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Abbreviations and Acronyms

ACIAR -— Australian Centre lor International
Agricultural Research

ACP-EC —- African, Carnbbean and Pacific-
European Community

ADB —Asian Cevelopment Bank

ADRC —Agriculiural Development Research
Center (Northeast Thailand)

ai. -— active ingredient

AID - Agency for International Development
(USA)

AlT — American Institute in Taiwan

AMV — allalla mosaic virus

ANOVA — analysis of varniance

ARTT — ad/anced soybean rust icleranre
\nials

ASET — AVRDC Soybean Evaluation Trials

ATI — Agnicultural Training Institute
(Ptuippines)

AVNET — Collaborative Vegetable Research
Progran, for Southeast Asia

AVRDC - Asian Vegelable Research and
Development Center

AYT — advanced yield tnal

BARC — Bangladesh Agricultural Research
Council

BARI — Bangladesh Agricultural Research
Institute

EAW — beet armyworm

BePMV — bell peppar mottle virus

BER — blossom end rot

B8iIDW —- Bread for the World

BINA — Bangladesh Institute of Nuclear
Agriculture

BMZ — German Ministry for Economic
Cooparation

8P — bactorial pustule

BPI-

LBNCRDC— Bureau of Plant Industry—Los Bafios
National Crop Research and
Development Center (Philippines)

8Su — Benguet State University (Philippines)

BW — bacterial wilt

CARDI — Carnbbean Agricutiural Research and
Development Institute

CATIE — Centro Agronémico Tropical de
Investigacién y Ensefianza

clu — colony-forming units

CGIAR — Consultative Group on International
Agricultural Research

CGN — Centre for Genet:c Resources (the
Netherlands)

CGR — crop growth rate

CHT - cherry tomato

CIAPAN — Centro de Investigaciones Agricolas
dal Pacifico Norte (Mexico)

CIAT — Centro Internacional de Agricuitura

Tropical (CGIAR)

CIDSE — Cooperation internationale pour (e
caveloppement socioeconarnique

CIMMYT — Ceritro Internacional de la Papa
(CG'AR)

CINDE — Coalicion Costarnicense de Inicialivas
de Desarrollo {Costa Rica)

CiP — Centro internacional de la Papa
(CGIAR)

CLS — Cercospora leaf spot

CMS — cyloplasmic male sterility

CMV — cucumber mosaic virus

COA — Council of Agricufture (Taiwan)

CONVERDS — Collaborative Nelwork for Vegetable
Research and Development in
Southern Africa

CPA — para-chlorophanoxy acelic acid

CSIRQO — Commorwealth Scientific Industral
Research Organization (Australia)

CTA — Technical Center for Agriculiural and
Rural Cooperation (EC)

cv. — cultivar

CVMYV — chili veinal mottie virus

DAE — days after emergencc

DAIS — Disirict Agricultural Improvement
Station (Taiwan)

DAS — days after sowing

DAS ELISA — double antibody sandwich

DAT — days after transplanting

DBM — diamondback moth

DM — downy mildew

OMRT — Duncan's multiple range test

DNA — deoxynbonucleic acid

DOAE ~— Deparnment of Agncultural Extension
(Tharland)

pws — dry weight basis

EC — Eurcpean Community

EDTA — ethylenediaminetelraacetic acid

ELISA — enzyme-linked immunosorbent assay

ENEA — Comitato Nazionale per la Ricerca per

lo Sviluppo dell' Energia Nucleare e
delle Energie Alternative (ltaly)

FAO — Food and Agriculture Organization of
the United Nations

FIRDi — Food Industry Research and
Development Instiliite

FMTT — fresh market tropical tomato

FMV —feathery mottle virus

GRSU —Genetic Resotnces and Seed Unit

GTZ —German Agency for Technical
Cooperation (Fed. Rep. of
Germany)

GYT —general yield tnal

HPLC —high performance hquid
chromatography

HS —heat-sensitive

HT —heat-tolerant
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IARC — International agricultural research
center

IAR! — Indian Agricultural Research Institute

IBPGR ~ International Board for Plant Genetic
Resources (CGIAR)

IBSRAM — International Board for Soil Research
and Management (IARC)

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

ICIMOD ~ International Centre for Integrated
Mcuntain Development (IARC)

ICIPE — Internattonal Centre of Insect
Physiology and Ecology (IARC)

ICLARM — International Center for Living Aquatic
Resources Management (IARC)

ICRAF — International Council for Research in
Agrclorestry (IAHC)

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

ICW — imported cabbageworm

IDIAP — Instituto de Investigacién
Agropecuaria de Panama

IDRC — International Development Research
Tentre (Canada)

IFDC — International Fertihizer Development
Center (IARC)

IFPRI — International Food Policy Research
Institute (CGIAR)

IMI — Internaticnal Irngation Management
Institute (IARC)

IiTA — International Institute fer Tropical
Agricullure (CGIAR)

ILCA - International Livestock Center for
Africa (CGIAR)

ILRAD — International Laboratcry for Research
on Animal Diseases (CGIAR)

IMN — International Mungbean Nursery
(AVRDC)

INA — Instituto Nacional Agrano (Honduras)

INIREB — Insututo Nacional de Investigaciones
Sobre Recursos Bioticos (Mexico)

INRA — Inshtut national de !a recherche
agronomique (France)

INTHOPE - International Hot Pepper Tnal
Network

|PB — Institute of Plant Breeding (UPLB)

IPDR — Institut pratique de developpement
rural (Niger)

IPM — Integrated pest management

IRR! — International Rice Rescarch Institute
(CGIAR)

ISNAR — International Service for National
Agricultural Research (CGIAR)

YT ~Intermediate yield trial

LAD — leaf area duratton

LAl — leaf area index

LAR — leal area ratio

LEHRI — Lembang Horticulture Research
Institute (Indonessa)

MAFF -~ Ministry of Agricultura, Foresiry and
Fisheries (Japan)

MARD! — Malaysian Anqricultural Research and
Development Institute

MARIF — Malang Research Institute for Food
Crops (Indonesia)

MYMV — mungbean yellow mosaic virus

NAR — nel assimilation rate

NARS — national agricultural research systems

NBPGR — National Board for Plant Genetic
Resources (India)

NIRS — near infrared reflectance
spectroscopy

OPC — Oflica of Publications and
Cummunications

PCARRD  — Philippine Council for Agriculture,

Forestry and Natural Resources
Research and Development

PDA — potato dextrose agar

PE — polyethylene

PeMV — pepper mottle virus

PMMV — pepper mild mottle virus

POP — Philipptnes Outreach Program
(AVRDC)

ppm —-parts per million

PVYMV — pepper veinal mottle virus

PVX — potato wirus X

PVY — potato virus Y

PYT — preliminary yield trial

RDA — Rural Development Administration
(Rep of Koroa)

RGR — relalive growth rate

ROI — return of Investment

RYT — regional yield trnal

SAVERNET — South Asia Vegetable Research
Network

SDP — selective dissemtnation of publications

SEP — standard error of prediction

SPLCV — sweel potato leaf curl virus

SPLV -—- sweel polato latent virus

SPV I — swedl polato virus Hl

SPYDV — sweel polato yellow dwarf virus

TA — technology adaptation

TARC — Tropical Agricultural Research Center

TARI -— Tawan Agricultural Research Institute

TEV -—tobacco etch virus

TFW -— lomato fruitwoim

TLCV -— tobacco leaf curl virus

TMGMV — tobacco mild green mosaic virus

T™MV — tobacco mosaic virus

ToMV —-tomato mosaic virus

TOP ~- Thalland Outreach Program (AVRDC)

TSIV — tomato spotted wilt virus

TumV — turnip mosaic virus

1VDF — Tropical Vegelablu Data File
(AVRDC)

TVMV — tebacco vein mosaic virus

UCNCT — upland crop national cooperation trial

UNDP — United Nations Develcpment
Programme

uPLB — Unversity of the Philippines at Los
Bafios

USDA — United States Departiment of
Agriculture

WARDA — West Africa Rice Development
Assoclation (CGIAR)

WAT — waaks after transplanting

YDV — yellow dwarf virus
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Chinese Cabbage Breeding

Improving the Uniformity of Open-pollinated Chinese Cabbage Populations
Through Maternal Line Selection

Summary

Two of AVRDC'’s heat-tolerant open-pollinated poputations with undesirably long harvest duration
were subjected to maternal line selection to determing if they could be improved for the trait without unduly
depressing other important traits. After six MLS cycles, only population (M3)-27 responded favorably with
asix day reduction in maturity duration and a slight but significant increase in yicld. Maternal line selection
did not significantly affect the maturity and har vest rate of this population. The reduction in duration of
harvest makes the MLS6 derivative of population (M3)-27 as uniform-raturing as the hybrid check,
ASVEG No. 1. Plots of both were completely harvested, on the average, by about the 10th day after the
first harvest. However, ASVEG No. 1 wascarlier by about 4 days and yielded nearly 5t more than the MLS
derivative. I* is therefore concluded that maternal line selection is a useful breeding tool to concentrate the
malturity of normally diverse open-pollinated populations of Chinese cabbage.

Introduction

Experience in growing Chinese cabbage during the hot and humid scason at the Center had shown that
the early maturing varictics with short harvest duration (from first to last harvest), such as ASVEG No. 1
and many carly-maturing tropical cultivars, could frequently avoid the devastation wrought by sofi rot
diseasc, especially following the heavy rains. The longer the time of exposrc of cultivars to diseases and
unfavorable weather clements in the ficlds, the higher the losses duc to these adverse factors.

AVRDC has developed a number of promising open-pollinated populations of Chinese cabbage,
which is otherwisc notorious for its long maturity duration. This trait limits the crop’s use during periods
of adversc weather. In countries where they could be grown during the dry months, the promising
populations developed by the Center have been regorted to perform as well as the tropical hybrids.

Matemal line selection was reported to be effective in improving open-pollinated Chinese cabbage
cultivars (Shinohara and Suyano 1958)'. To increase the utility of the heat-tolerant, open-pollinated
cultivars, a recurring cycle of maternal line selection (MLS) was applicd on them. The general objective
of this breeding technique is to compress the maturity duration of the populations. By 1990, five MLS
cycles have been accomplished in two populations. Intervening MLS cycles were compared initially and
indications arc that MLS was indeed compressing the maturity duration of the populations. A 6th MLS
cycle was practiced *aicreafter to develop the final populations for distribution to interested national
partners,

Since improved uniformity is being enforced on normally heterogencous populations, some form of
inbreeding, mild they may be, could be imposed through matemal selection. Ideally, a significant
compression of maturity duration, with untiorm maturation without unfavorable effects on yicld and other
important traits, should be achicved. The original populations (referred to here as MLSO0) were thercfore
compared with the final cycle (MLS6) for a number of important horticultural attributes during the hot
season to determine if the above-mentioned ideal results have been attained.

'Shinohara, S. and M. Suyano. 1958. Effect of matemal line selection method on improvement of cruciferous crops. 1. On case of
Shonai No. 1 Chinese cabbage. Shizuoka P'ref. Agr. Expt. Sta. Rpt. 3: 85-93.

Previous Page Dlank
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Materials and Methods

The two open-pollinated populations that were subjected to MLS were 77(M3)-27 and 77(M3)-35.
Both populations are high-yielding, heat-tolerant and resistant to downy mildew. However, their maturity
durations in the hot season could be as long as 3 weeks whereas hybrid varietics, e.g. ASVEG No. i, could
be completely harvestied in about a week or so.

The SO and S6 MLS-derived populations of these two culiivars were compared in a split-plot
experiment, with populations {(M3)-27 vs. (M3)-35} as the main plot and the generations (SO vs. S6) as
the subplcts. Check cuitivar ASVEG No. 1 was included in each subplot for purposes of comparison. A
first experimeny pianted in the early summer 1991 was d.stroyed by heavy rains. This experiment was
resown on 5 August 1991 and transplanted to the ficld on 26 August.

Unit plots cunsisted of four rows in two double-row beds, each 6 m long and spaced 1.5 m between
center to center of the beds. Spacing between rows within each bed was 50 cm and plants within rows, 40
cm. Total dimersion of cach unit plot was 18 m?. The experiment was replicated four times. The major traits
that were collected in the experiment were: days to maturity, duration from first to last harvest, yicld and
harvest rate.

Results and Discussion

Comparisons across populations between MLS6 derivative and the original population for various
horticultural attributes are presented in Table 1. It is evident that maternal line selection was effective in
significantly compressing the maturity duration by about 4 days. Cycle 6, however, was significantly later
than the original population by 2 days. No apparent reduction in yield or harvest rate occurred following
the practice of MLS on the populations.

Table 1. Comparative means (averaged across populations) for yield and other important
hortlcultural traits of MLSO0 vs. MLS6 derivatives from maternal line selection.

Population/generation Duration (days) Maturity (DAT) Marketable yield (Vha)  Harvest rate (%)
Original (MLS0) 16.1 B 41A 24 3A 97A
Cycle 6 (MLS8) 128 A 438 244 A S6 A

When comparisons were confined within each cross, only population (M3)-27 pared significantly
positive to maternzl line sclection (Table 2). A reduction of 6 days in maturity duration is positively
combined with a slight but significant increase in yicld. The increase in yicld might have arisen from a
higher harvest rate although this was not apparently recorded as a significant change. MLS6 matured a day
luter but this was not indicated as a significant delay.

In contrast to population (M3)-27’s, maturity duration, the nearly 3-day reduction in maturity duration
in MLS6 in population (M3)-35 was not significant. Furthermore, the maturity of ML S6 was delayed by
nearly 5 days and harvest rate decreased by about nearly 5% relative to the original population. No
significant change in yiclds occurred following maternal line selection.

When MLS6 generations of each population were compared to the hybrid check, ASVEG No. 1, only
the derivative from population (M3)-27 compared well in terms of maiurity duration of 9.8 days for the
hybrid vs. 9.5 days for the MLS derivative of population (M3)-27. However, ASVEG No. 1 matured 4 cays
earlicr and yielded about 5 t more than the MLS derivative.

Table 2. Comparisons for major horticultural traits between MLS0 and MLS6 derivatives from
specific populations.

Population/generation Duration (days) Maturity (DAT) Marketable yield (vha) Harvest rate (%)
(M3)-27/MLS0 13.5 39.8 257 970
(M3)-27/MLS6 9.5 40.8 278 995
Single contrast test * NS * NS
(M3)-35/MLS0 18.8 41.3 22.8 965
(M3)-35/MLS6 16.0 46.0 211 91.8

Single contrast tesi NS NS
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Development of Cytoplasmic Male-Sterile (CMS) Lines

Summary

AlI CMS populations produced from selections during cooi season 1989-90 were planted for further
selections in cool season 1990-91. Sclections from families planted during cooi season 1990-91 were
planted in summer 1991 for further selection of heat tolerance and other horticultural traits. Final sclections
were made by combining data on seedling traits (vigor and degree of chlorosis), sced yield potential and
heat tolerance.

Eight final sclections with better horticultural traits and/or higher sced yield potential than the normal
check line, CT1-27, were taken from Batch I CMS in cool scason 1990-91. From these, 11 selections with
better vigor and/or compact heads were derived following summer 1991 planting. These sclections had
radish as donor of cytoplasm.

From derivatives of mustard CMS$, 12 selections with high secd yield potentzal and good horticultural
characteristics in cool season 199091 planting, and 20 carly maturing, heatolerant sclections in summer
1991 planting were taken from 89W33, the best family from a previous generation of Batch 11 CMS. In
Batch 111, 10 final sclections with good horticultural traits in cool scason 1990-91 planting, and 14
selections with early maturity and compact heads in summer 1991 planung were taken. More good families
and thus more sclections were taken from Batch 1V than from CMS compared to the other batches.
Selections in this batch were generally better than in the other batches in terms of vi gor, heat tolerance, and
seed yield. The potential to isolate heat-tolerant CMS lines with goodhorticultural traits and high sced yicld
appcars to be promising,

Introduction

The development of cytoplasmic male-sterility (CMS) as an alternative to self-incompatibility
mechanism for hybrid seed production was continued. In the past, this program has been hampered by a
high proportion of chlorotic plants in the male-sterile familics, small pod size, poor seed set and gencrally
poor horticuitural characters. In 1990-91, various CMS families sclected for good horticultural characters
and seed set potential were examined. The best selections were then screened for heat tolerance in summer
1991 1o obtain the final sclections for further genetic manipulations.

Materlals and Methods

Four batches of backcross-derived CMS materials from radish and mustard sources were planted in
the field during cool season 1990-91 for further observation, selection and sced production, Prior to ficld-
planting, initial sclections were made in the secdling nursery for important traits such as normal green
foliage color, good vigor, etc. Further details about the different materials are given below.,

Sources of CMS Batch  Generation  Sown/planted No of families  Total plants  No. of selections

R. sativus | BC,F, 10/22 - 11/21/90 8 480 28
B. juncea ! BC,F, 10/22 - 11/22/90 6 1440 50
B. juncea th BC,F, 10/22 - 11/22/90 8 960 38
B. juncea v * 10/22 - 11/23/90 14 840 53

‘Familles onginated from intercrosses with a normal, male-fertile dervative which was discovered from one of the backcross famlies, following the cross,
each famlly has been open-poliinated three times by the original recurrent parents, CT1-32 and CT1-56

To evaluate the seed production potential of sclections, CMS familics were randomly arranged in the
seed production ficld. Planting was carefully designed to ensure that each CMS progeny was always
surrounded in the field by four male-fertile pollen plants (normally, the common recurrent parents of the
families being tested). In this manner, the sesd production potential of cach CMS progeny could be fairly
evaluated and used as an objective selection criterion. Additional beehives were located strategically in the
field to add to the natural bee population. It was assumed that there were sufficient honeybees in the ficld
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to avoid the nonrandom polination of test plants. Final selection of CMS progenics followed this scheme:
first, the CMS plants were sclected for important horticultural characteristics such as carly maturity,
compact head, normal green foliage color, irccdom from excessive axillary bud growth, etc; then, the plants
were selected for apparent pod and seed production ahility in the field; finally, dataon seed yield, seed size,
seed vigor, ctc. were taken from a five-branch sample of each ficld-sclected CMS plant for use in the final
sclection of progenics for further breeding.

Progenies of sclections from cool scason 1990-91 planung were grown in the ficld during summer
1991 to be observed for heat tolerance, selection and subsequently, seed production. Prior to the ficld-
planting, initial sclections were made in the seedling nursery for important traits such as normal green
foliage color, good vigor, frcedom from Sclerotinia infection, etc. Further details about the summer
planting arc given below.

Sources of CMS Ratch  Generation ~ Sown/planted No offamiies Totalplants No of selections

R. sativus } BC,F, 6/26 - B/7/91 23 252 1

B. juncea ] BC,F, 6/26 - 8/7/91 50 600 26
B. juncea [} BC,F‘ 6/26 - 8/7/91 36 431 144
B. juncea v . 6/26 - B/7/N 52 622 30

‘Famibes criginated from intercrosses with a normial, male fertile denvative which was discovered frori une of the backcracs families; following the cross, -
each famify has been open pollinated four times by the original recurrent parents, CT1-32 and CT1-56

The CMS families with their respective recurient parents as checks were planted to the ficld in 4.8 m
long single row plots within double-row beds. Two adjacent beds were 150 cm apart from center to center.
Rows were spaced 50 cm apart and plants within the row 40 cm apart,

Results and Discussion

The selections from Batch I CMS materials (derived from radish) are shown in Table 3. Most of the
final sclections had better seed yield potential than the check line, CT1-27, with the exception of those from
90W17 and 90W18 which showed good horticultural traits but had comparatively poorer sced yield
potential. Compared to the other batches derived from mustard, this batch is more uniform, less chlorotic,
but of poor vigor and with lower heat tolerance. Only 6 selected plants produced compact but relatively
small heads during summer,

Table 3. Pod and seed characteristics of selections from Batch | CMS materlals In winter 1990—
91 and summer 1991 plantings.

1990-91 Pod Seed Seed 1000-seed Seedyield 1991 summer

Family selections number number weight (g) weight (g) (g/plant) selections
90W1, 2 125 962 1.2 1.3 6.8 5
90W14 2 170 1314 3.1 24 11.0 1
90W15 1 190 1253 24 1.3 17.0 3
90W16 1 113 1836 30 16 96 0
90W17 1 93 374 0.6 1.5 17 2
90wW18 1 41 282 0.4 1.3 1.5 0
CT1-27 (ck) 92 611 0.7 1.2 1.6

The summary of sclections from Batch IICMS materials are given in Table 4. The final selcctions had
better seed yield potential than the check line, CT1-32, with the exception of 90W21 family which was
considered more for its good horticultural traits and heat tolerance than seed yicld potential. Sced yiclds
of 90W23 and 90W25 families were very high since both included sclections with excellent seed yields.
Familics 90W23, 90W 24, 90W25, 90W26, which came from the best family of the previous generation
(89W33), all had good secd yield potential in 1990-91 cool season. More importantly, 20 sclections with
early maturity and compact heads during summer 1991 planting were derived from these familics.
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Table 4. Pod and seed characieristics of selections from Batch Il CMS materials in cool seasen
1990-91 and summer 1991,

1990-91 Pod Seed Seed 1000-seed Seedyield 1991 summer

Family selections number numbe weight (g) weight () (g/plant) selactions
9owW21 4 135 922 1.1 1.2 36 6
aowa3 4 191 2813 46 1.6 22.2 5

w24 2 154 1642 32 1.9 10.5 2
' W25 i) 258 2585 5.4 2.1 214 5
JO0W26 3 164 1794 3.6 1.9 13.2 8
CT1-32 (ck) 164 1767 27 1.6 9.2

Most final selections from Batch Il CMS materials had lower sced yield potential than the check line,
CT1-32,since the criteria for selection emphasized good horticultural traits and summer performance more
than secd yicld potential (Table 5). Only Family 90W37 gave gencrally high sced yield than the check since
itincluded a selection with excellent seed yicld potential.

All selected families from Batch IV CMS materials were comparable to cither or both checks in seed
yield potential (Table 6). Family 90W46 has extremely high seed yield since the single final seletion had
excellent seed yield. Generally, Batch IV progenies had better vigor, higher levels of heat tolerance, with
longer cylindrical heads, and with higher seed yield potential than the other batches.

Table 5. Pod and seed characteristics of selection , fiom Batch lll CMS materials in cool season
1990-91 and summer 1991. .

1990-91 Pod Seed Seod 1000-seed Seedyield 1991 summer
Family selections number number weight (g) weight (g) (g/plant) selections
90Wa33 2 83 839 1.1 1.3 2.2 2
90W36 1 189 1435 2.2 1.5 7.6 6
90Wa37 4 184 1999 3.3 1.7 166 2
90W3s 3 147 1242 25 20 8.0 4
CT1-32 (ck) 164 1767 2.7 1.6 9.2

Table 6. Pod and seed characteristics of selections from Batch IV CMS materials in cool season
1990-91 and summer 1991.

1390-91 Pod Seed Seed 1000-seed Seed yield 1991 summer

Family selections number number waight (g) weight (g) (g/plant) selections
90V/41 3 173 1145 a4 2.1 8.1 4
90W42 1 193 2015 2.9 1.4 8.3 3
90W46 1 211 2916 6.4 2.2 423 1
90W47 3 148 2178 4.7 2.15 13.3 6
90wW48 1 178 2100 4.0 1.9 147 5
90W49 3 117 1062 2.3 2.1 6.8 4
90W50 1 112 1473 3.7 25 10.3 2
90W53 3 123 1472 2.3 1.7 8.3 5
CT1-32 (ck) 164 1767 2.7 1.6 9.2

CT1-56 (cx) 176 1305 1.9 1.4 6.3

Plants sclected from the summer 1991 plantings were transplanted to 20¢m pots for hand backcrossing
with respective recurrent male-fertile parents in 1991-92 cool season.
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Development of Heat-Tolerant Papulations with Cylindrical Head Type

Summary

Sclections with the desired long and dense head conformation were taken from nine segrepating
familics. Most of the sclections were medium-early to medium-late maturing with compact, medivm-long
to long head. Some sclections from F, group were medium-maturing with very long heads which were
typically “bamboo-type”, tight at the bottom and middle parts but loosc at the top In general, the
segregating materialsdeviated significantly from the “bamboo-type” head conformation of B61. Selections
with the longest head types w 2re taken for intra-family intercrossing with the air of recapturing in the
subsequent generation the head conformation of B61 and the tropical parents.

Introduction

The program on developing heat-tolerant populations with the cylindrical head conformation that is
preferred by most of AVRDC'’s partners was continued. In 1991, several populations developed from
crosses made in 1990 were planted for further selection.

Material and Methods

Two batches of scgregating populations were planted. Onc consists of four F, populations from
intercrosses between promising, cylindrical-headed inbred lines from the backcross program, One family
originzted from brush mass pollination: and comprised of 200 plants. The ether came from hand sclf-
pollination and comprised of 88 plants cach or less depending on available seeds. Included in the planting
were 40 plants cach of two heat-tolerant recurrent parents, E-9, and B152, and the donor parent for
clongated head shape, B61. Forty plants of ASVEG 1 were also planted as 5 general check for heat
tolerance.

The other batch consisted of F, populations of triple crosses between promising, cylindrical-headed
inbred lincs with heat-tolerant inbred lines. A total of five segregating familics comprised this batch. A total
of 200 plants were planted toeach family. In addition, 40 plants cach of the five heat-tolerant parent inbreds,
B61, the original parent stock for elongated head shape, B152 and E-9, the original heat-tolerant parents,
were planted as checks. Forty plants of ASVEG 1 were also planted as a general check for heat tolerance.

Sceds were sown on 15 August and scedlings were transplanted to the ficld on 4 September 1991,
Selection of progenies emphasized the combination of compact head formation with clongated head shape.

Results and Discussion

The general characteristics of the sclections from scgregating families possessing the desired
combination of cylindrical head shape and densc head formation (indicative of heat tolerance) are presented
in Table 7. The first four familics belong to the F, group. The rest were sclections from the F, populations
from triple crosses. Most sclections tended to be medium-carly to medium-late maturing with compact,
medium-long to long hcads. Some sclections from F, group were medium-maturing with very long heads
typical of the “bamboo-type” heads of B61. These sclections produced heads that were very tight at the
bottom and middlc parts but parily loosc at the top.

Ingeneral, the segregating materials deviated appreciably from the “bamboo-type” head conformation
of B61. Scgregants with the longest head types were taken for intra-family intercrossing with the aim of
recapturing in the subsequent generation the head conformation of B61 and the heat tolerance of the tropical
parcnts,
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Table 7. Summary of selection for heat-tolerant plants with alongated head shape from varlous
segregating famiiles; 1991 late summer season.

Family No. of selections  General matunity? Head size®  Plantvigorr Disease®  General uniformity®
91271 14 E-L M-L 6-8 1-2 4
91272 5 EL M-L 6-7 1-2 5
91273 8 E-ML M-LL 7-8 1-2 6
91274 5 E-L M-LL 7-8 1 6
91282 4 ME-ML M-L 6-7 2 4
91284 21 ME-ML M-ML 7-8 1-2 6
91286 12 ME-L M-LL 8-9 2 5
91288 8 ME-L M-LL 8-9 2 5
91290 8 E-ML M-ML 7-8 2 4
B61 (ck) L-VL L-LL 5-8 2 5
ASVEG 1 {ck) VE M 8 4 9

E = parly; ME » medium early; M = medium, ML = medium late, L = late; VE = very early; VL = vary late,
*M = mediumn; ML = medium targe; L = large; LL = long & large
*Rating scale 1 = low, 10 = high

International Cooperation

Seed daistribution

In 1991,427 seed packets of Chinese cabbage were distributed to 57 cooperators in 36 countries. Most
consisted of open-pollinated and F hybrid cultivars, together with local checks and AVRDC's standard
heat-sensitive check, B40, for testing. A limited shipment to national programs of clite inbreds or parental
lines of F, hybrids for in-cnuntry seed production experiments was also provided. These were as follows:

Brazil. Mr. Nei Pcixoto of Estaca Experimental de Anapolis/EMGOPA, was interested in AVRDC
international trials of Chinesc cabbage to evaluate both head and seed production in Anapolis. Seeds and
information about the duration and tecmperature requirements of heat-tolerant Chinese cabbage were
provided for vernalization and sced production purposes.

China. Dr. Charles Y. Yany, Director of AVRDC's Regional Program in Thailand requested 50 g
each of the parental stocks of Hybr *d #62 for seed multiplication in China. Some 4.5 kg of this hybrid were
provided for further demonstration trials there. Two-hundred kilograms of Hybrid #62 seeds was imported
from Taiwan through sced dealers for urgent distribution at the Yangtze River region following serious
flooding in summer 1990. In November 1991, Nanjing requested 100 g of inbred N4-1 for usc in 1991
hybrid sced production. According to the report, Hybrids 62 and 58 were grown in 4000 ha in South China
and along Yangtze River. It was estimated that this arca will increase to about 7000 ha in 10 provinces in
1992, and to cope with the expected demand for the hybrid seeds, 10 tof seeds (7.5t for Hybrid 62 and 2.5
t for Hybrid 58) will be produced in spring 1992,

Indonesia. Dr. Anggoro Hadi of the Horticultural Rescarch Institute, Lembang, received six
parental lines of tropical lowland Chinesc cabbage, such as Hybrids #58, #62,#82-46, in the previous years.
Herequested more inbred lines with good self-incompatibility. Six clite heat-tolerant inbreds were sent for
further rescarch.

India. Prof. M.M. Khan of the University of Agriculiural Science at Bangalore grew AVRDC
Hybrid 82-156 during the Kharif scason (July) and obtained a yield of 15 t/ha. The crop stand was rated
very good and its performance was considered excellent and comparable to the average performance of
lettuce.

Philippines. Ms. Rizalma C. Guibao, researcher of the Vegetable Scction of Bohol Agricultural
Promotion Center conducted a dry season trial at Tubigon, Bohol, to evaluate two open-pollinated and six
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hybrid znirics from AVRDC vs. the standard heat-sensitive check B40. Performance of the AVRDC heat-
tolerant cultivars was clearly better than that of the heat-sensitive check in all respeets. Two hybrids,
#85202 and #83-20, compared well with the standard heat-tolcrant check, Hybrid #62. All three entries
produced 37-38 t/ha of marketable heads, with mcan head weights of over 1 kg per head, soft rot rating
of 1% and Icss, harvest rate of 99% or more, and matured about 40 days after transplanting. In contrast, the
heat-sensitive check B40) yielded less compact heads (13 t/ha), has a soft rot infection rate of 11%, head
weight of 563 g and harvest rate of 71%.

Thailand. Dr. Chanai Yodpetch of the Institute of Technology and Vocational Education at
Sirracha, Chonburi, completed the yield trial of summer Chinesc cabbage using two open-pollinated and
five hybrid cultivars from AVRDC. In general, these AVRDC-improved varictics produced compact,
medium to small marketable heads with very high harvest rate. Hybrid #85202 produced the highest yicld
of 11 vha. Hybrid 62, a released cultivar in Thailand, yiclded 10.4 t/ha.

Uganda. MessrsJ.D. Mugerwa and W.T.H. Peregrine of the Food and Agriculture Organization of
the United Nations, carricd out an on-farm trial, with a progressive farmer near Namulonge. The farm was
basically of mixed vegetables, with clay loam soil and was situated in swamp land. The farmer was
instructed to grow on broad beds, which obviated flooding during heavy rains. The trial was planted using
an improved cultural regime including planting on broad beds, given poultry manure mixed with coffce
husks and mulched. Two open-pollinated und six hybrid cultivars from AVRDC vs. the standard heat-
sensitive check B4 and a local check were included in this trial without replicates owing to land shortage.
Varictal differences were clear-cut and showed particularly between the local check and improved
materials. Yicld of Hybrid 82156. the highest yiclder, was up to 3.4 times that of the local cultivar (52 vs.
15 t/ha for the local check). Based on the calculation of the above researchers, the farmer eXpects Lo gross
USS18,428/ha as opposed to US$5428 for the local cultivar. The researchers further reported that the
farmer has adopted the improved cultural techniques and is now teaching his ncighbors the technology.
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Demonstration of IPM of Diamondback Moth on
Farmers’ Fields in the Lowlanis

Summary

An integrated pest management (IPM) technique that utilizes the use of two larval parasites, sprays
of microbial insccticide Bacillus thuringiensis Berliner and use of sex pheromone was tested to control
diamondback moth, Plutella xylostella (L.), a destructive pest of crucifers on farmers’ ficlds in the
lowlands of Taiwan. A practically identical experiment was conducted twice during the traditional
crucifer-growing scason from October 1990 to April 1991, In both experiments, the diamondback moth
population on cauliflower and broccoli was significantly less in the IPM fields than in neighboring check
fields where farmers continued to usc insecticides. Despite inundative releases, parasitism of diamondback
moth by a larval parasitc Cotesia plutellae Kurdjumov in the IPM field did not differ from that in the check
fields. Parasitism by Diadegma semiclausum Hellén was insignificant despite repeated releases of this
larval parasitc. A major factorin DBM monrtality was B. thuringiensis and other natural causes. B. thuringiensis
infected the DBM larvac upon which C. plutellae parasitized. The DBM larvac were killed along with C.
plutellae larvae feeding within them. Because of this, no C. plutellae pupac emerged and became adults,
This infection of C. plutellae larvac by B. thuringiensis appeared to have reduced the parasitism of DBM
by C. plutellae in the IFM ficld. The sex pheromone baited traps trapped a large number of diamondback
moth adults. It was not possible to measure the contribution of sex pheromone in reducing diamondback
moth damage.

introduction

Diamondback moth, Plutella xylostella (L.) (Lepidoptera: Ypenomeutidae), is the most destructive
pest of crucifers practically throughout the world. It is especially serious in Southeast Asia because
crucifers are grown there throughout the year. The larva of this insect feeds on the foliage and other edible
plant parts, adverscly affecting quality and quantity of the produce. Farmers in Southcast Asia use large
quantities of chemical insccticides, often indiscriminately, to combat this pest. As a consequence of
excessive insccticide use, this pest has become resistant to practically all insccticides being used for its
control. Since no practical alternate control measures are yet available, farmers continuc to use even higher
dosages of chemicals, often mixtures of several of them, and applying them ever more frequently. This has
increased the cost of production, exacerbated the resistance problem and incrcased cnvironmental
pollution.

To combat the situation AVRDC has developed an integrated pest management (IPM) program based
onthe usc of ar egg parasite Trichogrammatoidea bactrae Nagaraja, two larval parasites Cotesia plitellae
Kurdjumov and Diadegma semiclausum Hellén, and on the use of the biological insccticide Bacillus
thuringiensis Berliner. This package was tested in the highlands and the lowlands in 1989-90. The results
were satisfactory in the highlands but further improvement in the package was necessary to make it more
effective in the lowlands. In 1990-91, therefore, the Center confined its rescarch on the IPM package o
the lowlands.

Materials and Methods

This experiment was done on farmers’ fields in Luchu township (cievation 10 m) in Kaohsiung county.
DBM is endemic in the area and causes considerable damage to cauliflower and broccoli which are grown
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traditionally during cocl and dry autumn and winter months. The experiment was done twice: once in the
beginning—September to December—and once towards the end—November to February—of the
traditional crucifer-growing scason.

Firstexperiment. A 0.5-ha ficld owned and cultivated by one farmer and which was located in the
midst of other ficlds planted cither to cauliflower or broccoli was contracted for the experiment, Half of
the ficld was planted to cauliflower and the other half to broccoli. The owner was allowed to choose
cauliflower and broccoli cultivars and all cultural practices typical to the region but was not allowed to use
any insecticides. Bacillus thuringiensis was provided for use whenever the farmer, based on his past
experience, felt it necessary to spray. All such sprayings were supervised. A total of 31 sticky paper traps,
baited with 10 ug DBM sex pheromone, were set up uniformly throughout the field. The pheromone bait
in cach trap was replaced once a month and the sticky surface of the trap renewed whenever it was
completely covered with DBM adults or dust particles.

Two parasite relcase stations, consisting of perforated wooden boxes mounted on a 1-m high pole,
were erected in the experimental arca and cocoons of C. plutellae or D. semiclausum were praced inside
the stations at irrcgular intervals. Upon emergence from the pupae the parasite adults could {ly away
through the holes in wooden boxes and scarch for the host. Trichogrammatoidea bactrae reared on the
indicated eggs of Corcyra cephalonica were alsoieleased twice during the season to infest DBM eggs. A
total of 240,000 pupac of this egg parasite were relcased.

Starting 4 wecks after transplanting, and once a weck thereafter until just before the harvest, 30 plants
cach of cauliflower and broccoli were selected for observation and the number of DBM larvac and pupac
per plant recorded. Fifty 4th instar DBM larvace from cach crop were collected and raised in the laboratory
until pupation. The number of larvace pupating into C. plutellae, D. semiclausumor DBM pupac wasrecorded.
From these data, percentage of DBM larvac parasitized by cach parasite species was calculated. These
obscrvations were performed in the demonstration field as well as in the neighboring ficlds where none of
these treatments was uscg. Instead, farmers continued to use their own control practices. These fields were
considered as check fields.

Second experiment. The sccond ficld was smaller (0.2 ha), and planted to broccoli only in
November 1990. As in the first experiment, the farmer was allowed to choose a broccoli cultivar of his
choice and to usc cultural practices typical for the region. A total of 15 sex pheromone traps were sct up
in the field. Pheromone bait was replaced once a month, when the sticky surface of the trap was saturated
with dead moths or soiled by dust. Cotesia plutellae and D. semiclausum were released several times at
irregular intervals throughout the field. A small number of pupal parasites, Diadromus collaris, was also
released. The parasitism of DBM larvae and pupae was recorded once a week for 6 weeks starting 3 wecks
after broccoli transplanting. The sampling and evaluation methods were similar 1o the first experiment. The
population of DBM larvac in the experimental ficlds and neighboring ficlds was also recorded using a
procedure similar to that used in the first experiment.

Results and Discussion

First experiment. The results of the monitoring of DBM larval population on broccoli and
caulifower in the IPM ficld and check ficlds are summarized in Figure 1. In the initial two or three
observations when plants were small and DBM population was low, there was no difference in the DBM
larval population on broccoli and cauliflower in the IPM and check ficld. However, as the scason
progressed and the DBM population started increasing, large differences were observed in larval
population between the check fields and the IPM field. In check ficlds where farmers continued to use
chemicals, the DBM population increased almost exponentially as the season progressed, However, in the
IPM field, the insect population remained practically unchanged at a very low level. During the scason the
IPM farmer made only six weekly B. thuringiensis applications whereas the check farmers continued to
apply traditional insccticide which involved spraying chemicals, often mixtures of several chemicals, at
Icast once a week and often twice. Since the check farmers had no obli gations to the Center's project exact
information on spraying frequency and the chemicals used were not obtained. The cost of B. thuringiensis
used by the IPM farmer is definitely less than the cost of chemical insccticides and B. thuringiensis that
most farmers often usc as mixtures,
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Fig. 1. Population of DBM larvae feeding on caullflower or broccoli in
IPM and check fields. Transplanting date: 26 September 1990.

The data on DBM mortality due to parasitism by C. plutellae and D. semiclausum and other natural
factors, including B. thuringiensis-induced mortality have been recorded. Diadegma semiclausumparasitism
was insignificant in the IPM ficld in both crops. This parasitc was not found in the check ficlds which were
located in the vicinity of the IPM ficlds. C. plutellae contributed significantly to DBM montality in the IPM
field as well as in the check ficlds. Despite almost equal contributions of parasites in both IPM and check
ficlds, the DBM population was much higher in the check fields than in the IPM ficld. The major factor
contributing to suppression of DBM in the IPM field appeared to be B. thuringiensis. Most of the natural
mortality came from B. thuringiensis as the larvae collected from the field for rearing in the laboratory
showed symptoms of B. thuringiensis infcction. The farmers in the check ficlds also used B. thuringiensis;
howsver, they always mixed it with a variety of insccticide 'cocktail' mixtures. It is quite possible that B.
thuringiensis was inactivated in the spray solution tank before it was sprayed on cabbage. Whether or not
tank mixture of B. thuringiensis with chemical insccticides destroys the activity of B. thuringiensis needs
further investigation, Since none of the presently used chemical insccticides are effective on DBM, this
insectremained uncontrolled in the check fields. High parasitism of C. plutellae in the check ficlds indicated
that this parasite has developed resistance to insecticides. The lower than expected level of parasitism of
DBM by C. plutellae in the IPM ficld is probably due to the use of B. thuringiensis, which is not toxic to
C.plutellae adults but probably killedmost of the DBM larvac and along with them, thelayrvac of C. plutellace
feeding inside the DRM larvae. B. thuringiensis-infected DBM larvac died before C. plutellae larvac feeding
inside DBM larvac could become pupac.

Parasitism of D. semiclausum was probably ncgatively affected by high temperatures that prevailed
during the experimental period. The maximum temperatures remained 30°C practically throughout the
period when observations were taken, This temperature is not suitable for parasitism of DBM by D.
semiclausum. This parasite, therefore, is unsuitable for Luchu or other areas where the temperature
approaches 30°C.

None of the DBM eggs were parasitized by T bactrae. A total of 5787 DBM adults were trapped in
the sex pheromone traps throughout the season.

Second experiment. Results of the monitoring of DBM on broccoli in the second experiment are
presented in Figure 2. The DBM population was always lower in the IPM field than in the check fields.
Although towards the end of the season the DBM population in the IPM plot increased, most of the insects
were on the leaves and the curd was alrcady ready for harvest. Early in the scason when plants are in
vegetative stage, DBM population in IPM plot was much lower than in the check plot.
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Fig. 2. Population of DBM larvae on broccoli In IPM field and check field.
Planting date: 19 November 1990.

Contributions of various biological factors to the mortality of DBM in both IPM and check ficlds in
the sccond experiment are summarized in Figure 3. In all observations DBM mortality in the IPM ficld
washigherthaninthecheck field. Diadegma semiclausum, which was released in the IPM ficld, was found
parasitizing DBM but the level of parasitism was too low and its contribution 1o DBM moonality was
virtually insignificant. During the first four observations, C. plutellae parasitism of DBM was consistently
higher in the IPM ficld than in the check fields. However, there was little dif: ference in the results of the
finaltwo observations. Natural mortality, which was mostly caused by B. thuringiensis, was always higher
in the IPM ficld thaninthe check ficlds. Infection due to B. thuringiensisprobably alsokilled the C. plutellae
inside the host larvae which reduced the role of this parasitc in the total mortality of DBM.
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Fig. 3. Contribution of varlous blological factors to the
mortality of DBM in IPM and check fields. Broccoli,
planting date: 19 November 13990.
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A total of 10,835 DBM adults were trapped in 15 sex pheromone traps set up in the ficld throughout
the scason,

Conclusions

Diadegma semiclausum is not suitable for the lowlands of Taiwan even in winter. Cotesia plutellac
is already established in the lowlands of Taiwan and its inundative release does not seem 10 increase its
parasitism, espccially when B. thuringiensis is used. B. thuringiensis scems to become less effective if
mixed with chemical insecticide 'coctails' commonly practiced by farmers in Taiwan. An cconomical and
practical IPM technology is now available; however, the farmers’ habit of using chemical insccticides
makes it difficult to fully utilize this technology.

Study of Parasitism of Diamondback Moth by Larval Parasites
In Various Seasons in Talwan

Summary

A three-season ficld experiment was conducted to determine the extent of parasitism of diamondback
moth [Plutella xylostella(L.)] by twolarval parasites, Diadegma semiclausum Hellén and Cotesia plutellae
Kurdjumov. Cabbage planted in the open field plot and in the enclosed ficld plot (nylon net cage) and
intentionally infested with diamondback moth were cxposed 1o the parasites throughout the season.
Parasitism was recorded once a week throughout the scason. Both parasites attacked diamondback moth
larvac from October to February but not from March to May. No plausible explanation could be found for
the absence of parasitism during the lauer period. Cotesia plutellae parasitism was high at the beginning
of the scason and declined as the crop grew older. Theopposite was true with the parasitismby D. eucerophaga.

Introduction

Diamondback moth (DBM), Plutella xylostella (L.) (Lepidoptera: Yponomeutidac), is a major pest
of crucifers in tropical to subtropical Asia. This pest attacks economically important crucifers both in hot
and cool scasons. AVRDC is working on a simple and inexpensive integrated pest management package
Lo control this pest. Part of the work involves exploring the use of parasites. Laboratory and ficld studics
have shown that the larval parasite Cotesia plutellae Kurdjumov can survive and attack DBM larvac at
tempcratures over 30°C. Parasitism by another larval parasite Diadegma semiclausum Hellén is hi gherat
20-25°C and drops sharply at tcmperatures approaching 30°C. Diadegma semiclausum is an cffective
parasite of DBM; however, its requirement for lower temperatures makes it unsuitable in the tropical to
subtropical conditions except in the highlands. If it can be adapted to slighuly higher temperatures, it could
play a significant role in combating DBM in the lowlands where the destruction of crucifers by DBM is
especially scrious. The purposc of this experiment was to find out whether, given the high population
density of the host (DBM larvae) D. semiclausum would adopt and parasitize DBM at temperatures
approaching 30°C. Cotesia plutellae was also included in this comparalive tcst.

Materials and Methods

This experiment was done both in the open field and in large screen cagesconstructedin the field. Open
ficld and enclosed ficld experiments were located in the two farthest comers of AVRDC’s 100-ha
experimental farm.

For both experiments, land was rototilled and worked into 1.5-m wide beds. In the enclosed ficld, four
adjacent 13.5 x 13.5-m plots were planted to cabbage whereas in the open ficld, only one 13.5 x 13.5-m
plot was planted. Onc-month old cabbage scedlings (cv. K Y Cross) were transplanted in two naraliel rows
on the top of 1.5-m wide beds. Soon after transplanting, all four plots in the enclosed ficld experiment were
covered with 2-m high fine mesh nylon net on all sides and the top. Starting 2 wecks after transplanting,
an cqual number of DBM pupac was released in cach room and in the open ficld. This was done at irregular
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intervals whenever the DBM population seemed (o go down. These releases usually ranged from 100 to
300 insects per room and in the open field.

About 10 days after the release of DBM, D. semiclausum was released in the first room. C. plutellae
in second, D. semiclausum + C. plutellae in the third, and no parasite was released in the fourth room. In
the open ficld both parasites were released. At each release date, equal numbers of insects were released
in cach room and in the open field. The number of both DBM and parasites released varied among the four
scasons but ranged between 700 and 800 per plot.

Starting 1 week after the release of parasites, 20-30 cabbage plants were observed at random in each
plot and the number of DBM larvae were recorded for cach of them. At this timie, 30-50 4th instar larvae
were collected from each plot and reared in the laboratory on cabbage leaves until they all pupated. The
number of DBM larvac that pupated in C. plutellae, D. semiclausum or DBN* *vas recorded. From these
data percentage parasitisin of cach parasite species was calculated.

Results and Discussion

In the first planting in late September, parasitism of DBM larvae by C. plutellae in both open and
enclosed ficlds was high (60%) at the beginning of the season but declined gradually as the season
progressed. It ceased completely when the crop was ready for harvest 3 months after transplanting. A
similar trend was observed in the open ficld in the sccond scason (planting, beginning of December). In
the enclosed ficld, however, parasitism by C. plutellae was very low (3-18%), although DBM larval
population in both open ficlds in the enclosed arca was similar throughout the season. High temperatures
inside cages were suspected to be the cause. However, the temperature data for the caged area was not
maintaincd. In the third season (planting date, carly March), despite repeatedreleasesof DBMand C. plutellae
inboth enclosed area and open ficld, no DBM larvae was parasitized by C. plutellae. The DBM population
was low but was comparable with that in the open field in the first scason when C. plutellae parasitism was
substantial. No plausible reason can be found for this phenomenon.

Parasitism of DBM by D. semiclausum was very low at the beginning of cach of the first two seasons
butitrose gradually as the season progresscd. In the first scason, parasitism was generally higherinthe open
ficld than in the enclosed one, whereas in the sccond scason, the opposite was true. This was not related
to the population of DBM which gencrally increased from planting to harvest, or air temperature which
remained practically unchanged throughout the first two seasons. The absence of parasitism in the third
scason is puzzling. Although the DBM population during this scason was low, it was similar to the DBM
population in the open field during the first season when parasitism by both parasites was substantial. This
experiment will be continued in 1992,

Effect of Insecticides on the Parasitism of Diamondback Moth
by Two Larval Parasites

Summary

In a ficld experiment the extent at which farmers’ intensive use of chemical insecticides affect the
parasitism of diamondback moth, Plutella xylostella (L.), by two larval parasites Diadegma semiclausum
Hellén and Cotesia plutellae Kurdjumov was studied. A sct of four cabbage plots were treated in rotation
with mevinphos (0.5 kg Al/ha), methamidophos (0.5 kg Al/ha) and permethrin (0.05 kg Al/ha) once a
week. A sccond set was treated with the same insecticides in rotation twice per week and the third set was
maintained as an untrcated check. Diadegma semiclausum and C. plutellae were relcased frequently and
the population of diamondback moth larvac and pupac and parasitism of diamondback moth by both
parasites was recorded. There was no significant difference in diamondback moth population in the check
field and in insccticide-treated ficld. Parasitism of diamondback moth by D. semiclausum, which was low,
decreased more significantly in the insceticide-treated plots than in the check plots. Insecticide treatment
did not affect parasitism of diamondback moth by C. plutellae. 1t appears that like diamondback moth, C.
plutellae also has developed resistance to these chemical insecticides.
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Introduction

Diamondback moth (DBM), Plutella xylostella(L.),is the most destructive pestof all crucifers in Asia
and the Pacific. To combat this pest farmers use only insecticides. As a result of continuous and
indiscriminate usc of insecticides, DBM has now become resistant to most chemical insecticides. As a
result, farmers are now using stronger mixtures of insecticides and spraying them more often than in the
past. AVRDC'’s research on DBM control emphasizes the introduction of exotic natural enemics of DBM
to control this pest on a sustainable basis. AVRDC introduced Diadegma semiclausum Hellén to combat
this pest in Taiwan and elsewhere in Southeast Asia. Another parasite, Cotesia plutellae Kurdjumov which
was supposcdly introduced in Taiwan in the carly 1960s has now been established throughout Taiwan,
Diadegma semiclausum, introduced in 1985, has become established in the highlands but, not in the
lowland despite repeated releascs. Inundative releases of D. semiclausum gave adequate control of DBM
on experimental ficlds at AVRDC but not in the farmers' ficlds. The 1989-90 results show that heavy
spraying of noacrucifcrous crops in the immediate vicinity of crucifers does not affect parasitism of DBM
by D. semiclausumor C. plutellae on crucifers. Despite the establishment of D. semiclausumin the hi ghlands
and C. plutellae in the lowlands, farmers continuc to spray insccticides. The extent to which the farmers’
practice of spraying crucifers with insccticides affects parasitism of DBM by D. semiclausumand C. plutellae
was studied.

Materials and Methods

A parcel of land was rototilled and worked into 1.5-m wide beds. The beds were further divided into
twelve 15 x 15 m plots with a distance of 3 m between adjacent plots. One-month old cabbage scedlings
(cv. KY cross) were transplanted in two parallel rows set 40 cm apart on the top of cach bed.

Starting 2 weeks after transplanting, in four randomly selected plots, mevi phos 25.3EC (0.5 kg Al/
ha), methamidophos 50 EC (0.5 kg Al/ha) or permethrin 10 EC (50 g Al/ha) was sprayed on a rotational
basis oncca week. Inanother four selected plots the same chemicals were sprayed on a similar rotation basis
twice every week. The remaining four plots were maintained as checks where no insecticide was applicd.

Two wecks after transplanting, researchers released a large number of DBM adults in the field to
initiate DBM infestation. One weck after the DBM release four parasite relcase stations were established
in the ficld in the empty areas between plots. These stations consisted of a 30 x 20 x 20 cm wooden box
mountedona 1-m high pole. The box had on onc side adoor that can be casily opened and closed and several
2-cm diameter holes on ail sides. D. semiclauswm and C. plutellae cocoons were placed in cach box. The
parasite adults could casily fly out through the holes in the side walls and disperse in scarch of DBM larvac
for oviposition.

DBM larval population in cach plot and parasitism of DBM larvac by both parasites were monitored
atweckly or biweekly intervals starting 10 days after parasite release. Twenty cabbage plants were sclected
randomly and the number of DBM for usc on cach of them was recorded. Some 50 4th instar DBM larvac
were collected from cach plot and reared on cabbage foliage until pupation. The number of individuals
pupating into D. semiclausum and C. plutellac on DBM pupac was recorded. The percentage parasitism
by individual parasitc specics was computed. Both DBM larvac for plant and pereentage parasitism data
for three treatments were compared by test of least significant difference (LSD).

Results and Discussion

The results of monitoring DBM larval population arc presented in Table 1. In only onc out of six
obscrvations did insccticide application reduce the DBM larval population. In the remaining five
obscrvations there was no signific. nt difference between check and insecticide treatments evei when the
chemicals were applied twice a week. The three chemicals used in this test are the most frequently used
oncs for DBM control in Taiwan. Their continued usc by farmers is obviously a waste.

The parasitism of DBM larvac by D. semiclausum and C. plutellae in three treatments is summarized
in Table 2. Except for the initial obscrvation, all insecticide treatments reduced parasitism of DBM by D.
semiclausum. The parasitism of DBM by D. semiclausum was low cven in the control. In most insecticide
treatments, however, there was no parasitism at all. The insccticides do not control DBM but they prevent
the parasitism of DBM by D. semiclausum, obviously by their toxic effect on parasite adults. The low level
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Table 1. Population of DBM larvae on cabbage plants in insecticide treatment and check plots.
DBM larvae/plant (mean * SD)

Observation insecticide spray frequency LSD

dates Check 1Aweek 2Mweek 0.05 0.01
20 Dac.'90 43112 34107 33107 1.6 2.4
3 Jan. '91 95+12 10315 74+19 3.0 46
10 Jan. 83t16 80108 72109 13 20
17 Jan. 99+27 63112 7111 1.9 29
24 Jan. 43+1.1 43+12 3.7+05 1.2 1.9
31 Jan 19+04 24104 20104 05 0.7

Planling date. 28 November 1990 Plot size. 15X 15 m. Data are means of four replcates Design. RCBD

of parasitism in the check plot was probably due to high temperatures in most days approaching 30°C
during the season. Past studics have shown thatat 30°C the parasitism of DBM by D. semiclausumis drastically
reduced. '

None of the insccticides affected the parasitism of DBM by C. plutellae. The overall parasitism of
DBM by C. plutellae is considerably higher than that by D. semiclausum. Cotesia plutellae has long been
established in Taiwan and despite intensive insccticide use, it still survives. This implies that it has
developed resistance to all chemicals used in the control of DBM. However, this parasite alone cannot
control DBM and there is need for introduction of additional high temperature-tolerant parasite species to
achieve adequate control of DBM,



Table 2. Effect of insecticide sprays to control DBM on the parasitization of DBM by two larval parasites.

DBM parasitism (%) by

Observation D. semiclausum C. plutellae
Insecticide spray frequency insecticide spray frequency LSD

dates None 1week 2week 0.05 0.01 None 1/week 2hweek 0.05 0.01
20 Dec. 90 7.1 £10.1 9.4 £13.3 0.0x£0.0 50.4 116 3 550 + 30 568+ 140 583+ 118 25.1 579
3 Jan. '91 33+ 0.1 1.7+ 24 00100 5.8 13.3 459 + 36 507+ 1.0 660+ 7.7 145 335
10 Jan. 20 + 28 0.0+ 0.0 0.0x£0.0 7.0 16.2 252 + 74 554107 434+ 172 609 140.4
17 Jan. 1.8 £ 25 00+ 00 00+0.0 6.3 145 19.2 + 83 389+ 26 463t 79 265 612
24 Jan. 9.2 £ 66 0.0+ 0.0 00100 6.6 9.9 374 £ 140 19.2+ 6.9 3341t 101 178 27.0
31 Jan. 110 + 42 35+ 24 1.1+23 3.0 4.5 375 £ 3.2 322+ 6.1 3331 230 260 394

Planting date: 28 Noverrber 1990. Plot size: 15 m X 15 m. Dala are means (:standard deviation) of four replicates Design: RCBD.
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Mungbean Breeding

Evaluation of New Germplasm

Summary

Seventeen MYMV-resistant lines from India and Pakistan were evaluated in the ficld. Five entries
were highly resistant to CLS but most had undesirable traits such as small seed sizc and photoperiod
sensitivity. NM 92 performed very well cxceptin CLS resistance. Two mungbean and four blackgram lines
renorted to be bruchid-resistant were also evaluated. The erect plant growth habit of eight carly-maturing
blackgram accessions from Pakistan changed to clinging (viny) or semi-crect when grown at AVRDC,

Introduction

New mungbean accessions are routinely evaluated for yicld potential, resistance to discascs and
insccts, and other important characiers. The most promising new germplasm are then utilized in the
AVRDC breeding program and also distributed to interested scientists. In 1991, a number of new
accessions were reccived and evaluated.

Materials and Methods

Six lincs from India and 11 from Pakistan, which were reported to have resistance to mungbean yellow
mosaic virus (MYMV), were planted in the ficld on 3 July 1991 to observe the following traits: days from
planting to 50% flowering (DF), days to maturity (DM), plant height at flowering (PHF) and maturity
(PHM), pods per plant, sceds per pod, 1000-sced weight and resistance to Cercospora leaf spot (CLS).

Four blackgramsand two bruchid-resistant mungbean mutants were received from Dr. V. Muralidharan,
Tamil Nadu Agricultural University, India. Eight carly maturing blackgram accessions were also reccived
from Dr. B.A. Malik, National Agricultural Rescarch Center, Pakistan. These materials were planted in the
ficld on 19 September 1990, 7 March and 3 July 1991. They were observed on plant type, days to 50%
flowering and maturity, number of pods per plant and number of seeds per pod.

Results and Discussion

NM 92, developed from a three-way cross (6601 x VC 1973A) x VC 2768B, had the largest sced size
(53 g), shortest stature (58 cm) and carliest maturity (55 days). However, it is only moderately resistant to
CLS (Table 1). Most lines had small sceds, Varicties Pusa 101, Pusa 9171, Part M 3,NCM 91 and NCM
206 were highly resistant to CLS.

All the NARC-ME entries which were reported to be short and erect in Pakistan were viny or semi-
ercct when grown at AVRDC (Table 2). The most promising bruchid-resistant (BR) mungbean entries will
be uscd in the breeding program once their resistance to bruchids has been confirmed by the entomologists.
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Table 1. Evaluation of MYMV-resistant accessions in summer 1991.

Germplasm? PHD® PHMe Pod/ plant Seed/ plant DF° DMe 1000 SDWT  CLS¢
Pusa 101 76.2 1140 120 114 54 67 28 1
Pusa 105 69.4 107.4 93 10.5 50 67 30 2
Pusa 9171 654 894 180 105 47 62 27 1
Pusa 9173 650 744 139 98 42 59 35 2
PantM 3 51.8 886 16.5 112 49 67 26 1
L 24-2 - 112.0 - 8.7 67 - 21 3
NCM 91 66.8 80.4 17.8 9.8 46 63 31 1
NCM 205 620 826 19.2 102 49 64 30 2
NCM 206 64.8 76.6 218 111 46 62 33 1
NCM 209 65.0 762 223 10.5 45 62 32 3
6601 59.0 1052 139 120 51 69 30 3
E 321 590 844 123 11.9 48 65 30 3
NM 121-25 56.6 738 158 106 45 63 31 3
NM 13-1 638 820 16.2 111 45 62 ol 3
NM 20-21 588 698 156 12.1 45 63 32 =
NM 19-19 56.8 69.6 178 10.6 45 63 35 3
NM 92 57.8 584 8.9 9.7 39 55 53 3

*1.6 from India; 7-17 from Pakistan,

*PHF: Plant height at 50% flowering,

«PHM: Plant haight at 50% maturity,

*DF: Days to 50% flowering,

*DM. Days to 50% maturity,

'1000-SDWT: 1000 soed weight,

*CLS: Cercospora leaf spot resistance score. 1 = highly resistant, 2 « resistant, 3 = moderatsly reststant

Table 2. Evaluation of newly introduced mungbean and blackgram accesslons in fall 1990, and
spring and summer 1991,

Gerimplasm P nttype 90 Fall 91 Spring 91 Summer Podre  Seedr
DF? DM® DF DM DF DM plant pod
BR.1 Erect 40 78 43 658 56 68 192 55
BR2 Semi-arect 39 77 50 71 61 73 19.2 59
BR.3 Semi-erect 39 77 44 67 61 73 252 i’
BR 4* Erect 39 69 49 70 60 73 7.0 19,4
BR 5* Erect 40 68 45 62 49 67 18.4 10.7
BR.6 Semi-erect 38 76 43 65 61 73 25.2 6.2
NARC-ME 9001 Viny 37 71 37 58 34 55 26.2 58
NARC-ME 9002 Viny 37 71 37 58 34 55 31.6 50
NARC-ME 9008 Viny 37 71 37 58 34 56 17.2 5%
NARC-ME 9015 Viny 37 72 37 58 35 57 26.0 6.1
NARC-ME 9018  Semi-erect 37 77 41 60 47 65 24.4 5.7
NARC-ME 9020  Semi-erect 37 76 38 60 43 63 26.8 6.5
NARC-ME 9025 Viny 37 71 37 58 33 54 28.0 4.7
NARC-ME 9026 Viny 7 71 37 58 33 54 20.6 5.9

*DF: Days to 50% flowering;

*DM. Days to 50% maturity,

¢Data from spring, 193t;
*Mungbean; others are blackgram

Breeding for Disease and Insect Resistance

Summary

Bruchids (Callosobruchus chinensis) arc scrious storage pests of mungbean. Two Vigna radiata var.
sublobataaccessions (TC 1965and TC 1966) and two V. radiata accessions (V 2709 and V 2802) that were
identified earlier as resistant to bruchids were used as donor parents ina backcross breeding program, Three
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hackeross generations have been completed, enabling the recovery of most characteristics of the recurrent
parents.

Breeding line, V 2839-70, was moderatcly resistant to beanfly and highly resistant to powdery mildew.
Since selection for beanfly resistance is difficult to do in Taiwan, a shuttle breeding program has been
started in cooperation with the Chai Nat Ficld Crop Rescarch Center in Thailand,

Mungbean yellow mosaic virus (MYMV) is one of the major constraints of mungbean production in
the Indian subcontinent. An cxpert consultation mecting was held in July in Bangkok to address the
miportant problems posed by this virus. The participants agrced to form an MYMV-working group and
developed a number of recommendations.

Bruchid Resistance
Introduction

Bruchids (Callosobruchus chinensis) arc serious insect pests of mungbean during storage. Hitherto,
no resistant cultivar has been developed cven though two wild mungbean (Vigna radiata var. sublobata)
accessions, TC 1965 and TC 1966, and two mungbean accessions, V 2709 and V 2802, were shown to be
immunc or highly resistant in previous studics. In addition, many mungbean and blackgram accessions
were identified as moderately resistant to bruchids,

The objectives of the present experiment were to study the genetic mechanism of bruchid resistance
and 1o incomorate the resistant gene(s) into advanced breeding lines using the backcross breeding method.

Materials and Methods

Three backcross generations were completed using TC 1965, TC 1966, V 2709 and V 2802 as donor
parents for bruchid resistance, and breeding lines V 1178A, VC 1973A, VC 2778A,VC3890A and V 3476
as recurrent parents. Following each backcross, the seeds were screened for bruchid resistance and only
resistant seeds were planted. Of these resistant progenics, only those possessing desirable traits in the field
were scelected for further backcross.

The four resistant lines above and two tusceptible lines, VC 1973A and VC 3890A, were used as
parcnts to develop the segregating populations for the genetic experiment.

Results and Discussion

General observation of the BC, brecding progenies in the ficld indicated that they alrcady had similar
plant types as the recurrent parents. After another backeross in fall 1991, they will undergo a selfing series
to select agronomically desirable bruchid-resistant breeding lines. The best lines will undergo intensive
agronomic evaluations afterwards.

Biuchid resistance in TC 1965, TC 1966, V 2709 and V 2802 was shown from preliminary evaluations
to be controlled by dominant gene(s). About 20% of V 2802 sceds were susceptible to bruchid indicating
that this resistant parent is not homozygous for the resistance gene(s). The mode of inheritance and allelic
relationship between resistant genes willbe fi ullydetermined in 1992 using the parents, F,,F,andthe backcross
families.

Beanfly Resistance
Introduction

sranfly (BF) damage is serious during the scedling stage of mungbean and other legumes in tropical
and subtropical Asia. Past resistance breeding efforts at AVRDC led 1o the selection of line VC 2839-70
fromthecross between V' 4281, a moderately BF-resistant accession, and V 2184. This breeding line is high
yielding and resistant to BF and powdery mildew (PM).

In the last decade, further progress in BF resistance breeding has been constrained by the fact that the
natural BF population in Taiwan is high only in October and November wher mungbean does not grow
very well. In order to resolve this difficulty, a shuttle breeding program was established jointly between
AVRDC and the Chai Nat Field Crops Rescarch Center (FCRC) in Thailand. In this set-up, genetic
materials are to be screened for BF resistance in Thailand where the BF population is always high.
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Current status of shuttle breeding

E, populations from crosses between BF-resistant line (VC 2839-70) and 16 AVRDC breeding lines
were sentto Chai Nat FCRC. These were planted inJunc in Chiang Mai where beanfly populatior isalways
high. Healthy plants with desirable traits were selected and F, seeds were sent back to AVRDC. After
selection for PM resistance, F, seeds will be sent back to Thailand for further sclection.

The same F, seeds were planted at AVRDC and selections were backcrossed to the recurrent parents
(BF-susceptib’e breeding lines). The resulting backcross seeds were planted again at AVRDC on 3 October
forsclection of PM resistance. Only PM-resistant progenies will be used in further backcrosses. The second
generation backcross seeds will be selected for BF resistance in Thailand.

MYMYV Resistance

Mungbean yellow mosaic virus (MYMV) is onc of the most important constraints of mungbcan
production in the Indian subcontinent. In the past, very little work was done at AVRDC because MY MV
isnotendemicin Taiwan. In the carly 1980s, crosses between MY MV-resistant linesand AVRDC breeding
lines were made and F, secds were sent to the mungbean breeders in India and Pakistan. Two cultivars, NM
51 anii NM 54, sclected from the above populations by Dr. Ilyas A. Malik of the Nuclear Institute of
Agrir.ulture and Biology in Faisalabad, Pakistan, werc officially released to mungbean growers in Pakistan.

ALAVRDC' ;1990 planning and review workshop, MYMV rescarch and development was considered
as high priority. An MYMYV cxpert consultation meeting was held in July, 1991 in Bangkok where
perticipants agreed to form an MYMYV working group and publish a biannual newsletter for information
exchange. Sixty-cight MYMV-resistant lines that were collected earlicr from India and Pakistan were
presented in a demonstration planting to the participants. The participants formulated the following
recommendations:

* Establish a multilocational international MYMYV field nursery to screen materials with reported

resistance.

+ Collect MYMV isolates from different geographic locations within each country to challenge the

MYMV-resistant materials under controlled conditions.

« Develop sensitive diagnostic probes to identify MYMV.

* Standardize the screening protocol and rating method for MYMYV reaction.

* Study the genctics of MYMV resistance and combine the best resistance genes with improved

agronomic traits.

» Determine the relationship of MYMYV from the Indian subcontinent with the geminivirus causing

yellow mosaic elsewhere, and with geminiviruses affecting other legume Ccrops.

* Investigate the geographic distribution of legume geminiviruses in South and Southeast Asia using

sensitive and specific diagrostic probes.

* Investigate the possible role of vector biotypes and virus strains in the recent upsurge of MYMV

epidemics.

* Evaluate strategics for virus-derived resistance, e.g., coat protein gene, ribozymes, anti-sense RNA

and interference schemes aimed at virus replication.

The entries of the first international MY MV nursery will consist of five lines originating from Pakistan
and nine from India. O~e susceptible and six resistant lines were used for the inheritance study. Numerous
crosses were made be.ween the best AVRDC breeding lines and the MYM V-resistant lincs. Their F, sceds
will be distributed to the national programs in the Inuian subcontinent to select for MYMYV resistance and
improved agronomic characters.

Development and Application of a Saturated Genetic Map
Gene tagging with closely linked RFLP (restriction fragment length polymorphism) and isozyme

markers will improve efficiency of sclection for traits that are difficult to select through conventional
breeding methods. Dr. Nevin Young of the University of Minnesota is constructing a saturated genetic map
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of mungbean using RFLP markers in collaboration with AVRDC through a grant provided by the
Rockfeller Foundation. An RFLP mapping population was made by crossing mungbean (VC 3890A) with
its wild progenitor, Vigna radiata ssp. sublobata (TC 1966). Three-hundred genomic clones from sovbean,
cowpea and mungbean werc analyzed and 153 were probed against F, blots of the mapping populauon for
scgregation analysis. Based on these probes, an initial RFLP linkage map was constructed (Fig. 1) More
probes will be analyzed in the future to situate more markers in the map.

F, and F, sceds from :ach F, individual of the mapping population were planted and cvaluated at
AVRDC. RFLP markers linked to genes for powdery mildew resistance, bruchid resistance, seed size, pod
length and days to maturity were identified. The RFLP markers that arc closely linked to various traits are
as follows: bruchid -esistance (pA882); powdery mildew resistance (pA450, pA7, pA64, pK385,pM247,
pP157,pA112, pA77and pA841); and sced size (pM185, pM228, pA 124, pM182, pAd87, pA509, pA286,
pK472a,pM307). One-hundred twenty recombinant inbred lines from the F, population that were used for
mapping is also being developed. This population will provide a permanent mapping resource that can be
distributed worldwide to map markers in a single genctic population. These lines are currently in the F,
generation. F, lines will be ready for RFLP analysis in 1992.

Another population was developed to focus on other important traits viz. Cercospora leaf spot
resistance and mungbean yellow mosaic virus resistance. Other techniques such as non-radioactive
probing for RFLP and RAPD mapping arc now being developed at the University of Minnesota.

Complementay to the RFLP mapping, Dr. Desirce M. Hautea of the University of the Philippines at
Los Baflos is corstructing a morphological and isozyme marker map in collaboration with AVRDC.
Eighteen polym srphic morphological markers and 14 polymorphic isozyme markers were identified from
the cross betwzen mungbean and black gram. Five polymorphic isozyme inarkers were also found between
VC 3890A and TC 1966. More markers are now being identified. Eventually, they will be mapped with
RFLP markers to construct a dense genetic map.

Yield Trials

Summary

A scrics of yicld trials were conducted. Fifteen entries foradvanced yield trials (AYT), 13 forelite yield
trials (EYT) and 20 for international mungbcan nursery (IMN) were cvaluated in spring and su.nmer. All
entries were moderately resistant 1o Cercospora leaf spot but highly susceptible to powdery mildew.

Inthe AYT, seven entrics outyiclded the check VC 3890A buw not significantly. VC 4386-B-1-2B, a
CLS-resistant ling, had the largest sced. VC 4453-3B and VC 4152-B-1-3B were the most uniformly
maturing lines, producing high first harvest grain yiclds relative to total yields. In the EYT, six entrics
yiclded significantly higher than the check in spring or summer. VC 4503A had the largest sced size. In
the 18th IMN, seven entrics yielded significantly higher than the check in spring. VC 4059A yielded high
in all seasons and had the largest sced size.

Introduction

The most important objective of the mungbean Yreeding program at AVRDC is to develop widely
adaptable, high and stable-yiclding lincs with uniform maturity, resistance to lodging, discase and insect
resistance and good sced quality. Promising breeding lines were evaluated in various yield trial stages in
1991 spring and summer,

Materials and Methods

In 1991 spring and summer, the 18th inte national mungbcan nursery (IMN) yield trials, elite yield
trials (EYT) and advanced yield trials (A YT) were conducted. Details about these trials are given in Table
3. AVRDC’s suggested cultural practices were followed in conducting these trials, The name and parcntage
of entrics in the aforementionced trials are given in Table 4.
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Table 3. Planting dates and experimental design used for yleld trials in
spring and summer, 1991,

No. of Planting Plot Expt. No. of
Type of trial entries date size (m?) design reps.
Spring 1991
AYT 15(2) 13 Mar. 5mx2m RCBD?* 4
EYT 13(2) 14 Mar. S5mx2m RCBD 4
IMN 20 14 Mar. 5mx2m RCBD 4
Summer 1991
AYT 15 (2) 02 July S5mx2m RCBD 4
EYT 13(2) 02 July S5mx2m RCBD 4
IMN 20 01 July Smx2m RCBD 4

*RCBD = Randornized Complete Block Daesign

Table 4. Name and parentage of entrles in various yleld trials in spring and surnmer, 1991.

Entry name Parents Entry name Parents

Advanced Yield Tnal
VC 4533-1-2B VC 4446 x VC 4466 VC 3920A VC 2778A x VC 2764B
VC 4540-1-2B VC 4520 x VC 4469 VC 4184A VC 2802A x VC 1178A
VC 4541-1-2B VC 4531 x VC 4471 VC 4355A VC 3510-B-2-1-2B x VC
VC 4386-B-1-2B VC 2778C ~ VC 3543 2771A
VC 4314-B-9-2B VC 2985A x VC 3303 VC 3828A VC 2778A x VC 3754
VC 4426-B-2-2B VC 3663 x VC 3724 VC 3890A VC 2750A x VC 2768A
VC 4437-B-4-2B VC 3724 x VC 3513 International Mungbean Nursery
VC 4453-3B VC 11318 x VC 2768A V2773 ML-3
VC 4482-33 VC 1163D x VC 3178A VC 1089A ML-3 x Ph. Coll. 1
VC 4510-38 V1388 x VC 2802A VC 1137A VC 1025A x VC 1000A
VC 4227-4B VC 1628A x VC 1000D VC 1160B CES 55 x ML-3
VC 4234-3-B-1-3B VC 2768A x VC 1000D VC 1163D EG-MG-16 X ML-6
VC 4250-4-1-3B VC 3061A x VC 2778A VC 1168B CES 59 x ML-5
VC 4152-B-1-3B VC 1973A x VC 3061A VC 1560D BPI. glab. 3x VC 1301
VC 4146-2-1-1-3B VC 1560D x VC 3031A VC 1973A CES1D-21 x EG-MG-16
VC 3890A VC 2750A x VC 2768A VC 2763A VC 1481A x VC 1560A
Local variety Shin Gang VC 2768A VC 1482A x VC 1628A

Elite Yield Trial VC 3300A VC 1168B x VC 19738
VC 4133A VC 1000A x VC 2778A VC 3746A VC 1482C x V 3726
VC 4192A VC 3031A x VC 2720A VC 3880A VC 2750A x VC 2768A
VC 4304A VC 3012B x VC 3061A VC 3902A VC 2768A x VC 2755A
VC 4433A VC 3710-1-3-B-1-B x VC 3945A VC 1000C x VC 1647B

VC 3303-8-1-2-1-2B VC 4059A VC 1973A x VC 2768A

VC 4442A VC 2750A x VC 3012A VC 4066A VC 2527A x VC 3974
VC 4443A VC 2750A x VC 3301A VC 4143A VC 1482E x VC 3061A
VC 4503A V 1388 x VC 2768A VC 4152A VC 1973A x VC 3061A
VC 4541A VC 4531 x VC 4471 VC 4176A VC 2768A x VC 1000C
VC 3901A VC 2764A x VC 3836

Entries in the different trials were observed on total yield (adjusted to 12% moisture), percent first
harvest [(first harvest yield/total yield) x 100], days to 50% flowering and maturity, plant height, 1000-seed
weight, number of seeds per pod, number of pods per plant, total number of plants, percent protein, and
resistance to PM in spring and to CLS in summer.

Results and Discussion
Advanced Yleld Trlal (AYT)

No breeding line significantly outyielded the check VC 3890A in either spring or summer (Table 5).
VC 4386-B-%-2B had the highest 1000-seed weight and was more resistant to CLS than VC 3890A. In
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Table 5. High yleiding entries from the advanced yleld trials In spring and summer, 1991.

Entry Yield (Vha) % First 1000-seed Disease score®
spring summer mean yield wt ?(g) PM CLS
VC 4533-1-2B 1.9 19 19 62 55 48 1.8
VC 4394-B-9-2B 1 1.8 1.8 73 59 4.8 1.5
VC 4386-B-1-2B 1.8 1.8 1.8 67 66 5.0 1.3
VC 4482-38 17 2.1 1.9 74 53 5.0 13
VC 4152-B-1-3B 18 2.2 2.0 83 62 4.8 2.0
VC 4453-36 1.8 2.3 2.0 82 58 4.5 2.3
VC 4227-4B 1.7 22 20 " 58 S0 1.8
VC 3890A (ck) 1.7 2.2 20 77 60 4.8 2.0
Means of 17 entries 1.6 20 1.8 73 58 47 1.9
cv 114 6.1 87 86 3.9 8.10 22.42
LSD (0 05) 03 0.2 02 01 23 0.6 0.6

*Mean of spring and summer,
*PM: powdery mildew; CLS Cercospora leaf spot; 1 = highly resistant, 2 = resistant, 3 = moderately resistant, 4 = susceplible, § = highly susceptible

genceral, the AYT entries had low PM resistance. Even VC 4152-B-1-3B, which was moderately resistant
toPM inthe 1990 intermediate yield trial, was rated as highly susceptible in 1991. Allentries showed good
CLS resistance. VC 4453-3B and VC 4152-B-1-3B had significantly higher first harves: yields than the
check, indicating that they are more uniform-maturing.

Elite Yield Trial (EYT)

Six entries yiclded significantly higher than the check VC 3890A in spring and two of them aiso in
summer (Table 6). They will be considered for inclusion in the 19th IMN next year. PM infcction was very
heavy in spring that even the moderately resistant check, VC 3890A, was rated as highly susceptible, VC
2839-70,a new source of high PM resistance, hasbeen identified and will be further utilized in the breeding

program.

Table 6. High yieiding entries from the elite yleld trlals, 1991.

Entry Yield (tha) 100C-seed Disease score®
spring summer mean wt! (9) PM CLS
VC 4442A 1.6 2.1 1.8 53 4.8 2.3
VC 4443A 1.6 2.0 1.8 52 43 1.8
VC 4503A 1.5 1.8 1.7 63 5.0 2.0
VC 4355A 1.5 2.1 1.8 50 4.3 2.0
VC 4541A 1.4 2.3 1.9 53 5.0 2.0
VC 3901A 1.3 23 1.8 60 48 1.8
VC 3890A (ck) 1.2 2.0 1.6 57 4.5 1.5
Means of 15 entries 1.3 2.0 1.6 56 4.7 2.1
C.v. 8.9 9.1 9.3 3.4 7.2 159
LSD (0.05) 0.2 0.3 0.2 1.9 0.5 0.5

*Mean of spring and summer;
*PM: powdery mildew; CLS: Cercospora leal 8pot; 1= highly resistant, 2 = resistant, 3 = moderately resistant, 4 = suscepiible, 5 = highty susceptible.

International Mungbean Nursery (IMN) Trial

Of 19 AVRDC breeding lir -5 and onc accession tested in the 18th IMN trials, scven significantly
outyiclded the check VC 3890A in 1990 and 1991 spring (Table 7). Only VC 3300A yiclded significantly
higher than the check in 1990 summer. VC 4059A yiclded consistently very highin all seasonsand its 1000-
seed weight was the highest among the cntries.
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Table 7. High ylelding eritries In the 18th iMN, 1991.

Entry Yield (tha) 1000-seed Disease score®
1990 1991. wti (g) PM CLS
SP SuU SP SuU
VC 4059A 1.1 1.0 1.8 2.2 61 3.8 2.1
VC 4176A 1.2 0.8 1.5 2.2 52 3.5 24
VC 1168B 1.0 1.3 1.5 2.2 53 38 2.3
VC 3300A 1.0 14 1.4 2.2 58 4.1 2.1
VC 4066A 1.1 1.2 14 2.1 55 3.4 1.9
VC 4143A 1.0 1.5 1.3 22 52 36 2.0
VC 4152A 0.9 1.3 1.3 21 60 35 2.0
VC 3890A (ck) 0.7 1.1 1.3 2.2 55 3.4 2.0
Means of 20 entries 08 1.0 1.3 20 52 3.6 2.1
c.v. 13.1 26.1 12.0 9.5 34 19.7 15.6
LSD (0.05) 02 0.4 0.2 0.3 1.2 07 03

*Mean of four seasons;
*PM: Powdery mildew (means of spring 1990 and 1991); CLS* Cercospora leal spot (means of summer 1990 and 1981); 1 » highly resistant, 2 « resistant,

3 = moderately resistant, 4 = susceptble, 5 = highly susceptible.

International Cooperation

Summary

A total of 894 seed packets were distributed to 35 cooperators in 20 countries. VC 2754 A wasoofficially
relcased as ‘Merpati’ in Indonesia. As of November 1991, 52 cultivars have been officially released by the
national programs of 19 countries using AVRDC’s improved mungbean lines. Two MYMV-resistant
cultivars were released in Pakistan using VC 1973A as a parent,

Seed Distribution

Distribution of germplasm and breeding lines to the national programs is one of the major goals of the
mungbean program. A total of 14 IMN sets, 359 breeding lines, 178 accessions and 72 accessions of other
species were distributed to 35 cooperators in 20 countries (Table 8).

Table 8. Distribution of mungbean breeding lines and accession to cooperators
around the world.

Countries IMN

(set of 20 entries) Breeding lines Accessions Other species
Bhutan 1 1
Cook Islands 1
France 1
Germany 4 3 33
Haiti 1
Hong Kong 1 1
India 1 9 64 7
Indonesia 1
Korea 25 37 5
Mauritius 10
Nigeria 10
Pakistan 1 16 2
Philippines 2 25 22 5
Taiwan, ROC 18 1 1
Seychelles 1
Slerra leone 5
Sudan 1
Thailand 2 222 25 18
US.A. 1 10 9 3
Vietnam 4 13

Total: 20 14 359 178 72
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Cultivar Releases

As of November 1991, 52 cultivars have been officially released by the NARS in 19 countries using
AVRDC improved mungbean lines (Table 9). VC 2754 A was officially released as ‘Merpati’ in Indonesia.
VC 1628A was relcased as ‘Chai Nat 36" in Thailand. VC 3016A and VC 3528A were released as ‘V87-
41’ and ‘DX-135 in Vietnam, respectively. Two MYMV-resistant cultivars (NM 54 and 51)derived from

Table 9. Mungbean varieties officially released by cooperating countries (November, 1991)

AVRDC ID Name of cultivar  Release year Country Remarks?
V1388 King 1982 Australia HY, EM, PM, LD
VC 15600 * 1982 Auslralia PM, CLS, SS, (LD, GR, SQ)
V2013 Satin 1987 Austraha HY, CL, DR
VC 1973A XuYinNo
(Zhong Lu No. 1) 1985 China EM, HY, WA, GR, NS, (PM, CLS, LD)
VC2768A Su-Luh No 1 1988 China
VC2778A ErLuNo 2 1989 China
VC 1089A ASVEG 78 1978 Costa Rica HY
VC1163A Boliche 451 1985 Ecuador
VC 1163D INIAP 451 1985 Ecuador HY, EM, UM, LD
VC 1000D Station 46 1982 F (CLS, PM), NS
VC 1007A Station 25 1984 Fijt HY
VC 1160B Stalion 27 1984 Fi
V 3554 M 986 1981 India
VC 1137A Pusa 105 1983 ‘ndia HY, MYMV, CLS, PM
V 3484 Pusa 101 1983-1984 India MYMV, HY, DR
V2773 Nuri 1983 Indonesia HY, (CLS), R
VC1089A Manyar 1983 Indonesia
VC 1160C Gelatik 1986 Indonesia HY, NS CLS, PM, UM
VC 1163A Walet 1986 Indonesia HY, PM, CLS
VC 2754A Merpati 1991 Indonesia HY, (UM, CLS, PM), SS
VC 2719A Kbalkoh 2 1989 Kampuchea SQ, LD, PM
VC2768A Kbalkoh 1 1989 Kampuchea
V 3476 Bangasa 1980 Korea, Rep of HY, UM, LD
VC1973A Seon Hwa Nogdu 1982 Korea, Rep of
VC1168B * 1988 Laos (CLS, sQ)
VC1560D ‘ 1988 Laos
VC 2750A * 1988 Laos HY, PM, UM, (CLS)
VC1163D BPIMg2 1984 Philippines
VC 2764B BPI Mg 4 1986 Philippines HY, (PM, CLS, UM)
VC 1973B BPIMg?7 1989 Philippines SS
VC 2768B BPIMg 9
vC2768B (Taiwan Green) 1989 Philippines HY, GR, (CLS, PM)
VC 4080A SIROC (1) 1989 Solomon Is (HY, CLS..PM), UM, EM, SS
VC 1168B Filsan 1987 Somalia EM, NS, HY, GR, LD
vC 1131B Type 77 1982 Sri Lanka HY, MYMV
VC 1628A Tainan Sel # 3 1981 Taiwan EM, HY, GR, LD, SQ, (PM, CLS)
VC 3890A Tainan Sel #5 1989 Taiwan EM, Um, Pm, (CLS)
V1380 Imara 1983 Tanzania R, HY
VC 2778A KPS No. 2 1985 Thailand (UM), SQ, (CLS), HY, PM
VC1973A KPS No. 1 1985 Thailand
VC 1178A Chai N=at 60 1987 Thailand EM, SS, (PM, CLS), UM
VC2768A PSU 4 1988 Tha'land
VC1973A Texsprout 1988 US.A,
VC1560D DX 91 1986 Vietnam
VC 2763A DX 113 1986 Vietnam HY, PM, (CLS)
VC 2768A DX 102A 1986 Vietnam HY, LD, EM, WA, GR, (CLS, PM)
VC 3178A v87-13 1989 Vietnam HY, UM, (PM, CLS, LD), 8Q, SS
VC 2770A DX 103 : Vietnam HY, SS, LD, SQ, PM
Total; 34 52 19

* Release name of year is unknown,

*CL = tolerant to cold; CLS = resistant ta Cercospora leaf spot, CR; rosistant to cnarcoal rot; DR « tolarant to drought; EM = early maturity; GR = good
general rating; HY = high ylelds; LD « resistant to lodging; MYMV = reslstant to mungbean yellow mosaic virus; P! = photoperiod Insenshivity; PM =
resistant to powdery mildew; R = resistant to rust; SS = large seaded; SQ = good sead qualty; 'JM « uniform maturity; () = moderately resistanttolerant,
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the cross using VC 1973A as onc of the parents were officially relcased in Pakistan. These cultivars have
the following desirable traits: larger sceds and higher yicld potential than the local cultivars; carly and
uniform maturity; non-shattering pods; and resistance to beth MYMYV and CLS.

Country Reports

China. Seven AVRDC breeding lines were evaluated at the Jiangsu Academy of Agricultural
Sciences in Nanjing (Cooperator, Yilu Ling). VC 3849A and VC 3737A were the carliest. VC 2917A and
VC 33849A were promising for mechanical harvest. Mungbean acreage in 1991 was extended remarkably
duc 1o the flooding in July. VC 1973A, VC 2768A and VC 2917A were reperted (o have occupied more
than half of the total mungbean arca in the country.

Kampuchea. Varicty trials have been done in Kbalkoh since 1986 (Cooperator: Brent Rowell). In
general, the AVRDC lines were shorter, matured carlier, were more uniform maturing and more resistant
to CLS and virus discasc (unidentificd) than the local varictics. Thus, their yiclds were also higher.
VC 2768A and VC 2719A were the best performers. VC 3737A, VC 3746A, VC 3853A, and VC 3890A
also performed well. VC 1973A had the highest yicld (1 t/ha) in a trial under drought just after planting,.

Lesotho. Of the six cntrics cvaluated at the Agricultural Rescarch Division (Cooperator: Michacl
H. Makhata) in Mascru, VC 3513A gave the highest average yield (2.2 t/ha).

Swaziland. Among 20 cntrics of the 16th IMN evaluated in the country, VC 1973A, VC 3738A and
VC 3737A performed very well in Nhlangano and Lowveld Experiment Station, and VC 4066A and VC
3737A in Malkerns Research Station (Cooperator: Schenzile Matscbuala).

Turkey. A 17th IMN trial was conducted in Tokat (Cooperator: Abdurahman Yazgan). VC 3945A
and VC 4176A had the highest yiclds and matured carly. However, their sced size was smaller than those
of other entries.

US.A. A 17th IMN trial was conducted at the Oklahoma State University in Perkins (Cooperator:
Lewis Edwards). VC 4152A had the highest yicld (1.5 t/ha) and had a heavy 1000-sced weight (75 g).

Three 18th IMN trials were conducted at Texas A&M University (Cooperator: J.C. Miller). VC
1168B, VC 3300A and VC 3746A gavc the highest yiclds.

Vietnam. Among the 12 cntrics evaluated in Longxuyen, Phutan and Cantho (Cooperators: M.
Phung, B. Phuand D. Minh), the highest yiclding lincs were VC 2768B (1.5 /ha), VC 2778B (1.4 t/ha) and
VC 3541A (1.3 t/ha), respectively.

Zimbabwe. Of11 AVRDCbreeding linescvaluatedat the Horticultural Research Center (Cooperator:
Chigumira Fabcon) in Marondera, VC 3528A and VC 3580A performed the best.
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Mungbean Entomology

Screening of Breeding Progenies for
Resistance to Callosobruchus chinensis

Summary

AVRDC’s research on the control of the bruchid Callosobruchus chinens (L..), adestructive pest of
stored mungbean sceds, aims to develop bruchid-resistant mungbean cultivars. In 1991, four sets of
progenies derived from straight- or back-crosses between bruchid-resistant mungbean accessions, V2709
and V2802, or a Vigna sublobata accession TC1960, and clite breedin g lines, were screened for resistance
to C. chinensis. The infestation of the progenics ranged from no damage to 100% sced damagc. The
damage-{ree entrics were selected for further improvement in agronomic characters.

Introduction

Three species of bruchids (Callosobruchus chinensis (L.), C. maculatus (F.) and C. analis (F.)) are
important pests of mungbean sced in storage. Of the three, C. chinensis is the most widespread and occurs
wherever mungbean is grown or consumed. Callosobruchus maculatus ranks close behind in
geographic distribution and damage; C. analis is confined mainly to South Asia. In the primary infestation
that takes placc in the field, adult insccts lay eggs on green pods and larvac bore through the pericarp into
the developing sceds. These larvac turn to adults during sced storage and begin a sccondary infestation that
causes far greater damage than the primary infestation, Research is thus aimed at developing mungbean
cultivars resistant to these pests. AVRDC has identificd two mungbcan accessions (V2709 and V2802)
resistantto C. chinensis and hasconfirmed resistance of a Vignasublobata accession, TC1966,10 C. chinensis.
These three accessions are being utilized in the Center's breeding work on bruchid resistance. In 1991 the
entire cntomological rescarch on bruchids was aimed at screening progeny from crosses made by
AVRDC’s mungbean breeder for resistance to C. chinensis and assist the breeder to select insect-resistant
progenics for further improvement.

Materials and Methods

Allexperiments were conducted in the laboratory. In brief, sceds reccived from the plant breeders were
weighed and the number of seeds in cach entry determined. The seeds were then transferred into 50 ml
Erlenmeyer flasks and 30-50 bruchid adults were relcased in the flasks over the seed for oviposition, After
1 week of egg-laying, the adults were discarded and seeds were maintained at 3032°C for 4 wecks. At the
end of the 4th week, the number of adults that emerged and the number of bruchid-damaged and healthy
seeds were recorded. The numbers of adults/g seed and percentage-damaged sced data were used to
compare the susceptibility/resistance of individual entrics in each screening test. Healthy sceds were
returned to the mungbean breeder for further improvement, With this gencral procedure the following
breeding materials were tested for resistance:

* F, scedsfrom reciprocal crosses between bruchid-resistant V. sublobata and susccptible mungbean,

A total of 10 bulked entrics including five with V. sublobata as femalce parcnt and remaining five
with V. sublobata as malc parcnt were screened.

* Ten BC, entries from crosses made by a Japanese breeder between bruchid-resistant V. sublobata

(TC1966) and susceptible V. radiata.
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» Agroup of S5F, sced samples from a cross between VC3890A and TC1966 to gain insight into the
genetics of bruchid resistance.

» A group of 31 progenics in various generations of backcrossing using two bruchid-resistant
mungbean varictics (V2709 and V2802) andone bruchid-resistant V. sublobata, TC 1966, accessions
was screened.

Results and Discussion

Screening of F, populations from reciprocal crosses between bruchid-resistant V. sublobata and cach
of AVRDC elite bruchid-susceptible germplasm (V3476, VC1973A, VC1178A, VC3890A and VC2778A)
gave the following results, Al seeds of cach susceptible parent were damaged. Less than 2% of the sceds
of TC1966 were damaged. The damage to F, progeny (average of 35 entrics from cach cross) was in-
between but tended to be on the lower side (less than 10% seeds). There was no difference in bruchid
damage between TC1966 used as female or male parent. Among the five susceptibie parents used, bruchid
damage was less in VC2778A used as male and TC1966 as female parent and in VC3890 as female and
TC1966 as malc parent. Individuat entrics within cach cross with no bruchid damage were sent to the
mungbcan breeder for [urther improvement.

Noncof the BC,F, progenics from crosses between V. sublobataand V. radiata were damaged whereas
susceptible V. radiata check (VC1973A) were considerably damaged (3.4 adults emerged per seed) and
resistant V. radiatachecks, V2709 and V2802 were partially damaged (0.3 and 0.6 adults/sced, respectively).
TC1966 was not included. The BC,F, sceds were as large as AVRDC's clite but bruchid-susceptible line
VCI1973A, with 1000-sced weight of 70.7 and 64.5 g, respectively. Bruchids laid considerably more eggs
on the seeds of BCF, (7.2 cggs/sced) than on the seeds of VCI1973A (4.9 eggs/sced). Despite this, BCJF,
sceds remained free of bruchid damage. This indicates that the BCJF, progeny is truly resistant. These lines
were turned over to the mungbean breeder for improvement and sclection for superior agronomic
characters.

Bruchid infestation on F, populations from a cross between VC3890A and TC1966 resulted in seed
damagc ranging from 0 to 100% as against 20% damagea seeds in TC1966 and 100% damaged sceds in
VC3890A. Scven entrics were free of bruchid damage and given to the breeders for backcrossing and
further improvement.

Among 33 backcross progenics in various gencrations, three entrics were free of bruci:id damage and
one had less than 7% sced infestation as against an average of 30% for all entrics. The damage-{rec
progenics arc being processed for further improvement in yield and agronomic characters.

Screening of Selected Mungbean Germplasm for
Resistance to Callosobruchus maculatus

Summary

Laboratory studics were conducted to determine whether the Callosobruchus chinensis (L.)-resistant
Vigna accessions arc also resistant to C. maculatus (F.), the sccond most important (sccond only to C.
chinensis) pest of mungbean sced in storage. Two C. chinensis mungbean accessions V2709 and V2802
and one blackgram accession VM2164 were cqually resistant to C. maculatus. The mechanism of resistance
is being studied.

Introduction

Abruchidspecics Callosobruchus maculaius (F.) isanimportantpestof mungbean, whose distribution
andeconomic importanceissurpassed only by C. chinensis (L.), which infests mungbean wherever the crop
is cultivated or utilized. In isolated arcas C. maculatus is even more scrious than C. chinensis. Until now
AVRDC’sresearchindeveloping bruchid-resistant mungbean cultivars was aimed at C. chinensis. Sources
of resistance to C. chinensis arc available and arc being routinely used in breeding resistant cultivars. In
1991 C. chinensis-resistant accessions were tested for resistance to C. maculatus.
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Material and Methods

Two C. chinznsis-resistantmungbean accessions, V2709 and V2802, onc Vigna glabrescens accession,
V1160, which had shown a low level of resistance to C. chinensis, and one V. mungo accession, VM2164,
which is highly resistant to C. chinensis, were included in this test. They, along with two susceptible
mungbcan checks, V2184 and VC1973A, were screencd for resistance to C. maculatus. Five-gram sceds
of cach entry were placed in four individual 50 ml Erlenmeyer flasks, cach flask being onc replicate, Thirty
C. maculatus adults were then released over the seeds for 1 week to allow insects to lay cggs. After 1 week
the adults were discarded and the seeds with bruchid eggs were placed at 30+2°C for 1 month. At the end
of this period, the number of the first generation . maculatus adults that emerged and the number of
camaged seeds were recorded. The number of adults per 5 g seeds and the percentage of damaged seeds
were compared using Duncan’s multiple range test.

Results and Discussion

Resultsof the infestation of various Vigna accessions by C. maculatus are summarized in Table 1. Two
mungbean accessions V2709 and V2802 were significantly less damaged than the susceptible checks
VC1973 A and V2184. These accessions also showed similar levels of resistance to C. chinensis. VM2164
which was practically immunc to C. chinensis was also immunc to C. maculatus. V1160 which showed low
to modcrate levels of resistance to C. chinensis was susceptible to C. maculatus. The resistance profilc of
V2709, V2802 and VM2164 was similar to that of both €. chinensis and C. maculatus. The mechanism
of resistance to C. maculatus in these accessions is being studied. If the resistance mechanism is found to
be identical, it is possible that the C. chinensis-resistant cultivar that was planned to be developed could
be resistant to C. maculatus. In that case there is no need to start a new breeding program for C. maculatus
resistance.,

Table 1. Infestation of selected Vigna accesslons by C. maculatus.

Accession No. adults emerged Damaged seeds (%)
(mean + SE) (mean + SE)¢
VC1973A 129.3 £ 13.2a 96.1 + 1.5a
V1160? 1275 +14.5a 808+3.7b
V2184 116.3 t 124z 967 +4.4a
V2802 715 + 59b 432139
V2709 63.0 £ 7.5b 334 +26¢c
VM2164® 0.0c 0.0d
*Vgna glabrescens

*V. mungo. The rest are V radala accesslons.
‘Data are means of lour replicates. Means in each column followed by the same letter are not significantly
ditferent at 5% probability level by Duncan's muliiple range test.

Effect of Tumbling Seeds on the Infestation of Mungbean
by Callosobruchus chinensis

Summary

Tumbling of mungbean sceds for S min twicc a day (morning and cvening) drastically reduced
infestation of Callosobruchus chinensis (L.), a destructive pest of mungbean seed in storage throughout
the world.

Introduciion

Callosobruchus chinensis (L.) 1s an important pest of mungbean seeds in storage wherever this crop
is cultivated or consumed. The inscct lays eggs on sced in storage and the larva fe~ds inside the seed. In
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arecent letter to the editor of Nature (vol. 352, 1 August 1991) Spencer ctal. of Michigan State University
indicated that tumbling of common bean (Phaseolus vulgaris L.) sceds reduces mfestation by a bruchid
specics Acanthoscelides obtectus (Say). Because A. obtectus and C. chinensis are both bruchids and the
naturc of their damage is similar, this tumbling procedure could also be effective in reducing damage of
C. chinensis to mungbean sced.

Materials and Methods

Onc kilogram of mungbean sceds of VC1973A was confined in cach of cight 1-liter volume plastic
containers and 5 kg of sceds were confined in cach of cight 5-liter volume plastic containers. One hundred
C. chinensis adults were introduced in each 1-liter container and 200 adults in each of the 5-liter containers.
Four containers of each size, onc container being one replicate, were mounted on a shaker and the remaining
containcrs werc kept on a laboratory bench next to the shaker. After 2 days, the containers on the shakers
were tumbled at a moderate speed for 5 min in the morning (8 AM) and 5 min in the afternoon. One week
after the introduction of the adults on the sceds, all insccts were removed and the seeds were returned in
original position (tumbling and stationary) for another month. The number of the first generation bruchid
adults that emerged in cach container was recorded.

Results and Discussion

Results of the effect of tumbling of mungbean on the emergence of the first generation of C. chinensis
adults arc summarized in Table 2. Populations of C. chinensis in all tumbled containers were reduced
drastically; by 80% in small containers and by 70% in large containers compared with stationary containers.

Table 2. Effect of tumbling of seeds on the infestation of mungbean by C. chinensis.

Container Condition No. weevils No bruchid adults®
Ntreatment2 introduced emerged
1 liter plastic jar tumbling® 100 2250+ 98"

1 kg seed stationary 100 11525+ 295
5 liter plastic jar tumbling® 200 188 75+ 14 5**

5 kg seed stationary 200 388.25+ 48.5
*Insects were Introduced on seeds on 18 August for oviposition. Tumbling treatment began on 20 August 1991. Observations takan

1 October 1991
*Containers were tumbled (rolled over) at moderate speed twice for 5 min every day.
¢Reduction in bruchid infestation in tumbling treatment signiicant at 0 01% level according to student's t-test,
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Cercospora Leaf Spot and Powdery Mildew Resistance in Mungbeans

Summary

Twoofthe mostimportant foliar diseases of mungbeansare Cercospora leaf spot and powdery mildew.
Over the past 2 ycars, new sources and reconfirmation of alrcady existing sources of resistance have been
tested. Twenty-six out of 28 entries that had previously been rated resistant to Cercospora leaf spot were
classificd as moderately resistant and resistant. Some of these entrics and others with different disease
reactions were selccted to study some of the components of partial resistance. The range of leaf arca
infccted was 10— 90% with lesion numbers ranging from 0.2 10 5.9 per percentage of leaf area infected.
There was a significant correlation (r = 0.85) between leaf arca infected and lesion number. To evaluate
partial resistance, quantitative measurements such as infected leaf area or lesion numbers arc uscful for
quantifying discasc resistance. In an experiment to identif y new sources of resistance to Cercospora leaf
spot, cight lines from Indonesia and 13 AVRDC accessions were rated resistant. Three accessions, V 2139,
V4069,and V 4814, were highly resistant to powdery mildew in areconfirmation screening testin the field.
Most accessions that were found resistant to powdery mildew came from India.

Introduction

Cercospora leaf spot (CLS) of mungbean is an im portant discasc especially during the rainy periods
in the tropics and subtropics. Cercospora canescens is the primary pathogen, butother Cercospora species
alsocauses CLS. Under ficld conditions, defoliation is common and in partisrelated to yicld loss especially
when plants are infected carly in the growth scason. Powdery mildew (PM) occurs when rainfall is light
and temperaturcs are moderate. PM usually is severe late in the season and often causes the entire leaf
surface of susceptible lines to turn gray to whitish.

To control these diseases, rescarch at AVRDC has concentrated on f inding and developing sources of
host resistance. In trials conducted during the 1970s, most of the mungbean accessions were screened for
resistance to these two diseases. The objectives of this study were to screen these original sources of
resistance again and to check for new sources of resistance. These studies were done in cooperation with
the mungbean breeding group.

Materials and Methods
Cercospora lsaf spot

Field evaluation of existing resistant sources. Twenty-cight accessions/breeding lines and four
check entries, V2773 (resistant), VC3890 (moderaiely resistant), VC2380A (moderately susceptible), and
V2010 (susceptible), were planted on 3 July 1991. The cxperimental design was an RCBD with threc
replications. C. canescens was inoculated on 26 and 31 J uly, and on 9 and 13 August 1991. Discasc was
recorded on 3 and 16 Scptember using the discase scale of 1 = no infection, 2 == slight, 3 = moderate, and
4 =hcavy. This scale corresponded to the expected reaction of the four check entries mentioned previously.

Evaluation of partial resistance. Ninc mungbean breeding lines, VC1137A, VC3543A, VC3689A.
VC2754A. VC2768A, VC3737A, VC2380A, VC3000A, and VC3738A, were planted in 15-cm
diameter c:ay pots on 10 July 1991. There were three replications per entry with two plants per pot. A
conidial suspension of C. canescens at2 x 10 conidia/ml was sprayed with a hand sprayer unt:i runoff
on 3July 1991. Plants were covered with a plastic bag for 1 day and incubated in a growth room at 28+2°C
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and 100% RH. On 9 August, trifoliate leaves 1-3 were removed, and the number of lesions and the leaf
area were determined. The percentage of leaf area infected was estimated, and the lesion number per leal
arca infected was calculated. Data were analyzed by ANOVA with means separated by the least
significant difference test.

Evaluation of new sources. Twenty-iwo Indonesian lines and three checks, V2272 (resistant),
V1560D (moderately resisiant) and V2010 (susceptible), were planted in 20-cm clay pots (2 plants/pot)
with three replications on 23 August 1991, All plants were cut prior to inoculation so that only two leaves
were inoculated and cvaluated. A conidial suspension of C. conescens at 1 x 10* conidia/ml was sprayed
on plants until runoff on 13 Scptember 1991, Plants were moved to a growth room at 28+2°C and 100%
RH. Discase was cvaluated 14 days later as described previously.

Powdery mildew

Field screening. Three check lines, VC 2839-70 (resistant), VC 3890 (moderately resistant), and
VC 1628 A (susceptible), were planted along with 135 accessions on 7 March 1991, Each plot was 1 x0.5m
with two plants per hill and 20 hills per meter. The experimental design was randomized complete block
with three replications.

Plants were inoculated by spraying a conidial suspension made from infested dried mungbean leaves
on 22 and 25 April. The plots were furrow-irrigated after inoculation. Discase was assessed on 22 May and
3 June based on the following scale: 1 = no visible symptoms (highly resistant); 2 = slight infection
(resistant, 1-10% of foliage infected and similar to VC 2389-70); 3 = moderately resistant; 4 = modcrately
susceptible; and 5 = susceptible (similar to VC 1628A).

Results and Discussion
Cercospora leaf spot

Field evaluation of existing resistant sources. Lincs that were rescreened for resistance were all
moderately resistant to resistant excep* for the two test lines and the two susceptible check lines (Table 1).

Table 1. Disease reaction of mungbean lines that" ‘noculated with Cercospora canescens
under fleld conditions*.
Accession Reaction® Accession n Accession Reaction
V 1445 MR V 5036 VC 25308 R
V1471 R V2773 VC 2565A R
V2272 MR VC 3890A VC 2566A R
V2273 MR VC 23804 VC 2762A MR
V2757 R VC 2010 VC 27528 MR
V2773 R VC 1089A w3 VC 2'385A MR
V4679 MR VC 1089B R VC 30128 R
V 4706 S VC 1601A MR VC 3689A R
V4717 S VC 1658A R VC 3741A MR
V4718 R VC 17508 R VC 3746A MR
V 5000 MR VC 2530A R

*Average of three replications.
*R = resistant (V 2773), MR = moderately resistant (VC 3890A), MS « moderately susceptible (VC 258UA), aiid S ~ susceptible (VC 2010)

Evaluation of partial resistance. The lincs that were evaluated for partial resistance ranged in
severity from 10to 90% and the lesion number per leaf arca infected ranged from 0.2 10 5.9 (Table 2). There
was a good correlation (r = 0.85) [ ztween these two discase parameters. These :and other quantitative-type
measurements are useful in defining partial resistance and will be used in futvre studies.

Evaluation of newsources. Thechecklines V2272, V15600, and V2010 were resistant, moderately
resistant, and susceptible, respectively. Only one test line was susceptible while all other lines were
resistant or moderately resistant (Table 3).
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Table 2. The percent leaf area infected and the number of lesions per leaf area Infected
of nlne mungbean breeding lines inoculated with Cercospora canescens under
controlied conditions.

Breeding lines Leaf area infected (%) Lesion numbetr/leaf area infected
VC 3543A 12.5 1.7
VC 1137A 850 59
VC 2380A 58.3 0.5
VC 2754A 375 0.5
VC 3000A 90.0 2.1
VC 3737A 15.0 1.4
VC 3689A 25.0 0.2
VC 2768A 23.3 1.4
VC 3738A 10.0 1.0
Average 39.6 1.6
LSD (P <£0.05) 225 4.1

*Values represent three planis i aazn of three replications.

Table 3. Disease reaction of mungbean lines primarily from Indonesia that were
inoculated with Cercospora canescens under controlled conditions.*

Entry Reaction® Entry Reaction
Bakti R Manyer R
Mig 935 R Mig 70 S
Mig 929 MR Mig 1 MR
Mig 930 R Mig 234 R
Mig 901 MR Mig 124 MR
Mig 944 MS Mig 256 R
Mig 911 MR Mig 235 MR
Mig 917 MR Walet MR
Mig 897 MR Nuri MR
Mig 879 MR V2272 (CK) R
Mlg 960 R V1560D (CK) MR
Gelatik R V2010 (CK) S
Parkit MR

*Average of two plants In each of three replications.
*R = resistant (V 2272), MR = moderately resistant (VC 1560D), and S = susceptibla (VC 2010}

Powidery mildew

Field screening. Accession V2139, V4069, and V4814 were highly resistant (Tables 4-5). Nearly
50% of the accessions tested were susceptible cven though many of these in the 1970s had been rated
moderately resistant or resistant. Most of the resistant accessions exceptfor V 2139 and V 2406, originated

Table 4. Disease reaction of 135 mungbean accessions that
were evaluated for resistance to powdery mildew
under fleld conditions’.

Disease reaction No. of entries (%)
Highly resistant (HR)? 3(2)
Resistant (R) 30 (22)
Moderately resistant (MR) 37 (27)
Moderately susceptible (MS) 34 (25)
Susceptible (S) 31(23)

‘Avarage of three replications
1V 2139, V 4069, and V 4814,
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Table 5. Disease reaction of mungbean lines that were inoculated with powdery mildew under
fleld conditions.

Accession Reaction® Accession Reaction Accession Reaction
V2139 HR V2768 R V4406 R
V4069 HR V3017 R V4508 R
\4814 HR V3033 R V4589 R
V1104 R V3492 R V4601 R
V1539 R V3361 R V4758 R
V1741 R V4020 R V4793 R
V2406 R V4060 R V4796 R
V2507 R V4121 R V4800 R
V2560 R V4186 R V4962 R
V2643 R V4189 R RUM-21 M R

*HR = highly resistant, A = resistant.

from India. The shift of some lines from resistant to susceptible is new information that may indicate a
change in virulence genes of the pathogen. Although this cannot be verified dircctly since the isolates from
the 1970s were not preserved, it does show that a simple type of resistance to powdery mildew may not be
durable, and therefore of less value than those lines that exhibit partial resist.nce 1o the pathogen.



T

Pepper Breeding

Observation and Evaluation Trials of Capsicum Germplasm

Summary

Onc cool scason observation trial and onc hot scason trial were conducted to cvaluate new hot pepper
accessions primarily, C. frutescens accessions for adaptation and quality traits. Virus incidence was severe
in both experiments. A number of entrics in the cool scason trial were very carly in fruit setting, and had
avery shortcropduration. These included ‘“TAM Veracruz, Jalapefio’, *'YCb 76105°, ‘Hanbyal (F,)', Jinpum
(F,)", “Taeyangkun (F))’, ‘C. annuum?29’,*YJ 81032’ and ‘Kingkun (F,)’, which began flowering between
56and 68 days after sowing. Pungency valucs ranged from 0.4 10 8.2 mg capsaicin/g DM. The most pungent
entrics were PBC370, PBC372, ‘Var. UL-2190’, * Var. U-Kimba’, “Tacyangkun (F,)’,and ‘Var.UL-3878".
A few cntries had exceptional ficld resistance to natural infection by cucumber mosaic virus (CMV) and
chili veinal mottle virus (CVMYV). These included ‘Pant C-1 ",PBC370,PBC392,PBC473 and ‘Rotan’. For
the hot season trial, capsaicin values were very high for most of the entrics of the Bird’s Eyc and Tabasco
types (between 5and 11 mgcapsaicin/g DM). Entries C00847,C01664 (C.annuum)and ‘Greenleaf Tabasco-
1982" yiclded the highest crude fat percentage.

Introduction

Trials to obscrve germplasm are necessary for their preliminary cvaluation for highly heritable traits.
Under ficld conditions at AVRDC virus incidence of CMV and CVMV s often high. Most of the
obscrvation trials aimed to observe for virus ficld resistance and adaptability to subtropical conditions, and
to conduct preliminary screen’ng for anthracnose resistance and quality traits (chemistry/nutrition).

Cool Season Observational Trial
Materials and Methods

Fifty-scven entrics were transplanted into two-row beds without replication on 19 November 1990,
There were 44 plants per bed at a spacing of 56 ¢m between rows and 45 em within rows. Beds were 1.5
m apart. For some cntrics half-plots were caged for sced multiplication. Fruit samples were gathered for
anthracnosc and pungency screening. Yiclds were not recorded.

Results and Discussion

A number of entrics were carly in fruit setting, and had a short crop duration. These included ‘TAM
Veracruz Jalapeiio’, “YCb 76105°, ‘Hanbyal (F)', Jinpum (F,)’, ‘Tacyangkun (F)),‘C.annuum?29’,'Y)
81032’ and ‘Kingkun (F))’, which began flowering 56-68 days after sowing. Theaverage flowering peried
for all entries was 99 days after sowing. Pungency values ranged from 0.4 10 8.2 mg capsaicin/g DM, The
most pungent entrics were PBC370, PBC372, ‘Var. UL-2190", ‘Var. U-Kimba’, ‘“Tacyangkun (F)’, and
‘Var. UL-3878’. ‘Var. UL-3878" isa C. frutescens linc. Powdery mildew and virus incidence was high late
inthe scason. A few entrics had exceptional field resistance to natural infection by CMV and CVMV. These
included ‘PantC-1°,PBC370, PBC392, PBC473 and ‘Rotan’. A completelistofentries and characterization
information is availablc upon request.
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Hot Season Observational Trial

Materlals and Methods

The main objective of this experiment was to evaluate C.frutescens accessions for adaptability to the
hot-humid season and 1o evaluate for variability in quality traits such as capsaicin, crude fat and color.
Thirty -six and 23 accessions were transplanted on S and 1 July 1991, respectively, in two randomized
complete block design experiments with two replications. Single row beds were spaced 1.5 m apart and
transplants were placed 60 ¢cm apart within each row. Each eaperimental unit contaied two beds. Remnant
plants from these experiments had been grown under net-house conditions for sced multiplication. Once
fruits fully ripen, the chemical analysis will be compared with the results from the ficld samples. Mecans
of themean, maximum and minimum temperature were 28, 32 and 25°C, respectively, withan accumulation
of 857 mm rainfall between 5 July and 30 October. Virus incidence was severe during the scason.

Results and Discussion

Some accessions with a passpoit histing of C frutescens were identified as other specics. Previous
recipients of Capsicum frutescens germplasm from AVRDC are encouraged to check the listin Table 1 for
corrections in the specics identification. Despite the close phylogenctic relationship between C. frutescens
and C. chinense,the classification followed here designated thosc accesstons withastrong calyx constriction
as C. chinense. Because of severe virus incidence, very hmuted information was obtamed from these
experiments, By late September, average virus incidence among all lines was 67%. The ELISA assays
indicated that CMV and CVMV were the predominant pathogens. Entries with the most virus tolerance
were Tom Thumb, CO1664 (C. annunmy), Greenleaf Tabasco 1982, C00758 (C. annrum), MC-003, Tabasco
L-167, and UL-3878. Some fruit samples were obtained for quality analysis, but the results should be
vicwed as preliminary only, Preliminary data from ficld-harvested fruits indicated that large variation for
color value occurred within cach entry. Sampling procedures for color determination may need to he
refined and mformation regarding the effect of virus infection on fruit chemical traits should be obtained.
Capsaicin values were high for most ol the entrics of the Bird’s Eyc and Tabasco types (between 5 and 11
mg capsaicin/g DM). Entrics C00847, C01664 (C. annuum) and Greenleaf Tabasco-1982 yiclded the
highest crudc fat percentage.

Table 1. Clarification of species for some Capsicum accessions.

Accession No. Passport description Correction

C00310 C frutescens C. annuum

Co0312 C. frutescens C. annuum

C00313 C. frutescens C. baccatum var. pendulum
C00313-1 C. lrutescens C. baccatum var, pendulum
C00642 C. annuum C. frutescens

C00758 C. frutescens C. annuum

C00776 C. frutescens C. chinense

co0967 C. frutescens C. chinense

C01377 C. frutescens C. annuum

C01379 C. frutescens C chinense

C001434 C. frutescens C. annuum

C01664 C. lrutescens C. annuum

C01769 C. frutescens C. annuum

Co1771 C. frutescens C annuum

C02677 C. annuum C. chinense
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Pureline Selection of Szechuan Landraces

Summary

Pureline sclection of ‘Szechuan® landraces from Taiwan has been going on since 1987, This year, an
advanced yicld trial was conducted on 27 sclections. Six check entrics, including two hnt pepper hybrids
and four original populations of Szechuan 1, 8, 9 and 10 werc included in the wrial. The mean marketable
fresh weight for carly yicld was 9.3 t/ha, and the sum marketable yicld was 15.5 vha. Percentage of
unmarketable fruits due to various causcs averaged 21%, with a range of 16-26% culls. The marketable
yield of the most productive sclection was 19 t/ha compared to one hybrid with 23.8 t/haand another hybrid
with 17.6 t/ha. Only nine of the 27 sclections had yiclds significanly lower than that of the two check
hybrids. Average fruit length was significantly reduced by 2.0 cm from the 2nd to the 8th harvest period,
with a3 mm and 0.8 mm reducuon in fruit width and wall thickness, respectively.

Introduction

Uniformity and quality of hot pepper seed stocks are often limited in the varictics grown by most
farmers in the tropics. Farmers traditionally save their own seed from an existing crop, or purchase a seed
mixture that has been produced locally. The semiallogamous nature of many Capsicum varictics has
contributed to the heterogencous composition of many locally adapted landraces. Selection for plant type,
fruit morphology, discase tolerance and overall productivity within certain landraces should improve the
quality of locally adapted germplasm. The long-term objective of these efforts is to make breeder’s seed
of improved hot pepper landraces available o the national agricultural rescarch sysiems (NARS) for
multiplication and distribution.

Materials and Methods

The first advanced yiceld trial of the Szechuan sclections was sown on 26 November 1990 and
transplanted on 21 January 1991. Twenty-seven selections and six check populations (two hybrid varictics
and four original unsclected populations) were planted in a randomized complete block design with three
replications. A fourth sctof plots was covered with cages for seed multiplication. The mostadvanced bulks
werc inbred S, and S, familics. The others were OP,S,and OP,S, familics (OP = open-pollinated; S = sclf-
pollinated).

Each two-row plot consisted of 30 plants spaced at 45 by 50 cm on raised beds with 1.5 m between
beds. Plots were managed with plastic mulch and a standard fertilizer with an amendment of organic
fertilizer in the basal application. Plots were irrigated by furrow irrigation. Ten weekly harvests were
conducted from [ May to 3 July 1991. The means of the mean, maximum and minimum lemperatures were
24,28 and 19°C, respectively, with a total rainfall accumulation of 772 mm from transplanting until the
last harvest. Samples were submitted to AVRDC’s Plant Pathology and Chemistry departments for
anthracnose and pungency screening, respectively.

Results and Discussion

Harvest data were divided into carly yicld (harvest periods 1 through 4) and the sum yicld for the 10
harvests. The mean marketable fresh weight for carly yicld was 9.3 t/ha, and the sum marketable yield was
15.5 t/ha. Percentage of unmarketable fruit number duc to various causes avcraged 21%, with a range of
16-26% culls. The marketable yicld of the most productive selection was 19 t/ha compared 1o onc hybrid
with 23.8 t/ha and another hybrid with 17.6 t/ha. In fact, only nine of the 27 sclections had yiclds
significantly lower than the two check hybrids. Four selections had carly yiclds ranking higher than the
hybrid ‘Chain Fair’ and 10 lincs ranked higher than the hybrid ‘Hot Beauty’. All enirics had mild pungency
levels. Simple t-test comparisons between the second harvest and the cighth harvest indicated that fruit
shape characters were significantly different between the two harvest dates. Average fruit length was
reduced by 2.0 cm by the cighth harvest with a reduction of 3 mm in fruit width. Fru®* wall thickness was
reduced by 0.8 mm.
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Progeny of six of the best sclections based on yicld, market quality and anthracnose tolerance werc
enteredinaregional yield trial in September 1991 in Taiwan. Ten selections were forwarded to the AVRDC
Thailand Regional Training Program for an advanced yicld trial. Another advanced trial of 15 sclections
was sown at AVRDC in November 1991. Release of advanced lines is expected in the fall of 1992,

International Trials: Collection, Evaluation, Multiplication and Distribution of
Entries for the International Hot Pepper Trial Network (INTHOPE)

Summary

The first global seed distribution of INTHOPE #1 entrics was sent to 44 cooperators representing 22
countrics. The benefit of pruning plants below the main-stem branching was tested again in a cool scason
planting of the INTHOPE #1 trial. In contrast to the warm scason when pruning had no significant effect
on production, the pruning treatment had a significant adverse effect on the cool season production. Total
fruit number and weight were, respectively, 18 and 12%, significantly (P=0.05) less on pruned plots than
onunpruncd plots. Similar differences occurred for marketable fruit yiclds. Considering the time and labor
costs involved in pruning, this practice cannot be recommended for the cultivation of hot pepper under
AVRDC conditions. Entrics were quantificd for capsaicin content and screened for reaction to the
pathogens: CMV,CVMV,PVMV,PVY, TMV, ToMV,PMMV, Xanthoinonas campestrispv.vesicatoria,
Phytophthora capsici, Colletotrichim capsict and C. glocosporioides under controlled conditions. The
mcan marketable fruit weight among all entrics was 5.1 t/ha. Unmarketable fruitsaveraged 26% of the total
fruitnumber among all entrics. Entrics PunjabLaland Huey Sithon had the highest fruit dry matter content,
ncar 30%, followed by Unknown 6, KKU Cluster, Huaruar and Keriting (24% < x € 27%). Three entrics
withthe lowest fruitdry mattercontent (<13%) were Chain Fair (F ), PSR 67085 (F))andJalapa(F,).Entrics
Hucy Sithon, Huaruar, Punjab Lal, Atarodo, Unknown 6 and KKU Cluster were the most pungent with
capsaicin levels from 5.7 10 4.0 mg/g DM. Mcan capsaicin level for all entries was 2.8 mg/g DM, Onc rainy
season cvaluation had been completed for the INTHOPE #2 sct of entrics. Serious flooding resulted in the
survival of only 11 out of 39 cntrics.

Introduction

The Interational Hot Pepper Trial Network (INTHOPE) was initiated in 1988 in response to the need
to disseminate popular hot pepper landraces and clite germplasm and test them in different international
environments. This wasdiscusscd at the International Symposium on Integrated Management Practices for
Tomato and Pepper Production in the Tropics. The objective of the network is to facilitate the exchange
and cvaluation of hot pepper landraces and clite germplasm across international test environments. Entrics
with at least ficld tolerance to important discases are prioritized. The coordination of the network is the
responsibility of AVRDC, the principal role of which is to receive, evaluate, multiply and redistribute
germplasm, from and to the network collaborators. Each participant 1s cxpected (o evaluate at least onc
multilocational triat per year intheir own country, and provide fecdback on the performance and acceptance
of the germplasm. Some cooperators have chosen to evaluale the set in their discase nurserics. At AVRDC,
the INTHOPE cvaluation trials arc sown in April and September. In addition, a sced crop is sown in
September to provide seed for distribution in February/March,

The long-term objectives of the network are to introduce adapted hot pepper landraces and elite
germplasm from different countries into appropriate regions of production; to monitor the performance of
different hot pepper populations in diverse environments and to gather information on the variability of
pathogenic strains involved in Capsicum host-pathogen rclationships.

Al INTHOPE #1 entries were screencd for reaction to the pathogens CMV, CVMV, PVMV, PVY,
TMV, ToMV, PMMV, Xanthomonas campestris pv. vesicatoria, Phytophthora capsici, Colletotrichum
capsici and C. gloeosporioides under controlled conditions, and results were forwarded to all INTHOPE
participants. Future cvaluations at AVRDC will include screening for broad mite (Polyphagotarsonemus
latus) and bacterial wilt (Pseudomonas solanacearum)resistance. Routine screcning for PVMV resistance
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will be discontinued. The first global sced distribution of 30 INTHOPE #1 cntrics was sent to 44
coopcrators representing 22 countrics,

INTHOPE #1: Fall 1890
Materials and Methods

The experimental design for the 1990 dry-cool scason INTHOPE #1 trial was a split-plot with 43
entries in the main plot treatment and two management practices (pruning vs. nonpruning) in the subplot
treatment. Pruning was conducted on the lateral shoots below the first bifurcation of the main stem. Whole
plot treatments were replicated in three randomized complete blocks with 28 plants per replication, spaced
1.5 maparton two-row beds with 0.5 m between rows and 0.45 m between plants. Subplot rreatments were
randomized among plots in units of 14 plants. A pair of plants (pruncd) served as the border between
subplots. Plants were sown, transplanted and pruned on 1 September, 11 October and 26 November,
respectively. Standard cultural practices as recommended for pepper experiments at AVRDC were
employed withanamendmentof organic fertilizerat basal application. Mulching was conducted twice with
rice straw. Fourteen weekly harvests were conducted from 28 November 1990 10 27 February 1991, The
means of the mean, maximum and minimum temperatures were 20, 25 and 15°C, respectively, with a total
rainfall accumulation of 48 mm from transplanting until the last harvest. Furrow irngation was applicd
seven times at approximately 4-7-wecek intervals depending on the plant growth stage.

Data recorded were days to flowering, plant height on the first and last harvest, total and marketable
fruit number and fruit weight, and fruit shape dimensions. Days to flowcring were recorded when 75% of
the plants in a plot were flowering at the secondary-branch nodes. Fruit shape measurements were taken
when an entry was harvested for the third time. Fresh mature fruit samples were sent to the Chemistry and
Pathology units for capsaicin determination and anthracnosc screening, respectively. Incidence of
powdery mildew was moderately high although no ratings were recorded.

Results and Discussion

Analysis of variance for the split-plot experimental design indicated that the treatment effect of
pruning was significant for most of the yicld components that were evaluated. In contrast to the summer
scason cvaluation where pruning had no significant effect on yield, the pruning treatment in the cool-dry
season had an adverse cffect on yield. Total fiuit number and weight were, respectively, 18 and 12%,
significantly (P=0.05) less on pruned plots than on unpruncd plots. Similar differences occurred for
marketable fruit yiclds. Considering the time and labor costs involved in pruning, this practice cannot be
recommended for the cultivation of hot pepper under AVRDC conditions. Unmarketable fruits averaged
26% of the total fruit number among all entrics. Mcans of marketable fruit yiclds are presented for the
highest yiclding (Table 2) and carly maturing (Table 3) entrics. Yiclds from this cool scason evaluation
compared o the hot scason rankings indicated that many entries suitable for cool scason production were
not suitable for hot scason production and vice versa (Table 2). Some varictics performed comparatively

21l in both scasons for carly fruit sct (Table 3).

Ruring the fall screening for virus resistance, no lines were 100% resistant to any virus except for IAC
Ubatuba Cambuci, Atarodo, Red Horn (F)), Magic Scarlct (F)), Hot Long (F,), Champion (F)), Olympiad
(F,) and PE49 (F,), which were resistant to TMV and ToM V. Screening for CMV resistance during the cool
season reve? led more susceptible responses than occurred during the hot scason inoculations, but many
entries were still heterogencous for resistance. Sclected individuals were sclf-pollinated for further
screening, and subsequent redistribution. Entrics Punjab Lal and Hucy Sithon had the highest fruit dry
matter content, near 30%, followed by Unknown 6, KKU Cluster, Huaruar and Keriting (24%<x<27%).
Three entries with the lowest fruit dry matter content (<13%) were Chain Fair (F), PSR 67085 (F,) and
Jalapa (F)). Entries Huey Sithon, Huaruar, Punjab Lal, Atarodo, Unknown 6 and KKU Cluster were the
most pungent with capsaicin levels from 5.7 to 4.0 mg/g DM. Mean capsaicin level for all entrics was 2.8
mg/g DM.

A complete summary of the INTHOPE #1 evaluation for two scasons is available upon request.
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Table 2. Marketable fruit yields for the 16 best entries In the 1990-91 cool season INTHOPE
trial compared to their hot season ranking.

Entry tha Rank Entry Fruits/ plant Rank
Chain Fair (F,) 10.6 27 Keriting 58 9 1
Passion (F,) 9.2 3 Unknown 6 52.8 34
Long Chili (F,) 8.9 1 Punjab Lal 457 1
IAC Ubatuba Cambuci 8.7 22 KKU Cluster 43.3 15
Hero (F,) 8.2 21 Huey Sithon 40.8 24
Champion (F,) 8.1 4 Huaruar 398 30
Chili 8.0 40 Jawahar 218 397 20
Long Fruit 7.5 25 Champion (F,) 345 12
Lv. 2323 (Jatilaba) 7.3 18 Golden Heat (F,) 334 6
Yangjiao 7.1 38 PE64 (F1) 310 3
Golden Heat (F)) 7.0 10 Magic Scarlet (F,) 256 4
Long Fruit (A) 7.0 19 Chain Fair (F,) 254 35
Szechuan 1 68 na® Lv. 1583 249 9
Lv 1583 6.6 9 Lv. 2323 (Jatilaba) 249 21
Cheongryong 6.6 30 Long Fruit 248 27
Lv. 2319 (Tit Super) 6.3 15 Szechuan 1 24,6 na
Mean (of all 43 entries) 5.4 24.2

cvV 18.2% 26.6%

*Yields are the means of three replications for the sum of 14 harvests for unpruned subplots.
*Not evaluated.

Table 3. Marketable fruit ylelds for 16 earliest maturing entries in the 1990-91 cool season
INTHOPE trial compared to thelr hot season ranking.*

Entry tha Rank Entry Fruits/ plant Rank
Twist Green (F,) 0.65 2 Twist Green (F,) 3.8 1
PE49 (F,) 0.58 6 PE49 (F,) 2.1 2
Champion (F ) 0.51 8 Lv. 1092 20 16
Long Chili (F,) 0.50 1 Champion (F ) 2.0 6
Hot Long (F,) 0.50 3 Cegledi 6 t.f. 1.9 4
Olympiad (F,) 0.48 12 Ludhiana Long Selection 17 29
Cegledi6 tf, 0.47 5 Long Chili (F,) 1.3 5
Lv. 1092 044 19 Olympiad (F,) 1.3 1
Red Hom (F,) 0.43 10 Magic Scarlet (F,) 1.2 10
Lv. 2319 (Tit Super) o41 20 Lv. 2319 (Tit Super) 1.2 20
Ludhiana Long Selection  0.34 32 Red Horn (F1) 1.2 9
PSR 67085 0.31 4 Hot Long (F,) 1.1 3
Tit Paris 0.29 17 Golden Heat (F1) 0.9 8
Magic Scarlet (F,) 0.20 15 PE64 (F,) 0.9 27
Golden Heat (F,) 0.19 9 Extra Long Selection 0.9 12
PE64 (F,) 0.18 28 Tit Paris 0.9 14
Mean (of all 43 entries) 0.19 0.7

C.V. 49.8% 472 %

*Early yields are the means of three replications for the sum of the first four harvests for unpruned subplots,

INTHOPE #2: Summer 1991
Materials and Methods

The experimental design for the 1991 hot rainy scason INTHOPE #2 trial was a randomized complete
block with 39 entrics and threc replications. There were 30 plants per replication, spaced 1.5 m apart on
two-row beds with 0.5 m between rows and 0.45 m between plants. Plants were sown on 21 April and
transplanted on 21 May. Standard cultural practices as recommended for pepper experiments at AVRDC
were applied with an amendment of organic fertilizer at basal application. Mulching was done twice with
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rice straw. Eight weekly harvests were conducted from 21 Angust 1990 until 9 October 1991, The means
of the mean, maximum and minimum temperatures were 28,32 and 25°C, respectively, with a tota. minfall
accumutation of 1721 mm from transplanting until the last harvest.

Data recorded were those on days to [lowering, plant height on the first and last harvest, total and
marketable [ruit number and fruit weight, and fruit shape dimensions. Days to (lowering were recorded
when 75% of the plants in a plot were flowering at the secondary-branch nodes. Fruit shape measurements
were taken when an entry was harvested for the third time. Fresh mature fruit samples were sent o
AVRDC’s Analytical Laboratory for capsaicin, fiber, crude fat, lignin and color determination. The
experiment was sown again on 9 July and transplanted on 20 August, for a late summer evaluation. All
entrics of INTHOPE #2 have been screenced so far (or resistance to CMV, CVMV, PVY, TMV, ToMV,
PMMYV, and Phytophthora blight [sce Pepper Pathology]. Screening for CMV resistance was conducted
in two scparate batches. One batch was inoculated at the cotyledon stage and the other batch was inoculated
at the 3-4 truc leaf stage.

Results and Discussion

Scrious flooding occurred for 7 days in Junc (675.5 mm) and 6 days in July (591.5 mm) that resulted
in marked differences in the survival of entrics. Of the 39 original cntrics, only 11 entries survived the
flooding, and remained productive for more than one picking. Physiological wilting averaged 15% with
a range of 0-60% among cntrics. Virus incidence was also quite high after mid-scason. The surviving
entrics were Pangalengan-2, Unknown 41, Pant C-1, Cheong Yang, Salmon, KA- 11, MI-2, Num, PBC199,
PBC384, and PBC385. Average fresh-weight marketable yicld, however, was only 1.1 t/ha. The highest
capsaicin content wasdeterminedin theentry ‘Unknown 417 (6.05 mg/g DM). Pant C-1, MI-2,and PBC199
had the next highest capsaicin values, which ranged between 3.8 and 4.9 mg/g DM. A large variation for
color value occurred within cach entty. Sampling procedures for color determination may need to be
refined.

Of all entrics, only six plants of PBC199 resisted infection by CMV. A nuinber of entries were 100%
resistant to PV'Y. These included TAM Mild Jalapefio-1, TAM Veracruz Jalapeiio, DaChang Niujiao Jiao,
MI-2, R7-26(17), Pangalengan-2, King Gum Go Chu, Cili Langkap, Hidalgo, C01511, PBC384 and
PBC389. The following cntrics were heterogencous for CVMV resistance: Num, MI-2, KA-2, Hidalgo,
KA-11,C01511 and PBC199. None of the entrics were resistant to PMMV, but some had hypersensitive
localized resistance to ToMV such as Kun Ja, Slam Chili, DaChang Niujiao liao, C. baccatum pendulum
3-4, King Gum Go Chu, TAM Mild Chile-2, Var. PL.-38475 and PBC389.

Stigma Position of Seventeen Pepper Varieties

Summary

Pepper belongs to the autogamous specics; however, a considerable amount of cross-pollination
occurs mainly through insects and to a lesser extent by wind. Providing isolation distance is often difficult
where peppers arc cultivated on adjacent farms as well as on seed production farms where land is limited.
Flower traits that would facilitate sclf-pollination would be invaluable both in sced production and in
breeding programs. Among pepper varictics there is noticeable heterostyly where flowers differ in the
position of the stigma in relation to anthers. This preliminary study investigated the extent of varictal
differences in style length under different environmental conditions.

Scventeen pepper varictics were planted in observational plots under three different environments.
Ten flowers from each plant were measured for their stigma and stamen length and the mean values were
calculated for sugma position for the 17 varictics. Daily maximum temperature at cach location was
recorded during the period of the experiment. Cultivars significantly varied in their stigma position. The
varicty ‘P.I. 241650’ and ‘Long Fruit A’ had the inscrted stigma position whereas the others showed
exseried stigmas. Ananalysis of covariance indicated that the mean maximum temperature for 1 week prior
to anthesis did not show any significant effect on stigma position. However, both pistil and stamen Iengths
significantly varicd with temperature. Some plants develeped both homomorphic and heteromorphic
flowers.
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Introduction

Outcrossing may create undesirable genetic variability in a cultivar, underscoring the importance of
controlling cross-pollination in purity maintenance of popper cultivars. Providing isolation distance is
often difficult where peppers are cultivated on adjacent farms as well as on sced production farms where
there is limited land. Flower traits that would facilitate self-poltination would be invaluable both in seed
pmduclion and in breeding p ograms. Two such traits arc homoslyly and cleistogamy. Among, pepper
varictics there 15 noticcable heterostyly where flowers differ in the position of the stigma in relation to
anthers. Three kinds of flowers werce identificd; short styled, medium styled and long styled. The long
styled flowers in which ihe stigma cxtends beyond the stamens should favor cross-pollination whereas a
highdegree ol self-pollination isexpected from the short-styled flowers. This preliminary study investigated
the extent of varictal differences in style length under different environmental conditions.

Materials and Methods

Seventeen pepper varicties were planted m observational plots under three different environmental
conditions, namely, the ficld and two different screenhouses. The number of plants tested in these locations
were 10, 6 and 4, respectively. Ten flowers from cach plant were measured for their stigma and stamen
fength, Lengths were determined at full anthesis by measuring up to the tip of the style and anthers from
the base of the ovary. Daily maximum temperature at cach location was recorded (luring, the period of the
experiment. Temperature varicd between 29 and 33°C in the field and 35 and 42°C 'n the two scrzenhouses.
Locations were treated as replications and an analysis of covariance was used to (est the hypotheses of no
dilferences among varictics and no temperature cffect on heterostyly.

Results and Discussion

The mean values were caleulated for stigma vosition for the 17 varictics. Negative values represented
the nserted stigma position while positive values indicated an exserted siigma position. Cultivars
significantly varicd m their stigma position. The varicty ‘P.1. 241650 and ‘Long Fruit A’ had the inserted
stigma position whercas the others showed cxserted stigmas. Among these two major groups, cight
stignificantly different discrete classes in stigma position were {ound based on a Fisher’s Protected LSD
means comparison test. Only two classes had overlappig values. The range in phenotypic expression
suggested a quantitative expression for e character.

The covariate, mean maximum temperature for 1 week prior to anthesis, did not show any significant
clfect on stigma position. However, both the pisul and the stamen length significantly varied with
temperature changes. Varicty x temperature interactions for stigma position were significant for seven

varictics only. These varictics were CH-6 Num 216, Gwangju, P.I. 102883, Jawahar 218, Ludhiana Long
Selection, P.I. 125807 and CA 8. It was observed that all the varictics that had shown varicty x temperature
interaction had some plants with either exserted and inscrted stigmas or with all three flower types. In the
casc of ‘CA 8 and ‘Punjab Lal’, all the plants produced homomorphic and heteromorphic flowers, cven
at the same iemperawre. Other factors, cither genetic or environmental, probably influenced stigma
position of these varictics, The production of flowers with all three stigma positions may be characteristic
of these two varictics.

Although mostof the plants of *Long Fruit A” had the inserted stigma position a few plants produced
cither flowers with exserted stigmas or flowers with all three stigma positions. Hence, variability for stigma
position of tLis varicly may be attributed to heterogencity of the plants. The varicty ‘P.I. 241650°, a
C. frutescens accesston, was quite stable for the inserted stigma pos:tion.
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Screening of Pepper Germplasm for Resistance to Mites and Aphids

Summary

Two hundred and scventy-three pepper accessions were screened for resistance to mites [mostly
Tetranychus cinnabarinus (Boisduval)) and aphids (mostly Myzus persicae (Sulzer)] in insccticide-free
ficlds and weekly decamethrin-treated ficlds. The following 13 accessions had the least mite damage:
C00003, CO0014-1, C00296, C00186-1, C00326, CO0468, CO0469, CO0475, CO0477, CO0523, CO0527-
A, C00536-A and C00577. The seven least aphid-damaged accessions were: C00010, CO0012, C00044,
C00067, C00358, C00373 and C00545-B. Nonc of the apparently wite-resistant accessions was also
resistant to aphids. Application of the synthetic pyrethroid decamethrin causes resurgence in bothmite and
aphid populations. This chemical will be used in future screenings to increase pest populations and to do
rcliable screening of the germplasm.

Introduction

Pepper or chili is an cconomically important vegetable in Asia and clsewhere. The survey on insect
pests of this crop revealed that species of thrips, mites and to some extent aphids and tomato fruitworm
(Helicoverpa armigera Hiibner) are important in Asia. Tomato fruitworm damage topepper, especially hot
pepper, is minimal in Taiwan. Aphids are morc important in transmitting virus discases. Their physical
damage to plants is not always significant. Thrips and mites arc the key pests, both of which scein to be
morescrious when chemical insecticidesare used. AVRDC sresearchisaimed atdeveloping environmentally
sound integrated pest management programs, Host-plant resistance is an important component of 1PM.
AVRDC possesses a large pepper germplasm collection with a wide genetic basc. It is, therefore, possible
to find a pest-resistant source in the collection. In 1991 screening was initiated to find sources of resistance,
initially to mites, mainly Tetranychus cinnabarinus (Boisduval). Since aphids, mainly Myzus persicae
(Sulzer), also attacked the pepper plant, their germplasm was screened for resistance to this pest as well,

Materials and Methods

Sceds of 267 pepper (mostly hot pepper) accessions were planted in scedling “lats. Plants were
maintaincd in greenhouses for 5 weeks after germination. A 0.8 ha parcel of land was rototilled and after
basal fertilizer application, worked into 1-m wide beds. These beds were further divided into 5-m long
single bed plots. The ficld was divided into two halves. Five-week old scedlings of cach accession (20
scedlings/accession) were planted in two plots, one plot per half of the ficld. The crop was raised by
standard cultral practices. One-half of the ficld containing one plot of cach accessinn was sprayed weekly
with decamcthrin at 50 g Al/ha. The crop was raised using standard cultural practices such as irrigation,
weeding, fertilizer application, ctc., to ensure good growth and harvest.

At 12,14 and 16 weeks after transpranting, 10 randomly selected plants from each plot were observed
and the number of mites and aphids per plant was recorded. Each plantina Sa..iple was classificd as having
0, 1-100, 101-1000 and >1000 mites or aphids/plant. For judging the resistance, a weighted average was
calculated as follows: Plant number in ‘0° pest category was multiplied by 0, in *“1-100" catcgory by 50,
in“101-1000" category by 500 and in “>1000” category by 5000. The sum total of the number was divided
by 10 to arrive at the number of mites or aphids per plant. The accessions having thc lowest number of
insccts and mites werc sclected for further studics.
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Results and Discussion

The numbers of mites (mainly 7', cinnabarinus) per plant during each of the diree observations are
summarized in Figure 1. The mite population was very low in the first observation but increased gradually
as the scason progressed. Insecticide application did not affect mite population in the first two observations
but in the third, the mite population increased considerably (Fig. 1). While selecting the least damaged
germplasm this style of observation was emphasized and selected 13 least-infested accessions: C00003,
C00014-1,C00186-1,C00296,C00326, CO0468, C00469,C00475,C00477,C0C523, C00527-A, CO0536-
A, and C00577. Accessions C00017-2,C00375 and C00593, which had v = highest number of mites in all
three observations, were also selected as susceptible checks for further stuus...

[0 %o inseceticide
20F Insecticide
10 |
Lz | % |

8-9 May 20-22 May 11-13 June
Observation dates, 1991

No. mites/plant

Flg. 1. Infestation of pepper germplasm by mites (T. clnnabarinus) In Insecticide-
treated and Insecticide-free flelds. Data are means of 267 accessions.

Ininsecticide-free plots, the aphid population increased considerably from the time of first observation
to the second but decreased in the third (Fig. 2). However, in insecticide-treated plots the aphid population
remained high throughout the season; it was significantly higher in the third observation. In sclecting least
aphid-damaged pepper accessions, the third observation taken ininsecticide-treated plots was emphasized.
The following seven least-damaged accessions were selected: C00010, C00012, C00044, C00067,
C00358, C00373 and C00545-B. C00105, C00476 and C00526, which were heavily damaged by aphids
in all three obscrvations were also selected as susceptible checks.
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Fig. 2, Intestation of pepper germplesm by aphids (M. pcrsicae) In Insecticlde-
treated and insecticide-free flelds. Data are means of 267 accessions.
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None of the accessions resistant to aphids was also resistant to mites. Similarly, none of the accessions
that were highly susceptible to aphids were also highly susceptible to mites.

The evaluation for resistance was based on a single experiment. Different accessions obviously had
different growth habits; some grew vigorously and produced excessive foliage, others were less vigorous
and produced only a moderate amount of foliage. This physical factor, i.e. production of different amounts
of growth, which in turn »ffers different amounts of food and shelter for the arthropod pests, rather than
genetic factors could be responsible for the observed differences in mite or aphid populations in differcnt
accessions. These aspects will be evaluated in multireplicate tests with sclected least-damaged accessions
in autumn 1991, and the results will be included in the 1992 Progress Report.

Insccticide application increased the populations of both mites and aphids. Neither the mites nor aphids
are specific pests of pepper. Both are polyphagous. Farmers in Southcast Asia use large amounts of various
chemicals to control insects to reduce virus infestation and other pests such as armyworm and fruitworm
which are of minor importance. These user farmers are likely to increase the incidence of mites and aphids
unless they use specific chemicals, Synthetic pyrethroids, often used to control armyworms and fruit
borers, are likely to exacerbate the mite and aphid problem.



Pepper Patholegy

Evaluation of Peppers for Resistance to Colletotrichum specles,
Phytophthora capsici, Pseudomonas solanacearum,
and Xanthomonas campestris pv. vesicatoria

Summary

Anthracnosc and Phytophthora blight are important ungal discases of pepper, whereas bacterial spot
and wilt are important bacterial diseases. To improve peppers for the tropical environments, the control of
these discases is crucial, and since 1986, cfforts at AVRDC have concentrated on using host plant
resistance. This study reports on the evaluation of peppers for resistance to anthracnose, Phytophthora
blight, bacterial spot, and bacterial wilt. Lines Cegledi6 1.1., Cipanas, Chain Fair (F,),Jalapa(F,),Lv.2319,
PSR 67085, IAC Ubatuba Cambuci, and Tit Paris, had low anthracnose indices in one or two of the sample
dates. Several new sources of resistance to anthracnose were identified in an observation trial. Most
Szechuan selections were susceptible to anthracnose and 70% of the fruits averaged over all lines were
ficld-infected at harvest. Phytophthora blight resistance was identified from many of the lines in the
International Hot Pepper Trial I (INTHOPE 1), but only two lincs from Nigeria were considered resistant
among the lines in the INTHOPE I1. Some of the Szechuan selections, nreviously selected for resistance
toPhytophthorablight, were confirmed as resistant in progeny tests. In the field, bacterial spot wasrecorded
over time on hot and sweet peppers. Many of the hot peppers had low ratings for bacterial spot scverity,
whereas only one sweet pepper line homozygous for Bs1-Bs3 genes had significantly less disease than the
cther lines. Under greenhouse conditions, soil drench and toothpick stabbing into stems were effective in
inducing bacterial wilt. Lines CA-8, CAB, Hong San Ho (F1), MC4, MC5, and Sinagtala had 0% wilt in
onc or both methods of inoculation.

Introduction

Peppers are infected by several different genera of bacteria and fi ungi. Under some conditions these
pathogens arc known to cause significant yicld reductions. The main thrust at AVRDC o control some of
the most important diseascs has been to find sources of resistance.

Anthracnosc is caused by several species of the fungus Collztotrichum. Infection occurs on mostplant
parts, and symptoms are most obvious on fruits as sunken lesions. The discase is most prevalent under
conditions of high humidity and abundant rainfall. Past research has identified more than a dozen resistant
sourccs, but not all of these have suitable horticultural characteristics. The current studics were done to
evaluale resistance represented in more horticulturally accepted lines in the INTHOPE trial,

Phytophthora capsici causes collar rot of the main stem and blight on bianches of pepper. The fungus
is soilborne and may drastically reduce the population of plants in the ficld. Resistant sources have been
identificd and are used in most breeding programs. An evaluation of resistance of lines in two INTHOPE
trials and on selections from Szechuan landraces are reported here.

Bacterial spot, caused by Xanthomonas campestris pv. vesicatoria, usually occurs when peppers are
grown in hot, humid regions. There are several races of the pathogen, and factors relating to partial
resistance are often complex. Most of the AVRDC accessions and breeding lines have not been tested for
resistance to bacterial spot. In this study we report on ficld experiments designed to evaluate resistance in
hot and sweet peppers.
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Bacterial wilt, caused by Pseudomonas solanacearum, is an important pathogen on most solanaccous
crops. Its geographic distribution and occurrence on peppers is not well documented like that of tomatoes.
A survey conducted by AVRDC showed that it ranked fourth in importance among pepper diseases in
tropical Asia. Some initial screcring techniques and the evaluation of a few lines for resistance are
presented.

Theoverall objectives of these studies were toassess host plant resistance to anthracnose, Phytophthora
blight, bacterial spot, and bacierial wilt. Most of these experiments were done in conjunction with the
pepper breeding group.

Materials and Methods
Anthracnose

INTHOPEI. Sccdlings of 43 entries representing INTHOPE I were transplanted to the fieldon 11
October 1990 in a randomized complete block design with three replications. Each experimental unit was
1.5 x 6.75 m with 15 plants in cach of two rows. The plots were not sprayed with fungicides.

Twenty marketable fruits per plot were selected randomly from cach entry on 23 January 1991 for the
firstsample and on 21 February for the second sample. Fruits were washed, blotted dry, and punctured once
with a five-needle pen. The 20 fruits were divided in two groups and 10 were inoculated with C. capsict
and 10 with C. gloeosporioides by dropping a 3 x 10° conidia/ml suspension directly on the punctured
portion of the fruit. Fruits were placed inside containers and incubated for 14 days at room temperature,
Lesion diameter on fruits was assessed using the following scale: 1 =no lesion, 2<0.5mm, 3 =0.5-1 cm,
4 =1-2cm, and 5 22 cm; and also evaluated based on ficld infection (latent infection). Data on incidence
of anthracnose were converted to percentages. Data from cach assessment date were analyzed by ANOVA
and means were scparated by least significant difference (LSD).

Observation trial. Sceds of 57 cntrics were transplanted to the ficld on 19 November 1990 in a
nonreplicated trial. Ten healthy fruits perentry were incubated without inoculation on 17 April as described
pieviously. Incidence of anthracnose was recorded on post-incubattd fruits on 2 May. An additional 10
fruits each were inoculated with cither C. capsici or C. gloeosporioides on 17 April 1991. Fruits were
inoculated, incubated, and assessed as described previously. The standard deviation (SD) and mean were
used to select entrics with smaller lesion diameters,

Szechuan selections. Plants for this trial were transplanted on 21 January 1991 in a randomized
complete block design with three replications. On 23 May, 30 fruits of 31 Szechuan selections, Chain Fair
(F,) and Hot Beauty (F,) werc divided into three lots and subjected to the following trcatments: inoculated
with C. capsici,inoculated with C. gloeosporioides ornot inoculated. Fruit incubation, inoculation, discasce
assessments, and statistical analysis were done as previously described.

Phytophthora blight

INTHOPE L. Seeds of 43 pepper entrics were planted in a sterile soil mix in flats on 9 September
1990. There were eight entries per flat and 10 plants per accession in three replications. Pi 201234,
Szechuan 10, and Blue Star (F) were included as highly resistant, moderately susceptible, and highly
susceptible checks. Inoculum of P. capsici was prepared as described in the 1990 AVRDC Progress Report.
Plants were inoculated on 10 October and assessed on 30 October by counting the number of surviving
plants. Based on thesc results 15 entrics were retested along with Blue Star (F)). These entrics were planted
27 February 1991, inoculated 30 days later, and cvaluated by counting the number of surviving plants.

INTHOPEII. Secds of 39 pepper entries and a susceptible check Queen Star (F.), were planted on
9 September 1991 and evaluated on 29 October 1991, The planting, inoculations, and evaluation werc done
as described previously.

Szechuanselections. Bascd on previous experiments, lines that had a higher percentage of survival
were progeny-tested along with six entrics from Korea that were multiplied at AVRDC to obtain cnough
seeds for this experiment. These were planted on 26 July 1991, inoculated 30 days later, and evaluated on
17 October. Procedures used for the experiment were like those previously described for INTHOPE 1.
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Bacteral spot

Field test. Two trials, for evaluating hot and sweet pepper, separately, were conducted under field
conditions. Pepper plants were transplanted to the ficld on 10 August 1991 in arandomized complete block
design with five replications. Plants were inoculated by atomizing with strain XCV 14 several times from
10 September to 14 November with inoculum of 10%-107 cfu/ml. Discase was assessed weekly from 12
September to 17 October by rating 10 plants per plot or by rating the whole plot for percent leaf arca
infected. The area under the diszase progress curve (AUDPC) was calculated using the data of leaf arca
infected over time and these values were used in ANOVA with means compared by an LSD test.

Bacterial wllt

Inoculation techniques. Sceds of Giant Bell (F,) were sown in 10-cm pots in a pipchouse on 12
September 1991. Two strains (Ps4 and Ps41) of P. solanacearum were inoculated on pepper by toothpick
stabbing, and drenching soil with and without root wounding. Half of the number of plants were inoculated
at 20 days after cmergence (DAE) and the other half at 30 DAE. Toothpick ends were rubbed in bacterial
colonics and inserted into the stem at the axil of the second or third cxpanded leaf. For soil drenching, roots
were injured with a knife by cutting the soil 1.5 cm away from the stem and a 30-ml bacterial suspension
(107cells/ml) poured into cach pot. Plants were evaluated for wiltdaily for the first2 weeksafterinoculation
and at 2-day intervals thereafter. Plants were rated as dead if all the leaves had wilted.

Evaluation of lines. Sceds of 16 lines were planted in flats and 9-cm diameter pots. When plants
were 25 days old those in pots were inoculated by stabbing an infected toothpick into the leaf axil; those
in flats were inoculateri by soil drenching after cutting roots. There were four replications for each line and
cach imoculation method. Plants were assessed 10 days after inoculation by rating wilt as previously
described. Data were converted to percentages before ANOVA.

Results and Discusslon
Anthracnose

INTHOPEI. Theincidence of Colletotrichum spp. on noninoculated ficld-infected fruits averaged
over all entries over two sampling dates was 8.2% (Table 1). On the first sampling date, there were
significant differences between entries, for cxample, Huaruar, KKU Cluster, and Jalapa had no fruits while
Cegledi 61.fand Lv. 1092 had 29 and 23% infected fruits, respectively. There was no significant difference
between the lines in the second samplin g date, but several lincs, Golden Heat (F,)and Lv.2319, hadno fruit
infection while entry Long Fruit had 15% fruit infection.,

The diseasc index for fruit inoculated with C. capsici and C. gloeosporioides averaged 3.5 and 3.4 for
sample onc and 3.9 and 3.1 for sample two, respectively. There were significant differences between the
lines (Table 1). In sample one, the lines that had fruit with the lowest rating when inoculated with C. capsici
was IAC Ubatuba Cambuci and Tit Paris; while lines Cegledi 6 t.f., Cipanas, and IAC Ubatuba Cambuci
had the lowest discase indices when fruits were inoculated with C. gloeosporioides. For sample two, fruit
of PSR 67085 had the lowest discase indices when inoculated with either species. Discase ratings for fruits
of Chain Fair (F,), Cipanas, IAC Ubatuba Cambuci, Jalapo (F)), and Lv. 2319 were not significantly
different from PSR 67085 when inoculated with C. capsici. Fruitratings of Lv. 1092 were notsignificantly
different from those of PSR 67085 when inoculated with C. gloeosporioides. Data from ficld-infected fruits
were notsignificantly correlated to the disease indices; however, there was asignificant positive correlation
(r=0.5) between disease indices from sample one and two.

Observation trial. The average incidence of anthracnose on noninoculated fruit (latent infection)
was47%. Five lines had means less than 1SD below the overall mean. Entries Taeyangkun (F,) and Jinpum
(F,) had 0% fruit infection.

The discasc indices for C. capsiciand C. gloeosporioides was 3.1 [standard deviation (SD = 0.9)] and
3.7(SD=1.0), respectively. There was a significant positive correlation (r = 0.36) between disease indices
on fruits inoculated with the two species. Entries that had 1 SD below the mean in one or both inoculations
were PBCO76 (Szechuan 10), PBC397A (Shata Balady), PBC402 (P. Sakaraho), PBC426 (DaChang Wiu
Jiao Jino), PBC453 (Cayenne Cajun 2A), and PBC474 (Retan),
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Table 1. Disease Indices of anthracnose on fruit inoculated with Colletotrichum capslici(Cc) and
C. gloeosporloides (Cg), and the incidence of anthracnose on noninoculated fruit of 42
fleld-grown pepper lines at two sampling times.

Sample one Sample two .

Disease Index? Field Disease Index Field-
Entry Cc Cg infected (%)° Cc Cg infected (%)
Atarodo 3.2 24 38 36 27 1.7
Cegledi6 t.f. 26 21 288 - - -
Chain Fair (F,) 29 3.6 18.3 28 38 5.1
Champion (F,) 2.6 3.7 5.9 38 25 3.3
Cheongryong 3.9 40 118 43 3.0 1.9
Chili 35 35 8.8 44 2.3 1.9
Cipanas 2.6 2.1 8.2 30 22 48
Extra Long Selection 4.6 43 1.6 3.6 53 44
Golden Heat (F) 33 38 4.5 28 00 3.9
Hero (F,) 4.0 39 16.8 41 36 3.3
Hot Long (F,) 3.2 32 95 39 29 10.0
Huaruar 4.4 44 00 46 34 37
Huey Sithen 4.5 38 44 4.3 3.2 1.7
IAC Ubatuba Cambuci 2.1 21 28 3.1 29 7.0
Jalapa (F)) 35 3.1 0.0 30 25 7.0
Jawahar 218 4.2 42 9.8 42 3.3 4.1
KKU CLuster 4.8 - 0.0 45 31 3.3
Keriting 30 3.0 100 36 35 10.0
Long Chili (F,) 41 3.1 14.5 37 36 5.2
Long Fruit 3.7 4.2 7.2 42 3.3 15.2
Long Fruit (A) 4.2 4.3 12.4 43 4.6 15.4
Ludhiana Long Selection 4.2 3.9 52 35 35 48
Lv. 1092 29 28 228 3.8 1.8 3.3
Lv. 1583 38 2.7 12.0 36 26 1.7
Lv. 2319 2.7 2.2 14.2 3.1 24 0.0
Lv. 2323 4.1 45 1.7 39 37 9.0
MC 4 3.3 3.5 6.3 3.7 29 5.0
MC 5 40 42 12.8 4.7 36 1.7
Magic Scarlet (F) 3.0 2.7 9.1 34 2.7 5.0
New Comer (F,) 3.0 3.4 7.0 38 33 11.0
Olympiad (F,) 38 34 1.8 44 35 33
PE49 (F,) 4.6 4.3 4.0 45 3.7 5.6
PE®&4 (F,) 38 3.8 5.3 44 3.5 3.3
PSR 67085 3.3 29 53 2.0 1.4 6.0
Passion (F,) 3.8 4.1 16.7 4.3 3.2 6.9
Punjab Lal 3.7 38 3.3 45 3.1 1.9
Red Horn (F,) 4.1 3.7 57 42 32 8.7
Szechuan 1 3.3 29 127 4.2 39 5.4
Szechuan 10 24 3.0 19.5 4.3 3.6 10.7
Tit Panis 23 2.1 4.4 32 2.3 35
Twist Green (F,) 3.0 2.6 10.8 37 25 8.3
Unknown 6 4.2 3.4 5.0 3.9 27 1.7
Yangjiao 26 2.7 35 38 2.8 6.9
Average 35 34 8.3 39 . 3.1 8.1
LSD (5%)¢ 0.8 0.9 12.8 1.1 0.7 N.S.

*Ton fruits wore Inoculated per species with three replications.
*Twenty fruns from those inoculatad wero also cbsarved for lalent infection,
Loast significant differonce.
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Szechuan selections.  There were significant differences in anthracnose ratings between the lines
when inoculated with C. gloeosporioides, but not with C. capsici. There was a high incidence of ficld
infection in most of the lines which ranged from 37 to 87%. Some lines that had lower discase scores are
being used in further selections.

These studies on the occurrence of anthracnose on ficld-infected fruits and lesion diameter on
inoculated fruits showed that there were significant host differences with rcgard to infection. However,
morerescarch is necded tn obtain information on the genetics of resistance and cpidemiology of the discase.
Differences in discase reaction may also be related to fruit size, chemical composition, wall thickness, or
waxiness. A complete understanding of the host-pathogen relationship is necessary.

Phytophthora blight

INTHOPE 1. Many lines with a high percentage of plant survival were not significantly different
from the resistant check PI 201234, The average survival over all lines was 70% (Tablc 2). Entrics Hero
(F)), Lv. 1092, PE 49 (F)), PE 64 (F)), and Tit Patis all had over 90% surviving plants. In a repeated
experiment with selected lines, all had similar ratings to the first trial cxcept for Chain Fair (F,) which had
fewer surviving plants than in the first test.

INTHOPE L. The average survival over all lines was 14%, and only two lines from Nigeria, var.
P. Sakaraho and var. U-Kimba, had significantly higher survival rates than other lines, Most of the lines
from this trial scemed to have inadequate resistance to Phytophthora blight

Szechuan lines. The mean survival was 49%. Entrics, Szechuan 1-3-1-Bk-Bk, Szcchuan 8-18-1-
Bk-1, Szechuar 8-18-1-Bk-2, and Szechuan 10-9-9-2-Bk-7 had over 80% survival. Entries from Korecadid
very poorly because the plants tested were from the seed of hybrids that have been reported to have good
levels of resistance in Korea, and were therefore segregating.

Sources of resistance to Phytophthora appeared to be adequate and a number of hybrids that were
tested in INTHOPE I'had high levels of resistance. Few entries in INTHOPE 1T had resistance, but no carlier
information on their resistance is known.

Bactsrlal spot

Field trial.  In hot peppers, the average AUDPC value was 565. There was a significant difference
between lines (Table ). The lines with the lowest three values were CNPH 703, Jawahar 21 8,and Lv. 1092,
Tit Paris had the highest rating, In sweet pepper, the AUDPC value averaged 1008 (Table 3). The discase
severity at cach rating in sweet peppers was much higher than that of hot peppers. One sweel pepper line,
34-6-7-1-1-Bk, had a significantly lower value than the other lines. This linc is homozygous for the Bs1-
Bs3 genes for resistance. Other lines that had considerably less discase were PI 322719, XVR 3-25, and
Line 16-3. These cither have one or more of the BS genes or have been identified previously as having
partial resistance to bacterial spot.

From ficld obscrvations, it was obvious that hot peppers had higher levels of resistance to bacterial spot
compared to sweet peppers. In general, although there was disease, the bacterial spot epidemic did not
continue in hot peppers and the increase in disease severity, if there was any, was the result of continuous
inoculations and not of secondary spread. Most of the sweet pepper plants from susceptible lines were
distorted, defoliated, and generally lacked vigor due to the discase. Those sweet pepper lines that had less
discasc cither had single genes for resistance or were partially resistant. Bacterial spot symptoms on line
34-6-7-1-1-Bk having the three resistance genes were somewhat atypical with restricted lesions, although
the bacterium was casily isolated from its leaves several weeks after inoculation.

Bacterlal wilt

Inoculation techniques. The differences in the percentage of plants that were wilted was not
significantly duc to isolate or plant age, but the methad of inoculation was highly significant. Toothpick
stabbing and soil drenching with root wounding caused about 80% wilt whereas soil drenching without
wounding caused only 35% wilt. From these resulcs, it appears that wounding either roots or stem by
toothpick is nccessary to obtain levels of wilt that can be utilized in screening host entries for resistance.
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Table 2. Percentage survival of pepper In INTHOPE |, and a selected repeat of INTHOPE |, and in
INTHOPE Il 30 days after inoculation with Phytophthora capsiel.

INTHOPE | INTHOPE |l
Entry Survival (%) __Survival (%) Entry Survival (%)
Atarodo 00 00 C. baccatum 2.1
Blue Star (F)) 33 00 C01511 0.0
Cegledi 6 tf. 1.1 s co1621 3.3
Chain Farr (F,) 83.3 281 C01647 0.0
Champion (F) 366 - Cheong Yang 5.4
Cheongryong 1.1 - Cili Langkap 0.0
Chilt 355 - DaChang Niujiao 233
Cipanas 858 875 Gwangju 3.3
Extra Long Selection 366 - Hidalgo 0.0
Golden Heat (F,) 822 - KA-11 26.7
Huay Sithon 533 - KA-2 (tb) 6.7
Hero (F)) 93.3 78.1 King Gum Go Chu 20.0
Hot Long (F,) 311 - Lv. 1583 50.0
Huaruar 455 31.3 MI-2 8.3
IAC Ubatuba Cambuc 0.0 00 Num 1.7
Jawahar 218 433 - Orias Kossarvu 0.0
KKU Cluster 33.3 - PBC199 41.7
Keriting 50.0 - PBC384 0.0
Long Chili (F,) 411 - PBC385 6.7
Long Fruit 355 - PBC389 0.0
Long Fruit (A) 30.0 - Pl 215743 0.0
Ludhiana Long Selection 60.0 - Pangalengan-2 0.0
Lv 1092 90.4 91.7 Pant C-1 417
Lv. 1583 86.6 75.0 Queen Star 0.0
Lv. 23i9 90.0 69.1 R7-26(17) 6.7
Lv 2323 74 4 - Salmon 1.7
MC 4 10.0 00 Slam Chili 0.0
MCS5 6.6 0.0 Szechuan 8 8.3
Magic Scarlet (F,) 855 96.4 TAM Mild Chile-2 0.0
New Comer (F ) 27.7 - TAM Mild Jalapen 35.0
Olympiad (F,) 13.3 - TAM Veracruz Jal 0.0
PE49 (F)) 93.3 100 Unknown 41 3.3
PE64 (F,) 97.7 87.4 Var. P. Sakaraho 733
Pl1 201234 100.0 - Var. P1-2190 11.7
PSR 67085 (F,) 65.5 - Var. PL-2289 30.0
Passion (F ) 60.0 - Var PL-38475 18.3
Punjab Lal 1.1 - Var. U-Kashinbur 0.0
Red Horn (F)) 21.1 - Var. U-Kimba 90.0
Szechuan 85.5 - Var. UL-2190 26.7
Szechuan 10 74.4 -
Tit Paris 955 929
Twist Green (F ) ) 51.1 -
Yangjiao 26.6 -
Average 69.7 16.8 14.0
LSD (5%) ; 257 19.0
*Values represent 10 plants in each of thres replications.
*Not tested

Evaluation oflines. Ten daysafterinoculation the percentage of wilted plants differed significantly
by linc (Table 4). Scveral lines, including CA-8, Hong San Ho, MC4, MCS, and Sinagtala had no wilted
plants with cither onc or both of the inoculation techniques. Other lines, like California Wonder and Giant
Bell (F,) had over 90% wilted plants when inoculated with either method. The percentage wilt between the
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Table 3. Values for the area under the disease progress curve (AUDPC) for
hot and sweet pepper entries inoculated in the field with
Xanthomonas campestris pv. vesicatoria.

Hot Peppers AUDPC Sweet Peppers AUDPC
Cipanas 587 AG 1374
CNPH 703 109 All Season 1015
Jawahar 218 188 AR 89 1410
Keriting 391 LAB 469 1076
Lv. 1092 231 Line 16-3 785
Lv. 1583 567 Morgold 990
Lv. 2323 444 P1 322719 537
Punjab Lal 284 Redlands Sweet Sue 1109
Tit Paris 858 ROC 29 1164
Unknown 6 (COO551) 308 Sinagtala 1091
YJ 81032 2246 XVR 3-25 626
Yolo Wonder B 1603

34-6-7-1-1-Bk 368

75-3-4-4-1-Bk 934

Average 565 1008
LSD (5%) 186 176

Table 4. Percentage wilt of 16 pepper entries 10 days after
Inoculation with Pseudomonas solanacearum by
soll drenching or toothpick stabbing.

Entry Tocthpick (%) Soil drench (%)
All season 30 10
Antibois 58 55
CA-8 0 0
CAB 10 0
California Wor.der 95 90
Cubanelle 95 70
Douxd E'spagre 100 85
Giant Bell (F1) 95 95
Hong San He (F1) 25 0
Hungarian Wax 75 80
MC4 0 0
MCs 0 0
Pant C1 75 30
Sinagtala 25 0
Sweet Banana 25 20
Yolo Wonder B 65 55
Average 48 37
LSD (5%) 29 34

two inoculation methods among lines was significantly positively correlated (r = 0.74). Although only a
few lines were tested in this experiment, it does indicate that there are sources of resistance to bacterial wilt
in peppers.
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Follar and Stem Blight of Peppers and Tomatoes
Caused by Phytophthora capsici

Summary

Phytophthora capsici is an important discase of peppers. The pathogen also attacks other plants
including many vegetables. Isolates of P. capsici from pepper stems and tomato foliage were inoculated
on black nightshade, cabbage, cucumber, pepper, potato, tobacco, and tomato by atomizing foliage or
drenching soil with a suspension of zoospores. Foliar and stem blight symptoms were observed on black
nightshade, pepper, and tomato. Isolates varied in their virulence on these hosts. An isolate obtained from
tomato was generally more virulent than other isolates. When pepper and tomato plants were foliar-
inoculated, isolates varied from causing no symptoms to complete blighting and death of the plants. When
pepper and tomato plants were drench-inoculated, blight was observed on all ages of pepper plants, but not
on 28-day or older tomato plants. Eleven lines of tomato that were foliar-inoculated were all susceptible
with over 50% of the foliage infected. Pedicel and sporangia sizes of 10 P. capsici isolates did not differ
significantly among the isolates.

Introduction

Phytophthora capsici causcs blight, root and crown rot, and other symptoms on many hosts including
such vegetablesas cucumber, eggplant, melon, pepper, and tomato. The fungus is soilborne, and is difficult
to control partly becausc of its broad host range and its ability to survive in the soil. On peppers, the fungus
infects roots and lower portions of stems causing cankers and death of plants. The fungus has also been
reported to cause foliar blight and fruit rot on pepper. On tomato, the fungus has been reported to occur on
roots, lower stems, and fruits. In arccent report, the fungus was isolated from ficld-blighted tomato leaves,
and isolates from pepper and tomato were shown to be highly virulent on pepper and tomato when cither
foliar-ordrench-inoculated. Asearly as 1972, isolates of P. capsici were shown to be variable in pathogenicity.
Intraspecific variation in pathogenicity is known to occur among isolates from cucurbits and pepper. In
prior studies isolates have been shown to differ in their virulence on pepper and tomato.

P. capsici has been identified by using morphological characteristics. Because of the variation in
morphology reported in the literature, arevised species description was published in 1988. To work within
this species concept, it is important to properly identify isolates before conducting research on the host-
pathogen interaction. The objective of this study was to characterize P. capsici in terms of its morphology,
growth, pathogenicity, and host range.

Materials and Methods

P. capsici was isolated from discased pepper stems, tomato leaves, soil, and obtained in pure culture
fror National Chung Hsing University and from Academia Sinicain Taiwan. The fungus wasisolated from
di' “1sed v, e by surface-sterilizing 1-2-mm pieces of tissue with NaOC1 (1%) and plating them on water
agai. s of the fungus were maintained on PDA (potato dextrose agar) at room temperature and in
sterilized waler at 18°C,

Fungal morphology. Ten isolates from different locations in Taiwan (Table 5) were cultured on V-
8 agarat 28°C for 7 days in the dark. Cultures were cut into 1-2-cm pieces, rinsed twice with sterile distilled
water, and incubated at room temperature for 2-3 days. Agar pieces were rinsed and the length and width
of 20 sporangia and length of 20 pedicels were measured for each isolate. The L:B (length:breadth) ratio
of sporangia was calculated.

Host range. One-month old scedlings of cabbage, cucumber, pepper, tobacco, and tomato planted
in9.5-cm diameter pots were inoculated by atomizing foliage until runoff and by drenching soil with a 50-
ml suspension of 1 x 16* zoospores/ml. There were five replications each for isolate (Pc4 and Pc9) and
inoculation method. After inoculation, plants were incubated in a growth room at 28°C, 98+2% RH, and
49.3 uE/m?/scc of light for 12 hours/day. Plants were evaluated based on whether basal stem or foliar blight
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symptoms occurred (+) or nosymptoms were observed (-) at 5 days after inoculation. In a second trial, black
nightshade (Solanum nigrumL.), cggplant (Farmers Long and Pingtung Long), pepper (Blue Star), potato,
and tomato (PT4121) were inoculated as described above with the two isolates, two inoculation methods,
and five replications. Plants in both cxperiments were arranged in a completely random design.

Plant age. Pepper (Bluc Star) and tomato (Line 1501) scedlings were inoculated 7, 14, 21, and 28
days after cmergence with isolates Pc5 and Pc9. Seedlings were grown in 9.5-cm diameter clay pots with
four plants (per replication) per isolate and age. A suspension of 50 mlof 1 x 10 zoospores/ml was poured
into each pot. Plants were incubated at 25-28°C in a growth room with humidity, light, and temperature
conditions as previously described. The experiment was a split plot in a randomized complete block design
with theageof plants s main plots and isolates as subplots. Discase was assessed 10 days after inoculation
by rating plants as cith. - dead (+) or having no symptoms (-).

Virulence of isolates.  Sceds of tomato (AVRDC, L3975) and pepper (Blue Star) weie planted in
9.5-cm clay pots. When plants were 30 days old, a suspension of 1 x 103 zoospores/ml of five isolates, Pcl,
Pc2, Pc3, Pc5, andPc9 were cither soil-drenched (S0 ml of suspension) or foliar-sprayed until runoff. There
were 10 plants (per replication) for cach host, isolate, and inoculation method. Plants were rated for discase
daily for 7 days and again at 14 days after inoculation by using the following scale: 0 = no symptoms; 1
=1-10% of leaf arca infected (LAD); 2 = 11-20% LAI; 3 = 21-40% LAI or 1-10% of stem arca infected
(SAI); 4=41-70% LAl or 11-50% = SAI; 5= 71-90% LAl or 51-100% SAI; and 6 = 91-100% LAI or
plant decad.

Inoculation of tomato lines. Thirty-day old scedlings of 11 tomato lincs were atomized with a
suspension of 1 x 10° zoospores/ml of isolate Pc9 and covered with polyethylene bags for 24 hours inside
a growth room at 25~28°C. After removing bags, plants were overhead-misted twice per hour for 40 sec
cach time. There were 10 plants/line (per replication) arranged in a randomized complete block design.,
Disease was assessed 5 days after inoculation using the scale previously described.

Results and Discussion

Fungal morphology. The range of the mean length of sporangia was 43.1-65.8 and 30.0-50.4 Hm
in width (Table 5). The inean L:B ratio ranged from 1.23 to 1.54. The mean pedicel size ranged from 33.5
to 98.9 um. Isolates that were not obtained from pepper did not appear different in mycelial growth orin
morphologic sizes than those from pepper. The morphological characteristics of our isolates were within
the range of the revised description of the fungus.

Table 5. Mean length and width of sporangia, calculated length: breadth ratio (L:B), and pedicel
length of 10 Isolates of Phytophthora capsici.

Sporangia Pedicel
Isolate Source Length (um)  Breadth (um) L:B length (um)
Pc1 Pepper stems 57.94 452 1.28 42.7
Pc2 Pepper stems 58.3 475 1.23 71.4
Pc3 Pepper stems 65.8 50.4 1.31 98.9
Pc4 Pepper stems 431 325 1.33 60.7
Pc5 Pepper stems 523 41.0 1.29 79.5
Pco Tomato leaves 535 376 1.43 B3.9
Pc10® Eggplant 49.1 387 1.27 68.8
Pc12¢ Pepper 46.0 30.0 1.54 76.6
Pc13a Soil 56.6 420 1.36 515
Pc13b Soil 53.5 40.0 134 335

*“alues represent the mean of 20 moasurements.
*From Dr. Chang, Academic Sinica, Taipsl, Tawan.
From Or. Hsish, National Chung Hsing Unversity, Talchung, Talwan

Hostrange. Nosymptoms were recorded on cabbage, cucumber, eggplant, and tobacco when either
foliar- or drench-inoculated. Foliar-applied inoculum caused symptoms on pepperandtomato leaves while
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drench-applicd inoculum caused symptoms only on pepper plants. When f oliage of black nightshade was
inoculated, isolatc Pc4 caused all plants to dic while isolate Pc9 caused some stem blight but did not kill
the plants. Both isolates caused two of the five plants of black nightshade to huve stem blight when drench-
inoculated. Symptoms on potato only occurred when foliar-inoculated and atypical symptoms were
observed as cruptions of the leaf laminar without any necrosis.

The isolates did show host preferences as only black nightshade, pepper, and tomato were susceptible,
while other reported hosts such as cucumber and eggplant were not infected using the inoculation method.
Symptoms on tomato occurred when foliar-inoculated but not when drench-inoculated. Black nightshade
was more susceptible when roots were inoculated. The data indicate that there are differences in
susceptibility between foliage and roots of some hosts.

Plant age. At 10 days after inoculation, all pepper plants died regardless of plant agc or isofate.
Tomato plants inoculated 1 and 2 wecks after emergence died; however, no symptoms were obscrved on
plants inoculated 4 weceks after emergence. All three-week old plants dicd when inoculated with isolate
Pc5, and only one plant out of four died when inoculated with isolate Pc9. Older tomato plants have more
resistance when root-inoculated than do scedlings.

Virulence ofisolates. Tomato plantsinoculated by soil drenching had nodiscasc whercas all pepper
plants wilted after 7days. When pepperand tomato plants were foliar-inoculated, isolates PeS and P9 were
significantly more virulent than the other isolates (Fig. 1). Tomato and pepper plants were cqually
susceptible after 7 days, and the relative ranking for cach isolate was similar over both hosts. Isolatc Pc3
was least virulent on pepper and tomato plants. Isolate Pc9 (tomato isolate) was most virulent while other
isolates like Pc3 were low in virulence on pepper and nonpathogenic on tomato. Isolate Pc9 originated on
tomato foliage anditisnotknown how frequently P. capsici occurs on tomat - foliageunder ficld conditions,
but our studies show that it has the potential to cause foliar blight of tomato.
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Inoculation of tomato lines. Uninoculated had no symptoms. There were significant differencesin
disease severity among the tomato lines. L 418 had the lowest rating (3.3) which was significantly lower
than severities from other lines. Although P. capsici has not been shown to cause late blight-like symptoms
in the ficld, late blight occurs but in most cases the fungus has not been cultured or properly identificd. It
is suspected that in some cases the causal organism may be P. capsici. Under warm temperatures in the
tropics, P. infestans probably does not survive based upon the low optimum temperature for causing
discasc. Isolatesof P. rapsici and P. infestans have been inoculated on foliage of tomato plants at different
temperatures and no obvious differences in blight symptoms have been found. It appears that both fungi
could be impertant in causing late blight of tomato in highland tropical environments.
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Direct Regeneration of Pepper Cotyledon Explants

Summary

Efforts to establish a protocol for the regeneration and multiplication of transformed pepper explants
were made as part of a Council of Agriculture-funded AVRDC/DCB collaborative project to develop hot
and sweet peppers with resistance to cucumber mosaic virus through the intzoduction of the viral coat-
protein gene. With additions of ascorbic acid 50 mg/l, glycine 2.1 mg/l, and casein hydrolysate 0.25 g/,
explants of sweet peppers, C00157D and PBC 275, were regencrated into plantlets through callus within
35 days of culturing on MS medium supplemented with IAA 1 mg/l and BA 2 or 3 mg/l; and hot peppers,
Szechuan and PBC 322, on MS medium supplemented with IAA 1 mg/l and BA 5 to 10 mg/l, or zeatin 5
mg/1. The regenerants were transplanted to soil and developed into normal plants with fruits. Work is still
in progress on the regeneration of explants coincubated with Agrobacterium tumefaciens LBA4001
containing beta-glucuronidase and kanamycin resistance-marker genes.

introduction

As part of a Council of Agriculture-funded AVRDC/DCB collaborative project, work was initiated
to transform hot and sweet peppers with resistance to cucumber mosaic virus (CMV) through the
introduction of coat-protein gene. However, a prerequisite for the Agrobacterium tumefaciens-mediated
transformation is the success in plant regencration. It is remarkable that species and genera of the
Solanaceae differ widely in their in vitro regeneration responses. Capsicum annuum and related species
are examples wihere most of the possible techniques of in vitro regeneration have been least demonstrated.
Knowledge of the tissue-culture responses of pepper is limited, especially concerning detailed studies
which are easy to reproduce. In the present study, the regeneration ability of cotyledon segments cultured
in vitro was investigated.

Materlals and Methods

Seeds of sweet peppers, C00157D and PBC 275, and hot peppers, Szechuan and PBC 322, were
surface sterilized by immersing in 85% alcohol for 10 sec, and then in 1% sodium hypochloride with 1%
Tween 20 for 5 min. After rinsing thoroughly with sterile, distilled water three times, seeds were
germinated on full or half strength MS medium at 25-27°C with 16 hours of light at 2000-3500 Iux and
3 hoursof darkness. Twelve to 18 daysafter germination, expanded cotyledons were excised, cut into small
segments (0.3-0.5 cm), wound, and then transferred to MS basal salt medium containing sucrose 30 g/,
and agar 0.8% at pH 5.8. Explants of sweet peppers C00157D and PBC 275 were cultured in MS medium
supplemented with 2.1 mg/l glycine, 0.25 g/l cascin hydrolysate, 50 mg/l ascorbic acid and different
combinations of BA and IAA to induce shoot formation, a J promote shoot clongation. Elongated shoots
were then transferred to MS medium with 0.1 mg/l NAA 10 induce root formation before being taken out
out from the test tubes and planted into pots.

Rooted calli were later transferred to MS media supplemented with 3 mg/1 BA or 2 mg/l BA and 1 mg/
1TAA to induce shoot formation. Calli with embryoids, with or without prior root initiation, were cvltured
in their respective media for 1 month and transferred to new media once during this period. Buds were later
dissected and transferred to MS media supplemented with 2 mg/1 BA and 1 mg/l IAA for shoot elongation,
and then transferred to MS media supplemented with 0.5 mg/l IAA.
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Results and Discussion

Shoots formed in MS medium were supplemented with 3or 2mg/I BA and 1 mg/1 1A A after 2-3 weeks
(Fig. 1). In a separate trial, roots were formed on explants cultured in MS medium supplemented with 0.5
mg/1 TAA for 1 wecek. Plantlcts were formed after 3 weeks of culturing. Under these culturing conditions,
about 70-90% of multiple shoot formation were produced. However, the survival rates of dissected shoots
were reduced and they also wirned brown. The addition of ascorbic acid improved the survival rate of
dissccted shoots.

Explants of hot pepper were difficult to regenerate into shoots with the protucol established for sweet
peppers. However, MS media supplemented with S mg/l zeatin, or 5-10 mg/I BA and 1 mg/1IAA werc able
to induce shoot formation but with slightly lower rates, i.c. 50-70%, than those for sweet pepper (Fig. 1).
Hotpepper PBC 322 was slow to respond to in vitro culture. The regencrated plantlets of both hotand sweet
peppers were maintained on MS hasal medium for 2 weeks and then transferred to vermiculite medium
irrigated with mincral nutrieat solution under mist conditions before transplanting into soil. They
developed into normal plants with a good number of fruit sct.

Thus it was possible to raise full plants from cotyledons in Capsicum annuum with different hormonat
combinations. Howevir, work is still in progress at AVRDC to optimize and improve the protocol
responsiveto Agrobacterium tumefucrens LBA4001 containing beta-glucuronidase (GUS) and kanamycin
marker genes, andat DCB tointroduce CMV coat protein gene into Agrobacterium tumefaciens LBA4001
containing GUS and kanamycin marker gencs.

Fig. 1. A 4-week old culture showing shoot formation from dissected cotyledon segments on modificd MS
media: 1) sweet pepper, C00157D, on MS with IAA 1 mg/l and BA 3 mg/l; 2) sweel pepper, PBC 275,
on MS with IAA 1 mg/l and BA 2 mg/l; 3) hot pepper, Szechuan, on MS with IAA 1 mg/l and BA 5 mg/l;
and 4) hot pepper, PBC 322, on MS with IAA 1 mg/i and BA 7 mg/l.
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High Temperature Acclimation of Hot Pepper Roots

Summary

Root growth and electrolyte lcakage were used to quantify heat-stress injury in ‘Passion’ hot pepper
excised roots. Lethal temperatures of 42°C were cstimated from the limited growth increment. Exposure
to Lhourat40°Cor 5 hoursat temperatures above 32°C increased heat tolerance of excised roots, This study
demonstrated the capacity for in vitro acclimation of excised roots.

Introduction

High temperature tolcrance of plants varies with genotype, physiological status, and tissuc age. Tissue
responscs to heat stress can be measured following exposure Lo a series of temperatures for a fixed duration
or by varying the duration at a fixed temperature. Heat tolerance levels can also be influenced by growth
temperature and exposurc to nonlethal doses of heat stress before the cvaluation of heat tolerance.

Since the root development of pepper is sensitive to high temperature, the objective was to determine
the capacity of hot pepper roots to acclimate to high temperatures, The relationship between cxposurc
temperature and duration was also cxamined. Acclimation was studied by subjecting root segments to
acclimating treatments in vitro.

Materials and Methods

Sceds of the hot pepper “Passion” were sterilized with 90% cthanol for 10 sec and then with 10%
calcium hypochloride for 5 min before germinating in the dark for 8 to 9 days at 25°C. When the primary
rootrcached 20-25 mm long, the terminal 10 mm section was excised and transferred to a test tube. Each
tubce contained five root segments, and 5 ml of liquid medium of Ca(NO,),*4H,0 236.0 mg/l, FeSO,+7H,O
2.0 mg/1, KC1 65.0 mg/l, KH,PO, 12.0 mg/l, KNO, 81.0 mg/l, MgSO,+7H,0 36.0 mg/l, and sucrosc 4%.
Four test tubes were used for cach treatment. Excised root segments were subjected to 40, 37, 36, 35, 33
or 32°Cfor 1, 3 or 5 hours right after excision. After that, they were incubated at 25°C for 24 hours. Stress
responses were measured with root growth increments or heat injuries based on clectrolyte leakage.

Root scgments without brief heat treatment were also prepared (i.c. control).

Preliminary cxperiments indicated that incubation of root segments for 60 min at 42°C resulted in
undetectable or minimal growth. Thercfore, this treatment was used as a heat-killing treatment. At 24 hours
after heat treatments, excised root segments were treated with 42°C for 60 min (i.c., heat killing) before
returning to 25°C for 7 or 8 days (control).

Results and Discussion

Bricl heat treatments increased the root segment’s heat tolerance (Table 1). Heat tolerance was
achieved after 1 hour at 40°C; however, extended duration at this temperature resulted in the loss of heat

Table 1. Growth Increments (mm) of excised root segments of
hot pepper subjected to different tempaerature

treatments®.

Temp (°C) 1 hour 3 hours 5 hours
40 5.2+2.0 35428 19+1.0
37 75+2.2 77433 7.2+2.4
36 79135 4111 8.612.1
35 6 813.1 8.2+29 6.843 1
33 79422 9.7+3.7 4.0£2,7
32 40114 431412 8.21+1.2
Control 3.611.6

*Root segments are transferred to 25°C for 24 hours bulore heat-kiling at 42°C for 60 min and then
returning to 25°C for 7 days.
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tolerance. On the contrary, extended durations to 5 hours at temperatures above 32°C could also increase
heat tolerance. Results clearly indicated the capacity for in vitro acclimation of root segments.

Acclimation of excised root in vitro, as expressed by clectrolyte leakage, was also observed with
treatments at 40°C for 60 min (Fig. 2). Bricf heat treatment at 32 or 36°C for 60 min was not effective in
enhancing heat tolerance of root segments. Results also indicated that excised root segments deacclimated
in 4 days after being transferred back to 25°C. However, with long exposure (2-6 days) to 32°C, excised
root segments deacclimated slower, starting 6 days after being transferred back to 25°C (Fig. 3).
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Fig. 2. Heat injury of excised root segments which were exposed to different
temperatures for 60 min immediately after excision.
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Fig. 3. Heat Injury of excised root segments which were exposed to 32°C for
different durations immediately after excislon.
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Virus Resistance Screening

Summary

Germplasm is routinely screenedat AVRDC forresistance to cucumberinosaic virus (CMV)and other
viruses such as chili veinal mottle virus (CVMV), potato virus Y (PVY), tobacco mosaic virus (TMV),
tomato mosaic virus (ToM V), and pepper mi!d mottlc virus (PMMV). These virnses are importantin South
and Southeast Asia.

Eighty-six GRSU accessions and 37 landraces from Thailand and Indonesia were screened in 1991,
None were resistant to CMV or CVMV. Eighteen accessions and seven landraces from Thailand were
resistant to PVY. ToMYV resistance was present in 32 accessions and in one linc each from Thailand and
Indonesia. Most of these were also resistant to TMV., Three accessions were resistant to PMMV. Onc line
(C. chinense) with multiple resistance (PVY, ToMV, TMV, PMMV) was also identified.

To improve the efficiency of virus screening, the use of detached leaves for tobamoviruses and mixed
virus inoculum for CMV, CVMV and PVY was investigated. In the case of tobamoviruses there was no
difference between inoculation of the whole plant and detached leaves at any leaf position up to the tenth
leaf.

Multiple virus (CMV, PV, CVMV) screening was found to be possible by incculation of a virus
mixture onto any of the leaves up to the fifth leaf. This inoculation scheme was tested on 13 Capsicum lines
using virus in crude sap and inoculating the second true leaf. No significant difference was found between
multiple and single virus inoculation of these lines.

Introduction

Capsicum germplasm is routinely screencd for resistance to seven viruses. Among these are three
aphid-transmitted viruses (CMV,PVY,CVMV)and three tobamoviruses (TMV, ToMV, PMMV). These
viruses are all mechanically transmitted, The latter are highly contagious and thus screening has to be done
in an isolated area to avoid contamination of the greenhouse. Screening for each virus individually takes
censiderable time, space and labor. Furthermore, efficiency of inoculation was found todepend on the plant
growth stage and on the virus. A study was deemed necessary to investigate whether screening with at least
some of the viruses might be combined,

Inpreviousresistance screenings, resistance toPVY wasreadil yfoundinC. annuumandrelated species.
CVMV resistance however, was presentonly ina few lines obtained by INRA, F rance, which arc all of the
same parentage. Resistance to PMMV was found in only a few lines. Resi *ance to CMV was not found,
For the 1991 screening of the germplasm collection accessions with reported virus resistance and some
randomly chosen wild species were mainly selected. Main emphasis was on CMYV, butalsoon CVMV and
PMMV. Some field-tolerant landraces collected by cooperators in Thailand and Indonesia were also
screened.

Screening of Germplasm for Resistance
Materials and Methods

Plants were inoculated either at the 2-leaf stage (for CMV), at the 4-leaf stage (CVMV,PVY)oratthe
5-leaf stage (tobamoviruses). A first ELISA test was conducted 2 weeks after the inoculation, ELISA
negative plants were reinoculated with the respective virus. A second ELISA f(est was then conducted
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2 weeks after the second inoculation. Depending on the availability of seed, between 12 and 45 plants per
accession were inoculated with each individual virus.

Thirty-onec GRSU accessions were screened for CMV,CVMV,PVY, ToMV and PMMV. Another 55
GRSU accessions were screenzd for the same viruses and also TMV. Thirty-three landraces from Thailand
and four landraces from Indonesia showing no or only mild symptoms in the ficld were screened for
resistance to CMV, CVMV, PVY, ToMV and PMMV,

Results and Discussion

GRSU accessions. None of the accessions were resistant to CTMV or CVMV. The lines resistant to
the other viruses are listed in Table 1.

Table 1. Virus resistance in GRSU accessions.

Acc.No.  Species PVY TolV TMV PMMV
002 7 R/S R R/S S
229-1 annuum R S S S
304 chinense R R R R
318 ? S R NT S
352 ? R S S S
373 ? R S S S
574 ? R S S S
595 ? R S S S
753 annuum R S S S
753-1 baccatum var. pendulum R R R S
754 baccatum var. pendulum S R S S
774 baccatum var. pendulum S R NT S
755 baccatum var. pandulum S R R S
776 chinense S R NT S
776-1 frutescens S R NT S
773 baccatum var. pendulum S R R S
803 baccatum var. pendulum R R NT S
848 frutescens R R R S
883 chinense S R NT S
897 frutescens S R R S
917 chinense S R R R
940 chinense R R NT R
948 baccatum S R R S
966 frutescens S R R S
967 chinense S R R S
1090 ? R R R S
1172 baccatum var. pendulum 3-4 R R R S
1173 ? R R S S
1174 chinense S R R R
1175 ? R R R S
1176 ? R S s S
1177 chinense S R R S
1178 baccatum var. pendulum S R R S
1218 baccatum var. pendulum S R S S
1511 annuum R S S S
1610 frutescens S R R S
2377A ? S R R S
5078 ? R S T S
5106 ? S R NT S
5116 annuum R S NT S
5131 annuum R/S S NT S
5132 annuum R/S S NT S
5418 frutescens S R NT S
5552 frutescens S R NT S

?=not known, Rsresistant, Sssusceptible, R/S=segregating for R and S, NT=not tested.
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Landraces from Thailand.  None showed resistance to CMV or CVMYV, although a few lines, such
as Huey Sithon Kanchanburi, Chee Pha Mundang #2, Chiang Mei See Som #4, and Sri Saket contained
between 30and 50% CVMV-resistant individuals. PVY resistance was presentin seven lines: HuaRua#1,
#2, and #3, Sri Saket, Kee Noo Chinda #1, Chinda #23, and 24. A few lines contained a high proportion
of PVY-resistant plants (Hua Rua #1 Ubonrathchathani, Huey Sithon Kanchanaburi, Kee Noo Chinda #2
and #4 and Chee Pha Mun #49). All lines but one were susceptible to the three tobamoviruses tested. Line
Khi Noo Kao was resistant to ToMV and TMV.

Landraces from Indonesia. Only line LV 2411 was found to have resistance to ToMV and TMV.

Resistance to PVY, TMV and ToMV is readily available. In most cases the lines resistant to ToMV
are also resistant to TMV but not necessarily to PMMV. Accessions with resistance to both TMV and
ToMYV most likely possess the L3 gene for tobamovirus resistance. Resistance to CVMYV continues to be
difficult to find. CMV resistance appears to be extremely rare. Most of the materials with reported
resistance to CMV have been collected from various sources, but so far all of these were found susceptible
to the Taiwan isolate of CMV. The few lines identified in 1990 which contained some individuals with
resistance to CMV were escapes, since they proved to be susceptible in the 1991 confirmatory screenings.

In the future therefore, priority will be given to screening for resistance to CMV, CVYMV and PMMV.

Improvement of Screening Efficiency
Materlals and Methods
The processes and the materials used in this study are as follows:

Use of detached leaves for tobamovirusscreening. Threclines (C00899,C00848 and VC 23a) and
four tobamoviruses (ToMV, TMV, PMMV, TMGMV) were tested. The first, second, third, fourth, fifth,
sixth, eighth, and tenth leaves were cut when fully expanded and inoculated with  1:40 homogenate of the
virus in 0.01 Na-Phosphate buffer pH7.0 containing 0.1% carborundum. Twenty leaves for each treatment
were inoculated and placed on a moist paper towel in a sealed box with a translucent cover. Half of the leaves
were placed at 22 and the other half at 32°C. Visual symptoms were observed after 3 and 5 days.

Inoculations with single and mixed pure viruses. Three viruses were used: CMV, CVMYV and
PVY. The cotyledon, second, third and fifth leaf were inoculated cither with single viruscs, or with mixed
combinations of 2 and 3 viruses, at 260 ptg/ml of individual virus. The hot pepper cultivar Newcomer which
is susceptible to all three viruses was used.

ELISA tests were performed on the first, second and third leaf above the inoculated leaf at 6, 14, and
21 days after the inoculation, respectively. Leaf disks of 1-cm diameter (approximately 0.012 g) were used
for the ELISA test. From plants inoculated with single viruses one disk was ground in 0.3 ml extraction
buffer; in the case of mixed inoculation with two viruses, two leaf disks were ground in 0.6 ml extraction
buffer, to be tested for two viruses individually; and in the case of mixed inoculation with three viruses three
leaf disks were ground in 0.9 m1 extraction buffer, to be tested for three viruses individually. This assured
that the same amount of plant tissue was used for the ELISA test of each virus. Also, the same batch of IgG
and enzyme conjugates at the same concentrations were used. There were 10 replications consisting of
single plants. Plants were arranged in completely randomized design.

Inoculations with single and mixed virus in plant sap. Twelve lines were used in this study: 3C.
Jrutescens, 2 each of C. baccatum, C. chinense, C. annuum, and an unidentified species, and line VC 23
which was previously found susceptible to all three viruses. The lines were inoculated at the 2-leaf stage
with single viruses (CMV, PVY, CYMV) and with a mixture of the three viruses in crude plant sap. An
ELISA test wasconducted on the first leaf above the inoculated leaf 6 daysafterinoculation. Twenty plants
were inoculated for each line, each virus and virus mixture. There were three replications and plants were
arranged in a completely randomized design.

Results and Discussion

Use of detached leaves for tobamovirus screening.  The reactions on detached leaves appeared as
early as 3 days after inoculation and were the same as those on the whole plant. When local lesion symptoms
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appeared on the plant, they also appeared on the detached leaves. However, when the plant reacted with
systemic mosaic, detached leaves showed no symptoms. Leaves at all positions reacted the same way.
There was also no difference observed between leaves kept at 32 and at 22°C.

The detached leaf method is thus useful for screening for resistance to tobamoviruses. Resistance can
bereadily identificd after 5 days by the appearance of local lesions at either 32 or 22°C. In routine resistance
screening 40 plants arc usually used. CMV and CVMYV are usually inoculated at the 2- and 4- leaf stage,
respectively. The same plants can be used for tobamovirus resistance screening simply by excising the first
fully expanded leaves and inoculating these with the individual tobamawviruses.

Inoculations with single and mixed pure viruses. CMV: In the case of CMV, the highest OD
values were generally obtained when the sccond, third or fifth leaves were inoculated and the first leaf
above the inoculated leaf was used for the ELISA test, 6 days after the inoculation (Fig. 1). The OD values
obtained from mixed inoculation were generally, similar or higher (particularly when PVY was involved)
than when CMV was uscd alone.

PVY:Inthecase of PVY, the highest OD values were obtained when the cotyledon, second, third and
fifth leaves were inuculated and the second leaf above the inoculated leaf was used for the ELISA test at
14 daysafterinoculation (Fig. 1). This may reflect the slower movementof PVY within the plant, compared
to CMV. The OD values were generally lower in mixed virus inoculation.

CVMV: The OD values for mixed inoculations were generally lower or similar to those of the single
virus inoculations (Fig. 1). There were no great differences between the different plant stages atinoculation,
except when CVMV was inoculated singly at the cotyledon stage. In that case, OD values were extremely
low at the first ELISA teston the first leaf above the inoculated leaf, but then increased at the second ELISA
test on the second leaf, indicating that the virus gets established slowly and moves only slowly within the
plant.

Based on the above results, multiple virus screening can be effectively done by inoculation of any of
the leaves up to the fifth leaf. To save on time and greenhouse space, future virus resistance screening will
be done by multiple virus inoculation at the sccond fully expanded leaf stage. The ELISA test for all three
viruses, CMV, PVY and CVMYV will be conducted on the first leaf above the inoculated leaf 6 days after
the inoculation.

Inoculations with single and mixed virus in crude plantsap. In the 13 lines tested there was no
significant difference observed in the percentage of CMV, CVMV, and PVY infection when the viruses
were use individually or when all three viruses were mixed together in the inoculum.

Virus Detection, Purification and Antiserum Production

Summary

Seven viruses which are important on peppers in Southeast Asia (CMV, CVMV, PVY, ToMV,
PMMV, TMV, and TMGMYV) have been purified and polyclonal antisera produced for use in resistance
screening, surveys and diagnosis. Polyclonal tobamovirus antisera were found to cross-react in ELISA.
Therefore, the production of monoclonal antibodies was attempted and PMMV-specific MCAs have been
produced.

Introduction

For resistance screening, surveys, and diagnosis of viruses, antisera are needed. Cucumber mosaic
virus (CMV), chili veinal mottle virus (CVMV), potato virus Y (PVY), tobacco mosaic virus (TMV),
tomato mosaic virus (ToMV) and pepper mild mottle virus (PMMV) are important in Southeast Asia.
Because of the large number of samples handled by AVRDC and the great demand by its partners in the
national programs, particularly the network cooperators, maintaining a constant large supply of antisera
15 these viruses is important,

The tobamoviruses [TMV, ToMV, PMMYV, and tobacco mild green mottle virus (TMGMV))] all of
which have been isolated from peppers in Taiwan are very closely related and thus cannot be readily



Inoculated Leaf

5th leaf

3rd leaf

2nd leaf

Cotyledon

Pepper Virology

25

25

25

25

T
<
N

-

peenisag

0

sos.w
o ~ - o
13831 puodag

S0vqo

I 25

ARDH AADYANAD
AVD', WAD
AAdPANAD

AWAD

AMD*ANADAAL
ANAD*AAL

AND*AAD
AAd

1 M §
M9 wn
o

pJeal pay L

25
2.6

0.0

PVY CVMV

CMV

PVY CVMV

CMV

79

Fig. 1. ELISA 0D, values of single and mixed virus inoculations (*above the inoculated leaf).



80 AVRDC Progress Report 1991

detected by routine scrodiagnostic methods such as ELISA using polyclonal antiscra. Monoclonal
antibodies should be more effective for rapid differentiation of these viruses.

Monoclonal Antibodies for the Serological Differentiation of Tobamoviruses
M.terials and Methods
Initially onc to}.movirus, PMMV, was sclccted for monoclonal antibody production.

Virus purification. PMMV isolatc 1504, originating from hot pepper in Taiwan, was multiplicd in
Nicotianatabacum Samsun following four single local lesion transfers in N. glutinosa. Leaves were harvested
two wecks after inoculation. Virus purification was done using a modification of Garcia-Luque (1991)’s
proccdure.

Polyclonal antibodies. Polyclonal antiscrum was prepared by five intramuscular injections of
rabbits with purificd virus (2 mg/ml) at weekly intervals. For the first injection 1 ml virus suspension was
emulsificld 1:1 with Frcund’s complete adjuvant. For the following three injections incomplete adjuvant
was uscd. The rabbit was first bled 1 week after the last injection.

Monoclonal antibodies. Four to cight-week old BALB/c mice were used for immunization. They
reccived three intraperitoncal injections of 50-70 pg purified virus, at 1-3 week intervals between
injections. For the first injection, the virus was emulsified (1:1) in Freund’s complete adjuvant, For the
remaining two injections incomplete adjuvant was used. Three days before the fusion, the mice received
a final intraperitoncal immunization of 100-140 pg virus in phosphate buffered saline (PBS).

Three days after the lastinjection, isolated spleen cells were fused with mycloma cells, using 45% PEG
4000, 50% RPMI medium and 5% DMSO as the fusion medium. A total of five fusions were made
following five different immumization schemes. Selection of virus-positive hybridoma cells was in HAT
medium., The sclected hybridomas were cloned by limiting ditution, using mouse thymocytes as feeder
cells. Cloning was repeated two times. Hybridomas were stored in liquid nitrogen.

Screening for PMMV-specific hybridomas was by indirect ELISA, using PMMV-specific rabbit
polyclonal antiscrum for coating (at 1:3000 and (00 pl/well). Goat antimouse horse radish peroxidase
(GAM-HRP) and the substrate 0-phenylencdiamine (OPD) were used to detect positive hybridomas.

Results and Discussion

The purification method used yielded 29-65 mg PMMYV per 100 g virus-infected leaves. The virus
concentration was calculated at 3.7-14.6 mg/ml, using an extinction coefficient of E©*/'sm 41 260 nm =
3.18 (Wetter ct al. 1984).

The results of the fusions arc summarized in Table 2. The highest percentage of PMMYV positive
hybridomas was achieved from fusion V, where immunizations were cvery 7 days and the inycloma line
NS-1(S) wasused. Nonc of these PMMYV positive hybridomas reacted in indirect ELIS A with ToMV, TMV
or TMGMV,

Production of Antisera to Important Viruses of Peppers
Materials and Methods

Seven viruses were purificd for antiserum production to be used in AVRDC's virus surveys and
resistance screenings and for distribution to the ADB AVNET virus network cooperators. The purification
hosts were as follows: N. glutinosa (CMV), Petunia hybrida (CVMV), N. tabacum ‘Xanthi (PVY), N.
sylvestris (TMV), and N. tabacum ‘Samsun’ (PMMV, ToMV, TMGMV).

A modified method of Garcia-Luque (1990V was used for the purification of tobamoviruses.

'Watter, C., Conti, M., Altschuh, D, Tabiflion, R. and van Regenmo-tel, M. H. V 1984, Phytopathology 74.405-409,
*Garcla-Luque, M. T., Serra T., Alonso, E , Wicke, B., Ferrero, M L. and Diaz-Rulz, J. R. 1990. J. Phy .opathology 129° 1-8,
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Table 2. Production of PMMV-specific monoclonal antibodies.

Immunization Myeloma PMMV-specific
Fusion intervals (days)* line® % positive hybndomas
! 7° NS-I (W) 20
] 14 FO 29
1] 21 NS-1 (S) 36
v 3 NS-1 (W) 20
Vv 7 NS-1 (S) 50

*The mice were immunized by intrpertoneal injction of puriied virus with the exception of fusion IV, where the
virus was injected directly ir. 3 the spleen.

*NS-1 (W) (W. Y. Wang, Tapai), NS-| (S) (Veterans General Hospral, Taipei); FO (M. V. Lin, NPPI, Talchung).

Time between Injactions

The method described by Lot et al. (1972)® was used for CMV purification and for CVMV and PVY,
the method described by Lisa et al. (1981)* was followed.

Results and Discussion

The following virus yiclds were obtained: CVMYV 10.49--16 mg, CMV 0.25-1 g, PVY 80.4 g, TMV
1.27 g, TMGMV 0.71 g, ToMV 0.31-1 g, PMMV 0.3-0.65 g pe. kg infectcd leaf tissue.

Polyclonal antiscra to all viruses were produced in New Zealand white rabbits for usc in DAS ELISA.
All IgGs can be used at 1:1000. The yicld of CVMV was rather low and for future purifications the
purification host, or the purification method will need to be modified. It was noted that antisera to some
of the tobamoviruses, panticularly TMV, ToMV and PMMYV cross -reacted with one another, because these
viruses are very closcly related. More specific monoclonal antibodics and DNA probes that do not cross-
react arc therefore being produced.

Reduction of Virus Incidence In the Field

Summary

In a preliminary ficld test, the aphid-repellent properties of various reflective mulches were tested.
Highest repellency was observed on the Japanese meallized film POLYSHINE N, and the whitewash-
coated Taiwan foil which attracted an average of 54 and 39% fewer aphids, respectively, than the mulch
commonly used by the pcpper growers in Taiwan. Aphid repellency was found highly positively corrclated
to virus incidence.

A floating nct cover, an aphid alarm phcromone, whitewash coating of the plants and reflective
mulches were tested in the ficld in fall. Highest yiclds were on POLYSHINE N-mulched plots plus
insecticide and Taiwan reflective foil covered plots plus 1/3 insecticide and 0.01% alarm pheromone on
the plants. These trcatments also had the highest number of aphid-free plants and lowest CMV incidence.

Inspring the same treatments were tested as well as additional ones including straw mulch, whitewash-
coated straw mulch, a lcaf protectant, close plant spacing and the biological insecticide Neem, which in a
preliminary laboratory study was found to adversely affect aphid feeding. CMV incidence was delayed by
three treatments: Taiwan reflective foil plus insecticide, POLY SHINE reflective foil plus insecticide and
close plant spacing. The Taiwan reflective foil plus Neem had the highest number of aphid-free plants,
followed by Taiwan reflective foil plus whitewash on the plants and by the POLYSHINE foil plus weekly
insccticide. These three treatments also had the lowest number of aphids on the plants. The three treatments

’Lot, H., Marrou, J. and Esvan, C. 1972, Annals of Phytopathology 4: 25-38.
‘Lisa, V., Baccardo, G , D'Agostino, G., Delavalle, G and Aquila, M. 1981. Virology 71: 667-671.
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with the highest total yicld were POLYSHINE N plus insccticide (173 strength), and whitewash-coated
Taiwan foil with cither whitewash or leaf protectant on the foliage. Correlation was low between vield and
virus incidence, wphid-free plants and the number of aphids colonizing the plants. Several insccticide-[ree
trecatments (whitewash-coated Taiwan foil, Taiwan reflective foil plus whitewash on the plants, POLYSHINE
mulch and Taiwan reflective foil plus Ieaf protectant on the plants) were identificd, which gave yiclds
comparable to or higher than thosc obtained by the local farmers using Taiwan reflective foil plus weekly
insccticide on the plants,

Introduction

Virus discases are considered the major constraint to cconomic production of peppers in the tropics.
In the Asian tropics cucumber mosaic virus (CMV), potato virus Y (PVY) and chili veinal mottle (CVMV)
predominate on both hot and sweet peppers. These viruses are transmitted by aphids in a nonpersistent
manner, i. ¢. aphids acquirc the virus within seconds while probing on infected hosts and are able to transmit
the virus to healthy plants immediately thercatter. Thus, insecticides are of little use in the control of these
viruses, because the aphids would have already transmitted the virus before they could be killed by the
insccticide. Alternative control measures, which are aimed citlier at the landing behavior of the aphids, or
at interfering with the transmission process, could offer more effective control of these nonpersistently
aphid-transmitted viruses. A serics of experiments was thercfore initiated to investigate the effectivencss
of some of these alternative methods, which have been tricd successfully in temperat 3, but rarcly in tropical
and subtropical environments.

This ycar, the cffectivencess of various reflecuve mulches with or without insecticudes, whitcwash on
the mulch and on the foliage, an alarm pheromone (Farnesence), a protective net cover, close spacing and
the biological insccticide Neem in reducing virus/vector incidence and increasing yield was investigated.
Extracts from sceds of the Neem tree (Azadirachta indica) arc known foi their insecticidal propertics;
however, the uscfulness of Neem in controlling aphids and ultimately aphidborne viruses has not been
tested.

Effect of Azadirachtin (Neem) on Aphid Deterrence and on Aphid Feeding
(Experiment 1)

Materials and Methods
Aphis gossypii which had previously been collected from ficldgrown pepper at AVRDC was used.

Aphid deterrence. Two fully expanded leaves of the sweet pepper cv. Blue Star were dipped for
two minutes in cither 1:10 or 1:100 solutions of Neem-Aval-S (1500 ppm) and allowed 10 air-dry. Two
lcaves with the stems wrapped in moist cotton were placed side by side in a plastic box (21 x 13 x 7 cm).
Two water-treated leaves were placed in the same box, with their tips opposite those of the treated lcaves
but not touching them. Twenty winged aphids were placed on cach of the tHeem-treated leaves. The boxes
were covered with cheesecloth and kept at room temperature. After 2 days, the number of aphids which
had moved to the untreated Icaves were counted. Ten replications were made.

Feeding behavior of aphids.  Onc iudividual alate aphid, starved for 45 minutes, was placed on the
third fully cxpanded leaf of a sweet pepper plant (cv. Blue Star), treated with 1:10 or 1:100 Necem, Aphid
behavior was obscrved for 20 minutes. Waier-dipped leaves were used as control. Ten plants served as 10
replications. A different aphid was used for cach plant.

Results and Discussion

Neem-treated teaves are unattractive o A. gossypii. Aphids moved away from Neem-treated leaves
(Table 3). There was no significant dif ference however between the two dilutions of Neem used.

The aphid feeding behavior was also affected by Neem. The total walking time was significantly
increased while the total probe time was significantly decrcased on Neem-treated leaves (Table 4).
Furthermore, the time to first probe was significantly longer on the Neem-treated leaves than on the water-
trcated check. Neem may thus be erfective in reducing the incidence of nonpersistently aphid-transmitted
viruses because it causes the aphids to delay their first probe and to reduce their total probe time.
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Table 3. Aphid deterrence by Neem.

Treatment No. of aphids moving from treated to untreated leaves®
Neem 1:10 250a
Neem 1:100 238a
CK (water-treated) 45b

‘Numbers represent tho means of 10 replications Mean separation within columns by OMRT (P=0 05),

Table 4. Aphid feeding response on Neem-treated C. annuum cv.

Blue Star.
Treatment Total walking Total probe Time to first
time (sec) time (sec.) probe (sec.)
Neem 1:10 418 a 695' ¢ 87 a
Neem 1:100 311 b 849 b 47 ¢
CK (water dipped) 224 ¢ 941 a 35 b

'Numbers represent the means ol 10 replications. Mean separation within columns by DMRT (P=0 05).

Effect of Reflective Mulches on Aphid Repellency and Virus Incidence
(Experiment 2)

Materials and Methods

Theaphid repellent property of five different mulches was tested, using the hot pepper cultivar Passion
(Known You Secd Company). Treatments were as follows:

» Taiwan reflective foil (silvery side up) = TS

» Taiwan black foil = TB

» Japanesc reflective foil I (metallized film POLYSHINE-N Hitachi) = J , (nontranslucent, thin)

 Japanesc reflective foil Il = J, (translucent, thick)

* Taiwan reflective foil (silvery side up), painted with a layer of the commercial white wash LOVEN

=TSWW

* No mulch = check

Sced was sown in an inscct-proof nethouse and transplanted to the field on 7 January. Onc day prior
to transplanting, plants of all treatments were treated with insecticide (Decis 0.1%). A randomi.ed
complete block design was used with four replications. Plots of 3.2 x 3 m consisted of 2 double row beds
with seven plants per row. Plant to plant distance was 45 cm and beaween plant distance, 55 cm. Distance
between plots was 2 m. Plots were covered with the mulches 18 days before transplanting of the scedlings.

Aphidrepellency.  Aphidrepellency of the mulches was measured by the numbess of aphids trapped
on ycllow sticky traps (40 x 25 cm) placed horizontally in the center of cach plot. Initially, the traps were
30 cm above the bed, but were adjusted to canopy level after transplanting.

Aphid populations on the plant.  Aphid counts on the plants were taken at 8, 16, 24, 36,43, 50, and
57 days after transplanting (DAT) on all plants of the two center rows of cach plot, except the end plants.

Virus incidence. Incidence of cucumber mosaic virus was recorded three times, at 14, 35 and 56
DAT, on the two center rows of each plot. Three leaves from the top, middle and bottom part of cach plant
were coll_ei~d and pooled for the ELISA (cst.

Results and Discussion

Aphidrepellency. AllS mulches tested were effective in repelling aphids (Table 5) as measured by
the number of aphids trapped on yellow sticky traps. The highest repelling effect was by the Japancsc foil
I, followed by the whitewash-painted Taiwan reflective foil on which an average of 74 and 64% fewer
aphids respectively alighted, compared to the unmulched plots (Table 5). The aphid repellent effect was
active up to 56 DAT, i. ¢. even when the plants had almost reacic ' maturity (Table 5).
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Table 5. Number of aphids trapped on yellow sticky traps*.

Before Transplanting® After Transplanting

Treat- 1-7 8-14 15-21  22-28 29-35 36-42 43-49 50-56 43-49 50-56 Ave.

ment DBT DBT DAT DAT DAT DAT DAT DAT CAT DAT _
TS 206 bc 223 c¢cd 112 d 87 d 64 ¢ 33 cd 8 ¢ 105 ¢ 41 bc 53 b 73
B8 253 ab 299 bc 142 ¢ 10t ¢ 61 ¢ 40 bci112 b 119 b 47 ab 57 b 85
Ji 71 d 91 e 38 e 31 f 28 d 18 e 49 d 61 d 20 d 24 ¢ 34
J2 229 b 314 ab 172 b 127 b 75 b 47 b 101 bc 104 ¢ 38 ¢ 51 b 89
TSWW 132 ¢ 163 de 63 e 60 e 36 d 27 d 52 d 69 d 256 d 24 ¢ 45
CK 295 a 388 a 234 a 204 a 106 a 64 a 157 a 191 a 53 a 94 a 138

*One yellow sticky trap (40 X 25 cm) was placed honzontally in the center of each plot The height was adjusted 1o 20 cm above the canopy.
*Transplanting date 7 Jan. DBT = days belore transplanting, DAT = days after transpiar''ng
sNumbars roprasent the means of 4 replications Mean separation within columns by DMRT (P = 0 05)

Aphid population on the plants. By 8 DAT almost all plants of thec unmulched plots were infested
with aphids whereas in unmulched treatments, aphid infestation ranged from 37 to 22% of the plants.

Upto 16 DAT, plants mulched with JF, had the lowest numbers of aphids. Huwever, thereafter the aphid
population increased in this treatment, which had the highest average number of aphids (Table 6). This high
aphid population after 16 DAT could be associated with the morz vig orous plant growth which was observed
on plants in these treatments. This may be due to the higher soil temperature under this mulch and te increasea
photosynthesis of the lower canopy because of the high reflectancy of this foil. The lowest number of aphids
was found on the unmulched check plants, whose growth however was very poor (Table 6).

Table 6. Aphid popuiations on the plants.

Treat- Jan 15 Jan 23 Jan 31 Feb 12 Feb 19 Feb. 26 March 5
ment (8 DAT) (16 DAT) (24 DAT) (36 DAT) (43DAT) (50DAT) (57 DAT)
TS 6 b 30 b 49 bc 67 ab 68 bc 81 bec 78 b
8 9 b 25 be 149 a 147 a 97 b 84 b 81 b
J1 3 b 13 ¢ 101 ab 146 a 168 a 170 a 161 a
J2 4 b 39 ab 37 bc 43 b 49 be 31 cd 31 cd
TSWW 6 b 31 b 151 a 146 a 59 bc 55 bed 62 bc
CK 46 a 56 a 7 ¢ 6 bb 16 c® 15 o® 15 &

*Average of the number of aphids on 10 plants pei plot and 4 replications. Mean separation within columns by DMRT (P=0.05).
*Piants of this treatment were not growing as vigotously as those of the other treatments

Incidence of cucumber mosaic virus. CMV was not found up to 14 DAT. By 35 DAT however,
itwas alrcady presentin all treativents (Table 7). Lowest incidence was in plots mulched with the Japanese
foil 1, followed by plots muiched with the Taiwan reflective foil and the whitewash-coated Taiwan

Table 7. Incidence of cucumber mosaic virus (CMV).
CMV incidence (No of infected plants?)

Treatment Feb 11 % March 4 % Ave.

(35 DAT) decrease® (56 DAT) decrease® % decrease
TS 225¢° 72 675¢c 49 65.5
B 4 25 be 47 12 00 ab 10 285
N} 175d 78 675¢ 49 635
J2 525b 34 1075b 19 26.5
TSWW 275cd 66 6.50¢ 51 585
(CK) 800a 13.25a

*The experimant was transplanted to the fiuld on Jan, 7 All plants of the two center rows (= 14 plants) per plot were tested by ELISA.
'Numbers represent the means of 4 replications, mean separatton within columns by DMRT (F = 0 05).
‘With respect to the check (= treatmant 6).
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reflective foil. By 56 DAT CMYV incidence reached nearly 100% in the unmulched plots. In plots of
treatments TS, J, and TSWW incidence of CMV was significantly lower (about 50%) than in the
unmulched plots.

The mean temperature, aphid and virus incidence during the course of the experiment arc shown in
Figure 2.
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Fig. 2. Mean temperature, aphid and virus incidence during the course of the experiment.

Virus incidence was found highly positively corelated to the number of aphids caught on the yellow
traps, an indication of the reflective capacity of the mu. *nes. Incidence of CMV at 35 DAT was also highly
negatively correlated 1o the number of aphid-free plants at 8, 16 and 24 DAT (Table 8). Corrclation
coefficients for CMY 1incidence and the number of aphids colonizing the plants were high only up to 16
DAT.

The low correlation cocfficient of CMV incidence and the number of aphids colonizing the plants
indicates that nonpersistent viruses are gencrally not transmitted by aphids colonizing the plants, but rather
by migratory aphids which alight shortly on aplant and then move on. Therefore, itis expected that mulches
with the highest aphid repellent property will be most effective in reducing virus incidence.

Aphids tend to colonize and multiply on the vigorously growing plants such as those on the JF, mulch.
When high build up of aphids is observed in farmers’ ficlds it may become necessary to apply systemic
insccticide, in order to avoid direct damage to the plants by these aphids.

Etfect of Various Measures Affectiing Insect Behavior on Virus Incidence and Yield
(Experiment 3a, Fall 1990-Winter 1991).

Materlals and Methods

The hot pepper cu:ltivar Passion (Known-You Co., Taiwan) was used with the following 14 treauments,
1. Taiwan reflective foil (silvery side up) no insecticide (= TS);
2. TS mulch plus weekly insecticide (alternating Kestrel (10%) at 1:1000 and Decis, 2.8 EC

(1:1000) applicd at I I/ha (= TSI, ) (= Farmer's praciicc);

TS plus floating net up to first harvest (= TSN);

TS, plants sprayed weekly with commercial whitc wash LOVEN (= TSWW )

TS plus weckly Dccis 2.8 EC (1,1000) applicd at 1 I/ha (= TSI );

TS mulch, plus weekly Decis at 1/3 strength (= TSt ),

kAW
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Table 8. Relationship between virus (CMV) incidence, and aphlds on the plants, aphid-free

plants, and aphids caugh! wn yellow traps.

Vanable 1 Vanable 2 Correlation coefficient
CMV incidence 35 DAT Aphids on the plants 8 DAT: 083
16 DAT 089
24 DAT 0.58
8 DAT -0.87
16 DAT -0.90
24 DAT -0.81
Aphidz on yellow traps 1-8 DAT 0.90
9-14 DAT 0.93
15-21 DAT 0.85
21-28 DAT 0.93
29-35 DAT 088
Aphids on yellow traps AA® 0.89
CMVincidence 56 DAT Aphids on the plants 8 DAT 0.68
16 DAT 0.65
24 DAT -0.37
36 DAT -054
43 DAT -052
50 DAT -0.58
Aphid-free plants 8 DAT -0.75
16 DAT -0.51
24 DAT -0.85
36 DAT -0.11
43 DAT -0.05
56 DAT -0.11
Aphids on sellow traps 1-8 DAT 0.89
9-14 DAT 0.85
15-21 DAT 0.81
22-28 DAT 0.88
29-35 DAT 0.92
36-42 DAT 0.84
43-49 DAT 0.83
Aphids on yellow traps AAP 0.88

*Averagy no of aphids per plant (10 plants/rep.; 4 reps).
Average of all assessmonts.

7. TSI, plus weekly alarm pheromone farnesene (0.1 g/l) (=TS 1,504F,) (Farncesene was supplicd
by Dr. L. J. Wadhams of Rothamstead Experimental Station U, K.

8. TSI, plus weekly alarm pheromone famesene 0.01 g/l (=TS1.F %

9. Japanese reflective foil 1 (POLYSHINE N), no inscclicide (=JF);

10.JF, plus weekly insccticide (alternating Decis and Kestrel as in treatment ) up to first Farvest
(=JF L)

11.JF, pllugbwcckly insccticide (alternating Decis and Kestrel as in treatment 2) starting at 4 weeks
after ransplanting (Nov. 13) (= JE Lo

12.Japanese reflective foil mulch 2, no insecticide (= JE,);

13.JF, plus weekly insecticide (as in treatment 2), starting at 4 weeks after transplaniing JF,1 )

14, Black plastic mulch, no insecticide (= TB).

All chemicals were applied with a handpump knapsack sprayer using 550 I/ha up to 1 month after
planting, 740 I/ha from 5-9 wecks after planting and 8351/ha therealter. Prior to sowing, secds were soaked

for 2 hours in 10% sodium triphosphate and rinsed for 1 hour with tap watcr to climinate possible seed-

borne tobamoviruses. Sceds were sown on 4 September in an inscct-proof screenhouse and transplanted
tothe ficld on 12 October 1990. Prior to sowing, seeds were soaked for 2 hours in 10% sodium triphosphate
and rinsed for 1 hour with tap water to climinate any sced-borne tobamoviruses.
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The trial was arranged in an RCB design with four replications. Plot size was 3 x 4.5 m. Plots consisted
of two double row beds with 10 plants per row. Distance between plots was 3 m. Plant to plant distance
was45cmand betweenplant” stance was 55cm. CMV-,CVMV-and PVY -inoculated plants were planted
alternatively between the ends of cach row, sct 1.75 m equidistantly from the end plants of cach row. A
fungicide (Mancozeb 45) was applicd at 2-week intervals.

Aphid populations on the plant.  Aphid counts were made at 15, 22, 29, 39 and 43 days after
transplanting (DAT) on the two middle rows of cach plot. A total of 10 plants, consisting of five plants in
the middle of cach of the two center rows were counted.

Natural aphid population. To obtain information on the natural aphid population, yellow sticky
traps (25 x 40 cm) were placed ventically at 25 and 80 cm above the canopy in the center of the plots of the
TB trcatment. Once sctof traps was placed in a north/south direction, the other set in an cast/west direction.
The traps were changed three times a week. Aphids were counted on both sides of the sticky traps.

Aphid repellency. To test the aphid repellent effect of the different treatments onc yellow trap (40
x 25 cm) was placed horizontally for 5 days at the canopy level in the cenier of cach plot, at 29 and at 36
DA .. The trapped aphids were counted.

Virusincidence. Incidence of CMV,PVY and CVMYV was recorded on the two center rows of cach
plot without the end plants. Onc leaf from the top, middle and bottom of cach plant was collected, pooled
and tested by DAS ELISA. Four ELISA tests were conducted on 5 (24 DAT), and 19 Nov. (38 DAT), and
3 (52 DAT), and 17 Dcc. (67 DAT).

Yield. Total yicld and fruit number were recorded on the two center rows of cach plot on seven
harvests, conducted beitween 8 Jan. and 12 March.

Transmission of pepper viruses by aphidscollected fromthefield. During thecourseof Experiment
3a, it was noticed that CMV was the only aphid-transmitted virus present in the pepper plants. A small
cxperiment was therefore conducted to determine whether this might have been due (o the differentiat
transmission cfficiency of the predominantaphid specics, which wasidentificd as A. gossypii by cntomologists
at TARI

The aphid culture originated from one single virus-free Aphis gossypii which had been collected from
apepper plaut in the untreated plotof Experiment 3a. The aphid culture was maintained on C. annuum cv.
Newcomer,

Purificd viruses (PVY,CMV,CVMV) were inoculated at 260 pg/ml to the first true leaf of hot pepper
plants (cv. Newcomer) individually, as well as in combination of two and three viruses. At the 3-lcaf stage
all plants were tested by ELISA. For transmission studics one plant of cach virus combination was chosen
which showed OD values in ELISA of > 1.6 for cach of the inoculated virus(es).

Alate aphids starved 45 min were placed singly or in groups of 2, 5 and 10 on the virus-infected source
plant for acquisition fceding. They were observed with a magnifying glass to assure that cach aphid was
probing lor no less than 40 and no longer than 60 scc. Probes of 40-60 scc length are gencrally considered
most cffective for transmission of nonpersistent, aphid-transmitted viruses. After one such probe, the
aphids were tran~ferred to the top leaf of healthy plants of the same cultivar at the 2-lcaf stage where they
remained for 1 uny before they were killed by insccticide. Ten plants were used for cach virus/aphid
combination. A DAS ELISA test was conducted for PVY, CMV and CVMV at 4 and 8 weeks after the
insccts were placed on the plant.

Results and Discussion

Aphidrepellent effect. Thclowest numbers of aphids were attracted by treatments 9 (POLYSHINE
N), 10 (POLYSHINE N plus weckly insccticide up to first harvest) and 11 (POLYSHINE N plus weekly
insecticide, starting 4 weeks after transplanting) on which 41, 30 and 27 aphids and 106, 94 and 91 aphids
were caughtrespectively at the two assessments at 29 and 36 DAT (Table 9). The bighest number of aphids
werc caught on plots mulched with black plastic.

Aphid populations on the plants. Aphids staried to appear on the plants as carly as 15 DAT in
treatments 9, 12, 13 and 14 (Table 10). By 22 DAT aphids were found colonizing plants of all treatments
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Table 9. Effect of various aphid-repellent troatments,
measured by aphids caught on yellow sticky traps.*

Treat- No. of aphids
ment Nov. 8-13 Nov i6-20
(29-33 DAT) (36—40 DAT)
1 59 ab® 117 abc
2 52 bced 119 ab
3 44 cd 124 ab
4 52 bed 107 cd
5 59 ab 113 be
6 63 ab 127 ab
7 54 abc 123 abc
8 54 abc 118 abc
9 41 d 106 cd
10 30 e 94 d
11 27 e 91 d
12 66 ab 122 abc
13 56 a 116 abc
14 66 a 130 a

*One trap (40 X 25 cm) placed horizontally at the canapy level in the center of sach plot.
*Values are the means of 4 replications. Mean separation by DMRT (P=0 05)

Table 10. Aphlid populations on the plants.

No. of aphids
Treat- Oct. 25 Nov. 2 Nov. 9 Nov. 16 Nov. 23
ment (15 DAT) (22 DAT) (28 DAT) (36 DAT) (43 DAT)
1 0 a 21 be 555 b 1383 ¢ 8004 b
2 0 a 6 ¢ 32 ¢ 543 cd 2760 ¢
3 NT 0 ¢ 0 ¢ 52 d 1074 ¢
4 0 a 5 ¢ 91 ¢ 386 d 2378 ¢
5 0 a 25 be 92 ¢ 279 d 3275 ¢
6 0 a 11 be 126 ¢ 338 d 2396 ¢
7 0 a 27 bc 142 ¢ 622 cd 3072 ¢
8 0 a 23 be 14 ¢ 406 d 1762 ¢
9 8 a 11 ¢ 143 ¢ 623 cd 2175 ¢
10 0 a 40 be 9 ¢ 42 d 665 c
1 0 a 30 bc 97 ¢ 299 d 1473 ¢
12 1 a 59 bc 151 ¢ 2204 b 3129 ¢
13 12 a 118 b 236 ¢ 548 cd 2842 ¢
14 34 b 439 a 1332 a 4721 a 13045 a

“Valyes are the mears of the total no. of aphids counted on 10 plants (G plants in the middle of each center row) and 4 replications. Mean separation by
DMRT (P=0.05). NT = not tested

except in the plots covered by the floating net. Aphis gossypii was ihe predominant aphid species found on
the piants. By 36 DAT aphids had begun to appear even under the floating net, which they could have
entered through holes made as a result of the wind rubbing the net against the bamtoo stakes. Aphids
colonized the plants very erratically. By 43 DAT the aphid population was highest on plants of the black
mulch treatment, followed by the Taiwan silver mulch treatment. The lowest number of aphids, although
not significant, was recorded on treatment 10 (POLYSHINE N plus weekly insccticide). The highest
number of aphid-frce plants were in teatments 3, 10, 11 (Table 11).

Aphid population in the field. There was no significant difference between the number of aphids
caughton traps positioned inan E/W and N/S dircction. Generally more aphids were caught on the low traps
positioned at 25 cm above the canopy than on the high traps, positioned 80 cm above the canopy. However,
with the exception of four sampling dates (21, 28 Nov., 11, 18 Dec.) this difference was in most cases not
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Table 11. Aphid-free plants.

89

Treat- Oct. 25 Nov. 2 Nov. » Nov. 16 Nov 23 Average
ment (15 DAT) (22 DAT) (29 DAT) (36 DAT) (43 DAT)

1 10.0 5% 8.3bc 38e 1.0f 0 ¢ 46
2 10.0 a 9.0 2 8 8 abc 28¢c 0 ¢ 6.1
3 10.0 a 10.0 a 100 a €0a 23b 83
4 10.0a 9.3 ab 73 cd 28¢c 0 ¢ 59
5 9.8a 88 abc 8 0 bed 28¢c 0 ¢ 59
6 100 a 8.8 abc 68d 20cd 0 c 55
7 10.0 a 9.0 ab 7.3 cd 23c¢c 0 ¢ 57
8 10.0a 95ab 8.8 abc 18 cde 0 ¢ 60
9 95a 93ab 8.3 bed 0.5 ef 0 ¢ 55
10 10.0 a 100 a 9.0 ab 8.0a 40a 8.2
11 10.0 a 100 a 89 ab 75b 26b 78
12 9.8a 8 8 abc 43 e 03f 0 ¢ 4.6
13 9.5a 75¢c 35¢e¢ 0 8 dof 0 ¢ 43
14 75b 0.8d 0 0 f 0 ¢ 17

*Average no. of aphidiree plants out of 10 plants assessed in each plot {5 plants each in the middie of each of the two conter rows wero assassnd)
and 4 replications Mean separation by DMRT (P=0 05)

significant. Significant differences were however observed on some sampling dates between the number
of aphids caught on N/S traps and E/W traps. The higher aphid number on the N/$ traps usually coincidexd
with a strong N/S wind. The aphids caught on the low traps were most likely those moving from plant (o
plant. Aphid population in the ficld and virus incidence together with the average lemperatures, rainfall and
wind velocity arc shown in Figure 3.
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Fig. 3. Mean temperature, wind velocity, aphid ar.d virus incidence during the course of the experiment.

Virus incidence. Cucumber mosaic virus was the only virus found. PVY and CVMV were not
detected. CMV began to appear as carly as 38 DAT m all plots except those covered with the floating net,
with POLYSHINE N plus weekly insccticide up to first harvest and in ploty covered with POLYSHINE
N plus weekly insccticide starting 4 weeks after transplanting (Table 12). At 52 DAT only the floating net
trcatment was virus-free, whercas in the other treatments CMYV incidence ranged from 15.6 (treatment 11)
10 83.1% (treatment 14; black plastic mulch, no insecticide). By 67 DAT CMV incidence in the floating
nct treatment was 12.5% ranging from 70.6% in trcatment 11 to $5.6% in treatment 14,
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Transmission of peppex viruses by A. gossypii. CMV was found to be more effectively transmitted
than CVMV (Table 13). However PVY. was not transmittea by this particular aphid species. Two reasons
may account for this finding, {irst A. gossypii may not be a vector or a highly incfficient vector of PVY,
and the virus isolate used in this study may have lost its aphid transmissibility while being maintained by
mechanical inoculation on suitable hosts in the screenhouse.

Table 12. Incidence of cucumber mosalc virus (CMV) %.

Treat- Virus incidence (% of infected plants)?
ment Nov. 19 Dec 3 Dec. 17 Avsrage
(38 DAT) (52 DAT) (67 DAT)
1 3.1 ab® 425 be 938 ab 46.5
2 19 ab 281 d 781 abc 36.0
3 cO0 b 00 e 125 d 4,2
4 19 ab 300 cd 75.0 be 356
5 1.9 ab 269 d 813 abc 36.7
6 19 ab 238 d 893 abc 383
7 1.9 ab 31.3 bed 813 abc 38.2
8 1.9 ab 300 cd 83.1 abc 38.3
9 1.9 ab 281 d 76.8 abc 35.6
10 0.0 b 175 d 718 ¢ 29.8
11 00 b 156 d 7086 ¢ 28.7
12 5.0 ab 218 d 925 ab 39.8
13 63 a 438 b 89.3 abc 46.5
14 63 a 831 a 956 a 61.7

*Out of 16 plants tested (8 plants 1n the middle of each of tho 2 center rows of each plot were tested by ELISA),
*The numbers represent the means of 4 replications Means within columns not followed by the same letter differ at P = 1) 05

Table 13. Percent transmission efficiency of pepper viruses by A. gossypliiafter acquisition

feeding on plants infected with single, two and three viruses.

No. of Single virus 2 viruses combined 3 viruses combined
aphids CMV CVMV PVY CMV _CVMV | CMV PVY[CVMV PVY CMV CVMV PVY
1aphid 10° 10 - 10 - . - 10 - 20 - -
2 aphids 10 10 - 20 - 20 - 10 - 30 10 -
5 aphids 40 20 - 30 10 50 - 20 - 40 20 -
10 aphids 50 20 - 50 20 80 - 20 - 70 30 -

*values represent the averages of 10 plants

Yield components. The highest yield of the first three harvests and the highest total yield was
obtained in treatment 11 (3.3 and 13.7 kg), followed by treatment 10 (3.2 and 13.0 kg) and 8 (3.0and 10.2
kg) (Table 14). The Taiwanese farmers’ practice of using reflective mulch plus weekly insecticide
application which constitutes the check treatment produced a yield of 2.7 kg/plot in the first three harvests
and a total yicld of 9.8 kg. Lowest yicld was obtained from plots mulched with black plastic mulch (no
insccticide).

Figure 4 clearly shows that the two treatments with the highest yiclds also had the highest number of
aphid-free plants and the lowest virus incidence. Neither total yicld nor yield of the first threc harvests was
very highly correlated to CMV incidence. The correlation coefficients between CMV incidence at 52 DAT
and yicld of the first three harvests and total yield were only 0.589 and 0.719, respectively. The highest
correlation (R=0.822) was that between total yield and aphid-free plants averaged across all assessments
(Table 15). CMV incidence (52 DAT) was found to be highly negatively correlated to the number of aphid-
free plants at 22 DAT (R=0.916) and at 29 DAT (R=0.853). CMV incidence (52 DAT) was also positively
corrclated to the number of aphids colonizing the plants at 22 (R=0.850) and 29 DAT (R=0.898).
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Table 14. Effect of virus control nieasures on hot pepper yleld.*

First three harvests All harvests

Total Total Averaye Total Total Average

fruit wt frut no fruit wt fruit wt fruit no fruit wt
Treatment (kg) (9) {ka) @
1 20 cd® 121 cd 159 be 69 ¢ 506 ¢ 139 b
2 2.7 a-c 158 abc 173 ab 9.8 bc 653 be 150 ab
3 19 cd 130 be 145 ¢ 82 ¢ 672 abc 123 ¢
4 24 a-c 140 be 17.3 ab 9.3 bc 620 br 150 ab
5 206 a-c 148 abc 177 a 9.4 be 627 bhc 150 ab
6 24 a-c 134 be 175 ao 8.7 ¢ 584 bc 157 ab
7 2.7 a-¢ 156 abc 171 ab 9.7 be 636 be 152 a
8 3.0 ab 167 abc 181 a 102 abc 660 be 155 a
9 2.3 be 130  be 17.2 ab 92 be 616 be 14,7 ab
10 3.2 ab 175 ab 183 a 13.0 ab 850 ab 152 a
11 33 a 190 a 17.5 ab 137 a 910 a 150 ab
12 2.7 a-c 149 abc 178 a 88 ¢ 569 ¢ 155 a
13 25 be 136 be 170 ab 79 ¢ 551 c 143 ab
14 13 d 77 d 165 ab 35 d 221 d 154 a

*The experiment was transplanted on Oct. 12, harvesting started Jan, 8, the last harvest was conducted on March 12.
*Yiald data were taken on the two center rows of each plot. Data are maans of 4 replications and when followed by the same letter are not
significatnly ditferent at the 5% level according to DMRT

20
W Yicld first 3 harvests

B Aphud free planis (¥ DAT)
B MV inadence (52 DAT)

=]
L

Yield first 3 harvests (kg)

Aphid-free plants 36 DAT (No)
CMYV incidence 52 DAT (No)

" 10 8 2 . 12 5 4 6 9 13 1
Treatment

20

W Toul Yield (alt harvests)
Aphid free plants (36 DAT)
M CMVinadence (52 DAT)

Total yield (kg)
Aphid-free plants 36 DAT (No)
CMYV incidence 52 DAT (No)
(=]

« .S

11 10 8 2 7 5 4 9 12 ¢

Treatment

Fig. 4. Virus Incldence, aphid-free plants, yleld of first 3 harvests and total yleld.
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Table 15. Relationsb!ps between yield, and virus inclderice,
aphid-fras piants, aphids colonizing the plants, and
ap*lus caught on yellow traps.

Variable 12 Variable 2° Correlation coefficient

Total Yield AYT36/40 DAT -0.78
AYT 29/33 DAT -0.79
CMV incidence 52 DAT -0.72
CMV ncidence 67 DAT -023
AFP 22 DAT 0.79
AFP 29 DAT 0.77
AFP 36 DAT 0.61
AFP AA 0.82
AOP 22 DAT -0.66
AOP 29 DAT -0.78
AOP 3G DAT -0.73

*AFP=aphid-free plants; AOP=aphids on the plants.
*AYT=aphids caught on yellow traps, AA=average of all assessments.

By using a highly reflective mulch (POLY SHINE i), the same total yicld as that produced by existing
farmers’ practice (Taiwan reflective mulch plus weekly insecticide) can be obtained without insecticide
application. By using the POLYSHINE N as a mulch plus weekly insccticide (starting at 4 weeks after
transplanting) the yicld of the first threc harvests and total yicld can be increased by 22 and 49% respectively
over the present farmers’ practice. The floating net treatment in which virus appeared later and in which
virus incidence was lowest, yiclded lower than the check. This may be attributed partly to the reduced
photosynthetic activity as a result of the shading effect and to excessive leafdrop which was observed
probably as a result of fungal infcction duc to increased humidity under the net. The usc of this type of net
is thus not recommendable in this scason.

The positive correlation of CMV incidence and the number of aphids colonizing the plants comes as
asurprise, since it is gencrally known that migratory aphids and not those colonizing the plants are the virus
transmitters. However in this case, where aphid pressure on the plants was so high itis possible that acertain
amount of CMV was also transmitted by aphids moving from plant to plant.

The reason why only CMV and neither of the other 2 viruses appeared in the test plots is not fully
understood. One explanation may be that the predominant aphid species in the field is an inefficient vector
of CVMV and no vector of PVY as suggested by the virus transmission study. Another reason may be that
there were no PVY or CVMV infected crop plants or weeds in the vicinity of the experimental plot, which
could have served as the inoculum sources. CMV is generally known to have a wider host range than PVY
and CVMV,

Effect of Varlous Measures On Insect Behavior,
Virus Incldence and Yield (Experiment 3b, Spring-Summer 1991)

Materials and Methods

The hot pepper cultivar Newcomer (Known You Company, Taiwan) was used with the following 16
treatments:
Taiwan reflective foil (silvery side up) no insecticide (=TS);
TS, plus weekly insecticide, Decis (2.8 EC 1:1000) (=TSI,) (= local farmers’ practice);
TS plus weekly insccticide, Decis (2.8 EC) at 1/3 strength (=TSL,.)
TSIy, plus weekly alarm pheromone famesence (0.1 g); (=TSI JF, )
TSI, , plus weekly alarm pheromone farnesene (0.01 g/1); (=TSDIODO_ o))
TS plus whitewash painted on the foil (=TSWW,);
TS plus whitewash painted on the foil, plus commercial white wash (LOVEN, Tapazaic Co., Israel)
sprayed on the foliage weekly (=TSWW ),

Nk wN -
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8. TSWW plus weckly leaf protectam (5,000 ppm) (MFSBRANE; AEFA CHEMI (HongKong
LTD.) (=TSWWLP);

9. TS plus weekly spray of leaf protectant (=TSLP);

10.TSL, , and closc spacing of plants (12 plants/row); (=TSID_,CS)

11.Japanese reflective mulch (metallized film POLYSHINE-N, Hitachi), no insccticide (=JF));

12.JF, plus weekly insccticide (Decis 2.8 EC at 1/3 strength) starting at 4 weeks after transplanting,

(JF1_ )

13.Strzlm3°'r3nulch plus weekly insecticide (Decis 1/3 strength); (SMI )

14.Straw mulch, whitewash on straw plus weekly Decis (1/3 strength); SMWWI )

15.Straw mulch, whitcwash on straw, plus white wash (LOVEN) sprayed on the foliage wecekly;

(SMWW )

16.TS plus weekly spray of Neemazal (1500 ppm)(1:100) (TSN).

Sceds were sown in an insect-proof screenhouse on4 January and transplanted to the ficldon 14 March.
Prior to sowing, sccds were soaked for 2 hours in 10% sodium triphosphate and rinsed for 1 hour with tap
water to climinate possible seed-borne tobamoviruses.

The same experimental design was used as for experiment 3a. The plants were left to natural aphid and
virus cpiphytotics. The folloving data were taken:

Aphidson the plants.  Aphid counts were taken on 22 March (8 DAT), 1 April (18 DAT), 10 April
(27DAT), 17 April (34 DAT), 23 April (40 DAT), 1 May (48 DAT),8 May (55 DAT) and 14 May (61 DAT)
on the 2 middle rows of cach plot. A total of 10 plunts, consisting of 5 plants in the middle of cach of the
two center rows werc assessed.

Natural aphid population in the field. To obtain information on the aphid population in the field,
ycllow sticky traps (25 x 40 cm) werce placed vertically at 10 cm above the canopy in the center of plots
of the TS treatment. The traps were changed three times a week.,

Virus incidence. Incidence of CMV, CVMV and PVY was recorded on the two center rows
(without the end plants) on 8 April (25 DAT), 22 April (39 DAT), 7 May (54 DAT), 21 May (68 DAT) and
4 Junc (82 DAT).

Yield. Total yield and fruit number were recorded on the two center rows of each plot in seven
harvests, conducted between 27 May (74 DAT) and 12 July (120 DAT), 1991,

Temperatures below the mulches. The temperatures directly below the mulches and at 10 cm
below the soil surface were measured at 0800, 1300 and 1600 on 18, 19 March, 16, 17 April, 15, 16 May,
and 13, 14 June.

Results and Discusslon

Aphid populationin the field. T icnatural aphid population inthe ficld. mean temperature, rainfall
and wind velocity during the course of the experiment arc shown in Figure S. The aphid population in the
ficld was observed to fluctuate with temperature. However, the lower temperature usually also coincided
with increascd wind velocity. It is thus difficult to determine which one of the two factors is responsible
for the fluctuation in aphid population.

Aphid population on the plants. Aphids began to colonize the plants as cariy as 27 DAT (Table
16). At 27 DAT only six treatments (Treatments 3, 5, 10, 11, 12 and 16) were found in which aphids were
not yet present. By 48 DAT aphids were seen colonizing plants of all treatments. The lowest average
number of aphids colonizing the plants were found on treatment 16 (Neem) and 7 (Taiwan reflective foil
plus whitewash on the foil and on the leaves). The highest average number of aphid-free plants was in the
Neem-treried plots (Treatmem 16) followed by the Taiwan silver rulch with whitewash on the foil and
on the leaves (Treatment 7) and the POLY SHINE N foil with weekly insccticide (1/3 strength) starting at
4 weeks after transplanting (Treatment 12) (Table 17).

Virus incidence. Virus incidence is shown in Table 18. CMV was the first virus to appcar. It was

detected as early as 39 DAT in all but four treatmients: treatment 2 (Taiwan reflective foil plus weekly
insecticide, 1/3 strength), treatment 12 (POLYSHINE N foil plus weekly insecticide, 1/3 strength starting
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Fig. 5. Mean temperature, wind velocity, aphld incidence and virus incidence during the
course of the experiment (spring season).

Table 16. Aphid population on the plants.

Treat-  April 10 Apnl 17 April 23 May 1 May 8 May 14  Average
ment (27 DAT) (34 DAT) (_40 DAT) (48 DAT) (55 DAT) (61 DAT)

1 1 b 25 a 309 a 522 a 1075 a 1380 a 554
2 1 b 4 b 22 cd 205 c-f 310 def 496 def 173
3 0 b 7 ab 36 bcd 186 ¢-g 306 def 444 ef 163
4 1 b 11 ab 64 bc 176 d-g 229 f 492 det 162
5 0 b 8 ab 32 bed 282 «cd 275 t 517 ed 186
6 0 b 19 ab 40 bcd 164 elfg 268 f 255 gh 125
7 1 b 3 b 19 cd 80 gh 184 fg 261 gh 91
8 10 a 15 ab 64 bc 183 efg 244 347 g 139
9 1 b 9 ab 80 b 388 b 648 b 764 b 315
10 0 b 3 b 17 cd 200 c-f 482 ¢ 623 bed 223
11 0 b 17 ab 42 bed 288 ¢ 439 cde 720 bec 251
12 0 b 7 ab 23 cd 140 fg 223 f 573 cde 161
13 2 b 12 ab 49 bed 250 cde 311  def 449 ef 179
14 3 b 10 ab 52 bced 245 c- 299 of 436 ef 174
15 1 b 18 ab 33 bcd 168 elg 458 cd 582 cde 210
16 0 b 1 b 3 ¢ 16 h 49 ¢ 152 h 37

*Data represent r wans of 4 replications (5 plants in each of tha two middla rows of each plot wera evaluated). Mean separalion within

columrs by DMRT (P = 0.05)

at4 weeks after transplanting), trcatment 4 (Taiwan reflective, plus 1/3 strength insccticide plus weekly
alarm pheromone 0.1 g/1) and treatment 10 (close plant spacing).

CVMV was first detected at 54 DAT in all treatments except treatment. 12 (Japanese foil plus weekly
insccticide 1/3 strength). Similarly PVY was first found at 54 DAT in all but 2 treatmentg (treatment 2 and
12). The lowest average virus incidence for all 3 viruses was in treatment 12 (POLY SHINE N mulch plus
weekly insccticide at 1/3 strength, starting at 4 weeks after transplanting).

Virus incidence was nct highly vorrelated to the number of aphid-free plants and the number of aphids
colonizing the plants,
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Table 17. No. of aphid-free plants.

Treat- Apnl 10 Apnl 17 Apni 23 May 1
ment (27 DAT) (34 DAT) (40 DAT) (48 DAT) Average
1 9.3 abc? 60c 401g 08 fgh 50
2 8.8 bc 88ab 70 bed 38b 71
3 10.0 a 8.8 ab 75abc 35bc 66
4 9.5 abc 8.0 abc 58c-t 25be 65
5 100 a 8.5ab 53dg t3eh 63
6 98 ab 70bc 58c- 2 0 det 62
7 9.5 abc 7.8 abc 73bc 55a 75
8 85¢c 7.8 abc 50elg 15elg 57
9 9.3 abc 75abc 38g 00) 52
10 10.0 a 88ab 78ab 1 5nig 70
11 100 a 9.0 ab 58c-i 18elg 67
12 100 a 90ab 75 abc 2 3 cde 72
13 88 bc 7 3 abc 58 c-t 05gh 56
14 9.3 abc 7.5 abc 60b-e 33 bed 65
15 9.3 abc 75abc 53dg 0 8 fgh 57
16 100 a 93a 9.3a 65a 88
*Data reprosont means of 4 replicatons (5 plants in each of the two middle rows of each plot wore evalualed) Mean separation within
columns by DMRT (P = 0 05)

Temperatures under the mulches. Tempzratures were highestunder the Taiwan reflective mulch
followed by the Taiwan silver mulch painted with whitewash. Temperatures under the POLYSHINE N
foil, under the straw mulch and whitewash-coated straw mulch were similar but significantly lower than
those under the Taiwan reflective mulches.

The temperature directly under the polyshine N foil was an average of 4.2 °C lower, whereas that at
10 cm in the soil was an average of 2.7 °C lower than that under the TS foil,

Yield. Thechighestyicld of the first three harvests was from treatment 12 (Japancsc {oil 1 plus weekly
insccticide at 1/3 strength) followed by treatment 2 (Taiwan silver foil plus weekly insecticide full strength)
(Table 19, Fig. 6). The highest total yicld was also obtained from trcatment 12. This was followed by
treatment 6 (whitewash coated Taiwan reflective foil) and treatment 8 (Taiwan reflectuive foil mulch plus
plants sprayed with leaf protectant). The largest fruit both at first harvests, and in the overall harvests were
obtained from trcatment 4 (Taiwan reflective foil plus alarm pheromone at 0.1%) (Table 19).

Straw mulch plus insccticide (treatment 13) produced significantly lower yiclds than the local
reflective mulch plusinsecticide (treatmeni 3). The reason for this is not ¢lear. One reason may be the higher
CMYV and CVMV incidence at 68 DAT and/or the lower number of aphid-free plants in the straw mulched
plots.

Corrclation was low between yicld and virus incidence, aphid-free plants and the number of aphids
colonizing the piants. T'i¢ highest correlation coefficients of 0.685 and (0.604 were obtained between yield
of the first threc har :sts and CVMYV and CMV incidence at 68 DAT, respectively. The correlation
coefficient for tot." - ;eld and CVMV incidence at 68 DAT was 0.654.

Itis not clear which factors exactly were responsible for the high yield of treatment 12 (POLYSHINE
N foil plus weekly insecticide at 1/3 strength), One of the reasons may be thatinfection with all three viruses
was delayed and that this treatment had the lowest average incidence for all three viruses. Furthermore,
plants of this treatment also had a high number of aphid-free plants, particularly during the first few weeks
after transplanting. Another explanation may be that the high reflectancy of this foil resulted in a higher
photosynthetic rate, especially of the lower leaves.

The aphid population was lowest in plots treated with ™ 2em. However, virus incidenice in these plots
was neither delayed nor much lower than in plots of other treatments. The low yield of this treatment mav
be explaincd by the phytotoxic effect caused by Neem application.

The four insecticide-free treatments had yields similar to or higher than yiclds obtained using Taiwan
reflective foil with weekly insecticide (Treatent 2). These four i catments were: POLY STHNE N, Taiwan
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Table 18. Virus Iincidence (%).

Treat- Apnl 22 May 7 May 21 June 4 Ave
ment (39 DAT) (54 DAT) (68 DAT) (82 DAT)

% CMV infected plants
1 31b* 94 ab 613 abc 969 ab 427
2 00b 19d 344t 956 ab 330
3 19b 113ab 344f 1000 a 369
4 0.0b 6 3 bcd 406 f 96 9 ab 360
5 94a 125a 531 cd 956 ab 427
6 31b 6 3 bed 388t 981 ab 366
7 31b 94 ab 43 8 def 96 9 ab 383
8 31b 6 3 bed 656 a 96 5 ab 429
9 19b 6 3 bed 53.1cd 988 ab 400
10 00b 31cd 425 ef 1000 a 36.4
11 19b 156 abc 519 cde 831¢ 381
12 00b 31cd 238g 90 6 be 294
13 19b 94 ab 656 a 1000 a 442
14 50ab 113ab 550 bc 956 ab 417
15 3.1b 113 ab 644 ab 98.8 ab 447
16 31b 31cd 406 f 956 ab 356

% CVMV infected plants
1 113a 719 cde 92 5 be 439
2 6 3 abc 550¢ 96.9 ab 39.6
3 6 3 abc 594 fg 1000 a 414
4 6 3 abc 68 8 def 988 ab 435
5 113a 738 cde 956 ab 452
6 1.9 cd 68.8 def 969 ab 41.9
7 50 bed 813 abc 1000 a 46.6
8 19cd 550¢ 1000 a 39.2
9 50 bed 800 b-d 98.8 ab 460
10 6 3 abc 738 cde 988 ab 44.7
1 94ab 719 cde 93 8 abc 438
12 oo0d 65 6 efg 875¢c 383
13 50 bed 925a 100.0 a 395
14 1.9 cd 800 bed 96.9 ab 447
15 31cd 87.5ab 96.9 ab 46.9
16 50 bed 675 ef 98.8 ab 428

% PVY infectea plants
1 125ab 469 b-e 98.8 a 39.5
2 ood 53.1 abe 93.8 abc 36.7
3 3.1cd 53 1 abc 875 bed 35.9
4 19d 500 bed 863cd 346
5 14.0 a 518a-d 863 cd 38.0
6 1.9d 456 c- 86 3 cd 335
7 3.1cd 56.3 ab 96 9 ab 39.1
8 19d 34.4 gh 96.9 ab 333
S 1.9d 613a 90 6 a-d 38.5
10 50cd 36 3 fgh 87 5 bed 32.2
11 31cd 38 0 efg 938 abc 337
12 ood 269h 813d 271
13 50cd 430dg 95 6 abc 359
14 81bc 51.9 a-d 95.6 abc 38.9
15 19d 456 c-f 93 8 abc 353
16 31cd 61.3a 906 a-d 388

*Recordod on 16 p'ants/plot (= two center rows without the end plants) Data are the means of 4 roplications Moan separation within
columns by DMRT (P = 0 05)



Table 19. Yieid components.

Treat- 1st-3rd harvest* 4th-7th harvest® harvest 1-7 combined
ment Total Total Ave. Total Total Ave. Total Total Ave.
fruit fruit fruit fruit frut fruit fruit fruit fruit
weight no. weight weight no. weight weight no weight
(kg) Q) (kg) (9) {kg) (9)
1 TS 3.9 abc 170 ab 22 8 b-f 214¢g 273 b-d 76d 60cd 443 cd 304 b-g
2 TSi, 53a 212a 250 abc 25eg 284 b-d BBa-d 78bc 496 ¢ 339%a-c
3 TSly, 52a 204 a 255ab 26eg 309 b-d 84 bd 78bc 512¢ 339%a-<¢
4 TSI, F,, 4.2 ab 158 ab 268a 26eg 304 b-d B8 4 b-d 6.7 bed 462 ¢ 351a
5 TSl ,F,, 45ab 191a 23.7 a-e 23eg 247 cd 92ac 6 8 bed 439 cd 320a-e
6 TSWWF 43ab 192 a 225b-f 41bc 530 a 78d 85b 722 a 303cg
7  TSWWFI 3.1bc 151 ab 199 ¢ 46ab 535a 86 a-d 77bc 686 ab 285g
8 TSWWLP 3.9ab 163 ab 240 a-e 44 ab 522 a 8 5a-d 84b 685 ab 325a-f
9 TSLP 51a 199 a 258 ab 20d-f 365 be 33b-d 81bc 564 be 34.1ab
10 TSI,,,CS 49 a* 189 a 258ab 17g 218d 78d 6.6 bed 407 cd 336ad
11 JF, 38ab 183 a 21 0 def 42a<c 530 a 80cd 81bc 712ab 290fg
12 JF—"IWJ 54a 212a 253ab 52a 536 a 97a 106 a 748 a 350a
13 SMi,, 1.5d 74c¢c 20 8 ef 1.9fg 220d 87ad 34e 294 d 29.5eg
14 SMWWI_ . 18cd 84c 219 cf 211g 221d 96ab 39%e 304 d 314 a-f
15 SMWWFL 14d 67c¢c 206 ef 3.3ce 350 b-¢ 95ab 47de 417 cd 30.1d-g
16 TSN 30bc 124 be 243 ad 3.6 b-d 393b 93ab 6 7 bed 516 ¢ 336ad

“*Harvesting staned May 27 («74 DAT) The last harvest was conducted July 12.

Data represent averages of 4 rephcations (Yield data were recorded on the 2 center (=10 plants each) rows of each piat] M aan separation wnthir Soiuivwis Gy DMRT (P = 0 01).

*Data calculated on the 2 conter ro«s on the basis of 10 plants/row

£Sojon A 1oddog

L6
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reflective foil painted with whitewash, Taiwan reflective foil plus whitcwash on the plants and Taiwan
reflective foil plus leaf protectant. It was also noted that yiclds of the 1/3 strength (treztment 3) and the full
strength insecticide treatments (treatment 2) were not significantly ditferent. Thus, farmers may se advised
to reduce inscclicide usc for their own 2nd the consumers’ safety.



Soybean Breeding

Hybridization

Summary

New crosses have been made to improve the yield and quality of existing vegetable soybeans and to
develop tropical vegetable soybeans. Specific crosses between Glycine max and G. soja have been made
for possible RFLP collaborative study.

Introduction

Incorporating multipic discase resistance with high yield, adaptability and good sced quality centinues
1o be the driving force {or grain soybean-crossing program. Development of vegetable soybeans adapted
1o the tropics withi good quality pod and sced combined with high yicld levels are the major objectives in
making appropriate crosses. Specific crosses have also been made for possible collaborative research.

Materials and Methods

Sperific crosses were made to incorporate downy mildew and/or bacterial pustule resistance in
otherwise promising lines.

Utilizing Kaohsiung No. 1,2, and 3 vegetable soybean crosses have been made with newly introduced
Jarge-podded soybean from China to further improve the existing vegetable soybean varictics. Backcrosses
and modificd backcrosses have been made with Fis made in the past between tropical grain soybeans and
vegetable soybeans to improve the seed size of tropical vegetable soybean.

Additional backcrosscs have been made to understand the inheritance of extra-narrow leailet.

Crosscs have been made between G. soja and sclected rust-resistant/ tolerant accessions for possible
RFLP rescarch.

Results and Discussion

A total of 44 crosses and 12 backcrosses were made. Fourteen crosses, including reciprocals were
madc for RFLP mapping rescarch. Eighteen crosses are for improving vegetable soybean for the tropics.
The twelve backerosses were made to determine the inheritance of extra narrow Icaflet, narrow leaflet and
broad Icaflet.

Yield Trials

Summary

Theresults of 1990 yicld trials confirmed thosc of the 1989 yicld trials in that the variance components
for scason were much larger than cither the G x S interaction or genotypic variance, Since the ranking of
some of the genotypes remains unaltered regardless of scasons it should be possible to sclect multiple-
season adapted genotypes. However, most of the other genotypes are highly scason-specific. The 62SG for
summer plus autumn 1989 or 1990 was considerably larger and therefore specific genotypes need to be
sclected for these scasons.
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Introduction

Intermediate and advanced yicld trials (1Y'T and AYT) include promising breeding lines with high
yicld potential, resistance/tolerance to multiple discases and carry other desirable agronomic characteristics.
Trials were conducted during spring, summer and autamn. In this section 1YT in spring, sumsmer, and
autumn and AYT insummer will be discussed Since AY T inspring and autumn are related to soybean rust
resistance breeding, they will be discussed under soybean rust. Vegetable soybean yield trials will be
discussed scparatcly.,

Materials and Methods

Plot size for IYT was 3m x 2 mand for AYT, it was 6 m x 3 m. The harvest plot size for IYT was 6 m?
and A T 10 m Sclections included in the AYT arc listed in Table 1. Data on yicld, sclected agronomic
characters, and discase ratings were collected and analyzed. In data analysis, the genotypes and treatments
were considerea iixed while the replication was atrandom. Sclection of entries from [YT to AY T was based
on multiple criteria. Genotype x scason interaction response was evaliated from the combined analysis of
the data in the three scasons. AVRDC's suggested cultural pracuices were used in growing the crops.

Table 1. Selections and their parentage, Included in AYT 1991.

Cross designation Parents

GC 86017-170-1N? (Shih Shih x SRF 400) % Pl 153240
GC 84058-21-4 Pl 79712613 x (Pl 79712612 x SJ #4)
GC 84n58-21-2 P1 79712613 x (P1 79712613 x SJ #4)
GC 86049-35-2-1-1-5-1N? (P 157424 x KS 8) x (Shih Shih x SRF 400)
GC 84051-32-1 TN #4 x (Shih Shih x SRF 400)

GC 84051-9-1 TN #4 x (Shih Shih x SAF 400)

GC 84058-18-4 Pl 79712613 x (Pl 79712613 x SJ #4)
GC 84040-27-1 (Shih Shih x SR 400) x Pl 200492
GC 86018-427-3 (Shith Shih x SRF 400) x Pl 194647
GC 84040-16-1 (Shih Shih x SRF 400) x Pl 200492
GC 84(040-7-1 (Shih Shih x SRF 400) x Pi 200492
AGS 129 (CK) Shilh Shih x SRF 400

AGS 302 (CK) Shinsei x Pl 248407

SRE-D-14B (CK) From plant pathology

*N indicates narrow leallet.

Results and Discussion

AYT—spring, summer and autumn 1990.  The results of the analysis of variance for spring and
summer, summer and autumn, and spring, summer and autumn 1990 for AY T arc given in Tables 2-4. As
in the past, highly significant diffcrences were observed between genotypes (G), between seasons (S) and
the Gx S interaction was also significant for yicld and 100-seed weight (Tables 2—4) with the exception of
summer and autumn for yicld, for which the differences between seasons were insignificant (Table 3). The
estimates of components of variance for yicld in AYT were calculated. As seen in Table 5, the variance
duc to scason and scason x genotype interaction are the largest. Although the propostion of genotypic
variance was large when summerand autumn scason data were combined still a significant G x S interaction
was obscrved. The data suggest that it is necessary 1o sclect specific genotypes for specific scasons. The
results of 1990 contrasted with 1989 results. Two possible cxplanations could be given for the differential
pattern namely, genotypic d:ifferences and differences in environmental conditions between the two years.

The mean yicld of selccted genotypes in AYT for multiple seasons are given in Tables 6 and 7. The
resultssuggested the potential to identify genotypes thatcould be grown in different scasons without drastic
reduction or change in yield.

IYT-1990 spring, summer and autumn. The results of pooled analysis of the data from spring,
summer, and autumn for yicld and 100-sced “veight for YT suggested that there are highly significant
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Table 2. Comhined analysis of varlance of AYT data from spring and summer In 1990.

Source of variance Yield 100-seec weight

DF MS(1x10% F Pr-F DF MS F Pr>F
Between genotypes (G) 16 04 120 0 0001 16 996 2259 0 0001
Between seasons (S) i 9.2 2984 00001 1 4695 306 2 0.0001
GxS 16 0.4 137 0.000¢ 16 230 522 0.0001
Error 96 00 96 04

Table 3. Combined analysis of variance of AYT data from summer and autumn In 19990.

GxS

Source of variance Yield 100-sred weight

. DF MNS(tx10% F Pr>t* DF MS F Pr>F

Between genotypes (G) 16 05 153 00001 16 626 204 3 0.0001

Between seasons (S) 1 02 25 0.1629 1 10556 2890 0.0001
16 0.2 5.0 0.0001 16 11.3 371 0 0001
96 0.0 96 03

Error

Table 4. Pooled analysis of AYT trial data in spring, summer and autumn 1990.

Source of variance Yield 100-seed weight

DF MS(1x10%) F Pr>F DF MS F Pr=F
Between genotypes (G) 16 0.5 14.3 0.0001 16 1408 327.1 0.0001
Between seasons (S) 2 54 93.0 0.0001 2 5474 161.9 0.0001
GxS 32 0.c 104 0.0001 32 16.8 390 0.0001
error 144 0.0 144 04

Table 5. Percent contribution of each component of variance to the total
varlance for yield of AYT 1990.

Component of variance

SP +SU

SU + AU

SP+SU+AU

c2G
oS

oSG
o?

14% (0.0001)

44% (0.0001)

32% (0.0001)
10%

46% (0.0001)

2

2% (0.1629)
6% (0.0001)
26%

16% (0.0001)

35% (0.0001)

34% (0.0001)
15%

Table 6. Selections, ard {heir yield included In AYT 1990.

Variety Yield (tha)
SP+SU  rank SU+AU  rank SP+AU rank SP+SU+AU? rank

GC 81027-5-10 NL 2.0 7 2.1 3 1.8 1 2.2 4
GC 82334-7-8 N! 2.4 1 2.1 1 1.6 6 2.2 2
GC 84036-22-5-1 2.2 4 1.9 7 1.8 2 2.2 3
GC 81027-6-15-1 NL 2.1 5 20 5 1.6 7 2.1 5
GC 86026-48 1.8 1 1.7 11 1.5 9 1.9 10
GC 86022-17 1.8 13 1.8 9 1.4 14 1.8 12
GC 86040-1 1.7 17 1.6 14 1.3 17 1.7 15
GC 86028-4 1.8 12 1.7 10 1.4 13 1.8 11
GC 86032-17 1.7 16 20 6 1.3 15 1.8 13
GC 86025-10 2.3 2 20 4 1.7 3 2.2 1
GC 86031-4 NL 1.9 10 2.1 2 1.5 10 2.0 7
GC 87009-71-1-28 2.1 6 1.6 12 1.7 5 1.0 9
GC 86056-11 NL 1.8 14 1.4 16 1.4 11 1.7 14
GC 86056-40 NL 2.0 9 14 17 1.4 12 1.7 16
AGS 129 (CK) 2.2 3 1.8 8 1.6 8 2.1 6
AGS 181 (CK) 1.7 15 1.4 15 1.3 16 1.6 17
AGS 302 (CK)) 2.0 8 1.6 13 1.7 4 1.9 o

*SP = spring; SU = summar; AU « autuma.
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Table 7. Promising selections from the combined analysis of AYT In spring, summer and
autumn 1990.

Aaptation to seasons Yield (tha) Days to 100-seed Disease reaction
maturity wt {g) oM cp Rust %
Spring, summer and autumn
GC 86025-10 22a 101 of 14 3 ofgh HR HR 35
GC 82334-7-8 NL. 22a 102 ef 15C de HR MS 43
GC 84036-22-5-1 22ab 93 1k 154 cd HR HS 30
GC 81027-6-10 NL 22ab 93k 138 hi HFA MR 39
GC 81027-6-15-1 NL 2.1ab 93k 136+ HR HR 46
Summer and auturnn
GC 82334-7-8 NL. 21a 95 cd 159d HR MS 43
GC 86031-4 NL 21a 98b 141 gh HR HR 35
GC 81027-6-10 NL 21a 879 140 ghi HR MR 39
GC 86025-10 20a 95 cd 14.1 gh HR HR 35
GC 61027-6-15-1 NL. 20ab 86g 134 HR HR 46
GC 86032-17 20abc 99 b 14 9 ef HR HR 39
GC 84036-22-5-1 19 abced 87g 14.8 ef HR HS 30
Spring and autumn
GC 81027-6-10 NL 18a 90 f 130h HR MR 39
GC 84036-22-5-1 18ab 90 f 14 8 de HR HS 30
GC 86025-10 17ab 101 d 1379 HR HR 35
Spring and summer
GC 82334-7-8 NL 24a 109 ¢ 139 gh HR MS 43
GC 86025-10 23ab 104 e 13.3 hi HR HR 35
Values fallowed by the sama letter within a column are not significantly different from each other according to Duncan’s Multiple Range Tost
atP = 005

differences between genotypes, scasons and GxS interaction (Table 8). GC 87019-4-1B-4 yiclded 4.3 t/ha
in94 days whercas GC 87012-95-B-1-W yiclded 3.8 /hain 89 days. Although there were significantcffects
for genotypes and GxS interaction, their magnitude is inuch smaller than for seasons. Promising sclections
with high yield potential (2 3 t/ha) and resistance to downy mildew in 1Y T-1and 1Y T-I1 are listed in Tables
9 and 10. The maturity duration of these selections ranged fror 88 to 102 days in spring. All the selected
entrics were cither higher yielding than one of the checks or are resistant to cither downy mildew, or
bacterial pustule or both.

Tables 8. Pooled analysis of IYT triai data in spring, summer and autumn 1990.

Source of variance Yield 100-seed weight

DF MS(0.15) F Pr>F DF MS F Pr>F
Between genotypes (G) 63 05 9.7 0 0001 63 424 85.6 0.0001
Between seasons (S) 2 49 89.2 0 0001 2 13250 2671.6 0.0001
GxS 126 0.2 3.8 00001 126 3.3 658  0.0001
Error 189 0.1 189 04

Breeding Vegetable Soybeans

Summary

Vegetable soybeans developed at AVRDC have the potential to produce up to 12 t/ha of graded pod
yicld at the AVRDC experimental ficlds and at Kaohsiung DAIS. In autumn the yield could go to 7 t/ha
at AVRDC., Since many of these selections carry genes from tropical and subtropical soybeans they have
good chances of adaptation in the tropics and subtropics.
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Table 9. High ylelding selections from IYT | in spring 1991.

Entry Yield Days to 100-seed Disease 12action
(Vha) maturity wt (g) DM BP

GC 87012-9S-B-1 W 38 89 262 R HS

GC 87021-23S-B-1 36 88 246 R HS

GC 84056-1-1-3-1 36 98 120 R MS

GC 84050-19-2-1-2 3.6 100 233 R HS

GC 85039-1-2-1-1 35 95 19.7 R HS

GC 87016-12S-B-2 35 91 273 R MS

AGS 129 (CK) 35 94 187 HS MS

AGS 181 (CK) 33 86 180 R -

AGS 302 (CK) 31 95 225 R HS

SRE-B-15C (CK) 3.0 92 19.7 R

TK #5 (CK) 2.7 92 17.2 R

Mean of 81 entries 2.9 99 18.7

cv 10.4 2.1 47

LSD (0 05) 0.6 4.0 17

Table 10. High ylelding selections from IYT Il in spring 1991.

Entry Yield Days to 100-seed _Disease reaction
(Yha) matunty wt (g) DM BP
GC 87019-4-1B-4 4.3 94 255 R HS
GC 87019-4-1B-1 4.1 a3 251 R HS
SS 84065-2-3 4.0 90 24.2 R HS
GC 87021-26-B-1 40 94 286 R MR
SS 86045-23-2 4.0 91 294 R HS
SS 84065-2-2 4.0 a0 234 R HS
GC 86004-9 3.9 98 21.3 R MR
SS 86013-7-4 3.8 o1 27.1 R HS
GC 87020-16-B-3 3.8 96 29.8 R HS
ACS 302 (CK) 3.6 95 24.9 R HS
TK # 5 (CK) 3.3 93 18.2 R -
AGS 129 (CK) 3.2 a3 18.8 HS MS
SRE-B-15C (CK) 2 91 20.5 R
AGS 131 (CK) 3.1 89 188 MR
Mean of 54 entries 3.4 934 235
cv 11.8 1.8 5.0
LSD (0.05) 0.8 34 24

All SS hines ara from the Korean breeding program.

Sclections with yield potential simiiar to KS #1 but better in other horticultural characteristics such
as 100-sced weight, harvest index, color of pod and sced have been sclected for evaluation in the tropics
and subtropics. A combined analysis of the trials from different seasons and different locations will be
presented in the 1992 Progress Report.

Introduction

Vegelable soybeans have been used for a long vime in the Orient, Japan, China, Indonesia, Kores,
Nepal, Philippines, Taiwan and Thailand produce and use vegetable soybeans. There is a growing
awarencss to produce vegetable soybeans both for domestic consumption and for export. There is great
potential to produce and usc vegetable soybeans in the developing Asian countrics to improve the
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nutritional value of amostly cercal-based diet. Since vegetable soybean varictics adapted to the tropicsare
unavailable, AVRDC has a vegetable soybean breeding program specifically for the ropics and subtropics.

The primary breeding objectives are productivity, adaptability to tropical Jatitudes, discase resistance
and consumer quality. The quality charactenistics include pod and seed color, appearance, flavor, texture,
taste, the size of pod and sced and number of sceds per pod.

Vegetable soybean breeding activities include greenhouse and field observation of new accessions,
generation advance, pedigree evaluation and yield trials at AVRDC and at Kaohsiung DAIS. Pedigree
evaluation trials and yicld trials alone will be presented here.

Materials and Methods
Yield trials in 1990

In autumn 1990 five yicld trials were conducted at AVRDC and one trial at Kaohsiung DAIS. In 1991
four trials at AVRDC and three trials at Kaohsiung DAIS were conducted. The plot size was 3 m x 2 m.
AVRDC’s suggested cultural practices were followed. Observations were made on days to R and R,
growth stages; 100-sced weight at R, growth stage, graded pods (> 2 seeded unblemished pods) weightand
total plant weight were taken for five randomly chosen plants for cach variety from cach replication,
Number and weight of one-, two- and three-seeded pods and pod length and width of two- and three-sceded
pods were observed. Number and weight of damagea pods was also calculated. Harvest index for graded
pod was computed. All the trials at Kaohsiung DAIS were planted following the rice Crop.

Results and Discussion

Yield trlals in 1990

IYT at AVRDCC.  Among the 24 entrics evaluated, five entrics outyiclded Ryokkoh for graded pod
yicld and two cntrics had significantly higher total pod yicld. However, ali the sclected ertrics had similar
yicldasKS# 1 (Table 11). Since they haveadifferent genctic background from KS # 1 itis worth cvaluating
them to select for othier desirable horticultural characteristics such as harvest duration, color of pod and
sced, flavor, texture, first pod height, cte.

Table 11. Promising selectioris from IYT vegetable soybean, autumn 1990.

Entry Yield (tha) Harvest Graded Daysto  Pod Pod 100- No. of
Graded  Total index pod  maturity length  width seed  graded
podwt podwt harvest 2seeds 2seeds wt(g) pnds/500g

index (cm) (cm)

GC 87010-93-1-6 83 124 49.7 331 75 5.1 13 63.8 200

GC 87008-55-1-9-2 71 121 50.7 299 75 5.1 1.3 312 215

GC 87009-71-1-6 7.0 9.4 431 323 75 5.1 13 624 196

GC 87010-35-2-6 7.0 9.6 504 369 69 5.1 1.3 688 177

AGS 292 (CK) 7.8 10.4 492 370 68 5.4 1.3 682 188

G 9053 (CK) 68 99 48.4 334 68 49 13 66 8 189

G 10134 (CK) 45 7.2 413 259 68 5.6 1.5 70.9 176

Means 67 9.7 498 344 69 51 13 62.1 198

cv 14.3 13.7 6.6 79 1.6 40 41 4.6 5.8

LSD (0.0£) 2.0 2.7 6.7 5.6 2.2 04 0.1 59 235

AYTIand AYTITatAYRDC. Twotothreesclectionsin AYTland AYT il produced significantly
higher graded pod yicld or total pod yicld than the checks. A few other selected entries had yiclds similar
to the check’s but their 100-seed weight is higher (Tables 12, 13). Highest graded pod (6.9 t/ha) and total
pod yicld (9.3 t/ha) observed was in GC 84128-17-2-1, GC 84126-13-4-1 had a 100-sced weight (green)
of 76.1 g and GC 84130-12-2-1,75.7 g.
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Tables 12. Promising selections from AYT | vegetable soybean, autumn 1990.

Entry Yield (tha) Harvest Gradoed Daysto  Pod Pod 100- No of
Graded Total index pod matunty  !cngth width seed graded
podwt podwt harvest 2seeds 2seeds wt(g) pods/500g

index {cm) (cm)

GC 86056-45 52 86 514 307 71 55 14 600 208

GG 84130-12-2-1 48 79 491 299 73 56 13 757 194

GC 84126-10-1-1 43 77 49 4 27 4 70 50 14 66 1 207

C 84128-9-2-1 37 58 470 297 73 53 13 615 208

GC 84126-13-1-2 37 58 483 301 70 50 1.4 698 202

GC 84126-13-4-1 29 40 510 373 73 53 14 761 184

GC 84126-13-4-4 26 37 547 394 73 52 14 728 200

G 90E3 (CK) 39 64 512 316 67 50 13 605 205

AGS 292 (CK) 39 59 530 350 67 52 13 582 209

G 10134 (CK) 16 28 433 255 66 51 14 631 194

Means 38 64 485 290 698 51 13 628 208

cv 205 170 101 112 14 29 36 47 51

LSD (0 05) 11 15 69 46 14 02 01 41 150

Table 13. Promising selections from AYT Il vegetabla soybean, autumn 1990,

Entry Yield (tha) Harvest Graded Daysto Pod Pod 100- No of
Craded Total index pod maturity  length width seed graded
podwt pod wt harvest 2sceds ?2seeds wt(g) pods/500g

index {cm) {cm)

GC 84128-17-2-1 69 93 487 360 74 53 14 659 206

GC 87009-71-1-5 63 g5 511 337 75 51 13 600 208

GC 86008-35-1 59 87 516 348 75 48 13 67.4 208

GC 87008-77-1-2 35 69 510 257 74 54 13 536 229

AGS 292 (CK) 46 68 522 353 68 51 1.3 586 211

G 9053 (CK) 29 50 499 29 1 68 48 1.4 62.7 208

Means 4.7 78 493 28.9 73 5.0 13 578 230

cv 149 86 36 1.3 0 29 38 38 35

LSD (0.05) 1.0 i0 2.5 4.7 0 02 01 3.1 115

AYT at Kaohsiung DAIS. GC 84137-8-2-1 produced a significantly higher graded pod yield (5.2
t/ha) thanall threccheck varietics, KS # 1, Tzurunoko and Ryokkoh (Table 14). Average graded pod harvest
index during spring was about 24% whercas in autumn, the graded pod harvestindex was nearly 53%. One-
hundred seed weight was lower in autumn than in spring. A combined analysis of vegetable soybean trials
will be presented in the 1992 Progress Report.

Table 14. Promising selectlons from Kaohsiung DAIS AYT vegetable soybean, autumn 1990,

Entry Yield (Yha) Harvest Graded Daysto  Pod Pod 100- No. of
Graded Total Index pod  maturity length width seed  graded
podwt pod wt harvest 2seeds 2seeds wt(g) pods/500g

index (cm) {cm)

GC 84137-8-21 5.2 59 58.1 511 Al 4.7 14 76.3 182

GC 85062-10-2-1 39 49 562 466 72 4.7 1.3 750 183

GC 84126-13-1-2 28 3.4 60.4 506 72 47 14 75.5 192

GC 84128-17-2-1 26 30 612 528 72 50 1.4 688 189

GC 84130-12-2-1 26 36 54.5 394 72 5.3 1.5 788 171

G 10134 (CK) 4.0 5.1 59.4 471 71 50 14 835 161

G 9053 (CK) 29 34 607 53.1 72 45 1.3 66.3 207

AGS 292 (CK) 2.4 2.7 70.2 62.0 72 27 1.3 68.3 183

Means 2.7 32 64.9 529 75 48 1.3 68.7 208

cv 241 230 92 10.4 0 29 53 6.1 5.6

LSD (0.05) 0.9 1.1 8.4 7.7 0 0.2 0.1 5.9 16.3




Soybearn Breeding 107

Yield trlals in 1991

IYT I and II at AVRDC during spring and IYT I in summer. Graded pod yicld during spring
(12.5 t/ha) and summer (11 t/ha) established records compared to the Tzuruncko yicld of 8 t/ha in spring
and the KS #1 yicld of 10 /ha in summer. GC 87020-20-B-5-1, GC 86057-6-1-9 and GC 86057-6-1-12 had
high yicldsboth in spring and summer (Tables 15, 16 and 17). In many sclected entrics the 100-seed weight
was significantly higher than the check KS #1.

Table 15. Promising selections from IYT | vegetable soybean, spring 1991.

Entry ___Yeeld(tha)  Harvest Graded Daysto Pod Pod 100- No of
Graded Total index pod maturnty  length width seed graded
podwt podwt harvest 2soeds 2seeds wt(g) pods/500g

index (cm) {cm)

GC 87010-50-1-15 11.7 165 516 365 71 49 1.3 788 147

GC 87010-19-1-1 114 15.6 51.3 37.5 70 50 1.3 722 148

GC 86057-6-1-12 110 15.7 508 35.4 71 49 1.3 74 2 157

GC 86057-6-1-9 109 152 497 35.5 71 51 1.4 74 .4 144

GC 87009-3-1-1 107 154 50.8 354 71 49 1.3 721 146

GC 87020-20S-B-5-1 107 14.8 494 356 71 51 1.3 79.1 130

AGS 292 (CK) 102 15.1 49.7 335 70 53 1.3 676 166

G 9053 (CK) 79 139 474 27.0 77 45 1.4 74.0 180

G 10134 (CK) 7.5 133 458 259 7 49 1.5 89.1 146

Means 100 15.4 490 321 74 4.9 1.3 734 156

cvVv 102 52 35 9.8 0.2 31 4.1 4.3 6.5

LSD (0 05) 2.1 16 35 6.4 0.3 03 01 6.4 209

Table 16. Promising selections from IYT |l vegetable soybean, spring 1991.

Entry Yield (tha) Harvest Graded Daysto  Pod Pod 100- No. of
Graded  Total index pod matunty  lengtn width seed  graded
podwt  pod wt harvest 2seeds 2seeds wt(g) pods/500g

index {cm) {cm)

GC 87012-10-B-6 125 16.5 466 355 73 49 1.3 736 147

GC 87009-1-1-1 124 166 536 4041 YAl 49 1.3 799 141

GC 87012-20-B-2 112 176 49.9 318 80 5.0 1.3 781 161

GC 87021-10-B-1 108 174 522 323 79 5.1 1.3 747 150

AGS 292 (CK) 11.2 154 538 3¢0 70 53 1.3 713 152

G 9053 (CK) 86 141 476 29.0 73 49 1.4 70.4 179

AGS 190 (CK) 54 9.3 319 18.4 80 45 1.3 71.8 173

Means 105 16.0 486 319 77 48 1.3 729 160

cv 1.1 49 36 98 0.7 24 4.0 43 6.9

LSD (0.05) 24 16 3.6 64 11 0.2 0.1 6.4 226

Table 17. Promising selections from IYT vegetable soybean, summer 1991.

Entry Yield (vha) Harvest Graded Days to Pod Pod 100- No. of
Graded Total index pod matunty length  width seed  graded
podwt podwt harvest 2seeds 2seeds wt(g) pods/500g

index {cm) (cm)

GC 87020-20-B-5-1 114 26.0 57.7 438 73 5.4 13 66.0 192

GC 87008-15-1-11 114 286 54.6 39.7 73 52 13 58.4 202

AGS 292 (CK) 98 253 545 387 73 53 1.3 64.4 202

Means 10.0 271 53.8 372 74 5.2 1.3 59.8 205

cv 116 5.3 45 8.3 0 2.2 23 6.4 3.7

LSD (0.05) 25 3.1 5.3 6.7 0 0.3 01 8.3 16.2
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IYT I and 1I at Kaohsiung DAIS. InIYTIGC 86057-6-1-9 and GC 87012-20-B-2-1 produced
significantly higher graded pod yields of 11.9 ¢/ha and 10.8 t/ha compared to 6.9 t/ha for KS #1. Harvest
maturity of GC 86057-6-1-9 was 73 days, the same as that of KS #1. One-hundred seed weight of GC
87012-20-B-2-1 was 95 g compared to 100 g for Ryokkoh and 76.5 g for KS #1 (Table 18).

Table 18. Promising selections from Kaohsiung DAIS IYT | vegetable soybean, spring 1991.

Entry Yield (tha) Harvest Graded Daysto  Pod Pod 100- No of
Graded  Total index pod maturity length  width ceed  graded
podwt podwt harvest 2seeds 2seeds wt(g) pods/500g

index (cm) (cm)

GC 87010-50-1-15 11.7 16.5 516 365 71 49 13 78.8 147

(3C 86057-6-1-9 119 133 55.8 590 73 53 14 795 149

GC 87012-20-B-2-1 108 134 620 500 82 51 13 950 163

GC 87010-34-1 9.4 11.2 678 56.1 82 52 13 80.0 171

GC 87010 35-1-9 8.7 99 640 56 4 73 5.1 13 775 163

GC 87012-20-B 8-2 85 17 64.7 477 82 53 1.4 90.0 159

AGS 292 (CK) 69 8.2 599 507 74 48 1.3 765 178

G 9053 (CK) 5.5 70 597 468 74 48 13 65.5 197

G 10134 (CK) 2.7 5.6 56 9 269 78 5.3 1.5 100.0 140

Means 8.0 9.5 60.5 505 75 5.1 13 768 165

cv 17.6 15.9 5.8 7.4 0 29 49 7.2 5.3

LSD (0.05) 29 3.1 72 7.7 0 0.4 0.1 114 179

InTYT I1{ive entrics significantly outyiclded Tzurunoko. The graded pod yicld was from 8.9 tio 11.1
t/ha compared 10 6.2 t/ha for KS #1 (Table 19).

Table 19. Promising selections from Kaohsiung DAIS IYT Il vegetable soybean, spring 1991.

Entry Yield (vha) Harvest Graded Daysto Pod Pod 100- No. of
Graded Total index pod  matunty length width seed graded
podwt  podwit harvest 2seeds 2seeds wt(g) pods/500g

index {cm) {cm)

GC 87021-13-B-7 111 11.8 620 584 82 5.1 12 75.0 167

GC 87009-8-4-2 98 10.7 538 492 82 5.3 1.4 80.0 164

GC 87009-71-1-8 9.6 1.2 563 479 82 53 1.3 80.0 173

GC 87012.20-B-2 9.3 118 63.9 510 82 51 13 81.0 163

GC 87012-10-B-6 8.9 100 643 572 78 5.1 13 90.0 157

AGS 190 (CK) 81 9.0 48.5 439 82 4.7 1.3 815 187

AGS 292 (CK) 6.2 74 553 46.0 74 46 1.3 80.5 184

G 9053 (CK) 4.2 5.4 60.3 471 74 4.8 1.2 720 180

Means 7.6 8.8 598 514 79 4.9 13 731 174

cv 16.9 16 3 7.8 84 0 3.7 5.1 115 8.0

LSD (0.05) 2.6 29 95 8.9 0 04 0.1 172 28.6

AYT during spring at AVRDC. Graded pod yicld of 10 t/ha was recorded for GC 87010-65-1-4
compared to 6.7 t/ha for Tzurunoko, with KS #1 having a yicld of 10.3 t/ha. However, the GC line had a
100-secd weightof 69 g compared 1062 g for KS #1 which was significantly lower. Several other selections
that had yields similar to KS #1 but significantly larger seeds were selected (Table 20).

AYT during spring ceason at Kaohsiung DAIS.  GC 87010-35-2-6 produced a graded yicld 0f9.6
t/ha which was significantly higher than KS #1 (8.6 t/ha). One-hundred seed weight of GC 87010-35-2-
6 was also significantly greater (86 g) than KS #1 (72 g). In high-yiclding sclections the graded pod yicld
harvest index reached more than 50% (Tabie 21).
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Table 20. Promising selections from AYT vegotable soybean, spring 1991.

Entry Yield (Yha) Harvest Graded Daysto  Pod Pod 100- No of
“Graded™ Total index pod  matunty length width seed  graded
podwt podwt harvest 2seeds 2seeds wi(g) pnds/500g
index (em) {cm)
GC 87010-65-1-4 10.0 149 512 345 70 51 13 688 145
GC 87010-50-1-17 10.0 145 518 357 70 53 13 727 147
GC 87008-65-2-9 9.2 160 52.7 307 76 5.0 1.3 820 160
GC 87010-35-2-6 91 13.6 465 310 76 49 13 83.8 151
GC 37008-65-2-1 82 142 49.4 285 77 50 1.3 858 146
GC 84137-8-2-1 8.0 137 446 260 77 53 14 860 156
GC 87008-77-1-13 78 15.1 514 26.5 76 5.1 13 719 163
AGS 292 (CK) 10.3 147 561 396 69 51 14 616 203
G 10134 (CK) 77 131 470 276 73 49 13 853 155
G 9053 (CK) 67 130 450 233 72 48 13 69.2 175
Means 8.6 14.2 483 293 75 49 13 73.7 164
cv 122 59 4.0 118 03 2 41 41 54
LSD (0.05) 15 1.2 28 49 03 03 01 42 125

Table 21. Promising selections from Kaohsiung DAIS AYT vegetab's soybean, spring 1991.

Entry Yield (tha) Harvest Graded Daysto  Pod Pod 100- No of
Graded Total indey pod matunty length width seed graded
podwt podwt harvest 2seeds 2seeds wt(g) pods/500g

index (cm) (cm)

GC 87010-35-2-6 94 107 55.7 50.4 79 50 14 855 158

GC 86056-42 91 111 615 506 79 53 14 925 143

AGS 292 (CK) 86 97 639 566 73 50 1.3 715 160

G 9053 (CK) 75 9.4 576 46 2 74 4.6 13 738 177

G 10134 (CK) 6.8 8.3 56.1 456 77 53 14 825 162

Means 8.1 95 596 506 77 49 13 742 171

cv 8.5 7.4 8.1 98 0 33 3.1 61 4.4

LSD (0.05) 1.0 1.0 68 7.0 0 0.3 0.1 64 10.7

Breeding for Soybean Rust Tolerance

Summary

Inautumn 1990 soybean rust severity was high. Soybean rust tolerance index (RTI) was lower for both
yicld and 100-seed weight. Some entrics had considerably lower soybean rust infection in plots both with
and without fungicide suggesting the possibility of this linc carrying partial resistance genes. However,
there were other lines with high rust infection that have high RTI suggesting their tolerance. Such
phenomena were observed in spring 1991 as well. In spring 1991 lincs with high RTI and high yicld
potential were identified.

A combined analysis of AYT for spring and autumn indicated that the largest source of genotypic
variancc was due to fungicide trcatment and scason x fungicide intcraction. The response to fungicide is
season-dependent. Fungicide spray schedule requirements for ditferent seasons and different locations
may be different and need to be established by trial. As suggested in last year’s Progress Report, multiple
scason, in multiple years and possibly multiple location testing is required to identify stable rust-tolerant
genotypes.

Introduction

Vertical resistance genes identified so faragainst different races of Phakopsora pachyrhizi arc all short-
lived since the pathogen produces new virulent races which easily overcome the single gene resistance.
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Slow rusting, partial resistance and tolerance have been reported as other avenues to combat the soybean
rust. If the rust incidence is severe the yield loss could be as high as 90%. In spite of high rust infection,
genotypesarereferred to as tolerantifthe yicld lossis minimal. Higher yicld with minimal use of fungicides
and increased inconie are the objectives in the incorporation of tolerance to soybean rust.

Materials and Methods

The details of AYT materia' and methods are given in Table 1. The main plot was placed in the split
plot design with and without fungicides and the genotypes were placed in the subplot. Fungicide-treated
plots were not inoculated with soybean rust fungus but the plots without fungicide were inoculated with
soytean rust pathogen inoculum prepared by the Plant Pathology group. Data on percent soyhean rust
infection, yicld, 100-sced weight were collected and subjected io pooled analysis 1o determine the source
of variation for various components. In analyzing the data, the genotypes, treatment and scasons were all
assumed as fixed whilc the replication was considered random.

From the obscrvations, rust tolerance index (RT1) was calculated as follows:

Yicld or 100-sced weight without fungicide x 100
Yicld or 100-sced weight with fungicide

RTI =

A combined analysis of spring and autumn was conducted and estimates of comgonents of variance
were also determined.

Results and Discussion
Yield trials in 1990

Compared to autumn 1989 soybean rust severity, the autumn 1990 soybean rust severity was high,
Maximum rust lesion percent was 39 in 1989 whercas in 1990 it was 71%. As a result the RTI was lower
for both yield and 100-sced weight in 1990 (Table 22). GC 87009-71-1-28 had the highest RTI of 94 and
93% for yicld and 100-sced weight. Percentrust lesion on this line was considerably lower, only 26% being
recorded in plots without fungicide and 12% in plots with fungicide (Table 22). However, its yicld potential
is low. GC 82334-7-8NL had an RTI of 81% for both yicld and 100-sccd weight. Itappears that GC 87009-
71-1-28 has partial zesistance plus tolerance while GC 82334-7-8NL has tolerance. However, GC 81027-
6-10-NL has high yicld potential and may be better than others.

Table 22. High ylelding lines selected from AYT in autumn 1990,

Entry Jalll _Days to matunty 100-seed wt (g) Rust lesion (%)
Yied 100-seed wt with without with without with without
fungicide fungicide fungicide
GC 81027-6-10 NL 69 77 81 79 171 131 24 47
GC 86031-4 NL 69 82 93 86 16 3 134 24 36
GC 81027-6-15-1 NL 64 77 80 78 158 12.2 25 57
GC 84036-22-5-1 72 83 82 78 17.9 14 8 25 40
GC 86025-10 74 84 94 91 16.4 138 20 36
GC 86032-17 63 78 96 93 18.0 14.0 20 41
GC 82334-7-8 NL 81 81 88 90 17.2 14.0 31 44
GC 86028-4 62 71 82 79 18.2 13.0 33 71
GC 86026-48 66 75 96 94 18.5 13.8 23 44
GC 87009-71-1-28 94 93 87 84 24.7 23.0 12 26
AGS 129 (CK) 68 83 81 80 17.7 14.7 23 37
AGS 302 (CK) 74 83 88 85 22.7 18.9 26 39
AGS 181 (CK) 85 92 76 76 130 11.9 47 71
Mean of 17 entries 72 81 88 85 18.8 15.3 26 45
cv 30 28 3.4 3.5 171 17.8

LSD (0.05) 3.7 34 0.2 0.8 6.4 11.3
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Yield or 100-seed weight with fungicide

The data from spring and autumn were pooled and analyzed. Variance components were calculated
by cquating appropriate mean squares to their expectations to the model and solving for the respective
variance components.

As in the past yaar, the estimates of compenents of variance showed that fungicides treatment (F) and
scason (S)x Finteraction were the largest source of phenotypic variance for yield (Table 23). Soybean rust
infection during spring und autumn scasons are dif{crent. Furthermore, the photoperiod and temperature
during the two scasons arc different. Both these factors contribute 1o the interaction cffects. Scason x
[ungicide intcraction clearly indicates the differential soybean rust incidence during different scasons.
Therelore, soybean rust tolerance and RTI in one scason or in onc location may not be representative of
other scasons or locations.

Table 23. Percent contribution of each component of variance to
total variance for yield in spring and autumn 1990.

Coraponent of variance Estimate for AYT
G 3% (0 0001)
o’S 0 03% (0 2909)
oF §7% (0 0001}
¢°GS 7% (0 0001)
o°GF 2% (0 0001)
a'SF 26% (0 0001)
a*SFG 2% (0 0001)

52 3%,

Yield trials in 1991

Soybean rust infection severity was quite high—829% in plots without fungicide and 48% in plots with
lungicide. Datafrom Table 24 suggests that there may be partial resistance and tolerance presentin selected
entries. Several entries exhibited little reduction in yield due to soybean rust—the RTI being 100
(Table 24). There was little reduction in 100-sced weight between the treatments with and without
fungicide.

Tabie 24. Differences in yleld, percent rust infection, and 100-seed welght of selected entries
from AYT in spring 1991.

Entry RTi2 Days to matunty 100-send wt (g) Rust lesion (%)
Yield 100-seed wt with without with without with without
fungicide fungicide fungicide
GC 84040-27-1 65 81 34 22 179 145 13 82
GC 86018-427-3 92 99 33 30 19.2 19.1 20 23
GC 86017-170-1 N 89 98 31 27 236 23.2 19 44
GC 84040-16-1 79 85 29 2.3 19.6 166 28 61
GC 84058-18-4 100 100 2.8 28 233 234 39 38
GC 84051-32-1 104 99 2.5 2.6 143 14 2 37 33
SRE-D-14B (CK) 94 100 2.9 2.7 26.7 26.6 31 37
AGS 302 (CK) 103 98 2.6 2.7 231 226 46 62
AGS 129 (CK) 101 99 2.6 2.6 168 16.7 48 64
Mean of 14 entries 94 96 27 2.5 21.1 205 34 51
cv 86 69 47 3.6 35.4 18.3

LSD (0.05) 03 0.3 1.4 1.0 172 13.2
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International Cooperation

Summary

Forty scicntic®s from 28 countrics reccived atotal of 864 grain soybean entrics and 10 ASETS for their
trialand use. Similarly 39 scientists from 21 countrics received a total of 691 entrics of vegetable soybean,
which shows the growing interest in exploiting the potenual of vegetable soybean.

Kaohsiung DAIS has released two new vegetable soybean varicties: KS #2 (KVS 39)and KS #3 (KVS-
124) for their farmers. The crosses for both varicties werc made at AVRDC. Results of vegetable soybean
trials in Indonesia indicatc a yield potenual of more than 8 t/ha graded pod. Vegetable soybeans AGS 190
and AGS 292 arc multiplicd by PLENTY Canada for distribution to farn:ers in Sri Lanka.

Three Korean soytean breeding lines have been successfully multipliedat AVRDC and returned along
with several other advance generation materials grown at AVRDC during the off-scason (spring 1991).

Introduction

The National Agricultural Rescarch Systems (NARS) from the different countries request and receive
germplasm and improved enhanced genetic materials for their evaluation and utilization cither in their
rescarch program or for direct use by their farmers. The NARS scientists return the data to AVRDC
commenting on the superiority of the AVRDC improved materials in relation to their native materials.
NARS scientisis also advise aboat constraints that remain to be resclved. Such valuable feedback help
AVRDC 1o finc-tunc the rescarch progran: at AVRDC so that AVRDC'’s rescarch can complement and
supplement the efforts of the NARS scientists and hasten to resolve the constraints of soybean production
cfficicntly.

Since AVRDC’s new strategy calls for devolving soybean from the headquarters to the Regional
Program in Thailand, shuttlc breeding has been initiated between Thailand and AVRDC,

New Variety Releases

In Taiwan, Kaohsiung DAIS has proposed the release of two new vegetable soybean varietics: KS #2
(KVS 39) and KS #3 (KVS 124). The committee has approved their release. The cross for both varictics
was made at AVRDC. KS #2 resembles that of Ryokkoh for most horticultural characteristics but it is
slightly latc-maturing and the yield is significantly higher than Ryokkoh.

KS #3 is similar 10 Tzurunoko for most of the horticultural cliaracteristics but it is slightly late-
maturing and the yicld is significantly higher than Tzurunoko.

Nepalhas released anew varicety, Scti, from AVRDC breeding lines. The details of the release are being
obtainca.

Vietnam has released three grain soybean varictics from AVRDC breeding lines: G 87-1 (AGS 117),
G 87-5 (AGS 129) and AK 05 (G 2261).

As of December 1991, 12 countries have officially released to their farmers 24 varictics by using
AVRDC soybeans (Table 25).

Distribution of Germplasm, Elite Lines, and AVRDC Soybean Evaluation Trial and
AVRDC Vegetable Soybean Evaluation Trlal

Forty scicntists from 28 countrics requested and reccived from AVRDC 172 AGS lines, 468 Glycine
crosses (GC) and pedigrees, 224 accessions and 10 ASETS.

The intcrest in vegetable soybeans can be seen from the fact that 39 scientists from 21 countries have
received 181 AGS lines, 352 GC pedigrees and 158 accessions of vegetable soybeans for their evaluation
and use in developing varietics for their countries.
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Table 25. AVRDC soybean released by cooperators.

Local name AVRDC ID # Year Country Remaihs
Darco 1 AGS 29 1981 Honduras EM, UM, HY, CLS
KMA1 AGS 2 1980 India RF, HY
G 2120 G 2120 1980 Indonesia HY, CC, SC, ST, G, LSV
Wilis® G 2120 1933 Indonesia EM, HY, (R)°
Kerinci® AGS 2 1985 Indonesia HY, (R), BF
Tidar G 2120-M 1987 Indonesia HY, EM, RF, LSV, G, ST
Taiwan 30050 AGS 17 1982 Malaysia HY, MH
BPI Sy4 AGS 73 1985 Philippines  HY, EM, UM, LSV, BP, R, L, S, WA
Kaohsiung No 9 AGS 12 1082 Tawan HY, NP, SSP, SQ
Kaohsiung No. 10 AGS 129 1985 Taiwan HY, NL, BP, SSP
Tainan No. 1 AGS 66 1986 Tawan HY. S, MH, EM, SP, DM, BP, L, BS
Kachsiung No 1 AGS 292 1087 Tawan HY, MH, DM, VS
Sukothai No 1 AGS 9 1986 Thalland NL, HY, NP, (R, DM, PSS)
Dowling G 58 1978 USA® R, HY
GC 30229-8 (AGS 19) 1983 Zimbabwe NL, EM
AKO 3 G 2261 1988 Vietnam HY, EM
La Carlotta Soy-1) Clark 83 x AGS 129 1990 Philippines  (BP, R), EM, UM, L, (S),
(PSBSY-1 (LGBY 01-24) acceptable to Nestle product
BPI-Sy6 (Saguisag) AGS 19 1990 Philippines NL, HY, resistan: to virus
Kaohsiung No. 2 Ryokkoh x KS 8 1991 Taiwan HY, MH, VS
Kaochsiung No 3 Pl 157424 x KS 8 1991 Tawan HY, MH, VS
Seti ? ? Nepal HY
G871 AGS 147 ? Vietnam
G 87-5 AGS 129 ? Vietnam .
AK 05 G 2261 ? Vietnam

*Selected at AVRDC, but not an AVRDC improved line
*Cross betwecn AVRDC hne and local cultvar,
*Parentheses indicate moderate levels ¢! resistance.

RF. suited to cultivation in nce fallows CC: suited to crude cultivation

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 LSV: long seed viability

L: nonlodging S. nonshattering

MH suitable for mechanical harvesting G- good germination

RCI: suitable for intercropping with rice or corn SP suited to summer planting

DM: resistant to downy mildew

ST. preferred for making tempeh WA: wide adaptability

BF: resistant to beanfly BS. suited to bean sprouting

VS: utillized as vegetable soybean PSS resistance to purple seed stain

SQ: good seed qualtty for storage

Vegetable Soybean Trials

Lesotho. Of the seven varictics, the differences in yield between varieties were insignificant. The
CV was quite high, 52.1% and therefore, the results of the trial need to be viewed with caution. The
cooperators, Mr. Michacl H. Makhata and Mr. M. Mofoka, reported that people liked the varicties and they
performed well. There is a need to know how they used the pod, shelled beans or seeds. Further trials are
needed.

Indonesia. Ten entrics were provided by AVRDC. Among them, threc entrics gave a graded pod
yield of 7.7-8.7 t/ha in 72-79 days (Table 26). The cooperator from Miyakawa Enterpriscs, Mr. Ichiji
Miyakawa, reported that for pod quality and yicld GC 83008 was the best followed by GC 84126, GC
87010, GC 83006, AGS 190 and AGS 292. The trial will be repeated in December 1991 or January 1992,
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Table 26. Promising selections from Indonesia vegetable soybean, spring 1991.

Entry Yield Daysto He'ght No of No of pods/hill Defective
(Vha) matunty atmatunty Graded pods/hil  1seed 2sced 3 seeds pods

GC 83008-16 87 79 276 33 7 25 8 5

GC 84126-10-1-1 80 72 267 46 2 36 10 8

GC 87010-35-2-7 77 72 247 39 8 32 7 1

Fuku Yutaka (ck) 74 7¢ 264 45 3 30 15 2

Columbia (ck) 44 94 533 57 12 51 6 17

Argentina. Ninc AVRDC sclections were evaluated in an observation trial with five local check
varietics. Grain yicld data were collected and reported by the cooperator, Mr. Gimenez Kantolic, Charal.
Onc-hundred sced weight of all AVRDC entries was morc than or equal to 30 g. Data for selected entrics
arc given in Table 27.

Table 27. Promising selections from Argentina vegetable soybean, spring 1990.

Entry Yield Days to Days to Height at 100-seed Seed
(Vha) flowering maturity flowering matunty wt (g) quality
G 10134 25 68 116 519 519 459 5
AGS 293 23 63 112 495 51.2 439 4
Blue Side 19 70 130 623 623 350 4
Shirofumi 1.6 51 104 384 38.4 433 2
GC 84136-P-4-1-8 15 65 116 602 617 379 3
AGS 292 12 51 104 43.8 438 448 3
Mitchell (ck) 35 77 112 779 779 19.2 4
A 3127 (ck) 2.4 68 104 526 52.6 156 3
A 5409 (ck) 2.0 82 133 857 901 16.1 5
Montera 74 (ck) 1.1 93 174 935 965 14.8 5
Hood 75 (ck) 05 91 145 84.0 852 13.7 5

Sri Lanka. From 400-g sceds of AGS 292, 7 kg have been multiplied for distribution to farmers.
Similarly from 22 kg of AGS 190, 354 kg have been multiplied for distribution to the farmers as reported
by the cooperator, Mr. D.C. Nanayakkara.

Korea. Threeblack-seeded breeding lines S 155,S 156and S 157 were planted for seed multiplication.
A totalof 543 kg of sceds were produced from the 20 kg see 'received. Seedsof all three varietics multiplicd
were shipped 1o Kerea fa time for their regular season planting. 1 addition, the training scholars made 30
different crosses at AVRDC, of which 11 were to combine genes with less lipoxygenase and 19 were for
itnproving vegetable soybeans in Korea.
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Soybean Entomology

Confirmation of Melanagromyza sofae Resistance in Soybean

Summary

Preliminary studics were conducted on the morphology of unifoliate and first trifoliate leaves of the
apparently Melanagromyza sojae-resistant and susceptible soybean accessions to determine whether there
are significant diffcrences in these characters that could account for the differences in the infestation of M.
sojae. Accession G11569, which was significantly less damaged than the susceptible check, had
significantly thicker unifoliate and trifoliate leaves. G 11569 has significantly fewer trichomes on both
upper and lower surfaces of the unifoliate Icaves. Other characters such as leaf arca, moisture content, dry
weight, and petiole morphology did not differ between G11569 and the susceptible check.

Introduction

Melanagromyza sojae Zehntner (Diptera: Agromyzidac) attacks soybean throughout most of Asia.
The infestation of this inscct is especially serious in Taiwan, rcaching up to 100% plant damage and 30%
seed yicid loss. Melanagromyza sojae rarely kills the soybean plant. It weakens it by larval feeding on the
pith of the main stem resulting in yicld loss. In 1980 AVRDC identifi .4 four Glycine soja accessions with
highlevelsof resistance to this agromyzid. However, this resistance was found to be related to narrow stams
and with thin pith cavity, too smalj to accommodate M. sojae larvac feeding inside the stem. Thin stem,
however, is an agronomically undesirable character because plants lodge casily. Screening of newly
received soybean germplasm was thus initiated to identify sources with true resistance to M. sojae. In 1989,
screening tests by AVRDC showed five soybean accessions that were least damaged by M. sojae among
the other accessions included in the test. To confirm the resistance and study the mechanism of resistance,
a field test was conducted.

Materials and Methods

This cxperiment included three least damaged accessions from the 1989 test and three susceptible
checks. Seeds of cach entry were sown on 26 September 1990 in two rows on the top of three 1-m wide
and 6-m long randomly sclected beds, cach bed being one replicate. No insccticide or fungicide was
applicd. Obscrvations were made on the morphological characters of the plants and agromyzid infestation.

Plant characters. Morphological characters of unifoliate leaves were observed 6 days after
emergence {DAE) and first trifoliatc leaf 5 weeks after emergence (WAE). Ten plants from each plot were
uprooted 6 DAE. Ten unifoliate leaflets were stripped off and their leaf areas were measured with a Li-Cor
arca meter. The {resh weights and dry weights (drying at 105-110°C for 48 hours) were simultaneously
recorded. The moisture content was determined by the subtraction of dry weight from the fresh. in five
leaflets of cach accession, one 5 x 5 mm area on lower and upper leaf surfacc was sclected carefully
avoiding the main veins. The number of trichomes in this arca was recorded. In another five leaflets, leaf
thickness at two points in cach Icaflet was measured, carefully avoiding the main veins.

At 5 WAE 20 plants were uprooted from cach plot. Ten fully opened first trifoliate leaflets were cut
and the leaf arca, fresh and dry weights, moisture content, leaf thickness and trichome density were
recorded in a manner similar to the unifoliate leaf. From the first trifoliate lcaves, 10 petioles were cut. The
length, diameter, fresh and dry weight as well as moisture content of each petiole were recorded.

Insect infestation. At3 and 5 WAE, 15 plaats from each plot were uprooted and cut open and the
number of larvac and pupae of M. sojae in the stems cf each plant was recorded.
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Results and Discussion

A1 3 WAE, there were significantly fewer M. sojae larvac and pupac in G11569 and G12043 than in
the susceptible checks, exceptin AGS66. Accession G11744 was as susceptible as the susceptible checks.
A5 WAE, both G11569 and G12043 had a significantly lower inscct populatior: than all the susceptible
checks. Melanagromyza sojae larval and pupal population in G11744 was not diffcrent from one
susceptible check, AGS66. In the two 1990 ficld tests G 11569 and G 12043 showed consistently lower M.
sojae infestation. Characteristically, bothaccessions are black-seeded, whereas all susceptibles aze yellow-
sceded. Unifoliate leaves of both G11569 and G12043 had significantly lower trichome density than the
unifoliate leaves of the susceptible checks However, on the lower surface only G 11569 had significantly
lower trichome density than the susceptible checks. The unifoliate and trifoliate leaves of G11569 were
significantly thicker than thosc of the susceptible checks. Melanagromyza sojae lays cggs in unifoliate and
trifoliate Icaves and the firstinstar larvac feed inside these plant parts. Itis not certain how these characters,
that differ between resistant, especially G11569, and susceptible accessions, affect the infestation of M.
sojae. Other morphological characters did not differ between apparently resistant and three susceptible
checks.

Study of Mechanism of Resistance in Soybean to Beanfly

Summary

Morphology and beanfly {Ophiomyia phaseoli (Tryon)| infestation characteristics of two resistant and
two susceptible soybcan accessions were studied for their resistance mechanism, The cotyledons,
unifoliate leaves and hypocotyls of two resistant accessions, PI171444 and P1227687, were significantly
smaller than those of two susceptible accessions, AGS66 and TKS. These differences explain the lower
oviposition and lower inscct feeding in the resistant accessions. Significantly fewer beanfy adults
prcfcrrcd toalightand lay cggsin the resistant plants than in the susceptible ones. Pupac from larval fccdlng>
in PI1227687 were significantly lighter than in the pupac from susceptible accessions. This raises the
possibility that some antibiotic factors may also be present in this accession whichi also resulted in
significantly fewer larvac feeding n its stems. It is possible that several plant morphological and
physiological characters contribute to the resistance of soybean accessions to the beanfly.

Introduction

Among various insccts that attack soybean, the beanfly, Ophiomyia phaseoli (Tryon) (Diptera:
Agromyndac) is the first to damage the plants soon after geninination. This pcsl is the most destructive
in Indoncsia and in the southern part of Vietnam. At present farmers use only insecticides to combat
beanfly. In Taiwan this inscct has alrcady developed resistance to monocrotophos and dimethoate, the two
most commonly used chemicals for beanfly control. AVRDC’s rescarch emphasizes breeding of soybean
cultivars resistant to this pest as an alternative sustainable control measure. However, until recently, O.
phaseoli host-plant resistance scrccning was not carricd out in Taiwan because O. phaseoli docs not cause
significant damage to soybcan in Taiwan although it is a scrious pest of other legumes. However, a simple
technique to mass-rear O phaseoli in the laboratory has been developed recently. This lcchmquc cnabled
the screening of soybean germplasm for resistance to O. phaseoli. In the preliminary screening, PI171444
and PI 227687 werc consistenly less damnaged and appeared to be resistant. They were studied in the
laboratory o characterize their mechanism of resistance.

Materials and Methods
Beanfly rearing

Sceds of soybean (cv. KS 9) werce sown on a small parcel of land in the ficld, and 1 week after
germination all cotyiedons were harvested. Cotyledons with beanfly eggs or larvac were maintained at
26 + 2°Cfor 2 weeks and emerging adults were used for further mass rearing using cotyledons from freshly
germinated soybean plants.
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Plant morphology study

A detailed morphological study was done of cotyledons, hypocotyl and unifoliate Icaves. Seeds of t'vo
apparently resistant (PI 171444 and PI 227687) and two known susceptible (TK-5, AGS66) accessions
were sown in small plastic pots maintained in a greecnhouse. After germination, 10 plants were maintained
in cach pot.

Cotyledons. The thickness of cach cotyledon was mecasurcd at two points with a micrometer
(Pcacock dial thickness gauge). The average thickness of 10 cotyledons constituted one replicate; four
replicates per accession werc used. Cotyledonal leaf arca was measured on a leaf arca meter (Li-Cor Modcl
LI-3000). Fresh and dry weights (72 hours drying at 105-110°C) of cotyledon were measured on a Mettler
AE.240 clectronic balance. Moisture content was determined. Cotyledon volume was measured by water
displacement method.

Hypocotyl. Ten 1-weck old plants from cach of the four replicates of each accession were uprooted.
Hypocetyl length was measured as the distance between cotyledonal joint and root shoot junction,
Hypocotyl diameter was mecasured at three points on cach plant with the Peacock dial thickness gauge.
Fresh and dry weights (72 hours drying at 105-110°C) of the hypocotyls were measured on the Mettler
AE 24() clectronic balance and moisture content was determined.

Unifoliate leaves. Ten fully-opened unifoliate leaves of cach accession were sampled and their
arcas were measured with a Li-Cor arca meter. The number of trichomes on two 5 x 5 mm areas on both
sides of cach leaf was recorded on five unifoliate leaves in cach replicate. Fresh and dry weights (72 hours
drying at 105-110°C) of 10 fully-opened leavces of cach of four replicates of cach accession were recorded
using a Mettler AE.240 balance. Moisture content was determined.

Host preference study

Sceds of P1 227687, P1 171444, TK-5 and AGS 66 were sown in soil placed in a plastic flat (45 x 30
x 8 cm) with perforated bottom to drain excess moisture. Each accession was planted in one randomly
sclected row in cach of four flats, cach flat being onc replicate. Distance between two accession rows was
7.5 cm and that between two planting snots of cach row was 4.8 cm.

Two days after germination when cotyledons were tully open, individual trays were placed in one
screen cage (60 x 60 x 60 cm). One hundred beanfly adults (1 male: 1 female) were then released in cach
cagce at 0800 hours. The number of adults resting cr depositing cggs on the plants of each accession were
rccorded at 1 and 2 hours after the release of the adults. Four hours after the release of the adults, the
cotyledons were cut and the number of cggs denosited in cotyledons and unifoliate leaves of 10 plants of
cach accession in cach replicate was recorded.

Insect development study

Larvaldevelopment. Scedsof P1227687,P1 171444, TK-5 and AGS 66 were sown in vermiculile
in plastic cups (11-cm diameter, 4-cm high). Each accession was sown in 24 cups and cach cup had 15~
20 seeds. Five days after germination, unifoliate leaves of cach plant were cut leaving cotyledons intact.
The plants were placed in a net cage (60 x 60 x 30 cm) containing 200 beanfly adults. After 30 min of
cxposure for oviposition, cotyledons with oviposition puncturcs were cut and placed in a petri dish lined
with moist tissue paper. Each cotyledon was observed to make surc it had only onc egg; cxcess cggs were
removed. The cotyledons were maintained at 26 -+ 2°C. Egg and larval stages of beanfly in the cotyledons
of each accession were obscrved once every 4 hours until all larvac had pupated. The period between
oviposition and pupation was recorded. Pupac were extracted from the cotyledons and their weights were
rccorded.

Adult fecundity. The adults that emerged within 24 hours from the pupac extracted from the
cotyludons of each accession were placed in individual plastic cylinders (15-cm diameter, 30-cm high).
Each pair (1 male + 1 female) among the 10 pairs of adults that emerged from cach accession were placed
inindividual glass tubes (2.2-cm diameter, 9 8-cm high). One 2-day old scedling of soybean accession AGS
66 with only onc cotyledon maintained intact was introduced in individual test tubes. The plant with one
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cotyledon was replaced with a fresh onc twice a day and the number of eggs laid in the cotyledon was
recorded. This process was repeated for 9 days.

Resulis and Discussion

The cotyledons of resistant PI171444 and P1227687 were significantly smaller than the cotyledons of
AGS660r TKS the susceptible checks (Table 1). This trend was detected in all quantifiable characters such
asleaf area, volume, thickness and fresh and dry weights. The moisture content of cotyledons of PI227687
was significantly less than the cotyledons of both susceptible accessions although no such difference was
found between PI 171444 and AGS 66 (Table 1). The smaller cotyledon volume of resistant accessions
presumably sustains feeding of fewer insccts than tue larger cotyledons of the susceptible accessions. The
larvae that feed on the cotyledons are responsible for mortality of plants. The first instar normally feeds
in the cotyledon and the second instar larvae move from the cotyledon to feed on the hypocotyl which
results in plant mortality.

Table 1. Morphological characters of cotyledons of selected soybean accessions.

Soybean Cotyledon characters?

accessions Leaf Volume Thickness Fresh Dry Moisture Specific
area (cm?) (mm) weight weight content dry weight
(cm?) () (mg) (%) (g/em?)

Pl 227687 14d 0.2d 18d 0o1d 16.1d 875¢ 0.1

Pl 171444 19c 02¢c 21c 0.2c 233c 880 bc 0.1

AGS 66 23b 04b 25b 03b 373b 883b 0.1

TK-5 36a 06a 29a 05a 578a 892a 01

*Data are means of four replicates. Means in each column foliowed by the same letter are not significantly diferent at 5% leve! according to Duncan's
multiple range test

The hypocotyls of both resistant accessions were also smaller than those of the susceptible accessions
(Table 2). The smaller hypocotyl of the resistant accession probably, in tum, provides limited food and
volume for the accommodation of the beanfly larvac. The unifoliate Icaves of both resistant accessions were
significantly smaller than those of the susceptible accessions (Table 2). When cotyledons arc notaccessible
beanfly adults lay cggs inside unifoliate Icaves. Unifoliate leaves of resistant accessions provide limited
surface comparcd to the unifoliates of the susceptibles for laying eggs and feeding. This presumably
reduces the larval population and damage in the resistant accessions. No consistent relation was found
between trichome density on unifoliaie Ieaves aad beanfly infestation, although PI1227687 tended to have
higher density than the rest.

Table 2. Morphological characters of hypocoty!s and unifoliate leaves of selected soybean

accessions.
Soybean Hypocotyl characters? Unifoliate cnaracters?
accassions Length Diameter Fresh Dry Moisture  Number of tnchome Leaf
weight weight  content in 5 mm? area
(cm) (mm) (9) (mg) (%) upper lower (cm?)
surface surface
Pl 227687 56c 176d 0.2d 9.8d 934b 103 1a 13422 9.2d
Pt 171444 45d 248b 02c 134 ¢c 94.4 a 76.7b 1104 b 11.8¢
AGS 66 6.1b 234 ¢ 03b 182b 933 b 513¢ 65.9c 19.0b
TK-5 68a 27.2a 04a 279a 933b 815ab 1126ab 222a

*Data are means of four replicates. Means in each ver-ical column foliowed by the same letter are not signiicantly ditferent at 6% level according to
Duncan's muttiple range test

Significantly fewer beanfly adults were found alighting on the resistant than on the susceptible plants,
They laid slightly fewer eggs in the cotyledons of the resistant accessions than in the cotyledons of the
susceptible ones. Oviposition was, however, practically nonexistent in the unifoliate leaves of the resistant
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accessions when a substantial number of cggs was laid in the unifoliate Icaves of the susceptible accession.
Asaresult, the total number of eggs laid in the plants of the resistant accessions was significantly less than
in the plants of the susceptible accessions.

No difference was obscrved in the duration of egg and larval period of beanfly when the inscets were
rcared on the cotyledons of the resistant or susceptible aceessions (Table 3). Weights of pupac, the larvae
of which were feeding on the cotyledons of resistant accessions, especially those of PI 227687, were
significantly lighter than the pupac from susceptibles ones. This was true whether only ene or more larvace
were allowed 1o feed in the cotyledons. This shows that there might be some antibiotic factors in cotyledons
of P1227687. The adults raised from cotyledons of P1227687 laid fewer eggs than those raised from AGS
66 or TK-5, the susceptible checks.

Table 3. Influence of soybean accessions on various biological characters of beanfly.

Soybean Larvae development? Adult fecundity?

accessions Duration of larval Pupal Pupal Adult Number of
period (egg-pupal) weight weight emergence eggs laid

(hours) {mg/pupa) (mg/pupa) (%) each female/day
(1 larva/cotyledon) (free choice)

Pl 227687 2146 a 07¢ 06¢c 950 62b

Pl 171444 2125ab 08b 07b 960 64b

AGS 66 2110b 09b 08b 990 167a

TK-5 2152a 0%a 09%a 990 100b

*Data are means of four replicates except larval period (six replicates) and number of eggs laid (10 replicales) Means in eact. column foliowed by the same
letter are not significantly different at 5% evel according to Duncan's multiple range test

Results of beanfly infestation of two apparently resistant and two susceptible accessions arc
summarized in Table 4. Infestation of beanfly in resistant accessions was significantly lower under high
population pressure. Under low population pressure, P1 227687 was the least infested but because of the
wide variation in plant damage data, this particular characteristic was not statistically different.

Table 4. Infestation of selected soybean accessions by beanfly at two population levels.

Soybean Low adult population? High adult population®
accessions Plant Number of Plant Number of
damage pupae+larvae damage pupae+lanrae

/10 plants /10 plarts

Pl 227687 517 97b 88.3b 370b

Pl 171444 650 173 a 933a 60.7 a

AGS 66 56.7 17.7a 967 a 730a

TK-5 66 3 177 a 983a 747a

*29 adults/replicate
*50 adults/replicate Data are means of three replicates Maans in each column followed by the same letter are not significantly difterent at 5% level
according to Duncan’s multple range test.

It appears that many morphological and plant physiological characters arc involved in the resistance
of beanfly in soybcan in Taiwan. It was found that small but at times significant differences in
morphological characters of hypocotyl, cotyledon, and unifoliate lcaves between the apparently resistant
and susceptible accessions collectively contribute to differences in the infestation of beanfly between these
accessions.

Susceptibility of Riptortus clavatus to Beauveria basslana

Summary

Laboratory studics were conducted to test the susceptibility of Riptortus clavatus 1o afungus Beauveria
bassiana which infects several other inscct specics. Riptortus clavatus adults and 3rd, 4th and 5th instar
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nymphs were all susceptible to the fungus. A highly significant lincar dosc-mortality response was
observed atconcentrations of 4.52 x 10°104.52 x 10® spores/ml suspension. Mortality of B. bassiana-treated
insect declined steeply with increase in temperature between 25 and 30°C. Insect mortality was 100% at
15 and 20°C, 96% at 25°C, 45% at 30°C and 0% at 30°C.

Introduction

Riptortus clavatus (Thunberg) (Heteroptera: Coreidac) is a destructive pest of soybean and several
otherlegumes in Asia. The insect lays cggs singly scattered over the host plant. The nymphsand adults with
their piercing and sucking mouth parts bore into developing pods and suck juice from developing sced. As
a result of such Jamage, secds develop poorly or at times do not enlarge at all. There is considerable
reduction in yicld. Thisextremely agile insect is difficult to control by conventional insecticide application
because a slight disturbance when chemicals are being sprayed causes adults to fly away. When feeding
onpods, insectsare not casy toreach because of the canopy of leaves that cover the pods. Unlike caterpillars,
there is minimum contact between insect body and the plant surface which reduces the effectiveness of
insecticideresidue. AVRDC aims to breed soybean cultivarsresistant to R. clavatus. Research so farreveals
that resistant cultivars alonc will not control this pest adequately and supplementary control measures may
be necessary. A suitable and sustainable control measure is being sought. Beauveria bassiana, asoil fungus,
shows pathogenic activity to numerous species of insects. Inthis study, therefore, the pathogenic activity of
this fungus against R. clavatus was investigated.

Materials and Methods

All experiments were conducted in the laboratory. Beauveria bassiana culture was grown on potato
dextrose agar. The fungus grows profusely on this medium at 28 + 2°C. Spore suspension was adjusted to
desired concentration for all experimeants.

Riptortus clavatus was rearcd on potted soybean plants (growth stage R,10R,) maintaincdat 28 * 2°C.
Various instar nymphs and adults were used for experiments.

In one experiment aduits confined in individual petri dishes were sprayed with 1.5 ml at various
concentrations of B. bassiana spores ranging from 4.52 x 10°104.52 x 10°. Soon after the treatment, the
insects werc released on soybean plants in acage. The caged plants were inspected and the number of dead
insects was recorded daily for 3 wecks. Cadavers werc observed for the growth of B. bassiana. Those that
had white hyphal growth were considered killed by B. bassiana; those without this symptom were considered
as having died by other causcs. Corrected percentage mortality data were used to compare the insect
susceptibility to B. bassiana. Using the same procedure and concentration of 2.165 x 10* spores/ml, the
effect of constant (15, 20, 25, 30, 35°C) and varying temperatures (32°C during the day and 23°C during
the night) on the susceptibility of adult R. clavatus to B. bassiana was studied. In another experiment the
suscepibility of 3rd, 4th, Sthinstar nymphs and adults of R. clavatus 1o 1.5 ml sprays of 2.165 x 10° sporcs/
ml B. bassiana was investigated.

Results and Discussion

Insectmortality increascd lincarly with increasing concentration of B. bassiana spores in the suspension.
A highly significant positive corrclation was found in dose mortality parameters (r = 0.808**). The LC,,
was 1.25x 10°spores/ml. Bascd onthis study the fungus seemsto have a potential for controlling R. clavatus.

Mortality which was 100% at 15 and 20°C decreased only slightly (98%) at 25°C but declined
drastically 10 45% at 30°C and 0% at 35°C. The LT, was 6.4 days at 15°C, 5.3 days at 20°C, 4.1 days at
25°C and 5.5 days at 30°C. Reduced cffectivencss of the fi ungus at temperatures above 25°C will limit its
utility in the tropics. At varying temperatures of 32°C during the day (12 hours) and 23°C at night (12
hours), mortality was comparable (54%) to the mortality at constant temperature of 30°C.

The 4th and 5th instar nymphs of R. clavatus were more susceptible than the 3rd instar or the adults
(Table 5). The Ist and 2nd instar nymphs were too small and were excluded from the test; besides they
rarely damage the plants.
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Table 5. Mortality of various instars of R. clavatus infected by B. basslana*

Instar Host Total Mortality due to Corrected LTy,
no. mortality (%) other factors (%) mortality (%)° (days)e
Adult 60 56.7 8.3 52.1ab 38.0
5th instar 58 789 49 763 a 54
4th instar 6C 71.7 50 70.2 ab 4.9
3rd instar 64 483 23.3 32.1 bc -

*Concentration, 2.165 X 108 sporas/mi; 1.5 mil suspension was sprayed on 60 insects per replicate.

*Corrected mortality: No. dead Insects due to fungus/Total number of insects-No. Insects died from other causes X 100 Data are means of three replicates.
Means In column followed by the same letter are not significantly ditferent at 5% level according to Duncan's mutiiple range test.

“Lathal time to kill 50% of treated insect population

Screening of Soybean Germplasm for Resistance to Limabean Pod Borer

Summary

During summer to autumn 1990 selected soybean accessions for resistance to limabean pod borer,
Etiella zinckenella (Trictsche) were screened under two trials. In the first screening, 960 soybean
accessions, planted once cach in September and October 1990, were screened. The mean podborer damage
was 5.0 % damaged pods in the first planting and 10.25% in the sccond. None of the accessions was highly
resistant. However, 24 accessions showed moderate levels of resistance in both plantings. In the second
planting, wherein 30 accessions were planted in July, August, September and October, only three
accessions (G958, G1099 and G1343) were less damaged than average in cach of the plantings. These
accessions showed potential for pod borer resistance. All were small-sceded but whether the resistance is
causcd by their small-scededness remains to be investigated.

introduction

In Asia, limabean pod borer, Etiella zinckenella (Trictsche) (Lepidoptera: Pyralidae), is a destructive
pest of soybean and o a Iesser extent other legumes. Tie pod borer lays eggs mainly on young pods and
soon after hatching the larva bores into the pod and feeds on developing seed. As a result of such feeding
damage, yicld is reduced. If not adequately controlled, yicld reduction varics from 15 to 20% in Taiwan
to up to 60% in Indoncsia. The mature larva descends to the ground and pupates in the soil. The concealed
fceding and pupation habits protect this insect from natural enemics and also renders conventional
insccticide use ineffective. As aresult, this insect is difficult to control. AVRDC s research goal is to breed
pod borer-resistant soybean cultivars. In this respect, soybean germplasm are being screened for resistance
to this inscct for some years in autumn, the peak pod borer damage scason. So far, however, no truly
resistant accession has been found. The Ieast damaged accessions in all past tests were all small-seeded.
Small-sceded soybeans, irrespective of their varietal differences, arc always less damaged. Even P1227687
which shows some resistance to limabean pod borer is distinctly small-sceded. In 1990-91 screening
germplasm for resistance to this pest was continued. In one test, 1000 soybean accessions were screencd
and planted in September and October 1990. In another confirmatory test, 30 selected accessions planted
in June, July, August and September were screened.

Materlals and Methods

For the first test, a 0.8-ha parcel of land was plowed and, after application of basal fertilizers, worked
into 0.75-m raised beds. These beds were further divided into 5-m long individual plots. Seeds of cach of
1000 soybean accessions were planted in single rows on the top of individual plots. Planting was done
twice, in September and October 1990.

Planting procedure used in the second test was similar to that used in the first test. However in this test,
only 30 accessions were used with cach accession being planted in four randomly selected plots, cach plot
being one replicate. This planting was done four times, in June, July, August and September 1990,
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The crop was raised using customary cultural practices including, when necessary, irrrigation,
weeding, fertilizer application and discase control to achieve high yield. No insecticide was applicd. At the
start of pod formation in the carlicst maturing accession, in cach planting, an undetermined number of
laboratory-raised limabean pod borer adults were released to increase inscct population and thereby
minimizc escapes. Atharvest 25 plants were uprooted from each plot, the number of pod borer-damaged
and healthy pods was rccorded and the percentage damaged pods calculated.

In the first test, pod borer damage data were analyzed statistically based on mean (X) of pereentage
pod damage of all accessions included in the test and standard deviation (SD) of mean. The accessions that
had apercentage pod damage of less than X - 28D were considered highly resistant (HR); between X - 2SD
and X - 1SD, moderatcly resistant (MR); between X - 1SD and X as having low resistance (LR); between
X and X + 28D, susceptible (S); and more than X + 2SD, highly susceptible (HS).

In the second test, the percentages of pod damaged were analyzed using ANOVA and means were
scparated by Duncan’s multiple range test.

Results and Discussion

Among the 1000 accessions planted, only 960 could be evaluated. Others did not germinate or survive
until pod formation. The inscct damage ranged from 0.8 to 18.2% (mean 5.0 + 2.3%) in the first planting
and from 1.5 10 29.1% (mcan 10.3+ 4.5%) in the second planting. None of the entrics showed a high level
of resistance. Some cntrics that were moderately resistant in first planting were susceptible in the second
and vice versa. The following accessions were moderately resistant in both plantings: G8459, G8483,
G8502, G8503, G8507, G8565, G8594, G8619, G8A3 1, G8666, G863, G8688, G8T10, G]719, GRT3S5,
G8755, G8759, G8766, G8831, G8833, G8862, G9332, G9341 and G9Y978. Most of these accessions arc
small-sceded. These accessions will be investigated in the 1991-92 scason to judge their suitability for
breeding purposes.

Except for standard susceptible checks, all entrics included in these tests were selected for their low
damage in the previous year. Pod borer damage in these entries varied considerably among the four
plantings. The mean podborer infestation increased from June to September. The lower the mean damage,
the higher was the correlation coefficient (r = -0.8). When pod borer population was high, the CV was low
and there were clear staustical differences in percentage damaged pods. A similar trend was observed in
all previous tests. Starting in 1991-92 germplasm will be screened in Septemberand possibly Octoberonly,
Threeaccessionsin the present testhad the lowest damage. All three accessions, however, have small seeds
and thus may not be of much value in resistance breeding.

Mechanism of Limabean Pod Borer Resistance In Soybean

Summary

Various biological characteristics of limabcan pod borer, Etiella zinckenella (Trictsche), as they arc
influcnced by apparently resistantand susceptible host plants, were investigated in alaboratory study. The
inscct laid significantly fewer eggs on resistant P1227687 than on susceptible KS9. The number of neonate
larvac of the pod borer boring inside the pods of P1227687 was significantly less than on the pods of KS9.
Significantly fewer larvac feeding inside pods of P1227687 pupated successf) ully compared to thosc insccts
feeding from pupac which were significantly less when the larvac were fed on PI227687. Male pupal
weightand wing expansc of male adults were both significantly less when larvae were raised on PI227687
than on KS9. A combination of various factors including antibiosis scem to be responsible for resistance
of PI227687 to limabcan pod borer.

Introduction

In Asia, soybean is attacked by a varicty of insccts from shortly after germination up to harvest, and
in some cascs cven during storage. Among the four Iepidopterous specics that bore into the maturing pods
and feed ondevcloping seeds, the limabean pod borer, Etiella zinckenella (Trictsche) (Lepidoptera: Pyralidac),
is the most serious. In the ficld, E. zinckenella lays eggs on immature pods and its nconate larvac bore into
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pods and feed on developing secds while remaining hidden in the pod. The fully mature larva leaves the
pod and pupates in the soil. Larval feeding reduces seed yield. In Indonesia up to 80% of pods can be
damaged with consequentyicld loss approaching 60%. The cryptic naturc of the life history of E. zinckenella
makes it practically impossible to control by use of insccticides. The thick leaf canopy that covers pods
when they are immature and vulnerable to the podborer damage, makes it difficult for insecticides to rcach
the pods and kill nconatc larvac while still outside the pod. To minimize the limabean pod borer damage,
research at AVRDC is directed towards breeding soybean cultivars that are resistant to this pest. In 1983-
89 four inscct-resistant plant introductions were screened and P1 227687 was found to be consistently more
resistant than the others. In 1990 a study of the mechanism of resistance was initiated. Preliminary results
of this study were presented in the 1990 Progress Report. The results of that study are presented here.

Materials and Methods

All experiments were conducted twice, once in 1990 and 1991 with potted soybean plants raised in
a greenhouse. Planting was donc once a week to assure supply of plants at every growth stage. An
apparcntly limabean pod borer-resistant accession, PI 227687, and a commercial cultivar KS9, which is
susceptible to this insect, were used.

In the first experiment, when plants were at R, stage, one plant of PI 227687 and one of KS9 were
placed in cach of the six nylon net cages, cach cage being one replicate. Three newly ecmerged pairs of
limabean pod borer adults were released inside cach cage for oviposition. After 4 days the number of cggs
laid on cach plant, mainly on pods and adjacent plant parts was recorded. The eggs on the pods were marked
and the number of thosc hatching and failing to hatch was recorded. The number of neonate larvae
penetrating the pod and those that failed to do so was also recorded.

The pods that had larvac feeding inside were observed daily for exiting larvac in preparation for
pupation in the soil. The exited larvac were placed in a container filled with tissuc paper. This medium
substituted for soil in which the limabcan pod borer normally pupates. The insect pupated readily. The
duration of larval period was recorded. The numbers of larvac that pupated and those that failed and
subscquently perished were recorded and pupation percentage was computed.

The newly formed pupac were weighed individually and placed in a moist filter paper-lined petri dish.
The number of pupac emerging into adults and the number that failed to emerge were recorded and the
percentage adults that emerged were calculated. The newly emerged adults were killed and their forewings
fully stretched. The distance between extreme wing tips of cach adult was measured to compare the wing
expanse.

Results and Discussion

The various characteristics of limabean pod borer oviposition and inscct development are presented
in Table 6. Limabean pod borer laid significantly fewer cggs on the plants of resistant P1 227687 accession
than on susceptible check KS9. In both accessions eggs were laid on pods and inflorescences. Both
accessions had practicalty similar numbers of pods per plant but the pods of PI227687 were distinctly

Table 6. Oviposition and development of limabean pod borer on selected soybean accessions.*

Characteristic KS9 Pl1227687 t valug®
Eggs per plant (No ) 537+ 70 227+ 57 367"
Egg hatching (%) 821 ¢ 47 835+ 3.0 -83 5NS
Larval boring in pods (%) 840 t 36 700t 4.4 -70.0**
Larval period (days) 159 + 14 162+ 1.5 -0.3NS
Pupation (%) 841 + 21 730+ 37 11.0**
Pupal period (days) 98 + 14 105+ 15 0 7NS
Pupal weight (mg) male 319 + 37 2931 38 2.6*
Pupal welight (mg) female 292 + 33 279+ 27 1 3NS
Adult emergence (%) 919 + 44 627+ 7.4 627
Adult wing expanse (mm) male 195 + 0.6 190+ 04 53.4*
Adult wing expanse (mm) female 183 + 0.6 1831 0.3 ONS

*Data are means of six replicates.
** = gignificant at 5% and ** » at 1% probabilty level. NS« not signiicant.
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smaller than thcse of KS9. There was no difference in egg hatching whether the oviposition took placcon
the pods of KS9 or P1227687. The numbers of limabean pod borer larvae boring inside the pods were
significantly higher on KS9 than on P1227687. There was no significant difference in the duration of larval
period whether insccts were raised on P1227687 or susceptible check KS-9. The rate of pupation of
limabean pod borer larvac feeding inside the pods was sigmificantly less on PI227687 than on KS9. Like
the duration of larval period, there was no significant difference in the duration of pupal period whethes
the larvac fed on KS9 or PI227687. Male pupac, the larvac of which were raised on P1227687, were
significantly lighter than thosc of larvac raised on KS9. No such difference was observed in the case of
female pupac. The emergence of E. zinckenella adults from the pupac was drasucally reduced when the
insects were raised on P1227687 but not when they were reared on KS9. The wing cxpanse of male adults,
the larvac of which were raised on P1227687, was significantly smaller than that of males with larvae raised
on KS9. No such difference was found in the female moths. It appears that the combin-ion of various
factors such as oviposition, larval boring in pods, pupation rate, and emergence of adults is responsible for
resistance of P1227687 to limabean pod borer.

Selection of Egg Parasite Species and Strains for the Control of Limabean Pod
Borer on Soybean

Summary

Somc 19 trichogrammatid cgg parasites were tested individually for their ability to parasitize cggsof
limabean pod borer. All species were able to parasitize the cggs but the rate of parasitism varicd greatly.
Trichogrammatoidea bactrae and Trichogramma ostriniae parasttized more than 80% of the limabean pod
borer eggs and appcared to be promising. Both trichogrammatids were used to control other inscets in
Taiwan and clsewhere, and it is possible to commercially use them for the control of limabean pod borer
in soybcan.

Introduction

Limabcan pod borer, Etiella zinckenella (Treitsche), is a destructive pest of soybean in Asia. The adult
layscggs onimmature pods and the inflorescence, and soon after hatching, the larvaenters the podand feeds
on developing seed until itis ready for pupation, which takes place in the soil. Pod borer damage is more
scrious in the tropics. AVRDC's rescarch emphasizes breeding limabean pod borer-resistant soybecan
cultivars. In this connection, screcning for resistant soybean germplasm is ongoing and one accession
(P1227687) with a moderate level of resistance has been identified. However, use of insect-resistant
cultivars alone will not solve the pod borer probtem and supplemental control measures are necessary.
Since ihe pod borer spends its entire larval period inside the pod and pupal period in the soil, these stages
arc protected from natural enemics. Adults are too agile and dic within a short period. Eggs, however, are
stationary and for 4-5 days of incubation, they are vulnerable to attack by natural encmics. AVRDC
maintains scveral specics of egg parasites for its rescarch on diamondback moth. These parasitcs were
tested in the laboratory to investigate their ability to parasitize the cggs of limabean pod borer.

Materials and Methods

Soybean sceds of cultivar AGS 66 were planted in vermiculite placed in round plastic containers (10-
cm diameter, 5-cm high). A weck after germination when unifoliate lcaves were fully opened, cight such
containers were placed in one nylon net cage (30 x 30 x 30 cm) containing a large number of limabean pod
borer adults. The plants were maintained inside the cage for 2 days for the inscct to lay cggson them, The
limabean pod borer-oviposited plants were transferred to cight similar nylon net cages, onc container per
cage, cach being one replicate. In cach cage about 1000 Corcyra cggs parasitized with onc species of the
cgg parasite werce released. The emerging parasite adults were allowed to remain in contact with limabean
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pod borer oviposited in plants for 4 days. The total parasitized limabean pod borer cggs were recorded and
the percent parasitism was calculated as follows:

No. cggs parasitized/total number of eggs (parasitized + unparasitized + larvac) x 100

The parasitized eggs became darker as the parasite developed within the eggs.

Results and Discussion

The results of the parasitism of litnabean pod borer eggs by various species or strains of egg parasites
are presented in Table 7. Most of the species were able to parasitize limabean podborer. In eggs, however,
the rate of parasitism varied considerably. Trichogrammatoidea bactrae recorded the highest parasitism.
Twootherspecies, Trichogrammaostriniae and Trickogramma agrotidis also had similarly high parasitism
values. Trichogrammatoidea bactrae also showed a high rate of parasitism in diamondback moth.
Trichogramma ostriniae is used commercially for the control of Asiatic corn borer, Ostrinia furnacalis,
in Taiwan and clsewhere in Asia. A mass rearing procedure for both cgg parasites is alrcady available.
These parasites seem to be suitable for the control of timabean pod borer in the ficld. The performance of
both egg parasites in the ficld in autumn 1991 is still being investigated to assess their potential for
commercialization.

Table 7. Parasitism of limabean pod borer eggs by varlous egg parasite
specles or strains.*

Strain No.® Species Parasitism (%)
1 Trichogramma pretiosum 64 6 cde
2 Trichogramma cacoeciae 58 6 defg
3 Trichogramma chilonis 67.3 bed
5 Trichogramma chilotraea 260
6 Trichogramma cordubensis 44 1 hi
7 Trnchogramma japonicum 3164
9 Trichogramma confusum 69 5 bed

10 Trichogramma maidis 3541

1 Trichogramma dendrolimi 36.7 ij

12 Trichogramma trjapitzint 59.4 defg
16 Trichogramma semblidis 64.5 cdef
17 Trichogramma sp. France 37.3ij

19 Trichogramma agrotidis 77.8 abc
21 Trichogrammatoidea bactrae B37a
22 Trichogramma principium 400 hi
31 Trichogramma embryophagum 69.6 bed
32 Trichogramma evanescens 39.1 hij
33 Trichogramma ostriniae B0 O ab
37 Trichogramma nubilale 51.4 efgh

*Data are means of eight replicates. Means followed by tha same letter are not signficantly diferent at 5% level
according 10 Duncan's multple range test
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Soybean Pathology

Screening Soybeans for Reslstance to Anthracnose and
Development of Anthracnose Under Field Conditions

Summary

Anthracnose is an important discasc of soybean in the humid tropics and subtropics. There are no
cultivars resistant to anthracnose, and few studics have reported on the development of anthracnose in the
field. In this study, soybeans were screened for resistance, and the development of anthracnose was
monitored under irrigated and nonirrigated conditions. Under controlled conditions, inoculated plants had
symptoms of tip dicback, veinal necrosis, and distortion of leaves. Therz were two wild perennial Glycine
accessions that had lower disease ratings than the other entrics, and the wild perennial species had much
lower ratings than the commercial cultivars. In another test, incubation under high humidity for 48 hours
was sufficicnt to detect differences in discase rating among lines. In the field, anthracnosc developed more
under inoculated/irrigated conditions than in otber treatments without irri gation or inoculation. 'The
incidence of anthracnose on petioles was higher than those leaves and often reached 100% on those plants
that were inoculated. Anthracnose on pods and stems from plants in inoculated/irrigated plots averaged
86%. Only 8% of germinated seeds were pathogen-free,andonly 31% sced germination was recorded from
plants grown in irrigated plots while 65% of the sceds germinated from noninoculated plots. From a ficld
experiment of vegetable soybeans, 15% of the pod shells from plants at growth stage R, were infected with
Colletotrichum. Seed germination was 0% from both fungicide-protected and nonfun gicide-protected
plots. Viability of seeds produced under humid tropical conditions remains a serious constraint to soybean
seed production in many countrics.

Introduction

Anthracrose is an important discase of soybean in the humid tropics and subtropics. The disease is
caused by several specics of the fungus Colletotrichum which infects foliage, stems, pods, and seeds of
soybeans. The disease has been recorded inall soybean-growing areas of the world. The pathogen can cause
a reduction in stand and lower sced quality and yicld.

Symptoms typically appear in the carly reproductive stages on leaves, petioles, stems, and puds as
irregularly shaped brown lesions. Sceds are often infected with or without symptoms. Symptoms in the
field are not always visible on living plant parts, but stromatic fi ungal bodies on dead or dying tissucs lower
in the canopy are visible. The fungus is known to cause latent infection in most soybean tissucs. There are
only a few reports about resistant sources of soybeans to anthracnose, and there are few active breeding
programs developing resistance to anthracnose even though the diseasc is important especially in humid
tropical environments.

Grain and vegetable soybean sced production in the tropics and subtropics has been limited by
problems related to high temperature and high relative humidity during sced maturation that results in poor
seed quality and is often associated with seedborne pathogens. Many of the seedbome pathogens can first
be detected on plant parts by assays developed to detect latent infection. These scedborne pathogens often
reduce seed quality and affect s >d germination.

The objectives were to screen soybeans for resistance, monitor discase development under field
conditions, and assay sceds for the occurrence of Colletotrichum and other scedborne pathogens.
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Materials and Methods

Inoculation experiments. A scrics of inoculation experiments, nsing cultivars AGS 129, KS 1,KS
8,and SJ 5, were conducted under growth room conditions athigh humidity (>98%) and at 25-28°C. Sceds
were sown in 9-cm pots and thinned (o three plants per pot before inoculating them at growth stage (GS)
V2. For all experiments there were three replications of three plants per pot for cach cultivar. Plants were
inoculated by spraying aconidial suspension on foliage until runoff, The first two experiments used 1solate
Ct-111; experiment three used amixture of three isolates; experiment four used isolates Ct-128 and Ct-130;
and experiment five used isolates Ci-111 and Ct-130. In cach experiment, noninoculated plants were used
as controls. Discasc was assessed 7- 10 days after inoculation by using a0-4 scale [discasc index (D1)] where
0=nodiscase; 1 = necrotic leaf veins, 2 = necrotic Jeaf veins and petioles; 3 = necrotic leaf veins, petioles,
and stems; and 4 = dead plants.

Evaluation of resistance. Sceds of cultivars AGS 129, KS 1, KS 8, and SJ 5; G. soja accessions G
3082, G3084, G 3086, and G 3088; accessions of wild perennial Glycine species G 5154, G 5155, G 5156,
G 9054, G 9941, G 9943, G 10360, and G 10361; and three unknown accessions, 336, 584, and 609 were
planted in 12-cm diameter clay potsin the greenhouse with three replications, Three plants in cach pot were
kept after germination. Conidia of isolates Ct-111, Ct-130, and Ct-131 at 5 x 10® conidia/ml were sprayed
until runoff on foliage of cultivated types at GS V2 and at an equivalent time period for wild types. Plants
were covered with transparent plastic bags in the growth room for 1 week before assessing them for discase
as previously described.

In another screening trial, 7-day old plants of cight entrics were sown in flats and thinned to 10 plants
per entry with three replications per treatment. Treatments were the ume of incubation at high humidity
after inoculation: trcatment 1 = time; 2= 12 hours; 3 =24 hours; and 4 = 48 hours. Plants were evaluated
6 days after inoculation using the following discasc index (DI): 1 = no symptoms; 2 = slight veinal necrosis
with curled leat laminar; 3 = veinal necrosis with stem and cotyledon necrosis; 4 = severe veinal, stem, and
cotyledon nezrosis; and 5 = dead plant.

Anthracnose development under field conditions. Three soybean cultivars, AGS 129, KS 1, and
SJ 5, were planted in the ficld on 19 March 1991, The experiment was a split-plot in arandomized complete
block design with main plois as treauments and subplots as cultivars. Plants were inoculated at GS R, by
spraying a conidial suspension of isolates Ct-77, Ct-99, Ct-111, Ct-128, Ct-130, and Ct-131 on 25 and 29
April;andon 1,8, 15,and 24 May. The experiment had four treatments: 1 = inoculation with overhcad mist
irrigation, 2 = inoculation without overhcad mist irrigation, 3 = no inoculation with overhcad mist
irrigation, and 4 = no inoculation and no irrigation. Overhcad mist irrigation was done daily at 30-min
intervals for 5 minutes from 25 April to 24 May.

Plantiissuc samples were taken periodically to monitor infection. Twenty leaf blades and petioles were
sampled 71 days after planting (DAP). Ten stems and 50 pods were also sampled 56 DAP from KS 1,76
DAP from AGS 129, and 85 DAP from SJ 5. Samples were cut into 10-20-cm lengths and soaked in 1%
sodium hypochlorite solution fer 20 min, then souked in paraquat (1:40 dilution with water) for 1 min and
washed twice with sterile water before placing samples in culture dishes with moist filter paper. These were
incubated for a week before recording the incidence and severity of the samples. Incidence was converted
to percent. Discase severity was rated as follows: 0 = no necrosis; 1= 1-20% of surface area with necrosis;
2 =21-50% nccrosis; and 3 2 50% nccrosis. Mature dry sceds from cach plot were surface-sterilized by
using 1% sodium hypochloride solution, and then rinsed in sterile water before placing seeds on PDA disks.
Samples were incubated for 5-7 days at 24°C under 90-95% RH before evaluating the occurrence of
scedborne pathogens.

Vegetablesoybean. CultivarKS-1 wasplantedin the ficld on 1 May 1991 in arandomized complete
block design with two treatments (spraycd three times with Benlate 50% w.p. and not sprayed) and two
replications. Five to 10 samples of stem bases, uppermost petioles, lowermost petioles, green pod shells,
and green sceds were randomly collected from soybean plants at GS R, R, R, in cach plot. Mature sceds
were sampled after harvest. All samples (except mature seed) were preparcd as previously described.
Incidence and severity were recorded. Mature seeds were plated directly on potato dextrosc agar, incubated
for 7 days at 25°C, and ¢valuated for germination and the occurrence of seedborne pathogens.
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Results and Discussion

Inoculation experiments. In all the experiments, the noninoculated plants were symptomless.
Inoculated plants had symptoms of tip dicback, veinal necrosis, and distortion of leaves. T, cxperimentone
the DI on the four inoculated cultivars was 3.0 with no variation in the data. In cxperiment two, there was
no significant difference between the lines and the Df was 2.1 for AGS 129,2.6 forKS 1,2.8 for KS 8, and
2.3 for SJ 5. In cxperiment three, using a mixture of three isolates, the raiings hetween lines were not
significantly different and ranged from 3 to 3.3. In experiment four, lines, isolates, and their interaction
were significant. Plants inoculated with Ct-130 had an average scverity rating of 2.9 which was
significantly greater than the severity of 2.3 caused by Ct-128. No significant differences were observed
between the lines within isolate Ct-130, but SJ 5 was more susceptible than the other lines when inoculated
with Ct-128. In experiment five, there were no significant differences in the rating between the lines and
the average rating was three with little variation. These serics of experiments indicated that isolates varied
in their virulence, and that all lincs were nearly equal in susceptibility.

Evaluation of resistance. The average anthracnose DI of the 19 entries was 2.3 and the DI
significantly differed between the entrics (Table 1). The cultivars generally had the highest ratings while
the wild perennial specics had the lowest rating. Two accessions, G 10361 and 609, had the lowest DI at
0.5 and 0.2, respectively.

Table 1. Anthracnose Index on cultivated soybeans, Glycine soja, and
perennial Clycine specles inoculated with Colletotrichum truncatum
7 days after incubation.

Entry Glycine species Disease index
AGS 129 G max 33
KS 1 G. max 3.0
KS 8 G. max 3.2
SJ5 G. max 3.3
G 3080 G. soja 3.0
G 3084 G. soja 28
G 3086 G soja 28
G 3088 G. soja 3.0
G 5154 perennial type 1.8
G 5155 perennial type 3.0
G 5156 perennial type 20
G 9054 perennial type 3.0
G 9941 perennial type 1.0
G 9943 perennial type 1.0
G 10360 perennial type 20
G 10361 perennial type 0.5
336 perennial type 25
584 perennial type 27
609 perennial type 0.2
Average 232
LSD (5%) 0.63

*Values represent means of three plants per pot in each of three replications where 0 = no disease; 1 « necrotic leal veins, 2
n nacrotic leaf velns and petioles; 3 = necrotic leaf vain. , petioles, and stems; and 4 = dead plants.

Based on the incubation time after inoculation, no symptoms occurred on plants that were not
incubated at high humidity; plants incubated for 12 hours had no necrosis but were slightly stunted and had
crinkled leaf laminars; plants incubated for 24 hours had a DI of 2 with no differences between the entries;
and plants incubated for 48 hours had DI that differed significantly (Table 2). The linc with the lowest
severity was SRE-D-14A (DI = 3.6). A few lincs like KS 8, SJ 5, and TK 5 had DI of over 4.8.

Anthracnose development under field conditions. Incidence of anthiacnose on leaf samples prior
to incubation over all lines and treatments averaged 32% with a severity of 0.3 (Table 2). There was a
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significant difference between treatments and cultivars. Incidence of anthracnose on leaf samples from
inoculated plants had an incidence of 49% and a severity of 0.5, whereas noninoculated plants had an
incidence of 15% with a severity of 0.2. CultivarKS 1 had significantly more anthiacnosc (44 %) than AGS
129 (22%). Incidence of anthracnose on preincubated petioles was 55% with a severity of 0.7 (Table 2).
Treatment, cultivars, and their interaction produced significant cffects. Incidence of anthracnose on
preincubated petioles from inoculated plants was 86% with a severity of 1.1 while on noninoculated plants
it was 24% with a severity of 0.3. Incidence of anthracnose on petioles after incubation was 57% with a
severity of 1.4 (Table 2). There was a significant cffect due to treatment, cultivar, and their interaction.
Incidence of anthracnose on petioles after incubation was 99% from inoculated plots and 16% from
noninoculated plots.

Table 2. Incidence and disease severity of anthracnose on plant leaves and peticles before
incubation and on petioles after incubation from samples taken on three cultivars
under four treatments in the field 71 days after planting.

Leaves — preincubated

Cultivars

AGS-129 KS-1 SJ-5 Average
Treatment? Inc.® Sev.© Inc Sev. Inc Sev. Inc Sev.
Inoculated + Irrig. 350 0.4 538 06 488 0.5 458 0.5
Inoculated 450 05 538 0.6 56.3 0.7 51.7 0.6
Noninoculated + lrnig 5.0 0.1 325 04 6.3 0.1 14.6 0.2
Nor.inoculated 25 0.0 375 05 6.3 0.1 154 0.2
Average 219 0.2 44.4 05 29.4 0.3 319 0.3
Petiole - preincubated
Inoculated + Irrig 78.8 1.0 97.5 1.6 96.3 1.5 908 1.3
Inoculated 800 0.8 838 0.9 825 0.9 82.1 0.9
Noninoculated + Irrig 48.8 05 250 0.3 250 0.3 329 0.3
Noninoculated 125 0.1 17.5 0.2 16.3 0.2 154 0.2
Average 55.0 0.6 55.9 07 550 0.7 553 0.7
Petiole - after incubation
Inoculated + Irrig. 100 25 100 20 100 3.0 100 2.3
Inoculated 96 2.3 95 2.2 99 2.7 97 24
Noninoculated + lrrig. 21 0.3 24 02 49 0.9 31 0.5
Noninoculated 0 0 1 0 3 0 1 0
Average 54 1.3 63 1.1 55 1.7 573 1.4

*Inoculation with overhead mist irrigation, Inoculation without overhead mist Irrigation, no inocutation with overhead mist irrigation, and
no inoculation and no irrigation
*Incidence was converted 1o percentage
*Disease soverity was raled as follows: 0 » no necrosis; 1 = 1-20% of surface area with necrosic; 2 w 21-50% necrosis; and 3 = > 50% necrosis.

The incidence of anthracnose on pods and stems averaged 43 and 48%, respectively, over all cultivars
and treatments (Table 3). Incidence of anthracnose on stems from plants in inoculated plots was 76%
compared to 11% in noninoculated plots. KS 1 had the highest pod incidence (52%) but lowest stem
incidence (31%).

Germination of seads that were not infected was low and did not differ by treatment with an average
of 8% germination for SJ-5 and 3% cach for AGS129 and KS 1. Overall seed germination (infected and
noninfected) was 29, 60, 32 and 70% in treatments 1, 2, 3, and 4, respectively. With the addition of
irrigation, seed germination was reduced by 50%. Sceds of SJ 5 had the highest germination (20%) among
three cultivars in the four treatments. Of the sceds that did not germinate, there were significant differences
in the number of sceds infected by Colletotrichum spp. among the four treatments. Seeds from plants in
the inoculated and irrigated plots had the highest infection (17%) while seeds from noninoculated/
nonirrigated plots had the lowest infection (1%). Sceds of KS-1 had the lowest overall infection of
Colletotrichum spp. (1%). In addition to the infection of Colletotrichum spp., Macrophomina phaseolina
and other microorganisms were detected.
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Table 3. Incldence and disease severity of anthracnose on pods and stems before incubatlon of
samples taken from three cuitivars under four treatments In the field".

Pod

Cultivars

AGS-129 KS-1 SJ-5 Average

Treatment® Inc.c Sev.? Inc. Sev. Inc. Sev. Inc. D!
Inoculated + Irrig. 90.0 1.2 100.0 1.9 67.0 0.7 857 13
Inoculated 70.0 0.8 86.5 06 40.0 03 65.5 0.6
Noninoculated + Irrig. 75 0.0 145 0.1 340 0.2 18.7 0.1
Noninoculated 2.0 0.0 60 0.0 1.0 0.0 30 00
Average 424 05 518 06 355 03 43.2 05
Stem
Inoculated + rrig. 100.0 27 625 2.0 950 2.9 85.8 25
Inoculated 82.5 25 60.0 2.0 75.0 2.3 725 2.3
Noninoculated + Irrig. 35.0 0.4 25 0.0 520 1.5 30.0 06
Noninoculated 5.0 0.1 0.0 0.1 2.5 02 25 0.1
Average 55.6 14 313 10 56 3 1.7 47.7 1.7

*AGS 129 was sarnpled 76 days after planting (DAP), SJ 5 85 DAP, and KS 1 56 DAP,
*Inoculatlon with overhead mist frrigatian, Inoculation without overhead mist irrigation, no inocutation with overhead rmist irrigation, and
no inoculation and no irrigation,
tIncidence was convertad to percentage.
‘Disease severity was rated as follows: 0 = no necrosis; 1 = 1-20% of surface area with nacrosis; 2 = 21-50% nacrosis; and 3 = > 50% necrosls.

The addition of inoculum and irrigation succeeded in causing infection of anthracnose on plant tissuc
and on mature seeds. Irrigation was very important for the development of seedbome discases both under
inoculated and noninoculated conditions. The cultivar SJ 5, popular in Thailand and selected zader high
relative humidity and high temperature environment conditions, had the highest sced germination (20%)
among three cultivars in four treatments. Development of both grain and vegetable soybeans for the tropics
will have to have improved sced quality characteristics including sced germination, especially if seed
production under tropical conditions is going to be successful.

Vegetablesoybean. Fromtissuesamplestakenat three growth stages, Colletotrichum spp. wasisolated
most frequently from pod shells (15-22%) at GS R, (Table4). Colletotrichum was not isolated from green
seed. Phomopsis occurred at a low rate on pod shellsat GS R,. The use of fungicides did not significanily
decrease Colletotrichumexcept on samples from upper petiole at GS R o Seed germination from fungicide-

Table 4. Percentage incidence and severity of fungl Infecting plant tissue of KS-1
at growth stages R, R, R.

Wiihout fungicide With fungicide
Growth stage Plant tissue Incidence Severity Incidence Severity

R, Upper petiole 51 1 4 1

Lower petiole 11 1 1 <1

Stem 0 0 0 0

Pod shell 0 0 <1 <1

Green seed 0 0 0 0

R, Upper petiole 30 7 0 0

Lower petiole 10 2 1 <1

Stem 9 2 4 1

Pod shell 17 2 22 4

Green seed 0 0 0 0
R, Upper petiole
Lower petiole

Stem 6 1 5 >1

Pod shell 15 2 16 3

Green seed 0 0 > 1 >1

*Each valuae represents the mean of 5-10 sammples from three replications.
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protected plots and nonfungicide-protected plots was 0%. The incidence of bacteria from the nongerminated
seeds averaged 57% from fungicide-treated and 44% from nonfungicide-treated plots. All seeds were free
from Colletotrichum. Fusariumspp. occurred in 54% of the sced. Under high temperatures, Bacillus subtilis
is known to infect and deteriorate sced which was probably the case in this study. This bacterium is also
known to produce antifungal compounds which have been shown to reduce colonization of seed by fungi.

The most frequently isolated pathogen was Colletotrichumspp., which occurred on petioles, stems and
green pod shells, but not on mature seeds. Phomopsis sp. and Macrophomina sp. did not attack the soybcan
planttissuc at GS R, R, and i, but did occur on mature sceds. When and how these pathogens enter the
plants to cause sced infection needs more study. The results also indicate that a high percentage of
nongerminated sced was infected with bacteria and Fusarium spp. Because of the need to produce quality
seed in the tropics. more efforts are needed to undersiand the role of microorganisms in seed deterioration.
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Seasonal Effects on Yield and Quality of Vegetable Soybeans

Summary

Five vegetable soybean varicties were planted 19 times in three different scasons to examine the effect
of certain environmental factors on yicld and quality. AGS 292 was confirmed to have high yicld potential,
which could be attributed to high harvest index. Sceds of AGS 292 had the lowest protcin content and the
highest soluble sugars and starch contents. Pods of AGS 292 also tended to develop purple spots on their
cexposcd surface. Although anew breeding line.KVS 124, hada rclatively high pod yicld, ithad the smallest
sced size.

Among 19 plantings, vegetable soybeans planted in February to June had consistently higher graded
pod numbers and yiclds than in July~October. Generally low total and leaf dry matter production together
with high humidity in July 1 October plantings could be factors that contribute to low-graded pod number
and yiclds.

Introduction

Tropical countrics have a great potential to produccand use vegetable soybean to increase the nutritive
valucof theeereal orroot crop-based dict. However, the yield and nuality of vegetable soybean are sensitive
to environmental conditions. Thus maturity, marketable yield, pod and sced size, and pod quality are
significantly different in various cropping scasons. In the southern part of Taiwan, which is the major
vegetable soybean producing arca, vegetable soybean is grown in the narrow range of spring and avtumn
plantings. Since information on environmental constraints that would limit vegetable soybean production
in the tropics is unavailable, this study used scasonal plantings to examine specific factors that could linuir
the yicld and quality of vegetable soybean.

Materials and Methods

Sceds of AGS 292 (Kaohsiung Selection No. 1), G 9053 (1 zurunoko, Tainung No. 205), G 10134
(Tainur g 305, Ryokkoh), GC 84136, and KVS 124 were sown in spring and autumn at 10-day inter als
19 times, starting on 6 July 1990 and ending on 19 July 1991 (Table 1). In cach planting, an RCBD with
threcreplicates was used. Each plot, 5 m long, had 4 rows. Plant spacings were 10x 50 cm?, Total pod yicld,
100-seed weight at R, growth stage, weight of graded pods (two- and three-seed, unblemished pods), and
dry weights of different plant parts were taken from three randoml y chosen plants from each varicty of each
replicate. Immature sceds were analyzed for protein, oil, soluble sugars and starch. Environmental dala
were also collected.

Results and Discussion

Combining data of 19 plantings, AGS 292 gave the highest mean graded pod yicld (8.2 ¢/ha) (Table 1),
followed by KVS 124, G 9053, GC 84136, and G 10134 in decreasing order. Although AGS 292 had the
lowest total and leaf dry weights, it had the highest harvest index, resultin ginthchighest yicld. On the other
hand, although KVS 124 has the highest total dry matter (Jue toiits late flowering and maturing), it had the
lowest harvest index, thus alow yicld potential. Among tested entrics, an increase in harvest index or carly
maturity, thercfore, would result in higher pod yicld.
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Table 1. Seasonal effects on growth and yield of promising vegetable soybean selections.

Entry/date Pod yield Total dry wt Hi Seed/pod Market pod Market pod
(t'ha) (g/plant) (%) (%) (%) (No /5 m?)

KVS 124 7 6 ab? 24a 43d 52b 67b 1670 a
G 90653 73bc 18¢ 49b 51¢ 69 ab 1616 a
AGS 292 82a 16d 55a 50d 71a 1596 a
G 10134 6.7c 19¢ 48b 54a 61c 1329 b
GC 64136 7.4 be 22b 47 ¢ 46 e 59¢ 1374 b
90/07/06 47 13 51 51 62 1103
90/07/16 36 15 52 51 61 1004
90/09/07 47 13 42 48 62 1176
90/09/17 78 18 47 53 76 1569
90/09/27 38 11 44 53 68 772
90/10/06 43 10 46 52 73 915
90/10/16 47 12 49 46 67 880
90/10/26 3.5 1 47 45 61 662
91/02/07 8.9 18 53 51 72 1646
91/02/19 9.8 20 54 53 70 1856
91/02/28 9.9 23 53 51 69 1878
91/03/07 10.2 23 54 52 74 2023
91/03/18 10.2 24 50 52 70 1854
91/03/27 9.1 24 50 54 64 1759
91/05/30 8.3 33 46 50 52 1755
91/06/10 114 32 49 51 55 2242
91/07/61 82 28 43 53 61 1932
91/07/10 80 26 45 51 64 1772
91/07/19 10.5 28 48 50 63 2198
Mean 7.4 20 49 51 66 1519
LSD (5%) 3.70 7 7 2 9 445

*Mean separation within columns at 5% level by DMRT

Pod number per unit land arca was highin KVS 124,G 9053 and AGS 292, but sced/pod ratioon fresh
weight basis was rclatively low in AGS 292 and GC 84136. The cxtremely high seed/pod ratio in G 10134
may indicatc competition of photosynthate between seeds, a factor that can reduce graded pod yield.
Therefore, amedium sced/pod ratio may be beneficial for AGS 292 with high pod number, resulting in the
highest marketable pod ratio.

Combincd dataof varictics indicated that February—June plantings consistently had higher graded pod
numbers and yiclds than the July-October plantings (Table 1). Differences in sced/pod and marketable pod
ratios between plantings with high and low yiclds were not as great as the total dry matter production. Low
total and Icaf dry matter production in July-October plantings could be the factors contributing to low
graded pod number and yiclds. Poor growth of vegetable soybeans grown from July to October was likely
duc to cither excessive rainfall before harvest or to decreasing temperature. In general, AGS 292 flowers
and matures carlicr than the other entrics, thus avoiding thesc environmental stresses. Therefore, an
improvement in carly maturity or management in overcomin g these abiotic stresses would increase graded
pod yicelds from July to October.

Combincd data of 19 plantings showed that G 10134 achieved the highest 100-seed weight (66 g)
(Table 2). This was followed by GC 84136, AGS 292, G 9053 and KVS 124 in decreasing order. Although
pod yicldof KVS 124 came sccond to the highest yiclder, AGS 292 (Table 1), KVS 124 had the lowest sced
size, and could be undesirable as a vegetable soybean.

Sceds of GC 84136 contained the highest amount of protein, but the lowest oil content. On the
contrary, sceds of AGS 292 had the lowest amount of protein, but the highest soluble sugar and starch
content. Among 14 plantings, the February—March plantings consistently yiclded sceds that were larger
and had higher protein content. On the contrary, sceds from July to October plantings had high solublc sugar
content. Amongall entrics in the 19 plantings, protein content was negatively correlated with starch content
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(r=-0.98,P= 1%), and solubie sugars (r = - 0.82, P=0.1%). Plants from February to March plantings had
greater nodule dry weight. This is attributed to moderate soil moisture and high temperature during these
months. These conditions also resulted in large sced sizc and high protein content.

Oilcontent in the seed did not fluctuate as much as the content of other nutritional components, except
fortwo plantingsin the middlc and the end of October. Decreasing temperature could have anegative effect
on the oil content,

Table 2. Seasonal aeffects on 100-seed welght (g) and nutrltional quality (% diy matter) of
promising vegetable soy ear: sslections.

Entry/date 100-seed wt. Protein Qil Soluble sugars Starch
KVS 124 54 o* 43.7b 199a 88d 754d
G 9053 56d 420c 200a 92c 853¢c
AGS 292 58¢c 395d 199b 105a 954a
G 10134 66 a 422c 19.5¢c 98a 8.66b
GC 84136 61b 45.3 a 18.1d 94b 664¢e
90/07/06 50 39.8 19.7 121 6.93
90/07/16 48 424 19.8 118 5.38
90/09/07 48 414 188 125 7.13
90/09/17 66 413 19.2 10.2 929
90/09/27 60 39.8 19.9 10.3 1054
90/10/06 58 39.0 185 11.7 9.73
90/10/16 58 41.6 16.8 11.8 8.29
90/10/26 57 415 168 11.6 920
91/02/07 67 44.6 19.0 8.7 8.67
91/02/19 69 445 194 8.4 874
91/02/28 68 45.0 19.6 7.7 8.80
91/03/07 68 45.0 £ 7.4 8.64
91/03/18 66 441 19.6 7.3 8.40
91/03/27 63 439 19.6 8.0 7.33
91/05/30 55 428 205 8.0 8.00
91/06/10 53 411.7 213 8.0 8.09
91/07/61 54 425 205 9.0 7.48
91/07/10 54 42,8 20.8 8.6 7.56
91/07/19 56 428 20.9 8.9 7.48
Mean 59 43.2 20.0 8.8 7.79
LSD (5%) 5 1.0 0.5 04 0.54

*Mean separation within columns at 5% level by DMRT.

Combined data of varieties showed that pods from 27 September planting (harvested in the first 2
weeks of December), and 28 February and 7 March plantings (harvested in the last 2 weeks of May) tended
to develop purple spots on the outer surface. AGS 292 pods, harvested from 28 February and 7 March
plantings, had 45% purple spots, followed by G 9053 (16%) and G 10134 (4%). These plants received
excessive rainfall immediately before harvest; some plants lodged and their pods were exposed to the sun.
These conditions could cause purple spot development. On the other hand, plants from the September
planting were exposed to gusty winds (as high as 199 km/hour); this could be another cause of purple spot
development. Leaves of AGS 292 and G 9053 had small lcaf arca and the lowest chlorophyll content
throughout their growing period (Fig. 1). Whether or not small leaf arca or chlorophyll content is related
to purple spot development requircs further study.
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Weceks After Planting

Purple Spots on Vegetable Soybean

Summary

Threc vegetable soybean selections were examined for factors conducive to purple spot development
on the pod shell. AGS 292 was the varicty most prone to developing purple spots, likely due to its smaller
leafarea. The reduction of light intensity by 55% shading was cffective in reducing the incidence of purple
spot.

Introduction

One of the major concerns in vegetable soybean production is the blemished pod shell, The blemishes
on pod shells can be induced by disease, insects and physical conditions (c.g. by rubbing). The damage
generally brings about brown spots. Purple spots on the pod shell, on the other hand, are occasionally found
in some varictics in some seasons. To pinpoint the factors that cause purple spots on vegetable soybean,
experiments inciuding shading and defoliation were conducted.

Materials and Methods

Seeds of G9053 (Tzurunoko, Tainung No. 205), AGS 292 (Kaohsiung Selection No. 1) and G10134
(Tainung 305, Ryokkoh) were sown on 19 March 1991 in the ficld. At 9 weeks after planting, a split-cplit
plotdesign wasemployed with entry as main plot, shading treatments as subplots and defoliation treatmen:s
as subsubplots. There were three replicates per subplot.

There were two shading treatments: control and black net shading (with 45% light penctration).
Maximum and mean daily light intensities were 1980 and 607 mM/sec/m?, respectively, for the control,
and 907 and 244 mM/sec/m? for shade. Four defoliation procedures were done: 1) all leaves removed (0
leaflct), 2) one leaflet per leaf remained, 3) two leaflets per leaf remained, and 4) three leaflets per leaf
remained. Six plants were randomly sampled from cach replicate at 10 days and 14 days after treatment
(i.e. 73 and 77 days after plarting), and investigated for purple spot development.

Results and Discussion

G 9053 produced more Icaves and had more leaf area (there was little canopy light penctration) than
did G 10134 and AGS 292. AGS 292 had the least number of lcaves and leaf arca. At 10 days after
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trcatment, the incidence of purple spot was highestin AGS 292 followed by G 10134 and G 9053 (Table 3).
High lightintensity (without shading) resulted in more purple spots on the pod shell. Shading (reduced light
intensity) tended to reduce the purple spot development on AGS 292. These results suggest that high light
intensity is strongly related to purple spot incidence and that more leaves could reduce the exposure of
developing pods to the light, thus, fewer purple spots could result. However; when the pods were exposed
tosunlight without leaf protection (total defoliation), very few purple but more brown or yellow pods were
found. In fact, more purple spots developed on the pods of the plants with two or three leaflets. It is likely
that defoliation inhibited some factor or signal transfer from the leaves that caused preferential distribution
of developing pods, thus reducing purple spots.

Table 3. Effects of shading and defollation on ratios (%)
of graded pod and purple spot development of
vegetat.le soybeans.

Entry/treatment Graded pod Purple pod
Main plot- Varety

G 9053 35 0.1b?
AGS 292 34 45a
G 10134 34 08b
Subplot' Shading

Control 34 3.2a
55% Shading 35 04b
Subsubplot’ Defolation

0 leaflet 29b 0.2b
1 leaflet 35a 04b
2 leaflets 36a 23ab
3 leaflets 38a 44a

*Mean separation within columns at 5% level by DMRT,
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Evaluation of Promising Ciones In the Preliminary Trials

Summary

Fourteen scab-resistant clones were evaluated during spring and summer 1991 as PYT-II entrics. In
addition, they were scored for reaction to scab discase in an artificial inoculation test. Two clones gave
consistently better yiclds than the check clones during the two scasons. These clones also had the same,
if not better, dry matter content and dry matter yiclds as the check clones. The scab reaction scores of the
best clones were low, confirming their high level of resistance. The selected clones will be included in the
sct of materials for distribution.

Introduction

The evaluation of promising clones that were selected iyom the first year preliminary yield trial PYT-
I) was continued. These clones were specifically selected for desirable agronomic traits and resistance to
sweel potato scab. They were entered in the second year PYT-11 where plot dimension was twice that of
PYT-I. Generally, PYT-II materials are planted in two seasons, spring and summer, to give a wider range
of ecnvironment for selecting clones.

Materlals and Methods

Fourteen clones (including four checks) were evaluated for yicld, morphological traits, and chemical
scores in PYT-II during spring and sumraer 1991. Tainung 66, Tainung 67, CN1489-89, and CN1510-25
were used as the check clones.

The same entrics were screcned for response to scab disease. Twenty-four plants per clone were
anificially inoculated with the fungus and incubated in the growthchamberon 16 May 1991.155and 11189
served as the susceptible and resistant checks, respectively. All screening procedures followed the
guidelines developed by plant pathologists. Scab scoring rate followed the scale: 1 = highly resistant 1o 6
= highly susceptible,

Results and Discussion

Two entries that performed consistently better than the checks during spring and summer are shown
in Table 1. These clones had the saine, if not better, dry matter content as the check cultivars, Their dry
matter yields were generally higher than thosc of the checks, especially in spring. In summer, only clone
CN 1936-13 had higher dry matter yiclds than the checks. As in previous years, yields in the hot, wet scason
were generally low. CN 1936-13 gave the highest yield of 18 t/ha during this scason, more than two times
better than the next best clone and check CN 1489-89.

The two best clones showed high levels of resistance to scab. In contrast to their scab infection scores
of 1.4 and 1.8, the resistant check (I 1189) and the suscepltible check (I 55) had scab infection scores of 1.2
and 4.2, respectively, during the test.



Table 1. Yield and other horticultural characters of best entries vs. checks in the preliminary trial (PYT-li); AVRDC, 1991

spring and summer seasons.

Entry Mark. yield (tha) Dry matter (%) Dry matter yield Starch content b-carotene Scab Flesh
(tha) (%dwb) (%dwb rating color

SP91 SU91 SP91 SU91  SP91 SU91 SP91  SuU91 SP91 SP91  SU91

CN1936-13 16 ab 18a 31d 29d 5a 5a 58 cd 66 bc 2c 1cd 1 Y2

CN1936-13 i3a-c 7bd 36ab 30cd 5a 2bc 6lac 66bc 2¢c ice 2 Y3

CN1489-89 (ck) 13b-d 7be 34c 32bc 4ac 2bd 59 cd 67b 2¢c 1ce Y1

TNB7 (ck) 7ce 4c¢f 38a 36a 3cd 2be 64a 72a 1c 2cd Y501

Msans in each column followed by the same letter are not statistically different at the 5% level {DMRT).

8¢€1
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Performance of Selected Clones In the Advanced Trlals

Summary

A number of new clones at different stages of testing were evaluated for yicld and other characters in
1990 and 1991. Among the AYT (Group 1 clones processing and supplementary food type) in fall 1990
trial, only one clonc compared favorably with the check CN 1489-89 in yicld (about 25 t/ha), dry matter
content ( about 33%) and starch content of about 72%. Mo promising clones could be identified from the
orange-fleshed and feed-type groups. The two best clones among the yellow-fleshed group were only
comparable at best with check CN 1489-89 in yield, and in ary matter content and yicld. Some of the new
clones had higher 8-carotene than CN 1489-89 and indicated resistance to sweet potato scab in a controlled
inoculation experiment.

Introduction

Following the 2-ycar, 4-scason evaluation in the preliminary yield trial stage, the best clones are
normally entered 1n the advanced yield rial (AYT). The AYTs are carried out in three different seasons,
viz. spring, summer and fall. Since sweet potato research at AVRDC was due for completion in 1991, we
paid particular attention to evaluating the promising selections from the 1990 PYT-IL. These clones were
cvaluated in 1990 fall scason AYTs to evaluate their performance.

Materials and Methods
Detailed information on the AYT trials conducted in 1990/91 scason are given in Table 2.

Table 2. Detalls of the sweet potato trials conducted in 1990-91.

Season Tnal Group No. of entries Plantdate  Harvestdate  Duration Design*
1890 AYT Processing/ 14 8/31 1/28 150 RCBD;4:80
fall supplementary food Sxd4m?
Orange-fleshed type 10 9/18 2111 146 ditto
Yellow-fleshed type 11 9/21 2119 151 ditto
Feed type 16 9/21 2/25 157 ditto
1991 AYT High dry matter clones 12 3/19 7116 119 RCBD;4;80
spring Sxd4m?
PYT-Il.  Scab-resistant clones 14 3/20 mzv 119 RCBD;2;:40
5x2m?
1991 AYT High dry matter clonss 12 5/14 9/11 120 RCBD;4:80
summer 5x4m?
PYT-Il  Scab-resistant clones 14 5/15 9/16 124 RCBD;2;40
5x2m?

* Numbers alter experimental design denota number of replicates, plants per plot and dimensions, respectively.

Four groups of sclections were evaluated in 1990. The same sct of clones was previously evaluated
in spring and summer 1990. Thesc consisted of the following: 14 processing/supplementary food type
(Group 1); 10 orange-fleshed clones (Group 2); 11 yellow-fleshed clones (Group 3); and 16 feed type
clones (Group 4).

Ninc clones sclected for high dry matter content from 10 entrics in the fall 1990 PYT 11 were used in
the 1991 AYT trials. Tainung 57, Tainung 66, CN 1489-89 and CN1510-25 were used as standard checks
for the AYT trials. Twenty-four plants per clone of the 1991 AYT entrics were also provided separately
for scab reaction test. This test was conducted at the same time as the 1991 PYT 11 set.

Results and Discussion

The best clone from the 1990 AY T (Group 1—processing and supplementary food type) is shown in
Table 3. The sclected clone was only comparable to CN 1489-89 in overall performance, yielding about
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the same (25 /ha), withdry matter content of around 33%, high dry matter yicld of about 8.5 t/ha and starch
content of about 72%. Tainung 66 had the highest yicld but this was not significantly higher than the yiclds
of CN 1843-341 and CN 1489-89. Tt also had the highest B-carotene content. However, it had the lowest
dry matter content of all the entries.

Table 3. Yield and other horticultural characters of a selected clone of Group 1 (processing
supplementary food type) vs. checks in the advanced yield trial; AVRDC, fall 1990.

Entry Mark yield Dry matter Dry matter  Starch content B-carotene  Flesh color
(t'ha) (%) yield (Vha) (%dwb) (mg/100g)
CN1843-341 25bc 34a 8a 71ab 0 1f Y5
CN1489-89 (ck) 26 a-c 33a 9a 73a 02t Y1
TN57 (ck) 11¢ 28de 3f 69 bh-d 0 3f Y301
TN66 (ck) 27 ab 28¢ 7 ab 651 7a 05Y3

Means in each column followed by tho same lattor are not stanistically ditforont at tho 5% lovel (DMRT)

No promising clones relative to the most agpropriate checks could be identified from the AYT Groups
2 (orange-fleshed clones) and 4 (feed type clones). The two best clones among the AYT Group 3 (yeilow-
fleshed) clones are given in Table 4. Again, these clones only compared at best with CN 1489-89 in terms
of yield, dry nzatter content and yield, although they had shghtly higher B-carotenc (especially CN 1688-
116).

Table 4. Yield and other hoiticultural characters of selected clones of Group 3 (yellow-fleshed
clones) vs. checks in the advanced yield trial; AVRDC, fall 1990.

Entry Mark. yield Dry matter Dry matter  Starch content B-carotene  Flesh color
(Vha) (%) yield (tha) (Yodwb (mg/100g)
CN1757-30 19.2a-c 307b 5 9bc 709b 1.7b-d Y1
CN1688-116 22 6a 324a 7 3a 728a 2.0b Y1
TNE6 (ck) 18.8bc 25 3t 4 8c 63 5e 9.5a YSO5
CN1489-89 (ck) 20 9ab 31 1b 6 5ab 710b 1 1de Y1
TN57 (ck) 17 7b-d 28 1d 50c 68 9cd 0 4f Y303

Yicldsof the AY T entries (including the checks) tested in sumnier 1991 were invariably low. No ncw
clone was therefore selected from this trial. The best clones from the spring planting are given in Table 5.
These clones significantly outyiclded CN 1489-89 but not Tainung 66. However, they had appreciably
higher dry matter contents ana vicld than Tainung 66. B-carotene contents of some of thesc high dry matler
clones, ¢.g., CN 1888-17, were much improved over other materials. These clones also exhibited resistance
to swcet potato scab as indicated in Table 5.

Table 5. Yield and other horticultural characters of salections vs. check cuitivars in the
advanced yield trial; AVRDC, spring 1991.

Entry Mark. yield Dry matter Dry matter  Starch content  B-carotene Scabrate  Flesh color
(Vha) (%) yield (Vha) (%dwb) (mg/100g)

CN1912-200 18 ab 30 ef 5bc 61b-d 1 de 2 Y201

CN1899-34 13 b-d 33cd 4 b-e 63 be 2ce 2 Y1

CN1888-17 11cd 33cd 4 de 58 de 6b 2 03Y3

CN1489-89 (ck) 9d 32de 3e 58 de 1ce Y1

TN66 (ck) 21a 24h 5 b-d 50 f 11a 05

Means in eact. column followed by the same latter are not statistically ditfarent at the 5% love! (DMRT)
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Inheritance Studies and Breeding for Resistance to the Scab Disease
Caused by Sphaceloma batatas Saw

Summary

Onc of the most important discases of sweet potato is scab, caused by the fungus Sphaceloma batatas.
Hostplant resistance toscab has therefore been one of the main objectives of the Center’s breeding program
since 1985. In this experiment, the inheritance of resistance (0 sweet potato scab was studicd among threc
populations. Heritability (h?) values for resistance varied among different populations. When the population
(A) was generated by polycrosses among randomly chosen parentcultivars from the AVRDC germplasm,
h*was 0.4 +0.2 indicating a fairly adequate gene frequency which would allow individual plant selection
for the trait. A higher h? of 0.7 + 0.2 was obtained when the population (B) was generated by polycrosses
among parcntcultivars that were selected for scabresistance. The lugher gene frequency for scab resistance
in this population contributed to ahigher genetic component for the character. In contrast, the h? value from
its reciprocal (or the regression of offspring on male parents) was 0.5 * 0.4, indicating no maternal or
extrachromosomal inheritance. Results from this experiment suggestthat incorporating high levels of scab
resistance could be readily accomplished especially if the parental stocks are properly sclected.

Introduction

Onc of the main objectives of the Center’s sweet potato breeding program since 1985 is to increase
host-plant resistance to the scab. However, there is a paucity of genctic data on this trait. There is a need
to understand the inheritance of resistance to scab so that breedine, progress may be attained by applying
suitable breeding procedures as guided by genetic data.

The objective of the present experiment is to study the inheritance of resistance to scab in populations
generated from different mating schemes.

Materials and Methods
Generating host populations

Threepopulations, A, B and C, were generated for the study. Populations A and B were gencrated using
the same polycross mating design but differed in that the 16 parents of population A were not selected for
scab resistance whereas the 16 parents of population B were selected based on their range of scab reaction
(highlv resistant, modcrately resistant, and susceptible). Population C had parents with varying levels of
resistance 1o scab and was gencerated by controlled hand pollinations.

Raising of parents in pollination nurseries

Cuttings of a flowerning sweet potato culuvar, American Yellow Skin, were planted as rootstocks to
induce flowering of parents in the cross- pollination blocks. One month after planting, scions from various
parents were grafted onto these rootstocks. For populations A and B, 16 parcnts were sctup in a polycross
ficld nursery using a Latin squarc design. For population C, hand crossings were set up as a diallel mating
design. Due to insufficient sced production of some biparental crosses, the design was later modified to a
nested (or hicrarchical) mating design.

Raising of plants/seedlings and scab testing

Ten clones of cach of the parents, resistant standard check cultivar (V 2-30 or AVRDC Acc. No. |
1175), and susccptible standard check cultivar (AVRDC Acc. No. I 55), were grown on 10 cm diameter
plastic pots 14 days before the scab test. More than 150 seeds from cach female parcnt of population A or
B and from cach cross of population C were sown in 10 cm diameter plastic pots 10 days before inoculation.

Populations A, B and C were inoculated separately. For population A, only 9 of the 16 parents were
uscd in this study. For population B, all 16 pazents were used, whereas for population C, only those with
sufficient sceds were uscd.
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At the time of inoculation, relatively uniform clones and progeny seedlings for cach parent (or cross)
were chosen and inoculated with conidia suspensions of 1 x 10* spores/ml using a power sprayer. Plants
were placed in a growth chamber in a completely randomized design. Temperature in the chamber was
maintained between 28 and 32°C, with a relative humidity of 90-100%. After 7-10 days, plants were rated
forresistance using a scale of 1-6, with 1 =highly resistant (no visible symptoms) and 6 = highly susceptible
(leaves, petioles and stems scvercly infected).

Statistical analysls of data

The disease ratings of each population were evaluated by ANOVA, followed by Duncan’s Multiple
Range Test. Frequency distribution tables for populations A, B and C were generated along with the family
means. Transformed mean ratings of progenies were used in a regression analysis with the corresponding
clonal parent means. Heritability (h?) of scab resistance was computed using the formula of Becker (1988);
h?=2b where b is the regression coefficient. Expected gain from sclection assuming 5% of the population
being retained was also calculated.

Results and Discussion

Population A

Scab resistance ratings of the resistant check cultivars V2-30 (or AVRDC Acc. No. I 1175) ranged
from 1 to 4, with a mean rating of 2.2, whereas, that of the susceptible check cultivar 1 55 ranged from 3
to 5, with a mean of 4.3 (Table 6). Of the ninc cultivars tested, threc (CN 1221-1,CN 1310-5and I 107),
had ratings that were not significantly different from that of the resistant check. Since the nine cultivars
were picked randomly, it appeared that differences in levels of scab resistance existed among the AVRDC
germplasm,

Table 6. Differences in scab ratings of sweet potaio parent clones, unselected
for scab resistance, used to generate population A.

Cultivar No. of plant Scab rating®
rated Range Mean
CN 1221-1 10 1-3 1.7a
CN 1310-5 10 1-4 22ab
1107 10 2-3 22a
CN 1448-49 10 2-3 25be
1139 10 1-4 2.7bc
1130 10 1-5 28bc
TN 66 10 1-5 29bc
TN 65 10 2-4 30c
CN 1229-16 10 2-4 32¢
Check cultivars:
V 2-30 (resistant check) 10 1-4 22ab
| 55 (Susceptible check) 10 3-5 43d
Population 90 1-5 2.6

*Scab rating ranged from 1 1o 6, whera 1 = highly resistant and 6 = highly susceptible

The frequency distribution for scab rating of the polycross progenics of population A is discussed
below (Table 7). The variances among the progenics of CN 1221-1 and CN 1229-16 were 1.1 and 1,
respectively, whereas the variances of their clonal plants (i.c., derived from cuttings) were 0.5 and 0.4,
respectively. The variation between the clonal plants is expected to be attributed to nongenetic canses,
whereas the variation among the pregeny plants is due to both genctic and nongenetic causes. Populition
A consisted of 1350 progenies with a mean rating of 3.60, higher than the 2.60 rating of the clonal parents.
Overall, 16 plant genotypes out of a total of 1350 plant genotypes of population A (or 1.1%) were rated 1.0
or highly resistant, with at least onc highly resistant genotype from cach of the nine female parents.

'‘Bocker, W A, 1985. Manual of Quantitative Genelics. (4th ad). Academic Enterprise, Pullman, Washington, U S A
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Table 7. Frequency distribution for scab rating of sweet potato polycross prageny population
(A) derlved from parent cultivars unselected for scab resistanca.

Pedigree Total Scab rating? Variance
progeny plans 1 2 3 4 5 6 Mean

CN 1221-1 150 3 31 74 23 14 5 3.1 1.1
CN 1310-5 150 1 8 43 44 37 17 4.1 1.3
1107 150 1 27 66 36 18 2 3.3 1.0
CN 1448-49 150 2 37 63 33 10 5 3.2 1.1
1139 150 2 15 53 48 21 1 3.7 1.2
1130 150 1 12 49 52 24 12 3.8 1.2
TN 66 150 2 12 40 52 34 10 3.9 1.2
TN 65 150 3 24 68 30 19 6 3.4 1.2
CN 1229-16 150 1 9 44 55 36 5 3.9 1.0
Population? 1350 16 176 500 373 213 73 3.6

Clonal plants:

\! 2-30 (Resistant check) 10 1 7 1 1 0 0 2.2 0.6
I 55 (Susceptible check) 10 0 0 1 5 4 0 4.3 0.5
CN 1221-1 10 4 5 1 0 0 0 1.7 0.5
CN 1229-16 10 0 1 6 3 0 0 3.2 04

*Scab rating ranged from 1 to 6, wheta 1 = highly resistant and 6 = highly susceptible,
*Distribution of progeny population was not normal since Univariate Procedure (SAS) showed skewness = 0.28; kurtosls = -0.37; and test W: normal = 0.89,
with Prob, <« W= 001,

The heritability value of the scab resistance in population A was h2= 0.4+ 0.2 (Table 6). An h? value
of 0.20 isconsidered by some as the minimum heritability value in which individual plant selection is likely
to be effective. A value of 0.4 indicates a fairly sizable frequency of genes for scab resistance, in turn
indicating that larger variation occurred among the progenics due to genetic and nongenetic factors.

Population B

Eight cultivars had mean ratings significantly higher than that of the resistant check V2-30 (Table 8).
The most susceptible among the 16 parents was I 1114, with a mean rating of 3.70 but was significantly
less than the rating of 4.2 for the susceptible check.

Twenty-ninc of 2327 progenies were rated highly resistant (Table 9), whereas 411 were resistant.
Progeny familics of the female parent 1216, 1 112, 1835, and 1 934 had some genotypes rated as highly
resistant. The progeny families without a single highly resistant genotype came from the female parents
11182, CN1747-88, 1890 and I 345, Except for these, the distribution of scab resistance among progeny
families does not differ markedly. The mean scab rating of the progeny families ranged from 2.89 (tending
toward resistance) for the progeny family of the female parent I 112 to 4 (tending toward susceptibility)
for the progeny family of the female parent I 345.

For population B, the h? value of scab resistance was 0.72 + 0.14 (Table 10). This heritability value
is much higher than that of population A, reflecting the preponderance of the genes for scab resistance in
this population arising from selection of parents for scab resistance. Since this is the first stage of selection,
the high heritability of the trait reflects the progress in selection based simply on the phenotypic values
of individual plants.

In the study using handcrosses, there appears to be no significant role of maternal inheritance for scab
resistance.

Monitoring the Piogress in Scab Resistance Breeding

Monitoring the changes in the Center’s sweet potato populations bred for scab resistance yiclded the
data given in Table 11. At the start of the scab resistance program in 1986, all the progeny families tended
toward susceptible classes with a population mean scab rating of 5.5 and with variances within each family
ranging from 0.12 10 0.6. None of the progenies was rated 2 or better for scab resistance. By 1988, a slight
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Table 8. Differences in scab ratings of sweet potato parent clones, selected for
their scab resistance ratings used to generate population B.

No. of plants Scab rating’
Cultivars _rated Range Mean
1216 9 1-2 2a
1112 10 1-3 2ab
1835 8 1-3 2ab
CN 1836-163 10 13 2ab
11182 10 13 2 abc
1033 9 2-3 2 abc
1932 10 14 2bc
1 249 10 1-3 2be
CN 1747-88 10 2-3 3cd
11189 7 24 3cde
1 890 10 24 3de
1934 9 2-3 3de
1613 7 24 3de
11174 10 2-5 3de
| 345 9 2-6 3de
11114 10 2-5 4e
Check cultivars:
V 2-30 (resistant check) 8 24 3de
| 55 (susceptible check) 6 3-5 4 of

*Scab ratings ranged from 1 to 6 whare 1 = highly rneistant and 6 = highly susceptible,
Means In each column followed by the same letter are not statistically diffarent at the 5% level (DMRT).

Table 9. Frequency distribution for scab rating of sweet potato polycross progeny
population (B) derived from parent cultivars selected for scab resistance ratings.

Pedigree Total progeny Scab ratings’

plants 1 2 3 4 5 6 Mean Variance
1216 145 5 29 56 40 6 2.9 1.2
1112 143 4 43 69 21 2 29 0.8
1835 147 6 41 69 22 | 29 09
CN 1836-163 142 2 35 69 23 { 3.1 0.9
11182 143 0 25 61 40 ' 3.4 1.0
1933 145 1 30 65 33 3.2 0.9
1932 147 1 31 78 26 N 3.1 0.8
1949 .15 2 28 77 31 4 3.2 0.8
CN 1747-88 145 0 20 68 38 . 3 3.4 0.9
11189 145 1 16 49 32 25 19 3.9 1.5
1890 142 0 30 76 32 3 1 3.1 0.6
1934 147 4 25 86 22 8 2 3.1 0.8
1613 148 1 20 58 38 17 14 3.6 1.4
11174 149 1 15 64 50 14 5 3.5 0.9
1345 150 0 9 44 51 31 15 4.0 1.2
11114 141 1 14 49 42 23 12 3.8 1.3
Population? 2327 29 411 1038 341 212 96 3.3
Clonal plants:
1216 9 2 7 0 0 0 0 1.8 0.2
11114 10 0 1 3 4 2 0 3.7 0.9
V 2-30 (resistant check) 8 0 5 2 1 0 0 2.6, 1.1
1 55 (susceptible check) 6 0 0 1 3 2 0 4.2 0.6

*Scab rating ranged from 1 to 6, where 1 = highly resistant and 6 = highly susceptible.
Distribution of progeny population was not normal since Univaniate procedure (SAS) showed skewness = 0.59; kurtosis = 0,22 and tast @: normal
= 0.26 and Prob. > W = < 0.01.



Table 11. Frequency distribution for scab resistance of progenies of sweet potato female
parents in the applied breeding program for scab resistance improvement In 1986,

S i Potato Breeding

Table 10. Herltablility* of scab resistance in three sets of populations and
the standard error of the heritabiiities.

Population Heritability, h? Standard error
Population A 0.4 0.2
Population B 07 0.1
Population C:
Offspring - female parent 0.5 0.3
Offspring - male parent 0.5 0.4

*The heritabilty values for Populations A and B waere calculated as h? = 2b where b = regression betwean the mean
scab ratings of the progenios and the mean scab ratings of the female parents (male parents unldentifiable). In

population C, where both female and male parents were identifiable, regression analyses were carried out for both (a)

olfspring with female parent and (b} offspring with male parents

1988, 1989 and 1990.

145

Year Pedigiee Total Scab rating? Variance
1 2 3 4 5 6 Mean

1986 CN1028-15 28 0 0 1 2 13 12 53 0.6
G16 43 0 0 1 3 4 35 5.7 0.5

GI13 39 0 0 1 1 5 32 5.7 04

1306 37 0 0 6 4 10 17 5.0 5.3

GIl19 29 0 0 0 0 4 25 59 0.1

176 0 0 9 10 36 121 5.5 0.7

1988 CN 1831-42 36 0 1 8 1 5 11 4.5 1.5
CN 1827-5 49 0 1 10 18 6 14 4.5 1.4

CN 1828-46 42 0 0 13 12 6 1 44 1.4

1948 46 0 3 12 17 9 5 4.0 1.2

11186 44 0 0 1 17 7 9 4.3 1.2

11189 34 0 1 6 8 1 8 4.6 1.3

1175 48 0 4 11 12 15 6 4,2 1.4

299 0 10 A 95 59 64 4.3 1.3

1989 CN 1489-89 16 0 0 5 5 4 2 4.2 1.1
CN 1732-4 46 0 0 9 20 12 g5 4.3 0.8

CN 1747-20 33 0 1 15 9 4 4 3.9 1.2

CN 1817-226 46 1 3 17 15 5 5 3.8 1.3

CN 1822-127 46 1 1 16 14 11 3 3.9 1.2

CN 1656-101 43 0 2 7 11 13 10 4.5 1.4

CN 1525-11 37 0 3 7 13 13 1 4.1 1.0

TN 67 34 0 0 4 9 16 5 4.7 0.8

TN 57 30 0 2 4 1 1 2 4.2 1.0

1949 31 0 2 15 10 4 0 3.5 0.7

CN 1618-461 39 0 0 5 7 26 1 4.6 0.6

CN 1661-62 12 0 0 0 7 3 2 4.6 0.6

413 2 14 104 134 122 40 4.1 1.1

1990 CN 1836-163 24 0 8 7 6 3 0 3.2 1.1
CN 1618-461 42 1 2 21 8 10 0 3.6 1.0

CN 1525-11 20 0 1 2 9 8 0 4.2 1.6

CN 1832-77 41 2 3 11 15 6 4 3.8 1.5

CN 1489-89 43 1 1 7 16 10 8 4.3 1.4

CN 1747-88 11 0 0 3 3 2 3 4.5 1.5

CN 1656-37 29 0 0 10 4 10 5 4.3 1.3

CN 1688-116 37 0 0 16 7 8 6 4.1 1.3

CN 1661-15 36 0 0 7 9 13 7 4.6 1.1

CN 1790-42 18 0 0 3 4 4 7 4.8 1.3

3 5 19 101 92 79 45 4.0 1.4

*Scab rating ranged from 1 to € whera 1 = highly resistant and 6 = highly susceptible.
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shift in the frequency distribution was observed such that 10 pi. _ iy plants were rated 2. Although none
was yct rated 1, the population mean scab rating was alrcady 4.3, a relatively better resistance level than
that of 1985. Also, plant variation in the scab resistance was increased compared to that of 1985 which
ranged from 1.2 to 1.5. Slight improvement in scab resistance was observed in 1989 when the frequency
distribution showed two progeny plants rating 1 and 14 plants rating 2. These progenics had a populadon
mcan scab rating of 4.2 with the variance somewhat stightly reduced and having a range of 0.6 to 1.4. By
1990, resistance was much slighter; five plants rated 1 and 19 plants rated 2. Howevcer, at this time
population mcan was atready levelling off at 4.1 from that of 1989. The variance also was levelling off with
arangc of 0.7 to 1.6. It is possible that the program has now rcached the beginning of a platcau phasc in
the improvement for scab resistance (Fig. 1). The geretic data from the experiments reported here could
scrve as a guide in planning breeding procedures.

6
5
o
£
e
3 T T T v T

1986 1988 1989 1990

Fig. 1. Changes In the mean and standard deviation of scab rating of sweet potato populations bred for scab
resistance.

International Cooperation

Both sweet potato true sceds and virus-free plantlets in test tubes were distributed in 1991, A total of
77 clones in 154 ubes were distributed to the United States, Seychelles, Mauritius, Surinam and Lesotho.
A total of 2300 true sceds were sent (o cooperators in Bhutan and Zambia.

To facilitate the utilization by national partners of the true sced populations developed at AVRDC, an
international cooperator’s guide sheet entitled “Handling and sclecting improved clones from true seed
populations of sweet potato” was recently published. This guide will assist the national programs to access,
evaluate and sclect outstanding clones from genetically diverse true seed populations for their specific
agroclimatic, sociocconomic and technological conditions. This approach gives cooperators a betler
chance of finding highly adapted genotypes which could be released to the sweet potato farmers,
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Sweet Potato Entomology

Screening of BC,F, Progeny of Cross Between I. batatas and /. trifida for
Resistance to Sweetpotato Weevil in Vines

Summary

Scven backcross progenics from thecross between /. batatasand 1. trifidaand three susceptible checks
were screened for resistance in vines to the sweetpotato weevil, Cylas formicarins (F.), in the field. The
number of weevils (larvac + pupac + adults) found in a 30-cm segment of crown as well as the number of
weevil-damaged crowns were recorded. Although there was no statistically significant difference in the
number of weevils in the crowns, two clones, CM 1869-13 and CN 1872-8, had the least number of weevils.
CN 1872-8 had the lowest numbcer of plants damaged by the weevil. This entry also gave the highest yicld
in last year’s screening trial and appears to be promising in future insect resistance improvement program.

Introduction

Sweetpotato weevil (SPW), Cylasformicarius (F.) (Coleoptera: Curculionidac) is the most destructive
pestof sweet potato in the tropics and subtropics. Because of its concealed feeding habitand life cycle, this
inscct is difficult to control economically by conventional means, i.c. insecticide applied by farmers.
AVRDC'’sresearch, therefore, aimed to develop an inegrated pest management (IPM) program based on
breeding of SPW-resistant cultivars, AVRDC failed to find any reliablc source of resistance amongst 1200
accessions. AVRDC breeders, therefore, crossed Ipomoea trifida, a wild relative of sweet potato with /.
batatas 1o improve agronomic characters of 1. batatas. Sclected progenies were back-crossed to 1. batatas
to improve yicld and quality. Seven promi ~ing entrics that had certain levels of resistance to SPW in roots
were screened for resistance to SPW in vines,

Materials and Methods

Each of the seven selected backcross entrics and three susceptible checks were planted in four
randomly sclected 5 x 1 m plots. Twenty-five vine cuttings were planted in each plot. Four wecks after
transplanting large numbers of laboratory-reared weevils were reteased uniformly over the entire arca. Five
wecks after weevil release all the plants were uprooted, the crowns cut open and the number of SPW larvac,
pupac and adults found inside recorded. The number of weevil-damaged and healthy plants was also
recorded. The data on inscct count and percentage of plants damaged were analyzed by ANOV A followed
by Duncan’s multiple range test to compare the SPW infestation of various entries.

Results and Discussion

Results of the SPW infestation of the crowns are summarized in Table 1. All entrics were damaged
by the weevil. Although there were no significant differences in the number of weevils in the crowns, two
cutrics, CN1869-13 and CN1872-8, had the towest number of weevils. CN1872-8 had the lowest number
of plants damaged by the weevil. This entry also gave the highest yicld in the 1990 screening trial. CN1872-
8 seemed to have the potential to control weevil in vines. Reduction of SPW infestation in vines before
root formation will reduce the weevil inoculum and taereby reduce the damage to the roots when they
develop.
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Table 1. Infestation of crowns of selected /. batatas x 1. trifida
backcrosses by sweetpotato weevils.

Progeny No. weevils®/10 crowns Damaged crowns (%)
CN1861-2 148 42
CN1864-56 159 32
CN1867-15 135 30
CN1869 6 233 42
CN1869-13 051 46
CN1872-6 161 36
CN1872-8 070 20
CN1872-9 107 52
CN1510-25 1.04 44
TN66 1.28 41

*Planting date' 18 June 1990, observation date* 31 August 1990. Data are means of four rephicates. Means
in each column tollowad by the same letter are not significantly different at 5% lavel according to Duncan’s
mutiple range tost Plot size* 5 X 1m

*Larvae + pupae + adults

Contirmation of Sweetpotato Weevil Resistance in Vines of Sweet Potato

Summary

Six sweet potato clones which were Ieast damaged in vines in tests conducted during early 1990 were
screened for resistance to sweetpotato weevil, Cylas formicarius (F.), in vines to confirm the resistance.
The six promising and four susceptible clones were planted in the ficld which was inoculated with
laboratory-bred weevils to initiate infestation. Two sweet potato accessions, 1 123 and [ 959, and four
progenics from 1. batatas x 1. trifida crosses were the least damaged in all three weevil-infestation
cvaluations carricd out during the scason. These results confirm obscrvations of tests conducted in early
1990. These cloncs are considered to be moderately to highly resistant to the sweetpotato weevil,

Introduction

Larvae of the swecetpotato weevil (SPW), Cylas formicarius (F.) (Coleoptera: Curculionidae), feed
inside swecet potato rootsand stems. When tuberous roots are not yet developed or are inaccessible, the adult
weevil lays cggs insweet potato vines. The eggs then develop into larvae which larvae feed inside the vines.
Thesc larvac develop into pupac which, in turn emerge from the vines as adults. These adults then search
for roots for oviposition and cause damage to the roots. Since it is not possible to find a sweet potato
accession with genctic resistance in tuberous roots, AVRDC has initiated screcning of sweet potato
germplasm to identify sources of resistance to SPW in vines. Preliminary screening in 1989 and second
screening in carly 1990 identified two sweet potato accessions and four 1. batatas x 1. trifida progenics with
high levels of resistance to SPW. In this experiment in late 1990 screening was repeated to confirm the
resistance so that the resistant sources can be utilized for breeding purposes.

Materials and Methods

A parcel of land was worked into 1-m wide raised beds. These beds were further divided into 40 plots,
cach consisting of three adjacent 5-m long beds. Vine cuttings of six promising resistant and four
susceptible entrics were planted individually (one accession per plot) in three rows in each of four randomly
selected plots, cach plot being one replicate. The crop was maintained using standard cuttural practices,
except that no insccticide was applicd. One month after planting, a large number of laboratory-reared SPW
adults were released uniformly over the planted arca to initiate weevil infestation. At 3, 5 and 7 wecks after
weevil release, all the plants in the first, second and third row, respectively, were uprooted from each plot.
A 30-cm portion of the crown was cut open and the numbers of SPW larvae, pupac and adults found inside
were recorded, along with the number of plants showing visible weevil damage in the crown. The insect
count data were analyzed using ANOV A and the means were compared with Duncan’s multiple range test.
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Results and Discussion

The results of the SPW infestation ol sweet potato germplasm are summarized in Table 2. Two sweel
potato accessions, I 123 and 1 959, and four progenics from £ batatas x 1. tr.fida crosses, WT 81, WT 230,
WT 352 and WT 5780, were consistently less damaged than the three swee potato aceessions, and one /
batatas x 1. trifida cross progeny which was included as the susceptible check. The two sweet potato
accessions, I 123 and I 959, have relatively thicker stems than the WT progeay, but they showed simlar
levels of damage. These results confirm those from a sumlar screening m carly 1990 (1990 AVRDC
Progress Report). These six entries were considered as resistantand pronusing for breeding SPW resistance
in vines. There was a highly significant positive correlation between the number of weevils in the crowns
and the pereent damaged plants at cach of the three observations: r2 0.7635; r2 0.820; r2 (.702.

Table 2. Infestation of sweetpotato weevll in the vines of selected sweet potato
germplasm, AVRDC autumn 1990°,

Entry No weevll larvacspupaesadults perplant o

First observation Sccond observation  Third observation
22 Nov 1990 7 Dec 1990 21 Dec 1990

WT81 095 cd 013d 020d

WT230 001d 021d 035d

WT352 009 cd 036d 039d

WT578 O1tlcd 038d 022d

1959 016cd 043d 083d

1123 0.53¢c 135¢cd 131 cd

WTh32 0.43 cd 178c¢c 252 be

11062 136b 311b 453 a

11082 113b 300b 488a

1118 316a 497 a 397 ab

*Plantig date 18 Sept 1990, Data ase means (: SE) of four roplicates Means in each column fotiowed by the sama lotter are not significantly
diferent at 5% probability level according to Duncan's multple rango test Plotsiza 5m X 1 m

Role of Types of Cuttings and Weevil Source on
the Infestation by Sweetpotato Weevil

Summary

A ficld experiment was conducted to find out whether usc of tender stem cuttings, which are normally
notpreferred by the adult sweetpotato weevil, Cylas formicarius (F.), for oviposition, and removing weevil
infestation source from the surroundings can have adequate control of the weevil in sweet potato. Open
plots where insccts can migrate from all directions and plots surrounded by an 11-m wide trench of constant
standing water were planted to cither tender vine cuttings (30-m distal part) or old growth cuttings (60-cm
distal part). The infestation of weevil was nionitored twice a month throughout the season by uprooting 12
plants and recording the number of insccts found in the crown, At harvest root yicld and the number of
weevils in roots were determined. In open plots planted to old cuttings there was rapid increasc in weevil
infestation. In enclosed plot the infestation increased only slowly. In open plot planied to fresh growth
cutungs there was steady increasc in weevil infestation but when the fresh growth cuttings were planted
in enclosed plots there was hardly any weevil damage. The root yields in plots planted to fresh growth
cuttings and weevil infestation significantly decreased. These results confirm last year's findings that the
usc of fresh growth cuttings and preventing weevil migration froin the surroundings gives effective control
of the weevil,

Introduction

Sweetpotato weevil (SPW), Cylas formicarius (F.) (Colcoptera: Curculionidac), is the most destructive
pest of sweet potato in most tropical and subtropical arcas. The larvac feed inside roots rendering even
slightly damaged roots unfit for human consumption. Although SPW possess wings, it is a weak flicr. It
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spreads fronu fieid to ficld via weevil-infested cuttings used for planting a new crop or by adults crawling
from infested sweet potato fields or moining glory plants (Ipomoca sp.) to the newly planted crop. The
inscetlayseggs in vines in the absence of roots. Older portions of the vine, rather than younger tender parts,
are preferred for egg-laying. In this experiment the use of fresh growth cuttings in preventing migration
ol weevils from the surrounding area was investigated. This experiment was also meant to confirm tesults
of two previous eaperiments.,

Materials and Methods

A parcel of land was rototilled and worked into I-m wide beds. The beds were further divided into 16,
10mx 10m plots arranged ina square. A distance of 10m was maintained between any two adjacentplots.
Each of the cight plots mnone-half of the experimental ficld was confined on all sides by a 13-m wide trench
which was kept Hooded throughout the season. This arrangement isolated individual plots from the
surrounding arca to prevent migration of the weevil. These plots were designated as “enclosed” plots.
Empty arcas between the plots in the other half of the experimental ficld, which had the remaining cight
plots, were kept uncultivated. The empty area was occasionally rototilled to keep it relatively weed-free.
Each plot in this half was thus subject to mvasion of SPW from the surrounding arca. These plots were
designated as “open” plots,

Sweetpotato (cultivar Tainung 57) vine cuttings from the weevil-infesied field were used asa planting
material. A distal 30-cm shoot (fresh growth cutting) was planted in cach of four enclosed and four open
plots, cach plot being one replicate of treatment (“enclosed” vs. “open”). A distal 60-cm shoot (old growth
cutting) was planted in the remaining four enclosed and four open plots.

All standard cultural practices were used except that no insecticide was applied. Once every 2 weeks
12 plants from cach plot were uprooted, the crowns cut open and the number of SPW larvac, pupac and
adults found inside recorded. The number of plants with visible weevil damage in the crown was also
recorded. Atharvest, root yield was recorded. Five kifogram roots was sampled from cach plot for weevil
infestation and evaluation. Each root was cut open and thinly sliced, and the number of SPW larvac, pupac
and adulis found inside was recorded. The yield and insect count data were analyzed by ANOVA and the
test of Ieast significant difference (LSD) was used to compare the treatment means.

Results and Discussion

Results of the monitoring of infestation of SPW ol sweet potato plants (crowns) are summarized in
Figure 1. The old cuttings planted in the enclosed plots and the open plot had practically identical weevil
numuers during the first three observations. However, the weevil number increased rapidly in open plots
(A) compared io the enclosed plots (B). The rapid increasc in weevil population in open plots is obviously
ducto the immigration of weevils from the surrounding arca in addition to the native weevils carried in the
vines. The steady but much slower increase in weevil number in enclosed plots planted with old vinc
cuttings (B) is believed to be due to the native weevils emerging from the old cuttings. Since the inoculum
is small, the infestation is low.

There was a continuous increase in weevil infestation of sweet potato planted with fresh growth
cuttings in the open ficld (C). This increase is obviously duc to the migration of weevils from the
surrounding arca, since there were very few weevils in the cuttings as evidenced by practically no increasc
in the weevil population in sweet potato planted with new growth cuttings in enclosed plots (D). The
increase in the number of weevils in the open plot planted to new growth cuttings is not as rapid as when
planted with old growth cuttings (A) because very few weevils were carried in the fresh growth cuttings.
There was little or no weevil infestation in enclosed plots planted with new growth cattings, This was also
reflected in minimal damage to the root by the weevil (Table 3). Yield was also significantly higher in plots
protected from weevil infestation.

Itis thus possible to harvest a weevil-free crop if onc uses fresh growth cuttings and cleans the
surroundings of all possible weevil sources.
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Fig. 1. Infostation of sweetpotato weevil in crowns of sweet potato
planted from fresh or old growth cuttings in enclosed
weevll-proof and open areas. Planting date, 5 October 1990.

Table 3. Yield and weevil infestation of roots planted with new growth or
old growth cuttings In enclosed or open plots®

Cutting Plot Yield No. weevils®
type condition ka/plot /kg root
New growth enclosed 49.4 25
. open 283 8.8
Old growth enclosed 346 3.9
open 13.4 20.1
L.SD 5% 14.0 11.4
1% 204 16.6

*Plot slze: 10 m X 10 m. Cultivar. Tainung 57. Planting date: 5 October 1990. Harvest date: 11 March 1991. Data are
means of four replicates except in "New growth-enclosed” plots where only three replicates were used,
‘Larvae + pupae + adults,

Effect of Sweetpotato Weevll Infestation of Crown on Yield

Summary

1w field experiments were conducted: one in spring 1990 and the other in autumn 1990 to study the
cffect of in2station of sweet potato crowns by the sweetpotato weevil, Cylas formicarius (F.), during the
season on the yicld of sweet potato roots. Carbofuran liquid formulation was appliced to crowns at various
intervals to create varying levels of weevil infestation. Insect infestation on crowns was monitored once
every two weeks ard root yicld was determined at harvest. Except for the obscrvation taken at 16 weeks
after planting in autumn 1990 crop, when a significant negative correlation was obscrved between the
number of weevils incrownand the root yield, there was no correlation between weevil infestation of crown
and root yield in both years.

Introduction

Sweetpotato weevil (SPW), Cylas formicarius (F.) (Coleoptera: Curculionidae), is the most destructive
insect pest of sweet potato both in the ficld and in storage. In the field, adults lay eggs in the root when the
roots are accessible, or in the crown when roots are cither not yet developed or are inaccessible. Although
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in most cases the root development does not begin until 6-8 weeks after planting, the insccts are scen laying
eggs in the vines soon after planting, especially the older portion of the vine. The larvac feed inside the
crown, and adults that emerge act as an important source of infestation in roots that devclop later.

Although there is little doubt that the weevils infesting crowns serve as a source of infestation of roots,
itis not certain whether weevils feeding in crowns reduce root yield. At AVRDC no corrclation between
crown damage and yield was found in infested crowns at harvest. However, in some experiments, there are
indications that such damage can reduce root yield if infestation occurs early. In one 1990 experiment on
SPW infestation, a significant negative correlation was found between SPW damagetocrown 1,2 and 3
months after planting and root yicld. A detailed investigation (two experiments) was then conducted in
spring and autumn 1990.

Materlals and Methods

A parcclofland was rototitied and worked into 1-m wide beds. The beds were further divided into ¢ ght
5-m x 10-m plots. A distance of 1 m was maintained between two adjacent plots. About 250 tender stem
cuttings of sweet potato cultivar Tainung 57 were planted in cach plot. Standard cultural practices were
followed, including fertilizer application, weeding and irrigation as needed.

Starting one week after planting, 0.04% a.i. carbofuran was sprayed on the 10-15-cm aboveground
portion of crowns only. The 1st plot was sprayed once every 5 days; 2nd, every 10 days; 3rd, every 15days;
4th every 20 days; 5Sth, every 25 days, 6th, every 30 days; and 7th, every 35 days. The 8th plot was the
untreated check. The purposc of treating plants with insecticides at various intervals was to create varying
levels of SPW infestation. This would establish a correlation between yield and the weevil infestation.

This experiment was done twice, once each in spring and autumn 1990. In both cases the cxperiment
was planted in the vicinity, 5-10 m from sweet potato planting, which was damaged by the weevil. This
was done to facilitate natural infestation of the new crop with weevil from the old crop.

Starting 2 weeks after planting, and once every 2 weeks thercafter, 15 plants from cach plot were
uprooted. Each plant was cut open and the number of SPW larvae, pupac and adults found inside was
recorded. In the spring experiment only, the Icaf arca of cach sampled plant and weight of leaves, stems
and roots after drying these plant parts at 110°C for 72 hours were also recorded. At harvest, 22 weeks after
planting, root yicld was recorded. Some 5 kg roots were cut open and the number of SPW larvae, pupac
and adults feeding in cach were recorded.

The yicld, biweckly insect monitoring, leaf arca and dry weight data were analyzed to study the
corrclation between the yield and number of weevils in the crown, leaf area, and plant dry weight.

Results and Discussion

The results of the correlation between number of insects in the crowns at various times during the
season and root yicld at harvest are summarized in Figure 2. Sweetpotato weevil infestation in both seasons
began 810 wecks after planting in untreated plots or plots treated less frequently with insccticides. There
was no corrclation between sweet potato yield and the weevil infestation of any observation interval in
spring. In autumn a significant negative correlation was found between SPW infestation and yield in
observations taken only at 16 weeks after planting. No correlation was found between leaf arca and insect
infestation or dry weight and inscct infestation. The leaf arca and dry weight data were extremely variable
from one observation to the next. There was, however, significant correlation between the number of SPW
incrowns from 8 wecks onwards and the number of SPW in root at harvest, but only in the autumn. No such
correlation was found in the spring crop.
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Sweet Potato Pathology

Cultural Studies on Sphaceloma batatas and
the ldentification of Resistance to Sweet Potato Scab

Summary

Sweet potato scab limits the production of sweet potato in some regions of the world. Past studics at
AVRDC have concentratca on utilizing host plant resistance to control scab. Screening for resistance
depends on the production of inoculum of the fungus. Different temperatures and pH values were tested
todeterminc optimum conditions for sporulation. The optimum temperature for sporulation of Sphaceloma
batatas was 24°C followed by 28°C. On carrot agar medium, a pH of 6 was the most suitable for abundant
sporulation. To determing the optimum Iength of tume that inoculated plants need to be incubated under
high humidity, an cxperiment was conducted by removing inoculated plants from a growth room at 100%
humidity daily for 8 days. Discasc scverity was highest when plants were incubated at higi: humidity for
7 days. To [ind more sources of resistance, a total of 1191 accessions were screened, with 275 accessions
initially being rated as less susceptible. These were retested and eight accessions were idemiificd as highly
resistant and 25 accessions as resistant. These accessions may provide good sources of resistant stock for
future use in plant breeding programs.

Iniroduction

Swect potato scab, caused by the fungus Sphaceloma batatas, is onc of the most important diseases
of sweet potato in certain geographical locations. The pathogen may cause toal loss of tuberous root yicld
as it infects foliage and stems which may cause dicback of the plant.

S. batatas grows slowly and produces very few conidia in culture on most common media like potato
dextrosc agar. Inoculum in the form of conidia is most suitable for inoculating plants cither under field or
controlled conditions. Besides nutrient requirements for sporulation, the effect of temperature and pH is
also important for optitnum inoculum production.

Host resistance is one approach to controlling scab, and for the past 5 years has been a major focus at
AVRDC. Screening for resistance initially was conducted under ficld conditions, but the cost of labor and
finding ficlds with high levels of inoculum was not always feasible. The objectives of this study werc to
develop procedures to increase conidia production, determine what environmental conditions are most
suitable for screening at seedling stage, and to identify resistant sources.

Materials and Methods

Cultural studies. To study the effect of iemperature on sporulation, a 9-mm diameter carrot agar
disk from a 1-wecek old culture of the fungus was smeared on sterile carrot agar medium to propagatc the
fungus. A total of 84 plates were smeared. Twelve plates, each representing three samples in four
replications, werc incubated from 12 to 36°C at 4°C intervals. After 10 days a 9.9-cm diameter disk was
transferred to a test tube containing 5 ml of sterilized water. The tube was shaken for 10 scc and a drop of
spore suspension was placed on a hymacytometer to determine the conidial concentration.

To test the effect of pH on sporulation, carrot agar medium was prepared as follows: carrot slices were
put into 200 mI of distilled water for 1 hour, then boiled for 5 min. This suspension was added to 800 ml
of distilled water and 20 g of agar nowder, then autoclaved. When the temperature of the medium was
decreased to 50°C, drops of NaOH or HCI were added to the medium to adjust the pH value from 3 to 10
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inincrements of one pH unit. Plates were inoculated as described previously with 12 plates representing
threc samples in four replications for cach pH treatment, and were incubated at 25°C.

Plant inoculations. Cuttings of accessions 155, 16, V2-30, and 1-1189 werc arranged as m a
randomized complete block design with four replications. There were six cuttings planted in 6-cm diameter
pots for cach accession. One week after transplanting, a suspension of 1 x 10¢conidia/mlat 1.5 kg/em?* was
sprayed on the cuttings belore moving them to a growth room (26£2°C, 98-100% R11). After mnoculating
cuttings, the length of the incubation period was studied using the number of incubation daysastrcaiments:
1 =plants incubated up to 11 days after inoculation (DAI1), 2= 1 DAL, 3 =2 DAI,4=3DAI,5=4 DAI,
6=5DAI, 7 =06 DAI, and 8 = 7 DAL After incubation, cuttings were moved to the greenhouse. Twelve
days after inoculation, discasc was assessed based on the following scale: 1< 3% suiface infection, 2 = 3~
10%, 3 = 10-25%, 4 = 25-30%, 5 2 50%, 6 = death. Data from rating samples of the <ix cuttings per
replication were averaged before ANOVA. Means were separated by LSD test.

Atotalol'1191 accessions were divided into three sets o sereen for resistance. Four cheek lines: 11189
(resistant), 16 (moderately resistant), CN1108-13 (modcrately susceptible) and 155 (susceptible) were
included in all three sets. Cutting preparation, inoculations, and assessments were done as previously
deseribed. A total of 275 accessions based on lower discase ratings from one of the three sets weie seieencd.

Results and Discussion

Cultural studies.  Sporulation was sigmilicantly greater at 24°C than at other temperatures. No
sporulation occurred at 36 and 12°C. Conidia production was 2.7 at 16°C, 4.8 comdia/ml at 20°C , 9.3
conidia/ml a1 24°C, 6.8 conidia/ml a1 28°C, and 4.2 conidia/ml at 32°C. A pH value of 6 was most suitable
for abundant sporulation, followed by pH values of 5 and 7. Values of pI 9, 3, and 10 were not suitable
for sporulation. Sporulations per square centimeter were as follows: 0.17 at pH 3, 4.8 at pli4,6.3 atptl
5,3.2atpH6,6.0 at pH7,4.6 atpH 8, 1.2 at pH 9, and 0.03 at pH 10.

Plant inoculations.  Discasc severity was highest when host material was heptlor 7 days, followed
by 6, 5,4, and 11 days at high humidity after inoculation. Incubations of 1, 2, 3 days significantly reduced
scverity. Discase severity based on days of incubation was: 2.6 at 1 and 2 days, 3.0a1 3,4, and 5 days, 3.2
at 6 days, and 2.9 at 7 days.

Screening for scab resistance. Two hundred and seventy-five out of 1191 accessions were less
susceptible combined over three scls. These ware retested and eight aceessions weie identificd as mghly
resistant, 125 as resistant, 129 moderately resistant, 68 modcrately susceptible, 34 susceptible, and 7 highly
susceptible. The highly resistant and resistant accessions may provide good sources of resistant stock for
future usc in plant breeding programs (Table 1).
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Table 1. Sweet potato accessions that were rated as highly resistant and
resistant lo scab over two evaluations.®

Accession Discase Accession Disease
no. Variety reactior® no Variety reaction
1135 HM-616 HR 1517 Yeeira R
1 390 Cu Marata HR 1 540 Mung [
| 457 Grelke HR | 570 Wakum R
1483 Laez HR 1574 Ysungaperian 7
1 507 Sokol HR 1585 Minip R
1578 Simbu HR | 702 Tul-Tulum-26 R
| 587 Simbu HR 1716 Unknown 78 R
1 1031 Black Leaf HR 1718 Seka 109 R
| 450 Manta R 1 731 Marpepu 150 R
| 452 Rimbom R 1747 Balusaina 162 R
I 455 Lae 13 R 1 757 Wapi 134 R
1464 Yura R 1 862 Ysuningi R
1487 Markham 1 R 1883 082 (Wamakawama) R
| 501 NG 5461 R 1927 Laloki 2 R
| 505 Hagesafu R 1931 Laloki 4 R
| 506 Yara R 11189 Hawaii R
1516 Damiambo R

*Selected from an ynitlal screening of 1191 accessions and a rescreoning of 271 accessions.
*Mean of the disease scale of six svodlings and three tephications rated as HR = highly resistant (> 3% infocted area), R =
moderately resistant (3-10% infected area).
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Sweet Potato Physiology

Performance of Flooding-Tolerant Sweet Potato Clones

Summary

Eightrelatively flooding-tolerant sweet potato clones were evaluated in three scasons to confirm their
flooding tolerance. Storage 100t yicld was lowest in the May planting. This low root yicld was likely duc
to high temperature and excessive rainfall. Among the clones, improved CN 1028-15, CN 1448-49 and
CN 1489-89 clones had higher storage root yiclds than the other clones. CN 1448-49 and CN 1489-89 had
higher dry matter and starch content in the storage root than CN 1028-15. Both CN 1448-49 and CN 1489-
89 have more reliable performance during the rainy season.

These cight sweet potato clones were further tested for flooding tolerance using leaf cuttings as well
as whole plants under soil-moisture controlled conditions. Results showed that field moisture capacity,
maintained at more than 60%, reduced storage root formation. The reduction could be attributed to reduced
harvest index. These two yield evaluations confirmed the relative flooding tolerance of CN 1448-49 and
CN 1489-89.

Introduction

Excess soil moisture, especially at the critical stage of storage root initiation, is one of the major factors
limiting the productivity of sweet potato in the hot, humid tropics. To overcome this constraint,
improvement and sclection of clones for their ability to produce storage roots under excessive soil moisture
conditions have been conducted at AVRDC. Using lcaf cutting method cight improved clones and
accessions that possess some levels of flooding tolerance were previously identificd. The purpose of this
study was to confirm the results obtained in experiments using the leaf -cutting method with whole plants
under ficld and soil-moisture controlled conditions, and to investigate some of the physiological responses
of these clones under flooding conditions.

Materials and Methods

Field planting. Stem cuttings of CN 1028-15, CN 1108-13,CN 1232-9, CN 1448-49, CN 1489-89,
CN 1517-139, Tainung 66 and Tainung New 31 were planted in the ficld on 25 July 1990, 21 September
1990 and 17 May 1991, respectively. An RCBD with four replications was employed. Each plot contained
three 700-cm long rows spaced 100 cm between rows and 25 cm between plants. Mean maximum/
minimum air temperatures for the July, September and May plantings were 30.2/22.0°C, 27.0/17.5°C and
31.8/23.9°C, respectively, and mean maximum/minimum soil temperatures were 29.7/27.5°C, 27.2/
24.7°C and 32.3/29.7°C, respectively. Field capacities for plantings ranged from 29 to 64% for July, 13 to
35% for September, and 32 to 79% for May, and total precipitation during the entire growing periods were
871.5, 18.3, and 1432.5 mm.

Three plants were randomly sampled from each plot at 30-day intervals. Canopy light penctrations
were alsomeasured monthly. Sampled plants were studicd for leafarca index, root development, dry matter
of shoot and root, storage root yicld, and chemical components of storage roots.

Leaf-cutting evaluation. Lcaves with petioles were detached from the entries and transplanted to
PE tubes (insidc diameter 17 cm, height 40 cm) with soil-sand-compost mixture on 17 July and 12 October
1990. Leaf cuttings were grown under greenhouse conditions. Field capacities at 30-50, 50-70 and 60—
80% werc imposed 1 week after transplanting until the end of the experiment. Mean maximum/minimum
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air temperatures during the entire growing periods were 33.6/25.1°C for J uly and 31.6/18.3°C for October,
respectively, and mean maximum/minimum soil lemperatures were 31.6/26.4°C (July) and 26.9/17.0°C
(October). A split-plot design with fourreplicates, and cighttubes/replication was employed. Soil moisture
trcatments were main plots, and clones subplots.

Leaf cuttings weie sampled at 2-week intervals for the July planting, and 3-weck intervals for the
October planting. Leaf cuttings were assessed for plant survival, ieaf arca, chlorophyll content, fresh and
dry weights of differeni plant parts, oxygen activity of the root system, and carbohydrates in the storage
root.

Potplanting. Stem cuttings of the entries were transplanted to PE containers (60 x 42 x 30 cm) filled
with growing media on 10 July and 19 October 1991, Plants were grown under screenhouse conditions.
Soil moisture was maintained at 30-50 and 60-80% of ficld capacity. Mcan maximum/minimum air
tempceratures were 31.7/22.9°C, and 25.4/15.7°C, and mean maximum/minimum soil lempceraturcs were
29.0/21.2°C, and 26.9/15.4°C. A split-plot design with four replicates and four plants/replicate was used.
Plants were harvested 120 days after transplanting, and asscssed for leaf arca, fresh and dry weights of
different plant parts, storage root number and yicld, and nutritional components of the storage root.

Results and Discussion

When data were combined over entries, planting in September had the highest storage root yicld and
harvest index, despite lowest total dry matter production (Table 1). This could be attributed to the
decreasing temperaiure throughout the growing period and absence of hcavy rainfall. On the contrary, the
planting in May had the Icast storage root yiclds and harvest index, but the highest total dry matter
production, likely due to increasing temperature and heavy rainfall. Furthermore, storage roots from the
May planting had the lowsest soluble sugars and starch. Likewisc, photo-assimilates that were produced in
the plants of the May planting were diverted for top growth. Thus, it can be concluded thathigh precipitation
unfavcrably affects storage root formation but not the overall total dry matter production.

Table 1. Means of content analysis, yleld and yield component of eight sweet potato clones
grown in the field.

Planting/entry Fresh storage root Total dry wt Harvest index Dry mattor Sugar Starch
(kg/m?) (kg/m?) (%) (%) (%) (%)
July-Nov 13a? 0.7b 51b 276 13.5b 688a
Sept —Jan 14a 05¢c 70a 27.7 152a 668 a
May-Sept 09b 10a 24 ¢ 271 125¢ 614b
CN 1028-15 1.6a 08b-d 52 be 236d 179a 6006
CN 1108-13 13b 06e 56 ab 26.1¢c 138¢ 66.7 be
CN 1232-9 1.2b 0.8 be 44 du 25.7¢ 124d 65.7¢c
CN 1448-49 164a 1.0a 62a 333a 10.7 f 710a
CN 1489-89 14ab 09 ab 51 bc 31.0b 11.3 ef 699 a
CN 1517-139 0.7¢ 06de 39e 30606 11.7 de 679b
TN 66 11b 06e 49 cd 25.7¢ 149b 62.1d
TN New 31 08¢ 07ce 33f 225d 19.2a 61.7d

*Mean separation within columns by DMRT 5% level

When the data from the different plantings were combined, CN 1028-15,CN 1448-49 and CN 1489-
89 had the highest storage root yiclds duc to high dry matter production and harvest index (Table 1). The
differences in maximum and minimum values in the harvest index were greater than in total dry matter
production. Results suggested that crhanced dry matter production and harvest index arc two important
detcrminants for high yicld potential of sweet potato. However, cnhanced harvest index secmed more
critical than increased dry matter production among the cight clones ecxamined.

Although CN 1028-15 had comparable storage root yiclds with CN 1448-49 and CN 1489-89, its dry
matter and starch contents in the storage root were lowest among these three high yiclders. This could be
due to its inefficiency in converting soluble sugars to starch and other carbohydralcs in the storage root;
CN 1028-15 was one of the two cntries that had the highest soluble sugars in the storage root.



Sweet Potato Physiology 159

When leafl cuttings were grown under controlled soil-moisture conditions, their storage root yiclds,
survival rates and harvest index tended 1o decrease with ficld capacity maintained at 60-80%. Oxidizing
capacitics of fibrous roots of leaf cuttings, on the other hand, increased with ficld capacity maintained at
60-80%. The physiology of incrcased oxidizing capacity with soil moisture is not clear, but this increased
oxidizing capacity may play a role in flooding tolerance. Among eight clones tested with the lcaf-cutting
method, both CN 1448-49 and CN 1489-59 produced higher storage roots than the other clones.

When whole plants were grown under controlled soil-moisture conditions, again storagc rool yiclds
and harvest indices were reduced when ficld capacitics were maintained at 60-80% (Fig. 1). The cxtent
of reduction in total dry matter was not as great as storage root yields and harvest indices. CN 1028-15,
CN 1448-49 and CN 1489-89 produced higher storage roots than the other clones.

1000
) O CN1028-15
800 - ] CN1108-13
- 1 CN1448-49
g 600 CN 1489.89
]
o
o 400+
&
;9-, Fig. 1. Storage root yields of three
200 4 sweet potato clones under
contrc!'ed soil-moisture
1 conditions for 120 days.
0 - Means of two trials.

30-50 60-80
Field capacity (%)

Based on these studics, it was concluded that the partition of assimilates to storagc root was the major
detcrminant for the varictal differences in storage root yicld under field capacitics higher than 60-80%.
Furthermore, bascd on yicld and quality of storage roots, both CN 1448-49 and CN 1489-89 appeared to
be relatively reliable for growing during scasons of excessive rainfall.
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Sweet Potato Virus/MLO Resistance and Virus Indexing

Summary

Witches’ broom caused by MLO is a serious disease in Southeast Asia and the South Pacific, where
it causes substantial yicld losses. Screening for resistance under natural epiphytotic conditions and by
grafting was initiated. Twenty-one lines were found 1o be symptomless after two consecutive ficld
screeningsof 5 months duration cach. They were subjected toa confirmatory ficld and graft screening, Two
lines [-422 and I-1436 were confirmed as having low % witches’ broom incidence (< 20%) both in the ficld
and by grafting.

The virus elimination and virus indexing method which was developed in 1986, was applied to 86
additional accessions, comprising clite AVRDC breeding lines and collections from Southeast Asia, the
Pacific, and Puerto Rico. Meristem survival ranged from 40 (Papua New Guinea lines) to 90% (AVRDC
breeding lines). A total of 66 virus-free lines were obtained. Some viruses, such as sweet potato yellow
dwarf virus, previously only reported from Taiwan, have been detected by DAS-ELISA in lines from
China, Japan, and the South Pacific. Similarly, MMV, which has only been reported from the African
continent, was detected in samples from Malaysia and Japan.

By immunosorbent clectronmicroscopy, a recently newiy characterized virus, sweet potato sunken
vein virus, was found in samples from Thailand, Solomon Islands and Taiwan.

Introduction

Sweet potato, being a vegetatively propagated crop, is known to harbor many viruses and also
mycoplasma-like organisms (MLO). Witches’ broom (WB), a scrious disease caused by a leafhopper-
transmitted MLO, affects sweet potato in Southeast Asia and the Pacif; ic Islands. Yie'd losses of 100% are
not uncommon in cases of severe infection. Resistance so far has not been found ir cultivated or in wild
species. Screening for resistance to witches’ broom was initiated under natural epiphytotic conditions in
PenghuIsland, where both the vector and the MLO are endemic, and by grafting to witches’ broom-infected
sweet potato. In two consecutive previous field screenings, only 21 of the 466 lines screened were
symptomless. These lincs were subjected to a confirmation screening under natural field conditions and
by grafting.

Atleastsix well characterized virusesare known to occuron sweetpotato. AVRDC, as an international
center, has the responsibility to ensure that all sweet potato materials received for use in its own crop
improvement program and those intended for international distribution are free of viruses and other
pathogens, particularly MLO. Such a scheme, involving meristeming followed by 2 ELISA tests and 2
cycles of graft indexing, was established in 1986. Since the sweet potato program at AVRDC is being
phased out, only those germplasm collections AVRDC is obligated to clean up as mandated by IBPGR,
the last 2 sets of AVRDC elite breeding lines and outstanding AVRDC accessions were subjected to the
virus elimination and virus indexing procedure in 1991.

Resistance to Witches’' Broom
Materials and Methods
Fieldscreening. Twenty-three lincs (I 90,91,109,115,116,422,423,903,938, 971,975,978,998,

1068, 1377, 1385, 1389, 1436, 1396, 1424, 1425, 1429, 1437), previously found symptomless and one line
observed to be tolerant (Chin Men 16) in last year’s ficld screening at Penghu Island, were tested.
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Each linc was planted on 1 x 3 m plots with 10 plants per plot. Cuttings, 40-cm long, were used for
planting. A spreader row of the highly susceptible linc I-1385-2 was planted at cvery fifth row. The trial
was replicated twice. Insccticides were not applicd. Five visual assessments were made at monthly
intervals after planting,

Screening by grafting. The same sweet potato lines mentioned above were used. Ten 30-cm long
cuttings of cach of the sweet potato lines to be tested were rooted in soil and wedge-grafted with individual
8-10cm long WB-infected sweet potato cuttings. The WB-infected cuttings werc originally collected from
a farmer’s ficld in Penghu Island and tested virus-free. The grafied plants were maintained in an inscct-
proof screenhouse and observed for 6 months for symptom development.

Results and Discussion

Field screening.  All 23 lincs screened were symptomless up to 3 months after planting to the ficld.
At that time the susceptible check alrcady showed 40% WB incidence. At4 months, WB symptoms could
be observed in six lines; 1-91,1-423, 1-998, 1-1385, 1-1424 and Chin Men 16, which had 10, 10,25, 17, 10
and 10% WB incidence, respectively compared to 42% of the check. At the last assessment taken at 6
months after planting, WB incidence ranged from 5% (I-1437, 1-1436) to 53% (I-1385) compared to 78%
in the susceptible check (Table 1).

Table 1. Witches' broom (WB) incidence in field screening and In graft screening.

% WB incidence' % WB incidence?

Line graft? field® Line graft® fields
1-90 60 26 1-1068 80 21
1-91 100 38 1-1377 a0 28
1-109 100 26 1-1385 100 53
I-115 100 10 1-1389 100 12
-116 80 10 1-1396 a0 35
I-422 20 16 1-1424 100 22
-423 80 47 |1-1425 90 33
1-903 100 11 -1429 90 24
1-938 100 40 1-1436 0 5
1-971 100 46 1-1437 a0 5
|1-975 100 14 Chin Men 16 100 65
1-978 100 31 I-1385-2 (CK) 100 78
1-998 100 44

*After 6 months.,
*Average % infected plants out of 2 X 10 plants grafted.
‘Average % Infected plants out of 2 X 10 plants planted to the held

Screening by grafting. In2 lincs (I-975, 1-1396) witches’ broom symptoms appearcd as carly as 1
month after grafting. At 3 months after grafting only 2 lines (1422 and 1-1436) were without symptoms,
Linc 1-1436 remained symptomless up to 6 months after grafting, at whic' '+ 2 incidence in most other
lincs ranged from 60 to 100%. Linc 1-422 showed only 20% WB incidence at 6 months aftergrafiing (Table
1). The combined results of the field screening and graft screening arc shown in Table 1.

As expected, occurrence of infection in grafting was very severe, and infection in most lines reached
100% after 6 months, even though the same lines showed a low percentage of infection in the ficld. The
ficld screening and graft screening results do not correspond well in most cases. For cxample, thetwolines
(11436 and 1 1437) with the lowest infection (both 5%) in the ficld showed different results in grafung: Linc
1-1436 was not infccted by grafting, whereas line 1-1437 showed 90% infection after grafting. However,
there were clear differences in the time it took before symptoms began to appear in these grafted plants.
Forexample in plants of the line 1-903 symptoms began to appear 4 months after grafting and in linc 1-422
only 5 months after grafting. These two lines also showed a low percentage of infection in the ficld: 11%
(line1-903) and 16% (linc 1-422). Linc I-1436 will be tested again to confirm its goud performance in ficld
screening and graft tests.
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Fig. 1. Rate of MLO infection after grafting In 24 sweet potato lines.

Virus Elimination and Virus indexing
Materlals and Methods

Virus elimination and virus indexing. Eighty-six lines including seven AVRDC elite breeding
lines, 23 priority AVRDC accessions, and germplasm from Thailand (10 lines), China (2 lines), the USA
(1 line), Papua New Guinea (3 lines), Puerto Rico (1 line), Cook Islands (1 line), Niuc Islands (3 lines),
Solomor Islands (21 lines), Malaysia (10 lines), and Japan (4 lines) were subjected to the virus elimination
and indexing scheme during 1990-1991. The method followed was that described in the 1989 and 1990
Annual Reports.

Detection of new viruses. Sixty-three meristem-derived lines were previously found to contain
virus as evidenced by strong symptoms in one or two graft indexing steps. These plants reacted in ELISA
with none of the 5 viruses which are routinely tested (SPFMV, MMV, YDV, LV, SPV II). It was suspected
that they contain ncew viruses or viruses which have not yet been well characterized. For all samples, leaf-
dip preparations were made which were viewed in the electronmicroscope. Ail samples were additionally
tested by immunosorbent-electronmicroscopy (ISEM) for the presence of two newly characterized viruses:
sweet potato sunken vein closterovirus (SPSSV) and lettuce infer.tious yellows virus (LIYV). Antisera
were provided by Dr. H.J. Vetten, BBA.
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Results and Discussion

Virus elimination and indexing.  Of the total of 86 lines which passed through the above scheme,
66 virus-free lines have been obtained ( Fable 2). Meristem survival ranged from 40% (Papua New Guinea
lincs) to 90% (AVRDC lines). Average meristem survival was 65%. In the first ELISA test conducted on
young tissuc cultured plantlets for FMV, LV, YDV, SPVII and SPMMV, an average of 18% virus-infected
plants could be detected. In the following first graftindexing, 38% of plants were detected which were still
virus-infected. This high numberreflected in part the infection of sweet potato plants with unknown viruses
for which antiscra were not available for inclusion in the first ELISA test. This clearly shows that relying
only on the ELISA test for indexing is not sufficient.

Table 2. Summary of 1990-19¢1 virus elimination and virus indexing.
No. of lines No of lines No. of virus -free No. of virus -free

Country Description Received received rooted lines before 1991 lines 1991
Thailand Germplasm

collection Nov '86 100 91 81 5
Solomon Islands Collection Dec. '87 102 56 35 16
Papua New Guinea Elite line Sep. ‘87 17 16 13 3
Taiwan AVRDC Breeding

lines 4th June '89 16 16 15 1
Taiwan AVRDC Breeding

lines 5th Feb '90 6 6 0 6
China il Dec '88 11 1 9
Cook Islands Germplasm coll Apr. '89 1 5 4 1
Niue Germplasm coll Sep. '89 6 6 3 3
Japan | Elite lines Sep '89 8 8 4 2
Malaysia Germplasm coll. May '89 20 20 9 5
USA Elite lines Dec. '88 66 66 65 1
Puerto Rico Elite lines June '87 15 9 8 1
Taiwan AVRDC GRSU Acc.  Jan. '90 24 24 0 21

Sweet potato yellow dwarf virus, which has only been reported from Taiwan so far, has been detected
by ELISA in lincs originating from China, Solomon Islands, and Japan. Similarly MMV, which so far has
only been reported from the African continent, was detected in samples from Malaysia and Japan, Some
of the lines also scem to contain viruses which could not be identified by ELIS A and probably represent
new viruses.

Detection of new viruses. None of the 63 samples reacted in ISEM with antiserum to lettuce
infectious yellows virus (L1YV). In 11 samples (originating from Thailand, Solomon Islands, and
AVRDOC,) virus particles were trapped and decorated in ISEM with antiserum to sweet potato sunken vein
virus. In three of the samples (from Thailand and Taiwan) geminivirus particles werc clearly visible in the
clectronmicroscope. In 2 samples (originating from AVRDC) a potyvirus was found which may represent
anew virus, since it docs not serologically react with antiserato any of the known sweet potato potyviruses.

This clearly shows the importance of the graft indexing step, which can rcadily detect new or not well
characterized viruses for which antiscra arc not yet available.
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Breeding for Bacterial Wilt Resistance:
Number of Backcrosses To Recover Adequate Resistance

Summary

A genetic experiment was conducted to approximate the number of backcrosses that could serve as
aguidcline in the breeding program to develop bacterial wilt-resistant tropical lines with good horticultural
characters. Comparisons of the levels of BW resistance among a random sample of F, backcross-inbred
lines from three backcross generations of two crosses indicated that two backcrosses may be sufficient to
recover a good level of the BW resistance among the progenics. A resistant fraction, of 20-30 % in the BC,
generation of the two crosses studied would have been sclectable given a theoretical selection limit of onc
standard deviation or more above the population mean (or a survival rate from BW inoculations of = 85%
and = 91% in CLN690 and CLN735, respectively). A cursory analysis of the distributions of BW rcaction
among backcross-inbred lines showed marked multimodalitics and discontinuitics in both crosscs,
indicating that BW resistance possibly belongs to the class of quasi-quantitative characters that are
controlled by a few major factors with relattvely large effects on the trait but whose expressions are
modificd by minor genes. Such a genctic system adequately explains the observaticus in this experiment
that high levels of BW resistance could ve casily captured in the carly backcross gencraticns—a
phenomenon not conceivable in a true polygenic system. Given these, there is an excellent prospect o
develop BW-resistant tropical lines which also carry other desirable traits, ¢.g. improved fruit size, heat
tolerance, ctc., by limiting the number of backcrosses to two at most and then sclecting novel gene
combinations that would otherwise not be possible to find in a full backcross scheme.

Introduction

Bacterial wilt, caused by Psendomonas solanacearwm, is possibly the most destructive discase of
tomatocs and other solanaccous plant specics in the tropics. The Center’s tomato improvement program
has traditionally given high priority to breeding resistant lines for the tropical tomato growers. A total of
68 BW-resistant tropical lincs has been officially released in 28 countries as of 1990.

BW resistance has been reported to be associated with small fruits (Acosta ct al. 1964). Indeed, the
carly tropical lincs bred at the Center invatiably produced small fruits averaging only 30 g/fruit. Later
attempts to increasce fruit size through changes in breeding strategics met with moderate success—fruit
sizes were improved to about 65-70 g/fruit in more advanced lines. However, conspicuous loss of
resistance did occur in many lines as selection for large fruit size was intensively practiced, thereby limiting
the latitude for sclecting other desirable characters in the program.

The number of desirable traits possessed by tropical lines also stcadily increased with progressive
breeding. Pyramiding these traits in a single genotype at the highest possible levels of expression,
especially for complex characters such as bacterial wilt resistance, may require the use of suitable breeding
techniques such as the backcross method. Yet, the fruit sizes of tropical lines that would normally scrve
asrecurrent parents in such backcross programs are mostly small and thus are not desirable enough to fully
recoup into new backceross derivatives. The number of backcrosses should be as few as possible to allow
novel combinations of genes, c.g. improved fruit size, to be preserved in breeding yet enosgh to allow the
recovery of good BW resistance levels.,

‘Acosta, J. C, Gibert, J C. and Quinion, VL 1964 “Herttability ol bactenal wilt resistance in tomato,” Proc. Am. Soc. Hort. Scl. 84: 455461,
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This cxperiment was conducted to appreximate the minimum number of backcrosses that could be
adopted as a guideline in breeding cropical lines which combine BW resistance with other desirable gencs
ol interest,

Materlals and Methods

Randomly sclected F, backcross-inbred lines of three backcross generations (BC,, BC, and BC)) of
two crosses (CLN690 and CLN735) wercused in this experiment. CLN690 came from the cross of tropical
linc CL5915-93 with BL284 (cv. Cavalicr, a large-fruited varicty from Peto Sced Company), whercas
CLN735 was derived from the crosses of tropical tine CLNG65-349 with BL284. The tropical stocks in both
cascs scrved as the recurrent parents.

The experiment followed a spht-spht plot arrangement of factors in a randomized complete block
design. A total of 20 backcross-inbred lines from cach backcross family were combied with four check
cultivars 1o comprisc 24 sub-subplots. The check cultivars consisted of the following: resistant and
susceptible parents; resistant ciieck L28S; susceptible check 1390, The three backeross generations served
as subplots whereas the two cross combinations served as the mam plots. Each individual plot comprised
24 scedlings. The experiment was replicated twice.

The first planting in the BW nursery was done in May 1991. Tlus experiment was destroyed by heavy
rains. Conscquently, the study was repeated in late summer 1991 using seedling pot moculations. Sowing
was donc on 19 August 1991. Each individual pot was moculated with 20-ml bacterial suspension at an
inocutum density of 10" bacterial cells/mlon 19 September. Inoculated seedlings were kept inside a warm
plastic housc. Weekly wilt reading started on 26 September and was completed on 17 October. Individual
survival rate (%) data of the umit plots were transformed into arcsin(¥%) prior to statistical analysis.

Results and Discussion

The BW reaction of the crosses and their backeross generations is given in Table 1. The reactions of
parents indicate that they are well contrasted and thercfore striking segregation should be expected.

The BW resistance levels of the two crosses were practically similar across the backcross generations.
Incontrast, the BW resistance level changed significantly as backcrosses to the resistant parents were made
although the increase from BC, to BC, was insignificant. This scems to indicate that making a third
backeross does not offer any real advantage in increasing the general population mean for BW resistance.

The comparative statistics from frequency distribution analyses of the BC populations for cach cross
are given in Table 2. Cross CLMGY{ showed a dramatic mcreasc in the level of resistance from BC, 1o BC,
but followed by a slight decrease in BC,. This was accompanicd by the expected decay of variability with
progressive backcrosses. In contrast, CLN735 started off with a high level of BW resistance in BC,
followced by small changes in further backerosses. Variability was surprisingly unchanged from backcross
to backcross and can be explamed if the recurrent parent itself is heterozygous for the trait. Available data
on the parent, CLNG65-349, a breeding line that has undergone more than 10 generations of selfing, docs
not currently support this view, but this line will be subjected to further analysis.

If wease -~ thatonly progenics whose BW reading are cqual to or greater than the population mean
+ I'standarc v+t (Note: this theoretical limit in the distribution curve is cqual to 85% BW survival
rate in CLN6y. 1% in CLN735) arc to be sclected from cach backeross generation, a sclectable
fraction of 30% is aucady attainable in CLNG90 by BC, generation. In contrast, there is a stecady increase
inscleciable proportions with progressive backcrossing in CLN735. Inthe BC,, this fractionisalrcady 20%
of the population, a figure that may be considered alrcady workable in the breeding program. The
hypothesis that two backcrosses iay be sutficient to recover good levels of BW resistance in a backcross
breeding program is further corroLorated.

The frequency histograms for BW readings of BCF, Iines from the three backeross gencrations of
CLNG690 arc shown in Figurc 1. Multimedality and discontinuity of distribution arc cvident in all
generations. Such behavior often suggests traits that are quasiquantitative in nature, i.c. controlled by
scveral genetic factors with relatively major effects on the trait but the expressions of which are further
altered by an undefincd number of minor genes or modificrs. A similar trend was present in the cross
CLN735, although a distinct fraction of the susceptible classes that is markedly set apart from the upper
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Table 1. Bactarlal wilt reaction ot F, backcross-Inbred lines
averaged over crosses and backcross generations;
AVRDC, summer 1991.

Family Survival rate (%)
Cross
CLN 690 64.1a
CLN 735 646a
Backcross generation
BC1 59.6 b
BC2 66.6 a
BC3 66.8 a
Resistant & susceptible parents
Resistant parent (CLN 690) 79.1
Susceptiole parent (CLN 690) 4.9
Resistant check (CLN735) 87.2
Susceptible check (CLN735) 1.4

Table 2. Comparativs statistics for bacterlal wilt resistance of F, backcross-inbred lines from
two populations; AVRDC, summer 1991,

Cross Generation Mean survival rate (%) Standard deviation  Selectable progenies? (%)
CLN 690 BC, 55.4 16.9 25

BC, 775 6.5 30

BC, 723 7.3 25
CLN 735 BC, 714 1.3 15

BC, 65.8 11.3 20

BC, 70.8 13.4 25

*Selaction limit theoretically set at » rmean +1 standard deviation for purposes of comparison, corresponding 1o minima of 85% and 91% survival rate for
CLN 690 and CLN 735, recpuctively.

“resistant” fraction remained after three backcrosses. This persistent susceptible class is the main reason
for the variability of CLN735 which still remained substantial despite three successive backcrosses.

Partial Seediness Among Parthenocarpic Lines:
Fruit Size and Fruit Set Behavior

Summary

Six BC/F, lines with varying seedincss from each of two crosses between parthenocarpic and normal-
seeded parents were studied in summer 1991 for fruit setting potential, fruit size, yicld and other important
traits. The parthenocarpic lines were generally earlier, with better fruit sct and higher carly yiclds relative
to the normal, seedy lines. However, they produced smaller fruits, grew relatively weaker and had lower
total and marketable yiclds compared to the seedy lines. The partially sceded types werce not promising as
they showed lower fruit set, had fewer large {ruits and yiclded lower than either the scedless or the seedy
genotypss. Contrary to an earlier hypothesis, it appears from the initial results that there are no conspicuous
benefils in selecting for partial scediness among parthenocarpic genotypes.
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mean = 55.4
standard dev = 16.9

mean = 77.5

standard dev = 6.5
BC2

mean = 72.3
standard dev = 7.3

Fig. 1. Frequency histograms of BW resistance among random F, Suckcross-
inbred lInes from population CLN690.

introduction

Fruit set under hot and humid conditions of the Center’s heat-tolerant germplasm has been considered
adequate. This is attested to by the fact that as many as 68 heat-tolerant tropical lines have been officially
released to tomato growers in 28 countrics around the world. However, these lines do not set fruit very well
under hot, dry conditions which are often met in the fringes of the tropics. Moreover, while the presentlevel
of heat tolerance is alrcady usable, uncxplored germplasm might be able to augment the fruit set under high
temperature stress of current tropical lines, making them potentially more productive.

A single recessive gene, pat-2, for facultative parthenocarpy was reported to enhance fruit setting of
tomato under extreme temperatures. This gene has since been investigated by AVRDC plant breeders as
apotentially useful addition to the tropical lincs to increase their fruit st in the hot season. A breeding line,
CL5675, which combincs heat tolerance and parthenocarpic fruit set, was subsequently developed. Hot
scason trials of AVRDC tropical breeding lines during the last 3 years has shown this line to have the best
fruit setting ability. However, its fruits tend to be small, perhaps owing to the lack of seeds of large-fruited
varicties. It has been postulated that selection for pat lines that are partially seedy could solve the problem
of fruit development (AVRDC, 1983, unpublished data) while at the same time maintaining the potential
for high fruit set under high temperatures.

This experiment was conducted to initially test the above hy pothesis and to determine if it could be
a valuable breeding objective in further improving the heat tolerance level of tropical lines.
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Materials and Methods

Six BC F, lincs varying in scediness expression (scedless, partly sceded and seedy) were selected from
cach of two crosses (CLN1107 and CLN1116) between parthenocarpic and seedy parents. CL1107 was
derived frrm the cross between CLN 698BCF,-358-4-13 and CL 5675BC|F,-1-2-2-7, whercas CLN1116
came from the cross between CLN 475- 765-4 19 and CL 5675BCF,-1-2- ! 7 CL 5675BC F,-1-2-2-7 is
the parthenocarpic parent that also carries genes for heat lolcrancc

The above treatments were laid out or a split-split plot arrangement, with crosses as the main plot,
scediness class as the subplotand lines within cach seediness class as the sub- subplol This cxperiment was
replicated three times. The experimental materials were sown on 25 April 1991 and transplanted to the field
0n 23 May. However, this planting was destroyed by heavy rains. The experiment was resown on 10 Jaly
and transplanted to the ficld on 6 August. Each plot consisted of two rows, each 4.8 m long, with rows and
plants within the rows spaced 1.5 and 0.4 m apart, respectively. Data on yicld, fruit characters, maturity
and other important traits were collected for statistical analyscs.

Results and Discussion

The two crosses differed significantly in a few major characters, viz. flowering date, days to maturity,
fruit set, fruit size and carly total and marketable yiclds. mes derived from CLN1116 were significantly
carlier (61 vs 71 days), had higher fruit sctting abilii; (352 vs 32.6%), bigger fruit size (31 vs 24 g) and
higher carly yiclds (6.7 vs 1.9 t/ha) than thosc from CLN1 107. This cross will be subjccted to further
sclection 1o ricvclop parthenocarpic tropical lines with better fruit set and fruit size.

When the various scediness categories were compared, significant differences were noted in many
traits (Table 3). The seedless parthenocarpic genotypes compared to the normal seeded lines tended to bes:

carlicr, gencrally less vigorous, have higher fruit sct, smaller fruit size, lower total and marketable yicld
but higher carly yiclds. The partially sceded types that were of great interest as otential solution to the main
problem associated with scedlessness (particularly the small fruit size) were not promising duc to the
following limitations: lower fruitset, fewer large fruits although the mean fruit size was improved over that
of the sced’ess genotypes, and lower yiclds than cither the seedless or the scedy genotypes. However, the
partially sceded types did show advantages of improved vigor and higher soluble solids over the seedless
and sceded lines. From these initial results, it appears that it may not be worthwhile to select for partial
scediness among parthenocarpic genotypes as it does not give any overwhelming benefits as postulated
carlicr.

Table 3. Yield and other horticultural characters® of full-sib F, lines derived from seeded x
parthenocarplc crosses; AVRDC, summer 1991.

Category DF Matunty Large fruit Large fruit Brix® Early total yield Early MY
(DAT) (kg/plant) (No) (Vha) (Vha)
Seedless 18b R ¢ 06a 31a 47b 84a 79a
Partial 18 b 70b C4b 19b 52a 3.2b 27b
Seeded 19a 72a 08a 3ta 48b 26b 22b

*DAT = days aftet transplanting, MY = marketablo yield.

Breeding for Root-knot Nematode Resistance:
Performar.ce of Resistant and Susceptible Isolines and their Hybrids

Summary

The gcncm] performance of three po&sil)]c Ecnolypic states for the Mi gene which controls nematode
resistance in tomatoes was compared using BC,F, isogenic lincs and their hybrids. Results indicated that
other than a few traits which showed s15mf1canl dlffcrcnccs the isogenic lines were practically similar in
all aspects of yicld, fruit trauts, fruit sctting ability and quality. Developing lines that are homozygous for
nematode resistance does not, therefore, bring in unfavorable traits associated with the Mi gene. Bascd on
this firstexperiment, itappears thatapprehensions about the unfavorable effects of the Mi gene in homozygous
state do not have a firm basis.
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Introduction

In the course of breeding ncmatode-resistant tropical lines, resistant lines (carrying the Mi gene in
homozygous statc) were found to be weaker, to have more open vines, fewer fruits and lower yicld than
the susceptible lines. A similar cxpericnce has been shared by numerous plant breeders from private seed
companies but it is a dilemma that they regularly avoid with hybrid development. The undesirable traits
thatare supposcd to be associated with homozygosity for nematode resistance have not been corroborated,
however, in carcfully designed genetic experiments,

Since the Center-bred tropical fresh market lines will have to carry the Mi gene in homozygous state
(except for a few of the fresh market and processing hybrids), the above cursory observations must be
corroborated by experimental proof. Based on the results, appropriate breeding strategics may be devised
accordingly.

This study was conducted to determine if indeed there are undesirable traits associated with
homozygosity for ncmatode resistance.

Materiais and Methods

Genetic materials used in this experiment were F, inbred-backeross lines derived from the two crosses
CLN690 and CLN691. CLN690 was a cross between tropical line CL 5915-93D,-1-0 and Cavalicr, a firm,
large-fruited fresh market hybrid. CLN691, on the other hand, came from the cross between another
tropical line CL 5915-223D,-2-1-0and Cavalicr. Both tropical stocks served as thecorresponding recurrent
parents in the backcross program,

Inderiving the F, lines from the BC,F, gencration, only the heterozygous plants of cach successive
sclfed generation were kept to guaraniee as close a filial relationship as possible among the resulting
isolincs. The heterozygous BC,F; plants of cach cioss were then sclfed and the progenies tested for
nematode resistance to classify them for homozygosity for the Mi gene. Both F, types were then selfed to
produce homozygous resistant and susceptible lines. At the same time, they were crossed with cach other
todevelop the hetcrozygous F,s. These three genotypes comprised a set. A total of three such sets or isoline
groups from two crosscs were developed for the experiment.

The experiment was laid out in a split plot arrangement in randomized complete block design. The
three isoline groups served as main plots where as the three gene configurations (homozygous susceptible,
homozygous resistant and heterozygous resistant) comprised the subplots. The experiment was replicated
three times.

The materials were sown on 25 March 1991 and transplanted to the ficld on 25 April. A second planting
to confirm the results of the first experiment was sown on 5 Septemberand transplanted on 3 October. Each
unit plot consisted of two beds, cach 4 m long, with rows 1.5 m apart and plants within the row, 40 cm apart.
Data on yiceld, fruit characters, fruit sct, pollen viability and quality were taken for statistical analyses.

Results and Discussion

Only the results from the first planting were available at this time.With the exception of significant
differences in fruitsize, the isoline groups derived from the two crosses were practically comparable in the
major attributes measured in the experiment.

Only days to flowering and pollen viability differed appreciably when the comparisons were made
among the Mi genotypes (Table 4). Both nematode-resistant genotypes tended to flower slightly later
(although this difference is only 1 day) and had significantly hizhcr pollen viability than the susceptible
genotype. Yield, fruit characters such as size, and fruit quality such as soluble solids content, pH, and

Table 4. Comparisons among the three gene configurations for Mi gene.

Genotype Days to Frutset  Fruitwt  Fruitsize Totalyield  Pollen viability  Brix®
flower (%) plant (9) (Vha) (%)

NRM (Mi/M1) 9a 38 1.7 48 29 65a 4.6

F, (Mil+) 9a 37 1.6 46 27 64a 48

NSP (+/+) 8b 37 1.5 47 24 53b 4.8
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acidity were practically similar regardless of genotypic state of the Mi gene. These observations are
contradictory to the cursory obscrvations that homozygous resistant lines tended to be associated with
undesirable characters,

Screening for Bacterial Wilt Resistance Among Breeding Lines

Summary

BW-resistant breeding lines continuc to be observed among the various screening trials conducted in
1991. A number of these promising tropical lines will be distributed to our national partners for further
testing. Some of the genetic materials that hold great promise are the large-fruitcd CRA series stocks from
the Center’s clite BW stocks. These materials will be evaluated in 1992 in Southeast Asia to observe their
resistance to the BW inoculum in the regiorn. The bestones will be shared with interested national programs
and at the same time included in the active collection for the Center’s breeding purposes or as components
ofayettobedesigned recurrently selected BW resistant populations. The large-fruited fresh market entrics
that showed comparable resistance as the iesistant checks will be distributed to interested national
programs for further testing and adoption,

Introduction

Bacterial wilt continued to receive high priority in the Center’s tomato program. In 1991, we screened
for resistance a number of tropical breeding lines, fresh market hybrids and advanced firm-fruited breeding
lincs. In addition, we subjected our clite germplasm stocks to a comprehensive analysis of their BW
resistance under the same setof testing conditions. Previous data from these elite stocks came from separate
tests in different years,

Materials and Methods

The materials that were screencd for bacterial wilt resistance in 1991 are given below. Many of the
malcrials included in these tests are beingreconfirmed for resistance. All ficld tests in summer 1991 failed
because of heavy rains. Consequently, the tests were resown and BW screening through soil inoculation
method (by 20 mlinoculumof 10° cell/ml concentration) was adopted. The inoculated seedlings were kept
inside the plastic houses. Mcan temperature inside these houses during the above test (except in the last two
trials) was alrcady fairly low—about 20°C. Wilt rcadings usually started a week after inoculation and
completed 3 weeks later except the last group. A total of one reading was made every week.

Type of matenals Total lines Sown Inoculated Recorded

Indeterminate tropical nes 24 9/2/91 9/26/91 10/3~10/17/91
Determinate tropical lines 33 9/2/91 9/26/91 10/3-10/17/91
Elite BW-resistant stocks 47 9/2/81 9/26/91 10/3-10/17/91
Fresh market hybrids 26 9/17/91 10/9/91 10/16-10/29/91
Firm-fruited lines 34 9/17/91 10/15/91 10/22-10/29/91

Results and Discussion

The most resistant indeterminate tropical lines are given in Table 5. The two best breeding lines
comparcd very well against the most resistant accession, L285 and against two resistant check lines. Of the
total of 24 lines tested, 17 lines showed resistance comparable to the resistant checks.

Amorng the determinate tropical lines, the best four lines hadas g od if not better resistance as the best
check line CL143 (Table 6). L285, supposcdly the most resistant accession in the Center’s tomato
collection, did not do well in this test although its survival rate was not statistically lower than the best lines
and checks. A total of 19 lines out of 33 screened had survival rates comparable to L2835.

The survival rate of lines among the firm-fruited group was below 50%. However, cven the resistant
checks had lower survivalrates (range of 33-50%). Among the total 34 lines tested, 32 lines compared well
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Table 5. Bacterlal wilt resistance* of promising indeterminate tropical breeding lines vs. checks;

AVRDC, summer 1991.
Entries SR (%) RAL RRB, RRB,
L 285 (res. check) 81a-c 100 93 91
CLN 65-349D,-2-0 (res. check B,) 87 ab 107 100 97
CL 143-0-10-3-0-1-10 (res. check B.) 90a 110 103 100
CL 591¢ 206D,-2-2-0-4 95a 117 109 106
CLN 657BC,F,-285-0-17-0 90 a 110 103 100
L 390 (sus. check) 12e 15 14 13
Mean of all entries 67 - - -
CV % 18 - - -

*SR = survival rate, RRL = relative survival rate compared to L285; RAB1 = relative survival rate vs. res. check B1; RRB2 = relative survival rate V8, res.
check B2

Table 6. Bacterlal wilt resistance of the promising determinate tropical breeding lines vs.
checks; AVRDC, summer 1991,

Entries SR (%) RRL RRB, RRB,
L 285 (res. check) 56 a-j 100 79 60
CLN 65-349D,-2-0 (res. check B,) 72a-h 127 100 76
CL 143-0-10-3-0-1-10 {res. check B,) 94 a 166 131 100
CL 591 5-223D,-2-1-0 94 a 166 131 99
CL 1131-0-0-43-4-12 92 ab 163 128 98
CL 2729-0-2-1-12-0 90 a-c 159 125 96
CL 591 5-93D,-1-0-C-1 90 a-d 159 125 96
L 390 (sus. check) 10k 18 15 11
Mean of all entries 54

CV% 23

against the resistant checks. The coefficient of variability in this cxperiment is abnormally high leading to
insignificant differences among entries cven though their magnitudes werce appreciable. Most of the lincs
in this group have been selected for large fruits and excellent firmness and the best ones will be further
sclected for distribution or for further usc in breeding,

The bacterial wilt resistances of the large-fruited fresh market hybrids were comparable, if not better,
to those of the resistant checks. The best ones had survival rates of 46-52% compared to 33% for L285.
In general, the BW infection rates in this experiment were very high. Of the 26 hybrids screened, 26 hybrids
were as resistant if not more resistant than the checks.

The best BW-resistant stocks out of the total of 49 tested are given in Table 7. Of the 47 accessions
cvaluated, 29 showed survival ratcs comparable to the resistant check L285. Amon g these siocks, the CRA

Table 7. Bacterlal wilt resistance of the best ellte stocks vs checks; AVRDC,
summer 1991.

Entry Varietal name SR (%) RRL
L 285 (res. check) Chang #1 85a-g 100
BL 177 CL 114-5-5-0-0 x 1-12 L.V #16 98 a 115
BL 340 CRA 84-69 96 ab 112
BL 333 CRA 84-58-1 94 a-c 110
BL 162 LS 89 94 a-c 109
BL 353 MT8 92 a-d 107
BL 342 CRA 84-79 92 a-d 107
BL314 CRA 84-6-5 92 a-d 106
BL 323-20 CRA 84-26-3-20 92 a-d 106
L 390 (sus. check) Nan-Tzu (Apple type) 9j 11
Mean of all entries 73

CV% 14




172 AVRDC Progress Peport 1991

serics appears to be promising because of their relatively large fruit sizes. The best stocks in this group will
be included in the 1992 BW test of AVNET to sce if their resistances will hold against the BW inoculum
in Southeast Asia.

Performance of Fresh Market Tomato Entries

Summary

Three trials were conducted during 1990-91 1o select new, large-fruited and disease-resistant fresh-
market entrics. These =ialsallowed the selection of new entrics with the following features: yicldsthat were
comparable o those of the best FMTT checks; fruit sizes comparable to the FMTT checks but often
significantly lower than that of KY 301 with the exception of a few cntries; better firmness in most cases;
better crack resistance in most cases; and, apparently better resistance to bacterial wilt. However, the new
entrics tended to have lower soluble solid rcadings than the checks. The best new entries will be advanced
to the next trial phases, as the case may be.

Introductiion

Evaluation of the new fresh market entrics {or yield and other important horticultural attributes was
continued. These predominantly hybrid materials bear large fruits and better quality for fresh consumption
than the small-fruited tropical lines. However, the level of heat tolerance and BW resistance among them
may not be as good as those of the tropical lines. AVRDC is continually looking for cxceptional materials
that combine heat tolerance, BW resistance, !arge fruits and pood fruit quality.

Materials and Methods

Three trials were conducted during fall wo spring 1990-91. Trials conducted during the hot, wet season
were destroyed by hcavy rains and are not reported here.
Information on the kind of matcrials, type of trials, sowing and planting dates are given below.,

Type of tnal No. of entries Sown Transplanted Harvested
Cbservational 43 12/30 90 1/15/91 4/19-5/10/91
Preliminary 24 8/14/90 9/19/90 11/27/90-1/2/91
Advanced 10 9/25/90 10/23/90 1/14-2/21/91

The observational trial (OY T) was unreplicated and had more entrics than the other trials. On the other
hand, the preliminary trial (PYT) was cvaluated in a randomized complete block design with two
replications. Unit plots of the OYT and PYT consisted of a double-row bed, cach 4.0 m long and spaced
60 cm apart within the bed. Plants within the row were 40 cm apart.

The advanced trial was also planted in a randomized complete block design with three replications,
Each unit plot comprised two double-row beds, cach4 m long and spaced 60 cm apart within the bed. Plants
within the row wcre spaced 40 cm apart. Data on yicld, fruit characters, quality and other important
aitributes were gathered.

Results and Discussion

The best new materials selected from the unreplicated OYT yielded 65-74 t/ha. Prominent features
of the entrics selected for further tests arc better crack resistance than the checks and some had fruit size
comparable to KY 301. Yicld levels of the new entrics appear to be lower than that of FMTT 33 but no
statistical test could be carried out. All new materials carry ToMV resistance. Some also have adequate
levels of heat tolerance and BW resistance.

Among the PYT entrics, the best ones that compared favorably in yicld with the best checks FMTT
22 and FMTT 138, arc listed in Table 8. The most striking features of the best sclections compared to the
checks were as [vllows: comparable if not better yiclds than the best checks; fruit sizes comparable to
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Table 8. Yield and other horticultural characters of the best ToMV-resistant fresh market hybrids
vs.check cultivars in the preliminary yield trial; AVRDC, fall 1990.

Entries MY Frut size  Firmness at Brix® Cracking® Vine®cover Uniformity® BWe
(tha) (9) red-ripe stage of fruits (%)
(kg/0 5 cm) in cluster
FMTT 268 926a 132 b-d 1.6 bc 4.4 de 2R G G 21
FMTT 267 912ab 130 b-d 1.7a-c 45de 0 F F 48
FMTT 278 871a-c 131b-d 18a-c 48cd 2R F F -
FMTT 276 868a-c 159a 1.8a-c 436 2R G G 40
FMTT 22 (ck) 854a-c 119b-d 1.1de 52ab 1R G G 6
FMTT 138 (ck) 775a-c 72e 08e 45de 0 G G 22
KY 301 (ck) 288d 144 ab 08e 55a 4R/C G G 4
Mean of all entries 785 127 16 4.6
CV (%) 11.3 82 10.7 36

*R = radial crack; C = concentric crack; Rating = 0-4 (0 = none, 1 = very slight; 2 = slight; 3 » moderate; 4 = sovare)
*F = fair; G = good
BW (%) = survival rate in BW test at seadling stage using soil inoculation method

FMTT 22 and KY 301 (entry FMTT 276 showed larger fruit size than other sclections); better crack
resistance than KY 301 but no better than the FMTT checks cxcept for entry FMTT 267; better fruit
firmness at full ripe stage and possibly better bacterial wilt resistance than the checks. The main
disadvaniage of the new materials is the lower soluble solids content comparcd to the checks. The best
entrics of this trial will be evaluated in the advanced trials in 1992.

Entrics in the advanced yield test yielded higher than those in the other fresh market trials (Table 9).
The lowest yiclder was KY 301, largely owing 1o its extreme susceptibility to foliage discases especially
ToMYV, black Icafmold, ctc. The bestentries ranged in yield from 111-115 t/ha; in contrast, K'Y 301 yiclded
only 70 t/ha. Except for FMTT 282, the cntrics generally produced smaller fruits than KY 301 but
comparabic to those of FMTT 22. Somec entrics had firmer fruits than K'Y 301. All were better than KY 301
in crack resistance. The best entrics appeared to have better BW resistance than K'Y 301 and FMTT22. As
in the PYT, the new entries seemed to have lower soluble solids rcading than the checks, however.

Table 9. Yield and other horticultural characters of the best ToMV-resistant fresh market hybrids
vs.check cultivars in the advanced yield trial; AVRDC, fall 1990-spring 1991.

Entries MY Fruit size Firmness at Brix®  Cracking®  Vine® cover BWe

{tha) (9) breaker stage (%)
(kg/0 5 cm)

FMTT 304 1150a 131d 34bd 47¢ 0 E 30

FMIT 282 1129 a 153 ab 38a 4.8 bc 0 G 40

FMTT 311 110.9a 136 b-d 3.7ab 47 ¢ 2R G 50

FMTT 22 (ck) 109.9 a 134 cd 3.3cd 51ab 1R E 6

KY 301 (ck) 69.5¢c 162 a 3.1d 5.2a 3R . 4

CV (%) 139 4.4 4.2 3.5

Mean of ali entries 101.2 144.7 3.5 48

*R = radial erack; C = concentric crack; Raling = 0-4 (O = none; 1 = very slight; 2 = slight, 3 » modorate; 4 = severe)
'F = tair; G = good
‘BW (%) = survival rate in BW test at seadling stage using soil inoculation method

Performance of Processing Tomato Entrles

Summary

Threc obscrvational and one advanced trial of processing tomato lines and hybrids were conducted in
1990-91 to sclect entries with good yield, discase resistance, good fruit traits such as firmness and crack
resistance, and adequate quality for processing (good color and acceptable soluble solids content). Two
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lines from OYT-I, five hybrids from OYT-II and six lines from OYT-III were sclected for further
cvaluation. General features of the best selected ertries compared to the respective checks include: high
yicld, improved fruit size, good fruit firmness, better soluble solids content, good crack resistance, good
vine compactness and cover, and good concentration of maturity. Some selections have jointless pedicel.
Most selections from different trials are alrcady resistant to tomato mosaic virus and rootknot nematode.
Most are yet to be tested for resistance to bacterial wilt.

Introduction

Selection for processing tomato lines and hybrids with good yicld, some level of heat tolerance, discase
resistance (particularly ToMV, rootknot nematode and bacterial wilt), good horiicultural traits such as fruit
firmness, crack resistance, etc., and adequate quality for processing (good color, acceptable brix and
acidity) was continued. In addition, particularattention was focused on materials that had concentrated fruit
sct and carrying special traits such as jointless pedicel.

Materials and Methods

The types of processing tomato trials conducted, number of entrics tested and the corresponding
sowing and transplanting dates are given below:

Type of trial No of entries Sown Transplanted Harvested
Observational | 39 9/10/90 10/8/90 1/14-2/4/91
Observational |l 174 9/10/90 10/8/90 1/14-2/4/91
Observational il 24 9/10/90 10/8/90 1/14-2/4/91
Advanced 14 9/10/90 10/8/90 1/11-2/1/91

The obscrvational trials were made up of single-row, unreplicated plots and designed mainly for
gencral selection of lines deserving further consideration from amony, a large number of materials. Each
plot wasasingle4 m long bed, 1.5 m apart from the adjacent beds, with plants within the row spaced 40 cm
apart.

The advanced trial was planted in a randomized complete block design with three replications. Each
plot comprised four 4 m long beds spaced 1.5 m apart. Within-row spacing between plants was 40 cm as
in the other trials.

Results and Discusslon

Two lines were selected from OY T I with comparable yields as the high-yiclding check PT 4121, but
with excellent firmness (reading of 2.3 kg/0.5 cm fruit surface) compared to 1.6 for the firmest check), good
color and good pericarp thickness. These sclections also had jointless pedicel which is preferred in
mechanical fruit harvesting,

Six hybrids were sclected from OYT II for further testing. Special features of the selections from this
group compared to the checks (TK 18, UC 82 and PT 4225) include: high yield; firmness; good soluble
solids content; good fruit color; firm fruits; good to excellent vine cover; good pericarp thickness and
jointless pedicel in some sclections. The new hybrids had only fair to good concentration of maturity,
however.,

Fivelines were taken from OYT I for further testing. Special features of the selections from this group
compared to thechecksinclude: bigger fruit size (mostly above 90 g/fruit vs. 70-80 g 1or the hybrid checks);
better firmness; good tocxcellentconcentration of maturity; and, comparable vine cover, vine compactness,
fruit color and soluble solids content. The hybrid checks had better crack resistance; however, and one PT
4121 appearzd 1o outyicld the new selections.

No significant differences were noted between the best yiclding entrics and checks, except when they
were compared with check TK 18 (Table 10). In general, the best entries compared favorably well with the
best performing checks (PT 4121 and Peto 86) in yicld, fruit sizc, soluble solids, firmness, and vine cover
and compactness. Some entries had better crack resistance and concentration of maturity than the checks.
Two had comparable pericarp thickness as Peto 86.
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Table 10. Yield and other hort.sultural characters of the best ToMV and nematodn-resistant
processing tomato hybrids vs checks in the advanced yield trial; AVRDC, fall 1990.

Entry MY  Fruitsize Bnx° Firmness  Cracking® Vine® Compact Wall¢ Concentrated®
(vtha) - {g) (kg/0 5 cm) cover vine thickness set

PT 4439 1005a 85¢cd 4.8 ab 1.6 0 G F 2 F

PT 4433 903ab 75de 46ad 1.7 0 G G 4 G-E

PT 4455 84.1ab 86cd 49a 17 2R G G 2 G-E

PT 4446 81.2ab 85cd 49a 1.8 0 G G 4 G

PT 4121 (ck) 895ab 93bc 44ad 1.7 2R/C G F 3 F-G

Peto 86 (ck) 79.7ab 84cd 42bd 18 1R E E 4 G

TK 18 (ck) 673b 126a 42bd 16 0 G. F 2 P

*Cw concentric crack; R = radial crack; rating = 0 4 (0 = none, 1 = very slight; 2 = shight, 3 = moderate; 4 = severs)
*F = fair; G = good; E = excsllent
Rating scale of 1-4: 1 = thin, 2 » moderataly thick, 3 = thick, 4 = very thick

Performance of Tropical Cherry Tomato Lines

Summary

Four trials of specialty type cherry lines were carried out in 1990-91. The obscrvational and
preliminary trials planted in summer 1991 were damaged by heavy rains and flooding—only cussory
obscrvations of performance could be gathered from thesc trials. A few conspicuously good sclections with
better yicld and fruit setting ability relative to the checks were taken. More reliable results were obtained
from the advanced trials (I and II) planted towards the fall 1990-91. Various selections from these trials
will be advanced to the next testing phase and/or distributed to our national cooperators for further
sclection.

The best entrics in AYT I outyiclded the commercial hybrid Sugar Pearl but not the cherry hybrid
checks from the program. The; aad excellent fruit set (about 90%/cluster), almost ideal fruit weightof 15
g/fruit, good to excellent uniformity of siz¢ and maturation of fruits in the cluster, and had better fruit
firmness and crack resistance than the checks. None of the sclected entrics comparcd well with Sugar Pearl
in soluble solids content but this could have been due to the low yicld of Sugar Pearl. Soluble solids and
yicld are generally inversely related.

In AYT I, the sclected entries again outyiclded Sugar Pearl but not the cherry hybrid checks from the
Center’s program. Fruit sct of all the entrics was also excellent in this trial, about 90%/cluster. Selected
entries had about the ideai fruit size of 15 g/fruit, and had better firmness and crack resistance than the
checks. Uniformity of fruits (size and maturation within the cluster) of the selections ranged from good to
excellent. Selections (especially CHT 266) compared very well with the checks in soluble solids content,

Introduction

Cherry tomato was viewed as a specialty item during the hot season. New materials coming out of the
program were evaluated in 1990-91 for heat tolerance and improved quality during hot scason.

Materials and Methods

Four trials were conducted in 1990-91. Information on the kind of materials evaluated, type of trials,
sowing and planting dates is given below:

Type of trial No of entries Sown Transplanted Harvested
Observational* 65 5/7/91 6/4/91 8/5/91
Preliminary* 32 5/7/91 5/39/91 8/5/91
Advanced | 14 9/25/90 10/23/90 1/11-2/20/91
Advanced | 22 9/25/90 10/23/90 1/11-2/20/91

* Severely damaged by heavy rains and flooding
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The observational trial was made up of single-row, unreplicated plots, and had more entrics than the
replicated trials. Each plot was a single 4-m long bed, 1.5-m apart from the adjacent beds, with plants within
the row spaced 40-cm apart.

The preliminary trial was replicated twice in a randomized complete block design. Unit plot consisted
of two beds, cach 4-m long, spaced 1.5-m from adjacent beds and with within-row spacing of 40 cm.

The advanced trials were planted in a randomized complete block design with three replications. Unit
plot comprised of two double-row beds, cach 4.0-m long, with rows spaced 60-cm apart within the bed.
Plants within the row were 40-cm apart.

Results and Dlscussion

Heavy rainifall and flooding which occurred twice on 21-23 June and 28-30 July, 1991 affected the
outcome of the observational and preliminary trials.

Three entries, CHT 432, CHT 442 and CHT 440, yiclded 7-9 t/ha with mean fruit weights of 12-15
g/fruit, and fruit setting per cluster of 29-38%. In contrast, the check entrics CHT 264 and Scason Red
yiclded only 0.4-0.5 t/ha, respeciively, with mean fruit sct of only 12%.

The PYT entries were severely damaged by flooding and had much lower yields than the OYT entries,
Oncentry, CHT 33-7C-2-0-1, had yield and fruit setting ability comparable to the parthenocarpic CL5675,
currently the best setting breeding line. All entries in the PYT had very small fruits, another indication that
the flooding damage was severe.

The performance of the cherry tomato entries in the two advanced trials that were planted in the late
summer were exceedingly better than in the summer trials (Table 11 and 12). The best entries in the AYT-
I'significantly outyielded the commercial hybrid Sugar Pearl, but not the cherry hybrid checks (CHT 104
and CHT 105) from the Center’s program. In general, fruit sctting of all entrics was very high, about 90%/
cluster. The fruits of the selected entries were sinaller but closerto the ideal size of 15 g/fruit and with better
firmness, color and crack resistance than those of the checks (especially compared to Sugar Pearl).
CHT 283 had the fewest fruits per cluster yet had the highest yicld. The best entrics had good to excellent
uniformity of fruits (size and maturation) per cluster. None of the best performing entrics had soluble solids
comparable to Sugar Pearl; an the other hand, this could have been due to their higher yields.

Table 11. Yield and other horticultural characters of the best cherry tomato entries vs check
cultivars [n the advanced yield trial (I); AVRDC, fall 1990.

Entries My Fruit Fruit Brix°® Acid  Color Firmness® Fruits/ Uniformity Cracking®
(Vha) set(%) size(g) (%) (a/b) cluster of fruts!
cluster®
CHT 283 94 a 94 a 15¢cd 65cd 05bc 21b MF 5 G 0
CHT 265 87ab 92ac 11d 6.5d 05bc 22b F 12-18 E 0
CHT 264 82a¢c 91ad 12d 6.7b-d 05bc 21b F 13-16 E 0
CHT 261 80ac 88ad 12d 65cd 05bc 22b MF 10-14 G 0
CHT 105(ck) 80a<c 93ab 25ab 6.5d 050 21b MS 10-12 F 2R
CHT 104 (ck) 72b-e 91a-d 21b 69b 05bc 22ab MS 8-12 G 0
Sugar Pearl (ck) 43¢ 90a-d 26a 77a 06a 19¢ MS 8-12 F 4R
CV (%) 10 4 9.7 25 39 37 -
Mean of all
entries 68 89 18.5 6.6 0.5 2.1 -

*Ms = moderately soft; MF = modoerately firm; F = firm
*P = poor; F = farr; G = fjood, E = excellant
‘R = radial cracking; C = concentrate cracking; rating = 0-4 (0 = none; 1 = very slight; 2 = slight; 3 = moderate; and 4 = severe)

The best entrics in AYT II are given in Table 12. The selected centries outyiclded Sugar Pearl but not
the cherry hybrid checks from the Center’s program. Again, fruit setof all entries was generally excellent,
about Y0%/cluster. Fruits of the sclected entries were smaller but about the ideal size of 15 g/fruit, and had
better firmness and crack resistance than e checks. Fruit color of the sclections was also better compared
10 that of Sugar Pearl. Uniformity of the fruits in the cluster (size and maturation) of the selections ranged
fromgoodto excellent. inthis trial, the selections (esp. cially CHT 266) compared very well with the checks
in soluble solids content.
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Table 12. Yield and other horticultural characters of the best cherry tomato entries vs. checks in
the advanced yleld trial (Il); AVRDC, fall 1990.

Entries MY Fruit Fruit Brix° Acid  Color Firmness®* Fruits/ Uniformity Cracking®
(vha) set(%) size(g) (%) (a/b) cluster  of fruits/

cluster® —
CHT 266 57bc B8B8ae 15b-d B82ab 04bd 22a MF 10-18 G IR
CHT 284 55bd 88ae 15b-d 72cd O04cd 22a MF 12-20 E 0
CHT 290 55b-d 92ac 14bd 72cd 05bd 21a F 12 E 0
CHT 104 (ck) 62 ab 92a-¢c 22a 71cd 05bd 21a S 8-12 E 2R
CHT 105 (ck) 69a 93a 23a 6.9d 05d 22a S 12-16 E 2R
Sugar Pearl (ck) 37f 92 ab 18b 78ac 06a 1.7d MS 10-13 F 4R
CV (%) 8 5 9.6 4.0 6.6 4.2 -
Mean of all entries50 87 15.4 76 0.5 2.1 -

*Ms = moderately soft; MF = moderately firm, F = firm
*P « poor; F = fair; G = gox J; E = excellent
‘R = radial cracking; C = concentrate cracking; rating = 0-4 (0 = none; 1 = very slight; 2 = slight; 3 = moderate;and 4 = 8avore)

International Cooperation

Seed Distribution

A total of 2928 seed packets were distributed to 110 cooperators in 52 countries. Feedback from 22
cooperators on trials has been received. AVRDC lines continued to show outstanding performance in a
number of countries. Completed trials and other information from cooperators are presented below.

Cultivar Releases

CL 5915-223 was officially released as No. 12 in Ho Chi Minh City, Vietnam. In previous tests, this
breeding line performed well and was considered the best variety for off-season (hot and wet) production.

The Alafua serics of lines, viz. Alafua Large (CL 5915-206D4-2-2), Alafua Early (CL 2729-0-2-1-12-
0) and Alafua Winner (CL 5915-93D4-1-0), rcleased in Western Samoa in 1988 were recently reported to
have been released and recommended this year for production in the otaer Pacific countries of Solomon
Islands and Vanuatu.

The above releases bring the total number of AVRDC tomato lines released by the national programs
to 68 lines in 30 countrics since 1978.

Collaborative Trials
Feedback in 1991 from various trials is reported below by country, in alphabetical order.

AmericanSamoa. Thchorticulturist at American SamoaCommunity College, Land Grant Programs,
American Samoa Government, Ms. W. H. Kuo, reported a 1990 trial of 13 AVRDC fresh market lines and
hybrids vs. commercial check cultivars from Known-You Seed Co., namely Kingkong, Season Red, Red
Cloud Vanguard and Sugar Pcarl. With the exception of one line which was completely susceptible to
bacterial wilt, the AVRDC lincs yielded from 19 to 56 t/ha and had wilt infection rates of 0-16%. In
contrast, the commercial checks had 013 t/ha yicld and wilt infection rates of 6--100%. The best entry was
FMTT138 which yiclded 56 t/ha, with a wilting rate of 12%, mean fruit size of 83 g/fruit, and an early
maturity period of 60 days. In contrast, the best check was Kingkong which yiclded 13 tha, had a wilt
infection rate of 6%, fruit size of 95 g/fruit and maturity of 75 days.

Argentina. Our cooperator at Agrotecnica Trebol, S.R.L. tested six AVRDC fresh-market tomato
lines against local check Platensc in a 1987-88 trial. All entries significantly outyielded Platense, with a
yicld range of 72-93 t/ha. In contrast, Platerse yiclded 70 vha. Highest yiclding line was CL5915-2-5. The
main disadvantage of the AVRDC line was its small fruit size. Platense had a mean fruit weight of 122 g
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compared to only 75 g tor the largest-fruitedd line. AVRDC lines matured in 102-110 days and were
significantly earlicr than Platecnse which matured in 120 days.

Australia. Dr. A, M. Hibberd of the Deparunent of Primary Industrics, South Queensiand, tested
scven AVRDC processing tomatoces for resistance to bacterial canker caused by Clavibacter michiganense
$sp. michiganense. PT 4225 compared favorably with the most resistant check, H 2990, in a stem-rating
test. Based on the severity test of leaflets, none compared with H 2990,

Brazil. Mr. Nei Peixoro of Emgopa of Estacao Experimental de Anédpolis compared five AVRDC
processing tomato hybrids aith Petomech, Rossol and two UC checks, UC82 and UC204, in a 1990 trial.
Only PT 4172 comparcd favorably with Pctomech, the best entry, in yicld and soluble solids content.
Pctomech yiclded 58 tha whercas PT 4172 yiclded 42 1/ha. Yield difference was statistically insignificant,

Brunei. Mr. Ramon Santiago of Sinaut Agricultural Training Center reported three trials, onc cach
of AVRDC’s determinate and indeterminate tropical lines, and onc trial under protected cultivation of the
large-fruited hybrids in 1990. Among the determinate lines, CLN466BC 1F2-45-34-9-9 produced the best
yicld of 21 t/ha. This line also had the lowest wilting (duc to bacterial wilt) rate (%) and the largest fruits
(67 g/fruit) among the sclections. CLOG(M6BC3F2-51-1-1-15-10 yiclded the highest (21 vha) among the
indcterminate lines. However, bacterial wilt infection among this group was relatively high. This linc was
25% infected compared tocommercial hybrid Kingkong which was40% infected. Among the large-fruited
fresh market cultivars tested under the hydroponics culture, YR81S yiclded the best with 16 t/ha in a
nonreplicated test. FMTT 3 yiclded 11 /ha but had twice as large a fruit as YR815.

Colombia. Dr. J. J. Vasquez of the Instituto Colombrano Agropecuario, Centro Nacional de
Investigacion tested 22 AVRDC tropical lines from 1988-90 in several sets of trials. Checks were Peto 98,
Early Daro, Humaya F, and Napoli VF. CL6046B3F2-1-1-15-1 gave a yicld comparable to the checks in
the 1989 trial at Atlantico, yiclding 54 t/ha with a soluble solidsreading of 6.1 Brix. The best yiclding check,
Early Daro, yiclded 65 t/ha with a Brix value of 4.8, However, its fruits are small (25 g/fruit). Inthe 1988
trial at Palmira (Cauca Valley), three AVRDC lines yiclded 20 t/ha or more. CL5915-2-5 yiclded the best
with 22 t/ha. In contrast, the best check HumayaF, yielded only 13 t/ha. In the 1989 trial at Palmia (Cauca
Valleyj, the best yiclder was CL5915-206-2-2, yicldig 12 t/ha; hest check yield was thatof Napoli VF with
17 t/ha. Soluble solid readings were comparable among all entries. In the 1990 trials at the same location,
best yiclder was CL5915-223 with 10 t/ha against thatof 11 t/ha for Napoli VF with 11 t/ha. Again, soluble
solids were comparable among entrics.

Egypt. Dr. A. M. M. Mohamed tested s1x of AVRDC’s fresh market hybrids ina 1991 trial in Cairo.
The best entry was FMTT138 which yiclded 39 t/ha and with the highest fruit setting score of 5. Inaddition,
Dr. Mohamed reported the high yicld of four processing hybrids, and four fresh-market and processing
lines in the summer.

Ethiopia. Tentrialsof AVRDC tomato lincs from 198510 1988 by the Agnicultural Rescarch Center
at Nazret showed that none of these lines outyiclded the local check Roma VF during the regular tomato-
growing scason. In the first sct of trials on determinate lines, CL1131-7-2 had the best yield (14 t/ha) and
in 2-ycar trials yiclded 12 t/ha. In contrast, local check Roma VF yielded only 3 t/ha in the 1985-86 trial
and 13 vhain the 1987-88 trial. CL1131 gave a yicld comparable to Roma VF in the dry scason 1987-88
trial. In the sccond set, CL5915-136 gave the highest yield of 14 and 5 t/ha during the rainy scasons of 1985-
86 and 1987-88, respectively. Roma VF yiclded 7 and 9 t/ha in the same two years. Nonc of the AVRDC
cntrics outyiclded Roma VF during the cocl, dry scason. Among the indeterminate types, CL5915-553
gave the best yields of 27 and 13 vha during the rainy scason of 1985-86 and 1987-88, respectively. Local
check, MoneyMaker, yiclded 11 and S tha in these trials, No AVRDC entry compared favorably with the
check during the cool, dry season,

India. Dr.Rajputof the Central Experiment Station in Wakawali reported one 1988 trial on AVRDC
tincs againstother germplasm. In this trial, CL6646BC3F2-51 yiclded the highest (33 t/ha) with a bacterial
wilt infection rate of 9%. In contrast, germplasm such as Hy-37 and Sclection 120 had no yicld and both
with wilt infection of 90%. In Bangalore, Dr. Tikoo reported that BL263 (Hawaii 7998) and CLN65-349
had more than 90% surviva! rate in the bacterial wilt nursery. In contrast, the suscentible check showed only
5% survivalrate. However, the AVRDC accessions were reported to have small and soft fruits that cracked
casily.
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Kenya. Mr. M. Ngugi of Kenya Secd Co.r pan's conducted two trials in 1990 on AVRDC’c “resh
market, processingandcherry hybrids. One trial wascarricd out in Kitale and the otherat Kibwezi. AVRDC
entrics did not significantly outyield the two strains of MoncyMaker but some entries had larger fruit sizes
intheKitale trial. Three entrics, FMTT 138, CHT 104 and CHT 103, significantly outyiclded MoneyMaker
in the Kibwezi trial, yiclding 44-60 t/hacompared to 20-30 t/ha for the two strains of the check. Mr. Ngugi
has retested the materials and recently asked if parent stocks of the best combinations could be shared so
that the promising varictics could be relcased 1o Kenyan farmers.

Lesotho. Mr. M. Makhata of Agricultural Rescarch Division tested four AVRDC fresh market
tomatoes against two local checks (BR 54 and Eterna F))in 1990. FMTT 33, FMTT3 and FMTT 22 had
the best yield of 53-60 t/ha with comparable fruit sizes (over 100 g/fruit) as those of the checks. The best
check, BR 54, yiclded 43 t/ha.

Malaysia. InSabah, Ms. Liaw Hicw Lian of the Agricultural Research Center in Tuaran, tested nine,
AVRDC lines against the local variety in Kundasang highland in 1989-90. The best entry was CL1131-
43 with amarketable yicld of 15 t/ha. The local varicty yiclded 0.4 t/ha with smaller fruits (21 g/fruit) than
thosc of mostof AVRDC’s tropical lines. The trial was greatly affected by severe insect damage, blossom-
cnd rot and cracking. In a duplicate trial in the lowlands of Tuaran, CL1131-43 was again the best yiclder
(20 t/ha). Three other lines, CL9-1-3, CLN475-265 and CL143-10-3, had comparable marketable yiclds
of 18-20 t/ha. Similarly, the damage from insccts, blossom-end rot and cracking was severe in some lines.

Marianas. Dr.L.N.Ragusof*he Northern Marianas College tested five AVRDC accessions against
local hybrid check Apollo ina 1991 trial. The best line was L22 (VC 11-3--8) which yiclded 22 t/ha with
an average fruit size of 72 g/fruit. In contrast, Apollo yiclded 10 t/ha with a mean fruit size of 25 g/fruit.

Panama. Mr.J. Cedeiio of Nestle Panama, S.A. evaluated 13 AVRDC lines in 2 commercial trial
for processing. For reference, hybrids PY 870, TM 103 and PT 1599 served as chiecks. Including CL5915-
153, all checks had 100% mortality duc to bacterial wilt. The most resistan: line was CLN65-349-2-0 with
15% infcction rate. It also gave the best yicld of 55 t/ha. However, it tended to have lower soluble solids
content than other entrics.

Tanzania. Two trials of AVRDC lines were conducted by Mr. E. Mecla of the Uyole Agricultural
Centreat Uyole in 1990. The first trial of indeterminate lines was damaged by an early occurrence of blight
and had a very large number of culled fiuits. A similar problem existed in the trial of determinate lines.
Another discase, late blight, was a major problem. AVRDC plant breeders will have to seriously contend
with new tomato discases as the Center begins 1o move its germplasm into Southern Africa.

Vietnam. Mmec. Nguyen Thi-Duc Tu of thie Center for Horticultural Technology in Hanoi reported
the results of two trials (winter to spring 1990 and spring to summer 1991) of seven AVRDC tropical lines.
CL 143-0-10-3 had the highest yield of 33 t/ha during the winter. In the spring to summer trial, best yicld
among the high-yiclding cntrics was only 20 v/ha. The main limitation of the tropical lines is their small
fruit size. Leaf curl virus infection was up to 55% in the trials.
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Screening of BC,F, Population from Crosses Between Lycopersicon penneliil
and L. esculentum for Reslstance to Tomato Frultworm

Summary

Three hundred BC/F, plants belonging to the progeny of six crosses between tomato fruitworm
(Helicoverpa armigera Hiibner)-resistant Lycopersicon pennellii accession and susceptible L. esculentum
breeding lines were screened in the field for resistance to tomato fruitworm Plants in an open ficld were
exposed to the insect and cach plant was obscrved for total number of fruits and fruitworm-damaged fruits.
Eleven plants with the fewest insect-damaged fruits and relatively better horticultural characters were
selected for further improvement. There was significant positive correlation between fruit size and percent
fruit damage.

Introduction

Tomato fruitworm (TFW), Helicoverpa armigera Hiibner (Lepidoptera: Noctuidac), is a polyphagous
insect that attacks tomatoand scveral other economically important crops in Asia. It lays cggs on the foliage
where the larvac, after initial feeding on the leaves, bore into the tomato fruit. Since 1980-81, AVRDC has
been breeding tomato lines for resistance to this pest. Until 1989 TFW-resistant genes from L. hirsutum
f. glabratum had been used, and three breeding lines with moderate levels of resistance and medium fruit
size were sclected. There was a need to increase the level of resistance and fruit size to make these lines
competitive with commercial cultivars. In 1989 AVRDC initiated a breeding program to incorporate the
newly-found TFW resistance genes from L. pennellii into cultivated tomato. In 1991 BC F, progeny were
screened for resistance to TFW to select a resistant progeny with desirable horticultural characters.

Materials and Methods

Sceds of 6 BCF, and 3 L. esculentum susceptible checks were obtained. Fifty 1-month old scedlings
of cach entry were transplanted in the ficld on 1.5-m wide beds. A distance of 3 m was maintained between
two adjacent plants on cach bed. One plant of breeding progeny and onc of susceptible check were
trarsplanted in altemate rows. The entire planting was surrounded by arow of TK 70, a commercial cultivar
which is susceptible to TFW. The crop was grown according to customary cultural practices except that
no insccticide was applicd. Starting with the first flowering, an undetermined number of laboratory-reared
TFW were relcased in the ficld to augment the native popu)ation to ensure a high level of infestation and
to minimize escape of insects. When the fruits started macuring each plani was observed and the number
of total fruits and fruitworm-damaged fruits on cach plant was recorded. This was done twice when the
TFW population was high. When fruits became ripe, the weights of several individual fruits were taken to
determinc fruit size. After the second observation, the plant breeder was invited to select plants with good
horticultural characters among the least damaged ones.

Results and Discussion

The results of the TFW damage on sclected promising BC,F, progeny and susceptible checks are
summarized in Table 1. In both observations all 11 sclected BC, were substantially less damaged than the
susceptiblechecks. On average, the susceptible check has far fewer fruits per plant than the BC, F, progeny.
The fruits of all BCF, plants were distinctly smaller than those of the susceptible checks. There was
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significant positive correlation between TFW-damaged fruits and fruit size. This correlation, if sustained
in subsequent backcrosses, could be disadvantageous in breeding a tomato cuitivar that is both resistant
to TFW and possessing large enough fruits to be competitive with commercial cultivars. The selected
BC,F, progenics from this test will be used for further backcrossing to improve fruit size.

Table 1. TFW infestation of selected BC F, progeny and susceptible checks*.

Entry First observation Second observation Fruit
Damaged frut/ % Damage Damaged fruiV % Damage  weights
total fruit total fruit {(9)
CLN1289-1 BC F, 2/280 0.7 3/551 0.5 15
CLN1289-17 BCF, 4/254 1.6 10/420 2.4 25
CLN1289-27 BCF, 14/456 31 29/1213 24 10
CLN1289-28 BCF, 7/601 12 29/1318 2.2 15
CLN1289-31 BCF, 8/257 3.1 5/251 1.9 24
Average damage (all 50 plants) 6.7 7.1
CI.N1290-47 BC F, 12/442 2.7 17/703 24 18
CLN1230-75 BCF, 4/155 26 6/265 23 24
CLN1290-80 BCF, 13/487 2.7 23/787 29 14
Average damaqe (all 52 plants) 86 7.5
CLN1293-141 BC,F, 5/475 1.1 4/988 0.4 18
Average damagy (all 50 plants) 10.8 8.7
CLN1294-202 BC/F, 15/331 4.5 8/442 1.8 28
CLP1294-211 BC/F, 271423 6.4 15/934 1.6 38
Average darnage (all 50 plants) 15.6 11.5
S$1.CL5915-93-1-0-12° 1406/7356° 191 2123/7525¢ 282 36
S2: CLNB5-349-2-0° 513/3155¢ 16.3 913/3919¢ 23.3 64
S3. CLN698BC,F,-358- 543/2022¢ 269 730/2671¢ 27.3 64
-2-11-8°
TK70® 1293/3782° 34.2 109

*Planting date* 8 Octobaer 1990, observation dates: first" 8-10 January 1991, second: 23-24 January 1991. The suscaptble parents and susceptble
check was planted one month after planting of test entries to synchronize fruiting. *S1, $2, and S3 are susceptible parents and TK 70 is a
susceptible commerclal cultivar, “Data are total of 50 plants; remaining data are for one plant each

Screaning and Selection of Trichogramma Specles for the
Parasltization of Tomato Frultworm Eggs

Summary

Fourteen species of trichogrammatid egg parasites were cvaluated for the parasitism of eggs of tomato
fruitworm, Helicoverpa armigera (Hiibner). In laboratory tests where tomato fruitworm eggs laid on
tor: ato foliage which were exposed to various species, Trichogramma pretiosum parasitized the highest
numberofcggs followedby T. ostriniae, T.cacoectae, Trichogrammasp. from France, Trichogrammatoidea
bactrae, T. chilotraea and T principum in descending order. The parasitism by these species ranged from
82.310 95.7% of eggs. Tests are underway 1o evaluate the potential of T. ostriniae and T. bactrae in the
control of tomato fruitworm in the ficld. The efficacy of two egg parasites, Trichogramma c hilonis Ishi and
T. chilotraea Nagaraja and Nagarkatti against the tomato fruitworm was also studied at the University of
the Philippines at Los Bafios (UPLB). Trichogramma chilonis was found morc efficient than T. chilotraeca
in reducing the de 2age of fruitworm in tomato.

Introduction

Tomato fruitworm (TFW), Helicoverpa armigera (Hiibner), a polyphagous insect that also attacks
comn, cotton, tobacco, soybean and others, is causing increasing damage to tomato especially if the tomato
is plantediin the vicinity of these crops. Since these crops are cconomically important and are grown widely
throughout Asia, tomato crops are seriously damaged by TFW throughout Asia. To control this pest on a
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sustainable basis, AVRDC s rescarch aims to develop an integrated pest manugement program, with host-
plant resistance as the major component. While continuing research on breeding for fruitworm-resistant
cultivars, other supplementary control measures to achicve optimal control of the pestonasustainable basis
are being explored. In this connection, among other rescarch ciforts, in a laboratory study, several cgg
parasites, mainly Trichogramma specics, were screened to explore their suitability for the biological
control of TFW. In a scparate study in the Philippines, two egg parasites, Trichogramma chilonis Ishi and
T. chilotraceae Nagaraja and Nagarkatti were also studicd for their effectiveness against the tomato
fruitworm. Trichogramma chilonis was more cfficient than 7. chilotraeain reducin g damage of fruitworm
in tomato.

Materials and Methods

Five-weck old tomato scedlings (cv TK70), grown in small clay pots were used in all laboratory
experiments (27 * 3°C). Scedlings were placed overnight in a cage containing several mated tomato
fruitworm females ready to lay eggs. In the morning, the seedlings were removed and the numbcr of eggs
on each plant recorded. With less than 400 cggs/plant, freshly laid cggs from a laboratory colony of tomato
fruitworms were added. If the number was greater than 400 extra eggs were removed.,

Each secdling was then confined in an acrylic cylinder (15 ecm diameter, 30 ¢cm height) and a card
containing 1000 cggs of Corcyra cephalonica parasitized by one of 14 trichogrammauis (Table 2) was
inserted in the cylinder. After 6 days, the number of parasitized and unparasitized tomato fruitworm cggs
were recorded. Parasitized cggs turn black, and instcad of tomato fruitworm larvac, trichogrammatid adults
emcrge. The unparasitized eggs turn pinkish, then brown and hatch into fruitworm larvac.

Table 2. Extent of parasitization of tocmato fruitworm eggs by
various trichogrammatids.

Trichogrammatid species/stramn Eggs parasitized (%)
Trichogramma pretiosum 95.7
Trichogramma ostriniae 94 2
Trichogramma cacoaciae 93.8
Trichogramma sp. (France) 871
Trichogrammatoidea bactrae 84.7
Trichogramma chilotraea 84.3
Trichogramma principum 822
Trichogrammia evanescens 79.8
Trichogramma trijapnzini 791
Trichogramma dendrolimi 67.7
Trichogramma embryophagun 62.2
Trichogramma maidis 61.9
Trichogramma agrotidis 40.1
Trichogramma confusum 179
LSD 5% 13.2
1% 17.6

*Parasittsm data are means of five replicates

Another study sponsored by AVRDC was conducted at the UPLB to determine theef! ficacy of twocgg
parasites, Trichogramma chilonis Ishi and 7', chilotraca Nagaraja and Nagarkatti against TFW. The age
of TFW eggs most preferred by two parasites, whether rearedon cggs C. cephalonicaoron tomnato fruitworm
was evaluated. Their fecundity was also determined based on the number of cygs parasitized. In addition,
longevity of femalc adultsand the influence of previous host on the numberof emerging adults peregg were
investigated.

Results and Discussion

The results of the parasitization of tomato fruitworm eggs by cach of the 14 trichogrammatids are
summarized in Table 2. Trichogramma pretiosum parasitized the highest number of tomato fruitwormee £gs
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followed by 7. ostriniae, T. cacoeciae, Trichogramma sp. {rom France, Trichogrammatoidea hactrae,
Trichogramma chilotraea and Trichogramma principum in descending order. The parasitism by these
species did not differ significantly among themselves. The other seven species were less effective. Among
the above seven species, 1. ostriniae is commercially used in Taiwan and elsewhere to control Asiatic corn
borer, Ostrinia furnacalis. Trichogrammatoidea bactrae gives the highest parasinzation of cggs of
diamondback moth and limabcean pod borer. These two species scem to be suitable for commercialization
as they will control more than one species, and are thus commercially attractive. The potential of these
species in the control of tomato frurtworm will be explored n large-scale ficld tests during 1992,

In the laboratory, the two egg parasites significantly preferred the 1- to 2-day old rather than 3-day old
cggsof TFW. Eggsolder than 48 hours had the lowest parasitizm of both 1. chlonis and 7. chilotraea. This
implics that younger eggs are suitable hosts for the parasitoids and that the embryonic stage of the host is
the most important factor for the success of aviposition,

Trichogramma chilons and T. chilotraca were cqually cfficient in parasuizing frustworm cggs when
rcarcd on C. cephalonica. When reared on the eggs of the fruitworm itself, however, 1'. chilonis appeared
tobe moreefficientthan 7 chilotraca. On the other hand, fecundity based on the number of eggs parasitized
and longevity of the female of both parasites were statistically the same whether reared on C. eephalonica
oron TFW. The hoston which the 1 richogramma was previously reared affected the number of emerging
adults per freitworm cgg. The number of 7. chilotraea adults emerging per cgg was higher than that of 7.
chilonts when reared on the eggs of TFW but no difference was observed when reared on C. cephalonica.

Intheficld, parasitism of TFW eggs by 1. chilonisand T'. chilotraca varied significantly. Tric hogramma
chilonis had higher percent parasitism compared with 7. chulotraea, Percent parasitism was not affected
by the number of parasites used but varied dit ctly with host cgg density.

Trichogramma chilonis at rates of 40,000 and 80,000 parasitoids/a significantly reduced the
populationof TFW larvacin both trials. 7) ichogramma chilotreea reduced larval population during the dry
scason trial but not during the wet scason wrial. These results reflect the relatively high mean parasitism of
cggs of TFW. Larval damage was also reduced with these treatments resulting in higher marketable yield.

The results indicate that 1. chilonis was more cfficient than 7. chlotraea in reducing damage of TFW
in tomato. Confirmatory tests arc nceessary to verify the effectiveness of 1. chilonis against the fruitworm
in tomato-growing arcas.

Susceptibiiity of Tomate Fruitworm to Beauveria bassiana

Summary

A suspension of 8 x 107 spores of Beauveria bassiana when mixed with 300 g sterifized soil proved
to be infectious to the larvac/pupac of tomato fruitworm, lelicoverpa armigera (Hiibner). At this
concentration over 52% of insect larvac were infected with the fungus, and none was infected in untreated
soil. Only 32.5% adults emerged from the pupac from treated soil as against 92.5% from pupac from
untreated check soil. The fungus contributed tc 61.8% mortality of tomato fruitworm pupac. Studics arc
underway to investigate survival and infectivity of the fungus in unsterilized soil.

Introduction

Tomato fruitworm (TFW), lelicoverp.a armigera (Hibner), is a highly polyphagous inscct that
attacks several cconomically important crops such as tomato, corn, tobacco, cotton, soybean, mungbeun
and pigeon pea. The insect lays cggs on the Icaves of omato plants and the larvae, after initially feeding
on foliage, bore into tomato fruit. It feeds mside the fruit until ready for pupation which takes place in the
soil. This pest causes considerable damage to tomato if the crop is planted in the vicinity of corn or cotlon,
which is often the case in multiple cropping systems throughout Asia. AVRDC's rescarch attempts to
develop fruitworm-resistant tomato culuvars, However, based on the progress made so far, it may be
difficult to develop a highly resistant cultivar which alone will control this pest. Other control messures,
then, may be necessary to supplement the resistant cultivar to get optimwvm control of the tomato fruitwonn,
In this regard, while continuing resistance brecding rescarch, other potential control methods which are
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inexpensive, environmentally safe and sustainable zre being explored. The potential use of a soil fungus
Beauveria bassiana in the control of TFW is also being investigated.

Materials and Methods

Soil was autoclaved for 1 hour at 120°C and 6.8 kg pressure. The sterilized soil was divided into eight
samplesof 300 g each and placed individually in 500-m1 beakers. Ten mlof B. bassiana suspension containing
8x 107 spores was added into each of the four saraples, ¢cach sample being a replicate. Ten ml of sterile water
was added in the remaining four. The spore suspension or sterile water was mixed thoroughly with soil and
allowed to settle for 24 hours.

Tomato fruitworm larvac were raised on an artificial diet (Bioserve No. 9219). Ten 6ih instar larvae
ready for pupation were placed in each of cigiit soil samples. The inoculated soil samples were then
maintained at 25+ 2°C for 1 week. During this period, the fruitworm larvae bored into the soil and pupated.
After Iweeke chpupawasobscrved and thenumberofbothinfectedand healthy B. bassiana were recorded.
The fungus-infected pupae had white funga' hyphac coming out of their cuticle. All pupae, discased or
otherwise, were placed in a petri dish lined with moist filter paper and put into a 30 x 30 x 30 cm cage. The
number of adults emerging from cach repiicate was recorded for the next 7 days. Those pupac from which
adults did not emerge were considered dead.

Results and Discussion

Theresultsof theinfection of TFW pupacby B. bassiana are summarized in Table 3. Beauveria bassiana
infected over 52% of the TFW larvac/pupae. It is possible that the larvac that have relatively soft skin,
compared to pupae which have sclerotized cuticle, arc infected by the fungus but the infection was still at
the initial stage which did not prevent larval pupation. The fungus continued to develop while the insect
was undergoing pupation and after optimum incubation, the insect succtimbed (o the discase. Beauveric
bassiana hyphal growth was visible on the pupae from infected samples. No such growth was found in
pupae from check-soil samples. None of the fungus-infected pupace emerged into adults. In addition few
uninfected pupac also failed to emerge. This failurc is a normal biological phznomenon and not related to
the fungus. In the check sample, 7.5% pupac also failed to emerge iuto adults.

Table 3. SusceptiLiity of tomato frultworm larvae to B. basslana.

Treatment Infusted pupae (%)° Adult emergence (%)®
E. bacsiana 52.5+ 15.0*" 325+ 126"

8 x 10’ soores?

Check 0.0+00 925+5.0

*8 X 10" spores i\ 10 ml water was added to 300 g sterilized soil Inthe check only 10 mi sterile water was added to
sierilized soil. *Duta are means of four roplicates. The difforences tn infested pupae or adult emergonce batween
treatment and chevk are significant at 1% probability leve! of studont's { test.

A concentration of 8 x 10¢ spore/ml is considercd as moderately infectious to other insects when the
spore suspension is sprayed on the larvac or nymphs. Ten mi of this suspension was used for mixing with
soil. The larvae were expected to pupate within 24 hours—as is the case in a natural situation—and were
not expected to be active to pass through the entire soil sample and thus come in contact with a high
concentration of B. bassiana spores. TFW larvac are thus as susceptible to B. bassiana as the larvac or
nymphs of certain other pest insccts. The use of soil medium to spread the fungus is more appropriatc
because B. bassianapersists in the soil and tomato fruitworm larvac pupate in the soil. Application of f ungal
suspension to plants to control fruitworm is not practical because most of the larval period is spent
concealed inside tomato fruits, and B. bassiana spores cannot reach the larvae.
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Cultural Studies on Phytophthora capsici and P. infestans and
Inoculation on Tomato

Summary

Late blight of tomato occurs throughout the highland tropical production arcas. Fungicides are
routincly used tocontrol late blight. In these experiments, two specics of Phytophthorawere morphologically
compared «~d inoculated on detached tomato Ieaves protected with fun gicides. Phytophthora capsici and
P. infestans were isolated from foliage of ficld-grown tomatoes with late blight symptoms. Sporangia of
P. capsici, isolate Pc9, varied in shape from spherical to fusiform with an average length and breadth of
53.5 pm and 37.6 um; sporangia werc papillatc with an average pedicel Iength of 83.9 um. The sporangia
of a P. infestans isolate, Pil, were cllipsoid to ovoid and semipapillate, and averaged 39.6 x 21.6 j1m with
short or absent pedicels. Optimum temperature for mycelial growth and zoospore germination of Pc9
ranged from 24 10 32°C. Mycelium did not grow at 8 and 36°C; however, zoospores did germinate when
incubated at 4 and 40°C. Mycelium growth of isolatc Pc9 was inhibited when Ridomil-MZ was
incorporated into the agar medium at 1000, 800, 600, 400 and 200-fold dilutions. Zoospore germination
of Pc9 was 83% without Ridomil-MZ and under 2% with 200-fold dilutions of Ridomil-MZ. Detached
tomato leaves were individually inoculated with Pc9 and Pil before and after spraying different
concentrations of Ridomil-MZ. Discasc ratings werc significantly different between unsprayed and
sprayed leaves with lower discase ratings when Ridomil-MZ, was applicd. The fungicide had curative
cffects if applied 1-2 days after inoculation.

Mate. ials and Methods

Maintenance of cultures. P. capsici (Pc9) isolated from tomato foliage in the Hsinyi arca was
maintained on potato dextrose agar (PDA) slants and subcultured cvery 3 months. For longer storage,
mycclivm growth on V8 agar disks were transferred 1o tubes containing 10 ml sterilized water. Tubces with
plastic covers were incubated at 18°C,

P. infestans was isolated from infected leaves collected from the Hsinshe area. Infected leaves were
placed inside 15-cm diameter dishes on top of detached tomato lcaves that were cut from 30-day old
secdlings grown in the greenhouse. Moist filter paper was placed on the bottom of each dish and the cut
end or the petioles was surrounded by wet cotton. Under these conditions, detached tomato leaves had
“ater-soaked lesions witin 4-5 days, and sporangia were produccd 10-14 days after incubation. Infected
detached leaves were soar »d in sterilized water and a gitated to rcleasc sporangia. The sporangia suspension
was spraycd on fresh detached leaves and treated as previously described. P. infestans was maintained on
detached tomato Icaves and transferred to fresh leaves cvery 14 days.

Morphology of sporangia. A drop of a sporangial suspension of P. infestans and P. capsici was
placed on a microscope slide. The length, breadth and pedscel sizes of 20 sporangia for each specics were
measured with a micrometer under a compound microscope at x200.,

Growih and zcospore germination of P, capsici. Mycclium (2-mm)agar disks from 7-day old
colonics were plac:d on the centerof 9-cm diameter PDA plates. The inoculated plates were incubated from
121032°Cat4°Cintervals and the colony diameters were measured cach day after inoculation. There were
10 replications for cach temperature.
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A drop of a zoospore suspenston was placed on a 10-mm dizmeter WA disk which had been put on
a microscope slide. The slides rested on small glass clubs inside dishes with moist filter paper below, The
inoculated WA disks were incubated froin 810 36°C at4°C intervals and zoospore germination was counted
cach hour after inoculation. There were four replications for cach temperature.

Effect of Ridomil-MZ on mycelial growth and zouspore germination of P, capsici. Mycclium
(2-mm) agar disks from 7-day old colonics were placed on 9-cm diameter PDA plates 5 cm away from 2-
mm diameter filter papar disks that had been soaked with 1000-, 800-, 600-, 400- and 200-fold diiuted
iRidomil-iviz, suspensions, or soc ked in sterilized water as a control. Cultures were incubated at 28°C and
the zones of inhibition were measured 7 days after incubation. There were 10 replications for each diluted
concentration of Ridomil-MZ.

To test zoospore germination, the treatments using Ridomil-MZ were donce as described for mycelial
growth. Inoculated WA disks were incubated at 28°C, and zoosporc germination was recorded after4 hours
of incubation. There were six replications for cach dilution concentration.

Protection of inoculated tomato leaves with Ridomil-MZ.  Inoculumof P. capsiciand P. infestans
was sprayed on detached tomato leaves 4, 2, and 1 day before spraying Ridomil-MZ suspensions of 1000-,
800-, 600-, 400- and 200-fold dilutions, or lcaves were inoculated just after Ridomil-MZ. treatments.
Anothersct of leaves not sprayed with Ridomil-MZ suspensions served asacontrol. Leavesinoculated with
P.infestansand P. capsici were individually incubated at 20 and 28°C. Discase ratings, bascd on a 0-6 scale,
were recorded 7 days after inoculation, There were five replications for cach fungicide concentration and
cach specics.

Detached Icaves of tomato were cut from 30-day old scedlings and placed inside dishes with moist
filter paper. Inoculum from both species was individually sprayed on detached tomato leaves after spraying
Ridomil-MZ suspensions of 1000-, 800-, 600-, 400- and 200-fold dilutions. Leaves inoculated with P.
infestans were incubated at 20°C while thosc inoculated with P. capsici were incubated at 28°C,

Results and Discussion

Morphology of sporangia. Sporangia length, breadth and LB ratio of P. infestans and P. capsici
mostly agreed with sizes previously «eported in the literature, although, the LB ratio of P. infestans was
1.82-1.97 um, which was slightly larger than the 1.6-1.7 um previously reporicd. Length and breadth of
P. infestans were shorter than P, capsici, but LB ratio was greater (Table 1). Sporangiaof P. infestans were
more cllipsoid than P. capsici. P. capsici sporangia also were papillate and had obvious pedicels which
were different from P. infestans sporangia that were semipapillate and without obvious pedicels. Basically,
the two species were quite casy to distinguish,

Table 1. Length, breadth, length-breadth (LB) ratio, and pedicel length of
sporangia of Phytophthora infestans grown on fomato leaves and of
P. capsici grown on V8 agar medium.

Isolate Sporangia (um;
Length (pm) Breadth (um) LB ratio Pedicel
P. infestans (Pi1) 39 6* 216 184 -
P. infestans (P12) 377 206 182 -
P. infestans (Pi3) 381 194 1.97 -
P. capsici (Pc9) 535 376 1.44 83.9

*Means bascd on 25 sporangia.
*No obwvtous pedizels observed

Growth and zoespore germination of P. capsici.  Growth of P, capsici ranged from 12-32°C (Fig.
1). No growth was recorded at 8 ana 36°C. The optimum temperature for growth was 24-32°C, Zoospores
germinated between 8 and 36°C with an optimum at 24-32°C (Fig. 2).

Effect of Ridomil-MZ on mycelial growth and soospore germination of P. capsici. Ridomil-MZ
effcctively inhibited mycelium growth and zoospore germination of P. capsici (Table 2). Zoospores had
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encysted and lysed before germination. As concentration increased so did the inhibition zone of mycclial
growth,
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Fig. 1. Colony diameter of Phytophthora capsici Fig. 2. Zoospore germination of Phytophthora capsici
(Pc9) grown on potato dextrose agar (Pc9) at eight temperatures.
at slx temperatures.

Table 2. Zone of Inhibition of mycelium from treated filter disks and the
germination of Phytophthora capsici(Fc9) sporangia exposed
to different concentrations of Ridomil-MZ-.

Diluted concentration Inhibition zone (mm) Germination (%)
of Ridomil-MZ

0 0 a° 83.3a

1000 9.3b 23b

800 113¢ 26b

600 13.0d 28b

400 13.ed 33b

200 18.2¢ 23b

*Muans based on 10 plates per concentration {replication) on potato dextrose agar 5 days after inocul ition,

*Means with the same letter in the same columm are not significantly ditferent (P = 0.05) according to Juncan's new
multiple range test.

‘Means basad on six replicatnns of 200 zoospores por concentration on water agar disks after 4 hour, of incubation,

Protection of inoculated tomato leaves with Ridomil-MZ. Discase severit:r values decrcased for
both species when Ridomil-MZ was applied (Table 3). Without Ridomil-MZ, the d::case severity was 4.2
and 6.0 for P. infestans and P. capsici, respectively. Discase severity with any concentration of Ridomil

Table 3. Disease severity of detached tomato leaves inoculated with
sporangla of Phytophthora infestans: (Pi1) and zoosporais of P.
capsici (Pc9) after treating with Ridami!-M2Z=.

Diluted concentration P. infestans P. capsici

of Ridomil-MZ
0 4.2%a° 6.0ca
1000 06b 20b
800 04b 1.0 be
600 0 b 1.6b
400 0 b 1.0 be
200 0 b 0 ¢

*Based on 0-6 assessment scale.

*Means based on lve leaves at each concentration and of each inoculum.

*Means with the sama letter in the same column are not signilicantly ditferent (P = 0.05) according to Duncan's new
multiple range test
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was below 2.0. The curative cffect of Ridomil was most effective when applied to leaves 1-2 days after
inoculation (Table 4). There was little efiect when applied 4 days after inoculation,

Table 4. Disease severity of detached tomato leaves inoculated with sporangia of
Phytophthora infestans (Pi1) before treating with Ridomil-MZ=.

Diluted concentration 4 days beloie 2 days before 1 day before
of Ridomil-MZ Ridomil-MZ spray Ridomil-MZ spray Ridomil-MZ spray
o] (22 60a° (0) 60a (10) 56a
1000 (22) 58a (0) 30b (1.0) 28b
800 (22) 58a 0y 32b (10) 34b
600 (22) 5.6ab (0) 26bc (10) 28b
400 (24) 50b (0) 22bc (1.0) 24b
200 (24) 54ab 0) 1.8c (1.0) 24b

*Baser! on 0-6 assessment scale.
*Paranthesrzed means ware soventy ratings belore Ridomil-MZ spray
tMaans with tho same lotter in the same column aro not signiticantly ditferent (£ = 0 05) according to Duncan's new multiple range test

Inthisstudy, the twospecices (2. capsici and P. infestans) were readily distinguished by morphological
characteristics. P. capsici had a broad temperature range for mycelial growth and zoospore germination,
The use of Ridomil-MZ was cffcctive in controlling the discase, but it had little curative action if applied
100 late.

Virulence of Pseudomonas solanacearum and Screening Tomatoes for
Resistance to Bacterial Wit

Summary

Bacterial wiltis a major constraint to production of tomatocs in the tropics. In this study, strains of the
bacterium were compared using different inoculation techniques te various tomato lines. Twelve strains
ol Pseudomonas solanacearum were inoculated by stabbing infested toothpicks into leaf axils or by
drenching soil with inoculum on four tomato lines. Strains varied in their virulence as lines differed in the
incidence of wilt. Strain PsO4 caused 38% wilt averaged over all lines when soil-drenched, whercas Ps40
caused only 1% wilt. Toothpick-stabbing caused more plants to wilt than soil-drenching. Tomato 1.285 had
the fewest wilted plants against most of the strains; however, there was a signilicant interaction between
lincs and strains. Using 30-day old tomato plants, four methods of inoculation caused different levels of
wilt. Leaf-clipping and stem inoculations caused more wilt than soil-drenching. On a susceptible iinc
(L390), all inoculation methods caused over 90% wilt whercas L285 had 23% wilt when soil was drenched,
but had 80% wilt when plants were clipped with infested scissors. In another experiment, 30 commercial
or breeding lines were inoculated cither by othpick-stabbing or by soil-drenching. Lines that were known
1o be susceptible in ficld tests (previous reports) were also susceptible using both methods. Most of the
resistant and moderately resistant lines were susceptible in atleast one of the inoculation methods. Ina test
designed to evaluate tomatocs and wild relatives of tomato, several entries had less than 20% wilt when
plants were inoculated by soil-drenching,.

Introduction

Tomato is the most commercially impontant vegetable crop throughout the world. It is used for fresh
markel and processing. Bacterial wilt, caused by Pseudomonas solanacearum, infects plants through the
roots and causcs drooping of the lower leaves rollowed by wilting of the entire plant. The disease has been
reported Lo cause complete crop loss in tropical regions. In Taiwan, the discase was reported Lo cause 29%
loss in fresh market hybrid tomatocs. The discasc is widespread in the hot tropics and subtropics. Low-
lemperature strains have also been reported.
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Screening tomato lines 1o assess bacterial wilt resistance continues in many countrics. However,
cultivars sclected forresistance in one geographic arca may show little orno resistance when grown in other
arcas. Itis likely that the sclection of resistant lines only against locz1 strains is not effective for developing,
resistance to many strains that eccur over a wide geographic arca. A VRDC has mainly uscd ficld screening
to cvaluate resistance which generally requires much labor and ficld space and also is dependent on
predominant strains, population levels of the pathogen in the soil, and on environmental conditions during
the selection period. In the greenhouse, 1t is possible to control some of these conditions 10 a considerable
cxtent, and it also allows for more repeatable results throughout the year.

The objectives of these experiments were to detect variation in virulence of strains of P. solanacearum
based on scveral inoculation wechniques and to screen tomatoes for resistance to bacterial wilt.

Materials and Methods

Virulence of strains.  Twelve strains of P. solanacearum collected from seven different host plants
were removed from distilled water, spread on 523 medium, and incubated for 24 hours at 32°C. Sceds of
L285 (resistant), BL341 (resistant), CL143 ( (. £143-0-10-3-0-1-10, resistant), and L390 (susceplible)
were directly sown in soil into 9-¢cm plastic jpots in the pipchouse, and inoculated when 30 days old either
by toothpick-stabbing or soil-drenching. Toothpick ends were rubbed on colonies and inserted into stems
at the axil of the third fully expanded lcaf from the top of plauts. Teothpicks were left in this position
throughout the experiment. Soil was drenched with 30 ml/pot of a bactenal suspension adiusted o abont
108 cfu/ml. After inoculation, plants were placed in a heated greenhouse at 30°C. Ten plants of each varicty
were inoculated with cach of the swrains in two replications. Wilt was assessed cvery other day beginning
at 2 days and continuing to 15 days after inocvlation. Wilt was rated using the following seale: 1 = no
symptom, 2 = inoculated leaf wilted, 3 = two or thice leaves wilted, 4 = four or more lcaves wilted, and
S=plantdcad. Plants were also rated bascd on percentage wilt, Data were analyzed by ANOV A and means
separated by LSD.

Inoculationmethods.  Inoculationsusing i:ifected toothpicks, leal clipping by inlected scissors, and
soil-drenching with and without wounding roots were cvaluated on lines L285, CL143, and L390.
Toothpick-stabbing was done as previously described. Leaves of plants were chpped with apair of scissors
dipped in a bacterial suspension of 10% cfu/ml. Soil was drenched by pouring 30 ml of inoculum around the
basc of the seedling using 107, 10%, and 10" cfu/ml. Each trecatment had 10 plants and three replications
arranged inarandomized complete block design. Dataon the number of plants wilted were recorded 7 and
14 days after inoculation,

Evaluationof30lines. Sceds were sownasdescribed above and inoculated cither by soil drenching
or toothpick-stabbing. There were 10 plants per treatment with two replications arranged in a randomized
complete block design. Data were recorded as previously described.

Evaluation of cultivated and other Lycopersicon species. Sceds of wild Lycopersicon specics,
sclected entrics from Bulgaria and the Philippines, and check lines L285, 1390, and CL 143 were snwn in
9-cm diameter pots on 1 February 1991, Ten plants of cach entry were inoculated by cither toothpick-
stabbing or by soil-drenching as previously described. Plants were rated at regular intervals to record wilt,
Dala were analyzed as previously described.

Results and Discussion

Virulence of strains,  All 12 strains caused wilt on at lcast onc of the four lincs. In general, tomate
strains were more virulent compared to strains from other hosts except the pepper strain which ranked third
in virulence overall (Table 5). On the average, strain Ps04 caused the most wilt (38%) when plants were
inoculated by soil-drenching, while Ps60 resulted in the highest wilt incidence (60%) when toothpick-
inoculated (Table 6). On the average, for alt strains, toothpick-stabbing caused 34% wilt which was
significantly greater than the 22% for sol drenching (Table 6); however, the discase index as well as the
percentage wilt did not significantly differ on susceptible lines between the two methods of inocuiation.
L390 was most susceptible with 52 and 50% wilting over all strains and inoculation methods, respectively.
L285 was most resistant with 5 and 19% wilt for drenching and toothpick, respectively. The other two lines
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were intermediate. The progress of vt an - the discase index of the four lines were similar and L.285 had
the lowest ratings. Strain Ps04 was 1h« most virulent and the diseasc progressin L390 cither inoculated with
toothpick or by drenching was greater thar in L2835 (Fig. 3). In general, strains that caused low wilt in L390
also caused low wilt in the other lines. The virulerci: nf strains varied by linc and some strains like Ps4 and
Ps32 showed an intcraction with the hincs whiie other strains did not (Fig. 4).

Table 5. Strains of Pseudomonas solanacearum Isolated from various host
plants in Taiwan with ranking of virulence based on average ranks of
wlit using two inoculation methods and fcur tomato lines®.

Strain Host plant Location Rank
Ps 04 Tomato AVRDC 1
Ps 07 Tomato Hsiny 5
Ps 27 Potato Sir Tze 10
Ps 29 Eggpl=at Pingtung 8
Ps 32 Tomato Taipei 7
Ps 36 Peanut Wu Feng 9
Ps 37 Perilla Miaoli 11
Ps 40 Bird of Paradise . 12
Ps 43 Tomato Sanhsing 4
Ps 51 Tomato Taitung 6
Ps 60 Tomato Tainan 2
Ps 71 Pepper Linnel 3
*Ter p ants of L285, BL341, CL143, and L390 were inoculated by toothpick-stabbing o soil-drenching in three raplizations,
*Not known,

Table 6. Mean percentage wilt and disease index of four tomato lines Inoculated
with 12 strains of Pseudomonas solanacearum by soil-drenching and
toothpick-stabbing®,

Drenching Toothpick
Isolates Wilt (%) Disease index® Wilt (%) Disease index
Ps 04 38.0 2.4 529 3.0
Ps 07 243 1.9 35.4 2.4
Ps 27 13.7 1.5 175 1.7
Ps 29 32.0 2.2 18.7 1.6
Ps 32 20.7 1.7 420 2.5
Ps 36 17.0 1.6 225 1.8
Ps 37 59 1.2 16.8 1.9
Ps 40 1.1 1.0 0.9 1.0
Ps 43 32.1 2.2 421 2.7
Ps 51 239 19 47.8 2.7
Ps 60 31.0 2.2 59.3 33
Ps 71 293 2. 518 2.9

*Ten planis o' L285, BL341, CL143, and L390 were Inoculated ether by toothpick-stabbing or by soil-drenching in three replications.
*1 = no symptom, 2 = inoculated leaf witted, 3 = two or three leaves wiltad, 4 = four or more leaves wilted, and 5 = plant dead

By testing many strains of the bacterium, the virulence ranged from causing a low to high percentage
of wilt cven on the most resistant line (L28S) when stabbed with an infested toothpick. Because the
toothpick inoculation caused high levels of wilt in L285, this method may be 100 rigorous and results may
differ from thosc obtained from soil drenching or under ficld conditions. Strains from tomato were more
virulent, which scems to indicate that there may be some generic specificity with regard to strain
preferences for causing wilt of tomato. It also was noted that even within strains collected from tomato,
there was a degree of variability in virulence. It scems that not only the original host is important in
determining virulence of strains but also the geographic origin of the strain. Because of this variation in
virulence, resistance screening should be done with many strains so that sclection of resistant sources would
most likely have resistance (o a wide range of strains.
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Testing of inoculation methods.  The three lines tested over four inoculation methods averaged 42,
42 and 96% wilt for 285, CL143, and L390, respectively (Table 7). Averaged over lines, leaf clipping
causcd significantly more wilt than the other methods which did not significantly differ from cach other.
There was asignificant interaction between the inoculation method and host lines. L390 had more than 90%
wilt regardless of the inoculation method whereas L.285 had 80% wilt when plants were clipped and 23—
37% for other inoculation methods. There was no significant difference between 7- and 14-day assessment
of wilt or on the different concentrations used in drenching. Over all lines and methods, a concentration
of 10%, 10®° and 107 cfu/m] causced 46, 44 and 38% wilt, respectively.

Table 7. Percenlage wilt of three tomato lines Inoculated with Pseudomonas
solanacearum by four methods

Incculation method? L285 CL143 L390 Average
Leaf clip 800 78.3 100 86.1
Toothpick 36.7 550 95 62.2
SD + wounding 283 1.7 100 467
SD - wounding 233 217 90 450
Average 421 41.7 96

Ccw 450 480 10 430
LSDs 327 341 N.S¢ 422

sLeal clip = cutting leaves with infested scissors, toothpick = stabbing stems; SD + wourding = voif drench wrh root wounding; and

SD - wounding = soil drench withnut wounding.
*Coelflicientof va tlo
tLeas: significant difl, r ance
*Not signiticant,

Evaluation of 30 lines. Of the 30 lincs tested, BL 341 and CL9-0-0-1-3 had the lowest wilt (25%)
when inoculated by drenching (Table 8). These same lines had 50 and 100% wilt when inocalated by the
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Table 8. Percentage wilt of tomato lines inoculated with P, solanacearum using two methods
and rated 7 and 14 days after inoculation (ODI)*.

Toothpick Soll drenching
Line 7 DAl 14 DAl 7 DAl 14 DAl
CL9-0-0-1-3 75 100 10 25
BL341 (L285) 40 50 25 25
BL315 35 50 15 35
BL323 60 80. 10 40
8L328 40 55 20 40
BL336 65 90 10 40
CLN475 BGF,265-12-9-1 40 60 30 45
CL143-1-10-3-0-1-10 65 85 25 50
L387 80 100 30 55
BL332 70 100 30 55
BL330 60 80 35 55
BL350 20 55 50 60
BL342 40 7C 30 60
BL355 55 80 10 60
CLN475 BGF,265-4-19 30 70 50 65
TN-2 100 100 10 65
CLNe98 BGF,358-4-13 35 40 35 70
CLN65-349-0-5-2-0 20 30 45 80
CLN659 BGF,-274-0-15-045 80 60 80 80
CLN399-2-6 55 85 15 85
TN-3 55 90 10 85
BL437 75 85 55 90
L4783 100 100 65 95
BL351 55 90 95 100
L283 100 100 60 100
TK70 100 100 75 100
wa2 30 30 95 100
PETO 86 100 100 30 100
CL5915-153-3-3-0 100 100 25 100
L330 100 100 65 100
Average 615 80.8 37.3 68.7
cvt 34.0 220 30.0 16 0
LsD? 26.1 321 9.6 59.6

*Coetlicient of variation,
tLeast signicant difference.

toothpick method. CLN 349-0-5 and CLN 698 BGF,-358-4-13 hac' 30 and 40% wilt, respectively, which
was the lowest for the tothpick method. The same lines had 80 and 70% wilt, respectively, when soil-
drenched. There wasa significant difference between the lines with regard to wiltafter drenching (Table 8).
After 7 days, an average of 37% of plants wilted whilc at 14 days 69% wilied. Significant differences were
also apparcnt between lines at 7 days (62%) and at 14 days (82%) using the toothpick method. There was
asignificant positive correlation in wilt hetween the two methods, althou ghthe correlation coeffecient was
quite low (r=0.32),

Evaluation of cultivated and other Lycopersicon species. The overall wilt when plants were
inoculared by toothpick stabbing was 72% while wilt was 54% when plants were inoculated by soil
drenching. The reeistant checks, L285 and CL143 respectively, had 25 and 60% wilt when toothpick-
inoculated and 0 and 15% wilt when soil was drenched. A few lines like L00141, LCH267, Marikit,
TmL114-42-N.H.T'P. Early, and TmLA6-N-12-N Early HR had less than 20% wilt when drench-
inoculated.
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Stem and leaf-clipping inoculation methods are often considered to be too severe to differentiate host
resistance. In these experiments, resistant lines inoculated by the toothpick method ranged from susceptible
to moderately resistant and had a higher percentage of wilt than when inoculated by soil drenching. The
methods used in this study clearly differentiate susceptible types but do not always differentiate the
reported resistant types. It may be advisable to sclectresistant types using a soil drench method over several
inoculum doses ranging from high to medium concentrations under controlled environmental conditions.
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Tomato Physiology

Membrane Thermostabilities, Pedicel Absclsslons, and DNA Polymorphisms
as Markers of Heat Tolerance in Tomato

Summary

Fruit setting rate, heat injuries in anthers, pistils and leaves, and in vitro pedicel abscission of heat-
tolerant CL 5915-153 and its double cross parents, and two cach of the breeding lines and accessions were
cvaluated under hot ficld-growing conditions. CL 5915-153 had the highest fruit-setting rate. Both anthers
and pistils of CL 5915-153 were least injured by high temperature. In vitro pedicel abscission was also low
in heat-tolerant CL 5915-153 as well as heat-sensitive L 123. Results suggest that the membrane
thermostability of floral parts may constitute important factors in determining heat tolerance in tomato, and
the buildup of these desirable traits in CL 5915-153 could be cumulative. Furthermore, clectrolyte Ieakage
as a method of screening genotypes that perform well under high temperature conditions should focus on
reproductive tissues rather than on leaf tissues.

The feasibility of detecting DNA polymorphisms based on the amplification of random DNA
scgments from CL 5915-153 and its double cross parents with four primers of arbitrary 17 base pair
oligonucleotide sequence is also being tested. The number of fragments amplified and polymorphisms
were similar among CL 5915-153 and its four parents. However, bands at 7.5 and 3.0 kb with M13 primer
wereobserved in heat-tolerant CL 5915-153. None of these bands were observed in its parents. With KS17
primer, one band located between 6-5 kb was found in all entrics except CL 949. The other bands > 7 kb
were foundonly inCL 1131-38,CL 1131-43,and L 123. Results thus far suggest that DNA polymorphism
between the progeny and its parents may represent DNA rearrangements.

Introduction

Heat tolerance of tomato depends on the ability of pollination, fertilization and fruit development
under high temperature conditions. When a flower fails to be pollinated and/or fertilized, it triggers the
formation of abscission zonc in the pedicels. Some heat-tolerant tomatoes could produce viable pollens,
and maintain viable pistils at high tamperatures, and have a strong tendency to retain their pedicels with
or without removal of floral organs. However, the mechanism of maintaining hzat tolerance of these floral
parts is still not clcar. Based on the leakage of clectrolytes, the leaf of heat-tolerant L 3958 (Saladetic) was
reported to possess a relatively high level of heat tolerance (Chen et al. 1982). Since the heat tolerance on
leaf cannot be properly attributed (o the fruit-setting process, the present study was conducted to comparc:
1) thermostabilitics of leaves, anthers and pistils, and 2) pedicel retention under in vitro conditions of a heat-
telerant breeding linc and its parents grown under hot summer conditions. Both membrane thermostability
and pedicel abscission have been previously suggested as physiological markers for heat-tolerance
sclections.

In connection with markers, DNA markers that arc shown to be linked to traits of interest have wide
usc besides screening, such as trait introgression in breeding programs and gene cloning. DNA markers
most commonly uscd are restriction fragment length polymorphisms (RFLP). However, detection of
RFLPs by Southern blot hybridization is labcrious. A simple process of polymerase chain reaction (PCR),
which is based on the amplification of randorn genomic DNA segments with single primers of arbitrary
nucleotide sequence, has been proposed and .;amed as random amplified polymorphic DNA (RAPD). The
study was also conducted to investigate the polymorphism of DNAs from CL 5915-153 and its four parents
with this RAPD assay. The purposc was to examine the possible linkage between DNA polymorphism and
heat tolerance in tomato.
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Materials and Methods

Scedlings of a heat-tolerant breeding line CL 5915-153D,-3-3-0(CL 5915-153),and its parental lines,
CL 1131F;-0-0-38-4-0 (P, CL 1131-38), L 127 (P,), L 387, CL 9-0-0-1-3 (P, CL9), CL 949-0-8 (P,,
CL 949), and L 123, CL 1131F;-43-8-1 (CL 1131-43) and CL 5915-206D,-2-2-0 (CL 5915-206), were
sown and transplanted to the ficld on 19 July and 22 August 1991, respectively. An RCBD with four
replicates was used. During the growing period, plants were subjected to mean maximum/minimum
tcmperatures of 31.9/24 8°C.

On 15 October 1991, open flowers and the third expanded leaves from the top were harvested to
determine membranc thermostabulities. Floral anthers and pistils were separately collected. Leaf discs were
excised with a cork borer and rinsed with at least three changes of distlled water. Ten 1o 12 anth