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CONVERDS
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cVv.

cv
Cvmv
CWW
DAE
DAI
DAS

DAT
DBM

— accession

— Asian Development Bank

— amplified fragment length polymorphism

— AVRDC Glycine max selection

— analysis of variance

— AVRDC Asian Regional Center

— AVRDC Africa Regional Program

— AVRDC Soybean Evaluation Trials

— Area under disease progress curve

— average

— Collaborative Vegetable Research Program for
Southeast Asia

— AVRDC Vegetable Soybean Evaluation Trials

— advanced yield trial

— bell pepper mottle virus

— black leaf mold

— bacterial pustule

— bacterial spot

— Bacillus thuringiensis

— bacterial wilt

— bacterial wilt resistance

— cylindrical fruit type

— colony-forming units

— check

— cabbage head caterpillar

— cercospora leaf spot

— Collaborative Vegetable Research and
Development Network for Cambodia, Laos, and
Vietnam

— centimorgan

— cytoplasmic male sterility

— cell membrane stability

— cucumber mosaic virus

— Collaborative Network for Vegetable Research
and Development in Southern Africa

— cherry tomato

— cultivar

— coefficient of variation

— chilli veinal mottle virus

— cabbage webworm

— days after emergence

— days after inoculation

— days after sowing

— double antibody sandwich

— days after transplanting

— diamondback moth

diam.
DM
DMRT
DNA
DSR
DTM
EDTA
ELISA
ER
EVT
FM
FMTT
FMV
GA
GCA
GCLV
GRSU
GYT
Qv

HS
HSP
HT
ICMV
ICPN
ICW
IMN
IPM
YT
LSD
LSF
LYSV
MAb
m asl
MbFV
MC
MDS
mkt.
MPC
MR
MY

MYMV
NARS
NC
NGO
NIRS

— diameter

— downy mildew

— Duncan’s multiple range test

— deoxyribonucleic acid

— disease severity rating

— days to maturity

— ethylenediaminetetraacetic acid

— enzyme-linked immunosorbent assay
— enhancing ratio

— elite variety trial

— fresh market

— fresh market tropical tomato

— feathery mottle virus

— gibberellin

— general combining ability

— garlic common latent virus

— Genetic Resources and Seed Unit

— general yield trial

— geminivirus

— heat-sensitive

— heat shock protein

— heat-tolerant

— Indian cassava mosaic virus

— International Chili Pepper Network (AVRDC)
— imported cabbageworm

— International Mungbean Nursery (AVRDC)
— integrated pest management

— intermediate yield trial

— least significant difference

— long-styled flower

— leek yellow stripe virus

— monoclonal antibody

— meters above sea level

— mite-borne filamentous virus

— moisture content

— multidimensional scaling

— marketable

— membrane protein complex

— moderately resistant

— marketable yield

— mean yield

— mungbean yellow mosaic virus

— national agricultural research systems
— nitrocellulose

— nongovernmental organization

— near-infrared reflectance spectroscopy
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NPV — nuclear polyhedrosis virus SD — standard deviation

OopP — open-pollinated SD — Swiss Development Cooperation

OPC — Office of Publications and Communication SDI — selective dissemination of information

oT — observation trial SDS-PAGE ~ — sodium dodecyl sulfate-polyacrylamide gel

oYDv — onion yellow dwarf virus electrophoresis

oYt — observational yield trial SLB — stemphylium leaf blight

PB — phytophthora blight SLV — shallot latent virus

PBNV — peanut bud necrosis virus SSF — short-styled flower

PCR — polymerase chain reaction SST — summer stress tolerance

PDA — potato dextrose agar SSD — single-seed-descent

PeMV — pepper mottle virus SYT — standard yield trial

PMMV — pepper mild mottle virus SYSV — shallot yellow stripe virus

Ps — Pseudomonas solanacearum TBSV — tomato bushy stunt virus

PVMV — pepper veinal mottle virus TEV — tobacco etch virus

PT — processing tomato TLCV — tobacco leaf curl virus

PVX — potato virus X TLCV Tai — Taiwan tomato leaf curl virus

PVY — potato virus y or TTLCV

PYT — preliminary yield trial ™V — tobacco mosaic virus

R — resistant ToMV — tomato mosaic virus

RAPD — random amplified polymorphic DNA TSS — total soluble solids

RCBD — randomized complete block design TSWv — tomato spotted wilt virus

REDCAHOR  — Collaborative Network for Vegetable Research TTC — triphenyl tetrazolium chloride
and Development in Central America TuMVv — turnip mosaic virus

RF — round fruit type TVMV — tobacco vein mosaic virus

RFLP — restriction fragment length polymorphism TYLCV — tomato yellow leaf curl virus

RH — relative humidity YTV — tomato vyellow top virus

RIL — recombinant inbred line var. — variety

RYT — regional yield trial VSB — vegetable soybean

S — susceptible YVMV — yellow vein mosaic virus

SA — soil amendment WAS — weeks after sowing

SAVERNET  — South Asian Vegetable Research Network WAT — weeks after transplanting

SCAR — sequence characterized amplified region WSMV — watermelon silver mottle virus
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Allium Improvement

Bulb alliums research focuses on the genetic improvement of onion (Allium cepa), garlic (A. sativum), and
shallot (A. cepa var. aggregatum). The major goal of the program is to improve the productivity of these crops
in the tropics by developing lines with (1) resistance to major diseases (stemphylium leaf blight, purple
blotch, and anthracnose) and insect pests (thrips and beet armyworm); (2) tolerance to summer stress; and
(3) improved storage quality of bulbs. The program also works on (4) virus elimination and indexing in
garlic and shallot; (5) generating basic information on the effect of daylength, temperature, and flooding on
growth and development; and (6) application of biotechnology in the improvement project.

During 1995 success was achieved in identifying promising onion lines for long bulb storage quality. In
garlic seven clones were selected for long bulb storage quality. Summer stress tolerance (SST) was identified
in seven onion genotypes and a rapid screening method was developed to screen SST at the seedling stage.
Among the F, progenies of interspecific crosses intended to transfer stemphylium leaf blight (SLB) resistance
from A. fistulosum to A. cepa, plants with fairly good fertility and resistance were identified. Resistant lines/
plants were selected in F, and F, progenies by controlled condition experiments. Male sterility identified in
tropical onion line AC 26 was found to be controlled by strong cytoplasmic factors. Backcrossing was initiated
to transfer male sterility in elite genotypes.

Seasonal prevalence of fungal diseases at AVRDC was determined. Preliminary screening for beet armyworm
(Spodoptera exigua) resistance has lead to the identification of nine promising entries of A. cepa and A. fistulosum
which were least damaged. Similarly screening for thrips (Thrips tabaci) resistance resulted in the identification
of 10 resistant accessions in A. cepa and A. fistulosum.

In garlic high-yielding lines were identified among the clonally selected lines with bulb yields above 12 t/
ha. Four lines were also identified for resistance to virus diseases. Field evaluation of virus-free shallot and
garlic lines was carried out with promising results.

Use of virazole treatment during meristem culture improved virus elimination frequency in garlic and
shallot. RAPD markers were developed in garlic and used successfully in the phylogenetic study.

Some notable achievements during 1996 include identification of resistance sources for anthracnose disease;
fairly good progress towards incorporating stemphylium leaf blight resistance in onion; development of a
laboratory protocol for evaluating Allium plants for stemphylium leaf blight reaction; successful utilization
of nursery screening methods for identifying summer stress tolerance in onion; development of high-yielding
clonally selected lines in garlic; confirmation of virus resistance in four garlic lines; high bulb yields in
meristem-derived virus-free garlic lines in field evaluation; and identification of sources of resistance to
Spodoptera exigua in three A. fistulosum lines.
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Genetic resources enhancement and

varietal development

Genetic resources activities

An Allium germplasm collection is maintained to
produce enough seed or vegetative planting
material for the base and active collections;
characterize accessions based on a standard set of
descriptors; and distribute good quality seed or
vegetative planting material to researchers in the
center, other international centers, NARS, etc. The
germplasm are assembled through exploration and
collecting activities, and donors.

Three hundred forty-two accessions were acquired
in 1996 bringing the total number of accessions in
the Allium collection to 987 (table 1). The new
acquisitions consisted of 4 species from 41
countries.

Fifty onion accessions originating from 13 countries
were regenerated: 18 from bulbs and 32 from seed.
Some accessions sown directly from seed flowered,
but seed production was much lower compared to
those produced from bulb crops. Majority
produced seed. Four accessions of Welsh onions—
two from Denmark and one each from Japan and
Taiwan—were also regenerated. Al7, a fragrant
Japanese Welsh onion from Taiwan, was a good
seed producer. Of 12 shallots planted, 10 produced
seed.

Table 1. AVRDC Allium germplasm collection, 1996

Species No. of accessions  No. acquired
A. ampeloprassum 2 1
A. cepa 357 90
A. cepa ssp. aggregatum 30 12
A. cepa fistulosum 23 -
A. longicuspis 3 3
A. porrum 12 -
A. sativum 467 191
A. schoenoprasum 2 2
A. tuberosum 4 -
A. sp. 87 43
Total 987 342

10

Only 29 onion accessions grown from seed were
characterized. No variation in leaf color and flower
color was observed. TA 192, TA 207, and TA 208
had unique full grown bulb shape, flower number/
umbel, and leaf cross-section, respectively.

Four accessions of Welsh onion that were planted
showed variation in leaf length, flower number/
umbel, anther color, and scape length.

Thirty accessions of onion produced enough seed
for the base collection in long-term storage and 96
accessions produced seed for the active collection
in medium-term storage.

The flowering shallots will be excluded from the
field genebank once they have produced enough
seed for long-term storage. The two nonflowering
shallots will have to be always maintained in a field
genebank.

At present, 97 garlic accessions are being
maintained in a field genebank which will be
replanted every year.

About 334 samples of Allium germplasm were sent
to 25 countries and territories, the AVRDC regional
center and program in Thailand and Africa,
including headquarters.

Registration, passport, distribution, and seed
inventory databases were updated.

Breeding for long bulb storage quality in onion

Identification and utilization of lines with long
storage quality is a major activity in the onion
improvement project.

Twenty-five selected progenies previously
identified for long bulb storage quality were
evaluated at ambient condition (21.6-24.3°C
minimum to 29.6-34.2°C maximum) in a well
ventilated room in perforated plastic crates for 5
months.

Six entries had good storability (fig. 1). No
sprouting losses were recorded in most of these
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lines except AC 172. However, rotting losses caused
by black mold (Fusarium sp.) and bacterial
(Pseudomonas sp.) pathogens were very high. ACC
21 had significantly low bulb rotting (37%). Total
losses in the lines studied ranged from 37 to 53%,
compared to the checks Granex 429 and Texas Early
Grano 502, which had more than 80% losses.

Crosses were made between storable lines (TA 377,
AC 49, AC 141, and AC 319) and lines with high
bulb yield (Texas Early Grano 502 and TA 387) and
summer stress tolerance (AC 325 and AC 429). Of
25 hybrids evaluated for 4 months under ambient
conditions, 4 had less than 30% losses. Among other
hybrids the losses ranged from 45 to 78%. Major
losses were mainly due to rotting of bulbs. The
better performing lines were used for evaluation
of F, progenies and for selecting genotypes with
combined traits.

—¥—Total storage loss (%) —%— Yield (t/ha)

20 |

ACC 21 - 1NB
AC 126 - 1NB
AC 459 - INB
TA 364 - INB +
TA177-1CG +
TA386-1CG
AC172-1CG +
TA182-1CG +
AC119-1NB T
TA70-1CG +
TEG 502
(CK)
G 429 (CK) —

Fig. 1. Performance of selected onion lines for storage
quality and bulb yield

Storage studies in garlic

Storage studies were conducted using clonal
selections and germplasm lines under ambient
condition for 6 months to identify lines with long
storability. Of 141 clonal selections from the
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IBS2Vg, generation evaluated for storability 33
lines had less than 15% losses compared to check
Hsi Luo which had more than 20% losses. Major
losses due to rotting were recorded; sprouting
losses were limited. The 20 best lines for bulb yield
and storability were identified. Bulb yield in these
lines ranged from 10.5 (GL 51-2) to 20.9 t/ha (GL
98-9), about 23 to 83% higher than the check.

Among the 54 clonal selections from the IBS1Vg,
generation, total losses during 6-month storage
ranged from 9 (GL 71-5) to 51% (GL74-1). Fourteen
selected lines had less than 15% storage losses,
compared to more than 20% losses in Hsi Luo.
Minimum losses were recorded in GL 71-5 (9%),
followed by GL 76-2 (10%), GL 73-8 (11%), and GL
68-3 (12%). Bulb yield in these lines was higher (5.6—
8.5 t/ha) than Hsi Luo’s (3.8 t/ha). General yield
in this experiment was low because of longer
vernalization treatment of bulbs before planting.

Evaluation of 54 lines resulted in the identification
of six promising lines with less than 15% losses
during 6 months of storage (fig. 2). Sprouting was
not observed in any of these lines and most of the
losses were due to rotting of bulbs. Four of the six
lines had high bulb yields ranging from 8.7 to 14.6
t/ha, which were 25% higher than Hsi Luo.

~ Total loss (%)
5 2 Weight loss (%)
= < By . Bulb yield (t/ha)
3 g P = Rotting (%)
=
O 8 Lo o O
a o =
o
3
s g
k7]
&

Fig. 2. Storability performance of selected garlic
germplasm lines
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Development of high-yielding, better quality onions

Improvement of onion lines through
progeny selection

Progeny selection was carried out in 45 selfed
progenies obtained from 37 breeding lines.
Marketable bulb yield in these selected progenies
ranged from 10 to 85 t/ha. Of these 10 promising
progenies had more than 40 t/ha bulb yields (table
2). Bulb yield in three progenies was at par with
the check Texas Early Grano 502; however, these
progenies had significantly low percentage of split
bulbs and premature bolting.

In another experiment 111 selfed progenies were
evaluated in an observational row trial. Bulb yield
ranged from 30 to 100 t/ha. Ten progenies with
yields ranging from 61 to 113 t/ha have been

selected for further evaluation. Emphasis was also
given on selecting lines with low splitting tendency.
The best selected progenies were TA 373-S (113 t/
ha), AC 146-S (108 t/ha), TA 242-S (106 t/ha), TA
149-S (90 t/ha), and AC 132-S (88 t/ha).

In yet another experiment a total of 57 previously
selected lines were evaluated and promising
selections were further identified for high
marketable bulb yield (TA 377-1CG, TA 215-1NB,
AC149-1CG, and TA70-1NB) (table 3), low bolting
tendency (TA 215-1NB, TA 377-1CG), and low split
bulbs (AC 160-1CG, AC 429-1CG, and TA377-1CG).
Marketable bulb yield increase in the three best
lines was 24-32% over the check. TA 377-1CG had
the highest bulb yield, low bulb splitting and
premature bolting, and long bulb storability.

Table 2. Promising selfed progenies among selected onion lines

Mkt. yield Avg. bulb Splitting Bolters Bulb

Entry (t/ha) wt. (g) (%) (%) color
AC 149-S 84.6ab 363.2b-e 8.5g-] 23.1h-m Yellow
TA172-S 83.6ab 306.5¢-h 1.1j 4.6lm Yellow
AC 429-S 72.6bc 286.1c-i 0.0 6.6k-m Yellow
AC 149-S2 57.6cd 296.7e-i 4.9jj 34.8g-k Yellow
AC 147-S 55.3cd 323.3cg 33.3dj 0.0m Yellow
TA4-S 52.0d 201.0e-0 5.3h] 0.0m Yellow
AC 325-S 50.3d 690.0a 10.0g] 23.3h-m Yellow
AC 379-S 46.0de 185.0e-0 6.7h-] 10.1j-m Yellow
TA70-S 42.0d-f 226.2e-h 23.2d 28.0h-m Yellow
TA 364-S 41.0d-f 205.4e-0 16.9e- 18.9i-m Red
TEG 502 (ck) 89.6ab 452.6b 25.8d-j 7.2]-m Yellow
Mean 61.4 3214 12.3 14.2

CV (%) 23.8 49.3 73.4 25.8

Table 3. Performance of selected onion lines for bulb yield and quality traits

Entry Mkt. yield Avg. bulb Splitting Bolters Bulb
(tha) wt. (g) (%) (%) color
TA377-1CG 121.5a 243.0c-f 6.5 8.0 Yellow
TA215-1NB 118.7a 605.8b-d 30.9 0.0 Red
AC 149-1CG 114.4ab 269.4b-e 317 1.5 Yellow
TAT70-1NB 92.7b-d 198.2¢e-i 8.4 9.5 Yellow
AC 160-1CG 92.4b-d 176.5f+] 24 25 White
AC451-1CG 89.1c-e 233.7d-g 6.9 18.0 Yellow
TA70-1CG 84.0c-e 224 8e-h 222 10.0 Yellow
AC 429-1CG 71.7de 184.2f 34 18.0 Yellow
TEG 502 (ck) 92.0b-d 320.4b 4.8 3.0 Yellow
G 429 (ck) 66.0e-g 435.1a 447 05 Yellow
Mean 40.4 221.9 26.2 30.0
CV (%) 29.0 44.9 86.2 99.6
12 AVRDC



Hybridization and selection program

Fifty hybrids developed to combine traits such as
storability, high dry matter, earliness, high yield,
and others were evaluated for bulb yield and
quality (fig. 3). Among these hybrids the
marketable bulb yield ranged from 20 to 107 t/ha.
The hybrid, TA215x AC 141, had 60 t/ha bulb yield
and the lowest storage losses (< 20%). Other
promising hybrids were TA 215 x TA 195 (107 t/
ha), TA 377 x TG 502 (64 t/ha), and TA 377 x AC
325 (62 t/ha). These are also being evaluated for
earliness, storability, dry matter, and other traits,
and are now used for generation advancement.
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Fig. 3. Performance of promising F, hybrid progenies

Evaluation of F, progenies

Sixty-two F, progenies were evaluated during the
winter season to identify promising selections. Of
more than 200 plants selected (table 4), 20 were
identified for earliness (< 100 days maturity)
combined with high yield; 91 plants were selected
for long storage quality and large bulbs which were
free from splitting and premature bolting defects,
and 35 were selected for firm bulbs.
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Table 4. Promising selections made in F, progenies
Traits No. plants selected F, progenies
Earliness 20 AC 380-2x TAT2

AC 383-4x TAT2

AC 384-2 x TA 188
Bulb storage 91 AC 49 x AC 132
quality AC 49 x ACC 23
AC 50 x TAB9
AC 384-2 x TEG 502-2
AC 49 x AC 132
AC 50 x TAG0
AC 383-3 x TEG 502-2
AC 384-2 x TEG 502-2
AC 431 xAC 50
AC 442 x TEG 502-2
AC 50 x AC 429

Bulb firmness 35

Development of summer stress-tolerant lines

Use of seedling screening technique for selecting
for summer stress tolerance

Extremely low productivity of onion cultivars
during summer is marked by high temperature (>
32°C) and prevailing photoperiod conditions (12.5
to 13.5 h daylength) in the tropics. A seedling
screening technique was thus developed last year
to identify better genotypes for summer stress
tolerance. The technique was based on bulb
diameter and leaf number at the seedling stage.
Observations were recorded after 45 days in the
nursery. Bulb development was ranked on a scale
of 0 to 5, with 0 = no bulb development and 5 =
with conspicuous bulbing.

A total of 140 breeding lines mostly originating
from SST lines were evaluated at the seedling stage.
Sixty lines had no bulb development (0 rating) and
were identified as highly tolerant to summer stress.
Among other groups 21 lines with small bulbs at
seedling stage and also good SST had a rating of 1.
Forty-five lines with medium bulb development
and less growth after transplanting had ratings of
2 and 3. Plants with ratings of 4 and 5 generally
showed poor performance in the field after
transplanting.
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Among 24 F, hybrids studied, seven did not
develop bulbs at seedling stage and were

considered summer stress-tolerant. All seven
hybrids had one parent from the SST group (AC
47, AC 383, AC 21, AC 325, and AC 429). Six F,
hybrids with a rating of 1 were also selected for
summer stress tolerance.

In a separate study six F, progenies and five
parental lines were evaluated for SST at the
seedling stage (table 5). All the hybrids had an SST
line as one of the parents. The best progenies were
identified in the crosses AC 383 x AC 149, AC 425 X
AC 429, and AC 429 x AC 50. In these progenies
most of the plants had either no or small bulb
development, and thus had SST. Other crosses,
suchas AC6x AC 149, AC 425 x AC 149, and TA 69
x AC 47 had a high percentage of plants with
medium (rating: 2-3) bulb development. Among
the parents, AC 149 had high sensitivity to summer
stress, whereas other parental lines had high SST.

These studies, particularly those crosses involving
AC 149, indicated that the gene(s) controlling
summer stress tolerance are dominant.

Selections for summer stress tolerance in

F, progenies

Twenty-three F, progenies with high bulb yield and
quality were evaluated for summer stress tolerance.
Of these four were identified as promising with
higher survival rate and large bulbs. SST parents
AC 6, AC 47, and AC 383 were involved in these
crosses. The hybrids AC 6 x AC 149, AC 21 x AC
149, AC 383 x AC 149, and AC 47 x TA 188 had high
survival rate (table 6), good plant growth, and big
bulbs. Individual plants with larger bulbs of good
quality were selected for seed production and
further evaluation. In the crosses AC 6 x AC 149,
AC 21 x AC 149, and AC 383 x AC 149 the major
focus was on the selection for red as well as yellow
bulbs; in the cross AC 47 x TA 188, red, yellow, as
well as white bulbs were selected.

Table 5. Screening of F, generation plants for summer stress tolerance at seedling stage

Bulb development rating

Cross Small (0 -1) Medium (2 - 3) Large (4 - 5)
No. of plants % No. of plants % No.of plants %
AC 6 xAC 149 198 (56) 152 (49) 6 (2)
AC 383 xAC 149 210 (95) 10 (4) 1 (0.5)
AC 425 x AC 429 161 (92) 13 (8) 0 (0)
AC 425 x AC 149 154 (54) 127 (45) 3 (1)
AC 429 x AC 50 17 (80) 21 (14) 9 (6)
TA69 x AC 47 14 (44) 101 (39) 44 (17)
AC 21 31 (78) 9 (22) 0 (0)
AC 47 226 (100) 0 (0) 0 (0)
AC 425 150 (100) 0 (0) 0 (0)
AC 429 156 (89) 20 (11) 0 (0)
AC 149 (ck) 0 (0) 0 (0) 332 (100)

Table 6. Evaluation of F, progenies for SST (no. of bulbs selected per category) and bulb color and size

Cross Red Yellow White
5-6 cm 3-4 cm 5-6 cm 3-4 cm 5-6 cm 3-4 cm
AC 6 x AC 149 33 28 11 10 - -
AC 21 xAC 149 44 18 5 - - -
AC 47 x TA 188 68 - 10 29 22 28
AC 383 x AC 149 60 34 5 - 16 -
14 AVRDC



Performance of elite summer stress-tolerant lines
Ten SST lines selected during the last 2 years were
evaluated in summer along with check Granex 429.
Bulb yield in these lines ranged from 15 (AC 425)
to 29 t/ha (AC 325-1 IS), compared to 10 t/ha in
the check. The best three lines, AC 325-1 1S, AC 47-
11S, and AC 443, had more than 22 t/ha bulb yields.
The yield increase in these lines ranged from 116
to 178% over Granex 429.

Breeding for stemphylium leaf blight resistance

In onion

Among the prevalent diseases causing major
damage to onions in the tropics, stemphylium leaf
blight is economically important. Foliar losses of
80 to 90%, leading to poor bulb yield, have been
reported. Resistance to SLB was located in A.
fistulosum, a close relative of onion, and currently
efforts are under way to introgress resistance genes
into onion lines. This study evaluated F, and F,
progenies to select desirable resistant genotypes in
the field as well as under controlled conditions.

Evaluation of resistance under field conditions

Forty-eight F, hybrids between resistant A.
fistulosum lines (TA 104, 108, 198, 204, and AF 468)
and 31 onion lines were evaluated for stemphylium
leaf blight under field conditions. All the F, plants
evaluated for SST in all the crosses were confirmed
resistant to SLB for the second year. Similarly the
A. fistulosum lines were also found resistant. The
onion lines were severely affected by SLB prevalent
during the season. These results confirmed the field
resistance to SLB among the hybrids, which is
possibly controlled by dominant genes. Well
developed bulbs were observed in three crosses (TA
198 x AC 15, TA 198 x TA 4, and TA 108 x AC 50).
Two of the hybrids, AC 319 x TA 204 and AC 49 x
TA 204, had good pollen fertility and seed setting.

Forty F, progenies were evaluated to identify useful
recombinants with SLB resistance, good bulb
development and fertility. Most of the progenies
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had variations for plant type resembling A.
fistulosum, with very little bulb development.
Useful recombinants were identified in two
progenies, CF 19 (AC 50 x TA 198) and CF 46 (TA
198 x AC 50). Two plants were identified in CF 19
progeny with good bulb development, good seed-
set, and vigorous and healthy tops. SLB was not
observed in these plants under field conditions.
Two plants with good bulbs, vigorous and healthy
tops, and medium seed-set were located in the CF
46 cross. About 15 more segregants were identified
in other crosses for good bulb development,
healthy foliage, and fairly good seed-set.

Evaluation of resistance under
controlled conditions

During the year 16 F, crosses and 5 F, progenies
were evaluated along with 6 resistant (A. fistulosum
lines) and 20 susceptible (A. cepa lines) parents
under controlled conditions, after artificial
inoculation.

A. fistulosum lines. Variations were observed in
the level of resistance in some of the parental lines.
Two parents, TA 198 and TA 106, had 100% resistant
plants (table 7). In other lines resistant plant
percentage varied from 44 (TA 104) to 81% (TA 204).
Resistant plants were selected for further use in the
breeding program.

A. cepa lines. All 20 lines were classified as
susceptible.

F, hybrids. Disease reaction varied in the 16 F,
hybrids. Plants that showed resistant reactions
ranged from 8.3 (AC 444 x TA 204) to 88% (AF 468
X AC 8). Seven crosses had more than 50% plants
with resistant reactions (table 7).

F, progenies. Four F, populations evaluated
revealed the segregation ratio to be more towards
resistance (table 7). Resistant plant percentage
ranged from 12 (TA 108 x AC 50) to 100% (TA 198-
3xAC50). Resistant plants were selected for further
breeding work.
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Table 7.  Evaluation of parents, F, and F, progenies for stemphylium leaf blight under controlled conditions

Entries Disease reaction (% plants)
R MS S VS
A. fistulosum
TA198 100.0 0.0 0 0
TA104 438 56.2 0 0
TA 106 100.0 0.0 0 0
TA 204 81.2 18.8 0 0
F, crosses
CF 52 (AC 49 x TA 204) 62.5 25.0 0 12.5
CF 55 (AC 425 x TA 204) 50.0 50.0 0 0
CF 19 (AC 50 x TA 198) 50.0 50.0 0 0
FC 50 (TA 198 X TA69) 56.2 43.8 0 0
FC 37 (TA 104 X AC 50) 83.3 16.6 0 0
FC 26 (AF 468 X AC 8) 87.5 12.5 0 0
CF 9 (AC 412-2 X AF 468-2) 75.0 18.8 6.2 0
F, population
FC 46-13 (TA198 x AC 50) F, 49.9 416 8.3
CF 19-3 (AC 50 x TA198) F, 12.5 81.2 0 6.2
FC 45-P (TA198-3 x AC 50) F, 100.0 0 0 0
FC 37-2 (TA108 x AC 50) F, 12.4 74.9 12.4 0
CF 9-8 (AC 412-2 x AF 468-2) F, 312 68.8 0 0
A. cepa— 20 lines 32 51.8 50.0

R = < 5% leaf area affected; MS = 6-25% leaf area affected: S = 26-50% leaf area affected; and VS = >51% leaf area affected.

Screening for resistance to anthracnose disease
Anthracnose, caused by Colletotrichum
gloeosporioides, is one of the important diseases of
onions grown in warm and wet climates. No
reliable resistance source is available in onion. This
study was undertaken to evaluate onion, Welsh
onion (A . fistulosum) genotypes, and several
interspecific crosses for resistance against
anthracnose in field and controlled condition

experiments.

Field evaluations in the last 2 years have identified
two A. fistulosum lines (TA 198 and AF 468) as
reliable sources of resistance.

Three A. fistulosum accessions (TA 98, TA 204, and
AF 468) and 15 F, crosses between A. cepa and A.
fistulosum lines were evaluated along with 13 onion
lines under controlled conditions. A reliable source
of resistance was TA 198. In this line 75% of the
plants were resistant. Among other A. fistulosum
accessions TA 204 had 69% and TA 108 had 19%
plants with resistant reactions.
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Among the 14 F, hybrids which involved A.
fistulosum (TA 198, TA 204, or TA 108) as a parent
only 5 had resistant plants up to 25%. Most of the
other plants had either moderately susceptible or
susceptible reactions. All the A. cepa lines were
found susceptible. Further studies are under way
to use the resistant plants.

Improvement of garlic through clonal selections
and mutation breeding

Productivity of garlic in the tropics is very low (4.4
t/ha). Because of sterility garlic is propagated only
vegetatively. Thus, clonal selection and mutation
breeding were undertaken as part of the
improvement goal for the crop.

Clonal selections. A total of 139 clonal selections
in the second generation (Vg,) of individual bulb
selection group-2 (IBS2) were evaluated, along with
checks Ho Mei and Hsi Luo. Bulb yield ranged
from 14 (GL 51-2) to 21 t/ha (GL 98-9). Thirteen
lines were identified for high bulb yield and other
quality traits; the checks had bulb yields less than
12 t/ha. Increase in bulb yield among these lines
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ranged from 23 to 83%. Average bulb weight
among the selected lines ranged from 56 (GL 65-2)
to 80 g (GL 98-9), and clove number from 9.8 (GL
44-7) 10 26.6 (GL 53.2).

Fifty-two selections previously identified for better
performance in the second generation (Vg,) of the
individual bulb selection group-1 (IBS1) were
evaluated in Vg, generation. Bulb yields ranged
from > 3 to > 8 t/ha. Of these, 15 lines with bulb
yields above 6 t/ha were further selected. The best
performing lines were FG 1-2 (9 t/ha), GL 71-5 (8
t/ha), GL 76-6 (7 t/ha), and FG 1-4 (7 t/ha).
Compared to check Hsi Luo the yield increase in
these lines was above 92%. Average bulb weight
ranged from 30 (GL 80-5) to 44 g (GL 80-5 and FG
1-6) and average clove number per bulb ranged
from 7 (GL 76-6) to 13 (FG 1-8). Check Ho Mei had
the highest number of cloves (16) per bulb. General
yield in this experiment was low because of longer
vernalization treatment of bulbs before planting.

Improving garlic through mutation breeding.
Individual plants selected for bulb yield and
quality traits during VgM, generation in the first
gamma irradiation experiment (Ex-1) in Hsi Luo
last year were further evaluated. In all 62 such
selections derived from 0.5 K rad (22), 0.75 K rad
(23), and 1.0 K rad (17) were planted in an
observational row trial along with nonirradiated
Hsi Luo. Bulb yield in these selections ranged from
4 to 18 t/ha. Ten promising lines were identified
for high bulb yields ranging from 14 (0.5 K rad S-
18) to 18 t/ha (0:5 K rad S-12). The check had a
bulb yield of 11 t/ha. Yield increase in the selected
mutant/variants ranged from 27 to 66% over the
check. Substantial increase in average bulb weight
and diameter was observed in selected progenies.
Not much variation was noted in number of cloves

per bulb.

Twenty-two garlic lines were irradiated last year
in the second irradiation experiment (0.75 K rad
and 1.0 K rad). A total of 217 plants were selected
during the VgM, generation last year. These plants
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were individually planted and evaluated this year.
During the early growth stage severe leaf miner
infection damaged the crop. Selections were made
among these progenies for resistance to leaf miner.
Resistant lines identified were GL 37 VS-3, GL 44-
M-2, GL 44-5-3, and GL 79 M-3. Large variations
were observed in plant growth and bulb quality
among the various progenies. Selection was made
for better vegetative growth, bulb quality,
resistance to leaf miner, stemphylium leaf blight,
and viruses. Selections made in the progenies of
lines GL 44, GL 51, GL 75, and GL 79 were highly
promising for yield and bulb quality traits.

Germplasm evaluation. One hundred and thirteen
lines were evaluated for yield and bulb quality
traits along with check varieties. Bulb yield ranged
from 2 (GL 189) to 17 t/ha (GL 156). Among these
35 lines had bulb yields less than 5 t/ha, 42 lines
had 5-10t/ha, 22 lineshad 11-14 t/ha, and 10 lines
had 15-17 t/ha. Highest bulb yield was recorded
in GL 156 (17 t/ha) followed by GL 157, GL 34, and
GL 44. The check Hsi Luo had a bulb yield of 15t/
ha. Among these lines the average bulb weight
ranged from 61 (GL 98) to 80 g (GL 123), and clove
number ranged from 8 (GL 157) to 30 (GL 50). The
newly collected lines—GL 156, GL 157, GL 170, GL
121, and GL 123—performed well; however,
variations in plant growth and bulb size were
observed in these lines.

Resistance to virus diseases in garlic

Virus diseases cause extensive yield losses in garlic.
This study identified clonal selections for resistance
to viruses.

Garlic clones (GL 42-2-E, GL 49-3-2, GL 50-3-1, GL
98-6, and GL 98-9) previously identified for
resistance to virus diseases were again evaluated.
These lines were planted along with highly
susceptible lines to allow transfer of viruses from
natural populations. The results confirmed the
previous findings, since the lines displayed
negative reaction to onion yellow dwarf virus
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(OYDV), garlic common latent virus (GCLV), and
shallot latent virus (SLV) through ELISA.

In GL 42-2-E all the six plants had negative
reactions to OYDV, LYSV, and GCLV. The plants
had no visible virus symptoms on the leaves, which
confirmed last year’s findings. This line had
medium size bulbs with 35 g average bulb weight.

Nine selected clones of GL 98 were evaluated and
of these six displayed negative reactions to OYDYV,
SLV, and GCLYV; three clones reacted negatively to
OYDV and SLV. Visible virus symptoms were mild
inall these lines. Bulb size in these clones was large,
with an average weight of more than 60 g, making
the clones promising for commercial use. Among
other lines GL 49-3-2 and GL 50-3-1 both had
negative reactions to OYDV, GCLYV, and SLV. Mild
symptoms were observed in these plants. Average
bulb weight was above 50 g in both clones.

In the mutation breeding experiment five mutants/
variants (GL 49-0.75 K rad S-1-1,5-2-1, VS-9-1, Bulk-
1, GL44-0.75 K rad M-1-1) negative to the presence
of viruses were isolated in the Ex-2-VgM,
generation of gamma ray-treated lines. These
plants showed mild visual symptoms of virus
infection. All four plants from line GL49 (at 0.75 K
rad) had negative reactions to OYDV, GCLV, and
SLV, and GL 44 plants had negative reactions to
SLV and GCLV. The only resistant plant identified
in a previous mutation experiment, Hsi Luo 0.5 K
rad 12-1, was confirmed resistant to SLV and GCLV.

Improvement of shallot

Evaluation of shallot lines for yield and quality

Twenty promising shallot lines previously selected
for high bulb yield were evaluated during winter
through bulb planting. Their bulb yields ranged
from 4 to 27 t/ha. Eleven lines performed well with
yields above 20 t/ha (fig. 4). Among these S 25, S
31, and S 2 had yields above 25 t/ha, showing an
increase of more than 100% over the check S 28.
Among the selected lines average bulb weight
ranged from 88 (S 11) to 132 g (S 25), number of
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bulblets per plant from 11 (S 36) to 23.5 (S 10), and
average bulblet weight from 4.3 (S 11) to 8.9 g (5 36).

In another experiment 29 shallot lines propagated
through true seed were evaluated in a replicated
trial during winter. Seedlings were raised in the
nursery and after 45 days planted in the field.
Check S 28 was planted through bulbs for
comparison. In general the lines matured about 10
to 15 days later and some lines showed variations
in bulb color and bulblet number and size. S 31-C
and S 25 had fairly good uniformity. Fig. 5 shows
that all these lines had high bulb yields ranging
from 17 (S 31-C) to 25 t/ha (S 35-C). Check S 28
had 27 t/ha. Bulblet number ranged from 5.0 to
8.8 and average bulblet weight from 6.3 to 25.2 g
among selected lines. Further selections were made
for bulb quality traits for use in seed production
and evaluation.

Avg. bulb wt. (g)

Bulb yield (tha)

Fig. 4. Evaluation of promising shallot lines planted
through bulbs

Bulb yield (t/ha)
Avg. bulblet wt. (g)
Avg. bulblet no.
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Fig. 5. Evaluation of promising shallot lines propagated
through true seed
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Host-plant resistance to
diseases and insect pests

Second screening of onion germplasm

for resistance to onion thrips

Onion thrips, Thrips tabaci, is the most destructive
pest of onion throughout tropical to subtropical
Asia. Itis difficult to control by conventional means
since it remains hidden between leaf sheaths and
away from contact with insecticides. To combat this
pest, AVRDC is working on host-plant resistance
breeding. A single-replicate screening of part of
AVRDC'’s Allium germplasm conducted in early
1995 resulted in the selection of 10 accessions with
moderate to high levels of resistance. A greenhouse
experiment was conducted in late 1995 and early
1996 to screen these promising accessions and select
entries with consistently high levels of resistance.

Seed of 12 accessions including two susceptible
checks were sown in specialized seedling-raising
trays containing soil-compost mixture in a
greenhouse for 8 weeks. The trays were then
moved into an insectary room where onion thrips
were maintained on onion plants. Each accession
was planted in four randomly selected rows.
Starting 2 weeks after initial exposure of plants to

onion thrips, each plant was observed once a week
for onion thrips damage and rated on a 0-5 scale.

One of the two susceptible checks, TA 254, was
always the most damaged in all seven observations
(table 8). TA 189, TA 243, and TA 385 were
consistently the least damaged entries throughout
the season. These entries represent an important
source of moderate level of resistance to onion
thrips. The stability of resistance will be tested
under field conditions.

Effect of intercropping subterranean clover with
onion on the infestation of onion thrips

Onion thrips larvae and adults feed on the foliage
of onion, scratching away the epidermis, thus,
reducing bulb onion yield and quality, and
marketability of Welsh onion. At present, farmers
use pesticides to combat this pest. None of the
chemicals, however, give satisfactory control unless
they are sprayed frequently. The pest is especially
serious in dry weather. Dutch researchers have
observed that planting subterranean clover in the
vicinity of leek (Allium porrum) reduces infestation
of western flower thrips, Frankliniella occidentalis,
on leek. The effect of intercropping onion and
subterranean clover on thrips damage was
investigated in a greenhouse experiment.

Table 8. Damage to various Allium accessions by onion thrips, greenhouse experiment, AVRDC, 1995-96

Acc. no. Damage rating through observations
2 Feb. 9 Feb. 16 Feb. 1 March 8 March 15 Marc h 22 March

AF 465 1.8 23 2.7 3.2 3.7 3.7 34
AC 430 1.2 15 1.8 2.9 3.2 3.8 37
AC 448 1.3 1.6 1.9 3.0 3.5 3.6 34
TA178 1.8 2.3 2.4 38 4.0 4.1 4.0
TA 189 1.0 1.0 15 2.1 25 2.8 2.8
AF 2 1.8 25 24 2.9 3.3 35 3.1
TA 210 1.8 22 2.1 3.3 3.6 3.6 36
AF 218 1.9 25 24 3.0 35 3.7 3.2
TA 243 1.1 1.3 15 2.2 25 341 3.0
TA 385 1.3 1.6 1.6 2.3 2.5 3.1 28
TA 254 1.9 3.1 3.0 37 4.2 4.6 4.3
AC 004 1.6 2.2 2.2 3.0 3.6 35 34
LSD (5%) 04 0.5 04 0.5 04 0.3 0.4

Seeding date: 23 October 1995; data are means of 4 replicates.

Damage rating: 0 = no damage, 1 = up to 20% leaf area damaged, 2 = up to 40% leaf area damaged, 3 = up to 60% leaf area damaged, 4 = up to 80%

leaf area damaged, and 5 = up to 100% leaf area damaged.
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Sixty medium-size clay pots filled with soil mixture

were placed in a greenhouse room. Seed of
subterranean clover were planted on one side of
each of 30 pots. At 0, 10, and 30 days after clover
planting, bulb onion was planted on the other side
in five pots each and Welsh onion in the remaining
five pots. In 30 check pots, only Welsh onion was
planted in five pots and bulb onion in the remaining
five pots. All in all there were six groupings. The
potted plants were maintained in the greenhouse
away from any onion thrips source, for at least 4
weeks after last planting date. Later the pots were
moved in a Thrips tabaci room where the pest was
maintained on onion plants for 2 weeks. Each bulb
onion or Welsh onion plant was observed for thrips
damage once a week for 3 weeks. Thrips damage
was rated on a scale of 0 to 5 where 0 = no damage
and 5 = 100% leaf area damaged by thrips (table 8).

When both subterranean clover and onions were
planted simultaneously, no difference in insect
damage was observed in the sole onion crop or
onion-clover intercrop. When onions were planted
30 days after subterranean clover, thrips damage
was evident in only one observation. When onion
was planted 10 days after clover, however,
significantly less damage was observed in
intercropped Welsh onion than in sole Welsh onion
in all three observations. A similar but not so
striking difference was also observed in bulb onion.

Utilization of one-component of sex pheromone
for communication disruption in armyworms

Beet armyworm (Spodoptera exigua) and common
armyworm (Spodoptera litura) are destructive pests
of onion and several other crops in Asia. In onion,
the insect larva feeds on foliage, and mostly remain
concealed inside the tubular leaves. This makes it
difficult to control by conventional insecticide use.
Indiscriminate use of insecticides has also resulted
in the pest becoming resistant to several commonly
used chemicals. AVRDC is, therefore, working on
alternate control measures with minimal chemical
pesticide use.
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Published reports indicate that effective disruption
of mating communication can be achieved by the
use of only one of the four components of the sex
pheromone of beet armyworm in crops like tomato,
alfalfa, and cotton. In this experiment, one chemical
(Z, E)-9, 12-tetradecadienyl acetate, which is also
found in the sex pheromone of common
armyworm, was tested to find out whether it can
cause mating communication disruption in both
armyworm species in the field.

Two 30 x 20 m parcels of land located about 100 m
apart were worked into 0.75-m-wide beds. Five-
week-old onion seedlings were transplanted as a
single row on the top of each bed. Two weeks after
transplanting, one pheromone release station—a
1-m-high pole with an attachment for the capillary
tube containing pheromone at the top—was
erected at the junction of a 4-m grid in one parcel.
The other parcel was maintained as a check. The
sex pheromone component was dispensed in three
2-mm-diam polyethylene tubes, each containing
100 pg of chemical, which was replenished from
time to time. The height of the pole above the
ground was adjusted periodically so that the tubes
remained at least 10 cm above the plant canopy.
The onion crop was grown using standard crop
protection practices, except that no pesticide was
used to control insect pests.

Once a week, starting 1 day before initiation of
pheromone treatment, three traps—one laced with
complete sex pheromone of beet armyworm, one
with the sex pheromone of common armyworm,
and the third without any pheromone—were
placed in both fields in late evening, and the
number of adults caught in each was recorded next
morning. Simultaneously, starting 3 weeks after
initiation of pheromone treatment, four 3-m-long
rows were randomly selected in each field and each
plant in each row was observed for armyworm
damage. The damage was scored on a 0-5 scale (0
= no damage and 5 = up to 100% damaged leaf
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area). The mean damage score of plants in treated
and check parcels was compared by student’s t test.

Prior to initiation of pheromone treatment in both
fields large numbers of adult armyworms of both
species were trapped (table 9). As soon as the
single-component pheromone treatment was
initiated, no armyworm adults were attracted to
pheromone-baited traps. Similar results were
obtained when instead of pheromone, traps were
baited with three virgin females of individual
armyworm species. The armyworm adults were
unable to find virgin females for mating in the one-
component pheromone-treated area. There was,
however, no significant difference in armyworm
damage to onion plants between the check and
treatment fields when insect damage to plants was
evaluated. This could be due to migration of mated
female armyworm moths from the neighboring
area. The pheromone is not effective against female
moths. If all farmers in a community use this
method rigorously in all crops that are reported to
be hosts of armyworms, it is possible to obtain
adequate control of the pest in small fields.

Table 9. Trapping of beet and common armyworm male
adults by sex pheromone traps placed in two
onion (var. California 303) fields, AVRDC,
autumn-winter 1995-96

Date of No. of adults trapped per trap overnight
observation Check field CD field?
exigua litura exigua litura

27 Nov. 95 72 16 44 18
7 Dec. 68 18 0 0
14 Dec. 34 25 0 0
21 Dec. 37 18 0 0
28 Dec. 40 29 0 2
4 Jan. 96 31 9 2 1
11 Jan. 18 19 0 1
18 Jan. 52 13 2 1
25 Jan. 16 10 2 0
1 Feb. 9 9 8 0
8 Feb. 14 1 5 1
16 Feb. 18 6 2 0

2CD = communication disruption by the use of high concentration of a
single component sex pheromone (Z9,E12-14:0Ac) initiated on 30
November 1995; 100 pg chemical in polyethylene tube was placed
just above plant canopy at the junction of a 4 x 4 m grid.
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Studies on the flying habit of

beet armyworm adults

Insecticides keep both larval and pupal stages of
beet armyworm from attack by natural enemies
and potential pathogens. In an earlier study the use
of a high concentration of one-component sex
pheromone drastically reduced the potential
mating of adults in a treated field. However,
migration of mated females from neighboring areas
still caused heavy pest damage in pheromone-
treated area. To devise a method that will reduce
migration of beet armyworm female adults,
especially mated ones, into the onion field, the
height above ground level at which the insect
adults fly was determined to erect suitable barriers.

A0.05-ha parcel of land planted to onion was used.
Six 4.5-m-high wooden poles were erected 3 m
apart on the periphery of the field, with three poles
facing north and three south. At 1, 2, 3, and 4-m
points above the ground, 21.5x21.5 cm white paper
boards coated with Tangle foot glue were posted.
The number of male and female beet armyworm
adults stuck on each board were recorded twice a
week. The boards were replaced when moderate
amounts of scales or dust covered the sticky
surface. Seven observations were recorded between
12 January and 5 February.

Two-thirds of adults were trapped at a height of 1
m above the soil surface and a total of more than
90% were trapped at 1 and 2 m above the soil
surface (table 10). At 3 and 4-m heights the number
of adults trapped decreased drastically. The
proportion of females trapped at various heights
was identical to the proportion of total number of
adults trapped. No female adult was trapped at 4-
m heights.

Since it is the migration of females, especially
mated females, that initiate insect infestation, a 2-
m high barrier around the planted area is
recommended. The utilization of a nylon net barrier
could be economical as one IPM tool.
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Table 10. Beet armyworm adults captured in sticky traps
placed at various heights in the field, AVRDC,

spring 1996

Trap No. of adults % adults % females
height (m) trapped trapped
1 17.8 66.4 68.4

2 6.8 24.4 26.3

3 2.7 7.8 5.3

4 0.7 1.4 0.0
LSD (5%) 3.5 1.3 18.5

Trap size: 21.5 x 21.5 cm white boards; observation dates: twice a week
from 12 January to 5 February. Data aré totals of 7 observations.

Screening of Allium germplasm for resistance to
beet armyworm

Two screening trials were conducted to identify
sources of resistance to beet armyworm in Allium.
In one trial part of AVRDC’s germplasm accessions
was evaluated in a single replicate test; a second
screening was conducted on selected germplasm
that showed moderate to high levels of resistance
during 1994-95 to further confirm the resistance.

Preliminary screening. Seed of 123 germplasm
accessions were sown in seedling flats and the
seedlings were raised in a greenhouse for 6 weeks.
Seedlings of each accession were transplanted in
individual 2-m-long plots in the field. The planted
area was divided into two portions confined by two
13-m-long x 10-m-wide X 2-m-high nylon net cages.
Each portion of the planted area had onion cultivars
Granex 429 and Fragrant as susceptible checks. Six
weeks after transplanting, 100 pairs of beet
armyworm adults were released inside each cage.
Once every 2 weeks thereafter, insect damage was
observed on each plant and rated on a 0- 5 scale (0
=no damage and 5 = up to 100% leaf area affected).

Among 123 accessions screened, AC 490, AC 492,
AC 683, AC 688, AC 1293, AC 1699, and FC 37 were
the least damaged in all four observation dates. The
two susceptible checks were equally greatly
damaged in all four screenings in both cages. The
resistant entries need to be screened in
multireplicate tests under heavier pest population
pressure to confirm their resistance.
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Second screening. Nine potentially resistant and
six susceptible accessions were planted inside
identical sized field cages as described earlier. The
plot size, method of planting, initiation of insect
infestation, and evaluation procedures for
resistance were the same as in the preliminary
screening except that each accession was
transplanted in four randomly selected plots, with
each plot being one replicate. AF 204, AF 218, and
TA 246 were the significantly least damaged entries
in all four observations (table 11). Susceptible TA
241 and TA 392 were the most damaged entries.

Table 11. Beet armyworm larval feeding damage on
various Allium accessions, second screening,
AVRDC, spring 1996
Accession no. Damage rating in screenings
First Second Third Fourth

AC 029 1.4 1.7 1.9 3.0
AC 058 1.2 1.6 1.6 26
AC 145 1.5 1.6 1.8 29
AF 465 1.3 1.5 1.6 1.6
AF 218 1.3 1.4 1.4 1.7
AF 204 1.3 1.4 ke 1.5
TA 243 1.2 1.4 1.4 1.9
TA 246 1.2 1.4 1.4 1.6
TA 385 1.2 1.4 1.4 1.9
TA174 1.3 1.5 1.6 24
TA 200 1.4 1.6 1.7 3.0
TA 228 1.4 1.6 2.0 3.2
TA 241 2.0 2.3 3.2 4.8
TA 392 1.6 1.9 2.1 33
TA395 1.3 1.5 1.7 2.6
LSD 5% 0.2 0.2 0.5 0.6

Sowing date: 24 October 1995, Transplanting date: 12 December 1995
Observation dates: 4, 11, 18, and 25 March 1996.
Data are means of four replicates.

Virus elimination and virus indexing of

garlic and shallot

Routine virus elimination and indexing for garlic
and shallot continued. Eight shallot and 74 garlic
lines completed the second growth cycle in 1996,
bringing the total number of virus-free garlic to 196
and virus-free shallot to 25 lines (table 12).
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Table 12. Summary of virus elimination (Ve) and virus
indexing (Vi) of garlic and shallot, up to

November 1996
No. of lines  No. of lines completed ViP
Crop Year  subjectedtoVe® 1stcycle 2ndcycle

Garlic 1994 163 (group 1) 34 16
1995 - (group 1) 129 106
74 (group 2) - -
1996 - (group 1) - 26
- (group 2) 74 48
52 (group 3) 2 -
Total 289 239 196
Shallot 1994 17 (group 1) 16 2
1995 - (group 1) 1 15
8 (group 2) - -
1996 - (group 2) 8 8
3 (group 3) - -
Total 28 25 25

¢ Garlic group 1: accessions from Thailand (17), France (9), Philippines
(40), India (6) Indonesia (19), Dominican Republic (11), Malaysia (4),
Argentina (2), Brazil (15), Taiwan (40); group 2: China (10), Germany
(11), Egypt (1), India (1), Indonesia (6), Nepal (3), Philippines (),
Thailand (3), Vietnam (1), Taiwan (32); group 3: Dominican Republic
(12), USA (1), Guatemala (2), Malaysia (2), China (1), India (1), Burma
(1), Thailand (10), Vietnam (1), Taiwan (21); Shallot group 1: Indonesia
(9), Philippines (1), Thailand (7); group 2: Philippines (4), Thailand
(3),Vietnam (1); group 3: Malaysia (2), USA (1).

® First growth cycle: ELISA 0, ELISA 1, and ELISA 2 tests completed.
ELISA-negative plants were then subjected to the second growth cycle;
Second growth cycle: ELISA 3 test completed and found negative.

Virus indexing efficiency could be improved by
using two monoclonal antibodies developed by the
Biologische Bundesanstalt (BBA) in Braunschweig,
Germany: SYSV MabIH,, which is specific for the
shallot strain of shallot yellow stripe virus (SYSV),
and MbFV 4H4, which is specific for the shallot
strain of the miteborne filamentous virus (MbFV).
Neither could be detected with polyclonal
antibodies. The use of the antiviral agent virazole
in the tissue culture medium has now become
routine because it enhances virus elimination
efficiency in both garlic and shallot.

An additional virus test, electron-microscopic
examination of ELISA-negative grown-out plants,
was used at the end of the second growth cycle in
the screenhouse. With this test it is possible to detect
new viruses and strains for which no serological
detection methods are presently available. ELISA-
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negative shallot plants were found to be free of
virus under the electron-microscope. However,
54% of 109 ELISA-negative garlic plants tested were
found to still contain virus. The particles found
were filamentous rods (700-800 nm length) which
possibly represent particles of a new Asian MbFV.

The yield of the virus-free clone of cultivar Black
Leaf grown for the third season in the field
continues to be considerably higher than that of
the nonmeristemmed field-propagated clone (table
13). Yield increase averaged 253% despite some
reinfection with virus, particularly with OYDV and
MbFV. This is comparable to an average of 130%
yield increase obtained in the second growth cycle
in the field last year and an average of 17% in the
first growth cycle 2 years ago.

Table 13. Yields of meristem-derived virus-indexed plants
of cultivar Black Leaf grown for the second
season in AVRDC fields,1996

Yield (g/plant)
Line? With cage Without cage
Breeder's field®
M.F, 54.5 (429) 57.1(301)
M,F, 37.3 (262) 46.0 (224)
F 10.3 14.2
Ccv 19.3 14.9
LSD 14.9 13.2
Pathology field®
M,F, 63.2 (196) 69.8 (229)
F 24.0 20.0
cv 9.2 10.8
LSD 20.7 10.6

®F = nonmeristemmed, nonvirus-indexed, field-propagated clone of cv.
Black Leaf: M ,F,=meristem 1 of cultivar Black Leaf, grown for 3 seasons
inthe field; M,F, = meristem 2 of cultivar Black Leaf, grown for 3 seasons
in the field.

* No garlic, shallot, or onion grown nearby; previous crop = rice.

¢*Numbers in parentheses are % yield increase over the field-grown clone.

¢No garlic, shallot, or onion grown nearby; previous crop = Crotalaria sp.

Host resistance to stemphylium leaf blight

of bulbing alliums

Stemphylium leaf blight, caused by Stemphylium
vesicarium, has been recognized in recent years to
be one of the most important if not the most
important foliar pathogen on onion and garlic.
Control is chiefly through the use of fungicides,
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because no resistant varieties have been identified.
The objectives of this study were (1) to determine
the seasonal occurrence and relative importance of
SLB, (2) to evaluate the field reactions of Allium
lines to SLB, (3) to refine a laboratory protocol for
evaluating SLB reactions of Allium plants, and (4)
to evaluate fungicides for their efficacy against SLB.

Seasonal occurrence and relative incidence of
fungal foliar diseases. Monthly plantings of onion,
garlic, shallot, and Welsh onion made year-round
were monitored monthly for the occurrence and
relative incidence of SLB. Among all diseased
leaves examined over the yearlong period, 69%

were infected by Stemphylium vesicarium, 10% by

Colletotrichum gloeosporioides, 8% by Puccinia allii,
and 6% by Alternaria porri. SLB was the
predominant disease throughout the year, but it
was most prevalent from December to May,
occurring on all four crops.

Field evaluation for SLB resistance. A total of 154
onion entries were evaluated (table 14). Four A. cepa
entries and a single A. fistulosum entry were rated
very resistant. Twenty entries were rated resistant.
Of 249 garlic entries evaluated for their SLB
reactions (table 15), seven were rated very resistant
and 15 entries were rated resistant.

Table 14. Stemphylium leaf blight reactions of onion entries to natural inoculum in a field planting at AVRDC, winter/spring,

1995-96
Number of entries in each category? Total
Project® - Field #14 VR R MR S VS entries
Onion, Hybrids - Group | 0 0 3 3 2 8
Onion, Heat-tolerant Lines 0 0 0 1 7 8
Onion, Selfed Lines - Group | 1¢ g¢ 9 14 12 45
Onion - Group | 1¢ 2 8 12 3 26
Onion - Group Il 2° 7¢ 14 18 16 57
Onion Storage Trial (1995-1996) 0 2f 2 4 2 10
Total 4 20 36 52 42 154

ZVR = No symptom; R = < 5% leaf area affected; MR = 6-25% leaf area affected; S = 26-50% leaf area affected; and VS = >50% leaf area affected.

® Onion Breeding Unit designations.

¢ VR = [AC 380-2 N-S, A. fistulosum]; R = AC 119 C-S, AC 325 self, AC 325 S,, AC 325 P-S, AC 431 (R) S,, AC 449 self, TA 26 self, [TA 203 self, A.

fistulosum], TA 364 self.
VR =AC 119; R =451, AC 364.

e VR =AC 431, TAGY; R = AC 172, TA69, TA 176, TA 178, TA 182, TA 370, TA 379.

"R =AC 169, AC 319.

Table 15. Stemphylium leaf blight reactions of garlic entries to natural inoculum in a field planting at AVRDC, winter/spring,

1995-96
Number of entries in each category? Total
Project® - Field #32 VR R MR S VS entries
Flowering, Clonal Sel. 1994-Cycle-2 0 0 6 38 18 62
Common, Clonal Sel. 1994-Cycle-2 0 3¢ 7 25 40 75
Flowering, Germplasm Eval. - Group | 6¢ 1¢ 17 0 0 24
Common, Germplasm Eval. - Group ! 0 3¢ 18 7 0 28
Common, Germplasm Eval. - Group Il 1f 8 16 15 0 40
Early, Germplasm Eval. - Group IV 0 0 9 1" 0 20
Total 7 15 73 96 58 249

#VR = No symptom; R = < 5% leaf area affected; MR = 6-25% leaf area affected; S = 26-50% leaf area affected; and VS = >50% leaf area affected.

® Onion Breeding Unit designations.

°R=GL 34-2, GL 98-6, GL 98-1.

¢VR=FG1,FG2,GL 31, GL55, GL 83, GL 169; R=GL 67.
¢R=GL 17, GL 69, GL 120.

"VR=GL 33; R=GL 18, GL 50, GL 109, GL 151, GL 153, GL 156, GL 158, GL 215.
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Laboratory protocol to evaluate SLB reactions.
These studies were conducted at 22+2°C. During
the first 36 h after inoculation, the plants were kept
in the dark at 100% RH to maintain leaf wetness.
Thereafter, the growth room was lighted for 14 h/
day and the RH was maintained at 90-95%. Disease
severity ratings (DSR) on susceptible onions
increased sharply with increasing conidial
concentrations from 5x 10% to 5 x 10¢, then increased
only slightly from 5 x 10* to 2.2 x 10°. DSRs on the
resistant onion were much lower overall, but the
DSR increased significantly (P < 0.05) from the 1 x
10° to the 2.2 x 10° conidial concentrations. An
inoculum concentration of 1 X 10° was chosen for
the routine SLB screening protocol.

DSRs among age groups (30, 40, and 50 days after
sowing) for each cultivar varied slightly, but there
was no evidence of a trend for a change in cultivar
response based on seedling age.

Laboratory evaluation for SLB resistance. Among
the first set of entries evaluated, A. cepa lines were
susceptible or very susceptible and A. fistulosum
lines were moderately resistant or resistant. The
moderately resistant and resistant SLB reactions of
F, and F, populations derived from crosses between
A. cepa and A. fistulosum clearly showed that the
SLB resistance of A. fistulosum is an inherited trait.

Fungicidal control of SLB in the field. Seven
fungicide treatments were evaluated for their
control of SLB in the field at AVRDC (table 16). All

Table 16. Fungicidal control of Stemphylium leaf blight
on onion cultivar Superex W, AVRDC, 1995-96

Treatment? Yield (t/ha) AUDPC
Mancozeb + Iprodione 182.1 123.3
Chlorothalonil + Iprodione 141.2 154.3
Iprodione, 23% FP 178.8 1148
Diphenconazol, 10% W.P. 166.2 159.9
Chlorothalonil, 75% W.P. 146.0 207.4
Mancozeb, 80% W.P. 157.5 177.5
Prochloraz, 50% W.P. 159.6 203.4
Control 125.1 290.3
LSD (P <0.01) 16.9 27.6

2 Fungicidal applications made at 2-week intervals.
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fungicide treatments provided a significant (P <

0.05) level of protection based on area under disease
progress curve (AUDPC) values. The iprodione
and the mancozeb + iprodione treatments were
superior to all other treatments.

Host resistance to purple blotch of bulbing alliums

Purple blotch (PB) of Alliums, caused by Alternaria
porri, occurs worldwide on most cultivated Alliums.
Itis most severe in areas with hot, humid climates.
Control is chiefly through the use of fungicides.
Although some resistance has been reported in
onions, there seems to be no useful resistant
varieties available. This study aimed to determine
the seasonal occurrence and importance of PB
relative to other foliar pathogens and to develop a
laboratory protocol to evaluate Allium plants for
their PB reactions.

Monthly plantings of onion, garlic, shallot, and
Welsh onion made year-round at AVRDC were
monitored monthly as they matured for the
occurrence and relative incidence of PB and other
fungal foliar diseases. Purple blotch was found on
all four crops examined for fungal foliar pathogens,
but it constituted only about 6% of the total leaf
lesions caused by fungal pathogens. It was most
prevalent from June to October, but was not the
predominant foliar disease during that period.

Fifteen Allium lines and crosses were evaluated by
the following protocol: 46-day-old greenhouse-
grown plants were atomized to the point of runoff
with a 1 X 10* conidia/ml suspension from isolate
Ap-33 of A. porri. The inoculated plants were
incubated in the dark for 36 h at 25+2°C and 100%
RH to maintain leaf wetness. The RH was then
reduced to 98% and the plants provided a 14 h/
day photoperiod. Disease severity ratings were
made 7 days after inoculation. No accession was
rated resistant among the entries. Three were rated
moderately resistant, eight susceptible, and four
very susceptible (table 17). Clearly good disease
development was obtained using this protocol. It
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Table 17. Evaluation® of Allium cepa, A. fistulosum, and F, populations for purple blotch reactions in laboratory
inoculations®

Entry No. of No. of plants at each DSR® Disease
plants 1 2 3 4 5 Mean DSR reaction®

AC 531 24 1 23 4.96 VS
Granex 429 24 24 5.00 VS
AC 443 (OP) 24 1 23 4.96 VS
CF19 24 8 15 1 2.71 MR
FC 39 24 4 13 3 4 3.29 S
FC 41 24 14 7 2 1 2.58 MR
FC 26 (18) 23 2 17 4 3.09 S
SL179 22 5 11 2 4 3.23 S
CF 54 21 2 4 2 13 4.24 VS
CF 57 (4) 23 2 10 3 8 3.74 S
FC 66 23 1 2 10 1 9 3.65 S
AF 468 21 1 1 9 8 2 3.43 S
TA 198 24 4 3 16 1 2.63 MR
TA 204 20 2 12 1 5 3.45 S
TA108 17 1 8 6 2 3.53 S
TA 108 (ck) 6 1 2 1 2 3.67 S
TA 198 (ck) 6 1 4 1 3.00 MR
AC 47 (ck) 6 3 3 4.00 S
Granex 429 (ck) 6 5 4.83 VS
TG 502 (ck) 6 1 5 4.83 VS
SL-745 (ck) 6 2 4 4.33 VS

¥ Greenhouse-grown plants were inoculated 14 October and the disease response evaluated 7 days later.

b Inoculum from Alternaria porri isolate Ap-33, 1 x 10¢ conidia/ml. Growth room conditions: 25+2°C continuous; plants held in the dark at 100% RH for
the first 36 h after inoculation, thereafter with a 14 h/day light period at 98% RH.

¢ Disease severity rating scale of 1 to 5. DSR of 1 = no symptom, 2 = <5%, 3 = 6-25%, 4 = 26-50%, and 5 = >50% of the leaf area affected.

¢ Disease reaction categories are based on mean DSRs. Mean DSRs of 1 = very resistant (VR), 1.1-2.0 = resistant (R), 2.1-3.0 = moderately resistant

(MR), 3.1-4.0 = susceptible (S), and 4.1-5.0 = very susceptible (VS).

is not yet known if disease severity is too great to
allow distinguishing useful sources of resistance,
and more important to accurately distinguish
intermediate reactions of plants among breeding
populations.

Host resistance to anthracnose of bulbing alliums

Onion anthracnose, caused by Colletotrichum
gloeosporioides, causes extensive losses in onions
grown during warm wet weather. Its control is
primarily through the application of fungicides.
This study (1) determined seasonal occurrence and
relative importance of anthracnose, (2) evaluated
onion lines in the field and in the laboratory for
anthracnose reactions, and (3) developed a
laboratory protocol for evaluating anthracnose
reactions of onion plants.
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Seasonal prevalence of anthracnose. Monthly
plantings of onion, garlic, shallot, and Welsh onion
made at AVRDC were monitored monthly for the
occurrence and relative incidence of anthracnose
from November 1995 through October 1996.
Among all diseased leaves examined over the
yearlong period, 10% were infected by
Colletotrichum gloeosporioides. Anthracnose
incidence was greatest from June to November
when it was a major disease on all four crops.

Field evaluation for anthracnose resistance. In the
first evaluation on 7 August, 20 onion and Welsh
onion entries were assessed for their reactions. TA
198 was rated very resistant and three entries (TA
104, AF 468, and AF 558) were rated resistant. In
the second evaluation on 7 November, a total of
311 entries were assessed for their reactions (table
18). Eight entries were rated very resistant—TA 104,
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Table 18. Anthracnose reactions of onion and Welsh onion entries to natural inoculum in a field planting, AVRDC, summer/

fall 1996°
Number of entries in each category® Total
Project - Field #32 VR R MR S VS entries
Summer 1996 (1) - Group | 0 0 1 2 19 22
Summer 1996 (1) - Group I 1f 0 0 2 44 47
Summer 1996 (1) - Group Il 89 19 2 9 80 100
Summer 1996 (1) - Group IV¢ 0 (b 2 2 34 39
Summer 1996 (1) - Group 0 0 5 3 13 21
Summer 1996 (11) - Group Il¢ 0 0 4 17 61 82
Total 9 2 14 35 251 311

2 Transplanted 15 August and evaluated 7 November.

® VR = No symptom; R = < 5% leaf area affected; MR = 6-25% leaf area affected; S = 26-50% leaf area affected; and VS = > 50% leaf area affected.
¢F, and F, population.

¢ Promising lines and new germplasm.

¢ Heat-tolerant lines (F, & F,) and new germplasm.

"VR = AF 468 (A. fistulosum).

9 VR =TA 104, 105, 106, 108, 198, 204, AF 438, and AF 468; R = TA 188 self (A. fistulosum).

"R=0C15-P=AC50xAC429F, OP.

105, 106, 108, 198, 204/ AF 438, and AF 468. TA 188 Table 19. Effects of plant ages and isolates of

. Colletotrichum gloeosporioides on anthracnose
selfand AC 50 x AC 429 F, OP were rated resistant. expression (Disease severity rating)®in onion

and Welsh onion

Laboratory protocol to evaluate anthracnose

Cultivars®  Plant age Isolates
reactions. These studies were conducted in a (days)® Cg-183  Cg-184  Cg-184
growth room maintained at a constant temperature Granex 429 43 50aA®  50aA  40aB
: . . . 53 5.0aA 4.8aA 3.5aB
+ o]
of 28+1°C. During the.flrst 36 h after inoculation, 83 483 A 483 A 1845
the plants were kept in the dark at 100% RH to WMear 49()A  49@)A  38(b)B
maintain leaf wetness. Thereafter, the growth room Granex PRR 43 5.0aA 5.0aA 4.8aA
was lighted for 14 h/day and the RH was gg 50aA  50aA  45aA
maintained at 98+2%. Disease severity ratings for Mean 5_.03 A E;.O aA ‘,:.7( a)B
the three plant age groups were not significantly Feast 43 3.9aA 4.0aA 2.8aB
different with the susceptible bulbing onions 53 25bAB  32bA  1.6bB
63 1.7¢cB 2.0cA 1.6b B
Granex 429 and Granex PRR (table 1?). However, Mean 270)B  34(0)A  20() B
DSRs among age groups of the resistant Welsh * Plants inoculated 19 August (1 x 10° conidia/ml) and evaluated 26
onion Feast (A. fistulosum) were significantly August; DSR based on a scale of 1 to 5 in which 1 = no symptom; 2 =
. . . < 5% leaf area affected; 3 = 6-25% leaf area affected; 4 = leaf area
different with each of three C. gloeosporioides affected: and 5 = > 50% leaf area affected.
isolates. The Feast plants inoculated at 43 and 53 ® Granex 429 and Granex PRR are A. cepa bulbing onions; Feast is an
. . A. fistulosum Welsh onion.
DAS gave significantly higher DSRs than 63-day- ¢ Seed sown 17 June (63-day-old); 27 June (53-day-old); and 7 July
old seedlings. These results suggest that the (43-day-old).
minimum seedling age for assessing anthracnose 4 Mean separation in columns, a-c; in rows, A-B; and mean of means in
848 & columns (a-c).

resistance is about 60 days.

Laboratory evaluation for anthracnose resistance.
The first set included A. cepa lines, A. fistulosum
lines, and interspecific crosses (table 20). A single
entry, TA 198, was classified as resistant, and three
entries, FC 43(3), CF 55, and SL 181(5), were
classified as moderately resistant with DSRs of 2.8~
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Table 20. Evaluation of onion accessions, A. fistulosum
lines, and breeding populations for their
anthracnose reactions® in laboratory
inoculations®

Entry No. of plants at each DSR® Mean Disease
1 2 3 4 5 DSR reaction®
CF 19 1 2 5 35 S
FC 37 4 12 3.8 S
CF 16 3 12 1 3.9 S
FC 41 6 9 1 3.7 S
CF 54 1 7 7 1 3.5 S
CF 51 1 4 3 3.3 S
FC 47 2 6 38 S
FC 44 8 4.0 S
FC 39 3 13 3.8 S
CF 59 1 " 4 4.2 VS
FC 46 4 12 48 VS
FC 43 (3) 1 6 1 3.0 MR
FC 26 (8)-P 1 3 4 3.4 S
FC 66 8 6 2 3.6 S
CF 55 4 1 1 2.8 MR
SL 181 (5) 2 4 2 2.9 MR
SC 179 6 8 2 3.8 S
G 429 4 4 4.5 VS
TA 198 2 4 2 2.0 R
AF 468 7 1 3.4 S
SL 724 8 5.0 VS
TA 204 8 4.0 S

2 57-day-old plants were inoculated 20 August and the disease response
evaluated 7 days after.

® Inoculum from Colletotrichum gloeosporioides, isolate Cg-184 (1 x 108
conidia/ml).

¢ Disease severity rating scale of 1 to 5. DSR of 1 = no symptom, 2 = <
5%, 3 = 6-25%, 4 = 26-50%, and 5 = > 50% of leaf area affected.

9 Disease reaction categories are based on mean DSRs. Mean DSR of
1 = very resistant (VR), 1.1-2.0 = resistant (R), 2.1-3.0 = moderately
resistant (MR), 3.1—-4.0 = susceptible (S), and 4.1-5.0 = very susceptible
(VS).

3.0. All other entries were classified as susceptible
or very susceptible. The second evaluation
included six onion F, populations, all of which gave
very susceptible reactions (data not shown). In the
third evaluation, a total of 18 onion accessions were
assessed for their anthracnose reactions both in the
laboratory and in the field (table 21). DSRs from
the laboratory and the field were highly correlated
(r =0.82), except for some very susceptible entries;
the DSRs were consistently higher in the laboratory
evaluations. These results suggested that disease
pressure was too high with this protocol to permit
identification of some useful sources of anthracnose

resistance.
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Table 21. Evaluation of onion accessions for their
reactions to anthracnose in laboratory
inoculations and in the field

Laboratory? Field®
Entry DSR¢  Disease DSR¢  Disease
reaction?® reaction

AC 320 48 VS 45 VS
AC 323 4.8 VS 45 VS
AC 324 5.0 VS 5.0 VS
AC 327 5.0 VS - -
TA 108 4.0 S 3.0 MR
AC 325 5.0 S 38 S
AC 427 5.0 VS 5.0 VS
AF 468 4.8 VS 2.5 MR
TA 204 22 MR 1.3 R
TA 104 438 VS 3.0 MR
TA 198 2.1 MR 1.3 R
AC 47 (seed lot #247) 5.0 VS 35 S
AC 47 (seed lot #745) 5.0 VS 4.0 S
TA211 5.0 VS 5.0 VS
AC 37 49 VS 43 VS
AC 444 5.0 VS 4.3 VS
AC 54 5.0 VS 37 S
TA 189 5.0 VS 4.8 VS

@ 51-day-old plants were inoculated 12 September with isolate Cg-184
(1 x 108 conidia/ml) and the disease response evaluated 7 days after.

® 81-day-old plants were inoculated 7 October with isolate Cg-184 (1 x
10° conidia/ml).

¢ Disease severity rating scale of 1 to 5. DSR of 1 = no symptom, 2 =
<5%, 3 = 6-25%, 4 = 26-50%, and 5 = >50% of leaf area affected.

d Disease reaction categories are based on mean DSRs. Mean DSR of
1 = very resistant (VR), 1.1-2.0 = resistant (R), 2.1-3.0 = moderately
resistant (MR), 3.1-4.0 = susceptible (S), and 4.1-5.0 = very susceptible
(VS).
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Crucifer Improvement

The goal of crucifer improvement is to develop heat-tolerant, high-yielding, and early maturing Chinese
cabbage (Brassica rapa ssp. pekinensis)and common cabbage (B. oleracea ssp. capitata) varieties with disease
and stress tolerance, suitable for growing in the tropics and subtropics.

The crucifer breeding program succeeded in breeding heat-tolerant Chinese cabbage varieties, which enable
production of this crop under the hot-wet climate of the tropics and subtropics. In the hope of breeding
heat-tolerant varieties through a similar breeding protocol, common cabbage was added as a principal crop
in 1992. Common cabbages are produced in the highland tropics, and moderately heat-tolerant hybrids are
supplied by several seed companies. The seeds of these hybrids are often inordinately priced.

In 1995, results of the monthly planting of several common cabbage varieties defined constraints in summer
common cabbage production: low heading ability, small head formation, and high incidence of diseases
and insects.

From a collection of 45 commercial cabbage varieties, 8 were selected for their high-yielding ability during
the hot-wet season. A backcross breeding project was initiated to incorporate turnip mosaic virus (TuMV)
resistance, which was identified in two lines of Chinese cabbage by their immune responses to five known
strains of the virus, into elite lines of heat-tolerant Chinese cabbage. To develop inbred lines with elongated
head conformation, 196 plants were selected from three segregating populations for their head shape and
heat-tolerance.

To further enhance the level of heat tolerance in 9 composite populations 100 plants were selected from a
total of 1685 plants to form a source population for a recurrent selection program, which was proposed to
substitute for composite population strategy. The backcross program for the introduction of ogura cytoplasmic
male sterility (CMS) into Chinese cabbage was proposed to be terminated, since no progress has been
achieved for many years in finding plants without chlorosis symptom under low temperature conditions.
New sources of CMS are needed.

Major activities in 1996 focused on (1) development of elongated-head type Chinese cabbage, (2)
improvement of heat tolerance in Chinese cabbage through population improvement, (3) introduction of
cytoplasmic male sterility and turnip mosaic virus resistance into Chinese cabbage, (4) evaluation of common
cabbage varieties for early flowering and heat tolerance, and (5) physiological study on heat stress and

tolerance in common cabbage.
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Genetic resources enhancement and

varietal development

Genetic resources activities

The Brassica germplasm collection of AVRDC
consists of 1510 accessions (table 1) 14 of which
were acquired during the year (table 2).

Thirty-six accessions of the Brassica rapa group were
regenerated. Of the total 33 came from China, 1
from Taiwan, 1 from Thailand, and 1 is of unknown
origin. In common cabbage, 5 black rot-resistant
lines from the USA, 5 varieties from China, and 1
each from Brazil, Japan, and USA, were
regenerated at the Mei-fong farm of National

Table 1. AVRDC Brassica germplasm collection, 1996

Species No. of accessions
B. juncea 36
B. napus 9
B. oleracea 7
B. oleracea var. alboglabra 10
B. oleracea var. botrytis 6
B. oleracea var. capitata 17
B. oleracea var. gongyloides 1
B. rapa 859
B. rapa var. Chinese cabbage 22
B. rapa var. Saishin 1
B. sp. 542
Total 1510

Table 2. Brassica germplasm acquired in 1996

Acc. no. Variety name Species Origin
TB 641 - Chinese kale ~ Malaysia
TB 642 Kailan Cauliflower Malaysia
TB 643 75-2¢ Cauliflower India

TB 644 234-S Cauliflower India

TB 645 235-S Cauliflower India

TB 646 Pant Shubhra Cauliflower India

TB 647 Tsao Muam Pai C. cabbage China

TB 648 Chu Tung Pai C. cabbage China

TB 649 Fan Hsin Huang C. cabbage China

TB 650 Fan Hsin Pai C. cabbage China

TB 651 Shu Hsin Ching C. cabbage China
Pai Kuo

TB 652 Fan Hsin Huang C. cabbage China

TB 653 Tung An Pai Tsai C. cabbage China

TB 654 Chang Pu Wan C. cabbage Taiwan
Sheng Hei Yeh
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Taiwan University. All 13 accessions produced
seed; the amount harvested depended on the
number of plants that germinated and that reached
the reproductive phase.

So far, 315 accessions have been completely
characterized for vegetative and reproductive
traits. Only 108 accessions have been characterized
for flower and silique traits. A summary of the
characterization of the 36 accessions regenerated
in 1995-96 is shown in table 3.

Five hundred and sixty-two accessions have been
regenerated, 549 (98%) of which have enough seed
for long-term preservation.

Eighteen countries and territories received 249 out
of 405 samples of crucifer germplasm. The rest went
to the regional center in Thailand, the regional
program in Africa, and headquarters. Samples were
used by Center scientists for summer leafy
vegetable production trials; cool season
observation, TuMV strain confirmation, summer
planting, purity testing, evaluation for heat
tolerance; for control in screening for black rot
resistance, and for TuMV inoculum production.

Registration, passport, distribution, and seed
inventory databases were updated.

Table 3. Flower and silique traits of 36 accessions of
Brassica regenerated in 1995-96

Trait Value
Flowering behavior annual
Flowering stalk color green
Petal color yellow
Flower stalk bloom absent
Silique length (cm) 2.18-5.45
Silique width (cm) 0.55-0.74
Beak length (cm) 0.37-1.85
Silique color green
Silique attitude erect
Silique hairiness absent
Silique shattering low

No. of seeds/silique 11.3-28.2
Silique carination keel absent
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Development of heat-tolerant populations of
Chinese cabbage with elongated-head type

One of the major obstacles in popularizing
AVRDC'’s tropical Chinese cabbage in some
countries is its round to near-round head
formation. Consumers are more familiar with
cultivars with an elongated head shape,
particularly "Wong Bok” which is popular in the
tropical highland production regions. The
development of heat-tolerant Chinese cabbage with
elongated head shape would thus help popularize
this crop in many tropical countries. To develop
inbred lines, S5 (selfed) seed were produced from
1995 selections and evaluated in mid- to late
summer to select the most heat-tolerant plants with
elongated-head type.

Plants with medium-long to long head
conformation were found in all batches (table 4).
In the families derived from 77-35, however, only
a few lines showed elongated head shape. Several
lines derived from cylindrical type and 77-27
showed medium-long or long head conformation,
and some lines showed the typical shape of
Michihili or laxa types. The heat tolerance level, as
estimated from percent heading, was low in the
population derived from cylindrical type and 77-
35. Four out of 16 and 5 out of 23 families showed
less than 10% heading rate, respectively. In the
families derived from 77-27, only 3 out of 67
families showed less than 10% heading rate, and
24% of the families showed over 80% heading rate.

Table 4. Summary of heat tolerance level and
performance of families with elongated head
shape from three different populations, summer

1996
Origin Maturity* % heading® Head Uniformity®
length®
Cylindrical type ~ ML-L  0-75(31) M-L 2-5
77-27 M-L  0-100 (56) S-L 2-5
77-35 M-L  0-90 (41) S-L 4-5
ASVEG#1 (ck) VE 100 S 5

2 E = early; ME = medium early; M = medium; ML = medium late;
L = late; VE = very early.
® Numbers in parentheses are average percent heading of the population.
¢ S = short; M = medium; ML = medium long; L = long.
¢1 =poor; 5 = excellent.
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Except for a few families, all the rest showed an
acceptable level of uniformity. One or two
generations of inbreeding should be enough to
generate inbred lines. A total of 16 families were
selected from the three populations for their
heading conformation, heat tolerance, and general
performance. Plants with many leaves were
visually selected for generation advance. The
selected plants were moved to the screenhouse for
vernalization and pollination.

Combinations between families of cylindrical type
and Chang Puh line CT1-32 were evaluated for
their performance during the hot-wet season (table
5). All the combinations showed elongated head
formation and large plant weight. None of the
combinations, however, yielded more than ASVEG
#1 largely due to relatively small head size. The
combinations were also heavily infected by softrot.
None of the combinations showed ideal medium-
long head conformation and sizable head.

Table 5. Horticultural characters of F s between
elongated lines and Chang Puh in summer 1996
Combination Plant Head wt.  Yield DAT®2  Head

wt. (9) (9) (t/ha) length
(cm)
95688-3 /
CT1-32 24770 1,140c 19.0bc 46b  22.5a
95694-1/

CT1-32 2,812ab 1,486ab  22.2b  45b 22.7a
95694-2 /

CT1-32 2,841ab  1,362abc  22.7b  47b 22.7a
95694-3 /

CT1-32 2,631ab  1,092¢c 6.0d 50c 22.7a
95695-5 /

CT1-32 2,378b
95697-2 /

CT1-32 2,708ab 1,489ab  15.9c  46b 22.8a
95699-4 /

CT1-32 3,028a  1,617a 22.8b  47b 22.7a
ASVEG #1

(ck) 1915¢c  1,225bc  32.7a  36a 16.8b
Sown on 12 August and transplanted on 3 September.

Mean separation within column by DMRT at P = 0.05.

2 Days to maturity from transplanting.

1,368abc  22.8b 45b  21.3a
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Development of heat-tolerant populations of
Chinese cabbage through population improvement

Composite populations were initially made in
1989-1990 cool season to maintain the heat
tolerance gene(s) and to ensure maximum
utilization of the heat-tolerant genetic materials.
Heat-tolerant lines were grouped into three types,
i.e., Chang Puh, ASVEG #1, and semitropical type,
according to head shape, hairiness, and other
horticultural characteristics. The composite
populations were further developed by mass
selection for eight generations. Another class of
population was generated after three generations
of mass selection by bulking equal amounts of
selfed seed in each generation.

Beginning 1996, a population improvement
strategy was initiated to further enhance heat
tolerance level of populations of these two classes
while maintaining variation of head shape in the
population. The populations were surveyed for
early maturity during the hot-wet season. The seed
were sown on 5 August and transplanted to the
field on 23 August. The populations, which
consisted of approximately 600 plants were
surveyed two to three times for their earliness and
head shape.

Alarge variation in heat tolerance, head shape, and
midrib shape was observed in each population
(table 6). With such a level of variation, each
population was considered appropriate as the base

population for population improvement. Around
100 plants from each population were selected for
breeding manipulation. Selection was primarily
based on maturity. Head shape was considered as
a second criterion when the selected plants were
outnumbered. The generation from the selected
plants is being advanced during the cool season
according to each of the breeding schemes.

Incorporation of cytoplasmic male sterility into
Chinese cabbage through backcrossing

The previous cytoplasmic male sterility backcross
breeding project was terminated because of the
development of leaf chlorosis under low
temperature conditions. To develop a simple and
a stable system of hybrid seed production,
however, a new source of CMS is being sought for.

A CMS accession, NY8481, was acquired from
Cornell University. The accession was synthesized
by protoplast fusion between ogura CMS and a
normal plant to produce a CMS line which does
not exhibit chlorosis under low temperature.
During the summer season, plants were induced
to flower and keptin a growth chamber maintained
at22°C. During or after the vernalization period at
4°C, all the plants did not show chlorosis, but
showed typical male sterility of ogura CMS. Wide
variation was observed in leaf morphology, flower
size and color among the plants, but all plants
produced seed normally. To introduce the male

Table 6. Properties of base population and number of selected plants from each population
Population? Proportion matured on® Head shape of® Total No. of
30 DAT 35DAT 40DAT 45DAT 50 DAT HS®  selected plants no. selected

Bulk; Chang Puh 38 27.3 17.8 DC, D, CP, EDC 611 128
Bulk; ASVEG #1 1.7 21.5 29.5 7.1 DC, EDC, EA A 589 144
Bulk; Late mature 0.9 14.3 294 24 EDC, DC 582 114
Mass; Chang Puh 0.7 141 18.4 12 DC, EDC,A, L 581 120
Mass; ASVEG #1 0.5 16.6 318 4.1 DC,EDC,EA A 584 110
Mass; Late mature 5.3 13.4 18.1 20.3 EDC,DC, L 580 107
ASVEG #1 10 83 6.7 120 -

2 Bulk: Population consisted of bulked seeds of selfed progeny; Mass: Population originated from mass selection.
® Difference between the sum and the unity is the proportion that matured later than the last survey.

¢ Proportion of nonheading (heat-sensitive) plants.

9 Bold faced type is majority. A= ASVEG #1, CP = Chang Puh, D = depressa, DC = depressa x cylindrica, E = elongated, L = laxa.

32

AVRDC



sterility trait into heat-tolerant Chinese cabbage,
crosses between the line and four heat-tolerant lines
were made. A total of 599 seed were produced from
the crosses (table 7) and the progenies were raised
for selection of seed plants for backcrossing.
Progenies from white-flowered plant showed
severe lobation and wax deposition on leaves.

Table 7. Production of F, seed between CMS line
NY8481 and several heat-tolerant lines
Recurrent parent

CMS line CT1-32 N4-2 0-2 180
NY8481
(Yellow flower) 177 90 90 190
NY8481
(White flower) 40 - - 80

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

The acceptable common cabbage variety for
summer cultivation in the tropics should have high
heading ability, high-yielding potential (large head
formation), short growing period, and high
resistance to softrot and blackrot. In addition to
these, low chilling requirement for vernalization
is needed to ensure seed production. Thus,
common cabbage collections were evaluated for
heat tolerance and easy flowering under natural
conditions.

Cabbage lines derived from 23 accessions were
observed for their flowering response under
natural conditions during the 1995-96 winter. The
lines were sown on 15 November 1995 and
transplanted on 19 December. Lines derived from
variety Yehshern flowered and produced seed
successfully, but lines derived from Probhati, an
early flowering cabbage that produces seed in
Bangladesh, flowered late and failed to produce
seed. Two local varieties and two breeding lines
acquired from the Taiwan Seed Improvement and
Propagation Service (TSIPS, formerly TSS)
flowered earlier than Probhati, but not early
enough to ensure seed production.
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To characterize flowering and devernalization in
cabbage, stumps of five varieties (KK-Cross, KY-
Cross, Choon Chiou, Zhong Gan #8, and Probhati)
were vernalized in a 5°C cold chamber. The plants
were sown on 15 November 1995 and transplanted
on 19 December. The treatment was initiated on 26
March 1996, and the stumps were treated up to a
maximum length of 35 days. After the treatment,
plants were kept in a growth chamber maintained
at 22°C and 16-h photoperiod. Bolting and
flowering were surveyed until 7 June, but, even
after long vernalization, only Probhati showed
bolting and flowering. The result suggested that
cabbage needs a fairly long duration of
vernalization for bolting and flowering.

Forty-six cabbage varieties were grown in the field
during the summer-wet season observation trial.
Headed varieties matured from 47 to 91 days after
transplanting (DAT). Twenty-five varieties had
more than 80% harvest rate. The heaviest heads
were obtained from KS-Cross from Seoul Seeds
(Korea) with an average head weight of 906 g. The
top five varieties were KS-Cross, KK-Cross,
Summer Queen, KY-Cross, and Choon Chiou. They
yielded 24-19 t/ha and exhibited perfect heading
and harvest rates.

Several varieties produced small heads of
approximately 400 g, but showed perfect heading
rate under hot-wet conditions (table 8). Some

Table 8. Performance of small-headed cabbage varieties
in 1996 hot-wet season®
Variety Source DAT® Head Vield
wt. (g) (tha)°

Golden
Cross 40 Takii Seeds, Japan 47 407 109
T-621 Takii Seeds, Japan 62 398 106

BSS 50  Bejo Seeds, Netherlands 56 332 7.7
V 0410 S & G Seeds, Netherlands 52 376 10.0
Alaska

Cabbage Takii Seeds, Japan 55 145 3.9
KK-Cross
(ck) Takii Seeds, Japan 59 868 232

@ Sown on 17 June and transplanted on 16 July.
® Days after transplanting to harvest.
¢ Yield was based on spacing of 50 x 50 cm.
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varieties matured earlier than the check, KK-Cross.
Adaptability and yield potential of this group
should be explored under tropical and subtropical
conditions utilizing a closer planting density.

Incorporation of TuUMV resistance into

inbred lines of Chinese cabbage

To identify more resistant material against TuMV,
a total of 82 new introductions were screened
against C5 or a mixture of five TuMV strains (table
9). Fifteen accessions showed highly resistant or
immune responses against the strain in both visual
ratings and ELISA test. Four of the resistant
accessions were immune or resistant to the mixture
of five TuMV strains. Ten common cabbage lines
were screened for resistance to C2 and C4, and all
were found to be resistant.

In an attempt to develop TuMV-resistant lines, a
backcross breeding scheme was initiated to
incorporate the resistance gene(s) of BP 58 and BP
79, which were previously identified as resistant
to all known TuMYV strains, into two heat-tolerant
lines, B 18 and E 9. Backcross progenies of BC, and
BC, were screened against C1 + C5 strain mixture
(table 10). The resistant plants will be further
backcrossed to recipient lines.

Table 9. Summary of 1996 TuMV resistance screening
Strain Total no. lines  No. lines  No. lines
screened  resistant heterogeneous
for resistance

C, (singly) 106 15 7
C,+C, (mixed) 10 100 -
C,+C,+C+C,+C, (mixed) 4 3¢ 1

aCAAS 1,2, 4,13, Shern Yang, Jin Hybrid G55, 75, 80, Beijing #70, 75,
Chin Huai 169, Shuang-Chin 156, Hybrid M4 (Fujou), Sin-Kong-Bin
65 (Choang Nong) Lu Bao.

® Common cabbage: Shiafong #1, KK-Cross, Zhong Gan #8, Taiwu,
Probhati, Choon Chiou, Copenhagen Market 55 days No. 1, Delicious,
KS Green, Summer Sea YR.

¢ CAAS #4, CAAS #2, CAAS #13.
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Table 10. Screening results of backcross population
against TuMV C1+C5 strain mixture

Pedigree Description Elisa reaction?
(BP 58-3/B 18)/B 18° BC,F, (RP1) 30/40
[(BP 58-3/B 18)self]/B 18  BC,F, (RP1) 2251285
[(BP 79-3/B 18)/B 18%self  BC,F, (RP1) 287/288
(BP 58-3/E 9)IE 9* BC,F,(RP2) 9/47
[(BP 58-3/E 9)self)/E 9 BC/F, (RP2) 156/300
(BP 79-3/E9)E 9 BC,F, (RP2) 1/60
B 18 Recurrent parent 1 (RP1)  23/23
EQ Recurrent parent 2 (RP2)  24/24
BP 58-3 Resistant check 019
BP 79-3 Resistant check 0/14
B 96 Susceptible check 23/23

2 No. of positive reactions / No. of tested plants.

Yield trial of common cabbage varieties

A series of plantings of several selected common
cabbage varieties was conducted to select the best
parents for breeding a heat-tolerant variety.
Probhati was included along with six moderately
heat-tolerant and two heat-sensitive varieties. The
varieties were planted four times during the hot-
wet season and once in the cool-dry season (May,
June, July, August, and November).

The varieties sown in June showed the highest heat
stress (fig. 1). The lowest head weight, heading rate,
and yield (data not shown), and highest incidence
of softrot and longest days to maturity were
observed in the June sowing. June to August
seemed to be the most heat stressful period. For
heat tolerance screening, therefore, sowing of trials
should be carried outin June. In this planting date,
two heat-sensitive varieties and Probhati showed
very low head weight and heading rate (< 30 %),
and the highest incidence of softrot.

KK-Cross had the highest head weight in all
sowing until August, while Probhati showed
extremely low head weight in all plantings. In the
June sowing, the head weights of KK-Cross and
Probhati were 776 g and 161 g, respectively (table
11). Probhati and the heat-sensitive varieties
matured about 10 days later than the other
varieties. Both KK-Cross and Shiafong #1 were
selected as a source of heat tolerance and other
characteristics.
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Fig. 1. Head weight and heading rate of common cabbage sown at different times

Table 11. Performance of several common cabbage
varieties in June planting, 1996

Variety DAT®  Heading Head Softrot Yield
rate (%) wt (g) (%)  (tha)
KK-Cross 56ab  100a 776a  68d 6.2de
Shiafong #1 56ab  100a 732ab  33ab 11.2ab
Zhong Gan #8 66¢c 87b  382d  55cd  3.3ef
Taiwu 70d 6d  331d 47bc 0.5f
Probhati 67¢c 32¢c 161e  36ab  0.9f
Choon Chiou 56ab 100a  637b 67d  5.6de
Delicious 57ab 100a  495¢  19a  10.3abc
KS Green 55a  100a  656b  32ab 12.1a

SummerSeaYR 56ab  99a  651b  57cd  7.2cd
Sown on 17 June and transplanted on 11 July.

Mean separation within columns by DMRT at P = 0.05.

2 Days after transplanting to harvest.

Heat stress/tolerance in common cabbage

This study investigated the growth and
development of heat-tolerant and sensitive cabbage
varieties under high temperature conditions and
genetic diversity/similarity with RAPD analysis.

First experiment. Seed of Shiafong #1, KK-Cross,
Zhong Gan #8, Taiwu, and Probhati were
transplanted on 15 May, 13 June, 11 July, and 19
August. Three plants each were sampled at 0, 20,
40, and 60 DAT and at the final harvest. Fresh
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weights of various plant parts, i.e., head, stem, leaf,
and petiole were recorded. Mean minimum and
maximum temperatures and total precipitation
during the experimental period ranged from 22.9
t0 32.9°C and 86 to 629 mm, respectively.

Second experiment. DNA of 10 cabbage varieties
for the study on heat tolerance was extracted.
RAPD analysis was conducted with 16
microsatellite primers and 7 random decamers
purchased from the University of British Columbia.
DNA amplification was carried out in either Perkin
Elmer Cetus DNA thermocycler model 480 or
Thermolyne thermocycler. The amplification
program for microsatellite primers was: 3 cycles
of 94°C for 1 min, 50°C for 1 min, and 72°C for 2
min, followed by 40 cycles of 94°C for 30 sec, 50°C
for 30 sec, and 72°C for 1 min, ended by 72°C for
10 min. For the random decamers the program was
the same except that the annealing temperature
was reduced from 50 to 40°C. Amplification
products were resolved electrophoretically on a
2.0% agarose gel. To analyze genetic similarity
among cabbage varieties polymorphic fragments
were scored 1 for the presence or 0 for absence of a
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fragment. Only major fragments were scored in the
data analysis. Genetic similarity was analyzed with
the computer program NTSYS-pc ver. 1.80.
Similarity matrices using simple matching
coefficients were calculated and subjected to cluster
analysis by unweighted pair group method
analysis (UPGMA) and principle component
analysis (PCA).

Among five varieties investigated, KK-Cross
showed the most stable heading character,
followed by Shiafong #1 and Zhong Gan #8 (fig.
2). Two typhoons came at the end of July and the
beginning of August. Under natural stress
conditions KK-Cross seemed to be the best variety
in terms of heat and flooding tolerance. Shiafong
#1 produced marketable heads, but was not so
tolerant to high soil moisture.

KK-Cross and Shiafong #1 tended to have wider
petiole base than the other varieties (fig. 3). Length
of petiole was longest in Taiwu and shortest in
Probhati. The wide petiole base may indicate a
better translocation channel, especially under stress
conditions. Since heading under high temperature
conditions is related to the efficient acropetal
translocation of water and inorganic nutrients for
photosynthesis and water balance, it is reasonable
for high-yielding KK-Cross and Shiafong #1 to
have both high blade biomass and wide petiole
base. The ratio of stem weight/head weight
seemed to decline in cool temperature planting (fig.
4), and this ratio tended to be lower in heat-tolerant
varieties than in sensitive ones. Reduction in sink
demand might be the cause of photosynthate
accumulation in the stem under high temperature
conditions as well as in the heat-sensitive varieties.

==L Shiafong #1
wun@uuss - KK-Cross

as2a@eaaa Zhong Gan #8

mmmafmnas  Taiwu

PR Probhati

100

80

Fig. 2. Harvest index of 5 cabbage varieties planted in May, June, July, and August
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Fig. 3. Leaf blade fresh weight and basal petiole width of 5 cabbage varieties at 20 days after transplanting
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Fig. 4. Stem/head ratio (% of fresh weight) of 5 cabbage varieties at the final harvest, i.e., 55-69, 60, 56—
82 and 49-70 DAT for May, June, July, and August plantings, respectively
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The RAPD profile of 10 cabbage varieties was quite
polymorphic. The similarity matrices based on 71
bands produced by 23 primers ranged from 0.394
to 0.718 (table 12). The closest varieties were KK-
Cross (Takii, Japan)/Zhong Gan #8 (CAAS, China)
and Zhong Gan #8 (CAAS, China)/Choon Chiou
(Taiwan), with a similarity level of 0.718. The most
distant varieties were Probhati (Bangladesh)/

Table 12. Similarity matrix of 10 cabbage varieties

Summer Sea YR (Japan) and KK-Cross (Takii,
Japan)/Delicious (Watanabe, Japan) with a

similarity level of 0.394.

Two subgroups, Shiafong #1 (Taiwan)/Taiwu
(Taiwan) and KS Green (Japan)/Summer Sea YR
(Japan), have similarity levels of 0.66 and 0.69,

respectively.

Shiafong #1 KK-Cross ~ Zhong Taiwu

Probhati

Choon Copenhagen Delicious KS  Summer

Gan #8 Chiou Market Green Sea
Shiafong #1 1
KK-Cross 0.62 1
Zhong Gan #8 0.65 0.72 1
Taiwu 0.66 0.59 0.62 1
Probhati 0.55 0.56 0.56 0.41 1
Choon Chiou 0.62 0.58 0.72 0.62 0.51 1
Copenhagen Market 0.63 0.62 0.62 0.63 0.49 0.62 1
Delicious 0.52 0.39 048 . 058 0.46 0.62 0.46 1
KS Green 0.54 0.55 0.63 0.51 0.51 0.55 0.59 0.51 1
Summer Sea 0.59 0.63 0.55 0.54 0.39 0.49 0.56 0.45 0.69 1

38

AVRDC



Eggplant Improvement

Eggplant (Solanum melongena) is a common vegetable crop grown in nearly all types of gardens and
production systems in the subtropics and tropics. Its growth duration is relatively long, hence, it is subject
to a number of constraints. AVRDC added eggplant as one of the principal crops in 1992. The improvement
goal for eggplant is to develop stable and high-yielding varieties /lines with improved fruit quality attributes
and integrated pest management for major diseases and insect pests, such as bacterial wilt Ralstonia
(Pseudomonas) solanacearum, phomopsis blight (Phomopsis vexans), fruit and shoot borer (Leucinodes orbonalis),
and cotton leafhopper (Amrasca biggutulla biggutulla) with emphasis on host resistance/tolerance and
biological control in the tropics and subtropics.

In 1995, germplasm collection, multiplication, and characterization continued, and a worldwide collection
of eggplant varieties was assembled.

Observational and elite variety trials were conducted on 152 entries to identify desired genotypes for use in
the improvement program or for recommendation to the national agricultural research systems (NARS). A
large diversity in yield, horticultural characteristics, and fruit quality was observed in the observation trial,
while significant differences in marketable yield among the entries were observed in the elite variety trials.

Sources of bacterial wilt resistance were further evaluated to confirm their resistance. Of more than 200
eggplant accessions screened, six showed consistently low disease indices in both greenhouse and field
trials.

A field screening protocol for bacterial wilt was developed and adopted.

Center entomologists developed a semisynthetic diet for the mass production and rearing of eggplant fruit
and shoot borer, the most destructive pest of eggplant in Asia. The diet is being evaluated in the laboratory.

Research activities in 1996 focused on (1) germplasm collection, regeneration, characterization, and
preservation, (2) evaluation of germplasm and elite varieties, (3) identification of new sources of resistance
to bacterial wilt, (4) evaluation on the stability of bacterial wilt resistance sources, (5) development of bacterial
wilt-resistant lines and varieties, and (6) screening germplasm for resistance to leathopper and cotton aphid

(Aphis gossypii).
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Genetic resources enhancement and
varietal development

Genetic resources activities

Sixteen eggplant accessions were acquired in 1996
bringing the total number of accessions in the
eggplant collection to 2246. The new acquisitions
include one each of S. mammosum from Taiwan
(planted as an ornamental) and S. viarum from
India (a wild species reported resistant to eggplant
fruit and shoot borer), 12 S. melongena, and 2
Solanum sp. The total collection now includes 42
species from 60 countries.

A total of 60 Solanum melongena accessions from 14
countries were regenerated in fall 1995.

Sixty-six accessions including variants of the same
accessions were characterized. Most of the
accessions germinated in 4-5 days. Highest 100-
seed weight (0.8 g) was noted in Badinjan from Iran.
Highest number of locules/fruit (10) was in S 399
from Canada, while highest number of fruit/plant
(80) was observed in S 362 from India.

To date 413 accessions (18%) have been
regenerated. Seventeen percent have enough seed
for the base collection.

A total of 782 samples were sent to 32 countries
and territories. Center scientists requested 276
samples for bacterial wilt screening, grafting, and
screening and germplasm evaluation for resistance
to fruit and shoot borer.

Registration, passport, distribution, and seed
inventory databases were updated.

Evaluation of eggplant cultivars and germplasm

New collections of eggplant cultivars and
germplasm were tested in the field to observe their
general performance.

40

Observation trial
An observation trial consisting of 121 entries

including six check varieties was planted in the
field without replication. These entries included 25
commercial cultivars from the USA, Japan, Taiwan,
and other countries, and 90 germplasm accessions
mainly from India, Turkey, and China. The entries
were planted in a single-row plot of 9 m* consisting
of 12 plants with 1.5 X 0.5 m spacing.

Yield and horticultural characteristics among
entries varied widely (fig. 1). Entries had mainly
purple fruits with cylindrical or oval and round
shapes. One hundred entries matured in 90-100
DAT. The yields in the first 2 months ranged from
4 to 84 t/ha with a mean of 49 t/ha. Sixty entries
(50%) yielded above 50 t/ha. Cica, a phomopsis
blight-resistant variety from Brazil, gave the
highest yield. About 60% of the entries produced
20-40 fruit per plant, and 59% had fruit weights in
the 100-200 g range. Genotypes with desirable
traits such as early maturity (S 195, Early Bird,
Orient Express), erect plant with fewer branches
(S 248 sib, S357A, S 357B), and high yield potential
(5195,5172, S 174) were identified.

Elite variety trial

Three elite variety trials (EVT) were conducted in
1995-96. The experimental design was randomized
complete block design (RCBD) with four
replications. The single-row plot size was 9 m* (1.5
X 6.0 m) consisting of 12 plants with 1.5 X 0.5 m
spacing. The same entries consisting of 19
cylindrical fruit type (CF) varieties and 21 round
fruit type (RF) varieties were used in both 1995
summer and autumn trials. In the 1996 spring trial,
38 entries including 24 CF and 13 RF types were
evaluated.

In each EVT within the same fruit type, differences
in marketable yield among the entries were
significant. Generally, yield in the autumn crop was
higher than that in summer and spring (table 1). In
summer, the plants produced less branches, lower
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Fig. 1. Distribution of horticultural characteristics among 121 eggplant entries
Table 1. Mean yield and horticultural characters of eggplant varieties in various seasons, EVTs, 1995-96°
Trial season Fruit type® Mean mkt. Plant height No. of Days to No. of Fruit wt.
yield (tha) (cm) branches maturity fruit/plant (9)
Summer 1995 CF 226 87 5.9 77 25 76
RF 23.0 94 58 78 16 152
Autumn 1995 CF 446 100 7.1 126 41 89
RF 52.8 106 7.1 127 29 184
Spring 1996 CF 255 17 6.8 87 27 78
RF 28.6 108 6.4 77 23 128

2 No. of entries: summer and autumn 1995: 19 (C) 21
® CF = cylindrical type, RF =

1996 Report

round or teardrop type.

(R); spring 1996: 24(C) 13(R).
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number of fruit per plant, and a smaller fruit size,
and the fruit matured in a shorter time resulting in
lower yields compared to that of the autumn crop.

For the CF type, average yields were 23, 45, and 26
t/ha, while for the RF type, mean yields were 23,
53, and 29 t/ha for summer, autumn, and spring
trials, respectively. The best yielders in summer,
autumn, and spring were CF: Swallow Med Long
F, (28 t/ha), White Eggplant (54 t/ha), and Niu-
chiao (40 t/ha); RF: BB-13-1 (33 t/ha), Othello F,
(70 t/ha), and Pant Rituraj (42 t/ha), respectively.
In the same crop seasons, the yields of the check
Pingtung Long (CF) were 22, 42, and 25 t/ha,
respectively. Marketable yields were highly
associated with maturing time, number of fruit per
plant, and fruit weight. -

Eggplant yields varied with varieties and crop
seasons. Based on 1995-96 trials, eggplant
produced the best and stable yield in autumn crop.
Irrespective of types and varieties, the mean yield
in autumn was 49 t/ha compared to 23 t/ha in
summer and 27 t/ha in spring. Generally, yield

variations among the crop seasons were observed

in most of the EVT entries. Niu-chiao, a variety
introduced from China, produced stable yields
over different seasons (fig. 2). The high autumn
yield was attributed to the plants producing more
branches and fruit, and maturing in a longer time
with larger fruit sizes compared to other seasons.
In addition, a stability analysis of 29 varieties in
three seasons in 1995 indicated that 21 varieties
exhibited good stability in yields with their
regression coefficient (b) withinb =1.0+0.3 (fig. 3).
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Fig. 3. Relationship of regression coefficients and mean
yields of 29 eggplant varieties in 3 seasons

Long Eggplant Round Eggplant

EG 80 Niu-chiao

EG 66 Pusa Kranti

Fig. 2. Performance of 4 eggplant varieties
in 3 growing seasons
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Evaluation of germplasm for resistance to
bacterial wilt

More than 300 accessions of eggplant were
screened for bacterial wilt resistance (BWR) in the
past three years. Among these, 17 accessions have
been identified and confirmed to have a high level
of resistance under both greenhouse and field
conditions. These resistant sources were collected
from Indonesia, India, Italy, Malaysia, Netherlands,
and Thailand.

Breeding for bacterial wilt resistance

Selection for bacterial wilt resistance in

hybrid progenies

Eight F, populations of eggplant crosses were
screened for BWR at seedling stage in the
greenhouse using the soil drenching with root-
severing method. A total of 4293 symptomless
seedlings (71%) were transplanted in the disease

nursery for further selection of earliness, plant type,
fruit appearance, yield potential, and others. At
fruiting stage, individual plants were selected
among surviving plants of the populations. About
85% of the field-planted plants or 60% of total
plants remained symptomless in the field at the end
of the trials (table 2). Among them, 218 plant
(6%) with good horticultural
characteristics were advanced to the next

selections

generation (F,).

Twenty-two F, lines derived from three crosses
were also screened for BWR in the greenhouse.
Among 2069 plants, 1617 plants (78%) were
identified as symptomless at seedling stage (table
3). At the termination of the trials, about 60% (1179
plants) of the total populations were symptomless
in the field. A total of 108 plants (9%) were selected
from these symptomless plants for advancement
to F, generation.

Table 2. Results of screening and selection for bacterial wilt resistance in eggplant F, populations
Pedigree Greenhouse (no. of plants) Field (no. of plants)
Screened? Symptomless Planted Symptomless Selected

CSB 28 F, (EG 117/S 1BWR) 576 314 3N 236 18
CSB 30 F, (EG 117/S 66BWR) 96 41 41 24 4
CSB 42 F, (EG 17/EG 014) 958 612 605 427 32
CSB 43 F, (EG 117/EG 026) 960 705 703 609 56
CSB 46 F, (EG 117/EG 124) 767 555 546 477 30
CSB 47 F, (EG 117/EG 125P) 924 750 736 657 22
CSB 48 F, (EG 117/EG 125W) 821 621 608 529 10
CSB 49 F, (EG 014/EG 117) 959 748 743 679 46
Total 6061 4346 4293 3638 218
2 Inoculated with PSS97 by soil drenching.
Table 3. Results of screening and selection for bacterial wilt resistance in eggplant F, populations
Pedigree Greenhouse (no. of plants) Field (no. of plants)

Screened? SL® Planted SL Selected
CSB8-1to F, (EG014/S1BWR) 1019 750 676 429 71
CSB 8-11 (11 lines)
CSB 10-1 to F,(EG014/S66BWR) 957 783 757 703 37
CSB 10-10 (10 lines)
CSB 20-2 F,(EG037/556B) 93 84 80 47 0
Total 2069 1617 1513 179 108

¢ Inoculated with PSS97 by soil drenching.
® SL = symptomless.
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Development of eggplant varietal hybrids and their
reaction to bacterial wilt
Twenty-four promising varieties (S, susceptible to

bacterial wilt) and six bacterial wilt-resistant
varieties (R) were used as parents to develop
varietal hybrids. Six bacterial wilt-resistant
varieties were EG 192 (Arka Neelkantha), EG 193
(Arka Nidhi), EG 194 (BB-1), EG 203 (Surya), S 7
(MTE 2), and S 64 (Jackpot). A total of 92 hybrids
including 78 of S x R cross combinations and 14 of
R x R crosses were made. These hybrids were
subjected in greenhouse inoculations to bacterial
wilt pathogen (PSS 97) at seedling stage. After 30
days of inoculation (DAI), the reactions of the
hybrids to bacterial wilt were classified based on
% wilt of plants.

Forty-one out of the 92 varietal hybrids exhibited
a high level of BWR with less than 10% wilted
plants (table 4). Among the 41 resistant hybrids, 14
had 0% wilt including 7 hybrids from R X R cross
combinations. The reactions of varietal hybrids to
bacterial wilt varied with the parental
combinations particularly for S X R crosses. In
general, the R X R cross combinations gave a
resistant reaction. Moreover, EG 193, EG 194, and
EG 203 are good resistance sources for use as
parents in developing hybrids with BWR. A yield
trial of some selected varietal hybrids is being
conducted in the field.

Table 4. Reactions of eggplant variety hybrids to

bacterial wilt

BW-resistant  No. of Bacterial wilt reaction?

parent Crosses R MR MS S
EG 192 24 9 7 5 3
EG 193 19 11 6 2 0
EG 194 9 4 3 2 0
EG 203 12 6 3 2 1
S7 17 7 4 5 1
S64 11 4 6 1 0
Total 92 41 29 17 5

2 R: resistant; MR: moderately resistant; MS: moderately susceptible;
S: susceptible.
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To improve bacterial wilt resistance of three
landraces, Pingtung Long, Pusa Purple Long, and
Uttara, crosses were made between them and EG
14, a resistant variety. Three backcrossings were
made to their respective recurrent parents.
Information on the mode of inheritance of BWR is
expected to facilitate the development of resistant
varieties. A genetic study of BWR was initiated 2
years ago using three resistance sources. Possible
cross combinations of F,, F,, and backcrosses were
developed. Evaluation of bacterial wilt reaction for
F, F, and backcrosses was partially done in the
greenhouse. A complete report of the genetic study
will be given in 1997.

Major diseases and insect pests

Screening eggplant germplasm for resistance to
cotton leafhopper and cotton aphids

In most Asian countries, aside from the fruit and
shoot borer, Leucinodes orbonalis, the cotton
leafthopper, Amrasca biguttula biguttula, is
considered a major insect pest of eggplant. It causes
serious damage as a pest and as a vector of plant
diseases.

To combat this pest, AVRDC is evaluating its
eggplant germplasm collection to identify
resistance sources. The collection, consisting of
more than 500 cultivated and wild germplasm
accessions, was tested for resistance to cotton
leafhopper and cotton aphid under field
conditions. Selected plant parameters that could
influence leathopper resistance were also studied.
Seed were sown in small plastic cups that contained
a mixture of sterile soil and rice hull. Seedlings were
grown inside the greenhouse and watered daily
prior to transplanting. Five-week-old seedlings
were used for transplanting in 1.5-m beds in a 2-
ha field. Test accessions were planted between rows
of susceptible Pingtung Long as insect source rows
to obtain high and uniform distribution of
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leathopper and aphid. A visual damage rating scale
of 0-5 (0 =no damage, 1 = 20% leaf area damaged,
2 = 40% leaf area damaged, 3 = 60% leaf area
damaged, 4 = 80% leaf area damaged, and 5 =100%
leaf area damaged) and actual counts of insects per
plant were used to assess resistance. The damage
rating of the different accessions was subjected to
a statistical analysis based on mean (X) and
standard deviation (SD). Accessions with insect
damaged leaf area of less than X - 25D were rated
as highly resistant, those between x - 1SD and X -
25D as moderately resistant, those between x and
X - 18D as possessing low levels of resistance, and
those with more than X as susceptible.

Among 519 accessions screened in the field, 19 and
28 showed high levels of resistance to cotton
leathopper and cotton aphid, respectively.

The Solanum accessions which showed high levels
of resistance to cotton aphid are shown in table 5.

Initial aphid damage symptoms included
yellowing and curling of leaves. Some plants,
specially the most susceptible ones, had grayish to
blackish sooty mold on the leaves.

Damage due to leafhopper was observed as early
as 58 DAT and increased rapidly until 97 DAT. As
expected, the different Solanum accessions showed
variable resistance to leafthopper attack in three
observation dates.

Several accessions were found to have consistently
high resistance to the leafhopper in all three
observation dates (table 6). All of these accessions
were wild Solanum species. At least seven
cultivated Solanum accessions (S 127,135,132, 133,
145, 149, 158) from the Philippines showed
moderate levels of resistance. These accessions
have acceptable horticultural characteristics and
therefore have good potential as parent materials.
Some accessions showed high levels of resistance
to both cotton aphid and cotton leathopper
infestation under field conditions (table 7).
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Table 5. Solanum accessions which showed high level
of resistance to A. gossypii infestation under
field conditions, AVRDC, 1995-96°

Acc. no. Species Pedigree name Origin

TS 26 torvum Malaysia

Terong Dayak

TS 42 unidentified® Malaysia
TS 43 unidentified Dayak Eggplant ~ Malaysia
TS 41 unidentified - Malaysia
TS 37 unidentified - Malaysia
TS 54 macrocarpon - Malaysia
TS 51 petinatum Petinatum Malaysia
TS 207  pseudocapsicum - Malaysia

S 140 melongena Talong Philippines
S 166 indicum Ma-wang Thailand

S 267 unidentified Islampuri Bangladesh
S328 melongena Lamba Kala Bangladesh
S 349 melongena Gole Begun Bangladesh
TS206  pseudocapsicum - Malaysia
TS 2020 melongena Makhuea Proa Thailand

TS 2051 melongena Makhuea Khuen  Thailand

TS 2063  unidentified Makhuea Krob Thailand
TS 2091 melongena Makhuea Yaao Thailand
TS 2154 stramonifolium Ma-uk Thailand
TS 2155 melongena Makhuea khun Thailand
TS 2161  unidentified Makhuea Thailand
TS 2162  unidentified Makhuea Tole Thailand
TS 2168 unidentified - Thailand
TS 2183  unidentified Makhuea Puang  Thailand
TS 2191 unidentified Makhusading Thailand
TS 2160 unidentified Makhuea Tole Thailand
TS 2093 unidentified Makhuea Yaao Thailand
TS 2090 unidentified Makhuea Krob Thailand

@ Transplanting date: 4 October; Observation date: 27 October 1995.
® Unidentified: Wild Solanum species.

Damage rating was positively and significantly
correlated with the total number of cotton
leafhoppers on selected resistant and susceptible
Solanum accessions in all three observations (r =
0.984,r=0.976,and r =0.961, P=0.01, and df = 13).
Of the different plant parameters (i.e., leaf area, leaf
thickness, leaf toughness, leaf color, leaf shape,
trichome density, trichome length, degree of leaf
waxy coating, moisture and dry matter content,
fruit shape and color, flower color, number of
thorns, stem color, internode length, petiole length
and diameter, and leaf shape) studied, only the
length of internode was negatively and
significantly correlated with resistance to the cotton
leafhopper (r = -0.890, r = - 0.846, r = -0.890, P =
0.01, and df = 13). The shorter the internode, the
greater the level of resistance.
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Table 6. Solanum accessions which showed high level
of resistance to A. bigguttula bigguttula damage
in all three screenings, AVRDC, 1995-96°

Acc.no.  Species Pedigree name Origin
TS 13 unidentified® Santok Malaysia
TS 26 torvum - Malaysia
TS 40 unidentified - Malaysia
TS 41 unidentified - Malaysia
TS 42 unidentified Terong Dayak Malaysia
TS 43 unidentified Dayak Eggplant ~ Malaysia
TS 46 unidentified - Malaysia
TS206  pseudocapsicum - Malaysia
TS 207  pseudocapsicum - Malaysia
TS 1947 indicum Maweang Thailand
TS 2086 unidentified Makhuea Krob Thailand
TS 2180 unidentified Makhuea Puang  Thailand
TS 2199 indicum Maweang Thailand
TS 2168 unidentified - Thailand
TS 2173  unidentified Maok Thailand
S 267 unidentified Islampuri Bangladesh
S 273 unidentified Jangti Bangladesh
- macrocarpon - India
S 166 indicum Maweang Thailand
#Transplanting date: 4 October; Observation dates: 1and 15 December
1995 and 9 January 1996.

® Unidentified: Wild Solanum species.

Table 7. Solanum accessions which showed high levels
of resistance to A. bigguttula bigguttula and A.
gossypii infestation under field conditions,
AVRDC, 1995-96°

Acc. no. Species Pedigree name Origin

TS 26 forvum - Malaysia
TS 41 unidentified® - Malaysia
TS 42 unidentified Terong Dayak Malaysia
TS 43 unidentified Dayak Eggplant ~ Malaysia
TS206  pseudocapsicum - Malaysia
TS 207  pseudocapsicum - Malaysia
TS 2168  unidentified - Thailand

S 166 indicum Ma-wang Thailand

S 267 unidentified Islampuri Bangladesh

# Transplanting date: 4 October; Observation dates: For leathopper
resistance - 1 and 15 December 1995, and 9 January 1996. For aphid
resistance - 27 October 1995.

® Unidentified: Wild Solanum species.
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Evaluation of the stability of resistance sources

to bacterial wilt

Seventeen accessions resistant to bacterial wilt were
selected from previous seedling screening trials
conducted under eggplant improvement. To
evaluate the stability of the bacterial wilt resistance,
evaluation trials were conducted by three methods:
(1) seedling screening in the screenhouse with
strain Pss97 (SH); (2) field screening at AVRDC by
transplanting Pss97-inoculated seedlings
(AVRDC); and (3) field screening in a naturally
infested field at the Taiwan Seed Improvement and
Propagation Service, Taichung (TSS).

Symptoms other than wilting were observed in all
the test entries except in the three susceptible ones,
such as necrosis on leaves, yellowing, stem
splitting, and defoliation.

Percentage of wilted plants at the end of the trial
are shown in table 8. Mean percentage of wilted
plants of each entry ranged from 1 to 21% over three
trials. EG 219, EG 203, and EG 192 had the lowest
% wilt and the most stable resistance to bacterial
wilt (table 8).

The mean % wilt for the trials were 22,21, and 17%;
the final % wilt of Bonne, the susceptible check,
were 100, 100, and 96% for SH, AVRDC, and TSS
trials, respectively. Thus, colonization frequency
could be positively correlated with disease
pressure. Based on the combined analysis of
variance, the variables entry, trial, as well as entry
X trial were significant. However, the effect of the
trial was not significant when only data from SH
and AVRDC trials were included in the combined
analysis. This could be due to the use of Pss97 as
inoculum in both trials.
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Table 8. Mean % wilt of eggplant entries evaluated for
bacterial wilt reaction in 2 field trials and 1
screenhouse trial

Acc.no.  Variety name Origin % wilt? f test?
EG219 BB44 India 1 g
EG 203 Surya India 1 g
EG 192 Arka Shirish India 1 g
TS69  Gelatik Indonesia 3 fg
EG 193 Arka Nidhi India 3 fg
TS 90 Indonesia 3 fg
EG 195 BB49 India 3 fg
1S3 Malaysia 4  eqg
TS 47A Malaysia 4 eqg
TS56B  Terong Hijau (R) Indonesia 4 eqg
TS7 MTE2 Malaysia 6 ef
TS 87  Glatik Indonesia 8 df
EG190 SM6-6 India 9 ce
EG 191 Arka Keshav India 12 bd
TS75 Thailand 13 be
EG 014 Slim Jim Italy 15 be
TS64  Jackpot Netherlands 21 b
EG 064 Pusa Purple Long (S) India 9% a
EG 120 Bonne (S) Taiwan 9 a
EG 048 Black Beauty (S) USA 100 a

@ % wilt means are actual values. Analysis of variance and mean
separation were conducted using transformed data by arcsin of the
square root.

Isolation of the pathogen from the collar or lower
stem part was conducted for nine selected resistant
entries (EG 219, EG 203, EG 192, TS 69, TS 3, TS
47A, TS 56B, TS 7, and EG 190) at the end of each
trial. Ralstonia (Pseudomonas) solanacearum was
isolated from all the nine selected lines at the end
of the SH and AVRDC trials. The colonization
frequency was much lower in the TSS trial and the
pathogen can only be isolated from plants of EG
203, EG 192, and TS 69. The range of colonization
frequency was 67 to 100%, 33 to 79%, and 0 to 11%
for the SH, AVRDC, and TSS trials, respectively.
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Strategic and/or supporting studies

Variation in flower types in eggplant

Eggplant bears both long-styled (the stigma is
either above or on the same level as the stamen)
and short-styled (the stigma is below the stamen)
flowers on the same plant. The short-styled flower
(SSF) has a rudimentary ovary which does not
develop into a fruit. Selection of a genotype with
stable and high numbers of long-styled flowers
(LSF) may increase fruit setting and yield.
Flowering in six eggplant genotypes, EG 81, EG
117,510, S 49, S 64, and S 93, was investigated in
the greenhouse. Plants were grown in 30-cm pots,
with six plants for each variety. Dates of flowering,
flower abortion, and flower types were recorded
daily during the 12-week period after the first
flowering.

The number of open flowers varied with genotypes
from 20 to 77 per plant. A large variation was found
among the genotypes in percentages of long-styled
and short-styled flowers. The LSF percentages
ranged from 71 to 99%, while the SSF ranged from
1t029% (table 9). EG 81, a variety from China, had
the highest percentage of LSE. EG 117 (Pingtung
Long) and S 49 also exhibited a high proportion of
LSE In contrast, two varieties, S 10 (from Fiji) and
S 93 (from Indonesia), had a high percentage of SSE.

Differences in flower abortion among genotypes
and between flower types in each variety were
remarkable. For LSE, 8 to 55% (mean = 30%) of open
flowers aborted; while for'SSF, about 55 to 100%
(mean = 84%) of open flowers aborted depending
on the variety (table 9). The flower abortion
occurred 4.9-6.0 days and 6.0-6.7 days after
flowering for SSF and LSF, respectively. In some
varieties, the SSF either aborted totally or set few
fruits which dropped prematurely. Therefore,
genotypes with stable high numbers of LSF may
increase fruit setting and yield.
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Table 9. Percentages of long-styled and short-styled flowers and flower abortion of six eggplant genotypes
Acc. no. Variety Flower
open flowers aborted Days to

no. % no. % abortion
Long-styled flower
EG 81 Pai Chieh Tzu 57.4 99 44 8 6.0
EG 117 Pingtung Long 59.4 95 28.0 47 6.1
S 10 Sitara 454 71 25.0 55 6:5
S 49 18.0 92 4.6 25 6.7
S 64 Jackpot 29.8 82 6.2 21 6.7
S93 Kopek 61.8 80 18.0 29 6.0
Short-styled flower
EG 81 Pai Chieh Tzu 0.8 1 0.8 100 5.2
EG 117 Pingtung Long 3.0 5 24 80 5.1
S 10 Sitara 18.4 29 16.2 88 54
S49 1.6 8 1.6 100 6.0
S 64 Jackpot 6.6 18 5.2 79 54
S93 Kopek 15.0 20 8.3 55 4.9

The number of open and aborted flowers in both
LSF and SSF during the six 2-week periods are
given in fig. 4. Generally, the number of LSF
increased as plants became older. In most of the
test varieties, more than 50% of the total LSFs
opened during the 7-10 weeks after first flowering.

Varieties with high numbers of LSF, such as EG 81
and S 49, produced completely no SSF during the
first 8 weeks after flowering. On the contrary,
genotypes with high numbers of SSE, such as S 10
and S 93, bore SSF throughout the flowering period.

No. of flowers, LSF

No. of flowers

No. of flowers, SSF

No. aborted, LSF

20 —

No. of flowers

No. aborted, SSF

1-2 3-4 5-6 7-8 9-10

= z =
: e
11-12 12 34 5-6 7-8  9-10 11-12
Week Week
—— EGst EG117 —X= s
b S49 Se4 <o 893

Fig. 4. No. of long- and short-styled flowers and their abortion during the 12-week period after flowering in six genotypes

48

AVRDC




Pepper Improvement

The goal of the pepper project is to enhance pepper yield and quality in existing production areas and to
promote its adaptation to new regions in the hot, humid tropics.

In 1995, more than 200 sweet pepper and 100 hot pepper F, populations underwent selection during the
hot, rainy season for combined resistance to bacterial spot (Xanthomonas campestris pv. vesicatoria), Phytophthora
capsici, and chili veinal mottle virus (CVMYV). Inheritance studies seemed to indicate that one dominant and
one recessive gene conferred CVMYV resistance in Perennial and one dominant gene in PSP-11, whereas two
recessive genes conferred resistance to pepper veinal mottle virus (PVMV) in both parents.

The International Chili Pepper Nursery (ICPN) 5 trial, formerly INTHOPE, consisting of 20 lines and
landraces was assembled and seed sets were sent to 22 countries for testing. Some entries possessed resistance
to potato virus Y (PVY), CVMYV, tobacco mosaic virus (TMV), anthracnose, and/or P. capsici.

CVMYV, cucumber mosaic virus (CMV), PVY, and the tobamoviruses tomato mosaic virus (ToMV), TMV,
and pepper mild mottle virus (PMMYV) were found to be the most important viruses in Asia, but tobacco
etch virus (TEV), pepper mottle virus (PeMV), and tospoviruses, which are important in the Western
hemisphere, were shown to be of minor importance.

Resistance to the Taiwan strains of CMV and CVMYV has been confirmed in several lines and additional
sources of resistance to the major viruses were identified in the AVRDC germplasm collection. The presence
of at least seven strains of CVMV and five strains of CMV in Asia has been established.

Distinct responses by some phytophthora blight resistance sources to different P. capsici isolates from Taiwan
suggested the occurrence of pathotypes. Detection of seedborne X. campestris pv. vesicatoria is important to
avoid distribution of the pathogen by seed. PCR was found to be more sensitive, specific, and timesaving
than the conventional seed detection method by direct plating on semiselective media.

A search for molecular markers linked to CVMYV resistance was initiated. Several RAPD markers loosely
linked with CVMYV resistance were identified. Several agrotransformed chili and sweet pepper plants (R )
harboring a truncated CMV RNA-2 replicase gene were generated, some of which were found resistant to
a local pepper strain of CMV.

Project activities for 1996 include genetic resources enhancement, varietal improvement, management of
major pests and diseases, and strategic and supporting studies, such as inheritance studies and the search
for molecular markers linked to important characters.
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Genetic resources enhancement and

varietal improvement

Genetic resources activities

AVRDC'’s Capsicum germplasm collection now
totals 6857 accessions, with 22 accessions of 3
species acquired in 1996 (table 1). The collection
consists of 8 species. Of the total, 119 (2%) have
been identified as Fs and will be excluded from
the active collection.

A total of 288 accessions were regenerated at
headquarters in 1995-96 and 300 at the University
of the Philippines Los Bafios (UPLB). Of these, 283
accessions were characterized following the
International Plant Genetic Resources Institute
(IPGRI) standard set of descriptors.

Only 248 accessions produced enough seeds for the
base and active collections. Thirty-five produced
only a few seeds while five accessions had no seeds.

A total of 4136 seed samples were sent to 48
countries and territories, 298 to the AVRDC
regional center in Thailand, and 31 to the regional
program in Africa. Headquarters scientists also
used samples for hybridization, germplasm
evaluation, screening for fusarium wilt, PVMV, and
watermelon silver mottle tospovirus (WSMV),
grafting trials, and gene transformation.

Registration, passport, distribution, and seed
inventory were updated.

Table 1. The AVRDC pepper germplasm collection, 1996

Species No. of accessions  No. acquired
C. annuum 4,103 13
C. baccatum 359 3
C. chacoense 30 -
C. chinense 380 3
C. eximium 4 -
C. frutescens 365 -
C. praetermissum 4 -
C. pubescens 25 -
C. sp. 1,587 3
Total 6,857 22
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Establishing the AVRDC Capsicum germplasm
core collection. In collaboration with UPLB, an
AVRDC capsicum germplasm core collection was
developed. The core was formed by (1) calculating
ratio variables such as leaf length/leaf width, (2)
eliminating outliers for the different ratio variables,
(3) cluster analysis on ratio variables of the
remaining accessions, (4) selecting representative
accessions for each cluster based on nominal and
ordinal variables, and (5) including accessions with
extreme quantitative traits not contiguous with the
rest. Step 3 grouped the accessions based on
quantitative traits. At least one representative was
taken from each cluster. Steps 4 and 5 included
several qualitative traits.

A core based on the preceding procedure was
formed for each of the following species: annuum,
baccatum, chinense, frutescens, and unclassified
accessions. For each species, two cores were
formed: CORE 1 and CORE 2. CORE 1 is based on
procedures 1 to 4. CORE 2 attempted to include all
the traits present in the species in the accessions
nominated to the core. The result is that CORE 2
includes all accessions listed in CORE 1 plus
additional accessions. CORE 1 (11% of the original)
is smaller than CORE 2 (15% of the original). CORE
1 is suggested to be used unless the researcher is
interested in particular gene combinations. If for
some reason the accession nominated to the core
is not available, an alternate accession from the
same subcluster can be used. All accessions of
species with only a few were included in the core.

The core isnot final. It was based only on accessions
characterized at AVRDC headquarters and
excludes accessions with missing data. As further
characterization takes place and more data become
available the accessions in the list will change. The
core is intended for use by germplasm evaluators.
In the future, only accessions in the CORE will be
included in the active collection.
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Genetic resources evaluation and multiplication
The pepper breeding germplasm collection was
found to contain many accessions with few seeds
and/or poor germination. Therefore, a portion (635
accessions) was multiplied in six different nurseries
for future use. In some cases, the seed amount
obtained was < 5 g and those accessions will be
multiplied again next year. A total of 53 accessions
were lost because the seeds failed to germinate. A
rapid, cheap, easy to evaluate germination test is
needed to determine the % germination of pepper
seeds. Of several methods tested, sterile vermiculite
gave the best results in terms of speed, cost, ease,
and repeatability. The protocol developed is as
follows: sow 25 pepper seeds 1 cm deep in a 3-cm
diam sterile plastic pot with a hole in the bottom
for optimum drainage. Use sterile vermiculite as
the planting medium and keep the pots at 24-26°C.
Water daily and record the number of plants that
emerge at 21 days after sowing. Convert to %
germination by multiplying by 4.

Over 1000 accessions were tested for % germination
using the sterile vermiculite test. Seeds that were
up to 10 years old were tested to estimate the length
of time pepper seeds could be stored without losing
their viability. Over 60% of the lines had >80%
germination. Pepper seeds can thus be stored 10
years without losing viability (up to 95%
germination) under AVRDC's storage conditions.

Data on % seed germination and seed quantity
were placed into a spreadsheet file for easy retrieval
and updating. In addition, guidelines on seed
increase amounts were set at 5 g (minimum amount
needed) and 50 g (maximum amount needed) of

any given accession.

At the same time a database was created for 635
accessions containing information on plant and
fruit characters, including fruit type and color,
species, maturity, etc. for each accession. A wide
range of variation for fruit traits (length, width, and
weight) was observed: fruit length varied from 0.6
to 18.1 cm; fruit width from 0.2 to 8.6 cm; and fruit
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weight from 0.1 to 228.9 g. Means were 7.3 cm, 2.5
cm, and 31.3 g, respectively for fruit length, fruit
width, and fruit weight.

Because fruit type varies tremendously in pepper
and it is difficult to visualize fruit type from
phenotypic data, a computerized photo/slide
database was begun for the 635 accessions with
slides/ pictures representing the major fruit types.

A large observation nursery (1400 accessions)
mainly comprising of C. annuum, chinense,
frutescens, and a few chacoense, and pubescens, was
grown during the hot, rainy season and
characterized for several traits, including heat and
flood tolerance, species, and fruit type. Thirty-one
accessions had good summer survival (a
combination of heat/flood tolerance, mite
resistance, and virus tolerance), and 36 had fair
summer survival. These will be tested again next
year to confirm their good summer survival.

As part of efforts to characterize the Center’s
Capsicum germplasm collection, molecular markers
(RAPDs) are being used to characterize a set of 150
phenotypically diverse accessions (several
different fruit types and six different species
represented). These were sent to the University of
Wisconsin for RAPD analysis and the work is
ongoing.

Development of improved inbred lines

The pepper breeding activities were reorganized
and the research thrusts prioritized. Four market
types were identified as highest priority: small (5
x 0.8 cm) chili, medium (10 x 1.0 cm) chili, large (15
x 1.4 cm) chili, and medium (8 x 8 cm) sweet bell.
Fifty percent of breeding resources will be allocated
to the medium chili type, with equal amounts of
resources allocated to the other three types. Abiotic
and biotic stresses were rated for severity in
AVRDC target areas (Asia and Africa) and the most
severe stresses (anthracnose, CMV, CVMYV, mites,
thrips, and flood tolerance) will receive the highest
priority.
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F, seeds from 200 F, hybrids carrying resistance to
CMYV, CVMYV, and PVY were obtained for sowing
in the F, nursery.

The CVMV backcross activity continued with
another backcross to the recurrent parents.
Segregation ratios of resistant (R): susceptible (S)
varied widely depending on the recurrent parent,
from mostly resistant to mostly susceptible. This
indicates that more than a single dominant gene
was involved and/or that some of the recurrent
parents were already resistant to CVMV. All 21
recurrent parents of the backcrossing program
were tested for resistance: 10 were susceptible and
were successfully backcrossed; most are at the BC,
stage. The 11 remaining partially or completely
resistant parents were dropped from the
backcrossing program.

Initial crosses in a backcrossing activity to transfer
male sterility (both genic and cytoplasmic) and
PMMYV resistance into tropical chili lines were
made successfully in three to four lines chosen as
recurrent parents.

To determine the optimum time of year to make
selections a selection experiment was initiated in
spring by growing ~250 F, plants from the cross
Perennial /Cheongryong and selecting the best 10%
(~25 plants) based on plant phenotype at flowering.
Selfed seeds were then obtained from each selected
plant. The second stage of selection in the F,
selection experiment was made in summer. Selfed
seeds were also obtained from each selected plant.

Crosses were made among CMV-resistant lines
selected from multilocation screening and between
CMV- and CVMV-resistant lines to try to generate
lines with resistance to multiple strains of CMV
and lines with multiple virus resistance,
respectively. Recurrent selection for CMV and
CVMYV resistance was initiated as well.

The pedigree selection program included 1643 F,
populations (20 plants/population), 1600 F,
families (10 plants/family), 1130 F, families (10
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plants/family), and 510 F, families (10 plants/
family) which were grown in the summer for
pedigree selection. Most plants in the pedigree
selection nurseries died, but ~20% survived. The
best plants were selected at flowering and
controlled self-pollinations were made by bagging
individual branches with unopened flowers.

Selfed seeds of 308 plants from three populations
designated as hot pepper 1 (HP1), sweet pepper 1
(SP1), and sweet pepper 2 (SP2) were obtained for
progeny testing, evaluation and selection during
the hot, rainy season. Most plants died, but ~5%
survived. The best plants were selected at flowering
and controlled self-pollinations were made. All
selected plants were planted again in fall 1996 for
the next generation of pedigree selection.

Three sets of 100 F, families with small chili fruit
type were sent to cooperators in Thailand and
Malaysia for evaluation. The Thai cooperator
indicated that several families had good plant and
fruit type and would be acceptable in Thailand.

Phytophthora is a major constraint to chili
production in Bhutan. Initial crosses were made
between a Bhutanese landrace Sha Ema and two
sources of phytophthora blight resistance, PI
201234 and Criollo de Morelos 334, to begin
backcrossing resistance into Sha Ema. In addition,
a few crosses were made for flood tolerance, mite
resistance, pimento fruit type, plant ideotype, high
capsaicin, very large fruit type, aphid resistance,
anthracnose resistance, and fruit color.

Definition of optimum cultural practices was
begun, focusing on optimum plant density and
weed control methods. The problem of weed
control during the summer season was addressed
by multiple strategies including the use of plastic
mulch to cover the beds, spraying a nonselective
herbicide in the furrows, and hand weeding around
the plants. Other strategies that could be tested
include use of pre- and postemergence herbicides
and use of a brush cutter.
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Seed extraction of sweet peppers is laborious and
should be done shortly after harvest or the fruits
begin to spoil. For chili peppers, controlled tests
indicated that drying the fruits at 40°C for 7-10
days followed by seed extraction could be done
with no loss in % germination. This does not work
for sweet peppers because of their higher moisture
content. Controlled tests indicated that laborious
hand extraction of seeds can be replaced by use of
a small hand-operated grinder (for small samples)
or a large electric grinder (for large samples)
followed by several washes of water to separate
the seeds and fruits with no loss in % germination.
After extraction, seeds can be dried in a forced-air
dryer at 20°C in either net bags or manila envelopes
with no loss in % germination.

Pure line selection was initiated during the hot,
rainy season on approximately 200 landraces/lines
that showed good summer survival. Self-pollinated
seeds were harvested from 186 landraces/lines;
these were sown in fall for further selection/
purification. The best lines in the hot, rainy season
came from Sri Lanka, India, Malaysia, Thailand,
and U.S.A.

International Chili Pepper Nursery

The International Hot Pepper Network
(INTHOPE) was renamed as International Chili
Pepper Nursery (ICPN) to conform with
international standards for naming nurseries. The
nursery was reorganized and prioritized by
defining the target environment as the hot, rainy
season and standardizing the number of entries at
20. The ICPN feedback form was also simplified
to encourage more feedback. The data from ICPN
5 were summarized and mailed to each cooperator
who grew the nursery, along with an invitation to
receive ICPN 6.

Eighteen entries and two checks were selected for
inclusion in ICPN 6. One AVRDC pure line
selection from the Szechwan landrace #1 (PP
921206) was included. Shipment of ICPN 6 seeds
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began in February. The ICPN 6 nursery was tested
for resistance to viruses (CMV, CVMV, PVY, TMV,
ToMV, and PMMYV), bacterial wilt, bacterial spot,
phytophthora, and anthracnose in collaboration
with the Plant Pathology Unit. The nursery was
grown in a replicated field trial at AVRDC with 10
weekly harvests. The ICPN 6 plant, fruit, and
chemical composition traits are shown in table 2
and disease screening results in table 3.

PBC 556B and PBC 972 showed good resistance to
one or more diseases. PBC 972 was chosen as the
check for the medium (10 x 1.0 cm) chili fruit type
based on its overall performance for disease
resistance, plant and fruit traits, and fruit chemical
composition. No new sources of resistance were
identified for CMV, CVMYV, or PMMV. For the other
diseases, at least one line was identified that was
as resistant as the resistant check.

The ICPN entries could be grouped into three
maturity classes: early (anthesis occurred before 74
DAS), medium (between 77 and 89 DAS), and late
(after 95 DAS). Visual scores estimate a variety’s
adaptation to the AVRDC environment. Late
varieties were generally unadapted to the AVRDC
environment as shown by their relatively high
visual scores (>3.8). The most adapted variety
appeared to be PBC 739 (Lueng 8) from Thailand
(1.3). Plant height at anthesis was negatively
correlated with visual score, and it appeared that
the combination of early anthesis date and tall plant
height at anthesis can be used to predict adaptation.

Most entries had relatively small fruits (<6 cm
long). Capsaicin (a measure of pungency) showed
a slight and nonsignificant correlation with fruit
size in these entries (r =-0.14, p = 0.28). Relatively
high CVs were observed for anthesis date, fruit
weight, and capsaicin content. These traits are
known to be sensitive to environmental
interactions. For example, in ICPN 5, check PBC
137 was reported to have 2.2 mg/g capsaicin,
compared to 0.4 mg/g in ICPN 6.
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Table 2. ICPN 6 plant and fruit traits and chemical compositions

Entry no. PBC no. Anthesis date  Plant  Visual score  Fruit Fruit Fruit  Dry matter Cap Qil Sugar
(DAS)  ht.(cm) (1-5)  length (cm) width (cm)  wt. (g) (%) (mglq) (%) (%)
1 PBC 137 (ck) 73 36 3.5 3.6 0.6 1.0 255 0.4 15.2 15.6
2 PBC 142 (ck) 72 33 3.8 3.8 0.7 1.1 22.7 2.2 14.0 16.4
3 PBC 206 95 22 5.0 2.5 1.0 1.1 — — — —
4 PBC 316 71 33 4.0 37 0.9 1.4 234 2.8 174 10.7
5 PBC 364 71 35 4.0 2.0 1.1 1.2 17.0 0.8 10.4 214
6 PBC 367 71 36 3.0 6.0 04 1.8 21.9 2.1 13.1 17.7
7 PBC 368 73 40 2.8 9.1 0.5 1.4 221 3.0 14.3 17.9
8 PBC 404 84 3 4.0 2.4 0.7 0.6 28.0 1.2 15.4 9.2
9 PBC 497 98 17 5.0 1.4 0.6 0.3 21.2 1.5 13.4 13.8
10 PBC 556B 97 34 4.0 2.8 0.7 0.8 234 1.7 15.1 124
1 PBC 559 99 29 3.8 1.9 0.5 0.7 22.2 4.5 19.7 12.0
12 PBC 585 77 43 2.5 43 0.7 1.4 223 1.9 13.0 217
13 PBC 586 72 38 3.3 5.2 0.7 1.5 234 1.8 12.8 20.7
14 PBC 601 71 36 3.0 8.3 0.9 34 15.9 1.6 9.1 223
15 PBC 634 7 36 3.0 45 1.2 2.7 19.7 0.3 1.7 23.3
16 PBC 714 71 32 3.8 43 1.0 i/ — — — —
17 PBC 739 89 48 1.3 5.8 1.0 3.3 20.5 3.2 16.3 22.3
18 PBC 972 78 45 2.8 8.3 11 59 17.0 0.6 11.6 26.2
19 PBC 973 73 41 3.0 6.9 1.4 6.7 14.0 1.7 9.9 248
20 PP921206 71 34 3.3 6.5 0.7 2.2 18.8 0.7 8.5 18.6
Mean 78 35 3.4 4.7 0.8 2.0 21.0 17 13.3 18.4
Range 71-99 22-48 13-5.0 1491 04-14 0.3-6.7 14-28 0.3-45 920 9-26
DMRT 6 7 0.7 1.2 0.1 1.0 2.1 1.8 1.7 2.3
CV (%) 34 12 " 15 10 28 4 33 5 5

Table 3.  ICPN 6 disease screening results for bacterial wilt (BW), bacterial spot (BS), cucumber mosaic virus (CMV), chilli
veinal mottle virus (CVMV), potato virus Y (PVY), tomato mosaic virus (ToMV), tobacco mosaic virus (TMV), pepper
mild mottle virus (PMMV), anthracnose (A, Colletotrichum gloeosporioides), and Phytophthora (PC, Phytophthora

capsici)
Entry no. PBC no. BW BS CMV CVMV PVY ToMV ™V  PMMV A PC
1 PBC 137 23 3.1 H (92)° — S R R . S 68 100
2 PBC 142 50 19.5 H (58) H (21) S S S S 84 79
3 PBC 206 100 27.5 S S R R R S 64 100
4 PBC 316 26 133 H (25) H (20) R S S S 87 100
5 PBC 364 67 7.6 S 8 H (84) S S S 82 100
6 PBC 367 3 26.8 S S R S S S 12 92
7 PBC 368 14 78 H (42) H (61) R S S S 44 100
8 PBC 404 14 60.4 H (57) S S S S S 25 68
9 PBC 497 93 25.1 H (67) S R R R S 67 100
10 PBC 556B 59 16.6 H (58) S S R R S 3 100
11 PBC 559 70 29.5 H (83) S R R R S 0 100
12 PBC 585 7 272 H (33) H (16) R S S S 61 96
13 PBC 586 24 20.5 H (83) H (36) R S S S 70 92
14 PBC 601 6 39.5 H (57) S R S S S 93 100
15 PBC 634 3 14.3 H (33) H (28) H (82) S S S 69 96
16 PBC 714 88 8.2 S 8 R S S S 96 0
17 PBC 739 9 23.2 H (53) H (68) R S S S 51 87
18 PBC 972 1 7.6 H (63) S R S S S 8 100
19 PBC 973 0 10.9 H (83) S H (45) 8 S S 50 100
20 PP921206 6 80.1 H (66) S H(15) S S S 87 100

“H(25) means the entry was heterogeneous and 25% of the plants tested were susceptible; R means all plants tested were resistant, and S means all
plants tested were susceptible.
® Numbers refer to % susceptible plants.
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Management of major
insect pests and diseases

Identification of sources of resistance to

broad mites

The broad mite, Polyphagotarsonemus latus, is a
destructive pest of chili pepper throughout Asia.
Its nymphs and adults suck the sap from young
succulent leaves, and as a result, the leaves become
crinkled and eventually wither. Loss of buds and
leaves leads to stunted growth, and delayed flower
and fruit production, which can result in drastic
yield loss. At present farmers use large quantities
of chemical pesticides to combat this pest, which
leads to increased cost of production and
environmental pollution.

In 1996, resistance screening of the AVRDC
germplasm collection was initiated. Six seedlings
per accession were placed in individual pots in a
greenhouse room where the temperature was
maintained at 26-30°C and where a few broad mite-
infested chili pepper plants were maintained as
infestation source. The mites readily migrated from
infested plants to the young leaves of the test
accessions. The plants were observed weekly and
damage was assessed on a scale of 0 to 5, where 0
=no symptom of broad mite damage on any leaves;
1 = bronzing followed by crinkling of freshly
emerged leaves; 2 = crinkling of new leaves
followed by crinkling and elongation of older
leaves; 3 = symptoms of necrosis on the growing
point and dropping of old leaves; 4 = heavy
necrosis of growing point; and 5 = heavy necrosis
of the growing point and defoliation of infested
plants.

Three batches of germplasm were screened. Each
batch was evaluated for damage three or four times
and the observation which had the highest average
damage rating was used to assess the resistance.
The ratings were subjected to a statistical analysis
based on mean (x) damage rating and standard
deviation (SD). Accessions with damage rating of
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less than x — 2SD were rated as highly resistant;
those between x — 1SD and x — 2SD, as moderately
resistant; those between x and x — 1SD, possessing
low level of resistance; those between x and x +
25D, susceptible; and those that had a rating of
more than x + 2SD, highly susceptible.

From the first batch of 123 accessions three highly
resistant accessions (PBC 115, 116, and 117) with a
damage rating of 0.8, 1.0, and 1.0, respectively, and
three moderately resistant accessions (PBC 85, 118,
164) with ratings of 1.2, 1.3, and 1.3 were obtained.

From the second batch of 54 accessions, three (PBC
288, 292, 323) were rated as highly resistant with
damage ratings of 1.0, 1.8, and 1.8, respectively.

The third batch of 150 accessions suffered excessive
damage from broad mite infestation. Although nine
accessions were classified as highly resistant, their
overall damage ratings were considerably higher
than those of the other two batches. The damage
ratings of the least damaged accessions of this batch
(PBC 629, PBC 648, and PBC 660) were 2.3, 1.6, and
2.4, respectively. The damage rating of susceptible
entries was 5.0.

The most promising entries selected from these
screenings will be reevaluated in replicated tests
to confirm their resistance and characterize the
resistance mechanism.

Resistance screening and characterization of
bacterial wilt in peppers

Atotal of 17 pepper lines resistant.to bacterial wilt
were selected from previous seedling screening
trials. The stability of the bacterial wilt resistance
was evaluated by three methods: (1) seedling
screening in a growth room at 28°C (GR); (2) field
screening at AVRDC by transplanting inoculated
seedlings (AVRDC); and (3) field screening in a
naturally infested field at Taiwan Seed
Improvement and Propagation Service, Taichung
(TSS). Symptoms other than wilting, such as
necrosis on leaves, yellowing, and defoliation, were
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observed in most of the entries tested. Data on
percentage of wilted plants at the end of the trials
enabled differentiation among the entries. The %
wilt means were 21, 15, and 11 and the final % wilt
of C 00835, the susceptible check, were 100, 100,
and 85 for GR, AVRDC, and the TSS trials,
respectively. Thus, the disease pressure was lower
in the naturally infested field at TSS. Based on
combined analysis of variance, the variables of
entry and trial are significant, but not the
interaction.

Among the entries tested, only PBC 385 did not
show symptoms in the three trials (table 4).
Isolation of the pathogen from the collar or lower
part of the stem was attempted for nine resistant
entries (PBC 375, PBC 384, PBC 385, PBC 473, PBC
535, and PBC 631) at the end of each trial. Ralstonia
solanacearum was isolated only from six of the nine
selected lines, i.e., PBC 066, PBC 204, and PBC 1347.
Colonization was 61 to 100%, 60 to 100%, and 0 to
39% for the GR, AVRDC, and TSS trials,
respectively.

Application of DNA probes and primers for the
detection of Xanthomonas campestris pv.
vesicatoria (Xcv)

To determine the efficiency of seed transmission
of Xcv, seedlings of Early Calwonder (ECW) were
planted under three environments: (1) sowing in
vermiculite and placing them in the growth room
at 28°C with overhead water sprinkling for 30 sec
every 3 h; (2) raising seedlings in flats in the
greenhouse and moving them outdoors 3 weeks
after sowing (29 August); and (3) raising seedlings
in the greenhouse and transplanting to the field 3
weeks after sowing. Four seed lots were used in
this experiment: ECW-C (harvested from healthy
plants), ECW-1 (seeds of ECW-C coated with 10°
cfu/g seeds), ECW-2 (seeds of ECW-C coated with
5x10° cfu/g seeds), and ECW-SH3 (harvested from
fruits showing bacterial spot symptoms on 3 to 6%
of the fruit surface). Coating of the ECW-1 and
ECW-2 seed with bacteria was done using an Xcv
suspension in 1% carboxymethyl cellulose.

Table 4. Mean % wilt of pepper entries evaluated for bacterial wilt reaction in 2 field trials and 1 growth room trial, 1996

Code Variety name Origin Type % wilt LSD
Susceptible ck C 00835 Hungary Wax 96.0 a
PBC 650 Sinagtala Philippines Sweet 39.4 b
PBC 1350 KingGumGoChu Korea Chili 36.9 bc
PBC 404 PL-38475 Nigeria Chili 36.4 bc
PBC 717 Sheetal-51 India Chili 30.5 bed
PBC 495 Perennial India Chili 26.7 cd
PBC 518 PSP-11 India Chili 214 d
PBC 067 MC 5 Malaysia Chili 6.9 ef
PBC 1347 R1-26(17) Malaysia Chili 6.1 e
Resistant ck MC4 Malaysia Chili 3.6 efg
PBC 384 Malaysia Chili 3.4 efg
PBC 743 Chinda 2 Thailand Chili 2.7 efg
PBC 473 Indonesia Chili 1.6 efg
PBC 204 Cili Langkap Malaysia Chili 1.6 efg
PBC 066 MC 4 Malaysia Chili 1.6 efg
PBC 375 Paris Minyak Indonesia Chili 1.1 fg
PBC 535 IR Indonesia Chili 1.1 fg
PBC 631 CA8 Sri Lanka Sweet 0.9 efg
PBC 385 Malaysia Chili 0.0 g

TWITt % means are actual values. Analysis of variance and mean separation were done using transformed data by arcsin of the square root. Ranking of

wilt % means and the transformed data was different.
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Contamination with Xcv did not affect the
germination percentage. No symptoms were
observed in the outdoor and field trials from 29
August to 15 October (table 5). In the growth room
where the environment was most conducive to
infection, symptoms were observed on seedlings
of ECW-1 (7% incidence) and ECW-2 (19%
incidence), but not on seedlings of ECW-SH3.

Three seed treatments reported in the literature for
eradicating Xcv from tomato and pepper seeds
were compared: (1) fermentation in 1.3% (v/v)
acetic acid for 4 h; (2) soaking in 1.25% Clorox for
10 min; and (3) fermentation followed by Clorox
treatment. Germination of ECW seeds was not
affected by any of these treatments. Based on PCR
detection, the three treatments were shown to
eradicate Xcv on seed lots ECW-SH3, but not on
ECW-1 or ECW-2. Since the population of Xcv
present in naturally contaminated seed lots is
similar to that in ECW-SH3, these treatments can
be recommended for practical use.

Table 5. Incidence of bacterial spot on pepper seedlings
grown from seed lots contaminated with
Xanthomonas campestris pv. vesicatoria (Xcv)
under infection-conducive environment

Seed lot?  Germination XevP PCR® Disease®
ECW-C 91% 0 - 0
ECW-1 97% 10° + 7%
ECW-2 92% 5x10° + 19%
ECW-SH3 not tested 0 + 0

2 Seed of Early Calwonder (ECW) were harvested from fruit of healthy
plants (ECW-C) and from fruit showing symptoms on 3 to 6% of the
fruit surface (ECW-SH3). Seed lots of ECW-1 and ECW-2 were
prepared by coating seeds of ECW-C with Xcv in 1% carboxymethy!
cellulose.

® Amount of Xcv (cfu/g seeds) determined by plating seed extracts of
ECW-C, ECW-1, and ECW-2 on 523 medium; seed extract of ECW-
SH3 was plated on Tween B medium.

¢ Detection of Xcv was conducted by amplification of seed extracts with
the primer pair RST 9 and RST 10, which is specific for Xcv strains of
the A group.

¢ Disease incidence was recorded at 20 DAS in the growth room at
28°C with water sprinkling for 30 sec every 3 h.

1996 Report

Screening for resistance to viruses

Routine resistance screening was conducted for
CMYV, CVMYV, PVY, ToMV/TMV, and PMMV. Of a
total 379 entries screened, 4 lines with CMV
resistance (PBC 621, 534, 323, 634), 6 lines with
CVMYV resistance (PBC 146, 450, 371, 518, 365, VC
183a), 22 lines with PVY resistance (PBC 323, 316,
367, 368, 497, 559, 585, 586, 601, 714, 739, 972, 206,
345,VC 6a, 8a, 12a, 15a, 25a, 31a, 43a, 214a), and 11
lines with TMV/ToMV resistance (PBC 323, 497,
556B, 559, VC 13a, 15a, 60a, 100a, 175a, 178a, 182a)
were identified. The resistance of these lines will
be confirmed.

The resistance to CVMV of 22 selections (C 00265,
C 01509, C 01664, VC 16a, 40a, 41a, 33a, 36a, 208,
58a, Taiwan 83-168, Huareua Ubon, Chau Maukau,
[-13-4-1, PBC 522, 521, 122, 149A, 370, 524, 523,
142A) screened previously was confirmed.

Similarly the resistance of 12 CMV-resistant
selections (VC 41a, VC 16a, VC 185, Hybrid
Huareua, PBC 370, 549, 521, 569, 463, Punjab Guch
Hadar, Punjab Surkh, VR 53-3/93 S-1) screened
previously was also confirmed.

Thus, sufficient sources of resistance to the major
pepper viruses are now available for improvement
purpose. In most lines the resistance has been fixed.
Heterogeneity of the accessions and outcrossing
has been a major problem in fixing resistance in
the past. However, with careful controlled self-
pollination outcrossing could be minimized. Since
strains of CMV as well as CVMV have been
reported, it is important to subject these resistant
lines to multilocational screening.

Two Capsicum chinense lines (PI 152225 and PI
159236) have been reported to be resistant to tomato
spotted wilt tospovirus. However, only PI 152225
was found resistant to the Taiwan WSMV
tospovirus.
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Host resistance to phytophthora blight

Phytophthora blight (PB) of pepper, caused by
Phytophthora capsici, has a wide geographic
distribution. It is associated with warm wet periods
in high rainfall areas and with irrigation water in
arid areas. Thus, it is a problem in diverse
agroecosystems. Pepper lines with varying levels
of resistance have been reported, but high levels
of resistance have not been incorporated into many
useful varieties. Inheritance of resistance has not
been clearly established. The objectives of this
study were (1) to evaluate entries in the ICPN 6 for
their PB reactions, (2) to reevaluate resistant lines
with apparent P. capsici pathotypes, and (3) to assay
breeding populations for their PB reactions.

To assess the phytophthora blight reactions, 30-
day-old plants were inoculated by pipetting 5 ml
of a zoospore (5 x 10/ ml) suspension from P. capsici
cultures into the potting medium at the base of each
plant. Disease severity ratings were made at 7, 14,

and 21 DAI, and the percentage of surviving plants
recorded at 21 DAIL

Twenty pepper entries in ICPN 6 were evaluated
in the greenhouse for their phytophthora blight
reactions by inoculation with the highly virulent
isolate, Pc-17E. One entry, PBC 714, a selection from
PI 201234, a known resistance source, was
completely resistant (table 6). Three other entries,
PBC 404, 142A, and 739, showed low levels of
resistance with 32, 21, and 13% survival,
respectively. The survival rate among other entries
ranged from 0 to 8%.

Pepper accessions Blue Star and PBC 137 were
shown previously to serve as differential hosts for
some P. capsici isolates. More recently single
zoospore subcultures of isolates Pc-17 and Pc-33
designated as Pc-17E and Pc-33E, respectively, were
found to be highly virulent to Blue Star and PBC
137. Furthermore, isolate Pc-17E was also highly

Table 6.  Phytophthora blight reactions® of entries in the ICPN 6 to isolate Pc-17E of Phytophthora capsici

Entry Name Origin Survival (%)° DSRe
PBC 714 Pl 201234 Selection Mexico 100 0.0a¢
PBC 404 Var. PL-38475 Nigeria 32 2.6b
PBC 142A Pant C-1 India 21 3.0b
PBC 739 Luang 8 Thailand 13 3.6¢
PBC 367 PBC 367 Sri Lanka 8 3.7c
PBC 586 PBC 586 Thailand 8 3.7¢c
PBC 585 PBC 585 Thailand 4 3.8¢c
PBC 634 Wanni Miris 01013 Sri Lanka 4 3.8c
PBC 206C Pl 152225 Peru 0 4.0c
PBC 316 Pl 163201 India 0 4.0c
PBC 364 PBC 364 Italy 0 4.0c
PBC 368 PBC 368 Indonesia 0 4.0c
PBC 479 Serrano 1534 Mexico 0 4.0c
PBC 556B MC-003 USA 0 4.0c
PBC 559 Tabasco L-167 USA 0 4.0c
PBC 601 PBC 601 Taiwan 0 4.0c
PBC 972 Kulai Malaysia 0 4.0c
PBC 973 Chilli Cabai China 0 4.0c
PP 921206 Szechwan 1 Selection Taiwan/AVRDC 0 4.0c
PBC 137 CNPH 703 Brazil 0 4.0c
PBC 178 P1201234 (R ck) Mexico 100 0.0a
Commercial F, Blue Star (S ck) Taiwan 0 4.0c

“Tnoculated 35 days after sowing with 5 mi/plant of a 5 x 10% zoospores/ml suspension. Results based on 24 plants, 4 replications of 6 plants

for each line.

b Survival was based on the percentage of plants with no symptoms 21 days after inoculation.

¢ Disease severity rating: 0 = no symptoms and 4 = dead plant.

¢ Mean separation by the DMRT; numbers followed by the same letter are not significantly different at P < 0.05.
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virulent to PBC 602, butisolate Pc-33E was weakly
virulent to this accession, suggesting that PBC 602
may serve as a differential host for these two
isolates. Studies to date suggest that field isolates
of P. capsici may be mixtures of pathotypes and that
partially resistant pepper lines may be
heterogenous for the resistance trait. Single
zoospore isolates are being made to obtain isolates
that represent a single pathotype. Resistant plants
from partially resistant lines are being selected to
develop lines that are homogenous in their
response to the pathotypes.

Studies were conducted using isolates Pc-1E and
Pc-17E, which appear to represent two distinct
pathotypes, to reevaluate previously reported
sources of phytophthora blight resistance. Most of
the sources were highly resistant to Pc-1E, but only
two, PI 201234 and Criollo de Morelos 331, were
highly resistant to Pc-17E. Seven lines showed
various levels of intermediate resistance to Pc-17E.
Surviving plants from some of the more resistant
lines in the intermediate category were saved for
seed increase to determine if the resistance level
can be increased through selection.

Phytophthora blight reactions were determined for
22 F_hot pepper lines that were developed by using
four different resistant parents. All of the F, lines
showed some resistance, ranging from 17 to 100%
survival, following inoculation with isolate Pc-17.
A single line, CCA 285R, which was not derived
from a resistant parent, had only 4% survival in
the test. These results show definite progress in
introgressing phytophthora blight resistance into
advanced AVRDC lines.

Host resistance to anthracnose of pepper

Anthracnose, caused by Colletotrichum
gloeosporioides and C. capsici, occurs worldwide
wherever pepper is grown under overhead or
rainfed conditions. It occurs as a pre- or postharvest
fruit rot causing extensive losses in pepper grown

during the warm, wet season in tropical and
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subtropical climates. No resistant varieties are
known, and identifying resistant sources has
proven to be a difficult task. The objectives of this
study were (1) to assess the anthracnose reactions
of entries in ICPN 6 based on incidence of diseased
fruit in the field and (2) to reevaluate the field
reactions of previously reported anthracnose-
resistant pepper lines.

Field evaluation of ICPN 6 entries. Twenty entries
in ICPN 6 were evaluated for their anthracnose
reactions based on mean incidence of affected fruit
over three harvests. The percentage of fruit
showing anthracnose symptoms at harvest ranged
from 0.2 to 96% among entries (table 7). Tabasco L-
167, MC-003 (a Tabasco selection), Kulai, and PBC
367 with 0.2, 2.5, 8.0, and 11.6% diseased fruit,
respectively, had a significantly (P < 0.05) lower
percentage of fruit affected than all other entries.
PBC 404 which ranked next with 25% had a
significantly lower percentage of diseased fruit
than the remaining entries.

Field evaluation of reported resistant pepper
lines. Nineteen pepper lines previously rated
resistant, three lines rated intermediate, and four
lines rated susceptible were evaluated for their
anthracnose reactions based on mean incidence of
affected fruit over four harvests. The percentage
of fruit showing anthracnose symptoms at the time
of harvest ranged from 1 to 92% among all entries
(table 8). Tabasco L-167 (PBC 559) and C. baccatum
pen. 3-4 (PBC 1351) with 1 and 8% diseased fruit,
respectively, had a significantly (P < 0.05) lower
percentage of fruit affected than all other entries.
The next four entries in rank order were Chinda 2
(PBC 743) with 30%, Prapadaeng (PBC 613) with
37%, PBC 582 with 37%, and Banglen (PBC 612)
with 41% affected fruit at the time of harvest.
Entries previously rated as susceptible or with
intermediate resistance had ratings ranging from
70 to 92% affected fruit in this study, placing them
among the lines with the highest incidence of
affected fruit.
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Table 7.

Incidence of anthracnose-affected pepper fruit among ICPN 6 entries in a field trial at AVRDC, summer 1996°

Fruit with anthracnose symptoms?® (%)

Entry Name/Origin 18 Sept. 9 Oct. 29 Oct. Mean®
PBC 559 Tabasco L-167/Mexico/lUSA 0.6 0.1 0.0 0.2a
PBC 5568 MC-003 (Tab.)/Mexico/lUSA 43 1.1 2.2 2.5a
PBC 972 Kulai/Malaysia 12.5 59 55 8.0a
PBC 367 PBC 367/Sri Lanka 22.3 5.9 6.5 11.6a
PBC 404 Var. PL-38475/Nigeria 422 9.1 24.3 25.2b
PBC 368 PBC 368/Indonesia 83.6 232 24.3 43.7¢c
PBC 973 Chilli Cabai/China 90.7 25.3 329 49.6¢c
PBC 739 Luang 8/Thailand 66.8 47.6 37.0 50.5¢
PBC 585 PBC 585/Thailand 90.3 20.5 724 61.1d
PBC 137 CNPH 703/India/Brazil 96.1 59.1 49.9 68.4d
PBC 634 Wanni Miris 01013/Sri Lanka 86.0 343 85.8 68.7d
PBC 586 PBC 586/Thailand 95.8 39.0 75.2 70.0de
PBC 364 PBC 364/Italy 86.4 64.4 95.6 82.1ef
PBC 142A Pant C-1/India 85.1 70.0 98.0 84 .4f
PP 921206 Szechwan 1 sel./Taiwan 971 73.2 89.9 86.7f
PBC 316 P1163201/India 98.3 62.9 99.4 86.9f
PBC 601 PBC 601/Taiwan 96.6 91.9 916 93.4f
PBC 714 Pl 201234 sel./Mexico 96.9 91.2 100.0 96.0f
PBC206C — ~  PI152225/Peru” T T T T 273" T T T 1000 T T T 837
PBC 497 Serrano 1534/Mexico 89.4 13.8 98.1 67.1¢

2 Transplanted to the field 20 May; 20 plants per replication with 4 replications; Inoculated with C. gloeosporioides, isolate Cg-153 on 27 August.

b Harvests made on 18 September, 9 and 29 October were the 4th, 7th, and 10th harvests, respectively.

¢ Mean separation by DMRT, P < 0.05.
¢ |nsufficient number of fruit for a valid statistical comparison with other lines.

Table 8. Incidence of anthracnose-affected pepper fruit among suspected resistant lines in a field trial, AVRDC, summer 1996°
Entry Previous Fruit with anthracnose symptoms® (%)

Name/Origin disease reactions 19 Sept. 25 Sept. 23 Oct. 13 Nov. Means®
PBC 559 Tabasco L-167 R 0 1.9 0.4 1.5 1.0a
PBC 1351 C. bacc. p. 3-4 R 20.9 78 1.5 39 8.5a
PBC 743 Chinda 2 R 39.1 40.0 5.7 341 29.7b
PBC 613 Prapadaeng = C4 R 60.6 34.8 39 50.2 37.0bc
PBC 582 (Malaysia) R 53.0 304 15.5 254 37.1bc
PBC 612 Banglen = C7 R 61.7 414 21.4 40.0 41.4bc
PBC 370 (Thailand) R 64.7 61.4 24.8 51.6 50.6¢d
PBC 495 Perennial HDV R 52.3 68.2 22.0 60.7 50.8cd
PBC 151 IAC Ubatuba Cam. R 96.8 413 53.2 67.1 57.1de
PBC 157 Huey Sithon R 79.2 66.9 47.3 70.5 66.0def
PBC 371 (Thailand) R 725 73.0 53.4 736 68.1efg
PBC 643 Athi Slim R 81.5 56.0 54.6 81.3 68.4efg
PBC 636 Galkunda Miris S 64.6 521 85.1 75.0 69.5efg
PBC 155 Huaruar R 88.4 72.4 415 87.8 72.5efgh
PBC 148 Punjab Lal R T3 68.0 63.0 83.1 72.8efgh
PBC 137 CNPH 703 | 96.3 91.6 54.1 78.3 77 8fghi
PBC 365 PBC 365 S 91.3 91.6 459 86.0 78.7fghi
PBC 417 Ca 87067 R 82.5 76.2 83.9 72.2 79.5fghi
PBC 142 Pant C-1 | 87.9 73.2 83.5 94.2 84.0ghi
PBC 156 KKU Cluster R 91.8 86.0 68.8 914 84 .5ghi
PBC 067 MC 5 R 87.9 76.5 83.5 92.9 85.2ghi
PBC 074 Szechwan 8 I 96.7 87.2 75.0 94.4 88.3hi
PBC 651 Chili Hybrid - 1 R 97.0 74.0 89.9 92.5 88.3hi
PBC 717 Sheetal-51 S 98.9 941 49.8 95.6 89.6hi
PBC 679-1 Caliente R 95.9 82.5 924 98.3 92.1i
PBC 602 Szechwan type S 91.6 84.8 94.9 96.0 92.4i

#Transplanted to the field 13 June; 20 plants per replication with 4 replications; inoculated with C. gloeosporioides, isolate Cg-153, on 27 August.

® Harvests shown were the 2nd, 3rd, 7th, and 10th, respectively.

¢ Mean separation by DMRT, P < 0.05.
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Strategic and/or supporting studies

Genetics of resistance to major pepper diseases

In the CVMV backcrossing activity, segregation
ratios of R X S varied widely, indicating that more
than a single dominant gene was involved and/or
that some of the recurrent parents were already
resistant to CVMV. Therefore, to confirm the single
dominant gene hypothesis, two sets of 100 F,
families (14 plants/family) from Perennial/
Cheongryong (CCA 369) and Cheongryong/PSP
11 (CCA 372) and 100 F, plants from a third R X S
cross [P1201234/Perennial (CCA 298)] were grown
in the greenhouse and inoculated twice with
CVMY, followed by two ELISA tests.

In the F, population segregating for CVMV
resistance, the ratio was 79 R:26 S, which fits the
single dominant gene hypothesis, but the results
for the F, families showed that resistance to CVMV
is more complicated than previously thought.
Previous results from F, plants from these
populations indicated that in CCA 369 one
dominant gene and in CCA 372 one dominant and
one recessive gene were involved (AVRDC 1995
Report). In the F, families from CCA 369, 74% of
the plants were susceptible, and only 26% were
resistant, exactly the opposite of what was expected
(75% resistant: 25% susceptible, if one dominant
gene is involved).

In the F, families from CCA 372, 95% of the plants
were susceptible, and only 5% were resistant, again
opposite to what was expected (81% resistant: 19%
susceptible, if one dominant and one recessive gene
are involved). In many cases F, plants rated as
resistant gave all susceptible F, plants. This
indicated that something else was involved,
perhaps temperature-sensitive resistance. A growth
chamber study was carried out to test this
hypothesis.

Sixteen F, families (eight each from CCA 369 and
CCA 372) were grown in a growth chamber at 24
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and 32°C to test for temperature-sensitive
inheritance. In the F, families from CCA 369 and
CCA372,74 and 95% of the plants were susceptible,
respectively, while 26 and 5%, respectively, were
resistant. The test revealed that two F, families from
CCA 372 appear to have temperature-sensitive
resistance; they are susceptible at 24°C and resistant
at 32°C. This type of temperature-sensitive
resistance has never been reported in pepper and
needs to be confirmed. More families from CCA
369 and CCA 372 will be tested.

For the bacterial spot (BS) genetic study utilizing
Nacional AG-506/CNPH 703 recombinant inbred
lines (CCA 250), three replications of each
recombinant inbred line (RIL) plus parents and
checks were screened under controlled
temperature and humidity conditions. However,
one replication suffered severe thrips damage and
had to be repeated in the fall season. A set of 46
RILs was chosen to develop a rough genetic map
and identify RAPD primers with roughly even
distribution along the 12 pepper chromosomes.
RAPD genotyping of these 46 RILs was begun by
cooperators in the National Taiwan University in
Taipei and University of Wisconsin in Madison.
Once the final map is made, it will be compared to
the BS reactions of the RILs and the number and
location of genes responsible for BS resistance in
this cross will be determined.

AVNET support

Virus strain detection, characterization, and
antiserum production

Eleven new CVMYV isolates collected from peppers
throughout Taiwan were tested on 12 pepper lines
resistant to the CVMV common isolate P-1037: VC
16a, 33a, 34a, 35a, 36a, 37a, 41a, 160a, 206a, 208a,
221a, and C 00265. All 12 pepper lines showed the
same resistant reaction, indicating that the 11 new
CVMV isolates from Taiwan may all belong to the
same strain.
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Thirty isolates of PVY previously collected from

peppers in different areas of Taiwan were
pathotyped on eight differential Capsicum sp. hosts
(C. annuum Yolo Wonder, Bastidon, Perennial,
Serrano Vera Cruz, Delray Belle, Yolo Y, Florida VR-
2,and C. chinense Miscucho). All produced the same
phenotypic reactions typical of pathotype 0. Thus,
there appears to be only one pathotype in Taiwan.

A set of nine lines with confirmed resistance to
CMV at AVRDC was prepared for international
testing. One set was sent to Thailand for testing
with five local CMV isolates. One line, PBC 569,
was immune to three CMV isolates (CMV5011B,
CMV1, CMV8) and heterogeneous to the three
others (table 9). Three lines (VC 41a, PBC 370, PBC
521) were immune to isolate CMV 1. Another line
(VC 40a) was immune to isolate CMV30RS.
Although none of the lines was immune to all five

Thai CMYV isolates, six (VC 16a, VC 41a, PBC 370,
PBC 521, PBC 549, and I-13-1) had a high
percentage of resistant individuals upon
inoculation with each of the individual strains
(from 50 to 96%, 84 to 100%, 56 to 100%, 64 to 100%,
80 to 92%, 64 to 92%, respectively). It should, thus,
be possible to purify the CMV resistance in these
lines by several cycles of CMV inoculation,
preferably with mixed strains followed by
collection of seed of resistant plants. Similarly, a
set of 11 confirmed CVMV-resistant lines has been
developed for international testing.

Temperature did not seem to have any effect on
CMV infection,but CVMV was affected by
temperature (table 10). CVMYV infection was higher
at 26°C than at 32°C. To obtain consistent and
reproducible results, CVMYV resistance screening
or genetic studies should not be conducted at
temperatures above 26°C.

Table 9. Reaction (% infection) of Thai CMV isolates on a set of CMV-resistant pepper lines®

Line 30RS 5011 B 15 PJ 1CM 8 KB Average
VC 16a 4 52 8 16 16 19
VC 40a 0 40 84 4 24 30
VC 41a 4 16 8 0 8 7
PBC 370 4 16 44 0 4 14
PBC 521 12 8 40 0 16 15
PBC 549 8 20 12 12 8 12
PBC 569 64 0 52 0 0 23
[-13-1 8 32 8 28 36 32
P-3-1 76 52 12 16 4 32
Hybrid Huareua® 92 28 28 4 56 42

225 plants were mechanically inoculated at seedling stage with the respective isolates and kept in an insect-proof screenhouse. Testing was by ELISA.

® Best virus-resistant local check.

Table 10. Effect of temperature on CMV and CVMV?

Plant stage 26°C 32°C

atinoculation E, E, E: E, E, E,
CMV

cotyledon 76 88 94 62 81 79
2nd leaf 38 97 100 100 100 100
3rd leaf 49 100 100 100 100 100
5th leaf 100 100 100 100 100 100
CVMV

cotyledon 27 76 100 0 9 11
2nd leaf 83 88 100 31 47 53
3rd leaf N 100 100 34 66 75
5th leaf 97 100 100 56 72 81

3 Plant age at Inoculation: cotyledon, 2nd, 3rd and 5th leaf inoculations were done at the same time; 36 plants were inoculated for each treatment.
Plant variety: New Comer: susceptible to CMV and CVMV. Temperature: 26°C, 32°C, growth room. ELISA: 31 July, 1 week after inoculation (E,);
5 August, 2 weeks after inoculation (E,); 21 August, 4 weeks after inoculation (E,).
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Development of molecular markers for

CVMV resistance

A DNA fragment previously identified as linked
to CVMV resistance by RAPD technology was
cloned. Linkage was verified by hybridization of
the cloned fragment to Southern blots of F,
individuals that segregated for the RAPD marker.
Double-strand sequencing (Sequenase kit USB)
was done by the dideoxy-chain termination
method using the T3 and T7 primers.

Two sets of oligonucleotide sequences were
designed (table 11) and a reciprocal test was
conducted to choose the best combination for
SCAR analysis. PCR amplification was done at 40
cycles for 1 min at 94°C, 1 min at 60°C, and 2 min
at 72°C. Amplification products were resolved
electrophoretically in a 2% agarose gel. Two
hundred and forty F, individuals each from crosses
of VC 16a x PBC 186 and VC 160 x PBC 186 were
analyzed. Inheritance of the SCAR matched the
expected ratio of 3 to 1 in both crosses (table 12).

The results of the SCAR analysis for 240 F, plants
were compared with those of ELISA (table 13). The
recombination in the F, generation of VC 160 x PBC

Table 11. Primer sequence designed for detection of SCAR
Primer Sequence Start of sequence
A7 TCTCTTTATATATGTGTGTATGTG 3'end of UBC813
A722  TATTGCTGGAACCCTTGGA 14 bp downstream
of A7

3'end of UBC813
44 bp downstream
of A3

A3 TTCATGATTAAAAAACTTTTC
A32> GGACCCTGCCAACTCAACT

@ Sequencing with the T7 primer.
® Sequencing with the T3 primer.

Table 12. Segregation of SCAR in the F, generation
Observed Expected Chi- P Expected
square  value ratio

VC 16a x PBC 186

SCAR 175 180

No SCAR 65 60 0.56 045 341
Total 240 240

VC 160 x PBC 186

SCAR 171 175.5

No SCAR 63 58.5 0.46 0.5 3:1
Total 234 234
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186 and VC 16a x PBC 186 was 22 and 26%. A
previous study indicated that two genes may be
involved in VC 160. The higher recombination ratio
in VC 16a might be due to the interaction between
the two genes involved. Although linkage of the
SCAR with ELISA data is only 74%, a clear linkage
of the SCAR defined by primers A72/A32 with the
RFLP probe TG232 and some AFLP markers in
linkage group 6 was demonstrated by collaborators
at Cornell University.

The cloned RAPD fragment (2.0 kb) was sequenced
for atleast 200 bp from each end. To exclude dimer
formation and nonspecific binding, two sequences
were designed from each end containing the RAPD
primer (UBC813) sequence and 30 to 40 bp
downstream of RAPD primer sequence (table 11).
Reciprocal tests suggested that the two best primer
combinations were A7/A32, which generated a
single band at 1.9 kb, and A72/A32, which
produced a specific 1.9 kb band and an extra band
at 0.38 kb (fig. 1).

Table 13. Correlation of SCAR with ELISA data

ELISA SCAR  VC 16ax PBC 186 VC 160 x PBC 186

obs no. obs %  obsno. obs %
- + 149 62.1 145 62.0
+ + 26 10.8 26 1.1
- - 37 15.4 26 1.1
+ - 28 1.7 37 15.8
Total 240 234

Fig. 1. Amplification of genomic DNA of 3 pepper parents
with 2 sets of SCAR primers .
Lanes 1 to 3: VC 16a, VC 160, and PBC 186
amplified with the A7/A32 primer set; lane 4: 100 bp
ladder; lanes 5-7: VC 16a, VC 160, and PBC 186
amplified with the A72/A32 primer set
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Tomato Improvement

The general objective of the tomato improvement project is to increase year-round tomato supply in tropical
countries, focusing on development of tomato lines adapted to high temperatures and humidities. Consequently,
high temperature fruit-set, bacterial wilt, fusarium wilt, and geminivirus resistances, as well as good fruit qualities
are the major specific objectives.

In 1994-95, eight preliminary yield trials were conducted for fresh market, cherry, and processing tomato.
Promising entries for each tomato type were selected for further evaluation of yield and other horticultural
characteristics, including resistance to bacterial wilt.

A study to determine seasonal variation in marketable yield in the Philippines and Thailand was conducted
using 22 determinate tomato inbreds. Results showed that mean dry season marketable yield over locations was
about three times greater than the mean summer marketable yield over locations. Hence, development of varieties
suitable for the dry season and summer tomato production is possible. Several small-fruited entries performed
relatively well in both seasons.

L 123 was confirmed tolerant to flooding in a greenhouse experiment. Molecular markers are being developed to
assist breeding for resistance to tomato leaf curl virus (TLCV), CMV, and PVY. Resistance to these three viruses
has been identified in wild tomatoes. The chitinase gene from fungi inhibitory bacteria was successfully cloned.

AVRDC continued to provide support to its networks through a survey on the occurrence of geminiviruses on
tomato and pepper. The presence of a geminivirus was confirmed on tomato in Tanzania and India, and tomato
and pepper in Nepal, Pakistan, and Thailand. In screening for TLCV resistance, TyKing, a commercial F, hybrid
previously found resistant showed a high level of resistance after exposure to viruliferous whiteflies.

Tomato accessions were scored for their reactions to black leaf mold (BLM), late blight, and fusarium wilt. Two
accessions were identified as BLM-resistant and four as moderately resistant; 36 were resistant to fusarium wilt
race 1 and 27 to races 1 and 2; L. hirsutum accessions L 3683, L 3684 and L. pimpinellifolium accessions L 3707 and
3708 remain resistant to late blight.

This year considerable progress was made towards development of medium-large fruited fresh market tomato
lines with high bacterial wilt resistance levels. The association of small fruit size and bacterial wilt resistance has
been a difficult problem in the past. The release of CHT 154 in Taiwan this year as ASVEG #6 was significant in
that this variety was the first AVRDC cherry tomato released by a national program. Major progress was achieved
towards introgression of late blight resistance into tomato and determining the inheritance of resistance. Progress
was also made towards evaluation of the effectiveness of gene constructs conditioning resistances to cucumber
mosaic virus, tospovirus, or fusarium wilt. Gene constructs offer the potential to overcome intractable problems

and enrich tomato genetic diversity.
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Genetic resources enhancement and
varietal improvement

Genetic resources activities

A total of 38 accessions were acquired in 1996
bringing the total in the tomato collection to 6944
(table 1).

Table 1. AVRDC tomato germplasm collection, 1996

Species No. of accessions
L. esculentum 5,070
L. pimpinellifolium 312
L. peruvianum 126
L. hirsutum 65
L. pennellii 60
L. chilense 30
L. cheesmanii 26
L. parviflorum 12
L. glandulosum 11
L. chmielewskii 11
L. sp. 1,221
Total 6,944

Seventeen accessions of L. esculentum, two each of
L. esculentum var. cerasiforme and L. peruvianum, one
each of L. chilense, L. hirsutum f. glabratum, L.
parviflorum, L. pennellii, and L. pimpinellifolium, were
planted for regeneration in 1995-96. The majority
carried resistances to fusarium wilt and late blight.
One accession of L. peruvianum (TL 1172) did not
produce seed. To date, excluding duplicates, 3596
accessions (52%) have been regenerated.

The materials obtained were characterized based
on a standard set of descriptors. Eight accessions
suspected to be misidentified as to species or name
were planted for verification. Seeds from different
sources were obtained and putatively similar
accessions were planted side by side for
comparison. To date excluding duplicates, 3425
accessions (49%) have been fully characterized.

About 3259 accessions (47%) are in the base
collection maintained in the long-term store.

The Center sent out 2717 samples to 67 countries
and territories. Center scientists used tomato
germplasm for studies on grafting compatibility
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and as rootstocks for bacterial wilt resistance,
tomato late blight and black leaf mold resistance
evaluation, screening for bacterial wilt and tomato
yellow leaf curl virus (TYLCV).

Registration, passport, distribution, and seed
inventory databases were updated.

Genetic improvement of fresh market tomato

Fresh market tomato (FM) tomato is the most
important market type in tropical countries.
AVRDC seeks to improve year-round FM
production in the tropics by developing heat-
tolerant, bacterial-wilt (BW) resistant lines and
hybrids with excellent fruit qualities. In 1995-96,
two advanced yield trials (AYT) and two
preliminary yield trials (PYT) of FM tomato inbreds
and hybrids were conducted. Entry types, and
dates of sowing, transplanting, and harvest of FM
trials are given in table 2.

Advanced yield trials were arranged in RCBD with
three replications. Plots consisted of four 4.8-m-
long rows on two raised beds (2 rows/bed);
between and within-row spacing were 60 cm and
40 cm, respectively. Beds were spaced 1.5 m apart
and covered with gray plastic. Alayer of rice straw
was placed over the plastic.

PYT I plots were identical to those of the AYT except
that one bed with two rows was used and the
replication number was two. Plants in AYT I and I
and PYT I were pruned. Plots of PYT II consisted
of two 4.8-m-long beds with one row/bed. Fruit
were harvested from the inner 4 m of each row and
yield per plot was determined from a 12-m? area
in AYTs and 6 m? in PYT.

Prior to bed construction, 2000 kg/ha organic
compost, 5 kg/ha borax, and 40-80-60 kg/ha of N-
P,0,-K,0 were broadcast in the field. Plots of all
trials were side-dressed at 10 days (20-0-30 N-P,O,-
K 0), 21 days (60-20-60 N-P,0.-K,0), 42 days (60-
20-30 N-P-K), and 63 days (60-20-30 N-P,0.-K,0)
after transplanting.
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Table 2. Entry types and dates of sowing, transplanting, and harvest of AVRDC tomato trials, 1995-96

Type Trial dates Entry type Entry no. Sowing Transplanting Harvest

FM AYT | Indet. hybrids 6 16 Aug. 95 14 Sept. 95 23 Nov. 95-3 Jan. 96
AYTI Indet. lines 12 25 June 96 23 July 96 1-29 Oct. 96
PYTI Det./Indet. lines 38 20 July 95 16 Aug. 95 9 Nov.—18 Dec. 95
PYTII Det. lines 32 3 July 96 8 Aug. 95 15 Oct. 95-6 Nov. 96

CH AYT | Indet. lines 10 16 Aug. 95 14 Sept. 95 23 Nov. 95-3 Jan. 96
AYTII Indet. lines 10 26 Nov. 95 14 Dec. 95 18 Mar.—28 Apr. 96
PYTI Indet. lines 22 20 July 95 16 Aug. 95 5 Oct.—7 Nov. 95
PYT Il Semidet./Indet. hybrids 23 20 July 95 16 Aug. 95 3 Oct.—7 Nov. 95

PT PYT I Det. lines 15 26 Sept. 95 24 Oct. 95 12 Mar—11 Apr. 96
PYT I Det. lines 12 26 Sept. 95 24 Oct. 95 12 Mar—11 Apr. 96
PYT Il Det. lines 18 26 Sept. 95 24 Oct. 95 12 Mar.—11 Apr. 96

AYT L. Entries were indeterminate hybrids with
large, dark-green shouldered fruit desirable for the
Taiwan fresh market. The intention is to identify
candidates to replace AVRDC hybrid FMTT 22,
which has been grown extensively in Taiwan since
1989. Yields of the experimental hybrids were
similar to FMTT 22, but fruit sizes of FMTT 556
and FMTT 553 were larger and fruit shoulders were
a more intense green compared to FMTT 22 (table
3). Bacterial wilt survival of hybrids in greenhouse
tests ranged from 6 to 38%. The four experimental
hybrids are undergoing regional testing in Taiwan.

AYT II. Trial entries were selections from crosses
of AVRDC tropical tomato lines to large-fruited
bacterial wilt-resistant lines from Guadeloupe. The
goal is to identify heat-tolerant, bacterial wilt-
resistant lines with moderately large fruit sizes.
Three lines, CLN 1462A, CLN 1462B, and CLN
1463B, achieved yields and fruit sizes comparable
to hybrid check FMTT 22, as well as moderately
high bacterial wilt resistance levels. Seed of these
lines are available for distribution.

PYT 1. Objectives and crosses from which entries
were derived are the same as described for AYT L.
Two entries, CLN 1466M and CLN 1466K, yielded
significantly more than the hybrid checks with fruit
sizes similar to the checks. Seed of selected lines
will be increased for international distribution in
1997.
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PYT II. Trial entries were derived from crosses
designed to improve heat tolerance and bacterial
wilt resistance in tropical tomato types for lowland
summer production.

Marketable yields of entries did not differ
significantly from heat-tolerant check CL 5915-
93D4-1-0-3 and fruit sizes ranged from small to
medium. Most entries showed outstanding
bacterial wilt resistance and will be targeted for
areas with severe bacterial wilt problems.

Genetic improvement of cherry tomato

Although cherry tomato is not an important tomato
market class in most tropical countries, it does have
potential to become popular quickly, as has been
the case in Japan, Korea, and Taiwan. Desirable
characteristics of cherry varieties include small fruit
size (< 30 g), high solids content, and good taste.
During 1995-1996, four yield trials were conducted
to identify promising cherry lines and hybrids for
international distribution. Entry types and sowing,
transplanting, and harvest dates of cherry trials are
listed in table 2.

Two AYTs and two PYTs of cherry tomato entries
were conducted at AVRDC during 1995-1996 to
identify high-yielding inbreds with good fruit
quality. Except for PYT II which included F,
hybrids, trial entries were indeterminate inbreds.
AVRDC cherry inbreds carry the prefix “CH” or
“CLN” and hybrids are coded beginning with
“CHT.”
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Table 3. Horticultural and quality characteristics of selected fresh market tomato entries from AYT I-ll and PYT I-I,
AVRDC, 1995
Mean yield Fruit-set Fruit size Brix Acid Color pH BW
Trial Entry (t/ha) (%) (9) (%) (%) (alb) survival (%)
AYTT FMTT 593 65 51 115 5.0 0.45 1.93 43 38
FMTT 591 64 44 141 4.7 0.41 1.79 43 13
FMTT 556 63 43 145 47 0.41 1.85 4.2 11
FMTT 553 62 48 129 4.8 0.41 1.84 43 17
FMTT 22 (ck) 60 49 103 5.0 0.39 1.83 4.2 15
Ky 301 (ck) 26 36 141 5.2 0.44 1.79 4.4 6
Mean of all entries 56 45 129 49 042 1.83 43 21
CV % 10 15 11 4.0 10.27 7.30 1.7 -
LSD (P =0.05) 10 12 26 04 0.07 0.24 0.1 -
AYT 12 CLN 1462A 43 25 82 49 0.28 1.59 43 83
CLN 1462B 42 32 80 4.8 0.27 1.52 4.3 71
CLN 1463B 36 29 80 48 0.24 1.52 43 52
FMTT 22 (ck) 43 30 79 4.8 0.30 1.61 4.3 52
CL 5915-93D4-1-0-3 (ck) 58 29 27 5.6 0.46 1.51 4.2 29
Mean of all entries 34 22 75 4.8 0.31 1.70 4.3 70
CV % 18 29 6 12.0 9.93 7.91 1.4 14
LSD (P =0.05) 10 gl 8 1.0 0.05 0.23 0.1 23
PYT I CLN 1466M (Det)® 72 30 88 4.9 0.37 2.41 4.4 85
CLN 1466K (Det) 71 36 117 47 0.37 2.31 43 88
FMTT 574 (ID ck) 43 33 114 5.0 0.37 2.23 43 58
FMTT 22 (ID ck) 50 28 100 4.6 0.38 2.02 4.2 52
Mean of all entries 46 30 107 45 0.35 2.06 4.2 76
CV % 17 19 6 47 8.64 743 1.3 14
LSD (P =0.05) 21 15 17 0.6 0.08 042 0.1 22
PYTIl CLN 1621-146-4-0 54 37 28 5.0 0.34 123 43 90
CLN 1621-235-2-0 53 36 54 5.0 0.45 1.73 41 86
CLN 1621-360-7-0 51 28 36 53 0.45 1.66 41 100
CLN 1617-164-7-0 51 43 44 53 0.51 1.60 4.2 83
CL 5915-93D4-1-0-3 (ck) 44 33 28 5.0 043 1.69 43 29
Mean of all entries 44 32 32 5.0 0.41 1.65 4.2 76
CV % 13 13 10 3.6 10.12 14.62 1.2
LSD (P =0.05) 12 9 7 0.4 0.09 0.49 0.1

2Fruit samples for color analysis in AYT Il were harvested at pink stage to avoid bird damage.

® Det = determinate type; ID = indeterminate type.

Plotsizes and cultural practices for cherry AYT and
PYT are identical to those for fresh market AYT and
PYT I, respectively.

AYT I. The mean marketable yield of the trial was
25 t/ha and mean yields ranged from 17 to 31 t/ha
(table 4). CH 164 significantly outyielded inbred
line check CH 154 and commercial hybrid check
Santa. Average fruit size of CH 164 was 6.5 g,
similar to the checks, but fruit Brix value
significantly exceeded that of CH 154. Bacterial wilt
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resistance of entries was low and consequently they
should not be grown in areas where this disease is
a problem.

AYT II. Entries CH 162, CH 159, CH 164, CH 166,
and CH 160 produced yields ranging from 41 to 44
t/ha which were significantly greater than Santa
but significantly less than CH 154. Entry fruit sizes
were similar (9-10 g) but Brix values of most
experimental lines (ranging from 6.1 to 7.2%)
equaled or surpassed that of CH 154 (6.1).
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Table 4. Horticultural and quality characteristics of selected cherry tomato entries from AYT I-Il and PYT I-ll, AVRDC, 1995
Mean yield Fruit-set ~ Fruitsize  Brix Acid Color pH BW
Trial Entry (tha) (%) (9) (%) (%) (alb) survival (%)
AYTI CH 164 31 44 7 7.5 0.72 1.46 4.1 21
CH 174 29 41 10 55 0.49 2.17 42 27
CH 173 26 44 8 59 0.54 2.21 4.3 25
CH 154 (ck) 36 42 6 6.3 0.70 1.58 4.4 9
Santa (ck) 21 4 7 7.1 0.67 1.58 45 15
Mean of all entries 25 48 9 6.2 0.54 1.95 43 18
CV % " 12 8 3.8 435 4.81 5.0 -
LSD (P =0.05) 5 10 3 0.4 0.04 0.17 04
AYTI CH 152 44 78 10 6.8 0.45 1.26 4.2 -
CH 159 44 69 9 6.1 0.51 1.45 4.2 -
CH 164 43 74 10 7.1 0.55 1.35 4.1 -
CH 166 42 67 10 7.1 0.51 1.28 4.2
CH 160 41 81 10 7.0 0.49 1.29 4.2 -
CH 154 (ck) 61 80 9 6.1 0.41 1.45 42 -
Santa (ck) 36 85 10 6.6 0.41 1.51 43 -
Mean of all entries 42 76 9 6.8 0.48 1.33 4.2
CV% 5 7 6 5.9 7.84 573 1.0
LSD (P =0.05) 4 10 1 0.7 0.06 0.13 0.1
PYTI CLN 1561-128-37-6-1-1-36 30 14 12 5.0 0.40 1.86 4.2 -
CLN 1561-128-37-6-1-1-24 23 9 12 47 0.41 2.16 42 -
Santa (ck) 8 " 6 6.6 0.46 1.89 4.4
CH 154 (ck) 20 35 9 57 0.41 1.68 4.2
CH 168 (ck) 10 15 11 5.1 0.27 2.05 43
Mean of all entries 13 13 1 5.2 0.39 2.09 4.3
CV % 36 27 13 51 6.77 4.41 0.8
LSD (P =0.05) 9 7 3 0.6 0.05 0.19 0.1 -
PYTIl CHT976 51 23 13 5.8 0.50 2.02 4.1 -
CHT 961 49 17 13 6.2 0.55 217 43 -
CHT 1005 49 49 13 57 0.45 2.15 4.3
CHT 972 49 34 13 55 0.44 2.20 4.3
CHT 983 49 31 16 5.6 043 2.06 4.3
CHT 264 (ck) 39 17 13 5.9 0.45 2.19 4.2 -
CH 154 (ck) 18 38 10 6.1 0.44 1.72 43 -
CH 168 (ck) 10 10 " 5.9 0.36 1.68 4.2 -
Santa (ck) 6 17 7 75 0.42 1.94 45
Mean of all entries 18 24 12 59 0.46 4.31 2.0
CV % 14 24 8 8.3 7.51 3.03 3.0
LSD (P =0.05) 5 12 2 1.0 0.07 0.06 0.1

PYT I. Entry mean yields ranged from 8 to 30 t/ha
and the trial mean yield was 12 t/ha. High
temperatures and humidities during the initial 3
months of the trial reduced fruit-set and yield. CLN
1561-128-37-6-1-1-36 (30 t/ha) and CLN 1561-128-
37-6-1-1-24 (23 t/ha) significantly outyielded
checks Santa (8 t/ha) and CH 168 (10 t/ha), but
not CH 154 (20 t/ha). The Brix content of Santa
(6.6%) was greater than all other entries and was
likely a consequence of its low yield (8 t/ha).
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PYT II. Mean yields ranged from 6 to 51 t/ha and
the trial mean yield was 18 t/ha. Five experimental
hybrids, CHT 976, CHT 961, CHT 1005, CHT 972,
and CHT 997, yielded 2.5-3 times more than the
highest yielding check, CHT 264. Brix values of the
experimental hybrids (ranging from 5.5 to 6.5) were
not significantly different from CH 154, CHT 264,
and CH 168, but were significantly less than Santa
(7.5).
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A set of cherry tomato lines will be selected for
distribution in 1997, based on yield, fruit quality,
and reactions to TMYV, fusarium wilt (races 1 and
2), bacterial wilt, and gray leaf spot.

Genetic improvement of processing tomato

Processed tomato products such as catsup, paste,
or sauces are becoming increasingly popular in
many parts of the world and processing industries
generate additional employment. In the
development of processing tomato (PT) varieties,
AVRDC selects for lines with deep-red color, high
solids and acid contents, high yield, and a high
percentage (>70%) of total yield in the first harvest.
Entry types and dates of sowing, transplanting, and
harvest of PT trials are shown in table 2.

Three processing tomato PYTs were conducted at
AVRDC during 1995-1996. Trial objectives were to
identify high-yielding lines with a high proportion

of ripe fruit at the first harvest (important for
mechanical harvest) and high fruit solids contents.
Except for hybrid check PT 4225, all entries were
determinate inbreds.

Trials were planted in RCBD with two replications.
Plots consisted of two 4-m-long beds spaced 1.5 m
apart with one row per bed; within-row spacing
was 40 cm. Fertilizer was broadcast into the field
prior to bed formation at 40-100-120 kg /ha N-P,O,-
K,O. Organic compost (2 t/ha) and borax (5 kg/
ha) were also broadcast prior to bed formation.

PYT I Yields of PT 4678B, PT 4719A, and PT 4675A
(all jointless pedicel types) significantly surpassed
that of PT 4225, and the first-time harvest
proportion of these lines ranged from 77 to 86%
(table 5). Entries in this trial were selected for cool-
dry season production and lack sufficient heat
tolerance for summer production. Seed of PYT I
entries are available upon request.

Table 5. Horticultural and quality characteristics of selected processing tomato entries from PYT I-lll, AVRDC, October
1995-April 1996
Trial Entry Mean yield MY12 Fruit size Brix Acid Color pH
(thha) (%) (9) (%) (%) (alb)

PYTI PT 46788 124 86 126 52 0.27 2.23 4.6
PT 4719A 116 77 63 45 0.26 2.18 4.5
PT 4675A 110 81 81 4.8 0.22 2.09 4.6
PT 4225 (ck) 99 65 52 4.5 0.25 1.89 4.5
UC 204A (ck) 72 57 67 4.8 0.29 215 45
Mean of all entries 86 72 69 4.7 0.26 213 4.5
CV% 17 6 30 6.0 12.94 6.03 1.5
LSD (P =0.05) 8 10 10 0.6 0.07 0.27 0.2

PYTIl  PT4678A 145 76 97 4.8 0.25 214 4.3
PT 46758 122 80 86 4.5 0.23 2.15 46
PT 46648 114 82 87 4.0 0.23 2.06 4.6
PT 4225 (ck) 122 89 63 4.1 0.23 1.98 4.6
UC 204A (ck) 77 62 81 4.9 0.28 2.28 4.5
Mean of all entries 102 74 84 4.6 0.24 213 4.6
CV% 23 6 6 75 8.37 459 1.6
LSD (P =0.05) " 10 12 0.6 0.07 0.31 0.2

PYTIII  PT4674D 123 81 79 5.0 0.24 234 45
PT 4675A 118 84 76 4.9 0.27 2.28 44
PT 4660B 102 71 74 4.7 0.21 2.28 46
PT 4674B 99 73 85 4.5 0.28 218 45
UC 204A (ck) 75 64 72 4.7 0.30 212 4.5
PT 4225 (ck) 79 57 56 45 0.24 1.95 45
Mean of all entries 85 74 75 47 0.24 2.16 4.5
CV % 29 9 8 6.6 10.20 4.98 1.3
LSD (P =0.05) 10 14 13 0.7 0.05 0.23 0.1

@ MY1 = percentage of total yield in the first harvest.
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PYT II. PT 4678A significantly outyielded hybrid
check PT 4225. Proportions of total yield in the first
harvest ranged from 62 to 82%. Internal red color
of entries was good, ranging from 1.97 to 2.20, but
Brix values of most entries was <5.0. PYT Il entries
possessed fair heat tolerance; seed of these entries
are available for international distribution.

PYT III. Yields of PT 4674D, PT 4675A, PT 4660B,
and PT 4674B ranged from 90 to 123 t/ha,
significantly greater than checks UC 204A (75 t/
ha) and PT 4225 (79 t/ha); Brix values of the best
four entries ranged from 4.5 to 5.0, which were not
significantly different from the checks (4.7 and 4.5
for UC 204A and PT 4225, respectively). Proportion
of total yield in the first harvest ranged from 71 to
81% and mean fruit sizes ranged from 49 to 85 g.

Genetic improvement of tomato for

tropical home gardens

One observational trial of high beta-carotene lines
was carried out at AVRDC from October 1995 to
March 1996. The trial objective was to identify
horticulturally acceptable lines high in fruit beta-
carotene content. Lines carrying either dgdg or B
genes were evaluated in the trial. Beta-carotene
contents of B and dg lines ranged from 3.00 to 7.44
mg/100 g, and 0.75 to 1.33 mg/100 g, respectively.
Entry mean fruit sizes ranged from 131 to 183 g
and yields ranged from 83 to 119 t/ha. Most entries
possessed good bacterial wilt resistance with
percent survival means in greenhouse tests ranging
from 46 to 91%. Two PYTs of high beta-carotene
entries are in progress at AVRDC. Superior lines
will be selected for testing in Bangladesh and used
as parents in crosses to develop heat-tolerant high
beta-carotene lines.
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Management of diseases

Identification and characterization of bacterial wilt
and bacterial spot resistance in tomato

Bacterial wilt diallel analysis

Diallel analysis of bacterial wilt resistance in tomato
was conducted to determine if combining different
BWR sources can achieve higher resistance levels.
Five tomato lines (CL 5915, L 285, CRA 84, Hawaii
7997, and GA 219) each derived from different BWR
sources and a susceptible processing tomato line
(UC 204A) were crossed in all combinations
without reciprocals. Parents, F,, and F, progenies
were evaluated in the greenhouse at three locations
for percent survival 6 weeks after drenching
inoculation with local virulent strains.

Percent survival means over locations of parents
and crosses ranged from 17 to 83 in the F, and 16 to
75 in the F, (table 6). The percent survival mean
over locations of L 285 x Hawaii 7997 was highest
among entries in the F, (83) and F, (75), but it was
not significantly greater than Hawaii 7997. Highly
significant mean squares were found in the F, and
F, for general combining ability (GCA), and GCA
X locations (table 7). Positive GCA effects over
locations were detected for Hawaii 7997, CRA 84,
and L 285 although only Hawaii 7997 showed
positive GCA effects at each location and
generation. Significant increase in BWR was not
observed by combining different resistance sources.
However, the presence of larger GCA variances
suggested that higher BWR may be achieved by
recurrent selection.

Table 6. Percent survival means® over locations of

selected parents, F, and F, crosses evaluated
for bacterial wilt resistance

Parent/cross Parents and F, Parents and F,
CRA 84 64.8c-e 75.0a

H 7997 76.4ab 63.1a-c

L 285 62.3c-e 45 5a-f

UcC 204 17 4] 16.2f

L 285 x CRA84 76.9ab 68.1a-c

L 285 x H 7997 83.0a 75.0a

CRA 84 x H 7997 68.1b-d 70.6a

@ Mean separation by DMRT (K ratio = 100). Data were transformed by the
arcsin of the square root for analysis. Nontransformed means are shown.
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Table 7. GCA effects of F, and F, crosses evaluated for bacterial wilt reactions at greenhouses in Taiwan, the Philippines,
and Indonesia
F1 FZ

Taiwan Phil. Indo. Combined Taiwan Phil. Indo.  Combined
CL 5915 -3.97 -1.97 1.45 -1.50 -2.52 -2.53 2.69 -0.79
L 285 10.99 14.50 -3.22 7.42 4.81 11.86 -1.53 5.05
CRA 84 6.59 -7.26 13.85 4.39 4.81 -7.66 11.15 2.76
H 7997 11.44 3.62 18.20 11.09 11.29 7.29 14.56 11.05
GA 219 -3.79 1.06 -12.80 -5.17 -0.52 -3.48 -11.40 -5.13
UC 204A -21.26 -9.95 -17.48 -16.23 -17.87 -5.48 15.47 -12.94
SE of GCA effect 1.65 2.40 1.98 1.15 1.62 3.38 1.98 1.41

QTL mapping of bacterial wilt resistance
in Hawaii 7996

Atotal of 191 F, lines derived from a cross between
Hawaii 7996 (resistant parent) and Wva 700
(susceptible parent) were evaluated in the
greenhouse by drench inoculation with strain Pss4.
Severity ratings were used to identify loci
associated with BWR by a cooperator at the Institut
National de la Recherche Agronomique (INRA) in
France. A total of 20 QTLs were mapped on
chromosome 2, 3, 6, 8, and an unknown region.
Among these, an unmapped QTL accounted for
about 40% of the total variation at 10 and 14 days
after inoculation. Efforts are being made to locate
this QTL.

Bacterial spot

Race identification was conducted for a total of 152
strains of Xanthomonas campestris pv. vesicatoria
isolated from tomato in Taiwan from 1989 to 1996.
Race identification of 116 strains was completed
and reactions of 36 strains still require confirmation.

The predominant race was T1P3 (table 8). Strains
were isolated in the highlands. However, among
the T2P3 strains, only one was isolated in the
highlands. Streaking Xcv on nutrient agar with 1%
starch indicated that only the four T2 strains can
hydrolyze starch. The reported new race, T3, was
not found in this collection. Resistance sources to
race T1 and T3, but not to race T2, have been
identified in tomato.

Ecotyping of Ralstonia (Pseudomonas)
solanacearum isolated from tomato

In 1996 a collaborative effort among researchers at
AVRDC, Australia,

Philippines, Thailand, and Vietnam was

Indonesia, Malaysia,
established to study and characterize genetic
variation of R. solanacearum strains from Southeast
Asia. R. solanacearum (Ps) strains are being collected
by collaborators and development of national
catalogs of Ps strains was initiated in Vietnam,
Thailand, and finalized in Indonesia, Malaysia, and
the Philippines. Common protocols for strain

Table 8. Race identification of strains of Xanthomonas campestris pv. vesicatoria isolated from tomato in Taiwan from
1989 to 1996
Pepper? Tomato

Race No. of strain ECW ECW ECW ECW Bonny Hawaii Hawaii

-10R -20R -30R Best 7998 7981°
T2 4 +¢ + + + - - -
T1P1 26 - - + + - + -
T1P2 15 - + + - - + -
T1P3 65 - - * - - + -
T2P3 6 - - + - - - -

@ ECW : Early Calwonder; ECW-10R, ECW-20R, and ECW-30R are near-isogenic lines of ECW which carry Bs1, Bs2, and Bs3 genes respectively.
® Reactions on Pl 126932 and Pl 128216 were identical as on Hawaii 7981.

¢+ incompatible reaction; - : compatible reaction.
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pathogenicity testing, and strain characterization
have been developed at AVRDC and the University
of Adelaide, Australia. Fingerprinting of Ps strains

by PCR is ongoing.

Standard procedures of pathogenicity testing
developed for R. solanacearum have been
distributed to collaborators in Australia, Indonesia,
Malaysia, Philippines, Thailand, and Vietnam. Leaf
clipping inoculation was identified as the best
method for pathogenicity testing. The procedure
includes dipping scissors in a bacterial suspension,
clipping three sites on each tomato seedling with
three fully expanded true leaves (L 390), and
keeping the inoculated plants in a warm
greenhouse. Four plants were inoculated per strain.

Ascale of 0to 5 (0 = no symptoms, 5 = wilted) was
used to rate severity of bacterial wilt in test plants.
Based on the severity scores of four plants, strains
could be grouped into virulent (all plants had
scores > 3), weakly virulent (all the four plants had
scores < 3), and avirulent (all the scores are 0).

Atotal of 176 strains in the AVRDC collection were
tested by leaf clipping method. Based on the results,
141 of the strains were virulent; 13 strains were
weakly virulent; and 3 strains were avirulent;
reactions of 19 strains need confirmation.

Host resistance to black leaf mold of tomato

Black leaf mold (BLM) of tomato, caused by
Pseudocercospora fuligena, is widespread in the
tropics and subtropics where it can cause extensive
defoliation. BLM is controlled by application of
fungicides because resistant varieties are not
available. Over the past 10 years several BLM-
resistant accessions have been identified in
laboratory studies at AVRDC. The objective of this
study was to compare and rank the resistance
sources that were previously identified.
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Twenty-four 35-day-old plants of each entry were
spray-inoculated to the point of run-off with a
conidial suspension (1 x 10*/ml) from P. fuligena,
isolate Pf-2. The inoculated plants were maintained
continuously at 28+1°C. For the first 36 h after
inoculation they were kept in the dark at 100% RH
to maintain leaf wetness. Thereafter, the humidity
was reduced to 95£2% RH and the plants provided
a 14 h/day photoperiod. Disease severity
evaluations were made by visual estimation of the
percentage of leaf area affected by BLM at 18 days
after inoculation. Disease reaction categories were
established based on the percentage leaf area
affected. FMTT 22 and TK 70 were included as
susceptible controls.

Fifty-four of the most resistant accessions
previously identified were chosen for reevaluation
and comparison in a single laboratory inoculation
experiment. Twenty-six entries including nine L.
hirsutum (L 643, L 645, L.733, L5996, LA 1033-1, LA
1033-2, LA 1353, LA 1777, and LA 1928), three L.
cheesmanii (TL 1044, TL 1078, and TL 1082) and L.
glandulosum (L 634, L 639, and L 641), two L.
chmielewskii (L 1028 and L 2633), L. parviflorum (LA
1326 and LA 2133), L. peruvianum (L 638 and LA
385), and one L. chilense (LA 2284), L. hirsutum f.
glabrasum (LA 1223), L. peruvianum f. glandulosum
(LA 1292), L. esculentum (L. 1777), and L 5637 were
rated resistant. Twelve entries were rated
moderately resistant, and all other entries were
classified as moderately susceptible and
susceptible (table 9). Four of the accessions
previously rated resistant fell into the susceptible
category. These results should be useful in choosing
BLM-resistant parents in the future for developing
BLM-resistant tomato varieties.
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Table 9. Confirmatory screening and ranking of previously identified black leaf mold-resistant tomato accessions?
Foliage Disease® Entry Foliage Disease®
Entry Species affected (%)  reaction Species affected (%)  reaction
FMTT 22 (ck) L. escu. 66.7 a S TL 1052 L. chees. 1.3 n-r MR
LA 2184 L. pimp. 61.7 ab S LA 1402 L. chees. 10.8 n-s MR
LA 473 59.2 be S L 639 L. glan. 10.0 n-t R
L 5951 55.8 bed S TL 1044 L. chees. 10.0 n-u R
LA 317 L. chees. 54.2 cde S L 5637 9.2n-u R
TK-70 (ck) L. escu. 50.8 def .S LA 1028 L. chmiel. 9.2n-u R
L5774 L. penne. 49.2 efg MS L 733 L. hirsu. 8.3 op-u R
L 486 L. escu. x L. pimp. 46.7 fgh MS LA 1928 L. hirsu. 8.1 p-u R
LA 1908 L. hirsu. 45.0 fgh MS LA 1223 L. hirsu. f. glabra 6.7 p-v R
L 5281 L. escu. 44.2 gh MS L 634 L. glan. 5.8 g-v R
LA 722 L. pimp. 42.5 hi MS L 5996 L. hirsu. 5.0rv R
LA 1546 L. escu. v. cerasiforme 40.8 hi MS L1777 L. escu. 4.2 s-v R
L 5879 36.7j MS TL 1078 L. cheesma. 3.8 uvt R
L 2110 L. pimp. 36.7 jj MS LA 2284 L. chilense 3.8 uvt R
LA111 L. peru. 33.3k MS LA 1326 L. parvi. 3.3 uvt R
L 2106 L. escu. x L. pimp. 325k MS LA 2133 L. parvi. 2.5uv R
L 1533 L. pimp. 317k MS L 641 L. glan 2.5uv R
L 141 L. pimp. 317k MS LA1777 L. h/rsu. 0.8v R
L 1959 L. escu. x L. pimp. 30.0k MR LA 1033-1 L. hirsu. 08v R
LA 1306 L. chmiel. 30.0k MR LA 1033-2 L. hirsu. 0.8v R
LA 1963 L. chilense 30.0k MR L 643 L. hirsu. 0.8v R
L 4862 L. pimp. 29.2k MR L 638 L. peru. 0.0v R
LA 1673 L. escu. v. cerasiforme 2331 MR L 645 L. hirsu. 00v R
L 4863 L. pimp. 19.2Im MR LA 2663 L. chmiel. 0.0v R
L 5836 15.8 mn MR TL 1082 L. cheesma. 0.0v R
L 1064 (P,) L. hirsu. 15.0 mno MR LA 1292 L. peru. f. glan. 0.0v R
LA 2584 L. pimp. 13.3m-p MR LA 1353 L. hirsu. 0.0v R
LA 1932 L. chilense 12.5 n-q MR LA 385 L. peru. 0.0v R

¢ Date planted: 6 September; date inoculated: 11 October (Pf-2, 1 x10* conidia/ml); date evaluated: 29 October.
® R = <10% foliage affected; MR = 10.1-30% foliage affected; MS = 30.1-50% foliage affected; S = >50%.

¢ Mean separation by DMRT, P < 0.05.

Host resistance to late blight of tomato

Late blight, caused by Phytophthora infestans, is one
of the most devastating diseases of tomato in most
of the Asian, African, and Central American
countries where AVRDC is engaged in research to
improve vegetable productivity. Presently, there are
no tomato varieties that are resistant to the P.
infestans races that occur in these areas, but four
wild tomato lines were identified in laboratory
studies at AVRDC during 1993-94 that were
resistant to Taiwan isolates of P. infestans. The study
objectives were (1) to field test the resistant lines
for their reactions to late blight in different
geographic areas, (2) to determine the inheritance
of resistance, and (3) to introgress late blight
resistance into desirable tomato types.

1996 Report

Geographic testing of resistance. Results have
been received from Indonesia, Nepal, Philippines,
Taiwan, Tanzania, Thailand, and USA. In each of
these locations the four AVRDC lines were the most
resistant among the lines tested. Under severe late
blight pressure, L 3707 and L 3708 were very
resistant and L 3683 and L 3684 expressed an
intermediate level of resistance, while all other
accessions tested were severely damaged or killed.
Representative data from Taiwan and Nepal field
experiments are shown in fig. 1 and 2.
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Fig. 1. Late blight development from natural inoculum in
tomato accessions in a field at Puli, Taiwan,
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Fig. 2. Late blight development from natural inoculum in
tomato accessions in a field at Pokhara, Nepal,
winter, 1995-96

Inheritance of resistance. Analyses of data based
on the late blight reactions of F,, F, B F,, and B F,
populations derived from ‘L. esc. x L 3708" and ‘L.
esc. x L 3684 crosses showed that the resistance in
both accessions is inherited as a single partially
dominant gene (tables 10 and 11). F, plants derived
from susceptible x resistant crosses involving either
L 3708 or L 3683 expressed resistance levels
intermediate to the two parents, but skewed
toward the resistant parent. Resistant homozygotes
in the F,, BF,,
appeared to have resistance levels similar to the

and subsequent populations

resistant parent (fig. 3).
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Table 10. Late blight reactions of L 3708, CLN 657, and

progenies
No. plants Expected
Population n R I S ratio x2
L 3707 (R) 48 48 0 0
CLN 657 (S) 48 0 0 48
F, 78 25 50 3
I 478 123 255 100 1R:2l:1S 4.36ns
No. families Expected
Population n  Seg. S ratio X2
B.F, 3 19 18 1Seg:1S50.03ns

Table 11. Late blight reactions of L 3684, Moneymaker,
and progenies

No. plants Expected
Population n R | S ratio X2
L 3707 (R) 48 48 0 0
L 3684 (R) 48 41 7 0
MM (S) 36 0 0 36
F, 12 5 3 2
F, 211 55 96 60 1R:2:1S 1.95ns
No. families Expected
Population n  Seg. S ratio X2
B.F; 27 12 15 18eg:1S 0.33ns
8l
o CLN 657
£
g
3
!
g
3
a B1F3, res.

25 35 T s 55 65 75
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Fig. 3. Late blight development in populations derived
from tomato accession L 3708 in a field at Puli,
Taiwan, spring 1996

Host resistance to fusarium wilt of tomato

Fusarium wilt of tomatoes, caused by Fusarium
oxysporum f.sp. lycopersici (Fol), is a threat to tomato
production worldwide. This disease is managed
primarily by resistant varieties. Three races of Fol
are known to occur, but at present only races 1 and
2 appear to be important in Asia. The objectives of
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this study were (1) to assess the occurrence and
prevalence of Fol races in Taiwan and (2) to
determine the Fol race 1 and 2 reactions of tomato

differentials showed that 7 were avirulent and 15
were Fol of which 14 belong to race 2 and 1 to race
1 (table 12).

varieties, lines, and breeding populations. The . . .y
o & POP Tomato accessions and lines distributed by AVRDC
overall objective is to ensure that advanced AVRDC , , ,
_ i for bacterial wilt nurseries (table 13) and the

tomato lines possess resistance to Fol races 1 and 2. . . : . .
international bacterial wilt-resistant tomato set

A total of 22 F. oxysporum isolates were obtained (table 14) distributed from Australia were assayed

from tomato plants showing fusarium wilt for their reactions to races 1 and 2 of Fol. Most of
symptoms that were collected from six locations the entries in these two sets were resistant to race

in Taiwan. Assays of the isolates on tomato host 1, but only a few were resistant to race 2. This

Table 12. Virulence and race determination of Fusarium oxysporum isolates from tomato in Taiwan, 1995-96 survey

Location Date isolated Avirulent Race 1 Race 2 Total
Likang, Pingtung Oct. 1995 2 0 4 6
Taipao, Chiayi Oct. 2 0 0 2
AVRDC, Tainan May 1996 0 1 3 4
Luchu, Kaohsiung May 3 0 2 5
Chufu, Kaohsiung May 0 0 2 2
Wangmei, Nantou June 0 0 3 3
Totals 7 1 14 22
Table 13. Fusarium wilt reactions of tomato lines® in the AVNET bacterial wilt nursery

Race 1, Fol-11A Race 2, Fol-14
Entry DSR® Reaction® DSR® Reaction®
L 390 8.7 S 6.8 S
BL 350 0.0 R 5.0 S
BL 342 0.0 R 2.3 seg
BL 323 1.2 R (seg?) 6.8 S
BL 341 0.0 R 6.4 S
BL 355 0.0 R 6.2 S
BL 312 0.0 R 1.7 seg
BL 410 0.0 R 39 seg
BL 333 0.0 R 37 seg
L 285 0.0 R 0.0 R
CL 1131-0-0-13-0-6 0.0 R 5.2 S
CL 143-0-10-3-0-1-10 0.0 R 6.8 S
CL 8d-0-7-1 0.0 R 7.5 S
CL 9-0-0-1-3 7.4 S 74 S
CL 11d-0-2-1 0.0 R 6.2 S
CL 5915-93D4-1-0 1.3 R (seg?) 7.3 S
CL 5915-206D4-2-2-0 9.0 S 9.7 S
CL 6047-1-1-2-3-2-7-0 0.0 R 74 S
CLN 475-BC,F,-265-4-19 7.1 S 6.3 S
CLN 675-BC,F,-285-0-21-0 6.9 S 2.8 (seg?)
CLN 65-349D5-2-0 74 S 8.8 S
Fantastic, S ck 7.2 S 8.0 S
uc82-L, F-1Rck 0.0 R 8.1 S
Fla MH-1, F-182 R ck 0.0 R 0.0 R

2 Plants evaluated at AVRDC 8 April.

® Disease severity rating scale of 0-10; 0 = no symptoms and 10 = permanently wilted or dead; values shown are based on means of 24 plants
(4 rep. x 6 plants).

¢ Reactions: R = resistant: S = susceptible; and seg = segregating, i.e., both resistant and susceptible plants.
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Table 14. Fusarium wilt* and gray leaf spot® reactions of the international tomato set of bacterial wilt-resistant lines

Race 1, Fol-11A Race 2, Fol-14 Gray leaf spot
Variety/Line DSR® Reaction? DSRe Reaction® Meane Reaction'
Hawaii 7998 0.0 R 0.0 R 1.2 R
Hawaii 7997 0.0 R 4.8 S 4.0 S
Hawaii 7996 0.0 R 0.0 R 1.2 R
GA 219 (P1 126408) 8.1 S 5.5 S 34 S
CRAB6 0.0 R 2.8 seg 0.7 R
GA 1565 (P1263722) 0.0 R 49 S 0.8 R
GA 1405 (P1251323) 5.0 S 5.0 S 35 S
BRS-1 0.0 R 0.0 R 0.5 R
Fla 7421 0.0 R 47 S 1.0 R
Hawaii 7998 0.0 R 41 seg 1.6 R
BF-Okitsu 101 0.0 R 0.8 R 1.5 R
TBL -1 0.0 R 7.4 8 1.0 R
TBL-2 0.0 R 6.1 S 0.2 R
TBL-3 0.0 R 8.2 S 0.3 R
TBL-4 0.0 R 7.1 S 0.2 R
MT -1 0.0 R 6.0 S 0.7 R
MT - 1 8.0 S 7.6 S 1.0 R
Kemir 8.7 S 6.7 S 2.9 S
Intan Putih 0.0 R 5.4 S 1.0 R
Ranti 6.1 S 6.5 S 3.8 S
R-3034-3-10-N-UG 0.0 R 5.1 S 0.9 R
TML-114-48-5-N spreading 0.0 R 5.5 S 1.0 R
TML-46-N-12-N-early N.T. 0.0 R 6.3 S 1.0 R
F7-80-465-10-Pink 0.0 R 6.3 S 1.3 R
Hawaii 7997 0.0 R 5.6 S 40 S
CRAG6 0.0 R 0.8 R 1.2 R
Caraibo 0.0 R 5.3 S 0.8 R
Caravel (CRA 90-30) 0.0 R 55 S 0.8 R
L285 0.0 R 1.0 R 1.0 R
CL 5915-93-D4-1-0 0.5 R 7.5 S 3.2 S
CLN 65-349-D5-2-0 7.9 S 8.5 S 34 S
CLN 1463-160-40-60 8.1 S 7.3 S 0.7 R
CLN 1464-111-30-45 0.0 R 7.2 S 0.8 R
Rodade 0.0 R 0.6 R 0.5 R
Redlander 0.0 R 0.0 R 0.7 R
L 390 8.9 S 8.2 S 4.0 S
Fantastic, S ck 9.1 S 7.2 S 4.0 S
Bonny Best, S ck 3.8 S
UC 82-L, F-1 R ck 0.0 R 8.6 S 3.8 8
Fla MH-1, F-1&2 R ck 0.0 R 0.8 R 0.9 R
Homestead 24; F-1 4.0 S
L 3684 2.1 | (seg)
L 3708 2.7 l
LA1777 1.8 | (seg)
L 733 2.0 | (seg)

¢ Plants evaluated at AVRDC 8 April.
® Conditions: 100% RH (2 min on, 4 min off) at 25°C without light for the first 36 h after inoculation; then 98+2% RH (2 min on, 8 min off), 25°C and 14-

h photoperiod until evaluation.

¢ Disease severity rating scale of 0-10; 0 = no symptoms and 10 = permanently wilted or dead; values shown are means of 24 plants (4 rep. x 6 plants).
¢ Reactions: R = resistant; S = susceptible; and seg = segregating, i.e., both resistant and susceptible plants.
¢ Disease severity rating scale: 0 = no symptoms; 1 = occasional necrotic fleck; 2 = numerous necrotic flecks; 3 = numerous necrotic spots; and 4 =

coalescing necrotic spots and leaf collapse. Values based on reactions of 6 plants in each replication.

"Disease reactions were categorized as follows: DSR: 0-1.6 = R; 1.7-2.8 = |; and 2.9-4.0 = S.
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information may be of value when these lines are
tested in locations where the cause of tomato
wilting cannot be confirmed.

Host resistance to gray leaf spot of tomato

Gray leaf spot of tomato, caused by Stemphylium
solani and S. lycopersici is worldwide in distribution
and frequently causes extensive defoliation. It is
controlled primarily by use of resistant varieties.
This study aimed to (1) confirm the utility of
AVRDC's laboratory protocol for evaluating gray
leaf spot reactions of tomatoes and (2) evaluate
tomato lines important to the AVRDC tomato
improvement project for their gray leaf spot
reactions.

Artificial inoculation was made by atomizing the
conidial suspension (1 x 10*/ml) from S. solani
(isolate Ssol-1) to the plants to the point of runoff.
The inoculated plants were incubated at 25+2°C
continuously; they were held in the dark at 100%
RH for the first 36 h after inoculation, and thereafter
with a 14 h/day light period at 95+2% RH. Disease
evaluation was made 7 days after inoculation.

Among the 36 entries in the set of international
bacterial wilt-resistant lines, 27 were rated resistant
and 9 susceptible to gray leaf spot (table 14).
Among the other eight cultivars and lines that were
included in the test only one was resistant, four
gave intermediate reactions, and three were
susceptible. Knowledge of the gray leaf spot
reactions of these lines may help explain their
performance in some locations and also be useful
to breeders wishing to use them in breeding

activities.

Development of multivirus-resistant tomato

The development of a tomato variety resistant to
viruses such as CMV, TYLCV, PVY, and TSWV, has
been a goal of the tomato project for many years.

To realize this goal a cooperative activity was
launched in 1993.

1996 Report

In 1996, B.F, and B,F, plants of crosses developed
for leaf curl virus resistance derived from LA 1932
and LA 2737 were exposed to viruliferous
whiteflies from the seedling stage up to maturity.
Immune or resistant plants were selected by
absence of symptoms and negative nucleic acid
hybridization tests. Selfed seed were harvested
from resistant plants and B.F, and B,F, progenies
evaluated for TYLCV reaction.

Crosses for CMV resistance involving two L.
chilense selections, LA1969-9 and LA 1969-11, were
advanced to B.F,. Screening by mechanical
inoculation followed by two ELISA tests showed
resistances ranging from 100 to 38% in populations
of LA 1969-11 selections and from 67 to 24% in LA
1969-9 selections.

Table 15 shows the RFLP markers associated with
PVY resistance in CLN 808 selections fom crosses
involving L. hirsutum PI 247087. Marker analysis
of advanced inbred PVY-resistant tomato lines with
L. hirsutum PI 247087 as the resistance donor has
shown L. hirsutum introgressions on top of
chromosome 7,9, and 10 and on chromosome 4. A
new source of resistance to PVY was identified in
L. hirsutum L 3683. The resistance was confirmed
with isolates from Australia, Hawaii, California,
Thailand, and Germany.

Table 15. RFLP markers associated with PVY resistance
in CLN 808 BC,F, selections of crosses
involving L. hirsutum P1 247084

Marker ~ Chromosome  CLNline?  Type of allelism®

TG499 7 AB H/H HH
TG254 9 A H/H
CT143 9 A Seg
CT283 9 B Seg
CT16 10 B H/H
CT234 10 AB Seg HH
CT11 10 A HH
TG574 4 B Seg

¢ A= CLN808BC,-5-16-1-12, B = CLN808BC,-2-22-1-32.

®H/H = for the specific marker, the samples have only L. hirsutum alleles,
no susceptible L. esculentum alleles; Seg = the line carries some L.
esculentum in addition to L. hirsutum alleles.
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Five tomato clones transformed with the N protein
gene were tested for tospovirus resistance by
mechanical inoculation. One of the clones (657-12-
2 R) was found resistant; the other one (4783-12-
11 R ) was segregating for resistance to watermelon
silver mottle virus (WSMV).

Studies on leaf curl virus

Routine screening for leaf curl virus resistance
Routine screening for leaf curl virus resistance were
continued to identify additional sources of TYLCV
resistance. A total of 119 lines were screened,
including accessions of L. pimpinellifolium, L.
peruvianum, L. hirsutum, L. chilense, and L.
esculentum. Screening was done by subjecting 48
seedlings of each accession/line to viruliferous
whiteflies followed by visual symptom observation
and nucleic acid hybridization tests after the
susceptible check developed symptoms. This
method was found to be highly effective. One L.
hirsutum accession, three L. peruvianum, and five
additional L. chilense were identified with high
resistance levels.

Thirty-seven lines were screened for the first time,
whereas all others were selections of lines that were
previously found to be segregating for leaf curl
virus resistance. Three additional lines [L 736 (L.
peruvianum), L 737 (L. peruvianum), and LA 1777
(L. hirsutum)] were identified with high levels of
resistance (50, 60, and 89%, respectively). The
resistance was confirmed in selections of L.
peruvianum VL 215 and L. chilense accessions LA
1930, LA 2737, 2746, 2747, and 2980.

Identification and characterization of a new
tomato-infecting geminivirus in Tanzania

It was previously established that a geminivirus
(gv) closely related to TYLCV-Isr infects tomato in
Tanzania. However, some leaf samples from
Tanzania failed to hybridize with DNA-A probes
against TYLCV-Isr. These were subjected to PCR
with a primer pair which amplifies part of the
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replicase, the intergenic and the coat protein region
of whitefly-transmitted gv, and yielded a 1.5-kb
fragment. This fragment was cloned and
sequenced. The C, sequence was compared to
known sequences of TYLCV-Isr, TYLCV-Sar,
TYLCV-Thai, TLCV-Aus, TLCV-Ind (Bangalore 1),
TLCV-Tai ToMoV, cassava mosaic virus-Ind
(ICMV), cassava mosaic virus Africa (ACMV), and
mungbean yellow mosaic virus (MYMYV).
Nucleotide homologies are shown in table 16.
Common region comparisons were 62-65% for
TTLCV-Isr, TYLCV-Sar, TYLCV-Thai, TLCV-Aus,
and TLCV-Tai. Since isolates of the same
geminivirus usually have nucleotide identities >90,
this virus is considered different from all previously
characterized geminiviruses, and is, thus,
considered a new geminivirus, which has been
named TLCV-Tan.

Table 16. Comparisons of the AC1 region of TLCV-
Tanzania with other tomato infecting
geminiviruses, ACMV, ICMV, and MYMV

Virus % nucleotide homology
TYLCV-Isr 74
TYLCV-Sar 75
TYLCV-Thai 75
TLCV-Aus 77
TLCV-Ind (B'lore 1) 72
TLCV-Tai 78
ToMoV-Fla 73
ICMV 70
ACMV 65
MYMV 66

Host range studies on Taiwan tomato leaf curl virus
Twenty-eight plants each of 11 C. annuum and 1 C.
frutescens (VC 6, VC 10, VC 16, VC 17, VC 35, VC
37, VC 40, VC 58, Passion, and VC 170) varieties
were subjected to seedling screening by
viruliferous whiteflies. The screening was repeated
twice, in May and in August. None showed
symptoms nor was a gv detected by NASH.
Similarly, samples of 39 pepper plants collected in
AVRDC fields that showed symptoms typical of
geminivirus infection (yellowing, small leaves, and
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curling), which were tested by NASH using the
TLCV-Tai probe, were negative. This indicated that
the Taiwan tomato leaf curl virus does not infect
Capsicum sp.

Network support

Some of AVRDC's network cooperators from South
and Southeast Asia lack the facilities to conduct
routine gv detection. To assist them, AVRDC asked
them to select samples with typical gv infection
(yellowing, leaf curling), squash them on Hybond
membranes provided by the Center, and return
these membranes to AVRDC for NASH testing
using the TLCV-India and the TYLCV-Thai probe,
a general probe which detects many geminiviruses.
A total of 112 tomato samples suspected to be
infected with a leaf curl virus were received from
Nepal, India, the Philippines, and Mauritius. The
presence of a geminivirus was confirmed in only
13 samples originating from Nepal and India (table
17). All other samples from the Philippines and
Mauritius either did not contain a geminivirus or
were infected with a geminivirus that could not be
detected with AVRDC probes. This will be followed
up. A 1.5 kb part of the genome of the Philippine
virus has been cloned.

Identification of molecular markers linked to heat
tolerance in CLN 1639F recombinant inbred lines
Aprevious study to identify RAPD markers linked
to heat tolerance in an F, segregating population
derived from a single cross of CL 5915-206 (heat-
tolerant inbred line) and L 4422 (heat-sensitive
accession) was implemented in summer 1994. F,
plants were screened for heat tolerance and
classified as heat-tolerant or heat-sensitive
according to fruit-set. A DNA bulk was created
from each group and a total of 849 primers were
screened for the ability to detect polymorphism
between the two groups. However, no primer
associated with heat tolerance was detected. The
failure to obtain markers cosegregating with the
heat tolerance trait in that study might be attributed
to heterozygosity in the mapping population and
the choice of fruit setting rate as the only distinction
between heat-tolerant and sensitive lines.

In a second study, 151 CLN 1639F, recombinant
inbred lines derived from the cross between CL
5915-93 and L 4422 were used as a mapping
population. Three F, plants from each RIL were
grownin a greenhouse in June 1996 and scored for
fruit setting, fruit weight, seed number, and fruit
yield from August to October. Five clusters, from
the second to the sixth, of each plant were scored.

Table 17. Survey for geminiviruses of tomato, pepper, and mungbean

No. samples

Country Crop tested positive Probe used
Nepal mungbean, soybean, blackgram, cowpea 19 3 MYMV
Nepal tomato 20 9 (Thai) TLCV-Ind, TYLCV-Thai
Nepal tomato 50 0 TLCV-Ind, TYLCV-Thai
India tomato 2 0 TLCV-Ind, TYLCV-Thai
India tomato 3 3 (India) TLCV-Ind, TYLCV-Thai

1 (Thai) TLCV-Tai, TYLCV-Tan
Philippines pepper 10 0 PCR (Ac1v1978/Av1c715)
Philippines tomato 3 0 TYLCV-Thai

0 PCR (Ac1v1978/Av1c1715)
Mauritius tomato 34 0 TYLCV-Thai

0 PCR
¢ Positive samples were from soybean and blackgram.
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Average day/night temperatures for August,
September and October were 34.9/24.0°C, 32.1/
23.7°C, and 28.6/20.9°C, respectively.

Variation for fruit-set, etc. was present within most
of the F, RILs. Uniformity was observed in only
two lines, CLN 1639F -31 and CLN 1639F-100.
Twenty-five heat-tolerant and 25 heat-sensitive F,
plants were selected and advanced to the F, to
increase the level of inbreeding and develop more
homozygous mapping populations.

Higher fruit setting rates and seed numbers were
found in some F, lines compared to the heat-
tolerant parent, CL 5915-93 (fig. 4 b, c). The
distribution of average fruit weight and fruit yield
in the F, was skewed toward lower fruit weight
and lower fruit yield characteristic of L 4422 (fig. 4
a, d). This skewness suggests that small fruit size
was dominant. Compared to previous data
obtained in 1994, F, and F, RILs have similar
frequency distributions for fruit setting rate, fruit

weight, and seed number.
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Fig. 4. Frequency distribution for fruit weight, fruit-set, seed number, and fruit yield of CLN 1969-F  lines
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Transformation of tomato and pepper with virus
resistance genes and evaluation of transformants
for CMV resistance

Plasmid pCMV N/B-23 harboring the truncated
CMV RNA-2 replicase gene and plasmid pBICBI 2
carrying the CMV-T coat protein gene were
provided by cooperators from Cornell University,
USA, and Chung Hsing University, Taiwan,
respectively. Both plasmids were transformed into
Agrobacterium tumefaciens strain LBA4404 by the
freeze-thaw method.

Cotyledon explants of tomato L 4783, sweet pepper
C00157D, and hot pepper Szechwan were used for
Agrobacterium-mediated transformation. Explants
were transferred to regeneration medium
containing 100 mg/L kanamycin. Regenerated
shoots were then transplanted to the greenhouse
after acclimation. Transformed plants were
analyzed by Southern hybridization and PCR for
the integration of the truncated CMV RNA-2
replicase gene or the CMV-T coat protein gene.
Genomic DNA extracted from leaves of transgenic
pepper and tomato plants and digested with
respective restriction enzymes was transferred to
Hybond-N membrane and hybridized to DIG-
dUTP labeled 3 kb DNA fragment of pCMV N/B-
23 or 1 kb DNA fragment of pBICBI 2 which
represented the respective coding region. The
presence of the CMV coat protein gene was also
detected by PCR analysis.

Transgenic pepper plants were inoculated three
times with CMYV strain P522 isolation from diseased
pepper plant sap mixed with phosphate buffer. The
second and third inoculations were done 20 and
40 days after the initial inoculation. Transgenic
tomato plants were sequentially inoculated with
virus strains Peet’s, NT 9, and then a mixture of
two virus strains using the same inoculation
schedule as above. The R, population derived from
the self-pollinated transformed R plants were also
evaluated for their resistance to CMV. ELISA testing
was done 14, 44, and 60 days after the initial

inoculation.

1996 Report

Integration of the truncated CMV RNA-2 replicase
gene into the four transgenic lines each from hot
pepper and sweet pepper was confirmed by
Southern analysis. The transformed pepper plants
were inoculated with CMV strain P522 and
subjected to ELISA. Results showed that two of the
four transformed hot pepper plants appeared to
be resistant to CMV-P522 and no disease symptom
developed after three virus inoculations (table 18).
The rest of the transgenic R hot peppers exhibited
delayed mild symptoms compared to control
plants. The R, progeny of self-pollinated R hot
pepper plants were also tested for virus resistance
(table 18). Most of the R, plants developed
symptoms 15 days after virus inoculation and only
one symptomless R, seedling was identified among
the 209 tested R, plants. Disease symptoms on
transformed sweet peppers appeared 4 to 12 days
later than those of the control plants, although all
of them developed virus symptoms. Most of the
R, sweet peppers developed severe disease
symptoms and most of them died 60 days after
virus infection.

Integration of the introduced gene (CMV-T coat
protein or truncated CMV RNA-2 replicase gene)
in the regenerated tomato plants was confirmed
by PCR and Southern hybridization. Ten of the 44
transformed R plants containing the CMV-T coat
protein gene were resistant to CMV infection (table
18). Only four of the 30 transformed plants carrying
the truncated CMV replicase gene did not show
any symptoms and most of them developed severe
disease symptoms (table 18). R, tomato seedlings
derived from the self-pollinated transgenic R
plants were also tested for CMV reaction. Only one
of the 91 R, tomato plants tested so far developed
no symptoms and all others showed various levels
of disease development (table 18). Disease
development on some of the R, tomatoes was
delayed and less severe compared to control plants
(tables 18 and 19).
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Table 18. Evaluation of development of CMV disease symptoms on transgenic peppers and tomatoes

Disease symptoms? ELISA
Plant Gene Severe Mild None Positive Negative
R
H%t pepper RP® 0 2 2 1 3
Sweet pepper RP 2 2 0 4 0
Tomato RP 23 3 4 25 5
CPe 10 24 10 33 11

R1
Hot pepper

HP1 R1 RPb 84 23 0 107 0

HP2 R1 RP 79 22 1 102 0
Sweet pepper

SP1R1 RP 57 5 0 62 0
Tomato

CPT1R1 CPc 9 13 1 18 5

CPT4 R1 CP 18 7 0 22 3

CPT5 R1 CcP 17 4 0 20 1

CPT16 R1 CP 19 3 0 22 0

a Severe: dead, shoestring, or necrosis. Mild: mosaic or mottle. None: No CMV disease symptoms 60 days after initial virus

inoculation.
® CMV RNA-2 replicase gene.
¢ CMV-T coat protein gene.

Table 19. Evaluation of resistance levels of R, tomato seedlings derived from transgenic R, plants with CMV-T coat

protein gene

Days after initial CMV inoculation

Plant 9 22 65 114

Control (L 4783) 2021 (95) 71721 (100) 21721 (100) 21721 (100)
CPT1R1 12023 (52) 1623 (70) 1623 (70) 22123 (96)
CPT4 R1 725 (28) 20125 (80) 22125 (88) 25/25  (100)
CPT5 R1 12121 (57) 20021 (95) 2021 (95) 21/21  (100)
CPT16 R1 1822 (82) 19122 (86) 2022 (91) 22122 (100)

¢ No. plants showing CMV disease symptoms / no. plants tested (percentage of plants showing disease symptoms).

It appeared that transformation of tomato and
pepper with the coat protein gene provided a
broader degree of resistance against CMV infection
compared to the truncated replicase gene. The virus
strains employed to evaluate resistance were not
the same strains from which the coat protein gene
and replicase genes were derived and may indicate
that the coat protein gene offers protection against
awider spectrum of virus strains than the replicase
gene. Ithas been reported that resistance provided
by transformation with viral replicase gene
sequences is more specific than that with coat
protein transgenics.
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Transformation of tomato plants for

fusarium wilt resistance

Cell suspensions (10%-10° cfu/ml) and culture
filtrates with chitinolytic activity of S. marcescens
were applied as root dips and soil drench (5 ml/
plant) to 2-week-old tomato seedlings (Fantastic,
CLN 698BC,F,-358-4-13, and L 4783). Subsequently,
the seedlings were inoculated with Fusarium
oxysporum £. sp. lycopersici (Fol) by root dipping and
transplanted into a perlite: sand mix (2:3V/V). The
culture filtrate of S. marcescens lyophilized and
precipitated with ammonium sulfate and chitinase
purified from ammonium sulfate precipitate were
tested for their chitinolytic activity and ability to
inhibit the mycelium growth of Fol.
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A DNA fragment (1.7 kb) containing the coding
region of the chitinase gene from S. marcescens was
previously cloned in Escherichia coli by means of
PCR-based gene cloning. To construct an
expressible chitinase gene clone for plant
transformation, the 1.7-kb DNA fragment was
ligated into the Xbal/Sacl site of a binary vector
pBI121 to replace the gus gene, and thus ensured
that the insert was located downstream from the
CaMV 35S promoter. The resulting construct was
transferred to the Agrobacterium tumefaciens
disarmed strain LBA4404 by freeze-thaw method.

To determine the location of the cloned chitinase
in transformed E. coli, E. coli culture containing the
chitinase gene was divided into three fractions, i.e.,
supernatant, periplasm, and cytoplasm by
centrifugation, osmotic shock method, and
sonification, respectively. Samples of the three
fractions were then examined by SDS-PAGE. The
chitinolytic activity of different fractions was also
tested by the turbidimetric method.

Previous results showed that S. marcescens could
digest chitin and inhibit Fol growth in vitro. In this
study, reduced severity of Fusarium wilt symptoms
in tomato plants treated with the chitinolytic
culture filtrate of S. marcescens but not intact S.
marcescens (table 20) suggested that its secreted
chitinase may have a inhibitory effect on the
pathogen.

A chitinase isolate from S. marcescens was tested as
an antifungal agent. The results showed that the
isolated chitinase from S. marcescens did not reveal
any chitinolytic or antifungal activity. This could
be because the isolated chitinase had been
denatured during the isolation process.

A protein with an approximate molecular size of
57 kD, identical with one of the chitinases purified
from S. marcescens, was produced and secreted by
E. coli transformed with the cloned chitinase gene
(tig. 5). Chitinolytic activity of this expressed
protein was detected (table 21). Antifungal activity
of the expressed chitinase is still being tested.
However, chitinase expressed in E. coli may not
necessarily indicate that the cloned chitinase gene
will also be expressed in higher plants. Plant
transformation with this cloned gene is being
prepared.

A bacterial chitinase gene fused with CaMV 355
promoter and terminator of nopaline synthase was
constructed and confirmed by restriction enzyme
digestion (fig. 6). The resulting construct was
transferred to A. tumefaciens and confirmed by gel
analysis (fig. 7).

Table 20. Effect of Serratia marcescens (Sm) and its culture filtrate on development of

fusarium wilt in tomato after Fol inoculation by root dipping
Fusarium wilt severity?

Treatment Fantastic CLN 698 L 4783
Root dip with multiple Sm soil drench 9.6 ab 82a 94a
Fol-inoculated control 8.6 ab 83a 85a
Multiple Sm soil drench 7.2bc 78a 8.8a
Multiple soil drench with culture filtrate 6.5¢ 00b 41b
Noninoculated control 0.0d 0.0b 00c

@ Mean disease severity rating on a scale of 0-10 was taken 21 days after inoculation. Individual plant reactions
were scored as follows: 0 = no symptom, 5 = stunted plant with vascular browning, 7.5 = severely stunted plant
with vascular browning, and 10 = plant wilted or dead.

® Means separation by DMRT, P < 0.05.
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Fig. 5. SDS-PAGE analysis of the chitinase expressed in
transformed E. coli
Lanes 1, 2 and 3, proteins in culture supernatant,
periplasmic and cytoplasmic fractions of E. coll,
respectively; lane M, m. t. markers. The position of the
chitinase is indicated by an arrow.

Table 21. Chitinolytic assay for the expression of cloned
chitinase gene in E. coli

Fraction Absorbency reduction® (%)
Control blank 1.5

E. coliM15 (pQC327)°

culture filtrate 15.3

periplasm 8.4

cytoplasm 17.7

2 Data were taken 2 h after incubation of different fractions and chitin
substrate.
® pQC327 = pQEexpress vector with cloned chitinase gene.
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Fig. 6.

Gel analysis of recombinant plasmids carrying
gus or chitinase gene cloned from S. marcescens
Lanes 1 and 3, circular pBI121; lanes 2 and 4, gus
fragments (1.9 kb) of pBI121 released by double
digestion (XballSacl); lanes 5, 7, 9 and 11, circular
plasmids with an insert of chitinase gene; lanes 6, 8,
10 and 12, chitinase gene fragments (1.7 kb) created
by double digestion (Xbal/Sacl) of plasmids carrying
chitinase gene; lane M, I/Hindlll DNA size markers.
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Fig. 7.

Gel analysis of constructed plasmids containing
chitinase gene cloned from S. marcescens

Lane 1, circular plasmid isolated from transformed E.
coli IM109; lanes 2, 3, 4 and 5, circular plasmids
isolated from transformed A. tumefaciens LBA4404;
lane M, I/Hindlll DNA size markers.
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Legume Improvement

The legume improvement project works on two commodities: mungbean (Vigna radiata) and soybean (Glycine
max) including grain and vegetable soybean. It aims to develop high-yielding lines with resistance to pests
and diseases, early uniform maturity, resistance to shattering, improved seed quality, and suitable for the
tropics and subtropics.

In 1995 soybean and vegetable soybean selections were sent to cooperators in 17 countries for evaluation.
Three soybean breeding lines have been used to develop varieties for release in three countries, while two
vegetable soybean breeding lines were popularly used in five countries. The Center continued its
collaborative effort with Korea to advance early generation materials. Through shuttle breeding in various
locations in Thailand, AVRDC hopes to develop widely adapted soybean and tropically adapted vegetable
soybean types with multiple disease resistance.

A virus-specific DNA probe was developed to facilitate screening for mungbean yellow mosaic virus. The
probe was tested and found useful for resistance screening in Pakistan and India.

Screening of mungbean germplasm for resistance to bean podborer continued. Selected moderately resistant
accessions were identified and will be further evaluated to confirm their resistance. The efficacy of Bacillus
thuringiensis against mungbean podborer was tested. A commercial preparation containing strain aizawai
was found more effective in controlling podborer.

Regeneration and distribution of germplasm are regular activities at headquarters. Hybridization and
selection of mungbean lines as well as the maintenance and distribution of the mungbean international
nursery sets were done at the AVRDC Asian Regional Center (ARC) in Thailand.

This year 1500 accessions of soybeans were regenerated. The AVRDC Soybean Evaluation Trials (ASET)
identified lines that yielded as high as or higher than the local checks but matured earlier. Lines were
identified for homestead cultivation in Bangladesh, domestic consumption in Thailand, and as promising
selections in Malaysia, Mauritius, Nepal, and Swaziland. Incorporation of the Ix Ix genes to produce
lypoxygenase null lines and development of insect-resistant lines continue.

Partial shuttle breeding with Thailand resulted in the selection of AGS 190 and its release as Chiang Mai 1
(CM 1) for domestic consumption. Grain soybean lines with high fresh and dry matter yield and that can be
harvested early were identified for use as green manure. Although vegetable soybean residue is lower
compared to sesbania and crotalaria, cash return makes it attractive as an alternative green manure crop.

The efficacy of fishbean foliage against bruchids was tested. Fishbean powder killed bruchids for up to 1
year. A more efficient regeneration system for soybean and Agrobacterium-mediated transformation system
for mungbean were developed.
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Genetic resources activities

This year accessions with less than 1500 seeds
remaining, less than 85% of the original viability,
and possess special traits were regenerated.

The Vigna collection totals 6257 accessions of 5
species. V. radiata consists of 5248 accessions. The
Glycine germplasm collection totals 14,062
accessions 12,759 of which belong to the species G.
max. There are 13 Glycine species in the collection.

Only soybean was regenerated in 1995-96. A total
of 1500 accessions were planted; 500 were
regenerated for the first time and have been
characterized based on a standard set of
descriptors. The rest were in their second cycle of
regeneration.

To date 6530 mungbean accessions or 91% of the
mungbean collection including variants of mixed
populations have seeds in long-term storage. In
soybeans, 5572 accessions (45%) have seeds in long-
term storage. For both groups almost all accessions
have seeds in medium-term storage.

A total of 49 mungbean samples were sent to 7
countries and 4602 soybean samples to 37 countries
and territories (table 1). Center scientists used
germplasm for studies on iron biocavailability in
mungbean and soybean, Maruca pod borer
resistance in mungbean, screening soybean as green
manure, and for soybean evaluation trials. Breeding
lines of mungbean were distributed from AVRDC~
ARC in Thailand.

Breeding appropriate vegetable soybean

Vegetable soybean crosses were made between
improved tropically-adapted, high-yielding
multiple disease-resistant AVRDC Glycine max
selection (AGS) grain soybean lines and selected
vegetable soybeans. Backcross inbred generations
were evaluated in Pingtung, Taiwan; and Chiang
Mai and Kamphaengsaen, Thailand. Selections
were based on total pod yield, consumer quality,
and shelled bean.
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Table 1. Recipient of AVRDC legume germplasm, 1996

Recipient No. of samples
mungbean soybean
External
Korea 21 733
India 4 122
Taiwan 1 2671
Thailand 1 31
Vietnam 16 240
USA 64
Pakistan ol
Indonesia 56
Burkina Faso 5 6
Senegal 1 40
Costa Rica 62
Cambodia 12 44
Kenya 13 44
Others? 438
Subtotal 49 4602
AVRDC
Breeding 274
Analytical laboratory 2 1
Entomology 2538 9
ARC 53 2
ARP 14
Subtotal 2593 300
Total 2642 4902

2 Belgium, China, Congo, Ecuador, El Salvador, Ghana, Iran,
Lesotho, Malawi, Malaysia, Marshall Is., Mauritius, Myanmar,
Nepal, Philippines, Rwanda, Singapore, South Africa, St.
Vincent and Grenadine, Trinidad and Tobago, Zaire, Zambia,
Zimbabwe.

This year 26 crosses were made to incorporate large
pod and seed size, lipoxygenase (Ix) null, and good
pod appearance in selected breeding lines with
good yield.

Eleven yield trials were conducted in 1995 and 3
advanced and intermediate yield trials were
conducted in 1996. A combined analysis of (1995)
three-season data confirmed the 1994 results that
season had a predominant influence on graded pod
yield, seed size, sugar and fiber content. However,
unlike in 1994 the graded pod yield in spring 1995
(7.7 t/ha) was highest followed by summer and
autumn (5.6 and 5.1 t/ha, respectively) which did
not differ significantly (table 2). As in 1994 the sugar
content was higher in autumn 1995 (table 2).
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Table 2. Influence of season on graded pod yield and other traits, AYT, 1995
Season Yield (t/ha) 100- Dry Protein Fat Sugar
Graded Total seed length width matter
pod pod weight (g) (cm) (cm) (%) (%)
95 spring 7.7a 13.6a 77.4a 5.05b 1.30b 33.7a 43.1a 20.3b 10.4b
95 summer 5.1b 9.3b 63.5¢ 4.99b 1.27¢c 31.7¢ 42.7a 20.5a 10.2¢
95 autumn 5.6b 10.0b 73.2b 5.11a 1.37a 32.3b 42.2b 18.7¢c 13.4a

In one AYT and two I'YTs conducted in spring 1996,
11 entries had graded pod yields (table 3) similar
to the check AGS 292, but the length and width of
2-seeded pod were far larger than the check as well
as the population mean. Based on summer and
autumn season trials selections will be made for
testing by cooperators in different countries.

Table 3. Graded pod yield of selections with large pod
size compared to check in spring, 1996

Trial Entry Graded pod 100-seed
yield (ha) weight (g)
AYTV ~ GC 89039-5-2 9.6° 63.8
GC 91023-189-3-2 7.28 68.5
GC 91025-149-6-4 6.9 72.7
GC 89013-3-1 4.0 76.2
AGS 292 (ck) 8.4 69.7
IYTV1  GC 92018-267PL-7M-1 6.3 7.7
GC 92018-12-1 5.4 61.0
GC 92018-261PS-3S-1 4.8 81.5
AGS 292 (ck) 10.7 72.3
YTV2 GC 92005-9S-3M-1 9.2° 73.9
GC 92005-27S-1S-2 9.2° 68.9
GC 92005-28M-2L-2 9.0° 73.5
GC 92005-72-2-4-2 7.0 76.4
AGS 292 (ck) 10.7 72.3

2Yield is same as AGS 292 according to LSD P = 0.05 level.

AVRDC soybean evaluation trial

Advanced breeding lines from AVRDC and
promising lines or improved varieties from partner
countries were included in the AVRDC Soybean
Evaluation Trial (ASET). Six AVRDC soybean
evaluation trials, 42 AVRDC Glycine selections
(AGS), 202 pedigree selections, and 173 selected
accessions were distributed to 32 cooperators in 20
countries in Africa, Asia, and Latin America.
Interest in AVRDC materials has increased with 11
cooperators from nine countries returning their
evaluation results.
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Three AVRDC selections, AGS 19, AGS 129, and
GC86017-170-1N, gave yields of 4 t/ha which were
comparable with the highest yielder UFV-2 (5 t/
ha) in Iran. However, AGS 129 matured in 127 days
compared to UFV-2's 181 days.

In Laos six AVRDC selections (AGS 19, AGS 327,
AGS 73, AGS 129, AGS 314, and GC 84040-27-1)
yielded 2.1 to 2.7 t/ha in 91 to 97 days compared
to the check’s 1.1 t/ha in 104 days. In Bhutan AGS
327 and 269 gave more than 2 t/ha in 116 days
compared to the check’s 1.5 t/ha in 144 days.

Nestle in Singapore has been evaluating 20 AVRDC
selections in Johore, Malaysia for three seasons
since 1994; six organoleptically acceptable lines
have a mean yield of 2.2 to 2.9 t/ha. In Vietnam
three AVRDC lines, GC 86107-170-1N, GC 84040-
7-1, and SRE-D-14B, gave yields of 3.4 to 3.7 t/ha
in 93 to 96 days. Vietnam has officially released
AVRDC’s narrow-leaflet AGS 129 as G 87-5 to their
farmers; it has a yield potential of up to 2 t/ha.

Trials conducted in Bangladesh using AVRDC’s G
2120 M7(69-1) resulted in the line being
recommended for planting in cold months.

A complete list of varieties released by national
programs worldwide is shown in table 4.

AVRDC vegetable soybean evaluation trial

Promising vegetable soybean introductions and
improved breeding lines from AVRDC and from
other partner countries were utilized to make a set
for the AVRDC Vegetable Soybean Evaluation Trial
(AVSET).
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Table 4. AVRDC soyheans released by cooperators as of 1996

Locat name AVRDC ID # Year Country Remarks
G 2120 (M7) 63-1 1993 Bangiadesh HY, EM, LSU, G

Darcol AGS 29 1981 "Honduras EM, UM, HY, CLS

KM 1 G 2120 1980 India RF, HY

G 2120 G 2120 1980 Indonesia HY, CC, SC, ST, G, LSV

Wilis® G 2120 1983 Indonesia EM, HY, (R}

Kerinci® G 2120 1985 Indenesia HY, (R}, BF

Tidar G 2120-M 1987 Indonesia HY, EM, RF, LSV, G, ST

Krakatau AGS 68 1992 Indonesia R, CVMV

Taiwan 30050 AGS 17 1982 Malaysia HY, MH

BPI Sy4 AGS 73 1985 Philippines HY, EM, UM, LSV, BF, R, L, 8, WA

La Carlotta Soy 1 Clark 83 x AGS 129 1920 Philippines (BP, R}, EM, UM, L, (5)

(PSBSY-1) . (LGSY 01-24) acceptable to Nestle

BPI-Sy 6 (Saguisag) AGS 19 1990 Philippines NL, HY, resistant to virus

Kaohsiung No. 9 AGS 12 1982 Taiwan HY, NP, SSR, 5Q

Kaohsiung Mo. 10 AGS 129 1985 Taiwan HY, NL, BF, S5P

Tainan Na. 1 AGS 66 1986 Taiwan HY, S, MH, EM, SP, DM, BP, L, BS

Tainan Ne. 2 AGS 341 1993 Taiwan NL, MH, HY, DM, (B}, suited to
spring and summer planting

Sukothai No. 1 AGS 9 1986 Thailand NL, HY, NP, (R, DM, PSS)

Dowling G 58 1978 USA R, HY

AK-03 G 2261° 1988 Vietnam HY, EM

AK-05 G 2261 1993 Vietnam R, 8P, HY, suited to
spring & winter planting

HL 92 AGS 327 1993 Vietnam EM, RMM, 5Q, R, YMT, HY

GC 30229-8 (AGS 19) 1983 Zimbabwe NL, EM

Nyalab GC 30229-8 1992 Zimbabwe HY, EM, Det

Seli Bhatta KS 419 x KS 525 - Nepal HY, adapted to intercropping
with maize

G 87-5 AGS 129 - Vietnam HY, NL, BP

Total 25 12

2 Selected at AVRDC, but not an AVROC-improved line.

b Cross between AVRDC line and local cultivar.
© Parentheses indicate mederate levels of resistance.

BF = resistant to heanfly

BP = resistant to bacterial pustule

BS = suited to bean sproufing

CC = suited to crude culfivation

CLS = resistant to cercospora leaf spot
CVMV = talerant to CVMV

DM = resistant to downy mildew

EM = early-maturing

G = good germinaticn

HY = high-yielding

L = nonlodging

LSV = lang seed viability

MH = suilable for mechanical harvesting
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NL = narrow leafiet

PSS = resistant to purple seed stain

R = rust-tolerant

RCI| = suitable for intercropping with rice or corn
RF = suited to cultivation in rice fallow

§ = nonshattering

SC = suited 1o intercropping with sugarcane

ST = preferred for making tempeh -

SP = suited to summer planting

SQ = good seed quality for sterage

SSP = suited to spring and summer planting
UM = uniformly mauring

WA = wide adaptability
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Interest in evaluating AVRDC vegetable soybean
is steadily increasing, with 10 new cooperators this
year. A total of 17 AVSETs, 77 AGS lines, 129
pedigree lines, and 38 other accessions were
distributed to 34 cooperators in 27 countries. Nine
countries returned the data for 13 trials.

In Bangladesh out of 10 entries evaluated, GC
83005-9 gave nearly 10 t/ha of total pod yield in
102 to 108 days. GC 83005-9 was recommended by
the Mennonite Central Committee for homestead
cultivation.

From 1986 to 1992, the Department of Agriculture,
Thailand, through the Chiang Mai Field Crops
Research Center (CMECRC), conducted a total of
58 field trials on vegetable soybeans. Trials resulted
in the release of AVRDC’s AGS 190 (Vesoy #4) as
Chiang Mai No.1 (CM 1). CM 1 yielded 10 t/ha of
vegetable soybean pod in 75 days. It is significantly
higher yielding than Nakonsawan 1 (NK 1), the
check. It has a 100-pod and 100-fresh seed weight
of 216 g and 56 g, respectively. Fresh pod color was
dark green and after boiling in water for 5 minutes,
the pod tasted sweet.

Some of the newer AVRDC selections gave 5 to 10
t/ha graded pod in the 1994 and 1995 trials at the
Malaysian Agricultural Research and Development
Institute. Trial results showed that AGS 292, 333,
and 338 are promising new selections.

In Mauritius AGS 339 and AGS 338 gave a graded
pod yield of 7 and 5 t/ha, respectively.

AGS 337 and 336 gave a yield of 33 and 30 t/ha,
respectively in Swaziland in an evaluation
conducted by the ROC Agricultural Technical
Mission.

In Nepal GC 84126-13-1-2 yielded 14 t/ha of fresh
pod in 105 days.

The total number of released vegetable soybean
varieties from AVRDC lines now stands at 9 (table 5).

Seed multiplication of elite and
Korean breeding lines

The cooperation between AVRDC and Korea
continued on its 22nd year. The cooperation has
halved the time taken to bulk the seed of Korean
soybean lines and release the variety in Korea.

Fourteen soybean crossés in F, and 27 crosses from
F, were advanced in spring. Eight lines with
powdery mildew and 20 lines with SMV-N line
symptoms were discarded. Seed from 14 advanced
generation lines (F) and 732 selected pedigrees
weighing 6.6 kg were sent to Korea for planting in
June.

From seeds of 27 F, entries planted on 16 February
a total of 2909 seeds were harvested as single-seed-
descent and planted on 18 June in.a vinyl house
for generation advance.

Table 5. AVRDC vegefable soybean released by cooperators as of 1996

Local name AVRDCID# Year Country Remarks

MKS 1 AGS 190 1995 Malaysia HY

Rawal-1 AGS 190 1994 Pakistan HY

AGS 190 1993 Sri Lanka HY, suitable for soymilk and ice cream and soynuts,

less beany flavor

Kaohsiung No.1 AGS 292 1987 Taiwan HY, MH, DM,.EM

Kaohsiung No.2 Ryckkoh x KS 8 1991 Taiwan HY, MH

Kachsiung No.3 P1 157424 xKS 8 1991 Taiwan - HY, MH

KPS 292 AGS 292 1992 Thailand HY

CM 1 AGS 190 1995 Thailand HY, suitable for domestic cansumption

GC 83005-9 GC 83005-9 1995 Bangladesh HY, suitable for homestead cultivation

DM = resistant ta downy mildew EM = early maturing
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HY = high yielding

MH = suitable for mechanical harvesting
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Evaluation of IxIx gene in elite lines

Elite lines derived from the LxILx2Lx3 X IX1IX2Ix3
crosses made in Japan were planted in replicated

plots. The materials are now in BC,F,. They need
to be backcrossed two more times to develop
isogenic lines. Also, one set of triple nulls for Ix
genes from BC,F, were advanced to F,. The true
breeding inbred line from BC,F, was compared
with their recurrent parents in spring. The BC,F,
resembled the recurrent parent in at least one cross.
For the two vegetable soybean crosses, inbred lines
were late flowering compared to the check.
However, the grain soybean cross and its inbred
line with triple nulls took the same number of days
to flower.

Developing insect-resistant soybeans

using Brazilian lines

Progenies of crosses between four stink bug-
resistant selections (IAC 100, 80/596-2, 78-2318, and
80-4228) from Brazil and promising AVRDC lines
were screened in the field without insecticides to
determine their resistance level. The best surviving
plants from each generation were advanced. All
the materials were planted at CMFCRC and ARC,
Thailand. During summer 241 lines were selected
from 1286 lines selected the previous autumn based
on agronomic traits and resistance to bacterial
pustule and downy mildew. Further selection was
based on the preliminary yield. From each cross
combination, 20 high-yielding selections were
selected for further evaluation (table 6).

Table 6. Mean seed weight of F. lines from four crosses
selected for insect resistance in summer 1996

F, derived No. of plants Mean seed weight Effective®
Cross Total® Selections  Total Selection  selection
intensity

GC 90001 44 20 297+695° 322+515 035

GC90004 65 20 146+70.0 199+709 0.76
GC 90012 101 20 267+574 318+452 089
GC90013 31 20 203+702 237+59.9 048

Total 241 80

= Selection based on visual observation in the field.
bi=3/Op, where S is the effective selection differential | X selection - X total |.
¢ Standard deviation.
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Selection of soybean for green manure

Soybeans have been used as forage and green
manure crop. Vegetable soybeans when harvested
have been known to return 60 to 75% of the total
biomass to the soil. Grain soybeans which are
sensitive to photoperiod and temperature and that
can produce more biomass were selected for
evaluation as green manure. Similarly vegetable
soybeans with high total biomass yield were
selected for comparison with sesbania and
crotalaria.

Six grain soybeans were evaluated in summer for
their value as a green manure crop. Green Soybean,
Improved Pelican, Tropical, and G 2120 had the
highest fresh and dry matter yield. Improved
Pelican was the earliest to harvest in 60 days
(table 7).

Among the six vegetable soybeans evaluated for
dual purpose (as a vegetable and residue as a green
manure) four lines produced about 20 to 23 t/ha
residue and 13 to 16 t/ha total pod or 5 to 9 t/ha
shelled beans in 80 to 87 days (table 8). The cash
returns from the total pod or shelled bean are
~US$4300 to 5300 and $2700 to 3500, respectively.
The residue from vegetable soybean i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>