means followed by the same letter in each column are not statistically different at 5% level 
(DMRT). 

Table 13. Reaction to pest, disease, and physiological disorders during the 1992-93 dry and 1993 
wet seasons 

Entry DS rating WSrating 
FW PM BWSS ToMV 

AVR-035 1.3 ab 1.0 c 1.8 a 4.8 a 2.3 cd
AVR-039 1.5 ab 1.5 c 1.0 b 4.0 a-c 3.8 a-c
AVR-062 1.8 a 1.8 c 1.0 b 
AVR-065 1.b ab 3.8 ab 1.3 ab 
DSF-0585 1.0 b 2.8 a-c 1.0 b 
DSF-8505 1.3 ab 2.5 bc 3.8 a-c1.0 b 3.8 a-c 
DSF-8234 1.0 b 4.5 a 1.0 b 4.3 ab 2.0 d
DSF-82352 1.0 b 2.8 a-c 1.0 b 3.8 ab 3.5 a-c
DSF-82353 1.0 b 2.5 bc 1.0 b 4.0 a-c 2.8 b-d 
CL 5915-93 D4-1-0-C-1 1.8 a 1.0 C 1.0 b 2.5 d 4.5 a
CL 5915-204 (G) D4-1 1.5 ab 1.0 b 4.5 a4.3 ab 2.5 d 
Maigaya (ck) 1.0 b 2.5 bc 1.0 b 3.5 b-d 3.5 a-c
EG Alton 3.0 cd 3.0 bc 
Grand mean 1.3 2.6 1.1 3.6 3.3 
c.v. (%) 28.4 40.7 19.318.6 26.5 
Rating scale of 1 = none to 5 = severe. 
FW = Fruit worm. 
PM = Powdery mildew. 
BW = Bacterial wilt.
 
ToMV = Tomato mosaic virus.
 
SS = Sun scald.
 
Note: Means followed by the same letter ineach column are not statistically different at 5%level 
(DMRT). 
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Chinese Cabbage Preliminary Yield Trial 

Summary 
Of the 15 test entries evaluated during the dry season, AVRID)C No. 82-157 obtained the 

highest yiell of 20.5 t/ha, followed by No. 82-156 and the check Reyna Elena with 16.7 and 16.2 
t/ha, respectively. The yield ranged from 7.7 l/ha for commercial variety Tropical Pride to 20.5 
t/ha for No. 82-157. 

For the wet season, the highest yielding entry was AVR1)C line No. 85-216 with 17.2 tl/ha. 
The performance of most entries was comparable to each other. 

Introduction 
Seeds of imported varieties of crucifers are commonly used by local vegetable farmers. In 

most cases, these varieties have varying degrees of heal tolerance and some perform poorly when 
grown in the lowland tropics. Io provide lowland farmers with inlormation on choosing varieties, 
a study was conductcd on the yield performance of the commercial varieties o fChinese cabbage 
under conditions of thc lowland tropics. Afer two seasons ofinitial evaluation in non-replicated 
trials, the promising commercial varieties were entered in the PYT together with the AVRI)C 
ilnes (lurine the wet season trials of 1992. 

Materials and Methods 
Filteel Chinese cahbage liles (eight AVI)C lines and seven commercial varieties) were 

evalualed(lring the dry season (transplanted 9 I)ecember 1992); and 18 (II AVRI)C liimes and 
seven connercial varieties) (luring the wet season (transplantirg 29 July 1993). Each entry was 
planted in I III x 4.8 11nraised subplots distributed in RCBI) and replicated three liies. Two 
furrows 5t0 ciii apart were set in each subplot. ( )ne seedling was transplanted 4) cm- bet ween hills 
withintile row. Two side(ressings, each wit h 3().(0-7.5-15.(0 ks/ha N, I2( )5 and K,() were made 
1()-2() days after tranlsplati ng. Mulching with rice straw at about 5I/ha was done at transplanting.
The plants were sprayed with conltacl an(l systemic insecticides and were irrigatcd as needed. Data 
were collected as prescribed in the AVRID)C Procedures For Chinese Cabbage Evaluation Trials. 

Results and Discussion 

Dry season trial 
There were highly significant differences among entries in marketable head yield which 

ranged from 7.7 I/ha for coniniercial variety Tropical Pride to 2(0.5 t/la fkr No. 82-157 (table 14).
The grand mean fkr the 15 entries was 13.1 t/ha. The second highest yielhler was No. 82-156 
(16.7 	 t/ha), closely followed by tile check Reyna lena (16.2 t/ha). 

The highest mean head weight was produced by Exp. 86-27 (679 g) which was statistically 
comparable to Tropical I)elight (650 g), No. 82-157 (614 g), and No. 85-202 (611 g). 

Enty No. 85-2(12 produced the highest head solidity oft). 70g/c which was not significantly 
dlifferent from the check Reyna Elena (1.63 g/cc) and the rest olthe test entries. The harvest rate 
among entries ranged from 52% to 1(0% with a mnean of 75%. 
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Table 14. Yield performance of AVRDC Chinese cabbage lines and promising commercial
 
varieties under the PYT, 1992-934
 

Entry Marketable Mean head Solidityb Harvest Soft rot 
yield (tlha) weight (g) (g/cc) rate (%) -- (0/...-

DS WS DS WS DS WS DS WS DS WS 
No. 82-156 16.7 ab 12.4 a-c 552 a-c 453 a-d 0.58 0.47 a-c 91 ab 80 0 5.7 
No. 82-157 20.5 a 10.6 bc 614 a 422 b-d 0.56 0.54 ab 100 a 76 3.4 7.0 
No. 83-20 15.7 a-c 12.6 a-c 570 ab 527 a-c 0.58 0.53 ab 85 a-c 72 5.7 12.3 
No. 85-202 12.8 b-e 11.8 a-c 611 a 504 a-c 0.70 0.51 a-c 64 b-e 0 11.7
No. 85-216 13.9 b-d 17.2 a 532 a-c 581 a 0.59 0.49 a-c 80 a-e 88 0 3.3 
No. 83-2 14.0 b-d - 516 a-d 0.59 - 81 a-d - 4.3 
77M(3)-46 11.2 b-d 
 12.2 a-c 537 a-c 533 ab 0.61 0.55 ab 63 c-e 70 9.8 4.3 
Reyna Elena (ck) 16.2 a-c 14.0 ab 563 ab 469 a-d 0.63 0.49 a-c 85 a-c 89 0 1.7
Exp. 86-27 12.4 b-e 11.8 a-c 679 a 553 ab 0.57 0.43 bc 55 c-e 64 0 10.0 
Tropical Quick 12.5 b-e 9.5 bc 399 de 335 d 0.48 0.52 ab 93 ab 83 0 5.3 
Tropical Delight 11.2 b-e 11.9 a-c 650 a 496 a-c 0.64 0.38 c 52 de 75 3.7 6.7
Tropical Rapid 11.5 b-e 12.9 a-c 444 cd 403 cd 0.54 0.60 ab 77 a-e 95 0 5.0 
77M (3)-40 11.7 a-c 451 a-d 0.61 a 78 5.0 
77M (3)-35 	 9.0 bc 503 a-c 0.45 bc 56 3.3
77M (3)-27 	 10.3 bc 523 a-c 0.60 ab 61 6.3 
Corazon 8.0 c 421 b-d 0.35 c 57 7.7 
Grand mean 13.1 11.3 533 475 0.59 0.50 75 72 1.8 6.9 
c.v. (%) 21.3 28.7 11.5 14.8 17.4 20.5 23.9 
'Data mean of double-row 4.8 ml raised subplots distributed RCBD and replicated three times.
 

DS- Transplanted 9 December 1992; harvested 4 February 1993.
 
WS - Transplanted 29 July 1993; harvested 24 September 1993.
 

bSolidity 	is an appropriate measure of head firmness expressed in g/cc.
Note: Means in each vertical column followed by the same letter are not statistically different at 5% 
level (DMRT). 

The relatively cool temperalure and moderate rainfall during (he dry season were favorable 
conditions for tie yield of Chinese cahbage. I)uring tile trial, tie mean temperature ranged from 
2 I.8C (rain) to 28.2C (nax), while total rainfall was 12 1.16 mam. 

Wet season trial 
The marketahle yield ranged fron 6.5 I/ha ftrl'ropical Pride to 17.2 I/ha for No. 85-216, wilh 

significant differences among entries (lahle 14). The grand mean was 11.3 lor tie I8 enlries. The 
check Reyna Elena had the second highesl yield of' 14.(0 /ha. 

There were also signilicant differences in other yield components measured. Tile highest 
mean head weight of 59( g was produced by var. Summer Harvest aftier45 days, closely followed 
hy No. 85-2 16 (58 1 g). The most s(,'id head ((0.63 glcc) was ohtained by Sominmer larvesl aftler
45 clays. Harvcst rate ranged from 48Y/ for Tropical Pride Io 95% for Tropical Rapid with agrand 
mean o1f72 %.Solfi ot in fet ion ranged from 1.7%k (check Reyna Elena) lo 13.()/, (Tropical Pride).

In general, the performance olChinese cabbage during tile ofl-season (wet season) was poor
in lerms of narketahle head yield clue to high lempeat tres and excessive precipilation. The mean 
lemperal Lre ranged from 23.8C (rain) to 27.2C (max). Total precipitalion during the crop cycle 
was 570.03 mam. 
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International Hot Pepper Trial Network 

Summary 
Seventeen and 18 hot pepper entries including the two check cultivars were evaluated in the 

International [lot Pepper Trial Network (INTIOIPE) (luring the dry and wet seasons, respectively. 
For both seasons, high sigklificant differences in yield and other horticultural characters were 
observed among entries. 

I)uring the (try season, yields of entries RI-26 (17) and 1PBC-384 (6.6 and 6.3 t/ha, 
respectively,) were significantly higher than the rest of the entries. For ihe wet seasonl PBC-473 
with 5.3 t/ha outyielded the local check variety Hotshot (4.9 I/ha), but tile (liflerence was not 
significant. 

Introduction 
The a(laptabilit , of hot pepper to various con(litions in the tropics has evolved different 

landraces in dlifterent areas. Among these variations, there is a good chance of identifying high
performing genotypes that possess traits acceptable in other places. To this end, a cooperative trial 
entitled International Hot Pepper Trial Network (INTHOPE) has been coordinated by AVRI)C 
since 1991. The trial aims to fIacilitale the exchange and evaluation of hot pepper landraces and 
elite germplasm across diifferent environments worldwide. 

Materials and Methods 
Seventeen hot pepper landraccs and elite cultivars were evaluated (luring the 1992-93 dry 

season and 18 (luring the 1993 wet season. in both trials, each entry was transplanted in double 
row 6.0 nl 2 subplots (1.5 rn x 4.() m) splacd at 75 cm between rows and 50 cm between hills. The 
trials were laid out in RCBI) with three replications. 

The cultural management and da;a gathered were based on the INTH-lOPE procedure 
provided by AVRI)C. 

Results and Discussion 
Tile yield and other horticultural characters of tile different hot pepper cultivars showed 

highly significant ditferences among entries in both seasons (tables 15 and 16). 
The total yield of the entries ranged from 0.4 to 6.6 I/ha (luring the (fry season and from 0.4 

to 5.3 t/ha for the wet season. Entries R 1-26 (17) (6.6 t/ha) and PBC-384 (6.3 t/ha) produced 
highly significant yield differences over tile rest oithe entries during the dry season. On the other 
hand, PBC-473 with 5.3 t/ha outyicldcd thc highest yielding check lotshot (4.9 t/ha), but the 
difference was not significant. 

The high coelfficient of variation on yield lor both seasons was due to tile adverse eftects of 
climatic conditions on plant stand; specifically, moisture stress (luring the (ry season and heavy 
precipitation and typhoons (luring the wet season. 

Negligible infestations of pests and diseases were noted in both seasons. 
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Table 15. Field performance of top 12 hot pepper cultivars evaluated under the INTHOPE trial 
during the 1993 dry season 

Entry Yield Fruit size Days to Plant size (cm)
(t/ha) (cm) flower Height Width 

Length Width after trans
planting

R1-26 (17) 6.5 a 9.5 d 1.6 a 43.0 a 65.1 a 35.9 a
RBC-384 6.2 a 11.6 a-c 1.4 c 37.0 b 54.2 ab 37.1 a

Cili Langkap 3.2 b 12.4 a 1.5 a- 46.0 a 
 59.1 a 29.2 a-c
Num 2.8 bc 12.0 a 1.6 ab 42.7 a 49.7 a-d 28.4 a-c
Pant C-1 2.6 b-d 5.9 f-h 0.8 g 45.3 a 53.5 a-c 27.2 a-d
Pangalengan-2 2.6 b-e 10.3 b-d 0.5 hi 46.7 a 53.1 a-d 31.0 a-c
PBC-199 2.2 b-e 5.7 f-i 0.4 i 44.7 a 5J.2 a-d 32.6 ab
Hotshot (ck) 2.1 b-e 9.8 d 1.0 de 46.0 a 31.2 e 20.2 cd
Kawit (ck) 1.8 b-e 7.8 e 1.1 d 43.3 a 30.8 e 21.6 b-d
Unknown-41 1.7 b-e 6.4 e-g 0.9 eg 45.0 a 49.9 a-d 23.2 b-d
MI-2 1.6 b-e 7.2 ef 0.8 fg 33.3 cd 36.0 c-e 23.2 b-d
Cheong Yang 1.5 b-e 4.9 g-i 1.3 c 32.7 cd 47.7 a-e 27.0 a-d
Grand mean 2.2 8.2 1.1 40.4 43.5 25.8 
c.v. (%) 35.6 7.8 6.4 7.4 15.2 17.6
Transplanted 2 December 1992 and harvested from 1 March to 6 April 1993. Data mean of double-row 
6.0 m2subplot distributed in RCBD and replicated three times.
 
Means followed by a common letter are not significant at 1%level (DMRT).

Data taken at last harvest.
 

Table 16. Yield and other horticultural characters for 17 entries of hot pepper evaluated under 
INTHOPE trial during the 1993 

Entry Yield Fruit size Days to Plant size (cm)
(kg/ha) (cm) -----.... flower Height Width 

Length Width after trans
planting

PBC-473 5.3 a 11.7 a 11 cd 34 de 66.6 a 46.5 ab
Hotshot. (ck) 4.9 ab 10.3 ab 1.1 cd 33 de 59.0 a-c 42.4 a-d
IR 4.7 ab 11.5 a 1.2 c 24f 55.0 a-d 43.3 a-c
PSP-1 1 2.9 a-d 5.8 ef 1.0 c-f 31 de 41.2 de 33.8 a-e
Rotan 2.7 b-d 11.0 ab 0.6 g 37 bc 66.3 a 49.0 a
KA 6-5 2.1 cd 6.3 ef 1.1 cd 29 d-f 51.9 a-d 40.7 a-e
MI-1 2.0 cd 7.0 d-f 0.8 e-g 37 bc 54.5 a-d 40.10 a-e
PBC-370 2.0 cd 4.3 h-j 0.8 e-g 35 cd 62.6 ab 33.7 a-e
Perennial HDV 1.5 cd 3.3 j 0.8 e-g 37 bc 55.6 a-d 33.5 b-e
Luang 1.2 cd 6.8 d-g 1.5 b 45 a 60.3 a-c 34.5 a-e
Mun 1.2 cd 7.6 c-e 1.5 b 42 ab 53.4 a-d 35.9 a-e
Kawit (ck) 1.0 cd 8.3 cd 1.0 c-f 42 ab 38.3 e 27.5 de
Pant C-1 1.0 cd 5.3 f-i 35 cd0.8 e-g 47.8 b-d 32.6 b-e
PBC-371 1.0 cd 3.7 ij 0.9 d-f 34 de 48.2 b-d 27.5 de
Tiwari 11 0.9 cd 5.0 g-j 0.9 d-f 28 ef 43.9 c-e 27.9 c-e
C-01664 0.8 cd 3.7 ij 0.7 fg 45 a 62.5 ab 40.1 a-e
Szechuan-8 0.8 cd 9.1 bc 1.0 c-f 36 bc 47.7 b-d 33.1 b-e
Yuak 0.4 d 6.8 d-g 2.7 a 44 a 44.8 c-e 25.6 e
Grand mean 2.0 7.08 1.09 36.1 53.33 16.15 
c.v. (%) 44.9 10.3 8.2 7.5 11.9 36.0
Transplanted 28 June 1993 and harvested from 14 September to 13 October 1993. Data mean of

double row 6.0 m2 subplot distributed in RCBD and replicated three times.
 
Means followed by a common letter are not significant at 1%level (DMRT).

Data taken at flowering stage.
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Regional Yield Trials
 

Summary 
AVRDC pron-ising varieties/lines were evaluated in regional yield trials (RYT) under 

different environments in Taiwan. A total of60 RYTs, which included AVRDC entries of fresh
market tomato, processing tomato, cherry tomato, hot pepper, soybean, vegetable soybean, and 
mungbean were conducted in 1992-93 in cooperation with tile Republic of China (ROC) national 
programs. 

Fresh market tomato hybrids FMTT 270, FMTT 277, and FMTT 285 were better than the 
check KY 301 and, in some locations, to Taicking ASVEG No. 4 in terms of yield, fruit setting,
fruit size, heat tolerance, and disease resistance. Processing toniato PT 4718 had the highest 
yields in Hsiaying (138 t/ha) and at AVRI)C (87.7 t/ha). In addition to high yield, 1IT4718 also 
exhibited good fruit size and better processing quality than the checks, TN No. 3 and UC 82. 
AVRI)C cherry tomato hybrids, CHT 261 and CHT 264, exhibited better heat tolerance and 
quality, produced stable high yields in autumn and comparable yields to check Season Red in 
spring; however, they had smaller fruit than, Season Red. In hot pepper RYTs, the two best 
Szechwan selections, 89897 and 90719, appeared to be promising in yields (37 t/ha and 38 t/ha). 

Soybean RYTs were carried out at 10 locations in two or three seasons of 1992. The yields 
of entries varied with location and season. Among the 12 entries evaluated, live lines, i.e., GC 
84036, HI, 77-79, TARI 12, KS 2164, and KS 2)95, appeared promising and more stable than 
others. Overall, they had yields of 2.0-2.1 t/ha. The results of vegetable soybean RYTs revealed 
that none ofthe I1 entries was superior to KS No. 3 in terms of graded pod yields. However, KVS 
363 gave the highest average plant yield of 20.3 ti/ha and a mean graded pod yield of 7.1 t/ha 
cornpared to 21.7 tlha and 7.5 t/ha for No. 3.The results ofmungbean RYTs indicated that varietal 
difference in yield was significant in all four locations. Irrespective oflocations and seasons, tile 
nean yields of nine entries ranged from 1.2 t/ha to 1.5 t/ha compared to 1.4 t/ha of the check 
Tainan No. 5. 

Introduction 
RYTs were conductld in cooperation with ROC national institutions to evaluate promising 

AVRi)C breeding lines/varielic, ai-d othcr improved selections of vegetables. The RYTs were 
mainly supported by the Council of Agriculture and carried out in the national programs under 
farmers' field conditions. Twelve AVRI)C vegetable varieties have been named by the national 
institutions anti released to the farmers based on the results of RYTs. Among these varieties, 
vegetable soybean KS No. 1, soybean KS No. 10 and TN No. 1, fresh market tomato Taichung 
ASVEG No. 4, Hualien ASVEG No. 5, andImungbeanTN No. 5 contributed significantly to the 
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farmcrs' incomes. In 1992, the total crop values were US$135 million. The production area ofvegetable soybean KS No. I was 6877 ha which accounted for about 90% of the total vegetable
soybean production acreage.

The promising entries from AVRI)C and national programs were assembled and evaluateduinder different environments (locations, season, year, etc.) in cooperation witl various l)istrict
Agricultural Improvement Stations and the Taiwan Agricultural Research Institute during the1992-93 crop seasons. The main obxjective of the RYT was to identity promising improved
vectablc varieties for release to farmers by the ROC national prograuns through close 
collaboration. 

Materials and Methods 
In 1992-93, RYTs were conducted for the following crops: fresh market tomato, processingtomato, cherry tolato, hot pepper, soybean, vegetable soybean, and mungbean. The details oflocations, seasons, and number of entries included in the RYTs are given in table I. Arandomized complete block design with tour replications was employed in all the RYTs.Spacing between rows and between plants, and number olplants per hill in different seasons forthe seven crops are given in table 2. Cultural management and dala collection were based on thestandard procedures of RYTs for each crop. Fruit and bean qualities were analyzed by tihe 

Analytical i.aboratory. 

Table 1. Number of locations (NL), number of entries (NE), sowing/transplanting dates (SD/TD)
of RYTs, including AVRDC materials, inTaiwan 

Crop Coordinator Year Season NL NE SD/TD
Soybean Tainan DAIS 1992 Sp 12 12 29 Jan. - 24 Mar. 

1992 Su 10 12 16Jun. -28Aug. 
1992 Au 3Vegetable soybean Kaohsiung DAIS 12 17 Sept. - 3Oct.1992 Au 3 14 18 Sept. - 11 Oct. 

Mungbean Tainan DAIS 
1993 
1992 

Sp 
Su 

7 
3 

14 
10 

15 Feb. 
3 Jul. 

- 2 Mar. 
- 21 Jul. 

Tomato (fresh market) Taichung DAIS 
Tomato (processing) Tainan DAIS 
Tomato (cherry) Tainan DAIS 

1993 
1993 
1992 
1992 

Sp 
Sp 
Au 
Au 

3 
4 
3 
4 

10 
7 
9 
8 

25 Feb. 
31 Mar. 
8 Oct. 
5 Oct. 

- 9 Mar. 
- 9 Apr. 
- 9 Oct. 
- 30 Oct. 

Hot pepper Kaohsiung DAIS 
1992 
1992 

Sp 
Au 

4 
4 

8 
11 

9 Apr. 
5 Oct. 

- 23 Apr. 
- 28 Oct. 

Table 2. Plant spacings in RYTs 
Space between rows (cm) Space between plants (cm) PlantsCrop Spring and summer Autumn Spring and summer Autumn per hill

Soybean 50 30 
 10 15 2Vegetable soybean 50 50 10 10 2
Mungbean 
 50 

Fresh market tomato 75 -

- 10 - 2 
- 1Processing tomato 150 150 

50 
20 20 1Cherry tomato 100 - 50 1Hot pepper 
 - 75 
 - 45 1 
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Results and Discussion 
Fresh-market tomato. Six AVRI )C Fresh market tomato hybrids were included in RYTs at 

five lIocatios in spring 1993. KY 30)1 was used as a control. At AVRI)C all the entries 
signiil'icanll., outyielled the check variety (lahle 3). FMIT 269 had the highest yield of 33.6 ti/ha, 
a MI 277 was the next hihesieli hyrid (32.9 t/ha) which had tie second largest fruit 
size of I22.8 e. In olier locations, tie best vielders were IFI" 270 (Taitung, Taoyuan), FMT 
277 I.otun i).and I"I'II 285 (Pulli). the yields ol these hybrids were generally higher in other 
localions than at .\V RI )Wwhere the temperatire was high during the crop season. The AVRI)C 
entries were superior o KY 3ioland, in some locations, to Taichung ASV( No. 4 in terms of 
yield. fruil selline. fruit si/c, heat toerance, and disease resistance; however, tIle fruit color was 
inleri r ItIle check varieties and noit quite acceplahle in the market. 

Processing tonato. Seven hybrids of AVRI)(C processing toilnato, together with two check 
varieties. 1 ' 82 and TN No. 3,were evaluated illR,YTs at Ihree locations inl aitumn 1992. At 
AVRI )(,Il' 4718 sienilicantly oulyiehled both controls with a yield ol 87.7 I/ha (35--37%
increases) in 135 days froin tralnsplantin (table 4). In I Isiaving and Chiku, the highest yields were 
obtaincd r!,on 138.1 I/ha) and 9'T4714 (X8.4 I/ia', respectively. PT 47 18 perlormedI194718 
very well in all tihree locations liavine a Lood fruit size and good processing quality in addition 
IoIelh vielhl. but slillyv laler malurily than other entries. 

Table 3. Yield and horticultural characteristics of fresh-market tomato RYT, AVRDC, spring 1993 
Days to Marketable Cull yield Fruit size Soluble Acidity pH Color 

Entry mature yield (b/ha) (t/ha) (g) solid (Brix) (%) value (a/b) 
FMTT 269 68.Obc 33.6 a 9.2 122.5 ab 4.5 0.44 4.2 1.26 
FMTT 270 67.7bc 30.3 ab 8.6 120.8 ab 4.5 0.43 4.2 1.39 
FMTT 277 66.5c 32.9 a 8.4 122.8 ab 4.6 0.43 4.2 1.30 
FMTT 285 66.5c 27.0 b 10.2 142.3 a 4.7 0.48 4.2 1.23 
FMTT 301 68.5ab 25.1 b 8.2 106.8 b 4.9 0.45 4.3 1.34 
FMTT 33 67.6bc 29.8 ab 7.8 117.2 b 4.5 0.40 4.3 1.41 
KY 301 (ck) 70.Oa 9.8 c 5.1 122.3 ab 5.4 0.58 4.3 1.00 
Planting dates: sowing, 11 March 1993; transplanting, 9 April 1993 
Means in each column followed by the same letter are not statistically different at 5% level (DMRT). 

Table 4. Yield and horticultural characteristics of processing tomato RYT, AVRDC, autumn 1992 
Days to Marketable yield Fruit size Soluble Acidity pH Color 

Entry -.----mature (t/ba) (%) (g) solid (Brix) (%) value (a/b) 
PT 4691 133 69.8 33 67.5 4.2 0.32 4.46 2.25 
PT 4700 133 74.1 85 65.3 4.3 0.32 4.41 2.28 
PT 4707 132 72.6 81 67.7 3.9 0.31 4.41 2.18 
FIT 4708 133 72.4 82 77.9 3.9 0.31 4.55 2.24 
PT 4714 133 77.3 85 72.2 3.9 0.32 4.43 2.19 
PT 4718 135 87.7 82 78.8 3.2 0.28 4.49 2.14 
PT 4454 129 60.3 80 74.2 3.7 0.28 4.51 2.02 
PT 4121 131 76.3 84 73.8 3.7 0.35 4.33 2.07 
UC 82 (ck) 131 64.1 84 69.2 3.5 0.29 4.40 2.05 
TN No. 3 (ck) 133 65.1 82 81.4 4.3 0.35 4.38 2.34 
Mean 132 72.0 83 72.8 3.8 0.31 4.44 2.18 
c.v. (%) 0.7 10.3 9.1 5.4 8.7 1.3 3.9 
LSD (0.05) 1.4 10.8 - 9.6 0.3 0.04 0.08 0.12 
Planting dates: sowing 17 September; transplanting 9 October 1992. 
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Cherry tomato. Six AVRI)C cherry tomlalo hybrids were evaluated at three locations in the
auLtun of 1992. CltT 261 and Ci 264 produced the highest yields over the three locations. They 
gave significantly higher yiells than all other entries at AVRI)C (table 5), with smaller fruit of
9-9.4 g compared to 22 g of TC 2 and 41 g of King Kan. In spring 1993, three AVRI)C cherry
tomato hybrids were compared with Season Red in RYTs at four locations. Season Red, a Known-
You variety, gave the highest yields in all locations, including AVRI )C (table 6). The yields of 
ClT 261 and CI IT 264 were comparable to Season Red at AVRI)C; however, they had a smaller
fruit (9 g) than Season Red (14 g). Santa, an excellent quality cherry tomato froni Known-You, 
was also used as a check variety at AVRI)C. Although the qualily was very good, its yield was 
very low with very small fruit. 

Table 5. Yield and horticultural characteristics of cherry tomato RYT, AVRDC, autumn 1992 
Yield Days to Fruit Soluble Acidity pH Color


Entry (t/ha) mature size (g) solid (Brix) (%) value (a/b)
 
CHT 261 71.4 a 109 9.4 e 5.1 0.44 4.1 1.96

CHT 264 71.6 a 
 108 9.0 e 5.0 0.44 4.1 1.88

CHT 266 39.4 b 114 12.2 cd 6.4 0.43 4.2 
 1.95
CHT 267 36.3 bc 115 11.7 cd 6.4 0.42 4.2 1.94
CHT 268 31.7c 117 10.9 de 6.7 0.45 4.2 1.99

CHT 224 20.9 d 109 13.7 c 6.5 0.40 
 4.3 1.80
TC 2 (ck) 40.2 b 109 21.9 b 6.5 0.46 4.3 1.96

King Kan (ck) 22.7 d 122 40.7 a 4.8 
 0.43 4.2 1.83

Planting dates: sowing, 17 September 1992; transplanting, 9 October 1992.

Means in each column followed by the same letter are not statistically different at 5% level (DMRT).
 

Table 6. Yield and horticultural characteristics of cherry tomato RYT, AVRDC, spring 1993 
Yield Days to Fruit Soluble Acidity pH Color


Entry (t/ha) mature size (g) solid (Brix) (%) value (a/b)

CHT 261 17.8 ab 85 9.2 c 7.0 0.55 4.1 1.52

CHT 264 18.0 a 86 8.5 c 
 6.5 0.50 4.1 1.41

CHT 437 15.4 b 86 18.3 a 6.5 
 0.61 4.2 1.73
Season Red (ck) 19.4 a 83 14.1 b 6.5 0.70 4.1 1.41
Santa (ck) 3.7 c 90 5.7 d 7.8 0.49 4.3 1.38
Planting dates: sowing, 6 March1993; transplanting, 9 April 1993.
 
Means in each column followed by the same letter are not statistically different at 5% level (DMRT).
 

Hot pepper. Pureline selection of Szechwan hot pepper has been going on at AVRDC since 
1987. The obJectives are to purify tile variety, and select better plant type, fruit appearance, high
capsaicin content, and overall productivity within the landrace. Nine pureline selections were 
evaluated in RYTs which were conducted at four locations: TARI, Pingtung, Wantan, and
AVRIC. Unlortunately, the AVRIDC trial was seriously attacked by viral diseases and insects
which caused remarkable yield reduction. At TARI, 90719, 90716, and 90720 outyielded the 
check Szechwan, but there were no significant differences in yield between these entries and the
check variety (table 7). In Pinglung, 89897 gave the highest yield of 54.4 t/ha which was only
comparable to the yields of check Szechwan (50.4 t/ha) and Golden Heat (5 I.0 t/ha). Except for
90719, yields of all selections were significantly lower than the two control varieties in Wantan. 
Five selections had higher capsaicin contents than the check Szechwan; however, none of them 
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exceeded that or Golden Heal. The average capsaicin content of these selections was relatively 
low in this year's trials compared to last year's. 

Table 7. Yield and horticultural characteristics of hot pepper RYTs inautumn 1992 
Days to Plant Yield (t/ha) ... Fruit Fruit size (cm)b Capsaicinb 

Entry maturity, ht (cm)h TARI Pingtung Wantan wt (g)b L D (mg/g) 
89897 141.1 62.6 15.5 54.4 41.3 10.8 12.7 1.28 1.76 
90709 143.4 64.4 9.5 29.7 30.9 9.8 14.0 1.12 1.47 
90711 136.5 66.9 16.1 44.4 41.3 10.0 11.5 1.24 1.90 
90714 147.8 66.0 13.7 41.5 39.6 10.3 14.6 1.16 2.23 
90715 146.0 62.5 15.2 33.5 32.9 10.2 13.0 1.19 1.92 
90716 146.5 62.5 18.2 45.0 42.5 11.7 14.8 1.22 1.67 
90719 142.4 67.7 19.9 48.3 46.1 13.2 13.1 1.42 1.91 
90720 142.6 57.8 17.3 41.2 39.3 10.7 12.4 1.33 1.85 
VC 144.6 66.6 15.8 38.4 37.8 12.0 12.1 1.33 1.53 
Szechwan (ck) 137.0 70.0 16.4 50.4 48.0 13.6 12.8 1.36 1.81 
Golden Heat (ck) 139.3 61.8 6.5 51.0 49.7 9.6 12.9 1.16 2.02 
Mean 142.5 64.4 14.9 43.4 40.9 11.1 13.1 1.26 1.82 
c.v. (%) 2.8 26.6 13.4 7.6 - -

LSD (0.05) 5.8 5.7 8.4 4.5 

;-Data obtained from AVRDC only.
 
Data represents the means of three locations (TARI, Pingtung, and Wantan). 

Soybean. Teni entries, including two each from AVRIDC, TARI, Hualien I)AIS, Tainan 
DAIS, and Kaohsiung I)AIS, were employed in Taiwan RYTs at 10 locations in 1992. KS 8 and 
KS 1(0 were used as control varieties. Three trials were conducted at AVRI)C in spring, sunner, 
and autumn. The maturity duration of the entries were 104- 119 days, 81-99 (lays, and 85-102 days 
for spring, sunmer, and autumn, respectively (table 8). TN 4 and TN 6 were the earliest varieties 
with neans ofi92 and 91 davs overthe three crop seasons. The yields oflthese varieties varied with 
season. The highest yielders were KS 2164 (2.5 t/ha), TN 4 (1.6 l/ha), and GC 84036 (2.1 t/ha) 
for spring, sunmmer, and autunn, respectively (table 8). Irrespective of crop season, the highest 
yield was obtained from KS 2104 (1.9 t/ha) lollowed by GC 84036 (1.8 t/ha). Prctein content was 
found to be slightly higher in autuln than tile other two seasons (table 9). The average protein 
contents ranged from 42.0 t 43.9%rDM. HI, 77-33 and I l 77-79 had the highest protein content 
which were higher Ilhan that of KS No. 1(0 but comparable to KS No. 8s. 

Besides the trials at AVRDC, soybean RYTs were also conducted during two seasons at nine 
locations. The yields olentries varied with location and season. Among the 12 entries evaluated, 
five lines: GC 84036, [L1 77-79, TARI 12, KS 2164, and KS 2095 appeared promising and more 
stable across locations, allhougn their yields were similar to those of the check KS No. 8. Overall, 
they had yields of 2.0-2.1 t/ha compared to 2.2 tl/ha for KS No. 8. 

Vegetable soybean. Vegetable soybean RYTs,were carried out at three locations in autuni 
1992 and seven locations in spring 1993. The entries included five lines frorn Kaohsiung DAIS 
and six lines from AVRDC. KS No. 2, KS No. 3, and Ryokkoh were used as check varieties. The 
yield dala are given in table 10. At AVRIDC, the differences in total plant yields between selected 
lines andthe two check varieties, KS No.2 and KS No. 3, were not statisticallysignificant in either 
autumn (1992) or spring (1993). However, all six entries - KVS 363, GC 84126-13-1-2. GC 
84126-13-1 - 1. GC 84128-17-21, KVS 351, and KS No. 3 -had high plant yields averaging over 
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Table 8. Yield and agronomic characteristics of soybean RYTs, AVRDC, 1992 
.... Yield (t/ha) Days to mature Pods/plant 100-seed wt(g)

Entry SP SU AU SP SU AU SP SU AU SP SO AL 
TARI 12 2.0 1.4 1.8 115 91 92 31 42 26 23.4 14.1 17.1TARI 13 2.0 1.1 1.3 112 99 96 35 42 24 18.3 14.0 17.7 
GC 81027 2.0 1.3 1.9 110 91 90 34 36 23 17.2 11.5 15.1GC84036 2.0 1.5 2.1 104 89 87 23 41 24 20.9 13.9 17.7
HL 77-33 1.7 1.3 2.0 106 89 93 31 35 23 21.0 13.8 18.4
HL 77-79 1.8 1.5 1.8 112 85 102 33 37 25 18.8 14.3 17.7
TN 4 1.8 1.6 1.0 104 81 90 22 25 17 20.0 14.7 17.9
TN 6 1.5 1.1 1.6 104 85 85 22 31 22 20.1 13.9 16.2
KS 2095 1.7 1.4 1.8 106 91 91 24 34 20 24.5 15.2 23.6KS 2164 2.5 1.2 2.0 119 91 93 26 34 26 26.0 13.4 16.9
KS No. 8 (ck) 1.8 1.2 2.0 109 91 90 22 30 21 23.5 15.5 20.3KS No. 10 (ck) 2.0 1.3 1.5 109 85 89 22 29 21 18.1 11.5 15.5
Mean 1.9 1.3 1.7 109 89 92 27 35 23 21.0 13.8 17.8 
c.v. (%) 11.5 8.55 9.92 17.0 ; 8.9 9.0 9.2 7.8 8.5LSD (0.05) 0.28 0.14 0.22 5.8 8.3 2.6 2.5 1.4 1.9
Hlanting dates: SP: 29 January 1992, SU: 16 July 1992, AU: 17 September 1992. 

Table 9. Protein and oil content of soybean RYTs, AVRDC, 1992 
Protein (% DM) Oil (% DM)

Entry SP SU AU Mean SP Su AU Mean 
TARI 12 42.2 43.2 43.1 42.8 21.2 21.1 20.3 20.9
TARI 13 42.8 42.9 44.9 43.5 21.9 21.9 20.1 21.3
GC 81027 40.5 41.5 45.7 42.6 21.9 21.9 19.7 21.2
GC 84036 44.3 41.3 43.9 43.2 20.2 21.7 19.7 20.5
HL 77-33 42.2 43.0 46.6 43.9 20.7 21.4 18.2 20.1
HL 77-79 43.7 42.9 45.2 43.9 21.8 21.6 19.7 21.0
TN 4 41.9 41.5 44.6 42.7 23.3 23.2 21.6 22.7
TN 6 42.0 41.3 46.1 43.1 20.5 23.0 19.0 20.8
KS 2095 43.2 43.4 44.8 43.8 21.1 21.6 19.1 20.6
KS 2164 43.8 43.1 43.8 43.6 23.7 21.0 21.4 22.0
KS No. 8 (ck) 42.9 42.5 46.1 43.8 20.6 22.4 18.4 20.5
KS No. 10 (ck) 40.5 42.0 43.6 42.0 23.8 22.7 21.4 22.6Mean 42.5 42.4 44.9 43.2 21.7 22.0 19.9 21.2 
c.v. (%) 1.5 3.1 1.3 - 1.7 6.1 1.7 
LSD (0.05) 0.8 1.9 0.8 0.5 1.9 0.4 

23 t/ha across seasons. I)ifferences in markctable pod yields between selected lines and KS No.
2or KS No. 3 were not significant in both seasons (table 10). Among the II entries, GC 84126
13-1-2, GC 84137-8-2-1, GC 84126-13-1-1, KVS 351, GC 84126-13-4-4, and KVS 363 
produced consistently comparable yields of graded pods wilh the check KS No. 3 (6.4 I/ha) 
across seasons. (;Cinerally, the yields o1 both plants and marketable pods were higher in spring 
Ihan in autuin. 

The results o R YTs al olher locations again indicated that ltle perlrrmances oflthe I I entries 
were not superior to the two check varieties, KS No. 2 and KS No. 3, in plant and marketable 
pod yiekls in boll seasons (table 10). Among tie II entries, KVS 363 gave the highest average
plant yield of 20.3 I/lt and average marketable pod yield of 7.1 I/ha compared to 21.7 t/ha and 
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7.5 tlha for KS No. 3 across seasons and locations. These lines showed comparable quality (as 
indicated by protein, sugar content, and color) to that of KS No. 2 and KS No. 3 (table I 1). They 
were all earlier a1tluring than KS No. 2 and KS No. 'I, and some oflheli had larger pods. Tile 
inarketable pod yield non these RYTs suggCsts that Kaohsiung, Tainan, and Ilhalien are high 
yieldintg locations. Ihe econoiic potential ol the Hualien area should he explored for vegetable 
SO hean prO(duction. 

Table 10. Yield of vegetable soybean RYTs, AVRDC, 1992-938 
Total plant yield (t/ha) Marketable pod yield (t/ha) 

AVRDC Others" AVRDC Others' 
Entry AU (92) SP (93) Mean AU (92) SP (93) Mean AU (92) SP (93) Mean AU (92) SP (93)Mean 
KVS 133 16.9 19.1 18.0 15.6 19.9 17.6 4.3 7.2 5.8 6.1 5.5 5.8 
KVS 2,-6 13.9 20.5 17.2 12.5 13.5 13.0 3.1 7.0 5.1 5.7 4.9 5.3 
KVS 363 20.3 28.8 24.4 15.3 25.3 20.3 4.2 8.2 6.2 6.7 7.5 7.1 
KVS 351 18.7 28.2 23.5 15.5 23.7 19.6 44 8.2 6.3 5.5 6.0 5.8 
Ryokkoh 74 17.5 25.1 21.3 14.3 18.9 16.6 5.0 7.2 6.1 6.5 5.8 6.2 
GC84126-13-1-1 20 1 27.4 23.8 15.3 22.5 18.9 5.3 7.8 6.6 5.6 5.8 5.7 
GC 84126-13-1-2 19.9 28.7 24.3 15.4 22.2 18.8 5.3 8.5 6.9 5.9 6.1 6.0 
GC84126-13-4-4 16.9 27.9 22.4 15.4 21.7 18.6 4.8 7.7 6.3 5.8 6.2 6.0 
GC84128-9-2-1 15.8 26.1 21.0 14.3 23.2 188 2.9 7.8 5.4 4.5 6.2 5.4 
GC84128-17-2-1 20.1 27.3 23.7 15.2 25.9 20.6 4.8 6.3 5.6 6.0 7.3 6.7 
GC84137-8-2-1 19.4 26.4 22.9 16.1 23.1 19.6 5.6 7.7 6.7 5.1 5.8 5.5 
KS No. 2 (ck) 17.9 24.5 21.2 16.5 23.9 20.2 4.2 6.0 5.1 6.9 6.7 6.8 
KS No 3 (ck) 19.5 27.1 23.3 17.5 25.9 21.7 4.9 7,8 6.4 7.5 7.5 7.5 
Ryokkoh (ck) 14.8 25.6 20.2 14.1 19.1 16.6 2.8 6.4 4.6 4.9 5.2 5.1 
Mean 18.0 25.9 22.0 15.2 22.1 18.7 4.4 7.4 5.9 5.9 6.2 6.1 
LSD (0.05) 2.2 5.9 1.4 1.6 
Planting dates: AU: 18 September 1992, SP: 25 February 1993. 

',Data represent the means of the two locations in autumn (1992) and six locations in spring (1993). 

Table 11. Agronomic characteristics and bean quality of vegetable soybean RYTS, AVRDC, 1992-93, 
Days to Pods/ Seed shelled Dry Protein Oil Sugar Fiber Color' 

Entry maturity 500g out (%) matter (%) (% DM) (% DM) (% DM) (% DM) 
KVS 133 77.5 165.5 58.4 31.7 43.8 18,6 12.0 4.6 2.7 
KVS 256 75.5 178.0 628 31.7 42.4 20.1 12.0 4.7 2.6 
KVS 363 81.5 172.5 56.1 34.5 43.3 19.9 11.4 4.6 3.3 
KVS 351 79.5 212.5 60.4 I44 43.1 20.2 11.3 4.8 2.9 
Ryokkoh 74 77.0 153.5 57.2 33.6 44.8 19.0 11.5 4.5 2.8 
GC84126-13-1-1 79.0 161.0 61.7 31.5 42.6 20.6 11.5 4.9 2.5 
GC 84126-13-1-2 80.5 165.0 59.7 32.8 42.3 20.5 11.0 4.9 2.7 
GC84126-13-4-4 79.5 160.5 58.6 33.8 42.8 20.3 11.6 4.8 2.7 
GC84128-9-2-1 80.0 170.0 53.7 33.9 44.3 19.7 11.3 4.8 2.9 
GC84128-17-2-1 83.0 158.0 55.9 33.3 44.2 19.1 11.0 4.3 3.6 
GC84137-8-2-1 78.5 152.5 54.2 33.2 43.0 19.8 11.4 4.6 2.5 
KS No. 2 (ck) 83.5 169.0 58.3 35.7 43.4 19.6 11.7 4.7 2.8 
KS No. 3 (ck) 83.5 160.5 56.9 35.4 45.4 20.4 10.7 4.8 2.8 
Ryokkoh (ck) 78.5 155.5 54.6 33.8 44.8 19.0 11.2 4.5 2.7 
Mean 79.8 166.7 57.8 33.5 43.6 19.8 11.4 4.7 2.8 
"Data represents the means of the two crop seasons. 
"Color value: lower value means darker green. 
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Muinglean. Six muunghean RYTs were conditictedI at three hcalions ill 1992-93. Teni entries 
including check variety, TN No. 5, were used. The rCsults of RYTs at AVRI )C are given in table 
12. The 1992 sumner crop wa.,, allccicd hy rain, therefore, yields ofl hecntries were relatively low. 
VC 3738l3 and check variety TN No.5 gaveIhe hihestl yiel of . It/ha in suinief 1992. Inspring
1993, VC 425()A and V(, 373,' 3had lhe highest yields (1 2.}Iand 1.9 t/ha, respecti vel, (table 12).
Comparedl o TN No. 5. lhe (iflerences iniyiel(s were sieni ticant. The average yields oF the nine 
entries rangcd from I.(0 to 1.5 I/Ia. compared 1o 1.2 I/ha ofI"-N No. 5 itrespective of seasons. 

Va.itall di IflrCncCs in ViClt were siniii Ileant in ite thCr three l)clions (Yenshme, Iutize, anld 
(hiku . I l)w\'Cr, VlliCal rcsponsestoI)catio.s an(I setasos \ere dilferenl. VC 3737A and VC 
373X13 showed more stle viehls than other entrIics across locali(ns. The ileain yields olthe nine 
entries;rou liefiletionMsloun ill twos easol rlnatecd tin 1.1 I/tOlafat 1.5 colmpare to 1.4 t/ha ofI 

TN N o.5. V(' 43SA and V( 
 39)7A had slightly larger seeds than TN No. 5. 1igh percentagces
lou ile first Itrvesl were lo' lld ill all enlries. 

Table 12. Yield and agronomic characteristics of mungbean RYTs, AVRDC, 1992-934 
Yield (t/ha) Days to flower Plant ht (cm) 100-seed wt (g) Pods/m 2
 

Entry SU (92) SP (93) SU (92) SP (93) SU (92) SP (93) SU (92) SP (93) 
 SU (92) SP (93) 
VC3737A 1.1 1.5 39 54 72.8 4.7 5.539.0 231 406
 
VC 3738B 1.1 1.9 39 54 63.7 44.2 5.2 5.5 246 459
 
VC 3907A 1.0 1.3 39 55 70.2 39.2 5.7 5.9 246 359
 
VC 4152B 0.9 1.5 37 51 69.9 44.2 5.6 6.0 213 
 394 
VC 4250A 0.9 2.0 39 55 70.9 50.1 5.2 5.9 194 481
 
VC 4386A 0.9 1.2 36 55 74.8 
 43.9 5.8 6.2 208 336
 
VC 4394A 0.8 1.4 37 52 80.4 47.0 5.0 5.8 187 
 359 
VC 4442A 1.0 1.1 36 53 70.3 35.9 4.9 5.5 215 377
 
VC 4541A 0.8 1.4 31 52 73.7 38.7 4.6 
 5.7 205 332 
TN No. 5 (ck) 1.1 1.3 37 54 65.9 37.4 5.2 5.8 238 344
 
Mean 1.0 1.5 37 54 71.2 
 41.9 5.2 5.8 218 384 
c.v. (%) 9.4 29.5 0.9 - 4.0 20-.2 5.0 5.7 14.4 34.0
 
LSD (0.05) 0.1 0.6 
 0.5 - 4.1 12.3 0.4 ns 45.7 ns
 
"Planting dates: SU: 21 July 1992; SP: 2 -ebruary 1993.
 

Seed Production and Distribution 

ROC nalional pi,;rams organized trials of newly released AVRI)C varieties/lines to 
(lemonstrate iheir yield pouent il tir rmrs'eld condiions. i revioLsly released AVIRI)C
varielies/lines are frequently us,d as checks in RYTs, AVRI)C has multiplied and distributcd 
671.2 kg or slock seeds for three dlil'erent crops In 1993 (ltable 13). 
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Table 13. Seed production and distribution of AVRDC-released varieties 

Crop Variety Seed amount (kg) 
Tomato FMTT 33 1.2 
Mungbean Tainan No. 5 520 
Soybean Tainan Sel. No. 1 50 

KS No. 10 100 

Varietal Evaluation of Nonprincipal Vegetables 

Summary 
Varietal ()b51'eratlioli and evalhialioi trials f ltlllce,onion, al( snap hean Wer"Ce conllduCted 

in 1992 -91. ,,\onngtie 33 entries ot leaf lettice, tile best yielders werc( )akleaf and New Red 
File latuni11nni anl sierla anid( lPri el i ()scnil VMIL o(r spting. [or crisplicad lelltuce trials, 
(;re'nlield, ( reat I akes, Mid SIlunrner (ol 1(1pro(dtLced the best head yields or above 4(0 t/ha inl 
autun1; +whi,: sa Plo.h0 V,a1211'd11 75. and Radiant c/. were tile monst prolmising varieties 
whii yielded t 111th1n /lh; . read lettuce Felicia cz, Iiracicaha 65, ande , 2) in sprin l litt 
Victor iape rlorreiuld \'env'well in l)i and spring scasons. yields ()f(tienih auturlilm THie avcraice 
prom i.4iIi varieties werC 22 28 t/ha. Among tie romiaine leituce varielies. lhe best yielders were 
Alpi (32 t/ha) and Kalura c.. (42.5 i/ha) For at'Iumn and spring, respectively. 

Thiri y-th-ce onion varieties were cvaluatled in arcplicattel trial for c('om parison with two local 
varielies. Sini ticta di ffercncCs in Inarkctalc yields were lFun a(lInin( tile nlries. 'he top ive 
varietieis Interll n arketalc vields were: Rio (;ranex 429 [:,Bravo IF1, Superex F,, Evila F, 
anid 'TI6 5(2 IP R. 'liese\'h ariclics pr)l(tice( yields o166--73 t/la comilpare(l 1()47 i/haI( Tainan 
No. I adill 42 i/a1 (iorTI'ainti No. 3. 

'reliminary observation of 14 pole snap hean varieties indicated that I locally developed 
variely, Taichun Ni. I I-N, was htter llan the other entries. It gave the highest yield of I 3.8 
t/hia lollowed by Kenlucky \\"onder (12.6 I/ha). 

Introduction 
I.'valualiriol o1 A R\1,I)C nonpri nlipal vegetables such ias broccoli, lettuce, onion, andlothers 

has been eLiL insince 1987 intlile C(ounlry progranis. AVRI)C has gained experience ill 
surccessfully g,"owing ainI identifhying promiising varieties olseveral noriprirlcipal and potential 
principal ve eltable crinps. 'he purpos oF varietal evaluation is to search f(or iniprove(l vegetable 
varieties lti are andlugh cinllecting, testing, and selecting those that especially heal-lolerant 
diseas-resislall. "[The selected varicties will be recommended to tile national programns. 

li 19+92-93.several nbservalin Inrials were conducted at AVRI )(C for lru r selected vegetable 
crops: lettuce, orllioi, Snap beall, ar(l yard-lon beall. 

Materials and Methods 
I,0tttuce. A total oF' 103 varIetlies of lettuce Ihncludilg 33 leltl'letuice, 36 crlsphead, 23 

hutterheiad, and II ronnaine tlypes were collected front USII)A-ARS and coinniercial seed 
cotnpainies in 1992. Varietal observation trials were conducted at AVRI)C in aul.ltumlnn1992 and 
spring 1993. The trials were planted on 4-in-long, two-row bds, wilh spacing o1"50 cm between 
rows and 20 cm between plants with no replications. 
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Onion. An onion variety trial was carried ow to evaluate 35 varieties collected from NRI/
11 RI and commercial seed companies in autunn 1992. The onion plants were transplanted inI x 2 in two-r cw plots with40 cm space between rows and 10(cm between plants and 4(0 plants
per plol. The variety trial was co(nducted using a randomized complete block design with three 
replicaliors. 

Snapl bean. An observation trial was condlicied Icc evalate 53 bush snap hean varieties inaitunin 1992. The bean var.t ies were seededldirectly in a single-row, 6-ni-long bed withspacing 75 cin between rows and l(1cm between plants. Another observation trial was carried 
out to observe 14 plc snap bean varielies in a.t lUllmn 1992. The pole beans were planted on 4.8
ni-long, dc blc-irw beds with spacing 75 cm between rows and 41)cm het ween plants. The trial 
was replicated twice using RCIS ).


Cultural manage 
 icnt was hased on tlhe slandard procedures adopted hy lhe farmers for each 
crop. Yiell data and mlajor hotriclturlal characteristics were collected and recorded. Chemical 
analyses were done ill cooperation with tle Analytical l.aboratory. 

Results and Discussion 
iea lettuce. TlCe resulls of the le;f iettuce oiservation trials are given in tables 14 and 15.The days lri transpl,.,t ing to harvest ranged from 28 to 57 (lays in autumn and from 14 to 48da\ , in spri ng. The fact Ihat the spring crop needed shorter time to harvest than Ihe .li t lll 11one was (Itnc oearlier hollrrg of plants. The 33 entries produced yields from 1()to 23 t/ha (average

1(.8 tl/ha) and from 5.5 to 32.4 t/ha (average 13.6 t/ha) for atullmnn 1992 and sping 1993,
respect ively. Varietal responses to seasons were quite(di fferent. In alit llal, the highest yielderswere ()akleafand New Red Five, while Sierra and IPrizemor ()scnra VMI . were thle best yielding 
varieties in spriNie. Most cl the leaflLuce ent, .-s erew quickly and reached harvest 1-2 m '.ntlhs
after planting. IIwcever, they were sensitive to high lenperalures Wlich generally caused the 
early holling of plalts. 

Crisphead le t tce. Thirly-six varieties ofcrisplCead lettuce were ccllected and included inthe ohscrvalion triLls which were carried out ill two seasons. In atilUlln 1992, plants wereharvested lro;,1 46 to 57 days afler transplanting. I lead weighls (f the entries ranged from 10(1tcc 45) g. ;reenfield, ;reat L.akes, and Suiiner Gold producecl the best head yields of above4() t/ha wilh large and heavy iealds (lahle 16). The crop duration in spring was shorter than in
anttmin duc to higher temperat tires. In spring 1993, days io harvest for the 34 entries were from28 to 48 (lays (table 17). I arg,, variations were lon( ii blcllh head weight and head yield. Amnong
the 34 entries, head weiglcts ranged from 95 to 4(0 g while head yields ranged fron 1.8 to 25.3
tlha. The most prcmising varieties were Rosa Ihl o, Vanguard 75, and Radiant cz. These entriesyielded abccve 2(01/ha cocmpared tcc 19 t/h lccr Ceor,'il, which is acrisphead lefittce comcnly
grown by the farners in Taiwan. Crisplhead lellucc h;as become avery popular and incportant
leafy vegetable in1'aiwan. Tc extend lettuce i }ear-rIund grt, Aing, aheat-lolerant and disease
resistant variety isneeded. The inci(ence ofltipburn was more serious in atut 11hanill spring.
A number of lciiries appeared to he very suscCptihle ti tiphurn (tahle 16). 

Butterhead let uce. Twenty-tlhree varielies of uhnterhead lettluce were collected and tested
in auuttl 1992 and spring 1993. Thc 23 entries matured in 41-57 days and 31-45 days forautumn and spring, respectively (tables 18 and 19). Four entries: Anuenue, Felicia cz, Victoria 
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-Table 14. Yield and horticultural characteristics of leaf lettuce variety trial, autumn 19928 
Variety Source Leaf Days to Days to Vigor, Tip- Head wt Yield 

Oakleaf USDA-ARS 
color' 

YG 
harvest 

46 
bolting 

91 3 
burnd 

4 
(g) 
230 

(t/ha) 
23.0 

New Red Fire 
Grand Rapid 

Agway 
Enza Zaden 

DR 
YG 

41 
41 

91 
60 

4 
3 

5 
5 

230 
220 

23.0 
22.0 

Red Koreana 
Local Imp. 

Choong Ang 
Tsou Jway Ho 

GR 
G 

41 
33 

45 
54 

3 
5 

5 
3 

210 
200 

21.0 
20.0 

Black Seeded Simpson Burpee YG 33 54 5 3 200 20.0 
Red Salad Bowl 
Grand Rapid 

Burpee 
Sakata 

GR 
YG 

41 
41 

i5 
54 

4 
3 

5 
4 

200 
200 

20.0 
20.0 

Red Sails USDA-ARS DR 33 60 5 5 190 19.0 
Canasta USDA-ARS DG 57 103 2 4 320 18.0 
Celtuce 
Tango 

Known-You 
Burpee 

G 
DG 

33 
41 

54 
91 

5 
3 

3 
5 

180 
180 

18.0 
18.0 

Slobolt 
Green Koreana 

USDA-ARS 
Choong Ang 

YG 
YG 

33 
36 

54 
54 

5 
4 

3 
4 

180 
180 

18.0 
18.0 

Local Imp. No. 3 Ching Jong G 33 54 5 3 180 18.0 
Local 
Pai-Lu-Ching 

Ching Jong 
Cning Jong 

G 
G 

33 
33 

54 
54 

5 
5 

3 
3 

170 
170 

17.0 
17.0 

Rapidmor Oscura VML INTA, Argentina LG 33 54 5 3 165 16.5 
Local 
Woldmann's Green 

Song Tai 
USDA-ARS 

G 
G 

33 
36 

54 
60 

5 
4 

3 
4 

160 
155 

16.0 
15.5 

Prizehead USDA-ARS LR 41 60 3 5 150 15.0 
Local White Nong Seng G 33 54 5 3 150 15.0 
Brastaga Leaf 
Jan-Tieh 
Simpson's Curled 

Indonesia 
Shun Far 
Bentley Seed 

YG 
G 

YG 

33 
33 
36 

45 
45 
54 

5 
5 
4 

3 
3 
3 

150 
150 
150 

15.0 
15.0 
15.0 

Cavolo Di Napoli 
Grand Tray 

F. Inregnoli 
KaneKo 

DG 
G 

33 
36 

45 
54 

5 
3 

3 
3 

145 
145 

14.5 
14.5 

Rapidmor Clara VML INTA, Argentina YG 33 54 5 3 140 14.0 
Local Leaf 
Prizernor Oscura VML 

Shun Far 
INTA, Argentina 

DG 
DR 

33 
41 

45 
60 

5 
2 

3 
5 

140 
130 

14.0 
13.0 

Sierra Zaden GR 46 103 3 5 200 10.5 
Green Wave Takii LG 28 41 2 3 100 10.0 
Black-Seeded Simpson Sunseeds YG 33 54 5 3 160 10.0 

Date sown: 15 October 1992: date transplanted :13 November 1992 
, Leaf color: DG: dark green; DR: dark red; G: green; GR: green w/red margin; LG: light green; LR: 
light red; YG: yellow green.
Vigor: 5 - 1: excellent to bad; recorded on 15 December 1992. 

dTipburn: 5- 1: none to serious. 

and1Piracicaha 65 gave the highest head yields o1"23-28 t/ha in autumn; while seven varieties,
Carmona ez., Kagraner Summer, Piracicaha 65, Buttercrunch, Felicia ez, White Boston, and 
Victoria, yielded from 27.5 to 21.5 t/ha in spring. Felicia ez, Piracicaha 65, and Victoria 
performed very well in hoth seasons. These promising entries had good head size of 230 to 
2X0 g (tables 18 andI 19). 
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Table 15. Yield and horticultural characteristics of leaf lettuce variety trial, spring 1993'
 
Variety Source I eat Days to Days to Vigor Tip- Head Yield 

Sierra Zaden 
color' 
GR 

harvest 
38 

bolting 
48 4 

burnd wt (g) 
5 324 

(t/ha) 
32.4 

Prizemor Oscura VML INTA, Argentina GR 45 48 3 5 317 28.5 
Red Salad Bowl 
Pai-Lu-Ching 

Burpee 
Ching Jong 

GR 
MG 

38 
31 

48 
28 

5 
4 

4 
4 

180 
186 

18.0 
17.6 

Local White Nong Seng MG 31 28 5 3 172 16.4 
Green Koreana Choong Ang LG 31 35 4 5 172 15.9 
Black-Seeded Simpson Burpee LG 31 35 4 4 159 15.9 
Local Song Tai MG 31 28 4 4 170 15.8 
Black-Seeded Simpson Sunseeds LG 31 35 5 4 157 15.7 
Local Imp. Tsou Jway Ho MG 31 28 4 4 147 14.4 
Simpson's Curled Bentley Seed LG 31 28 3 4 153 14.1 
Rapidmor Clara VML INTA, Argentina LG 31 - 2 3 151 14.0 
Rapidmor Oscura VML INTA, Argentina LG 31 48 4 4 138 13.5 
Prizehead USDA-ARS GR 38 48 3 4 154 13.5 
Red Sails USDA-ARS R 28 18 3 5 213 12.8 
Local Leaf Shun Far G 31 28 4 4 124 12.4 
New Red Fire Agway GR 45 48 3 5 120 12.0 
Woldmann's Green USDA-ARS LG 21 35 2 5 135 11.5 
Slobolt USDA-ARS LG 21 18 3 4 250 11.3 
Brastaga Leaf Indonesia LG 31 28 3 4 122 11.0 
Grand Rapid Enza Zaden I G 31 28 3 4 110 10.8 
Grand Tray Kaneko G 31 28 3 4 105 10.8 
Cavolo Di Napoli F. Ingegnoli G 14 18 3 4 165 10.8 
Grand Rapid Sakata LG 21 35 3 4 184 10.1 
Canasta USDA-ARS R 48 48 4 4 190 9.5 
Tango Burpee LG 28 31 2 5 224 9.5 
Oakleaf USDA-ARS LG 48 48 2 4 106 8.5 
Celtuce Known-You MG 31 35 5 2 128 7.5 
Red Koreana Choong Ang GR 21 18 3 4 145 7.3 
Local Imp. no. 3 Ching Jong MG 31 35 4 4 110 5.5 
Mean 32 167 13.6 
aDate sown: 18 March 1993; date transplanted: 13 April 1993.
 
'Leaf color: DG: dark green; G: green; GR: green w/red margins; LG: light green; MG: milky green; R:
 

red. 
zVigor: 5 -1: vigorous to weak; recorded on 30 April 1993.
dTipburn: 5 - 1: none to serious; recorded on 18 May 1993. 

Romaine iettuce. Romaine lettuce or cos leltuce is perhaps tie most ancient type of the 
leltuces and is si!l very popular in soulhern and eastern Mediterranean countries today. Eleven 
varieties were collected and grown in tie autumn and spring observation trials in 1992-93. In 
autumn, the variety Alpi gave the highest yield of 32 I/ha compared to 15 t/ha For Parris Island 
which was the lowesl yielder (table 20). The next highest yielding varieties were Tall Guzmainc 
and Floricos with yields ofi25 I/ha, These lettucc entrics responded differently to various seasons,
Insp:lng, variety Kalura ez had fhe highest yield of 42.5 t/ht, while AlpI, which produced the 
highest yield Inautumn, was the lowest yielder (18.5 t/Ia, table 21). The average days to harvest 
were 5(1 and 40 days lor autumn and spring, respectively. The mean head weights were 218 g and
283 g for autum and spring, respectively. Generally, these varieties were more susceptible to 
bolting in spring than in autumn. High temperatures seem to enhance seed stalk elongation, an
undesirable event in lettuce production signaling the end of the marketability of the crop. 
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Table 16. Yield and horticultural characteristics of crisphead lettuce variety trial, autumn 19928 
Variety Source Leaf Days to Days to Vigor: Tip- Head Yield 

color' harvest bolting burnd wt (g) (t/ha) 
Greenfield Arthur Yates DG 57 68 4 1 450 45.0 
GrFat Lakes Burpee DG 57 76 4 3 420 42.0 
Summer Gold Arthur Yates DG 57 68 4 3 420 42.0 
Calmar USDA-ARS DG 57 76 4 2 400 40.0 
Olympia Mikado DG 57 68 3 1 400 40.0 
Summer Gold Arthur Yates DG 57 83 3 3 400 40.0 
Empire USDA-ARS DG 57 75 4 4 390 39.0 
Vanguard 75 USDA-ARS G 57 76 4 2 380 38.0 
Great Lakes 659 Petoseed DG 57 76 4 3 360 36.0 
Jackpot Arthur Yates DG 57 60 3 4 350 35.0 
Lagomor VML INTA, Argentina G 57 83 4 3 350 35.0 
Blanco RS Royal Sluis DG 57 91 3 3 340 34.0 
Suny Lake Arthur Yates DG 57 83 3 3 340 34.0 
Brogan ez Enza Zaden DG 57 76 3 1 330 33.0 
Autumn Go;d USDA-ARS G 57 83 4 2 320 32.0 
Target Petoseed DG 57 68 3 2 320 32.0 
Sun Kaneko G 57 76 4 3 300 30.0 
Himalaya Watanabe DG 57 76 4 1 300 30.0 
Kelvin RS Royal Sluis DG 57 76 3 1 290 29.0 
Georgia Known-You DG 46 68 4 2 290 29.0 
Top Mark Takii DG 57 83 2 3 280 28.0 
Early S-25 Nong Seng DG 57 83 3 3 280 28.0 
Martha Zorzi Sementi G 57 68 3 2 270 27.0 
Pacific USDA-ARS DG 57 68 3 2 270 27.0 
Greenway Arthur Yates DG 46 68 3 1 260 26.0 
Summertime Petoseed DG 57 68 3 1 260 26.0 
Radiant ez Enza Zaden LG 56 85 2 3 250 25.0 
South Bay USDA-ARS G 46 83 3 3 230 23.0 
Salinas USDA-ARS DG 46 68 4 2 220 22.0 
Montello USDA-ARS DG 46 76 3 2 200 29.0 
Martha F. Ingegnoli DG 46 68 3 4 190 19.0 
Ithaca USDA-ARS DG 46 76 3 2 180 18.0 
Julietta Mikado DG 46 68 3 1 170 17.0 
My Kaneko DG 46 68 3 2 150 15.0 
Rosa Pablo 
(RS867489) Royal Sluis DR 57 54 3 3 150 15.0 

Mini-Green 
(90-540M) USDA-ARS DG 56 - 1 5 100 10.0 
Mean 54 295 29.5 
Date sown: 15"October 1992; date transplanted: 13 November 1992. 

'Leaf color: DG: dark green; DR: dark red; G: green; GR: green w/red margin; LG: light green; LR: light 
red; YG: yellow green.

cVigor: 5 - 1: excellent to bad; recorded on 15 December 1992. 
dipburn: 5 - 1: none to serious. 
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Table 17. Yield and horticultural characteristics of crisphead lettuce variety trial, spring 1993 
Variety Source Leaf Days to Days to Vigorc Tip- Head Yield 

color' harvest bolting burnd wt (g) (t/ha)
Rosa Pablo (RS867489) Royal Sluis GR 45 - 4 4 253 25.3
Vanguard 75 USDA-ARS G 38 35 3 2 214 20.9
Radiant ez Enza Zaden G 45 48 4 3 20.5328
Georgia Known-You G 45 48 3 3 271 19.0
Blanco RS Royal Sluis G 45 48 4 2 348 18.3
Lagomor VML INTA, Argentina G 48 48 4 3 281 18.3
Greenway Arthur Yates MG 45 48 4 2 291 16.0
South Bay USDA-ARS G 48 48 4 5 252 14.5
Brogan ez Enza Zaden LG 48 - 4 4 239 13.8
Suny Lake Arthur Yates G 45 48 3 2 235 13.5
Himalaya Watanabe G 45 - 3 4 225 13.5
Sun Kaneko G 48 - 2 5 178 12.0
Kelvin RS Royal Sluis 45G 48 3 3 209 12.0
Summer Gold Arthur Yates MG 48  3 4 247 11.8
Calmar USDA-ARS G 45 48 5 5 409 11.3
Jackpot Arthur Yates 45MG  4 1 216 10.3
Salinas USDA-ARS G 28 48 3 4 195 9.8
Summer Gold Arthur Yates LG 48 - 3 5 218 9.3
Great Lakes Burpee LG 28 - 3 5 189 9.0
Julietta Mikdo MG 48 48 3 5 227 8.5
Autumn Gold USDA-ARS G 48 48 3 5 183 8.3
Ithaca USDA-ARS G 48 - 3 4 229 8.0
Martha F. Ingegnoli G 48 - 3 4 238 7.8
Summertime Petoseed G 48 - 2 4 176 7.5
Pacific USDA-ARS G 48 48 3 4 171 7.3
My Kaneko G 48 48 3 4 187 7.0
Great Lakes 659 Petoseed G 48 48 3 4 165 7.0
Montello USDA-ARS G 48 - 3 4 167 6.3
Target Petoseed G 48 48 3 4 95 4.5
Empire USDA-ARS G 48 48 4 5 213 4.3
Greenfield Arthur Yates MG 48 48 3 4 200 4.0
Olympia Mikado G 48 - 3 4 166 3.8
Top Mark Takii LG 31 31 2 4 118 3.3
Mini-Green (90-540M) USDA-ARS DG 48  2 4 100 1.8 
Mean 
 45 
 219 10.8 
'Date sown: 18 March 1993; date transplanted: 13 April 1993. 
'Leaf color: DG: dark green; G: green; GR: green w/red margins; LG: light green; MG: milky green; R: 

red. 
Vigor: 5 - 1; vigorous to weak; recorded on 30 April 1993.

dTipburn: 5- 1: none to serious; recorded on 18 May 1993. 
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Table 18. Yield and horticultural characteristics of butterhead lettuce variety trial, autumn 1992a 
Variety Source Leaf 

color" 
Days to 
harvest 

Days to 
bolting 

Vigorc Tip-
burnm d 

Head 
wt (g) 

Yield 
(t/ha) 

Anuenue USDA-ARS G 57 60 2 2 280 28.0 
Felicia ez 
Victoria 

Enza Zaden 
USDA-ARS 

LG 
YG 

57 
41 

98 
60 

22 
3 

5 
3 

260 
250 

26.0 
25.0 

Piracicaba 65 
Wonder of the 4 Seasons 

Agroceres 
Daehnfeldt 

LG 
DR 

57 
41 

91 
54 

3 
3 

3 
3 

230 
200 

23.0 
20.0 

Semira ez Enza Zaden G 57 91 3 3 200 20.0 
Prado RS 
Dark Green Boston 

Royal Sluis 
USDA-ARS 

LG 
LG 

41 
44 

54 
55 

3 
2 

3 
3 

110 
190 

19.0 
19.0 

Saffier USDA-ARS LG 56 - 2 5 190 19.0 
Carmona ez Enza Zaden R 44 78 2 4 180 18.0 
Buttercrunch 
Solista ez 84 

Burpee 
Enza Zaden 

DG 
G 

46 
57 

83 
91 

3 
2 

3 
3 

170 
170 

17.0 
17.0 

Regina 71 Agroceres LG 44 - 2 4 160 16.0 
Buttercrunch Bentley Seed DG 46 60 4 3 160 16.0 
Patty F. Ingegnoli YG 46 60 4 3 160 16.0 
Okayama Salad 
Amandine 

T,kii 
USDA-ARS 

DG 
LG 

41 
44 

60 
78 

4 
2 

2 
4 

160 
150 

16.0 
15.0 

Kordaat USDA-AQS YG 57 83 2 3 115 14.5 
Crescendo F. Ingegnoli YG 46 60 3 3 130 13.0 
Kagraner Summer Daehnfeldt G 46 83 2 2 120 12.0 
White Boston Zorzi Sementi YG 46 60 4 3 110 11.0 
Emilia Zorzi Sementi G 46 60 3 3 110 11.0 
Mirena Nunhems Zaden YG 46 68 3 3 100 10.0 
Mean 48 178 17.5 
'Date sown: 15 October 1992; date transplanted: 13 November 1992 
Leaf color: DG: dark green; DR: dark red; G: green; GR: green w/red margin; LG: light green; LR: 
light red; YG: yellow green.

CVigor: 5 - 1: excellent to bad; recorded on 15 December 1992.
dTipburn: 5 - 1: none to serious. 

Onion. AVRI)C began the collection and evaluation of the commercial onion varieties in 
1987 with the objectyives of testing their adaptability and yield potential under subtropical 
conditions and selecting promising high yielders for the national programs in Taiwan. An onion 
variety evaluation trial was conducled in autumn 1992. Thirty-three entries, including 2(0 
varieties received fronm NRI/llRI, U.K., were compared to two local varieties Tainan No. I and 
Tainung No. 3. The results of yield and horticultural characteristics of the promising entries are 
given in table 22. Marketable yields of the 35 entries ranged fronm 3.3 to 73.0 t/ha with a nean 
of 42.6 I/ha. Among the 33 entries, I I and 14 of them significantly oulyielded the local Tainan 
No. 1and Tai nung No. 3, respectively. The top five varieties in terms of marketable yields were: 
Rio Bravo F', (iranex 429 F1, Superex F,, Evila F, and TE(G 51)2 IZRR. These varieties produced 
yields o(66-73 t/ha compared to47 I/ha lor Tainan No. I and 42 t/ha for Tainung No. 3. Maturity, 
bulb weigh, bulb size, and neck diameter were all significantlly different among the entries. The 
maturity in terms ofll)ATranged tromi 125 to 154 days with l mean )f 136 days. The bu lb weights 
of 35 entries ranged from 8(10o 417 g with an average of 265 g. I.arge bulb weight was generally 
associated with the high-yielding varieties, except Tropical Ace F, which had the largest bulb 
weight but low marketable yield. The low yield offTropical Ace F, was mainly attributed to the 
high number 01( double bulbs. 
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Table 19. Yield and horticultural characteristics of butterhead lettuce variety trial, spring 1993, 
Variety Source Leaf Days to Days to Vigorc Tip- Head Yield 

mcolorb harvest bolting burn wt (g) (t/ha)
Carmona ez Enza Zaden GR 45 48 4 5 275 27.5
Kagraner Summer Daehnfeldt LG 45  3 4 257 25.7
Piracicaba 65 Agroceres G 45 48 4 4 289 25.3Buttercrunch Burpee 45 3G 48 3 250 23.8
Felicia ez Enza Zaden LG 45 - 4 4 225 22.5
White Boston Zorzi Sementi LG 38 48 4 2 227 22.1Victoria USDA-ARS LG 45 48 3 3 226 21.5
Buttercrunch Bentley Seed 38 -G 5 3 279 19.5
Okayama Salad Takii G 38 48 3 3 190 18.5
Mantilia GRSU (LT0073) G 31 - 3 4 222 17.8
Anuenue USDA-ARS G 45 - 2 4 176 17.6
Wonder of the 4 Seasons Daehnfeldt GR 38 35 3 5 176 16.8Mirena Munhems Zaden LG 45 48 3 5 206 16.0Solista ez 84 Enza Zaden G 45 - 2 3 150 15.0
Regina 71 Agroceres LG 38 48 3 4 149 14.9Prado RS Royal Sluis 38 3LG 35 3 161 14.5
Semira ez Enza Zaden L.G 45 48 33 5 14.3204
Amandine USDA-ARS 38 3LG 48 2 118 11.8
Patty F. Ingegnoli LG 45 48 3 5 196 11.8
Dark Green Boston USDA-ARS G 38 35 3 2 103 9.8
Kordaat USDA-ARS LG 45 48 3 2 104 9.4Saffier USDA-ARS LG 45 48 3 2 142 9.3
Crescendo F. Ingegnoli G 45 48 3 5 8.0152
Mean 42 196 17.1'Date sown: 18 March 1993; date transplanted: 13 April 1993. 
'Leaf color: DG: dark green; G: green; GR: green w/red margins; LG: light green; MG: milky green; R: 

red.
cVigor: 5 - 1: vigorous to weak; recorded on 30 April 1993.
 
dTipburn: 5 - 1: none to serious; recorded on 18 May 1993.
 

Table 20. Yield and horticultural characteristics of Romaine lettuce variety trial, autumn 19924
 
Variety 
 Source Leaf Days to Days to Vigor: Tip- Head Yield
 

color" harvest bolting burnd wt (g) (t/ha)

Alpi Nunhems 
 LR 69 91 2 3 320 32.0
Tall Guzmaine Petoseed 44 2G 63 4 250 25.0
Floricos USDA-ARS DG 57 83 3 3 250 25.0
Kalura ez Enza Zaden 46 4G 60 3 240 24.0
Prizemor Clara VML INTA, Argentina DR 57 68 2 4 240 24.0
Carolangueu INTA, Argentina 33DR 54 5 2 215 21.5
Parris Island Petoseed DG 46 54 4 3 190 19.0
Maravimor Clara VML INTA, Argentina DR 41 60 4 3 190 19.0
Valmaine USDA-ARS LG 44 47 2 4 180 18.0
Augustus Petoseed 46 3DG 54 3 170 17.0
Parris Island USDA-ARS DG 61 60 3 3 150 15.0 
Mean 
 50 
 218 21.8 
'Date sown: 15 October 1992; date transplanted: 13 November 1992
'Leaf color: DG: dark green; DR: dark red; G: green; GR: green w/red margin: LG: light green: LR: light

red; YG: yellow green.
cVigor: 5 - 1: excellent to bad; recorded on 15 December 1992. 
dTipburn: 5 - 1: none to serious. 
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Table 21. Yield and horticultural characteristics of romaine lettuce variety trial, spring 1993, 

Variety Source Leaf Days to Days to Vigorc Tip- Head Yield 
color' harvest bolting burnd wt (g) (t/ha) 

Kalura ez Enza Zaden G 45 48 3 4 425 42.5 
Augustus Petoseed G 38 35 5 4 392 37.3 
Floricos USDA-ARS G 45 - 5 4 280 28.0 
Valmaine USDA-ARS G 38 35 5 1 268 26.8 
Carolangueu INTA, Argentina G 38 35 4 2 278 26.4 
Prizemor Clara VML INTA, Argentina GR 38 - 3 5 245 24.5 
Parris Island Petoseed G 38 35 5 2 239 23.9 
Maravimor Clara VML INTA, Argentina GR 38 35 4 4 238 23.8 
Parris Island USDA-ARS G 38 35 5 4 277 22.9 
Alpi Nunhems LG 45 3 4 185 18.5 
Mean 40 283 27.5 
aDate sown: 18 March 1993; date transplanted: 13 April 1993. 
"Leaf color: DG: dark green; G: green; GR: green w/red margins; LG: light green; MG: milky green; R: 

red. 
cVigor: 5 - 1: vigorous to weak; recorded on 30 April 1993. 
dTipburn: 5 - 1: none to serious; recorded on 18 May 1993. 

Table 22. Yield and horticultural characteristics of 24 promising onion varieties, AVRDC, autumn 
1992 

Total Bulb -_Bulb size_ Neck Plants 
Entry Marketable Yield Days to wt Ht Diam diam bolted Source 

(t/h) (t/ha) maturity (g) (cm) (cm) (mm) (N) 

Rio Bravo F, 73.0 73.0 132 371 7.5 9.5 7.8 0 NRI/HRI 
Granex 429 F, 72.8 78.9 132 398 8.0 9.3 9.4 0 Asgrow 
Superex F, 69.4 70.1 125 345 7.9 9.4 8.7 0 NRI/HRI 
Evita F, 66.6 72.3 135 355 7.5 9.5 8.7 0 Nickerson 
TEG 502 PRR 66.4 70.4 125 352 8.7 9.0 9.1 3 Abbott & Cobb 
Gladalan Brown 65.2 70.8 132 366 8.6 8.9 8.2 3 NRI/HRI 
Granex Y PRR F, 63.1 67.4 128 336 6.7 10.0 8.4 0 Petoseed 
Rio Bingo F, 62.3 63.8 125 320 8.4 9.2 9.1 0 NRI/HRI 
PSX 1029 F, 62.2 70.3 125 351 9.0 9.3 9.4 0 Petoseed 
Dessex F, 61.2 61.3 125 323 6.7 9.9 7.5 0 NRI/HRI 
TG 1015 Y 60.7 63.1 135 324 8.5 9.4 8.1 1 Petoseed 
Rio Hondo 58.0 61.3 128 320 8.0 9.3 8.6 0 NRI/HRI 
Henry's Special PR 57.4 59.6 125 313 9.0 9.3 8.7 1 Sunseed 
Rio Blanco Grande 55.9 56.7 125 290 8.3 8.8 8.4 2 NRI/HRI 
Regal 53.0 55.8 135 291 7.8 8.9 8.8 0 NRI/HRI 
Pyramid 50.4 53.3 125 253 5.6 9.6 9.9 0 NRI/HRI 
XPH 3325 F, 49.9 49.9 135 342 7.2 9.7 8.9 25 Asgrow 
Ringer Grano (PRT) 49.0 51.7 125 273 9.1 8.5 9.3 0 Abbott & Cobb 
Tainan No. 1 47.0 48.5 135 263 6.8 8.9 7.6 10 Tainan DAIS 
Arad F, 46.0 53.4 135 273 7.4 9.3 9.5 0 NRI/HRI 
Tainung No. 3 42.0 43.8 128 238 6.8 8.6 7.9 6 FTHES 
Tropical Ace F, 41.9 81.3 128 417 8.4 9.0 8.6 0 NRI/HRI 
Jaune De Valance 41.0 58.2 128 295 8.1 8.9 9.0 3 NRI/HRI 
Yellow Creole 34.1 37.2 141 188 5.7 5.0 9.4 3 NRI/HRI 
Mean of 35 entries 42.6 49.3 136 265 7.1 8.0 9.5 
c.v. (%) 18.6 15.1 3.8 20.0 7.6 10.5 11.8 
LSD (0.05) 12.9 12.2 8.5 86.5 0.9 1.4 1.8 
Planting dates: sowing, 19 October 1992; transplanting, 26 December 1992. 
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Bulb and storage quality or lhe 24 promising entries are given in table 23. Yellow Creole,
Tainan No. 1,Tainung No. 3, XlI-H 3325F,, Pyramid, and Arad F, had higher dry matter content
of 10.6-12.2% than other entries. Relatively low soluble solid (Brix) was Found among the
entries. The reading:; of brix were highly correlated with the dry matler. Hienry's Special PR and
Yellow Creole gave higher pungencies than other varieties. Results of the storatge test revealed 
that most olfthe entries (lid not have good keeping quality. Ilowever, Tainan No. 1,Tainung No.3, XPI13325F, and Yellow Creole showcd belter storage quality as indicaled by their lowpercentages ofrolled and sprouted bulbs as well as loss weight losses during lhe 4-nonth period. 

Snap bean. The crop ol bush snap bean observalion trial failed (Juc to lhe severe infestation
of beanflies. The pole snap bean observation trial was also slightly al fcled by the bean fly
infestation. The results of pole snap bean trial are given in table 24. Among the 14 entries,
Taichung No. I I-N gave the highest yield of' 13., :/ha, followed by Kentucky Wonder (12.6 I/ha) and a local variety, lPaichia (12. I I/ha). Kentucky Wonder is a popular [Xlc snap bean wilh
good quality in the USA. These entries maturcd in 62 to 74 days. Poroto, a waxy bean from 
Argentina, was a very early pole bean with large pods. 

Table 23. Bulb and storage quality of the promising onion varieties, AVRDC, autumn 1992 

'Pungency: pamole pyruvic acid/g freshi wt. 

Entry 

Rio Bravo F, 
Granex 429 F, 
Superex F, 
Evita F, 
TEG 502 PRR 
Gladalan Brown 
Granex Y PRR F, 
Rio Bingo F, 
PSX 1029 F, 
Dessex F, 
TG 1015 Y 
Rio Hondo 
Henry's Special PR 
Rio Blanco Grande 
Regal 
Pyramid 
XPH 3325 F, 
Ringer Grano (PRT) 
Tainan No. 1 
Arad F, 
Tainung No. 3 
Tropical Ace F, 
Jaune De Valence 
Yellow Creole 
Mean of 35 entries 

Dry matter 
(%) 
8.6 
7.8 
8.0 
9.6 
7.5 
8.8 
9.1 
8.2 
8.6 
9.8 
7.4 
8.5 
7.9 
8.5 
8.3 

10.6 
11.0 
7.6 

12.1 
10.6 
11.6 

8.0 
9.1 

12.2 
9.3 

Brix 
(0) 
3.6 
3.1 
3.2 
3.7 
3.3 
3.3 
3.7 
3.3 
3.5 
3.9 
3.0 
3.7 
3.2 
3.3 
3.3 
4.2 
4.9 
3.1 
5.1 
4.3 
4.8 
3.2 
3.7 
5.2 
3.8 

Punge ncya 
(pmole/g FW) 

4.64 
5.36 
5.46 
5.64 
6.35 
5.08 
5.88 
5.52 
6.86 
4.71 
4.87 
5.60 
8.24 
6.58 
5.53 
5.74 
6.06 
6.03 
5.65 
6.24 
5.19 
5.50 
5.83 
7.76 
6.28 

Storage for _49months ------. . 
Rotted (%) Sprouted (%) Wt loss(%) 

96 4 100 
71 7 89 
73 0 76 
89 4 96 
67 7 80 
84 0 93 
69 9 88 
51 0 70 
60 11 86 
64 9 82 
76 13 99 
71 9 88 
87 13 100 
80 8 97 
80 11 99 
91 2 94 
31 0 63 
84 0 92 
33 2 46 
82 6 94 
42 0 47 
89 4 97 
93 0 95 
33 21 64 

c.v. (%) 7.4 9.9 11.46 
LSD (0.05) 1.1 0.6 1.17 
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Table 24. Pole snap beans observation trial, autumn 1992 ° 

Entry Source Days to Days to Pod wt Yield 
flower mature (g) (t/ha) 

Taichung No. 11-N Taichung DAIS 41 71 7.4 13.8 
Kentucky Wonder Taichung DAIS 43 69 11.5 12.6 
Paichia Nong Seng Seed 43 74 7.7 12.1 
Black Creasback Taichung DAIS 44 70 7.2 11.8 
Poroto (waxy) INTA, Argentina 36 62 14.1 11.7 
Witsa C. May 42 70 11.6 11.0 
Macarrao Favorito AG-480 Agroceres 46 73 10.0 10.8 
Taichung No.16-N Taichung DAIS 42 71 8.6 10.1 
Unknown Thailand 39 67 9.9 9.6 
Taichung No.12-N Taichung DAIS 44 73 8.2 8.8 
Emerite Stockes, USA 37 70 9.8 8.4 
Poroto (green) INTA, Argentina 37 65 19.4 8.0 
Kentucky Blue Burpee, USA 42 72 9.9 7.4 
Kentucky Wonder (WS) Burpee, USA 38 67 9.6 6.2 
'Data represents the means of two replications. Planting date: 30 September 1992. 



Bangladesh-AVRDC Agricultural Research Project 

Summary 
The financial support contract Forr Bangladesh Agricultural Research Council (BARC)/Bangladesh Agriculture Research Institute (BARI) and AVRI)C under Agriculture ResearchProject-il (Supplement) USAII) ended on 4 June 1993. AVRI)C succeeded in getting anadditional grant for a 2-year period from USA II) For a proposal to introduce and develop adaptivetechnologies for year-roun1d vegetable production in Bangladesh. The AVRI)C/USAIi)/Bangladesh pro ijecl will continue the gerniplasn introduction and improvement program. Moregermplasm from AVRI)C and SAVERNET nenber countries have been received. A largequantity olInunghean gernplasni was received fromi the Asian Regional Center/AVRIC. A totalol 381 lines/varielies have been inlroduced in1993. These ernplain are being tested at BARI.The AVRID)C project is assisting BARI inidenlifying promising lines from the gerniplasn.lronising lines froin AVRID)C introduclions have been identifiel in tom.ato, okra, kangkong,e(lible podded pea, mu nghean, nialhabar spinach, chili, su uniner cau Iillower, garden pea, vegetablesoybean, and Chinese cabbage. They are under preliniinary yield trials (IPYT) lIr evaluation. To ensure a year-round tom1atO crop, protected cultivation wilh a polylhene cover in tie iionths of*.hiIne, JIul y, and August has been introduced along wilh the use of raised beds, grafling,toiniaolone snray, and heat-loleranit lines. This year a successful crop was produced in a large area underpolytlhene protection. lines TM()I Il and TM0367 developed fron AVRIC)C germplasni werefound quile promising f(r surniner and suniinier rainy season planting. The AVRI)C projectorganized an in-c( Unlry training on tle experimental design aid (fat aanalysis of vegetable cropsand innovative practices lar su iiner vegelable product ion. The project participated inthe intlernialand central research review for 1993-94 oin vegelable crops at BARI and assisted inidentilifyingresearch priorities. A Iarniers' lield day on suininer loiiat() was organized in collaboration withBARI and extension agencies. Also,a Held visit ws arraned for 30()USAII) staff, the Ministerof Agriculture, the Secretary of Agricullure, and nicihers of the Board olGovernors (BARI) to see the new varieties and technologies of vegetahle crops. Two booklets, Me handout, and four 

c(nsultant reports were released. 

Introduction 
Vegetable production inBangladesh is confronted with niany problens. The supply ofvegetables is linlited during the transitional period belween suniiier and winter. Drought in earlysurminer and heavy rain inmid- I hle suniner nakes vegetable production difficull. Highincidence o(fdiseases and insects is also responsible For low yield and poor quality. Production

also faces d(ificulty due to the I navailability of good quality seeds of improved varieties, poor
storage, and poor transportation facilities. 

Efforts are being made to develop new varieties and technologies that call extend vegetable
production year-round and ensure production through resistance to diseases, insects, andtolerance to extreme temperalure, (Iroiglit, aid(oilier eiivironnmental stresses. Many new varieties 
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and technologies have already been generated by BARI in collaboration with AVRI)C. The 
AVRI)C Bangladesh project is working to overcome the problens by introducing the needed 
germplasn, testing thln and identifying the prornising lines. Two heat-tolerant tonalo lines, 
TM() I aind] TM0367, selected lroI AVRI)C germplasm, are at the advanced stage of rel-ase 
for summer cultivation. Forwinter five toiato lines have been identified this year fIr secondary
yield trials (SYT). Okra line ()K 285, elible podded pea line GPl 007, and kangkong line KG 002 
have been selected for regional yield trials (RYT). Promising lines in chili/pepper, Chinese 
cabbage, vygetable s()ybean, bri nj at, sum ncr cauliflower, i al abar spinach, and garden pea have 
been idenlilied Fo)r PYT. [fforts are being undertaken for the transfer of identified varieties and 
technologies t() the larners through training, denionstrations, and field days by involving 
dilfcrent extension agencies including the NG6s. The activiiies and acconiplishnents for the 
year up to 31 Ocloher are presented here. 

Introduction of Germplasm 
A collection of more than 38 1 lines/varieties of dilferent vegetable crops from AVRI)C and 

SAV[RNFT countries was ma(e during this year (table 1). 
All these new lincs/varicies have been given to the BARI Horticulture Research Center For 

tesling. Mungbean mtelrial has been given to BARI Pulses )ivision, Regional Agricultural 
Research Station (IRARS), Ishurdi and Some material to the Institute for Post-graduale Studies in 
Agriculture (I,)SA). 

Table 1. Germplasm collection introduced during 1993 
No. Crop No. of lines 
1. Tomato 41 
2. Vegetable soybean 8 
3. Mungbean 303 
4. Malabar spinach 7 
5. Kangkong 1 
6. Brinjal 8 
7. Sweet pepper/Capsicum 3 
8. Chili 4 
9. Onion 4 

10. Welsh onion 1 
11. Bitter gourd 1 

Crop Evaluation Trials 
Tomato preliminary yield trial (PYT) 
The perlformance of 12 tlomalo lines, I I selected from AVRI)C introductions, were evaluated 

under PYTat the Central Research Stationof BARI, (iazipur, during rabi season 1992-93. Ofthe 
lines introduced Cl. 59125-206-1)4-2-2-0-4 produced fite highest yield (97.8 t/ha), followed by
FMTF 301 (96.9 t/la), FM'FE 260 (92.6 t/ha), FMITT 304 (92.3 tl/ha), and CHT 280 (88.3 tlha). 

Summer tomato 
The iost significant achievement was the successful large-scale su miner tolmato crop 

utilizing technologies such as raise(] heds, tlnoalotone spray. AVRIDC heal-tolerant lines, and 
polylhcne protection. 
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Three new observational trials on summer tomato were undertaken at BARI. 
The grafting technique for early summer tomato crop was standerdized. Solanum torvwin, a 

wild brinjal, was lound to be the best rootstock aning the three wild species tested. The graft
compatibility of S. torvwn with live cultivated varieties (TM() I 11, TM0367, TM() 126, Manik,
and Ralan) was Studied. It was found that all live varieties were \,cry compatible and scion-stock 
union was quite successtul. There was no signi ficant dli flerence in the percentage ofcomnpalibility. 
It is possible to usC any commercial variely of tlonalo for grafting onto S. torvwo. For growing
early sutminer tomato, seeI olS. torvnm shouldl be grown by 15 Novenmber and lhe small seedlings
should be transpl:mted to polythene bags in I)eceiher. Seeds of the commercial variety to be used 
as scion sholrd be sown in the first week of J.anuary. (;rafting should be done between the last 
week olJanuary and the first week of February. The grafted tomato plants should be transplanted
ill the field on 15-cm raised beds by the last week of February. The fruit lrom this crop will be 
available at the end of April or early May. 

A trial (o the use ot (Ii fferent protective materials/treatments (transparent polythene, thick 
white polylhene, black nelt, white net, and no cover) was undertaken for growing the su mifer rainy 
season tom l crop from June to September. 

The seedls of three varieties (TM()I 11, TM0367, and TM0054) were onsown 10 .lune. 
Transplanting oflthe seedlings on 3()-cm raised beds was done onI( 1(), ly. The flower clusters of' 
the plants were sprayed on II August. Fruit setting started just 4 days aflter spraying. The 
harvesting was done starting 14 eptember. Among all the treatments, the crop raised under 
transparent polythene gave the best yield. The yield of the crop protected under transparent
polythene was about three to flur liies more than the unprotected crops (luring tie heavy rainfall 
months from .lne to September. The yield recorded was 20.15, 16.2, and 14.6 I/ha for TMI I11,
TM0367, andi TM0054, respectively, as compared to 5.6,4.9, and 4.4 t/ha under the unprotected 
plots. 

Another preliminary trial was initiated to study the effect of (lilferent concentrations of 
tomatolone on fruit set. The seeds oflthree varieties (TM()I Il , TM0367, and TM0054) were sown 
on It).lune and transplanted on 2()1July. Three sprays of two concentrations, i.e., 2% (50 times 
dilution) and I 1 (11)() iiles (ilu lion) o ltonatotone were applie( at intervals of5 days on 20, 25,
and 30 Aumust. There was no significant di ffe'rence in thc fruit-set and total yield for either of the 
concentrat ion,. Hence, by using I% (1()0 times (ilution), half the hormone cost can be saved. 

Chinese cabbage 
Thirteen Chinese cabbage lines received from AVRI)C were tested (luing rabi 1992-93 at 

the Central Research Station of BARI in .Toylebpur. Seeds were sown on 23 November 1992 
directly in the main field. L.ine 85-202 prodLuceCd maximum head weight (658.7 g), followed by
85-216 (590.7 g). They were the best yielders among the entries tested. 

Regional yield trial of Chinese cabbage 
Line 1-2-7) developed from the germplasrn introduced from AVRI)C was tested during

winter 1992-93 in di ffecrnt regions oflthe counfry. The average head weight ofl ine 1-2-70 ranged
from 600 g at lshurdi to 808 g at.lanialpur. The highest yield per hectare was also recorded in 
Jarnalpur (50.6 t). The seed yield was highest in JoydeIbpur (390 kg/La) ain( lowest in Ishurdi 
(297.5 kg/hi). 
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Summer Chinese cabbage 
Seven Chinese cabbage tines collecled from AVRI)C were tested in the sumerof 1993. The 

harvesting began 5 June for the crop transplanted on 10 April. -leavy rain throughout Ihe growing 
season affected the experiment. Under these conditions, three varieties (82-159, 85-156, and 62 
[ASVECI) formed heads. The average head weight observed was 505 g, 478 g,and 445 g, 
respectively. The line 77M(2/3)-46 formed no head; 85-202 forned partial heads; and line 85
116 formed loose heads. 

Vegetable soybean 
A germplasm evaluation trial on 20 AVRI)C lines was undertaken to identify the promising 

lines from the crop sown in April. On the basis of single plant yield the live best lines (GC86025
10, GC 84040-27-1, GC 84(40-16-1, GC 86031-4NI., and GC 84040-7-1) were selected. 

Another trial on six AV, I )C lines was carried out during summer 1993. It is possible 
to grow two crops ofvegetable soybean during the sumtner. l.ine (CC84134-P-9-3-15-1(1 36 
g/plant) gave the best performance, followed by lines (C 84128-9-2-1 (119 g), GC 84126
13-1-2 (109 g), and GC 84128-17-2-0 (105 g). 

Chili 
A trial was conducted on 17 chili ines during rabi 1992-93 at the Central Research Station 

of BARI. Seeds oflthese lines were sown on 25 October and transplanted on 15 December 1992. 
The harvesting was done from 24 March to 3 May 1993 at 10-day intervals. 

I.ine C-002-9) (PBC 157) lrom AVRi)C produced the maximum dry chili yield of 1.4 I/ha, 
followed by lines C-017-89, C-018-91 (P13C 398), and C-006-89 (table 2). 

Table 2. Data on yield and yield contributing characters of selected chili lines in winter 1992-93 
Lines Mean Mean Mean Yield/ 

fruit fruit fruit plot Yield 
weight 

(g) 
length 
(cm) 

width 
(cm) 

(dry) 
(kg) 

(dry) 
(t/ha) 

C-017-89 1.86 4.78 0.81 0.44 1.1 
C-002-90 5.13 8.03 0.86 0.56 1.4 
C-006-89 1.66 5.60 0.86 0.42 1.0 
C-018-91 3.33 6.16 1.01 0.42 1.0 
Mean (17 lines) 2.51 6.41 0.84 0.27 0.7 
c.v. (%) 39.18 14.68 17.82 52.35 53.3 

Mungbean
 
Iine NM 92 inlroduced from AVII)C performed wel at all three locations (BARI, IPSA, 

and RARS, Ishurdi). The yield of this variety was 2.0 t/ha and 1.8 tlh at IPSA and BARI, 
respectively. It has been selected for demonstration trial. 

Seed multiplication ofthe new line was initiated in Septemher 1993 for conducting several 
experiments in the next season. 
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Malabar spinach 
A trial on seven AVRI)C and two local nialabar spinach lines showed that lines II) 0002, 11)0006, 11) 0014, and 11) 0011 were the best. The seed production potentials of these lines under 

local conditions are now being tested. 

Okra 
The p-rforniance of an advanced line of okra, OK 0285 and the local line was tested at fourdifferent locations in a regional yield trial. Line OK 0285 performed well at all lour locations 

(table 3). 

Table 3. Performance of advanced okra line at different locations 
Location Days to Node Plant No. of . Yield . .. First Virus5G% order of height fruit/ /plant t/ha virus infection 

open flower 1st flower (cm) plant (g) appear. (%) 
Joydebpur
 

OK0285 43 3.5 190 24 450 16.0 - -Local 46 4.0 110 14 320 10.7 48 60 
Jarmalpur
 

OK0285 47 5.4 
 98 22 372 12.3 -
Local 
 48 6.5 199 20 349 11.6 61 20
 

Ishurdi
 
OK0285 48 4.8 185 
 21 371 12.4 -Local 49 5.2 170 18 306 10.2
 

Hathazari
 
OK0285 52 4.0 173 24 
 399 13.3 -Local ck 50 6.1 87 17 280 9.5 65 16
 

aNo virus observed.
 

Kangkong
 
AVR IC line Broad l.eafgave tle.best performance for yield, quality, earliness, rapid growlh,and lost cultings. The seed production polenliality was also found better than the local variety.

This line has been recommended for RYT. New lines yielded about 27% more than tie local 
reconlende, variety. 

Summer cauliflower 
Cauliflower is a popular vegetable in Bangladesh grown during the winter season. Recentlyone heal-tolerant line, Cl, 026 was introduced from AVRDC and performed well in last year's 

summer observational trial. 
Line 026 is being lested further. The nursery was sown on 9 June and seedlings were

transplanted on 25 July 1993 due to heavy rain. The harvesting ofthe uniform while curds started20 September. I)Le to the late transplanting of aged seedlings, the size of the curd ranged from 
250 to 350 g. 

Cabbage
 
The cabbage line I-1-52 was selected from the germplasm collected from AVRDC. A wide 

range ofgenetic variability has been observed in this line. An attempt was made to purify the line 
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through selection during 1992-93. A large population of I00 plants were grown from last year's
seed to select superior and desirable plants at the Citrus and Vegetable Seed Research Center, 
BARI,Joydebpur.

Results of the performance of the eighth generation of cabbage line 1-1-52 showed that the 
compactness was 2.33 which is acceptable for a tropical-type, open-pollinated cabbage variety.In fhe eighth generation 15-20% of the planls flowered during harvesting time which is not a
desirable character and needs further improvement. One hundred and ten plants were selected and
incised to facilitale flower stalk development. Seeds were collected from each plant for further 
evalualion. 

Garden pea 
Pea crops are gaining importance in Bangladesh and a good collection has been started at

BARI. Among the 20 garden pea lines tested two maturity groups (early and main season) were 
identified. 

Six lines (GP({)3, G(1023, GP006, GPOI 7, GP)0I 8,and GP004) are in the early group; another
six lines (GPI002, G10)08, GPO15,GP(X)I, GP 024, and Gi1020) are in the main season group. 

Edible podded pea 
A trial on two edible podded pea lines introduced from AVRI)C was conducted during winter

1992-93. The line GPl 007 gave the highest yield (13.7 t/ha), ftllowed by GP 010 (9 t/ha) Line 
GP 010 took 53 (lays to flower, whereas line GP 007 took 67 days. 

Research Planning and Review 
The AVRI)C resident senior horticulturist/agronomist based at BARI actively participated

in the annual internal review of the On-Farm Research )ivision (OFRD),BARI on 18-19 July
1993. The need for location-specific home garden plans was discussed and some new location
specific plans were presented. It was emphasized that new vegetable varieties and technologies
developed by BARI should be included in the plans.

In July 1993 the senior horticulturist participated i'.the internal review of the Horticulture
Research Center on vegetable crops, fruits, and spices, and interacted with the scie- isls. It was
emphasized that more work on breeding for resistance lo biotic as well as abiotic stresses such 
as drought, sali nity, alk'i nity, an(t salt tolerance shouldlbe unu. rlaken. lere is a need to develophybrids particularly in crops like tomato, capsicum, brinjal, and c: .'urbits/melons andl they should
have comparable yield and quality with those imported from todher countries. In heterosis
bre,'ding programs, emphasis should be put on resistant parents to get surces of resistance
against major diseases in F,lines. Export-oriented research on vegetables and intensification of
research on seed product ion also need attention along with the liberalization ofseed import policy
in Bangladesh. 

The central program and review commiItee reviewed research programs on horticulture fron
16 to 18 August 1993. The vegetable research programs for 1993-94 were discussed at length;
a total of71 experiments on different aspects of vegetable crops were proposed. Under the spice
program, 14 experiments including two on chili and three on onion were finalized. Of all these 
research programs, 29 new experiments have been planned this year. 
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Training/Symposium 

Experimental design and data analysis for vegetable crops training 
A three-day in-coLuntry training on experimental design and data analysis for vegetable crops 

was organized at BARI on 9-11 February 1993. Forty participants froni BARI, Bangladesh
Agriculturl Ievelopment Corporation (BAI)C), IDireclorate oI Agricultural Extension (I)AE), 
N(Os, and agricultural collcges of' Bang!adesh attended the training. Kazi M. Badruddoza,
scientist emeritus, inau.urated the training programi. S.Shamutgasundaran from AVRI)C was 
the special guest. I). 11. Kin, AVRI)C nigiibean breeder, acted as resource person during the 
trainine. Two AVlRI)C scientists and two natioiinal consulltanls working with AVRI )C/Bangl adesli 
delivered lectures and arranged practical classes. 

Innovative practices for summer vegetable production training 
A fo0ur-day training oil innovat ive practices for sumner vegetable production was organized

at BARI troim 26 to 29 April Forty participants tron BARI, BA!)C, I)AF, NG()s, Bangladesh
Agricultural University. and c,.Ileges of Bangladesh attIended the traiini ng. BARC Executive Vice 
Chairman M.S.U. Chowdhury inauglurard tlie training program. USA! I)'s C(iftice o1 Food and 
Agriculture I)irector Kevin Mullally was the special guest. I). Midmore and (.C. Kuo from
AVRI)C were resource persons lor the training. Three AVRI)C and lour nati(onal scientists 
delivered lectures. Midiore gave a special pract;cal denonstration Oil the use of noncirculating 
Iydroponics for vegetable production. 

International training 
Senior Scientific ()fticcr Md. Ashraf Khan fron BARI attended a 3-week special skills 

training course oin advanced methods for virus diagnosis at AVRI)C fromn 22 February to 15 
March as part off the SAVERNET program. 

International symposium 
AVRIX' supported tour scientists from Bangladesh to attend the International Symposium

oin Alliunis for the Tropics held in Bangkok, Thailand, from 15 to 19 February 1993. Among the 
scientists who participated were Janiiul Islan (l BARI and Mallick of RI)RS. Md. Ferdous 
Mondal and Md. Abdur Rahini from BAU presented a poster. 

Others 

Summer tomato field day 
A field day on sunmier toniato was organized at BARI oin 20 September. Farmers, including

15 wolnlC froi live districts of Bangladesh, NGO representatives, extension develhpment
oflicers, and field workers participatedl.

Farmers were given (leni(nstrations oil the use of grafling techniques, o(niatotone spray,
raised beds, and protected cultivat ion using polythene sheet and nets ot different colors. Three 
lectures were arranged l6 r tlie l'arniers: sunmier oinato cult ivat(ion, tomiato varieties, and 
veiemablerescarch and devchpiient. lelen (hinthcr andL.atifur Ralinian fron USAIl)paticipaled.
Nazrul Islam, secretary, IMFI) was the special guesl. An exhibition of new BARI Ichnoilogies 
was also arranged for the farimers. Farmers nanied a new sulnnier toniato Red Gold. 
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Proposal for PL-480 funds 

lhe lorticullure Research Center was assisted in preparing a proposal for getting PL-48() 
financial supportl for training and demonstration packages )Inew technologies for vegetable 
production. The prol-losal was approved by BARC and USAII). Funds for conducting several 
demnonstratiorns and training prograns for t ie extensiom agentsandIlarmers hiave Den transfen !d 
to BARI Ior implerentation. 

Interaction with NGOs for transfer of technology 
Tile AVRI)C project is helpilg develop close linkages between N(;Os and research institutes 

for the transfcr of tcchnologies. N(3() participation was encouragcd Ior the in-corintry training 
pro jams as well as field( days. LIinkages with NG()s like Mennonite Central Committee (MCC) 
were stren 'tlencd by signing a letter ol aereement between the lonato research team lf BARI 
and MCC for summer tomt o a! other vegetables. Underthis program NICC, ave dcmonstration 
trials to 14 farmers. Thc:;e Iariners were supplied with seed lines fIhealt toleratll lines and 
tollalotolnc. Farmers were exposed to this new technlology for the first ti me. They also organized 
two field days in tleir project are'is. AVRI )C Ias als provided MCC withI soybean andm nlganl,' 
germplasil. MCC has ident ified sonie prom ising soybean lines. 

(lose linkages have bieen developed willt Gono Kallayan Trust (GKT), an N(G(). This NG() 
is 'orking with 360( landless and marginal families. They have introduced a vegetable crops 
program ftor scope to transfer thewhich Ihey xvant research expertise. (reat new varieties and 
techn ogies develhipeld ;y 13AR I to the farmers exists thlroutgh (1KT and Bangladesh Rural 
Advancement Committee (BRAC), another N('10. 

BARI field visit for USAID staff 
'
A liel,. visit I tIhe USAII) stal was organiized on 21 .anuary 1993. Thirty US All) stalf 

members (I)a'id ;lersfield; Craig Anderson; Ray Morton, agricul Itire development oflicer; 
Kevin Mtullally, director. ()tFA; tlelen Gunther, .'lepuLy director, OFA; Larry latulsOIn; -labibur 
R1ahman, programt oficer; Alex Newton; S. AI-Muti; Rahitl Iloque; PIaul (reenoough; Alvera 
Sweet; Hlarriet Wilson; N.I!. Khan. program oIficer; Tracy Atxv )(os; I.tlifur I6,almn, program 
specialist; Peony C(Ihaudhury; Nasirn Ahmed; Fatema K. Bithi P.; Gazi Z.; Mir Frshadollah; Z/ahir 
Sadeque; T. Klharnal i.ulu Bilquis; Nasir U. Ahmed; Jailinara Alam; Shefali Saha; .lahanara 
Arju; and .ltliai Malaker) participated inl the field visit. The USAII) stal menbhers xvere b'rieled 
by tile director general )fIBARI, the dircclor of the Ilorticulture Research Center, al the 
AVRI)C rcsidenl hlorticulttist/agromtmist about the vegetable crop activities. 

Ralph Cummingis Jr., cOOr(linamor, IARC stalf, Bureau Ior Research and I)evelopment, 
USAI), WashirLgto, visited Barlae desh onit 15-19 At ust and reviexed the project activities at 
BARI and several other localions, lie also xisilcd some NG( )s and looked into theircollaboration 
with AVIO)CIBAIZCIBARI/USAII) project. 

Major (;eneral Majid-ul-lliaq (rt:l.), minister for agricuIlture; Mr. F.N. Ftusutf, secretary of 
agriculture; members of BARCs Board of Governors including Ihe executlive the vice chairman; 
director general, I)AF; director general, BAR!; (lireclor general, BRRI, VC, and BAU; and senior 
staff of BAIRI visited vegetable growing areas and saw the summer tomalo, soimner cauli flower, 
and virus-free okra crops at BARI. They lauded both BAR! and AVRI)C lor their good vegetable 
research programs. 
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Visit to headquarters and ARC 
The AVRI)C resident horticulturist/agromoinlist visited tie AVRDC regional office andheadquarters from 2 to 14 l)eccember 1993. At the regional office he met with C.Y. Yang anddiscussed tile Bangladesh project activities. At headquarlers ie attended the annual review andplanning mectinig from 8 to 10 I)ecember and presented a paper on national partner's perceptionissues, lie also contributed a poster on year-round cullivation olftomato in Bangladesh. lie alsomet with E.Q. Javier, AVRI)C director general, S.C.S. Tsol], deputy director general; and S.ShaninugastLndaram, director, International Cooperation Program; I). Kim to finalize plans forthe training on experimental design and data analysis for vegetable crops to he held at BARI; and(. Kuo and 1). Midmore to discuss summer vegetable techniques training.On 14-20 Febmary he visited ARC in Bangkok, Thailand, to discuss regional activities,attend the International Symposiuin on Allitinis Ibr the Tropics, and present a poster on kharif

onion cultivation. 

AVRDC back-up specialists 
During the year, AVRI)C scientists have actively participated in all the activities of theBangladesh pro ject. C.Y. Yang, S. Shanmugasundaram, i)..J. Midmore, G. Kuo, 1. Kim, and R.Marsh visited Bangladesh in connection with AVRI)C activities. 

Strengthening of vegetable laboratory and field facilities 
A vegetable research laboratory was set up at BARI using ARP-1I (Supplement) funds. Thislaboratory will help lhe scientists undertake several new experiments on vegetable crops. Fieldfacililics for doing breeding experiments have also been strengthened. 

Consultants 
Four national consultants were appoinlted for vegetable improvement (germplasm), vegetableproduction, postlharvest management, an( vegetable protection (insect).The vegelable improvement (germplasi) consultant reviewed the germplasni wealth oflthecountry, atlempled to idenlify gaps in germplasm and germplasm conservation infrastructure,and suggested a plan lr the est ablishment of a geriplasm bank at tie national level. Thevegetable produclion consultant surveyed file production status in the country, documlentedinforniation on indigenous farmers' practices and lhe technologies generated by various institutes,dveloped packages of production practices, and examined the lechnology transfer system. Boththe vegetable improvement (t.ermplasm) and vegetable production con1sultants were appointedfor about six and a half moIlths. The postharvest management consultant made all overallevaluation oll,,dstharvest hlndli ng of dilferent vegetables in terms of harvesting, transportation,and storage systems in Bangladesh. Tie vegetable protection (insect) consultant has prepared alist of various insect pests oI vegetables and a list of insecticidces available in the market.Infformalion on the biology, life cycle, nature of damage caused by tlhe major insect pests, andcontrol Imeasures ihrough minimal use of insect icicles was gathered. These two other consultantswere appointed forur months. linlrmalion on vegetable diseases was gathered through acontract paper on vegetable diseases and their control in Bangladesh.

Detailed reports of the consullants were distributed to BARC, BARI, USAII), ARC, and
AVRDC headqlluarters. 
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Extension materials 
Under ARP-1 (Supplement) extension handouts and booklets were published in Bangla for 

tile use of farmers and extension workers For 1993. 
Tomato varieties (handout in Bangla) - 5()()) copies 
Simple seed storage (booklet in Bangla) - 3000 copies 
IIlone composting (booklet in Bangla) - 2000 copies 
Copies have been distribu(ed to the scicntists, farmers, NGOs. and extension workers. 

AVRDC publications 

Copies of 254 difTerent AVRI)C publications have been received. These publications are 
being distributed to tie research and extension staff of NGOs, libraries of di fferent institutes, and 
organizations in the country. 

Project Evaluation 
An external evaluation of AVRI)C-BARC/BARI vegetable component of ARP-II 

(Supplement) US AII) Project No. 38X-()()51 was done during May 1993 to assess its achievements. 
The evaluator fou nd that the project had responded well to the majority of tasks set forth in the 
terms of reference. In the short span of ltwo years, the project has initiated meaningful activities 
to address research and (level opment imperat ives. The evalLator suggested that thi st ime span was 
too short to make an impact ol the national agricultural research system At least 5 years is needed 
to evaluate any crop iluprovemen! program. Extension of the project for another three years was 
strongly recommended. 



Regional Program
 



Asian Regional Center 

Summary 
The Asian Regional Ccntcr (ARC) of AVRI)C was oficially approved for establishment in 

Thailand by the Royal Giovernment of Thailand during its ministerial cabinet neeting on 21 July
1992. The agreement on the establishment and operation of ARC-AVRI)C was formally signed
by thc president of Kasetsart University as the official representative of Thailand and by tlhe 
director geieral of AVRI )C. The signing marked the conversion and expansion of lhc Asian 
)evelopment Bank-supported AVRI)C-Thailand Regional Training and Outreach Program 

(AVRI)C-TOP) into the Asian Regional Center of AVRI)C. 
As envisioned, ARC aimis to bring AVRI )C closer to its national partners and to enable the 

Center to respond more elfectively to the differences inthe needs and the capabilities of the 
region. It is expected to carry out research programs and training and information activitics 
appropriate to tle needs of the region. Specifically, the regional center has the following
 
responsibilities:
 

(1)assume primary responsibility for the improvement of lthe Asian vegetable crops and 
production systems; 

(2) 	 conduct applied and adaptive research on AVRI)C and ARC principal vegetable crops, 
as appropriate to the regional needs; 

(3) coordinate lhc ARC subrcgional nelworks and providetlin with scientitic, administrative, 
and logistic support; 

(4) 	 link regional programs with activities at headquarters and elsewhere, and provide 
fee(back for AVRI )C heladutlarters program planning; 

(5) 	 organize training, with emphasis both on research and production, develop specific
training information and materials, and translate publications into local languages, and 

(6) 	 develop and administer country projccls within the region. 

The ARC's imandated crops are: mungbean, soybean. yard-long, bean, amaranth, snap bean. 
water convolvulus, okra, and o lier crops of specific impoltance to each of the 17 countries 
covered by ARC. 

Coordination ofthe three networks, AVNFT. SAVERNET, and ARC- Chiina also falls under 
the ARC sphere of responsibility. Furthermore, ARC will be linking all national programs to 
AVRI)C headquarters and to provide feedback for program planning. Since its inception on 1()

November 1992, ARC has Focused on continuing the regional program while expandi ig its 
sphere of research activities, e.g., transfer ol the AVRI)C mungbean program. Considering its 
limited resources, ARC spent a big part of 1993 seeking funds. Its activities and accomplishments 
for the year are discussed here. 
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Research
 

A total oi"53 experiments were conducted in the field of AIC-AVRI)C by ARC researchers 
and their associale scienlisis at Kasetsart University. I)uring the regular cool season planting
(Novemher 1992 to March 1993). 8() of1 the experiments conoucted in the lield were those of' 
the participants in Ihe I11h Regional Training IProgram. Sunmmaries ol the results of the regular 
experirrrents ant lthose conducted by [lie training scholars are presentel here. 

Tomato 

Germplasm collection and seed production of tomato 
ANlotal oI2( )3toItlllo varielies tronr various sources have been collected for the past I()years. 

'aclh varit l has Ibeen lesled at least once under Kanphaenigsaen experiirental field colitions. 
I )a.taI on vaicltal characteristics such as inarkcl:le)yields otlineld separately f'loll both cool and 
oll-seasol, heat tooraircC, bM.r i:rl wilt resistance, tlbacco llrosaic virus resislance, yellow leaf 
curl virus resistanece. :11d also linit cl;rters Such as sie. shape, color, crackine, firiness, and
 
this w.Iee colctedC in dCtail. Sccds '\ere rnultiplied and kept in a lerriperlaturl aI nillisture
 

corrtrollrd ;tt'roorri. These sceds and irlforlrlation about tlenr are available to ayv institution
 
or inlCleslCd rcsearchi working ol m;a1) improvemnent pr ograirs in Thailand or nearby
 
cmnllltlics.
 

Effect of nitrogen on fruit-set, yield, and quality of heat-tolerant tomato 
Thle eflect oft lilli the fruit-s.,,tl 
 ield, quatl ity. and disease react ionsottdIwodistlict het'l

holera.nl toI;nitloo s evalultcd undCr AR(' conditions frorrr ( )ctober 1992 to Icbruary 1993. The
 
nilroL reC MIIrireIeml l tInch itarketlabe yield l*or
different types of lllto was also recorded. 
Nitroeler was 1I0nd( tohave distinct eflects onl Iwo dilferet ucrntypes wtfl respect to mal;.lny 
p l Ioloical charlachtr istics Srchr aIs IuirsettIi [iL hchavior.yield, quality. atnddiseasedevelopnert 
aspects. Ai Iri icat11 increase it fruit elt 01fleat-(toeranl TN NO.3 was attributed to N application,
bul n)signilticatl increase in fruit set was noted with nilrogenl application to the hetl-sensilive 
P 490. Nitroeir 'pplicalion e.Sulh.ed inn a l ower hrix value l'or both genotypes. Increased 
application olfnilro cen illheavv soil restulted in higher irorafity dfue to lhe toxic l'ect, antd more 
Iunial Will and rot cOttIplex diseases. 

Fresh market tomato varietal trial 
T\welve t iatto entries lnrt AVI )(' and (hinra includine six deterininate and six indeterminate 

types were cvalale(I flor Iheir yield and adaplability. l)etrninate PT 4225 and 1PT"4121 fron 
AVRI )(gave tihe hi est tolal yield of Q.) f/Ira and 9.2 t/ha, respectivelyv. They had Lotd fruit 
clraracters Ior pro csC.,SinIn tropicai courntries. Indeterrinate FMNI'IT 22 gave the third hiehest 
Il'al yield of 65.4 /tn and po csscssed gootd horticultural characters except for the crern shoulder 
of* tire Irit. It sllowed leal tolerance and disease resisltance, miakingc it igood variety Ior fresh 
to lio pot(dtlrCtimi ill tropic.l coillinris. 

Sukan No. 1Ih1( a hiher early viehl of4. I /ha arid a rroera te oltal yield ofl5.2 I/ha. It liad 
a larne ImearnIri 'eighrt. gLood Iruil settirlre. and resistarnce to bacterial will. It was tire best variely
ailrione tie Chinese entries in tfis trial. All oifhe entries, except Sukang No.3 and Stukang No.7, 
had eLood Iruit setlinre and rcsislance to bacterial will. The nrajor disease problem in this trial was 
tollillto yellw leal curl virus (TYI .CV). Noneoflthe loiratro varielies were resistant to this virus. 

http:e.Sulh.ed
http:holera.nl
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Tomato seed quality as affected by seed age and ripening periods 
Tnmiato cv. Seedathip 2 was harvested at 25. 30. 35, and 40 days after flowering (l)AF) and 

incubated at roon temperature for 0, 5, and 10( days. 'Flie highest germinalion and vigor 
percentages were obtained from seed harvested at 3() I)AF with I0-day ripening (95%) and at 40 
I)AFwilhout ripening (93%/). Seed at 25 I)AFwith I()-day tipening, 30 I)AFwith 5-day ripening,
35 I)AF wilh 5-day ripening, or 40 I)AF with 5-day ripening showed varied germination 
percentages, rangin., frotn 79.5 to 84.01%. 

Pepper
 

Characterization and seed multiplication of Capsicum germplasm 
'TIe characteristics of 100 accessions of Capsictm were studied at the Tropical Vegetable

Research Center, Kasetsart University, Kamphaengsaen Campus f'roni Oclober 1990 to August 
1991. Only 8 I accessions were classified into either three species: C/).ic(in annitio I... C. 

frulescens I.., and C. haccatwln I.. or fclur groups based on the fruil characters: sweet pepper (1 2 
accessions), big chili (35 accessions), iot pepper(16 accessi(ins), ,anodornament at ( I 0 accessions).
The promising accessions were C 0027() and C 0()344 (sweet pepper); C )(X)()I, C ()()()()6 and C 
O1 160 (big chili); C 00263. C 00268 and C 00312 (hot pepper) and C 00633 and C (X49() 
(ornanental). 

Effects of light and sucrose on pollen germination of Capsicum annuum cv. 
Banglane Pan Lak and Prik Chee Pha Bangkhen 
The gerliiination oIfCap viru; ::'$1!1 cv. Blang lane Pan I.ak potlen collected from dehiscent 

and nondehiscent anthers in acutture nefiun containing 25% sucrose, 100 ppin- lBO,,300 ppm 
Ca(NO(),.411,(). 2(X) ppm MgS().711(, and I01) ppm KN( ) was studied. The results indicated 
that 1,,,e pollen grains derived fron boti dehiscent and nondehiscent anthers gerninated in dark 
conditions better than illcool lighl. 'Fiegertnination percentages of pollen grains froni dehiscenli 
and nondehiscent antliers were 2.9 and 7.7 utnder dark condition and 0.2 and 0.5 under cool light,
respectively. Moreover, fir Capsictn enranum cv. lrik Chee tPha Bangkhen. it was found that 
germination percentages of pollen increased in proportion to sucrose concentration, attaining 
maximum levels at 25(/. 

Application of tissue culture technique for production and 
micropropagation inpepper 
The effects of plant gn wth regulators (aux in ai( cytokiinii) on callus initiation and callus 

growthlfron leaf,petiole, and internode olpepper (Capsictucfrcaescen~s)eniltured oin Murashige 
and Skoog (NIS) inedia containing 0, 0.5, 1.0, and 3.0 mg/l oif-naphthalene acetic acid (NAA) 
or 2,4 dichhlphenoxy acetic acid (2, 4-I)) and in combination with 6- benzyl aminopurine
(BAtP) or 6 furfurylan inopurine (kinetin) at 0. I.0, 5.1) and 10(.0 mg/l were studied. The resltIs 
showed that cIlturcd cxplants firned calluson niedia suppleniente(d wit li every concentrat ion of 
NAA or 2,4-1). The petiole had (tie highest percentage of callus initialin at 94.4% (ino elia 
suppteniented with 0.5 ng/lofINAA or 1.0 ig/I ol2,4-1). Explants induced the largest calls on 
nfedia suppltiente(d with 0.5 iug/l of 2,4-1). NAA proiroted lormation ofeconipact callus while 
2,4-I) prunlted formatllion of friable calnus when used i lcombilitalion witlicytokinin. The highest 
percentages of caltus initiation were 1001/ and 96.71/t froni leaf and internode, respectively, 
culluredlon icdia suppleniented with I.) ing/l (ll2, 4-I) coinibined wil I.) ng/Il of BAP. CallIs 
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initiation was 96.7% and 96.3% on petiole cultured on media supplemented with 0.5 mig/I of'2,
4-1) only and in combination with 1.0 mg/I of BAP, respectively. Explants produced the largest
callus on media supplemented with 0.5- 3.0 mg/I of 2, 4-1) combined with 1.0 img/I of kinetin. 

For multiple shoot induction study, shoot ip, node, and seed of C.frtwescens and C.annmn 
were cultured on MS media supplemented with BAP or kinetin at 0, 1.0, 5.0, and 10.0 'ng/I.
Explants but not seed olC.frutescens produced multiple shoots on MS media supplemented with 
BAPI 5 0 and 1(.0 Lg/lI.The highest number of shoots was 3.7 obtained tron seed of C. annunin 
cultu - -n the media supplemented with 10.0 nug/I of BAP. Kinetin had no effect on multiple
shoot induction in C.frtescens but nodes of C. atnnun could form multiple shools when 
supplied wilh 5.0 and 10.0 mg/I ot kinetin. 

Isolation of cucumber mosaic virus from pepper in Thailand 
Cucumber mosaic virus (CMV) isolated from field-infected pepper was idenlified on the 

basis olfhost reaction, morphology, and serological reaction. Crude sap extracted from pepper
plants induced necrotic local lesions when inoculated intoVigna sinensis and Chenopodiwln
t(II)Itanticolor.It also caused mosaic symptoms ol Nicotina htfinosa and NIColitaltOtabaclni. 
The spherical particles weic observed under a transmission electron microscope using partially
purified virus preparation. Sap tron, the intected N. tahbacumreacted with antiserum of CMV by 
agar gel double diffusion test. 

Sweet pepper varietal trial 
Eight pepper varieties were evaluated for their yield and horticultural characters. Tile yield

of tle tested varieties ranged trom 1.91 kg/plot to 11.88 kg/plot. TV RC no. I had the highest total 
yield, tile highest fruit weight, and good horlicultural characters. However, it \, 's susceptible to 
pest. -1umnb had the secomd highest total yield will the most number of ftnits pur plant at 76.4. 
TVRC No. 14 had tile lowest pest and disease damage at 23.2/, and 78.6%, respectively. 

Hot pepper varietal trial 
The performance of 20 hot pepper varielies was evaluated. Results showed that there were

significant di fferences in marketable yield, total yield, and horticultural characters among tihe 
varieties. Toial yicld of120 hot pepper varieties ranged from 3.5 I/ha to 35.2 t/ha. Xiangyan No.6,
Xiangyan No.20 , and Xiangyan No.5 showed the highest total yield of 35.2 I/ha, 33.5 t/ha, and 
33.5 i/ha, respectively; and nighest marketable yield at 34.8 t/ha, 32.9 t/ha, and 33.1 t/ha,
respectively. Varieties l.cuang, Chao Khon Kaen, and 83-168 produced the lowest total and
marketable yields and had undesirable horlicultural characters. Total yield had significant
positive correlation with average fruit weight, fruit width, and fruit It hadwall thickness. 
significant negative correlation with number of fruits/plant, (lays to flower, (lays to first harvest, 
order of first flower node, and plant height. 

Soybean
 

Development of Nakhon Sawan I soybean resistant to downy mildew 
Soybean ("-,/13icine max 1L.) Merr var. Nakhon Sawan I (NS I) was improved by incorporating

resistance to downy mildew incited by Peronospora mansIhurica. The backcross method was 
used to transfer resistant genes from var. AGS 129 to NS I. Six backcross generations, the 
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recurrent parent (NS i), and donor parent AGS 129 were evaluated for 12 agr(oimlic characteristics 
such as days to flowering, plant height at harvest. leaf shap,. number oflpoOs per plant, number 
ofseeds per pod, seed width, seed length, seed thickness, I(0(-seed weight, and seed yield per plot. 
Filteen lines with NS I phenotype and expressed unifornity for downy mildew resistance were 
visually selected froin BCF, generation. The selected isolines were evalated in a replicated trial 
where data on four characters, i.e., phlant height, nu mbcr of pods per plant, I()()-seed weight, and 
seed yield were recoided. 

The population ieans of BC and later backcross generations were IfMun(I not different from 
the recurrent parent in all traits, except for plant height at harvest and days t( harvest which have 
been stable since IIC, and BC, generations, respectively. All 15 isolines selected fron BCF, 
were not different fron NS I in the four traits studied. It was concl uded that the backcross method 
employed to improve resistance to downy mildew on NS I was successful in five backcrossings. 
Seeds of the isolines were increased by Kasetsart University for distribution to farmers and 
g( \erlnient sectors. 

Purple nutsedge control in soybean with imidazolinones and chlorinuron 
in combination with glyphosate 
(Olyphosate at the rates of 750 and 1500 g ai/ha in combination with 9 and 12 g ai/ha of 

cllhrintron, 10 and 12 g ai/ha ol i m azapyr, 140 and 2X0 g ai/ha of illliazaqu in, and 100 and 
125 g ai/ha ofi inazethapyr were applied to 1-io-old weeds. Soybean variety S.1 4 was used. 
The herbicide was applied a day alter soybean seeds were so)wn. At 4 wk after application, 
high rates ofI glyphosate in combination with both rates of chlorintron reduced purple 
ititsCdelteshots 60()-70(,. linidazolinones and chlorinuron applied alone or in combination 
with low rates of glyphosatc gave only poor to fair weed control. 

Post-emergence application of diphenyl ethers for
 
broadleaf weed control insoybean
 
l)iphenyl ethers provided good broadleaf weed control when applied at a time not later than 

2 wk afler soybean germination. The susceptibilily of weeds to herbicides was in the order of 
Trinthlcfl'a/)Oridt(ri(silrwn1 > Amatrunthuts h'bidus > Euphlorbitt iei-erophylla. High rates of 
herbicides caused imre phytotoxicity to soybean than low rates. The phylotoxicity of herbicides 
to soybean was iin he or(ler ot laclot'en > aci fluorlen > formasafen. The tolerance of soybean was 
in the order of S.1 57 > White Lion > A(S 205 > A(S 305. 

Grass control in vegetable soybean with cyclohexenes 
Echinloulon (olonli \vas more tolerant, while Iiiiiariatd.'enid'nsewas moderately tolerant; 

bul )a loct',liin 'egyptitinwas susceptible to cyclohexenes when applied at 1, 2, an(l 3 wk 
after soybean cernination. Grasses were more susceptible to herbicides when applied 2-3 wk 
after cermination tian when appliedI immediately 1wk alter germination. Cycloxydim provi(le(d 
more elicacy on weed gav!diilcontrol than others, while gave slightly beier control than 
sethoxydlim. Applicalion of hlcrbici(Ics at different stages of growlh did not a. ect tile yield of' 
soybean. There were (Iiff.'ren~es aJm h~lerlici(es, will cych xydim appl icait hm increasing yield 
oI soybean Inore tlat clcthodii an(l scth)oxy(him. Ilowever, vields of soybean treated with 
clethodini or setlhoxy(lim di( not ditter. Soybean yield increased with the increased !Ipplication 
rate of, herbicides. 
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Vegetable soybean varietal trial 
Five x%'eltble so)yheanl culitivars, nlame!ly, A(S 292, Shirnmonia, Tengamine, ()ufurisde,and Karilea were evaltiat (l It(r their yiel ai(l agrofonic characteristics. The yield(component 

was sioilicanlly dillerent ain1ion the varilies. ,\(S 292 gav' the highest iiarketlbl yield of'
5.5 0/1a WithO.'he VCSl markeable podlper 5)( g, while the variety Karilea gavL the lowest 
marketable yiel with the highest ILmbeh)r fl marketable pods per 50(0 g. All varuties wereC 
harvested it an ,crage dy tier(of'02-00( sowing. 

Soybean germplasm evaluation 
Nin tIn nIdrIIIl 'ybea,,andninety-s ix ,,;tSi accessions %,wereevaluated inARC-AVIRl )C experimental

fields as'cc)r(inI(n thle traits listed inl the AVId )C-GRSU characterizalion record sheet. The 
LCrnplasinl was dividdillo 25 sets. Set I to set 24 consisted ol4() entries esach; while the last 
set consistldo entrCInitI ber 619 6 "l itaerage nuInIbcr okldays mergence to lowcringtrot 
raneed flrmn 3;()to 45 da,s. "Iiheavtrag plant liigfil alt R tiIall entries rale(r Irotm 25 to 3(0 cm,
while at IX it :iicl +tn .15 to 5(1 cmi. lodging iccurred predomiinantly amnrng tihe bushy
\'arietis. The avcravc miuthbr (tpI tp¢s per plant ra lgd roti 15 to 2(0 poIs. 

Effect of N-fertilizer on vegetable soybean yield 
'his expelrilimit ailiied to dcterrnine the response o 'vegetahle soybean lo seven N fertilizer 

rates. "T'heweci gl (I tr'esh pi ((Is. nuiimber tI'two-se ed( pod1/Il) planls, average see(l weight and
harvest index w,-ere siniticanllt di lllrenlt anuon the trleeall'etis. There was no) sietiltcatl
dII'I'erence inl the yie.h t() \Ot'Male s ybean aillon 6(0 kLe N/ht, 12(0 k1Nlhia, 150) k, JN/Ia, and
I S(O kg, N/ha 1tatm.entls. Application of()) and 30) kg Nhl lended to gi\e tihe lowest yield. 

Relationship between spacing and yield of soybean 
An expe.rini ,il w;as iL.I(ltlcl'(l to i(t(.tlily o tliniurn plaitl den.sities ()I' ,y lis cullivars.T'hreeeeolt llii were C"iise cultvars, whilehel rest were Thai cultivars., Asplit-plot experiment

in ranlto'i/ed cL)ilit!e.lohck design wilh dire replicatlions was tised. Two populations xvere
assined onlltMain phtt, While tihe cultivam, \%-Cwre on tfie suhplot. Soybeall yieldl increased as the
plal p pllaiom iicreatd. 'hu vi, otali1el fout)lhe spacin l() x 5( i'.was higher than thal
ot12() x 5') cin. l'lhai s)ybean varieties S.1 4 and (CN1 6(0 at the spacing otl 1) x 5(0 cm 2 gave
the hietedcst vic.. Al[ lie Chiniese soybean varietics iii this experiment .ave ho.ver yield(ldue to 
iiilina(laptat li 1(T h'Ituai I cmidilion . 

Cluster analysis of soybean varieties 
\ stidv itilld al yiid tnl(tirivCiltltl Iuttropical soybeans w'as coltidicled, a Ilelhtldl of 

closing,p;iitils ht hlidli/',li l hi ulnlilamtati NyFsiasiuritie 1cnetic (ivCr-etice wilh the data 
mnseveral characters itteasirecl Il 15 sioybecim varieties t'rout (Ii tereuit cL'eralulic reg-ionis. 'I'hesovbeall Lelltvl\pes were, classiltled inh) live' irmtup. by this itetllioId. A plan Ior lfornitlaltineg a 

crossing prograill based ltlIhe iilomiatiim (ltile stalis ical (litmce a.ionl di Iferetl erotips was 
(lisdtissed bi elk'y. 

Inheritance of embryoid formation ability in soybean 
Si utialic eibrvmeeniesis in soybean was lsCrveud to be varictal (IpeiuilIt . In1 'I'hailamd it was

observed that yoting cotiyllod s troim NS I torltru, d Immre crnhryuids lhan the cultivars SK I and 
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Chikangmiai 6(0 (CM 60). If tie embryoid formlion is heriuable, it would he useful for a plant 
breeder to incorporate the high ability character i11o the low genotypCs. 'lis would broaden the 
application of lissue ciuIture technique in soybean improvemenl. 

Crosses were made among NS I x CM 6()and NS I x S K Ito obtain F,and F, seeds. At harvest, 
seeds from the reciprocal crosses, NS I x CM 60. CM 60 x NS Iand NS I x SK, SK I x NS Iwere 
mairitained separalely. Seeds from each plan were sown as plant to row ill three plantirig dates. 
The dates then served as replications. Iii each replicalion, parents were al.,.-,-,n along with tle 
progenies. When young seeds in a pool reached the size ol 3-5 min in diameter ,hey were picked 
for culturing. The CIlLire media varied according to tie purpose. Tile yttlng co tyledols were 
placed first on tile indict ionmedium to in(h1ce eml-yoids. The embryoids were tien dissected 
aseptically and tile (Issected pieces placed on the maturation me(ium fOr 2-3 wk. The mi'ture 
enibryoids were hen tranlsferred to tile regeneration miedium to prodtce plant lets. 

t-sullts showed that enibryoid Iormationl ability of soybean in this experiment is not 
conil lmled 1v a sinle gIccne. I Io\wever. there are possihly major genes workirg togelher wilh a 
number of minor cenes. More data is being collected to further clarify tile iode of irilieritarce. 

Introgression of the gene controlling an absence of 
Kunitz trypsin inhibitor in soybean 
Kunitz tirypsin inhibilor is a major trypsin inhibitor conmonly found in almost all soybean 

cultivars. I causes poItdigesibility when raw soyleaii is fed to monoastric animals and liunmis. 
The indigestion may cause pancreatic hypertrophy and growth inllihitio (Iic to the imbalance of 
nietlionine anid cystein inthe pancreas. I)urine tile late 197(0s at tihe University of Illinois it was 
discovered th:t mybeail accessions 1NI15744( and P'I19616X were lacking this inhibitor. The 
soybean cullivar Kunitz which is free of the inhibitor has 30-50%1e less in overall proteinase 
inhibition. I)eveOping asoybean ctiltivar with Kunitz trypsin inhibitor is lu first step towar(l 
imnproving soyhean seed nutrition in Thailand. 

The recomntcie(l cull ivars NS I and CM 6() were crossed with Kunilz and the F1 seeds were 
electrophorelically analyzed to compare tlhe enzymatic hanids with tie parents. 

ReseItls sliO wed a lle production of'this Irypsini is cn(liIioned by a sirigle gene with 
codluiinani alleles. This is the same as ihat reported earlier by Off and I lymowitz. The next step 
is lo employ aseries ofhbackcrossing and obtaini NS I and CM 6(0 wilh no Kutnilz inhibilor. 

Mungbean
 

In.luie 1993 the AVR I)C muiigbean program was officially transferred to ARC in Thailand. 
Reports of tie muigbean program at AVRI )C are included it a:lher section of this report. The 
fol lowi li' inaries ofil ie muiigbean stu(lies con(ucle( at AV RI)C-ARC before tlie transferare su 
of the inungbeani program. 

Inheritance of resistance to bruchids in mungbean 
Tl'wo munegbeari lines - V 27(09 and V 2802 - reported to he resistant to bruchids 

(Callbuuhrtu/smuui/.nh)were teste(d. To oblaii resistarice fi-oml)ile mtItiple gene source 
rather Iian the siinieeene soumrce, seeds of V 2709 and V 28(12 from AVRI )C heaIquarters were 
increased ilo seed iii 1989 anId tesled for reaclioni to inisect iifestation in three replications. "ie 
litter twIv replicatiols were coinducted a few mrimths afler flie first test. Aftcr resistanice was 

conhfirmed, crosses were inade an oi, "'letwo Iiies wilh KIPS I anid KPS 2. Four direct aid four 
reciproc,! crosses were obtained. Each F was backcrossed by bolh resistant and susceptible 
parents to get BCI and 3C,. Thus,ihere were six gcencrations ini across, i.e., I'P' ,F,F,BC, and 
IBC,. Each oilthe eight crosses were sown in late 1990. I)ata fromn individual planls were collected 
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and tie seeds were kept for evaluation of bruchid resistance. Seeds from each plant were placed
in a 100-ml plastic box infested with 30 adult bruchids and observed for 2 mo for egg and adult 
number. 

Bruchid infestation on parental lines are shown in table I. Infestation in KPS I and KPS 2 was far more than in V 2709 and V 2802 indicating that the latter two lines carried a number of 
genes conditioning the resistance. 

Tnble 1. Bruchid infestation (%)of parental mungbean lines tested in the laboratory
1990 

Lines 1st test 2nd test 3rd test Avg.
KPS 1 36.0 97.2 34.0 55.7
KPS 2 25.3 95.2 83.6 68.0
V 2709 0.0 18.4 1.2 6.5
V 2802 0.0 2.8 3.2 2.2 

The progenies derived from the above crosses have been tested throughout 1992 for reaction
of the insects as well as for agronomic characters. Data are being analyzed according to the 
generation mean analytical method. 

Inheritance ot tolerance to micro-essential element deficiency in Takhli soil 
series in mungbeao 
Although KPS I and KPS 2 are very well accepted by the Thai farmers, they survive poorlyin alkaline soils which are deficient in Zn, Mn, or Fe. Identification of tolerant genotypes and

mode of inheritance to the character will help identify donor parents with tolerant genes to be 
incorporated into susceptible lines. 

A set of 5 1 mungbean accessions from AVRI)C, Thailand, and Pakistan were sown in
alkaline soil (Takhii series). Five tolerant acccssions were used: UT 1,CN 36, ATM, NM 6-97,
and NM 10-42. Another five accessions, i.e., KPS I, KPS 2, VC 1628A, VC 4059A, and VC
4143A were extremely susceptible to nutrient deficiency in the soil. These 10 lines were
reconlirmed for their reactions once more in early 1992. NM 6-97 and NM 10- 12 from Pakistan 
were identilied as more tolerant than any other accession. They were crossed with KPS I and KPS
2 to obtain the F seeds. The backcross and F, progenies are being produced for further tests.

Initial data -'evealed that Takhli soil is deficient in Zn. Tolerance to the deficiency is likely
to be conditioned by niaior genes with modifiers. The detailed genetic analysis is underinvestigaio. and the plan is to set up a study incorporating the tolerant gene(s) into KPS I and 
KPS 2. 

The 19th International Mungbean Nursery Trial 
Twenty mungbean lines from AVRI)C and rlajor mungbean grn',ine countrios were

evaluated for their yields and agronomic characters from November 1992 to February 1093 atARC fields in Kamphaengsaen, Nakhon Palhom, Thadand. The highest yield was obtained from
VC 2764B with 1.8 t/ha. Its agronomic characters were also good. It has suitable plant height,
medium number of pods per plant, high number of seeds per pod, mediuri weight of 1000 seeds,
and resistance to lodging. The olher promising lines were VC 4152B and VC 3541 B. They were 
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not only high yielding but also large-seeded. However, VC 4152B is a dull-seeded line which may 
have rather li mited planting areas in Thailand. 

Mungbean varietal trial 
A nonreplicaled InUghean yield trial was conducted in the field (f ARC-AVRI)C from 

Noveinher 1992 to 3 Fehruary 1993. The trial consisted of 197 F munghean lines from Pakistan 
with three rec(mmended cultivars as checks. The lines were evaluated for their yield, agronolnic
characters, and disease resistance. The yields of I I lines (3-5 1,7-119, 10-12-5, 10-12-8G, 10
43-6, 14-2, 10-2, 23-11, 14-1, 5-80, and NM-54) ranging from 6.9 to 8.7 g/plant were higher than 
the checks. These lines also had superi;or agronomic characters and were resistant to foliar 
diseases. 

Evaluation of mungbean lines for resistance to insects 
Forty-thrce mu ngbCan lines and four parents from AVRI)C were evaluated for their insect 

resistance at tihe scedling stage, high yield, anl e'irly/uniform maturity. There were significant 
differences in terms of insect resistance among the entries, with seven AVRI)C mu nghean lines 
and two parents rated as having hilgh resistance to ihe insect. Fighteen lines had nontniformi 
resistance at dilfrrent times. Tile others were susceptible. Lines (VC 2768A x VC 2802)-I and 
VC 389()4 xTC 1966)-2 had low resistlnce but higher yield potent ial, early and tni form uiat uit v. 
line (VC 27',A x 'C 1966)-2 expressed ommiform insect resist ance wilh highest number of 
pods per plant, uMiber of seeds per pod, and yield per plant. 

Evaluation of mungbean lines for resistance to Callosobruchuschinensis 
Seeds of two iunughean populations, one from across between bruchid-resistant mnutngbean

and higlh-yieldintg mu ngbean breeding lines and thle other from a cross between the two high
yielding parents with two high-yield parents were valuated for resistance to a sloragze pest, 
Callosohrch. s chinensis. ReselIts indicated that ,1le two susceptible checks had 80-95% 
damage, while tile two highly resist ant parents (check) had only ininor damage. 

The danage to tile 13C F, population was less than that to tie two highly resistant parents.
These lines were also free from insect infestation. Resislance to this storage pest appeared to he 
cenet ic. 

Cucumber 

Growth and yield performance of six cucumber varieties 
Four selected varieties ofcucumber, namely, led Bai, C-5, C- 20, and C-2 I were compared 

to two commercial varieties- Star Brand and Golden Cup- for their growth characteristics and 
yield performance under vertical training on tie net. The results showed that J!(.ed Bai, C-20, C
21, Star Brand, and Golen Cup producCd Pistillate flowers on Ileral branches at tihe fourth it) 
tile ninth node of-'1 main stem. C-5 produced pistillate flowers directly on tile sixlh to the lh 
nole of, tile main slem and then produced pistillate flowers at lateral branches. C-21 had the 
highest yield per plant (20 fruit/plant). 
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Flowering patterns and effect of planting dates on sex expression of two 
types of cucumber (Cucumis sativusL.) 
Flowering patterns and effect of planting dates on sex expression were studied in twocucumbcr types, i.e., long fruit (cv..Jed Bai) and small or short fruit (cv. C-4) at ARC-AVRDCfrom .uly 1990 to .anuary 1992. Thie flower ng pattern olted Bai consisted of three major phases.The first phase showed only male flowers while the second showed a mixture of male and female

flowers. C-4 consisted only of the first two phases as found in variety .led Bai.The study on the effect of three planting dates (seasons), winter (January to February),
summer (April) and rainy season (.tuly to August), on scx exprcssion of bothI cultivars found that
lhe plants grown in winter and rainy seasons produced earlier and more femnale flowers per plantthan those grown in sunner. The summer and rainy season cucumber produced more male
llowers per plant than those grown in winter. 

Cucuroer evaluation trial
 
Six cucumber varieties from various countries were evaluated from 
 November 1992 toJanuary 1993 at the ARC-A VRI)C experimental field, Kamphaengsaen, Nakhon Pathom. Taeng'oil varlty gave the highcst marketable yield of' 10.9 kg/plot withl desirable fruit quality. BukitM/iertajam was also promising in terms of early yield and fruit weight. 1,v- 1043 was predominately

a female type which will be very useful for developing gynoecious lines. Correlation between 
yields and other characters was significant. 

Effect of mulching method on growth and yield of cucumber 
This study delermined the effecl of plastic and rice straw mulching on tile growth and yieldoI cucumber. The experiment was carried out at the experimental field of ARC-AVRI)C,

Kaselsart University, Kamphaengsaen Campus, Nakhon Palhom, Tlailand from 17 November1992 to 3 February 1993. Results indicate that there was no significant difference in the yield,flower characteristics, ratio fruit set per female flowers, and fruit width of Jed-bai and Pol-lek
cucumber varieties..ed-bai exhibiteo greater fruit size, length of plant, and mean weight of fruitthan that of Pol-lek. Method of mulching had significant effect on the total yield, number of'fruits per plant, length of plant, number of branches, and the production of male and female flowers.The black polyethylene plastic mulch was 1ound to significantly increase cucumber yield. 

Chinese Cabbage 

Chinese cabbage varietal trial 
Ten Chinese cabbage entries, nine from AVRI)C and one from Thailand were evaluated for

their yield and horticultural characters in the ARC field in RCBI) with four replications.
Significant differences were observed anong the accessions for yield and horticulturalcharacters. ASVEG No.1 gave the best performance interms of marketable yield and some olherhorticultura characters. B 40 performed very poorly, while all other entries from AVRI)C

showed acceptable yield and horticultural characters. 
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Effect of planting methods and mulching on the yield of Chinese cabbage 
The yield response to planting methods such as in situ planting, transplanting, and mulching

with rice straw at C,2.5, and 5 t/ha was studied using ASVEG No. I and Dt ephant Brand varieties 
of Chinese cabbage under Kamphaengsaen conditions. Rice straw mulcling at the rate of 
2.5 t/ha was confirmed effective in increasing tile yield of Chinese cabbage. Transplanting 
method contributed more to production than in situ planting. The hybrid cultivar, ASVEG No. 1, 
perflornmed belter than the commercial variety Elephant Brand. likewise, transplanted ASVEG 
No. I was promising in terms of yield, yield components, and other horticultural characlers. The 
effect of other treatment combinations was insigni ficant. 

Nonheading Chinese cabbage varietal trial 
Eight varieties of nonheading Chinese cabbage from Taiwan were evaluated flor their yield,

horticultural characlers, and eating quality. Signilicant difterences among all tested entries were 
foun.d in their total yield, nean plant weight, days to maturity, and several horticultural 
characteristics such as lealcolor, plant height, width, and eating quality. The tallest among the 
varieties was B 471, while B 65 was of me!iuni height. B 54 was the shortest among the varieties 
and the earliest to inature. 

Insect damage on heat-tolerant crucifers 
The insect pests and the damage they inllicted on some heat-tolerant crucifers grown in the 

ARC-AVRI)C field was observed from 7 December 1992 to14 February 1993. Insect pests were 
found as on, oflthc key factors that limit tlhe production ofcruci ferous crops in the lowland hunid 
tropics, in spite of the heavy use of chemical insecticides. The most serious insect pests were 
diamondback mnoll, cabbage noth, rice cut wormn, and cabbage aphid. Cotesia phitelle, the 
parasitoid of diamnondback noth, might play an important role in the control of' this pest, if 
insecticide was not overly used. 

Mass rearing techniques and selection of Trichogrammatoidea bactrae 
Trichograwotiitoidea,bacirae,one of the important parasitoids of the diamondback noth, 

was mass reared using the eggs of' rice noth (Corcyra crphalonica) as host. The virgin fenmale 
parasitoids were able to produce only male progeny. Wien a female parasiloid was allowed to 
stay with one nale or more, the numbers of parasitized eggs increased but the percentage of 
emergence decrease(]. More female than male progeny were produced. However, when male 
parents were few, sex ra'io of the prcgeny will be in favor oflhe male. The selection of parasitoid 
resistant to fenvalerate was not successful. The F, progeny was moresusceptibleto the insecticide 
than the parent. The insecticide might have affected the condition of surviving parents and 
resulted in the weaker progeny. 

Common Cabbage 

Effect of nitrogen fertilizer on common cabbage yield 
The effect of'nitrogen rates: 0,40, 80, 120, 160, 200, and 24( kg/ha was investigated on yield,

yield components, and olher horticultural characters of Flying Kid. a variety of common cabbage, 
under Kamphaengsaen, Thailand conditions. Results indicated Ihal N application significantly
incmeased the yield, yield components, and other horticultural characters of common cabbage. 
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Application of nitrogen up to 160 kg/ha gave the highest significant yield. Results likewise 
showed that application ofN-fertilizer significantly increased head formation and also signi ficantly
induced earlier head formation in common cabbage. For optimum and maximum rates of N
fertilizer application on totai yield and marketable head yield, the regression equations Y = 8.028 
+ 1.33 - 0.(XX265 and Y = 0.376 + 0.0413 - 0.0000672 were considered, respectively. The 
optimum ,ate was found to be 160 kg/ha for both yield parameters. The maximum rates for total 
head yield and marketable head yield was 251 kg/ha and 252 kg/ha. 

Cauliflower 

Cauliflower varietal evaluation trial 
Seven commercial cauliflower varieties were tested for their yields and horticultural 

characters. The main objective of this evaluation was to learn which varieties have high yield,
early maturity, and resistance to major pests and diseases. 

In this experiment, data could not be analyzed due to various problems ei;'ountered: severe 
attack of diamondback moth (D)BM) for the whole growing period, poor soil condition, and 
scarcity of water, among othcrs. Despite all these problems, some of the varieties still produced
yields o17.8-9.7 t/ha. The highest yield obtained in last year's experiment was 19.3 t/ha by Flying 
Kid. 

Snap Bean 

Snap bean varietal trial 
Several varieties of snap bean, both determinate and indeterminate, were evaluated under the 

climatic conditions of (he ARC-AVR DC field at Kamphaengsaen Campus, from 18 November 1992 
to 1 February 1993. 

The variety TVRC, early to mature and with the longest and the widest pods, gave the highest
marketable yield at 6.5 tlha. The variety no. 153 from AVRDC, Taiwan, gave the highest number 
of po(ls per plant (51.3). 

Chinese Radish 

Chinese radish varietal trial 
Six Chinese radish varieties were evaluated for their yield, yield components, root characters,

and tolerance to insect pests at the AIC-AVRI)C experimental field at Kamph:,engsaen Campus,
from 1 December1992 to 13 January1993. All varieties matured within 44 days. Kaoyuak, Al-
Fl, and Al performed better than the check Everest in terms of yield, yield compoxnents, and root 
character. Kaoyuak was the best among all six varieties tested, producing the significantly highest
marketable root yield of 33.7 t/ha. There were no significant differences between A I-F1 and A I 
in terms of marketable rot yield. However, no variety was found tolerant to diamondback moth 
and flea beetle. 
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Baby Corn 

The effect of spacing and population on baby corn yield 
This study was undertaken to examine the appropriate plant density for baby corn production

from December 1992 to March 1993 at the ARC-AVRI)C experimental field, Kamphaengsaen
Campus. The baby corn yield was not significantly affected by the interaction between spacing 
and number of plants per hill. However, tie closer spacing, 80 cm x 20 cm, with more plants per
hill gave the highest yield of 1.8 t/ha witho)ut husk and Ilighest nunber of baby corn ears (243,828/
ha) while ;he wider spacing, 80 cm x 80 cm, with single plant per hill gave the lowest yield of 
1.2 tlha without husk. 

Asparagus 

Effect of chlorine treatment, setting spears in water, and packing methods 
on postharvest quality of asparagus 
The effect of chlorine treatment, setting spears in water, and packing method on the 

postharvest quality of asparagus UC no.;)9 for export to European markets was 2valuated. 
Washing spears in water with chlorine from either Ca(OCI), or NaOC1 at concentrations of' 1(X)
400 ppm resulted in decay ofonly 2.09-5. I/1%, whereas, those washed in waler without chlorine 
shov ed decay of up to 32.5%. Selling spears in tap water at levels of2-10 cm for 1-5 h had no 
significant effect on fiber content, but setting spears in water a' the 2-cn level for I h resulted in 
the least amount of fiber content. Setting spears in water at temperatures of 1+['C and 28+1PC 
had no significant effect on fiber content, but higher icmperatures resulted in less fiber content. 
Dry and wet packing of spears in corrugated boxes had no significant effect on fiber content; but 
wet packing resulted in more decay of spears. 

Training 

The 12th Regional Training Course started on 15 October 1993 with 22 participants from 10 
countries (table 2). For tile first time training scholars from Papua New Guinea participated who 
are sponsored by their own government. As in the past, some of tile training scholars are being 
sponsored by privatl organizations.

ARC was also responsible for coordinating and arranging special training for some Thais and 
Vietnamese at AVRDC hcadquarters. Sponsorshipof these trainees was through special projects 
and the Food and AgricultueCOrganization (FAO). 

A spccial study tour for officials of the Malakand Fruit and Vegetable l)evelopment Project
based in Swat, North West Frontier Province of Pakistan was conducted from June to July 1993. 
ARC staff was also involved in a special 6-wk FA) trai;ling on farming systems; one of the 
training coordinators came from ARC. 

Special short courses were also conducted for agriitltural students and a group of technicians 
specializing in vegetable products from various provincial agricultural colleges in Thailand. 
They came to ARC to conduct their special projects and field praclicuni. TheARC/Thai slaffgave
lectures and acted as special project advisors. 
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Table 2. The 12th Regional Training Course in Vegetable Production and Research participants 
Name Country Sponsor 
Mr. Phoeung Nady Cambodia SDC 
Mrs. Shi Lin-Qi China IDRC 
Mrs. Liu Li China IDRC 
Mrs. Cal Shuping China IDRC 
Mrs. Chu Jin-Ping China IDRC 
Mr. Xir Huajun China IDRC 
Mr. Jiao Zigao China IDRC 
Mr. Oian Yongzhong China IDRC 
Mr. Kang Gaogiang China IDRC 
Mr. Cui Dexiang China IDRC 
Mr. Rao Zhihong China IDRC 
Mr. A. Darwin Harahap Indonesia ARC-AVRDC 
Mr. Khamphanh Thommavong Laos SDC 
Mr. Viengsaisy Lang Laos SDC 
Mr. Muhammad Farooq Chaudhary Pakistan ARC-AVRDC 
Mr. Alfred Nongkas 
Mr. Johni Yamarak 

Papua New Guinea 
Papua New Guinea 

PNG Government 
PNG Government 

Mr. Joselito L.Antioquia Philippines ARC-AVRDC 
Mr. Nguyen Ngoc Thanh Vietnam SDC 
Mr. Ngo Quang Vinh Vietnam SDC 
Mr. Prasan Vongchalerm Thailand ARC-AVRDC 
Mr. Somchai Thaisamark Thailand ARC-AVRDC 

Home Gardens 

In addition to regular home garden denionstralion trials which are being conducted for the 
newly released varieties of vegetables by both AVRDC and agricultural agencies in Thailand,
live studies regarding home gardens were conducted by the I I ihRegional Training Course (RTP)
participants froni Cambodia. The summary olf their results are as follows: 

Seed production for home garden (1) 
A 6()-i 2 area was planted to five home garden crops: green kwang futsoi, amaranth,

cucumber, bitter gourd, and yard-long bean for sced production. Green kwang lutsoi gave a total 
yield ot4.1 kg with a return ofi58.27 balt; amaranth yielded 16.2 kg with a return ofi269.00 bait. 
Bitter gourd had a total yield of(0.5 kg with a return of 15(.20 baht, while yard-long bean gave 
a total yield of 1.3 kg with a return of 147.5 bahL. Cucumber yielded only 0.2 kg with 36.93 bahlt
loss. All plants except cucumbergavc aprofit. Anet relurn of588.12 bahlt vas acquired from four 
crops planled in a 49-i 2 land. 

Seed production for home garden (2) 
The stu:l. on seed producton for home garden was conducted with the idea of introducing 

-
it to the farmers of Bali, Cambodia. An area of502 , 2 is suflicient to produce the needed 39 kg
seeds (oItomato and snap bean that will ensure 6000 home garden pilot projects.

Within a 4-mio period, the net return was 408 r,dl from 2.4 m2of land. The production cost 
f'or 39 kg seeds fronm a 502- 1n 2 land was 3774 bahlt. If the 39 kg of seeds had been bought from 
a commercial seed company, it would have cost 12,600 bahtl. Thus, the farmer can save 8825 bahlt 
when he produces his own seed from his own home garden. 

http:of588.12
http:ofi269.00
http:ofi58.27
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Patterns of home gardensThe nain (hiective of the stUi,was t( findi (eli aproducLtive hie carIlen pttern which n 

give high nel return, high product yield, andl high nILrilive yield. An improved ARC-AVRI)C
lhomle girdel and a Canbhodia backyard garden were set tip fur testing.

The impioved A RC-AV RI)C, home garden gave a product value of 96.2 kg which was 
5.0 kg more than1 (he yield obtained from the Caonhdian backyard garden.

Bolh paltris of lIonie gardens could subslanliallv contribute to fle family's recorn cnlded 
dielary allowance lkr prolein, iron, calcium, vilamin A. and vitamin C, especially for the people 
in developing couItries. The amoun oflprlolein, iron. calcium, vitailmin A,and vitani n C produced
hy the ARC-AVRI )C honme garden was more than llose lromn tileCambodian backyard garden. 
A nelreturn o 1432.3(0 baht oni Ile ilinproved ARC-AVRI)C Iomne gardlcn during I)()days was 
more than the net return Of 1142.34 b ht from the Camlodian backyard garden. 

Effect of various fertilizers on home garden 
The effecl of using compost willihchemicals, compost fertiliier, and no0 fe.rtilizer illput on the 

yield of selected vegcetlble crops in a home garden was studied. A 25 mi2-area was assigned for 
each \ariable ol tie fertilizer inputs. Tfhe plot with , o input gave a total yield of 15.23 kg will 
a re(urnof 195.13 hailt. Ih conpost.with ciernical ferlilizer gave a yield(if'46.37 kg with areturn 
o '752.7(1 bait. The compost ferlilizer plol gave a yield oif23.52 kg with a return of 353.58 baht. 

In ternsl'ftotal yield, fertilizer application pr(iced a sieniticant effect except insomlecrops 
like cauli flo wer \whticlh id no1 hte yield. The colpostyield aidr.swcetpea which ploduced mlowest,. 
fertilizcr :ipplicatlior was so',;lohw tllt tire yield oftolilato, green kwane lutsoi, and kangkong were 
not higlher than the yields of these veclables ill tile untreatecd plots. 

Crop protection in home garden through companion cropping 
Companion planling illltre gardlen was studied ittile AIRC-AVRI)C experimental lield. 

Green (nioll. waler convolvulus,IrtS pepper, tomato, shallot, pepper mintl, coriander, lelongrass, and marigold were fou 11d as g ocmpanion planlings iil ion gardens.Thlywere not 

attacked by insect pests aid gave go(( yield withIl li l n1trient c(ollellt. Tiey also redited insect 
Janrall oilgelllil cabbage, cucent(iii ci er, yard-hlirg beatl, cau lillower, Chiinese kale, and Chinese 
radish 3(1 dlays after Lermiiltioti. The companiot planting provided a lav'irable con(ldilioi for 
Iltural eneries. 

Germplasm collection/exchange 
A lolal oI' 970 packels of veelable and legunre seeds (intunghean = 336, soyhean = 56, 

eggplant = 12, loma(tu = 2()9) fri AVRI )C an(l otlrer priod(cers were sent ovarious instilutions 
atnd ciiperaline agencies illChina, Vietlirim, Caiibodia, Pakistan, 3atgladesh, and other 
coutilries all over Asia. With tire transf'r oIf tile tlurngbeat program to ARC, worldwide 
nmnghean (list ri bul ion wvill be cotducted tw ARC. 

Tile gertoplasinm collected in1992 from all ever Thailaud are being nmlliplied one at alittle. 
Results were sent to GRSU for incorporation intheir repoirts. laif of' lie collectiot was sel lo 
(RSU fkrsaI'keeping and hal lwas kepl at ARC for multiplication and saflekeepinl. ()ne hundred 
kilograis (i AVNRI Imuigbean VC 1973A ir KI'S I and VC 2778A or KIS 2were purchased 
by the Church \VWorld Service (CWS), a tonroverim:terltal oryanizalioir in Camrbodia, Ikir seed 
productioin Illl)hrniour I'euh. Camllodia is one country where AVRI )C germiplasm mraterials are 
ill
great demand. Anolier hundred kilograms (i KPS I and 2 were purchascd by UN I)eC(Uniled 

http:oif23.52
http:if'46.37
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Nations i)rug Control P'rogram) of Myaninar for planting along the Thai-Myanmar border to 
replace onion. (;erniplasm collections from thesC CoUntries are illorder. 

Workshops 

In lmehrary 1993 ARC organized and c sponsored with AVRI)C headquarler IhelInlernalional 
Symposium on Allitiis lr lheiTropics held at the Emerald Hotel in Bangkok. It was attended 
by more lhan a hu ndred scientists lromii more than 50co.ntries. Il)uring the synposiu in the status, 
progress, and direction for Alliun research were discussed. 

A sympOsin in which dicussed the st atus and the impact oUAVRIDC mungbCean materials was 
c(oranized wilhi the Chinese Academy of Agricultural Sciences in Aucust 1992. This special
symposium was held in Chinhuanedao, a suburb close to Bejing. Several in-country workshops 
were conducled su)sequenL I1y in difflerent provinces in China. 

Publications and Scientific Exchange 

ARC continues to serve as a repository and exchange center for AVRDC publicalions in 
South, Soulheasl Asia, and China. 

Other Activities 

The Kaselsart University Research and I)evelopment Institute (KUR I)I) celebrated its 15111 
anniversary in ()ctolher 1993. One oflthe crops highlighted during this celebration was AIC's 
vegetable soybean, KlIS 292 or AGS 292. This is the major variety beinggcrown by Thai farmers 
for vegelable soybean production. Ilie impact (I'vegelable soybean in Thailand both for local 
market and export is trenrenidons. KPS 292 seeds are now hei rig produce( in large quantities by
the I)epartnent of Agricultural Extension for listrihution to farmers at (t) balit per kilo.

At the KURI) celebration, the ARC director was given an award for his outstanding 
contributiun to tlie developmfent of Thai agriculitural research and productiop,, especially inithe 
lield of veceable research. 



Africa Regional Program
 

Introduction 
The Africa Rlegilonal Progran of AVRI )C' is inextension of the center into Africa, with the 

mandale to un(lertake vecetable iesearch, training. and infl'ortnlion services for ile benefit o llhe 
African national priraills. 

This regional prograun commenced in .luly 1992 viti tile utposti ni.of a training ((licer ctifi 
horticulturist to ihe regional headqurt.ers at II()l, I-TCingCru, Arusha, Tanzania. toprepare For 
tile implementation ofllhe training activities under the anespiceso th[11e Network for(ollahorative 
Vegetable Research and in the SAI)C Regioi W Training is an)evelopnent (C'()N VFRID)S). 
activity that was accorded the highest priority by the NARS in tihe SAl )Crcgion. .0e program
director (cuni plant breeder) fillowed in Octher I '392, coipleting the initial set ol senior 
scientists assigned to the Africa Regional IProgran. 

Two projects are currently heing impleentlled hy tlhregional prograln, namely: ( I ) 'I'oniato 
improvement Program for the African Ililhlands, and (2) C()NVI-II)S. 

The goal of the higltand tolliato brl-eding program is lo devClp iniprVed cullivars with 
resislance particularly to two m.jor diseases, viz., tomato y'elhw lealcurl virus and fac blight,
which are allong-tle Ilost illpoltaill (]isease oof tlnatoes ilIlese prodlclion Ztones. In addition, 
it aiins to illtoduce, Cvaluatle, and prootle tile adoption of, the center's tropical honiatoe. for 
produclion under tlic hol and hu nlid conditions ofAfrica. This regional pro ject filly complenents 
the toliato breling progran l'ortile lowland tropics at tile center's Taiwan headquarters. 

)n the other hand, the i ajor resp(isihililic:; (il ( )NVFRI)S are research and trainirg on 
hchalf of the national programs of the SAIDC region. The vegcelahie species of research and 
developiicnt initerest ire: traditional vegetable species, itonaloes, onions, and lhe leafy 13rassicas. 
'Fle responsibilities lo lead tile collaborative reearch on helhalf (of the network Ilave been 
allocated lor die aloresaid species to Taizania, Zinbabwe, Zamnbia, ard Malawi, respcclively.
I.ead respxmsibility fordip~lolna and sho~rt-terml trai nirng beh irigs to Tanizania. wvhereals, proic,,2ional 

training is tlie responsibility oi 'Zimnbahwe. 

Collaborative Research 
In 1993, the Africa Regional Irogramn co(inducled a nunber of priority research studies in 

collaborali( wili several Tarzanii researchers. 
The tomato improvmene prograin for the African highlands is a restricted core project 

funded by tlhe ermnian Ministry (f' Ec n mic Cooperati(il( erman Agency for Technical 
Coo peration ([NIZI(;'I!). (n ile oflher hand, the traditional veceLtables (TVs) are a very
irliportant group of vcetLahlCs illthe SAI)(W reion. The nandate to lead the research in this 
coi noni(liton bhehal fo ( )NVIo )S behmgs ( ihe regional program's hist country,Tanzania. 
As agroup, the TVs have not ever received the research allention they richly dcs.erve. Farmers 
aind hone gardeners. mnearwhile, direly need improved priducli(0 tech niques. 

lyiridization program. The toimato breeding progran conlmenced hylbridizalion work. 
Nine initial crosses were male to irmprove the local varieties. MoneyMaker and Ronia VF,for 
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resistance to hillat() iltsaic virus 0ndne'iiiat1(fc. While these are n1t the majoi(Ir pests hatl (Ihe
bre(li ng prtIject is suipf[ )sc(I 1()1 a(l(rcss, thcv are equally inliporta1ni and widespread in the
Clitiilcll. Rcsistance is als() cntrllcd hy silelL tlttlli nant Ccones, in btlh cascs illakingIheln easy
Iwbreed 1 )r. 'Trlier we, resistance hrecdiMIi ,Was sl:lrlt'd. S-urces (d resistaice in ile crosses ;ire
AVRID)( brccdin. lines. IiBackcnioss hrcediil.c!lito(Id vili be applicd mi lhsec cr(.,c15. 

Selection experiment in llhi lopian mustarI. While C,arrvilll til ilial L'eCllenlt1 studies (m(he hwctal pipt atliin ()ftI' ii thi1 111tslatrd (Bra.s'si 1 car,hI I. weim notetl liirke(l variation ill 
sevell ftraits. Tli) 1 slikit( ill c'i anaparent "'ttlell,.lpte1C 1w re Itt liti ltlip ll(,IO iCvirus CYuIn V) alilt inl SCill ctlthn cveral shadcs ofI purple and .reei ). lwcntl,-nihc sclections
varying in ll.'. \ IWl seInl toltr weoreleranee atil illed. Fach selection was selfted to
cstallisll S I lil)CS which will he tosied next lor TtnNIV lerancc alnd cglceatioll for stn colhr.
Ne\ ptjtulatittitS \Will high Ircquencv (t"fTliNIV-tohlerant plants alnd/mtr purc lo stein colhr willbe rccmt intitlielt til. pItt i.-tiies hc l' clt.'L 1cs1cd I'tl her,, land the hesl srains distribuiled 
Itt lthfalr s. 

Performance of AVRDC Tomato Breeding Lines Under
 
Highland Conditions of Tanzania
 

Summary
 
utWpieliminary Irial.s o 
AVRI )CtImnatoli ntcs were Coltn(hliClel t11ll(RTI-Tengeru (145()


ill ai iv sea levcl ). ,\ log tilt (eici 
 lategLrup, ltmr lines w.,cre selecled to be advanced t tihenational intihcatjlionial trials lh.t will be carried m in 1994. Som olthese selections markedly
tnlyieldcd Rimla VF (docal check) and had hetcr fruil alnld disease resistance characteristics.Auioni! thle iitellirtilateu linesl.to pei-p\tllinatled entries weore advanced to> te nullihocatlional 

trial. While t numiber ofl fresh market hybrids fronm AVRI) were vastly superior to) tile check,
 
N11mic,,,klcr, thic vwere not yet advanced twt
the ilitilocational trial bccatusc offseed availtilityprohlii anld will have Itkawit tile training ofI lncal secd producers in hybrid sced proiduction. 

Introduction 
Mali'y sntcce.sutl crop varieties wttrdlwide have been developed through ihree princiral

inllliods of hrceline: illntroduction, selection, and hyhridization. )tien, these are emplo)yed
silitlllanetuskv in brcci ug, prtgrams. introductions can be used directly as iew varieties, parents
ill ile productioin (t) hybrids, and as sources o ledesirable ucnes Ihll could be hred ill locally
adlapted varictics. These ,'clCS 11aV accountlll for hich 'ield clh;aracteristics, pest and disease 
resistance, and ttlhr ldcsirablc Irails. 

"hrtmigh lhe Natiotnal Vecable Seed Itrttclimio Progran td"tIaininiaia numehr oftluatot
varilies l'avt- beecn inrttdunced arll hi:uldaiied at IIC)l'Tl-'I'engeru. Reccntly the AVRI )C Africa
Regional lPrtiraiil ' rtougiht ill iat grinplasili troin A\VRI)(' for use in the Pan-Africa
Tomiat) lproenllcnll I .et,. Manofv t(lh'eC iiOw mliaterials carrV i-,cIs Ifor .esistlance t tlllato
nmsaic virus (ChtNtV) strails () arld I and ncniatlfic, and are firiln-Iruiled and resistant 1t fruit 

cracking.
Thi'ie C'0l1ctiotis irollit ahbcnlwvirnlncd pr(tgrains, afler g(ing thirotugh variotus stages ()F

variety evaltiifrlor aLdaptability 1to 1', hotal conditit., cmtllh be very uselul ilte Iea-Alrica
Tomato) inproeincmit IProject to iinprwe local varieties lbr highland growing conditions. 
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'herelb re, pre lii nary trials were cndticled to evaluate the new i nIrodict ios from AVR I )C 
Ibr adaptability to thelhighland conditions olnTizania and to1 select the iost promising entries 
for Iurther tets. 

Materials and Methods 
lwo sets ofinaterials, determi nate and indltermi nate lines, were evalualed. The deterniinate 

lroup consisted uf 17 ,'nltries, with Roma VF,a popular local \ariet y. as the check. The 
indeterminalte grotup had 16 entries will MoneyMaker, another popular local variety, as the 
check. "iceseltri alswercilc cnsi(ere(t preliminary and were (lesigned to louk at several inlroductions 
iir the first tinc. A randomized complete block design (RCII)) with two replications was 
(teemed adequat . incc it is a preliminary trial. 

'ite trials were sccwn oil 3) March and seedlings were raised in tle seetdbed until transplanted 
tot lhefiell ()n2H April I1993. Stakes were used to :upport tilie indeterminate group. The 
(letrlillnate grou p was also supported by,short stakes to niiniiii/e fruit rot and to alleviate the 
conoll ()Idiseases and insects. 

'en (tI() I/ha farn varl manure was applied bcrtransplanting. ( )lhclr fertilizer applications 
lfollowed theC rcoltilnlneled rates for tomato niultilocational trials in Tanzania. 

Furrow irrigalito ni weelilng were r(l(e as necessary. 
lhe bIblhwine data were collected Irom tlhe trials: days to S(/c flowering, fruit setting rate. 

diseasc and post incidelncc (in collahoration will plant protection stat lt I( )lTl-'lengeru), yield 
(marketlable and unniarketahle), days to 5()% malurity, and fruit trails (shape, size, color, crack 
resistance, IfirlIness. hillsotlness, sweetl ess, etc.). 

Results and Discussion 
'[ti Irials were fraught with missing plants mainly (ue to pococr nursery techniques. The 

surviving plants wereobstrvd mainly f(rhotricultural charactristics, yield. an(lother quantifable 
fruil cha raclors. 

Ixcept for CI. 5)15-223, all entries have been advanced to the 1994 multilocatior;al trials' 
l acucint c1flheir s perior trails (l'oM V [carries theT n'12a gene resistance for strain's and fruit 

qlualities such as tirmness, smoolh shape, nonpuffy fruils, etc.) compared to lzolon! VF.Tholugh 
hi gh yieldinig, Cl. 5)15-223 had vei y irregular fruil sizes which were nol comparable to other 
.selections in fruil quality. IRolmla VF is popular in many parts ccl Africa: lowever, its fruil is pear
shalUd. sinall, puflfy (nd, posu whei cook!_'d) an moderately firm. It isalsorieslillepurce lon1y 
suscetplihlc w 'c.V which is widespread in tlie continent. 

Atni lltihin(ltcriinmate group. tws opedn-pollinatd etories were selcte(l lir inclusion inlto 
tile 1)4 iiullilfaliolnal trials (tahl I ). These are (TIN 057-2X5-()-2()-() and its sister line ClN 
657-2S5-0-2 I-0. Both lines gave highetr yields and largcr (prlerred inlTan/,ania), firiier fruits 
thanl Mtc ev~laker. 

Whiile a nuuiher of AVRI )('s fresh market indeterminate hybrids did very well, such as 
F[NI' 33 and IT'NF" 22. iley \vere bypassed in the selectimn proccss for nuIltilocatin testing 
Ibctause of scc(i availability prcclelnis. IHocwever. the FA() Scd I ocducliccn IUnit is interested in 
p du.'ing hyrid seeds anl y awaits the training (it' its pers cnnel hy tile Africa Regional 
lrorrall. The ltInd in lte hcCal \eL'l)tle seei crat ll private sector 

to he involved and this is currently being docne wilh assistance lrcii the FA(). 

'The entries for the multilocational tomato trials in Tanzania have just been revised to include even 
newly tested entries, so long as they are deemed outstanding in preliminary trials. 
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Table 1. Best performing entries in the highland preliminary trial of AVRDC's indeterminate
 
tomato lines at HORTI-Tenqeru, 1993
 

Marketablu Mean fruit 
yield weight Yield index
 

Indeterrninate Grop (t/ha) (g/ft) (vs. check) Other traits

FMTT 267 53.7 

____ 

151.6 198% Tm2a, F
CLN 657-285-0-20-0 40.0 108.9 148% Tm2a. F

CLN 657-285-0 21-0 53.7 
 112.7 198% Tm2a, F

FMTT33 
 58.7 125.6 217% Tm2a, F

FMTT 22 53.8 113.8 199% Tm2a, F

FMTT 3 56.5 104.9 208% Tm2a, F
 
McneyMaker (ck) 27.1 77.4 - +/+, MF
 
'F = firm; VF = very firm; MF = moderately firm; Tm2a represents the gene for resistance to strains 0
 
and 1 of the tomato mosaic virus. 

Performance of AVRDC Tomato Breeding Lines Under
 
Lowland Conditions of Tanzania
 

Surnmary
 
'w( 
 preli iniary yield trials iil AVRI )("s deleirninalt and indeterninaie tr(pical liies were 

cr lnInCte( hvw C(iiif l ,rsin I)akawa (32) atahove sea the bestlevel). None o deleriminale
tropical ines signiflicanllly i-ttvilled R na VIF. ie lical chuck. Ihiwever, tile best lines 
pridticcd iarr lruits lh. thl' Check, a rail falht is prel'rred lv , in "l'anzania, and have 
the addd .1d alllages W! helm! heat-toletll. resislaill lo bacterial will and t1ii(a) 1l()saic viruis,
fiI ani-d 'ith crackin re'sistance. A"I )( "s inXfterlinale' toialtii entries were clearly sule.rior 
over the hical varieti. l ys. lkcr and Nlarollob., with the est cnlr, viel(linLe nearly twice as 
much as ,iiNvMIC laker. Ilifms all cases. the' also produ ed significatly larger Init than Ile 
local checks. As Willi the (fCteinIt, tropical lines, lijillir ;advanla.acs of tile AVRIDC 
indelerlliiiilite iiatalrirls iiv t Ihe checks include thIefilho)wing: resistance I t ii;(isaic viru,,sMo 

an( bactllial will. InUit li 11111ess, ciackigi resisltancc, and hlal tlerance.
 

Introduction 
uIr(;ltoes ate aiiilt'q ne I)Si widlv '11 an( C(nlstllllcd vegelahles worldwide. They are

riot u()I niutlrilious and highly acceplable, bit tile,' ire .-!so 1g)(d cash criip fir larntiers. While
research onlI lie IIll pI t l'ultiWier vas hs pirore-seC sO Illh ill tie Lnip-lrte zones, research 
ill the tropical elviromennt.s haMs lal'd ill many respects. 

ciltivalion ()I hillitiws in11 the Inqiics is hese l maay ri lcins. Th'liese prrdticliin
conslraints imavebi2cnerlily classilied as: biotlic stresses. such as, (fiseaseS an( inscl p sts; and
ahiolic stresses such as irie tllnperatlures. high Iltuilidity. exc'essive r,infl, loV liill intensily, 
and(poor stil tlililv. 

>iine v ik has IOLLII(fii 011 (killivan istIiiig (hlirifi Ihe (1v(fr seas]i ill the I11u(lit1t1i elevaliumn 
ofl I)akava, ieumnu 1luir2() i abu, se: level) Io ,valuat tle pcirl irttiance. oildiftercl cullivars. 
This work needs it) he CiniituC( fir several seasons tt cotie up wii tile promising cullivars fir
 
ise by tile farners. hlie in1r 
 uiclion and evaluation I new germiplasi, parlicularly those bred 
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for Iropicl Iadaptalili hy Iilor.at hiced<ers it AVRIl) in Taivan, w'iId he a promisiig ite of 
reserclh. 

The AVRI)(' Africa Regional l'ratil-n has beun to introduce these new germplast lines 
into Africa and a number of the tropical lines have been given to Chollinia Sciertific AeriCulLura+l 
Research Centre. A prelilnarv,u yield trial \'as conducted to evaluate these newI tomato lines Ibr 
rettlar anid olt-season production illthe inediiu elevation ofl )akawa. NMorogoro. 

Materials and Methods 
Thirty-seven delcriintllc and 22 indetlrininale breedirne lines vere tested. Roma VF and(

NM mev\,, akr s rvd as checks tir lie deterii nate ard irdeterin inate gr1(nips, respectively. These 
two chc'k cultivars have alieadv en lested lor -,lew seasolis in I)akaw Niorogoro.

Thie CXperimLenltl (lesien was a r;il lolii/ed complete block with two replications. Plots 
collsiste(l (Itwo rows. (.,-i,-lonl ald 1.2-111 wide eIch. Spcing beltecn plants in the row was 
4(0 cm and helweell i)ws witlhin bds, 5(0 cii. 'lie Itwo rows of ct.i elllry OCCipiel a two-row 
raised bed, where the actual bed is abhOt .1)n 'idean1d the widthIII tl each hed, including the 
kirrows, is 1.2 i. 

Sedlin, s wer raised iln the seedhe lr 3 weeks anl translanted Itorelevant plots. h-arm yard 
manure at the rlte o, It) t/lia was applied efo()re Iransplanting. NIPK fertilizer at stan(lar rates For 
the inultilocational trial was s.fplit-alplied at Sp.cilc irvl.'rals. 

llrrow irigltioli and wec(lin were doIlle as nlce.ssary. 
The fihflwing datla were cotllecled from the tri:als: diys t ( lletieriug; fruit settinig rate;5()to 


disease anid pest incidence (iin colla oratlion with the plant protectioni stlfff II I()-l'FTengeru);
yield itnarkta uninarkeible): days to 5()'/ iiatrily: ald fruil trails. such as, shape, size,e a1nd1 

oloi CrackI Isislance. tirItIness, silltt iIlltess, sweelless, etc.
 

Results and Discussion 
Noncl ltc hebst AVRI (' tdlertlinatel lines siLni nicallIv outlvile(l the local check variety,

Romtta VI (tablc 2). IAxcept (I. 143., however., illines had significanlly larger fruit.s than the 
check. I are Itnils which give a lot 1f kix, is hightpureupoiic ,ly prellrred by corsUiers ill 
Tan,,ania. Additional alvantages ol the AVII)K_ lines over ma VF are leat tolrlerance. 
resisltnce to acterial wilt and tott itu vifus, fruit lSriins, andill~ic 'F cra.ickiie reisistlne. Roima 
VF also till(Il Ito he pilly, wvhich w\-aS lol Cvide iitallmlg the AVRI ('lines. 

'I' supCriorilt ofI AVI)Cs i(trclllninalte criues over tlte local clhecks, Marhlobe and 
MotteyNlaker. was hig2hly evidcnit (table 3.The highcsl vicldiig entry, [:M' r 31)4, yielded nearly 
twice as itnci a,SNhoneyaker. 

Table 2. Best entries in the lowland preliminary trial of AVRDC's determinate tomato lines at 
Dakawa, Morogoro, 1993 

Variety name/Code Total Marketable Mean fruit 

CL143-0-10-3-0-1-10 
CLN 475-265-9-0 
Roma VF (local ck) 

yield 
(kg/plot) 
63.9 d1 
62.3 cd 
62.2 b-d 

yield 
(kg/plot)-

61.3 c 
60.6 c 
60.6 c 

weight 
(g/ft) 

30.4 a-c 
50.4 g-i 
35.6 c-e 

CLN 684-58-5-0 
CL 5915-93-1 0-L-2 

60.8 b-d 
56.9 b-d 

58.6 bc 
52.1 a-c 

63.0 jk 
55.8 ij 

INumbers followed by the same letters are not statistically different at 5% level (DMRT) 

http:Iilor.at
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Table 3. Best entries in the lowland preliminary trial of AVRDC's indeterminate tomato lines at 
Dakawa, Morogoro, 1992 

Variety name/Code Total Marketable Mean fruit 
yield yield weight 

(kg/plot) (kg/plot) (g/ft) 
FMTT 304 78 ha 74 h 135 hi 
FMTT 277 
FMTT 268 
FMTT 267 

73 gh 
72 f-h 
71 e-h 

68 f-h 
68 f-h 
68 f-h 

146 ij 
156 j 
136 hi 

CL5915-206-2-2-0-4 
FMTT 3 
FMTT 22 

71 e-h 
70 e-h 
70 e-h 

69 gh 
67 e-h 
66 e-h 

118 fg 
113 e-g 

99 c-e 
Marglobe (ck 1) 47.8 a-c 44.5 a-c 91 b-d 
MoneyMaker (ck 2) 41.4 ab 39.0 ab 80 ab 
Numbers followed by the same letters are not statistically different at 5% level (DMRT). 

All entries (except FIM'IF 22) produced significanlly larger fruit than the local checks. As 
with tile (determinategroup, further advantages oftihe AVRI)C malerials over the checks include 
the following: resistance to tolato mosaic vitus anld bacterial wilt (not in all cases for bacterial 
wilt, however), fruit firmness, cracking resistance, and heat tolerance (for entries FMT"22 and 
C. 5915-206-2-2-0-4). 

Identification of Major Tomato Diseases in Tanzania 

Summary 
Collalboralive studies were initiated between the AV RI)C Africa Regional Program, HORTI

T'eneeru and AVRI ,( lHeadquarters to identify the najor diseases that allack tomatoes in 
Tanzania. lF(mr viruses were found a01ecting tomatoes based on samples collected froin various 
places in Taniania. These were: tonato mosaic virus (ToMV), polato virus Y (PVY), tonalo 
yellow leafcurl virus (TYI.CV), and cucumber mosaic virus (CMV). Potalo virus Y was the most 
frequently (letecteoledi rus 1ol owed by ToM V and TYICV. Slrain typ;ng lor ToMV and root-knot 
nematode is under way. TYI.CV was present in 14 of 166 samples tested. Late blight remained 
as the major fungal disease problem limiting lonalo produc.ion inmany areas. Examination ,fI 
sp rangia lr on samples col lected in (Itfferent locations sh(owed that Phr vloplhtholr-a infestelns was 
the species respmnsihle or the hlighl. hFir oplthora {capsici was not (letected although it has also 
been implicated illpreviOus studies. I)amage due to root-knot nematode attack was also 
encountered frCqu1enlly. 

Introduction 

Tomato is tlhe leading f'nit vegetable of Tanzania and is practically available year-round. 
Htovever, its production (uring the (try season is (Iifficull because of severe alack by virus 
diseases. Its price is usually the highest (uring this season. 

I)uring tihe coo(l wet season, late blight is tle most important disease probletn. In soel tomato 
production areas, root-knot nematode has been reported to be atnajor problem. 
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Knowledge of the types and strains otfdiseases that attack tormatoes in Tanzania is severely
lacking. Adequate information about them is necessary befbre sound control strategies can be 
developed. Moreover, this information is import ant befbre the tonato breeders can decide what 
resistance genes to deploy in the breeding program. 

In view Of the potential for losses lhat Call be incurred by the najor diseases and the lack of 
sufficient information regarding them in Tanzania, studies were initiated lto: 

(1) determi ne the diseases and their (list ri but ion; 
(2) (detcrnlincthe strains offlhe most important diseases. and 
(3) develop sound c(ontrol strategies, including resistant cultivars. 
These studies are being conLucted as part oflhe collaborative research between tile AVRDC 

Africa Regional Program, 1ORTI-Tengeru, andi AVRI)C headtlUX-S. 
This report gives the preliminary progress made in identifying some of the major tonato 

diseases in Tanzania. 

Material and Methods 

Assay for the common virus diseases. l.eaf and shoot samples were collected fron tomalto 
plants in the field which showed indicative symptoms of virus infection. 

Samples were then taken to the laboratory for preparation. To delect TYILCV, small disks 
taken by a no. 2 cork borer and squashed on nylon membranes were prepared. To detect other 
viruses, small amou0nts o1fleaf tissue were ground in phosphate huIlloer, and 2 pl of each sample 
were Ihen spoiled on nitrocellulose mncibrane. 

The membranes were sent to AVRI)C headquarters to assay for the viruses that were present 
in the samples. 

Strain-typing for other diseases. In addition to thle virus identification work, research 
activities have been started to determine the major species and/or strains of other diseases and 
pests that are known to he present in Tanzania. These include: tonato nosaic virus, root-knot 
nenato(lc, potato virus Y, and late blight. 

Results and Discussion 
Of 166 samples tested for TYLCV, 14 gave positive signals For the presence olthis virus 

(table 4). On the other hand, of' 138 samples testel for other viruses, 64 were positive for PVY,
16 for ToMV, and 9 For CMV. Multiple viral infections were also detected. (Many samples with 
symploms typical of TYI.CV were found to be negative for this virus.) 

Table 4. Occurrence of tomato viruses inTanzania 
Type of virus Frequency of occurrence 
ToMV 1/138

CMV 3/138

PVY 64/138
 
TYLCV 14/166

CMV + PVY + ToMV 2/138
 
CMV + PVY 6/138
 
CMV +ToMV
 
ToMV + PVY 12/138
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For ToMV strain-typing, the four tomato differentials that are routinely being used to 
differentiate various strains of ToMV were multiplied to ensure avai~ability of seeds. These 
differentials included: (;CR-26 (tlnl/m). susceptible ti, all strains ol ToMV; CSTMW-18 (Ti
1/Tm- I), resistant to three of the n.i or strains (), 2, 22; and Perou-2 ( "tri-2 2/Tm -22), resistant to 
strains 0 and I. Pure TOMV isolates are now being obt ained 1rn i cultures eslablished in tlhe 
greenhouse by purifying tiheii of 1'VY hy passage thr ugh lumnr .%rhuniwn which is resistant 
to PVY. ()nce the pure isolates Of ToM V have been secured, the strain typing will be tone by 
inoculating the d(i fferenlials. 

Samples of nemato le-inteteld to naloes have been collected from dili crent areas of tle 
country and pure cultures are now established in the greenhousC. These cultures were obtained 
by using one egg mass deri ved fromi each sample. Eight pure isolates have so far been estahlished. 
Eight weeks after inocuatlio n, species idCnlification and strain typing will commence. Species 
identification will he lone by studying the pcrineal pattern of the nematode. On tile other hand, 
strain identification will be dlone by the use oldifterential hosts. The following differentials have 
now been established in he greenhouse: tomiato cv. Rutgers; waternelon cv. Charleston Gray; 
pepper cv. Yolo Wo lder; and cotton cv. I)elta Pine. 

Late blight-infected leaves fiom three highland regions--Arusha, IAushto-l'anga, Mbeya
and one from the inid-lowand regiomn of l)akawva-Morogoro were cultured using the blotter 
technique. Examinllil of1the sporangia produced by the isolates showed typical features of 
'h/vloplithorain .festins.Based on morpho)l(ogy, Ph'vto/ithoracapsici was not detected aniong 

the samples. I'ultlre collect ions will include sampling during (lilTerent seasons an( fron more 
locations. 

Regional Collaborative Tomato Trials 

A fewof the program collaborators in the region reported the results oltheir trials of AVRI)C 
tomiato breeding li nes. The results o tlhese trials are summarized below. 

Uganda. An FA() proijecl at Kawanda Research Stalion evaluated several AVRI)Cdelerminale 
and indeterminate lines for resistance to bacterial wilt and horticultural performance. Table 5 
shows the best lines compared to the local check, MT45 froin Makerere Universily. The AVRi)C 
lines had higher bacterial will resistance, leading to higher yield per plot (u nadlusted for stand). 

The bacterial wilt resistance of the indeterminate group was very good according to the 
cooperator. The local variety. MT 55, showed good resislance as well and had the highest yield. 
However, it also produced tile smallest fruits (table 6). 

Table 5. 	Best performing determinate tomato lines in the bacterial wilt (BW) evaluation trial at 
Kawanda Research Station, Uganda, 1992 

Variety name/Code Total yield Fruit number BW rating, 
(kg/plot) (no./plot) 

CLN 65-349-2-0 6.1 c 189 c R 
CL 5915-223-2-1-0 6.0 c 190 c R 
CL 5915-93-1-0-C-1 5.8 c 193 c R 
CLN 475-265-9-0 5.3 bc 177 bc R 
MT 45 (local ck) 1.7 a 52 a S 
a R = resistant; S = susceptible. 
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Table 6. Best performing indeterminate lines in the bacterial wilt (BW) evaluation trial at 
Kawanda Reziearch Station, Uganda, 1992 

Variety name/Code Total yield Mean fruit BW rating' 
(kg/plot) weight (g/ft) 

MT 55 (local check) 4.9 e 24 R 
CL 6046-51-0-20-5-15-14-1 3.6 d 34 R 
CL 6046-51-1-1-20-5-10-13 3.1 cd 25 R 
CL 5915-206-2-2-0-4 2.5 bc 63 R 
a R = resistant; S = susceptible. 

Tanzania. A ciooperalor intile southern highlands oFl'anzania (UyfcuAgricultural Centre) 
evaluated a nunber of determinate and indeterminate breeding lines from AVIZ)C during the 
rainy season of 1990-92 at lour locations: Uyole, Mbinba, Suluti, and Nkundi. Several lines 
showed very high yield potential underthe southern highland conditions. Aong the indelerminale 
2gUp,the Ill(st promising was C'.5915-20-2- 1-(, ood purftrnatce inshowing consistentlv 
fhe trials. Mean vield ol'this line in all trials was 96 tI/ha. NloneyMaker, on tleotlieer hand, averaged 
95 I/ha. I lowever, it (doesnot have resistance to to ialo mosaic virus and bacterial wilt which Cl 
5915-2()6-2-1-(0 possesses. Bacterial wilt is reported to be a serious pro lein in the southern 
highlands because of its long 1radiIion of continutoslltoiato tropping. In the (leerlninate group, 
the best line was Cl. 8l)-0-7-() averaging 60) I/ha across the trials. Most ot tlhe promising 
indeteriiiial lines had nediutm to large fruit, whereas, tiledeterninate lines had only small to 

e(lieduni fruit. 
Ail on-farn trial at two sites (Ma jCt.ie and igurusi) ofthree AVRI )C breedi n lines (Cl 5915

93- I-(0-C- 1,Cl .N 65-349-2-0, and CI81 )-()-7-1) and two commercial cultivars (lRotnitel and Ex. 
NMbalizi) was also conducted in 1992. The aii was to introduce new varieties to the farmers in 
Ihe area who have been growing Roma Vtfor many years. Cl. 8 1) yielded lhe highest in both sites, 
averaging 2(0 t/ha. The farmers who visited the station were reportedly impressed by the 
perfo rmance of the new varieties which yielded better and produced bigger fruitl than Roma VF. 

Effect of Within-Row Spacing and Time of Topping and Deflowering 
on Leaf, Fruit, and Seed Yield of Yellow Nightshade 

(Solanumpseudonigrum) 

Summary 
A split-split plot field trial to investigate the inftluence of within-row spacing (5,10,20, and 

40 cm) as main plot; lime oftopping (early prellowering or late postllowering) as subplot; and 
deflowering vs. none as sub-subplot on leaf, fruit, and seed yield ofperiodically harvested yellow 
nightshade (SoIu11.11 pseutlonigrum) was condutcteIld during the cool season (May-.Tuly). The 
optimuni spacing was 2(0 cm between plants or less sown oni( -cut ridges. Total leaf yield of 
5 t/ha was obtained after six biweekly harvests and close spacings were significantly superior. 
Fruit ( 1.5 t/ia) and seed yield ( 132 kg/ha) was best at 10 or 5 cim. Early lopping or dellowering 
I lad no advantages on yield nor were there consistent interactions between the tested variables 
oil inlividual harvest. Ilowever, late topping favored an increase in total leaf, fruil, and seed yield 
while dellowering reduced it, particularly on closely spaced plants. The possible weakness of 
reprodlucti ye sinks is suggeste(I by the lack o yield imnprovelment upon their removal. I)etlowering 
(lid not significantly increase yield but improved quality of harvested tops. 

http:SoIu11.11
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Introduction 
Tie nightshade is increasingly heciiiig an iripiralpllealy \'egta inTantaia's norhern
airoecolhgical ztne.SFiJe orange-uied

1
JSOi. erroneouslyrrim, COilbttse(d illnamiepseuo in 

with S. hi , run (with black-purplish truil when ripe), is perhaps fic most popilar and is ill greatestdemand in municipal markets throughlout the year. Its fruit is also edihle when ripe.
Like other Iraditional vegetahles in Tanzaiia, there is little inlrition ol some of thehorticultural practices. e.g., spacing. Some reSeair.chers hlave used 3(1cm x 3()cii spacing in theirtrials, (e.g.. ()i na and :orluill I9 (0Nwallusi 1992: Mu8ra9c olcel ail.j,() and (a)p 1991). Olhers(Tindall I9S3, FA( ) 19 X. and Rice e tl. i.987) recoUliinidcdl, however, ((l-cii rows and 40-5(0

:illbtwcen pills in tlhe row. When edl iberatly sown b fIairllers itisofle'n as aliirtlercrop wilhother l00(1 plants inllionie gardens and w'hen ill
nionoCultire (as is now the tendency to grow it), 
no proper spacing isus td. 

The opliinniii spicing lw aleally vegmaIie which isrepeate.fdlydefiflit. h removing lender 
plant lops wold depenld n such laciclrs lasd'r[irc I 1it'f iced !ranchiii, frequency andaiiiunltl tlllilioin ( i.e..defoliation intensity), soil f'ertility,
and variety. The tillic ottoppinlgwOuldl poSsibly haive the eflct 01"oeling the plant on aniarll .'tlt its dryC course of re(listrihtlin
natllter to reproductive sid e branches which are coincurrenlyv wih leafy shoo s. Thetline oflopping and viel(.pertori iialce OS. psedoli,'rmz has not hel reporteld. AS flowcri n.an<l leaf 
product liilccur It
igetlr intIis species, the ininlnc"(if (tltowe.rinl pro cli vityisalso Ot
known. 

To priiote tlhe cultivation of1'
this nulrilious species, produclion packages ought ti be 
tenerate(l. and this trial ispart oflthal elTort. 

Materials and Methods
 
Seeds of' S. ps'iudlligi-'ir were sown 
 in the nursery and transplanted 1(0 weeks aflergermination ol ridges 0()ci apart in 7.2-n 2 plots. TIe trial was planle during tile iiddle of thecool season on land previously allIow to which ahasal dressin of 12(0 ki/ha NI'K (I0-10()-) wasapplied. Seedlirigs wcre spaced 5,1), 2(0, or 4()cii wilhi i rows (inain plots) plants were topped

2 weeks allter Iraisplaiing (i.e., helore lii werinig) and othflers after 4 weeks (post lloweriig).These Cmiprised lie stilphlls. [wo roiws ill lireainieneacth ifllt swcre periodically dclilowcred( 
or not (sub-sulbplois).

Thelireaicitsn were arranged illa spliil-split phit LlSigri witl lour replications. Furrowirrigation.li hand-licing, arid aphid control were (llie when necessary.
Harveslin (If tlie Ieaves was carried out hiweekly utnlilplants hecalie uiproduclive. Topdressing wili 5(1 kg/la urea was done once a iritli. Fruil was harvested as it ripened, and

weighed. Seeds were dried arid weighed. 

Results and Discussion 
Total leaf'yield was highest at 20-cni spacing or closer (lahle 7). For each lcafharvest.aclose
spacing oI 1(0
cii or 5 cur yielded higher than others, except during ile fi lih
harvest.
h-arly topping (prellolwerir g)signgificanlly re(ducCd ilal yield for the firsl harvest only (table8). Latc lopping (post lhower rig) terihe(Id to favor yield increase as spacing (lecreased or whenplants were not dello wercd. Flower renioval did ilot si gilficantily inrilUence leal 'yield. 

http:irrigation.li
http:tltowe.ri
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Table 7. Influence of within-row spacing on leaf yield of periodically (biweekly) harvested yellow 
nightshade 

Spacing Leaf yield 
(cm) (t/ha)a 

Harvest Harvest Harvest Harvest Harvest Harvest Total 
1 2 3 4 5 6 

5 1.0 0.9bc 0.9b 0.8a 1.2a 0.6a 5.3b 
10 1.0c 1.0c 0.Sb 0.7ab 1.2a 0.7b 5.4b 
20 0.6b 0.8b 0.6a 0.7ab 1.la 0.8 5.6b 
40 0.3a 0.4a 0.6a 0.6a 1.1a 0.6a 3.8a 

'Numbers in same column followed by the same letter are not statistically different at 5% level (DMRT). 

Table 8. Effect of time of topping on leaf yield of periodically harvested yellow nightshade 
Spacing Leaf yield 
(cm) (t/ha) 

Harvest Harvest Harvest Harvest Harvest Harvest Total 
1 2 3 4 5 6 

Early 0.5a 0.8a 0.7a 0.7a 1.2a 0.6a 4.8a 
Late 0.9b 0.8a 0.7a 0.7a 1.1a 0.7a 5.3a 

Total fruit yield was highest in 5-cm or 11)-cm spacing (table 9) which yielded seed in the 
same order. Alithough fruit and seed yield were highest at 1(1- or 5-cn spacing during the first 
harvest, there were no significant yield differences dinngn the second harvest. 

Table 9. 	Effect of in-row spacing on fruit and seed yield of yellow nightshade following six
 
periodic leaf harvests
 

Spacing Fruit yield (t/ha) Seed yield (kg/ha)
 
(cm) Harvest Harvest Total Harvest Harvest Total
 

1 2 1 2
 
5 0.8c 0.7a 1.4c 60.3c 58.4a 118.7bc 

10 0.7c 0.8a 1.5c 65.7c 66.2a 132.1c 
20 0.4b 0.7a 1.1b 37.3b 63.0a 100.3ab 
40 0.2a 0.7a 0.9a 21.1 a 62.3a 83.4a 

Ti me oltoppi ng did not sig ni licant Iy inlluence cilher fruit or seed yield ill each harvest or total 
yields (table IM)). lPlanls which were dellowcred were capahle oly ieldi ng same quantities of fruit 
and seed during tie second harvest, hut total yield was significantly less than undellowered 
plant:;. 

Early lopping tended to increase fruit and seed yield on closely spaced plants while 
(lfellowering had a general tendency to reduce fruit and seed yield particularly at higher (lensities. 

Yellow nightshade fiil contains an averace ol 62 seeds/fruit: 5111) g ripe fruit contains 24X6 
see(l and produces 44.3 g clean dry seed. 

The yellow nightshade variety used in Ilhis study is different from S. nodflorwn, S.scabruni, 
and S. nigrw on accouwnt of its fruit coor, seed numher, and general morphology. It is a day
neutral, self-pollinated plant which grows well even during the cool season like its close relative, 
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Table 10. Influence of time of topping and deflowering on fruit and seed yield of yellow

nightshade 

Treatments Harvest 1 Harvest 2 Total 
,eedyield kgha)
Early topping 
Late topping 
Deflowering 

33.4a 
32.9a 
23.5a 

45.Oa 
45.1 a 
44.8a 

78.Oa 
7d.4a 
68.3a 

Undeflowered 42.9b 45.2a 88.1 b 
Fruit yield (t'ha) 
Early topping 
Late topping 
Dellowered 
Undeflowered 

0.4a 
0.4a 
0.3a 
0.5a 

0.5a 
0.5a 
0.5a 
0.5a 

0.9a 
0.9a 
0.8a 
1.0b 

S. niru. IIs fruil is preferred by birds and fI r this reason itIoccurs as a sponlaneous weed in 
cultivated lands. It has high carotene anld vilanin C Contenls. 

Comlrarv 1( tlie wide spacins recotmended as optintri ir teal yield, within-row spacing
of 2(0 Ct1 or less g'avc the hi lesl llal yield.

Yield is a nlnclion (dlplanl dcnsity a:id c(icensaling growlli induced by repealed lopping.
'arly I, lopi ng, whwn plants had nI[ 1111ly eslalished ample carbohydr:lc reserves, lowered first

harvesl yield hul colmpensilcd suhscilnll harvests. Silitillaneotis reiloval ()F poltenlial
repr(uclivce IpIolosynlhclic and vccl',alive sinks Ihrone)h pCriodic to(ppinw did niot apprcciably
itrpro,,V yi'ld, StsL.'g;Sli1 li Ialhtfrils allowCd toldCVClep on UriCHlOw,'rcd planls were tl)1
sihcienlly stroite sinks. This is cotirary to the inldings (I1Mwafusi ( 1992 ) who reporled a yicldincrease tIfllowine dcllowering. I)ellowrcd plants hell t matlureform lruils were able to 
compensalte hir Irtil lo.ss in the lirsl two harvests. 

No consistent intcticlins arnonif spacirg, toppi ng, and dellowering during each harvest 
were notld bul l (opping favored an increase in toltal leaffruil and seed yield, and (lellowerirw
reduced it patlicularly on closely spaced plants. 

Effects of Within-Row Spacing on Leaf Yield of Local Ethiopian Mustard 
(Brassica carinata) 

Summary 
The opiniuin wilhirn-row spacing of Elhiopian muslard (BIrassica c mlt) ill raised ridges

60cm wide and harvested biweekly was investigated. Significanlly high leaf yield was obtained 
it spacings (4145 o r 3(0 cm between plants in which tip tI 37 t/ha was obtaiied. I)iffercnccs in 
yield aiong individual harvests \were sienificanit only in the second and Ibiirth harvests. 

Introduction 
tthiopi an tmustard (B. ('{Irjtltlta) is in iniporlant leafy vegelable in East Africa, particularly

in the highlands. Attaining edible mal,1urity age at 35 (lays after sowiig, its leaf yield is nortnally
higher than that of kale which is a popularly cillivaled exotic leafy vegelablc in Kenya and 
Tanizania. 
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The extent to which sowing density affects leaf yield has not been fully inve;ligaled although 
spacing of 60 x 30 cm for plants subjected to biweekly leaf harvest at 50% defoliation was used 
by Gerson (198X) in Tanzania. 

This study dleermined the optimum spacing for enhanced leaf yield in Ethiopian mustard. 

M,,1aterials and Methods 
Seeds were sown at fur spacings of 6(0 x 75 cm, 60 x 6(0 cm, 60 x 45 cm, and 60 x 30 cm. 

The 7.2-12 plots were arranged in RCBi) and replicated four times. Leaf harvest was begun at 
5 wecks. alter sowing removing 501% of fully expanded leaves and tender branches every 2 weeks 
until incipient I vloe'CrinC. 

Results and Discussion 
The eflifec-t of spacing in Fthiol,;an mustard became evident during the 7th week after sowing 

when totala yield was hiLher at closer spacings of 6(I x 45 cm and 60 x 30 cni primarily due to 
sionilicanlt hi ter leal and branch weights and not leaf and branch numbers (table 11). I.eaf 
w Cihls were also significantly higher in the third and fourth harvests for these treatments. 
i)iflrCenccs in yield imong individual harvests were significant only in the second and fourth 
harvest. 

Table 11. 	 Influence of in-row spacing on yield (t/ha) and its components of Ethiopian mustard 
subjected to periodic defoliation 

Harvests' Traits In-row spacing (cm). 
75 60 45 30 

Harvest 1 
Leaf no. 150.5a 11 2.8a 132.3a 154.8a 
Leaf wl. 3.3a 2.5a 2.9a 3.7a 
Branch no. 94.Oa 92.8a 90.5a 79.Oa 
Branch wt. 1.2a 1.2a 1.5a 1.2a 
Total 4.6a 4.Oa 4.4a 5.1a 

Havest 2 
Leaf no. "31.3a 108.8a 143.3a 174.8a 
Leaf wt. 4.Oa 5.Oab 6.0b 6.6b 
Branch no. 124.3a 125a 165a 182a 
Branch wt. 3.5a 4.7ab 5.7b 5.4b 
Total 7.5a 9.7ab 11.1b 12.1b 

Harvest 3 
Leaf no. 11 5.Oa 11 5.5a 125.5a 222.2b 
Leal wl. 3.8a 4.5n, 5.6ab 6.7b 
Branch no. 102.8a 98.8a 123.Oa 123.8a 
Branch wt. 4.Oa 3.9a 54.4a 5.1a 
Total 7.9a 8.5a 10.9a 11.8 

Leaf no. 66.5a 66.5a 127.8b 71.2a 
Leaf wv. 2.1a 2.1a 3.1b 72.2a 
Branch no. 98.5ab 82.3a 154.8b 123.5ab 
Branch wt. 4.2a 3.2a 5.8a 5.5a 
Total 6.3ab 5.1a 8.9b 7.7ab 
Total yield 26.3a 27.3a 35.3b 36.7b 
Numbers in the same row followed by the same letter are not statistically significant at 5% level 
(DMRT). 
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Despite the 100% infestation by turnip mosaic virus (TuMV), total yields were comparable
to those o cieison (1988) at Tengeru and in Zambia. The oplimun spacing for Ethiopian mustard 
appears to be 60 x 45 cm or 60 x 30 cm. 

Most market gardeners have adopted high density sowing for once-over harvesting of
Ethiopianl mustard. Future trials could examine effects of even closer spacings and methods of 
stand establishment for higher leaf yields. 

Influence of Farmyard Manure on Leaf Yield of
 
Local Ethiopian Mustard (Brassica carinata)
 

Summary 
In a study to (leternine the oplimum application rale of farmnyard manure (FYM) to attain high

leaf yield offihiopian nuslar (Brassict carinata), 150 l/ha was found to be optimun. At this 
rate, a total yield ofi42 I/ha was obtained. Periodically defoliated plants yielded 50% oltheir total 
yield during the last harvest prior to caulesccnce irrespective of the FYM regime. Influence of
FYM on leaf yield hcalme noticeable early at 5 weeks alter sowing when 5(1 1/ha FYM was
applied, whereas, the elect on leaf and branch numbers became significant at 9 weeks afler 
sowing2. 

Introduction 
Ethiopian muslard (Brassica (arinata) is a tiaditi(mal leafy vegetable widely grown in

Tanzania, especially in the highlands. Generally, commercial farmers use chemical fertilizers in 
an attempt to increase yield. Ilowever, subsistence farmers cannot afford expensive inputs. Use
of local resources and elficient farming nielllods to increase crop production is one ofthe ways 
to help the resource-poor farmers. 

Most farmers practice inixed farnii ng and lhe by-product, farm yard manure (FYM), is acheap
and envinronmentally safe fertilizer that is rich in nutrients. In Tanzania, there is no available report 
on the ILaf yield response of Flhiopian mustard to FYM. The amount that farmers apply vary
depending on lhe number of livestock and the use of FYM in the farmers' crop mix.

This study was carried out to determine the beneficial effects of 'YM on the leaf yield of 
Ethiopian nustard. 

Materials and Methods 
Secus ola local cultivar were directly seeded 40 cm apart on 60-cmn-wide ridges; plots were

1.8 b) 4 in in dimension (7.2 m2) to which FYM at the f'llowing rates were previously applied
and hoed in: A -- Control (none); B-50 /ha; C- 15) t/ha; )-30() t/ha; E-50()0 I/ha.

The treatments were arranged in a randomized complete block design and replicated four
tihes.IlHand weeding, pest control, and irrigation were carried out as necessary. Periodic
harvesting of edible leaves was carried out 5 weeks aftcr seeding and repealed biweekly until
flowerine. Both harvested leaves and branches were counted and weighed afler each harvest. 

Results and Discussion 
There were significant varialions in leaf yield between trealnents in each harvest (late (table

12). The control treatments became significantly different fromn others in the second and 
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subsequntl harvests. ()n the average, the 150 l/ha FYM trcatment was the best. This is equivalent 
to 15 )kg/It m2ea:ily applied by hone or market gardeners. 

Sinilicant dil ferences aniong treatments with regard to leaf number ([able 13) and branch 
nmber(tIable 14) were noticeal)le in thlhird harvest (9weeks afltersowingi). At higher FYM rates 
fewer leaves were produced. 'Total yield increased with FYM rates. The inlluence of FYM on leaf 
and branch numbers was delayed ut1il 9 weeks alter sowing.

For praclical purposes a 15) I/ha rate could be recommended although the tendency to 
overlertilize is noticeable in certain locations where vegetables are cultivaled on old kraals to 
ensure high yicls. TIis is particularly so where there is zero-grazing or FYM is abundant. 

Table 12. Leaf yield (t/ha) of Ethiopian mustard as influenced by FYM rates during each biweekly 
periodic harvest 

FYM rates Leaf yield (t/ha) 
(t/ha) Harvest Harvest Harvest Harvest Harvest Total 

1 2 3 4 5 
0 1.3a 2.1a 3.8a 1.9a 10.1a 19.1a 

50 4.9b 4.0b 5.2ab 2.3a 17.Ob 33.5b 
150 5.8b 5.Ob 7.2bc 2.9a-c 21.Obc 41.9bc 
300 4.9b 6.4c 8.3bc 3.6bc 22.5c 46.1c 
500 3.2ab 4.9b 10.Oc 4.3c 23.8c 46.2c 

Table 13. Influence of FYM on leaf number of Ethiopian mustard subjected to biweekly leaf 
removal 

FYM rates Number of leaves (per nine plants) 
(t/ha) Harvest 1 Harvest 2 Harvest 3 Harvest 4 Harvest 5 

0 22.2a 41.0a 41.2b 26.5b 131.Oab 
50 21.Oa 39.Oa 36.5ab 30.2b 129.8ab 

150 38.2a 46.8a 33.5a 28.8b 147.2b 
300 20.5a 38.2a 36.8ab 20.8a 116.2a 
500 17.2a 51.2a 31.8a 27.5b 127.8ab 

Table 14. 	Branch numbers of Ethiopian mustard during the vegetative phase in relation to FYM 
application rates 

FYM rates Number of branches (per nine plants) 
(t/ha) Harvest 1 Harvest 2 Harvest 3 Harvest 4 Harvest 5 

0 39.8a 40.Oa 43.8b 22.8a 146.2a 
50 36.Oa 36.8a 39.5ab 28.8ab 141.0a 

150 51.8a 36.8a 38.5ab 30.5a-c 157.5a 
300 41.8a 29.2a 41.2b 23.2bc 131.5a 
500 37.Oa 39.Oa 31.2a 29.5c 136.8a 
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A Description of the Varieties of African Eggplant 
(Solanum aethiopicum) at HORTI-Tengeru 

Summary 
Eleven African eggplant varieties which have been collected and maintained at HORTI-

Tengeru in the past decade were briefly described and named, and their seeds collected for furler 
evaluation. This is the regional program's initial research thrust on this indigenous vegetable 
which is rapidly becoming popular and the demand for which is increasing in the urban areas. 

Introduction 
A decade ago, researchers at HORTI-Tengeru assembled African eggplant varieties from 

local sources. It is only during the last 4 years, however, that the demand for this vegetable has 
become significant in the urban markets. 

Durir, the national vegetable planning workshop coordinated by the Africa Regional 
Program jointly with HORTI-Tengeru and held in .uly 1993, the African eggplant was accorded 
high priority anmong the traditional vegetables to receive research attention. The others were 
amaranths and vegetable jute (Cor-chorus olitorius). All three species are widely used inTanzania 
and are highly nutritious. 

As a first step towards consolidating information on these species, some of the collections 
at HORTl-'1ungcru were charactrized. Since no passport information, e.g., place of collection, 
etc., is available on these materials, the following brief description in this report would be useful 
to distinguish existing varieties. 

(1)Manyire I-Fruit: green, round, and slightly grooved; stem: green, semierect; I-m tall 
and I-m-wide canopy. 

(2) Manyire 2 A-Fruit: round, light green, lightly grooved, and sunken at the navel-end; 
sten: green and upright. 

(3) Manyire 3-Fruit: elliptical, very lightly grooved, whitish green, large; stem: purplish, 
contral stein 3(0 cm above the ground and terminates in two distinct branches. 

(4) 	Manyire 4-Fruit: light green, very large; stem: green; plant habit stunted, very low 
branching, very compact. 

(5) Tengeru Striped A-Fruit: elongated, navel-end depressed, ureen longitudinal stripes; 
plant habit compact and dwarf; stem: upright and green. 

(6) Manyire 6-Fruit: globose, large with stylar end scar, light green ar., grooved; stem: deep 
purple, including the veins, leaves and petioles. 

(7) Tengeru Striped B-Fruit: green with striation (stripes), globose; stem: green. 
(8) Shangingi-Fruit: very large, deep green, deeply grooved, with stylar/navel scar; stem: 

wholly green; very low branching (procumbent). 
(9) Manyire 2 B-Fruit: light green, very grooved, with very small navel scar; stem: very light 

purple. 
(10) 	Tengeru White-Fruit :very large, while, grooved, with stylar end scar; plant habit small 

and upright.
(11) 	 Tengeru Grooved-Fruit: round (globose), deeply grooved, light green, with small 

stylar scar; plant habit semiupright (dwarf); stem: green. 
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Acceptability of Newly Introduced Leafy Vegetables 

Summary 
An organoleptic test of two vegetables newly introduced to northern Tanzania-kangkong 

(Ipomoea aqtatica) from Thailand and Portuguese cabbage or tronchuda (Brassicaoleraceae 
var. tronchuda)- against favorite local leafy vegetables was conducted using a 10-member taste 
panel. 

Kangkong was rated good to very good by 80% of the taste panel. On the other hand, 
tronchuda was rated similar to the other brassicas but was slightly better than amaranths. 
Differences in the mean scores were not significant however. The agronomic and commercial 
prospects of lhese tv.-' leafy vegetable species appear promising. 

Introduction 
Leafy vegetables are commonly used in Tanzania as relish along with the starchy corn staple 

ugali(sti ffporridge). They are well appreciated because some are available year-round, and they
add flavor and taste to the otherwise bland staple. Moreover, they are easily procured, add bulk 
to the meal, and are rich in minerals and vitamins. 

There are many plant species which provide edible foliage. Apart from such plant features 
as ease in propagating by seed or cuttings, yield potential, and adaptability, most farmers (and
consumers) generally look for vegetables that, when prepared for a meal, have acceptable sensory
qualities especially taste, flavor, smell, etc. Farmers are avid seekers of new vegetable varieties, 
and tile research stations are olten tile formai entry oxint of these new varieties. 

The two species which have been introduced by the Africa Regional Program for the first time 
in tile northern agroecological zone (if not Tanzania as a whole) are water convolvulus or 
kangkong (Iponoea aquaticat or Ilomoea repatas), brought fron Thailand (courtesy of Mr. 
Simon Groot of East West Seed Company) and tronchuda or Plorluguese cabbage (1rassicaoleracea 
var. tronchudai) from Zambia. 

These species were direct-seeded in the field in April 1993, grew well and set seed by July
(kangkong) and August (tronchuda). Initial unofficial taste tests indicated that they could be 
alternative leafy green vegetables, particularly at times when amaranths do not grow well. It 
became necessary, thus, to subject these species to an offici al taste panel before the seed materials 
were distributed to the farmers through extension agents. 

The organoleptic test was conducted to rate the palatability of the newly introduced 
vegetables against some local favorite vegetable species. 

Materials and Methods 
The first test (preliminary and unreplicated) was done on 21 September 1993. Leaves were 

harvested, washed, cut, fried, and compared with amaranth (A. hypochondriacus).They were 
cooked in similar fashion except that lemon juice was added to kangkong to reduce its drawing
tendency when cooked. The taste panel included institute staff (senior and junior; local and 
expatriate). They were instructed to rate tile cooked vegetables from A (very good taste) to D (very 
poor taste), when eaten with ugali. This exercise was carried out during lunch hour (1300 h).

In the second trial, kangkong was prepared without adding lemon juice. Furthermore, 
additional popular ve,etablcs, such as, head cabbage and Ethiopian mustard (Brassicacarinata) 
were included in the test. The entries were replicated twice. 
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Results and Discussion 
In the first trial, Ironchuda was rated similar to amaranth, whereas, kangkong was rated good 

or poor tasting by half of the taste panel on account of its acid taste (table 15).
In tile Second trial, however, kane kong was rated good to very good by 80c%of the

respon(dents and was actually tile best overall (table 16). Tronchudla, on tie other hand, was rated 
similar to the other brassicas but was better than amaranth. 

These Iw() newtly intro(luced vegclahle species appear very pronisirg and could berelit f~rorn
wide distribution ()l planting materials to vcgctable gar(leners ill the fulure. It has been
(temonstrated in iour ficd plantings that tie seeds otlhese yeetables could be produced locally.

There is a need to test wler cultlivars as well whichi have been shown as promising in 
neighlboring coonlrtries, such as Zambia. tnt le case of kangkong, tle lowland aquatic type might
be the choice ill flood-proie areas and in (larirho envirolnients. 

Table 15. 	 Taste ratings of three vegetables by a nine-member taste panel (Trial I); 
HORTI-Tengeru, 1993 

Species taste rating
A B C D Mean 

Tronchuda 4 2 2 1 4.0 
Kangkong 4 4 1 3.3 
Amaranth 4 3 1 1 4.2 
Note: Taste keys and weights (in parentheses) are as follows: A(5)= very good; B(4)= good; 

C(3) = poor; D(2) = very poor. 

Table 16. Taste ratings of kangkong and tronchuda as compared to other common 
vegetables at HORTI-Tengeru (means of two independent observations) by 
a 10-member taste panel 

Species Taste rating 
A B C D Mean 

Kangkong 3.0 5.5 1.0 1.0 4.1 a 
Cabbage 3.5 2.5 2.5 1.5 3.8 a 
Tronchuda 2.0 4.0 3.5 1.0 3.8 a 
B. carinata 1.5 5.0 2.5 1.0 3.7 a 
Amaranth 2.0 3.0 4.5 1.0 3.6 a 
Note: Taste keys and weights' (in parentheses) are as follows: A(5)= very good; B(4)= good; 
C(3) = poor; D(2) = very poor. 

Training
 
The training activity proposed for 1993 has nlow been reschedule(IL to connence in March

1994 under tile auspices of CONVERt)S. All NARS in the SAI)C region have been informed 
accordingly.

Meanwhile, preparations have been made For Ihe imnmediate implementation ol'training onice 
tunc1ling becones available. Ilowever, no firn move towards si:nificant (levelopment for traiiing
has been nade without tile benelit of ormally affirmed support.

The senior staff members of' tie Africa Regional Program collaborated with Iat numiber of' 
Tanzanian nation al researchers in prioritizing researchI topics. In tie process, a limited form ol 
tianip(wer (levelopn eat irh IIehoSt country, Tazania, has been carried otlI by the progral. In
this activity, a total of eighl Tanzanian researchers (six from H-ORTI-Tengero and Iwo froi 
outside inslit tliolls) colltaoraled with tile pro grain slaflf members. 
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Priority Setting and Strengthening Linkages with the National Programs 

The Africa Regional lrograin assistcd Tlanzania in holding its first-ever national veetable 
research priority-setting workshop. I)uring tile meeting, the national vegetlahle research program 
was fcrmned to oversee tile vecet able research acliViliCs inlhe c)u nlr'. I'riritvconiniodities and 
research areas in each were set during the workshoF. A follow-up mceling luilher refined tlhe 
research prioriIies and successfullyv allocated theni to various research institutions in lhe country 
hased on coniparativ strengths and weaknesses. The proceedings (I Ihe al resaid national 
meetines are now bieine compiled by the Africa Rcgional Program Ior publication into abooklet 
that will serve as every researcher's guidelines on priorities of tile national vegetable program. 

Similar priority-selting worksh ps are now hcig explored vidih olher countries in the region,
particularly the other lead NARS of C( )NVERI )S. namely, Zambia, Malawi, and Zimbahwe. The 
program isalo cooreanizing with Zimbiahwe (the lead NARS for tomato research in the SAI)C 
rcgioni) a rc'ional tomtato research planning x )rkshop with the vie2w to succinctly delle the 
regional research priorities for the conimmodity adl(l to dltrmi ne a set ofI priorily research areas 
tht,1 	 coUld he implntelCd in anctworkine mode. 

Inthe FHaslAlrican Rcgion, the Africa Regional PrograinM has recently completed discussions 
wili Kenya Agricultural Research Institutc (KARI) on collaorative vegetable research and 
develonneilnl. A Meni randumn of Understanding (II()U) has been prepared and submitted to 
KARl to fo.mllizc the ollaborative rClationship. 

Program Staffing 
Two sta If nemhers (program di reclor cuI plant breeder and Irai ni ng of ficer cu I orn icul turist)

formed the senior tcthnical slafll of tile Africa Regional Program in 1993. The senior plant 
pathologist vho will work under the tolato project is yet to be hired. 

Anong the support staflf, asecretary, diver, and walchnaln have hen hired. Folloxwitng tile 
program's negoliations with Tanzania's Ministry of Agriculture, livestock and I)evelopmenl 
Cooperatives (NI A.H1 )C), two natiomal researchers front I( )RTI-TIengern -nie planl virologist 
and one seed technl(gist - have been seconded to work with the regional prograll. 

Facility Development 
A 14-acre site at tile Madiira Farm of 1I)RTI-Tengeru is now being developed for research 

and Iraining activities. C)nce completed, this facilily will have irrigation and drainage canal 
nelworks, water reservoir, and guarld houses, and will be fbIly secured by a fenice. Tile 
construction of a field house and screenhouse at tie site is currently being explored. 

AtI l) RTI-Tengeru, renovations have been completed For the offices of thrce senior staff 
members, twxvresearch assistants and a secretary. Renovation of tile library for research and 
training purpo ses, and constructio n of a screenhouse for plant protection research is under 
consideration. 
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Financial Statements 

T 	 N SOONG & CO 

Crtified Public Accotntlant, 

A Me\ ber Firm ot 
Arthur Andersen & Co, SC 

12th Ff., I lung I1i Cilltury lower 

156 Nfin Shlg F. I". S c 3 
Taipei, Ilaiwanl, N(( 

The Board of Directors Tn (U21 5.1Q-;)tOs 

The Asian Vegetable Research and R O 
Development Center 

We have examined the statements of assets, liabilities and fund balances of 
The Asian Vegetable Research and Development Center as of December 31, 1993 
and 1992, and the related statements of changes in core fund, working
capital fund, restricted core fund, special projects fund, and 
self-sustaining operation projects fund for the years then ended. Our

examinations were made in accordance with generally accepted auditing
standards and, accordingly, included such tests of the accounting records 
and such other auditing procedures as we considered necessary in the 
circumstances
 

As 	mentioned in 	 Note 2 to the financial statements: 

i. 	The Center maintains its accounts on a cash basis, except 
for the
 
inclusion of provislons and reserves for employee benelits. 

2. 	Capital expenditures are charged off as deductions from funds and,
 
accordingly, are included
not among the assets in the accompanying
 
statements of assets, liabilities and fund balances.
 

3. 	The Center records its transactions in the currencies in which these are 
denominated The accompanying statements reflect the actual U.S. dollar 
amounts of transactions in U.S. dollars, and the U.S. dollar equivalents

of transactions 
 in 	other currencies translated, for convenience, at the
 
year-end bank buying exchange rates except contributions and grants
which are translated at the exchange rates in effect when these were 
received.
 

In our opinion, the financial statements referred to in the first paragraph 
present fairly the assets, liabilities and fund balances of The Asian 
Vegetable Research and Development Center as of December 31, 1993 and 1992,
and the changes in its funds for the years then ended, on the basis of
 
accounting described in the second paragraph, which basis has been applied 
on a consistent manner, 

In connection with our examinations, we noted no indication that the Center 
was not in compliance with any of the terms, conditions, or provisions of 
the grant agreements. It should 
be noted, however, that our examinations 
were not directed primarily toward obtaining knowledge of such 
non- compl iance 

March 15, 1994
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF ASSETS, LIABILITIES AND FUNDS 
(Prepared on a Modified Cash Basis and 
Expressed in U.S. Dollars - Note 2) 

December 31 
A S S E T S 1993 1992 

CASH $4,400,223 $3,590,983 

ADVANCES AND REFUNDABLE DEPOSITS (Note 3) 442,946 51,533 

PREPAYMENTS 17.183 141,743 

TOTAL ASSETS $4,860,352 $3,784,259 

LIABILITIES AND FUND BALANCES
 

RECEIPTS FOR CUSTODY (Note 4) $ 168,281 S 167,020
 

RESERVES FOR EMPLOYEE BENEFITS (Note 5) 1,167,582 1,170,819
 

FUNDS
 
Core fund 1,000,110 841,864
 
Working capital fund 800,000 500,000
 
Restricted core fund 478,935 400,145
 
Special projects fund 1,133,402 617,825
 
Self-sustaining operation fund 112,042 86,586
 
Total Funds 3,524,489 _2 446,420
 

TOTAL LIABILITIES AND FUNDS $4,860,352 $3,784,259
 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 15, 1994)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS or CHANGES IN CORE FUND
 
,
(Prepared on a Modit d Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Year Ended December 31
 
1993 1992
 

ADDITIONS
 
Contributions:
 

Republic of China 
 $5,386,901 $5,085,061
 
United States of America 1,000,000 1,000,000
 
World Bank 
 550,000 425,000
 
Federal Republic of Germany (from r.stricted
 

Core Fund) 
 439,827 301,452
 
France 
 320,331 154,275
 
Philippines 
 248,592 50,000
 
Japan 
 233,000 233,000
 
Thailand 
 209,888 221,457 
Republic of Korea 183,527 277.194 
Australia 126.575 101_318
 
Total contributions 8,698.641 7,848 757 

Grants: 
Japan International Cooperation Agency 60,431
 
Taiwan Kagome Co. 
 - 1,972
MAIIYCO American, Inc. -- 1000
 
Total grants 
 60,431 2,972


Transatlon adjustment (Note 2) 
 ( 90 512) ( 56,776) 
Other (Note 6) 630.667 652.566
 
Total Additions 
 9.299.227 8.447,519
 

DEDUCTIONS 
Capital expenditures (Notes 2 and 6) 581,556 775,170 
Operating expenditures (Nt-6) 8,191,550 8,012,599 
Transfer to working capital fund 300,000 100,000
 
Total Deductions 
 9,073,106 8.887 769
 

INCREASE (DECREASE) IN FUND 
 226,121 ( 440,250)
 

BALANCE, BEGINNING OF YEAR
 
As previously reported 
 841,864 1,283,676
 
Translation adjustment (Note 2) ( 67 875) ( 1.562)
As restated 773,989 1 282,114 

BALANCE, END OF YEAR 
 $1,000,110 $ 841,864
 

The accompanying notes are an integral part of the financial statements. 

(With T N Soong & Co report dated March 15, 1994)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANGES IN WORKING CAPITAL FUND
 

(Prepared on a Modified Cash Basis and Expressed in
 
U.S. Dollars - Note 2)
 

Year Ended
 
December 31
 

1993 1992
 

ADDITIONS
 
Transfer from Core Fund (Note 7) $300,000 $i00,000
 

DEDUCTIONS 
 -- _ 

INCREASE IN FUND 300,000 100,000
 

BALANCE, BEGINNING OF YEAR 500O000 400,000
 

BALANCE, END OF YEAR $800,000 $500,000
 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 15, 1994)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANGES IN RESTRICTED CORE FUND
 
(Prepared on a Modified Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Year Ended
 
December 31
 

1993 1992
 

ADDITIONS
 
From German Agency for Technical Corporation (Note 8) $546,008 $308,490
 

DEDUCTIONS
 
Transfer to Cor Fund (439,827) ( 301,452)
 

INCREASE IN FUND 
 106 181 7 038
 

BALANCE, BEGINNING OF YEAR
 
As previously reported 400,145 417,501 
Translation adjustment (Note 2) ( 27,391) ( 24 394) 
As restated 372,754 393,107 

BALANCE, END OF YEAR $478,935 $400,145
 

The accompanying notes are an integral part of the financial statements. 

(With T N Soong & Co report dated March 15, 1994) 



THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER 

STATEMENTS OF CHANGES IN SPECIAL FUND 
(Prepared on a Modified Cash Basis and Expressed in 

U.S. Dollars - Note 2) 

Year Ended December 31 1992 Year Ended December 31 1993 
Balance, Balance, End Balance. End 
Beginning Translation of Year Translation of Year 

Sponsors of Year Adjustment Additions Deductions (Note 9) Adjustment Additions Deductions (Note 9) 

Council of Agriculture (COA)/ROC $375.455 $ 5,183 $ 769 635 $ 952.715 $ 197,558 ($ 9,426) $I ,414 .172 $ 810,277 $ 792 .027 

Asian Development Bank (ADB) 65.129 - 500.900 570.094 C 4,065) - 524.939 457.022 63.852 

Japan Government - 240,000 178 .026 61,974 310.000 199.342 172.632 

U.S. AID ( 65,458) 276.805 276.946 C 65.599) 227.794 268,012 C 105.817) 

International Development Research 
Center (IDRC) ( 10.880) - 200,858 189,978 - - 130.962 125.500 5,462 

Others 510 2 538 459 522 544 603 427 957 ( 2.017) 468 982 _ 689 676 205 .246 

Total $874.746 $ 7.721 $2 .447 720 $2 .712 .362 $ 617 .825 ($ 11,443) $3,076,849 $2 549,829 $1.133.402 

The accompanying notes are an integral part of the financial statements. 

(With T N Soong & Co report dated March 15, 1994) 
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

STATEMENTS OF CHANCES IN SELF-SUSTAINING OPERATION FUND
 
(Prepared on a Modified Cash Basis and Expressed in
 

U.S. Dollars - Note 2)
 

Year Ended
 

December 31
 
1993 1992 

ADDITIONS (Note 10) $ 53,372 $ 56,537 

DEDUCTIONS (Note 10) (2791.6) (j102480) 

INCREASE (DECREASE) IN FUND 25,456 ( . 45,943) 

BALANCE, BEGINNING OF YEAR 86,586 132 529 

BALANCE, END OF YEAR $112,042 $ 86,586 

The accompanying notes are an integral part of the financial statements.
 

(With T N Soong & Co report dated March 15, 1994)
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THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
 

NOTES TO FINANCIAL STATEMENTS
 
(Amounts Expressed in U.S. Dollars Unless Otherwise Stated)
 

1. ORGANIZATION AND OPERATIONS
 

The Center was established In the Republic of Chira as an autonomous, 
philanthropic, and non-profit research and development organization for 
promoting production, marketing and utilization of vegetables in Asia. 
Its members consist of the original signatories to the Center is 
Charter and other countries or orgattizations approved for membership by 
the Center'!; Board of Directors. 

Tie financial requirements of the Center are funded by contributions 
and grants or dottat ions from member and non-member countries or 
organ izaton. 

The Center may tersninatLt its operat. ions by a reolut ion adopted 
unanimously by all membersof the Board of Directors. In case the 
Centr terminat es its operat ionis , a1 1 builditigs, equipment and other 
assets belonging to the Center (and/or the affiliated sub-centers) will 
be transferred, utpon the concurretice al approval of the Board of 
Directors and host count ry, to orgtanizat ions it the host country whclh 
were formed and are operated exclusiv, ly for scientific or educational 
purposes, and which meet certain conditions prescribed in the Center's 
Charter, 

2. BASIS OF ACCOUNTING
 

The Center maintains its accounts on a cash basis, except fcr the 
inclusion of provisions and reserves for employee benefits, namely, 
unused compensated anniual leave and repatriation expenses. 

Tite Center records its transactions in the currencies in which these 
are denomitiated The accompanyiti, .ratesent s reflect tite actual U.S. 
dollar amount s of transactions in U.S. dollars, and the U.S. dollar 
equivalents of transac t ions ini other currencies translated, for 
convenietnce , at the year-end batik buying exchange rates, except 
contributions and grants which are translated at the exchange rates itt 
effect when these are received. Translacion adjustments are reflected 
as additions to or deductions from the funds. 

Capital expend Ititires are charged off as deductions from funds and, 
accordingly, are ntot included among the assets in the accompanying 
statements of assets, liabilities and fund balances. 

Contributions to tie retirement savings plan are charged as deduction 
from tie Core Fund when paid. 
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3. ADVANCES AND REFUNDABLE DEPOSITS 
 December 31
 
1993 1992
 

Advances to Asia Regional Program $201,465 $ 1,827
 
Advances to Africa Regional Program 182,800 
 -
Others 
 58,681 49.706 

$442,946 $ 51,533
 

4. RECEIPTS FOR CUSTODY
 

These include reserve for medical care of trainees, Vitamin A Gardening
 
Project, and income from field operation, less related cost and
 
expenses.
 

5. RESERVES FOR EMPLOYEE BENEFITS 
 December 31
 
1993 1992
 

Unused compensated annual leave $ 815,722 $ 806,342
 
Repatriation expenses 351,860 364.477
 

$1,167,582 $1,170,819
 

Local employees and international staff are entitled to annual leaves
 
of 44 days and 48 days, respectively. The Center shall compensate an
 
employee for accumulated unused annual leaves upon resignation or
 
termination. 

The Center is responsible for the transportation and relocation costs 
of the international staff and his immediate family upon termination of 
such staff employment. 

6. CORE FUND
 

The core fund is used exclusively in support of the Center's overall 
operations. Contributions and grants are often subject to certain 
terms and conditions specified in the relevant agreements. 

The details of certain changes in this fund are as follows: 

Other additions 1993 1992 

Income from various services rendered $307,175 $295,653 
Interest earned from funds other than US 

contribution 197,073 193,451 
Food and dormitory services (net of employees'
 

salaries and benefits of $216,361 in 1993 and
 
$229,756 in 1992) 13,263 61,801
 

Income on training overhead and fund balance 23,573 23,094 
Refunds of various expenditures incurred in 

previous years 56,524 15,046
 
Miscellaneous income 33,059 63,521 

$630,667 $652,566
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Capital Expenditures
 

Buildings and improvements $110,883 $384,111 

Equipment and furniture 153,410 256,663 

Vehicles 285,563 97,375 

Books and journals 31,700 37,021 

$581,556 $775,170
 

Opratine Expenditures 

Salaries $3,563,310 $3,349,151
 

Ragular wages 1,116,400 1,209,364
 

Employee benefits 1,534,242 1,603,364
 

Supplies 603,845 664,620
 

Travel 362,927 331,577
 

Utili'ties 253,822 237,885
 
169,723 -

Training scholarships 90,711 141,303 
Postage, telephone and cable 85,131 83,984 

Moving expenses 74,701 44,563 

20th anniversary celebration 

Collaborative research 67,131 80,738
 

International conference 66,757 76,071 

Other 202 850 189 979 

$8,191,550 $8,012,599
 

Employee benefits include payments for the follows: 

1992 1992
 

Contribution-, to retirement and group insurance
 
plans for international staff $ 182,776 $ 164,088
 

Contributions to retirement savings plan of 
local employee 443,778 426,136
 

The Center has made arrangements for its international staff members to 

be hired by the Association of International Agricultural Research 
Centers (AIARC) so that they may participate in suitable retirement and 

group insurance plans. The Center pays the entire cost of 
part ic epa . inn in these plans. 

The Center has a retiremsent savings plan covering all local employees. 

The Center deposits 1/12 to 2/12 of the employee's monthly salaries, 
depending on service period, to a savings account. Payments from the 

plan are governed by the provisions of the plan. The changes in the 
fund are summarized as follows: 

1993 1992 

Balance, beginning of Year $2,223,161 $1,738,973 

Translation adjustments ( 106,064) 18,965 
Contributions 433,778 426,136 

Interest income 176,101 18,766 

Payments ( 142.493) ( 19,679) 

Balance. end of Year $2,584,483 $2,223,161
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7. WORKING CAPITAL FUND 

The Center has established this fund, following a common practice among
international agriculture research centers. Yearly appropriations are 
made to this fund from the Core Fund. 

8. RESTRICTED CORE FUND 

This Fund is contributed by the German 
Cooperation, and is restricted as to its use. 
fund are retul.cted as part of contributions 

Agency for Technical 
Expenditures of this 

and deductions to Core 
Fund, 

9. SPECIAl. PROJECTS FUND
 

The special Projects is nomally based on agreed-upon budgets.
 
Accordingly, some projects 
 may have negative year-end balances, which 
shall be reimbursed in the following year 

Expenditures from this Find require the fulfillment of certain 
coindit ions and refrms as set forth in the signed agreements regarding 
the restrict ionb in exclusive use of stiplated budget items, etc. 

10 SELF-SUSTAINING OPERATION FUND 

This represents the fund for the Center's dormitory. Additions and 
deductions represent rentals received and expenditures Incurred,
 
respect ivel y 

il. CONTINGENC
 

TQ 1989, the U.S All) supported AVRDC Vitaiin A Gardening Project in 
Nigeria was sued by some Nigerien merchants for recovery of merchandise
ordered by a U.S. Embassy employee using the Project's stationery.
Most of the merchandise has been recovered by the merchants, but the 
lawsuit is still pending. The possible outcome of this litigation is 
not determinable but the Center's managmni believes this cold not 
have a significant clause effect on the Center. 



Meteorological Information for 1993 
Monthly mean meteorological data collected at AVRDC weather station, 1993 

Humidity 
(%) 
Air temp. 
(C) 
Soil temp. C 
10cm 
Soil temp. OC 
30 cm 
Wind 

Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max 
Min 
Daily 

January 
94 
66 
21.5 
13.3 
21.2 
18.0 
19.7 
19.2 

106 

February 
96 
61 
24.1 
15.1 
23.5 
19.2 
20.7 
20.0 
77 

March 
94 
72 
24.3 
17.7 
25.2 
21.2 
22.6 
21.8 
74 

April 
94 
73 
26.9 
20.8 
27.6 
24.0 
25.1 
24.4 
70 

May 
94 
72 
29.6 
23.8 
29.5 
26.8 
27.7 
27.0 
62 

June 
94 
75 
30.4 
25.3 
29.4 
27.2 
28.1 
27.5 
66 

July 
94 
70 
32.0 
26.1 
31.1 
28.5 
29.5 
29.0 
67 

August 
95 
73 
32.1 
26.5 
29.5 
27.8 
28.9 
28.5 
72 

September 
95 
64 
32.1 
25.3 
30.0 
27.8 
29.0 
28.6 
62 

October 
94 
49 
30.3 
20.7 
27.8 
25.6 
27.1 
26.6 
72 

November 
95 
:-
27.4 
18.5 
25.6 
23.5 
24.9 
24.5 
59 

December 
95 
49 
23.6 
13.7 
22.2 
19.8 
21.6 
21.2 
82 

(km)
Solar radiation 

(Watt-h/m 2)
Precipitation 

Daily 

Total 

3663 

5.0 

4495 

4.5 

4485 

25.0 

4812 

84.0 

5415 

253.0 

5367 

497.0 

5798 

203.5 

5746 

313.5 

5148 

37.0 

4531 

0 

3326 

30.5 

3271 

5.0 
(mm)
Evaporation Daily 3.7 4.4 4.5 4.8 5.7 6.2 6.3 5.9 5.8 5.4 3.2 3.3 
(mm) 


