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Chinese Cabiiage Breeding

Improvement of Open-pollinated Cultivars for Uniform Maturity

Summary

Previous four generations of maternal line selection of two Chinese cabbage open-pollinated
cultivars, 77M(3)-27 and 77M(3)-35, were grown in summer. The coefficient of variation for days
to maturiy showed a clear but slow decrease in accordance with generation advancement. Maternal
lines of MLSa generations were evaluated in late warm season, from which selections were made
to create the next cycle.

Introduction

To attair uniform maturity in two selected open-pollinated cultivars, three cycles of maternal line
selection (MLS) were completed in cool season 1987-1988. The effect of previous selection cycles
was estimated by comparing thie consecutive generations during summer 1988. Based on the performance
in late warm season, lines and individual plants were selected to constitute the population for the next
cycle.

Materials and Methods

MLy to ML; generations of two cultivars, 77M(3)-27 and 77M(3)-35 were sown on 16 June and
transplanted on 6 July 1988. Each plot consisted of two 6-m-long double-row raised beds. Spacing
was 150 cm between beds, 50 cm between rows on beds and 40 ¢m between hills in rows. In each
cultivar, field layout followed a randomized complete block design with three replicates. The standard
cultural practices were employed for seedling bed and field management. The optimum date for harvest
was judged on hcads’ firmness when pressed. The number of days from transplanting to harvest was
recorded for individual plants. For reference, each plant’s top weight, head weight and head length
were also measured at harvest. Ranges and the coefficients of variation were used as indicators of
uniformity in comparing different generations.

Twenty-five and 19 maternal lines of ML3 generation were produced in 77M(3)-27 and
TTM(3)-35, respectively, in cool season 1987 to 1988. They were sown on 4 August and transplanted
30 August 1988. A randomized complete block design with three replicates was employed for each
cultivar group. A plot consisted of two 8-m long, double-row beds. The spacing was 150 cm between
two adjacent beds from center to center, 50 cm between rows on beds, and 40 cm between plants
in rows. The seedling nursery .nd ficld management practices of AVRDC werc followed. During
the first and third weeks of October, selection was made for 77M(3)-27 and 77M(3)-35, respectively.
In 77M(3)-27, line selection was done by a weighted index method, where degree of uniform maturity,
average days to maturity, acceptability and uniformity of head shape. head size and disease incidence
were considered. Promising individual plants of similar maturity, shape and size were then selected.
In 77TM(3)-35, individual plants of desired maturity, head shape and size were chosen regardless of
the maternai line to which they belorg. The count of these promising plants was used as a criterion
in the selection of the superior lines.
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Results and Discussion

Growth and development in the field trial was normal until harvest began on 12 August. The
heavy rainfall (468 mm) on 13 and 14 August brought about soft rot incidence in 10% of the total
plants and delayed the maturity of the survivors. It was assumed that rain damage was more or less
the same all over the experimental field.

Ranges for days to maturity did not show a decreasing trend as the generation advanced in both
cultivars; however, coefticient of variation showed a slow but clearly decreasing trend (Table 1).
Decrease in coedficient of variation and narrowing of range were minimal, in top weight. head weight
and head length of both cultivars. Plant appearance at maturity showed a distinet improvement from
MLSw 1o MLS;. These facts indicated poor selection in the previous generations. Increased selection
intensaty may have to be applied to achieve a more rapid advancement in the next generations. Utmo v
care m handimg the experiment to reduce the environmental effects on maturity is an essential tactor
Visual judgenient of maturity, although practical probably reduces the efficiency of selection. Moving
the planting date to @ warmer season may allow a more intensive selection for maturity.

In cultivar 77M(3)-27, differences in maturity and other horticultural traits were clearly noticed
among hines, while variation within maternal lines scemed to be greater than that among lines in
TIM(3)-35. Table 2 summarizes the selections made in two cultivars. The final selection intensity
was 231 and 2.63% in 77M(3)-27 and 77M(3)-35, respectively. The selected individual plants will
constitute MLS; generation, .

Table 1. Ranges and coefficients of variation for days to maturity in two Chinese cabbage cultivars
at different generations of maternal tine selection.

Cultivar Generation Rglrlg}e (',%Y'
77M(3)-27 MLSo 35-52 9.3
MLS1 35-52 9.2

MLS?2 35-52 9.1

MLS3 37-56 8.3

77M{3) 35 MLSo 37.83 9.1
MLS, 35-52 9.3

MLS2 37-56 8.8

MLS3 35-53 8.9

Table 2. Summary of selections made from MLS3 generation of two open-pallinated Chinese
cabbage cultivars to constitute the next cycle.

Planted Selected
Cuttivar lines plants lines paternal materpal’
parents  parents
77M(3)27 25 5840 6 102 33
T77M(3)-35 19 4560 7 91 29

wil be uscd as both maternal and paternal parents

Heat-tolerant and Cylindrical Head Shape Varieties

Summary

Crosses were previously made hetween heat-tolerant, round-headed parents and heat-sensitive.
cylindrical-headed parents. A total of 121 familics belonging to BC,F3 and BC;F; generations werc
cvaluated in the later part of warm scason 1988. Considerable recovery of heat-tolerance was observed
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in BC;F> families of two combinations, B61 X E-9 and B6! X RI-3, but with slightly reduced
frequency of cylindrical head shape. A total of 66 plants were selected from 34 families for further
generation advancement and backcrossing.

Introduction

Most heat-tolerant cultivars previously developed by AVRDC had round heads. In some countries,
however, elongated head shape is strongly preferred. This prompted the initiation of combining heat
tolerance and cylindrical or clongated head shape to meet their requirements. The plants of BC,Fa
families selected from the evaluation in fall 1987 were advanced to BC>Fa and BC Fy by artificial
pollination during the cool season 1987 to 1988. Intercrosses among selected BC(F> families were
also done simultaneously. These advanced generations were planted at the later part of the warm season
1988 and evaluated for their heat tolerance, head shape and other horticultural traits. Promising familics
and plants were then selected for further generation advancement.

Materials and Methods

A total of 121 families of BCF3, BCaFa, and BC|Fa X BC Fa were sown on 9 August and
transplanted ca 12 September 1988. A randomized complete block design with three replicates was
employed for every generation of cach combination. A plot consisted of two 4-m long beds. Two
adjacent beds were 150 cm apart from center to center. The spacing between rows was 50 em and
40 cm between hills within rows. Parental lines, together with a heat-tolerant check Hybrid 62, were
also planted beside cach of the three combinations and intercross families for evaluation and selection.
The field layout of these parents and the check also followed a randomized complete block design,
but the plot consisted of double-row beds.

During the third and fourth week of October, family and individual plant selection was done when
most lines and plan's had attained maturity.

Results and Discussion
Although great variations were observed among plants within families, and among families within

a given gencration of a given combination, a higher level of heat tolerance and a shortened head length
were clearly observed in BC2F2 generation than in BCF (Table 3). Intercrossed familics appeared

Table 3. Summary of heat tolerance level and performance of BC1F3’s and BCoF2's of three heat-
tolerance x cylindrical head combinations in late warm season 1988.

Combination® Generation  HT level Head shape Head top Tipburn/ Bolting Remarks
posture internal rot
B61 x E-9 BC1F3 medium shori mostly rare wavy, dark
cylindrical overlapping green leaves
BCoF2 medium-  short mostly rare wavy, dark
high elongated overlapping green, thin but
tough leaves
B61 x R1-3 BCifF3 medium  elongated mostly often
overlapping
BC32F2 medium-  round-short overlapping common
high cylindrical
B61 x B152 BC1F3 low highly michili type often susceptible
varying
BCaF2 low-high  round overlapping rare very
susceptible
Intercross (BC1F2 x  low-high  mostly overlapping rare generally shows
BC1F2) elongated -michili type very high vigor

’B61 15 a heat-sensitive donor parent with cylindrical head, while the others are heat-tolerant recipients with round heads.
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to be more vigorous than other families, possibly due to the heterotic effect. The combination, B61
X B152 had a high frequency of premature bolting especially in the BC2F2 generation. This bolting
sensitivity was attributed to the characteristics of the heat-tolerant recurrent parent, B152. This
combination was also observed to be less heat-tolerant in beth backeross generations than the other
two combinations. In families that belong to the combination, B61 x R1-3, either tipburn or internal
rot was observed frequently. This was also more frequent in BC;Fa than in BC,Fj, implying that
tipburn or internal rot may be genetically attributed to the recurrent parent, R1-3.

A total of 66 plants with cylindrical or elongated heads and highly heat tolerant were selected
from 34 families (Table 4). Discases, tipburn, premature bolting and other horticultural traits were
also considered in family and individual selection. The selections from the intercrosses and BC F3’s
need backcrossing again (o increase the heat tolerance level, while those from BCaF; will be both
selfed and backcrossed to the heat-tolerant parent.

Table 4. Selections from BC1F2 and B8C2F1 families in three heat-tolerant x cylindrical head
combl.iations.

) . Evaluated Selected
Combination Generation
families plants families plants

B61 x E9 BCiF3 13 1,510 6 15

" BC2F2 24 2,880 11 19
B61 ~ R1-3 BC1iF3 12 1,440 0 0

” BCoF2 18 2,160 9 18
B61 x B152 BC1iF3 19 2,280 0 0

" BC2F2 19 2,280 0 0
Intercrosses (BC1F2 x BCyF9) 16 1,920 8 14
Total 121 14,520 34 66

Inheritance of Resistance to Turnip Mosaic Virus

Summary

To determine the inheritance of TuMYV resistance, Py, P, Fy, F2 and BCF; generations (of the
crosses between a resistant line, O-2, and each of three susceptible lines, E-7, E-9 and FL-9) were
inoculated with two strains of the virus. Segregation ratios obtained through visual reading and ELISA
test indicated that two recessive genes confer the resistance to TuMV-Cy and TuMV-Cs.

Introduction

Previously, inbred O-2 and two sister lines of Chinese cabbage were found to be immune to five
known strains of turnip mosaic virus (TuMV). Inheritance of resistance of O-2 to TuMV-C, and
TuMV-Cs was studied through arificial inoculation 1o parent, F;, F> and BC generations of the
crosses with three susceptible parents.

Materials and Methods

The resistant line, O-2 was crossed in cool season 1985-1986 with E-7, E-9, and FL-9 which
are susceptible to both TuMV-Cy and TuMV-Cs. The F)'s were selfed and crossed to either parents
to produce F; and backcross generations in cool season 1986/87. Parental lines and Fy’s were also
reproduced during this season. Due to poor pollen production of O-2, the line was mostly used as
female parent in developing the segregating familics.

Of the five TuMV strains, TuMVC, and TuMVCs were chosen partly because some lines were
found susceptible to these particular strains. Besides, these strains were observed to be more virulent
than the other three in previous studies. It was suspected that TCs-resistant lines somehow may have
a high resistance to the four other strains.
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Seeds of O-2 X E-7, 0-2 X E-9 and 0-2 X FL-9 combinaiions, were sown 8 and 22 October,
and 5 November 1987, respectively, in petri dishes lined with moistened filter paper to allow germination
at room temperature. Three days later, seedlings were pricked to plastic pots of 9 cm in both diameter
and height containing a sterile mixture of soil, sand, sugarcane compost and rice hulls at a ratio of
3:1:1:1. The pots were arranged in plastic flats with drainage holes at the bottom. The flats were
first placed in an insect-proof screenhouse. During the experiment. outside air temperature ranged
from 11 to 26°C. In the later part of the experiment, plants were moved to a plastic film house and
then to a glasshouse where higher temperature was maintained than in the screenhouse. To maintain
the plants in the small pots for four months, old outer leaves were continuously removed. A small
quantity of N, P and K fertilizers was applied to soil mixture at two-week intervals. Inaddition, 0.3 %
urea was applied three times.

For inoculum preparation, one part of infected fresh mustard Ieaves was homogenized in four
parts of 0.1 M potassium phosphate buffer (pH 7.5) containing 0.001 M NakEDTA, 0.1 % TA, and
filtered in double layer cheese cloth. Two to three young leaves were dusted with carborundum (630
mesh) and inoculated by rubbing gently with a wet cotton. The inoculated leaves were immediately
rinsed.

Symptoms were first visually observed three weeks after inoculation. All symptomless plants were
tested by enzyme-linked immunosorbent assay (ELISA). ELISA-negative plants were inoculated again.
This step was repeated three times until the experiment was ternunated on 10 February 1988.

Results and Discussion

Symptoms generally began appearing three to four weeks from inoculation. whereas the susceptible
mustard check showed clear symptoms within three weeks. Moseic symptom was most commonty
observed, followed by vein clearing, necrotic spots and discoloration.

Tables 5. 6 and 7 summarize the results obtained from the O-2 x E-7, 0-2 x -9, and O-2
X FL-9 combinations, respectively. All O-2 plants showed negative response in ELISA and remained
symptomless until the experiment ended. The other three parental lines were 100% susceptible to
both TuMV-Cy and TuMV-Cs. All plants of Fy's and backcrosses to susceptible parents showed
susceptible response to both strains in three combinations. F2's in all three combinations showed a
resistance ratio of 1:15 in both strains. These results suggested that two recessive genes control resistance
to TuMV-Cy and TuMV-Cs is inherited in a double recessive mode.

The -2 x FL-9 combination was inoculated with a mixture of TuMV-Cy and TuMV-Cs in
addition to the single-strain inoculations. The segregation pattern after mixed inoculation was not
different from that with single-strain inoculation (Table 7). This indicated that resistance to these two
strains is governed by the same set of genes.

Table 5. Segregation of resistance to TuMV In different generations of 0-2 x E-7 combination.

Strain Generation® Total _ngﬂe_d ratio Theorgtnca! x? Probability
plants res. SUS. ratio
TuMV-Cy Pr (0-2) 30 30 -
Ps (E-7) 30 - 30
F1 (Pt x Ps) 42 - 42 0:1
F2 (Pr x Ps) selfed 121 9 112 1:15 0.296 0.50-0.75
BCiF1 (Pr x Ps) x Pr 25 5 20 1:3 0.333 0.50-0.75
BC1F1 (Pr x Ps) x Ps 55 0 55 0:1
BC1F1 Ps x {(Pr x Ps) 55 0 55 0:1
TuMV-Cs Pr (0-2) 30 30 -
Ps (E-7) 30 - 30
Fy (Pr x Ps) 42 - 42 0:1
F2 (Pr x Ps) selfed 123 10 113 1:15 0.742 0.25-0.50
BC1F1 (Pr x Ps) x Pr 25 5 20 1:3 0.333 0.50-0.75
BC;1™1 (Pr x Ps) x Ps 55 0 55 0:1
BCi1F1 Ps x (Pr x Ps) 55 0 L3 0:1

’Pr = resistant parent; Ps := susceptible parent.
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Table 6. Segregation of resistance to TuMV in different generations of 0-2 3 E-9 comblnation.

. 2 Total Observed ratio  Theoretical 2

Strain Generation plants . s ratio X Probability

TuMV-Cy4 Pr (0-2) 32 32 -
Ps (E-9) 34 - 34
F1(Pr x Ps) 43 0 43 0:1
F2 (Pr x Ps) selfed 140 10 130 1:15 0.191 0.5-0.75
BC1F1 (Pr x Ps) x Pr 20 5 15 1:3 0.000 > (.90
BC1F1 (Pr x Ps) x Ps 55 0 55 0:1
BC1F1 Ps x (Pr .« Ps) 55 0 55 0:1

TuMV-Cs Pr (0-2) 32 32 -
Ps (E-9) 36 - 36
F1 (Pr x Ps) 43 43 0:1
F2 (Pr x Ps) selfed 128 8 120 1:15 0.000 > 0.90
BCiF1 (Pr x Ps) x Pr 19 5 14 1:3 0.017 > 0.90
BC1F; (Pr x Ps) x Ps 41 0 41 0:1
BC1F1 Ps x (Pr x Ps) 55 0 55 0:1

pr = resistant parent; Ps = susceptible parent.

Table 7. Segregation of resistance to TuMV In different generations of 0-2 x FL-9 combination.
Total Observed ratio  Theoretical X2

N . 4 s
Strain Generation plants v " ratio Probability
TuMV-C4 Pr (0-2) 30 30 -
Ps (FL-9) 30 - 30
F1 (Pr x Ps) 30 0 30 0:1
F2 (Pr x Ps) selfed 100 6 94 1:15 0.011 > 0.90
BC1Fy (Pr x Ps) x Pr 30 6 24 1:3 0.4 0.50-0.75
BC1F1 (Pr x Ps) x Ps b5 0 55 0:1
BC1F1 Ps x (Pr x Ps) 55 0 55 0:1
TuMV-Cs Pr (0-2) 30 30 -
Ps (FL-9) 30 - 30
F1 (Pr x Ps) 30 - 30 0:1
F2 (Pr x Ps) selfed 100 7 93 1:15 0.096 0.75-0.90
BC1F1 (Pr x Ps) x Pr 29 6 23 1:3 0.298 0.50-0.75
BC1F1 (Pr x Ps) x Ps 55 0 55 0:1
BC1F1 Ps x (Pr x Ps) 53 0 53 0:1
Cs4 & C5* Pr (0-2) 30 30 -
Ps (FL-9) 30 - 30
F1 (Pr x Ps) 30 0 30 0:1
F2 (Pr x Ps) selfed 100 6 94 1:15 0.011 > 0.90
BC1F1 (Pr x Ps) x Pr 30 5 25 1:3 1.111 0.25 - 0.50
BC1F1 (Pr x Ps) x Ps 55 0 55 0:1
BC1F1 Ps x (Pr x Ps) 55 0 55 0:1

’Pr = resistant parent; Ps = susceptible parent. Yinoculated with the mixed inoculum of two strains, TUMV-C* and TuMv-C>,

International Ccoperation

In 1988, 744 seed packets were distributed to 67 cooperators in 32 countries. Most packets consisted
of open-pollinated and/or Fy hybrid cultivars developed by AVRDC. These materials were intended
for trials in different growing environments. A limited nurmber of shipments of the parental lines of
the Fy hybrids were made to national programs for in-country seed production studies. Below are
some reports from AVRDC'’s international cooperators.
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China

Dr. Charles Y. Yang of the Thailand Outreach Program compiled the results of the Chinese cabbage
trials conducted in different provinces of China during summer 1987. Figure 1 highlights the
performance of hybrids 58 and 62 in the trials. Both hybrids performed w:Il in all central and southern
provinces except Shanxi, but not in provinces of high latitude due to premature bolting induced by
low night temperatures.

Performance of AVRDC Hybrids
58 and 62 in China (1987)

E55) s Pertormed well

£+ Poor performance O ) !
0 $00wn \ S -1
! !
I Fig. 1.
J Performance of AVRDC hybrids 58 and
- 62.

El Salvador

In a winter trial conducted by Mr. Daniel Chen, AVRDC hybrids 85202 and 85216 produced
big and cylindrical heads. Both entries remained free of diseases until harvest. Among AVRDC entries,
Hybrid 85216 was the most preferred. The heat-sensitive check, B40 and the local check, Pin-Lu
from Sakata Seed Co., also formed marketable compact heads.

Indonesia

Four AVRDC introduced Chinese cabbage hybrids were tested under lowland conditions at Bodag,
Kecemantan Kare, East Java by Mr. F. Palembang and Dr. Brian Hilton of Merdeca University at
Madiun, Indonesia. An infestation of an unknown yellow disease and Alternaria leaf spot greatly reduced
the yield. Although varietal difference was not statistically significant, Hybrid 82-157 was the highest
yielder among entries (Table 8). A separate experiment was conducted to study the effect of five different
fertilizer treatments on tipburn/internal rot incidence in Hybrid 62. They, however, failed to induce
the symptoms in any treatment.



10 AVRDC Progress Report 1988

Table 8. Yield and other traits of four AVRDC Chinese cabbage hybrids in a trial” at Kare Madiun,
East Java, 1988.

Head weight Soft rot Harves( rate Yield

Entry (ke) (%) (%) (t/ha)
77M(2/3)-46 0.4 17 45 9.8
Hybrid 82-157 0.4 10 70 15.5
Hybrid 82-156 0.4 20 43 8.4
Hybrid 62 0.3 33 56 12.1
LSD .05 NS 14 NS NS

‘Sewn on 28 December 1987 and transplanted 22 January 1988,

Malaysia

Atthe Agricultural Research Center, Tuaran, Sabah, Malaysia, four heat-tolerant AVRDC Chinese
cabbage cultivars were tested together with a local cultivar and a heat-sensitive check under straw-
mulched and nonmulched conditions. Hybrid 58 gave the higiest yield under both conditions, followed
by 77M(2/3)-46 (Table 9). B189 showed heading rate similar to that of the formes two entries, but
yield was lower due o smaller heads. Mulching significantly increased head yicld, especially in Hybrid
59 and Pei Choi China. Such increase was, however, not found in any of the yield components.

Mr. Yong Lee Ming of the Agricultural Research Station at Tenom, Sabah evaluated 11 entries
from various sources in July to August 1987. Among five highest yiclders, four were AVRDC cultivars
{Table 10); they also exhibited a satisfactory level of heat tolerance.

Table 9. Performance’ of AVRDC Chinese cabbage cultivars in a trial’ at the Agriculture Research
Center, Tuaran, Sabah, Malaysia.

£ Heading rate Head weight Yield
- {%) (kg) (t/ha)
77M(2/3)-46 61a" 09¢ 26 b
Hybrid 58 34 b 1.4 a 25b
Hybrid 59 68 a 1.2 ab 41 a
B 189 63 a 0.5d 17 bc
B 40 (HS check) 24 b 1.0 bc 13 ¢
Pei Choi China (local check) 26 b 1.3 a 17 be
’Mean of straw-muiched and nonmulched treatments. YDirect-seeced on 15 September 1987. *Mean separation within

columns at 5% probability level by DMRT

Table 10. Performance of some selected entrles in a trial® at the Agricultural Research Station
at Tenom, Sabah, Malaysia.

Entry Head weight Yield

(source) (kg) (t/ha)

77M(2/3)-43 (AVRDC) 0.80 b¥ 24.7 a
77M(2/3)-46 (AVRDC) 0.76 b 22.7 ab
Hybrid 58 (AVRDC) 0.79b 22,5 ab
Hybrid 62 (AVRDC) 0.70 b 21.8 ab
Summer Bright (Known You) 0.76 b 22.6 ab

‘Conducted during the period of July to August 1987. YMean separation within columns by OMRT at 5% probability level.

Nepal

Mr. Laxman Pun of Vegetable Development Division, Department of Agriculture tried seed
production of Hybrid 62, which had been recommended for prerelease in 1987 and multiplication
of parental lines. Mr. Pun sent samples of the produced parents and hybrid to test their purity at AVRDC.
Table 11 summarizes the results. Purity was within an acceptable range in all sceds except for the
hybrid produced from B-18.
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Philippines

At POP, cight AVRDC cultivars were tested in two trials in dry season 1987 and wet season 1988.

Between the two scasons, maturity was later, soft rot incidence was lower, harvest rate was higher
and head weight and yield were lower in the dry season (Table 12). Coefficient of variation was greater
in most variables in the dry than in the wet scason.

Amony cntries, Hybrid 82-156 had the highest harvest rate. Hybrids 85202 and 85216 were the
highest yielders in both trials.

Mr. E.1. Castro and his colleagues at MMSU conducted trials at Batac, Hocos Norte in two seasons.
One trial was done in February to April 1987 and the other from Movember 1987 to February 1988,
In the first trial with seven entries, AVRDC Hybrids 58 and 62, and a commercial variety. Soro 127,
exhibited the highest yield. In the second trial, all 12 heat-tclerant entries, of which 11 were from
AVRDC, cxhibited big heads of over 1 kg and high yields of over 40 t/ha in 40 days after transplanting.
Even the heat-sensitive check, B 40 produced marketable heads although it matured later by more
than 10 days than the other entries.

Dr. J.O. Narciso of University of the Philippines at Los Banos evaluated six AVRDC Chinese
cabbage cultivars in the wet scason 1987 and identified heat tolerance sources to be used in his own
breeding program.

Sri Lanka

Thirtcen AYRDC Chinese cabbage cultivars were tested in wet season 1987 to 1988 at the
Agricultural Research Station, Maha Hluppallama, Sri Lanka. Four hybrids and three open-pollinated

Table 11. Seed purity test of F; Hybrid 62 and its parents produced in Nepal.

Index Code? Origin’ No. of plants Pucmy
Total Fq Sib/Selfing Off-type (%)
1 E-7 AVRDC 40 -~ 40 0 100
2 Np E-7 Nepal 451 - 443 8 (Non-heading type) 98.2
3 62D AVRDC 51 50 1 6] 98
4 Np 62D Nepal 595 592 2 1 (Sib-like) 99.5
5 B-18 AVRDC 44 - a4 0 100
6 Np B-18 Nepal 357 - 357 0 100
7 62R AVRDC 48 46 2 0 95.8
8 Np 62R Nepal 537 382 15 140  (Much variation 711
among these off
types)

’D and R refer direct (E-7 x B-18) and reciprocal (B-18 x E-7) crosses, respectively. ¥YSeeds of AVRDC origin were used as
the check.

Table 12. Performance of four selected Chinese cabbage cultivars in two trials at POP.

. Head Soft Harvest ;
Yield
Season’ Entry Matun;y HSI* weight rot rate e
(DAT) (kg) (%) (%) (t/ha)
Dry season, Hybrid 82-156 50 a” 1.4 05b 5 91 15.7
1987 Hybrid 85202 44 ab 1.6 0.6 a 1 96 20.2
Hybrid 85216 48 ab 1.5 0.6 ab 1 95 20.2
Hybrid 62 44 ab 1.4 0.7 a 5 81 17.8
LSD .05 54 NS 0.0 NS NS NS
Wet season, Hybrid 82-156 39 bc 1.4 cd 06¢c 9c 86 a 14.8 ab
1988 Hybrid 85202 42 ab 1.7 a 0.7 ab 19 bc 65 ab 15.1 ab
Hybrid 85216 40 abc 1.7 a 0.8 a 19 bc 66 ab 159 a
Hybrid 62 37 ¢ 1.4 cd 0.7 abc 34 ab 50 be 10.8 b
LSD .05 3.8 0.13 0.1 - - 4.7
The dry season trial was sown on 25 Novernber 1987 and harvested during 1 19 January 1988, wpne the wet season trial was
sown on 31 May 1988 and harvested during 4-13 July 1988. yDay:~‘. after transplanting. Head shape index = head

length/head width. *Mean separation within columns within season by DMRT at 5% probability level.
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varieties yielded over 30 t/ha (Table 13). Soft rot incidence was below 15% in all entries. The head
quality was rated good and uniform in every entry,

Mr. P. Tharmalingam of the Tropical Green Isle Seeds at Jaffna, Sri Lanka tested five AVRDC
Chinese cabbage cultivars scvn on 5 February 1988. Only two hybrids, 85202 and 85216, produced
marketable heads, whereas Hybrid 62, 77M(3)-40 and 77M(2/3)-46 failed to form marketable heads.

Thalland

Eight AVRDC entries were evaluated together with a commercial check in a trial sown on 17
December 1987 at the Institute of Technology and Vocational Education, Chonburi. Thailand. Dr.
Chanai Yodpetch of the Institute reported that Hybrid 85216 was the highest yielder, followed by
Hybrids 83-20 and 62. Yield data of some selected entries are presented in Table 14,

Table 13. Yield of selected Chinese cabbage cultivars? in a trial at the Agricultural Research
Station, Maha illuppallama, Sri Lanka, 1987-1988.

i Yield” Yield
Entry (t/ha) Entry (t/ha)
Hybrid 83-20 32.3 77M(3)-26 26.0
82-46 29.2 77M(3)-27 34.4
58 31.7 77M(2/3)41 30.2
59 31.9 77M(2/3)-43 34.8

’Sown on 19 October, transplanted 20 November 1987 and harvested in January 1988. Data from single replication.

Table 14. Yleld, head weight and heading rate of some selected AVRDC entries In a trial® at the
Institute of Technology and Vocational Education, Sriracha, Chonburi, Thaliand.

Entr Yield Head weight Heading rate
Y (t/ha) (ke) (%)
Hybrid 85202 47.6 be” 1.0 be 92 ab
Hybrid 83-20 52.9b 1.2 ab 89 be
Hybrid 85216 62.6 a 13 a 99 a
Hybrid 62 48.4 be 1.0 be 93 ab

IConducled from 17 December 1987 to 5 February 1988. *Mean separation within columns by DMRT at 1% probability level.
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Chinese Cabbage Entomology

Establishment of DBM Parasite in Taiwan Highlands

Summary

Diadegma eucerophaga, a larval parasite of diamondback moth (DBM), was imported from
Indonesia and introduced in crucifer growing areas in the highlands of central Taiwan in 1986. Surveys
in 1988 revealed that this parasite is now cstablished and has spread up to 60 km from the site of
release. Parasitism of up to 50% by D. eucerophaga alone was found at certain locations. The DBM
population was reduced considerably and farmers reported very little use of insecticides.

Introduction

The DBM, Plutella xylostella L. (Lepidoptera: Y ponomeutidac) is a pest of economically important
crucifers, such as common cabbage, cauliflower, Chinese cabbage and radish. The insect larva feeds
on the foliage and seriously reduces crop yield and quality. This pest is most serious in the tropics
where it breeds throughout the year. At present, farmers use a large quantity of insecticides to combat
this pest. As a result of frequent and indiscriminate use of insecticides, the DBM has developed resistance
to practically all insecticides used. Hence, it has become almost impossible to control.

To lessen the use of expensive and hazardous insecticides, AVRDC imported from Indonesia,
a larval parasite of DBM, Diadegma eucerophaga Horstm (Hymenoptera: Ichneumonidace), and
introduced it in lowland and highland crucifer growing areas in Taiwan to control DBM. In 1988,
AVRDC made surveys in highlands for the presence of the parasite and extent of parasitism.

Materlals and Methods

In summer of 1986, 5 mixed population of 45,000 D. eucerophaga and another larval parasite
native to lowland areas of Taiwan, Apanteles plutellae Kurdj (Hymenoptera: Braconidae), were released
on a 17-ha farm in the highland area of Wuling (clevation 1700 m) in central Taiwan. In 1987, the
area was not surveyed but in August-September 1988, an extensive survey of DBM parasitism at Wuling
and in other crucifer growing areas within a radius of 70 km was conducted. At cach location, the
number of DBM larvae and pupac and parasitized DBM larvae and pupae per unit number of plants
were recorded, usually SO to 200. DBM parasitism was judged by the presence of parasite pupae
and larvae within DBM larvac when the latter were cut open. Parasitism rate was caiculated by dividing
the number of DBM larvae + pupae parasitized by total number of DBM larvac + pupae and
multiplying the product by 100.

Results and Discussion

At Wuling (Fig. 1), where parasites were rel:ased, 56.9% of the DBM population was parasitized
by both insects. At Chingchin (an elevation of 1600 to 2000 m) 60 km to the south, 68.3% of DBM
population was parasitized. D. eucerophaga contributed 46.8% of the parasitism and A. plutellae,
21.5%. Both parasites were also found at Lishan (elevation 1600-2100 m), 20 km to the south;
Tienhsiang (elevation 1000 m), 30 km to the east; and Nanshan (clevation 1100 m), 50 km to the
north. However, DBM population was too low to reliably judge the extent of parasitism.
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Fig 1.

Map of Taiwan showing the
sites where parasites were
released and established.

Today. the parasite is established in crucifer growing areas in the highlands of central Taiwan.
Farmers in these arcas report considerably less DBM damage and consequently less use of insecticides.
A. plutellae oceurred occasionally in this area before but from the time D. eucerophaga was introduced
by AVRDC. it has been well established and is spreading. The parasite can overwinter and seems
to have alternate hosts, possibly some forest insects.

Reliable data on the cost of insecticides for DBM control were not taken before the introduction
of parasites. However, in a similar highland area, Yangminshan near Taipei, farmers spend NT$5500
for DBM control per hectare per crop. Based on this, the introduction of parasite represents savings
of over NT$10 million (US$350,000) per year. Morcover, the reduction in insecticide use also decreases
the toxicant being washed off from the highlands into the streams, which eventually pollutes the rivers
and coastal arcas around Taiwan.

When crucifers are grown in lowlands, and temperature during winter is similar to summer n
the highlands. this parasite may likely spread in the lowlands and reduce DBM damage. This aspect
is now under study.

Technology transfer, A collaborative research project to transfer this technology to Thailand,
Malaysia, Indonesia and the Philippines was proposed. Tentative pilot project areas were identified
in consultation with national program scientists in these countries.
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Biological Control of DBM

Summary

An attempt on the biological control of DBM in Yangmingshan, Taiwan was made by releasing
the larval parasite, Apanteles plutellae in crucifer growing areas in the mount:.ins. A total of 44,40(
parasites were released at intervals in one scason. Parasitism ranged from 12 to 55%. A cyciic patterr
of parasite and host pest emergence was observed. Farmers' use of nonselective chemicals resultec
in parasite mortality which reduced parasitism and increased DBM population. More intensive effort:
are needed to curb the unnccessary use of broad-spectrum insecticides by farmers to achieve DBV
control through parasite introduction.

introduction

Common cabbage and Chinese cabbage arc important crucifers cultivated in Yangmingshar
mountain areas during hot-rainy summer when they fetch a high price in the market. As elsewherc
in Taiwan, the DBM, Plutella xylostella is the most destructive insect pest in this area. In cooperatior
with Taoyuan District Agricultural Improvement Station (DAIS), two larval parasites Diadegma
eucerophaga and Apanteles plutellae were released in 1987 and in 1988, respectively.

Materials and Methods

In carly April, when farmers started transplanting, AVRDC estatlished 10 parasite-relcase swations
in a 5-ha arca owned by 14 farmers. Each station consisted of a quadrangular wooden box with slanted
top and a door on one side which can be opened and closed. Except for the top and bottom, all sides
were perforated with three to four 1.5 cm diameter holes to allow the escape of the parasite adults
cmerging from the pupae inside the release station. The box was mounted on a I m high wooden
pole. A. plutellae was reared on DBM larvae in the laboratory and a large number of pupac was released
in cach station.

Starting on the last week of May until mid August, parasites in the stations were released once
every two weeks. Observations on the parasitism were recorded once every week. The total number
of DBM larvae + pupac and number of A. plutellae pupac on 100 randomly sclected plants were
also recorded.

Farmers were requested to use, if necessary, only Bacilliss thuringiensis, and two inscet growth
regulators, teflubenzuron and chlorfluazuron, which are nontoxic to the parasite. Several water trough
traps baited with sex pheromone of Spodoptera litura were plazed tlroughout the area to ensnare .
litura, an occasional pest of crucifers.

Results and Discussion

A. plutellae was released seven times at biweekly intervals starting 24 May, the date of first release.
A total of 44,400 pupae were relcased. Adult emergence was usually in excess of 90%. Results of
DBM inf~station on cabbage and parasitism of DBM by A. plutellae are summarized in Figure 2.

Parasitism ranged from 12 to 55%. Initially during the first six weeks, parasitism averaged 35%
and DBM population was low. After six weeks, DBM population rose shaiply and parasitism decreased.
This could be due to the farmers’ use of such nonselective chemicals such as chlorpyrifos,
methamidophos, carbofuran, acephate and Karate, a newly developed synthetic pyrethroid, which they
were not supposed to use. Such insecticides are not only useless against DBM, since it has developed
resistance, but they also kill the parasites which tend to reduce DBM populations. Farmers used
insecticides amounting to NT$5520 (US$196) per hectare. This accounted for 14.2% of the total
production cost.
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DBM Egg Parasite
Summary

An egg parasite, Trichogrammatoidea bactrae, was imported from Thailand for introduction in
Taiwan and elsewhere in Southeast Asia to combat DBM on crucifers. Preliminary laboratory and
field studies were conducted in 1988 to assess the potential of this parasite. The ideal temperature
for parasitism was 20 to 30°C. Parasitism occurred only at day time. Selective insecticides such as
a bacterial formulation, Bacillus thuringiensis, and teflubenzuron, an insect growth regulator, were
nontoxic but broad-spectrum chemicals such as deltamethrin were extremely toxic to 7. bactrae. In
the field, parasitism of DBM eggs ranged from 36.8 10 66.7 %, indicating the potential of this parasite
to control DBM.

Introduction

In the tropics and subtropics where crucifers can be grown throughout the year, DBM, Plutella
xylostella, is a serious pest. The insect lays eggs on the leaves and the larvae feed on the foliage.
As aresult of insect feeding, the quantity and quality of the produce are adversely affected. At present
farmers use insecticides to combat the pest. Their indiscriminate use of ;nsecticides has made DBM
resistant to practically all chemical insecticides presently used. No suitable alternative control measures
which are practical on farmers' fields, are yet available to control the pest.

In late 1987, an egg parasite, Trichogrammatoidea bactrae was imported from Thailand. After
developing a mass rearing technique, AVRDC conducted some laboratory and field tests to assess
the suitability of this insect for biological control of DBM.

Materlais and Methods

Effect of temperature. The eggs of Corcyra cephalonica Staint (Lepidoptera: Galleriidae),
used routinely for mass rearing of the parasite, were utilized in the study. About 1,200 eggs were
pasted on paper (5 cm X 2 cm) and irradiated by UV light to kill the embryo. A similar number
of already parasitized eggs were placed in a 15 cm long glass tube with 3 cm diameter, just before
the adult parasites were about to emerge. Fresh irradiated Corcyra eggs pasted on paper were put
in the same tube. Four tubes were placed each at 15, 20, 25, 30, and 35°C for 24 hours after which
the freshly parasitized eggs were removed and placed at 26 + 1°C until egg parasitism could be
observed. Parasitized eggs turned black whereas unparasitised ones remained transparent to milky
white for one week. The percentage of parasitized eggs was computed.
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Effect of light/darkness on parasitism. Newly emerged T. bactrae adults were held in
cight tubes (15 cm long and 3 ¢cm wide). Four tubes each were placed in lighted and dark chambers
for 12 hours to acclimatize the insect. Fresh and irradiated Corevra eggs pasted on paper were then
placed into cach tube: tubes were returned to the lighted or dark chambers as before for another 24
hours. This time. freshly parasitized eggs were removed and placed at 26 + 1°C and 12h: 12h, light:dark
condition. The percentage of parasitized eggs was determined a week later when parasitized eggs turned
dark.

Effect of age of DBM eggs on parasitism. Every day for four consecutive days, freshly
laid eggs of DBM were collected from cabbage leaves. The collection each day was pasted on four
pieces of paper; cach paper having 20 eggs. They were irradiated soon after pasting on the paper.
When the first day’s collection reached four days, each day’s collection was transferred into four
tubes (15 cm long. 3 em diameter.) containing an equal number of 7. bactrae adults. After two-hour
cxposure, the eggs were removed and placed at 26 + 1°C until parasitized eggs turned dark. The
percentage of parasitized eggs for cach age group was calculated.

Effect of insecticides on parasitism. Formulations of one insect growth regulator (IGR),
teflubenzuron, one Bacillus thuringiensis product, Dipel and one synthetic pyrethroid. deltamethrin,
were dispensed in water to allow concentrations twice the recommended rates for field use.
Teflubenzuron was diluted to 0.0075% Al (=75 g Al/ha), Dipel to 0.1% product (=1 kg product/ha)
and deltamethrin, 0.01% Al (=100 g Al/ha). Irradiated Coreyra eggs pasted on paper were dipped
in cach solution or water only (as one check) for 30 seconds. When the eggs dried, treated as well
as untreated eggs were placed in glass tubes (15 ¢m long with 3 ¢m dia) containing equal numbers
of cggs alrcady parasitized and 7. buctrae adults which were about to emerge. The tubes were maintained
at 26 + 1°C for one week. The percentage of parasitized eggs was recorded.

Parasitism of DBM eggs in the field. A parcel of land was rototilled and applied with
basal fertilizers. after which, it was worked into 1.5-m wide beds. One-month old seedlings of common
cabbage were transplanted in two parallel rows along the length of each bed. Soon after transplanting,
the entire land was divided into five 7.5 m X 20 m blocks and each block was partitioned by 2-m
high fine mesh nylon net. A 1-m high plastic sheet was also wrapped around the partition net. The
top of cach block was covered with the same nylon net to prevent the movement of insects from room
to room. From three weeks after transplanting, an equal number of freshly emerged DBM adults in
cach oo, were released. Simultancously. an equal number of three species of egg parasites: T, bactrae,
Trichogramma ostriniae and Trichogramma chilonis were released, one species per room. In another
room, teflubenzuron ISEC at the rate of 37.5 g Al/ha once every two weeks was sprayed but one
room was left untreated. Within a week of parasite relcase, 20 cabbuge leaves from each room were
taken as samples to detect and record total DBM and parasitized eggs.

Results and Discussion

Effect of temperature. Figure 3 illustrates the effect of temperature on parasitism by T,
bactrae. Parasitism increased from 24.4% 1o 77.7% with an increase in temperature between 15 to
25°C, and a proportionate decrease: thereafter from 25 to0 35°C. At 35°C, only 5% of the eggs were
parasitized by T. bactrae. The ideal temperature range for parasitism was 20 to 30°C. This parasite
is therefore suitable for lowland and midlevel highlands.

Effect of light/darkness on parasitism. The effect of light and darkness on parasitism
by T. bactrae is summarized in Table 1. Parasitism occurred mainly when there was light; it was
practically absent in the dark. It must be noted that both tests were conducted simultaneously and
the difference in parasitism was not due to diurnal variation but rather due to the parasite’s ability
to find hosts when there was light rather than when it was dark.

Effect of age of DBM eggs on parasitism. Effect of age on para.itism of DBM eggs is
summarized in Figure 4. Parasitism increased gradually when eggs reached one to three days, then
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Table 1. Effect of light and darkness on parasitism of T. bactrae.

Condition Parasitism (%)Z
Light 65.1 a
Dark 70b

’Data are means of four replicates Mean separation by DMRT at 5% probability level.

declined slightly thercafter. The age of DBM eggs, therefore, does not seem to play a part in the
selection of DBM eggs. DBM eggs hatched in five to six days at 26°C. Whether the four-day old
DBM embryo could interfere in the development of parasite needs investigation since the eggs were
irradiated and the embryos died in the present study.

Effect of insecticides on parasitism. The effect of selected insecticides on parasitism by
T. bactrae is summarized in Table 2. Neither teflubenzuron nor B. thuringiensis adversely affected
parasitism. However, deltamethrin was extremely harmful. The possible residues of teflubenzuron
and B. thuringiensis on egg surface did not affect the parasite which came in contact with the eggs
for cviposition. On the other hand. deltamethrin was poisonous and when the parasite came in contact
with the treated surface, apparently died before it could lay eggs. 1t was, however, not clear whether
deltamethrin killed the parasite before oviposition or the embryo. In any case, for practical purposes,
deltamethrin and similar contact insecticides are considered not compatible with 7. bactrae parasitism,

Parasitism of DBM eggs in the field. Neither T. ostrinae nor T. chiloni parasitized DBM
cggs. Farasitism was not observed in check or teflubenzuron-treated plots where no parasite was
releascd. Parasitism by T. bactrae was found in all three observation intervals. It ranged from 36.8%
to 66.7%. This experiment aimed to confirm laboratory findings of substantial DBM parasitism by
T. bactrae. This parasite, therefore, is suitable for release in the field.

Table 2. Effect of selected insecticides on parasitism by T. bactrae.

Insecticide Al (%) spray Parasitism? (%)
Teflubenzuron 15EC 0.0075 709 a
B. thuringiensis 0.01 58.2¢
Deltamethrin 2.8EC 0.01 46 d
Water 65.3 b
Centrol 736 a

’Data are means of four replicates. Mean separation by DMRT at 5% probability level.



Chinese Cabbage Entomology 19

Testing of Bacillus thuringiensis Formulations and
insect Growth Regulators

Summary

Insect growth regulators such as teflubenzuron., chlortluazuron, PH70-23 and WL 115110 gave
good DBM control. These treatments increased the yield. There was no indication of DBM showing
resistance 10 any of these chemicals. All Bacillus thuringiensis formulations comrolled DBM but SAN
415 was the most effective. Methanolic extract of neem (Azadirachta indica) seed tailed to control
DBM in the field. The insect growth regulator and B. thuringiensis formulations were selectively toxic
to DBM and other caterpillar pests and were not harmtul to beneticial parasites. Thus, they are suitable
for integrated pest management.

Introduction

Insecticides play an important role in crop protection, especially on vegetables wherein besides
quantity, the quality of the produce deiermines the net income. Insecticides are widely used by vegetable
farmers in Asia, especially in the control of DBM, Plutella xylostella. As a result of indiscriminate
insecticide use, DBM hus become resistant to practically all classes of insecticides presently used.
Apart from killing the DBM, the insecticides also kill its parasites and predators as well as those of
other crucifer pests. The parasites tend 10 be more sensitive to these chemicals than the host insects.
This has made DBM even more serious than it was before the wide use of chemicul insecticides.
Recently, a new class of chemicals called insect growth regulators (IGR), which are specifically toxic
to caterpillar pests and safer to natural enemies, have been synthesized and are registered in differem
countries. These chemicals have potential in the integrated control of various caterpillar pests. In 1988,
two experiments on these chemicals, along with formulations of a well-known bacterial insecticide
Bacillus thuringiensis, were conducted.

Materials and Methods

The procedures were identical to those described in the AVRDC publication ‘Vegetable Pest
Control: Insecticide Evaluation Tests". In brief, each test included nine insecticide treatments and
one untreated check. Using an air-pressurized sprayer, cach chemical was applied once a week to
designated plots of 4.5 n1 X 3.3 mi size. Each wreatment had four replicates arranged in a randomized
complete block design. Insecticide spraying was initiated from about two weeks after transplanting
and discontinued a week before harvesting.

Insecticide efficacy was evaluated at intervals, usually a day before the next weekly insecticide
application. At cach interval, the number of DBM larvae and pupae found in randomly selected 10
plants in cach plot was recorded. At harvest, heads of cabbage were weighed and marketable heads
in cach plot were recorded. From these data, head weights in every plot were also computed. Insect
count and yield data were analyzed by ANOVA and means were separated by DMRT,

Results and Discussion

Al IGRs except BAS 206SC gave excellent DBM control (Table 3). BAS 206 in EC formulation
gave distinctly better control than the same chemical in SC formulation. However, EC formulation
caused phytotoxicity. As a result, the yield was lower in EC treatments despite good DBM control.
The older IGRs, teflubenzuron and chlorfluazuron, still exhibited good control and there was no
indication of DBM-developed resistance to these chemicals,

All &, thuringiensis formulations reduced DBM infestation but Dipel 2X was less effective than
the rest (Table 4). SAN 415 formulation was superior over the others. Neem, a meihanol extract of
seeds from Azadirachia indica, was not effective in DBM control. The extracts showed insecticidal
activity against a large number of insect pest species in India and elsewhere. None of the B. thuringiensis
formulations gave as good DBM control as teflubenzuron.



Table 3. Screening of insect growth regulators for DBM controf on common cabbage.a'f

| icid Rate DBM Larvae + Pupae/10 plant Marbf;t:ble Ma:;::jasble Mar:b:;:jasble
nsecticides y!
g Al/ha 88/2/4 2125 3/3 3/10 3/17 t/ha Iplot kg/head

PH70-23 25 liqg. 50 05¢ 0.7c 12.7 ¢ 9.2c 110c 86.6 ab 47.7 a 2.7a
PH70-23 25 liq. 75 0.7¢c¢ 25¢c 9.7¢ 72 ¢ 55¢ 879 a 46.7 ab 28 a
PH70-23 25 liq. 100 15¢c 22c¢ 4.2 ¢ 90c 6.0 c 86.1 ab 47.2 a 27 a
BAS206 10SC 60 5.2 ab 322a 89.5b 119.0 a i1900b 77.5 bed 47.2 a 25b
BAS206 5ECB 60 05¢ 15¢c 0.7c 0.2c 25¢ 75.9 cd 46.5 ab 24b
WL115110 10WDC 40 02c¢ 10c 1.7 ¢c 1.0c 12¢c 84.8 ab 47.5 a 2.7 a
WL115110 5WGC 40 1.7 ¢ 22¢ 15¢ 12¢ 15¢c 83.9 abc 46.7 ab 2.7a
Chlorfluazuron S5EC 50 0.2c 05¢c¢ 02c 05¢ 05¢ 85.4 ab 47.2 a 2.7 a
Teflubenzuron 15SC 37.5 15¢ 05¢ 02c¢ 0.7c¢ 0.7c¢ 89.5 a 47.0 ab 28 a
Control! 75a 26.2 ab 120.7 a 116.0 ab 186.2 a 73.7d 44.7 b 240

“Cultivar: K.Y. Cross.

YTransplanting date: 88/1/4,
within columns by DMRT at 5% probability feve!

Plot size: 15 m~

“Insecticides appljed: 88/1/22. 1/28, 2/5, 2/12, 2/19. 2/26. 3/4, 3/11.  “Harvest date: 88/3/25.  "Means separation
Phototoxicity observed.

Table 4. Screening of Bacillus thuringiensis for DBM contro! on common cabbage.a'f

N Rate DBM Larvae + Pupae/10 plant Marbfetable Marketable Marketable
Insecticides kg product 2 5125 373 3110 317 yield heads heads
/ha 8812/ t/ha Iplot kg/head
H3A3B g 0.7 6.7b 4.7 c 16.7 ¢ 305¢c 77.0 cd 56.3 ab 46.7 a 1.8 abc
H3A38B 1.0 3.2 bed 22c¢ 102 ¢ 15.0d 59.5 de 579 a 475 a 1.8 abc
H7g 0.7 2.5 bed 6.2 ¢c 90c 10.5d 452 e 57.1 ab 47.0 a 1.8 abc
H7 1.0 1.7 cd 6.0 c 122 ¢ 19.5d 445 e 57.7 a 46.5 a 1.9 ab
SAN415g 0.5 20cd 12c¢ 7.7 ¢ S5.7e 31.2e 576 a 46.5 a 1.9 ab
ABG6162g 0.5 4.5 bc 6.2 ¢ 19.5 be 312 ¢ 93.0c 50.6 bc 450 a 1.7 cd
Dipel 2Xx 0.5 57b 20.5 ab 37.3b 51.7 ¢ 130.2 b 54.2 ab 46.2 a 1.8 bed
Neem 2.5%h 25.0 6.5b 12.0 bc 60.2 a 1040b 146.0b 415d 45.2 a 1.4 e
Teflubenzuron 15SC 0.0i 0.5d 1.7 ¢ 0.7 c 02e 22f 60.7 a 46.5 a 20 a
Control 16.0 a 26.7 a 77.0 a 128.2 a 177.7 a 47.0 cd 45.7 a 1.6d

ZCultivar: K.Y. Cross.

25 kg seed/ha.

Al/ha.

yTrans.plantlng date: 88/1/5.
on within columns by DMRT at 5% probability level.

*Insecticides
“Plot size: 15 m*.

2apDIi91d: 88/1/22, 1129, 2/5, 2112, 2/19, 2/26, 3/4, 3/11. “Harvest date: 88/3/25. YMeans separation
Bacillus thuringiensis formulations. s

Methano! extract of Azadirachta indica seeds. The dose represents
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Chinese Cabbage Pathology

Resistance to TuMV

Summary

Turnip mosaic virus (TuMYV) is one of the most important viruses of Chinese vabbage in Southeast
Asia. Five strains of the virus have been detected in Taiwan. All new Brassica accessions are routinely
screened for resistance to strains C4 and Cs for which resistance is not commonly found. None of
the 35 accessions screened this year by artificial inoculation were found resistant to these strains.

Introduction

TuMV is in the form of black spuic commonly found on Brassica sp. in Southeast Asia including
Chinese cabbage. Infection by this virus often results in low quality heads. It also nakes the heads
more vulnerable to fungal and bacterial diseases during storage. Five strains of tk.., virus have deen
detected in Taiwan. Resistance to strains 1, 2 and 3 is readily found in the germplasm collection.
Resistance to Cs and Cs is however rare. All new germpiasm is routinely screcned for resistance to
(:4 and Cs.

Materials and Methods

Thirty-five new Brassica sp. accessions (B 801 to 803, 805. 307 to 813, 816 to 818, 821 to 836,
842 10 846) were screened by artificial inoculation. The plants were inoculated twice in the greenhouse
and symptomless plants were checked by DAS ELISA for latent infection.

Results

All accessions were found susceptible to TuMV C4 and Cs.



Mungbean Breeding

New Germplasm Evaluation

Summary

Six breeding lines with potential for bruchid resistance were introduced from Tamil Nadu
Agricultural University, Coimbatore, India. One line, NARP-4 was found resistant to bruchid under
AVRDC conditions.

Introduction

Brucliuds are serious storage pests in mungbean. During a visit to Tamil Nadu Agricultural
University (TNAU), Coimbatore. India, the AVRDC plant breeder came across a report that some
breeding lines are resistant to Callosobruchi:s chinensis. At the request of the plant breeder, Dr. S.R.
Sree Rangaswamy provided seeds of six promising breeding iines, a portion of which was given to
AVRDC entomologist to examine bruchid resistance.

Materials and Methods

On August 2, three pots each of NARP-2 and NARP-3 and 2 pots of NARP-4 were planted in
the greenhonse. Each pot had two plants. Days to flowering, days to maturity, node number and seed
weight per plant wurg recorded.

On August 25, seeds of X, Xz and X3 were cach planted to five pots in the greenhouse. Each
pot had two plants.

NARP-1 is a sclection fromn TMV blackgram. NARP-2 is a selection from 79 (blackgram) with
hairy pods and bold seeds. NARP-3 is a selection trom CO; blackgram. NARP-4 is a selection from
LM66 mungbean x COj blackgram. The above information and seeds were provided by V.
Muralidharan. R. Rathnasamy and S.R. Sree Rungaswamy of TNAU. X, X2 and X; were collected
from the TNAU fields and their origin is unknown.

Results and Discussion

The characteristics of the sin entries are given in Table 1. The promising entry for bruchid
resistance, NARP-4 will be evaluated in the field.

Table 1. Evaluation of newly Introduced Vigna sp.

) Ddys to Nodes/ Pods/ Seed weight/
Entry name - [
nuwenng maturity plant plant plant (g)
NARP 2 48 70 15 - 74
NARP-3 48 71 18 - 96
NARP-4 50 72 12 - 36
X-1 29 51 12 12 -
X-2 30 49 10 11 -
X-3 30 39 9 10 -
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Line NARP-4 was found resistant to bruchids for five months, after which time, the level of
resistance declined. Further research on harvest conditions, seed moisture content. seed storage
conditions are being examined in relation to bruchid resistance at TNAU.

Hybridization

Summary

The population improvement program initiated in 1986 was continued. Single plants sclected from
the Cycle 3 first segregating generation were advanced by selfing and crossing with VC2991, VC4080A,
VC4066A, VC3737A and VC3764A to combine the desirable allcles into the gene pool. The
performance of each population will be further evaluated in the advanced generation for desirable
traits. Crosses were made between NARP-4 (bruchid resistant) and five promising V and VC lines.

Status of Selective Mating

To combine high yield, early and uniform maturity, and disease resistance. 20 breeding lines
and accessions were selected and crossed systematically based on a fuctorial design Il in 1986. Seventeen
Fs pedigrees were evaluated in a preliminary yield trial in spring and summer. From Cycle 1 and
Cycle 2 intermating, 55 Fj bulks and 94 F4 bulks were advanced to Fs and Fs, respectively. Cycle
3 Fis were intermated with five promising cultivars, namely VC2991, VC4080A, VC4066A,
VC3737A and VC3764A and, 1024 Cycle 4 Fis 'vere produced. From Cycle 3, 324 pedigrees were
advanced to F.

The progress of intermating and selfing done since 1986 is shown in Figure 1. The total number
of lines or single plants selected and bulk population retained along with the characteristics of the
selected female parents used in intermating during Cycle 2 and Cycle 3 are given in Table 2.

Table 2. Number of lines or single plants selected and bulk population retained in different cycles
of Intermating or inbreeding generation.

Cycle of intermating and generation

Source HCoM HCoMM HC;  HCiP  HCiPM  HC;  HC2M  HC3 HC4
(F3) {Fa) (F1) (F2) (F3) (F1) (F2) (F1) (F1)

Total planted lines 99 17 99 263 55 96 94 210 1024

Selected lines 17 17 99 55 27 94 54 208 806

Total single plants - - 263 - 41 - 82 324 1073

Selected bulk 17 17 - 55 - - - - -

87-Fall Remarks

VC 3890A x HC» EM, UM, PM, (CLS)

VC 2755A (F2) HY, (CLS), (PM)

VC 2768A HY, (CLS), EM, GR, (PM)

vV 3726 EM, UM, NS

88-Spring

VC 2991A x HC3 HY, (CLS, PM), UM, YS

VC 4080A (F1) (HY), SS, UM, EM, (CLS, PM)

VC 4066A HY, SS

VC 3737A HY, (CLS, PM), NS

VC 3746A (HY), CLS

Characteristics of mungbean materials:

CLS: Resistant to Cercospora leaf spot EM: Early maturity:

GR: Good general rating; HY: High grain yields;

LD: Resistant to lodging; NS: Photoperiod insensitivity;

PM: Resistant to powdery mildew; SS: Large seeded;

UM: Uniform maturity; YS: Yellow seeded:

(): Moderately resistant.
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Fig. 1. The progress of intermating and Iinbreeding since 1986.

The selection of single plants was based on vigorous vegetative growth, disease resistance, large
pod size, synchronized maturity, carly maturity and nonlodging.

Crossing for Bruchid Resistance

NARP-4 was identified as resistant to bruchids. On October 3, 1988 NARP-4 was planted along
with VCI178A, VCI973A, VC2778A, VC3890A, and V3476. Reciprocal crosses between NARP-4
and all other V and VC lines shown above were made. The genetics of resistance to bruchids will
be further evaluated.

Yield Trials

Summary

Promising selections had been advanced from preliminary to intermediate yield trials. A number
of advanced yield trial selections had high yield, higher percent of first harvest yicld and better CLS
and PM resistance than checks V3726 and V2768A. New improved selections will be made available
to the cooperators through IMN. Moreover, preliminary results from thinning and no thinning treatments
in the advanced yield trials suggested that although there were significant differences between the
two treatments, there was no interaction between genotypes and thinning treatment. Therefore, this
observation will be further evaluated during different seasons to determine whether thinning can be
dropped as a recommended practice in the conduct of IMN trials.
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Introduction

Breeding fines in the past and a number of selections from the inbreeding generation of intermated
were included in the preliminary vield trial. Selected entries from intermediate vield trials were included
to form the advanced yield trial (AYT). An experimient was conducted to determine the differences
between genotypes with and without thinning.

Materials and Methods

Detals of the experiment (number of entries. design, planting dates and plot sizes) are given in
Tuble 3. AVRDC's recommended cultural practices were followed in the trials. Observations were
recorded on seed vield adjusted to 12% moisture. first harvest percentage (first harvest vield/ total
yield X 100), days to 50% maturity and 1000-seed weight.

Powdery mildew discase was rated. highly resistant to highiv susceptible, ona | +0.3 scale. Data
frem cach season were analyzed. Data from spring and summer seasons were pooled and analyzed.

Table 3. Planting dates and expenimental design for PYT and AYT in spring and summer 1988,

. . No. of entries Design . _
perment - pluschecks)  Geplcauony  Plantmedae o Plotsze
PYT 69 (2) RCBD {2) March 3, 1988 5mx 1m

69 (2) RCBD (2) July 5, 1988 5m x Im
AYT 33 (2) Spht piot (4) March 3, 1988 5m x 2m
33 (2) RCBD (4) July 5, 19¢8 5m x 2m

Results and Discussion

PYT. Inspriog. the yield of 71 entries varied from 0.5 t/ha to 1.8 t/ha. The yields of two check
varieties were 1.2 t/ha (V3726) and 1.6 t/ha (VC2768A). None of the entries yielded higher than
VCIT68A. However, compared to 52% and 28% first harvest yield for VC2768A and V3726,
respectively. there were selections which yielded 85 % during first harvest. Mosi of the entries yiclded
high (Fig. 2). Invariably, all entries with good powdery mildew resistance attained low vield and viee
versa. Soime promising selections for specific characters are listed in Table 4.

In summier, the ditferences in yield between VC2768A (check) and the selections were insignificant.
However, there were seicciions which were high yielding and more resistant to Cercospora leaf spot
(CLS) than VC2768A and V3726. The yield in summer varied from 0.8 t/ha to 2.8 t/ha. Distribution
of the 71 entries in different yield categories is given in Figure 3. Twenty one entries had a CLS
score of 2.0 (a seore of 5 was highly susceptible). Of the 20 highest yielding entries, eight had a
CLS seore of 2.0 (Tuble 5). Selected entries from PYT will be advanced to 1YT in 1989,

Table 4. Promising entries from PYT in spring 1988.

Ent Yield % First 1000-seed Powdery

olry no (t/ha) yeld weight (g) mitdew
vC 4533-1-28B 1.8 ~7 52 4.0
VC 4195-B-5-36 1.8 83 58 4.3
VC 4541-2.28 1.6 85 46 4.3
vC 4152-2-B-1-0bB 1.4 40 67 4.0
VC 4503-3B 1.4 84 63 4.3
KM 83019-4-4B 1.3 42 65 1.8
VC 4532-2-2B 1.1 32 54 1.3
VC 4403-B-6-28 1.1 43 56 1.8
vC 4433-8-4-2B 1.1 31 68 3.0
vC 4038-37 0.9 61 32 1.5
VC 4n41-47 0.6 52 35 1.0
V 3726 (checx) 1.2 28 62 4.0
VC 2768A (check) 1.6 52 61 3.8
LSD 0.05 0.4 3 4.6 1.4
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Table 5. Promising entries from PYT iin summer 1988,

Entry no Yield {t/ha) Y% First harvest yteld 1000-seed weight (g)
vC 4304-4B 2.8 63 52
VvC 4133-2B-1.38 2.4 56 65
vC 1192-B 2 9-3B 2.3 62 56
VC 4366-B-4.2B 2.2 60 56
V(e 4183 B 228 2.2 60 63
v 44178 2-2B 2.2 58 70
VC . 768A (check) 26 53 65
v 3176 (check) 0. 74 64

Nate Al selections had CLS scere of 20 ’CLS score = 3.0 YCLS score = 50.

26 (
V3726 = 1,2 t/ha Mean = 19403t a
501 V2768A= 1.6 t/ha :
Mean = 132021/ha 20 |
w
@
8% z
g 5
1.5 30 B g>‘
(-4
9 210 f
9 o
320 - w
et
w
10 b
ol 0 % s
<05 05-10 I0-15 >I5 <10 10-15  15-20 >20
Yield t/ho Yield t/ha

Fig. 2. Frequency cf PYT entries in varlous yield Fig. 3. Frequency of PYT entries in various yieid
categories in spring 1988. categories in summer 1988.

AYT. There were significant differences in yicld between genotypes in spring and in sununer.
There was also a significant difference in seed yiceld between thinning and no thinning. Higher yield
was observed with no thinning than with thinning and there wer: no genotype X thinning treatment
interactions suggesting that it is not necessary to thin the plants. Thinning and no thinning will be
cvaluated again in spring and summer next year to determine the interaction of such treatment with
genotypes. In spring, VC3944- 2B-2-1-1-B and VC3945-2B-1-2-2-B gave a yield of 1.9 t/ha with
78 1o 80% first harvest. VC4119-B-3-1-1-1-B gave 1.6 t/ha with 87% first harvest in spring.
VC3§90-B-2-1-1-B + 1 1.6 t/ha with 79% first harvest and 65 g for 1000 sceds.
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In summer, VC4152-2B-1-3B, attained the highest yield of 2.8 t/ha, 51% first harvest and
64 g for 1000-seed weight. Of the 35 entries evaluated, 30 yiclded 2 t/ha or more. The maxirum
first harvest yield with high yield potential in summer was 79% . However. only five entries had a
CLS score of 2.0 or less. Those entries with an average yield of 2t/ha or more in spring and summer
are given in Table 6.

Table 6. Promising selections from AYT In spring and summer 1988.

Cross no. Yield (t/ha) % first harvest 1000-seeds weight (g)
vC 4152-2B-1-3B 2.1 62 63
VC 4143-B-2-3B 2.1 68 55
VC 3907A 2.1 64 67
vC 4176-1-B-1-3B 2.0 61 53
VC 3901A 2.0 67 61
VC 2768A (check) 1.9 71 60
V 3726 (check) 1.0 79 61

Evaluation of V and VC Lines

Summary

One hundred and seventy three improved mungbean VC lines developed over the past 15 years
were compared against 20 promising germplasm which were the parents of VC lines. A steady progress
in vicld improvement occurred over the years. Compared to V lines, mean yvield of VC lines increased
by 55%. 11% and 16% between 1973-1977, 1978-1982 and 1983-1987. respectively in summer.
Similarly in spring. the increases in yield of VC lines were 26% . 20% and 16% respectively during
the same periods. The level of CLS resistance and 1000-seed weight was also improved. However,
pereent first harvest and PM resistance did not show improvement at all. There is a strong seasonal
influence on percent first harvest. Future research should emphasize on percent first harvest and powdery
mildew resistance.

Introduction

Twenty sclected breeding lines were assessed with multiple breeding objectives. In an effort to
prepare a catalog of lines used in the breeding program, developed and distributed to the cooperators,
promising V lines were evaluated in spring, summer and autumn. Furthermore, since the breeding
lines can be grouped according to period during which they were developed. the steady progress made
to improve the mungbean through breeding could be evaluated,

Materials and Methods

A total of 193 lines comprising 20 V lines and 173 VC lines were planted in a randomized complete
block design in two replicates. The plot size was 2m X Im. The spacing between rows was 50 ¢cm
between rows and 10 em between hilis with two plants per hill. The AVRDC's cultural practices were
followed. Observations were made at 507 flowering stage, ays to maturity, total yield, percent first
harvest yield, 1000-seed weight, plant height at matwrity. number of plants harvested, seed quality,
Cercospora leaf spot (CLS) resistance score (in summer). and powdery mildew (PM) resistant score
in spring and autumn. Pod harvesting was done twice. Moisture content of the seed was determined
and the yield was expressed on a 12% moisture basis. This report discusses data on total yield, percent
firstharvest yield, 1000-sced weight, CLS and PM rating, obtained in spring and summer. Collection
of data in autumn is in progress.
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Results and Discussion

The powdery mildew resistance score (evaluated in spring with | = highly resistant to 5 = hignly
susceptible scale) for V lines showed that the mean of 20 lines was 4.8 and of the entries were in
between 4.5 and 5 category (Figure 4). The mean for all the VC lines was 4.5. Although most of
the lines were in between 3.5 and 5.0 category there were at least some in the range of 2.25 10 3.00
(Figure 5).

14
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| Highly resistant ' Hiqr.“y resistant
5 Resistant 2 Resistant
sistan _ 40 3 Intermediate
,@ 10 + 3 Intermediate 4 Susceptible
& 4 Susceptible 5 Highly susceptible
c . .
W 5 Highly susceptible 2
5 £
W
> o
@ 5
o S o5t
& g
w
201
51 :
: AL oL, ARAE LB B
) N 0 2 25 3 3.5 49 45 5
Spring Season V Lines PM Score Spring Season VC Lines PM Score
Fig. 4. Frequency distribution of V lines Flg. 5. Frequency distribution of VC lines,
evaluated In spring 1988, in evaluated in spring 1988, in different
different PM score categories. PM score categories.

The status of CLS resistance in the V lines is shown in Figure 6. An evaluation for CLS in summer
showed that significant progress has been made in improving the level of resistance in the new breeding
lines (Fig. 7).

In spring. the VC lines developed from 1973 to 1977 had an increased yield of 26% compared
1o V lines. An additional 20% increase in yield was noted among the VC lines developed during 1978
10 1982 (Fig. 8). A 16% increase in yield was noted in those four VC lines developed from 1983
1o 1987. There was a 10 10 15% increase in 1000-seed weight of VC lines over the V lines in the
first two phases (Fig. 9).

There was no significant improvement observed on the percent first harvest (Fig. 10) and powdery
mildew resistance (Fig. 11) In fact, the highest percent first harvest was only 70% which is similar
to V lines.

During summer, an improvement in yield from 1973 to 1977 and 1978 to 1982 was 55% and
11%, respectively (Fig. 12). Compared to the V lines the mean yield of the new improved VC lines
had doubled. Similarly, compared to V lines the 1000-sced weight increased by about 19%, 23%
in 1973-1982, respectively (Fig. 13).



AVRDC Progress Report 1988

No. of
& I High! ist
| Highly resistant 1any resistant
10+ 2 Resi 2 Resistont
eS|stunt. 65 3 Intermediate
3 Intermediate ) 4 Susceptible

w 4 Susceptible 5 Highly susceptible

= 5 Highly susceptible o &

c T -

uJ T 45 |

- w

o 5 | "6 ]’ 2

> D= ol

[8] Q

§ § 25 “

o A

li_" tw l ]
IOI

0 3 35 4 45 § o [ B : {1 . i i
Summer Season V Lines CLS Score 0 2 25 3 35 4 45 5

Summer Season VC Lines CL.S Score

FIg. 6. Frequency distribution of V lines for

Yield ( 1/ha)

CLS score evaluated in summer, 1988.

3.0 -35
25 -30g
20 -25
(1978-1982} !5 20
10 -15
(|O 8
25 -30f
20

VC Lines

(1973-1977) 1.0

V Lines

15 -

2030
82

1614
20

10 20 30 40
Frequency

Fig. 8. Progress in improving yield at five-year
intervals (spring 1986).

Fig. 7. Frequency distribution of VC lines
for CLS score evaluated in summer,

1000-Sead  Weight

19

88.

71-80
61-70

51-60
(1978-1982)

VC Lines

41-50|

<40

71-80
61-70
51-60

(1973-1977)

V Lines

41-50

<40 §
61-70 |
51-60F
41-50|:

<40

i It

20 30 40 50
Frequency

Fig. 9. Progress In improving 1000-seed
welght at five-year intervals (spring
1988).



Mungbean Breeding

First Harvest %

71-80
61-70
51-60 fiza

o i
- XY
SN

61-70

VC 5 | = 60 ‘i:.‘;-'. .
(1973-1977) O
61-70 gl = 46
. 5' -60 :.“_ : 20
V Lines 50 B2
20 70 80
Fl’eqUency

Fig. 10. Progress in Improving first harvest
percent at five-year intervals (spring
1988).

30-35 )

25 30 ]

20"25::1 x = 2644

15-20( no- B

1 G=-195
0

(1978-1982)

]

30 35

25-30 1
Ve Line 20 250 ]
{(1973-1977) 1 5 .20 1 -

to-15(] n = 82
<10]|

Yield (1/ha)

2025
15-20[]
10-15f_]

<1.0

= 1544
= 20

ball|
t

V Lines

=
1

10 20 30 40 50
Frequency

Fig. 12. Progress In yleld Improvement at five-
year intervals (summer 1988),

31

4.1-50
3.1-4.0
2.1-3.0
[«}]
5 20|
(@)
m 0
z 4"50 3
Q
Z31-40E
o 2.1-3.0 F
3
= 2.0
o
L 41-50
3.1- 40 5= 48
2.1-30 n=20
20|
0O 10 20 50 60 170
Frequency

Fig. 11. Progress in PM resistance improve-
ment at five-year intervals (spring

1988).
71-80
L978 5982)5“60 BEEE |
1978 -
41-50 ] x=579
40 nooal
1-90
- 71-80[]
=4
2 b1-70 [
= VC tines _
T 11973 |977)"|-60 ‘ e
&3)‘ 4150 B
& 40 X = 55.7
3 n o= 82
= 71-80 ||
61-70 [
V Lines ]
51-60 1]
41-50 [1] X = 47.2
qo[ "2
10 20 30 40
Frequency

FIg. 13. Progress in 1000-seed welght improve-
ment at five-year Intervals (summer
1988).



32 AVRDC Progress Report 1988

Unlike powdery mildew, CLS resistance was achieved in 1972-77 and it improved slightly in
1977-1982 (Fig. 14). During 1982-87 such high level of resistance was maintained.

However, the mean percent of first harvest for the VC lines decreased by 22% in 1972-77 compared
1o V lines and further declined during 1977-1982 (Fig. 15). In i983-1987, it improved slightly.
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4.1-50 } . i-688
(19781982 ) o9 81-90 5 n = 87
2140 o __(1978-1982) ('"8OL :
2 1-30F = 61-70 o
» ok E 50-60 {3
k=]
v ~ -
a1-50f3 x:275 - 91-100) ;709
v VCLines o .o @ 81-90[] n = 82
guer3-ir> 7Y S . e[
2.1-3.0 2 ) : -
9 & t973-1977) & 770 L7
o 2.0} £ 50-60 [3
4 1-50 [ . H 91-100[ T}
viines 3 4-a0[] =20 5 81-90F3 % = 91.0
& 7i-s0f) "¢ 20
21-30) Viiines 700
20 o o : )
10 20 30 40 50 I0 20 30 40 50 60
Frequency Frequency

Fig. 14. Progress in improving CLS resistance Fig. 15. Progress in the improvement of
at five-year intervals (summer 1988). percent first harvest yleld (summer
season) at five-year intervals since

1973.

Although the entries were evaluated in only two seasons, results showed that there were significant
differences in terms of yield. percent first harvest, days to maturity and 1000-sced weight. Considerable
variation was noted especially for percent first harvest (Table 7).

The data from seasons were pooled and analyzed. Variance components were calculated by equating
appropriate mean squares to their expectations and solving the components. The genotypic variance was
the largest source of phenotypie variance for total yield and 1000-seed weight (Table 8). The variance
due 10 G X S for yield is more than five times as much as scasonal variance and about one third of
genotypic variance. Thercfore, the genotypes should be carefully selected for specific seasons.

Scasonal variance predominated for percent first harvest (Table 8). Therefore, it appears that
temperature, photoperiod and/or temperature X photoperiod interaction influence the pereent first
harvest.

In early years, mungbean breeding concentrated on high stable yield and photoperiod insensitivity.
From 1978 onwards. efforts were made to combine disease resistance and synchronize maturity (high
percent of first harvest). Significant improvement in yield and CLS resistance was attained. Incidentally,
gains were also made for large sced size.

Finally, it appeared that problems on percent first harvest and host, pathogen, environment, and
interaction for powdery mildew discase resistance require future research consideration.,

Table 7. Variation In yleld and other characters in V and VC lines between spring and summer.

S Yield % First Days to 1000-5eed

weason (t/ha) harvest maturity weight (g)
Spring 24 A 72 A 75 A 56 A
Summer 228 37 8B 60 B 54 B

Mean (both seasons) 2.3 ¢+ 351 54 + 9 67 + 3 55 + 3
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Table B. Variance compoitents for total yield, percent first harvest and 1000-seed weight of
V¥ and VC mungbean lines In spring and summer, 1988.

. z Total yiejd 1000-seed weight % First harvest
Variance (kg/ha)é (gz) (%2)
o?s 10262 617 2.50
o’g 193952 25 54.36
o’sg 59653 78 4.11
02e 123374 85 7.04

Tvaninace components (01) are for seasons (s), genotype (g). season by genotype (sg) and error (e).

The 15th and 16th International Mungbean Nursery

Summary

A total of 16 (15th and 16th) IMN sets were distributed to 16 cooperators in 12 countries. Results
reported here are only for the AVRDC test and for Lubbock Texas.

tntroduction

A total of nine 15th IMN and seven 16th IMN were distributed to 16 cooperators in 12 countries
(Table 9). So tar, only one cooperator from the U.S.A. returned the data.

Tablr: 9. Distribution of 15th and 16th International Mungbean Nurseries.

Country No. of cooperators 15th nursery 16th nursery

Brazil 2 - 2
Gamb'a
Incha
Indonesia
Nigena
Philippines
Spain

Sri Lanka
Suriname
Swaziland
Thailand
USA.
Total
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Materials and Methods

The experiment followed a randomized complete block design in three replicates, Sm X 2 m
plot size: four rows per plot with a row spacing of 50 ¢cm and two seeds per hill. Observations were
made and data were collected.

Results and Discussion

AVRDC. VC4066A, VC3301A, VC4111A and VC3300A significantly outyielded VC2768A
(Table 10).

Among promising lines in spring, only VC3301A gave high yield with low CLS rating and a
high percent of first harvest yield (Table 11). Analysis of data in spring and summer showed that
VC3301A, VC4066A. VC3300A. VC3117A and VC4111A yielded almost 1.9 t/ha. Entries VC4066A
and VC2991A had the lowest CLS score of 2.0.
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Table 12. Distribution of mungbean breeding lines and accessions to cooperators around the world.

No. of Breeding
cooperators lines

Country Accessions Others

Australia
Burma
Ethiopia
Gambia
India
Indonesia
Israel
Japan
Korea
Lesotho
Liberia
Malaysia
Nigena
Philippines
Solomon tslands
Switzeriand
Tatwan
Thailand
US.A

UK

Yemen

Total
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Results from Cooperators

Argentina (Cooperator: [ng. Agr. Julio Enrigue Luna) VCI973A. VC2754A and VC2764A
yielded 1.1, 0.9 and 0.9 t/ha, respectively. As mungbean is a new crop. there was no local check
in the trial. The cooperator expressed interest in lurge scale testing of the three lines and requested
one kilogram of sceds for cach of the lines.

Brazil (Cooperator: Rogerio Fara Vigiva) Of the 25 entries evaluated, 10 entries gave 1.5
t/ha w 2.1 t/ha (Table 13). The top three entries were found promising and will be reevaluated.

Laos PDR The trial of 12 selections from ditferent sources conducted in December 1985 under
the FAO RAS 82/002 project included four entries from AVRDC. VC1168B, VC2750A, VC1560D
yielded about 0.4 t/ha whereas VC1482 yielded 0.3 t/ha i 102 days compared to Uthong 1 (0.2
t/ha). Al AVRDC lines were reported resistant to powdery mildew and required three harvests. The
low vield was due to late planting and low plant population density.

Malaysia (Cooperators: Tan Teo Soon and Yeong Chin Sheong)  Among four entries
evaluated. VC1973A produced a yield 1.6 t/ha in 50 days compared to a local clone A which yielded
1.3 t/ha. VCIRYOA gave 1.6 t/ha while VC2768 A gave 1.5 t/ha, VC1973A and VC3890A lodged

Table 13. Promising entries from yield trial in Brazil, 1987.
1000 seeds

Entry no Yield (t/ha) weight (g) Lodging score
KY 1954 2.1 44 2
VC 3061A 1.9 52 1
VC 3828-1-1-1-18B 1.8 61 1
VC 4049-B-3-1.1-1-8 1.7 57 1
VC 3984-B-2-B-4-1-B 1.7 56 1
KY 2013 1.7 41 2
VC 2768A 1.4 60 1
LSD (0.05) 0.5 5.5 0.95
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while VC2768A was nonlodging. The 1000-seed weight of all AVRDC lines was 69 g while the local
check was 61 g. 1t appears that AVRDC entries have potential in Malaysia. The cooperators concluded
that all AVRDC varicties are very productive and suitable for growing in sandy loam soil.

Philippines (Cooperator: Ms. Rosabella C. Repolloy  The cooperator from Pangasinan State
University reported that from 200 ¢ seed each of VC1973A and VC2768A. they muhiplied the seeds
to 1,350 g and 1,400 g respectively for large scale testing.

Thailand Last year. Chainat FCRC released a new mungbean variety, named Chainat 60, derived
from a cross between MGS0-10A(Y) and ML6 made at AVRDC in 1977, 1t has higher yicld potential,
early maturity, short and crect plant tvpe. synchronized maturity and good grain quality.

The average yield in research and tarmer’s ticld is 1.4 t/ha and 1.1 t/ha, respectively compared
o 1.1 and 0.9 t/ha for Uthong 1. Chainat 60 produced 63% of its total yield in the first harvest at
55 days after planting. Chainat 60 is high yiclding and suitable for late planting in rainy scason.

Vietnam (Cooperator: Mr. Dueng Minh. University of Cantho) VC2763A (DXI113), VC2768A
(DX102A) and VCIS60D (DX91) were evaluated in 1987, From 50 g seed of VC2763A received
by Vietnam, nearly 10,000 t are now produced in Mekong Delta. The farmers expressed their need
for new lines with mosaic virus tolerance, aluminum tolerance, glossy large seed. high yield and uniform
maturity .
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Yield of Beanfly Resistant Breeding Lines

Summary

Six lines selected for insect resistance and good agronomic characters from crosses between high
vielding mungbean breeding line and beanfly (Ophiomyia phaseoli) resistant mungbean accessions
were evaluated with 65 other entries. None of the beunfly resistant lines outyielded the check cultivar.
Selection VC 4035-17 gave the best yield of 1.75 t/ha. Its yield potential was two to three times greater
than the resistant parent. V 4281, and its level of resistance was similar to V 4281, It exhibited moderate
level of resistance o Cercospora leaf spot and it matured in 69 days in summer. This breeding line
is & hetter source of resistance for breeding beanfly resistant munghean.

Introduction

In tropical to subtropical Asia and Africa and Oceania, agromyzids, mainly Ophiomyia phaseoli
(Tryon) (Diptera: Agromyzidae). commonly called beantly, is a serious pest in legumes. The insect
larvae bore into stems of young seedlings which at times, results in plant mortality. In surviving plants,
the growth is affected and yield s significantly reduced. In 1980, sources of resistance to beanfly
in mungbean germplasm were identified in AVRDC. Since 1981 AVRDC had been incorporating
this into agronomic breeding lines. Five breeding lines with good agronomic characters and beanfly
resistance were selected. In 1988, these entries were included in a yield trial to compare their yield
potential and other agronomic characters,

Materials and Methods

Preliminary yield trials of 71 breeding lines were conducted in spring and summer. In spring,
cach entry was planted in 9 m” plots and in summer, 5 m®. Routine cultural practices were followed
to grow the crop. During the growth stage and harvest, observations on various agronomic characters
such as days tc flowering, days to maturity, seed yield, and 1000-seed weight, in addition to powdery
mildew resistance rating in spring and Cercospora resistance rating in summer, were recorded. Yield
and seed weight data were analyzed by ANOVA and means were compared by DMRT. Each entry
was ranked according to vield and seed size.

Results and Discussion

All six beantfly resistant breeding lines yielded significantly less than the standard agronomic line,
VC 2768A in both seasons (Table 1). Their seeds were considerably smaller than those of VC 2768A°s
in both seasons. In terms of yicld and seed size, all six breeding lines were ranked far below the
standard agronomic line. Among beanfly resistant breeding lines, VC 4035-17 yielded higher than
the rest, both in spring and summer. Its seed size is similar to other beanfly resistant lines, although
it is distinctly smaller than the standard breeding line. The yield potential of VC 4035-17 is two to
three times greater than that of the resistant parent. V 4281, VC 4035-17 matures in 69 days, which is
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moderately resistant (MR), low resistance (LR), susceptible (S) and highly susceptible (HS). The
aceessions with insect count less than mean—2SD were considered HR; between mean—2SD and
mean - 1SD, MR: between mean — 15D and mean, LR; between mean and mean+ 28D, S; and more

than mean +2SD. HS.

Results and Discussion

The distribution of 300 accessions into various resistance categories is presented in Figure 1.
Among (0 accessions classified as highly resistant, only V 2802B-G and V 1128B-BL were free from
insedt intestation. Both accessions were selected from original V 2802 and V 1128 on the basis of
variauon in seed cout color. Last vear. the original V 2802 was found moderately resistant to C.
chinensis. Accessions 'V 2802,V 2802B-G and V 1128B-BL are distinctly small-seeded. Sceds of
these uccessions will be multiplied. After further confirmation and study of their mechanism of resistance
to bruchids. these will be used in breeding bruchid resistant mungbean cultivars,
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Germplasm Screening for
Resistarice to Aslatic Corn Borer
Summary

Mungbean accession V 4701 was significantly less damaged by Asiatic corn borer. Ostrinia
furnucalis than the susceptible check VC 1973A. The larval damage was confined in stems only. In
arclated test, three Vigna sublobata entries TC 221129, TC 221167 and TC 221034 were significantly
less damaged than the susceptible mungbean VC 1973A. All V. sublobata accessions had distinctly
thinner stems and viny growth habit, the characteristics that are associated with insect resistance.

Introduction

In recent years, Asiatic corn borer, Ostrinia furnacalis (Gn) (Lepidoptera: Pyralidae), a serious
pest in corn, has become an important pest of mungbean in Taiwan and certain arcas of Southeast
Astt. In Tarwan, the insect attacks mungbean in summer but not from mid autumn through late spring.
The insect larva bores into stems and green pods. As a consequence of larval feeding, the plant is
weakened which, at times, results in wilting of entire shoot above the inseet feeding point. AVRDC
ts sereening Vigna germplasm with the aim of breeding Asiatic corn borer resistant mungbean cultivar
which has acceptable agronomic characters. Screening of three sets of mungbean germplasm for
resistance to Asiatic corn borer (ACB) was undertaken in 1988.
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Materials and Methods

The planting area was rototilled and worked into 0.75 m wide beds. After every 10 rows, two
rows were planted to corn. When corn plants were one month old, laboratory reared Asiatic corn
borer pupae were placed on each corn plant to allow uniform and heavy infestation. These rows served
as the source of ACB for the infestation of mungbean test accessions.

The sceds of test materials were planted in 10 rows between the two rows of corn. Each entry
wits planted as a single row on top of 5 m long and (.75 m wide beds. Three proups of Vigna accessions
were screened.

In the first group 84 mungbean accessions which were least damaged by ACD in 1986 trials but
were not sereened in 1987 were included. In the second test, 13 similar mungbean accessions were
used. In the third, 24 least damaged (in 1987 testy V. sublobara accessions were tested with three
V. radiata susceptible cheeks.

About 6 1o 8 weeks after planting when ACB population was high. stems of cach plant in every
entry were exanined and percentage of plants damaged was caleulated. In the latter two screenings,
data on inseet damege were analyzed by ANOVA and means were separated by DMRT. In the first
test. percentage of stems damaged by Asiatic corn borer was statistically analyzed based on mean
damage and standard deviation. This procedure enabled the classification of the accessions into highly
resistant (HR), moderately resistant (MR), low resistance (LR), susceptible (8) and highly susceptible
(HS).

Results and Discussion

In the first test of 85 accessions, plant damage ranged from 0 to 7.14% with a mean of 2.49
+ 2.29. Thirty-five accessions were classified as MR, 37 S and 13 HS. In general, damage was low.
About 35 MR accessions will be tested further in summer 1989 to confirm their resistance.

In the second test, ACB damage to mungbean plants ranged from 3.08 to 8.32% . Only one accession
had significantly less damage than the susceptible check (Table 2). This accession will be investigated
lurther 1n 1989,

In the third test, three selected V.o sublobara entries: TC 221129, TC 221167 and TC 221034
were signilicantly less dumaged than the suseeptible check VC 1973A (Table 3). All V. sublobata
accessions had distinetly smaller stem diameters and viny growth habit. In past studies. ACB resistance
was lound to be greater in mungbean plants with smaller stem diameter. A thin stem is an undesirable
characteristic as plants lodge rather casily. In view of this, the need to develop ACB resistant cultivars
will be examined before embarking on a resistance breeding program.

In all tests in 1988, ACB damage was less than in carlier years. This year, pods were not all
damaged.

Table 2. Asiatic corn borer infestation of selected mungbean accessions.

Accession number Piant damage (%) Accession number Plant damage (%)

VvV 3301 83 a V 4669 6.4 ab

vC 197347 82a V 4391 5.7 ab

V 3855 7.8 a V 4632 53 ab
V4705 7.7 a VvV 4513 4.7 ab

V 3968 76a vV 5102 4.4 ab
V4316 6.8 ab VvV 4701 31b

V 4499 6.8 ab

‘Data are means of three rephcates. Mean separation by DMRT, P = 0.05 ySusceptlble chech,

Table 3. Asiatic corn borer infestation of selected V. sublobata accessions.?

Accession number Plant damage (%)
TC 221129 08d
TC 221167 08d
TC 221034 08d
VC 1973A 50 ¢

IData are means of three replicates. Mean separation by DMRT, P = 0.05
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Characteristics of Asiatic Corn Borer Infestation

Summary

ACB (Ostrinia furnacalis) infestation in mungbean was studied in relation to distance of mungbean
plants from the primary host. There was a significant lincar decrease in insect infestation with increase
in the distance of mungbean plants from the ACB infested corn. To avoid infestation of mungbcan,
the crop should be planted at least S0 m away from corn fields.

Introduction

The Astatic corn borer, Ostrinia furnacalis (Gn) (Lepidoptera: Pyralidae) has caused increasing
damage o mungbean in recent years. ACB larvae bore into munghean stems and pods and feed
concealed in these piant parts until pupation. The feeding weakens the plant, which at times causes
lodging and conscequently, yield losses. Since the area planted to corn has been increasing in Taiwan,
ACB damage 1o mungbean has also become more frequent. Past studies in AVRDC revealed that
ACB prefers corn over mungbean and insect damage to mungbean increases steadily after most of
the corn are infested. Since both crops are grown. on occasions., in close proximity, it is essential
to understand the influence of such cropping on ACB infestation in mungbean. This experiment is
amimed atstudying the influence of planting distance between two crops on the infestation of mungbean
by ACB.

Material and Methods

A local corn was planted ina 60 m x 9 m parcel of land. Three weeks after germination, a large
number of ACB pupae reared in the laboratory was released to allow infestation of the crop. At this
tme. in an empty area adjacent to the corn, the field was rototilled and prepared into 0.75 m wide
beds paratlel o corn planting. Mungbean line VC 1973A was then planted in 60 m long beds. About
66 beds were planted to this crop following the AVRDC standard cultural practices except that no
msecticide was used. Starting three weeks after mungbean germination. the total number of plants
and ACB damaged plants in rows was recorded. Observation was done once weekly for five consecutive
weeks.

Results and Discussion

Results of ACB infestation in mungbean planted near the corn are shown in Figure 2. There was
a significant linear decrease in insect infestation as distance between corn and mungbean increases. The
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farther the mungbean plants from corn, the lesser was the ACB damage. There was no other corn
planted in the vicinity of mungbean. It appeared that the inability of the insect to fly longer distances
reduces the ACB damage in mungbean planted away from the ACB source. So. if planting of mungbean
near the corn is avoided, the risk of ACB infestation in mungbean is reduced.



Pepper Breeding
Germplasm Observation Trials

Summary

Two plantings of 368 accessions intended for seed multiplication and characterization were
evaluated 1o identity promising genotypes. Forty-one accessions were preselected for high yield
potential, dense truit set. carly maturity, high pungency and other promising characteristics to be further
evaluated under different environmental conditions.

Introduction

To date. AVRDC's pepper germplasm collection comprises more than 5,000 accessions. Trials
were conducted to preselect the accessions from nonreplicated trials for further evaluation in terms
of yield potential and overall performance under tropical conditions.

Materials and Methods

A 1otal of 113 and 255 accessions were included in the germplasm observation trials (GOT) in
1987 (warm) and 1987-1988 (cool) secason, respectively. The first GOT was planted in April 1987
and the second. in November 1987 in screenhouses. Thirty plants of each accession were planted
in a double-row bed. Spacing was 50 ¢m apart between rows and 45 cm between plants in a row.
The screenhouses were divided into compartments. I cach compartment, 20 to 30 accessions
were grown with a single replication. The AVRDC cultural practices were followed without mulching.
Extreme care was taken for insect and weed control. Starting the carly fruiting stage. various
traits related to plant growth and development. flower and fruit development and yield were
observed.

Results and Discussion

The promising accessions for various traits are listed in Table 1. Those entries preselected for
dense fruit set and high yield potential need to be reexamined for the respective traits in replicated
trials. Pungency contents are yet to be analyzed, because preselection was based on organoleptic
judgement of one or a few fresh fruit samples. Identity and aroma of the responsible compound(s)
of the entries also need to be defined. Two accessions, C00693 and C00704, seemed pungent at green
fruit stage. but not pungent at red fruit stage. Fruit wall of C01476 was observed to be not pungent,
while pungency was detected in pungency plancenta tissues. Early maturity is regarded as a premium
trait for pepper’s incorporation in various cropping systems. It is, however, important to balance carly
maturity and plant vigor.
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Table 1. Pepper accessions preselected for their important traits from germplasm observation

trials.
Trait GOT1 GOT2
Early maturity C002008B, C00269 .C00694, CO0704, CO0714, CO0T724
€00299, C00489 C00732, CO07878, C00918, CN0964
C01315, C01475, CO2180 (?)
Clustered fruit set C00490 €00920. CN0971, C01299
Heat-adapt:on (?) C00260, CO0770. CO0919
(Sweet pepper)
High yield potential (?) C002008. C00299 201315. C01355
CO0€33
Dense fruit set C00702, C00948, C00971. C01355
C01379. CO1540
Aroma CO0776A, CO1379, CO0776
High purigency C00758. CO0765, COO776. COO776A
C00787B. C01379
Germplasm Evaluation Trials
Summary

Preselected genotypes from previous observation trials and advanced commercial cultivars were
evaluated in replicated trials in the cool season 1987 to 1988 and summer 1988. Summer plantings
were destroyed by flooding at the middle of the experiment. Two sweet and four hot pepper entries
were. however, selected for their high yield. Eight hot pepper entries showed above 50% survival
rates after flooding. whereas no sweet pepper achieved high survival rate.

introduction

The genotypes preselected from observation trials were entered into repiicated advanced evaluation
trials in both cool and hot scasons for further examination in terms of yield and other horticultural
traits. Some entrics were accessions identified possessing useful genes for pest resistance or stress
tolerance. Private firms and public institutes participated in the exhibition at the International Symposium
on Integrated Management Practices for Tomato and Pepper in the Tropics (22-25 March 1988)
contributed the advanced comr z, cial cultivars. The exhibition field served the purpose of evaluation
and the entries were again included with the plantings in summer which were destroyed by flood.

Materials and Methods

Twenty entries from 11 organizations in six countries and 32 entries from 14 organizations in
cight countries were included in the cool season hot and sweet pepper trials, respectively. There were
40 entries for hot pepper and 51 for sweet pepper in the warm scason. Planting and harvest schedules
of the trials are given below:

Date R K
Sown Planted Harvest emars
Hot pepper 10 Nov. '87 4 Jan. '88 27 Apr. ~ 13 June
25 Apr. '88 3 June ‘88 1 Aug. ~ 23 Aug. Field was destroyed
by flood.
Sweet
pepper 1C Nov. '87 4 Jan. '88 1 Apr. ~ 11 May
25 Apr. ‘88 6 June ‘88 1 Aug. ~ 19 Aug.  Field was destroyed

by flood.
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Table 3. Correlation coefficients? between yield from different harvest sequences of spring, yield
of summer and flood survival rate in hot pepper.

Spring yield (SPY) M.Summer yeld (SUY)  Flood survival
1st 2nd 3rd 4th Total East West A’i‘e_(F?Rr’ o
SPY1 - 0.239 -0.525*  -0.639** 0.263 0.567~ 0.587* 0 155
SPY?2 - 0.332 -0.353 0.799*** 0675+ 0.447 0218
SPY3 -~ 0.532** 0.572+ -0.021 -0.227 -0.153
SPY4 - 0.084 -0.612*~ -0.662*+ -0.455
SPYT - 0.504+ 0.249 -0.050
SUYE ’ - 0.840°** 0016
Suyw - 0059

FSR

’Calculated from means of 18 entries common to both ptantings. *, ** and *** indicate that r s different from 0 at 5. 1 and
0 1% probabinty levels, respectively

Table 4. Correlation coefficients’ between spring’ yield from different harvest sequences,
summer” yield, virus severity and flood survival rate in sweet pepper.

Spring yield (SPY) Spring virus  Flood survival Summer
1t 2nd | 3 ath Total  severity (SPVS)  rate (FSR) yield (SuY)

SPY1 -0.005 0324 0.046 0.869*+*~ -0.536* 0043 -0.263
SPY2 - 0.598~** 0.264 0.428+ -0.079 0.023 0.094
SPY3 - 0.460** 0.678**~ -0.465* « -0.205 0.043
SPY4 -~ 0.336 -0.381+ 0121 0076
SPYT -0.580**~ 0.000 -0.141
SPVS - -0.040 0.484*+
FSR - -0.198
Suy -
’Computed from means of 32 entries common to both plantings. *, = » -+ indicate that r 1s different from 0 at 5. 1and0.1%
probability levels. respectively. YSown on 10 Nov. 1987 and transplanted on 4 Jan. 1988 “Sown on 25 Apr_and transplanted

on 6 June 1988.
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Fruit weight and length showed generally good correlation between two seasons and between
cast:west beds in summer in both hot and sweet pepper (Tables 5 and 6). Fruit width also showed
high correlation among the three sets of datiin hot pepper. but less in sweet pepper. Fruit thickness
of sweet pepper revealed significant correlation with fruit weight and width within environments. The
environmental effect on fruit size, especially weight and length, seems 1o be rather parallel over different
genotypes and therefore. selection for these traits could be applicable to different seasons and locations.,

Table 7 lists the sweet pepper entries deemed promising in terms of yield or other traits. Gypsy
was found stable and high vielding and attained good frui-setting. Small and yellowish fruit were
the detects of this entry. Annabell had stable and high vield. Despite varietal ditferences revealed
i these trials, the performance of the entries needs careful evaluation in replicated trials in higher-
temperatare envitonments betore they can be intensively used in the breeding program.

Table 8 presents the vield i two seasons of some selected hot pepper entries. HP621 and two
other entries showed a stable, high vield, PP841 and seven other entries showed over S0% survival
rates after flooding. The entry. 88P40 had high flood survival rate and stable high vield. This could
be an important genetic source for these traits.

New Crosses and Generation Advancement

Summary

Crosses made in 1986 were advanced 10 F> generation in 1987-1988. A total of 34 accessions
identified as resistant to important discases were selfed under field conditions. Development of new
crosses lagged because ol technical problems on major plantings in summer 1988,

Introduction

Towards the end of 1987, priority objectives of the breeding program had been defined for hot
and sweet pepper. The strategies 1o achieve the goals were likewise established. Part of the 1986 crosses
were advanced 1o Iy generation in 1988, The genotype identified 1o be resistant to CMV, CYMVY,
AMYV and Phytophthora rot was multiplied by self-pollination.

Evaluation and Advancement of Previous Crosses

Of the previous 88 crosses. 20 were evaluated in the field in 1988, Many crosses were discarded
because the characteristies which the parents should possess were found nonexistent. Inadequate
resources also limited the number of entries which could be included. Ten crosses of sweet pepper
were discarded during the field evaluation because of low chloroplast content in one parent, Gypsy.
nd the thin fruit wall of the other parent. Cubanelle. Five crosses, between carly high yield and field
tolerance to virus complex were finally selected to be advanced o Fa generation. Individual selection
was done on four Fys. because of considerable variation among plants within Fy familics, probably
resulting from gencetic heterogeneity of cither or both parents. Twenty-cight families are now grown
in the field and these Fas will be subjected to individual plant selection.

Crossing Program

The germplasm cvaluation in summer 1988 aimed to identify the sweet pepper entries with best
general performance under hot and wet climatic conditions to be utilized as recurrent parents in our
backeross breeding programs. The planting also aimed to serve our need for making crosses. The
ficld was, hawever, totally destroyed by heavy rains and water logging in mid-August. The situation
also delayed the development of new crosses in 1988.

Extenstve crossing will be conducted in cool season 1988 to 1989,



Table 5. Correlation coefficients? among fruit characters of sweet pepper grown in spring? and summer*, 1987-1988.

Fruit weight Fruittength Fruit width Fruit wall thickness
Sp. Su. (e) Su. (w) Sp Su. (e) ,A,SL_f:,(ﬁ\L__m‘_SE Su. (e) Su. (w) Sp. Su. (e) Su. (w)

UFW spring - 0.7**~ 0.6%** 0.1 00 -0.1 09~~~ 03 0.0 Q.7*** 0.3 -0.1
UFW summer (e} - 0.7*~~ 0.1 03 01 06" 0.6** 0.3 05~ 0.6** 0.1
UFW summer (w)* - 0.2 03 0.4 04+ 0.6%* 0.5** 03 06** 0.3
FL spring - 0.8=*~ 08*** 0.3 0.4~* 05+~ -0.2 0.1 0.1
FL summer (e) - 0.9=*~* -0.4" -0.1 -0.3 -0.2 0.4 0.0
FL summer (w) - -04* -0.3 -0.2 -0.4~7 0.2 0.1
FW spring 0.5** 0.2 09r=~~ 0.3 -0.0
FW summer (e) - 0.7**~ 0.5*~ Q.7*** 0.3
FW summer (w) - 0.0 0.3 0.5**
FTH spring - 0.5~ 0.0
FTH summer (e) - 0.5*

FTH summer (w)

ICalculated between means of 32 entries common to both plantings ~. *=. = **.ndicate that r is chfferent from 0 at 5 ! and O 1% probability levels. respectively.
Sown on 25 Apr. and transplanied on 6 June 1988

1987 and transplanted on 4 Jjan. 1988.
summer plantung muiched with plastic film

YSown on 10 Nov.

“(e) and (w) perta:n to east and west rows. respectively, of the double beds in the

Table 6. Correlation coefficients? between fruit characters of hot pepper grown in spring’ and summer”, 1987-1988.

Unit fruit weight Fruit length Fruit width

Sp. Su. (e) Su. (w) Sp Su. (e) Su. (w) Sp. Su. (e) Su. (w)
UFW spring 09**+ 0.9x++* 0.7~ 0.4 0.4 0.9**~ 09*~~ 0.9=*~
UFW summer ()" - 0.9*++ 0.7~ 0.6* 05~ 0.8%*+ 0.9++* 0.9+*=
UFW summer (w)™ - 07+ 0.5+ 05" 0.9*** 0.9**~ 0.9**~
FL spring - 0.8~~~ 0.8**~ 0.6* 0.5 05"
FL summer (e) - 0.9**~ 0.3 0.3 0.2
FL summer (w) - 0.3 03 0.2
FW spring - 0.9*** 0.9**~
FW summer (e) - Q0. 9x*~

FW summer (w)

chmputed from mean values of |8 entries common to both plantings

YSown on 10 Nov. 1987 and transplanted on 4 Jan. 1988

“Sown on 25 Apr. and transplanted on 3 June 1988.

]
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Table 7. Performance’ of promising sweet pepper grown in spring and summer, 1987-1988.

Yield (t/ha) Fruit size (g) VirusY Late fruit® Remarks

Entry Spring Summer Spring Summer severity set density  Remarks
Key Largo 37 be 113 af 73 kim 30 ¢+ 25ct 4.5 ab
Annabell 47 a 11.8 a-e 85 ki 26 d-i 25¢ct 35 ad selected
E 1821 41 a-d 22ed 154 a-c 19 e 2.0 def 4.5 ab
Portos 44 ab 21 e 131 cf 27 do 10f 2.5 ad
Canape 28 e-i 165 a 71 im 25 di 4.5 a-d 4.5 a-d
Gypsy 41 a-d 109 ag 67 Im 23 d- 3.00bt 50 a selected
Shauan Fong 34 ¢ 14.4 ab 74 kim 28 di 55 ab 3.0 ad
Blue Star 28 eq 6.0 b1 71311 cde 29 bg 5.5 ab 10d
Grand Mean™ 34 70 109 30 37 2.6

‘Mean separation w:thin columns by DMRT at 0.05 probabitity level ‘Vlsually roted for each plot with a scale of 0 tor no disease
to s tor tughest degree of seventy, at the end of the spring crop *Visually rated for each piot with a scale of 0 for no new
frat 1o tnve for normat healthy truit set. at the end ot the spring crop “Means of two rephicates of 32 entries in spring, and
ot three rephcates of S entries in summer

Table 8. Yield and survival rate of some selected hot pepper entries.

e Yield (t/ha) Survival rate”
Entry Spring Summer” from flooding Remarks
Earhy” Totat East West (%)

Magic Scarlet 6.8 bed 12.1 fg 59cf 113 a 40 b-e

HP 621 93 ab 255 a 114 a 10.8 ab 17 cde Stable high yield
HPA 87400 4.1 efg 16.5 de 5 6 def 9.7 abc 11 de

HPA 87401 2.0 ght 11.0g 1.2 gh 28 fg 55 a.d

Seoul Hot 58 cde 15.9 def 3.5 dh 7.6 a-e 50 b-e

88P40 40 efg 20.8 bc 9.6 abc 7.7 ae 60 a-c Stable tugh yield

+ flood tolerance

88P41 5.0 def 11.9 fg 2.1 fgh 3.7 dg 93 a Flood tolerance
PP1 115 a 259 a 4.7 d-g 6.6 b-f 60 abc Flood tolerance
tong Chilli 8.5 bc 22.3 ab 9.7 ab 93 ac 23 be Stable high yield
One Thousand 3.0 fgh 18.7 bed 7.3 bcd 90 ac 27 b-e

Szechuan 0.6 hi 19.2 bed 00h 27 1g 36 b-e

Passion - - 03h 02¢g 54 a-d

Long Fruit ~ - 0.3 h Clg 52 ad

Unknown 41 - - 0.1h 00g 63 ab Flood tolerarnce

‘Yield obtained from first harvest YYield from east and west rows of the plastic film-mulched beds. *Data obta.ned from

the summer planting after heavy rains of 480 mm on 13 and 14 Aupust

Multiplication of Disease-resistant Accessions

Disease resistant plants were identified through heavy exposure to discases under controlled
environment. The selected plants were transplanted to the field for seed multiplication.

A total of 219 plants of 34 accessions found resistant to diseases were multiplied (Table 9).

The seeds produced will be evaluated for their resistance and genetic purity with respect to the
traits for which they were selected. They will also be utilized as donor parents in the crossing program.

Table 9. Number of disease-resistant accessions and plants which were multiplied.

Number of
Disease
Accessions Plants
Alfalfa Mosaic Virus 7 77
Cucumber Maosaic Virus 3 33
Chili Veinal Mottle Virus 8 69
Pepper Veinal Mottle Virus 2 6
Anthracnose 1 10
Phytophthora rot 13 24
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Purification of Popular Lccal Hot Pepper Varieties

Summary

Pure line selection was made on two local varieties, Szechuan and MCy, to improve their
uniformity and mean performance. The sclected families from P, of Szechuan showed higher field
tolerance to virus complex and the Py families showed improved uniformity in plant type. The
performance of MCy was poor in all Py families evaluated.

Introduction

Hot pepper has been popularly grown for several centuries in different arcas of the tropics mostly
with landraces specifically adapted to cach location. In spite of the long-proven adaptability to adverse
tropical lowland environiaents, the local cultivars were not highly appreciated due to heterogencity
coupled with low vield and Tow quality. Pure line selection was, therefore. initiated in two local varieties.
Szechuan from Taiwan and MCy from Malaysia, to genetically purify and. if possible, enhance their
performance.

Source Materials

A Taiwan local variety, Szechuan, was selected because it was the most widely grown cultivar.
It shows sizeable variation in plant and fruit characters. A Malaysian variety, MCy, which had been
partially improved by the Malaysian Agricultural Research and Development Institute (MARDI), also
exhibited considerable variation in many important horticultural traits. Resistance to bacterial wilt,
chiti veinal mottle virus, and cucumber mosaic virus was also found, although the variety is known
to be heterogencous for the responsible genes. Source materials of Szechuan was first collected from
the market and farmers® ficlds in central Taiwan, while that of MCy were collected in the seed
multiplication nursery of MARDI. The plants found resistant to CMV or CVMYV later replaced the
Py generation from the original source population,

Procedures and Progress

Planting schedules for Pg to P> generation are shown in Table 10. Entries were transplanted to
the field in the early cool season and preliminary selection was done in the carly warm season. The
preliminary sclection criteria were plant vigor, days to maturity. fruiting density, fruit shape and size.
being free from diseases under natural epiphytotic conditions with standard spray schedule, ete. Soon
after the preliminary selection, one secondary branch of each selected plant was bagged with screen
net to secure the selfed seeds. Fruits and open flowers were removed from the branch before bagging.
Open-pollinated sceds were also used in generation advancement. Entire fields were maintained,
whenever possible, until the mid-late of the warm season for further observation before final selection.

Table 10. Planting schedule and selection in generation advancement of pure line selection of
two open-polilnated local varieties.

Entries Selected Date

Var. Generation ) Remarks
included  Families/Plants  Sown Transplanted  Selected
Szechuan Po 10° 4/12 09-30-86 11-07-86 05-01.87
P 12 7/31 10-27-87 12-17-87 04-12-88

P2 31 - 09-01-88 10-13-88 - on-going
MC4 Po 677 2/13 09-30-86 11-07-86 05-01.87
P1 (A) 4 0/0 10-27-87 12-17-87 04-12.88

P (B) 19% - 09-23-88 11-04-88 - on-going

‘From 10 different sources. ySlxty-sn( individual plants selected from MCas and one population of a sister variety,

MCs. *Selfed progenies of the plants resistant to CVMV or CMV.
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Szechuan has been advanced to P: generation (Table 10). All selections from Py genciation
showed much less virus infection than unselected ones at the termination of the growth, although the
difference was not observed during preselection. Itis, however, yet to be investigated whether high
performance of the selected plants is genetically associated with field tolerance to virus complex, which
became clear only after the selection had becs imade. At carly growth stage, Pas were observed to
be considerably more uniform in plant type than the generation Py,

In the case of MCa, the general performance of Py in summer 1988 was very poor in every
tamily, although the reason is not clear. All Pys were, therefore, discarded and replaced with the
selfed progenies of the plants which were identified resistant to CVMV or CMV by artificial inoculation.
Performance and variation of the new batch will be ¢xamined in 1989.
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Survey on Pepper Viruses in Indonesia, Korea and Taiwan

Summary

Virus discases limit the successful cultivation of pepper in the tropics and subtropics. However,
knowledge about the kind of viruses and their distribution in these arcas is limited. 1In 1986, a survey
of the major pepper growing areas in East Asia was initiated. Surveys in indonesia, Korea and Taiwan
are reported here. Tobacco mosaic virus (TMV), cucumber mosaic virus (CMV), chili veinal mottle
virus (CYMV )} and potato virus Y (PVY) frequently occur in Taiwan and Indonesia. TMV and CMV,
followed by alfalfa mosaic virus (AMV) and tomato spotted wilt virus (TSWV) are most important
in Korea. There is a need to study TMV, PVY, CVMYV and CMV since these viruses are most important
in the tropics and subtropics of East Asia. TSWV needs to be looked into because of its importance
not only in Korea but also in Malaysia.

Introduction

Virus discases are a problem in pepper cultivation in the tropics and subtropics. In Taiwan, only
potato virus X (PVX), pepper mottle virus (PeMV) and TMV were previously reported. In preliminary
surveys undertaken in Taiwan, three additional viruses, namely CMV, PVY and CVMV, a virus so
far only reported in Malaysia, were found. Similarly, in pepper samples collected from Thailand,
PVY,CMV, TMV and CVMV were detected. The survey was extended to other countries to determine
which viruses need most consideration in AVRDC's breeding program.

Materials and Methods

Sixty-four hot and sweet pepper samples from Indonesia, 477 from Korea and an additional 486
from Taiwan were collected (Table 1). The samples were processed (described in the 1987 Annual
Review) and tested by ELISA for the presence of 12 of the most common pepper viruses.

Results and Discussion

It was confirmed that CVMYV incidence is very high in Taiwan, followed by CMV, PVY and
tomato mosaic virus (ToMV). In Indonesia, incidence of TMV was highest, followed by CVMV,
CMYV and PVY. PVX only occurred in a few samples. Similarly in Korea, incidence of TMV was
highest, followed by CMV, AMV and TSWV. (ncidence of CYMV and PVY was low and occurred
in only 2% of the samples. PVX was found in only 0.2% of the samples.

Itis evident from these surveys that TMV, CMV, CVMYV and PVY are most prevalent in tropical
Southeast Asia. In Korca, however, CVMYV and PVY do not inlect pepper as frequently as other viruses.
Furthermore, two other viruses, AMV and TSWV are also important,

Itis suggested that CMV, CVMV, PVY and TMVY should be given priority in AVKDC's breeding
program. Resistance to PVY and TMV is readily available in commercial and wild-type lines. However,
sources of resistance t~ CVMV and CMV need 1o be investigated.

. ) . TR e
p ?Jt‘ﬂ"ﬁr"’" Ly o ' o ) L. S i ‘1 E{l”
- A s RV U VY0 SV SRS UR I LI WPy [



54 AVRDC Progress Report 1988

AMV appears to be of importance only in Korea and should be addressed by the national program.
TSWV should receive further attention sinee there are indications that it may also be present in countries
other than the two from which it has been reported so far.

Table 1. Survey of pepper viruses in Taiwan, Korea and Indonesia.

Country 0: (:mln;lt; Percent infection with

sal S o O
suneved cotlected ™MV (,MV cva P}/Yﬂ MAVMV _IEWV, WIEV“ 7va |
Tawan 486 13.0 42.0 51.4 14.6 0.0 00 0.2 0
Korea a7 329 260 213 2.1 216 14.3 1.5 0.2
Indonesia 64 500 78 250 3.1 00 0.0 0.0 1.6

Screening for Resistance to
PVMV, CVMV and PVY
Summary

Recent surveys of pepper viruses in Taiwan. Indonesia and Thailand indicated that TMV, CMV,
CVMV and PVY are most important. Resistance to TMV and PVY s readily available. Screening
has been initiated to identify materials with resistance 10 CMV, CVMV and PVMV, a common pepper
virus in tropical Africa. About 291 lines. including materials with reported resistance and randomly
chosen AVRDC wild-type germplasm were sereened through mechanical inoculation followed by an
ELISA test. Lines were identified with more > 50%) individual plants resistant to PVMV, CVMV
and CMV. Seeds of these plants were saved tor confirmation screening.

introduction

Results of surveys in Taiwan. Indonesia and Thatland. and Korea revealed the incidence of TMV.
CMV, CVMV and PVY in these countries. High incidence of AMV and TSWV has been detected
in Korea. Collection of resistant germplasm, resistance screening and virus straintyping of the first
four viruses are on-going.

PVMYV has been reported to be widespread on pepper in several tropical countries in West Africa.
Antiserum production, collection of resistant germplasm and screening for resistance of PVMV are
also given attention.

Materials and Methods

The viruses used for inoculations were PVMV (received from A. T. Brunt, England), CVMV-
Japan (reccived from Fujisawa, Japan), CVMV-AVRDC (CVMV isolate No. 1037 collected and
isolated from pepper in Taiwan). and CMV (collected and isolated from pepper in Taiwan).

Pepper seedlings were mechanically inoculated at 4-5 leaf stage in an insect-proof screenhouse.
Twenty 10 40 plants per accession were inoculated at 3-4 leaf stage with a homogenate of | part virus-
infected leaves. homogenized in 5 parts 0.1M phosphate buffer pH 7.0 containing 0.1% Na>SOs.
After four weceks, all plants were tested by ELISA. Negative plants received second inoculation. After
three-four weeks. plants were tested by ELISA.

Strict quarantine requirements were followed and the plant materials were inoculated with PVMV.
All materials were disposed by autoclaving.

Materials with reported resistance and breeders’ selections. Twenty-five accessions
reportedly resistant to certain pepper viruses (VC 3,5, 6, 10, 11, 13, 15-19, 23, 31. 43, 45, 47,
48, 100~ 102, 110, 170, 174-178) and seven breeding lines with good agronomic performance (HDA
832, Turrialba, Blue Star, Gypsy, Passion, Szechuan and Hungarian Wax) were screened for PVMV
resistance.
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Forty-four lines collected for resistance to various viruses (VC 3, 6. 10, 13, 15-19, 23, 31-37,
40,41, 43-45, 47,48, S1-53, 57a, 81, 83, 102, 103, 110, 112, 1124, 170-178) and the seven promising
breeders” selections mentioned were also screened for resistance to CVMV-AVRDC and CVMV-Japun,

Twenty lines (VC 18, 230, 32a, 33a, 34, 35, 36a, 37, 41, 434, 574, 81, 102, 103a. 110, 112,
I70a, 173, 174, 112A) resistant 10 various viruses were screened for CMV resistance.

Capsicum chinense lines from Brazil. Eight Capsicum chinense lines (AMA 3, 6-12)
received from Dr. Cheng, EMBRAPA. Brazil. were observed to be generally virus resistant in the
Anmazon region. The lines were sereened for resistance to CVMV, PVMV, CMV and PVY.

Breeding lines from Malaysia. Lines MC4 and MCS from Malaysia with reported virus
resistance were received from Dr. Chew of MARDL, Malaysia. They were sereened for CMV and
CVMV . two of the most common viruses in Malaysia.

AVRDC GRSU accessions. Ninety-cight accessions comprising C. annuum, C. frutescens
and C. pubescens were sereened for resistance o CVMV. The accessions were 14A. 15A. 178, 104A,
105A. 200A, 269, 270, 276, 294 344, 352, 381, 435, 436, 439, 441, 466, 467, 470, 473, 474, 476-493,
543, 548, 550, 551. 559, 561-564. 573, 574, 581, 583-585, 590. 595. 596, 598, 599, 624, 625,
627-631, 633-635. 638-644. 1156-1170, 1172, 1173, 1175-1178.

Commercial lines from Korea. Thirty-five Korean lines (Ko Sung. Seo Dong, Nam Ji, Bang
Bang. Pung Gac, Dae Pung, Jung Kong, Thae Anc. Dong Du Chun, Je Jue, Ke Ryong Sun, Jang
Sue, Bung-0-Choc. Chun Ann. Kun Ja, Sue Bee Choe, Hoe, Chung Ryong, Chang Ryong, Chang
Ryung. Dac Hoa Choce. Phal Bang. Jang Kac Choe, Sue Won, Je Chun, Thae Kuce. Pl 315023, PI
163201, P1 260599) were sereened for CVMV-AVRDC resistance. Twelve lines (Seo Dong, Pung
Kac. Jung Kong, Dong Du Chun, Jea Ju. Kea Ryong San, Jang Su. Bong-0-Choe, Chang Ryong,
Sue Won, Thae Kuce, PL163201) were sereened for CYMV-Japan resistance. Twenty-one lines (Seo
Dong. Bang Bang, Pung Kac, Jung Kong. Thae Ann. Dong Du Chun, Jea Ju, Kea Ryong San, Jang
Sue. Bang-0-Choe, Chun Ann, Kun Ja, Hoe, Chung Ryong, Chang Ryung, Dae Hoa Choe, Phal Bung,
Jang Kac. Sue Won. Thae Kue, Pl 163201) were screened for CMV resistance.

Results and Discussion

Materials with reported resistance and breeders’ selections. All lines were susceptible
o PYMV except VC16 (Perennial), 11idA 832 and Szechuan, which pave 59%, 89% and 62 % resistant
plants upon inoculation. Seeds of resistant plants were saved for confirmation screening.

All lines, except VC35, 36, 37, 40 and 41 were found 100 % susceptible to both the Japanese
and the Taiwan isolate of CYMV. VC35 and 36 were 100% resistant to CVMV-AVRDC, but produced
68% and 73% resistant plants upon inoculation with CVMV-Japan. Line 37 produced 59% resistant
plants upon inoculation with CVMV-Taiwan and 50% resistant plants upon inoculation with CVMV-
Japan. Lines VC40 and 41 contained 47% and 75% plants resistant to CVMV-Japan, respectively.

Likewise, all lines were found susceptible to CMV.

Capsium chinense lines from Brazil. All Capsicumt chinense lines from Brazil were found
susceptible to CVMV, PVMV and CMV. All except AMA 3 were resistant 1o PVY.,

Breeding lines from Malaysia. Lines MC4 and MCS were found to be 100% susceptible
to both CVMV and CMV. However, symptoms of the two viruses in both lines were very mild.

AVRDC GRSU accessions. All 98 AVRDC lines were found susceptible to CVMV.



56 AVRDC Progress Report 1988

Commercial lines from Korea. Two Korean lines (Kunja, Kea Ryong San) were found with
high incidence (50% of plants) of resistance to CMV. Seeds of resistant plants were saved for
confirmation screening.

All Tines were tound susceptible to two CVMV isoliaes.

Conclusion

Resistance genes are readily available in both commercial and wild type germplasm. However,
resistance 0 CMV, PYMV . CVMV may not be casily accessible. Only a few lines (VC16. HDAB32,
Ssechuan for PYMV. VC35 =37, 30, 41 for CYMV and the Korean lines, Kunja Kea Ryong San
for CMV) were found with high percentage > 50% ) of resistant individuals. Seeds of these plants
were saved for confirmation sereening.

Since results of sereenmg the Tawan isolite of CVMY did not exactly mateh those of the Japanese
solate of CVRMV L st ams of this virus may exist.

Straintyping of PVY Isolates

Summary

Potato virus Y (PVY) occurs on pepper worldwide. Resistance to strains 0, 1, and 1.2 is available
m commercial cultivars bred mainly for production in temperate regions. Twenty-nine pure pepper
PVY asolates from Taiwan were straintyped. Twenty- five isolates belonged to strain 0. The four
other ssolates did not fall o any ol the known strain groups.,

Introduction

PVY s commaon on pepper in both tropical and temperate production areas. Resistance is available
i commercial cultivars, tike Yolo Y (resistant to strain 0y, VR-2 (resistant to strain 1) and Serrano
VO freststant to strain 1.2). Information on the strains present in tropical countries is not available.
Knowledge about strains is usetul for breeders in determining which resistance sources can be used
m pepper breeding tor the tropics.

Materials and Methods

Twenty-nine pure PVY isolates of serotype 1 from AVRDC fields (16 isolates), Hualien (6).
Pingtung (2). Yunlin (4) and Nantou (1) were straintyped through mechanical inoculation of 10 different
hosts. including Capsicum annm cvs. Serrano VO, Delray Bell, Yolo Y, Yolo Wonder HDV, Florida
VR2. Perennial HDV. Capsicum chinense Miscucho PH31S008 and Datura stramonium. About 5-10
plant, of cach line were inoculated and rated after 14 and 30 days. All plants were tested by ELISA
ior the presence of virus.

Results
Twenty-five isolates tfrom Taiwan can be classified as PVY strain 0 (Table 2). The other four

isolates reacted similarly, except for their symptomless infection of C. annwen Perennial. These isolates
are now under further investigation.

Straintyping of TMV

Summary

A scarch for tobamoviruses and their strains infecting Capsicum spp. in Taiwan was initiated.
TMV-positive samples were identified by ELISA. Further characterization by host range was made.
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Table 2. Straintyping of pepper PVY strains.

Taiwan Pepper

) VPVY Strams‘_ Isolates

Line or Cultivar L o V_Trom(?’toffi’ep;_)gr o Potato 253 4

0 ) 1 12 1.2 ON 1solates 1solates
eSS S S Sy (51 (S1)
Capsicum annuum 2
Bastidon N N N M R M M
Yolo Wonder M M M M R M M
Yolo Y R M M M R R
Florida VR-2 R R M M R R R
Serrano VC R R R M R R R
Perenmal R R R R R R SL
Datura stramonium R R R R R R R
IS, = serotype 1; S = serotype 2 (does not react with commoanY antiserum) ‘N

= systemic necrosis; M = mosalic;
R = resistant; SL = symptomless Infection, ELISA positive. Classified as strain 0.

I straintyping. a set of strain differentials was used. All 22 isolates obtained by four successive local
lesion transfers on N rabacum *Xanthi® were found to be tomato mosaic virus (ToMV) strains 1 and
0. The search for pepper strains of TMV continues.

Introduction

A scarch for different tobamoviruses was initiated to isolate these for later use in determining
which resistance genes should be used in the breeding program.

Materials and Methods
Twenty-two TMV isolates. purified by four successive local lesion transters on N. rabacum *Xanthi'

were straintyped using the system described in Table 3. The isolates originated from TMV ELISA
positive plants collected during surveys in Taiwan.

Table 3. Reaction of tobamovirus isolates from pepper in Taiwan on TMV strain differentials.

B TMV pepper strains Taiwan
lefrferenfml Host (genotype) t VPO , P ) £123 Isolates
C annuum Early Calwonder (L CiL Y M] M M M M
C annuum Tisana (L1/L1) LL M M M M
C frutescens ‘Tobasco' (L2/L2) LL LL M M ntlL
C baccatum Pl 260549 (L2/L2) LL LL LL M nLL
C. chinense Miscucho (L3/L3) LL LL LL LL -
C chacoense (L4/L4) LL LL LL LL -
™ - mosaic. LL - local lesions, - = no reaction, neganve ELISA reaction

Results

All isolates belonged to the sume reaction group (Table 3). The reactions on pepper TMV strain
differentials did not fit the reaction types of any of the known pepper TMV strains. A host range
study on additional hosts indicated that reactions of isolates originating from pepper were those of
the tomato strain of TMV (Table 4). The pepper strain of TMV is not known to infect tomato and
the eggplant ¢v Black Beauty. It only produces latent infection on Solanum giganteum. The Taiwan
isolates produced mosaic on L. esculenmum and 8. giganseum and local lesions on Sofamm melongena.
All 22 isolates were further straintyped on the ToMV differentials and mostly were found to be strain
0 (17 isolates) and strain | (5 isolates).
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Conclusion

Evidently, the tomato strain of TMV is prevalent on pepper in Taiwan because tomato is widely
grown in Taiwan and often planted in close proximity to sweet or hot pepper - A tobamovirus recently
isolated from pepper in Indonesia was also found to be tomato strain.

A thorough search for pepper strains of TMV continues to gain knowledge on their presence in
the tropics and subtropics.,

Table 4. Reaction of tobamovirus isolates from pepper in Taiwan on various host plants.

Host Tamwan TMV (solates TMV pepper strains

L esculentum Moneydor M1 -

N tabacum Whie Buriey M nLL

N. tabacum Xanth NC M nLL

N sylvestris nLL nLL

S giganteu,. M latent

C chacoense Pl 260429 nLL LL or mosaic
S melongena '‘Black Beauty’ nLL - or LL

C annuum Bruinsma Wonder’ - M

C. annuum Nowvi - M
TM = mosaic. LL = local lesions, - = no reaction, negative ELISA reaction

Seed Transmission of CVMV

Summary

Chili veinal mottle virus (CVMV) s not reported to be seed-transmitted in Cupsicum sp. The
high incidence in farmers” fields prompted the study on possible seed transmission. Results indicated
that a high percentage of seed transmission is present in certain pepper cultivars. However. results
of this study need to be confirmed.

Introduction

CVMV was first deseribed as a new virus from Malaysia. It was reported to be non-sced
transmitted. However. because of mgh CVMYV incidence observed in farmers” fields, seed transmission
was investigated

Materials and Methods

Sced trunsmission was tested in 36 Capsicim sp. hines. Forty plants of cach line were sown on
25 May and mechanically inoculated twice on 1 June and 7 July with CVMYV isolate 1037, previously
recovered from pepper in Taiwan. The presence of virus was verified by an ELISA test on 22 July.

Only CVMV infected plants were transferred to the field for seed production. Pods were harvested
and seeds were collected and dried at 26°C. Forty seeds per line were sown in flats in an insect proof
screenhouse. At 56 days after sowing, symptoms were observed and an ELISA test was performed
on cach individual plant (using two leaves cach from the top, middle and bottom of cach plant). Six
plants of cach line showing virus symptoms were also tested for the presence of PVY, tobacco cich
virus (TEV) and PeMV.

Results and Discussion

Seed transnmission in lines tested ranged from 0 to 87% (Table §). Symptoms of plants derived
tfrom infected seeds appeared 35 days after sowing. Symptoms varied from cultivar to cultivar. In
some cultivars, there was severe mottling. In others, none or only mild symptoms were observed,
although virus presence was detected in these plants by ELISA. Contamination by other potyviruses
in the screenhouse was excluded.
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The present finding on seed transmission of CVMYV in Capsicum spp. contradicts other reports.
The data, however may help explain the high incidence of CVMYV in farmers” fields. Results of this
study need 1o be confirmed.

Table 5. Seed transmission of CVMV in Capsicum spp.

ELISA Seed ELISA Seed
Acc. no. positive/ total no. transnussion Acc.no. positive/total no transmission

tested % tested %
14A 9/42 21 482 12/42 29
15A 5147 11 483 8148 17
178 14/46 20 484 8/48 17
104A 11/19 58 485 20/46 43
200A 4/11 36 486 29147 62
269 0/14 0 487 16/36 44
352 12142 29 488 0/47 0
436 9/43 21 489 7:/38 18
439 18/32 56 492 6/47 13
441 12747 26 543 29/46 63
466 23/48 48 548 22140 55
467 25147 53 551 17/34 50
470 26/48 54 559 30/48 63
474 40/46 87 561 21/45 47
477 26/48 54 562 7148 15
478 11/47 23 563 13/48 27
480 32/49 65 564 38748 79
481 7/48 15 vC 83 27147 57

Purification of Pepper Viruses

Summary

Five viruses (AMV. CMV, CVMV, PeMV and TEV) were purified. The antisera were produced
from them for use in disease surveys and resistance screening.

Introduction

There are at least 30 viruses which infect pepper. Not much information is avilable about these
viruses in tropical areas of Southeast Asia. A survey was initiated to determine which viruses are
present and most important in terms of incidence and effect on yield. The surveys were conducted
through ELISA using a large number of antisera produced at AVRDC.

Materisils and Methods

Alfalfa mosaic virus

Purification. The virus was originally supplied by BBA, Braunschweig and propagated in
N. tabacum Samsun NN, Leaves were harvested two weeks after inoculation. A modified purification
method by Van Vioten Doting and Jaspars (1972)" was used. One part fresh leaves was homogenized
in a Waring blender with the same volume of 0.1 M K;HPOy4 buffer, pH7.1, containing 0. M ascorbic
acid and 0.02M EDTA. The same volume of 1:1 chloroform-butanol was added and the mixture was
homogenized. The homogenate vias centrifuged at 5000rpm for 5 min at 4°C (GSA rotor). To precipitate
the virus, a solution of 30% (w/v) PEG2000 in distilled water was added to the aqueous layer to
a final concentration of 5%, and stirred for 30 min. The virus was collected by low speed centrifugation
at 10,000 rpm for 10 min at 4°C (S§34 rotor).

'van Vioten Doting, L. and E. M. J. Jaspars 1972. The uncoating of alfalfa mosaic virus by its own RNA. Virology 48, 699-788.
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The pellets were resuspended in 0.OIM phosphate bufter pH7.0 and subjected to two eycles of
fow (1000 rpmy 10 min) and high (45,000 rpm/790 mm) speed centrifugation. The final pellet was
suspended in (.01 phosphite buffer pH 7.0, An equal volume of a solution of 0.06 M MpSO, and
Q.01 M NaH:PO. pH 7.0 was added to the virus solution (25 mg/mb. Atter standing for two hours,
the solution was centrifuged through o sucrose cushion (100 mg sucroseml in 0.03 M MgSO, and
001 M NaHPOL at 23,000 rpme for 30 mun at 47°C (Beckmian 03 rotor), The pellets were suspended
in .01 M NaH:POy butter, pH 7.0 contamimg 0.001 M EDTA and 0.001 M NaN.

Immunization. Antiserum was prepared through four weekly intramuscular injections on a
rubbic. For the firstaimection T ml antigen solution tcontamimg 9.6 mg AMV) was emulsified with
F'ml Freund's complete adjuvant. The other three mjections were done with Freund's incomplete
adjuvant. The rabbat was first bled 1 week after the Tast mpection. The antiserum was presersed with
0.01C Na-azwde betore treezing.

Tobacco etch virus, pepper mottle virus, chili veinal mottle virus.

Purification. TEV was origimally supplied by BBA | Braunschweig and mulaplicd in Nicotiana
tabacum *Nantht”. PeMV was obtained from Purcifull, University of Florida and multiplied in A,
sylvestris. CVMY was obtined from Fupsawa (Japan) and multtiplied in Petunia hybrida. Virus-intected
leaves were harvested two to three weeks after inoculation. The same purification method was used
for the three viruses. A modification of the method deseribed by Lisa et al. (1981)7 for the puritication
of zucchini yellow mosaic virus was used. One part fresh leaves was homogenized ina Waring blender
with 2 parts 0.5 M K:HPO, buffer, pH 8.5, containing 0.02 M NixSOx. 0.01 M DIECA and 0.005
M EDTA.

The homogenate was filtered through two layers of cheesecloth. After adding | part FREON 113
and homogentzation. the mixture was subjected 1o low speed centrifugation for 20 min (5000 rpm
at 4°C. GSA rotor). Supernate was filtered through glass wool and subjected to a high speed
centrifugation of 25,000 rpm lor three hours 30 min at 37C (Bechman 45 Ti rotor). Pellets were
resuspended i 0.05 M sodium citrate containing 0.02 M Na>SOyv pH 7.5 and centrifuged at 5000
rpm for 10 min at 4°C(SS 34 rotor). The virus containing supernate was mixed with CsClHO.4 g/ml)
and centrifuged at 26,000 rpny for 18 hr at 107C (Beckman SWA L rotor). The virus band was collected,
diluted with 0.05 M Na citrate -~ 0.02Na:SOx buffer pH 7.5, Virus was pelleted by high speed
centrifugation at 30,000 rpm for 3 hr at 4°C (Beckman 65 rotor). The pellet was resuspended in 0.05
M Na citrate butter pH 7.5 and observed under the electron microscope.

Immunization. Antiscrum was prepared using the method  described above. Antigen
concentration used for the injections was 1.1 to 1.3 mg/ml for CVMV; 1.5 t0 2 mg/ml for PeMV
and 0.6 1o 1.4 mg/ml for TEV,

Cucumber mosaic virus

Purification. Anisolate (P522) collected from pepper in Taiwan was used. The isolate was
multiplied in plants of Nicotiana glutinosa. Leaves were harvested two weeks after inoculation. The
virus was purified through modification of Lot's method (Lot et al. 1972)*. One part fresh leaves
was homezenized ina Waring blender with two parts 0.5 M citrate buffer, pH 6.5, containing 0.005
M EDTA and 0.1% thioglycollic acid. The homogenate was filtered through two layers of cheesecloth
and clarified by adding the same volume of chloroform and homogenization. This was followed by
a low speed centrifugation at 9,300 rpm for 10 min at 4°C (GSA rotor). To the supernate, 10% PEG
0000 wis added and stirred for 30 min at 4°C. The virus was pelleted by centrilugation at 12,000
rpm for 10 min at 4"C (Beckman 45 i rotory and resuspended in 50 ml of 0.005 M sodium borate

:l.l\.'l‘ V.o G Boccardo, G D" Apostino, G- Dellavalle, and M. d"Aquilio 1981, Characterization ot a potyvirus that causes
ﬁucchnn yelow mosae Phytopathology 71667 672

Lot Hoo b Marrou, 3 B Quiot,and C Esvan 1972 Contnbution a 1etude du virus de Ta mosaigue du concombie (CMV),
H. Methode de punficanon rapide du vitas. Ann. Phytopathol ., 3el), 25-38
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bufter pH 9.0 containing 0.005 M EDTA. Triton X-100 was added to 2% and the solution was stirred
for 30 min at 4°C.

After centrifugation at 14,000 rpm for 1S min at 4°C (SS 34 rotor), the virus containing supernate
wits subjected 1o a high speed centrifugation (45,000 rpm. 90 min. 4°C. Beckman 65 p rotor). The
virus pellet was resuspended in 0,005 M Borate-EDTA buffer pH 9.0, and centrifuged at 20,000 rpm
for 10 min at 4°C (iseckman 65 rotor). The virus containing supernate wis mived with C:804 to
a final concentration of 30% (w/w) and was subjected o a quasi-isopyenic centrifugation at 35,000
rpm for 18 hours at 4°C (Beckman SW41 roton),

The virus containing band was collected. mixed with an equal volume of 0.005 M Borate-EDTA
buffer pH 9.0 and cemrifuged at 13.700 vpm for 10 mun at 4°C (SS 34 rotor). An 8% PEG 6000
wis added 1o the supernate. The solution was stirred for 30 min 1o allow precipitation of the virus.
The virus was pelicted by centritugation at THA00 ipm tor 10 min at 4 'C (883 rotor) and resuspended
11 ().005 M Borate buffer pH 9.0 This solution contanmng puritied virus wis used to view the virus
m the electron microscope and produce antiserum

Immunization. Antiserum wirs prepared as descnbed carhier. The rabbits received four

intramuscular injections of Tl antigen solution contamimy 2y purified virus.

Results

AMV, Observation through an electron microscope showed numerous unaggregated bacilliform
particles of three different lengths. The virus yield was 192-200 mg/ 1000 g plant material. Using
an extinction coefticient of E 0.1% 10 mm at 260 nm = 5.1 (Jaspars and Bos, 1980)*, the virus
concentration was calculated 10 be 19-20 mg/ml. In ELISA, the antiserum clearly distinguished between
healthy and virus-infected tissue at a concentration of 10 gg/ml 1gG and 1/200 enzyme conjugate.
A high antiserum titer of 8192 was obtained through DAS ELISA.

TEV. Observation under an electron microscope showed numerous unaggregated filamentous
particles. The yield was 4-8 mg virus per 100 g infected leaves. Using an extinction coefficient of
EO.1% 10 mm at 260 mm = 2.4 (Purcifull 1966)°. virus concentration was caleulated at 0.8-1.4
mg/ml.

In ELISA. the antiserum clearly distinguished between healthy and virus infected tissue at i
concentration of 10 pg/ml IgG and 1200 conjugate. The antiserum titer obtained was 1024 through
DAS ELISA.

CVMV. The electron microscope showed numerous unaggregated long-flexuous rod particles.
The yield was 20 to 82 myg virus per 1000 g infected leaves. Using an extinction coefficient of 2.4
(Kurstak 1981)°. virus concentration was calculated at 1.2-11.5 mg/ml.

In ELISA. the antiserum clearly distinguished between healthy and virus infected tissue at a
concentration of 1 gg/ml. The antiserum titer obtained was 512 througit DAS ELISA.

PeMV, Observation under an electron microscope showed numerous unaggregated flexuous,
filamentous particies. The yield was 15-41 mg virus per 1000 g infected leaves. Using an extinction
coefficient of 2.4 (Kurstak 1981}, virus concentration was calculated at 3 1o 4 mg/mi.

In ELISA, the antiserum clearly distinguished between healthy and virus infected tissue at a
concentration of 1 pg/ml IgG and 1/200 conjugate. The antiscrum titer obtained was 2048 through
DAS ELISA.

CMvV. Numerous unaggregated spherical particles were observed under the electron microscope.
The virus yield was 29-137 mg/kg infected leaves. Using an extinction coefficient of E 0.1%/10
mm at 260 nm = 5.0 (Franckic et al. 1966)7, the virus concentration was calculated at 3-14 mg/ml.

JJus,purs.. E. M. 2oand Lo Bos 19800 Allalta mosaic virus. CMIZAAB Descriptions of Plant Viruses, 22 p.

"Purcil’ull. D. E. 1966, Some properties of tobaceo eteh virus and ity alkahne degradation products. Virology 29:8- 14
Kurstak, E. 1981, Handbook of plant virus infections (11):732-799.

Franckie, R.J. B, J. W, Randles, T. C. Chambers and S, B. Wilson 1966, Some properties of purified cucumber mosaic
virus (Q strinn). Yirology 28:729-741.



62 AVRDC Progress Report 1988

In ELISA. the antiserum clearly distinguished beiween healthy and virus infected tissue at a
coneentration of 10 ug/ml IgG and 17200 conjugate. The antiserum titer obtained through DAS ELISA
was 1024,

Growth Characteristics of Phytophthora capsici

Summary

Pepper (Capyicum spp.y is aftected by many discases which cause serious damage. Phytophthora
blight. caused by Phytophthora capsici, limits pepper production during warm and rainy seasons.
No eftective chemical control measure for the disease is yet available, This study aimed 10 determine
the most santable temperature for the growth of the pathogen and inoculum concentration. A temperature
range of 287 - 337 was found optimum for the growth of the pathogen. The most suitable inoculum
concentratton was 10° zoosporess .

introduction

Pepper (Cupsicum spp.) is widely cultivated. The plant requires abundant soil moisture, good
driinage and relatively high temperature for good growth. Phytophthora blight caused by Phytophthora
capsici (Leoniany is very serieus particelarly under warm and humid conditions.

When the fungus, P, capsici, attacks the ster near the ground, the stem usually develops dull,
water soaked lesions which spread rapidly, later becoming dry and girdling the stem, Following the
damage on the stem., the leaves exhibit primary wilting with no change in color. Then, the whole
foliage wilts quickly and the plant eventually dies. Discoloration and destruction of the vascular system
sometimes are obscrved in the infected stem. Seedling symptoms are either drying or damping off.

The study aimed 10 determine the effect of temperature on the growth of P. capsici and investigate
the relationship between inoculum density and discase severity.

Materials and VMethods

Effect of temperature on the growth of P. capsici A Phytophthora capsici isolate was
Sllected from Yang-Ming mountain and maintained on a V-§ agar (10% V-8 juice; 0.2% CaCO;3;
2% agary incabated at 28°C for seven days.

When the whole plate was covered with mycelium, the agar was cut into small pieces (4mm in
diameter) using a cork borer. A piece of the agar block was placed on the center of a new V-8 agar
plate using a sterile forcep. Five plates were incubated, cach at 20°, 24°, 28°, 32° and 36°C. The
growth of P capsici was mspected and the diameter of s colony was measured daily.

Relationship between inoculum density and disease development Pepper cultivars,
PI 201234, Ssechuan and Blue Star, were cultivated in the greenhouse in 6-in clay pots containing
sterile potting medium. The medium consisted of soil, compost, rice hull and sand ata ratio of 5:3:3:1.
One plant was kept in cach pot after germination, Three pots were arranged as three replications for
cach inoculum densty. Iroculum densities were 10°, 10%, 10%, 10° and 10 zoospores/ml. Inoculation
was made 63 days after planting (DAP; by drenching the soil surface of cach pot with 100 ml 70ospore
suspension. All pois in cach concentration were inoculated at the same time. Discase development
wits evaluated at two-day intervals. Disease rating was based on: 0 = no Symptoms: I = wilted top
foliage: 2 = whole plant wilted; 3 = blight of the whole plant stem dry and hard: and 4 = plant dead.

The zoospore suspension was prepared by propagating £, capsici on a 9 cm-diameter plate of
V-8 agar incubated @1 28°C for one week. When the whole plate was covered with the mycelium
and some sporangia of (he pathogen, the plate was horizontally cut into four picces. Each picce
of the agar block was tranferred o an empty petri dish and then further cut into about | ¢m?
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picces using a knife. Sterile water was added into cach petri dish and the plate was siraken three times
for 10-15 minutes (cach time) to wash away the nutrition. Sterile water was again added in cach petri
dish, and water level was kept just close to thae surface ol the agar block. The petridish was incubated
at 28°C for 24 hr to induce the growth of sporangia.

All netri dishes were moved to i cool room at a temperature of 4°C for 30-60 min. Suitable
temperature ranged from 0°C 1o 8°C. The petri dishes were again moved back to a room temperature
for 10-30 min. This procedure induced the release of zoospores. Sterile water was added o wash
away the zoospores from the surface of the agar block. TF ¢ samples of zoospores were collected and
dropped on the Hemacytometer and moved to a cool room at 4+7C for 5-10 min 1o stabilize the zoospores
for counting. The Hemacytometer was taken out and put under a microscope to determine the
concentration of zoospores hefore preparing the inoculum.

Results and Discussion

Effect of temperature on growth of P. capsici  Table 6 shows the colony development
ol P. capsici on potato dextrose agar (PDA) incubated at different temperatures., of which 24°-32<C
favored the growth of P. capsici. Temperature above 36°C completely inhibited the growth of P.
capsici. The optimum temperature for the growth of P capsici on PDA is 28-32°C.

In tropical or subtropical arcas where the fungus is devastating, the maximum day temperatures
are often higher than 36°C and night temperatures are lower than 36°C. This fluctuation in tempera-
ture under field condition is much different compared with the stable incubator at 36°C. An environ-
ment with higher temperature and humidity is more suitable for the infection and development of P.
capsici.

Relationship between inoculum density and disease development Differences in
discase development among cultivars were obvious among inoculum umucnlr.llions. Discusc
dcvclnpmcnl on highly susucphblc Blue Star showed no sl;,mhunl difference at 107, 10%, 10*, and
10% zoospore concentrations in the later evaluations. although 10° zoospore showed a significant
difference in carly evaluations (Table 7). Due to high susceptibility, Blue Star also showed discase
development even at 10 zoospores/ml concentration,

Table 6. Effect of temperature on the growth of Phytophthora capsici.

Temperature - Dlameter Of colony ((,m)
(°C) 1 DAIY 2 DAl 3 DAI 4 DAl 5 DAl 6 DAI Mean
20 06c” 23D 380 49 b 600D 72b 4.1
24 11b 31a 46 a 6.1 a 73a 8.8 a 5.1 ab
28 153 34a 51a 67a 8.1a 9.0 a 56a
32 16a 33a 50a 606 a 78a 8.7 a 55a
36 06 ¢c 06 ¢ 06¢c 0.6 c 0.6 ¢ 06¢ 06¢c
"Date incubated: 1 August 1988 The onginal inoculum source was O 5 cm diameter and included in the colony diameter YDA
days after inocutation *Mean separation within columns by DMRT at 5% probabiiity level

Table 7. Effect of inoculum density on the development of Phytophthora blight in Blue Star.”

Density Disease Index”
(Zoospores/ml) 5DAI" 8 DAl 10DAI 12 DAl 14 DAl 16 DAl 18 DAI 20 DAl 22 DAl gll DAl Mean
10" 20a% 3.0 30a 30a 30a 30a 4.0 a 4.0 ab 4.0 a 40a 33a
103 07b 1.31 23ab  30a 30a 30a 40a 40ab 40a 40a 29a
102 00c 00c 13bc 20a 204 20a 33a 37abc 37a 37a 22b
10 00c 00c 07 1.3 ab 1.7ab  20a 30a 30ac 37a 37a 19b
10 00¢ 00c 00d 00b 00b 00b 00b 1.7d 23b 27b 0dc
ck 00c 00c 00d 00b 00b 00b 00bDb 00e 00c 00c 00d
‘Date inoculated, Juty 20, 1988 YDisease index 0 no symptorns. 1 = the top fohage wilted. 2 = the whole plant willed.
3 = the whole plant bighted 4 = the plant died *DAl- days after inoculation. “Mean separation within columns at 5%

probability level by DMRT
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Discase development on moderately susceptible cultivar, Szechuan, was shown clearly at 10° and
10* inoculum densities. Disease did not develop at other concentrations (Fig. 1). The final rating of
the discase at 107 inoculum concentration was 2.33 only, lower than that obtained at 10" in Blue Star.
Due to the unfavorable high temperature in the greenhouse, the disease was low even at higher inoculum
concentration. Discase did not develop on cultivar PE 201234 in any inoculum concentration. These
results confirmed the reported resistance of this cultivar.

Figure 2 clearly shows that 10° and 10* concentrations exhibited more conspicuous differences
in discase index compared to other densities and the control. The 10* concentration also showed a
difterence compared to 10%, 10" and the control. A 10* concentration (zoospores/ml) was found to
be the optimum concentration for screening of phytophthora blight resistance.
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Fig. 2. Effect of inoculum concentration on the
disease development of phytophthora
blight on Blue Star.

Fig. 1. Effect of inoculum concentration on the
disease development of phytophthora
blight on Szechuan.

Effect of Pepper Growth on P. capsici Development

Summary

Six growth stages of hot pepper Szechuan and sweet pepper Blue Star were studied to determine
the effect of infection of two isolates (Yang-1 and Chuan-1) of Phytophthora capsici. Both isolates
clearly produced susceptible reactions in ecach of the six growth stages of Blue Star. A trend on resistance
was shown in 3 and 13-week old plants of Szechuan., The most susceptible reaction was found in
Szechuan at five and seven weeks after planting. This period was suitable for cvaluating resistance
o P. capsici.

Introduction

The roots, leaves, stems and fruits of pepper are attacked by many discases. Pepper blight caused
by Phytophthora capsici is a major problem during cultivation. In previous studics. high level of
resistance to Phytophthora blight was found in some lines.

Field screening for discase resistance is expensive and frequently affected by adverse environmental
and biological factors. A screening technigue for large populations, preferably at seedling or vegetative
stage is ideal to reduce costs and environmental effects. This experiment was conducted to determine
the effect of pepper growth on discase development of Phytophithora capsici.
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Materials and Methods

Sweet pepper cv. Blue Star and hot pepper cv. Szechuan were grown in the greenhouse in 7-in
diameter clay pots (1 plant/pot) in sterilized potting mixture (soil:compost:rice hull:sand, 5:3:1:1).
Planting, in four replicates, started on 25 February 1988 and continued cvery two weeks. Plants at
3,5.7,9. 11 and 13 wecks old were inoculated on 26 May.

The inoculum consisted of a zoospore suspension (1000 zoospores per ml and 100m! per pot).
Discase evaluation was made at 4, 7, 10, 14, 17, 20 and 23 days after inoculation. Discase rating
was based on the following criteria: 0 = no symptoms:; | = top foliage wilted; 2 = whole plant
wilted: 3 = whole plant blighted, dry and hard stem: and 4 = plant completely died.

Results and Discussion

On Blue Star, a susceptible reaction was produced by both isolates, Yang-1 and Chuan-1, at cach
of the six plant stages tested (Table 8). The disease progressed rapidly in cach growth stage of this
cultivar regardless of the isolate used. This result suggests that P. capsici may infect all plant ages
of susceptible peppers.

Differences in susceptibility were observed in the moderately susceptible cultivar, Szechuan
(Table 9). The 3 and 13-week old plants reacted less severely upon inoculation due to longer incubation
of the fungus. For Szechuan, the most susceptible growth stage for inoculation was found to be 5
and 7 weeks. Results confirmed the finding of Reifschneider (1986)* who suggested that the ideal
artiticial inoculation for pepper blight resistance screening is 45 days from sowing.

Table 8. Effect of plant age® on disease development of P. capsici.Y

Weeks Days Disease” Weeks Days Disease”
after after index after after index
planting inoculation (Yang 1) {Chuan 1) planting  inoculation (Yang 1) {Chuan 1)
13 4 0 0 7 4 1 0
7 1 0.25 7 1 0.5
10 2 1.25 10 2.75 1.5
14 3 20 14 3.75 4.0
17 4 3.50 17 4 4.0
20 4 4 20 4 4
24 4 4 24 4 4
11 4 0 0 5 4 0.75 0.50
7 1 0.25 7 0.75 1.25
10 2 1.75 10 2.25 1.50
14 3 3.00 14 3.00 2.50
17 4 4 17 3.25 4
20 4 4 20 3.50 4
24 4 4 24 4.00 4
9 4 0 2.50 3 4 0.50 0.75
7 1 1.25 7 2.25 1.75
10 2 2.25 10 3.00 2.50
14 3 3.25 14 3.00 4
17 4 4 17 3.25 4
20 4 4 20 3.75 4
24 4 4 24 4.00 4
“Cultivar: Sweet pepper Blue Star. YIsolate: Yang-1 and Chuan-1. *The values are the means of 4 replications. Disease

mdex: 0 - no symptoms; 1 - the top foi.age wilted; 2 - the whole plant wiited; 3 - blight of the whole plant; 4 - plant complete ied.

KRcif\chncidcr. F.J.B. A.C. Cafe-Filho and A.M. Rego. 1986, Factors affecting expression of resistance to blight caused by P. capeisi in screening
trials. Plant Path., 35, 451-456.
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Table 9. Effect of pepper® development on P. capsicl Infection.

Weeks Days Disease” Wecks Days Disease®
after after index after after index
planting inoculation (Yang-1) (Chuan-1) planting  inoculation (Yang-1) {Chuan-1)
13 4 0 0 7 4 1 0
7 0 7 1 0.50
10 0 0 10 3 1
14 0.25 0 14 4 2.25
17 1.50 0.25 17 4 3
20 2.00 0.25 20 4 3
24 275 1 24 4 3
11 4 0 0 5 4 0.50 0
7 0.50 0 7 0.50 0.25
10 1 0 10 1.50 0.25
14 3 0 14 2.0u 1.25
17 4 050 17 2.25 3.50
20 4 1 20 2.50 4
24 4 1 24 3.25 4
9 4 0 0 3 4 0.25 0
7 1 0 7 0.75 0.25
10 1.75 0 10 1.00 0.50
14 3 0.25 14 1.00 1
17 4 1 17 1.00 1
20 4 1 20 1.0C 1
24 4 1 24 1.00 1
“Cultwar: Hot pepper Szechuan. Yisotate: Yang-1. *The values are means of 4 replications. Disease index: O - no symptoms;

1 - the top fohage wiited; 2 - the whole plant wilted; 3 - blight of the whole plant; 4 - plant dead.

Phytophthora Blight Resistance Screening

Summary

A total of 678 entries were screened for Phytophthora blight resistance in 1988. Three accessions,
CO1175 (PM 702), C00352 (PM 217) and CO1176 (P1201234) were identificd as highly resistant and
11 accessions were rated moderately resistant to the disease.

Introduction

Phytophthora blight. caused by Phytophthora capsici, can be devastating on pepner grown during
the hot and wet season. The use of a resistant variety is presently the most practical method to control
the disease. Seven very highly resistant lines, C00113, C02227, C02239, C02284, C02289, COl176A
and TC3191 were identified from the resistance screening trials in 1987. A series of preliminary
screening trials had been conducted to evaluate and select lines with high levels of blight resistance.

Matesials and Methods

A total of 618 AVRDC accessions were screened. Several batches of lines were planted on 30
November (180 lines). 15 December 1987 (41 lines), 22 February (111 lines), 22 April (82 lines),
22 June (148 lines) and 26 August 1988 (116 lines). Four checks, PI 201232 (highly resistant), Pl
2C1234 (highly resistant), Szechuan (moderately susceptible) and Blue Star (highly susceptible) were
included in the experiment. Ten seedlings per accession per pot with two replice ‘ons were screened
under g ;:,rccnhous‘c conditions. The inoculum source, P. capsici (isolate Yang-1), was propagated on
V-8 agar 10 produce sporangia and induce the release of zoospores. The concentration was adjustcd
to 10" zoospores/ml and cach plant was inoculated at the base with 100 ml of the zoospore suspension.
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Artificial inoculations were made approximately 33 to 58 days after sowing depending on plant growth.
The discase reaction was evaluated once a week for a month and was rated according to: highly resistant
(HR) = the mortality is less than or equal to P1201234 or PI 201232 (< 20%); moderately resistant
(MR) = mortality is less than Szechuan (20-50%); moderately susceptible (MS) = mortality is equal
10 Szechuan (50-70%); and, highly susceptible (HS) = mortality is more than or equal to Blue Star
(>70%).

Results and Discussion

Three accessions, CO1175 (PM 702), C00352 (PM 217y and CO1176 (P1201234) were identified
highly resistant to Phytophthora blight. Eleven accessions were rated moderately resistant. Twenty-
two and 642 accessions were rated moderately susceptible and highly susceptible, respectively. All
highly resistant and moderately resistant accessions will be cvaluated further.

Growth Characters and inoculation Methods of Anthracnose Pathogens

Summary

Anthracnose is a serious discase in pepper muainly caused by Colletotrichum capsici and C.
gloeosporioides. To develop an effective resistance sereening technique, experiments were conducted
to understand the growth characters of the causal organism. relationship between temperature and
discase development, and search for the best method in identifying the resistant germplasm.

C. capsici grew more quickly than C. glocosporioides at 28-32°C on PDA plate, the optimum
temperature for the growth of C. capsici. On the other hand, 28°C was the optimum temperature
for the growth of C. glocosporioides.

The optimum terperature for the development of C. capsici on inoculated fruits was 28-32°C
in sweet pepper and 36°C in hot pepper. Therefore, 28-36°C is the most suitable for the development
of C. capsici in pepper.

Soaking or spraying of the fruits with spore suspension was the best inoculation method.

Introduction

Pepper is affe:ted by a variety of diseases. One of these is {rdit rot caused by Colletotrichum
spp. which reduces crop yield and market quality. Anthracnose or fruit rot has begn considered one
of the most serious discases around the world. Chohan (1965)° reported 10-75% yield loss in pepper
due to anthracnose.

Black (1986)"" reported that four species of Colletotrichum namely, C. capsici, C.
glocosporioides, C. acitarunr and C. coccodes, cause fruit rot in pepper. However, the major incitants
are C. capsici and C. gloeosporioides.

C. capsici and C. gloeosporioides were also identified as major causal organisms of anthracnose
in pepper in Taiwan. C. capsici causes a dark infection on the fruit. Its conidia taper on both ends,
resulting in a sharp pointed shape and the colony shows grayish white to dark gray on potato dextrose
agar (PDA). In contrast, C. gloeosporioides causes slightly sunken, dark yellow spots on the red ripe
truit and its conidia have rather dull or round ends. The colony shows white in the carly stage, then
casily becomes gray.

Although some chemicals can reduce the disease, development of resistant varieties is the best
way to combat it. Thus, experiments were conducted to understand the growth behavior of the pathogen,
determine the relationship between temperature and discase development and to search for the best
inoculation method.

Chohan. J.S. 1965. Studies on variation and perpetuation of Colletotrichum capsici (Syd.) Butl & Bish, causing fruit rot of
chillies in Punjub. Jour. of Res. PAV, Ludhiana; 3, p. 10,
08lack, L. 1986. The status of ripe rot in Louisiana peppers. Eighth National Pepper Conference, 14 p.
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Materials and Methods

Effect of temperature on growth of C. capsici and C. gloeosporioides The isoiates
of C.capsici and C. gloeosporivides were taken from naturally infected red and ripe pepper fruits
collected from AVRDC's experimental field. The infected tissue was isolated on PDA plate and
maintained in an incubator at 28°C for one week. The fungal colony was cut into picces 0.4 ¢m in
diameter using a cork borer. One picee was transterred to cach new PDA plate. Four plites, containing
cach of the isolate and arranged as four replicates, were moved 1o five incubators set at 20°, 24°,
28°. 32° and 36°C.

The diameter of cach colony in every plate was measured on the 10th day of incubation to determine
the optimum temperature for growth of the two specics.

Effect of temperature after artificial inoculation. Ten red and ripe fruits of Blue Star,
Ching Yeu, 5210, 622 and Szechuan were harvested from the experimental field, washed, dried and
punctured with five pins within S mm diameter. The fruits were placed on a layer of stainless net
in five plastic trays. Sweet pepper, 5210, Blue Star and Ching Yeu were put in a larger (27.0 x
18.5 X 9.5 emy plastic tray containing 100 ml of distilled water. Hot pepper. 622 and Szechuan were
placed in @ smaller (20.5 x 12,0 X 6.5 cm) tray containing 50 ml of sterilized water.

The conidia from four-day old cultures of C. capsici were washed in a beaker. The conidia
concentration in the solution was adjusted to 3 x 10" spores/ml. The inoculum was dropped on the
punctured region of cach fruit. The plastic tray was then sealed in a plastic bag to maintain high humidiy
for penetration and development of pathogens.

Trays were incubated at 207, 249, 28°, 32° and 36°C.

Discase development was evaluated by measuring the diameter of the lesions twice a week for
14 days after inoculation.

Five sweet pepper and 10 hot pepper fruits were used. C. capsici and C. gloeosporioides inocula
were prepared in the same manner as in the carlier experiment. Inoculation was done by: I) puncturing
the fruits with five pins within a S mm diameter area using a spore suspension of 3 % 10° spores/ml
dropped on the punctured region: 2) soaking fruits in spore suspension (3 x 10° spores/ml) and
moving thenr out immediately; and 3) uniformly spraying the fruit’s surface with spore suspension
(3 x 10° spores/ml).

Each tray was also sealed in a plastic bag to maintain high humidity and incubated at 28°C.

Evaluation of the puncture method was done by measuring the lesion diameter. The two methods
were evaluated by counting the developing lesions. The disease scale used was 0 = no lesion: | =
Fto 202 = 31083 =910 15: 4 = more than 15 lesions per fruit.

To compare the various data obtained from different inoculation methods, the correlation coefficient
(r) between discase development and days after inoculation (DAT) was also calculated.

Results and Discussion

Effect of temperature on growth of C. capsici and C. gloeosporloides. The C. capsici
colony on PDA was white in the carly stage, turning gray after rapid growth. Light to dark gray
acrial mycclia formed over the surface of the colony, sometimes showing diurnal zones in density.
Spore droplets were pale buff to salmon. In contrast, the colony of €. glocosporioides on PDA was
grayish white to dark gray. Conidia was commonly a pale salmon mass.

Table 10a shows 28-32°C as the optimum temperature for the growth of C. capsici. Growth at
24 and 20°C was much slower than at 28-32°C. Growth was suppressed at 36°C. In contrast, 28°C
was the optimum temperature for the growth of €, glocosporioides (Table 10b): its growth was almost
completely inhibited at 36°C.

Effect of temperature on artificial inoculation. Results of this experiment are shown in
Table 11. The discase developed very slowly at 20°C. Discase development on sweet pepper fruits
was significantly faster at 28-32°C than at other temperatures. On hot pepper, discase development
was fastest at 36°C. Therefore, 28-36°C is the optimum temperature range for the development of
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Table 10a. Effect of temperature on the colony development of C. capsicl.”

Temperature Colony size (cm diametery)
(°C) 8/3 8/4 8/5 8/6 817 8/8 8/9 8/10 8/11
20 0.4d° 13c 20c 28c 36¢c 46c 53c 64c 73c
24 05¢c 15b 25b 34b 46Db 56b 6.4b 75b 86 b
28 0.1a 19 a 29a 39a 54 a 6.8 a 7.7 a 87 a 9.0a
32 1.0a 2.0 a 30a 4.0 a 55a 6.9 a 8.0 a 8.6 a 9.0a
36 08b 1.2 ¢ 1.1d 1.4d 20d 23d 33d 39d 48d

“Incubated: 2 August 1988. yIucludlng the oniginal source (0.4 cm diameter) *Means within a column followed by the same
letter are not significantly different at 5% level by DMRT

Table 10b. Effect of temperature on the colony development of C. gioeosporioides.”

Temperature Colony size (cm diameter”)

(°C) 8/3 8/4 815 816 817 8/8 8/9 8/10 8/11
20 04c¢* 13c 20b 28b 38b 47c 53b 60c 68¢
24 0.4c 14b 23a 3.3a 4.7 a 51b 58 a 6.6 b 7.3b
28 0.7 a 1.7 a 25a 33a 50a 59 a 6.12a 7.2 a 8.0a
32 05b 14bc 20b 27b 380b 4.4 d 4.7 ¢ 55d 5.8d
36 0.4c 04d 0.4¢ 04c 0.4c 0.4e 05d 05e 0.7e

YIncubated: 2 August 1988. Replication: 4 plates as four replications yIncludlng the orniginal source (0.4 cm

dameter). Means within a column followed by the same letter are not significantly different at 5% level by DMRT.

Table 11. Effect of temperature on anthracnose development after artificial inoculation.?

y Temperature Diameter of lesion (cm)
Pepper X
(°C) 3 DAl 7 DAI 10 DAl 14 DAI
3 sweet pepper 20 0 0.18 0.43 0.87
cultivars 24 0.25 0.67 1.15 1.95
28 0.30 1.20 2.15 2.47
32 0.18 1.43 2.13 2.83
36 0 0.56 1.06 1.68
2 hot pepper 20 0.06 0.26 0.39 0.46
cultivars 24 0.07 0.10 0.24 0.80
28 0.09 0.43 0.80 1.82
32 0.06 0.37 1.25 221
36 0.27 0.89 1.56 2.16
Mean 20 0.03 a" 0.22 b 0.41c 0.76 ¢
24 0.16 a 0.39 ab 0.69 bc 1.38 bc
28 0.20 a 0.81 a 1.48 a 2.15 ab
32 0.12 a 0.90 a 1.69 a 252 a
36 0.14 a 0.72 ab 1.31 ab 1.93 ab

YInoculated: 2 August 1988. 10 hot pepper/fruits; 5 sweet pepper/fruits were inoculated. Inoculation concentration: 3 x 10b

spores/mll. Evaluated: 5, 8, 12, 16 Avagust 1988. YSweet pepper, Blue Star, Ching Yeu & 5210. Hot pepper, Szechuan &
622. Days after inoculation. Means within a column followed by the same letter are not significantly different at 5%
fevel by DMRT.

C. capsici on pepper fruit. Previous experiments ' reported that pepper anthracnose was enhanced
by high temperature and high humidity. This experiment confirmed the results of those studics.

In hot pepper variety 622, the largest lesion diameter was obtained at 32°C. This was significantly
larger than in other temperatures. Lesion development seemed to stop at 20°C.

Effect of inoculation method. Results of tests on three inoculation methods on five pepper
varieties are shown in Tables 12a and 12b. Spraying and soaking in spore suspension on the fruit
resulted in uniform infection on every fruit in all entries. These are, therefore, the best inoculation
methods in the experiment. Very high correlation was found between disease development and days

"\Mordue. J.E.M. 1971. C.M.I. Description of pathogenic fungi and bacteria, No. 315 & 317. AVRDC. 1990. Progress Report
1987. Arden, F. Sherf and Alan A. Macnab 1986 Vegetable discases and their control. p. §12.515.
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Table 12a. Effect of inoculation method on anthracnose development.”

i Inoculation L DAl
Cultivar method 3 7 1o 14 17
Szechuan puncturey 0.00 0.00 000 0.00 0.06
soak 0.00 020 030 0.70 1.30
spray 0.00 020 060 0.70 1.50
622 puncture 0.00 0.08 0.32 0.62 1.04
soak 0.00 0.00 0.10 0.40 0.90
spray 0.00 0.20 0.50 0.80 1.40
5210 puncture 0.13 0.37 1.09 1.77 1.84
soak 0.25 1.38 2.63 3.63 3.75
spray 1.13 225 3.38 4.00 4.00
Blue Star puncture 0.00 0.22 0.68 1.28 192
soak 0.13 0.88 1.75 3.25 3.50
spray 0.38 1.13 250 3.75 4.00
Ching Yeu puncture 0.08 0.28 0.86 1.31 1.80
soak C.13 1.13 2.25 3.13 3.38
spray 0.00 1.38 2.50 3.50 3.75
‘Inoculated, 18 July 1988. 10 hot pepper/fruits; 8 sweet pepper/fruits were inoculated. Inoculation concentration' 3 x 10E
spores/mi Evaluated, 21, 25, 28 July, ! & 4 August 1988 "The puncture method was evaluated by measurning the lesion

diameter: the soaking and spraying methods were evaluated by disease scales (0-4).

Table 12b. Correlation of anthracnose development parameters and days after inoculation in
different inoculation methods.

Inoculation method

Cultivar :

o ) puncture: soak spray
Szechuan 0.4707° 0.7980 0.8847
622 0.9310 0.8041 0.9418
5210 0.9471 0.9567 0.9162
Blue Star 0.9604 0.9750 0.9674
Ching Yeu 0.9736 0.9691 0.9648
Mean 0.85656 0.90058 0.93598

'
Square of the correlation coefficient

after inoculation. In general, the spray method showed the highest correlation in all five varieties.

A moderately resistant reaction was found in Szechuan. Disease development was very light in
all three inoculation methods. Means of 0.058 (puncture). 1.3 (soak) and 1.5 (spray) were obtained
from 10 inoculated fruits.

Effect of Fruit Maturity on Anthracnose Development

Summary

Sweet pepper (cv. Blue Star) and hot pepper cultivars (cv. Szechuan and PI 201234) were tested
to study the effect of fruit maturity on anthracnose development. Anthracnose pathogens were found
to attack both ripe and green fruit, but the discase developed slower on green fruit than on the ripe
one. Fruit maturity affected discase severity but not the infection caused by the pathogen.

Introduction
Anthracnose is mainly caused by Colletotrichum gloeosporioides and C. capsici. The disease is

usually found on red fruits but rarely on green fruits. The present experiment was designed to study
the effect of fruit maturity on anthracnose development in pepper.
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Introduction

Pepper s affected by @ number of discases. Fruit rot, mainly caused by Colletotrichum
gloeosporioides and C. capsici, is one of the most serious discases that reduce the crop yield and
market quality. Although use of chemicals can reduce discase development, varietal resistance is still
more efficient in combating the discase. A series of screening trials was conducted in 1988 to identify
anthracnose resistance sources which may be usetul for breeding programs.

Materials and Methods

A total of 305 accessions were tested. Ten red and ripe fruits of cach entry were collected from
the GRSU plantings. The fruits were washed with tap water, dried with paper towels and punctured
with five pins within 5 mm diameter. Ten fruits were placed on a layer inside platic trays containing
50 m! of sterilized water.

The conidia from four-day-old cultures of C. capsici and C. gloeosporioides grown on PDA in
petri dishes were washed off in a beaker. The conidial concentration was adjusted 0 3 x 10°
spores/ml. The inoculum was dropped on the punctured region of cach fruit. The plastic tlay was
sealed in a plastic bag (to maintain high humidity to allow penetration and development of pathogen)
and Kept at room temperature.

The discase was evaluated by measuring the diameter of the developing lesions, twice a week
for three weeks following inoculation. Discase reaction was rated as very highly resistant (VR) =
the lesion failed to develop; highly resistant (HR) = the lesion diameter is 0-0.5¢m: moderately resistant
(MR) = the lesion diameter is 0.5-1 em: moderately susceptible (MS) = the lesion diameter is 1-2
e highly susceptible (HS) = the lesion diameter is more than 2 cm,

Twao check cultivars, Blue Star (highly susceptible) and Szechuan (moderately susceptible), were
used in the trials.

Results and Discussion

CO1826 and C0O2220 were found without lesions, and thus were rated very highly resistant. Only
lestons of less than 0.5 em diameter developed on accessions C00632, C00708, C00918, CO1172,
C01676. CO1768. CO1777 and CO1807. These accessions were rated highly resistant because the lesion
diameter was small and limited to the original inoculated region. It was observed that 38 entries were
maoderately resistant: 132 entries. moderately susceptible; and 125 entries, highly susceptible. All very
highly resistant and highly resistant accessions will be further screened.

Screening Method for Xanthomonas campestris pv. vesicatoria

Summary

AVRDC studied bacterial spot and its causal organism because it is a serious foliar discase of
pepper worldwide. To develop an effective resistance screening method, infiltration, puncturing,
atomization and mechanical inoculation were investigated. The optimum inoculation concentration
was 10* cfu/ml for puncturing, atomization and mechanical inoculation and 10° for infiltration.
Although susceptible pepper plants could develop bacterial spot symptoms through these inoculation
methods, atomization seemed to be more practical for mass resistance screening. The optimum
inoculation pressure was 1.5 kg/cem?® and optimum age was when plants reached 5-7 true leaf stage.
The different disease reaction- in susceptible, incompletely dominant and completely dominant resistant
pepper varicties need further mvestigation.

Introduction
Bacterial spot of pepper, caused by Xanthomonas campestris pv. vesicatoria (XCV), is one of

the major foliar diseases which cause considerable reduction in pepper yield and fruit quality. A windy,
warm and rainy climate favors discase occurrence and development. The pathogen infects all the
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aboveground parts of the plant. When it attacks the leaves, these may become ragged, turn yellow
and drop.

AVRDC recently began rescarch on bacterial spot in pepper. To develop an effective method
for resistance screening, suitable conditions of artificial inoculation must be determined. These studies
aimed to determine the best inoculation method and the suitable conditions for artificial inoculation.

Materials and Methods

Inoculum preparation. The 1solates XVP16 (race 1), XVP3 (race 2) amd XVP14 (race 3)
of X. campestris pv. vesicatoria were used in the experiment.

The inoculum was ]’)rL‘Pdl‘Ld from a dense bacterial suspension of a 24-hour-old culure on 523
(Kado and Heskeh 1970)"" medium slants incubated at 32°C. On cach of 523 plates, 0.2 ml of
bacterial suspension was placed and tully spread out. The plates were incubated at 32°C for 24 hours.
Bacterial cells were washed from the plates and suspended in distitled water. The suspension was
passed through four layers of cheesecloth. Bacterial concentration was  determined by a
spectrophotometer (Jasco, UVIDLEC-340) at a wave length of 600nm. The cfu/ml values of the three
bacteria races were determined based on the regression of O.D. absorption values.

Effect of Inoculation Methods on Symptom Development

Four inoculation methods — infiltration, puncturing, mechanical inoculation and atomization —
were tested. Thirty-day-old seedhings of Early Calwonder and isolates XVP16, XVP3 and XVP14
were used. Distilled water was used as a control with six replicates for cach treatment. Ratings were
taken daily for three weeks following the inoculation,

Infiltration. All fully expanded leaves per plant were injected with 10° and 108 cfu/ml each
of the three races. The area near the midnib was punctured through the hypodermis with hypodermic
needle. The hducrml suspension was injected in this punctured wound by a 1-ml syringe. Inoculated
seedlings were transferred to the screenhouse where temperature and relative humidity ranged from
23.5 10 35°C and 52 1 100%. respectively.

Puncturing. Fine thin pins were dipped in the bacterial suspensio. (10%fu/ml) and then
pressed slightly (not passed through the leaf) on the hypodermis of all fully expanded leaves of each
plant.

Mechanical inoculation. Test planls were dusted with carborundum (600 mesh). A cotton
swab was dipped into the bacterial suspcnsmn (10%fu/ml) and wiped across the leaf from the bottom
margin near the petiole to the leaf tip. After inoculation, the carborundum was washed off the leaves
with distilled water.

Atomization. All above ground parts of the test plant were sprayed with bacterial suspcnsnon
(10%fu/ml) using an atomizer at 1.16 kg/cm® pressure. The inoculated seedlings were placed in a
moist plastic chamber for two days after inoculation and then transferred to the screenhouse.

Effect of inoculum density, inoculum pressure and plant age on disease severity

Inoculum density. Four concentrations, namely, 10, 107, 10* and § x 10% cfu/ml of
XVPI6 (race 1) were tested. Three susceptible pepper varieties, Blue Star, Early Calwonder and Florida
VR2 (wuh BS: gene). were used. The 30-day-old seedlings were inoculated with an air brush at 1.5
kg/cm?. The control seedlings were inoculated with distilled water and there were six replicates for
cach treatment. The percentage of lesion coverage per plant was investigated 12 days after inoculation.

”Kudn. CoLoand MGl Keskett, 19700 Selective media for isolation of Agrobacterium, Curynebacterium, Erwinia,
Pseudomonas, and Xanthomonas. Phytopathology. 60, 969-976.
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Inoculation pressure. Four inoculation pressures. namely 1.0, 1.5, 2.0 and 3.0 kg/cm2
adjusted by an air compressor were tested. Varieties Blue Star, Early Calwonder and Florida VR2
were also used. The inoculum, a bacterial suspension of 10%ctfu’/mi of XVP16, was sprayed on above
ground parts of the 30-day-old seedlings. The control seedlings were sprayed with distilled water.
There were six replicates per treatment. The percentage of lesion coverage per plant was determined
14 days after inoculation.

Plant age. Seeds of Blue Star, Florida VR2 and Early Calwender were sown in clay pots
and thinned to one plant per pot. The 30, 50, 71, 81 and 111-day old pI untsy were selected and inoculated
at the same time. A bacterial suspension of l()" cfu/ml was sprayed with an air brush at 1.5 kg/em®
pressure. There were four replicates per treatment. The percentage of Lesion coverage was determined
12 days after inoculation.

Results and Discussion

Effect of inoculation methods on symptom development. Early Calwonder could be
infected by Xanthomonas campestris pv. vesicatoria races 1, 2 and 3 with cach of the four inoculation
methods. All races developed water-soaked lesions although at ditterent times.

On the third day after mﬁllrallon infected leaves exhibited water-soaked spots at the infiltration
arcas with all XCV races at a 10® cfu/m! concentration, then assumed a dehydrated appearance. When
leaves were injected with 10° cfu/ml, all races caused sparse water-soaked spots within 10-12 days,
which then developed into brown spots.

When leaves were punctured with different races of a 10* efu/m! solution, they developed similar
symptoms. Water-soaked symptoms appeared on the margins of the punctured areas at the fifth day
after inoculation, after which these spots became brown with yellow halos around the infected areas.

Seven days after mechanical inoculation, small water-soaked spots on the infected leaves appeared
at the hypodermis; spots then became brown and leaves turned yellow.

On the third day after inoculuation by atomization (1.16 k;,/un ), water-soaked spots appeared
on *he leaves and became dark brown with yellow halos two weeks after inoculation.

AH four inoculation methods caused the discase. However, infiltration caused more damage on
the leaves. With oo deep punctures, damage on the leaves easily occurred. With mechanical inoculation,
leaves turned yellow casily and spots could not continue to develop. However, atomization did not
only cause typical symptoms but also could evenly spread the inoculum on the plants tested. Atomization
was thus found convenient, time saving and practical for mass resistance screening.

Effect of inoculum density delivered by atomization on disease severity. The disease
parameters increased as the inoculum density increased (Table 14). However, the 107 cfu/ml caused
low discase parameters in all pepper varieties tested. Varieties tested did not significantly differ (at
5% level) in their disease reactions, when inoculated with XCV at 10® and 5 x 10% cfu/ml.

Table 14. Effect of inoculum density delivered by atomlzation on security of bacterlal s>t on

pepper.
inoculum’ density Area per leaf infected (%)y
(cfu/ml) Blue star Florida VR2 Early calwonder
5 x 108 14.2 a* 19.3 a 178 a
108 125a 16.4 a 14.7a
107 0.1b 09b 0.4b
108 00b 0.0b 00b
Tested plants were inoculated 30 days after sowing by an air brush with 1.5 kg/cm‘) pressure. YMeasured at 12 days after

inoculation *Values follov. nd by the same letter within each column do not differ significantly at 5% leve! by DMRT.
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Effect of inoculum applicztion pressure on disease severity. Increasing inoculation
pressures (1. 0. 1.5. 2.0 and 3.0 kg/em?) through an atomizer did not enhance the disease parameter
in Blue Star and Florida VR2 (Table 15). However. the 3.0 kg/em?® inoculation pressure caused
damage in all pepper varicties tested.

Considering the low disease parameters in Early Calwonder with a 1.0 kg/em® inoculation
pressure and to avoid possible harm to the plants tested. 1.5 kg/em® pressure was chosen for the mass
resistance screening test.

Effect of plant age on disease severity. Discase severity decreased as the plant attained
nuturity. Most susceptible plants were 30 days old (Table 16). Therefore. this implied that seedlings
before the blossom stage (5-7 true leaves) are most suitable for resistance screening tests.

Conclusion

After plunts dmclnpcd 5-7 true leaves, atomizer inoculation at 1.5 kg/en’, using a bacterial
suspension of 10% ¢fu/ml is the best condition for artificial inoculation of pepper with bacterial spot.

Table 15. Effect of inoculation pressure on the severity of bacterial spot on pepper.

Inoculanon’ pressure Infected area per leaf(% )y
(kg/(,m ) Blue Star Florida VR2 Early Calwonder 3
3.0 25.3 A* 222 A 225 A
20 1788 20.2 A 193 A
1.5 218 A 232 A 175 AB
1.0 235 A 21.2 A 1188
"Plants were noculated 30 days after sowing with a bacterial suspension of 10 cfulml YMeasured 14 days after
tnoculation *values followed by the same letter within each column do not differ significantly a° 5% ievel by DMRT

Table 16. Effect of plant age on disease severity nf bacterial spot in pepper inoculated by
atomization.

Infected area per leaf (%)

2
Inoculation” date

Blue Star rlorida VR2 Early Calwonder

30 12.5 A 233 A 19.0 A

50 123 A 1408 105 8B

70 13.0 A 11.0C 11.3 8B

81 838 11.8C 10.08B

111 11.1 B 23D 1.1C
'Days after sowing to pot Test plants were inoculated W-'m an airbrush at 15 kg/cm2 pressure using a 108c1ulml bacternal
suspension. YMeasured 12 days after moculation. Values followed by the same letter within each column do not differ

significantly at 5% level by DMRT

Race Distribution of Xanthomonas campestris pv. vesicatoria
in Taiwan

Summary

Bacterial spot of pepper and tomato, caused by Xanthomonas campestris pv. vesicatoria (Doidge)
Dye, is one of the most important diseases worldwide. Different races which differ in their pathogenicity
on different hosts of pepper have been found. So far, 45 isolates from pepper and tomato have been
collected and identified in seven locations in Taiwan. Of these, 27 were identified as race 1, 5 as
race 2 and 13 as race 3.
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Introduction

Bacterial spot caused by Xanthomonas campestris py. vesicatoria (Doidge) Dye (XCV), is a major
problem in pepper (Capsicum anmaen L.). Different races of the pathogen with difierent pathogenicitics
to pepper varieties have been found. Xanthomonas campestris pv. vesicatoria race 1 is predominant
in most pepper production areas worldwide (Cook et al, 1982)'%. Race 2 is tound only in Florida.
Race 3 was recently identified in the same place by Hibberd et al. (1987)"*. This study aimed to
identify the races in Taiwan, investigate their distribution and maintain the isolates for further resistance
screening

Materials and Methods

All 45 isolates of XCV were obtained from naturally infected pepper and tomato plants grown
in Taichung, Nantou, Yunlin, Tainan, Kaohsiung, Pingtung, Taitung and Hualicn in 1988. Six isolates
(collected from pepper and tomato fields) originated from Dr. S. T. Hsu (Department of Plant Pathology.
National Chung Hsing University, Taichung) and 12 isolates were obtained from pepper fields at the
Taiwan Agriculture Research Institute in Taichung,

Inoculum was prepared from bacteria grown on 523 (Kado and Heskeh 1970) at 32°C for 24
hours. Bacterial cells were collected from the plants and diluted with sterilized distilled water to a
concentration of 10%fu/ml determined by a spectrophotometer, at 600 nm wave length). The
bacterial suspension was injected into the leaves using the infiltration technique described by Hibberd
ctal. (1987)". One-month old seedlings were used and the three youngest fully expanded leaves below
the first fork were infiltrated. Inoculated plants were incubated in a plastic shade house where
temperatures ranged from 21 to 32°C,

Race identification was made on C. annuum ECW-10R (BS1 gene), Line 3-25-27 (BS2 gene),
ECW-30R (BS3 gene) and Early Calwonder (susceptible control) (Table 18). Isolates of XCV that
induced a susceptible response in ECW-10R and hypersensitive responses (HR) in both 3-25-27 and
ECW-30R were classified as race 1 of the bacterium. Those that induced HR response in both ECW-10R
and Line 3-25-27 and a susceptible response in ECW-30R were classified as race 2. Those that only
mduced HR in Line 3-25-27 were classified as race 3.

Results and Discussion

Races 1, 2 and 3 were found in Taiwan (Table 17). Of the 45 isolates collected, 27 were identified
asrace 1. Sas race 2and 13 as race 3. Based on this preliminary survey, race 1 seems to be dominant
in Taiwan.

Muore XCV isolates from important pepper and tomato production zones need to be collected and
identified in future studies.

Table 17. Reaction of Capsicum plants possessing 3 different dominant resistance genes to
Inoculation with 3 races of Xanthomonas campestris pv. vesicatoria.

Reaction type

Pathogeniu race ECW-10R? 3.25.27 ECW-30R
e (BS1) (BS2) (BS3)
1 s¥ HR HR
2 HR HR S
3 S HR S
‘Ditterent cultivar name (resistance gene) ’s susceptible (virulent reartion). HR- hypersensitive (a virulent reaction):

120 . v o . . . . ,
Cook, ALA. and Siall, R 1982, Distribution of races of Xanthomonas vesicatoria pathogenic on pepper. Plant Discase
66:388-389.

! Hibberd, A. M Stall, R. . and Bassett, M. J. 1987, Different phenoty pes associated with incompatible races and resistance
genes i bacterial spol disease of pepper. Plant Discase 71:1075-1078.
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Screening of Germplasm for Root Knot Nematode Resistance

Summary

Root knot nematode Meloidogyne incognita infects pepper worldwide and causes considerable
Joss in yield. Resistant varieties are not yet available. Screening of germiplasm for resistance 1o M.
incognita was initiated. Of the 112 accessions sereened, 20 were classified as highly resistant, 7 as
resistant. 12 as moderately resistant; the remaining ranged from susceptible to highly susceptible.
The resistant lines will undergo a second confirmation screening.

Introduction

Root knot nematode (Meloidogne incognita) has been reported 10 be pathogenic to pepper producing
symptoms such as yellowing of the leaves, reduced leaf size, shortened petioles, stunted plant growth,
shortening of roots, ete. Resistant varieties are not yet available. The screening of germplasm for
resistance o M. incognita was initiated.

Materials and Methods

One hundred and twelve Capsicum accessions randomly selected from GRSU collection were
screened. Three sceds of cach accession were sown in S-cm diameter plastic pots, containing 150g
autoclaved potting mixture (soil:compost:sand 1:1:1). The experiment was conducted in the greenhouse
in six replications. Pots were arranged in flats. Ten-day old secdlings were thinned to one per pot
and inoculated with 1000 freshly hatched juveriles of M. incognita per pot. The inoculum was obtained
from a pure culture maintained on tomato, which had previously been collected from infected pepper.
Plants were treated with Hoagland's solution and water as required. At 40 days after inoculation,
the number of galls and egg masses per plant were recorded. Roots were rated for galling on a scale
of 1105, and the resistance levels were categorized as follows:

il

no galls, no egg masses - highly resistint (HR)
1 1o 10 galls and/or egg masses - resistant (R)
11 to 30 galls ete. - moderately resistant (MR)
31 1o 100 galls ete. - susceptible (S)

101+ galls ete. - highly susceptible (HS)

i

1

[ R
i

Results and Discussion

Discase reactions among the 112 accessions varied markedly and ranged from highly resistant
10 highly susceptible (Table 18). Twenty accessions were classified as highly resistant namely C104A,
C466, C474, C476. C490, C543, €550, C551. C561, C563, C573, C574, C584, C585, €590, C602,
Cl171, CI173. C1175, C1176: seven as resistant, 12 as moderately resistant, and the remaining
accessions ranged from susceptible to highly susceptible. The resistant lines will undergo confirmation
screening.

Table 18. Reaction of selected pepper germplasm to artificial inoculation by M. Incognita.

Disease reaction Ng_. of accesslions %
HR 20 (17.7)
R 7 ( 6.2)
MR 12 (10.6)
S 26 (23.0)

HS 48 (42.5)
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Evaluation of Generative Characteristics of Capsicum

Summary

Forty-cight sweet pepper and 40 hot pepper lines were investigated for generative characteristics
and fruit set under hot summer conditions. Results showed that most Capsic uni plunts are relatively
tolerant to high temperature in terms of generative characteristics and fruit set. However. both Capsicum
types were sensitive to soil temperatures exceeding 30°C.

Introduction

The shedding of floral buds. Howers, and partially developed fruits in Capsicum plants is a general
phenomenon. Reports claim that the yield is seriously reduced in the hot season. The cause of this
shedding under high temperature conditions is not well understood in Capsicum plants. This study
aimed to investigate the generative characteristies related to yield and yield components in hot and
sweet pepper.

Materials and Methods

Sceds of 40 hot peppers and 48 sweet peppers were sown on 25 April 1988, Seedlings of hot
and sweet pepper were transplanted to the field on 3 and 6 June 1988, respectively. Plois were arranged
in & randomized complete block design with three replicates. Each plot was composed of 30 plants.
One plant from cach replicate was randomly tagged. The flowers and fruits were counted two times
a week. At four and cight weeks from transplaniing, 20 newly-open flowers of cach replicate were
randomly sampled and investigated for number of corolla lobes, percentage of style exsertion, length
of exserted style, and fresh and dry weights of ovary. Mature fruits of cach replicate were mnvestigated
for the number of fruit per plant, average fruit size, number of seeds per fruit, and fresh and dry
weights of fruits. Yield, vield component. and other growth and quality characteristics were also
investigated. Mean maximum and minimum temperatures during the study were 31°C and 24°C,
respectively,

Results and Discussion

Soil temperature at 10-cm depth within the row differed between east and west rows of the same
bed due to mulching of silver polyethylene cloth and rice straw in the field. Soil temperature in the
cast row was ahout 3-4°C higher than the west row, because the cast slope of raised bed received
more solar radiation than the west slope. Both hot and sweet peppers were sensitive to this increased
soil temperature in the cast row. Plant heights of both Capsicums in the cast row were about 87%
of the west row (Table ). The decrease in plant height evoked by the increase in soil temperature
ranged from no reduction 1o 24 % reduction for hot pepper. and no red*etion to 20% for sweet pepper.
Polyethylene may be beneficial in controlling weeds.
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In hot pepper, ovary dry weight or number of seeds was positively correlated to individual fruit
weight. A similar trend was also observed between number of seeds and fruit weight of sweet pepper.
On the other hand. the ovary of sweet pepper was significantly larger than that of hot pepper (Table
2). Thesc results suggested that potential fruit size of Capsicum plants may be determined by the size
of ovary at flowering stage, and the number of ovules fertilized. Most flowers of both hot and sweet
peppers exserted their style, which was relatively short, the longest about 3.2 mm under high
temperature conditions in this planting season. In terms of fruitset, hot pepper produced more flowers
and set more fruits than sweet pepper. Furthermore, fruits of both Capsicums had seeds. This suggested
that Capsicums, in contrast to tomato, can produce viable pollens and ovule under high temperature
conditions.

Table 1. Differences in plant height and soil temperature between east and west rows for 40 hot
and 48 sweet peppers measured at 25 days after transplanting.

Observation East West
Plant height {cm) .
Hot pepper Mean 25.7 29.8**

Range 15.4-31.4 19.2-.38.5
Sweet pepper Mean 37.9 44 0***

Range 16.9-52.3 18.5-58.4
Soil temperature (°C) Mean 35.5 32.5**

Range 35.5-36.0 31.5-32.5

'Sugnmcant difference by ttest at 1% (**) and 0.1% (***) levels.

Table 2. Means and ranges of generative characteristics of 40 hot and 48 sweet peppers grown
in the hot season.

Characteristins Hot Pepper Sweet Pepper
Mean Range Mean Range
No. ! “.owers/plant 142 54 . 337 45 16 - 108
No. of petals/flower 5.6 51 - 6.1 6.2 45 - 6.7
Length of exserted style (mm) 1.9 08 - 3.2 13 0.7 - 24
Flowers with exserted s*yle (%) 88 45 - 100 75 18 - 95
100-ovary dry wt. (mg) 179 55 - 337 773 262 - 1,271
Total fruit no./piant 64 23 - 332 14 3 -39
Tota! fruit set (%) 71 8 - 100 41 12 - 86
Marketable fruit no./ptant 17 1 - 50 10 0-29
Fruit fresh wt. (g)/fruit 5.1 16 - 21.0 26.4 9.7 - 72.8
No. of seeds/fruit 24 4 - 61 41 18 - 69

Water Uptake, Growth and Fruit-set of Pepper

Summary

Capsicum plants were grown in three distinct seasons. Water uptake, distribvtan of dry matter,
and fruit-s~t were observed during 120 days of growing period. High temperature reduced fruit-set
and causca less dry matter directed to the fruits but more to the stems. No apparent difference was
found in water use efficiency between hot and sweet pepper. However, pepper grown in the hot season
utilized more water,

Introduction

Water use and dry matter production are interrelated. Both are dependent upon the amount of
radiant energy and the ambient temperature.



Pepper Physiology 81

Not much is known about water uptake or water requirement of Capsicum plants as related to
growth and yield under differcnt temperature conditions. The purpose of this study was to examine
the relationship between water usage and growth of sweet pepper and hot pepper grown during hot
and cool seasons of the year,

Materials and Methods

Seedlings of sweet pepper (Blue Star) and hot pepper (Szechuan) were transplanted to wooden
boxes underlaid with PVF strip, as a water carrier on 27 March. 14 August, and 22 December 1987,
Plants were grown in the greenhouse, and water ; uke was recorded daily. Mean maximum/minimum
temperatures during the 120-day growirg period were 34.3-23.5°C (March), 32.4/20.6°C (August),
and 27.4-15.0°C (December). Four plants, randomly sampled from three replicates at 30, 60, 90
and 120 days after transplanting were measured for dry matter, leaf area, number of fruits, and yield.
Four plants from cach replicate were investigated for fruitset percentage twice a week.

Results and Discussion

Leaf area ratio (LAR) expresses the ratio between leaf area and total dry matter. Both Capsicum
types had lower LARs when they were grown under high temperatures in March (Figure ). This
suggested that high temperature is detrimental to leaf development. LARs of both Capsicum types
also decreased with advancing growth stages, and sweet pepper tended to have a higher LAR than
hot pepper. On the contrary, both Capsicum types had high net assimilation ra’e (NAR) in the March
planting, and sweet pepper tended to have a lower NAR than hot pepper (Fig. 2). These results indicated
that high temperature reduced leaf development but increased high photosynthetic potential. Both
Capsicum plants had low NAR's when they were grown under decreasing temperature conditions.
The higher total dry matter production in hot than in sweet pepper (Fig. 3) could be due to a higher
NAR in hot pepper, whereas low total dry matter of sweet pepper could be due to low NAR under
decreasing temperature conditions.

Capsicums required more water to produce unit dry matter under high temperature conditions
than low temperature conditions. More water was transpired by hot pepper than sweet pepper (Table 3).
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‘ Fig. 1. Changes in leaf area ratio of Capsicum plants grown in three seasons.
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Hot Pepper Sweet Pepper
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Table 3. Fruit yleld, yield components, seed number and water consumption of Capsicum plant:
grown in three seasons.

Market. Market. Frui Seed Water
Pepper type Planting fruit yield fruit no. “;;t "Yt‘ e/e: no. use
(g/plant) (/plant) (8/fruit (/fruit) (/plant)
March 120 b? 36 b 33b 16 85 a
Hot Aug. 398 a 87 a 46a 20 57b
Dec. 369 a 77 a 49 a 15 60 b
March 627 b 12 525¢c 62 73 a
Sweet Aug. 819 b 10 805b 62 39b
Dec. 1,467 a 13 1159 a 70 50b

‘Means separation within cnlumn of same pepper type by DMRT at 5% level.
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Both Capsicum types started to set fruit after 30 days in three plantings. Hot pepper produced
more flowers than sweet pepper, and both Capsicums produced more flowers under high temperatures
in March than in the other two plantings. Both Capsicums had Icast fruit-set rates in March, and hot
pepper had a higher fruit-set rate than sweet pepper. Even though fruit-sct of both Capsicums was
low in March, they still produced fruits under high temperatures (Tuble 3). The number of sceds per
fruit of both Capsicuni plants did not differ significantly among plantings. These results clearly indicated
that both Capsicum types carried certain levels of heat tolerance, as expressed by the ability of plants
to produce abundant flowers with viable pollens and ovules to compensate for reduced fruit-set caused
by high temperature.

Fruit development is important in bringing a significant change in sink load. The presence of
fruits did not alter the total accumulation of dry matter in this experiment. Instead the development
of generative organs, i.c. fruit-set and development, altered partitioning of dry matter between the
vegetative and generative parts (Fig. 3). Poor fruit-set and development under high temperature
conditions reduced the strength of fruit sink, causing the stem to take up a steadily increasing part
of the dry weight. High temperature resulted in less fruits in hot pepper and small fruits in sweet
pepper. On the other hand, high K accumulation by pepper under low temperature conditions in
December (Fig. 4) may facilitate translocation to the generative parts of the plants.
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Fig. 4. Changes In leaf potassium content of Capsicum plants grown in three seasons.

Physiological Responses of Pepper to Flooding Stress

Summary

Flooding for three days greatly reduced shoot growth of Capsicum plants, much more in sweet
pepper than in hot pepper. Flooding also reduced fruit yicld as it affected both floral development
and plant growth. Flooding increased activity of cellulase in the basal stem, and alcohol dehydrogenase
and nitrate reductasc in the fibrous root. Lesser activities of cellulase and nitrate reductase but greater
alcohol dehydrogenase functions occurred in hot pepper after flooding.

introduction

Capsicum is particularly sensitive to soil inundation. Information concerning the physiological
response of this genus to such stress is largely unavailable. The present study was conducted to
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cvaluate some of the physiological responses of sweet pepper and hot pepper plants to short term
flooding, especially biochemical processes associated with soil anacrobiosis and post-flooding recovery
in terms of growth and yield.

Materials and Methods

Sceds of sweet pepper Blue Star and hot pepper Passion were first sown in seedling flats. Seedlings
were later transplanted to PVC pots (30 ecm X 35 ¢m) with one plant/pot on 17 June 1988 and grown
in the greenhouse. Five treatments consisted of (1) well-watered control without flooding, (2) flooding
to -2 cm above soil surface for one day at three or six weeks after transplanting, and 3) flooding
to 1-2 cm above soil surface for three days at three or six weeks after transplanting. Plants of each
investigation from various treatments were randomly assigned in three replications, cach composed
of two plants. Means (and ranzes) of maximum and minimum temperatures (°C) during the experiment
were 35.1 (31.4-37.8) and 23.7 (21.8-25.4), respectively.

The activities of cellulase in the basal stem, and alcohol dehydrogenase (ADH) and nitrate reductase
(NR) in the fibrous root were determined, one week after flooding. Growth parameters of plant height,
leaf count and leaf arca, and chlorophyll and NPK contents in the petiole of middle canopy were
investigated. At 16 weceks after transplanting, vegetative growth parameters and reproductive growth
parameters such as days to anthesis, fruit-set rate, number of fruits, fruit size and number of seeds
were also investigated.

Results and Discussion

Flooding of Capsicum plants at three or six weeks after transplanting for three days increased
the activities of cellulase in the basal stem measured at one week after flooding, but with less celtulase
activities in hot pepper (Figure 5). No apparent increased activitics were measured immediately after
flooding for one or three days at three or six weeks after transplanting, nor at one week after flooding
for one day at three or six weeks after transplanting. Flooding induces formation of lysigenous
aerenchyma which facilitates air carriage from the aerial parts to the root system under anaerobic
conditions. Therefore, elevated cellulase activities in the basal stem effected by flooding would
subsequently lead to acrenchyma development for plants to survive under flooding conditions.
However, the lysigenous process of the basal stem would also contribute to the weakening of stem,
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and consequengly cause lodging. It is possible that survival of plants after flooding was due to less
cellulase activity in hot pepper.

Flooding also increased ADH activity in the fibrous root of both Capsicums. Greater increase
of ADH activity occurred at six weeks after transplanting (Fig. 6). Flooding-tolerant plants usually
exhibited increased ADH activity in the root. Therefore, it is possible that greater increases in ADH
activity in the root system particularly in older plants of hot pepper contributed to its flooding tolerance.
However, the relationship between flooding tolerance and increased ADH activity requires further

invest

igation.

Further analysis of NR in the fibrous roct system indicated that flooding increased its activity,
especially with long days of flooding after transplanting (Fig. 7). A large increase of nitrite was
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Table 6. Effect of flooding at three or six weeks after transplanting on yield and yield components
of Capsicum plants.

Flower no. Fruit no. (/plant) Seed no. Harvest Fruit size
Treatment {(Iplant) ”'ﬁa’&‘eﬁé’“_“_?&;]"""_ (/fruit) index (%) (g/fruit)
Hot Pepper
Control 676 a 132 & 297 a 49 53 a 10.3
AWAT 1D 330 ab 79 ab 150 ¢ a7 a7 b 10.8
3D 60 b 16 b 58 d 67 25d 9.0
6 WAT i D 667 a 124 a 276 b 49 46 ¢ 9.5
3D 314 cb 59 b 8o d 24 66 a 7.6
Sweet Pepper
Control 200 a 16 a 47 a 56 34 ¢ 63.1 a
3 WAT I D 215 a 12 b 43 ab 39 30e 62.2 b
3D 5b - - - - -
6 WAT 1 D 152 a 15 ab 35 ab 31 33d 59.2 ¢
3D 25b - - - - -

‘Mean separation within columns of same type by DMRT at 5% probability level

Growth Analysis and Distribution of Diy Matter in Pepper
under Three Spacings

Summary

Hot and sweet pepper plants were grown in three spacings under hot summer conditions to evaluate
growth and yield, There is a potential difference in the dry matter production between hot and sweet
pepper. Hot pepper accumulated more dry matter, a large amount of which was diverted to the fruit,
Close spacing at 30 X 50 cm?® produced more dry matter and fruit yield per unit land area.

Introdiction

To attain maximum harvest in Capsicum types, important consideration is given to maximum
dry matter production and the desirable balance between the supply and use of assimilates. Maximum
dry maiter production depends on the plant’s photosynthetic potential, and environmental conditions
and canopy structures. The generation of desirable balance between the supply and use of assimilates
requires a reduced competition for assimilates by other plant parts and/or the increased sink strength
of fruit. This study aimed to examine the maximum dry matter production and the relationship between
vegetative parts and generative development of hot pepper and sweet pepper plants and to assess the
effect of spacings on dry matter production and distribution.

Materials and Methods

Seeds of sweet pepper Blue Star and hot pepper Passion were sown in seedling flats on 20 May
1988. Scedlings were transplanted to the field on 17 June 1988. Mcan maximum and minimum
temperatures during the swdy were 31.1°C and 24.2°C, respectively.

Plots were arranged in u randomized complete block design with four replications. Inter-row spacing
was 50 cm. and intra-row spacings were 30, 45 and 60 ¢cm. Three plants from cach replicate were
randomly sampled at 3, 6.9, 12 and 15 weeks after transplanting, and were separated into root, stem,
leaves and fruits. Leaf arca, plant height, and fresh and dry weights of plant parts were measured.
Total dry weight and relative distribution between plant parts were determined. NPK and chlorophyll
content in petiole were analyzed. The data on light penetration by the canopy was recorded cvery
two weeks. The number of flower and fruits was investigated twice a week. Growth analytical
parameters such as leaf arca index (LAI), crop growth rate (CGR), net assimilation rate (NAR), relative
growth rate (RGR), leal area ratio (LAR), and fruit-setting rate were calculated,
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Table 7. Yield and yield components of Capsicum plants grown under three spacings.

(g/fruit)

Fruit size

Fruit yield (kg/n12) Fruit no.
Total {/plant)

Marketable

Intrarow <pacing
(cm)
30

Pepper

45
60

Hot

26.8
15.8
25.0

©ow

I|l~—oo

Sweet

Mean separation within column of same species by DMFY at 5% probabilty level.
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As far as NPK content in the petiole is concerned, N content in hot and sweet peppers tended
1o decrease as the plants grew. The slight increase in N content at nine weeks after transplanting could
be due io flooding. Phosphorus content, on the other hand. tended 1o increase plant growth for both
hotand sweet peppers. Heavy rinntall could turnish more available phosphorus in the soil. Potassium
content of hot and sweet peppers started to deereiase at siv weeks after transplanting. This may be
anoindication ot high demand of potassium during truit development or the leakage of soil potassium
due to heavys ranball. No great difference of NPK content in the petiole appeared among treatments;
however, hot pepper plants at close spacing of 30 < 50 em tended to have more N and P contents
i the petole.

In concluston, there as potential ditference i dry matter production between hot pepper and sweet
pepper. There was a constant partition in the dry matter of vegetative and friint parts: more dry matter
was accamulated mthe frut of hot nepper than sweet pepper. Close spacing at 30 < 50 o’ produced
more dry matter and trint per umt wand arca. The root system of both hot and sweet peppers was
sensttive 1o flooding. but hot pepper readily recovered after flooding. Further invesugations of the
physiological aspects of root-top interactions under tlooding or high soil temperature conditions. and
saurce-sink relationships between vegetative and generative parts an Capsicin plants could give
important nformation about how the source-sink relationship under stressed conditions can be
manipulated tor high yvield potential.



Soybean Breeding

Hybridization

Summary

Efforts on backcrossing and modified backerossing were continued to develop productive, good
quality vegetable soybean. Crosses were also made to combine multiple discase resistance characters.
Buckerosses and intercrosses between selected progenies were undertaken to develop soybean rust
tolerance. Specific crosses were made to incorporate Ix; or Ixy and Ixz genes into highly productive
multiple discase resistant genotypes.

Introduction

Improved vegetable and grain type tropical soybean with multiple disease resistance, high yield
and good seed quality were the goals of the crossing program. The lipoxygenase-2 free gene has been
reported to eliminate or considerably reduce the bzany flavor in soybean. Therefore, crosses were
attempted to introduce Ix: gene into varieties from national programs to climinate beany flavor.

Materials and Methods

Alimost 90% of the parents used in the crosses were Fis, selections from Fa, Fy or later
generations or breeding lines developed at AVRDC. Some accessions used included large-seeded
varicties like Tanbaguro (70g for 100 seeds; G 9650 (Emerald). G 10134 (Ryokkoh); glabrous gene
types such as AGS R0, G 10137, D 62-7815, G 2030: lipoxygenase null genes such as G 6133, L
2-30 and rust-resistant accessions like PI 459025.

For moditied backerossing of vegetable soybean crosses Tanbaguro and Emerald were used as
the recurrent parents to obtain large seed size.

Results and Discussion

A total of 118 crosses, of which 58 were cither backerosses or modified backerosses were made.
Selected progenies from the vegetable soybean crosses will undergo further backerossing to large-
sceded type depending upon the need.

Since glabrous pads may be more attractive and appealing to the consunier, crosses were made
to introduce the glabrous gene into the vegetable soybean background. Advantages and disadvantages
of having the glabrous gene in vegetable soybean will be explored further.

The second and third backeross to AGS129 was made and the development of 1%, isogenic line
of AGS 129 is ongoing,

Intercrossing of selected high yielding lines with highly rust-tolerant lines was made. The Fis
from these had been intercrossed for two or three cycles and the selection will be initiated in the
subsequent population for soybean rust tolerance.
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Yield Trials

Summary

Results of PYT-L 1T and TYT-1, 11 with selected pedigrees and accessions during three seasons
and AYT-Tand I during summer are highlighted in this report. Genotype 269 was consistently superior
i 1987 as well as 1988, significamly higher yields than the cheek AGS 129 with a4 combination of
multiple discase resistance had been incorporated in the improved selections. Diverse sources of
resistance (o bacterial pustule had also been identified. Resistance of all selected entries will be
reconfirmed in 1989,

Introduction

Breeding lines selected from different generations were evaluated in different stages tor vield
and other desirable traits. Preliminary (PYT), intermediate (1Y) and advanced vield trals (AYT)
were conducted in three seasons to compare with improved checks so that high yvielding. agronomically
destrable genoty pe. can be identified. AYT is discussed under breeding for rust resistance. Vegetable
soybean trials are discussed under breeding vepetable soybean. Only the PYTUIYT and AYT (sumimer)
of the grain type are discussed 1n this section.

Materials and Methods

Details of the trials are given in Table 1. Plot size tor both PYT and IYT were 2 m x 3 m. Data
on vield. other agronomic truits and disease ratings were collected and analyzed. Selection of genotypes
for the next stage of the trial was based on yield, resistance or tolerance to diseases, days to maturity.,
seed quality and adaptation to specific seasons or multiple seasons. AVRDC's recommended cultural
practices were used.

Table 1. Planting dates and experimental designs for AYT, IYT and PYT, 1988.

Expenment No. of entries Design Date of planting
plus (checks) (replication)

AYT.| 11(3) Spint plot (1) 9 February 1988
AYT-H 12 (2) Sp'it plot (4 9 February 1988
AYT. 11(3) RCBD 12 July 12 1958
AYTI 12 (2) RCBD 26 July 1988
YT 30 (2) RCBD 10 February 1988
YT 29 (2) RCBD 10 February 1988
YT 30 (2) RCBD 12 July 1988
IYT-II 25 (2) RCBD 12 July 1988
PYT-t 47 (2) 7« 7 lattice 10 February 1988
PYT-ll 47 (2) 7 x 7 lattice 10 February 1488
PYT-I 47 (2) 7 x 7 lattice 12 July 1988
PYT-NI 47 (7) 7 x 7 lattice 12 July 1988

Results and Discussion

In PY'T-I spring and summer, 0. of the selections was different in yicld comparaed o the check
AGS 129. However, some lines with different genetic background had as good vield (Table 2) and
similar level of bacterial pustule resistance as AGS 129, and possibly . downy mit ' v resistanae tneeds
to be venfied) unlike the susceptible AGS 129,

In PYT-1 spring. GC 84012-20-7 (Shinsei x PI 248307) x (Shih b "1 230971 yielded
5.0 t/ha which was significantly higher than the check AGS 129 with 3.4 t/ha. However. the selection
was 19 days later maturing than AGS 129. Furthermore, during summer. it wa. .oas pood as AGS
129 and was susceptible to bacterial pustule (Table 3). Therefore. it has to be crossed to incorporate
bacterial pustule resistance.
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In IYT-II during spring, GC 82334-29-5 significantly yiclded higher than AGS 129, although
it was moderately susceptible to bacterial pustule. GC 82349-6-1 also yielded significantly higher in
both spring and summer seasons and showed resistance to downy mildew and bacterial pustule
(Tables 6 and 7) and tolerance 1o soybean rust . Table 7). Three entries had multiple disease resistance.,

Of the 29 catries evaluated, 11 weire moderately or highly resistant to bacterial pustule and will
be confirmed in 1989. They are GC 82344-29-2, GC 82344-29-5, G 12342, GC 82841-14-2, Welkom,
GC 81038-18-3. Gujarat soybean-1, Durga, D 71-9966. GC 882349-6-1 and Gaurav.

Among the advanced yield trial entries, #269 (a selection from the Land O'Lakes material) yielded
significantly higher than AGS 129. It also exhibited resistance to all three diseases (Table 8). Four
selections combined resistance to all three discases, with yields comparable to AGS 129. The
ineroduction from ThailaMi, OCB. was high yielding and matured in 81 davs (10 and 20 days carlier
than AGS 129 and AGS 302, respectively) but it was susceptibic to downy mildew (Table 8).

Five selections significantly outyielded the check AGS 129 and did not show any downy mildew
symptoms. In summer, they appeared to be distinctly superior than the checks (Table 9).

Table 6. Selections from IYT-li in spring, 1988.

c Yield : 100-seed weight
Entry (t/ha) Days to maturity &)

GC 82334-29-57 4.6 115 13.9

GC 82349-6-1 4.5 120 22.0

GC 82355-8-3 4.1 121 19.8

GC 82550-18-2 4.1 114 19.1

AGS 129 (check) 3.7 110 17.6

AGS 302 (check) 3.1 110 21.5

Mean of 31 entrles 3.5 115 19.2

LSD (0.05) 0.82 4.44 1.53

IMnderately susceptible to BP.

Table 7. Gelections from IYT-ll in summer, 1988,

Entry Yield Days to 100-seed - [;'assfs‘?sl —
) ) owny eria u
(t/ha) maturity weight (g) mildew pustule
GC 82349-6-1 4.2 102 21.1 R R T
Gaurav 4.1 102 13.9 MS R T
GC 82335-35-3 4.0 102 15.2 R R T
Khsb-2 3.9 106 13.9 R R T
Guijarat Soybean-1 3.9 102 12.9 HS R T
AGS 129 (check) 33 97 16.5 HS R T
AGS 302 (check) 2.1 103 22.2 R MS T
Means of 31 entries 3.3 101 17.3
LSD (0.05) 0.84 3 1.6
IDUHDE, spring as well.
Table 8. Five high yielding lines selected from AYT-l in July planting, 1988.
field Days to 100-seed Diseases
Entry h . aht Rust Downy Bacterial
(t: al mawrity weight (g) mildew pustule
269 3.4 89 18.8 R R R
SRE-D-14B 3.2 99 238 MR HR MR
SRE-D-14A 3.0 112 36.8 HR R HR
GC 82146-43.-9.9 2.8 88 18.2 R R MR
SRE-B-15C 2.7 91 17.6 R R MR
OCB (check) 3.3 81 20.1 MS MS R
AGS 129 (cneck) 2.8 91 16.3 R HS R
AGS 302 (check) 1.5 100 23.2 R R MS
Means of 14 entries 2.7 0a.7 19.0
LSD (0.05) 0.59 4.86 1.38
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Table 9. Five high yielding lines selected from advanced yield trial 1l in July planting, 1988,

Yield Days to 100-seed Diseases
Entry -~ Downy Baclerial
(t/ha) maturity weight (g) mildew pustule
GC 00062-107-6 3.4 102 16.4 - HR
GC 00062-31 3.3 98 19.2 ~ HR
GC 0N097-5¢-6 3.2 99 20.7 - HR
GC 81090-48 32 102 18.8 - HR
GC 81083-42 3.2 100 17.4 MS MR
AGS 129 (check) 2.8 101 16.9 MS MR
AGS 302 (check) 1.8 102 233 - MS
Mean of 14 entries 29 100 18.2
LSD (0.05) 0.23 3.33 1.02

- No disease observed.

Breeding Vegetable Soybean

Summary

Theic are no available vegetable soybean varicties adapted to the tropics and subtropics yet, Those
that arc tropically adapted were developed at AVI.DC by crossing vegetable soybean adapted to
temperate regions with tropical grain types. New bieeding lines GC 83011-35, GC 84136-P-4-1-8
and GC 83005-9 appeared to be adapted to three seasons at AVRDC with a mean yield potential (graded
pod) of 5.9, 5.6 and 5.5 t/ha respectively. Variation in yicld was attributed mainly to season (31 %)
and G X E interaction (46%). However, variation due to genotypes was predominant in 100-seed
weight (56%). From the preliminary yield trial 52 selections had 100-seed weight (dry) of 35 g or
more. These will be cvaluated in 1YT in 1989. DAIS Kaohsiung in Taiwan and FCRC, Chiang Mai
in Thaiiand collaborated on breeding vegetable soybean. Among tae 14 AVRDC accessions evaluated
in 10 locations in Thailand, Yoshidal, P1 85658, Vesoy #4, Kanrich, 7016 (ck) and NS #1 (ck) were
found superior. A major portion of variation in yield (79%} was due to location. Variation due to
genotype was only 6.3%. Therefore, sclection of site, season and management practices play a major
role in increasing the yield of vegetable soybean. The raiiy season is better than the dry season for
growing vegetable soybean in Thailand. Of the 48 breeding lines, 15 selections were chosen for further
evaluation in 1989 at Chiang Mai. Thailand.

Introduction

Soybean is consumed us a vegetable in many tropical countries where suitable varicties are available.
Specific vegetable soybean varieties are currently unavailable. Thus, breeding efforts at AVRDC are
geared towards examining the possibility of selecting suitable vegetable soybean varieties for the tropics
and subtropics.

Materials and Methods

In an advanced generation trial in AVRDC, seven Fz and two BC|F; populations were planted
on 25 February 1988. All Fa populations were from crosses involving either AGS 292 or G 10134
(vegetable type) with tropically adapted grain types. The BCFys are crosses between AGS 292 and
AGS 129 backcrossed to AGS 292 to recover large seed size and vegetable soybean characters, but
selection will be made for narrow leaf as well. Narrow leaf is associated with three- or four-sceded pods.

Modified backcross was also used. In such instances, the F| was backcrossed to G 10134
(Ryokkoh), or G 9650 (Emerald) or G 9053 (Tzurunoko). G 9053, G 10134 and AGS 292 were planted
as checks for comparison. For the Fa population, SSD and pedigree methods were used. Pedigree
selection was besed on visual observation of the pods and seeds per pod in relation to the check varieties.
Pedigrees were selected from BCFys for further backcrossing.
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SSD and pedigrees in spring were planted ina 5 X 1 m row on 26 July 1988. Pedigree sclections
were made for large pod and seed. Out of 120 pedigrees, 23 were selectee, Breeding lines with AGS
129 background appeared to develop anthocyanin pigment on the green pod.

A preliminary yicld trial and an advanced yield trial were conducted in AVRDC. Details are given
in Table 0. Data on horticultural characteristics were collected and analyzed.

Six BCiFx pedigrees and four BC/F3 bulk populations were planted in Pingtung, Taiwan to make
the selections for that specific location and share the selection for evaluation with Xanhsiung DAJS.
Selections were based on pod and seed size in relation to the cheek varieties.

In Thailand, with the help of Mr. Anck Chotiyarnwong, vegetable soybean accessions (Trial A).
selected AVRDC breeding lines (preliminary yield trial-Trial B) and 20 vegetable soybean accessions
(Trial C) were evaluated. Details about the trials are shown in Table 11,

Vegetable soybean accessions were evaluated (Trial A) in ave locations, cach during rainy and
dry seasons. Fourtecn accessions and two local checks were used. At Chiang Mai, 20 accessions were
evaluated separately during the dry season. For PYT. 48 breeding lines were evaluated along with
local varicties NS #1 and 7016 during the dry and rainy seasons. Trinl A was planted in 3 x 4.4
m* plots. The spacing between rows was 50 em and within the row, 20 em with two plants/hill. The
harvest plot size was 2 X 4 m*. An N:P:K “ertilizer mixture 12-24-12 was applied at the rate of 150
kgg/ha,

Trial B, PYT VS, had a plot size of 3 x 5§ m” and harvest plot size of 2 X 4 m?. The same
spacing was used as in the rainy season. v/ith two plants/hill; during the dry season there were three
plants/hill. Al other management pracices were similar to Trial A,

Trial C at Chiang Mai during the dry scason followed the same management as Trial B.

All trials followed the RCBD. Data were collected on 18 ditferent orticultural characeristics.
Only preliminary analysis of selected data are presented in this report.

Table 10. Number of entries, experimental design and planting date for vegetable soybean yield
trials, 1988.

N Nc. of entries plus Design Date of
Experiment checks (replication) planting
AYT VS 12 (3) =CBD 24 February 1988

12 (3) rRCBD 25 Juy 1988
12 (3) RCBD 25 Augusl 1988
PYT VS 97 (3) RCBD 24 February 1988

Harvested plot size for AYT was 5 m2. Five plant-sarnple was used for data collection in PYT.

Taole 11. Season, locativn and date or planting of vegetable saybean in Thailand, 1987-1988.%

Seasen Location Ptanting date
Rainy Chiang Mai FCRC 21 July 1987
Rainy Phraputtabat FCES 14 July 1987
Rainy Khamphaengsaen (Kasetsart University) 3 June 1987
Rainy Mahasarakarm FCES 22 June 1987
Rainy Sakolnakorn FCES 21 August 1987
Rainy Chiang Mai FCRC (PYT VS) July 1987

Diy Chiang Mai FCRC December 1987
Dry Phitsanuloke FCES

Dry Suphanburi

Dry Sakolnakorn FCES

Dry Kalasin FCES

Dry Chiang Mai FCRC (20 accessions) December 1987
Dry Chiang Mai FCRC (PYT VS) December 1987

Cooperator: Mr. Anek Chotiyarnwong

Results and Discussion

Although pedigrees have been selected from the Fa generation at AVRDC. the seed and pod size
of the sclections were not comparable to the vegetable soybean types. Therefore, one backeross to
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the vegetable soybean was required. However, if one of the parent’s sced size was smaller than 20
g. itappeared that two or more backerosses 1o the vegetable type would hasten the recovery of vegetable
soybean characteristics. In the future, sieving the seeds of progenies to select large-sceded types will
be attempted from different crosses and the efficiency and type of breeding method that will hasten
the development of vegetable types will be studied.

Although narrow leatlet is expected to enhance the percentage of two- or more-seeded pods, direct
sunlight produces the undesirable anthocyanin pigments on the pod. Such a problem is especially serious
with crosses involving the narrow leaflet parent, AGS129. Some narrow leaflet Korean lines have
large leaves which may be more desirable than small narrow leaf types.

Since many selections do not have sufficiently large pod and sced, although they appear to be
productive, they have been crossed with one of the desirable vepetable types. Selections from the
succeeding inbreeding generation are expected to have more productive vegetable types. Bravo et
al.' (1981) showed that the number of Fa plants needed at 0. 10 probability to recover 0.5% frequency
of desirable type is 450. As differences in seed size between the two parents increase, the population
needed to recover the vegetable type likely also increases. Therefore, backcerossing is a beter and
more efficient approach than simple inbreeding following crossing.

Among the 12 breeding lines evaluated and compared with the three check varieties in the spring,
summer and autumn. GC 83011-25 in summer and GC 83011-35. GC 83005-9, and GC 84136-P-4-1-42
in autumn gave significantly higher yields than the check varieties (Tables 12 and 13). In spring,
however, none of the breeding lines was superior in yvield to the checks but several were at par with
the checks (Table 12).

In 1987 spring and summer. the highest graded pod yicld recorded was around 13 t/ha but in
1988 it was only 7.5 «/ha. The environmental conditions in 1988 were in general not so favorable
for vegetable soybean.

Table 12. Promising selections from advanced yleld trial of vegetable soybean in spring, 1988.

Graded  Total 100-  Acceptable
pod ped seed pods/ Harvest
Entry no. Parents yield yield DM welght 500 g index
(t/ha) (t/ha) (g)
AGS 292 Selection from Taishoshiroge 7.5 a 119 77 74 157 31
G 9053 Tzurunoko 6.9 ab 12.0 82 74 181 26
GC 83006-7 P1 157424 x Ryokkoh 6.8 abc 108 84 82 166 27
AGS 294 Imperial 6.3 bed 10.3 82 77 170 29
GC 84136-P-4-1-8 Ryokkoh x Mikawajima 6.2 bed 13.0 9i 72 178 21
GC 84134-P.9-3-1
-5-1 Ryokkoh x Disoy 6.2 bcde 126 86 72 209 22
GC 83006-15 Pl 157424 x Ryokkoh 6.0 bcde 104 84 76 189 24
G 10134 Ryuhhkoh 5.7 cdef 12.1 86 81 174 22
LSD 0.05 1.2 1.
8 3.1 16.3

Table 13. Promising selections from AYT of vegetable soybean in summer, 1988,

Graded  Total 100-  Acceptable
pod pod seed pods/ Harvest
Entry no. Parents yield  yield weight 500 g index

(t/ha) (t/ha) (8)
GC 83011-25 Vesoy #4 x KS #8 6.4 a 8.6 ab 82 56 254 33
GC 84136-P-4-1-8 Ryokkoh x Mikawajima 50b 75abc 78 69 178 33
GC 84136-P-4-1-42 Ryokkoh x Mikawajima 49b 9.0a 80 62 211 25
GC 8300625 P! 157424 x Ryokkoh 49b 8.5 ab 82 79 196 26
GC 83005-9 Pl 157424 x KS #8 49b 89 a 81 55 276 21
G 9053 Tzurunoko 4.2bcd 6.2cd 78 63 222 32
G 10134 Ryokkoh 39bcd 6.6bcd 72 60 227 26
AGS 292 KS #1 3.3cde 48d 72 57 209 32
LSD (0.05) 1.3 5.5 13

Bravo, J.S.. W.R. Fehrand S. Rodriguez de Cianzio. 1981, Use of small seeded soybean parents for the improvement of
large-seeded cultivars. Crop Science 21:430-43).
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The harvest index during autumn was higher than that in summer and spring. The high yielding
improved genotypes generally had a high harvest index (Tables 12, 13 and 14). Among the 12 breeding
lines, GC 84136-P-4-1-8 had fairly stable graded pod yield (5,607 kg/ha, mean of 3 scasons) and
the number of acceptable or graded pods per 500 g also remained at 179 + 2.3 regardless of the
season which is quite acceptable 1o the vegetable soybean industry.

A combined analysis of data in three seasons revealed that GC 8301 1-35, GC 84136-P-4-1-8,
and GC 83005-9 gave the highest yields with 5.9, 5.6 and 5.5 t/ha graded pod yield, respectively
compared 1o the checks AGS 292 (4.9 t/ha) . G 9053 (5 t/ha), and G 10134 (4.6 t/ha). Variation
in graded pod vield attributed to seasons was 31 % with 229% due 1o genotypes and the major portion
47% due to G x E interaction (Table 15). The results suggested the sufficient genotypic variation
in selecting suitable ones.

The genotypic variation dominant to 100-seed weight (56%) and the G x E interaction is only
I7% while variation due to season is 28% (Table 15). The results indicated that although seasonal
change in 100-seed weight is expected there is sufficient genotypic variation in the selection of desired
genotype,

The mean 100-seed weight (in three seasons) of GC 83006-25. AGS 293, GC 83000-7 and GC
83000-13 varied from 72 10 74 ¢ and was significantly higher than that of the three check varicties
whose 100-seed weight was 63 10 68 g,

Among 100 preliminary yield trial entries, 52 had 100-seed weights above the population mean
of 34.7 g (Fig. 1). The highest grain yield recorded in this trial was 3.8 t/ha (100-seed weight was
30 g). Selections will be based on 100-seed weight, pod length and pod width.

A number of pedigrees were selected in cooperation with the Kaohsiung DAIS ard given 1o
cooperators in DAIS for further evaluation in Kaohsiung.

Results of analysis in 10 locations in Thailand showed that variation in biological yield as well
as poad yield attributed to genotypes was 6% . Major portions of variation in pod yield (79%) and S0%
of variation in biological yield are due to environment. Variations due 1o location are significant
compared to those due to seasons (Table 16). Genotype x environment interaction for biological and
pod ield are 0.74% and 14, respectively. There were considerable variations in yields. Results,
therefore,  suggested that opportunities for growing vegetabic  soybean depend on  careful

Table 14. Promising vegetable soybean selections from AYT in autumn, 1988.

Graded Total 100-  Acceptable
pod pod seed pods/ Harvest
Entry no. Parents yield yield DM weight 500 g index
(t/ha) (t/ha) (8)
GC 83011:-35 AGS 190 x KS &8 69a 87ab 74 62 260 40
GC 830059 PI 157424 x KS #8 634 9.7a 71 50 266 31
GC 84136-P-2 1.42 Ryokkoh x Mikawajima 63ap 93ab 74 59 205 36
GC 84136 :-4-1-8 Ryokkoh x Mikawajma 56bc 90ab 72 65 182 33
GC 83006-25 Pl 157424 x Ryokkoh 51cd 85ab 71 65 226 30
G 10134 Ryokkoh 41de 66 de 68 64 227 32
G 9053 Tzurunoko 39e 6.0 de 74 66 211 a
AGS 292 KS #1 3.7e 55 e 70 58 195 39
LSD (0.05) 1.
2 4.5 14.3

Tabie 15. Combined analysis of variance of AYT data on vegetable soybean in spring, summer
and autumn, 1988.

. Graded pog yield 100-seed weight
Source of variation 5 5
DF SS(x 107) MS(x 107) DF SS MS

Between seasons (S) 2 77.3371(31%) 38.6685 2 4112.19 (28%) 2056.09
Between genotypes (G} 14 54.5055 (22%) 3.8924 14 8229.19 (56%) 587.80
G xS 28 115.0392 (47%) 4.1085 28 2464.00 (17%) 88.00
Tgtal 44 246.6882 5.6066 44 14795.38 336.26
R 0.7962 0.9447

Cv 18.15 4.83
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Forty-cight sclections from two crosses. GC 83005 (17 selections) and GC 83010 (37 selections)
were evaluated in a PYT during 1987 rainy and 1988 dry season in Chiang Mai. The two check varieties
had only 38 ¢ for 100-seeds (fresh weight). Promising selections from two crosses had a 100-sced
weight of 43 10 78 g. A pod yield of up to 12.8 t/ha was obtained (Table 17) in the rainy season
in 80 days. Compared to the 100-sced weight of 35 and 39 g for the checks in the dry season, the
promising selections had a 100 seed weight of up to 73 g. In the dry season, the selections matured
in about 74 to 78 days and pod yield varied from 10 to 10.9 t/ha (Table 18). Both in dry and rainy
seasons, the harvest index (HI) was as high as 70% or more. However, since the biological yicld
included only stem and pod. the HI should be viewed with caution.

Table 17. Data on vegetable soybean PYT during rainy season in Chiang Mai, Thailand, 1987.

Entry no. BlologicalZ Pod yield 10‘0-seed DM Harvest
yield {t/ha) (t/ha) weight (g) index
GC 83010-14-2 18.7 a 10.0 78 a 80 a 54
GC 83010-3-13 18.3 ab 128 a 54 ki 80 a 70
GC 83010-1-13 17.8 abc 12.1 abc 58 ki 77b 68
7016 (check) 17.6 abc 11.3 a-f 38n 77b 64
GC 83005-13-1 17.4 ahcd 10.6 a-f 43 mn 74 c 61
GC 83005-41-9 17.2 a-e 100 af 62 ij 80 a 58
GC 83005-41-1 17.2 a-e 12,2 ab 52 Jkl 80 a 71
GC 83010-B-8 17.4 abcd 12.3 ab 54 jki 80 a 71
NS #1 (check) 139 c-h 10.2 af 38n 67 f 73

%Includes stem and pod only. Mean separation by DMRT.

Table 18. Data on vegetable soybean PYT during dry season in Chiang Mal, Thalland, 1988.

Biological® Pod yield 100-seed Harvest
Entry no. yield (t/ba) (t/ha) weight (g) DM index
GC 83005-20-B-9 152 10.9 64 78 72
GC 83010-15-B-2 14.2 10.4 60 75 73
GC 83005-16-B-12 13.5 10.3 64 78 76
GC 83010-39-1 139 10.3 61 75 74
GC 83010-1-B-21 15.2 10.2 66 74 67
GC 83010-1-B-20 15.0 10.1 60 74 67
GC 83005-20-B-36 15.1 10.0 73 78 66
7016 (check) 15.1 10.6 39 75 70
NS #1 8.7 6.4 35 71 74

_LSD (0.05) 2.1 1.7 6.7 NS
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Labor-saving Tools for Vegetable Soybean

Summary

Cost of production and processing is a major problem for vegetable soybean. Peeling of the pod
to shelling the seed from pod is a tedious job. A simple wooden handle with a nail head on vne end
has been used to allow more efficient shelling of beans.

Presently, pods are stripped from tiie harvested plant individually. A wooden board with a *V’
slot mounted on a beneh has been developed to strip the pods from the whole plant in one operation.

Introduction

In vegetable soybean production, harvesting, stripping the pods from the plant. sorting and shelling
the beans from the pods are time-consuming, labor-intensive and expensive operations. Therefore,
attempts were made to reduce the labor cost through the development of simple tools using locally
available materials.

Materials Needed

The following materials were used: wooden board, 1.5 em thick and about 40 cm long. wooden
bench and a 3-5 cm nail.

Vegetable soybean pod splitting tool. A 12-cm fong and 1.5-cm thick round handle was
prepared. At one end of the handle, a 3.5-cm flat head nail was driven in. The bead of the nail was
used 1o open the pod instead of tedious and painful manual labor. Figure 7 shows the details of the
low-cost toal.

Vegetable soybean pod stripping tool. A wooden board. 1.5-cm thick and 36-cm long
is cut on cither side (Fig. 8). At the middle from the top, the board is cut at a slanting angle of 5
¢m depth to form a hopper. From that position a * V' shaped slot is made to give a 20° angle at another
5 ¢cm depth (Fig. 8). The plants with pods are inserted with the root end towards the operator and
the pods and leaves away from the operator and outside the slot. A wooden board is simply placed
in front to hold the pods and leaves outside. The operator sitting on a bench pulls the plant through
the hole. All pods and feaves are stripped in one operation. The pods and leaves are thrown into a
blower, which are then collected separately. A laborer can strip about 250 plants in one hour. Normally
with traditional handpicking. he can strip only about 30 1o 40 plants/hour.

Wooden round handle with nail

$————— lron noil: 1.5’

Fig. 7. Vegetable soybean pod splitting tool. Fig. 8. Vegetable soybean pod stripping tool.
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Breeding for Soybean Rust Tolerance

Summary

The F; between PI 459025 (a rust resistant accession) and AGS 129 was backcrossed four times
to AGS 129 and all progenies from different backeross generations except BCz and Fa and F3 were
evaluated for soyoean rust tolerance. Out of 1,439 pedigrees evaluated, 375 were selected based on
seed filling, yield and percent rust infection. All selected entries will bz evaluated in a replicated trial
in 1989. Severe rust infection resulte in plants with empty pods. The frequency of such plants in
the inbreeding generation was as high as 10%. Among AYT-1 and AYT-2 entries, SRE-C-56A had
the best rust tolerance but not the best yield under favorable environment. But it had a low stable
yield of 2.0 t/ha. The tolerance was due to low rust infection consistent across scasons and years.
A soybean rust-tolerance incex (RTI) was proposed. RTI was defined as the ratio between the yield
without fungicide and with fungicide expressed in percent.

Introduction

Soybean rust caused by Phakopsora pachyrhizi Syd can reduce yield up to 90%. Four monogenic
resistant genotypes were identified and reported (Hartwig 1986)°. All were susceptible to Taiwan
isolates of the fungus. The strategics used and the progress attained in developing soybean rust tolerant
selections are presented in this report,

Materials and Methods

In 1984, the light green seeded PI 459025 from China was identified to be almost immune to
soybean rust. At that time AGS 129 was rated as moderately tolerant. Since it was high yielding and
resistant to bacterial pustule, it was crossed with PI 459025. The F2 generation was planted along
with the parents during 1987 autumn. The F| was also backcrossed up to four times to AGS 129 to
recover the desirable characters of AGS 129. Each backcross population was planted in autumn 1987
to compare differences in yield and rust tolerance between different levels of backcrossing. In autumn
1987, sclected single plants were harvested from each generation. A plant was selected based on seed
filling on the pod, despite severe rust infection, compared to the parents. Rust severity, yield per
plant and days to maturity were recorded.

In spring 1988, all progenies from autumn 1987 were planted in 3-m long rows along with the
parents and the check varieties TK #5 (susceptible), PI 230970, PI 230971, TN #4 and Pl 459025
(resistant/tolerant checks).

In autumn 1987, 57 BC:F,. 60 BCFz, 534 F2, 765 BC3F; and 23 BC4F, plants were selected.
The mean yield of cach population was determined. They were planted in spring 1988. Selection in
spring was based primarily on percent of plants without any or with very few pods, percent of rust
infection and seed weight per plant. Mean sced weight per plant for cach population was also determined.

Advanced yicld trials I and I in autumn 1987 and spring 1988 were conducted using a split plot
design in four replicates. The main plots consisted of fungicide treated and nontreated plots, and the
sub-plots. the genotypes. Both AYT-I and AYT-II were planted on 9 February 1988.

Both segregating generation plots and the AYTs were inoculated with a rust spore suspension
cight times, 22 and 30 March, 5,7, 11, 13, 26 and 28 April. For the fungicide-treated plots, Dithane
M-45 was sprayed on 23, 30 March, 8, 28 April and on 12 May. Bayleton was sprayed to protect
the plants from rust.

Resuits and Discussion

A varying number of selections were made in different backcross generations and in the Fa.
Selection differential for yield per plant was highest in BC|F; but the number of selections was low;
15% of the plants were selected (Table 19).

"Hunwig, E.E. 1986. ldentification of a fourth major gene conferring resistance to soybean rust. Crop Science. 26(6): 1135-1136.
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The mean percent rust infection in selected plants was generally low except for BCsF which
was almost similar to that of the original population (Table 20).

Similarly, the percent of plants with empty pods was considerably reduced in all selected populations
except the BCiFy generation (Table 21). Further selection in BC\Fy generation would rectify this
discrepancy.

The mean yield of selections from ihose planted in spring was generally higher than that of the
original population from which they were obtained (Table 22).

All selected entries will be evaluated in a replicated trial in 1989 o compare the performance
of the selection from different generations.

In the F2 and various backeross generations there were plants without pods or pods without seeds
due to severe rust infec.don, It appeared that a population of selected plants had the ability to produce
pods and fill them properly with sceds.

In subsequent generations, the plants without pods and those without seed will be investigated
against rust infection.

In AYT-1, SRE-D-14B was highly tolcrant to rust infection and had high yield potential (Table 23).

From AYT-2. GC 00062-107-6 exhibited high yield potential with 45% rust in the treatment without
fungicide (Table 24).

The differences in yield between fungicide-treated and nontreated plants and genotype X fungicide
treatment interaction were significant during autumn and spring 1987 respectively. AGS 129 and G
9947-21-9 in AYT-1 and SRE-C-35A, AGS 129 und SRE-D-14 B in AYT-2 appeared te be the most
tolerant to rust (Figs. 9, 10). SRE-C-36A also had high vield in both fungicide-treated and nontreated
plants.

Table 19. Variation in mean yield per plant of selections from different generations in soybean
rust resistant crosses in autumn, 1987,

No. of Mean yield of Population Selection

Cross no. selections selections Mean Count differential
GC 86002 (BCiF1) 9 19.7 + 4.1 116 + 5.2 57.0 8.1
GC 87001 (BCaFy) 5 136 + 2.2 11.2 + 3.7 23.0 2.4
GC 86059 (BCiF2) 12 154 + 3.4 11.7 + 48 60.0 3.7
GC 86001 (Fo) 135 139 + 3.7 10.0 + 4.2 5340 3.9
GC 86004 (BC3F)) 114 126 + 29 91 + 34 765.0 3.5

Table 20. Variation in percent rust of selections from different generations in soybean rust resistant
crosses in spring, 1988.

No. of Mean % rust Total Population Selection
Cross no. selection in selections no. Mean Count differential
GC 86002 9 478 + 5.8 57 518 + 7.6 19.0 -4.0
GC 87001 5 510 ¢ 3.7 23 505 + 3.3 11.0 0.5
GC 86059 12 496 + 6.6 60 i1+ 60 27.0 -1.5
GC 86001 135 474 + 72 534 48.1 + 7.3 246.0 0.7
GC 86004 114 442 + 58 765 466 t+ 6.1 323.0 -2.4

Table 21. Variation in percent empty pod of selections from different generations in soybean
rust resistant crosses in spring, 1988.

No. of Mean % rust Total Population Selection
Cross no. selection In selections no. Mean Count differential
GC 86002 9 10.1 + 13.2 57 9.4 1 207 19.0 0.7
GC 87001 5 86 + 913 23 30.6 + 26.5 11.0 -22.0
GC 86059 12 86 + 95 60 230 + 220 27.0 -14.4
GC 86001 135 111 + 127 534 20.7 + 195 246.0 -9.6
GC 86004 114 50 t 7.6 765 153 + 186 3230 -11.3
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Table 22. Variation In mean yleld per plant of selections from different generations in soybean rust
resistant crosses in spring, 1988.

. No. of Mean % rust Total Population Selection
Cross no. selection in selection. no. Mean Count ditferential
GC 86002 ] 94 + 15 57 94 + 15 19.0 0
GC 87001 5 70 £+ 03 23 69 t 04 11.0 0.1
GC 86059 12 105 + 1.8 60 99 t+ 1.6 27.0 0.6
GC 86001 135 121 + 1.4 534 114 + 15 246.0 0.7
GC 8€004 114 83+ 1.0 765 79 + 1.0 323.0 0.4

Table 23. High yielding lines seiected from AYT-1 In spring, 1988,
Yield (t/ha) Days to maturity 100-seed wt. (g) Rust lesion (%)

Entry with without with without with without with without

fungicide fungicide fungicide fungicide
SRC-D-14A 3.0 1.8 113 105 25,2 20.6 19 50
GC 82i16-43-9-9 29 1.5 107 102 18.9 14.4 22 54
SRE-D-14B 2.8 19 103 100 25.1 20.6 26 48
GC 06002-100 2.7 1.2 114 107 20.7 16.0 19 50
GC 60020-8-7-7-18 2.7 1.2 104 97 21.4 14.2 19 62
AGS 129 (check) 3.0 1.6 112 104 17.8 12.0 30 43
AGS 302 (check) 2.7 1.7 109 105 22,0 18.8 22 49
OCB (check) 2.4 1.0 100 96 22.3 15.9 22 62
Mean of 14 entries 2.7 1.5 108.2 102.9 20.2 15.6 21.8 50.6
LSD (0.05) 0.3 0.2 3.8 35 2.4 1.7 7.0 11.3

Table 24. High yielding lines selected from AYT-2 In spring, 1988.

Yield {t/ha) Days to maturity 100-seed wt. (g) Rust lesion (%)

Entry with without with without with without with without

fungicide fungicide fungicide fungicide

GC 81090-48 3.1 1.8 117 106 20.0 14.8 10 46
GC 00052-107-6 3.0 2.0 117 106 18.4 14.0 8 45
GC 81075-10 2.8 1.9 111 106 18.0 14.0 11 39
GC 81075-72 28 1.4 112 106 15.4 12.9 10 43

-39-2 2.8 1.6 103 98 16.8 12.2 15 70
AGS 129 (check) 3.0 1.6 114 106 17.9 12.4 14 38
AGS 302 (chiack) 2.7 1.9 108 106 226 19.5 13 44
Mean of 14 entries 2.8 1.5 111.0 104.4 19.2 145 115 51.1
L3D (0.05) NS 0.3 2.6 1.3 7.1

Again in 1988, SRE-C-56A was the most rust-tolerant in AYT-1. SRE-D-14B was also equaliy
good (Fig. 17). In AYT-2 (spring 1988) AGS 302 and G 81090-72-7 were the best rust-tolerant varieties
(Fig. 12),

There were nine entries common to spring and autumn 1987 and spring 1988. An analysis of
nine entries was conducted in three seasons. Results showed that SRE-C-56A had the least rust infection
of 20% and SRE-D-14A and SRE-C-56A gave yields of 2.4 t/ha and 2.3 t/ha respectively.

In spring 1987, the average yield was 2.3 t/ha while in spring 1988, it was 2.1 t/ha. In autumn
1987, it was 2.1 t/ha. In 1987, rust infection was milder whereas in spring 1988, it was rather severe
(Table 25). However, SRE-C-56A had consistently low percent of rust infection in all treatments and
in all scasons. Yield was also stable but at a lower level (Table 25). The interaction between seasons
was primarily due to variation in the degree of rust infection in addition to variation in environmental
factors. As a result, the ranking of yield of entries with fungicide and without fungicide treatment
and yield reduction due to rust was significantly affected (Table 26).

The soybean rust-tolerance index indicates the tolerance level in a genotype. Soybean rust primarily
affects 100-seed weight and yield. Therefore, the rust-tolerance index may consider either 100-seed
weight or yield.
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Fig. 12.
) . Yield differences between gentoypes with and
° w/0 rust w7 tust without fungicide treatment, AYT-2, spring,
w / fungicide w/o fungicide 1988.

Table 25. Percent of soybean rust infection in nine selections in three seasons.

Percent rust

Variety 87 SP? 87 AU 88 SP

wrY WOF WF WOF WF WOF
GC 60020-8-7-7-18 0.6 275 9.4 84.3 18.6 62.0
GC 82146-4-3-9-9 0.7 27.7 6.8 81.0 21.7 53.9
G 9947-219 0.5 14.6 5.7 78.2 31.0 64.9
GC 0002-100 0.7 43.1 7.7 89.3 19.1 498
GC 00138-29 0.9 335 5.7 76.4 18.5 436
SRE-B-15C 0.4 36.4 5.4 79.7 16.1 38.6
SRE-C-56A 0.6 22.4 5.7 39.4 17.7 34.7
SRE-D-14A 0.6 27.8 5.8 84.8 18.7 49.7
SRE-D-143 0.6 17.3 6.1 76.8 26.5 48.5

"WF = with fungicide. WOF = without fungicide. Ysp = spring season. AU = autumn season.

Yield (or) 100-seed weight WOF x 100

Yield (or) 100-seed weight WF

The higher the RTI, the better the rust tolerance is.

RTI using 100-sced weight did not give the irue picture of the tolerance level (Table 27) but RTI
using yield showed the soybean rust-tolerant genotypes rather well. A similar drought-tolerance index
was proposed and used in wheat by Fischer and Wood (1979)*. Rust-tolerance index for AYT-1 and
AYT-2 in spring also indicated a quantitative measure of rust tolerance (Tables 27 and 28).

Rust tolerance index (RTI) =

JFishcr. R.A. and J.T. Wood. 1979. Drought resistance i spring wheat cultivars. 11 Yield association with morpho-physiological traits. Aust.
J. Apric Res. 30:1005-1020.
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Tabie 26. Yield ranking and yield loss due to rust infection in nine selections In three seasons,
1987 and 1988.

Yield (t/ha) (rank)

Variety 87 sF 88 SP 87 AU
WF WOF Yield WF WOF Yield WF WOF Yield
reduction reduction reduction
GC 00002-100 3.3 1.5 1.9 2.7 1.2 1.5 2.2 0.7 1.5
(1) (9 (1) (4) (9) (1) (9) 9) (2)
GC 00138-29 3.3 1.9 1.3 2.7 1.5 1.2 2.7 1.6 1.1
(2) (5) (2) (6) (7) (5) (5) (5) (5)
SRE-D-14A 3.1 2.2 0.9 3.0 1.8 1.3 2.7 1.3 1.3
(3) (1) (4) (1) (3) (4) (4) (7) (4)
GC 82146-43-9-9 2.9 1.8 1.0 2.9 1.6 1.3 3.0 1.6 1.4
(4) (6) (3) (2) (6) (3) (2) (3) (3)
GC 60020-8-7-7-16 2.6 1.7 0.9 2.7 1.2 1.5 2.8 1.3 1.5
(5) (8) (5) (5) (8) (2) (3) (8) (1)
SRE-B-15C 2.5 2.0 0.4 2.5 1.6 0.9 2.4 1.4 1.0
(6) (4) (2) (8) (4) (8) (7 (6) (6)
G 997-21-9 2.3 1.7 0.5 2.7 1.6 1.1 2.3 1.6 0.7
(7) (&) (6) ("N (5) (6) (8) (2) 9)
SRE-D-14B 2.2 2.0 0.1 2.8 1.9 0.9 2.5 1.6 0.9
(8) (3) (8) (3) (2) (7) (6) (4) (2)
SRE-C-56A 21 2.1 0.0 2.4 2.1 0.4 29 2.1 0.8
(9) (2) (9) (9) (1) (9) (2) ("} (8)

WF = with fungicide. WOF = without fungicide.

Table 27. Soybean rust tolerant index using 100-seed welght and yleld, AYT-1 spring, 1388,

Entry RTI (100-seed weight) RTI (yield)
SRE-D-14A 83.3 58.4
AGS 129 115.7 55.3
GC 82146-43-9.9 108.9 54.1
SRE-D-14B 74.9 68.8
AGS 302 04.5 62.0
GC 00002-100 71.0 454
GC 60020-8-7-7-18 52.3 46.1
GC 00138-29 78.3 57.0
G 9947-21.9 92.5 57.9
269 60.1 46.5
Pl 379618 92.0 52.9
SRE-B-15C 77.6 64.8
SRE-C-56A 64.8 85.0
ocB 71.0 41.3

Table 28. Soybean rust tolerant index for AYT-2, spring 1988.

Entry Rust-tolerance index (yield)

AGS 302 69.1
GC 00062-107-6 66.5
GC 81075-10 65.8
GC 81090-72-7 64.7
GC 81085-11 59.5
GC 81020-48 57.8

-39-2 56.3
AGS 129 54.6
GC 81075-72 49.9
GC 81083-42 48.3
GC 81079-12 47.5
GC 00062-31 425
GC 00097-56-6 41.7

GC 81083-42 39.7
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Breeding for Bacterial Pustule and Downy Mildew Resistance

Summary

From 795 pedigrees selected in summer 1987, 116 were screened based on bacterial pustule
resistance, seed yield and downy mildew resistance. Screening during the 1988 summer confirmed
that of the 116, 11 were highly resistant to bacterial pustu’e while the rest were moderately resistant.
Among highly resistant selections GC 86026-48, (AGS 29 X AGS 269) yielded 4.1 t/ha. These 11
selections will be further evaluated in various locations.

Introduction

Bacterial pustule caused by Xanthomonas phaseoli var. sojensis is a serious disease during the
warm and rainy season, whereas downy mildew whose causal agent is Peronospora manshurica is
severe during the cooi dry season. Resistance to bacterial pustule has been reported to be governed
by a recessive gene ‘rxp’, while resistance to downy mildew has been reported to be governed by
a dominant gene ‘Rpm’. Several races of downy mildew pathogen have been reported.

The AVRDC soybean program aims to incorporate the genes for resistance to all diseases wherever
possible. A number of AGS lines with high yield potential lack resistance to bacterial pustule,
downy mildew or botk. Therefore, a series of crosses were made with selected high yielding
AGS lines and the resistant germplasm and selections for resistance were made in the inbreeding
generations.

Materlals and Methods

All yield trial entries were planted separately in 1-m long rows with two replications. Entries
were inoculated artificially with bacterial suspension in summer. Downy mil.ew infection was allowed
to occur naturally in spring. The check cuitivars, Shih Shih (resistant to dowiny mildew but susceptible
to bacterial pustule), AGS 129 (susceptible tc downy mildew but resistant to bacterial pustule),
G8190 and CNS (resistant to bacterial pustule) were planted on every fifth rov. for comparison. Details
of bacterial pustule inoculation and the rating system are presented in the plant pathology section of
the report.

Ou: of 795 pedigrees obtained from 20 crosses in summer 1987, 116 were selected based on their
yicld and planted during spring. These 116 entries were again planted in summer 1988 in a preliminary
yield trial. These were also independently planted in a disease screening field and artificially inoculated
with bacterial suspension. The disease screening procedure and results are discussed in the plant
pathology section. Along with the selections, AGS 129, AGS 302, G 8190, CNS and Shih Shih were
planted as chcg:ks for comparison. An 11 X 1 lattice design with two replicates was used: plot size
was 3 X 2 m°.

Results and Discussion

Results of thz yield trial are reported in the yield trial section.

Of the 795 pedigrees selected in summer 1987 based on single plant yield, 116 were sele~ted
from 20 crosscs (Table 29). The selection differences varied from 9.2 to 22.7 g.

Among 116 pedigrees evaluated, 12 were confirmed highly resistant to bacterial pustule in summer.
The mean yield of 121 entries evaluated was 2.4 t/ha while that for 11 selections highly resistant
to bacterial pustule is also 2.4 + 0.7 t/ha. Among them, GC 86026-48 (AGS 29 x AGS 269) had
the highest yield of 4.1 t/ha in 97 days. The yield, days to maturity and 100-seed weight of 11 selections
arc given in Table 30.
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Table 29. Selection of bacterial pustule-resistant superior pedigrees from 20 crosses.

Cross Pedigree No. of Mean SW/ Mean + Selections Selection
no. pedigrees plant (g) 1SD No. Mean differential
86021 AGS 8 x AGS 129 23 37.26 45.30 4 508 + 3.3 135
86022 AGS 8 x AGS 269 29 31.79 43.85 4 545 + 8.7 227
86023 AGS 17 x AGS 129 51 30.55 38.80 6 445 t+ 4.3 13.9
86024 AGS 17 x AGS 269 26 33.81 47.16 6 53.1 + 65 19.3
86025 AGS 29 x AGS 129 50 29.20 39.19 6 453 t+ 82 16.1
86026 AGS 29 x AGS 269 51 31.86 41.64 8 499 1 54 18.0
86027 AGS 66 x AGS 129 63 28,97 37.09 7 414 + 48 12.4
86028 AGS 66 x AGS 269 57 28.46 36.37 10 412 + 40 127
86029 AGS 85 x AGS 129 40 31.00 38.84 8 425 + 29 11.5
86030 AGS 85 x AGS 269 21 30.95 43.19 3 53.7 + 83 227
86031 AGS 95 x AGS 129 31 34.74 4237 8 440 + 09 9.2
86032 AGS 95 x AGS 269 27 30.37 39.52 5 460 + 5.2 15.6
86033 AGS 121 x AGS 129 33 36.03 47.64 7 544 + 63 18.4
86034 AGS 121 x AGS 269 34 3491 44,57 6 49.7 + 3.0 14.8
86035 AGS 144 x AGS 129 28 37.29 47.74 4 568 + 76 19.3
86036 AGS 144 x AGS 269 20 30.15 42.74 4 490 + 4.2 18.8
86037 AGS 157 x AGS 129 17 32.65 41.44 4 463 + 6.0 13.6
86038 AGS 157 x AGS 259 29 34.03 42.48 5 465 + 35 12,5
86C39 AGS 162 x AGS 129 32 39.00 48.96 5 536 + 76 14.5
86040 AGS 162 x AGS 269 19 43.47 57.36 6 610 + 9.2 17.5

Table 30. Yield, days to maturity and 100-seed welght of highly bacterial pustule-resistant
selections in summer, 1988.

Entry Yield Days to 100-seed Bacterial®
(t/ha) maturity weight (g) pustule resistance

GC 86026-48 4.1 97 15.9 HR
GC 86026-23 2.7 97 18.8 HR
GC 86022-17 2.6 97 17.0 HR
GC 86029-30 26 96 15.6 HR
GC 86032-18 25 97 16.8 HR
GC 86040-1 2.4 97 15.9 HR
GC 86028-4 23 93 18.1 HR
GC 86026-51 23 98 16.2 HR
GC 86040-9 23 a8 15.9 HR
GC 86028-14 1 97 17.5 HR
GC 86032-17 1.7 97 16.5 HR
GC 86022-12 1.3 96 15.2 HR
CNS (check) 1.9 88 12.4 MRG
8190 {check) 1.4 92 13.5 HR
AGS 302 (check) 0.9 98 20.7 MS
Mean 2.2 95.7 16.4

cv 26.71 1.42 6.14

LSD (0.05) 1.25 291 2.15

MR = moderately resistant; MS = moderately susceptible; HR = highly resistant.

International Cooperation

Summary

A total of 13 ASETs and 1,924 seed packets were distributed to 105 cooperalors in 45 different
countries. Fifty-six scientists from 29 countries expressed interest in the AVRDC vegetable soybean.
AVRDC breeding lines appeared promising in Burma, Ethiopia, Liberia, Malaysia, Nepal, the
Philippines and Zaire. Seeds of several AVRDC vegetable soybeans are multiplied in Sri Lanka for
farmers’ adoption. AVRDC assisted Korea in its soybean generation advance and seed multiplication.
Newly released vegetable soybean, KS #1, is planted to 51% of the vegetable soybean area and grain
soybean KS #10 and Tainan No. | together occupy 50% of the total grain soybean area in Taiwan.


http:86032.18
http:86029.30
http:86022.17
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Introduction

AVRDC research results and genetic materials reach the small farmers through coltaboration with
the national programs. At the request of the national program scientists. AVRDC provides the improved
clite germplasm and breeding lines for evaluation by the national program. The results and comments
of the scientists on the evaluation of hreeding lines are presented here.

Germplasm Distribution and Evaluation Trials

Scientists from 10 countries requested 13 ASETs. A total of 969 AGE lines. 694 pedigrees
or populations and 231 accessions were sent to 103 cooperators in 43 countries Fable 31). Since
INTSOY terminated 1ts production research and discontinued distribution of sovhean trials and 1A
confined its research activities to Africa, requests for rescarch matenals from AVRDO increascd
significantly.

The announcement of the release of vegetable soybean variety Kaohsiung No. 1 (AVRDC AGS
292) by Kaohsiung DAIS created significant interest among soybean scientists around the world, A
total of 56 scientists from 29 countries requested seeds of Kaohsiung No. 1 Sixteen scientists from
21 countries were also sent the two local vegetable sovbeans, Ace. G 9953 and G 10134,

ASET Results

Although the ASETS are sent yearly, due to different planting dates in ditterent countries, the
results are received at different times. During 1988, results of two trials conducted in 1985, four
in 1986 and seven in 1987 ASET were received from nine cooperaters in cight countries.

Brazil

In Brazil at 25°S latitude. AGS 124 (Clark x CH#3). AGS 217 (Clark 63 x Pl 248407) and
AGS 270 (Selection from PK 7394) did well as the local cheek varieties. However, maturity duration
was more than 120 days for all entries, including the local checks. AGS 124, AGS 217 and AGS
324 appeared resistant to Pseudomonas syringae and Septoria leaf spot. AGS 160, AGS 208 and AGS
217 had no purple sced stain while AGS 124 had some discase.

AVRDC released the seeds to scientists one year later from the quarantine office in Brazil. The
cooperator noted that the germination and plant stand were not satisfactory.

Burma

From the trial planted on 26 January in Burma. AGS 268 (sclection from Siatsa 194) and AGS
147 (Shih Shih x SRF 400) yiclded 1.6 and 1.4 t/ha compared to the local check's 0.5 t/ha. All
matured in 82 days. OCB from Thailand matured 18 days carlier than the cheek variety and yviclded
0.9 t/ha which was at par with the local check.

The coefficient of variation for yield was 51.5%. 65.7% and the R® was only 0.36. 0.7Y for the
January and May crop, respectively. The major problem in this trial was plant population density,
There were significant differences between varicties on the number of plants harvested . Another problem
reported was rat damage.

Ethiopia
AGS 129 (Shih Shih x SRF 400) was at par with one of the local checks, *Celeste”, but yicided

significantly by higher than the other check, *Williams™. AGS 160, AGS 162 and AGS 217 were
susceptible to shattering,
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Table 31. Distribution of AVRDC Soybean Evaluation Trial (ASET) and other enhanced germplasmw
to national programs in different countries, 1988.

Type of seed sent

No. of
Country cooperatoi s ASET AGS GC Accessions
lines pedigrees

Australia 3 4 2
Belgium 1 3 2
Brazil 1 1
Brunei 2 1 3 1 4
Burundi 1 10
Colombia 1 1
Costa Rica 2 4 2 2
Dominican Rep. 1 1
Ecuador 3 2 12
Ethiopia 1 3
France 3 13 4
Gambia 1 1
Ghana 1 1
Guatemala 1 2
india 10 105 5 25
Indonesia 4 90 7 17
Iran 2 1 1 2
Iraq 1 9 1
Japan 1 24 6
Korea 4 6 193 24
Lesotho 1 2 2
Madagascar 1 2 3 45
Malawi 1 7 1
Malaysia 4 3 6
Maldives 1 2
Mauritius 1 2 2
Mexico 1 1 1 3
Nepal 1 4 3 29
Nigeria 3 10 2
Pakistan 3 2 146 4 2
Papua New Guinea 1 5
Philippines 9 2 17 2 4
Saipan 1 2 2
El Salvador 1 8
CJaudi Arabia 2 1 3
Singapore 1 18 2
Solomon Islands 1 14 6
South Africa 1 1
Sri Lanka 2 10
Sudan 1 1
Swaziland 1 1
Taiwan 6 114 14 7
Thailand 4 264 9 13
US.A. 9 31 448 10
United Kingdom 1 2 6
Vanuatu 1 4
Yugoslavia 1 30

Total 105 13 999 694 231

Irag

AGS 275 (sclection from Duocrop) was comparable in yield to the local check Lee. AGS 242
(Shinsei x P! 248407) and G 2261 (Tainung #15) were susceptible to shattering.

Janan

Dr. T. Yoshida evaluated 16 AVRDC breeding lines for possible adoption in Japan. Among them,
10 lines gave 4.0 to 5.2 t/ha grain yield. However, only six lines had 100-seed weight of more
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than 35 g. The yiclds of those with large seeds were not as high as the others. GC 84144-P-1-2-11
with 37.5 g (100-seed weight) gave the highest yield of 2.32 t/ha. Japan requires large seeds and
high yield.

Korea

AVRDC assisted in advancing the generation of Korcan breeding lines and multiplied the seed
of advanced lines in spring. A total of 353 entries with sceds weishing 54 kg were shipped to Korea
in May-June 1988.

tiberia

Of nine AVRDC entries tested. six significantly outyielded the two local check varieties. Compared
to 2.0 t/ha yicld of local varicties, six entrics gave 2.9 10 3.5 t/ha. The results implied that Liberia
has very good potential to produce soybean.

Malaysia

Mr. Tan Teo Soon and Mr. Yeong Chin Sheong evaluated four vegetable soybean varicties which
were harvested as dry soybean. AGS 190 gave 3 t/ha with a 100-seed weight of 35 g. The next highest
yielder was G 9053 with 1.8 t/ha and 100-sced weight of 37 g. G 10134 produced the largest sced
with a 100-sced weight of 43 g. Since harvesting coincided with rainfall seed quality was poor. These
varieties will be reevaluated in 1988-89. AGS 190 appeared promising.

Nepal

AVRDT entries were included for evaluation in a number of trials conducted in Nepal.

The cooperator, Dr. M.P. Bharati reported the results of soybean rust screening at Khumaltar,
Among 11 lines examined, PI 230971, TN #4, PI 200492 and PI 459025 did not show :ny soybean
rust symptoms. PI 339771B and PI 459024 had RB type rust lesion while others had TAN type rust
lesion. Results suggested that at least three races that attack PI 200492, PI 230971 and PI 459025
« 2 not present in Nepal. The Indian race which attacked Ankur is present in Nepal.

Mrs. S. Joshi screened 3¢ AVRDC entrics and two check varieties, Wayne and Wills, for soybean
rust, bacterial pustule and frog eye leaf spot in June. 1988. Results showed that PI 200490 and PI
200492 were resistant to soybean rust. None of the diseases was observed on Wayne, PI 200488 and
Pl 224268.

Philippines

AGS 29 (Clark 63 x 64-64) yiclded significantly higher than the check IPB SY2 138-29. G 2261
inatured 13 days carlier than the check but attained similar yield. However, in another trisl conducted
by the same cooperator in Ilagan, Isabela during *he same planting date there was o significant
difference in yield between the entries. In one: trial, the check vielded 1.6 t/ha. In another trial it
gave 2.6 t/ha.

In a trial conducted @t Mindanao State University in General Santos city, AGS 304 & [(G2120
Ms (37-1)1, AGS 208 (KS 473 x Unknown), OCB, AGS 299 (Clark 63 x TN #4) and AGS 129
outyielded the two local check varieties. The first three varicties also matured 20 days carlier than
the checks.

At Los Banos, Laguna, POP conducted wet and dry scason trials. During the wet scason, AGS
208, AGS 147 and AGS 129 outyielded the check UPL SY 4 but only AGS 208 outyiclded BPI SY
4. Among them, AGS 147 and AGS 129 weie {ree from bacterial pustule; AGS 208 was susceptible.
During the dry season. there were no significant differences between entries. Also, leaf rollers and
mites were serious problems. The problem of plant stand was more severe during the dry season than
wet scason and there were significant differences in the number of plants harvested between varieties.
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Preliminary results from Nestle Co. in Manila showed that AGS 217 and AGS 270 outyielded
14 other entries and checks UPL Sy-2 and SJ-4.

Data from four sites were used to determine th: stability of different genotypes. The mean yield
per site was regressed over the vield of individual varieties. Results suggested that AGS 208 and AGS
269 were above the population mean in both low and high yielding environments. AGS 269 ard AGS
208 are well adapted to all environments. OCB appeared to have above average stability and is adapted
todow viclding environment. However, OCB s vield potential under high yielding environment appeared
to be lower

Sri Lanka

About 80 Kg sceds of six vegetable sovbean entries were provided to Plenty Canada in Sri Lanka.
M-S Wasantha Chithral® (1988) reported that AGS 163, AGS 165. AGS 184, AGS 190, AGS 191
amd AGS 185 were most promising frreen bean ~eld varied from 4 110 9.4 t/ha in Maha season.
Matority ranged from 69 10 72 davs

Syria

AGS 2420 AGS 29 and AGS 129 vielded 2.4 10 2.9 t/ha in about 154 to 168 days. AGS 129,
AGS 245, AGS 275, G 2261 and AGS 261 shattered badly. The maturity of AVRDC entries was
o long for Svria at 36°67'N latitude. AVRDC will instead provide carly maturing selections.

Taiwan

Kaohsiung No 10 (AGS 129) released in 1985 is planted in 3,690 ha (41% of the total soybean
arca). Tainan No | released in 1986 is planted in 800 ha which is 9% of the total area. Kaohsiung
No. I vegetable sovbean (AGS 292 released in 1987 oceupies S1% (3,919 ha) of the total area planted
to vevetable sovbean.

Zaire

Yields in general for all entries were low. The seeds sent in October 1986 were planted in September
TORT. As aresult, germination was poor and plant stand was irregular. Sandy soil could not conserve
the sparse ratns during the trial, thus resulting in poor yield. Yield varied from 0.2 t/ha for the IITA
lines (cheek) o 0.4 t/ha tor AGS 65 (66-D-20 x CH #2) but the differences were not significant.

5(."hi(hrul. G.M.W 1988, Green soya beans. Soyanews 10(2):3.
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Screening of Breeding Lines for Beanfly Resistance

Summary

Three hundred and six advanced soybean breeding fines (AGS lines) were sereened in the
areenhouse for resistance to beanfly, Ophiomyia phaseoli. Twenty-six feast damaged lines were tested
in the field by planting them under a large cage and releasing a large number of laboratory-reared
beanfly adults. AGS 120 and AGS 122 were least damaged. AGS lines will be sereened again and
their resistance mechanism will be further studied.

Introduction,

The beantly. Ophiomyia phaseoli Cl'rvony (Diptera: Agromy zidaey, is a destructive and widely
distributed insect pest of economically important tood fegumes in tropical and subtropical Asia, Africa.
Awstralia and Oceanta, In soybean, the tnsect larva bores into the stems of young plants which resulis
1 plant mortality or severe reduction in growth and vield hike in Indonesia and the southern part of
Vietnam. This insect causes serious damage to mungbean and snapbean in Taiwan, but does not infest
soybean at seedling stage. Inlate 1987, however, a mass rearmy technigue was developed in AVRDC
which enabled the sereening of soyhean germplasm for resistance to O, phaseoli. In 1988, all AVRDC
AGS lines were sereeined.

Materials and Methods

Al 306 AGS lines were given a preliminary screening in the greenhouse. Seeds of 910 10 AGS
lines and one susceptible check, TK-5, were planted in clay pots with four pots per entry. Ten plants
were raised in cach pot. Pots were placed randomly in the greenhouse and covered with a nylon net
cage. Soon after emergence. 800 labaratory-reared O. phaseoli adults were released inside the cage.
Four days later, the number of eggs laid in cotyledons and untfoliate feaves were recorded. Mortality
rate was recorded after three weeks. Fach plant was cut open and the number of pupaein every plant
was recorded.

In second screeming, 26 least damaged AGS Iines were selected from the preliminary screening
and planted in the tield under a large walk-in screen cage. Seeds of cach AGS line were sown as
a single row on a0 75 mwide bed. Soon after gernvination, twice or thrice a week. a large number
ol fuboratory reared O phascoli adults were released. At 24 and 35 days after emergence. 25 plants
fromy cach plot were cut open and the number of beanfly larvae and pupae and plants with beanfly
damage were recorded. Using a statistical procedure, these entries were classified highly resistant,
moderately resistant, having low resistance. susceptible and highly susceptible.

Results and Discussion

Eight hundred beanfly adults were released in cach test. Nine or ten eatries and one standard
susceptible check were used. Insect infestation and plant mortality varied among individual tests. This
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prompted the selection of 26 AGS lines, for further testing in the field. In the preliminary tests, only
10 showed significant positive correlation between the number of eggs laid in each plant and plant
mortality rate. Thus, although number of eggs laid per plant seems the easiest and most time-s.zving
criterion, it cannot be reliably used in selecting beantly resistant cultivars. Therefore, plant mortality
rate was used as the sole criterion in the selection of resistant entry.

The purpose of the second test was to determine the stability of resistance and select the most
promising lines under ficld conditions. The reactions of the AGS lines varied considerabiy. Many
entries that were jeast infested in the greenhouse were damaged considerably in the field. However,
AGS 120 and AGS 122 which had a low count of cggs laid in the greenhouse. had the least larvae
+ pupae in their stems and least number of plants damaged by beanfly in both observations. Thei -
performance is summarized in Table 1.

AGS 120 and 122 have good agronomic characters. Their resistance mechanism will be irvestigated
further in the greenhouse and in the field.

Table 1. Infestation of selected AGS lines by O. phaseoll under a net cage.

No. beanfly larvae Damaged plants
AGS lines + pupae/25 plants (%)
1st observ. 2nd observ. 1st observ. 2nd observ.
AGS120 1 1 27.8 27.3
A3S8122 2 1 22.2 20.8
AGS3? 11 9 85.7 88.9
AGS210° 12 19 82.4 87.5

ISusceptlbIe check lines.

Screening of Germplasm for Beanfly Resistance

Summary

In autumn-winier 1987-1988. 2,106 AVRDC soybean accessions during the past two to three
years were screened for resistance to beantly, Melanagromyza sojae. Three hundred accessions were
planted weekly in a nonreplicated trial and one-month old seedlings were evaluated for M. sojae
infestation. Based on the number of beanfly larvae + pupace lodged inside the plant, 80 accessions
were considered promising and will be screened again in the field in a replicated trial in 1989,

Introduction

Agromyzid flies, mainly Ophiomyia phaseoli (Tryon), O. centrosematis (de Meijere), and
Melanagron vwa sojae (Zehntner) (Diptera: A gromyzidae) are major pests in soybean and several other
cconomically important legumes in tropical and subtropical Asia, Africa and the Oceania. Flies lay
eggs in the foliage or stem and the larvae feed inside the stem and weaken the plant. In certain cases,
plant mortality may result. AVRDC aims to develop an integrated pest control based on host-plant
resistance. Toward this end. screening of soybean germplasm for resistance to beanflies, mainly M.
sojae, was conducted. However, no useful source of resistance was found.

Materials and Methods

A one-hectare field was alternately divided into 1.5-m wide insect source and 6-m wide varietal
test blocks. Two weeks ahead of planting the test accessions, soybean cultivar TK-5 was planted
in two rows of inscct source block. In test blocks, 300 accessions were sown once a week, with
20 to 30 accessions per block. Sceds were planted on top of 2. m long and 0.75 m wide single row
plots.
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Planting was done on schedule to test the first week's accessions in each block seeded adjacent to
the insect source block followed by each subsequent week’s planting in the neighboring ro'v. This
planting arrangement facilitated casy movement of beanflics from older to younger plants in close
vicinity.

Four weeks after germination, 10 plants from cach plot were uprooted and dissected. The number
of M. sojae larvac and pupac found in each plant was recorded. Plants with visible insect damage
but no trace of immature insect were also recorded.

Each week, the mean number of insects (larvae + pupae) found per 10 plant sample (or % damaged
plants) was subjected to statistical analysis based on mean and standard deviation (SD). The accessions
that had insect count (or % damaged plants) less than mean—2 SD were considered highly resistant
(FR); between mcan—1 SD and mean—2SD, moderately resistant (MR): between mean and
mean— 1SD, low resistance (LR); between mean and mean+ 28D, susceptible (S); and more than
mean +2SD, highly susceptible (HS).

Resuits and Discussion

Considering the significant positive correlation betwzen the number of larvae + pupae/plant and
percentage of damaged plants in past screenings, this tir.> only the number of larvae + pupae/ plant
was used in evaluating the germplasm. Distribution of germplasm into various resistance categories
is shown in Figure 1. Among the 2,148 soybean accessions screened, 80 were considered as HR,
283, MR; 669, LR: 815, S: and 301 HS. This was based on a nonreplicated one-season test. In 1988
to 1989, tiic 80 HR accessions will be screened in a multireplicate test in the open field for resistance
to M. sojae and O. phaseoli.
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Insecticide Screening for Beanfly Control
Summary

Among three inscct growth regulators tested for their efficacy against M. sojae on soybean,
cyromazine at the rates of 75 to 150 g Al/ha gave good control of the pest as the standard insecticide,
omethoate, at 500 g Al/ha. Cyromazine at 100, 125, and 150 g Al/ha gave significantly higher yield
than the control plot where no insecticide was applied. In a related but separate test, pyrazophos gave
practically complete control of M. sojae on soybean when the chemical was sprayed at the rate of
0.5 kg Al/ha per week during seedling stage.
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to plots treated with omethoate. Cyromazine was not effective in controlling Hedylepta indicata, a
leaf roller, whereas omethoate was effective. As a result, the yield under omethoate treatment was
comparable to that of cyromazine treatment despite relatively inferior beanfly control by omethoate.
Among four rates of cyromazine application, the lowest dose of 75 g Al/ha gave as good control
as the higher rates and the yield of the treatments was comparable. This dose, therefore, is suitable
for field use.

Results of the pyrazophos application in controlling beanfly are summarized in Table 3. This
fungicide gave excellent control of M. sojae in soybean. In the first observation at 26 DAE, all plants
in pyrazophos-treated plots were free of beanflies, whereas in untreated plots 22.25 larvac + pupae
per 30 plants were found. Similar efficacy was noted in the second observation, 12 days later. The
mechanism of action of this fungicide against beanflies, including the appropriate dosage required
to get an optimum control of beanflies will be studied in 1938-89.

Table 2. Evaluation of insect growth regulators In controlling beanflies In soybean.*¥

Rate No. beanfly maggots + Damageo/d plants Yield
Insecticides ke a.ifha pupae/30 plants %) t/ha
87/10/27 87/11/17 87/10/27 87/11/17
Cyromazine 10SL 0.1 10d 1.7 c 78.2 be 525 ¢ 2.5 abc
Cyromazine 10SL 0.1 25d 20c 71.7c 39.1d 25 ab
Cyromazine 10SL 0.1 1.2d 1.7¢c 725¢c 38.3d 2.7a
Cyromazine 10SL 0.1 0.7d 0.7c 65.0 ¢ 350d 2.7 a
BAS 206538 + 0.06 + 1.0 24.7Db 422 a 98.3 a 100.0 a 2.2 bc
BAS 09025v
BAS 206538 10€EC 0.1 28.2 ab 46.5 a 98.3 a 98.3 a 2.2 bc
BAS 166801 + cree 10 13.2 ¢ 19.2b 90.8 ab 75.8 b 2.2 be
BAS 0902S
BAS 166801 10EC 0.1 31.5a 46.2 a 925a 100.0 a 2.4 abc
Omethoate 50EC 0.5 9.5¢c 16.0b 57.5d 65.0b 27a
Control 29.5 ab 450 a 98.3 a 100.0 a 2.1c
‘Cultvar AGS 66  'Plantng date: 87/10/2.  “Insecticide sprayed: 87/10/8, 10/12, 10/14, 10/21, 10/28, 11/4,
11711, Harvest date: 88/1/11. Data shown are means of four replhcates. Meafs within columns are not significant'y different
ut 5% probability level according to DMRT. Destgn: RCBD. *Plot size: 10 m°. YAn adjuvant.

Table 3. Effect of pyrazophos on beanfly infestation in soybean by beanflles.”

Rate No. beanfly larvae Damaged plants
Treatment kg ______ + pupae/30 plants (%)
a.i./ha 88/8/5 88/8/17 88/8/5 88/8/17
Pyrazophos 30EC 0.5 00Db 1.2b 16b 14.1b
Control 222a 220a 88.3 a 825a

‘Cultvar: KS 9, Planting date: 88/7/1. Insecticides sprayed: 11, 15, 18, 22, 29 July, 5 August 1988. Plot size: 6 m* (1.5 x 4
m). Design. RCBD. Data are means of four replicates. Mears within columns are not significantly different at 5% probability level
according to DMRT

Biological Studies on Stink Bug, Riptortus clavatus

Summary

Certain biological studies were conducted to understand the life cycle, fecding and reproductive
behavior of a stink bug species, Riprortus clavatus. Duration of egg stage was reduced from 12.75
to 4.13 days and nymphal stage from 35.47 to 11.52 days both at 20°C and 35°C, respectively. Most
eggs were laid on lower leaf surface. The first instar larva did not feed but the next four instars fed
on suybean pods. The number of eggs laid was 28.67/female when the eggs were allowed to remain
and hatch on th2 plant but the number increased to 72.67/female when the eggs were removed every
day. Adults died 10 one week but lived for three weeks on soybean plants and four weeks when reared
on dry soybearn secds in the laboratory.
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Introduction

A stink bug species. Riptortus clavarus Thunberg (Heteroptera: Coreidae) is a serious pest in
cconomically important legumes, such as soybean and mungbean. Itis a pantropical insect and there
are very few biological studies about it. Information on its biology is helpful in developing a rational
control of the pest. Several biological studies were conducted in the past two summers at AVRDC.
A research study that was essential but could not be done in 1986 and 1987 was conducted in 1988.
The study covered the life cycele, oviposition, nymphal teeding habit and adult longevity of the insect.

Materials and Methods

Life cycle study. One-day-old eggs were collected from niass rearing. Fifty eggs were placed
in cach of 20 petri dishes lined with moist filter paper. The paper was kept moist by adding water
whenever necessary. When collection of all eggs was not possible at one time, the researcher collected
whatever was avanlable every day and placed an equal number of each day’s eggs in five petri dishes;
one petridish represented a replicate. Each group of five petri disies was placed at 20°C, 25°C, 30°C
or 35°C.

Eyes were observed onee every six hours. Soon after eggs were hatched, the insects were collected
and placed in breeding cups. A green soybean pod of Ry to Rs stage was placed in cach cup. Eggs
that failed to hatch were considered dead and recorded. Hatching ot eggs and mortality rates were
caleulated.

Al first instar ny mphs were reared in the breeding cups. Several insects in each cup were furnished
with preen soybean pod. Each cup was marked clearly on top and the insects were bred at each
temperature until all nymphs became adults. The status of each instar was recorded once every six
hours. Duration of development stage and mortality of nymphs of cach instar were calculated. When
all nymphs turned into adults, the percentage of adult eniergence and sex ratio was recorded.

Oviposition study. Six potted soybean plants in Ra to Rs growth stage were used for this
study. Each plant was placed on an acrylic cylinder and newly emerged male and female adults were
released on cach plant. The cylinder was covered with transparent net and a small cup with cotton
dipped in syrup was hung inside to serve as the insects” source of tood. Each potted plant was considered
as one replicate. From the first three plants, eggs were removed every day but not thereafter. When
cgg laying stopped. the total number or eggs was recorded. In plants where cggs were not removed,
the nyvmphs started emerging from the eggs.

Nymphal feeding habit. Newly emerged nymphs of each instar were kept (one nymph per
petrt dishy at 30°C. Each petri dish was lined inside with a filter paper kept moist by adding water.
A tresh green soybean pod which had no insect damage at all was provided. To keep the pod fresh,
the petiole was wrapped in a moist cotton plug. The insect was observed frequently, and molting was
recorded. The old pods were replaced with fresh ones.

All pods were opened and the pericarps were placed in a staining solution overnight. The pericarps
were removed. rinsed in tap water and dipped in acetic acid for fixing. The stained pod covers were
counted. The number of stained feeding sheaths of each instar was recorded.

Adult longevity. Twenty-fou, medium sized cages were divided into three groups. The
influence of three factors on adult longevity was studied. One soybean plant was placed in each of
the first eight cages. In another eight cages, soybean seeds were placed. In the remaining eight, food
souree was not provided. Each group of cages was divided equally into two subgroups. In each subgroup,
five males were released and in the other, five females. The number of alive insects and mortality
rate were recorded every day until all adults died.

Results and Discussion

Life-cycle study Duration of egg stage decreased from 12.75 days at 20°C to 4.13 days at
35°C (Table 4). At lower rearing temperature, the development time was prolonged. The nymphal
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stage took more than thrice fonger to become adults at 20°C. The sex ratio was not consistent, but
at 20°C the females outnumbered males by a ratio of about 2: 1. Most females molted into adults carlier
than the males. Mortality of R. clavatus eggs varied censiderably from 20° 1o 35°C (Table 5). Mortality
higher than 25% was observed in the fifth instar at all temperatures, and it was especially high at
35°C where it reached almost 70%. At 30°C, mortality was lower than in other temperatures.
Cumulative mortality was higher at both the lowest and highest temperatures. Thus, temperature seemed
not to intluence insect mortality .

Oviposition study. When eggs were removed daily, a single female laid an average of 72.67
cggs. However, when eggs were allowed to remain and hatch on the plant, a single female laid an
average of 28.67 cggs. The substantial redu:tion in the number of eggs when these were allowed
to remain appeared to be the mechanism developed by the insect to avoid competition among its
offsprings. It was found that a female can lay eggs all the time and males died carlier. Before egg
laying, females would secrete some slimy material from the anal end and paint on sclected surfaces
where they laid cggs. Egg color changed from bright blue, blue green, then to deep tan. The first
instar nymph did not cat its egg shell. The insects laid eggs mainly on foliage, to some extent randomly
on other plant parts and on the cage wall (Table 6). The distribution of cggs was erratic and statistically
no significant difference in the preference for oviposition sites was found,

Nymphal feeding habit. As R. cluvatus grew older, the more it fed on the soybean pods
(Table 7). The first instar nymphs did not puncture in the pod pericarp and pierced only the syrup
soaked cotton. They remained still and raised their abdomen all the time. In older nymphs, the range
of stylet sheaths was considerable. This may be the result of probing or unsuccessful attempts at feeding.
Each pod punctured by the insect became rotten easily. and there were spots on the pod surface.

Adult longevity, The influence of various food on mean longevity of adults after enlergence
is summarized in Table 8. Without food. the inscets died in about a week. The females lived longer
than the males. Providing food increased the insect's life span. Insects survived longer on dry seeds
than on soybean plant with pods. Females survived longer on green pods while males did on dry seeds.

Germplasm Screening for Limabean Podborer Resistance

Summary

Among 1,000 soybean accessions screened for resistance to limabean pod borer, Eriella zinckenella,
five accessions were least damaged and found promising for future tests. Three accessions were less
damaged in the second test of 15 accessions monthly planted from July to October. There was a
significant positive correlation between seed size or trichome density on pods and podborer damage.
Similar results were obtained when 24 entries from G. max and G. soya cross progenies were tested
along with certain G. max accessions. Among four insect resistant plant introduction (PI) accessions,
P1 227687 was consistently least damaged in four plantings. The higher the trichome density (between
200 to0 320/6.25 mm* on pod) the greater was the podborer damage. Among accessions with varying
trichome densities on pods, the higher the trichome density (between 100 to 600/6.25 mm? pod
surface), the greater the podborer damage.

Introduction

In tropical to subtropical Asia, limabean podborer, Etiella zinckenella (Trietsche) (Lepidoptera:
Pyralidae), causes serious damage to soybean. It is a polyphagous insect and attacks other legumes
including mungbean, cowpea and lentil. The inscct lays cggs mainly on the developing pods and larvae
bore inside and feed on developing seeds. Thus, soybean yield is reduced. Past resistance screening
at AVRDC identified seven soybean accessions which had significantly less pod damage. Investigation
of the resistance revealed that these accessions were late maturing and escaped podborer infestation
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Table 4. Duration of various growth stages of R. clavatus reared at different temperatures.

Duration (days)” Sex
Temperature Egg Nymphal stages Total ratio
1 2 3 4 5 nymphal period F:M
20°C 12.75 + 0.54 4.23 + 0.45 6.37 + 0.61 5.31 + 0.53 7.32 + 0.62 12.29 + 1.17 35.47 + 0.99 1:0.52
z25°C 7.88 + 0.32 2.41 + 0.27 3.69 + 0.07 3.38 + 0.13 4.44 + 0.42 8.16 + 0.48 22.01 1 1.69 1:0.86
30°C 5.25 + 0.54 1.64 + 0.26 247 + 0.15 245 + 0.15 2.67 + 0.23 501 + 0.78 13.78 + 0.56 1:0.80
35°C 4.13 + 0.61 1.45 + 0.26 1.83 + 0.09 1.77 + 0.19 2.32 + 0.35 433 + 089 1152 + 1.27 1:0.92
’Data are means of 50 eggs and varying number of nymphs in different instars
Table 5. Mortality of R. c/avatus at different life stages at various temperatures.
. Mortality (%)°
o
Temperature C,(iasyt:)ge Nymphal instars Adult Cumulative
1 2 3 4 5
20°C 4.40 a 8.46 a 2522 a 13.90 ab 15.88 b 54.438 a 8.00 a 80.40 b
25°C 3.32 ab 10.35 a 3.78 b 203 b 6.71 ¢ 41.05 bc 5.26 a 56.08 ¢
30°C 0.840b 3.29 a 7.75b 13.98 ab 591c 26.17 ¢ 3.03 a 46.33 d
35°C 2.90 ab 7.25a 2301 a 1497 a 33.60 a 69.87 a 10.19 a 89.60 a

*Mean separation in each vertical column by DMRT at 5% probability level.
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Table 6. Distribution of R. clavatus eggs on various surfaces.?

Oviposition surface Distribution of eggs (%)
Upper leaf surface 110 a
Lower leaf surface 314 a
Other plant parts 146 a
Container wall 43.0 a

"Ddata are mean of 3 replicates. Mean separation by DMRT at 5% probability level.

Table 7. Number of feeding sheaths form ed at differernt nymphal stages of R. clavatus.

. Mean no. of
Nymphal stages No. of pods stylet sheaths/pod Range
1 30 0 0
2 11 82 + 379 3-15
3 14 10.35 t 7.68 1.27
4 13 22.38 + 7.68 6-40
5 16 41.75 + 7.05 12-59

Table 8. Influence of varlous tuod on average longevity of adults.”

Longevity (days)

Food source

Male Female
Green pods 17.1b 240 a
Dry seeds 30.8 a 27.5a
None 6.7¢c 7.5b

’Rearing temperature 25 + 1°C. Mean separation by DMRT at 5% probability level.

which is scasonal in Taiwan. In other locations, seasonality is either different than Taiwan's or pest
population is high throughout the year, as in Indonesia. In such places these apparently resistant
accessions are susceptible. To select a resistant soybean accession irrespective of seasonality, the
screening procedure was modified five years ago. In the new screening (preliminary), the same set
of 1,000 accessions were planted twice, once in September and October. For confirmation. the same
set of soybean accessions were planted four times; once each in July, August, September and October.
This arrangement minimized the chances of avoiding podborer infestation due to difference in time
of pod setting and peak of podborer population.

In a preliminary screening in 1987-88, 1,000 soybcean accessions were screened. In addition. a
population of Givcine max X G. soja crosses were screened, In one experiment, soybean accessions
with varying levels of trichome density on their pods were also screened.

Materials and Methods

Preliminary screening A 0.8 hu parcel of land was rototilled, applied with basal fertilizers
and worked into 0.75-m wide raised beds which were further divided into 5-m long plots. Seecds of
cach accession were sown as a single row on cach bed. The first set of 1,000 accessions was planted
in September 1987. The second set was planted a month later in an identical manner. The crop was
raised following the standard cultural practices including irrigation, weeding, fertilizer application
and disease control to achieve high yields. No insecticide was applied.

At flowering of the carliest-maturing accession and at about 10-day intervals thereafter, a large
number of pupae of laboratory reared limabean podborers were released at a regular distance throughout
the field. All plants were harvested and their pods examined for limabean podborer damage. The number
of healthy and pedborer damaged pods was recorded and percentage of damaged pods was calculated.

Data were analyzed by a statistical procedure based on the mean and standard deviation (SD)
of percent damaged pods. This cnabled the classification of the germplasm into: highly resistant (HR),
with percent pod damage less than mean—28D; moderately resistant (MR), with percent damage
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between mean—2SD and mean—SD, low resistance (LR), with percent damage was between mean
and mean - 18D; susceptible (S), with percent pod damage between mean and mean +2SD; and highly
susceptible (HS), with pod damage greater than mean-+28D.

Confirmation screening. In the first screening. podborer infestation and damage observation
procedures used were identical with the preliminary screening except that 15 accessions were planted
four times (once cach in July. August. September ard October). At every screening, each aceession
was planted in three randomly selected plots, cach plot representing one replicate. Percent of pod
damage was analyzed by ANOVA and means were separated by DMRT. At harvest, the diameter
of cach pod between two points on the flattened seed surfaces was also measured. Trichomes at four
2.5 mm X 2.5 mm points on the pods were also counted. Podborer damage. pod size and trichome
density were analyzed for linear regression o determine the correlation between puod size or trichome
density and podborer damage.

In the second screening. four defoliator resistant PI accessions were evaluated along with two
susceptible checks in four plantings (once cach in July, August, September, and October). The field
design, growth of crop, podborer observation, pod character observation and statistical analysis used
in this test were identical to that of the first one.

Screening of progenies from a wide cross. Twenty populations from crosses between
G. max and G. sova were screened with four G. may susceptible checks. The field design, growth
of crop, podborer damage observation, pod character observation and statistical analysis procedure
used were identical to the confirmatory test except that the crop was planted once in September 1987,

Screening of accessions with varying trichome density. Soybean accessions with density
range of 115 10 663 trichomes/4 mm?* pod surface were screened. The field design, growth of crop.,
podborer damage evaluation, pod morphology study and statistical analysis used were similar to the
confirmatory test. except that the crop was planted once in September.

Results and Discussion

Preliminary screening Results of podborer damage and resistance reaction of soybean
germplasm are summarized in Table 9. In both screenings, the number of accessions damaged by
the podborer followed normal distribution. The mean as well as range of damage was considerably
higher in September than in October. As in the past tests. there was a considerable variation in the
extent of podborer damage between two screenings. Certain accessions that were least damaged in
one test were not necessarily least damaged in the other. Such variation in podborer damage of selected
accessions (Table 10) was probably due to the difference in days to flowering and pod setting among
various accessions and the peak of podborer infestation. As a result, pods were the same in certain
late pod-setting accessions in the first planting with those in early maturing accessions in the second
planting, when podborer population was high. These entries suffered greater damage, while carly
pod-setting accessions in the first planting and late ones in the second escaped podborer damage. Despite
this variation, G 6359. G 6455, G 6497, and G 7180 were considerably less damaged in both plantings.
Their performance along with that of certain susceptibles is summarized in Table 11. Their resistance
reaction was not influenced by date of pod-setting implying that they might possess veritable resistance.
As the experiment was conducted on a single replicate, these accessions will be screened in 1988-89
in a multireplicate test to assess the morphological characters of the plants and study the mechanism
of resistance.

Confirmation screening Results of the first screening are summarized in Table 12, Although
10 test entries were screened because these were less damaged in previous tests, only G 3469, G
3543, and G 3574 were least damaged in four plantings. Considerable variation was observed in
podborer infestation among four screenings. For example, accession G 3266 was the least damaged
in the first screening but most damaged in subsequent three screenings. Similar, but less conspicuous
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variations were observed in other accessions. However, G 3469, G 3543, and G 3574 were relatively
damaged in four screenings.

Except in the first planting, a significant positive correlation was observed between pod diameter
and pod damage (Fig. 2). This raises the possibility that resistance of these accessions was due to
their smaller pods rather than to the resistance they possess. A similar phenomienon was observed
in all screenings .onducted in the past.

Table 9. Distribution of soybean germplasm for limabean podborer resistance in various resistance
categories in two screenings, AVRDC 1988.

. First screeningy Second screening'
Resistance
z Pod damage No. of Pod damage No. of

category (%) Accessions (%) Accessions
HR <8.89 11 <0.86 1
MR 8.90 to 15.23 119 0.87 to 5.24 137
LR 15.24 to 21.57 386 5.25 to 2.62 389
S 21.58 to 34.25 307 9.63 to 18.38 288
HS >34.26 132 >18.39 140

955 955

Damage range 3.45 to 49.33% 0to 28.57%
Mean 21.57% 9.62%
S.D. 6.34 4.38

"HR = highly resistanti MR = moderately resistant, LR = has low resistance, S = susceptible, HS = highly susceptible. yPlanting
date= B87/9/23. Planting date= 87/10/15.

Table 10. Variability in podborer damage in certain soybean accessions in two screenings, AVRDC

1988.
First screeningz Second screeningy
Accession no. Pod damage Resistance Pod damage Resistance
(%) ralingx (%) rating
G 6230 8.3 HR 17.6 HS
G 6285 29.1 HS 3.8 MR
G 6308 30.2 HS 5.2 MR
G 6401 28.7 HS 5.1 MR
G 6526 35.9 HS 2.7 MR
G 6656 28.7 HS 2.5 MR
G 6843 29.8 HS 4.9 MR

IPlanting date: 87/9/23. YPlanting date: 87/10/15, *HR: highly resistant, MR = moderately resistant, HS: highly susceptible.

Table 11. Resistance of selected soybean accessions to podborer infestation in two screenings,

AVRDC 1988.
First screening’” Second screening”
Accession no. Pod damage Resistance Pod damage Resistance
(%) rating” (%) rating
G 6359 8.3 HR 5.15 MR
G 6455 7.3 HR 4.€8 MR
G 6497 3.4 HR 2.07 MR
G 7180 7.8 MR 2.54 MR
G 6988 425 HS 24.28 HS
G 7272 327 HS 28.13 HS

ZPlanting date: 87/9/23. yPlantmg date: 87/10/15. *HR = highly resistant, MR = moderately resistant, HS = highly
susceptible.
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Table 12, Resistance to limabean podborer of selected soybean accesslons and breeding lines.

Entry Damaged pods (%) in various screeningsZ

designation | screening It screening I screening IV screening
G 3469 10.0 bed 134¢g 43 h 55b
G 2472 10.1 bed 21.8 efg 8.2 fgh 69b
G 3515 13.1a 31.7 cde 15.2 d 10.1b
G 3543 9.7 cd 18.9 fg 12.5 def 55b
G 3574 9.4 cd 16.2 fg 5.9 gh 6.3b
G 3638 9.9 bed 25.4 def 12.3 def 6.1b
G 3681 12.6 ab 30.5 cde 9.2 efgh 6.4b
G 3755 11.9 abc 23.0 efg 10.2 defg 9.7b
AGS 99 10.0 bed 30.4 cde 14.5 de 73b
AGS 169 9.7 bed 25.5 def 12.7 def 83b
G 74 (s 89d 38.3 bc 249 ¢ t7b
G 298 (S) 10.5 abcd 215 efg 419 a 112 b
G 488 (S) 129 a 35.4 cd 255¢ 16.8 1
G 1269 (S) 13.1a 47.9 ab 26.0 bc 881
G 3266 (S) 9.3 cd 52.1a 3100b 19.0 a
Mean damage 10.7 28.8 17.1 10.0
S.D. 1.5 5.8 3.1 3.0

lPlanting dates: 1 screening: 87/7/16, Hl screening: 87/8/14, lll screening: 87/9/23, IV screening: 87/10/14. y(S)= susceptible
check.
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No significant correlation was observed between trichome density on pods and podborer damage
(Fig. 3) within the range of 150 to 300 trichomes/6.25 mm?. Within this range, plant constituents
did not seem to influence podborer infestation.

'n the second test, podborer infestation of four defoliators (resistant PI accessions) is summarized
in Table 13. PI 227687 was consistently less damaged than other PI accessions in four tests except
the first, when PI 229358 had slightly less damage. Gther PI accessions, particularly PI 171451, was
susceptible as the checks. There was also a significant positive correlation between pod size and pod
damage (Fig. 4). This phenomenon was similar to observations in other tests. The resistance of Pl
accessions seemed to be associated with smaller pods which presumably made the plant parts less
acceptable for oviposition. It is z!so possible that small pods did not provide the insects with enough
food 0 survive. Oviposition appeared to be more important. This aspect will be evaluated in 1988.

A significant positive correlation was observed between trichome density and podborer infestation
(Fig. 5) except in the third screening. No such relationship was observed in previous tests. PI
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Table 13. Infestatlon of selected defollator-resistant Pl accessions by limabean podborer.

Entry Damaged pods (%) in various screemngsl
designation | screening Il screening Il screening IV screening
Pl 171444 870" 95b 28.1b 23.4 bc
Pl 171451 12.7b 98b 441 a 300b
Pl 227687 6.8b 87b 125¢ 13.7 ¢
Pl 229358 6.7b 950b 37.6 ab 145¢c
G 6(s) 12.7b 1361 322ab 3130b
G 3166(S) 288 a 234 a 47.7 a 46.4 a
Mean 12.5 14.4 345 26.6
S.D. 10.0 259 7.1 6.5

IPIanung dg:es I screening:87/6/17. Il screening 87/7/16, Hl screening 87/8/14, IV screening: 87/9/23.

check.

Mean separation within columns by DMRT at 5% probability level

| Planting: Y=14.15-001X{r=-0.3829)

{1 Pianting Y=2005:004x(r=0 140;1 )

y(S) = susceptible
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accessions included in the present test had higher trichomes than the accessions in the previous test.
Within the range of 200 to 340 trichomes/6.25 mm*® pod surface, the relationship was positive. It
was possible that higher trichome density favored oviposition as the eggs were laid on the pods. The
trichome presumably provided hooks for the insects to move about and lay eggs on which in turn
were protected by trichomes. This phenomenon needs further investigation in 1988 to deduce a criterion
for selecting podborer-resistant germplasm.

Screening of widecross progeny This screening aimed to determine if G. soya parents
have high trichome density and hard pod covers and find out if interspecific progeny might have retained
some of these characters, hence increasing chances of being resistant to the limabean podborcr Most
interspecific cross populations have small pods. So. G 2120, a small seeded G. max accession was
included as a check.

Results of podborer infestation of interspecific crosses and certain susceptible accessions are
summarized in Table 14. All interspecific crosses were significantly less damaged than the three G.
max entries. G 2120, on the other hand, had less damage than the certain interspecific crosses. Pod
size appeared as a dominant factor in insect infestation as a highly significant correlation was found
between pod size and podborer damage. The bigger the pod, the greater was the podborer damage
(Figure 6). This observation was identical to findings in zhc past. Similarly, the greater the trichome
density within the runge of 90 to 376G trichomes/6.25 mm? pod surface, the greater was the podborer
damage (Figure 7). This phenomenon was also observed in all previous tests.

Table 14. Infestation of G. max x G. sofa cross progeny by limabean podborer.

Entry Pod damage Entry Pod damage
designation (%) designation (%)

KS 9 413 a GC 90012-2-2-9B-YB-B 11.1 def
TK 5 294 b GC 90012-2-18-98-B 11.0 def
AGS 66 186 ¢c GC 90012-2-10-8B-B 10.9 def
GC 90012-2-8-4B-B 145 cd GC 90012-2-24-1B-B 10.8 def
GC 90012-2-8.58-B 136d GC 90012.2-7-7B-XB-B 10.4 defg
GC 90012-2-25-1B-B 13.1 de GC 90012-2-18-5B8-B 10.3 defg
GC 90012-2-8-6B-B 12.9 def GC 90012-2-16-28-8 10.5 defg
GC 90012-2-7-1B-B 12.1 def GC 90012-2-2-88-YB-B 9.7 defg
GC 90012-2-16-58-YB-B 11.8 def GC 90012-2-10-7B-B 8.3 efg
GC 90012-2-19-48-B 11.8 def GC 90012-2-11-5B-B 8.2 efg
GC 90C12-2-16-1B-YB-B 11.2 def GC 90012-2-7-2B-YB-B 7.8 fg
GC 90012-2-26-1B-XB-B 11.1 def G 2120 548

Mean separation by DMRT.
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Soybean Pathology

Advanced Soybean Rust Tolerance Trials

Summary

Eight lines tested had good yield potential similar to fungicide-treated and high-yielding check
cultivar G 38. Six lines vielded significantly higher than AGS 181 (highly tolerant check) when not
treated with fungicide. Two lines, SRE-D-14C and SRE-D-14D), had the most outstanding yield,
regardless of the presence or absence of soybean rust.

Introduction

Previous research indicated that considerable variation in rust tolerance level is found in soybean.
The utilization of a tolerant cuitivar is the most practical control method in developing countries in
Southeast Asia where soybean rust is a serious diseasc. An advanced soybean rust tolerance trial was
conducted in the spring of 1988 to evaluate and select lines with improved level of rust tolerance
and high yield. The best selections will be tested in countries where soybean rust is prevalent.

Materials and Methods

The experiment was conducted in the spring of 1988. Two SRE-B lines, three SRE-C lines and
two SRE-D lines, sclected from advanced trials were planted together with four check cultivars, G
38 (high yielding check), AGS 129 (high yielding check), AGS 181 (highly tolerant check) and
Kaohsiung No. 8 (local high yielding check). These lines were selected based on uniform morphology,
resistance to lodging in mmy season. and tolerance to rust as well as hl;,h yielding potential under
severe rust stress. The plot size for each cultivar was 3 X 6 m* (2 X 5 m? harvested area), and the
plant density was equivalent to 400,000 plants per hectare. A split-plot design with four replicates
was used. The main plots had fungicide- and nonfungicide-protected treatments. Subplots were planted
to advanced lines and check cultivars. Planting was on 2 March 1988. All nonfungicide-treated plots
were artificially inoculated four timies with rust spore suspension (2,000 uredospores/ml) starting at
R! stage and twice a week to induce severe rust infection. The fungicide-trcated plots were sprayed
with Dithane M-45 every two weeks. AVRDC cultural practices were followed.

Data collection included yield, 100-seed weight and days to maturity. Data on yield were converted
to 13% moisture content before evaluation and yield loss was expressed as percent of fungicide-treated
yield.

Results and Discussion

The yield of lines tested was similar to G38 (high yield check) with fungicide treatment (Table 1).
Except for the two SRE-B lines, six lines also yielded significantly higher than AGS 181 (highly tolerant
check) without fungicide application. SRE-D-14C and SRE-D-14D yiclded 2.2 and 2.5/ha, respectively
under very severe rust infection. The yield loss of eight lines, except SRE-B-15A and SRE-B-15C,
was much lower than the highly tolerant check, AGS 181.
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An analysis of the 100-sced weight (Toble 1) showed that SRE-D-14C and SRE-D-14D had the
largest seed in both with fungicide and without fungicide treatments. The percent of yield loss was
highly correlated to the percent of loss of 100-seed weight (r* = 0.8816) due to rust.

SRE-D-14C und SRE-D- 14D yiclded similar to high-yielding check cultivars G38 and KS-8 with
fungicide treatment and significantly better than the highty tolerant check cultivar, AGS 181, without
fungicide application. These two lines have good yizld potential in spring, regardless of the presence
or absence of rust.

Table 1. Yield and percent yield loss, 100-seed weight and percent of loss of lines grown under
fungicide- and nonfungicide-protected conditions against soybean rust, spring 1988,

Entry Yield (i/ha) % 100-seed wt. (g) %
= NFY yield loss F NF yield loss
SRE-B-15A 2.5 1.4 42.2 18.3 14.7 19.8
SRE-C-56A 2.8 19+ 30.6 269+ 240+ 10.5
SRE-C-56C 2.8 1.9+ 30.7 25.7+ 235+ 8.6
SRE-C-56E 29 1.9+ 329 19.8 17.6+ 11.2
SRE-D-14B 26 1.8+ 30.1 233+ 20.1+ 13.3
SRE-D-14C 29 2.2+ 22.0 254 + 246+ 2.8
SRE-D-14D 3.0 2.5+ 15.5 25.7 + 25.0+ 3.0
SRE-B-15C 2.7 1.6 39.7 18.6 155+ 16.5
G 38 (CK) 2.7 1.4 48.8 19.2 13.3 30.5
AGS 129 (CK) 3.6+ 1.9+ 47.4 17.0- 11.5- 32.2
AGS 181 (CK) 2.4 1.4 39.5 18.2 13.3 26.1
KS 8 (CK) 3.0+ 1.4 53.7 256+ 17.8 29.9
LSD 0.05 03 1.56
IFunguc:de protected, + = significantly (P < 0.05) greater than yield check cultivar, G38, - = significantly less than G38. "No
fungicide protection. + = significantly (P < 0.05) greater than highly tolerant check cultivar, AGS 181; - = significantly less

than ACGS 181.

Advanced Rust Tolerance Trial in Hualien

Summary

Lines GC 82021A, AGS 216, AGS 217 and AGS 299 yielded significantly greater than the local
check Hualien No. 1, with fungicide application. These lines, however. were very susceptible to rust.
Two lines, SRE-C-56E and SRE-D-11A, had higher yield than the local checks either with or without
fungicide treatment. The percent of loss of 100-seed weight due 10 rust was very highly correlated
to percent of yield loss (r° = 0.8168). The 1987 and 1988 trials indicated that line SRE-D-11A had
a very high level of rust tolerance and high yield under Hualien environment,

Introduction

In previous studices. significant variation in relative yielding potential under rust stress was found
among soybean cultivars. Soybean rust spread rapidly in Hualien in spring. Therefore, rust tolerance
trials had been established at AVRDC and at Hualien DAIS to evaluate and select soybean lines with
improved level of rust tolerance, high yield and carly maturity under severe rust stress. More tolerant
lines (determined by percent yield loss and yield in the rust-stressed treatment) with higher yield than
the checks were selected for regional yield trials,

Materials and Methods

Sixteen tolerant lines were selected from last year's trials at AVRDC and Hualien DAIS and were
planted in a 3 x 6m* plot. Plant density was equivalent to 200,000 plants/ha. The check cultivars
were AGS 129 (high-yielding check), AGS 181 (SRE-E-11A, highly rust tolerant check), Hualien
#1 (local check) and Hualien 70-40 (local check). A split-plot design with three replicates was used.
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The main plots consisted of the fungicide and nonfungcide-treated plants, and advanced lines and checks
were used in the subplots. Sowing was on 7 March 1988. The protective fungicide, 80% Dithane
M-45 w.p., was sprayed every two weeks beginning on 1 April. Local cultural practices were followed.
Data collected included yield, 100-seed weight and yield loss as expressed in percent of fungicide-
treated yield.

Results and Discussion

Lines SRE-C-22A, C-56A. C-56B, C-56C, C-56D and SRE-D-14B, D-14C, D-14D showed low
tolerance to cold temperatures of early spring in Hualien and gave a poor yield. GC 82021A, AGS
216, AGS 217 and AGS 299 yielded significantly higher than the local check cultivar, Hualien No. 1,
under fungicide-treatment (Table 2). However, due to soybean rust infection, these lines only yiclded
equal to the local check cultivar, Hualien 70-40, without fungicide treatment.

Lines, SRE-C-56E and SRE-D-11A, yiclded similarly as the high-yielding check cultivar, AGS
129 and the local check cultivars, Hualien #1 and Hualien 70-40, under fungicide treatment. Without
fungicide, the yield of SRE-C-56E und SRE-D-11A was also significantly higher than the local checks,
Hualien #1 and Hualien 70-40. SRE-C-56E also showed a yield loss less than the highly tolerant check,
AGS 181.

The 100-seed weight of SRE-C-56E and SRE-D-11A with fungicide was also similar to the local
check cultivars. Hualien #1 and Hualien 70-40. However, under severe rust outbreak SRE-C-56E
had a bigger sced than local checks (Table 2). This consideration becomes important when the cultivar
is ready for release. In Table 1, a very high correlation was observed between the percent of loss
of 100-seed weight and the percent of yield loss (r* = 0.8168). This high r* value indicates that
soybean rust affected seed size then substantially reduced the yield under rust severity.

Yicld data of six lines in 1987 and 1988 arc compared in Table 3. The line SRE-D-11A with
fungicide treatment yiclded similarly as the local check cultivars, Hualien #1 and Hualien 70-40. Without
fungicide, SRE-D-11A did not only yield significantly higher than the local checks but also showed
higher tolerance than check cultivar, AGS 181, in both years. It also showed a yield loss of 14.33%

Table 2. Yield, percent yield loss, 100-seed weight and weight loss of advanced breeding lines
and commercial cultivars grown with and without fungicide during spring 1988 in Hualien.

Entr Yield (t/ha) % 100-seed wt. (g) %
! FZ NEY yield loss F? NFY yield loss

SRE-B-15A 1.6 1.0 37.4 21.3- 18.2 14.5
SRF-B-15C 1.0- 0.9 14.7 21.3- 18.1 15.0
SRE-C-22A 0.8- 0.9 -9.5 20.3- 19.5 3.9
SRE-C-56A 0.7~ 0.7 10.1 29.4 274+ 6.8
SRE-C-56B 1.0- 0.7 233 285 283+ 0.7
SRE-C-56C 0.5- 04 18.0 29.4 29.1+ 1.0
SRE-C-56D 08- 0.5 36.3 30.0 242+ 19.3
SRE-C-56E 1.8 1.6+ 12.7 25.7 254+ 1.2
SRE-D-11A 2.0 1.3+ 36.0 235 179 238
SRE-D-148B 0.8- 0.6 29.3 255 201 21.2
SRE-D-14C 08- 0.6 27.8 27.7 256+ 7.6
SRE-D-14D 0.8- 0.7 25.0 30.4 + 25.0+ 17.8
GC 82021A 22+ 1.0 51.4 18.8 - 12.4- 34.0
AGS 216 24+ 0.8 66.5 27.8 17.6 36.7
AGS 217 2.6+ 0.9 65.4 229 11.9- 48.0
AGS 299 2.8+ 06 78.4 223 10.7 ~ 52.0
AGS 129 (CK) 1.8 1.0 435 20.0- 14.2 - 29.0
AGS 181 (CK) 08- 0.5 333 211~ 16.4 22.3
Hualien #1 (CK) 18 0.6 66.0 26.2 16.6 36.6
Hualien 70-40 (CK) 1.8 0.8 55.4 25.6 19.0 25.8
LSD 0.05 0.4 4.18

“Yield from those with fungicide treatment, + = significantly (P < 0.05) greater than the local check cultivar, Hualien #1; -
= significantly less than Huatien # 1. YYield from those without fungicide, + = significantly (P < 0.05) greater than the local
check cuitivar, Hualien 70-40; - = significantly less than Hualien 70-40.
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Table 3. Advanced rust tolerance trials in Hualien DAIS, 1987 and 1988.

Yield (t/ha) Yield (t/ha)
Entry spring 1987 spring 1988
F* NFY loss (%) F* NFY loss (%)
SRE-B-15A 2.2 1.8+ 17.0 1.6 1.0 37.4
SRE-B-15C 2.1 1.9+ 14.0 1.0~ 0.9 14.7
SRE-C-224A 2.4 2.0+ 11.3 0.8~ 0.9 -9.5
SRE-C-56A 2.4 20+ 13.9 0.7 - 0.7 10.1
SRE-D-11A 2.6 22+ 14.3 2.0 1.3+ 36.0
SRE-D-14B 2.6 20+ 19.7 0.8~ 0.6 29.3
AGS 129 (CX) 2.6 1.7 36.0 1.8 1.0 43.5
AGS 181 (CK) 2.2 1.7+ 22,6 0.8- 0.5 33.3
Huahen #1 (CK) 2.0 1.3 36.4 1.8 0.6 66.0
Hualien 70-40 (CK) 2.3 1.3 449 1.8 0.8 55.4
LSD 0.05 0.4 393.7
“ield trom those with fungicide treatment. YYield from those without funqmde + = significantly (P < 0.05) greater than
the focal ek cultivar, Hualten #1; - = significantly less than jualien #1. *Yield from those without fungicide. + = significantly

P < 0.05) greater than lecal check cultivar, Hualien 70-40.

and 36.01% in the spring of 1987 and 1988, respectively. The results showed that SRE-D-11A is
not only highly rust tolerant but also high yielding under Hualicn DAIS environment. This line is
suitable for planting in spring in Hualien.

Effects of Soybean Rust Severity and
Toleranca Levels on Rust-induced Yield Loss

Summary

Rust-tolerant and susceptible soybean cultivars were evaluated in four trials in fall 1986, spring
and fali 1987 and spring 1988. In the susceptible cultivar, TK #5, the loss of green leaf area (GLA)
occurred earlier and was higher than that of the tolerant cultivar, SRE-B-15A, in each of the four
seasons. Percentage of the estimated total GLA was highly correlated to the yield potential of two
cultivars in cach sea.on.

The higher estimated total GLA induced higher yield in SRE-B-15A than in the susceptible cultivar,
TK #5 in cach scason, indicating a slower rate of disease development in this cultivar than in TK #5.

The percentage of estimated total GLA loss due to soybcan rust was very closely related to the
percentage of yield loss (r° = 0.8347) in two cultivars in all seasons. TK #5 showed a higher
percentage ef total GLA Joss due to rust at cach growth stage in each of the four seasuns than the
tolerant cultivar, SRE-B-15A. Therefore, the yield loss of TK #5 was much higher than that of SRE-
B-15A in the same treatment in the same season. The percentage of GLA of tolerant cultivars is the
most important factor related to the yield ability under rust infection.

Introduction

Soybean rust, caused by Phakopsora pachyrhizi, is one of the major constraints in growing soybean
in the tropics and subtropics of the castern hemisphere. Heavy rust infections reduce the chlorophyll
content and the rate of photosynthesis of infected leaves. Soybean rust usually reduces yield by causing
premature defoliation and by decreasing the plant's pods and seeds. This experiment aimed to quantify
the effect of soybean rust severity and tolerance level on rust-induced yield loss.

Materials and Methods

Two soybean cultivars, SRE-B-15A (tolerant to rust) and Taita Kaohsiung No. 5 (susceptible
to rust), were planted on 3 October 1986, 2 March and 21 September 1987, and 3 March 1988. The
plot size was 4 X 6 m” with 2 m between cultivars and 2 m between treatments. Plant density was
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equivalent to 400,000 plants per hectare, i.c. 10 cm between hills, 2 plants per hill and 50 cm between
rows,

A split-plot design with four replicates was used. The main plots consisted of the cultivars. The
subplots were made of four treatments: 1) artifical inoculation and induced rust infection starting at
R, growth stage: 2) artificial inoculation and induced rust infection starting at Ry growth stage; 3)
artificial inoculation and induced rust infection starting at Rs growth stage; 4) spraying of 80%
Dithane M-45 w.p. at weekly intervals to control rust. Standard AVRDC cultural practices were
followed. The plots were pipe-irrigated for 10 min three times a week at R1 growth stage to allow
the development of rust.

Rust severity was evaluated once a week beginning at Rz growth stage, using the Horsfall-Barrat
rating sysiem. Defoliation was evaluated by counting the number of defoliated leaves of sample plants,
Yield was evaluated from a 3 X 5 m* area in the center of each plot and calculated at 13% seed
moisture content. Yicld loss was expressed as percent of yield treated with fungicide. Yield potential
was expressed as percent compared with the highest yield in the treatments of the same cultivar in
the same season. The percentage of GLA was estimated as: [100% - % of defoliation - % of rust-
infected foliage] x (100% - % of defoliation) in the unprotected treatment, but the percentage of
GLA in the control treatment = 100% - % of defoliation in the control. The percent of GLA loss
was estimated as GLA in protected treatment minus GLA in unprotected treatment in the same cultivar.

Results and Discussion

Since the control plots in cach season were treated with fungicide, rust did not affect the foliage.
In the nonfungicide-treated plots. rust infection resulted from natural and artificial inoculation and
was favored by the pipe irrigation. Soybean rust caused a significantly earlier and higher loss of GLA
in TK #5 than in SRE-B-15A in the same treatment of each season (Table 4). In TK #5, all treatments
resulted in rapid rust development and caused more serious infection than in SRE-B-15A. The loss
of GLA at R, stage (Treatment A) in TK #5 was 75.6, 81.7, 93.1 and 89.1% in fall 1986,
spring 1987 (Tuble 5), fall 1987 (Table 6) and spring 1988 (Table 7), respectively. However, in

Table 4. Percentage of GLA loss at different growth stages in soybean, fall 1986.7
% of GLA Loss

Y T y
areity reatment R2 Ra Rs Rs55 Re Re3  Res Rs
TK #5 A 0.0 19.3 305 55.2 75.6 86.8 98.1 99.7
B 0.0 38 18.6 41.6 57.7 67.8 93.0 99.0
C 0.0 0.0 0.1 6.9 19.1 25.4 51.0 82.0
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R3 Ra Rs55 Rs.8 Re Re.3 Re.5 R7
SRE-B-15A A 0.0 0.0 1.0 6.7 11.5 25.2 42.4 68.9
B 0.0 0.0 0.9 6.0 6.1 16.9 28.2 52.8
C 0.0 0.0 0.0 2.6 58 8.5 14.3 11.2
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

’Planted: 3 October 1986. YA - Inocutated and induced rust infection at R1 growth stage. B - Inoculated and induced rust
infection at R3 growth stage. C - Inoculated and induced rust infection at R5 growth stage. D - Treated with fungicide.

Table 5. Percentage of GLA loss at different growth stages of soybean, spring 1987.2
% of GLA Loss

variety  Treatment”

R2 R3 Rs Rs 5 Rs5 8 Re Rg
TK #5 A 8.8 20.0 36.3 59.5 81.6 81.7 99.9
B 2.6 11.3 234 39.2 58.3 88.7 99.7
C 2.5 7.7 9.3 24.4 455 78.1 99.0
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0

R3 R4 Rs Rs 5 Re Re.5 R7
SRE-B-15A A 5.0 6.2 10.0 26.6 329 58.5 80.0
B 5.0 5.3 7.5 175 17.1 26.3 60.4
C 0.0 z.2 5.1 13.4 13.9 21.3 46.6
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0

“planted: 2 March 1987. YA - Inoculated and induced rust infection at R1 growth stage. B - Inoculated and induced rust infection
at R3 growth stage. C - Inoculated and induced rust infection at RS growth stage. D - Treated with tungicide.
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Table 6. Percentage of GLA loss at different growth stages of soybean, fall 1987.2
% of GLA Loss

Variety Treatment”
R2 Ra Rs R5.5 Re Re.8
TK #5 A 2.1 9.1 275 45.0 93.1 99.3
B 1.1 3.4 19.2 313 81.2 97.4
c 0 1.9 14.3 11.1 35.3 61.5
D 0 0 0 0 0 0
R3 Ra Rs Rs.5 Re6.5 Re.8
SRE-B-15A A 1.1 0.1 6.1 15.4 48.8 65.4
B 0.5 0 5.7 5.4 28.1 46.3
C 0 0 0.9 1.3 7.4 15.4
D 0 0 0 0 0 0

Zplanted: 21 September 1987. YA - Inoculated and induced rust infection . R1 growth stage. B - Inoculated and induced
rust infection at R3 growth stage. C - Inocufated and tnduced rust infection at R5 growth stage. D - Treated with fungicide.

Table 7. Percentage of GLA loss at different growth stages of soybean, spring 1988.%
% of GLA Loss

variety  Treatment”

R2 R3 Rs Rs Re Re.5 R75
TK #5 A 15.1 40.6 57.9 74.2 89.1 97.5 99.2
B 4.5 12.2 23.1 48.9 70.4 86.7 97.3
c 1.8 4.4 115 17.4 39.4 58.9 92.4
D 0 0 0 0 0 0 0
R3 R3 Rs Re Re.5 Re.8 R75
SRE-B-15A A 9.1 17.2 30.5 44.9 53.3 67.7 84.3
B 4.1 8.7 14.1 16.2 325 58.2 75.3
c 25 4.3 6.2 9.2 16.5 22.0 52.4
D 0 0] 0 0] 0 0 0

Zplanted: 3 March 1988. YA - Inoculated and induced rust infection at R1 growth stage. B - Inoculated and induced rust infection
at R3 growth stage. C - inoculated and induced rust infection at RS growth stage. D - Treated with fungicide.

SRE-B-15A, loss of GLA was only 11.5, 32.9, 48.8 and 44.9% in fall 1986, spring 1987, fall 1987
and spring 1988, respectively. Results clearly indicated that the disease progressed more rapidly in
TK #5 than in SRE-B-15A, confirming the high level of rust tolerance of SRE-B-15A. Furthermore,
the disease developed carlier in spring than in fall,

The estimated total GLA in both cultivars was very closely related to the yield potential in cach
season. The correlation coefficient (r) for TK #5 was 0.95, 0.97, 0.93 and 0.93 in the fall 1986 (Table
8). spring 1987 (Tablc 9), fall 1987 (Table 10), and spring 1988 (Table 11), respectively. For SRE-
B-15A, it was 0.85, 0.91, 0.87 and 0.93 in fall 1986, spring 1987, fall 1987, and spring 1988,
respectively. These figures suggested a higher estimated total GLA induced higher yield in the tolerant
cultivar SRE-B-13A, than in the susceptible cultivar, TK #5, in four scasons.

The percentage of estimated total GLA loss due to soybean rust in both cultivars is very closely
related to the percentage of grain yield loss in four seasons. The correlation cocfficient (r) is 0.96,
0.99, 0.90, 0.93 in TK #5 and 0.91, 0.96, 0.94, 0.99 in SRE-B-15A in fall 1986 (Table 12), spring
1987 (Table 13), fall 1987 (Table 14), and <pring 1988 (Table 15), respectively. Between two cultivars
and among four seasons, the correlation cocfficient (r’) was 0.83. The high value of r2 suggested
that soybean rust induced necrosis and yellowing directly affected the chlorophyll content and the
rate of photosynthesis of infected leaves in both tolerant and susceptible cultivars and eventually reduced
seed number, sced size and grain yield. The susceptible cultivar, TK #5, showed much higher percentage
loss of total GLA due to rust at cach growth stage than the tolerant cultivar, SRE-B-15A in cach of
four seasons. Therefore, the yield loss of TK #5 was much higher than SRE-B-15A in the same treatment
in the same season.

Soybean rust infection started carlier and was more severe in spring than in fall. Therefore, yield
loss was higher in spring than in fall in both tolerant and susceptible cultivars.
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Table 8. Correlation between percentage of estimated total GLA and vield, fall 1986,

TK #5 SRE-B-15A
Estimated Yield Estimated Yield
Treal. .

reat Rep total GLA potential total GLA potential

(%) (%) (%) (%)

A | 3428 48.7 624.7 87.7

" 3299 45.2 625.5 86.5

1] 323.1 45.6 564.2 85.3

v 331.6 60.3 600.4 85.2

B 1 379.7 54.8 634.9 87.7

] 383.7 52.4 637.8 84.2

IH 395.9 60.2 628.6 89.4

v 425.3 79.8 647.2 87.1

Cc | 529.0 78.7 699.8 100.0

] 526.2 83.4 699.6 98.6

L[} 541.0 87.8 675.5 91.3

v 571.3 93.8 653.7 92.4

D | 637.0 96.8 703.4 98.3

I 621.0 100.0 713.4 95.9

i 640.9 93.6 720.1 96.7

v 630.9 98.0 720.1 93.3

Correlation coefficient r =095 r= 0.85
Correlation coefficient (2 varieties) r =093

Table 9. Correlation between percentage of estimated total GLA and yield, spring 1987.

TK #5 SRE-B-15A
Estimated Yield Estimated Yield
Treat.

reat Rep total GLA potential total GLA potential

(%) (%) (%) (%)

A | 231.8 29.4 395.0 70.3

il 237.3 29.7 383.6 73.5

] 213.7 25.0 371.3 72.9

I\ 2549 39.3 4019 78.6

B | 275.7 37.2 448.9 87.1

] 292.7 417 4249 85.7

n 2947 46.1 440.2 84.9

v 306.2 54.9 457.2 84.4

Cc | 329.3 43,2 456.3 85.0

] 314.0 41.7 4478 87.4

in 331.1 49.6 490.3 86.8

v 353.0 56.9 4724 84.4

D | 4455 90.4 537.4 98.5

I 493.9 90.6 523.5 100.0

1] 514.1 94.4 539.4 91.5

v 503.0 100.0 533.8 95.2

Correlation coefficient r = 0.97 r =091

Correlation coefficient (2 varieties) r = 0.97
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Table 10. Correlation between percentage of estimated total GLA and yleld, fall 1987.

TK #5 SRE-B-15A
Estimated Yield Estimated Yield
. Rep.

Treat ep total GLA (%) potential (%) total GLA (%) potential (%)

A | 317.4 41.5 422.8 72.3

Il 289.7 375 403.8 77.5

1]} 292.0 38.4 425.0 76.6

v 320.7 44.8 410.0 815

B | 341.3 41.0 4449 80.7

Il 324.1 42.3 455.3 78.0

] 337.7 44.1 457.1 80.4

v 331.3 52.9 445.4 82.2

Cc | 422.6 78.3 516.9 95.6

1l 408.1 88.0 498.5 100.0

1} 405.3 29.5 484.0 95.8

v 3995 88.2 485.7 88.3

D 1 481.5 94.1 520.3 93.7

Il 502.5 93.1 509.5 98.1

i 486.8 83.8 511.2 90.9

v 488.9 100.0 510.9 99.9

Correlation coefficient r = 0.93 r = 0.87
Correlation coefficient (2 varieties) r =093

Table 11. Correlation between percentage of estimated total GLA and yield, spring 1988.

TK #5 SRE-B-15A
Estimated Yield Estimated Yield
Treat. Rep.
re ep total GLA (%) potentiat (%) total GLA (%) potential (%)
A ! 206.4 19.9 323.0 59.5
It 189.8 25.6 314.2 G2.2
i 162.8 26.0 321.4 65.3
\Y 175.1 310 312.3 65.9
B | 296.4 28.8 400.6 66.0
1] 269.8 34.5 400.7 71.9
" 280.6 29.5 386.4 74.0
v 277.2 37.1 377.4 73.6
Cc | 360.7 45.5 482.5 82.0
1] 345.8 39.9 466.1 82.0
] 359.9 449 446.7 82.5
\Y 362.5 55.4 4385 88.2
D | 490.9 91.9 549.8 95.0
1] 482.5 100.0 540.7 96.9
] 498.8 95.9 526.5 88.5
\Y 489.1 90.0 521.4 100.0
Correlation coefficient r =092 r = 0.93
Correlation coefficient (2 varieties) r =092

Table 12. Correlation between percentage of estimated total loss of GLA due to soybean rust
and percentage of yield loss, fall 1986.

o TK #5 SRE-B-15A
Treatment Estimated Yield Estimated Yield
total GLA loss loss total GLA loss loss
A 455.2 48.6 155.9 10.2
B 381.5 36.4 110.9 9.4
C 134.7 11.5 42.4 0.5
D 0 0 0 0
? =096 ? = 091

2 (2 var) = 0.97
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Table 13. Correlation between percentage of estimated total loss of GLA due to soybean rust
and percentage of yield loss, spring 1987.

TK #5 ) SRE-B-15A
Estimated Yield Estimated Yield
Treatment total GLA loss loss total GLA loss loss
(%) (%) (%) (%)
A 404.4 67.1 219.2 23.4
B8 323.1 52.1 139.0 11.2
C 266.6 49.0 105.5 10.8
D 0 0 0 0
2 = 0.99 ? = 0.96

r? (2 var) = 0.94

Table 14. Correlation between percentage of estimatad total loss of GLA due to soybean rust
and percentage of yleld loss, fall 1987.

TK #5 SRE-B-15A

Treatment Estimated Yield Estimated Yield
total GLA loss loss total GLA loss loss
A 276.1 57.0 136.8 19.5
B 233.5 52.2 86.1 16.0
C 1241 8.8 25.0 0.8

D o] 0 0 0

r = 0.90 r = 0,94

? (2 var) = 0.91

Table 15. Correlation between percentage of estimated total loss of GLA due to soybean rust
and percentage of yleld loss, spring 1988.

TK #5 __SRE-B-]SA
Treatment Estimated Yield Estimated Yield
total GLA loss loss total GLA loss loss
(%) (%) (%) (%)
A 471.8 72.9 307.2 335
B 343.1 65.6 209.2 25.0
C 2259 50.8 113.1 11.8

D 0 0 0 0
r = 0,93 r = 0.99
? (2 var) = 0.87
Canclusion

The percentage of GLA in tolerant soybean cultivars is the most important factor related to yield
under severe rust conditions.

Screening of Wild Cultivars for Soybean Rust Resistance
Summary

Soybean rust is one of the major constraints to soybean production in Southeast Asia and no highly
resistant soybean cultivar has been identified yet. A total of 100 wild Glyvcine accessions from Australia
were screened to identify the sources of resistance. In two evaluations, fourteen accessions were rated
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highly resistant. These accessions may provide the materials for interspecific soybean hybridization
programs geared at improving rust resistance.

introduction

Soybean rust, caused by Phakopsora pachyrhizi is one of the major constraints to soybean
production in the lowland tropics and subtropics of the Eastern Hemisphere. Previous reports indicated
that soybean and over 30 other genera of cultivated and wild legumes are affected by soybean rust.
Despite years of research, no highly resistant soybean cultivar has been found yet. This experiment
was designed to screen wild perennial Glyeine species (received trom Dr. J. J. Burdon, CSIRO. Division
of Plant Industry. P.O. Box 1600, Canberra City, A.C.T. 2601, Australia) for soybean rust resistance
and to identify potential sources for resistance that may be incorporated into soybean through
interspecific crosses.

Materials and Methods

One hundred accessions of wild perennial Glveine and two checks, AGS 181 (highly tolerant check)
and Taita Kaohsiung No. 5 (TK #5) (susceptible check), were planted un 4 March 1988 for preliminary
screening for rust resistance in spring. Sixteen accessions rated highly resistant in the preliminary
screening were planted on 2 September 1988 for further screening.

Five seeds of cach accession were sown in four 15 cm diameter clay pots containing sterilized
potting media (5:3:1:1 soil:compost:rice hull:sand). Two weeks later. scedlings in cach pot were thinned
to three only. The pots were placed outside the greenhouse (replications and per aceession) surrounded
by the susceptible soybean variety TK #5, also in planted pots.

When most plants reached flowering and pod-setting, these were artificially inoculated three times
at 3-4 day intervals with rust spore suspension (2,000 uredospores/ml). Disease resistance was evaluated
at least three weeks after the last inoculation. The rating system was based on the percentage of foliage
infection: highly resistant (HR) - no or very few lesions: moderately resistant (MR) - less than 20%
foliage infection; and. susceptible (S) - more than 20% foliage infection.

Results and Discussion

Sixteen accessions developed only a few lesions, whereas, others did not. These weic 1ated highly
resistant in spring 1988 (Table 16). These 16 accessions were reevaluated in fall and 14 accessions
were found highly resistant (Table 16). In contrast, two check soybean varieties aud even the highly
tolerant varicty AGS 181, were rated susceptible.

The 14 highly resistant accessions belong to four wild Glyveine species: G. argyrea, G. clandestina,
G. tabacina (2n = 80) and 5. fomentella (diploid and tetraploid) (Table 17). These accessions may
provide excellent materials for interspecific soybean hybridization in the future.

Factors Leading to Soybean Seed Deterioration

Summary

This study aimed to determine the factors that lead to soybean seed deterioration. High temperature
and high relative humidity during reproductive stage affected seed deterioration. The percentage of
clean seeds which did not germinate and were not infected by microorganisms had higher correlation
(" = 0.945) to percentage of seed germination than microorganism infection (r = 0.592). The effect
of accumulated precipitation on seed germination was more important than the accumulated daily average
temperature. A high percentage of microorganisms, such as Colletotrichum, Phomopsis, Macrophomina,
Fusarium, Alternaria, Cercospora, Penicillium and some bacteria was found in the seeds.
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Table 16. Disease rating and number of Glycine accesslons screened for resistance to soybean
rust in 1988.

No. of entries

. z
Disease rating

Spring Fall
Highly resistant (HR) 16 14
Moderately re.istant {MR) 9 2
Susceptible (S) 73 0
Nongermination 2 0
Total 100 16

“HR = No or few lesions; MR = Less than 20% foliage infected; S = More than 20% foliage infection.

Table 17. Wild Glycine accessions and species which were rated highly resistant to soybean rust
in 1988.

Species No. of accessions Accessions

1626, 2003/9, 2003/13, 2004/1
1664, 1225, 1558

1226, 1254, 1258, 1262

1316, 1366

1359

Glycine argyrea

G. clandestina

G. tabacina (2n = 80)
G. tomentella (diploid)

G. tornentella (tetraploid)

- b Wwh

Introduction

Soybean seed deterioration is a major constraint to soybean yield in the lowland tropics of Southeast
Asia. Soybean seed deterioration is caused by pathological, physiological and vari:tal factors. The
loss of seed viability results in poor stand and is accelerated by high ambient temperatures and high
relative humidity . This study was designed to identify the causes of seed deterioration under AVRDC
conditions and to determine their importance on seed germination.

Materials and Methods

Soybean cultivar, TK #5, was planted monthly from August 1986 to December 1987. The plot
size was 7 X 10 m” with four replicates {each 1 X 1 mn°) and plant density was equivalent to 400,000
plants/ha. AVRDC standard cultural practices without fungicide application were followed.

Pods were harvested from each replicate when plants reached the Ry stage (with 95% mature
pods). The pods were then driea and the seeds were threshed until the moisture content was lower
than 13%. The sceds were used for the isolation of microorganisms and the germination test. One
hundred seeds from cach replicate in every harvesting were randomly collected to test the
micrcorganisms present. The seeds were rinsed in two changes of sterile water, surface sterilized
in 1% aqucous solution of sodium hypochlorite for 10 minutes and rinsed again with two changes
of sterile water.

Ten treated seeds were placed in a petri dish containing 15-20 mi potato dextrose agar, and incubated
at 24°C for 5-7 days before identifying the microorganisms and evaluating germination.

Resuits and Discussion

Percentage of germination in each harvesting from 25 May to 16 December 1987 was lower than
80% (Table 19). This period covered the rainy scason. Results indicated that soybean seed was affected
by rains which reduced the chance for germination. However, the germination in other harvests (except
in 11 November 1986) was quite high — more than 85%. The results indicated that high-quality sced
was casily produced during cooler temperature and lower relative humidity.

Clean seeds which had no microorganism infection failed to germinate in the warm humid season
{(Table 18). This is equal to 62-91 % of total seeds which did not germinate (Table 19).

This result indicated that abiotic environmental factors mainly caused sced deterioration and low
germination rate during the warm and wet scason. The correlation between percentage of clean seed
which did not germinate and percentage of germination in cach harvesting was very high
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Table 18. Deterloration of soybean cultivar TK #572 In relation to germination,

Nongerminated seed

Date Date % of” % did notY % of seed with clean % of seed
planted harvested germination germinate  coat and noninfected damaged by
by microorganism microorganism
8/1/86 10/30/86 86.0 14.0 53 8.8
8/29/86 11/17/86 68.3 31.7 12.0 19.8
9/30/86 12/20/86 90.5 9.5 6.0 3.5
10/30/86 212187 923 7.7 3.3 4.5
11/28/86 3/23/87 95.0 5.0 3.0 20
12/31/86 4122187 88.8 11.2 10.8 0.5
1/127/87 5/1/87 85.3 14.7 13.3 1.5
2/26/87 5/25/87 728 27.% 235 3.8
4/1/87 7/9/87 51.3 48.7 345 14.3
5/1/87 8/12/87 52.8 47.2 385 8.8
5/29/87 9/7/87 18.3 81.7 59.3 225
7/1187 9/29/87 40.0 60.0 47.0 13.0
8/3/87 10/22/87 58.8 41.2 375 3.8
8/26/87 11/10/87 67.8 32.2 20.0 12.0
10/1/87 12/16/87 745 255 17.5 8.0
11/2/87 1/29/88 93.0 7.0 23 4.8
12/1/87 3/17/88 93.5 6.5 2.8 38
100 seeds were collected from each of four replications in each harvesting. YMeans of four replications.

Table 19. Germination rate of clean and microorganism-noninfected soybean cultivar TK #5.2

% of seed with clean

o y o
Date % did not coat and noninfected % of

harvested germinate (A) by microorganism (B) B/A
10/30/86 14.0 53 379
11/17/86 31.7 12.0 379
12/20/86 9.5 6.0 63.2
212187 7.7 3.3 429
3/23/87 5.0 3.0 60.0
4/22/87 11.2 10.8 96.4
5/1/87 14.7 13.3 90.5
5/25/87 27.2 23.5 86.4
7/9/187 48.7 34.5 70.8
8/12/87 47.2 38.5 81.6
9/7187 817 59.3 72.6
9/29/87 60.0 47.0 78.3
10/22/87 41.2 37.5 91.0
11/10/87 32.2 20.0 62.1
12/16/87 25.5 17.5 68.6
1/29/88 .G 2.3 329
3/17/88 6.5 2.8 43.1
%100 seeds were collecied from each of fou- repiications in each harvesting. YMean of four replications

(r' = 0.945). suggesting that percentage of germination coincided very closely with percentage of
clean seed that failed to germinate.

However, in May te December 1987, only 3.8% to 22.5% of seeds did not germinate and also
showed microorganism iriection. The percentage of nongerminated seeds during the other harvesting
period was also less than 8.8% | except those harvested on 17 November 1986 (Table 19). This result
indicated that the wirm and wet season was suitable for the development and infection of seed-borne
pathogens which retard sced gerniination.

There were some pod and sced-inhabiting fungi, such as Colletorrichum, Phomopsis,
Macrophomina, Fusarium, Alternaria, C ercospora, Penicillium and some bacteria recovered from
the sceds (Table 20). A higher percentage of these microorganisms was found at harvest during warm
and wet scasons. The correlation between percentage of seeds damaged by seed-borne pathogens and
percentage of germination was not high (r* = 0.592). This correlation coe fficient was much lower



Table 20. Bacterial infection on soybean cultivar TK #5 in each harvesting.

Date Alternaria Fusarium Cercospora Colletotrichum  Phomopsis Macrophomina  Penicillium Rhizoctonia
harvested Bacteria spp. spp. spp. spp. Spp. Spp. spp. solani Others
10/30/86 +72 + + + + + +
11/17/86 + + + + + + + + +
12/10/86 + + + + +
212187 + + + +
3/23187 + +
4122187 + +
511/87 + +
5125/87 + + + + +
719187 + + + + + + +
8/12/87 + + + + +
9/7/87 + + + + +
9/29/87 + + + + + +
10/22/87 + + + + +
11/10/87 + + + + + + + +
1 2/ 1 6/87 + + + + +
1/29/88 + + +
3/117/88 + + + +

400 seeds isolated in each harvesting.

ABojoyied ueaqhog

34|



144 AVRDC Progress Report 1988

than the former mentioned above (0.592 < 0.945). This indicated that this factor was less important
than pereentage of clean seeds which germinated but were not infected by microorganisms.

It may be possible that seeds which lost their viability before infection of the pathogens were
included. Removal of nonviable seeds therefore. would probably increase the percentage of germination.

Clearly, there was a high negative correlation between the accumulated daily average
temperature/ precipitation and the percentage of germination from R2 1o RE. from the middle of R2-R8
and from R6 to R8. The correlation coefficient during R2 to R8 was the highest (% of accumulated
daily temperature vs. 5 of gernunation = -0.71110: % of accumulated precipitation vs. % of
germination = 0307651 These data showed that the longer the accumulation of
temperatures: precipitation, the higher the negative correlation cither in temperature or humidity
COTHHIO < 0065857 < (152064 and -0.80765 < -0.75877 < -0.66871). Results also indicated
that correlation betw een accumulated precipitation and percentage of germination is higher than the
accumudated datly average temperature in cach of the three growth periods (-0.80765 < -0.71110,
075877 < -0.6585). -0.668TH < 052064, vespectively) suggesting that precipitation atfects seed
germination more than temperature does.

In brief. soybean seed was greatly aftected by the variation of ambient tempzrature and humidity
during the growth period. The next factor related to low germination riie during the warm and wet
season was Microorganisms,

Effect of Seed Deterioration on Germination

Summary

Significant ditferences in germination were observed among TK #5. AGS 129 and PI1459025.
Seed deterioration by abiotic environmental factors and by seed-borne microorganisms caused the
seed’s failure to germinate in the first planting. However, high temperature and high humidity were
the major causes of the seed’s failure o germinate in later planting. Seed-horne mictoorganisms showed
an almost 100 higher percentage of damage on germination. Fungicide application increased the
germination rate of TK 45 in both plantings.

Intreduction

Discases are probably the important factors affecting soybean production in Southeast Asia.
Plantings during rainy scason were atfected by lower stand and reduced seed quality. This study aimed
to determine if varictal difference affects germination in different environments and evaluates seed
deterioration by abiotic factors and microorganisms affecting seed germination.

Materials and Methods

Seeds of TK #5. AGS 129 and PI 459025 were harvested in fall 1987 and planted on | and 21
March 1988. The first planting followed the normal planting time for soybean in spring and the second
planting delayed the harvesting to July and August. The plot size was 3 x 3 m” and plant density
was equivalent to 200,000 plants/ha. A randomized complete block design with four replications was
used in cach planting. Weekly fungicide treatments of 80% Dithane M-45 w.p. mixed with 50%
Benomyl w.p.. 5% Bayleton w.p. were employed starting at the Ry stage. A control was used in the
experiment. AVRDC's standard cultural practices except the application of fungicide were followed.

Pods in plants at the center (2 x 2 m~ part of the plot) were harvested when most plants in each
plotof every planting reached R8 stage (with 95% mature pods). Seeds were threshed and dried until
the moisture content was lower than 13% . The seeds were used for the isolation of nicroorganisms
and germination test. Two hundred sceds were randomly collected from each plot, rinsed twice in
sterile water. surface sterilized for 10 minutes in 1% aqueous solution of sodium hypochlorite, and
rinsed again twice in sterile water. The treated seeds were placed in a 9-cm dizmeter petri dish containing
15-20ml potato dextrose agar, 10 seeds per dish. They were then incubated at 24°C for 5-7 days before
the microorganisms were identified and the germination test was conducted.
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Results and Discussion

There were significant differences in germination among the two varieties and one line in the
first planting (Table 21). Sceds of PI 459025 showed 74 % nongerminated seeds. This included 39%
of the clean seeds that failed to germinate, and 35% of the seeds probably were damaged by
microorganisms. Sced deterioration due to abiotic factors and microorganisms influenced the percentage
of the germination of PI 459025 in the first planting. TK #5 also showed 11 and 12% damage due
1o abiotic factors and microorgarisms, respectively. And AGS 129 showed 13.3 and 16% damage
attributed to abiotic factors and microorganisms, respectively.

In the second planting, 50% of the seeds of TK #5 and AGS 129 germinated. Germination of
Pl 459025 seeds was almost nil (Tise 22), with 96% Fusaritn spp. infected seeds. This indicated
the poor production guality of PI459025 during the hot and wet season. The other two varieties also
showed a higher percentage of seed infection by microorganisms in the second planting compared
with the first planting. This growth period coincided with the hot and wet season which was previously
found unfavorable tor the development of soybean sceds but favorable for the infection of seed-borne
microorganisms. Infection induced a higher level of damage to seed during the hot and wet season
than enviromental abiotic factors.

The application of 80% Dithane M-45 w.p. and 50% Benomyl w.p. significantly increased
germination and reduced seed infection by microorganisms in TK #5. The application of fungicide
on PI459025 delayed its maturity in the rainy season, thereby decreasing germination. However, in
seeds with clean coat and free from microorganism infection, the germination was 44% and 37%
with fungicide and without fungicide application. respectively.

Fungicide application affected germination only in TK #5. Sced infection by microorganisms was
higher when no fungicide was applied. There was no difference in seed deterioration among sceds
of the three varieties with fungicide and no fungicide application. Due 10 increased temperature and
humidity, the percentage of damage either by microorganisms or by aliotic factors increased. Resuits
of the experiment clearly indicated that seed deterioration by abiotic environmental factors and by
seed-borne pathogens caused the low germination rate during the hot and wet scason. Nevertheless,
it is necessary to identify the importance of these factors throughout the year.

Table 21. Effect of abiotic factors and microorganisms on the germination of soybean in the first

planting.?
Variety/ H % % non- % seeds % seeds on which
alrle y arrv_e(sjt seeds’ germinated of abiotic microorganisms
ine perio germinated seeds deterioration were detected
TK #5 6/20-714 76.7 A 233C 11.2 8 12.1C
AGS 129 6/30-7/4 70.2 B 29.7 7 13.38B 16.4 8
Pl 459025 6/20-7/18 26.2C 73.7 A 38.6 A 35.1 A

planted 1 March 1988. YMean of three replications.

Table 22. Effect of ablotic factors and microorganisms on the germination of soybean in the
second planting.?

: % % non- % seeds % seeds on which
Va[!'ﬁ;y/ }:gr\;gzt seeds’ germinated of abiotic microorganisms
germinated seeds deterioration were detected
TK #5 6/30-7/14 50.3 A 49.2 B 18.6 A 31.18B
AGS 129 718-7/14 51.7 A 48.3 B 148 8 3358
Pl 459025 8/8-8/24 058 995 A 36C 959 A

lPlamed 21 March 1988. YMean of three replications.

Screening for Bacterial Pustule Resistance

Summary

Bacterial pustule is one of the most important discases of soybean in Southeast Asia during the
warm rainy scason. A total of 116 AVRDC breeding lines were artificially inoculated in the ficld
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during the 1988 summer to confirm their bacterial pustule resistance. Eleven breeding lines rated highly
resistant to nacterial postule had AGS 269 as one of their parents.

Introduction

Bacterial pustule of soybean (Glycine max (L..) Merr.), caused by Xanthomonas campestris pv.
glycine (Nakan Dye). is one of the most important discases during the warm rainy season in Southeast
Asia. The development of resistant varicties is therefore one of the major objectives of the AVRDC
soybean improvement program.

Segregating populations from the resistant and susceptible lines and resistant selections were
screened in the past. This trial was designed to reassess the bacterial pustule reaction of selected AVRDC
hreeding lines.

Materials and Methods

One hundred and sixteen progenies screened last vear for bacterial pustule resistance were planted
m two replications. The plot size was 3 x | m”, Plant density was 500.000 plants/ha. The check
cultivars were G 8190 (highly resistant), CNS (moderately resistant) and G38 (highly susceptible).
The scedlings were artificially inoculated on 14 September 1988 when they reached R3 growth stage.

The inoculum was prepared by propagating the pathogen isolate (BP-1) on 523" medium plates,
incubated at 32°C for 24 hr. The culture was washed off with distilled water and the bacterial suspension
was filtered through two layers of cheese cloth. The suspension was diluted with tap water to 6.5
x 107 cfuinl (0D absorption 0.30). The concentration of the bacterial suspension was determined
by a spectrophotometer (Jasco, UVIDEC-340) at a wave Iength of 600nm. A sticker-spreader (BASF
TOTAL WETT) was added at a dilution of 1:1000. Plants were inoculated by spraying the bacterial
suspension on both the top and underneath the leaf with an atomizer at 25 kg/cm? pressure,

The discase rating was made 28 and 37 days after inoculation. The rating system followed: highly
resistant (HR) = disease resistance similar to or less than G 8190: resistant (R) = discase severity
shightly more than G 8190: moderately resistant (MR) = discase severity similar to G 2034 (CNS);
(MS) = discase severity distinetly more than G 2034 and less than G 38 and highly susceptible (HS)
= discase severity similar o or greater than G 38. The disease ratings made on 28 and 37 days after
inoculation were generally similar. However, when ratings differed for a variety, the most severe
rating between the two was chosen as the final one for that variety.

Results and Discussion

The highly susceptible cultivar G 38 had more severe pustule symptoms at 28 days after inoculation
than the highly resistant G 8190 which had an insignificant amount of lesions at 37 days following
inoculation. This suggested that the inoculation technique was uniform and effective.

Among the 116 breeding lines screened, 9.5% were rated highly resistant to bacterial pustule
(Table 23). All had AGS 269 (HR) as one of their parents (Table 24). The 55 lines will be screened
again to confirm their resistauce. The results of the screening indicated that the preliminary screening
of large segregating populations by the plant breeder effectively eliminated all the highly susceptible
and almost all the moderately susceptible lines.

lKado, C. L. and Heskett, M. G. 1970. Selective media for isolation of Agrobacterium, Corynebacterium, Erwinia,
Pseudomonas, and Xanthomonas. Phytopathology 60:969-976.
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Table 23. Disease reaction of AVRDC breeding lines to bacterlal pustule, summer 1988.

Disease reaction” No. of entries %
HR 11 9.5
R 55 47.4
MM 48 41.4
MS 2 1.7
Ha 0 0.0
Total 116 10C.0

’HR: Crisease severity similar to or less than G 8190. R: Disease severity shightly more than G 8190. MR: Disease severity similar
to G 2034 (CNS). MS: Disease seve;ity istinctly more than G 2034, but less than G 38. HS: Disease severity similar to or greater

than G 38.

Table 24. Soybean cultivars and breeding lines highly resistant to bacterial pustule, summer 1988.

Line no. Disease reaction Pedigree

GC 86040-19 HR? AGS 162 x AGS 269
GC 86032-18 HR AGS 95 x AGS 269
GC 86032-17 HR AGS 95 x AGS 269
GC 86026-48 HR AGS 29 x AGS 269
GC 86026-23 HR AGS 29 x AGS 269
GC 86026-51 HR AGS 29 x AGS 269
GC 86022-12 HR AGS 8 x AGS 269
GC 86022-17 HR AGS 8 x AGS 269
GC 86028-4 HR AGS 66 x AGS 269
GC 86028-14 HR AGS 66 x AGS 269
GC 86040-1 HR AGS 162 x AGS 269

’HR: Disease severity similar to or less than G 8190.
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Soybean Physiology

Water Requirement and Drought Stress on Vegetable Soybean

Summary

Drought stress has influenced vegetable soybean yield and quality especially pod color and
blemishes. Drought stress can reduce dry matter production, resulting low vegetable soybean yield
and leaf area. The latter possibility, however, requires further investigation, including light effect
on chlorophyll degradation, sunburn, or senescence of pods.

Introduction

In sclecting a soybean cultivar for vegetable, the seed 2nd pod size, palatability, color, texture,
and the case of gicaning the pods are considered. These criteria of vegetable soybean at immature
stage respond to management practices and soil moisture conditions different from that of grain
soybeans. This experiment aimed to evaluate the effect of drought stress on growth, and certain quality
characteristics of vegetable soybeans.

Materlals and Methods

Seeds of vegetable soybean varieties, Tzurunoko (G 90653) and Kaohsiung Sel. No. 1 (AGS 292),
were sown on 2 February 1988 in PVC pots (36 cin X 35 cm) containing 6 kg per pot of sand loam
soil mixed with sand and compost. At planting, the growing medium contained 830 ppm N, 64 ppm
P,0s, and 216 ppm K.O. Side dressing of 0.5 g (NH4)2SO4 per pot was applied at R; stage. A plant
was grown per pot in the plastic house. Eight modes of watering were applied at specific days after
sowing (DAS). The range of maximum and minimum watering in the growing medium was as follows:

Control, continuous supply of standard aniovnt of water; 10.3-16.5%
Water withholding at Vs-Ry (39 to 47 DAS); 9.0 to 17.0%

Water withholding at Ri-R2 (46 to 54 DAS); 8.1-16.2%

Water withholding at Rz (53 to 61 DAS); 9.4-15.9%

Water witiholding at R4-Rs (60 to 68 DAS); 7.9-15.6%

Continuous watering at 2/3 of control; 10.9-13.3%

Continuous  atering at 1/2 of the control; 9.6-12.6%

Continuous watering at 1/3 of the control; 8.8-11.2%

Plants were randomly assigned in three repiications (eight pots/replication, four were harvested
at 84 DAS and another four at 105 DAS). The plant height and number of leaves monitored weekly,
days to first flowering, first fully developed pod and first harvestable pod, pod number with 0, |1,
2, and 3 seeds, immature pod and seed yield, mature seed yield, and fresh and dry weights of plant
parts were measured.

In another experiment, a 21-m wide, and 14-m long sloping bed was planted to G 9053 and seeds
of AGS 292 were sown (two plants per hill in rows) on 15 March 1988. Parallel with the direction
of slope, rows were diviced into four sections at 3.5 m/section. Plot size was 1.5 m X 3.5 m, each
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with three rows. Spacings were 10 em X 50 cmand 20 em X 50 em. Asa reference, drought tolerant
and carly maturing *Grant’ was also planted in 10 cm X 50 cm spacing. Before sowing 30-50-70
kg/ha of N-P-K fertilizer and 20 t/ha of compost were applied. Side dressing of 30 kg/ha of N fertilizer
was applied at Rj-Ra stage. During this experiment, light interception by the canopy was investigated
from Ri to harvest, and pod abscission potentials were measured. Other growth and quality
parameters described above werz also determined.

Results and Discussion

Based on plant height and leaf arca. a significant drought stress oceurred to a level of 70 to 80%
of the control at 46 days after sowing. Although water withholding also reduced plant growth, soybean
plants tended to recover when these were watered again. There was no significant plant height and
leat number observed between the control and water withholding at generative stages.

Generative stages are expressed in days to initial flowering. The first fully developed and harvestable
pods were delayed by various modes of imposed drought stress: the greatest delay occurred with
watering of 1/2 or 173 amount of the control, 3.5 days of first harvestable pods for both G 9053
and AGS 292, Short-term drought stress at R1-R: stage delayed the development of first pods in both
G 9095 and AGS 292, However. plants recovered from drought stress, and those suffering short-term
drought stress did not differ in days of development to first harvestable pods from the control. Ratios
of graded pods/total pods. i.c. number of pods with more than two seeds/total pod number, immature
sced yield, 'nd dry seed yield were reduced as a result of drought stress at generative stages
(Table 1). However, great reductions occurred with the watering of 172 or 1/3 amount of the control.

Table 1. Effect of drought stress on vegetable soybean.?

Entry Stress Graded pod no. Immature seed Dry seed
treatment /Total pod no. yield yield
V5-R1 74 74 83
R1-R2 63 62 71
R3 110 96 88
G 9053 Ra-Rs 81 83 81
2/3 of control 69 52 62
1/2 of control 66 35 38
1/3 of control 26 10 19
Vg-Ry 76 85 86
R1-R2 63 73 68
R3 85 84 89
AGS 292 Ra-Rs 76 83 76
2/3 of control 69 €0 60
1/2 of control 37 54 40
1/3 of control 44 39 35

*Expressed as % of the control

Since continuous drought stress had a pronounced effect on soybean, these two vegetable soybean
cultivars were grown in a sloping bed which would constantly provide gradient soil moisture content.
In the sloping bed, svil water tension in the 20 cm depth 75-100 cm, 50-75 ¢cm and 25-50 ¢m sections
increased to about 55%, 35% and 20% more of the 0-25 cm scction.

On the contrary, there were no significant differences on soybean generative development due
1o the difference in height in the sloping bed. The drought stress in the sloping bed was not severe
enough to affect development. The minimum moisture content measured in the 15-20 ¢cm depth at
the 75-100 ¢m section was 9.5%. which was relatively higher than the previous pot experiment.

On individual plant basis, both total and graded pods were higher in the 0 to 25-cm section than
in other sections in the sloping bed (Fig. 1). Both total and graded yields of G 9053 were higher
in 20-cm spacing than 10 cm duc to an increase in the number of branches (Table 2). but higher in
10 cm than in 20-cm spacing of AGS 292. This trend was also observed in grain sced yield.
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i « Graded pod number/plant of
8 1 G 9053 and AGS 292 grown in two
6 ! 1 ) 1 1 spacings at the sloping bed (O -0,
69053 69053 AGS232 AGS292 GRANT 75-100 cm; A - A, 50-75 cm;
{I0cm}  (20cm)  (I0ecm) (20cm)  {10cm) 0-0,2550cm; A-A,0-25¢cm).
Table 2. Plant growth of vegetable soybean as affected by bed height and spacing, May 1988
(R6 stage).
Bed Plant Total Total
SEnt?; height heigh. Nc/ade no. Branlch no. Lea2f alrea fresh wt. dry wt.
(spacing) (cm) (cm) plant fplant - (em®/plant) o inianty  (g/plant)
75-100 36.6 8.9 3.7a 847 56.2 15.4 a
50-75 32.3 8.6 3.2 ab 661 51.1 13.8 ab
G 9053 25-50 32.3 8.9 3.2 ab 793 58.4 15.1 ab
(10 cm) 0-25 359 8.8 2.1b 704 455 11.8b
"X 34.3 8.8 3.1 751 52.8 14.0
75-100 24.0 8.4 4.3 818 b 60.1 15.8
50-75 27.2 8.7 5.6 1111 a 79.0 21.6
G 9053 25-50 26.9 8.3 4.8 1101 a 81.1 22.2
(20 cm) 0-25 25.0 8.1 4.1 747 b 56.7 14.2
"X 25.8 8.4 4.5 944 69.2 18.4
75-100 297 8.5 3.2 452 41.0 10.4
50-75 28.1 8.2 1.9 513 45.6 11.3
AGS 292 25-50 29.3 8.9 2.4 503 47.0 11.9
(10 cm) 0-25 28.6 .6 2.1 479 40.4 10.2
"X 28.9 8.6 2.4 487 43.5 10.9
75-100 23.5 8.1 2.5 478 b 48.9 12.5
50-75 23.3 7.9 2.3 529 b 52.0 13.0
AGS 292 25-50 24.2 8.0 2.1 428 b 47.7 12.2
(20 cm) 0-25 25.0 7.8 3.0 805 a 59.2 14.9
"X 24.0 7.9 2.5 560 51.9 13.2
75-100 53.4 b’ 13.2 ab 3.0 835b 652b 18.0 b
50-75 65.7 a 142 a 2.0 1058 a 77.1a 209 a
Grant 25-50 61.6 a 1250b 1.5 859 b 61.3b 1655
(10 cmy) 0-25 65.3 a 13.0 ab 1.3 933 ab 64.1b 17.2b
“X 61.5 13.2 2.0 921 67.0 18.1

"Mean separation within column of same spacing and entry by DMRT at 5% probability level.

Potential pod abscission was higher in AGS 292 than G 9053. But bed height and spacing seemed
not to affect potential pod abscission, except with G 9053 at spacings of 20 cm X 50 cm in the sections
of 0-25 and 25-50 cm, where pods were difficult to abscise (Figure 2). Pods from high sections of
sloping bed tended to have lower chlorophyll content than from low sections; This was reflected in
a number of blemished pods (Table 3). Both G 9053 and AGS 292 in 20 cm spacing within rows
also had high chlorophyll content. This difference could be attributed to variation in leaf area; both
G 9053 and AGS 292 grew in high sections and/or 10 cm intrarow spacing tended to have lesser
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leaf arca/plant than in low sections and/or 20 ¢m intrarow spacing (Table 2). It is possible that large
leaf prevented direct exposure of pod shell to sunlight, thus decreasing sunburn in the pod shell.
Alcoholi * insoluble solid in immature seed was high in G 9053 from the high section of the sloping
bed. but not in AGS 292 (Table 3). No clear indication of changes in protein, sugar and starch contents
i immature sced was observed due to differences in bed height or spacing, except with AGS 292
at 20 em X 50 cm spacing where seeds from high sectien had higher sugar contents than the low section.

66
62 |-
T 58 |
&3' b
5 54 —
250
2
Sl Fig. 2.
& 42 | Potential pod abscission rate
L of G 9053 and AGS 292
38 grown in two spaclings in the
sloping bed ( @-0O , 75-100
34 cm; A-A,50-75¢cm; 0 -O

69053 69053 AGS292 AGS292 GRANT 25.50cm: A- A, 0-25 cm).
{I0cm)  (20cm) (10cm)  {20cm)  (IOcm)

Table 3. Pod quality (%) and seed chemical composition (%) of vegetable soybean as affected
by bed height and spacing.

Entry Bed height gp? gpY NBP*  Protein  Sugar  Starch  AISY
_spacing) - _(em)
75100 209 20.7 56.9 36.4 4.5 9.9 76.0 a
50-75 24.5 275 53.5 39.8 3.6 10.1 759 a
G 9053 25-50 19.3 20.7 55.7 41.1 1.8 8.8 73.8b
_“99'"1-_ ; gé ,-_.___,1‘7'5 37.4 ) 59.6 39.9 3.9 10.0 73.3b
i —X_ 20.5 26.6 56.4 »39.3 3.5 9.7 74.7
75-100 30.7 a’ 356 a 42.6 37.2 4.4 9.4 74.8 a
5075 302 a 36.1a 49.2 38.4 4.2 8.9 72.3 ab
G 90L3 25-50 23.1a 26.8 ab 46.8 39.6 35 7.6 73.8 ab
__1_20~c_m)__ _9_2_5_~ N }‘2,3 b 179 b 45.4‘___” 40.6 4.2 8.1 73.3b
i _f(ﬁ - 24 1 29.1 46.0 39.0 4.1 8.5 73.5
75-100 19.8 21.0 549 37.1 4.0 9.4 75.0
50 (5 249 26.8 525 38.9 4.8 9.6 75.2
AGS 292 2550 229 42.0 41.2 36.4 3.4 8.2 74.3
'(‘lg_qﬂ o 0253_ }82‘ o 20.6 o 56.6 41.5 4.7 7.2 71.8
o o :I,x“_,*,, ‘2‘17.75 _ 27.6 513 385 4.2 8.6 74.1
75100 32.4 34.6 48.2 35.7 57 a 10.9 74.6
50-75 33.1 38.5 44.4 36.3 49 a 9.0 75.5
AGS 292 25-50 27.4 30.7 50.6 36.0 4.7 a 8.7 73.3
) @9:&4 o _“():25 22.1 28.7 48.0 36.8 28b 9.7 74.1
) ‘X B 28.7 33.1 47.8 36.2 4.5 9.6 74.4
75-100 12.4 ab 15.1 ab 58.0 37.0 3.0 6.1 a 73.8
50-75 12.6 ab 14.8 ab 60.6 37.4 4.1 6.5b 73.9
GRANT 25-50 193 a 225 a 58.2 34.3 3.7 73bc 732
L 0-25 72b 83Db 69.9 35.7 3.3 83 a 75.3
"X 12.9 15.2 61.7 36.1 3.5 7.2 74.0
Total blenushed pod/total pod per plant x 103 (wt/wl). yB»I‘g:mlshed pod with 2.3 seeds/2:3 seed pod x 100 (wi/wt). "Non-
hlemished pod vath 2-3 seeds/total pod x 100 (wt/wt} Alcohotic insoluble solid. YMean separation within columns of

same spacing and entry by DMRT at 5% probability level.
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Relationship Between Spacing and Quality of Vegetable Soybean

Summary

Intrarow spacings affected vegetable soybean yield differences. Close spacing at 10 X 50 cm?
produced highest graded pods of AGS 292, G 9053 and G 10134. However, an increase in pod was
not necessarily associated with seed filling. Difference in the number of blemished pods was attributed
to variety rather than spacing. Further investigations of the physiological aspects of pod filling could
give important information about how to increase vegetable soybean yield and decrease blemish.

Introduction

There is considerable information on the influence of plant spacing to soybean growth and yield.
It was observed from previous experiments that spacing in the sloping bed had some effects on the
color of and blemish on the pod shell. The present study aimed to exatnine the effect of intrarow
spacing on growth, yicld and quality characteristics of vegetable soybean.

Materials and Methods

Seeds of G 9053 (Tzurunoko), AGS 292 (Kaohsiung Sel. No. 1) and G 10134 (Tainung 305,
Ryokkohy were sown in the field previously applied with NPK fertilizer at 30-50-70 kg/ha and 20
ton of compost on 3 March 1988. The soil contained 843 ppri N, 77 ppm P2Os, and 135 ppm K:O
at the time of sowing. Seedlings were later thinned to two plants per hill at spacings of 10 em X
SOem 1S em X 50 em. 20 em x 50 em, and 25 em X 50 em. A randomized complete block design
with three replicates was employed. Side dressing of 20 kg N/ha was applied at R|-Ra stage. The
soil’s water content at 15-20 em depth ranged from 14.2 10 22.8% during the experiment.

Characteristics selected for study were plant height, leaf area. node and branch number and dry
weights of different plant parts at 27, 48. 69, and 76 (AGS 292) or 82 (G 9053) days after sowing,
days to first flowering, first fully developed and first harvestable pods. light interception by the canopy,
potential pod abscission, pod number, pod shell color and pod blemishes, and protein, alcohol insoluble
solids {AIS) and carbohydrate content in immature seeds.

Results and Discussion

Based on wtal dry matter accumulation and leaf arca, G 10134 seemed to grow carly and vigorously.
After flowering, G 9053 and AGS 292 had significant amount of dry matter even though leaf arca
per plant in AGS 292 was lesser. There was a comparable dry matter accumulation at Rs-Re stage
among three entries at the same spacing. At Rs-Ry stage, there was a significant difference in height
among varieties and spacings (Table 4). Tall plants were spaced at 10 ¢cm x 50 em for cach entry,
and short plants at 25 x 50 or 20 x 50 ¢cm®. There was no significant difference in the number of
nodes among treatments. However, v »re branches and total dry weight per plant were observed at
25 em X 50 em in three entries.

Spacing did notinfluence generative stages, although AGS 292 flowered earlier (i.e. 21.6 to 3.4
days) and pods were ready for harvesting (in 3.5 to 4.6 days). G 9053 attained later flowering and
pod maturity. Both G 9053 and AGS 292 had higher pod number than G 10134 (Table 5). The pod
number per plant decreased from the close spacing to the sparse spacing. Similar trend was observed
in grain seed yield. On the other hand, the number of seeds per pod increased from the close spacing
to sparse spacing. The number of culled pods (pods with one seed or none at all) was high from sparse
spacing. However, the number of graded pods (pods with 2 or 3 sceds) was not significantly different
among three spacings. Among entries, G 10134 had the lcast graded pod number due to the least
tota' numder of pod produced but had comparable number of culled pod from other entrics.

Significant yicld difference on unit land basis of vegetable soybean was observed among treatments.
Both G 9053 and ACS 292 had higher vegetable soybean yields per unit land area than G 10134 of the
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Table 4. Effect of spacing on growth of three vegetable soybean cuitivars at Rs-Rg¢ stage, 1988.

Spacing Height Node Branch _ Dry wt. (g/plant) Leaf area
(cm) {cm) no. no. Stem  Petiole Lea Pod Total  (cm*/plant)
10 x 50 381 94 32 34 26 53 5.3 16.5 1085
15 x 50 349 89 43 5.0 38 7.6 6.9 233 1581
G 9053 20 x 50 29.9 8.7 5.1 73 39 7.3 75 26.0 1444
25 x 50 30.2 9.3 5.0 49 4.2 8.5 8.5 26.1 1675
"X 332 9.1 44 5.1 3.6 7.2 7.0 23.0 1446
10 x 50 334 8.7 38 25 1.2 4.1 9.6 17.4 734
15 x 50 317 8.6 34 2.4 1.2 4.3 10.1 18.0 765
AGS 292 20 x 50 29.3 8.8 36 2.7 1.5 5.2 9.9 19.3 831
25 x 50 30.2 9.5 48 36 1.9 6.9 12.1 24.5 1077
X 311 8.9 39 2.8 1.5 5.1 10.4 198 852
10 x 50 439 9.1 28 4.2 2.6 5.7 53 17.8 933
15 x 50 41.4 92 37 5.1 3.2 75 6.5 22.3 1209
G 10134 20 x 50 329 89 33 40 2.8 7.3 70 211 1216
25 x 50 33.7 3.7 4.6 5.2 39 10.2 6.4 25.6 1818
X 379 9.2 36 4.6 31 7.7 6.3 21.7 1294
Entry 5% 2.38 NS NS 1.41 0.49 0.99 091 NS 153
LSD Spacing 5% 275 NS 0.78 NS 0.57 1.14 1.05 35 177
ExD 5% NS NS NS NS NS NS NS NS NS

Table 5. Effect of spacing on yield and yield components of three vegetable soybean cultivars.

Spacn Pod n Culled Graded pod” Immature  Immature  Graded Graded Seed

Entry pacing /Ol ([)' pod a 7 Ipot pod wt. seedwt. podwt” pod yield yield
(cm) PNt nosplant’  "OTPRNU o rpiany  (giplany)  (giplany  (Una)  (glplany

10 x 50 22.0 5.7 16.3 056 0.09 345 13.8 21.3

15 x 50 225 1.7 14.7 0.99 0.27 350 93 217

20 x 50 313 115 19.9 2.14 0.51 46.8 9.4 28.4

G 9053 25 x uN 26.6 113 15.3 3.23 0.80 40.0 6.4 24.1

"X 25.6 9.1 16.5 1.73 0.42 39.1 9.7 23.9

10 x 50 120 79 111 1.40 0.41 311 12,5 19.0

15 x 50 22.7 9.3 13.4 1.60 0.44 38.0 10.1 225

20 x 50 275 12.0 15.5 1.98 0.58 48.8 9.8 30.0

AGS 292 25 x 50 277 1.1 16.6 1.65 0.38 54.1 8.7 30.7

X 24.2 10.1 14.1 1.66 0.45 43.0 10.3 25.6

10 x 50 17.3 85 8.8 1.00 0.18 26.9 10.8 18.7

15 x 50 17.9 9.3 8% 1.19 0.25 28.3 7.5 19.8

20 x 50 19.7 10.5 93 1.18 0.21 30.8 6.2 21.2

G 10134 25 x 50 20.3 113 9.1 1.22 0.16 315 5.0 20.8

"X 18.8 9.9 8.9 1.15 0.20 29.4 7.4 20.1

Entry 5% 3.0 NS 2.7 NS 0.20 6.2 1.7 3.7

LSD Specing 5% 3.5 16 NS NS NS 7.2 2.0 43

ExD NS NS NS NS NS NS NS NS

“pods with one seed or none at all. YPods with 2 or 3 seeds.

same spacing. Within the same entry, however, highest yields were obtained in closest spacings and
lowest yiclds were at wider spacings.

Small leaf arca index in AGS 292 (i.c. 2.94 at 10 X 50 cm?) at 69 days after sowing was
attributed to less light intercepted by the canopy. As expected, on the other hand, close spacings in
three entrics increased light interception by the canopy due to large leaf arca index, i.e. 4.34 and
3.73 at 10 X 50 cm® for G 9053 and G 10134, respectively, at 69 days after sowing. On unit land
basis, the increased light interception was reflected in increased total dry matter production, but not
in vegetable soybean yield.

There was no significant difference in pod abscission among spacings but AGS 292 had higher
pod abscission than other entrics, indicating that A S 292 is easier to glean.
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Spacings within the same entry did not influence the number of blemished pods. However, AGS
292 had more blemished pods than G 9055 and G 10134 (Table 6). This could be due to the pod's
exposure to solar radiation; correlation coefficient between number of blemished pods and light
penctration by the canopy was 0.73** at harvest. On the contrary, pod shells from wide spacings
tended to have high chlorophyll concentrations, which could also be due to sunlight exposure. Pod
shells of G 9053 had lowest chlorophyll concentrations. On chemical constituents in seed, total sugar
and AIS content were not influenced by spacing. G 9053 had highest AIS content among three entries,
whercas AGS 292 had highest sugar content in immature seed. On the contrary, there were significant
differences in protein and starch contents in immature seed among, varieties and spacings. AGS 292
had more starch but less protein than other entries. Wide spacing at 25 % 50 cm” increased starch
content in AGS 292 und G 10134, but decreased protein content in G 10134,

Table 6. Effect of spacing on quality of three vegetable soybean cultivars.
Pod shell

Spacin 18P° BpPY Protein Sugar Starch AlS
Entry (cm)g " chlorothyII % drv wi basi
% (nglcm?) (% dry wt. basis)
10 x 50 254 27.4 6.7 36.8 4.6 8.2 76.0
15 x 50 20.1 21.0 8.7 37.5 3.8 8.8 78.2
20 x 50 21.7 27.7 80 37.1 4.4 10.7 75.8
G 9053 25 x 50 26.3 30.0 7.3 36.8 4.3 9.1 75.3
"X 23.4 26.5 7.7 37.0 4.3 9.1 76.3
10 x 50 35.3 415 8.0 34.4 6.6 10.7 73.0
15 x 50 38.7 426 9.0 349 6.7 13.8 71.6
20 x 50 334 35.0 9.3 375 7.0 12.8 73.8
_AGS 292 25 x 50 38.7 418 9.3 35.2 6.1 12.7 70.8
"X 36.5 40.2 8.9 35.5 6.6 12.5 72.3
10 x 50 16.0 17.6 9.0 39.3 3.3 7.4 72.3
15 x 50 10.5 12.7 9.0 38.2 4.8 8.8 73.2
20 x 50 247 28.5 Q.0 39.4 3.5 89 73.1
G 10134 25 x 50 17.0 20.6 10.0 38.3 4.1 8.9 711
"X 17 1 19.8 9.3 38.8 3.9 8.5 72.4
Entry 5% 6.5 6.8 0.6 0.8 1.1 1.1 1.8
L.S.D Spacing 5% NS NS 0.7 0.9 NS 1.3 NS
E x D5% NS NS NS 1.5 NS NS NS

Total number of blemished pods/total number of pods per plant x 100 (wt/wt). YBlemished pods with 2-3 seeds/total number
of pods with 2-3 seeds (wt/wt).



Sweet Potato Breeding

Hybridization

Summary

In the 1987-1988 crossing project, priority was given to improvement of dry matter yield, cating
quality, resistance to lcaf scab and utilization of new germplasm.

Introduction

In the 1987-1988 crossing project, priority was given to improvement of dry matter yield, cating
quality, resistance to leaf scab. A polycross of new promising germplasm accessions from different
environments i.e. highlands, dry and wet lowlands was also set up to create a gene pool for wide
adaptability.

Results

A total 0f 92,503 seeds were harvested from four polycrosses. These provided materials for seedling
screening in 1988 and sclected clones were further screened in an observation yield trial (OYT) in
July-December.

Wet Season Yield Trials

Summary

A scries of trials were conducted in spring and summer to select clones tolerant to hot wet
conditions.

A total of 129 selections were entered in the preliminary yield trials (PYT) and 27 were cvaluated
in the advanced yicld trials (AYT) both in spring and summer. Stable high yield and high dry matter
yield in both seasons were the most important criteria for human consumption and feed type. Among
promising sclcctions in the advanced trials, CN 1489-89 showed very stable and good performance
under hot wet conditions. It had 33% dry matter content.

Introduction

Although sweet potato can be grown year-round in the tropics, ordinarily the yield is adversely
affected by flooding in the wet season. The development of clones tolerant to high soil moisture
conditions is a promising approach to assure constant supply of the crop, reinforce its traditional role
as a survival crop and utilize marginal land which cannot be fully utilized for cropping.

To select promising breeding lines for the lowland tropics, repeated multistage sclections are being
conducted in spring and summer under hot wet conditions at AVRDC, which has similar environmental
conditions to many sweet potato growing areas in Asia and the Pacific.

o hiph 'L’" 1
Wil o] A"Q'\"—u T e },’I';\ S s, vl 3 ey By

[ A (R IR . A R i U 13
& N Woae e Gollibed e F%a‘.-;’\m' ll-lu‘Jn'Qn‘.-J\d.’nh‘.h



158 AVRDC Progress Report 1988

Materials and Methods

A series of wet season yield trials, PYT and AYT were routinely conducted in two different seasons,
spring and summer at AVRDC. Trials in spring were from April to July and trials in summer, from
June to September.

Both seasons received around 1,000 mm of ramnfall in four months concentrated in June to August.
Ordinarily, the trials suffered very wet conditions in spring at root bulking stage and experienced
wet conditions at root initiation and carly root bulking stages in summer. Temperature conditions
were almost the same in both spring and summer except in the first month of spring.

Rainfall and temperature during the wet season trials in 1988 are summarized in Figure 1 and
Table 1. Due to heavy rainfall (418 mm) on August 13, the field became flooded and waterlogging
oceurred for almost a week. All trials were supposed 10 be harvested at 120 days after planting.
However, harvesting of trials in summer was delayed for five 1o seven days because of continuous
rain in September.

Total entries were divided into three groups for AYT (Table 2) and four groups for the second
year of the preliminary yield trials (PYT2). AVRDC advanced clones. CN 1108-13 and CN 1510-25
were used as common check cultivars in all groups. Other local checks were also used in trials such
as Tainung 66 (TN 66). I 444 (Kinmen), Tainung 67 (TN 67).
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Fig. 1. Temperature and rainfall during the wet season trials of sweet
potato AVRDC, 1988,
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Table 1. Temperature and rainfall during the AYT and PYT, wet season 1988.

AYT PYT 2 PYT 1

spY su* sp SuU sp su
(3/30-8/2)° (5/16-9/19)  (4/6-8/8)  (5/24-9/30) (4/11.8/9) (5/31-9/19)

Rainfalt {mm)

First 2 months 2635 308.5 2815 238.0 2710 379.0
Last 2 months 3945 889.0 361.0 1046.5 365.0 894.5
Whole planting

duration 658.0 1197.5 6425 12845 636.0 12735

Maximum temperature (°C)

First 2 months 279 315 28.8 317 294 31.7
(16.4-33.0)" (23833.4) (17.2:33.0) (23.8:33.4) (22.2:33.0) (23.8-33.4)

Last 2 months 317 31.1 319 30.7 320 30.6
(23.8-33.4) (24.2-:33.0) (27.0-33.4) (242-33.0) (27.0-33.4) (242-330)

Whole planting 29.9 31.3 30.4 31.2 307 31.2
duration (16 4-33.4) (23.8-33.4) (17.2:33.4) (23.8-:33.4) (22.2:334) (23.8-334)

Minimum temperature (°C)

First 2 months 20.4 243 21.1 24 4 21.7 248
(13.6-24.8) (18.8-26.0) (13.6-24.8) (188-27.0) (154.248) (188-27.0)
Last 2 months 245 243 247 239 24.8 239
(18.8-:27.0) (22.2-27.0) (21.4.27.0) (20.8:26 0} (23.0-27.0) (20.8-26.0)
Whole planting 225 24.3 229 242 23.3 244
duration (13.6-27.0) (18.8-27.0) (13.6:27.0) (18.8.270) (15.4-27.0) (18.8-27.0)
'Plannng duration 'sp - spring trial 'SU= summer tnal *Range

Table 2. Sweet potato yield trials conducted in wet season, 1988,

Group No. of Spring Summer

Trial — Remarks
number entries pp! DH? DP DH
PYT(2)1 1-3 38 Apr. 6 Aug. 1-3 May 24 Sept. 29! Experimental design:
4 13 Apr. 6 Aug. 8 May 24 Sept. 30" RCBD (2 reps)

Unit plot. 2 rows, 5 m
long

Spacing: 100 cm x
25 cm

Sub-total: 4 groups, 51 entries

PYT(1)’ 1 78 Apr. 11 Aug. 9 May 31 Oct. 3'  Expenmental design:
RCBD (2 reps)
Umit plot; 1 row,

5 m long
Spacing; 100 cm x
. 25¢cm
PYT (BCFy)* 1 64 Apr. 19 Aug. 22 June 7 Oct. 8
Sub-total: 2 groups, 142 entries
Total: 6 groups, 193 entries
AYT" 1 9 Mar. 30 July 25 May 16 Sept. 12 Expenmental design:
2 9 Mar. 30 July 25, 28 May 16 Sept. 14 RCBD (4 reps)
3 9 Mar. 30 Aug. 2 May 16 Sept. 19 Unit plot: 4 rows",
5m long
Spacing: 100 cm x
25 cm

Total: 3 groups, 27 entries

zPreliminary yield tnal (2ng year). yPreIimlnary yJeId trial (1st year). lPrellmmary yield tnal (first backtiross generation of
interspecific hybrids). Advanced yield trial. Yield data was taken only from the middle tw? rows The harve§t of this
trial was postponed for 5-7 days because of heavy rainfall and unfavorabte field conditions. Date of planting. Date of
harvesting.
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Results and Discussion

First Year Preliminary Yield Trial (PYT1) Rainfall during the PYT1 in summer occurred
as itdid in spring. CN [108-13 was severely depressed but the other common check line, CN 1510-25
viclded only 12 t-ha in spring whercas the clone gave 24 t/ha in the AYT.
in summer. because of the heavy rains in August and September, many roots became rotten before
harvest. Rotten roots were not considered marketable but their number was recorded and rot rate
was caleulated (Table 3y, Vanation of rot rate, from 0% to 28.8% between clones was observed.
Rootrot particularly in CN 1848-77 and CN 1813-149 was one of the main factors of yield reduction in
summer. On the other hand, CN 1840-315, CN 1814-124 and CN 1842-236 did not have any rotien

roots,

Table 3. Yield and other characteristics of sweet potato selections derived from first year
preliminary yield trial, 1988

Rotten
Marketable yield marketable” Dry Matter Dry Matter w
Clone no. 9 o Flesh
(t/ha, root (%) (%) yield (t/ha) color
sp? suY U SP sp
Orange fleshed clones’
CN 1842-31 336" 258 135 28.8 9.7+ 01
CN 1841-341 280 18.8 53 23.1 6.5 03
CN 1842-199 266 23.2 24 29.7 79 03
CN 1842-203 266 29.2 4.3 215 5.7 05
CN 1842-169 238 304 57 23.7 5.6 03
CN 1842-195 228 15.6 115 27.1 6.2 03
CN 1840-284 222 284 5.6 26.6 5.9 03
CN 1840-248 20.8 10.8 5.1 28.5 5.9 05
CN 1844-341 19.0 13.8 5.3 276 5.2 03
CN 1842-78 13.6 28.4 42 32.7 6.1 Y303
CN 1843-303 16.8 21.8 09 0.2 49 03
CN 1840-260 16.8 10.2 75 29.0 4.8 03
CN 1841-225 18.4 216 4.3 28.0 52 05
CN 184u-114 14.2 24 4 1.3 26.0 3.7 03
CN 1840-253 13.6 19.0 4.8 27.1 3.7 03
Yellow fleshed clones:
CN 1841-266 270 26.0 75 30.6 8.3 Y3
CN 1848-77 26.4 16 0 20.0 30.2 8.0 Yl
CN 1840 315 26.0 210 0.0 33.3 8.7 Y3
CN 1840-322 19.2 15.6 10.3 335 6.4 Y301
CN 1813-123 190 224 08 328 6.2 Y1
CN 1813 149 158 7.2 288 39.3 6.2 Y1
CN 1814-124 15.8 6.6 0.0 36.4 5.8 Y1
CN 1842236 158 30.8* 0.0 324 5.1 Y3
CN 1843-341 14 4 14.0 17.3 335 4.8 Y3
CN 1846-33 128 12.2 240 358 4.6 Y1
CN 184272 28" 20.2 1.0 295 08 Yl
Check hines
CN 1108-13 20.6 9.4 5.6 269 5.5 (2.4) o3y
CN 1510-25 12.0 16.0 00 298 3.6 (4.4) Y3
Mean of 80 entries 11.0 12.5 3.3
LSD (0.01) 10.5 14.5 3.3
CV (%) 35.8 43.6 37.4
Trjanted Apnl 11 and harvested August 9, 1988 YPlanted May 31 and harvested October 3, 1988. *Rotten marketable
root rate = [rotten marketable root no /(rotten marketable root no + marketable root no )] x 100. “Flesh color O = orange,
Y = yellow. increasing color intensity indicated by number prefix (1 = light to 7 = very intense). ¢Significantly higher than

the superior check Significantly lower than the superior check.
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Advanced Yield Trials (AYT). Seven new entries obtained from the 1987 PYT and 16
selections from the 1987 AYT were entered along with six check lines into the AYT, wet season
in 1988, Since there wis no statistically significant difference of marketable root number and yield
for the common check fines, TN 66, CN T108-13 and CN 151025, the data were combined and analyzed
OVEr groups in cach seison.

The vield dilference between the AYT in spring and in sunmier was clear and no entry showed
better vield in summer.

New entries in the AYT. The performance of seven new entries in the AYT 15 shown in
Table 5. In spring, CON 174788, CN 1790-42 and CN 1747-20 showed vields equivalent to TN 60,
the best vielder among the cheekhs. Reduction in vield of these three clones in summer was relatively
lfower than that of TN 66

Dry matter content of new entries was improved and ranged from 31510 40.0 % anspring. CN
F747-88 and CN 1790 420 partcular, had high dry matter content tor orange fleshed clones and
therr beta-carotene content was 6.5 and 6.8 mg/ 100 p respectivels . which was the optimum amount
of nutrient and vittmin A source preferred by the Asian consumer.

Promising AYT entries in wet season. A total of 12 advanced clores were selected from
the second year entries. Results of evaluation for Teat scab resistance in the field and other horticultural
characters of those selections and cheek cultivars, TN 66 (o leading variety in Taiwany, CN THO8-13
and CN 1232-9 (both AVRDC's elite clones) are presented in Table 6.

Under AVRDC conditions, leat scab does not exist or oceurs slightly unless artificially inoculated
susceptible clones are used as source. However. due o heavy rainfall in T988. severe scab oceurred
naturally both in spring and summer, and clear clonal differences for the resistance were observed.
The severity of infection was recorded one week before harvest using o simple rating system. CN
IOKR- 13, N ISTO 25, CN IS25-1 1 and TN 66 appeared suseeptible whereas CN 12329, CN 1489-89,
CN 1618-4061, CN 1656- 101, CN 1656-37, CN 1656-89, CN 1656-97 and CN 16061-62 were rated
resistant.

Table 5. Yield and other characteristics of new clones in the advanced yield trial, wet season 1988.

Rotten
Matketable yield marketable o . sk Flesh®
Entries (t/ha) root (%, Dry Matter Dry Matter Starch Starch color
sp? su’ SU e (%) yeld (t/ha) (% FWB) yield (t/ha)

CN 1747 88 292 132 (452) 7a 335 98 236 69 Y503
CN 1790-42 276 A7 (170) 133 319 8.9 21.7 6.0 03
CN 1747 20 18 3 94(hl1 A 6.6 391 71 29.8 54 Y1
CN 17324 176 73(415) 30 40.0 70 29.7 5.2 Yi
CN 17351 1Hh5H 3.0 (19 4) 34 38.2 59 30.1 4.7 Y1
CN 17782 123 19 (154) 19 315 39 214 26" Y3
CN 1795 268 110 48437) 6.5 36.9 4.1 27.1 3.0 Y3
Check entries
TN 66 270 2.4 (89) 391 26.0 7.0 16.2 4.4 05
CN 12329 260 8.1(31.2) 0.2 27.0 7.0 17.7 4.6 Y1
CN 1510:25 239 98(410) 10.8 320 7.7 24.6 59 Y3
CN 110813 228 61(268) 13.7 252 58 17.7 4.1 03Y5
TN 67 121 5.2 {43.0) 4,67 ] 38.5 4.6 30.0 3.6 Y5
Mean of 29

entries 204 65 6.4 4.7
LSD (0 01) 97 59 3.1 2.4
CV (") 24 6 377 249 26.5
‘Planted March 30 and harvested July 25, 1988 Planted May 16 and harvested June 16, 1988. *Rotten marketable
root (") {no of rotten marketable root/(no ot rotten marketable root + no of marketable root)] x 100 Yy = yellow;
O orange increasing color mtensity indicated by numbers (1 = hight to 7 = very intense) Significantly lower than the

supertor check
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spring 1987 (nean yield: 321 t/ha), then in spring TO8R (mean yield: 2.8 t/ha), in summer 1987
tmean vield: 1423 tZhay and 1o sunmmer 198K (mean yield: 7.4 1/ha).

In Table 8. the temperature conditions were guite constant in four environments except in the
carly stage of phanting in spring. On the other hand. the amount and/or pattern of rainfall was guite
different. It was considered that datterent levels ot motsture stresses mainly influenced the vields since
these trials were conducted under AVRDC conditions.

Simple regression amavsis was adapted to determime the stabihity or eavironmental sensitivity
ol the clones (Fable 7y, The regression coettivient (hy measures the environmental sensitivity and
R* (coetticient ol determination) measures the predictabilinn or reliability of the regression model.

By the environmental sensionaty mdex by, genotypes can be classified ito three types: Type
Hbh = 11 a regression slope of b Tindicates the clones which are nonmiteractive, 1.e.. sensitive
to the envitonmental changes among entries: Type 2th < Dz regardless of the posttion ot the mean,
alow slope (b« Dy indicates less tesponse trom the clones o environmental etfects vize stability of
performance undes different environments. and Type 3 b Tyasteep slope (b 1)y would indicate
the reverse viz, hagh sensitivity 1o environmental changes.

Figure 2 shows a graphic representation of mean narketable vield morelation to environmental
sensttivity index. Regardless of the marketable viekd, mostentries fell into Type 1. CN 148989, with
the highest mean nrkerable vield, and CN L1061 15, with the Towest mean maiketable yield, belonged
1o Type 20 TN 66, ON 52511 and CHv 1656:97 appeared 1o be Type 30 The regression lines of
the clones which represent cach type are shown in Figare 3 (CN FHOR- 13 and CN 1232-9 for Type
1. CN 1489 89 for Type 2 and TN 06 lor Type 3).

As mentioned cartier. the ¢ mdicates the relability of the regression model. The regression
madels of T4 entries. exeept CN RO 89 had guite high o (Table 7). more than 0.8, The R of
CN 1489 B9 was 0,68 this reveals that the simple regression model could not detect vesponses of
this clone to environmental changes N T4RY 89 was stable under the lower-yield environment and
showed good response to envitonment favorable to high vield.

In conclusion, clone N T489 RO appeared very stable across a range of environments under
AVRDC hot-wet conditions. This clone’s response to excessive mosture conditions, considered as
the man himiting tactor tor vield, ndicated that the genotype is tolerant to the environment which
severely depresses sweet potate vield. This genoty pe could be suitable for adverse environments in
the tropies.

Tabte 8. Temperature and rainfall during the advanced yield trials in wet season, 1987-1988.

A1
875P 875U 88sP B8SU
) {3/24 8/3)[ (b116-10/4) (3/30 8/2) (5/16-9/19)
Ramfall (rmim)
First 2 months 1805 4795 2635 308.5
Last 2 months 6215 3105 3945 889.0
Whole plantimg duration 7020 790 0 658 0 11975
Maxunum temperature (°C)
First 2 months 280 314 279 315
(1783272) (25.8:34.0) (16.4.33.0) (23.8-33.4)
Last 2 imonths 312 30.8 31.7 31.1
126.0-34.0) (25 6-33.8) (23.8-33.4) (24.2-33.0)
Whole planting duration + 298 311 29.9 313
(17 8:34.0) (25.6-340) (16.4-33.4) (23.8:33.4)
Mimunum temperature (C)
First 2 months 192 245 20.4 243
(10424 0) (22.8266) (13.6:24.8) (18.8-26.0)
Last 2 months 240 231 245 24 3
(206 26 .6) (20 4.25 4) (18 827.0) (22.2.27.0)
Whole planting duration 219 238 225 243
{10.4 26 6) (20.4:26.6) (13.6:27.0) (18.8-27.0)

?
Ptanting duration
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Results of this experiment also indicated that TN 66, CN 1108-13, CN 1232-9 and CN 1489-89
could be used as a good set of standards for comparing the sensitivity to hot and wet conditions in
the field. Most entries in this experiment were virus-indexed and now ready foi distribution to national
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Utilization of Interspecific Hybrids

Summary

To explore the possibility of utilizing wild refatives for practical breeding, 5x hybrids obtained
from the cross between 4 pomoca trifida and sweet potato were evaluated in 1986-87. To improve
the yield. the first backeross to the Sx hybrids was conducted in 1986 and the progenies (BCF)) were
evaluted i the OYT, 1987 “The selections from the OY'T were entered into the PYT in spring and
summer 1988,

Under excessive moisture conditions in summer, BCFy attained good yield compared with the
cheek cultvars. Inital results indicated that CN 1868-6 and CN 1872-8 would be promising gene
sources for excessive moisture tolerance.

Introduction

Genetie introgression: from: wild relatives has been effectively utilized to introduce specific
characters in many crops. The value of wild relatives in sweet potato breeding has been explored
simee 193G, However,information is stll very limited to actively utilize wild relatives for breeding.

On this premise, SX hybrids obtained Irom crosses between 4x Ipomoea trifida and sweet potato
were evaluated in 1985-1986 (AVRDC, 1988). Although the Sx hybrids showed potential for weevil
resistance and high dry matter content, they were not recommended for immediate use mainly because
ol dow vield. The first backeross 1o the Sx hybrids was conducted in 1986 1o monitor if the desirable
traits of the Sx hybrids could be transferred to the backeross progenies without any reduction and
to evaluate how to improve yield. The backeross first generation (BCFy) were entered into seedling
screening and observation yield trial in 1987 Selected clones were evaluated in the preliminary yield
triads in wet season 1988,

Materials and Methods

A total of 64 BCF) Ties, along with their parental lines, nine 5x hybrids and seven sweet potato
lines, were planted in the preliminary yield trials in the wet season. Two trials were conducted for
the same setof entries, one from April 19 to August 22, and another from June 7 to October 8, 1988.

Each trial was planted in a randomized complete block design with two replications, with rows
spaced T apart and plants within the row, 25 cm apart.

Atharvesting, yield and other agronomic characters were recorded and the root samples of those
planted in spring were analyzed for dry matter content. The same set of entries were screened for
weevil resistance.

Results and Discussion

Temperature and rainfall during the two trials were quite similar in both spring and summer
(Fable 9). Performance of the check lines indicated the very poor yielding environment in both spring
and summer. Heavy rainfall on August 13 (418 mm) and the resulting waterlogging condition caused
severe rotting of roots in spring. This could be the main reason for the extremely high coefficient
of variation in this trial.

Figure 4 shows the frequency distribution of yield of BCFy and the check lines in spring anc
summer. All 5x hybrids did not form any storage roots in both scasons, although they showed quite
aceeptable yield in the preliminary evaluation in cool-dry season in 1986-1987. In both spring and
summer, the mean yields of BCFE) were higher than those of the check cultivars. In summer, 25%
of the BCFy entries showed better yield than CN 1345-8, the best yielder among the checks with 16.6
t/ha.

Dry matter content varied among BCFy, from 16.1 to 39.1%. Seventeen entries had higher dry
matlter content than CN 1501-25 with 33.5%.
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Table 9. Temperature and rainfall during the preliminary yleld trials (BCFy1), wet season 1988.

Rainfall (mm)

First 2 months
Last 2 months
Whoie planting duration

Maxiam temperature (“C)

First 2 months
Last 2 months
Whote planting duration

Mimimuam temperature (°C)

First 2 months
Last 2 raonths
Whole planting duration

sp sy

(4119-8/22)° (6/7-10/8)
276 352
890.5 879
1166.5 1231

30.2 (22.2-33.0)
31.5 (24.2-33.4)
30.9 (22.2-33.4)

22.6 (15.4.25.8)
24.6 (22.8-27.0)
23.6 (15.4-27.0)

32.0 (27.0-33.4)
30.4 (24.2-33.0)
31.2 (24.2-33.4)

24.8 (23.0-27.0)
23.7 (20.8-26.0)
24.3 (20.8-27.0)

7
Rlanting duritnn.

25
20 -

fv=95

Spring

(April 19-Aug. 22,1988)
[T BCF,

Check cultivars
¥ = Mean of BCF,

= Mean of check

i cultivars
..E T T T T
ul ‘ v =13.1
5297 Summer
g 20 - (June 7-0ct.8, 1988)
|5 -". L
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Fig. 4.
Frequency distribution of
marketable yields among BCF;
progenies, AVRDC, wet season
1988.

In the obscrvation yicld trial of the BCF; clones in 1987, the clear difference by crossing
directions betw een sweet potato and 5x hybrids was report=2 (AVRDC, 1990). Although selected
clones with better yield and root appearance were entered. in the PYT (BCFy), the same difference
was observed. BCF, clones which have sweet potato as female parents showed significantly higher

yield than those with 5x hybrids as male parents (Table 10).

Yicld and other characteristics of promising BCF| clones are listed in Table 11. Although some
of them developed stronger and wider root systems than sweet potato, there were no special or inferior
morphological traits observed. Due to heavy rainfall in spring, two weeks before harvesting, and
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following waterlogging conditions, roots became severely rotten. The variation between entries existed,
and rotten marketable roots of the BCF selections ranged 4.0-77.8 % and 12.9-77.8 % for the check
cultivars. Rotting was the main limiting factor of this season’s yield for both BCF; and check
cultivars.

In summer. marketable yields of these BCF) selections were generally good compared with the
check cultivars. CN 1867-11, CN 1868-6, CN 1872-11, CN 1869-7 and CN 1871-4 in particular,
vielded significantly higher than the check cultivar, CN 1345-8. The tendency of BCF, to develop
stronger and wider root systems might be an indication of good performance under excessive misture
conditions., Performance of these selections under cool-dry conditions will be evaluated in fall.

Table 10. Difference in yleld performance of BCF; progenies by crossing direction.?

5x hybrids x [ batatas I. batatas x 5x hybrids
(N = 23) (N = 41)
Mean marketable yield (t/ha) 6.9 16.6
Range (t/ha) 0.8-15.6 0.4-40.8

“Two populations are sigmticantly dit‘erant at P < 0.001 {((62) = 524)

Table 11. Yield and other characteristics of sweet potato BCF; derived from preliminary yield

triai, 1988.
Marketable Rotten marketable Dry matter Dry matter yield
Clcne no yteld (t/ha) root(%)" (%) (t/ha) Flesh¥
sP’ su” sP su sP SP
CN 1867-11 24.0 27.2* 9.0 0.0 238 5.7 05
CN 1868-13 22.2 17.0 22.6 7.0 24 .4 5.4 Y5
CN 1868-6 20.8 31.0* 39.3 0.0 275 5.7 Y1
CN 1867-3 20.6 19.8 4.1 0.0 28.1 5.8 Y301
CN 1868-12 17.6 24.0 31.0 8.2 33.0 5.8 Y1
CN 1868-15 17.2 13.0 16.4 0.0 25.8 4.4 Y1
CN 1869-6 15.2 15.8 26.3 7 339 3.7 Y1
CN 1872-11 14.4 28.4* 39.1 0.0 28.2 4 Y1
CN 1872-8 14.2 40.8* 48.6 1.9 24.1 3.4 Y1
CN 1869-13 14.0 18.8 28.8 9.3 26.5 3.7 03Y3
CN 186 5 13.8 14.8 28.0 0.0 22.4 3.1 Y1
CN 1869-1 13.4 25.6 47.9 3.0 24.7 3.3 Y1
CN 186727 13.2 16.4 26.3 1.6 31.6 4, Y501
CN 1869-7 12.8 28.8* 379 0.0 39.1 5.0 Y1
CN 1868-3 12.6 16.0 39.1 0.0 31.4 4.0 Y3
CN 1871-4 12.0 28.6* 38.1 0.7 24.6 an Y1
CN 1868-4 7.2 17.2 56.1 1.1 29.9 2.2 Y1
CN 18709 6.6 17.4 62.4 0.0 33.8 2.2 Y1
CN 1876-3 6.6 22.8 42,9 0.0 28.0 1.8 Y3
CN 186717 3.4 17.6 77.8 6.8 28.2 1.3 Y101
Check lines
TN 57 119 3.2 12,9 3.6 26.5 29 Y3
TN 6G 7.4 7.€ 56.8 6.5 27.1 2.0 05
CN 1108-13 L4 13.4 53.9 0.0 25.7 1.4 01Y3
AIS 01222 3.8 7.6 38.0 0.0 214 0.8 05
CN 1345-8 3.2 16.6 74.1 2.2 27.6 0.9 Y1
CN 1510-25 3.2 10.6 74.9 10.7 335 1.1 Y3
CN 1405-14 0.4 2.2 77.8 0.0 25.2 0.1 Y3
Mean of 80 entries 8.0 11.2 2.5
LSD (0.01) 13.0 9.6 4.1
CV (%) 61.0 32.0 61.0
“Planted Apnl 19 and harvested August 22, 1988. YPlanted June 7 and harvested October 8, 1988, *Rotten marketable
root (Ys) = Ino. of rotten marketable root /(no. of rotten marketable + no. of marketabte root)] x 100. Flesh color: Y -
yellow, O = orange. increasing color intensity is indic:*ed by number prefix (1 = pale to 7 = very intense). *Significantly

higher than the superior check cultivar. " Significantly lower than the superior check cultivar.
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Germplasm Evaluation in Wet Season

Summary

A total of 215 selections from AVRDC germplasm were evaluated in spring and summer. Thirty-
three clones were selected as promising lines for excessive soil moisture tolera= ze.

Introduction

In the tropics, excessive soil moisture or flooding was reported as one constraint of sweel potato
production (Lin et al. 1985). Usually, sweet potato is preferably cultivated under relatively dry
conditions or with better drainage since the crop is easily affected by wet or flooded conditions.

AVRDC aims to develop sweet potato cultivars which are more adapted to wet conditions. It
aims to explore tolerant gene sources to strengthen the breeding program. In the 1988 wet scason,
yield trials were conducted to confirm the gene sources which were previously reported tolerant to
1looding (AVRDC. 1984) and screen new germplasm as wll.

Materiuls and Methods

A total of 215 entries consisting of 24 AVRDC breeding lines and 191 germplasm accessions
were evaluated for yield performance in the wet season. Two trials were conducted in spring, from
April 28 to August 29, and in summer, from June 14 1 October 11.

A randomized complete block design with two replications was used. A unit plot consisted of
3-m long rows spaced | m apart. Plant; within the row were planted 25 cm apart. Considering the
large number of entries, 12 plants were planted in every plot in two replications. However, check
plots were provided for every six plots, and TN 66 and CN 1108-13 were planted in the check plots
by turns.

At harvesting, yicld and other agronomic characters were recorded. Root samples were analyzed
for chemical attributes.

Results and Discussion

Since trials were conducted in late spring and summer, the climatic conditions of two plantings
were quite similar (Table 12). The heavy rainfalt on August 13 and following extremely wet conditions
caused rotting in the spring trial and atfected marketable yicld. Marketable yield distribuation ir each
trial is shown in Figure 6. In spring, mean marketable yield of all entries was 5.4 t/ha ranging from
0 to 28.7 t/ha (Table 13). About 61.9% of the entries yielded only 0-4.6 t/ha. In summer, mean
marketable vield was 1.3 t/ha ranging from 0 to 14.3 t/ha; about 90.7% of the entries had 0-4.3 t/ha.

Root samples of 174 clones were analyzed in spring. Frequency distributions of dry matter, starch,
sugar, protein and beta-carotene contents are shown in Figure 7. Compared with the mean chemical
analysis of four advanced yield trials (1987-1988) for the check cultivars (TN 66 and CN 1108-13),
the dry matter, protein, sugar and starch contents appeared to be 1-3% lower and sugar and beta-
carotene. 1-2% higher.

Based on the marketable yield in both seasons, 33 entries were selected for further evaluation
(Table 14). Of the selections, 10 were AVRDC clones. In summer the best five yielders were AVRDC
clones CN 1345-8, CN 1028-15, CN 1489-89, CN 942-47 and CN 1280-3 with marketable yields
of 14.3, 13.7, 11.7, 10.7, 9.7 t/ha, respectively.

Among germplasm accessions, 1938 (K 79; a lowland cultivar in Papua New Guinea) and I 423
(Tainan 17; a summer cultivar for starch extraction in Taiwan) were equal to AVRDC clones.

Among entries previously reported as tolerant to flooding, sclections 1392, 1100, 1 444, 1423,
1607, 1234 and 1253. 1392, I 100 and I 444 performed relatively well in spring while I 607,1 423,
1234 and 1 253 did similarly in summer. All 33 sclections will be further evaluated in bigger plot
size and more replications in the wet season.
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Table 12, Temperature and rainfall during wet season yleld trlals, 1988.
EYT 88SP ! EYT 88SU
(4/28-8/29)z (6/14-10/11)
Rainfall (mm)
First 2 months 256 384
Last 2 months 850.5 847
Whole planting duration 1106.5 1231

Maximum temperature (°C)

First 2 months
Last 2 months

30.9 (23.8-33.4)
31.5 (24.2-33.4)

31.9 (27.0-33.4)
30.4 (24.2-:33.0)

Whole planting duration 31.2(23.8-33.4) 31.2 (24.2-33.4)
Minimum temperature (°C)
First 2 months 23.6 (18.8-25.8) 24.8 (23.0-27.0)

Last 2 months

245 (22.2-27.0)

23.5 (20.8-26.0)

Whole planting duration 24.1(18.8-27.0) 24.2 (20.8-27.0)

"Planlmg duration.

Table 13. Marketable yleld and other characteristics of selected entries durlng evaluation of sweet
potato germplasm, wet season 1988.

X

- Marketable yield (t/ha Dry matter (% rlesh

Entries Origin Sp? ! S(Uy ) v SP ) color
CN 1345-8 AVRDC 28.7 (1)W 14.3 (1) 29.0 Y1
CN 12329 AVRDC 26.3 (2) 6.7 (11) 24.4 Y1
1 392 (Rakwana) Solomon Is. 25.0 (3) 2.3 26.2 Y3P5
CN 1489.89 AVRDC 23.7 (4) 11.7 (3) 325 Y1
I 100 (PI 318848: New Caledonia 22.0 (5) 4.3 24,1 Y1

Kumata Belep)

1 165 (Tainung 57) Taiwan 20.7 (6) 1.3 20.0 Y301
1136 OK 6-3-106) USA 20.3 (7) 0.0 - 03
11175 (V2-30) Philippines 19.7 (8) 1.7 28.2 05
1 401 (Salifi) Solomon ls. 19.3 (9) 0.0 27.0 Y1
1938 (K 79) PNG 19.0 (10) 9.3(7) 31.5 Y3
Tainung 67 Taiwan 19.0 (10) 0.0 32.8 Y503
1 1185 (Bali) Indonesia 18.3 (12) 5.7 27.2 Y3
CN 1280-3 AVRDC 18.3 (12) 9.7 (5) 27.9 Y1
CN 1525-11 AVRDC 18.0 (14) 8.3 (10) 249 Y3
CN 1517-139 AVRDC 18.0 (14) 6.7 (11) 32,6 Y3
1934 (llimo 1) PNG 17.0 1.0 28.4 Y3
1 1188 (Amelika® Tonga 16.7 3.0 32,6 Y1
| 928 (Koitaki 2) PNG 16.7 0.0 23.7 Y3
CN 1028-15 AVRDC 16.3 13.7 (2) 216 03Y1
1 381 (Indonesia 321) Indonesia 16.3 0.0 23.3 03
11174 (V2-3) Philippines 15,7 3.3 31.0 Y5
CN 942-47 AVRDC 15.7 10.7 (4) 215 03
1 398 (Lukatefou) Solomon Is. 15.3 1.7 - Y1
1 444 (Kinmen) Taiwan 15.3 1.3 20.8 Y1
CN 1510-25 AVRDC 15.0 5.7 26.7 Y3
1932 (Unu 2) PNG 15.0 0.3 27.8 Y1
|1 423 (Tainan 17) Taiwan 14.3 9.0 (8) 249 Y1
CN 1448-49 AVRDC 12.3 6.0 (15) 31.7 Y5
1952 (TI1B 10) IITA, Nigeria 8.0 9.5 (6) 27.6 Y3
1 607 (Lae 4) PNG 9.7 8.7 (9) 21.6 Y1
1 234 (Norin 4) Japan 7.7 6.7 (11) 29.1 Y1
1 253 (Norin 23) Japan 7.3 6.5 (14) 25.4 Y1
1 232 (Norin 2) Japan 8.3 6.0 (15) 34.0 Y1
CN 1108-13 AVRDC 11.6 3.3 211 03
TN 66 Taiwan 8.0 2.2 22.1 05
Mean of 215 entries 5.4 1.3 27.1
’Planted April 28 and harvested August 29, 1988. YPlanted June 14 and harvested October 11, 1988. *Y = yellow,
O = orange, P = purple; increasing color intensity is indicated by number prefix (1 = pale to 7 = very intense). “Rank of

marketable yield obtained from the trial.
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International Cooperation

Summary

An intensive international distribution of virus-indexed sweet potato materials was resumed. A
totai of 30 improved materials arc now available for international exchange.

International Distribution of Virus-indexed Materials

The international exchange for wide-scale testing of improved sweet potato breeding materials
has always been restrained by strict quarantine regulations. To overcome this constraint and distribute
only clean maicrials to cooperators, a virus-indexing scheme was instituted at AVRDC. About 22
AVRDC improved selections from AVRDC germplasm were virus-indexed and became available for
international exchange since November 1987, In 1988, the materials were sent out to 25 cooperators
(see the section on GRSU in this report for details). In December, 1988, cight more clones went through
the procedure and are ready for international distribution.

Feedback from international Cooperators

The international distribution of sweet potato was held back from 1985 to 1987 for virus-indexing,.
An intensive distribution of virus-indexed materials resumed in 1988. Only limited feedback was
recewved from international cooperators on the performance of the materials distributed.

China. Sweet potato trials were conducted at Jiangsu Xuzhou Institute. AVRDC cooperators
tested seven AVRDC clones with the local check Xushu 18. CN 1028-15. a light orange-fleshed clone,
yielded 32.2 t/ha, equivalent to the local check cultivar (Table 14).

Kampuchea. A dry scason trial was conducted at Kbal Koh Research Station, Phnom Penh,
Kampuchea. Tainung 66. CN 1028-15 and CN 1232-9 yiclded at the same level as the local check,
Local (Table 15). Cooperators claimed that roots of AVRDC clones are smaller than the local check,
but most roots were found acceptable in the market. CN 1232-9 was not well accepted in the market
because of its wet texture. CN 1028-15 was moderately acceptable; TN 66 was the sweetest among
entrics and CN 1038-16 had powdery texture when cooked.

Tabie 14. Performance of AVRDC sweet potato clones, Jiangsu Xuzhou Institute, Jiangsu Province,

China, 1988.7
A Marketable roots Top wt. Root color’
Entries

weight (t/ha) No./'000/ha {t/ha) skin flesh
Xushu 18 (check) 35.0 a** 122 b 57.3 ab** R6 Y1
CN 1028-15 32.2 ab 178 ab 48.2 be RS 03
AIS 35-2 25.8 be 228 a 33.1d (OY)4 o7
Cl 591-51 22.7 cd 230 a 47.1 be 05 06
PC#9 19.9 cd 228 a 39.5 cd R7 Y2
PC# 3 179 cd 177 ab 44.4 bed R5 04
Cla12-2 15.1 de 181 ab 43.6 bed Y2 W(P1)
I 444 (Kinmen) 75e 157 ab 68.9 a R1 w
Mean of 8 entries 22.0 188 47.8

*Planted June 25, 1988 and harvested October 26, 1988,  YSkin color- R = red, O - orange, Y = yellow, OY = orange with
yellow; Flesh color: Y = yellow, O = orange, W = white, P = purple;increasing color intensity indicated by numbers (1 = light
to 7 = very intense). *Mean separation by DMRT at 5% probability level. * *Mean separation by DMRT at 1% probability level.
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Table 15. Performance of AVRDC sweet potato clones in dry season, Kbal Koh Research Station,
Kampuchea, 1987-1988.%

Yield of Roots Total Average
Variety Ma:ggtlzble small  attacked root weight Skin Flesh )
name (t/ha) roots by insects  yield of roots color color Remarks
{t/ha) (t/ha) (t/ha) (8)
Loeal (local 29.7 2.5 6.5 38.7 120 Violet Light  Very vigorous
check) yellow growing, but
less sweet than
Tainung 66.
Tamnung 66 255 2.8 3.7 320 77 Deep Orange Sweeter than
red other varieties.
CN 1028-15 248 3.0 3.9 31.7 69 Violet  Orange Sweet enough
CN 12329 248 2.6 4.1 315 78 White White  Flesh s very
tender after
COOKINg.
CN 1038-16 16.2 2.6 4.0 22.8 77 White White  Powdery texture
___after cooking
LSD 5% 6.3 NS NS 6.7 19.3
C.v. 16.9% 19% 36% 13.9% 14.9%
’Planted December 8. 1987 and harvested March 9, 1988
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Screening for Sw=etpotato Weevil Resistance

Summary

Twao sets of sweet potato germplasm accessions were screened in the field for resistance to
sweetpotato weevil Cvlas formicarius formicarius. In the first test, insect infestation varied widely
and certain test entries were less damaged than the susceptible checks. However, there was a significant
positive correlation between root yield and weevil infestation. Least damage in certain accessions was
mainly due to small roots. Least damaged accessions in the second test in 1986-87 had significantly
lesser damage than the control but poor yielding entries tended to have lesser weevil damage than
high vielding accessions. Despite 15 years of continuous research, a reliable source of resistance to
sweetpotato weevil has not been found yet.

Introduction

Sweetpotato weevil. Cylas formicarius formicarius F. (Coleoptera: Curculionidae) is the most
destructive pest in sweet potato (Ipomoea batatas Lam.) in the tropics and subtropics where the crop
is grown. The larvae and adults feed on sweet potato roots and crowns while adults feed on the foliage.
As i result, the produce becomes unfit for human consumption due to the unpleasant flavor that weevil
infestation imparts on the roots. Since 1974, AVRDC has been screening sweet potato germplasm
to find an accession resistant to sweet potato weevil. In 1987-88, two screenings were conducted.

Materials and Methods

Land was rototilled, applicd with basa! fertilizers and worked into 1-m wide beds. Eight weeks
before planting of test materials, every third row was planted to a weevil-susceptible cultivar, I 57.
A week before planting of test materials, laboratory-reared weevil adults were uniformly released
over the planted rows. These weevil-infested rows (spreader rows) later served as source of weevil
for the test materials. Sweet potato accessions were planted between rows of weevil source in 5 X
I'm plots. Standard cultural practices were followed, except that no insecticide was applied.

Two screenings were conducted in autumn 1987. In the first screening, 11 least damaged accessions
from the preliminary screening in 1986 were evaluated together with three known susceptible checks
in three replications. In the second screening, four least damaged accessions in two previous tests
were tested along with two susceptibles in six replications.

At harvest, roots were evaluated for weevil infestation by cutting open each root and counting
the number of larvae, pupac and adults found inside. Tl ‘n<ect count (larvac + pupae + adults)
was converted to the number of total insects per kilogram roots and analyzed by ANOVA (analysis
of variance). Differences in weevil infestation of various entries were compared by DMRT.

Results and Discussion

First screening. Results of the first screening are summarized in Table 1. No significant
differences were observed in either the number of insects found or percent of damaged roots between
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Table 1. Resistance sweet potato selection to weevil infestation.?

Accessior number Damaged roots (“) No. of weevils/kg root Yield t/ha

1674 296 a 733 a 89 ¢
I 444" 27.9 ab 382 ab 17.1b
1 986 221 abc 35.2 ab 123 ¢
1 207" 19.3 abcd 48.1 ab 90¢c
1577 17.1 abcd 25.3 ab 8.6 cd
1 1000 16.8 abcd 245 ab 26.2 a
1967 121 abed 120 b 4.6 de
1 999 12 0 abced 19.1 ab 10.1 ¢
| 482 101 bed 8.80b 33e
1 998 79 cd 1.3b 4.4 de
1 526 59 cd 9.1b 28e
1991 37cd 36b 8.3 cd
1 636 lad 1.7b 31le
1717 10d 68h 31le

‘Data are means of three rephcates Mean sepatation by DMRT at 5% probahity level ySlm;c(mblt.- check

susceptible checks anu the test aceessions. However, five accessions were much less infested than
others. Apparently less damaged accessions had low viela potential. There was a significant (r =
0.571%) positive correlation between root yield and weevil damage. This raises the possibility that
low vielding accessions, which generally have smaller roots, are least damaged because their roots
arc not casily exposed to weevil infestation. Conversely . those high yielding ones are damaged more
because of bigger roots. This is a disadvantage in breeding of agronomic sweet potato cultivars resistant
to sweetpotato weevil, Less weevil damage due o lower yield will be further examined in autumn 1988,

Regression and Correlation

Variable is Equation
Yield vs % damage 0.571+* y = 6.347 + 0.804X
Yield vs number of weevils 0.409 v = [0.589 + 1.304X
% damage vs number of weevils 0.897** y = 5.160 + 2.020X
Second screening. Results of the second screening are summarized in Table 2. All four

accessions tested were substantially least infested than the two susceptible checks. Accessions 1 974
and 1 229 had significantly lesser weevil damage than the susceptible checks. However, there was
a strong tendency for low yielding entries to have lower insect infestation than the high yielding ones,
Entries will be further investigated in autumn 1988 to determine whether or not low damage in these
entries is related to low yield potential.

Regression and Correlation

Variable r Equation
Yield vs number of weevils 0.744 = -]13.683 + 4.751X

Yield vs % damage 0.718 y =-3.393 + 231X
% damage vs number of weevils 0.938** y = 3.576 + 0.471X

Table 2. Resistance of sweet potato selections to weevll infestation.?

Accession number No. of weewils/kg root Damarted roots (%) Yield t/ha
| 207" 246b 17.0 ab 83a
1229 1.1¢ 0.7¢ 330b
| 600 7.6 bc 7.0 bc 90a
1 783 6.9 bc 124 b 3.7b
i974Y 1.5¢ 15¢ 31b
157" 523 a 268 a 96a

‘Data are means of six replicates Mean separation by DMRT at 5% probability level. ySusceptlble check.
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Interspecific Cross Progeny Screening

Summary

Twenty entries derived from progenies of crosses between sweet potato and Ipomoea trifida which
were free of sweetpotato weevit (Cvlas formicarius formicariusy damage in screenings during 1985-1986,
and 1986- 1987 were evaluated in the field for sweetpotato weevil resistance. Three entries, WT 57,
WT 59, and WT 325 were free of weevil, Lesser damaged entries were those with poor vield. There
was asignificant positive correlation between root vield and weevil infestation. Roots of poor
vielding accessions are not casily exposed to sveevil compared to high yielding ones. This association
of less weevil damage and poor vield 1s not favorable in breeding agronomic cultivars for weevil
resistance.

Introduction

In 1985, & CIP plant breeder made crosses between sweet potato and Ipomoea trifida to develop
iasweet potiato cultivar resistant to sweetpotato weevil. The progeny was screened in 1985-86 and
1986-87 for weevil resistance. Twenty entries with east weevil damage and good yield potential selected
from the 1986-87 screening were tested along with six known susceplible checks in 1987-88.

Materials and Methods

Each entry was planted in randomly selected four Sm x 1 m plots in a sweetpotato weevil nursery.
Each plot was bordered on one side by a weevil-infested row of sweet potato which was planted two
months carlier and inoculated with laboratory-reared weevils. The crop was raised following the standard
cultural practices except that no insecticide was apphied. Atharvest, root yield was recorded and roots
were cut open to determine weevil infestation and larvae, pupae and adults found inside were counted.
The insect count was converted to he number of total insects (larvae + pupite + adults) per kilogram
of roots. The data were analyzed by ANOVA and means were compared by DMRT.

Results and Discussion

Among entries, the number of weevils per kilogram of root ranged from 0 to 23.23 and root
damage from 0 to 8.25% among the test entries (Table 3). Entries WT 57, WT 59, and WT 325
were free of weevil infestation. WT 57 and WT 59 were also free of weevil damage in two previous
Lests.

Regression and Correlations

Variable T Equation
Yield vs % damage 0.480* y = -0.202 + 0.839X
Yield vs number of weevils 0.413* y = 0.213 + 1.264X
% damage vs number ol weevils 0.973 y = 0.295 + 1.716X

The lower the root yield, the lower was the weevil infestation. In fact, there was a significant
positive correlation between root yield and number of weevils/kg of roots (r = 0.413*) and root damage
(0.480%). This raises the possibility that low weevil infestation is due to low yield (small roots) rather
than the presence of a resistant gene in these entries. Entries with low weevil damage will be utilized
in 1988 for backcrosses to improve the yield and quality of roots,
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Table 3. Resistance of wide crosses ¢z sweetpotato weevil.?

Entry Damage (%) No. of weevils/kg root Yield t/ha
| 4447 296a 519a 116b
1577 158 b 235b 105 b
wT 260Y 102 ¢ 11.7 be 5.5 cdef
WT 129 82cd 23.2b 5.6 cde
WT 237 7.8 cd 13.6 be 3.4 efghiy
WT 108 4.4 de 80c 2.4 ghij
WT 532 4.1 de 6.0c 3.8 defghy
WT 279 3.7 de 3.1c¢ 4.9 cdefgh
Jung Twun” 3.0 de 16¢c 16.7 a
WT 66 2.9 de 75¢c 5.4 cdef
WT 125 2.7 de 48 ¢ 70c
WT 843 2.5 de 40c 2.2 hij
WT 298 2.2 de 21c¢ 6.5 cd
WT 60 17e 26¢c 4.9 cdefghi
wT 629 13e 13¢ 1.7
wT 700" 1.1e 15¢ 3.2 efghy
WT 81 09e 08¢ 75¢
WT 452 08¢ 11¢ 3.3 efghy
WT 230 08e 06¢c 99 b
WT 262 0.7e¢ 05¢ 2.6 ghij
WT 460 06 e 11c 5.1 cdefg
WT 578 05e 28c¢c 20j
WT 352 O4de 09c¢ 2.9 fghij
WT 59 00e 00c 1.1
WT 325 OO0e 00c 1.4
WT 57 00e 00c 2.2y

'Data are means of four rephcates Mean separation by DMRT at 5%, probabihity level ySuscer)nb!e checks,

Correlation Between Root Characters and
Sweetpotato Weevil Infestation

Summary

Since it is difficult and time consuming to develop a sweetpotato weevil resistant cultivar, sweet
potato accessions with varying levels of dry matter content were evaluated to find out whether this
constituent in the sweet potato root has any correlation with weevil infestation. Thirty accessions that
differ in dry matter content (ranging from 14.99 to 41.98%) were tested for weevil infestation. There
was no significant correlation found between dry matter concentration and weevil infestation. However,
entries with higher dry matter tended to have less weevil damage. A similar correlation was observed
in past studies with limited number of accessions. Accessions with higher beta-carotene tended to
have greater weevil damage.

Introduction

Although sweetpotato weevil infests foliage, stems, crown and roots of sweet potato, the major
economic damage results from the insect’s feeding on the storage roots. Even slight weevil damage
renders the roots unfit for human consumption. To develop an economical control, AVRDC has been
screening sweet potato germplasm to come up with a weevil resistant agronomic cultivar. However,
despite 14 years of continuous research, the Center has not found a single accession (hat is consistently
resistant to this pest. Other rescarch groups have expericnced the same. In 1984, AVRDC initiated
basic rescarch to understand the host plant-insect pest relationship of sweetpotato weevil, Relationships
among various quantifiable root characters, such as concentration of dry matter, sugar, protein and
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beta carotenc and weevil infestation vvas studied. This experiment was based on four or five sweet
potato accessions that differed in concentration of root constituents. In 1987-88, 30 accessions with
different concentrations of storage root constituents were evaluated.

Materials and Methods

A 0.01 ha of land was rototilled. applied with basal fertilizers, and worked into rows of | m
wide beds. Every third row was planted to a known weevil-susceptible sweet potato accession, 1 57.
Six weeks after planting, the entire field was infested with laboratory-reared weevil adults. The weevil-
intested sweet potato served as the source of weevil for the test maerials.

Thirty accessions that differed in their dry matter. sugar and protein contents were selected for
the study. Dry matter content ranged from 14.99 to 41.98 % sugar from 11.07 10 27.04% (dry weight
basis) and protein from 1.71% 1o 8.81% (dry weight basis).

Stem cuttings of cach entry were dipped in 0.05% carbofuran solution for 30 minutes before
planting. Each accession was planted as a single row on the top of three 5-m long and 1 m wide beds
between the rows with the weevil, Plots were arranged in 4 randomized complete block design.

The crop was raised following the standard cultural practices, except that no insecticide was applied.
At harvest, roots from cach plot were cut open and the larvae, pupac and adult weevil found inside
were counted. Insect count (larvae + pupac + adults) was subjected to a linear regression and correlation
analysis to study the relationship between various root constituents and the number of weevils per
kilogram of roots.

Results and Discussion

There was no statistically significant correlation between the concentrations of dry matter, sugar
or protein in the sweet potato roots and the number of weevils feeding inside.

[n the previous three tests, only four or five entries were used 10 test the correlation of each of
the plant constituents and sweetpotato weevil infestation. After getting the results of the 1987-88 trials,
previous data were analyzed again. In the analysis, individual plant constituents of all entries were
correlated to weevi! infestation (Table 4). There was no consistent pattern in the statistical significance
of weevil infeststion in the root and any of the constituents. Correlation coefficient was relatively
higher (though not always signiticant) and negative for dry matter content.

Bascd on four tests. there was no statistically significant correlation between plant constituents
and sweetpotato weevil infestation in the roots. Correlation with dry matter content was negative.
Rouots with higher dry matter content seemed to suffer less damage.

Table 4. Correlation of various plant constituents in sweet potato roots and sweetpotato weevil

Infestation.
Correlation coefficient?
Plant constituents
1984 95 1985-86 1986-87
Dry matter -0.613** -0.429 -0.308
(16) (18) (18)
Sugar 0.664** 0.423 -0.174
(15) (17) (17)
Protemn 0.021 -0.286 0.512*
(19) 17) (17)
Beta carotene 0.696 0.226 0.233
(6) (6) (6)

‘Correlavon coeficient between the number of weevils per kg routs <ignificant at 0.05* and 0.01* * levels. Numbers in parentheses
are degrees of freedom
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Integrated Pest Management of Sweetpotato Weevil

Summary

An integrated pest management technique, based on the control of alternate hosts. use of weevil-
free planting material and continuous trapping of male weevils in sex pheromone-baited traps, was
utilized to control sweetpotato weevil in tarmers' ficlds in Penghu. Details of the technique were
explined to the farmer cooperators. A wotal of 21,129 male weevils were captured in pheromone
traps set i the farmers” field in Jungiwun and 16,348 in Husyi villages. Weevil damage in Jungtwun
ranged from 0 1o 46,4 root with a mean of 3.65% and 47 out of 55 farms had less than 10% root
damage and 31 were weevil-free. Weevil damage in roots at Husyi varied from 0 to 4% and 31 ouwt
af 38 farms had no weevil imfestation at all.

Introduction

Sweetpotato weevil Is a serious pest of sweet potato in tropical to subtropica! regions where the
cropois grown. The inseet larvis feeds inside the root making it unfit for human consumption. In the
past. AVRDC had been searching for sources of resistance and breeding weevil resistant cultivars.
However, due to difficulties in finding a usable level of resistance, AVRDC developed an integrated
pest management (IPM) technigue using infestation-free planting material, controlling alternate Ipomoea
hosts from borders and surroundings, hilling up of soil around plants, and using female sex pheromone
(from planting to harvest) to trap male weevils. In 1988, this technique was tested in two locations
i Taiwan.

Materials and Methods

This experiment was conducted in Jungtwun in Baisa prefecture and Husyi in Husyi prefecture,
Penghu Island during summer 1988, Sweet potato, ground nut and sorghum are the principal crops
in Penghu Island. All three crops are rainfed and grown mainly between April and September. At
harvestof the preceding sweet potato crop in October-November 1987, the sweetpotato weevil damage
wits surveyed in both locations.

In 1988 cropping scason. 39 farmers cultivating 3 ha of sweet potato in 85 parcels in Jungtwun,
and 31 farmers cultivating 4 ha in 38 parcels in Husy1 participated in this experiment. In bath locations,
farmers were oriented on the details of the IPM in 4 public meeting organized for this purpose. The
bricfing included the control of Ipomoea weeds from borders and CHIpty arcas, crop rotation, dipping
of the vine cuttings in 0.04% carbofuran solution for 30 minutes before planting to eliminate weevil
infestation in the cuttings, and regular hilling up of the soil to prevent soil cracks around the plants.

Two weeks after planting, depending upon the size of the field. cach farmer was given one (o
five traps baited with 10O micrograms of sweetpotato weevil sex pheromone. The farmers were advised
to change the location of cach trap within the field as often as possible to cover the entire field, so
that the endemic as well as migrating male weevils can be trapped from the whole arca before they
could mate. The number of males trapped in cach field was recorded.

Atharvest, a survey was made ir the ficlds and S kg roots from cach parcel of land were taken
as samples. Several plants were selected at random and Just one root from every plant was dug up
while it was still standing in the field. Each root was cut in thin slices and the number of SPW larvac,
pupite, and adults tound inside was recorded. The insect-damaged portion of the root was weighed
and pereentage of damaged roots was caleulited.

Results and Discussion

In both townships, farmers followed crop rotation and sweet potato was planted after either ground
nut or sorghum in the previous season. All farmers in Husyi dipped the cuttings in carbofuran solution
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but some farmers in Jungtwun failed to do so. Jungtwun farmers’ noncompliance with the procedure
was still significant because the farmers became aware of the importance of this treatment.

Ipomoea weed species were not a serious problem in Husyi and only minimum effort was required
1o keep them under control, Ipomoca weeds, however, were rampant in Jungtwun and some farmers
did not pay much attention despite repeated reminders.

During the scason, 21,129 male weevils were trapped in Jungtwun and 16,348 in Husyi. The
number of weevils per Kilogram of roots ranged from 0 to 69.4 with a mean of .10 and insect damage
from 0 10 46.4% with a4 mean of 3.65% (Fig. 1). In 47 out of 55 farms, the damage was less than
10% of the root; 31 farms were weevil free. This compared favorably with mean inseet number of
14.5/7kg root, damage of 11.6% ., and only 10 weevil-free fields out of 62 in 1987.

In Husyi, the number of weevils per kilogram of roots ranged from 0 to 4 with a mean of 0.34
(Fig. 2). The percentage of roots damaged ranged from 0 to 4 with a mean of 0.45% . In this township,
31 out of 38 sweet potato fields were free from weevil infestation. Belore the introduction of 1PM,
80% of the plants were infested by weevil and about 40% of the roots were damaged.
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Although, sweetpotato weevil control in Jungtwun had improved over the 1987 level, it was not
as good as expected because some farmers still did not follow the control measures. For example,
two ficlds in this town had 49.3 and 69.4 weevils/kg of root, respectively, which was much higher than
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the rest of the field. Fields where no control measures were employed became the source of insects
to the rest of the area in this season and potentially in the next. On the other hand, all farmers in
Husyi followed the control measure. As a result, this inisect did not pose much of a problem in the area.

IPR Technology Transfer

A brochure which describes in detail the IPM of sweelpotato weevil was printed. The brochure
and sex pheromone samples were distributed to various research and development organizations in
Fiji, Tonga, Western Samoa, Solomon Islands, Vanuatu, Saipan, Tahiti. Caroline Islands. Papua New
Guineca, Australia, Japan, China, Taiwan. the Philippines, Vietnam, Thailand, Malaysia, Brunei,
Indonesia. India, Bangladesh. Laos, Burma, Kored, Cape Verde, Nigeria, Sicrra Leone. Ethiopia,
Kenya, Jamaica, Guyana and other islands in the Caribbean via CARDI, Brazil, Venczuela and the
United States. Those who responded so far reported an excellent sex pheromone trapping of the weevil.
The entomology team plaas to continue this development activity and conduct basic research on the
transport of the weevil from one location to another, especially through cuttings.

Conciusions

The reduction of sweetpetato weevil infestation o below ceonomically damaging levels seems
possible through adoption of IPM using weevil-free planting materials, control of weeds surrounding
the planted area, frequent ridging of plants. and usc of sex pheromone traps. Success of the IPM,
however, depends entirely on the willingness of all farmers in the cemmunity {o strictly follow it,
because failure of one farmer to cooperate will considerably reduce its effectiveness.

Sweetpotato Weevil Alternate Hosts in Taiwan

During the past 15 years, in addition to sweet potato, five species of Ipomoea that harbor sweetpotato
weevil (Cylas formicarivs formicarius) had been found. They include 1. acuminata, I. aquatica, 1.
hederacea, 1. obscura, and 1. sinvizsis. Except for 1. hederacea, all other species are new alternate
hosts of sweetpotato weevil,

Alternate hosts of sweetpotato weevil play a very important role in the survival of the weevil
during off season when sweet potato is not grown and initiation of infestation of newly planted sweet
potato crop. So fai 30 Convolvulaceae plant species, including 25 species belonging to the genus
Ipomoca are reported to be the host of sweetpotato weevil worldwide. In 15 years of occasional surveys
in Taiwan and Penghu Island, five species of pomoea that harbor sweetpotato weevil have been foung.
They inclede Ipomoca acuminata (Vah)) Roem & Schult, /. aquatica Forsk, 1. hederacea (L.) Jacq.,
1. obscura (L..) Ker-Gawl., and I sinensis (Desr.). All species are perennial and grow along borders
and in empty arcas. Among them, /. aquatica, the water convolvulus, is the only economically important
crup. In water convolvulus, weevils were found only in plants growing on bunds and empty arcas.
None of these new found hosts lorm storage roots. Thesc plants should not be allowed to grow in
the vicinity of the field to control sweetpotato weevil,

Among the five species only 1. hederacea has been reported as the host of the sweetpotato weevil
elsewhere. The remaining species are new records.

Vine Borer I 2sistance Characterization

Summary

Eight promising progenies from crosses between sweetpotatss vine borer (Omphisa anastomosalis)
resistant accession and high yiclding breeding lines were screened together with AVRDC elite clones
for resistance to vine borer. Entries CN 1759-47, CN 1759-330 and CN 1759-635 were among the
least damaged and had yield potentials substantially higher than the resistant checks but still lower
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than the standard agronomic breeding line. One entry showed tolerance to vine borer. Among elite
clones, CN 1367-2, was the least damaged, however, damage was substantially higher than the resistant

checks.
Introduction

Sweetpotato vine borer (SPVB), Omphisa anastomosalis (Gn) (Lepidoptera: Pyralidae), is an
important pest of sweet potato in southeast Asia, China and the Pacific, including Hawaii. The insect
lays cggs on foliage and stems and freshly emerged larvae bore into vines and feed inside. Pupation
takes place in the feeding tunnel. As a result, the plant is weakened and yield is reduced considerably
up to 50%.

Screening of the AVRDC sweet potato germplasm had resulted in the identification of two
accessions, I 55 and 1 92, which are moderately resistant to SPVB. AVRDC used I 55 to breed an
SPVB resistant cultivar. In i986 and 1987, breeding materials were screened and cight least damaged
entries w 2re selected. Theee entries were screened along with three susceptible, three resistant checks
and three clite materials tor resistance to SPVB in Penghu Island where this pest is endemic and causes
considerable damage and yiceld loss.

In a second test, 21 elite accessions and breeding lines from AVRDC were evaluated. These entrics
were screened with three resistant and two susceptible checks.

Materials and Methods

After application of basal fertilizers, the land w=5 rototilled and worked into I-m wide beds. Each
entry was planted as a single row on 5-m long beds. The treatment plots were arranged in a randomized
complete biock design. The first test had five replicates and the second had three. Cultural practices
such as application of fertilizers, weeding, banking and others were employed, but no insecticide was
applied. At harvest, five months after planting, cach plant in every plot was observed and the number
of SPVB damaged and acalthy ones were recorded. In the first test, roots were harvested and yield
per plot was compute’. The SPVB damage and yield were analyzed by ANOVA and the treatment
means were separated by DMRT.

Results and Discussion

Except for CN 1759-487 and CN 1759-491 all entries that showed least damage in 1987 had
significantly less damage than the two susceptible materials (Table 5). The resistance level of
CN 1759-47, CN 1759-330, and CN 1759-635 is at par with that of the three resistant checks. These
entries are promising. Their yicld potential is better than the resistant parent although not high encugh.

Onc elite breeaing line, CN 1756-163, had the highest SPVB damage but had high root yield.
This indicates that this high yielding breeding line has tolerance to SPVB. The yield of 19 t/ha is
above average for most cultivars grown in Penghu Island. The mechanism of SPVB tolerance in this
oreeding line will be studied in 1989,

Table 5. SPVB damage and yield of selected resistant breeding materlals.?

Entry Plant’ Yield Entry Plant’ Yield

designation damage (%) kg/plot™ designation damage (%) kg/plot*

CN 1756-163 83.1a 9.7 a CN 1759-465 16.0 efg 0.9 fgh

CN 1757-30 76.3 ab 52b CN 1759-487 539.1 bc 4.1 bed

CN 1759-40" 67.4 ab 0.5 fgh CN 1759-491 404 cd 1.7 efgh

CN 1759-47 11.0 fg 3.2 cde CN 1759-635 6.7 ¢ 2.4 def

CN 1759-282% 735ab 2.1 efg 1 55¢ 70¢g 0.4 gh

CN 1759-296 29.7 def 0.4 gh 1 928 9.9 fg 0.3 gh

CN 1759-316 22.8 defg 4.2 be | 789° 14 g 0.1 h

CN 1759-330 118 fg 3.1 cde AlS 35.2Y 422 cd 2.3 def

CN 1759-379 33.7 de 1.5 efgh
ZF’lanting date: 23 May 1988. Yobservation date: 6 October 1988, *Harvest dcte: 22-23 October 1988; plot size: 5 m
x 1 m; Data are means of 5 replicates. Mean separation by DMRT at 5% probability level. “Resistant check. "Susceptible

check.
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Results of the screening of elite breeding lines and accessions are summarized in Table 6.
CN 1367-2 appears promising as far as SPVB resistance is concerned. The resistance level of this
breeding line will be confirmed in 1989.

Table 6. SPVB damage to elite L:- :ding lines and accessions.?

Entry Plant Entry Plant
designation damage (%)y - designation damage (%)y
1981 71.4 abc CN 1421-68 54.4 abcde
1423 €7.6 abed CN 1448-49 22.1 fgh
CN 1028-15 45.6 cdef CN 1448-59 60.7 abcde
CN 1038-16 36.4 defg CN 1489-43 58.4 abcde
CN 1058-10 68.8 abc CN 1489-89 80.2 ab
CN 1108-13 78.0 ab CN 1510-25 57.6 abcde
CN 1216-10 68.9 abc CN 1517-139 59.3 abcde
CN 12191 62.5 abcde CN 1525-11 50.4 bcdef
CN 1232:9 839a 155 35.3 e{;"
CN 1280-3 23.3 fgh 192 28h
CN 1345.8 78.1 ab 1789 30n*
CN 1367-2 13.5 gh AlS 35-2 21.0 fgh
CN 1421-56 39.6 cdefg 157 66.7 abcd

IPIammg date: 23 May 1988, obsr.;rvatlon date' 6 October 1988. YData ar.. means of three replicates. Mean separation by
DMRT at 5% probability tevel. Resistant checks.

Vine Borer Response to Sex Plieromones

Summary

Synthetic sex pheromoies of eight species of closely related insects were tested to determine the
response of sweetpotato vineborer (Omphisa anastomosalis) to these chemicals. The sex pheromones
of pyralids Ostrinia nubilalis, Chilo suppressalis, Galleria mellonella, and a pheromone common to
Anagusta kuhniella, Ephestic elutella, E. figuliella, E. cantella and Plodia interpunctella were not
cffective against the sweetpotato vineborer. The sex pheromone of the vineborer appears to be a new
compound.

Introduction

Research for the last two years revealed that the classic sex pheromone present in many
lepidopterous insects also exists in female moths of sweetpotato vineborer, Omphisa anastomasalis
(Gn) (Lepidoptera: Pyralidae), a serious pest of sweet potato in Southeast Asia. Because of limited
expertise in extracting, isolating, identifying and synthesizing the pheromone chemical, the entomology
team failed to obtain pure chemicals for study. This prompted the test on sex pheromones of closely
related species against sweetpotato vineborer.

Material and Methods

Sex pheromone chemicals of the following pyralid species were bought from Sigma Chemical
Company (USA): Ostrinia nubilalis. Chilo suppressalis, Galleria mellonella and a pheromone common
to Anagusta kuhniella, Ephestia elaella, E. fiquliella,E. cautella and Plodia interpunctella. The
chemicals were dispensed individually on rubber septa. Sex pheromone coated septum of each species
was placed overnight in a sticky paper trap, one meter above the sweet potato crop in the field. The
number of male moths trapped was recorded every morning for several days. Simple laboracory bioassay
was performed on I- to 7-day old males.
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Results and Discussion

No sweetpotato vine borer moth was trapped by the pheromones of the above-stated species when
male insccts could be captured in virgin female-baited traps. Obviously the sex pheromone of
sweetpotato vine borer is different, possibly an entirely new chemical. There is a need thercfore to
isolate this chemical from virgin females.

Vine Borer Alternate Host

In a survey of alternate hosts of the sweetpotato vine borer (Omphisa anastomasalis), insect larva
was found feeding inside the stems of Ipomoea pes-caprae, a convolvulus plant on sandy seashores.
A very sturdy plant, it has a hard woody stem, inside of which the vine borer larva feeds.

Having initiated research on sweetpotato vine borer 1979, AVRDC has been searching for alternate
hosts of this inscct in Taiwan and Penghu Island. In summer 1987, larvae of this insect were found
feeding inside the stems of a Convolvulaceae plant, Ipomoea pes-caprae (L.) in the vicinity of a sweet
potato ficld in Penghu Island. This perennial plant grows along sandy seashores and has woody stems.
This species is present in arcas where sweetpotato vine borer occurs. This is a new host for this insect
pest. Incidentally, 1. pes-caprae is also an alternate host of the sweetpotato weevil. Control of this
plant will help reduce the damage by both pests.
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Sweet Potato Pathology

Virus Elimination and Indexing

Summary

The virus elimination and indexing scheme described in the 1987 Progress Report was modified,
using a two-month heat treatment (37°C) followed by meristem tip (0.3 mm) culture for virus
elimination. For virus indexing, two ELISA tests were conducted on young plantlets, using antisera
to feathery mottle virus (FMV), yellow dwarf virus (YDV), latent virus (LV), sweet potato virus
IT (SPV II) and mild mottle virus (MMYV) produced in AVRDC and two graftings of mature plants
to . setosa and 1. nil (as the graft recipients). Ninety-one lines from Thailand, cight AVRDC breeding
lines (set 2) and 18 AVRDC accessions were subjected to this scheme. Thailand lines were heavily
infected with virus and only 45 virus-free lines were produced. Similarly only 12 virus-free AVRDC
accessions were obtained. However, all AVRDC breeding lines are now virus-free and are ready for
distribution in tissue culture.

Introduction

The virus elimination and indexing scheme described in 1987 Progress Report was modified.
Materlals and Methods

The method described in the 1987 Progress Report was used for the new batches of sweet potato
lines. Antiserum was produced for MMV which enabled testing, with slight modifications and
improvements, of this additional virus in ELISA 1 and 2. Initially, graft indexing was done with two
indicator species, Ipomoea setosa and 1. nil, and two types of grafting: (1) test plants grafted onto
indicator plants; and (2) indicator plants grafted on top of test plants. Past experience showed that
only grafting gave reliable results and consequently, the second method was abandoned. The two
indicator plants, /. nil and /. setosa, were used. Two seedlings of each were grafted with scions from
mature plants (G1) which were then cut back and aliowed to mature. At this stage, the second graft
indexing (G2) was performed. Due to lack of seeds of /. setosa, grafting was done to only one plant
species in G2. Under southern Taiwan conditions, the plant flowers abundantly in the fall season (end
of September, October and November). However, most seeds dropped before they attained maturity.

An additional indicator plant, the sweet potato clone TIB8 clone 9 from IITA, preinfected with
the aphid-transmitted component of the Nigerian sweet potato virus disease (SPYD) complex was added
in this year’s indexing. If this clone is grafted with a scion containing the whitefly-transmitted virus,
it will show severe leaf deformation and mottle. Using this clone in grafting, the presence of the whitefly
component which, so far, has been reported in West Africa was detected. Whenever possible, indicator
plants showing virus-like symptoms as a result of grafting were checked by ELISA and by
immunosorbent electron microscopy (ISEM) using antisera to five known viruses (FMV, MMV, SPLV,
SPV-II and SPYDV).

Heat treatment was also improved (sce separate report) and lines now starting the virus elimination
and virus indexing scheme were subjected to it.
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Ninety-one lines from Thailand, eight AVRDC breeding lines (set 2) and 18 AVRDC accessions
were subjected to the above scheme.

Results and Discussion

Results of virus indexing are summarized in Tables 1. 2 and 3.

In the ELISA 1 and 2 tests a large pereentage of ELISA positive plants were detected and eliminated.
However, this large number may not reflect the presence of virus, because the positive/negative
absorbance threshold value was chosen as being twice the healthy threshold. To reduce the number
of false positives, the use of a more sensitive serological detection method, such as DOT ELISA on
nitrocellulose membranes is being investigated. The graft indexing required careful and constant attention
because symptoms were often very mild and frequently appeared only on one or two leaves. During graft

Table 1. Summary of virus elimination and indexing of new introductions from Thailand.

General

Total No. of lines

No. of meristems excised

No. of lines survived (% regeneration)

ELISA | test (E1)

No. of lines

No. of plantlets tested

No. ELISA positive plantlets
positive for FMV
positive for SPYDV
positive for SPLV
positive for SPV |l
positive for MMV

ELISA i test (E2)

No. of tines

No. of plantlets tested

No. ELISA positive plantlets
pusitive for FMV
positive for SPYDV
positive for SPLV
positive for SPV |I
positive for MMV

Graft indexing 1 (G1)
No. of plants indexed
No. of plants showing symptorns1
No. of plants positive for FMV
No. of plants positive for SPYDV
No. of plants positive for SPLV
No. of plants positive for SPV II
No. of plants positive for MMV
No. of plants with unknown virus
No. of plants with symptoms on TIB 8

Graft indexing 1l (G2)
No. of plants indexed ’
No. of plants showing symptorjns

91

1345

837 (62.2%) (91 lines)

91
837
314 (37.5%) (= 81 lines)
79 (25.5%) (44 lines)
127 (40.4%) (61 lines)
128 (40.8%) (57 lines)
51 (16.2%) (25 lines)
137 (43.6%) (54 lines)

89

523

119 (22.8%) (= 64 lines)
44 (40.0%) (28 lines)
62 (52.1%) (38 lines)
25 (21.0%) (18 lines)
13 (10.9%) (8 lines)
40 (33.6%) (32 lines)

233 (= 89 lines)
80 (34.3%) (= 48 lines)
5 (06.3%) (5 lines)
4 (05.0%) (4 lines)
0
2 (02.5%) (2 lines)
1 (01.3%) (1 line)
71(88.8%) (42 lines)
0

69 (= 66 lines)
12 (17.4%) (= 7 lines)

No. of plants positive for FMV 0
No. of plants positive for SPYDV 0
No. of plants positive for SPLV 0
No. of p'ants positive for SPV I 1(08.3%) (= 1 line)
No. of plants positive for MMV 0
No. of plants with unknown virus 11 (91.7%) (= 6 lines)
No. of plants with symptonis on TIB 8 0
No. of virus-free lines obtained 59

10n indicator plants, 2virus presence in indicator plants was tested by ELISA and/or ISEM.
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Table 2. Summary of ELISA and graft indexing of AVRDC breeding lines Set 2.

General

Total no. of lines 8

No. of meristems excised 165

No. of meristems survived 108 (65.5%)

ELISA 1 test

(meristem dernvea plantlets)

No. of plantiats tested 108 (8 lines)

ELISA positive plantlets 27 (25.0%) (6 lines)
positive for FMV 7 (25.9%) (3 lines)
positive for YDV 16 (59.3%) (3 I'1es)
positive for SPVN 12 (44.4%) (5 lines)
positive for SPV Il 2 (07.4%) (2 lines)
positive for SPMMV 24 (88.9%) (5 lines)

ELISA 2 test

(plantlets derived from stem tips of ELISA 1 negative plantlets)

No. of plantlets indexed 63 (8 lines)

Virus infected plantlets 18 (28.6%) (6 lines)
positive for FMV 6 (22.2%) (3 lines)
positive for YDV 10 (37.0%) (6 lines)
positive for SPVN 7 (25.9%) (5 lines)
positive for SPV |l 0
positive for MMV 5 (18.5%) (5 lines)

Graft indexing | (G1)

No. of plants indexed 18 (8 lines)
No. of plants showing symptoms 2(11.1%) (2 lines)
No. of plants positive for FMV 1 (05.6%) (1 line)

No. of plants positive for SPYDV

No. of plants positive for SPLV

No. of plants positive for SPV 1l

No. of plants positive for MMV

No. of plants with unknown virus

No. of plants with symptoms on TIB 8 clone 9

(5.6%)

O O0O0O0

Graft Indexing il (G2)
No. of plants indexed 14 (8 lines)
No. of plants _howing symptoms
No. of piants pcsitive for FMV
No. of plants positive for SPYDV
No. of plants positive for SPLV
No. of plants positive for SPV |i
No. of plants positive for MMV
No. of plants with unknown virus
No. of plants with symptoms on TIB 8 clone 9

No. of virus-free lines obtained

VWOCOO0OOO0OOO0

indexing, accessions introduced from Thailand developed pronounced leaf curl symptoms on /. nil
and sometimes on /. setosa. These plants were checked in the electron microscope, but in no case
could any virus particles be detected nor trapped by immunosorbent electron microscopy (ISEM) using
any of the five antisera. These leaf curl symptoms could have been transmitted from I nil to I. nil
by grafting. It was assumed that a small spherical virus not readily detectable by eleciron microscopy
was involved.

Other rescarchers have suggested the use of 1. serosa for graft indexing. At present, AVRDC
continues to graft index on /. nil, because cases were encountered where only /. nil and not 1. setosa
showed symptoms in graft indexing (Table 4). A new unidentified virus may be present and may infect
only 1. nil. This aspect is being investigated.
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Table 3. Summary of ELISA and graft Indexing of AVRDC accessions.

Geneval
Total no. of lines 18
No. of meristems excised 280
No. of meristems survived 186 (66.2%)
ELISA 1 test CLISA 2 test
No. of plantlets tested 186 (18 lines) 2 (17 lines)

ELISA positive plantiets
No. of plants positive for
FMV

70 (37.6%) (15lines)

34 (48.6%) (12 lines)

16 (22.2%) (10 lines)

4 (25.0%) (3 lines)

YDV 23 (32.9%) (11 lines) 6 (37.5%) (4 lines)
SPVN 38 (54.3%) (12 lines) 4 (25.0%) (3 lines)
SPV II 5 (07.1%) (4 lines) 2 (12.5%) (1 line)
SPMMV 42 (60.0%) (11 lines) 8 (50.0%!} (6 lines)

No. of plants indexed

No. of plants with symptoms
No. of plants positive for
FMV

Graft indexing 1(G1)
40 (15 lines)
5 (12.5%) (4lines)

1 (20.0%) (1 line)
0

Graft indexing 2(G2)
12 (12 lines)
1(8.3%) (1 line)

1 (100%) (1 line)
0

YDV

SPVN 0 0

SPV I 1 (20.0%) (1tine) 1 (100%) (1 line)
SPMMV 0 0

unknown 0

Plants with symptoms on TIB 8

4 (80.0%) (4 lines)
0

No. of virus-free lines obtained

11

Table 4. Indicator plants recovered from graft indexing which showed conspicuous virus

symptoms, yet no virus was found by either ELISA or ISEM.

Total no. of indicator Symptoms Symptoms Symptoms on
Origin of lines plants with symptoms only on only on both 1. nil and
but no virus was detected 1. nil 1. setosa l. setosa
Thailand G1 71 18 (25%) 7(9.9%) 46 (65%)
G2 11 7 (64%) 0 4 (36%)
AVRDC BL G1 1 0 0 1 (100%)
AVRDC Acc. G1 4 4 (100%) 0 0

Comparison between Meristem-derived and Field-propagated Plants

Summary

Stem cuttings of meristem-derived and field-propagated sweet potato were planted in an AVRDC
field in a nonreplicated trial to determine the vigor of meristem-derived plants. and possible mutation
of morphological characters as a result of tissue culturing. The meristem-derived plants did not differ
in overall morphology from nonmeristem derived ones and generally had higher yields than the field-
propagated plants. A few of the meristem-derived clones were found reinfected with FMV virus in
this first planting.

Introduction

Meristem tip culture usually involves the formation of some callus tissue. This may result in
mutations and thus genetic variability. Plants which are morphologically or biochemically different
from their parental material may develop. Therefore, all lines which have undergone meristem-tip
culture were compared with their parental stock in the field for gross morphological characters.
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Materials and Methods

Nir= AVRDC meristem-derived and virus-indexed breeding lines were compared with field-
propag | plants of the same lines. Of cach line, 20 stem cuttings (30 - 40 ¢m long) were planted
on 29 August 1988 in | X 5 m plots. Distance between plants was 25 cm and between plots, 1 m.

Once during the growing period (10 October 1988), the plots were sprayed with Furadan 3G.
On 1 December 1988 the plants were uprooted. The above ground parts were visually compared tor
morphology, storage root skin and flesh color in cooperation with the plant breeders using the
recommended IBPGR sweet potato descriptors. Yield data were taken. Leaf samples were also taken
from every other plant of each plot for virus detection by ELISA. Three leaves per plant were collected
from the top, middle and bottom part of the individual plants and tested by ELISA for SPFMV, SPYDV,
SPLV. SPVII and SPMMV,

Results and Discussion

The meristem-derived plants were identical to non-meristem-derived plants with respect to gross
morphological characters (vine habit, leaf morphology, storage root skin and flesh color). However,
it was observed that some meristem-derived lines (PI 1656-97, PI 1656-101) had a more pronounced
purple root skin, possibly due to an increased anthocyanin production. In meristem-derived lines of
1618-461 and 1656-101 the root flesh also showed an increased purple spotting. In most lines, the
yirld of meristem-derived plants was higher than that of the field-propagated plants (Table 5). In lines

Table 5. Morphological characters and yield of meristem-derived and field-propagated sweet

potato.
Meristem-derived Non-meristem
Meristem virus indexed plants derived plants
Line code no. yield/plant yield/plant
(kg) (kg)
B 1683-18 M3 6.8 -
M11 8.6 -
7.7 (ave.} 6.0
B 1517-142 M6 8.3 ~
M8 9.3 -
8.8 (ave.) 7.6
B 1656-97 M5 8.9 -
M6 9.3 -
9.1 (ave.) 9.3
B 1657-5 M3 10.4 -
M9 9.4 -
9.9 (ave.)) 5.5
B 1656-101 M5 9.8 -
M7 7.8 -
M2 8.0 -
8.5 (ave.) 9.0
B 1618-461 M21 9.8 -
- &7
B 942-47 M4 9.0 -
- 9.3
B 1656-37 M7 9.0 -
M3 8.4 -
8.7 (ave.) 7.2

Totai average 8.3 6.5
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1656-101, 942-47, the yield of meristem-derived plants was slightly lower than that of the field
propagated plants. However, although numerically higher. the average yield of all meristem-derived
lines was not statistically different from the average yield of the field-propagated plants.

[t was noted that virus reinfection was present in a large number of meristem-derived plants in
the first growing scason. Virus presence was positively identified by ELISA in seven of the 14 plots
with meristem-derived plants (Table 6). Thii was evident by the appearance of conspicuous red rings
and spots on the foliage of some of these meristem-derived plantlets as carly as cight wecks after
planting in the field.

Table 6. Detection of virus in meristem and field-propagated plants in the first growing

season.
No of plants No of virus Virus detected
Line observed with infected s S —
7 y F Y Lv H MMV
virus symptoms” pants”
94247 Fp 6 6 (1) 5(1) 2(4) 0 (1 0
M4 2 1(1) 1 (2) 0 0 0
1656-37 FP 0 (8) 0 (8) 0 0 0
M7 0 (3) 0 (3) 0 0 0
M3 0 2(1) 1 (1) 0 (1) 0
1656-101 F 5 11 1 0 (1) 0 0
M5 4 0 0 o] 0 0
M7 1 0 0 0 0 0 0
M2 1 1 1(2) 1 0 0 0
1618461 FP 9 8 8 6 0 1 0
M21 5 1 1 0 0 1 0
1656-97 FP 1 1(1) un 0 0 0 0
MS 1 1(1) (1) 0 0 0 0
M6 1 0 0 0 0 0 n
1657 FP 0 1 1 0 0 0 0
M3 0 0 0 0 o] 0 0
1683-18 FP 6 4(2) 4(2) 2(1) (2) {2) 0
M3 5 3 3 (1) 0 0 0
MI11 4 1(1) 1(1) (5) (1) 0 0
1517-142 FP 0 0 0 0 0 0 0
M6 1 0 0 0 0 0 0
M8 0 (3) (3) 0 0 o] 0
‘Out of 10 plants/plot, from which samples were taken YSamples, consisting of 3 leaves per plant and pooled were taken
fr- m 10 alternating plants of each plot *The no of samples with a clearly positive + or + + ELISA reaction No in parentheses

rehects the no of samples where the ELISA reaction was + / -

Efficiency of DAS ELISA for Virus Detection

Summary

The cfficiency of DAS-ELISA test in separating healthy from virus-infected sweet potato plants
was examined. The distribution of OD values was not bimodal. Values of healthy sweet potato were
generally clustered around O, taifing off to the right particularly in MMV and SPYDV. OD values
of infected sweet potato were scattered over a wide absorbance range possibly indicating different
virus concentrations ranging from very low to very high it the host plant. OD values of virus-infected
plants overlapped or were very close to the values of healthy plants. A negative/positive threshold
of twice the average OD of healthy plants should be adopted. New antisera need to be produced as
well as other more sensitive serological tests such as the indirect DOT ELISA.
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Introduction

A clear separation of virus-positive and healthy samples is a criterion of reliability of the ELISA
test. This is particulurly important in virus indexing during detection and subsequent elimination of
virus carriers. The clear separation Cepends on the antiserum titer. the amount of antibodies on healthy
plant proteins in the antiserum.

Tests were conducted to determine the absorbance range of healthy and infected plants and to
know it the DAS-ELISA test with the presently asailuble antisera would clearly separate virus-infected
plants trony healthy ones.

Materials and Methods

Healthy and virus-tree plant materials which underwent two ELISA and two graft indexing tests
were grown. Infected plants consisted of sweet potato artificially infected with individual viruses and
showing clear symptoms of infection. Samples consisted of three pooled leaves per plant. extracted
with an extraction buffer ot 1% cgyp albumin and 0.01 M Na DIECA.

Results and Discussion

I positive and negative populations are not well separated by a reasonable absorbance interval,
problems may arise in applying the ELISA test. Furthermore, the negative individual population in
an ELISA histogram may not always be normally distributed, but may tail off to the right instead.
This tail area has potential to contain false positives. Similarly . if the positive population is not normally
distributed but taiis off to the left or iy scattered across a wide range of OD values. separation of
positive from negative values becomes difficult.

Absorbance values obtained in this study were not bimodally distributed (Table 7). With the
exception of MMV most OD values for healthy plants were clustered near zero, but the OD values
of the virus-infected plants were found scattered across a large range of absorbance units (Fig.
ta.bied.e). In MMV and TDV. the lowest OD values of diseased plarts were found near the highest
OD values of healthy and virus-free plants. This wide OD range of discased plants with low values
near values of healthy plants possibly reflects the previously found uneven concentration of sweet
potato viruses (Eshenshade and Mover 1982": Green et al. 19887).

Fherefore. separation of healthy plants by DAS ELISA, used in the present virus indexing scheme.,
is not casy even with the use of a positive negative threshold of two times the average absorbance
value (2X) of the healthy controls. Fhis value had been recommended (Sutula et al. 1986)" 10 prevent
false negatives. For SPYDV and MMV _a clear separation may not be possible but false negatives/
positives may be possible,

Different purification methods are being tried 1o obtain antisera with higher titer and fewer
antibodies to healthy plant materials for better separation of healthy from infected plants. Sweet potato
viruses are difficult 1o purify because of their generally low concentration in the host and because
they usually do not infect hosts from which they can be easily purified. Different serological methods
such as DOT ELISA on nitrocellulose membranes known to have higher sensitivity will also be tried.

Table 7. DAS ELISA absorbance vaiues and range of healthy and infected sweet potato plants.

o ___Healthy plants L Infected plants
] Virus ) Range N wMean(x) o 2x ) Range Mean s’
FMV 0.000-0.025 0.004 0.008 0.282-2.000 1.352 0.257
SPYDV 0.000-0.208 0.027 0.054 0.185-2.000 1.225 -0.123
SPV-it 0.000-0.173 0.009 0018 0.420-2.000 1.241 0.247
SPLV 0.003.0.077 0.014 0028 0.334-2.000 1.370 0.317
MMV 0.013.0.203 0.060 0.120 0.084-1.797 0.541 -0.119

“Absarbance nterval hetween the highest OD values of healthy plants and the lowest OD value of afected plants.

llishcnshudc. PR and J.W. Moyer. 1982, Plant Discase 60, 911-913.

JGreen, S.K..Y.J Kuoand DR, Lee. 1988, Tropical Pest Management 34(3): 298-302,

“Sutula, C.L., JU Gillet, $. M. Morrissey and D.C. Ramsdell. 19%6. Interpreting ELISA data and cstablishing the positive-
negative threshold. Plant Discase 70(8):722-726.
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Virus Purification for Antiserum Production

Summary

Three sweet potato viruses were purified for antiserum production. About 1.4-3.4 mg of MMV,
1.5-3.5 mg of SPLV and 2.4-2.5 mg of SPYDV were taken per 100 g infected leaves. With the antisera
produced, virus-infected plants could be clearly separated by DAS ELISA from healthy plants.

Introduction

In sweet potato virus elimination, AVRDC presently utilizes both serology (ELISA) and grafung
to susceptible indicator plants (1. nil and 1. setosa) w verify the absence of virus. The ELISA test is
done on meristem-derived plantlets at the 4-5 leaf stage before they are grown out. ELISA climinates
virus-infected plantlets at an carly stage, before graft indexing. To have ample supply of antiserum
to these viruses for the ELISA tests. AVRDC has produced its own antisera.

Sweet potato viruses are difficult to purity and transmit mechanically because viruses often oceur
in low concentrations, or are unevenly distributed in the plant and because sweet potato sap contains
powerful inhibitors. Different buffers with chelates and antioxidants and liguid nitrogen were tried
to transmit the viruses to other hosts from which they might be more casily purified.

Several purification methods used for potyviruses were tried.

Materials and Methods

Purification. SPMM und SPV 11 were mechanically transmitted to systemic hosts. The viruses
were purified by a modification of the method used by Lisa et al. 1981, for the purification of
zucchini yellow mosaic. Young leaves were harvested two weeks after mechanical inoculation and
homogenized (1:7/W:Vy in extraction bufter for 4 min at 4°C. After addition of Freon (1,1.2-Trichloro-
trifiuoroethanol) (1V:1 part original fresh leaves) at 4°C. and low speed centrifugation (SO00 rpm,
20 min/4°C). the virus containing agucous phise was collected end subjected 1o 2-3 cycles of low
speed (5000 rpm. 10 min. 4°C) and high speed (25.000 3.5 hour, 4°C Beckman 45 Ti rotor)
centrifugation. The resuspended virus containing pellet was subjected 1o a quasi-isopycnic centrifugation
in CsC1 (400 mg CsCHmly at 26,000 rpm (Beckman SW 41 rotor 18 hours, 10°C). The virus band
was collected from the gradients, diluted with 4-5 volumes of 0.05 M Na-citrate buffer pH 7.5,
containing 0.02 M NaxSOy and recentrifuged in CsCt 0.4 g7ml) following the previous conditions.

Following the second CsCl centrifugation, the virus containing band was collected. diluted as
before and centrifuged at 30,000 rpm fer 4 hr at 4°C. The resulting pellet was resuspended in 0.05
M sodium citrate butfer pH 7.0 and viewed in an clectron microscope for purity.

Antiserum productior. This purified virus preparation was injected into New Zealand rabbits
for antiserum production. At seven-day intervals, rabbits were given two intramuscular injections of
purified virus (4 mg/ 1 ml) emulsified with i.n equal volume of Freunds incomplete adjuvant and one
intramuscular injection emulsified with complete adjuvant. Rabbits were atlowed to bleed weekly,
starting three weeks after the last injection,

Serology. The serum activity was tested by indirect ELISA using alkaline phosphatase.
Results and Discussion
SPMMV. The virus was purified twice from systemically infected Nicotiana tabacum.

Concentration was from 1.419 mg/ml to 2.05 mg/ml. Yields were from 1.41 mg to 3.4 mg per 100
g infected leaves. The titer of the antiserum was 510, determined by the ring test. Scrological activity

Liso. V. G. Boccardo, G.D Agostino, G. Dellavalle and M d' Aquilio, 1981, Charactenization of a potyvirus that causes
succhini yellow mosaie. Phytopathology 71: 667-672.
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placed on Love and Rhodes (LR) medium. A 1-cm long stem section below S; was excised (Sz) and
placed on LR medium of 20 mg/! virazole: vimilarly a l-cm stem section below S; (= S3) and a
[-cm 17 stem section below S3 (= 54) were excised and placed on LR medium supplemented witk
30 and 50 mg/l virazole, respecuvely. Wen the plantlets had reached 4-5 leaf stage, they were
transferred to Jiffy 7 pellets. About < 6 weeks later, they were planted in S-inch clay pots where the
plants were allowed to grow for nine months. At that stage the plants were visually rated for leaf roll
symptoms. About 20-cm long stem sections were cut from p'ants without clear symptoms, placed
in water culiire and kept for 1-2 weeks at 37° £2°C. At this clevated temperature very distinet symptoms
developed, thus facilitating the rating.

Heat treatment. TN-66 plants were kept for either one or two months at 37° +£2°C. Following
heat-treatment meristems (0.3 mm size), 1-em stem sections (Sy) below the meristems, and 1-cm stem
sections below S» were excised and placed o LR medium. At 4-5 leat stage, the plantlets were
removed from the culture medium and placed in Jiffy 7 pellets. Plantlets were transplanted in clay
pots and rated as above.

Results and Discussion

Virazole treatment. With an increasing concentration of virazole, the percentage of virus-
free plants increased. About 86% of the stem pieces treated with 50 mg/1 virazole were found to
be SPLCD-frec compared to none for the nonvirazole-treated stem tips, and 29% and 57% for the
stem tips which were grown in 20 mg/1 and 30 mg/1 virazole, respectively (Table 9). The roots of
virazole-treated plants were short and had the tendency to grow above the agar. Normal growth resumed
after plantlets were placed in Jifty 7 pellets. Virazole-treated mature plants were morphologically
indistinguishable from nonvirazole-treater” plants.

Meristem tip culture also appears ti aifect the elimination of SPLC. About 80 % of the meristems
were virus-free. compared to 0% of the 1-cm stem sections immediately below the meristems.

Table 9. Effect of virazole and meristem-tip culture on sweet potato leaf curl virus excised.

% of plants

Plant no. th leaf curl
Plant part 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 “ithoutleafcur
symptoms
M (0) NG¥ - - - + - - - & NG NG - NG NG - 80
S (0) + 0+ 4+ + ++ + 4+ ++ ++++ NG+ O+ o+ 0
52 (20 mg/l) - -~ + 4+ NG + + ~ +4+ +4++4+ o+ ++ o+ - 29
53 (30 mg/l) - - -+ + - - 4+ ++ + + - NG - 57
Sa (50 mg/l) - - - - - - - - 44 - 4+ - - NG - 86
IFlgure in parentheses is virazole concentration. YNG: no growth in test tube or plant failed to grow after it was planted in
Jifty 7 pellets. + leat curl symptom. + + :severe leaf curl symptom.
Heat treatment. The results of heat treatment were inconclusive (Table 10). The number of

virus-free plants resulting from heat-treated meristems was not markedly different from those excised
from plants withou: heat treatment.

Virus climination was observed in both S; and Sy heat-treated stem sections although no
difference was observed in one and two-month heat treatments in Sy. Virus climination was, however,
slightly lower in S than in Sy. It is assumed that a heat treatment longer than two months has to
be applied to effectively eliminate SPLC from virus-infected stem tips. This virus seems to be less
affected by heat than other sweet potato viruses.

Thus, meristem tip culture was found 75-80% effective in eliminating SPLCD symptoms. Heat
treatment prior to meristem excision did not increase climination efficiency. Virazole at higher
concentrations was also effective in SPLCD elimination. It is expected that a combination of meristem
tip culture (which is routine in the present scheme) and virazole treatment will be more efficient in
producing a high number of leaf-curl-free plants than meristem-tip culture alone. Experiments with
higher virazole concentrations are under way.
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Table 10. Effect of heat treatment on sweet potato leafcurl virus.

Plant no % of plants
Plant part - —_ without leaf curl
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 symptoms
1 month heat
m? +Y - 4+ - - 4+ NG NG - - - NG - - NG 72
S ++ - + NG - + o+ 4+~ + o+ - - - NG 46
S2 ++ + ++ + - o+ o+ + ++ - NG + - + NG 31
2 month heat
M - + - + - - NG - - NG + - NG - - 75
S1 -+ + + - 4+ ++ - ++ - ++ - ++ NG - 45
S?2 + + - + NG ++++ - ++ + ++ + NG NG + 17
No heat
M -+ - - - NG - + - - NG + NG - - 75
Si ++ ++ + ++ 4+ + o+ + o+ + NG + + + o+ o]
S2 +t+ ++ + ++ o+ o+ o+ O+ o+ o+ o+ o+ o+ o+ o+ 0

“Excised plant part: M = meristem; Sy = 1-cm stem section below the meristem; So = 1-cm stem section 1-cm below S1. 'NG:
no growth in tissue culture medwm or failure of plantiet to grow out in Jifty pot. + :feaf curl symptoms. + +:very severe leaf
curl symptoms

improvement of Heat Treatment Method for Virus Elimination

Summary

Heat treaunent at 37°C for two months has been recommended for the elimination of certain sweet
potato viruses. However, based on AVRDC s experience, potted sweet potato plants (insand or 1:1:1
sand, soil, vermiculite) showed poor growth, often dried and wilted. The potting substrate used easily
became dry. Three different hydroponic systems using 1/2 strength nutrient solution (either pure or
combined with hydrocron balls) in lid-covered styrofoam containers or with fitted baskets containing
rice husks were used as an alternative for soil or sand potting mixture. The temperature of the nutrient
solution covered by baskets containing burned rice hulls averaged 5.4°C lower than the room
temperature; since good plant growth was achieved using this medium, it has thus been adopted to
improve that treatmen: for virus elimination at AVRDC.

Introduction

Heat treatment of virus-infected plants at various lengths of time was found effective in eliminating
feathery mottle virus (Hildebrand 1961)°, sweet potato mild mottle virus (Hollings et al. 1976)6 and
sweet potato yellow dwarf virus (Green and Lo, in press)’. Duration of heat treatment was found
positively correlated with the efficiency of virus elimination. The longer the heat treatment, the more
efficient is virus elimination. Treatment at 37°C for two months was found most effective for elimination
of sweet potato viruses. AVRDC’s experience showed that sweet potato plants kept at this temperature
in pots containing sand or sand, soil and vermiculite (1:1:1) grew slowly, had reduced turgor and
often wilted. The supporting medium dried cut quickly. Hydroponic culture was therefore attempted
to improve plant growth under this elevated iemperature.

SHildcbmnd. E.M. 1967. Russet crack — & menace to the sweet potato industry. 1. Heat therapy and symptomalology.
hytopathology 57:183-187.

Holling s, M; O.M. Stone and K.R. Bock. 1976. Purification and properties of sweet potato mild mottle, a white-fly borne
yirus fro.m sweet potato (Ipomoea batatasy in East Africa. Ann. Appl. Biol. 82:511-528.

Green, S.K. and C.Y. Lo 1989. Elimination of sweet potato yellow dwarf virus by meristem-tip culture and by heat treatmenl.
Journal of Plant Discases and Protection 96: 464-469.
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Materials and Methods

Three treatments using a half-strength nutrient solution in polystyrene containers (26 x 20 x
14) were tested.

In treatment A, the container was covered with a 1.2-cm thick polystyrene lid with six holes,
each containing a 20-cm long stem cutting. protected at the hole with rubber foam (treatment N).

In trcatment B, the nutrient solution was combined with a 3-~m thick iayer of hydrocron balls
floating on the soiution. The box was covered with a polystyrene 14 as in A (treatment N+H).

In treatment C. the box was cevered with a fitted basket (5.5 cm deep) containing burned rice
hulls. Rice hulls were kept from falling through the hole« by a plastic net. Six stem cuttings were
placed vertically into the rice hulls layer (treatment N+ Bi<).

In cvery trestment, three containers were used. The level of the nutrient solution was initially
kept above the botton: of the stem sections. After root emergence, the water level was lowered so
that the top part of the root was abeve the nutrient solution.

The growing conditions of the room were as follows: 12 hours day length, 3.1 klux illumination
at 10 em above plant level, using 400 *V fluorescent daylight. The room was heaced by an electric
heater and temperature was thermostatically controlled at 37°C. An exhaust fan was installed just
below the ceiling to allow constant air circulation. An electric humidifier kept the relative humidity
at an average of 65%.

The temperature in the room and that of the nutrient solution inside the box were determined
daily at 1:00 pm for two weeks, starting three days after the soxes were placed in the heated growth
room,

Results and Discussion

Covering the polystyrene containers with a basket of burned rice hulis kept the temperature of
the solution inside the container at an average of 31.6°C, i.e. 5.4°C lower than the room temperature
(Table 11). After prolonged storage of the container a 37°C, the tenmperature of the nutrient solution
was usually about 5°C lower than the room temperature. In other containers covered by styrofoam
lids, the temperature of the nutrient solution was oty 2.8° (treatment N) or 1.6°C (treatment N +H)
lower than room temperature.

Table -11. Temperature of the growth rcm and nutrient solution.

Temperature (°C)

Day Liquid growth medium
Room -

N+H N M+ BR
1 36.5 Ik 335 30.5
2 37 35 34 31
3 36.5 35 34 29.5
45 NmY NM NM NM
6 36.5 355 345 31
7 37 36 355 31.5
8 36.5 35 34 315
9 38 36 34.5 32
10 37.5 3556 34.5 32
11,12 NMmY NM NN NM
13 38 36.5 35 33
14 38.5 36.5 35 31.5
15 36 345 34 32
16 37 35.5 34 32
17 36.5 35 33.5 32
18 37 35 34 32
Average 37 a° 354D 342¢ 316d

lAverage temperature of 3 containers. YNM = not measured. *Mean separation by DMRT at 5% probability lovel.
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The burned rice hull method has been found very satisfactory for plant growth at this elevated
tempcerature and has now been routinely adopted for heat treatment at AVRDC.

Media for Meristem Tip Culture

Summary

The recently proposed Gamborg B-5 medium was compared with the AVRDC standard medium,
i.c. Love and Rhodes medium (1985), in combination with the modified Murashige and Skoog medium.
In Gamborg B-5. 27% of the meristems regenerated into plantlets, 55% on the AVRDC standard
medium. Callus tormed less in Gamborg B-5 medium than in AVRDC standard medium.

Introduction

At AVRDC a modified Murashige and Skoog medium had been initially used (Kuo et al. 1985).
It was found in 1987 that regeneration of sweet potato explants was better when they were first placed
on Love and Rhodes medium (1985) and then transferred to the modified Murashige and Skoog
medium. These two media have now been adopted for routine use at AVRDC. Recently, a new series
of tissue culture .aedia for the growth of sweet potato explants was proposed by tissue culture specialists
at the Internatonal Potato Center (J. Dodds. personal communication, 1988)%. These media were
compared with the AVRDC standard medium.

Materials and Methods

The composition of the Love and Rhodes and Kuo et al. media was previously described. The
proposed Gamborg medium was composed of: Medium for meristems or shoot tips (Stage 1):
Gumborg’s B-5 salts. or 1/2 strength MS salts with minimal organics; 2 mg/1 calcium panthotenate,
20 mg/1 gibberellic acid: 100 mg /1 ascorbic acid: 100 mg/1 calcium nitrate; 20 mg/1 putrescine HCI;
100 mg/1 L-arginine HCL 10 ml ascorbic acid; 100 mg/1 zalcium nitrate; 20 mg/1 putrescine HCI;
100 mg/1 L-arginine HCI: 10 ml coconut water (or 0.4 mg/1 kinetin); 5% sucrose; 0.7% agar; pH
5.6 and medium for meristem or shoot tip transfer (Stage 2): Gamborg's B-5 salts or 1/2 strength
MS salts with minimal organics: 2 mg/I calcium panthotenate; 15 mg/1 gibberellic acid; 100 mg/1
ascorbic acid: 100 mg/1 caleium nitrate: 20 mg/1 putrescine HCL;, 100 mg/! L-arginine HCl; 5% sucrose;
0.7% agar; pH 5.6.

The growth of 152 zxcised meristems of 17 sweet potato lines in these media was compared to
that in the AVRDC standard medium.

Results and Discussion

About 55% of the meristems regenerated into plantlets in the AVRDC stardard medium compared
with 27% of meristems grown in Gamborg B-5 media (Tablc 12).

Lesser callus formed in Gamborg B-5 media than in AVRDC standard media. In Gamborg B-5
medium, growth of explanis was generally weak and in some cases ccased. Many explants turned
brown and became wesk with yellowish foliage.

Thus, the standard AVRDC media will be retained for routine use.

8Dudds, J. 1988. Personal communication. International Potato Center, Peru.
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Table 12. Comparison of sweet potato meristems in AVRDC standard medium with Gamborg B-5

medium,
AVRDC standard media Gamborg B-5 media
Sweet potato No. of No. of No. of No. of
Line meristems plantlets meristems plantlets
excised regenerated excised regenerated

L 19 10 6 11 2

L 43 4 0 8

L 135 6 3 4 0

L 183 5 2 5 0

L 188 10 9 9 4

L 292 12 5 12 3

L 295 7 3 7 1

L 296 9 7 6 3

L 297 12 5 11 1

L 300 10 7 15 6

L 303 9 9 9 7

L 312 8 2 8 0

L 326 8 4 10 0

L 329 8 2 9 0

L 330 8 4 7 4

L 185 13 3 5 0

L 186 13 12 10 8

Total: 17 lines 152 83 (55%) 146 39 (27%)

Different Media for Growing Out Tissue-cultured Plantlets

Summary

In the present virus elimination and indexing scheme being used, regenerated plantlets are routinely
transferred from the test tubes to Jiffy pellets before they are planted in pots containing the standard
potting medium (1:1:1 sand soil and vermiculite). Other different growing media such as 1/2 and
1/4 strength nutrient solution with rice hulls (natural or burned), 1:1 sand soil and 1:1:1 sand vermiculite
and soil were tested to find a growing medium superior to Jiffy pots. The 1/4 strength nutrient solution
with rice as supporting medium and the 1:1 sand:vermiculite medium gave the lowest values for fresh
root and whole plant weight. The Jiffy pellets gave the highest values, followed by the 1/2 strength
nutrient/burned rice and 1:1:1 sand:vermiculite:<oil,

Introduction

The average time needed to regenerate plantlets from meristems varies widely and depends on
the genotype. Regeneration of plantlets takes arywhere from six weeks to four months. Regenerated
plantlets are ofien fragile, grow slowly and are sometimes accompanied by a high mortality rate when
removed from the protected tissue culture medium and transplanted into soil or other media. In the
AVRDC indexing scheme, regenerated plantlets are routinely transferred initially to Jiffy 7 pellets
before they are planted in the soil. This study aimed to determine if other initial transplanting media
would give better plant growth than that presently obtained from Jiffy 7 pellets.

Materlals and Methods
Seven treatments were tested for growing tissue-cultured plantlets.

1) 1/2 strength nutrient solution with burned rice hulls as supporting medium in styrofoam cups
(10 cm high, 8 cm upper diameter, 4.5 cm bottom diameter).

2) 1/4 strength nutrient soiution with a 4-cm layer of burned rice hulls as supporting medium
in styrofoam cups.
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3)  1/2 strength nutrient selution with a 4-cm layer of rice hulls as supporting medium in styrofoam
cups.

4)  1/4 strength nutrient solution with a 4-cm layer of rice hulls as supporting medium in styrofoam
cups.

5)  sterilized mixtare of sand and vermiculite (1:1) in styrofoam cups.
sterilized mixture of sand. vermiculite and soil (1:1:1) in styrofoam cups.

7y Jiffy pots (standard AVRDC practice).

Eight breeding lines were tested in two replicates. Containers were randomly arranged in the
screenkouse and data were taken after two months,
‘The tull-strength nutrient solution was composed of:

Constituent g/l Constituent mg

Cua (NO2)2.2H.0 0.59 FeEDTA 22.6

KNO 0.22 MnSO,.H:0O 1.54

K>HPO 0.18 CuS04.5H-0 0.079

CaCl2.2H.0 0.18 ZnS0Oy 0.220

MgSO;.7H>0 0.4% H2BO: 2.86
NZl:MOO.t.?_H:O 0.025
pH?6.0

Results and Discussion

Different cuitivars generally behaved differently on cach of the growing media tested (Table 13).
The 1/4 strength nutrient solution with rice hulis as supporting medium and the 1:1 sand:vermiculite
medium generally gave the lowest values for fresh root, and whole piant weight. Based on ranking
of the highest numerical values of three parameters tested among nine cultivars (Table 14), the Jiffy
pot treatment was ranked first, followed by the 1/2 strength nutrient solution/burned rice culture,
L1 (sand:soil:vermiculite), and 1/2 strength nutrient/solution rice culture.

Based on these findings it was decided that AVRDC will continue the transfer of the regenerated
plantlets to Jiffy 7 pellets first before transplanting these to the soil.

Seed Transmission of Viruses in Indicator Hosts

Summary

The absence of seed transmission of sweet potato viruses in indicator hosts used for virus-indexing
riust be guaranteed. This has never been verified before. Seeds of indicator plants /. nil and /. setosa
infected with the sweet potato viruses by mechanical inceulation or by grafting were collected and
grown in an insect-proof screenhouse. Seedlings were vizually observed for symptoms and tested by
ELISA. Sced transmission could not be detected.

Introduction

Grafting «f two susceptible indicators, 1. setosa und I. nil is a major part of virus indexing in
sweet potato. Absence of viruses in scedlings of these hosts has to be assured, otherwise, they can
not be reliable indicators. Information on seed transmission of sweet potato viruses in these two hosts
Is not available at present.

Materials and Methods

Plants of 1. serosa and . nil were grafted on virus-infected sweet potato or infected by mechanical
transmission. Plants were allowed 10 bear flowers and seeds. Seeds were collected only from those



Table 13. Growth of regenerated plantlets from tissue culture medium and transferred to different growing media.

Sweet Potato Cultivar

Treatment/ 1 2 3 4 5 6 7 8 9
entry 1-57 1-423 CN1028 16 CN1038-16 CN1058-10 CN1216-10 CN1219-1 CN1345-8 CN1421-56

Fresh root weight (g)

1/2 B 1.8 ab 27 a 3.1 ab 1.5a 1.7 a 28a 1.8 a 24Db 3.8a
1/4 B 1.1 abc 23 a 2.5 bc 2.1a 1.3 a 1.5 bc 10 a 0.6d 1.8 bed
1/2 R 04 ¢ 29 a 2.1c 1.8 a 1.2 a 1.2 bc 0.7a 4.4 a 3.3 ab
1/4 R 0.8 bc 24 a 1.6 cd 06 a 19 a 06 ¢ 10 a 0.4d 2.4 abc
1:1 0.9 abc 0.6 ab 0.8d 09 a 09 a 0.8 bc 08 a 0.4d 0.6d
1:1:1 19 a 23a 22c¢ 19 a 23 a 1.7 abc 1.3 a 17¢ 1.5 cd
Jiffy-pellet 1.8 ab 20a 39a 21a 16a 1.9 ab 19a 2.1 bc 2.1 abcd
Whole piant weight (g)

1/2 B 4.1a 6.7 ab 6.2 ab 38a 4.0 ab 6.3 a 46 a 6.2 ab 8.1a
174 B 32b 50b 4.2 bc 49 a 3.2 ab 3.7 bc 3.8a 4.2 bc 4.2 bc
1/2 R 180 7.7 a 51b 4.7 a 3.4 ab 3.9 abc 24 a 51b 7.8 a
1/4 R 26 b 510b 3.7 bc 2.1a 3.9 ab 1.8 ¢ 25a 3.7 bc 5.4 ab
111 24 b 22c 19c¢ 19a 23b 21c 20 a 19c¢ 16¢
1:1:1 56a 7.4 a 6.2 ab 49 a 6.5a 5.6 ab 39a 6.2 ab 5.7 ab
Jiffy-peliet 6.0 a 6.4 ab 8.1a 6.1 a 4.0 ab 5.9 ab 4.4 a 8.1a 7.3 a
Stem length (cm)

1/2 8 10.0 a 155 ab 155 a 12.7 a 8.2 a 13.2 a 97a 10.2 b 85a
174 B 13.7 a 15.0 abc 12.0 ab 20.0 a 7.7a 92a 9.7a 6.0b 6.2 a
1/2 R 82a 170 a 162 a 135 a 10.3 a 6.2 a 6.0a 19.5 a 85a
1/14 R 10.7 a 11.5 be 10.7 ab 92a 10.2 a 57a 7.7 a 57b 85a
1:1 7.0 a 85¢c 6.5 c 6.2 a 10.7 a 57 a 8.7 a 7.7b 52a
1:1:1 92a 16 0 ab 157 a 90 a 12.7 a 9.0a 7.4a 12.7 ab 100 a
Jiffy-pellet 122 a 13.2 ab 9.0 ab 155 a 159 a 159 a 90 a 11.0 ab 7.2

1/2 B = halt strength nutrient solution. burnt rice husks as supporting medium. 1/2 R = half strength nutrient solution. rice husks as supporting medium. 1:1 = sand:vermiculite 1:1:1:
= sand:soil:vermiculite “Mean separation within columns for each vanable by OMRT at 5% probabihty level

ASojoying o1R10d 199MS
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plants which showed distinct virus symptoms and where presence of virus was verified by ELISA.
Seeds were sown in soil in 3-inch plastic pots in an insect proof screenhouse. Seedlings were observed
for five weeks for symptom development. Thereafter the individual plants were tested by indirect
ELISA for presence of virus.

Results

None of the seeds collected from virus infected plants was found infected with any of the viruses
(Table 15). More scedlings need to be tested to confirm these preliminary findings.

Table 14. Ranking of growing media by highest numerical values.

Fresh root Whole plant Stem

weight (g) weight (g) length (cm) Total
1/2 nutrient, burnt rice 21 23 31 75
1/4 nutrient, burnt rice 35 43 33 112
1/2 nutrient, rice 38 37 31 106
1/4 nutrient, rice 45 49 45 139
1:1 (sand:vermiculite) 57 61 53 171
1:1:1 (sand:soil:vermiculite) 30 22 30 82
Jiffy 7 cellet 25 17 27 69

Table 15. Seed transmission of sweet potato viruses.
Virus . 1. nil |. setosa
157 1 59 1 40
SPMMV o/6” 0/4
SPLV Q/5 0/4
SPYDV 0/205 0/4
SPV il 0/3
FMV 0/120 0/5
SPLCV 0/9 0/5
Unknown virus 1 0/2 0/3
(sweet potato mosaic}
Unknown virus 2 0/5
(1219-10)
*Number refers to virus indicator plart collection accession. YNumber of seedlings grown.

Improvement of Sweet Potato Scab Resistance Screening in Greenhouse

Summary

The SP percent discase area rating system (described in the 1987 Annual Review) has been adopted
for greenhouse screening for scab resistance. This rating system is complex and time-consuming. Using
a 0-8 scale, discase severity was compared with the SP percent disease arca (on strm and petiole)
rating. The resistance levels previously evaluated were reflected. The method was found more
convenient.

Introduction

The SP percent disease area rating system has been adopted for greenhouse scab resistance screening
at AVRDC. Since this rating system was found complex and time-consuming, a more convenient method
(discase severity) was sought and compared.
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Materials and Methods

Forty-two sweet potato breeding lines and accessions, including 16 highly resistant and 7 highly
susceptible lines identified in 1987, 7 AYT and 9 PYT AVRDC breeding lines, and 4 imported lines
from HITA, Tonga and Indonesia were tested. Eight-centimeter long cuttings from cach variety were
individually rooted in 5 cm-diameter plastic pots. Five pots of each eight varietics were placed in
a plastic tray. Pots containing cuttings of the highly susceptible (HS) line (I-6), the moderately susceptible
(MS) line (CN 1108-13) and the highly resistant (HR) line (V2-30) as checks were randomly arranged
in cach flat. After a month, the unijormly growing cuttings were inoculated with a suspension of 1.5
X 10° conidia of E. batatas isolate Y.S. 25 per ml, using an atomizer with 2.0 kg/cm” pressure.
The inoculated plants were immediately transferred to a plastic covered moist chamber (R.H. >98%)
in an artificially hghted room at temperatures ranging from 25 to 42°C. Seven-day-old cultures of
E. batatas for inoculum production were grown on carrot agar in both light and dark conditions for
12 hr at 24°C. Spores from colonies were washed with sterile distilled water, and adjusted to the
concentration described above using @ hemacytometer. The two discase rating methods used were:
1) 0 1o 8 scale where scab disease tevels that were similar to I-6 (HS), CN1108-13 (MS). and V2-30
(HR) were rated as 8. 6 and 2, respectively: and 2) the presently adopted SP % disease scale, where
1= =<10%:2=11t020%;3=211030%;4 =311040%:5 = 41 t0 50%: 6 = >50% discased
arca of stem and petiole above the third cxpanded leaf. Disease ratings for both methods were taken
on the cighth day after iroculation,

Results and Discussion

The discase indices obtained in two rating methods are shown in Table 16. Both rating methods
generally appeared comparable, as reflected in the high correlation coefficient (r= 0.9599) between
the two. The lines previously rated as resistant were found in both methods generally resistant in this
year's greenhouse screening. Eleven of the 16 HR lines were found more resistant as V2-30 than
the HR check. In method B, seven HR lines were found more resistant than the HR check. The resistance
of previous HR lines was only slightly lower than the HR check. Two (CN 1831-42, CN 1489-43)
of the newly screened lines were identified in both methods to have a resistance similar or better than
V2-30. CN1831-14 was identified in method A to have the same resistance as V2-30 and was rated
only slightly lower than HR in method B. Two lines from AYT (CN 16!8-461 and CN 1517-139)
and one line from PYT (CN 1831-55) were identified highly susceptible (HS), 1-948 from IITA, and
I-1186 from Indonesia were rated highly susceptible to scab among 15 HS cultivars identified last year.

Conclusion

Since ratings in both methods are comparable, the 0-8 scale using check cultivars might be adopted
as a more convenient method.

Hoewever, most lines previously rated highly susceptible were identified in both methods (in this
year's screening) as moderately susceptible. This may oe due to last year's rating being more severe
or another isolate used in the screening may have produced a higher discase severity than the isolate
YS 25.

Scab Cenfirmation Screening Under Seminatural Field Conditions

Summary

The stability of disease resistance needs to be confirmed once identified in a line. Thirteen clones
previously rawed highly resistant were again identified as highly resistant. One introduced cultivar
from Tonga I-1189 and reportedly resistant to scab elsewhere was also rated highly resistant. The
cultivar I-55 was found more susceptible than the previously used HS check cultivars and should be
used in further resistance screening.
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Table 16. Scab disease severity evaluated in the greenhouse by two screening methods.

Previously HR Previuusty HR
Cultivar Disease index Cultivar Disease Index
Method A Method B Remark Method A Method B Ramark
{0-8) (SP) (0-8) (SP)
A. Lines previously rated as resistant B. Lines previously rated susceptible and new lines
1-1173 2.7-° 1.8- HR 1987 1971 6.3 5.0 HS 1987
1-944 1.8+ 1.5~ HR 1987 1-1069 6.9 4.9 HS 1987
1-1206 2.2- 1.4~ HR 1987 1-103 6.2 4.8 HS 1987
-1213 1.5+ 1.3- HR 1987 -122 5.0 3.9 HS 1987
1-483 2.3~ 1.3~ HR 1987 CN 1370-7 3.8 3.6 HS 1987
CN 1232.9 1.8+ 1.2- HR 1987 1-57 4.5 3.5 HS 1987
1.943 23- 1.2- HR 1987 CN 1508-93 4.7 3.4 HS 1987
1-.934 2.0 1.2- HR 1987 CN 1517-139 6.8 S. AYT
111219 1.6+ 1.1 HR 1987 CN 1618-461 6.8 4.9 AYT
1-849 1.0+ 1.0+ HR 1987 CN 1525-11 4.8 2.3 AYT
71-7 1.0+ 1.0+ HR 1987 CN 1661-15 3.3 2.2 AYT
1-844 1.4+ 1.0+ HR 1987 CN 1656-89 2.3 2.1 AYT
71-1 1.3+ 1.0+ HR 1987 CN 1510-25 2.8 2.1 AYT
1-949 1.2+ 1.0+ HR 1987 CN 1489-43 1.8 1.0 AYT
673 1.4+ 1.0+ HR 1987 CN 1831.55 4.9 3.0 PYT
71-4 1.3+ 1.0+ HR 1987 CN 1831-33 4.5 2.8 PYT
-6 8.0 4.8 HS CHECK CN 1826-6 4.5 2.8 PYT
CN 1108-13 6.0 3.9 MS CHECK CN 1827-5 2.8 1.9 PYT
v2-30 2.0 1.1 HR CHECK CN 1828.37 29 1.8 PYT
CN 1831-66 3.0 1.6 PYT
CN 1828-4f¢ 2.7 1.6 PYT
CN 1831-14 2.0 1.4 PYT
CN 1831-42 1.6 1.1 PYY
-1186 5.9 4.4 INDONESIA
1-948 5.0 3.6 IITA
1:11191 2.8 16 TONGA
I-1189 1.4 1.0 TONGA
L Rating higher than the HR check. - : Rating lower than but not significantly different from the HR check.
Introduction

Disease resistance, once identified in a line usually necds confirmation screening to ascertain that
resistance is stable. Lines found resistant to scab in last year's field screening were screened again
under seminatural ficld conditions. This included 1-55 whose suitability as a susceptible check source
was determined.

Materials and Methods

Thirteen highly resistant lines from last year's screening as well as three introduced varieties with
reported resistance from Tonga. 1ITA and Indonesia were tested. The susceptible and resistant check
cultivars were 1-6 and V2-30, respectively. Three highly susceptible 1'nes, namely TN57, TN66 and
I-55 were also included. Cultivar 1-55 is distinguished by its palm-shaped leaves, deep purple stem
and short internodes.

The experiment, in two replicates, was conducted on 18 May 1988. Plot size was 3.0 x 1.5
m. Plots were planted with nine 8-cm long cuttings of cach test cultivar. One noninoculated resistant
check (V2-30) was planted at one end and two susceptible checks (1-55) on the other cnd, one of
which had been artificially inocuiated with a spore suspension of Elsinoe batatas isolate Y.S. 25,
which served as source of the disease. A resistant and a noninoculated susceptible cultivar were planted
every sixth and seventh plot, respectively. Irrigation was done with overhead sprinkler twice daily
for 15 min at 0830 and 1600 hr, Monday through Friday. Disease severity was evaluated on 18 July,
using a 0-5 scale (where | = HR and 4 = HS). Lincs that were similar in discase severity to [-6
(HS) were rated as 4 and those similar to V2-30 (HR) were rated as 1.
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to that described last year, except that the inoculum source was an E. hatatas isolate from AVRDC
(YS 25). and not from Hualien. The concentration of the conidial suspension for inoculation of the
susceptible 1-6 was 1.02 x 10° conidia per ml. Discase intensity was evaluated on 12 October, using
the 0-5 scale.

Greenhouse resistance screening was done on discase-free cuttings taken from cach field plot (3
cuttings per plot) after termination of field evaluation. The cuttings were planted in 5-cm diameter
plastic pots kept in flats. After 15 days, all cuttings were inoculated with a 1.02 x 10°/ml suspension
of conidia and placed in a moist chamber. Disease rating was done seven days after inoculation by
the susceptibility rating system.

Results and Discussion

In ficld screening. severe scab epidemic oceurred in HS checks which was sufficient for discase
rating, ranging from 0-5. Fifty-five lines were rated HR and 43 as HS: the others had intermediate
resistance fevels. Among 55 lines screened by artificial inoculation in the greenhouse, 15 were confirmed
resistant; 12 had resistance levels equal to or higher than that of the HR check: and three lines had
resistance levels slightlv lower than the HR check (Table 18). Similarly, only 18 of the 43 HS lines
(from the field screenings) were confirmed HS in the greenhouse screening. There was & low correlation
coefficient {r = 0.3458) between field and greenhouse scab ratings.

Confirmation Screening for Scab Resistance in the Field

Summary

Evaluated under two rating methods, a total of 26 cultivars (11 breeding lines and 15 accessions)
were confirmed to be resistant as the HR check.

introduction

A number of scab resistant lines were identified in a preliminary seminatural infection screening,
These were subjected to a confirmation screening in the field using two different rating methods.

Materials and Methods

A total of 26 cultivars previously rated highly resistant to scab were screened in the field from
7 July to 4 November 1988. The lines included |1 breeding lines and 15 accessions. Plots for lines
tested were 1.5 X 3 m and cach contained nine cuttings of the cultivar for screening. At one end
of each piot, one scab-infected cutting of the highly susceptible cultivar 1-55 was planted, followed
by one healthy. noninfected cutting of I-55. At the other end of the plot, one cutting of the highly
resistant check cultivar V2-30 was planted. Plots of three cheek cultivars 1-55, V2-30 and 1-6 were
also randomly planted in the same experimental field. The inoculation method used, inoculum
concentration and application of overhead sprinkler irrigation were the same as described before. Disease
intensity was evaluated on 14 Qctober using (A) a 0-8 scale where scab levels in the test lines similar
to I-55 (highly susceptible check) were rated as &: those similar 1o 1-6 (MS check), as 6: and those
similar to V2-30 (highly resistant check) as 2; and (B) the SRS measuring percent discased area on
stem, leaves and shoot tip above the third expanded leaf below the plant lip.

Results and Discussion

Must cultivars found resistant to scab last year showed a lower level of disease than the highly
susceptible check cultivar in this year's screening (Table 19). In method A. 17 lines gave a higher
or equal ratiug than the highly resistant check V2-30. Seven lines were rated lower than the highly
resistant check, but considerably higher than the MS check. In method B (SRS), the percent discase
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Tabie 18. Sweet potato accesslons and breeding lines identified as highly resistant and highly
susceptible In both field and greenhouse screenings.

Disease index

Line

field* greenhouse’

Highly resistant lines

CN 1756-46 0.5 16.7
CM 1756-128 0.5 5.8
CN 1757-145 0.5 129
CN 1847-19 0.5 13.8
CN 1848-53 1.0 18.4
CMN 1848-62 1.0 15.4
CN 1857-6 0.5 10.0
CN 1867-11 1.0 6.3
CN 1869-16 1.0 18.4
CN 1874-7 1.0 12,5
CN 1876-3 u.5 10.0
WT 129 0.5 15.8
CN 1405-14 0.5 14.2
1-1189 (Tonga) 0.5 8.8
1-11191 (Tonga) 1.0 11.3
Highly susceptible

CN 1758-44 4.5 46.3
CN 1759-40 4.0 64.2
CN 1759-245 5.0 48.8
CN 1848-77 5.0 30.0
CN 1510-25 4.5 39.6
CN 1747-88 45 55.4
Ch 1778-2 5.0 425
CN 1790-42 5.0 40.4
CN 1795-268 5.0 52.1
CN 1857-4 45 54.6
CN 1864-48 5.0 46.0
CN 1864.-59 5.0 379
CN 1868-12 4.5 359
CN 1869-1 4.5 346
CN 1869-10 45 41.3
CN 1869-17 5.0 43.3
CN 1870-8 5.0 429
CN 1108-13 45 33.8
v2-30 (HR check) 1.0 16.6
1-6 (HS check) 4.0 45.4
CN 1008-13 (HS check) 45 333

"Disease severity rating, using a 0-5 scale, where 1 = HR and 4 = HS. SRS system rating, using % disease area on stem
and leat shoot tip (SLST).

area of these ranged from 0.6 to 21.9% in these lines which were not significantly lower from these
of V2-30 the highly resistant check cultivar, but significantly lower than the HS and MS checks.
Although the lines previously found highly resistant had lower disease severity than the MS check
in both rating methods the ratings did not exactly correspond. Only eight lines (1 673, 1 844, 1 849,
11206, 11213, 71-1, 71-3 and 71-7) were rated more resistant than the HR checks in both methods.
In method A, 17 lines were rated higher or similar to the HR check compared to 10 in method B.
This is reflected in the insignificant correlation coefficient (r=0.6274) of the regression analysis with
scab rating by 0-8 scale as the independent variable and the percent diseases area rating method as
dependent variable. For future reliable and reproductive screenings, additional check cultivars of
intermediate resistance levels, such as MR as well as additional HR checks more resistant than V2-30,
and HS checks more susceptible than I-55 need to be considered. Furthermore, confirmation screening
using artificial inoculation of each line-and high humidity should be used.



210 AVRDC Progress Report 1988

Table 19. Cultivars identified highly resistant in the field.
Disease severity

Line Remarks Rating A Rating B
0-8 (/6 disease area SLST)
CN 1827-5 HR, 1986 PYT 1‘5+Z 17.1 -
CN 1828-6 HR, 1986 PYT 1.5+ 10.3-
CN 1828-37 HR, 1986 PYT 23- 13.3-
CN 1828-46 HR, 1986 PYT 2.8- 11.9-
CN 1831-14 HR, 1986 PYT 23- 15.0-
CN 1831-42 HR, 1986 PYT 2.3- 2.8+
CN 1831-55 HR, 1986 PYT 23- 15.5 -
CN 1831-66 HR, 1986 PYT 3.0- **Y 21.9-
CN 1832-11 HR, 1986 PYT 2.0 4.4 +
CN 12329 HR, 1987 1.8+ 14.6 -
CN 1618-461 HR. 1987 1.5+ 19.0-
1-483 HR, 1987 1.3+ 11.9-
1-673 Hr, 1987 1.3+ 5.4+
1-844 HR, 1987 1.0+ 8.4 +
1849 HR, 1987 1.3+ 1.1+
1-934 HR, 1987 1.8+ 209 -
1-943 HR, 1987 1.0+ 18.3 -
1-944 HR. 1987 1.0+ 12.8-
1-949 HR, 1987 1.3+ 20.4 -
-1173 HR, 1987 3.0-** 21.3-
1-1175 HR, 1987 29- 10.8 -
1-1206 HR, 1987 1.3+ 6.3+
-11213 HR, 1987 1.0+ 4.6 +
711 HR, 1987 1.3+ 3.5+
71-4 HR, 1987 1.3+ 0.6+
71-7 HR, 1987 1.3+ 0.6 +
1-55 HS Check 8.0 51.5
v2-30 HR Check 2.0 8.3
1-6 MS Check 6.0 46.3
L Ratmg\,more resistant than the HR check. ~: Rating less resistant than, but not significantly different from the HR
check. ** Significantly different from the HR check

Scab Development Under In Vitro Conditions

Summary

The potential of tissue culture as a tool for sweet potato scab resistance screening was investigated
using two highly susceptible and two highly resistant lines. Under test tube conditions the two reaction
types could be clearly differentiated. Significant higher infection percentage was found on two
susceptible lines than on two resistant lines. On susceptible lines, callus symptoms were observed
but were absent in the two resistant lines. Callus forination was most pronounced at 28°C. From these
observations, callus formation may be useful as a parameter for resistance screening in the test tube.
However, further testing is needed before this method can be adapted.

Introduction

Sweet potato scab (Elsinoe batatas) is known to be severe in tropical environments with rainfall
and high humidity. However in Taiwan, incidence of the fungus in most areas is very low. In vitro
conditions provide high humidity, thus favorable to scab disease development. The potential of tissue
culture as a tool for scab resistance screening was investigated.

Materials and Methods

Two susceptible (I-981 und AIS35-2) and two resistant clones (71-1 and 71-4) were grown in
modified MS medium in test tubes. One-month old plantlets with four expanded leaves were dusted
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with the pathogen using a sterile brush dipped in suspensions of Elsinoe batatas (isolare YS 25) at
concentrations of 5 X 10%, 5 x 10° and 5 x 10° conidia/ml. The inoculation procedure was exccuted
under sterile conditions. After inoculation, the test tubes were incubated at 22°C, 28°C and 32°C
under 12-hour dark and 12-hour light conditions. A randomized complete block design with three
replicates, and nine plantlets per treatment was used. Disease was rated on 30 May by the percent
diseased area rating method. Callus symptoms were rated on 10 June 1988.

Resuits and Discussion

The disease severity on the different treatments is shown in Figure 2. The percent of infected
area was significantly higher in two cusceptible lines than in resistant lines.

[n susceptible lines 1-981 and AIS35-2, percentage of infection increased with rise in temperature.
The optime! temperature for fungal infection was 28°C, regardless of the conidizl concentration.
Regardless of fungal concentration, infection was lowest at 32°C.

Very low disease was found in resistant lines 71-1 and 71-4, regardless of incubation temperature
or conidial concentration. However, line 71-4 showed a slightly higher infection percentage than 71-1,
Ninety-six percent of the plantlets of 1-981 and 37% of AIS35-2 showed callus symptoms as a result
of infection with E. batatas. There was no callus detected on two resistant cuitivars. Callus formation
may be a useful tool to distinguisk susceptible from resistant cultivars. Further studies are needed
to determine if this factor is reliably associated with susceptibility before it can be used in resistance
screening.
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Fig. 2. Severity of scab over three temperatures on four sweet potato clones.



Sweet Potato Physiology

Growth Anaiysis in Different Seasons

Summary

Ten improved sweet potato clones were planted in four distinct seasons to examine the effect
of environmental conditions on yield based on total dry matter production and partition of assimilate
to the storage root. The latter seemed to play an important role in sweet potato production. The inclined
diversion of dry matter to the storage root was related to sink strength. This trend was subject to
change under high temperature and soil flooding.

Introduction

Unit area yicld of sweet potato fluctuates with environmental conditions. However, littie effort
has been made to ascertain the limiting steps in storage root formation due to environmental factors.
This study examined the assimilation, partition and growth of AVRDC’s improved sweet potato clones
in quantitative terms under different growing scasons, and assessed the effect of different environmental
conditions on yicld potential of sweel potato.

Materials and Methods

Ten clones of sweet potato, namely, Kinmen, Tainung New 31, Tainung 66, 11192 (low beta-
amylase), CN 1028-15, CN 1108-13, CN 1121-312, CN 1232-9, CN 1367-2 and CN 1517-139, were
planted on 21 July 1987, 19 October 1987, 1 March 1988 and 19 May 1988. A randomized complete
block design with four replicates was employed in each planting. Plot size was 3 m X 7 m, cach
with three rows at a spacing of I m x 25 cm. Four plants from the middle row of each plot were
randomly sampled once a month, starting from the first month after planting. Five samplings were
made: the last onc was done at 150 days after planting. Sample plants were measured for leaf area,
dry weight of different plant parts and storage root yields. Leaves, storage roots and petioles were
also evaluated for sugar and starch content and alpha-amylase. Crop growth rate (CGR), leaf area
ratio (LAR) and net assimilation rate (NAR) of the total plant, and relative growth rate (RGR) of
storage root were calculated. Yield, yield components and other parameters were also investigated.

Results and Discussion

Averaged across four plantings, CN 1028-15 had the highest storage root yield mainly due to
its high dry matter content and harvest index (Table la). CN 1108-13, CN 1232-9 and CN 15,7-139
were intermediate yielders. Among them, CN 1517-139 had also high total dry matter content and
harvest index. The differerice of maximum and minimum values in harvest index was greater than
in total dry matter content. The lowest value was almost six times the highest in the harvest index
while for total dry matter it was more than two times. The results suggest that enhanced dry matter
content and harvest index determined the yield pete atial of sweet potato. However, enhanced harvest
index seemed more critical than an increased dry matter among 10 clones examined.
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From an average across 10 clones, planting in October had the highest storage root yield, total
dry matter, storage root number and harvest index (Table 1b). This could be attributed to decreasing
temperature throughout growth and the absence of heavy rainfall. On the contrary. planting in May,
which coincided with increasing temperature and heavy raintall in the third nonth after planting, had
the least storage root yield, total dry matter content and harvest index.

High dry matter content in CN 1028-15 and CN 1517-139 and in the planting in October could
be attributed to high CGR (Table 2a). Low CGR in the planting in May was caused by heavy rainfall
(Table 2b). impairing storage root development,

Table 1a. Means of total dry matter. yield and yield components from four plantings of 10 sweet
potato clones.

Clone Storage root yield Storage root no. Total dry wt. Harvest index
(g/plant) (/plant) (g/plant) (%)
Kinmen 315 cd’ 5.5 ab 160 c-e 43¢
TN 31 202 d 24e 138 de 28 d
TN 66 314 cd 3.7d 169 cd 39¢
11192 199 d 3.8d 135 de 29 d
CN 1028-15 689 a 52 ac 251 a 64 a
CN 1108-13 531 b 59 a 198 bc 58 ab
CN 1121-312 282 d 4.5 b-d 128 de 40 ¢
CN 12329 456 b 58 a 196 bc 50 be
CN 1367-2 Tle 1.2 e 118 e 12 e
CN 1517-139 414 be 4.2 cd 218 ab 56 ab

‘Mean separation within columns by DMRT at 5% probability level

Table ib. Means of total dry matter, yield and yleld components from four plantings of 10 sweet
potato clones,

Storage root yield Storage root no. Total dry wt. Harvest index
(g/plant) {/plant) (g/plant) (%)
July ‘87 324 b° 34b 149 b 42b
Oct. '87 580 a 80 a 214 a 71 a
March ‘88 340 b 23¢c 198 a 32¢
May ‘88 146 ¢ 3.1b 123 ¢ 22d

Mean separation within columns by DMRT at 5% probability level.

Table 2a. Mean crop growth rates (g/mzlday) from four plantings of 10 sweet potato clones.

Growth intervals (days after planting)

Clone ——

30-60 60-90 90-120 120-150
Kinmen 8.7 a° 5.3 ad 5.8 ab -1.0 ns
TN 31 86 a 4.7 b-d 39ab -1.1
TN 66 79 a 88 a 2.1b 0.6
11192 500b 5.7 a-d 5.6 ab 0.6
CN 1028-15 96a 7.7 ac 8.7 a 5.1
CN 1108-13 83 a 8.1 ab 7.7 a -0.1
CN 1121-312 54b 4.0 cd 5.7 ab 0.3
CN 12329 8.7a 5.6 ad 5.8 ab 3.3
CN 1367-2 55b 26 d 62 ab 0.6
CN 1517-139 8.1a 8.4 ab 8.6 a 1.4

"Mean separation within columns by DMRT at 5% probability level.

Table 2b. Mean crop growth rates (g/mzlday) from four plantings of 10 sweet potato clones.

Growth intervals (days after planting)

Clone
30-60 60-90 90-120 120-150
July '87 10.0 a° 5.0 ¢ 0.6 ¢ 22a
October '87 460b 72b 123 a 3.7a
March ‘88 51b 115a 7.4 20a
May '88 10.7 a 0.6 d 5.0 b -390

"Mean separa‘ion within columns by DMRT at 5% probability level.
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The damaged storage root likely affected the amount of assimilate translocated as storage root
development advanced, thus inhibiting photosynthetic activities.

Morcover, high CGr »f CN 1028-15 and CN 1517-139 could be ascribed to high NAR
(Table 3a). Seasonal comparison of NAR revealed that planting in October maintained relatively higher
NAR than others (Table 3b), due to low temperatures, which prevented high assimilate cost of
respiration,

LAR expresses feaf area per unit dry weight of the plant. High yielding CN 1028-15 and CN
1517-139 had low LAR throughout the growing period, whereas low yielding CN1367-2 had high LAR
(Table 4a). These results clearly indicated that high vielding clones were capable of diventing assimilates
from the leaf. Low LAR in the May planting (Table 4by was due o low leat production instead of
dry matter diversion from the leaf. On the average, planting in May had the Least leaf area. The decrease
m sink load in the developing storage root retarded leaf growth,

Table 3a. Mean net assimilation rates (n'ngidr112/day) from four plantings of 10 sweet potato

clones.

Clone : o VG_[O‘WQ"'])(?fj’fil»j_((10)’5 after pl'fr_umg) o L
... 3060 8090 90120 120150
Kinmen 676 ac 249 bd 273 ns -16.6 ns
TN 31 53.7d 17 3 de 15.5 2.4
TN 66 681 ac 430 a 149 6.0
11192 68 3 a-c 38 8 ab 343 11.2
CN 1028-15 68.6 dab 2/ 8 bd 392 28.2
CN 1108 13 7714 361 ab 39.1 2.3
CN 1121-312 57 4 ¢d 203 ce 26 9 -7.9
CN 12329 ed 2 bd 24 .3 bd 258 315
CN 1367-2 39ye 91e 21.8 0.7
CN 1517139 614bd 335ac 34 2 15.8

?
Mean separation within columns by OMKT at 5 « probabiity levet

Table 3b. Mean net assimilation rates (|ng/dn12/day) from four plantings of 10 sweet potato
clones.

1 als (ds lan
Planting month J N E!,()W_t,l" tervals (days after pla tlng_)_" —

.. 3060 8090 90120  120-150
July ‘87 56.4 b’ 200 b 30¢ 21.7 a
Oct 87 56.8 b 438 a 68.4 a 193 a
March ‘88 755 a 436 a 258 b 9.6 a
May ‘88 61.7b 26¢ 20.4 b 23.7b

‘Mean separation within cotumns by DMRT at 5 '« probatihty levet

Table 4a. Leaf area ratios (cmzlg) from four plantings of 10 sweet potato clones.

Growth intervals (days after planting)

Clone - - S
30 60 90 120 150
Kinmen 99 cd? 76 de 55 ¢ 29 d-f 21¢
TN 31 128 b 96 b 59 ¢ 34 ¢d 25 be
TN 66 91 de 68 f 46 d 32 ce 22 ¢
11192 86 e 84 ¢ 59 ¢ 37 be 30b
CN 1028-15 123 b 79 vy 53 ¢ 24 f 13d
CN 1108-13 87 e 69 of 46 d 26 f 18 cd
CN 1121-312 107 ¢ 98 b 70 b 39 b 25 be
CN 12329 106 ¢ 83 ¢ 46 d 24 f 19 cd
CN 1367-2 146 a 149 a 112 a 60 a 51 a
CN 1517-139 95 de 82 cd 56 ¢ 27 ef 21c

‘Meun separation within columns by DMRT at 5% probabiity level
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Table 4b. Leaf area ratios (cm2/g) from four plantings of 10 sweet potato clones.

Growth intervals (days after planting)

Clone e —
30 60 90 120 150
July ‘87 112 a° 72 ¢ 40 ¢ 28 ¢ 18 ¢
Oct. '87 116 a 97 b 64 b 27 ¢ 24 b
March '88 107 b 120 a 78 a 33 b 32a
Maday ‘88 92 ¢ 64 d 60 t 46 a 25b

“Mean sepdration within cotumng by DMRT at 50 probabiity level

On the capabtiity o divert dry matter from the leaf, both CN 1028-15 and CN 1517-139 maintained
relatively high storage root RGR throughout the growing period (Table Sa). In the same manner, planting
i October maintained relatively high storage reot RGR (Table 5b). Since storage root RGR s a partial
expression of sink strength in the storage root, it is probable that high vieiding clones had high sink
strength and low temperature in Jater stages of plant growth that favored sink strength. This could
account for high harvestindex in high vielding clones or decreasing temperature conditions of planting
in October (Table 1y,

The low sink strengh in the stworage root was associated with alpha-amy fase activities. Negative
correlations were found between storage root alpha-amylase activities and storage root yield of planting
in May. Negative correlations were found between sugar/starch ranos of petioles from the mature
leaves and starch content in the roots of those planted in July. On the other hand. positive correlations
between these factors were found in those planted in May. These results suggested that sink strength
i storage root aflected the yield of different clones examined in difterent planting scasons.

Table 5a. Mean relative growth rates (mg/g/day) of storage root from four plantings for 10 sweet
potato clones.

Growth intervals (days after planting)

Clene —— —
30-60 60-90 90-120 120-150
Kinmen 91 ab? 37 ns 19 h 11 ns
TN 31 58 cd 42 28 b 0
IN 66 82 a-c 39 13 ¢ 4
11192 55 d 41 33b 18
CN 1028-15 88 ab 44 27 b 15
CN 1108-13 93 a 36 17 0 6
CN 1121312 103 a 37 20 b 10
CN 12329 77 ad 62 15 b al
CN 1367 2 - 42 94 a 23
CN 1517-139 65 b-d 51 33 b 7

"Mean sepdration within cotumns by DMRT at 5% probabulity level

Table Sb. Mean relative growth rates (mg/g/day) of 10 sweet potato clones in four plantings.

fle
Planting mon‘n ~ Growth intervals (dgyj_i_t_g_r planting)

e ) 30-60 60-90 o _}_30-120 120:1?9
July ‘87 67 ¢’ 47b 1b 14 a
Oct. ‘87 93 b 46 b 36 a 10 ab
March ‘88 111 a 67 2 37 a 3b
May '88 78 be 13 ¢ 7b 16 a

Mean separation within columns by DMRT at 5% prohabiity fevel

Temperature Effect on Rooted Leaf Cuttings

Summary

The eftects of temperature on storage root yield and growth of rooted leaf cuttings were investigated.
The carly growth of rooted leaf cuttings exposed to high temperature resulted in poor root formation
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Fig 1. Storage root yield and dry matter partitioning in leaf cuttings of five sweet potato clones
grown for 12 weeks.

(o the storage root. In general, 1423 and CN 1517-139 tended 1o produce more tibrous root than
other entries especially in September; this may further unprove their general growth,

Rooted leaf cuttings of sweet potato planted in May and September were exvposed 1o comparible
temperatures at carly stage. which were higher than those in January: however, rooted leaf cuttings
i May were exposed to about 82C higher than those in September at tater stage. On the other hand.,
rooted leaf cuttings in Junuary and May had comparable temperatures at later stage, which were highet
than plantings in Septenmber Rooted leaf cuttings in May were exposed to abaut 8-C higher than
plantings i January at carly stage. Thus high temperature at an carly stage scemed detrimental to
the initial development of storage root of 1424 and CN THO8- 130 while high emperature at o later
stuge reduced bulking of storage root of CN TO28- 15 CN TT08-13 and CN 1517-139. Temperature
increase from early o later stages seemed favorable tor storage root vield of 1424, CN 102815 and
CN 110%8-13.

Planting scasons also influenced the quality of storage roots. High temperature in May tended
to mcrease sugar content and decrease the starch content (Table 7). Among five entries. starch content
in storage roots of 1424 and CN 1108 13 deereased due to high weniperature.
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In an experiment with leal cuttings under greenhouse conditions, none of the treatments significantly
outperformed the control in terms of leuf area, storage root formation and dry matter production.
The minimal effect of these growth regulators for leaf cuttings may be due to soil drench, degradation
under soil conditions, timing of application or concentrations. The difference in responses between
invirro and in vivo conditions may be due to constant exposure of growth regulators under in virro
conditions,

Table 8. Effect of growth regulators on AlS 35-2 plantlets under in vitro conditions.

Ch al Concentration Leaf no Adventitious Shoot dry wt.
- em}mva._ e (ppm) 77 rootno (g/planrtlet)
30 30 af 3lce 0.07 b-d
Choline chloride 120 30 d-t 4.2 be J.11a
.. /%80 249dt  32ce 0.10 ab
2 x 1072 40 cd 32ce 0.05 d-f
Brassinolide 8 x 10"? 41 cd 71a 009 a-c
e 32 x 1_0'_;7“ . 51bc _73a 0.05 d-f
1 14 ¢ 03g 0.03 fg
KT-30 4 10 g D8epg 0.02 fg
o 16 02y _ oetg 003¢eg
5 0) 02g 0.02 fg
BAS 106 20 0j Og Og
. -8 0 — 0eg _._ %8
2 x 102 24 eg 22cg 0.03 e-g
Epi-brassinolide 8 x 10 56b 57 ab 0.09 a-c
o 32 x 10 78a 6.4 a 0.09 a-c
50 3.0 df 28c! 0.06 c-e
ccc 200 1.7 £ 2.9 ¢t 0.05 d-f
800 1.1 gy 24c¢cg 0.05 d-f
‘ 2 2.0 e-h 4.2 be 003 eg
Kinetin 8 0.5 hy 4.2 be 003 eg
) 32 0) 1.5ds  0.04df
04 40 cd 29 cf 0.09 a-c
2.4-dinitrophenol 1.6 34 ce 3.9 bd 0.10 ab
54 10 g 22cg 0.02 fg

Control ' 23eg 23cg 003 fg




Tomato Breeding

Crosses and Breeding Populations

In 1988. a total of 248 crosses were made to turther improve the most advanced tropical breeding
lines for various traits such as fruit set, fruit size, firmness and additional resistance to discases,
especiafly black leat mold (Cercospora fuligena). This disease was previously reported by AVRDC's
Southeast Asian cooperators and became serious at AVRDC and in farmers” fields in the past two
vears. Inaddition, cight double crosses and 20 backeross families for tropical tomato and seven crosses
for potato virus Y (PVY) resistance were developed.

New biparental combinations were made o develop hybrid cultivars with varyig objectives in
mind. On processing tomato, AVRDC continued to look for hybrids with high yield. good concentrated
set and firm fruits for once-over mechanical harvesting, heat tolerance, resistance to major discases
such as bacterial wilt (BW), tomato mosaic virus (ToMV) and nematode (NEM), and acceptable
processing quality. The fresh market type hybrid combinations aimed at combining disease (BW, ToMV
and NEM) resistance with heat tolerance and desirable horticultural traits such as improved fruit size,
firmness. crack resistance and good fresh taste. The cherry-type hybrid combinations attempted to
combine discase resistance (as above), heat tolerance, crick resistance and desirable cherry tomato
characters such as a large number of uniformly small. sweet,round and firm fruits per cluster and
i thick pericarp with relatively tough skin.

The program also advanced and/or selected during 1988 desirable progenies from 91 breeding
populations originating from different sources: backcerosses. single-seed descent families, double crosses,
triple crosses and Fa-Fy lines trom single crosses.

Performance of New Germplasm

Summary

Four evaluation trials of newly introduced genetic materials were carried out in 1988. None of
the introduced processing cultivars outyielded the best AVRDC processing hybrids. PT 4026 and PT
4172 showed the most concentrated maturity, outyielding the check vasiety TK-70 at first harvest
by about cight 10 nine times even though their final yields were statistically similar. Two determinate
fresh market introductions, E 334 and Celebrity, gave the best marketable yields over 100 t/ha, had
slight to no fruit cracking and good to excellent vine cover. However, fruits of these cultivars were
gencerally soft. Among indeterminate fresh market introductions, Bermuda, GC 775 and Jackpot were
the best, all yielding over 100 t/ha und outyielding the check cultivar, KY 301 by about three to four
times. In gencral, the best introduced cultivars had large fruits weighing over 200 g apiece. One entry,
GC 775 had particularly firm fruits. The best entries also showed good foliage cover. affording better
protection from sun scorch damage to the fruits.

With the exception of differences in lycopene (controls external color) and (3-carotene contents.,
the beta-derivatives of some cultivars did not differ appreciably in performance from their normal
counterparts indicating that the gene Beta has no eminent undesirable effect on performance.
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Table 1. Yield and other horticultural characters of processing hybrids In the demonstration yield
trial, AVRDC, 1987.

Marketable

yield Fruit Frut . v v Hunter
L YEY _ size set irm- ine ine unte
Entry DM tral  First ness’ cover’ comp* PH Brx  Acdity o100
' @ (%
e MWha) e

PT 4060 101 109 55bc 96 bd 66 4c F G G 411fg 465¢ce 31b 257 bd
PT 4172 120 111 74 a 9de 63ac MF F F 421ef 470cd 32bc 262ac
PT 4026 101 113 79a 88cd 64ac MS F F 4.15fg 475¢d .34b 267 ab
PT 4121 101 104 48bd 95hd 67 a F G F 4171g 440de 340 251 cd
TN-3 (ck) 100 96 46 c-e 68 ef 76 a MS ¥ F 420 eg 4.15¢ 34b 265ab
TK 70 (ck) 107 92 9g 117 a 62 bc S E E 419eg 500bc 45a 269 ab
VE = very trme F o= fim MF = moderately firm MS = moderaterly soft S = soft YE = far cover. G = good, E =
excellent T tany compact, G =~ good F - oxcellent

Table 2. Yield and other horticultural characters of determinate fresh market cultivars in the
demonstration yield trial; AVRDC. 1987.

Marketable  Fruit set ~ 7 Fruit size Firm- Vine Vine com-
2 rack
Entry OM yield (%) Cracking (g) cover’ cover” pactness”
E 334 110 a-c¢ 132 61 none 135 f S G F
Celebrity 112 ab 122 54 VSLR 207 be MS E G
FMTT 124 104 g 113 59 nong 97 g MS F G
FMTT 32 108 b-f 115 44 VSLR 132 ¢ MF G F
VSLR - verv silght rachdl crackng 'WE = very fuin, F o firm MF = moderately firm: MS = moderately soft; § = soft. *F
tar cover G poodt £ - excellent E - oty cotnpact. G = good £ = excellent

indeterminate Fresh Market Cultivars. The best yielding indeterminate fresh market
hybrids were Bermuda, GC 775 and Jackpot, all yiclding over 100 t/ha and outyiclding the check
cultivar, KY 301 by about three-four times (Table 3). The best AVRDC entry was FMTT 6, a variety
that is also adepted to the hydroponies culture system, yielding two times more than KY 301,

Bermuda showed moderate to severe radial fruit cracking, a weakness of this variety. In contrast,
the other high-yiclding entries had fruits with slight radial cracks.

On fruit firmness, the best extry was 