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Chinese Cabbage 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 maturity showed a clear but slow decrease in accordance with generation advancement. Maternal 
lines of MLS3 generations were evaluated in late warm season, from which selections were made 
to create the next cycle. 

Introduction 

To attain 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 the 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 &nd Methods 

MLO to ML 3 generations of two cultivars, ' 7M(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 cm between hills in rows. In earh 
cultivar, field layout followed a randomized complete block design with three replicates. The standaid 
cultural practices were employed for seedling bed and field management. The optimum date for harvest 
was judged on heads' 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 ML 3 generation were produced in 77M(3)-27 and 
77M(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 field management practices of AVRDC were 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 77M(3)-35, individual plants of desired maturity, head shape and size were chosen regardless of 
the maternai line to which they belong. 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 onl 12 August. Ti.h 
heavy rainfall (468 amm) 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 
cultisar., hmever, coefficient of variation showed a slow but clearly decreasing trend (Table I. 
Decrease in coe,'ficient of variation and narrowing of range were minimal, in top weight, head weight
and hcad length ol both cultivars. Plant appearance at maturity showed a distinct improvement Iront 
MLS, to MILS,. These facts indicated poor selection in the previous generations. Increased selection 
inten'ity rna ha%e to be applied to achieve a more rapid advancement in the next generations. Unmi ' 
care in handling the e,,periment to reduce the environmental effects on maturity is an essential factor 
Visual judgenten: of nialurity, although practical probably reduces the efficiency of selection. Moving 
the planting date to a 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 lines, while variation within maternal lines seemed to be greater than that among lines in 
77M(3 -35. Tfable 2 summarizes the selections made in two cultikars. The final selection intensitv 
was 2.3! and 2.63/; in 77M(3)-27 and 77M(3)-35. respectively. The selected individual plants will 
constitute NIILS 4 generation. 

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

Range 	 C V.Cildvar Generation DAT % 
77M(3)-27 MLSo 35-52 9.3 

MLSI 35-52 	 9.2 
MLS2 35-52 	 9.1 
MLS3 37-56 	 8.3 

71M(3) 35 	 MLSo 3753 9.1 
MLSI 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-pollinated Chinese 
cabbage cultivars to constitute the next cycle. 

Planted Selected 
Cultivar lines plants lines paternal maternal z 

parents parents 

77M(3)-27 25 5840 6 102 33 

77M(3)-35 19 4560 7 91 29 
7Will be us(.d as both maternal and paternal parents 

Heat-tolerant and Cylindrical Head Shape Varieties 

Summary 

Crosses were previously made between heal-tolerant, round-headed parents and heat-sensitive. 
cylindrical-headed parents. A total of 121 families belonging to BCIF3 and BC2F2 generations were 
evaluated in the later part ofwarm season 1988. Considerable recovery of heat-tolerance was observed 
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in BC 2F2 families of two combinations, B61 x E-9 and B61 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 elongated head shape to meet their requirements. The plants of BC1F2families selected from the evaluation in fall 1987 were advanced to BC2F2 and BCIFi by artificial 
pollination during the cool season 1987 to 1988. Intercrosses among selected BCIF, 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 families 
and plants were then selected for further generation advancement. 

Materials and Methods 

A total of 121 families of BCiF 3, BC2F_2 , and BC1F2 x BC1F2 were sown on 9 August and 
transplanted co 12 September 1988. A randomized complete block design with three replicates was 
employed for every generation of each combination. A plot consisted of two 4-mn long beds. Two 
adjacent beds were 150 cm apart from center to center. The spacing between rows was 50 cm and 
40 cm between hills within rows. Parental lines, together with a heat-tolerant check Hybrid 62, were 
also planted beside each of the three combinations and intercross families for evaluation and selection. 
The field layout of these parents and the check also 'ollowed a randomized complete block design, 
but the plot consisted of double-row bed:;. 

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 famnilies, and among families within 
a given generation of a given combination, a higher level of heat tolerance and a shortened head length 
were clearly observed in BC2F2 generation than in BCIFi (Table 3). Intercrossed families appeared 

Table 3. Summary of heat tolerance level and performance of BC1Fs's and BC2F 2 's of three heat
tolerance x cylindrical head combinations In late warm season 1988. 

Combination z 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 

BC2F2 medium- short mostly rare wavy, dark 
high elongatcd overlapping green, thin but 

tough leaves 
B61 x R1-3 BC1 F3 medium elongated mostly often 

overlapping 
BC2F2 medium- round-short overlapping common 

high cylindrical 
861 x B152 BC1F3 low highly michili type often susceptible 

varying 
BC2 F2 low-high round overlapping rare very 

susceptible 
Intercross (BC1F2 x low-high mostly overlapping rare generally shows 

BCiF2) elongated -michili type very high vigor 
B61 is 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, B6l 
x B152 had a high frequency of premature bolting especially in the BC21F2 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 backcross generations than the other 
two combinations. In families that belong to the combination, B61 x R 1-3, either tipburn or internal 
rot was observed frequently. This was also more frequent in BC2F2 than in BCIF 3 , implying that 
tipburn or internal rot may be genetically attributed to the recurrent parent, RI-3. 

A total of 66 plants with cylindrical or elongated heads and highly heat tolerant were selected 
from 34 	 families (Table 4). Diseases, tipburn, premature bolting and other horticultural traits were 
also considered in family and individual selection. The selections from the intercrosses and BCiF3's 
need backcrossing again to increase the heat tolerance level, while those from BC2F7 will be both1

selfed and backcrossed to the heat-tolerant parent.
 

Table 4. 	Selections from BCIF2 and BC2Fl families In three heat-tolerant x cylindrical head 
combl:datlons. 

Combination Generation Evaluated 	 Selected 

families plants families plants
 
B61 x E-9 BC1F3 ,13 1,510 6 15
 

, 8C2F2 24 2,880 11 19
 
B61 x1R1-3 BCIF3 12 1,440 0 0
 

l3C2F2 18 2,160 9 18
 
B61 x 8152 BCIF3 19 2,280 0 0
 

I BC2 F2 19 2,280 0 0
 
Intercrosses (BClF2 x 8CIF2) 16 1,920 8 14 
Total 	 121 14,520 34 66 

Inheritance of Resistance to Turnip Mosaic Virus 

Summary 

To determine the inheritance of TuMV resistance, P1 , P2, Fi, F2 and BC1 Fi generations (of the 
crosses between a resistant line, 0-2, 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-C 4 and TuMV-C5 . 

Introduction 

Previously, inbred 0-2 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 0-2 to TuMV-C4 and 
TuMV-C5 was studied through artificial inoculation to parent, Fl, F2 and BC generations of the 
crosses with three susceptible parents. 

Materials and Methods 

The resistant line, 0-2 was crossed in cool season 1985-1986 with E-7, E-9, and FL-9 which 
are susceptible to both TuMV-C 4 and TuMV-C 5 . The Fl's were selfed and crossed to either parents 
to produce F2 and backcross generations in cool season 1986/87. Parental lines and Fi's were also 
reproduced during this season. Due to poor pollen production of 0-2, the line was mostly used as 
female parent in developing the segregating families. 

Of the five TuMV strains, TuMVC 4 and TuMVC 5 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 0-2 x E-7, 0-2 x E-9 and 0-2 x FL-9 combinadions, 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 II to 26°C. In the later part of the experiment, plant; 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 reinmved. A small 
quantity of N, P and K fertilizers was applied to soil mixture at two-week intervals. In addition, 0.3% 
urea was applied three times. 

For inoctolum preparation, one part of infected fresh mustard leaves was homogenized in four 
parts of 0. 1 M potassiumll phosphate buffer (pH 7.5) containing 0.(X)I N NaEDTA, 0.1% TA, and 
filtered in double layer cheese cloth. Two to three young leaves 'ere dusted with carbonidum (690 
mesh) and inoculated by rubbing gently with a wet cotton. 'The inoculated leaves were immediatuly 
rinsed. 

Symptoms were first visually observed three weeks after inoculation. All synptomless 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 terminated 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, Mos.,ic symptom was most commonly 
observed, followed by vein clearing, necrotic spots and discoloratiOn. 

Tables 5. 6 and 7 summarize the results obtained from the 0-2 x E-7, 0-2 x E-9, and 0-2 
x FL-9 combinations, respectively. All 0-2 plants showed negative response in ELISA and remnained 
symptomless until the experiment ended. The other three parental lines were 100% susceptible to 
both TuMV-C 4 and] TuMV-Cs. All plants of Fi's and backcrosscs 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-C 4 and TuMV-Cs is inherited in a double recessive mode. 

'The 0-2 x FL-9 combination was inoculated with a mixture of TuMV-C4 and TuMV-C5 in 
addition to the sin-le-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. 

X2
Strain Generation z Total Observed ratio Theoretical Probability
plants res. sus. ratio 

-TuMV-C4 Pr (0-2) 30 30 
Ps (E-7) 30 - 30 
F1 (Pr x Ps) 42 - 42 0 1 
F2 (Pr x Ps) selfed 121 9 112 1 15 0.296 0.50 - 0.75 
BC1FI (Pr x Ps) x Pr 25 5 20 1 3 0.333 0.50-0.75 
BCiF1 (Pr x Ps) x Ps 55 0 55 0 1 
BClF1 Ps x (Pr x Ps) 55 0 55 0 1 

TuMV-C5 Pr (0-2) 30 30 -
Ps (E-7) 30 - 30 
F1 (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 
BCf-'I (Pr x Ps) x Ps 55 0 55 0 1 
BC1F1 Ps x (Pr x Ps) 55 0 U5 0 1 

ZPr = resistant parent; Ps :=susceptible parent. 

http:0.50-0.75
http:0.25-0.50
http:0.50-0.75
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Table 6. Segregation of resistance to TuMV In different generations of 0-2 x( E-9 combination.
 

Strain Generation z Total 
plants 

Observed ratio 
res. sus. 

Theoretical 
ratio 

X2 Probability 
ruMV-C4 Pr (0-2) 32 32 -

Ps (E-9) 
F1 (Pr x Ps)
F2 (Pr x Ps) selfed 
BCFI (Pr x Ps) x Pr 
BCIFI (Pr x Ps) x Ps 
BCIFI Ps x (Pr .. Ps) 

34 
43 

140 
20 
55 
55 

-
0 

10 
5 
0 
0 

34 
43 

130 
15 
55 
55 

0: 1 
1 :15 
1 :3 
0 :1 
0 : 1 

0.191 
0.000 

0.5-0.75 
> 0.90 

TuMV-C 5 Pr (0-2) 32 32 -

ZPr 

Ps (E-9) 
F1 (Pr x Ps)
F2 (Pr x Ps) selfed 
BCIFI (Pr x Ps) x Pr 
BCIF, (Pr x Ps) x Ps 
BClF1 Ps x (Pr x Ps) 

= resistant parent; Ps = susceptible parent. 

36 
43 

128 
19 
41 
55 

-

8 
5 
0 
0 

36 
43 

120 
14 
41 
55 

0 
1 
1 
0 
0 

1 
15 
3 
1 
1 

0,000 
0.017 

> 
> 

0.90 
0.90 

Table 7. Segregation of resistance to TuMV In different generations of 0-2 x FL-9 combination. 

Strain Generation z Total Observed ratio Theoretical X2plants res. sus. ratio Probability 
TuMV-C4 Pr (0-2) 30 30 -

Ps (FL-9) 30 - 30
F1 (Pr x Ps) 30 0 30 0: 1F2 (Pr x Ps) selfed 100 6 94 1:15 0.011 > 0.90B1CF1 (Prx Ps) x Pr 30 6 24 1:3 0.4 0.50-0.75 
BClFI(Pr x Ps) x Ps b5 0 55 0: 1
BClF1 Ps x (Pr x Ps) 55 0 55 0: 1 

TuMV-C5 Pr (0-2) 30 30 -
Ps (FL-9) 30 - 30
F1 (Pr x Ps) 30 - 30 0: 1F2 (Pr x Ps) selfed 100 7 93 1: 15 0.096 0.75 - 0.90BC1FI (Pr x Ps) x Pr 29 6 23 1: 3 0.298 0.50 - 0.75BC1FI(Pr x Ps) x Ps 55 0 55 0:1
BCIF1 Ps x (Pr x Ps) 53 0 53 0:1 

C4 & C5y Pr (0-2) 30 30 -
Ps (FL-9) 30 - 30 
F1 (Pr x Ps) 30 0 30 0: 1F2 (Pr x Ps) selfed 100 6 94 1:15 0.011 > 0.90BCIFI (Pr x Ps) x Pr 30 5 25 1:3 1.111 0.25-0.50
BCIFI (Pr x Ps) x Ps 55 0 55 0: 1
BCjF1 Ps x (Pr x Ps) 55 0 55

Pr = resistant parent; Ps = susceptible parent. Ylnoculated with the mixed inoculum 
0: 

of 
1 
two strains, TuMV-C4 and TuMV-Cb . 

Internrtional Cooperation 

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

http:0.25-0.50
http:0.50-0.75
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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 l in all central aad 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)
 

t. .'?,"'J: ".,-

Performed well 

- Poor performance 
o ioc, \ ' " 

I I 

" 	 Fig. 1. 
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 Altemaria 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. 
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Table 8. Yield and other traits of four AVRDC Chinese cabbage hybrids In a trialz at Kare Madlun, 
East Java, 1988. 

Head weight Soft rot Harvest rate Yield
 
Entry (kg) (%) (%) (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
 

ISown on 28 December 1987 and transplanted 22 January 1988.
 

Malaysia 

At the 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 771(2/3)-46 (Table 9). B189 showed heading rate similar to that of the forme, two entries, but 
yield was lower due to smaller heads. Mulching significantly increased head yield, 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 II entries 
from various sources in July to August 1987. Anong five highest yielders, four were AVRDC cultivars 
(Table 10); they also exhibited a satisfactory level of heat tolerance. 

Table 9. 	Performancez of AVRDC Chinese cabbage cultivars Ina trial y at the Agriculture Research 
Center, Tuaran, Sabah, Malaysia. 

Entry 	 Heading rate Head weight Yield(%) (kg) (tlha) 

77M(2/3)-46 61 a' 0.9 c 26 b
 
Hybrid 58 34 b 1.4 a 25 b
 
Hybrid 59 68 a 1.2 ab 
 41 a
 
B 189 63 a 0.5 d 17 bc
 
B 40 (HS check) 24 b 1.0 bc 13 c
 
Pei Choi China (local check) 26 b 1.3 a 17 bc 

ZMean of straw-mulched and nonmulched treatments. Direct-seeoed on 15 September 1987. XMean separation within 
columns at 5% probability level by DMRT 

Table 10. Performance of some selected entries In a trialz at the Agricultural Research Station 
at Tenom, Sabah, Malaysia. 
Entry 	 Head weight Yield 

(source) (kg) (t/ha)
 
77M(2/3)-43 (AVPDC) 0.80 by 24.7 a
 
77M(2/3)-46 (AVRDC) 0.76 b 22.7 ab
 
Hybrid 58 (AVRDC) 0.79 b 22.5 ab
 
Hybrid 62 (AVRDC) 0.70 b 21.8 ab
 
Summer Bright (Known You) 0.76 b 22.6 ab 

ZConducted during the period of July to August 1987. YMean separation withio columns by DMRT at 5% probability level. 

Nepal 

Mr. Laxinan 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 I I summarizes the results. Purity was within an acceptable range in all seeds except for the 
hybrid produced from B-18. 
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Philippines 

At POP, eight AVRDC cultivars were tested in two trials in dry season 1987 and wet season 1988. 
Between the two seasons, 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 variable,, in the dry than in the wet season. 

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

Mr. E.I. Castro and his colleagues at MMSU conducted trials at Batac, Ilocos Note in two seasons. 
One trial was done in February to April 1987 and the othLr from November 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-t(dlerant entries, of which II were from 
AVRDC, exhibited big heads of over 1kg and high yields of over 40 t/ha in 40 days after transplanting. 
Even the heat-sensitivc 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 Bafios evaluated six AVRDC Chinese 
cabbage cul:ivars in the wet scason 1987 and identified heat tolerance sources to be used in his own 
breediig program. 

Sri Lanka
 

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

Table 11. Seed purity test of F1 Hybrid 62 and Its parents produced In Nepal. 

Index Code z OriginY No. of plants Purity
 
Total Fl 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 0 98 
4 Np 62D Nepal 595 592 2 1 (Sib-like) 99.5 
5 B-18 AVRDC 44 - 44 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 71.1 

among these off 
types) 

ZD and Rrefer direct (E-7 x B-18) and reciprocal (B18 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. 

Maturity 	 Head Soft Harvest YieldSeason " Entry 	 HSI" weight rot rate(DAT) y 	 (kg) (%) (%) ft/ha) 

wDry season. 	 Hybrid 82-156 50 a 1.4 0.5 b 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 5.4 NS 0.0 NS NS NS 

Wet season, 	 Hybrid 82-156 39 bc 1.4 cd 0.6 c 9 c 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 15.9 a 
Hybrid 62 37 c 1.4 cd 0.7 abc 34 ab 50 bc 10.8 b 

LSD .05 3.8 0.13 0.1 - - 4.7 
'The dry season trial was sown on 25 November 1987 and harvested during 1 19 January 1988. while the wet season trial was 
sown on 31 May 1988 and harvested during 4-13 July 1988. YDays after transplanting. XHead 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 AVRDCChinese cabbage cultivars scwn on 5 February 1988. Only two hybrids, 85202 and 85216, producedmarketable heads, whereas Hybrid 62, 77M(3)-40 and 77M(2/3)-46 failed to form marketable heads. 

Thailand 

Eight AVRDC entries were evaluated together with a commercial check in a trial sown 17December 1987 on 
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 cultivarsz in a trial at the Agricultural Research
Station, Maha Illuppallama, Sri Lanka, 1987-1988.
 

YieldY 
 YieldEntry YilyEntryYil(t/ha) (t/ha)
 
Hybrid 83-20 
 32.3 77M(3)-26 26.082-46 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
 

ZSown on 19 October, transplanted 20 November 1987 and harvested in January 1988. YData from single replication. 

Table 14. Yield, head weight and heading rate of some selected AVRDC entries In a trlalz at theInstitute of Technology and Vocational Education, Sriracha, Chonburi, Thailand. 
Entry Yield Head weight Heading rate 

(t/ha) (kg) (%)Hybrid 85202 47.6 bcy 1.0 bc 92 abHybrid 83-20 52.9 b 1.2 ab 89 bcHybrid 85216 62.6 a 1.3 a 99 aHybrid 62 48.4 bc 1.0 bc 93 ab 
ZConducted from 17 December 1987 to 5 February 1988. YMean separation within columns by DMRT at 1% probability level. 

http:77M(2/3).41
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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 established 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: Yponomeutidae) 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: Ichneumonidae), 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. 

Materials and Methods 

In summer of 1986, a:mixed population of 45,000 D. eucerophagaand another larval parasite 
native to lowland areas of Taiwan, ApantelesphtellaeKurdj (Hymenoptera: Braconidae), were released 
on a 17-ha farm in the highland area of Wuling (elevation 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 each location, the 
number of DBM larvae and pupae and parasitized DBM larvae and pupae per unit number of plants 
were recorded, usually 50 to 200. DBM parasitism was judged by the.presence of parasite pupae 
and larvae within DBM larvae when the latter were cut open. Parasitism rate was calculated by dividing 
the number of DBM larvae + pupae parasitized by total number of DBM larvae + pupae and 
multiplying the product by 100. 

Results and Discussion 

At Wuling (Fig. 1), where parasites were released, 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. eucerophagacontributed 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 (elevation 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, thc parasite is established in crucifer growing areas in the highlands of central Taiwan.
Farmers in these areas report considerably less DBM damage and consequently less use of insecticides. 
A. pluteflae occurred 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$350,0X)) per year. Moreover, 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 areas around Taiwan. 

When crucifers are grown in lowlands, and temperature during winter is similar to summer in
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. 



15 Chinese Cabbage Entomology 

Biological Control of DBM 

Summary 

An attempt on the biological control of DBM in Yangmingshai, Taiwan was made by releasint 
the larval parasite, Apanteles plutelae in crucifer growing areas in the mount;.ins. A total of 44,40(
parasites were released at intervals in one season. Parasitism ranged from 12 to 55 %. A cyclic patteri 
of parasite and host pest emergence was observed. Farmers' use of nonselective chemicals resulte(
in parasite mortality which reduced parasitism and increased DBM population. More intensive effort! 
are needed to curb the unnecessary use of broad-spectrum insecticides by farmers to achieve DBfv 
control through parasite introduction. 

Introduction 

Common cabbage and Chinese cabbage are 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, Plutelht xvlostella 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 early April, when farmers started transplanting, AVRDC established 10 parasite-release stations 
in a 5-ha area 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 
emerging from the pupae inside the release station. The box was mounted on a I in high wooden 
pole. A. plutelae was reared on DBM larvae in the laboratory and a large number of pupae was released 
in each 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 + pupae and number of A. p/atellae pupae on 100 randomly selected plants were 
also recorded. 

Farmers were requested to use, if necessary, only Bacillus thuringiensis, and two insect growth 
regulators, teflubenzuron and chlorfluazuron, which are nontoxic to the parasite. Several water trough 
traps baited with sex pheromone of Spodoptera litura were pla-ed t!,roughout the area to ensnare S. 
litura. an occasional pest of crucifers. 

Results and Discussion 

A. p/uellae was released seven times at biweekly intervals starting 24 May, the date of first release. 
A total of 44,400 pupae were released. Adult emergence was usually in excess of 90%. Results of 
DBM inf'station on cabbage and parasitism of DBM by A. phutellae 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 aie 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, Trichogrammatoideabactrae, 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 T. bactrae. In 
the field, parasitism of DBM eggs ranged from 36.8 to 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 a result 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, Trichogrammatoideabactrae 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. 

Materials and Methods 

Effect of temperature. The eggs of Corcyra cephalonicaStaint (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*Cuntil 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 
eight 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 Co(rc t'ra eggs pasted on paper were then 
placed into each 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 + I'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; each 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 cridiameter.) containing an equal number of 7. bacirae adults. After two-hour 
exposure, the eggs were removed and placed at 26 + I'C until parasitized eggs turned dark. The 
percentage of parasitized eggs for each age group was calculated. 

Effect of insecticides on parasitism. Formulations of one insect growth regulator (IGR), 
teflubenzuron, one Bacillus thuringiensisproduct, 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 (= 1kg product/ha) 
ard deltamethrin, 0.01 % Al ( = 100 g Al/ha). lrradiatcd Corc'ra eggs pasted on paper were dipped
in each 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 cm long with 3 cm dia) containing equal numbers 
of eggs already parasitized and T bactrae adults which were about to emerge. The tubes were maintained 
at 26 + I '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-ni 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 in x 20 ni 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 each 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 
each rocn. were released. Simultaneously, an equal number of three species of egg parasites: T bactrae, 
Trichogranmiaostriniaeand Trichogrammachilonis were released, one species per room. In another 
room, teflubenzuron 15EC 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 cabbage 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% to 77.7% with an increase in temperature between 15 to 
25°C, and a proportionate decrease thereafter from 25 to 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 
sutmarized 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 7.0 b 

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

declined slightly thereafter. The ige 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 tetlubenzuron 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 oviposition. 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. It 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 T bactrae parasitism. 

Parasitism of DBM eggs in the field. Neither T ostrinae nor 7. chiloni parasitized DBM 
eggs. Farasitism was not observed in check or teflubenzuron-treated plots where no parasite was 
released. Parasitism by T. bactrac 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 Parasitismz (%)
 

Teflubenzuron 15EC 0.0075 70.9 a
 
B. tuturingiensis 0.01 58.2 c
 
Deltamethrin 2.8EC 0.01 4.6 d
 
Water 65.3 b
 
Ccntrol 	 73.6 a 

Data are means of four replicates, Mean separation by DMRT at 5% probability level. 
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Testing of Bacillus thuringiensisFormulations and
 
Insect Growth Regulators
 

Summary 

Insect growth regulators such as tellubenzuron, chIorfluazuron, PH70-23 and WL 115110 gave 
good DBM control. These treatments increased the yield. There was no indication of DBM showing 
resistance to any of these chemicals. All Bacillus thuringiensis formulations controlled DBM but SAN 
415 was the most effective. Methanolic extract of neeni (Azadirachta indica) seed failed to control 
DBM in the field. The insect growth regulator and B. thuringicnsisformulations were selectively toxic 
to DBM and other caterpillar pests and were not harmful to beneficial 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 determines the net income. Insecticides are widely used by vegetable 
farmers in Asia, especially in the control of DBM, Plutellh xvlostella. As a result of indiscriminate 
insecticide use, DBM has 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 to 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 chemical 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 different 
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: In:ecticide Evaluation Tests'. In brief, each test included nine insecticide treatments and 
one untreated check. Using an air-pressurized sprayer, each chemical was applied once a week to 
designated plots of 4.5 ni x 3.3 in size. Each treatment had four replicates arranged in a randomized 
complete block design. Insecticide spraying was initiated from about two weeks iffter transplanting 
and discontinued a week before harvesting. 

Insecticide efficacy was evaluated at intervals, usually a day before the next weekly insecticide 
application. At each interval, the number of DBM larvae and pupae found in randomly selected 10 
plants in each plot was recorded. At har',est, heads of cabbage were weighed and marketable heads 
in each 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 

All IGRs except 1AS 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 t,. thuringiensisformulations reduced DBM infestation but Dipel 2X was less effective than 
the rest (Table 4). SAN 415 formulation was superior over the others. Neem, a mezhanol extract of 
seeds from Azadirachta 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. thtringiensis 
formulations gave as good DBM control as tetlubenzuron. 



a-fTable 3. Screening of insect growth regulators for DBM control on common cabbage. a
-

Rate DBM Larvae + Pupae/lO plant Marketable Marketable Marketable
 
Insecticides g AI/ha 88/2/4 2/25 3/3 3/10 3/17 yield heads heads
t/ha /p!ot kg/head
 

PH70-23 25 liq. 50 0.5 c 0.7 c 12.7 c 9.2 c 11.0 c 86.6 ab 47.7 a 2.7 a
 
PH70-23 25 liq. 75 0.7 c 2.5 c 9.7 c 7.2 c 5.5 c 87.9 a 46.7 ab 2.8 a
 
PH70-23 25 liq. 100 1.5 c 2.2 c 4.2 c 9.0 c 6.0 c 86.1 ab 47.2 a 27 a
 
BAS206 1OSC 60 5.2 ab 32.2 a 89.5 b 119.0 a 119.0 b 
 77.5 bcd 47.2 a 2.5 b 
BAS206 5 ECg 60 0.5 c 1.5 c 0.7 c 0.2 c 2.5 c 75.9 cd 46.5 ab 2.4 b
 
WL115110 1OWDC 40 0.2 c 1.0 c 1.7 c 1.0 c 1.2 c 84.8 ab 47.5 a 2.7 a
 
WL 15110 5WDC 40 1.7 c 2.2 c 1.5 c 1.2 c 1.5 c 83.9 abc 
 46.7 ab 2.7 a 
Chlorfluazuron 5EC 50 0.2 c 0.5 c 0,2 c 0.5 c 0.5 c 85.4 ab 47.2 a 2.7 a > 
Teflubenzuron 15SC 37.5 1.5 c 0.5 c 0.2 c 0.7 c 0.7 c 89.5 a 47.0 ab 2.8 a 
Control 7.5 a 26.2 ab 120.7 a 116.0 ab 186.2 a 73.7 d 44.7 b 2.4 b 

ZCultivar: K.Y. Cross. YTransplanting date: 88/1/4. Insecticide§ applied. 88/1/22. 1/29, 2/5, 2/12. 2/19. 2/26. 3/4. 3/11. WHarvest date: 88/3/25. Means separation 
within columns by DMRT at 5% probability level Plot size: 15 m- Phototoxicity observed. -3 

re, 

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

Rate DBM Larvae + Pupae/1O plant Marketable Marketable Marketable
 
Insecticides kg product 88/2/ 
 2/25 3 3/10 3/17 yield heads heads 

/ha 88/2/4 2/25 3/3 3/10 3/17 t/ha /plot kg/head 

H3A3B g 0.7 6.7 b 4.7 c 16.7 c 30.5 c 77.0 cd 56.3 ab 46.7 a 1.8 abc 00 
H3A3B 1.0 3.2 bcd 2.2 c 10.2 c 15.0 d 59.5 de 57.9 a 47.5 a 1.8 abc
 
H7g 0.7 2.5 bcd 6.2 
c 9.0 c 10.5 d 45.2 e 57.1 ab 47.0 a 1.8 abc
 
H7 1.0 1.7 cd 6.0 c 12.2 c 19.5 d 44.5 e 57.7 a 46.5 a 1.9 ab
 
SAN415g 0.5 2.0 cd 
 1.2 c 7.7 c 9.7 e 31.2 e 57.6 a 46.5 a 1.9 ab
 
ABG6162g 0.5 
 4.5 bc 6.2 c 19.5 bc 31.2 c 93.0 c 50.6 bc 45.0 a 1.7 cd 
Dipel 2X 0.5 5.7 b 20.5 ab 37.3 b 51.7 c 130.2 b 54.2 ab 46.2 a 1.8 bcd
 
Neem 2.5%h 25.0 6.5 b 12.0 bc 60.2 a 104.0 b 146.0 b 41.5 d 45.2 a 
 1.4 e
 
Teflubenzuron 15SC 0.0 i 0.5 d 1.7 c 0.7 c 0.2 e 2.2 f 60.7 a 46.5 a 2.0 a
 
Control 16.0 a 26.7 a 77.0 a 128.2 a 177.7 a 47.0 cd 45.7 a 1.6 d 

y w)ZCultivar: K.Y. Cross. YTransplanting date: 88/115. Insecticides appliid: 88/1/22, 1/29. 2/5, 2/12. 2/19. 2/26. 3/4, 3/11. WHarvest date: 88/3/25. v'4eans separationon within columns bi DMRT at 5% probability level. Plot size: 15 m . Bacillus thuringiensisformulations. SMethanol extract of Azadirachta indica seeds. The dose represents 
25 kg seed/ha. Al/ha. 



Chinese Cabbage Pathology 

Resistance to TuMV 

Summary 

Turnip mosaic virus (TuMV) is one of the most important viruses ofChinese cabbage in Southeast 
Asia. Five strains o," the virus have been detected in Taiwan. All new Brassica accessions are routinely
screened for resistance to strains C4 and C5 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 sputa: commonly found on Brassicasp. in Southeast Asia including
Chinese cabbage. Infection by this virus often results in low qualit) heads. It also makes the heads 
more vulnerable to fungal and bacterial diseases during storage. Five strains of tLh, virus have )een
detected in Taiwan. Resistance to strains 1, 2 and 3 is readily found in the germplasm collection. 
Resistance to C4 and C5 is however rare. All new germplasm is routinely screened for resistance to 
C4 and C5. 

Materials and Methods 

Thirty-five new Brassicasp. accessions (B 801 to 803, 805. 107 to 813, 816 to 818, 821 to 836,
842 to 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 C5. 



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 condition,,. 

Introduction 

Bruchids are serious storage pests in mungbean. During a visit to Tamil Nadu Agricultural 
University (TNAU), Coinibatore, India, the AVRDC plant breeder came across a report that some 
breeding lines are resistant to Callosobruchschinensis. At the request of the plant breeder, Dr. S.R. 
Sree Rangaswamy provided seeds of six promising breeding :ines, 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 greenhowe. Each pot had two plants. Days to flowering, days to maturity, node number and seed 
weight per plant were recorded. 

On August 25, ;eds of Xi, X2 and X3 were each planted to five pots in the greenhouse. Each 
pot had two plants. 

NARP-I is a s lection froin TMV blackgram. NARP-2 is a selection from 79 (blackgram) with 
hairy pods and bold seeu.,. NARP-3 is a selection from CO2 blackgram. NARP-4 is a selection from 
LM66 mungbean x CO3 blackgrain. The above information and seeds were provided by V. 
Muralidharan. R. Rathnasainy and S.R. Sree Rangaswamy of TNAU. X1, X2 and X.i were collected 
from the TNAU lields and their origin is unknown. 

Results and Discussion 

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

Table 1. Evaluation of newly Introduced Vlgna sp. 

Entry tiare 
Days to 

.... y..to.............eed......t 
fluwering maturity 

Nodes/ 

plant 

Pods/ 

plant 

Seed weight/ 

plant (g) 

NAR2, 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 selected from 
the Cycle 3 first segregating generation were advanced by selfing and crossing with VC2991, VC4080A,
VC4066A, VC3737A and VC3764A to combine the desirable alleles 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 factorial design I1 in 1986. Seventeen 
F5 pedigrees were evaluated in a preliminary yield trial in spring and summer. From Cycle I and 
Cycle 2 intermating, 55 F3 bulks and 94 F4 bulks were advanced to F4 and Fs, respectively. Cycle
3 Fis were intermated with five promising cultivars, namely VC2991, VC4080A, VC4066A,
VC3737A and VC3764A and, 1024 Cycle 4 Fls were produced. From Cycle 3, 324 pedigrees were 
advanced to F2. 

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 HC1 HClP HCPM HC2 HC2M HC3 HC4
 

(F3) (F4) (Fi) (F2) (F3) (F1) (F2) (F1) (FI)
 
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 1013
 
Selected bulk 17 17 - 55 - - - 

87-Fall Remarks 
VC 3890A x HC2 EM, UM, PM. (CLS)

VC 2755A (F2) HY, (CLS), (PM)
 
VC 2768A HY, (CLS), EM, GR, (PM)
 
V 3726 EM,UM,NS
 

88-Spring 
VC 2991A x HC3 HY, (CLS, PM), UM, YS 
VC 4080A (FI) (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;
 
0: Moderately resistant. 
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Fig. 1. The progress of Intermating and Inbreeding since 1986. 

The selection of single plants was based on vigorous vegetative growth, disease resistance, large
 
pod size, synchronized maturity, early 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 VCI 178A, VC 1973A, 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 yield 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 lines in the past and a number of selections from the inbreeding generation of intermated 
were included in the preliminary yield trial. Selected entries from intermediate yield trials were included 
to form the advanced yield trial (AYT). An experiment was conducted to determine the differenccs 
between genotypes wir!i and without thinning. 

Materials and Methods 

l)ctaiils of the expcriminent (numbel of entlies, design, planting dates and plot si/cs) are iven in 
bble 3. AVRDC's recoirniended cultural practices were followed in the trials. Obser\ations were 

recorded on seed V'l.'ld adjusted to 12% moisture, first harvest percentage (first harvest Vicldtotal 
ield ;K1W()), das to 50', maturity and l0(X-seed weight. 

Pfodery iiildcv disease was rated, highly resistant to highty sUsceptiblc, on a I t 0. scale. l)ata 
1it(I11 ciiiachi season wclc tnal\zed. Data fron spring and summllllnerseasons were pooled and alit /cd. 

Table 3. Planting dates and experimental design for PYT and A'YT in spring and summer 1988. 
No. of entries Design

Lxpi~i~eflt plus (checks) (replication)PlnigdtPn sz 

P'tT 69 (2) RCBD (2) March 3, 1988 5 1n 1m 
69 (2) RCBD (2) July 5, 1988 5 ii 1 ni 

AYT 33 (2) Split plot (4) March 3, 1988 5 in x 2 In 
33 (2) RCBD (4) July 5. 19e8 5 m x 2 In 

Results and Discussion 

PYT. In spring, the yield of 71 entries varied from (.5 t; ha to 1.8 t/ha. The yields of two cheek 
\aricties were 1.2 t/ha (V3726) and 1.6 t/ha (VC2768A). None of the entries yielded higher than 
VC2768A. Howccr, k.inipared to 52% and 28% first harvest yield for VC2768A and V3726, 
respectively. there were selections which yielded 85 %during first harvest. Most of the entries yielded
high (Fig. 2). Invariably, all entries with good powdery mildew resistance attained low yield and vice 
versa. Some promising selections lfr specific characters are listed in Table 4. 

In suminer. the differences inyield between VC2708A (check) and the selections were insignilicant. 
ffov,cer,there were w-cleiti~.;which wer, high yielding and more resistant to Crcospora leaf spot 
(CLS)than VC2768A alnd 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 scoie iif 5 was highly susceptible). Of the 20 highest yielding entries, eight had a 
CLS :,core of 2.0 (Table 5). Selected entiies froii PYT will be advanced to IYT in 198Q. 

Table 4. Promising entries from PYT In spring 1988. 
Yield % First 1000-seed Powderyrntry n (t/ha) y-'eld weight (g) mildew 

VC 4533--2B 1.8 -7 52 4.0
 
VC 4195-B-5-36 1.8 83 58 
 1.3
 
VC 4541-2-2B 1.6 85 46 4.3
 
VC 4152-2-B- IB 1.4 
 40 67 4.0 
VC 4503-38 1.4 84 63 4.3
 
KM 83019-4-41 1.3 42 65 1.8
 
VC 4532-2-2B 1.1 32 54 1.3
 
VC 4403-B-6-20 1.1 43 56 
 1 8 
VC 4433-B-4-28 1.1 6831 3.0
 
VC 4038-37 0.9 61 32 1.5
 
VC 4041-47 0.6 52 35 
 1.0 
V 3726 (chec^) 1.2 28 62 4.0
 
VC 2768A (check) 1.6 52 61 3.8
 
LSD 0.05 0.4 4.6
3 1.4 
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Table 5. Promising entries from PYT in summer 1988. 

Entry no Yield (t/ha) % First harvest yield 1000-seed weight (g)
 
VC 4304-4B 2.8 63 52
 
VC 1133 2 B 1-3B 2.4 56 65
 
VC 1192 B 293B 2.3 62 56
 
VC 4366-B 4 2B 2.2 60 56
 
VC 4 183 B 2 2B 2.2 60 63
 
vC 4417.B 2-2B 2.2 58 70
 
VC .'768A (check)7 2.6 53 65
 
v 3,176 (chcck)' 0.9 74 64
 

Note 	 All selection', had CLS scoie of 2 0 "CLS score = 3 0 YCLS score = 50. 

26 

V3726 : 1,2 t/ho 	 Nean : 1.90. )t"So 
50 	 V2768A: 1.6 t/ha
 

Mean -I 3*02t/h 20
 

v)40 

Li 

0N
j 
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K0.5 0.5-1.0 10-1.5 >15 	 <ID 10-1.5 15-2.0 >20 

Yield t/ha 	 Yield t/ha 
Fig. 2. Frequency ef PYT entries Invarious yield Fig. 3. Frequency of PYT entries In various yield 

categories in spring 1988. categories In summer 1988. 

AYT. There were significant differences in yield between genotypes in spring and in summer. 
There was also a significant difference in seed yield 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 
evaluated again in spring and summer next year to determine the interaction of such treatment with 
genotypes. In spring, VC3944- 2B-2- I - I-B and VC3945-2B- I-2-2-B gave a yield of 1.9 t/ha with 
78 to 80% first harvest. VC41 19-B-3-1-1-I-B gave 1.6 t/ha with 87% first harvest in spring. 
VC3,9u-B-2-1-I-B F 'J 1.6 t/ha with 79% first harvest and 65 g for 1000 seeds. 
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In summer, VC4152-2B-I-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 yielded 2 t/ha or more. The maximum 
first harvest yield with high yield potential in summer was 79 7/. 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 
arc 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 55VC 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
V3726 (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 yield improvement occurred over the years. Compared to V lines, mean yield 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 oI VC lines were 26%, 20% and 16% respectively during
the same periods. The level of CLS resistance and 1(XX)-seed weight was also improved. However, 
percent first harvest and PM resistance did not show improvement at all. a strong seasonalThere is 

influence on percent first
harvest. Future research should emphasize on percent first
harvest and powdery
 
mildew resistance.
 

Introduction 

Twenty selected breeding lines were assessed with multiple breeding objectives. In an effort to 
prepare acatalog of lines used inthe breeding program, developed and distributed to the cooperators,
promising V lines were evaluated inspring, 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 ina randomized complete

block design intwo replicates. The plot size was 2m x Ira. The spacing between rows was 50 cm

between rows and 10 cm 
between hills with two plants per hill. The AVRDC's cultural practices were
 
followed. Observations were made at 50% flowering stage, days to maturity, total yield. percent first 
harvest yield, 100X-seed weight, plant height at maturity, number of plants harvested, seed quality,
Cercospora leaf spot (CLS)resistance score (insummer), and powdery mildew (PM)resistant score 
inspring 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
first harvest yield, 1000-seed weight. CLS and PM rating, obtained inspring and summer.Callection 
of data inautumn isinprogress. 
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Results and Discussion 

The powdery mildew resistance score (evaluated in spring with I = highly resistant to 5 = highly 
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 to 3.00 
(Figure 5. 

14
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Fig. 4. 	 Frequency distribution of V lines Fig. 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 
to V lines. An additional 20%4 increase in yield was noted among the VC lines developed during 1978 
to 1982 (Fig. 8). A 16% increase in yield was noted in those four VC lines developed from 1983 
to 1987. There was a 10 to 15% increase in 1000-seed weight of VC lines over the V lines in the 
first two phases (Fig. 9). 

There was no signilicant improvement observed on the percent first harvest (Fig. 10) and powdery 
mildew resistance (Fig. 1l) 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 
I1%, 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-seed weight increased by about 19%, 23% 
in 1973-1982, respectively (Fig. 13). 
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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 
to V lines and further declined during 1977-1982 (Fig. 15). In i983-1987, it improved slightly. 
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Fig. 14. Progress In Improving CLS resistance Fig. 15. Progress In the improvement of 
at five-year Intervals (summer 1988). 	 percent first harvest yield (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 phenotypic variance for total yield and 10(X)-seed weight (Table 8). The variance 
due to G x S for yield is more than five times as much as seasonal variance and about one third of 
genotypic variance. Therefore, the genotypes should be carefully selected loir specific seasons. 

Seasonal variancc predominated for percent first harvest ('[able 8). Therefore, it appears that 
temperature, photoperiod and/or temperature x photoperiod interaction influence the percent 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 
peren.-.t of first harvestl. Significant improvement in yield and CLS resistance was attained. Incidentally, 
gains were also made for large seed size. 

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

Table 7. Variation Inyield and other characters In V and VC lines between spring and summer. 
Yield % First Days to 1000-seed 

Season 	 (t/ha) harvest maturity weight (g) 

Spring 2.4 A 72 A 75 A 56 A 
Summer 2.2 B 37 B 60 B 54 B 
Mean (both seasons) 2.3 ± 351 54 ± 9 67 ± 3 55 ± 3 
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Table 8. Variance compoaents for total yield, percent first harvest and 1000-seed weight of 
V and VC mungbean lines In spring and summer, 1988. 

Variancez Total yied 1000-seed weight % First harvest 
(kg/ha) (g2 ) (%2) 

10262 617 2.502o g 193952 25 54.36
 
o2sg 59653 78 4.11
 
o2e 123374 85 7.04
 

Varipvice coimponents (u2) 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. 

Introduction 

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

Table 9. Distribution of 15th and 16th International Mungbean Nurseries. 
Country No. of cooperators 15th nursery 16th nursery
 
Brazil 2 2
 
Gamnlra 1 - 1
 
India 1 1 -

Indonesia 1 1 -

Nigeria 1 - 1
 
Philippines 2 1 1
 
Spain 1 - 1
 
SriLanka - 1 -

Suriname 1 1 -

Swaziland 1 1 -

Thailand 2 2 -

U.SA. 2 1 1
 
Total 16 9 
 7 

Materials and Methods 

The experiment followed a randomized complete block design in three replicates, 5 m 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, VC3301 A, VC411 I A 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 VC41 I IA yielded almost 1.9 t/ha. Entries VC4066A 
and VC2991A had the lowest CLS score of 2.0. 
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Table 10. Promising selections from 16th IMN In spring 1988. 

t/ha) \\yield weight (g) PM 
VC 4066A 1.7 72 53 2.8
VC 3301A, 1.7 74 .47 3.8 
VC 4111A 1.7 75 47 2.3 
VC 3300A 1.7 74 59 4.3 
VC 3902A 1.3 71 69 3.3 
VC 3890A 1.3 75 54 1.4 
VC 2768A (check) 1.4 82 57 3.3 
V 3726 (check) 1,3 67 57 4.1
LSD (0.05) 0.22 14 3.6 1.2 

Table 11. Promising seiections from 16th IMN in summer 1988. 
Entry Yield A*First 1000 seed L

t/ha) yield weight (g)
VC 2768A (check) 2.3 47 69 3.3
VC 3301A 2.2 68 50 2.3 
VC03117A 2.2 63 61 2.3 
VC 3737A 2.2 6257 3.3 
VC 3738A 2.1 79 55 4.3
VC 4066A 2.1, 72 56 2.0
VC 2991A 2.0 52 57 2.0 
V 3726 1.1 75 63
LSD (0.05) 0.1 / 9 4.02G .0.8 

4.8 
V 7' D; , :" : ]; -: i '/ :; ' ; =" ' : " ! " !""'"i° "'' ' " "''" L ' " 


V.S.A. Dr. J.C. Miller, Jr. conducted two 16th IMN trials, one in College Station and another 
at Lubbock, Texas. At 'College Station, the yield varied from 0.4 t/ha for VC3890A to 0.6 t/ha for 
VC3902A but the differences between the geinotyp'is were significant only at 0.07, probability level. 
One thousand-seed weight varied from 61 g for.V3476 to 91 g for VC1973A. VC1973A tended to 
shatter. Yields of VC3902A and VC3737A did not differ significantly from VC1903A and the seed 
size is,not as big as VC1973A,

IAt Lubbock, Texas variation in yield was almost similar to College Station (0.3 t/hia for VC2991A 
to 0.6 1/ha for VC3300A). Mean yield and mean 1000-seed weight (0.5 t/ha and 74 g, respectively) 
at College Station were higher than at Lubbock (0.4 t/ha and 68 g, respectively). 

International Cooperation 

Summary 

A total of 434 seed packets were distributed to 40 cooperators in 21 countries. In Thailand, AVRDC 
line VCI 168A was officially released as Chainat 6G. AVRDC selections were found promising in 
Argentina, Brazil, Laos PDR, Malaysia and the Philippines. VC2763A iswidely grown in Mekong
Delta in Vietnam with a production of about 10,000 t. 

Seed Distribution 

The distribution of breeding lines and improved germplasm to national programs is one major
goal of the mungbean breeding program. A total of 311 breeding lines, 18 accessions and 105 
Fis, back-crosses 'or segregating populations were distributed to 40 cooperators in 21 countries 
(Table 12). 
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Table 12. Distribution of mungbean breeding lines and accessions to cooperators around the world. 

Country No. of Breeding Accessions Others 
cooperators lines 

Australia 2 7 
Burma 1 3 -
Ethiopia 2 7 --

Gambia 1 6 1 
India 5 101 3 
Indonesia 1 5 -
Israel 1 1 1 -

Japan 
Korea 

1 
2 

15 
3 

-
1 

-
-

Lesotho 1 3 1 -

Liberia 1 9 - -

Malaysia 
Nigena 
Philippines 

1 
1 
1 

3 
7 
1 

-
-
-

-
-
-

Solonion Islands 1 6 - -

Switzerland 1 1 1 -
Iaiwan 4 29 - -
lIhailand 8 198 4 10 
0 SA 2 2 1 95 
UK 2 2 5 
Yemen 1 2 

Total 40 31 1 18 105 

Results from Cooperators 

Argentina Coopcrator: lig. Agr. Julio Enriquc Luna VC1973A. VC2754A and VC2764A 
yielded I. 1,0.9 and 0.9 t "ha, respectivelx . As mungbean is a new crop. there was no local check 
in the trial. The coipcriitoir ,xpressed interest in large scale testing of the three lines and requested 
one kilograni of seeds lir each ofI the lines. 

Brazil (Coopcrator: Ri,gerio Faria Viti va) Of the 25 entries evaliuttcd. I) entries gave 1.5 
t/ha to 2.1 t ha (lable 3). The top three entri.s were found promiing and will he reevaluated. 

Laos PDR The trial of 12 selections fron different sources conducted in December 1985 under 
the FAO RAS 82/002 project included four entries from AVRDC. VCI Ib813. VC2750A. VC1560D 
yielded about 0.4 t/ha whereas VC1482 yielded 0.3 t/ha in 102 days comnpared to Uthong 1 (0.2 
t/ha). All AVRDC lines ,,erereported resistant to powdery milde. and required three harvests. The 
low yield was due ti late planting and low plant population densit. 

Malaysia (Cooperators: Tan leo Soon and Ycong Chin Shctng) A utong four entries 
evaluated. VC 1973A produced a yield 1.6 t/ha in 50 day,,compared to a local clone A which yielded 
1.3 thi. VC3890A gave 1.6 t/ha while VC2768 A gave 1.5 t'ha. VCIQ73A and VC3890A lodged 

Table 13. Promising entries from yield trial In Brazil, 1987. 

Efriti y rio Yield (ti ha 1000 seeds Lodging score
_____hy____o__Yield__(t_____) ________ weight (g) Ldging score 

KY 191)4 2.1 44 2 
VC 3061A 1.9 52 1 
VC 3828-1-1 1-1-B 1.8 61 1 
VC 4049-B-3 I1-1-B 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 l(XX)-seed weight of all AVRDC lines was 69 g while the local 
check was 61 g. Itappears that AVRDC entries have potential in Malaysia. The cooperators concluded 
that all AVRDC varieties are very productive and suitable for growing in sandy loan soil. 

Philippines (Cooperator: Ms. Rosabella C. Repollo) The cooperator from Pangasinan State 
University reported that from 2(X)W,seed each of VC1973A and VC2768A, they muhiplied the seeds 
to 1,350 g and 1,4X) g respectively for large scale testing. 

Thailand Last Near. Chainat [CRC released a new mungbean variety, named Chainat 60,derived 
fror a cross between M(;50- 1OA(Y and ML6 made at AVRPC in 1977. It has higher yield potential, 
early maturity, Short and c1icct plant type. synchronized maturity and good grain quality. 

The average yield in research and farmer's field is 1.4 t/ha and 1.I t/ha, respectively compared 
to I.I and 0.9 t/ha for U.thong I. Chainat 60 produced 63%, of its total yield in the first harvest at 
55 days after planting. Chainat 60 is high yielding and suitable for late planting in rainy season. 

Vietnam (Cooperator: Mr. Ducng Minh. JUoiversity of Cantho) VC2763A (DX 113), VC2768A 
(I)XI02A) and VCI500I) (DXl)were evaluated in 1987. From 50 g seed of VC2763A received 
by Vietnam. nearly 10,00( tare now produced in Mekong Delta. The farmers expressed their need 
for new lines with mosaic irus tolerancc, 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 
yielding mungbean breeding line and beanfly (Ophimnyia phaseoli) resistant mungbean accessions 
were evaluated with 65 other entries. None of the beanfly 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 428 1,and its level of resistance was similar to V 428 1. It exhibited moderate 
level of resistance to C'rcosporaleaf spot and it matured in 69 days in summer. This breeding line 
is a better source of'resistance for breeding beanfly resistant mungbean. 

Introduction 

In tropical to subtropical Asia and Africa and Oceania, agromyzids, mainly Ophiomvia phaseoli 
(Tryon) (Diptera: Agromyzidae). commonly called beanfly, 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 is significantly reduced. In 1980, sources of resistance to beanfly 
in mungbean gerniplasm 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, 
each entry was planted in 9 111plots and in summer, 5 rn2. Routine cultural practices were followed 
to grow the crop. During the growth stage and harvest, observations on various agronomic characters 
such as days to 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 yield anid seed size. 

Results and Discussion 

All six beanfly resistant breeding lines yielded significantly less than the standard agronomic line, 
VC 2768A in both seasons (Table I). Their seeds were considerably smaller than those of VC 2768A's 
in both seasons. In terms of yield and seed size, all six breeding lines were ranked far below the 
standard :igronomic line. Among beanfly resistant breeding lines, VC 4035-17 yielded higher than 
tho rest, bo!h 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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. .. .Table 1. Yield performance of beanfly-reslstant breeding lines,-. 
Spring 1988 z Summer 1988 y 

Breeding line Yield 1000-seed wt. Yield 1000-seed wt, 
t/ha rank x grams rankx t/ha rankx grams rankx 

VC 4035,17 1.2 f-n 55 37.0 cd 68 1.7 i-v 40 40,0 q-t 65 
VC 4038-37 0.9 m-p 67 32.0 f 70 1.0 y-a 69 29.5 tu 70 
VC 4039-38 0.5 p 70 27.5 ef 71 1,1 x-a 68 25.0 u 71 
VC 4041-47 0.5 op 69 34.5 de 69 0.8 z-a 71 30.0 tu 69 
VC 4041-48 0.9 1-0 66 44.0 z-b 63 1.2 w-a 67 43.0 o-s 64 
VC 4041.49 0.5 p 71 43.5 ab 66 1.3 s-z 63 39,0 st 66 
VC 2"68Aw 1.6 a-h 11 60.5 c-j 15 2.6 a-c 3 65.0 a-d 8 

ZPlanting date: 4 March 1988; Plot size: 9 m 2. YPlanting date: 5 July 1988; Plot size: 5 m 2.Replicates: 2; design RCBD; Mean 

separation by DMRT. P - 0.05. XRank among the total of 71 entries., WStandard agronomic breeding line. 

10 days later than the standard check in summer. It matures in 72 days in spring. VC 4035-17 has 
moderate level of resistance to Cercospora leaf spot disease but is susceptible to powdery mildew. 
However, one of its poorer yielding sister lines, VC 4039-38, is resistant to powdery mildew.Although VC 4035-17 is not high yielding, and thus may not belpreferred by national programs, 
its yield potential is nuch higher than that of the beanfly resistant parent. Ik should be a better 
source of beanfly rcs'stance than the parent line, V 4281, for breeding beanfly-resistant agronomic 
cultivars. 

Germplasm Screening for Bruchid Resistance 

Summary 

Seeds of 500 mungbean accessions were screened for resistance to Callosobruchus chinensis. Ten 
accessions were classified highly resistant. Two entries, V 2802B-G and V I 128B-BL, were found 
free from bruchid infestation. V 2802BG is a selection from a resistant accession, V 2802. 

Introduction 

A bruchid species, Callosobruchus chinensis L. (Coleoptera: Bruchidae), is a serious pest of 
mungbean and several other legumes especially during storage. The primary infestation begins in the 
field where adults lay eggs on green pods and the newly emerged larvae bore through the pod cover 
then into the developing seeds. The larva feeds inside the seed. When such seeds are harvested and 
stored, the bruchid adults emerge and lay eggs on other seeds and infestatioh spreads during storage. 

Since stored mungbean seeds are frequently used for food, the use of insecticides to protect the 
seeds is not practical. To effectively control this pest without using insecticides,; therefore, AVRDC 
has attempted to develop a bruchid resistant mungbean cultivar. Since the resistance in the previously 
identified blackgram accession, VM 2164, could not be transferred into agronomic mungbean lines, 
the screening of 500 new accessions in the laboratory for resistance to C. chinensis was initiated. 

Materials and Methods 

About 10-20 g seeds of each accession were placed in 125 ml Erlenmeyer flasks and 15 pairs 
of 1-to 3-day old adult C.chinensis were confined with theseeds. After a week, insects were removed 
and seeds were incubated at 30'C and 70 ± 5% RH for four to six weeks, after which the number 
of emerging first generation adults was recorded. Five screenings, each consisting of 100 accessions 
and one susceptible check (VC 1973A), were performed. . 1 

A statistical analysis procedure based on the mean number of irsects emerged and standard deviation 
(SD) of the mean was used to classify the resistance of each accession into highly resistant (HR), 
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moderately resistant (MR), low resistance (LR), susceptible (S) and highly susceptible (HS). The 
accessions with insect count less than mcan-2SD were considered HR; between mean-2SD and 
mean - ISI), MR: between mean-- ISD and mean. LR: between mean and mean+2SD, S; and more 
than mican -2S[1 HS. 

Results and Discussion 

Ihc distribution of 50( accessions into various resistance categories is presented in Figure 1. 
Almong i0 accessions classified is highly resistant, only V 2802B-G and V 1128B-BL were free from 
insect infestation. Both accessions were selected from original V 2802 and V 1128 on the basis of 
\rmiatnon in seed coat color. Last year. the original V 2802 was found moderately resistant to C. 
,hlm'Mn. Accessions V 2802, V 2802B-G and V 1128B-BL are distinctly small-seeded. Seeds of 
these accessions will be multiplied. Aftcr further confirmation and study of their mechanism of resistance 
to hruciids. these will be used in breeding bruchid resistant mungbean cultivars. 

BRUCHID 172 

1988 

0 

(n100...U')o .... 
" 66 68 

~-0 

0 
HR MR LR S HS Fig 1. 

Resistacnce categories Distribution of mungbean germplasm In
various bruchid resistance categories. 

Germplasm Screening for 

Resistance to Asiatic Corn Borer 

Summary 

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

Introduction 

In icccI years. Asiatic corn borer, Ostriniafirnacalis (Gn) (Lepidoptera: Pyralidae), a serious 
pest in ckorn. ha.i become an important pest of mungbean in Taiwan and certain areas of Southeast 
Asia. In Iaiwan. 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 insect feeding point. AVRDC 
is screening 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 in 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 AC1 for the inl estation of mungbean test accessions. 

The seeds of test materials were planted in I0 rows between tle two rows of corn. Each entry 
was planted as a single row on top of 5 in long and 0.75 in wide beds. Three groups of Vigna accessions 
were screened. 

In the first group 84 intungbean accessions whnch Were least danaged by ACI) in 1986 trials but 
were not screened in 1987 were included. In the second test, 13 similar inungbean accessions were 
used. In the third. 24 least damaged (in 1987 test) V. sublobata accessions were tested with three 
V. radiata susceptible checks. 

About 6 to 8 weeks after planting when ACB population was high. stems of each plant in every 
entr. x.ere examined and percentage of plants damaged was calculated. In the latter two screenings. 
data ol insect dan.lw Ie were analyzed by ANOVA and means were separated by DMRT. In the first 
test. percentage of stems danaged by Asiatic corn borer was statistically analyzed based on meani 

damage and standard deviation. This procedure enabled the classification of the accessions into highly 
resistant (HR ). modcratel\ resistant (MR), low resistance (LR), susceptible (S)and highl) susceptible 
(HS). 

Results and Discussion 

In tie 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. danage was low. 
About 35 MR accessions will be tested further in summer 1989 to confirn 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 
further in 1989. 

In the third test, three selected I,.suhhbata entries: TC 22 1129. TC 221167 and TC 221034 
were significantly less danmaged than the susceptible check VC 1973A (Table 3). All V. ubhlobata 
accessions had distinctly smaller stem diameters and viny growth habit. In past studies. ACB resistance 
was found to be greater in mnungbean plants with smaller stem diameter. A thin stem is an undesirable 
characteristic as plants lodge rather easily. 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 danage was less than in earlier years. This year, pods were not all 
damaged. 

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

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

V 3301 8.3 a V4669 6.4 ab 
VC 1973Ay 8.2 a V4391 5.7 ab 
V 3855 7.8 a V 4632 53 ab 
V 4705 7.7 a V4513 4.7 ab 
V 3968 7.6 a V 5102 4.4 ab 
V 4316 6.8 ab V4701 3 1 b 
V 4499 6.8 ab 

ZData are means of three rephcates Mean senaration by DMRT. P = 0 05 YSusceptible check 

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

Accession number Plant damage (%) 

TC 221129 0.8 d 
rC 221167 0.8 d 
IC 221034 08 d 
VC 1973A 5.0 c 

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

Summary 

ACB (Os rinia/iirnacalis) infestation in munghean was studied in relation to distance of mungbean
plants from the primary host. There was a significant linear decrease in insect infestation with increase 
in the distance of mungbean plants from the ACB infested corn. To avoid infestation of iungbcan,
the crop should he plantCd at least 50 in away from corn fields. 

Introduction 

The Asiatic corn borer, Ostrinia/iirnacalis(Gn) (Lepidoptera: Pyralidae) has caused increasing
damage to mungbean in recent years. ACB larvae bore into niungbean stems and pods and feed 
concealed in these plant parts until pupation. The feeding weakens the plant, which at times causes 
lodging and consequently, yield losses. Since the area planted to corn has been increasing in Taiwan. 
ACB damage to mtunibcan has also become more frequent. Past studies in AVRDC revealed that 
ACB pref'rs corn over mungbean and insect damage to mungbean increases steadily after most of 
the corn arc inteted. 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 
aimed at stud, ing the influence of planting distance between two crops on the infestation of mungbean 
by ACB 

Material and Methods 

A local corn was planted in a 60 in X 9 in parcel of land. Three weeks after germination, a large
number of AC3 pupae reared in the laboratory was released to allow infestation of the crop. At this 
time, in an empty area adjacent to the corn, the field was rototilled and prepared into 0.75 m wide 
beds parallel to corn planting. Mungbean line VC 1973A was then planted in 60 in long beds. About 
66 beds were planted to this crop following the AVRDC standard cultural practices except that no
insecticide 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 

A 0 Frst observtion, 22 July 1988
 
4A A Lost observotion, 19 Aug. 1988
 

•j "'.7-.. A 

- A- 0, A, 

oo 

02 
3- 0 '17-0 Fig 2. 

, 0 Infestation of Asiatic corn borer 
0 on mungbean planted at

0 9 18 27 36 45 54 different distances from source 
Distance from corn ( m ) corn plantings. 
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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 

TAo plantings of 368 accessions intended for seed multiplication and characterization were 
e aluated to identifN promising genotypes. Forty-one accessions were preselected for high yield 
i e tial,IIdense frLi set. early 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 total of 113 and 255 accessions were included in the germplasm observation trials (GOT) in 
1987 (warm) and 1987-1988 (cool) season, 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 cm apart between rows and 45 cm between plants in a row. 
The screenhouses were divided into Com1partments. In each 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 early 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 I. 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 early 
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 C00200B, C00269 .C00694. C00704. C00714, 00724. 

C00299, C00489 	 C00732,C00787B, C00918,C00964.
 
C01315,C01475.C02180 (?)
 

Clustered fruit set C00490 C00920, C00971, 01299 
Heat-adaptonn (?) C00260, C00770. C00919 
Sweet pepper) 

High yield potential (?) C00200B. 00299 C01315 C01355 
C00633
 

Dense truit set C00702. 00948. C00971. CO1355, 
C01379, C01540 

Aroma C00776A, C01379, 00776 
High pungency C00758, 00765, 00776. C00776A 

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 flrom observation trials were entered into replfcated advanced evaluation 
trials in both cool and hot seasons for further examination in terms of yield and other horticultural 
traits. Some entries were accessions identified possessing u!;e'ul genes for pest resistance or stress 
tolerance. Private firms and public institutes participated in the exhibition at the International Symposium 
on Integrated Management Practices fr Tomato and Pepper in the Tropics (22-25 March 1988)
contributed the advanced con--;,,ial 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 II organizations in six countries and 32 entries ftrom 14 organizations in 
eight 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 season. Planting and harvest schedules 
of the trials are given below: 

Sown 
Date 

Planted Harvest 
Remarks 

Hot pepper 10 Nov. '87 
25 Apr. '88 

4 Jan. '88 
3 June '88 

27 Apr. - 13 June 
1 Aug. - 23 Aug. Field was destroyed 

Sweet 
by flood. 

pepper 10 Nov. '87 
25 Apr. '88 

4 Jan. '88 
6 June '88 

1 Apr. 
1 Aug. 

- 11 May 
- 19 Aug. Field was destroyed 

by flood. 
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-.. Seedlings.were.grown in plastic pots (9. cm- both in height and diameter) filled with,.,terilized,....... 
mixture of soil, compost, sand and rice hull, and arranged in plastic flats. A field plot in the cool 
season consisted of a 5.4-i-long double-row bed and of a 6.75-m-long bed in the warm season both 
for hot and sweet pepper. Two adjacent beds were 150 cm apart, from center to center. Spacing between 
two rows in a bed was 50 cm and 45 cm between plants in a row. A randomized compleie block 
design was followed in both crops with two and three replicates in the cool and-warm seasons, 
respectively. Beds were mulched with polyethylene film with the black side underneath and the grayish 
silver on top. The plants were staked with bamboo poles. In sweet pepper, flowers were removed 
during early stage of fruit growth to encourage vegetative growth. On pest management, irrigation 
and other cultural practices, AVRDC techniques were followed. Both hot and sweet pepper fruits 
were harvested four times in the cool season, while only two harvests were made in the warm season. 
In addition to yield data, ratings were done on the traits relevant to productivity and fruit quality at 
the end of the spring crop. Ten days after flooding, plants were graded into-thre levels of damage 
and counted accordingly. 

Results 	and Discussion 

In the warm season, sweet pepper growth in east rows was clearly retarded compared to the west 
rows in the same bed. The trend was also observed in hot pepper, but to a lesser extent. The inferiot 
growth of the east rows isattributed to th~ direct sun exposure. Soil temperature at 10 cm depth measured 
at 11:00 AM on a clear day ranged from 32 to 36"C and the difference between east and west rows 
was about 3°C. The effect on fruit size and yield-related traits was also clear in sweet pepper, while 
the difference was not statistically significant in any of the traits evaluated in hot pepper (Table 2). 
Nevertheless, the data taken from east and west rows were handled separately. 

Since the primary target of the pepper program is the lowland tropics, performance data in the 
warm season were considered more valid than that in other trials. Trials were, however, destroyed 
by flood after two harvests. The yield in summer was studied for relationship to the yield in the cool 
season and sone other traits (Tables 3 and 4). In hot pepper, the yield in summer from the east rows 
showed a significant positive correlation with first and second harvest yields, and with the total yield 
in the cool season. Yield in summer from the west rows showed a significant correlation with the 
yield from the first harvest in the cool season. Yield in summer from the east row also was highly 
correlated with that from the other row. In sweet pepper, summer yield was not correlated to yield 
and other traits of the cool season, but correlation with virus severity score at the end of the cool 
season was statistically significant. 

The above results indicated that hot pepper is more adapted to various environmental stresses 
such as high temperature and excessive soil moisture than sweet pepper. 

In the cool season, plants became aged and infected, and the ambient temperature became higher, 
as the harvest sequence advanced. All these factors may have affected size and number of fruits in 
relation to the harvest sequence. Sweet pepper showed a rapid decrease inboth size and number as the 
harvest sequence was advanced while hot pepper showed no decrease in fruit number and a slower 
decrease in size until the fourth harvest (Fig. 1). These attest to the poor adaptation of sweet pepper. 

Table 2. 	 Means and t values between east2 and west2 rows for different traits In the plastic 
film-mulched plantings of hot and sweet pepper In summer. 

Sweet pepper 	 Hot pepperVariable 
East 	 West t vaiuey East West t valuey 

Total number of fruits harvested 4.9 7.3 .3.2** 18.6 25.3 .1 7 NS 

Fruit weight (glplant) harvested 95.0 179.7 .5.1** * 81.0 103.7 -1 4N 

19.1 	 27,9 5.9*** 4,8 4.7 0 1NSUnit fruit weight (g) 
5.6 .3,6*** 58 62 NSFruit length (cm) 	 4.7 

4.0 4.7 -5.9** 1.3 1.4 .0 4 NSFruit width (cm) 
Fruit thickness (mim) 2.8 3.3 .5.7*** 1.7 1.7 05NS 

ZSolltemperature of the east se was 30Chigher than that of the west side of the bed, when measured on aclear day at 10 
cm depth from the surface. * and * * * designate the significance of the difference between east and west rows 
at 1 and 0.1% probability levels, respectively. 
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Table 3. Correlation coefficientsz between yield from different harvest sequences of spring, yieldof summer and flood survival rate In hot pepper. 

SPY1 
SPY2 
SPY3 
SPY4 
SUYE 

1st 
-

2nd 
0239 

-

Spring yield (SPY) 
3rd 4th 

-0.525' -0,639-
0.332 -0.353 

- 0.532"* 
-

Total 
0.263 
0.799* 
0.572* 
0.084 

Summer yield (SUY) 
East West 
0.567 0.587' 
0675-- 0.447 
0.021 -0227 
-0.612"* -0.662" 

Flood survival 
rate (FSR) 
0155 
0218 
0153 
0455 

SUYW 
- 0.504" 0.249 -0050 

FSR - 0.840"* 0016 
- 0059 

Calculated from neans of 18 entries common to both plantin.s ', and - indicate that r i- different from eat 5 1 and1) 1% probabiity levels respectively 

Table 4. Correlation coefficientsz between springy yield from different harvest sequences,summer" yield, virus severity and flood survival rate in sweet pepper. 
Spring yield (SPY) Spring virus Flood survival Summer

1st 2nd 3rd 4th Total severity (SPVS) rate (FSR) yielrl (SUY)SPY1 -0005 0324 0.046 0.869*** -0.536"*SPY2 0043 -0263- 0.598' * 0.264 0.428* -0.079SPY3 0.023 0.094- 0460* 0.678 ** -0.465'*SPY4 -0.205 0.043 - 0.336 -0.381 *SPYT -0 121 0.076
-0.580*"*SPVS 0000 -0.141 

SUY - -0.040 0.484* 
- 0.198 

Computed from means of 32 entries common to both plantings * ., ''probability levels. respectively. YSown on 10 Nov 
indicate that r Is different from Oat 5, 1 and 0.1%1987 and transplanted on 4 Jan. 1988 'Sown on 25 Apr and transplantpdon 6 June 1988. 
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020 // / N 
100 

6 
-0E 
2 12 

8uj_ 

-
* 

-

---

Hot pepper 
Sweet pepper 
Fruit size 
Fruit number 
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0 

Fig. 1. Number of fruits harvested and fruit size of sweet and hot pepper as affected by harvest sequence. Means taken from 32and 20 cultlvars are presented for sweet and hot pepper,
respectively. 
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Fruit weight and length showed generally good correlation between two seasons and between 
east:west beds in summer in both hot and sweet pepper (Tables 5 and 6). Fruit width also showed 
high correlation among the three sets or data in hot pepper, but less in sweet pepper. Fruit thickness 
of sweet pepper revealed significant correlation with fruit weight and width within environments. The 
environmental eltect on Iruit size. especialy . eight atnd length, seems to be rather parallel over dilerent 
gnot pcs and therelore. selection for these traits could be applicable to different seasons and locations. 

Table 7 lists the sweet pepper entries deencd promising in terms of 'ield or other traits. Gypsy 
\%as found stable and high yielding and attained good fruii-setting. Small arnd yellowish fruit were 
the delects of this entry. Annabell had stable and high yield. Despite varietal differences revealed 
in these trials, the pcrlrrn.rlce of the entries needs carefll evaluation in replicated trials in l~gher
teilperalure enviounierits before thev Lan be intensi cly used in the breeding program. 

Table 8 presents the yield in tw\o seasons of" sonc selected hot pepper entries. HP621 and two 
other entries shox\el, t stable, high .yield. PP841 and seven other entries showcd over 50 7 ' , survival 
rates alter flooding. The entry. 881P40l had high flood sLur\ival rate and stable high yield. This could 
be an iriportant genetic source for these traits. 

New Crosses and Generation Advancement 

Summary 

Crosses made in 1986 were advanced to F: gceneration in 1987-1988. A total of 34 accessions 
identified as resistant to imlportant diseases were selfed under field conditions. Development of new 
crosses lagged because of technical problems on1 maJor plantings in suntmer 1988. 

Introduction 

Towards tile end of 1987. prio! it) objecti%cs (i" tie breeding prograini had been delined lor hot 
and sweet pepper. The strategies to achieve the goals were likewise established. Part of the 1986 crosses 
were advanced to F, generation in 1988. The -cnotype identified to be resistant to CMV. CVMV, 
AMV and Phytophthora rot \was rrultiplied by self-pollinationl. 

Evaluation and Advancement of Previous Crosses 

Of the previous 88 crosses. 2) ,rce evaluated in the field iti 1988. Many crosses were discarded 
because tile char'cterislti,, which the parents should possess were found nonexistent. Inadequate
resoulrces also limited the number of' entries which could be included. Fen crosses of sweet pepper 
were discarded during the field c\ aluation because of low chloroplast content in one parent. Gypsy
ind the thin fruit wall of the other pirent. Cubanclle. Five crosses, between early high yield and field 
tolerance to vir:, cormplex were finally selected to be advanced to F2 generation. Individual selection 
was done on four Fi1s. because of considerable variation among plants within Fi families, probably
resulting from genetic heterogeneity of either or both parents. Twenty-eight families are now grown 
in the field and these F2s will be subjected to individual plant selection. 

Crossing Program 

The gerniplasn evaluation in sunmer 1988 aimed to identify the sweet pepper entries with best 
general perfornance under hot and wet climatic conditions to be utilized as recurrent parents in our 
backcross breeding programs. The planting also aimed to serve our need for making crosses. The 
field was, however, totally destroyed by heavy rains and water logging in mid-August. The situation 
also delayed the development of new crosses in 1988. 

Extensive crossing will be conducted in cool season 1988 to 1989. 
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Table 5. Correlation coefficients' among fruit characters of sweet pepper grown in springy and summerx, 1987-1988. 

Fruit weight Fruit length Fruit width Fruit wall thickness 

Sp. Su. (e) Su. (w) Sp Su, (e) Su (W) Sp Su. (e) Su (w) Sp. Su. (e) Su. (w) 

UFW spring - 0.7-" 0.6"' 0.1 0.0 -0.1 0 9'* 0.3 0.0 0.7"** 0.3 -0.1
 
UFW summer (e)' - 0.7" 0.1 0.3 0 1 06** 0.6* 0.3 05' 0.6** 0.1
 
UFW summer (w)w - 0.2 03 04 0 4* 06- 0.5* 0.3 0.6*" 0.3
 
FL spring - 0.8"' 0 8.. 0.3 0.4* 0 5- -0.2 0.1 -0.1
 
FL summer (e) - 0.9-' -0 1, -0.1 -0.3 -02 0.4 0.0
 
FL summer (w) - -0 4* -0.3 -0.2 -0.4- 0.2 0.1
 
FW spring 0.5" 0.2 0.9... 0.3 -0.0
 

- 0.7**' 0.5* 0.7** 0.3
FW summer (e) 

FW summer (w) - 0.0 0.3 0.5"*
 
FTH spring - 0.5* 0.0 
FTH summer (e) - 0.5* Cl 
FTH summer (w) 

ZCalculated between means of 32 entries common to both plantings indicate that r is different from 0 at 5 1 and 0 1 probability levels, respectively. Sown on 10 Nov. (IQ 
1987 and transplanted on 4 Jan. 1988. Sown on 25 Apr and transplanted on 6 June 1988 (e) and (w) perta;n to east and wet rows. respectively, of the double beds in the 
summer planting mulched with plastic film 

X
C 

Table 6. Correlation coefficientsz between fruit characters of hot pepper grown in springy and summerx. 1987-1988. 

Unit fruit weight Fruit length Fruit width 

Sp. Su. (e) Su. (w) Sp Su. (e) Su (w) Sp. Su. (e) Su. (w) 
09-' 0.9"'.UFW spring 09... 0.9- -0.7" 0.4 0.4 0.9-' 

* * 
0.6* 0.5' 0.8*** 0.9 ' 0.9 * " UFW summer (e)w - 0.9" 0.7* 

(w) w - 0 7' 0.5' 0.51 0.9*** 0.9''* 0.9***UFW summer 

FL spring - 0.8' 0.8,* 0.6' 0.5 0.5*
 
FL summer (e) - 0.9** 0.3 0.3 0.2
 
FL summer (w) - 0.3 0.3 0.2
 

- 0.9''' 0.9**'FW spring 
- 0.9*FW summer (e) 

FW summer (w) 
ZComputed from mean values of 18 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. Performancez of promising sweet pepper grown in spring and summer, 1987-1988.
 

Entry 
Yield (t/ha) 

Spring Summer 
Fruit size (g) 

Spring Summer 
Virus y 

severity 
Late fruitO 
set density 

Remarks 
Remarks 

Key Largo 37 b-e 11 3 a-f 73 klm 30 c-i 2.5 c-f 4.5 ab 
Annabell 47 a 11.8 a-e 85 jkl 26 d-i 2.5 c-f 3.5 a-d selected 
E 1821 41 a-d 22 e-i 154 a-c 19 e-r 2.0 def 4.5 ab 
Portos 44 ab 2 1 e-i 131 c-f 27 d-i 1 0 f 2.5 a-d 
Canape 28 e-i 16 5 a 71 Im 25 d-i 4.5 a-d 4.5 a-d 
Gypsy 41 a-d 109 a-g 67 Im 23 d-i 30 b-f 50 a selected 
Shauan Fong 34 ci 144 ab 74 klm 28 d-i 55 ab 3.0 a-d 
Blue Star 28 e i 60 b-i 134 cde 39 b.g 5.5 ab 1.0 d 

Grand Meanw 34 70 109 30 3.7 2.6 
/Mean eparation W: in cI lurer,' by DMRT at 0 05 probabilSty "VlstalIlylevel r ted for each plotwith ascale of 0 for no disease 
it, slxfor ihghes, dugree of severity. at the eid of the aprin g crop 'VISually rated for each prlot with a scale of 0 for ro new 
fra'tTofi, for rnorral fiealhatrmiit ;o, at the end of fie spring crop 'Means of two replicate, of 32 entries in spring, and 
ofthret, of51 in Surnirrierreplicates e tries 

Table 8. Yield and survival rate of some selected hot pepper entries. 
Yield It/ha) Survival rate" 

Entry Spring Summery frorn flooding Remarks 
%
E,irl' Total East West (0 ) 

Magic Scarlet 6.8 bcd 12.1 fg 5.9 c-f 11.3 a 40 b-e 
HP 621 93 ab 255 a 11 4 a 10.8 ab 17 cde Stable high yield 
HPA 87400 4 1 efg 16.5 de 56 def 9.7 abc 11 de 
HPA 87401 2.0 ghl 11.0 g 1.2 gh 28 fg 55 a-d 
Seoul Hot 58 cde 15.9 def 3.5 d-h 7.6 a-e 50 b-e 
88P40 4 0 fg 20.8 bc 9.6 abc 7.7 a-e 60 a-c Stable high yield 

+ flood tolerance 
88P41 5.0 def 11.9 fg 2.1 fgh 3.7 d-g 93 a Flood tolerance 
PPI 11.5 a 25.9 a 4.7 d-g 6.6 b-f 60 abc Flood tolerance 
Long Chifli 8.5 bc 22.3 ab 9.7 ab 9.3 a-c 23 b-e Stable high yield 
One Thousand 3.0 fgh 18 7 bcd 7.3 bcd 9,0 a-c 27 b-e 
Szechuan 06 hi 19.2 bcd 0 0 h1 2 7 fg 36 b-e 
Passion - - 0.3 In 0.2 g 54 a-d 
Long Fruit - - 0.3 If 0.1 g 52 a-d 
Unknown 41 - - 0.11 0 0 g 63 ab Flood tolerance 

/Yield ohtained from frst harvest Yield frorn 0east arid west rows of the plastic frrimiulched beds. Data obtaned from 
the surnrer planting after heavy rains of 480 turnoin13 and 14 August 

Multiplication of Disease-resistant Accessions 

Disease resistant plants were identified through heavy exposure to diseases 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. 

Disease Number of 

Accessions Plants 

Alfalfa Mosaic Virus 7 77 
Cucumber Mosaic 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 LOCal Hot Pepper Varieties 

Summary 

Pure line 	selection was made on two local varieties, Szecht'an and MC 4, to improve their 
unifornity and mean performance. The selected families from P,of Szechuan showed higher field 
tolerance to virus complex and the P2 families showed improved uniformity in plant type. The 
performance of M(., kka ,poor in all P, families evaluated. 

Introduction 

Hot pepper has been popularly grown for several centuries in different areas of the tropics mostly
with landraces specifically adapted to each location. In spite of the long-proven adaptability to adverse 
tropical lowland envir mrlcnts. the local cultivars werc not highly appreciated due to heterogeneity
coupled \,ith low vield and low quality. lurc line selection was. therefore, initiated in 'wo local varieties. 
SzcChuan from laimain and MC4 ftt Malavsia. to geneticall\ pu rify and. ifpossible. enhance their 
perf'ormance. 

Source Materials 

A Taiwan local variety, Szechuan. w~is selected because it was the most widely grown cultivar. 
It sho,,s sizeable variation in plant and fruit characters. A Malaysian variety, MC4., which had been 
partiall. improved by the Malaysian Agricultural Research and Development Institute (MARDI), also 
exhibitcd considerable v ,riation in many important horticultural traits. Resistance to bacterial wilt. 
chili veinal mottle virus, and cucumber mosaic virus was also found, although the variety is known 
to b,heterogen ous for the responsible genes. Source materials of Szechuan was first collected from 
tle market and farmers' fields in central Taiwan, while that of MC 4 were collected in the seed 
multiplication nursery of MARDI. The plants found resistant to CMV or CVMV later replaced the 
P, generation from the original source population. 

Procedures and Progress 

Planting schedules for PO 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 early warm season. The 
preliminary selection 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, etc. 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 seeds 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-pollinated local varieties. 

Var. Generation Entries Selected 	 Date Remarksincluded Families/Plants Sown Transplanted Selected 
10z
Szechuan 	 Po 4/12 09-30-86 11-07-86 05-01-87
 

PI 12 7/31 10-27-87 12-17-87 04-12-88
 
P2 31 - 09-01-88 10-13-88 - on-going


67y
MC4 	 PO 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
 

19x
P1 (B) - 09-23-88 11-04-88 - on-going 
lFrom 10 different sources. YSixty-six individual plants selected from MC4 and one population of a sister variety,
MC5 Selfed progenies of the plants resistant to CVMV or CMV. 
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Szechuan has been advanced to P-gcneration (Table 10). All selections from P, geneiation 
showed much less virus infection than unselected ones at the termination of the growth, although the 
difference was not observed during preselection. It is, however, yet to be investigated whether high 
perlbrmance of the selected plants is genetically associated with field tolerance to virus complex, which 
became clear only after the selection had beL:, made. At early growth stage, P2s were observed to 
be considerably more uniform in plant type than the generation Po. 

In the case of MC 4, the general performance of PI in summer 1988 was very poor in every 
family, although the reason is not clear. All Pis were, therefore, discarded and replaced with the 
sclfed progenies of the plants which were identified resistant to CVMV or CMV by artilicial 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 diseases limit the successful cultivation of pepper in the tropics and subtropics. However, 
knowledge about the kind of viruses and their distribution in these areas is limited. In 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 (CVMV) 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, CVMV 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 diseases 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-lbur hot and sweet pepper samples from Indonesia, 477 from Korea and an additional 486 
from Taiwan were collected (Table I). 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 CVMV 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, 
CMV and PVY. PVX only occurred in a few samples. Similarly in Korea, incidence of TMV was 
highest, followed by CMV, AMV and TSWV. Incidence ol CVMV and PVY was low and occurred 
in only 2% of the samples. PVX was found in only 0.2% of the samples. 

It isevident from these surveys that TMV, CMV, CVMV and PVY are most prevalent in tropical 
Southeast Asia. In Korea, however, CVMV and PVY do not inrect pepper as frequently as other viruses. 
Furthermore, two other viruses, AMV and TSWV are also important. 

It is suggested that CMV, CVM v, PVY and TMV 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 to be investigated. 
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AMV appears to be of importance only in Korea and Should be addressed by the national program.
TSWV should receive further attention since there are indications that it may also be present in countries 
other (hall the two Irom which it has been reported so fIar. 

Table 1. Survey of pepper viruses In Taiwan, Korea and Indonesia. 
I otal no 

of samples ----fecton wi ItPr-e-t 

surveyed collected TMV CMV CVMV PVY AMV TSWV TEV PVX 

1alwan 486 13,0 42.0 51.4 14.6 00 00 0.2 0 
Kowca 4 17 329 260 2 3 2.1 216 143 1.5 02 
Ildoric,'ia 64 500 7 , 25 () 3.1 00 0.0 O0 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 is readily available. Screening
has been initiated to identilf' materials with resistance to CMV. CVMV and PVMV, a common pepper
virus in tropical Africa. About 291 lines. including materials with reported resistance and randomnly
chosen AVRDC wild-type germplasni were screened through mechanical inoculation followed by an 
El.ISA test. Lines were identified with more > 50%) individual plants resistant to PVMV, CVMV 
and CMV. Seeds of these plant,, %cre saved for confirmation screening. 

Introduction 

Results of surveys in Taiwan, Indonesia and Thailand. 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 germplasmu. resistance screening and virus straittyping of* the first 
four viruses are on-going. 

PVMV 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 (received froni 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 to 40 plants per accession were inoculated at 3-4 leaf stage with a homogenate of I part virus
infected leaves, homogenized in 5 parts 0. IM phosphate buffer pH 7.0 containing 0. I% Na 2SO3. 
After Iour weeks, 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 IVMV. 
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, I1, 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. 



55 Pepper Pathology 

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, 51-53. 57a, 8 1. 83. 102, 103. 110, 112, 112a, 170-178) and the seven promising
breeders' selections mentioned were also screened for resistance to CVMV-AVRDC and CVMV-Japan. 

Twenly lines V 18a. 23a, 32a, 33a. 34. 35, 36a, 37. 41. 43a. 57a, 81, 102, 103a. 110, 112. 
171a. 173, 17-1. 112A) resistant to variouis iruses were screened for CMV resistance. 

Capsicum chinense lines from Brazil. Eiuht Capsicum chim'nse lines (AMA3. 6- 12)
received from l)r. Cheng, EMBIAIA. Brazil. were observed to be generally virus resistant in tie 
Amazon region. The lines were screened for resistance to CVMV. PVMV, CMV and PVY. 

Breeding lines from Malaysia. Lines MC4 atnd MC5 frn Malaysia with reported virus 
resistance were received from Dr. Chew of MARDI. Malaysia. They were screened for CMV and 
(VMV, two of the most coliionll viruses in Malaysia. 

AVRDC GRSU accessions. Ninet-cight accessions conprising C. annatn. C'. fr'escens 
and C'. ipube.ccn.N were creened for resistance to CVMV. The accessions were 14A. 15A. 1713, 104A, 
105A, 2tX)A, 269, 270. 276, 29 * 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 (KoSung. Seo Dong,Nain Ji.Bang
Bang, Pung (ae, I)ae Pung, June Kong. Thae Ane. Dong I)u Chun, Je Jue. Ke Ryong San, Jang
Sue, Butg-0-('ho. Chun Ann. Kun Ja. Sue 13ee Choe, Hoe, Chung Ryong, Chang Ryong, Chang 
Ryung, l)ae Hoa Choc, Phal Bang, Jang Kac Choc, Sue Won, Je Chun. Thae Kuc. PI 315023, PI 
163201, Pl 200599) were screened for CVMV-AVRI)C resistance. Twelve lines (Seo l)ong, Pung
Kac. Jung Kong, Dong Du Chun. Jea Ju. Kca Ryong San, Jang Su, Bong-0-Choc. Chang Ryong,
Sue Won, Thae Kuc, Ill163201) were screened for CVMV-Japan resistance. Twenty-one lines (Seo 
I)ong. Bang Bang, PLung Kac, Jung Kong, Thae Ann. I)ong )u Chun, Jea Ju, Kea Rvong San, Jang
Sue. Bang-(-Choe, Chun Ann. Kun Ia,Hoe, Chung Ryong, Chang Ryung, Dae Hoa Choe, Phal Bang, 
Jang Kac. Sue Won. Thae Kuc. Pl 163201) were screened for CMV resistance. 

Results and Discussion 

Materials with reported resistance and breeders' selections. All lines were susceptible 
to PVMV except VCI6 (Perenniv,), ii)A 832 and Szechuan, which gave 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 I(X)%, susceptible to both the Japanese 
and the Taiwan isolate of'CVMV. VC35 and 36 were 1(X)7 resistant to CVMV-AVRDC, but produced
68% and 737 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%7( plants resistant to CVMV-Japan, respectively. 

Likewise, all lines were found susceptible to CMV. 

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

Breeding lines from Malaysia. Lines MC4 and MC5 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. 
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Commercial lines from Korea. Two Korean lines (Kunja. Kea Ryong San) were found with 
high incidence (501Cof plants) of resistance to CNIV. Seeds of resistant plants were saved for 
confirntation screening. 

All lines were found susceptible to tMO (oCMVisolates. 

Conclusion 

Resistance genes arc readily available in both commercial and %sildtype germplasm. However. 

reSIStance to CMV. PVMV.CVMV na not be casily accessible. Only a few lines (VC16. HDA832, 
Sicchtuan for I'VNIV. VC35 -37. 40. 41 for CVNIV and the Korean lines, Kunja Kea Ryong San 
1or (MV) \Cvwere flnld s. high percentage t > 50"; ) of resistant individuals. Seeds of these plantsIth 
,acrc,aved (or confiritation screening. 

SiLnV 1t.lts of 's,,lCienlll an isolateof CVNIV did not exactly match those of the JapanesethC lai\% 
isolatc of ('\V IV. st ailll11this \ Irts Ilia\exist. 

Straintyping of PVY Isolates 

Summary 

Potato %irus Y PVY) occurs on pepper worldwide. Resistance to strains 0,I. and 1.2 isavailable 
in commercial culti\,rs bred mainly for production in temperate regions. Twenty-nine pure pepper 
'VY isolatcs fri11 "aiiian Ts. four%%cre strainniyped "'ettv- five isolates belonged to strain 0. The 

other isolates did not fall into an\ of the known, strain groups. 

Introduction 

I'\" ', 01.11it01n ,iip)Cpp[-'f in both tropical and temperate production areas. Resistance is available 

il 0onitnercial culti rs.'.like Yolo Y (resistant to strain 0). VR-2 (resistant to strain I) and Serrano 

V(resistant to strain 1.2). Information ol the strains present in tropical countries is not available. 
Knowledge about strat, is useful for breeders In determining which resistance sources can be used 
ill pepper breeding for the tropics. 

Materials and Methods 

Twenty-ii inc purC PVY isolates of serotype I from AVRDC fields (16 isolates). Hualien (6). 
Pingtung (2). Yunlin 4)and Nantou (I) were straintyped through mechanical inoculation of 10 different 
hosts, including ('ap.sint almnuwm cvs. Serrano VC. )elray Bell. Yolo Y. Yolo Wonder HDV,Florida 
V R2. Poreninial HDV. Ca.icuin chim'n.ve M iscucho Pl 315008 and Oatura sIramonium. About 5-10 
plhIart' of each line were inoculated and rated after 14 and 30 days. All plants were tested by ELISA 
;Or the presence of' virus. 

Results 

Twenty-five isolates front Taiwan call he classified as PVY strain 0 (Table 2). The other four 
isolates reacted similarly, except fbr their symptomless infection of C annutun Perennial. These isolates 
are now under further investigation. 

Straintyping of TMV 

Summary 

A search for tobanioviruses and their strains infecting Capsicun spp. in Taiwan was initiated. 
TMV-positive samples were identified by ELISA. Further characterization by host range was made. 

http:chim'n.ve
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Table 2. Stralntyping of pepper PVY strains. 
Taiwan Pepper 

PVY Strains Isolates
 
Line or Cultivar Tomato/Pepper Potato 253 4
 

0 1 1 2 1.2 O.N isolates isolates
(Si) (S) (S) (S2) (S) (S) (Sl) 

Capsicurn annuum 
\J2Bastidon N N M R M M

Yolo Wonder M M M M MR M
Yolo Y R M M RM R
Florida VR-2 R R M M R R R
 
Serrano VC R R
R M R R R 
Perenial R ? RR R R SL

Datura strarnonium R R R RR R R
 
IS, - serotype 1; S2 = 
serotype 2 (does not react with common3PVY antiserum) WN systemic necrosis; M = mosaic;
R = resistant, SI = symptomless Infection, ELISA positive. Classified as strain 0. 

Ii straintyping. a set ol strain diffeitials was used. All 22 isolates obtained by four successive local 
lesion transfers onl N. ha/bainum "Xianthi" were found to he tomato losaic virus (ToMV) strains I and 
0. The search for pepper strains of TNIV continues. 

Introduction 

A search for different toban oiruses, was initiated to isolate these for later use in determining 
which resistance gcenes should be usCd in the breeding program. 

Materials and Methods 

Twelntv-two [MV isoltes. purified h\ iur successive local lesion transfers on N. tabacun 'Xanthi' 
were straintyped using the system described in Table 3. The isolates originated from TMV ELISA 
positive plants collected during surve s in Taiwan. 

Table 3. Reaction of tobamovirus Isolates from pepper in Taiwan on TMV strain differentials. 
TMV pepper strains TaiwanDifferent ial Host (genotype) P- P0 P1 soatesP1.2 P1.2.3 Ioae 

C annuurm Early CaIlworder (L /L M M M M

C annutijn Tisana (Li/LI) LL 
 M M M M

C frutescens Tobasco' (12/L2) LL LL 
 M M nLL
C baccaturn PI 260549 (12/L2) LL LL LL M nLL 
C chtinense Miscucho (13/13) LL LL IL IL -

C chacoense (14/14) LL LL LI LL 
 -


IM = mosaic. I L local lelons. : no reactlion, negative ELISA reaction
 

Results 

All isolates belonged to the same 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 41. The pepper strain of TM V is not known to infect tomato and
the eggplant cv Black Beauty. It only produces latent infection on Solaiunt giganteum. The Taiwan 
isolates produced mosaic on L. esclentumt', and S.gigantetn arid local lesions on Solanwon Itehongena.
All 22 isolates were further straintyped on the ToMV differentials and moslly were fbund to be strain 
0 (17 isolates) arid strain I (5 isolates). 



58 AVRDC Progress Report 1988 

Conclusion 

Evidently, the tomato strain of 'TMVis 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 froni pepper in Indonesia was also found t) be tonato 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 Taiwan TMV isolates TMV pepper strains 
I
 

L esculentum Moneydor W
 

N tatacunm White Burley M nLL
 
N ttbacumr Xanthi NC M nLL
 
N sylvestris nLL nLL
 
S !Igantcu, M latent
 
C chacoense P1 260,129 nLL LL or mosaic
 
S nielongeri Black Beauty' nLL - or LL
 
C ' aniirn Bruinsma Wonder' M
 
C. annturn Novi M
 

NI niO saic LL = lesions. - = no reaction. negative ELISA reaction
local 


Seed Transmission of CVMV 

Summary 

Chili %einal nottle virus (CVMV) is not reported to be seed-transmitted in Capicuin sp. The 
high incidence in fariners' fields prompted the study on possible seed transmission. Results indicated 
that a high percentage of seed transmision is present in certain pepper cultivars. However. results 
of this st udV need to be confirmed. 

Introduction 

('VMV was first described as a new virus froi Malaysia. It was reported to be non-seed 
transmitted. However. because of high CVMV incidence observed in farmers' fields, seed transmission 
%kasinvestigated 

Materials and Methods 

Seed transmission wa+lstested in 36 Capsicum sp. lines Forty plants of each line were sown on 
25 May and mechanically inoculated twice on I June and 7 July with CVMV isolate 1037, previously 
recovered front pepper in Taiwan. The presence of virus was verified by an ELISA test on 22 July. 

()inly
CVMV infected plants were transferred to the field for seed production. Pods were harvested 
and seeds \Aere 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 each individual plant (using two leaves each fron the top, middle and bottom of each plant). Six 
plants of each line showing virus symptonts were also tested for the presence of PVY, tobacco etch 
virus (FIN) and PeMV. 

Results and Discussion 

Seed transnssion in lines tested ranged from 0 to 87% (Table 5). Symptoms of plants derived 
trom inlected 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 potyviruscs 
in the screenhouse was excluded. 
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The present finding on seed transmission (f CVMV in Capsicutm spp. contradicts other reports. 
The data, however may help explain the high incidence of CVMV in farmers' fields. Results of this 
study need to be confirmed. 

Table 5. Seed transmission of CVMV in Capsicum spp. 

L'SA Seed ELISA Seed 
Acc. no. positive/ total no. tra:nsrission Acc.no. positive/total no transmission 

tested tested %
 

14A 9(42 21 482 12/42 29
 
15A 5147 11 483 8/48 17
 
17R 14/46 30 484 8/48 17
 
104A 11/19 58 485 20/46 43
 
200A 4/11 36 486 29/47 62
 

269 0/14 0 487 16/36 44
 
352 12/42 29 488 0/47 0
 
436 9/43 21 489 7/38 18
 
439 18132 56 492 6/47 13
 
441 12/47 26 543 29/46 63
 
466 23148 48 548 22/40 55
 
467 25147 53 551 17/34 50
 
470 26/48 54 559 30148 63
 
474 40/46 87 561 21/45 47
 
477 26/48 54 562 7/48 15
 

478 11/47 23 563 13/48 27
 
480 32/49 65 564 38148 79
 
481 7/48 15 VC 83 27/47 57
 

Purificat~on 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. 

Materlfils 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 Vloten Doting and Jaspars (1972)1 was used. One part fresh leaves was homogenized 
in a Waring blender with the same volume of 0. 1 M K2HPO4 buffer, pH7. 1, containing 0.1 M ascorbic 
acid and 0.02M EDTA. The same volume of 1: 1 chloroform-butanol was added and the mixture was 
homogenized. The homogenate was 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 rain at 4'C (SS34 rotor). 

Van Vloten Doting, L. and fi.M. J. Jaspar, 1972. The uncoating of alfalfa mosaic virus by its own RNA. Virology 48, 699-788. 
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The pellets wyere resuspended in 0.(1 NI phosphate blffer pit7.0and subjectLd o IOt cycleS 01' 
IIoI 11,M0) i-pn10 ni) and high 145.0X rpuni90 amn) speed cellrilugatioll. The final pellet was 
Suspended ill 7.). volime of a soluition o (0.06 Ni MgS(). and0.01 phosphate Iulffer pl An Cqu.ial 
I.01 NI Nall'P( ). p1l 7M was added to the %iriUs After sandilig for two hours,solultion (25 nig,'lnl. 

the solution was (IX) Ing siCrISe illcentlifluged thllough a suicrose cutsluoiT nill 0.13 NI 1gSo. aind 
0(1 NI Nalll( at 23.0(X) rpi W inin at 4 U I(LcLklian n5 rotot ). The pellets scrc snspelded).).I f'll 

ill Nall-'(l' 11 7,0 c'lltani F 1% NaNk.
0.01 bumlet, p .(1X 1 NI)TA and (I) 

Immunization. Antnserum as, prpCiirCd hloiligh for seCCkh\ inllralltiscular injeclions on i 
rablbil. Ior the first I ml a sohntion IcU11aitmii! ').6 llg AMV) \was einlsified withLcctlin Mi0en 
I Il IrCnnd'S comlpleCC adljulamil. [le other thrce 1lljectiolls \werc done wilth reund's inlcomplce 
adjiuvatll. '[he rabbil \\ias I1cliolln. The ailtisCrnti as prCsrecd wilhfirst bled I weck altr the lal 

(.1)1 Na-a/ide helirc Irce/in
 

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

Purification. T A'finlriplied\as Oligiall.stlpplhcd h\ lIM.\ IlraunsciwCig aid inV'Vbria( 
lahactin) 'Xanthli'. 'eNIV was obtaitied frmnmi lurcil'l . (liversil of Florida and multiplied ill N. 
.Sx/icxlri.s. CVNIV was obtained fho tuijisakwa (japant) and mui aplied in P liniI vlrida. Vi is-in fected 
leaves were harvestcd two to thrce \%cks after ilocnlation. The Sallie purificaltiol Mitethod was tusCd 
fIr the three viruss. A modification of the method descrihcd hy Lisa etal. I198 1)lfir ile purification 
oI zcchiniyelhIiw inosa sed. ()Ie part fresh inaWaring bleider
icviru ,\as ea\'es was honmogeniized 

with 2 parts 0.5 NI KAIIPOi bulfler, p11 8.5, containing 1.)2 NI Na,So. (.(1 NI )II-CA and 1.0(15
 
M FDI)A.
 

The homot1g9enatC was filtCrCd through two lavers of cheesecloth. After adding I part FREON 113 
aid honitogeniiatioti, the imixture was subjected to low speed cnirifugation for 20 mili(5000 rpim 
at 4"'. GSA rotor). Supernate \%as fillercd throlu!h glass wool arid sul)iecied to a high speed 
centrifugation of 25,(X)0 rpn lot- IBcckmian 45 'l'Ihrcc hotirs 30 miil at4"( motor). Pellets were
 
resuispMIdCd in (1.)5 NI sodiuii citrate cotiaining (1.12 NI NaS() ptl 7.5 and cenutriluged al5(XX) 
rptn For 10 niiti at 4 'C'(SS 34 rotlir). The virus cotaining superriate was mixed with Cs I (10.4 g/nil) 
and centrifuged at 20,M)(1( rpi fo 18i hr at 10"C (lieckniai SW4 I rotor). The virus hand was collected, 
diluLtL wih f11.5 NI Na citral (1.0)2NaS0 buffer pi 7.5. Virus was poIleted by high speed 
cenlrilugationl at130,(X) rpri for 3 hr al4''C 1Ileckriai 65 rolo). The pellet was resusprCndCd in0.05 
M Na cilrate buffer pH1 7.5 atid ohscrvd undelrihe Ilccirorliiicroscope. 

, prepared 
coicenitration tiscd for the iijections was I. I to 1.3 ng'irl fIOr CVMV; 1.5 to 2 ing/iil for PeMV 
and 0(.6 toI 1.4 igl/lil for TEV. 

Immunization. Aritiser in sas using the nilletliod described above. Antigeni 

Cucumber mosaic virus 

Purification. Ali isolate (IW522) colilected friniI)pclcr in laiwan was used . 'he isolate was 
tultiplied ini L.eavcs harvested two weeks after irioculation. Theplants of Nicolianagluuino.xa. were 
viruis was purilied throtigh mnodificatit of' Lol's nilethtd (IIlt et al. 1972)'. One part fresh leaves 
was hoi .eni/ed in iaWaring blCder with two parts 0.5 M citrate butffer, pH 6.5, cottainirig 0.0(W5 
M EDTA and 0. I thioglycollic acid. The homiogntl was filtered throtgh two layers of cheesecloth 
arid clirified hy adding the saiie volutite of chloroftjri and homiogenization. This was followed by 
a low spCCd cCntrilugaionu al 9,30W rpn for II iin at 4C (GSA rotor). To thle supernale, 1(0'7PEG 

"
60(X) wis added and stirred for 3(0 Irin at4( .The virus was pelleted by centrifigatiott at 12,111)0 
rpi for I0 miil at 4"C liBeckniai 45 Ti rotor) anid resuspendCd in 5) ril of (1.(15 M sodium borate 

2lisa. ' , (G ioctarLt. (i i)'A i itin, (i )alhl\;allkmii) I dlAqlui 'IX (1M illnmllai i l)l rmis that cities. iharacl'rlma 

7 1:0 7 
c n It'i t .uci M airimi, I lbilllilt) it I'C.lude"(1 tl l ililqtt,(1it'ollkllllil'llt1mil. I]I t,m ua , i , ItIIsi)I( ilmh li niLand (' F,\aii 1972, ('(lilt 

im2 
1Ni ll:li WI(' V ). 

11 M elihodo, itaIlt rapidt %iits' A not.V I.\il 25-.38,(IC puitllIl I t t Iihul., -1(11), 

http:gluuino.xa
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buffer pH 9.0 containing 0.005 M EDTA. Triton X- I0 was added to 2 7 and the solution was stirred 
for 30 rini at 4"C. 

Afier centrifugat ion at 14.(X)0 rpm fOr 15 iun at 40C (SS 34 rotor), the virus containing supernate 
was subjected to a high speed centril'ugatiton (45.(X) rpm . 90 inin. 40C, FBeckman 65 p rotor). The 
virus pellet was resulpeded in 0.005 NI Borate-I .)T..\ hufter pH 9.0. and centrifuged at 200()O rpii 
Ior 10 rini at 4'C ieckinan 05 rotor). The virus, containing supernate was mi\ed with Cs2SO(4 to 
a final coincentration of 30( %k/w) 31id ,,!as Nubjected to a quasi-isopvciiic centrilugatiol it 35.00( 
rpmi I'Or 18 hours at 4 'C Beckman SW41 totur). 

The virus containing band was collected. mixed ,.iithlan cqual \olune of 0.005 M Borate-EDTA 
bufer pH 9.0 and cenirif'iged at 13.700 rpm for Itlin ati4"C' (SS 34 rotor). An 8:; PEG 60() 

wats added to tile stLperliae. ''Ihe ,,olltion was stirred o. 3)) 1i11 iw allow precipitaion of the virus. 

The \ if'us was pelletcd 1y ceutrilugaltitn at i tiymI)) C ("S3.1 rotor ) and resuspendedII 4t Min at 4 
of 0.(H)5 M Borate buffer pH 9.0. This ,ohlit0 01o1aunm., purifiCd \ iru', \,Is used to vie\ tile %Ir1,, 

II tie electioi microscpe and produce afilltlemll 

Immunization. Anltierul wka, preparcd ,, d,. -:ricd cailicr. The rabits received tour 
Iitaiii cIl ai inill ct m t I i ni l in ,oltino vntilinll 2 Iipin lied \ irus. 

Results 

AMV. Observation through an electron nicroscope Showed nutuerous unaggregated bacilliftbrm 
particles of three different lengths. The virus yield wias 192-2() tg/ 1000 g plant material. Using 
an extinction coefficient of F 0. I / 10 iim ;it 260 nmu= 5. I (Jaspars and Bos, 1990)", the virus 
conce ntraliin was calculated to be 19-20 mug/inl. In I-[.ISA. tile antiseirun clearly distinguished between 
healthy and virums-infeCted tissue at a concentraition of 10 ttg/nml IgG and 1/2M0 enzymne conjugate. 
A high antiserum titer of 8192 \was obtained through I)AS FLISA. 

TEV. Observation under an electron inicroscipe showed inieroLs unaggregated filatnentous 
particles. The yield \\as 4-8 mg virus per 100 g intfected leaves. Using an extinction coetficieni of 
E0. 1 '4 10 mm at 260 mini= 2.4 (Purcifil 1966). \ irus concentration was calculated at 0.8-1 .4 
rung / ill 

In EIISA. the antiseruni clearly distinguished bet\ccii healthy aind virus in fected tissue at a 
concenitration of It giil lgG and I 2) conjugate. The antiserum tiier obtained was 1024 through 
I)AS ELISA. 

CVMV. The electron iuicroscipe shoved mmumerons unaggrCg ited hug-lexuots rod particles. 
The yield was 20 to 82 mg virus per 1()) g infected lea\es. Using aiin extinction coetllicient of' 2.4 
(Kurstak 1981P/i, virus concentration was calculated at 1.2-11.5 I nil. 

In ELISA. tile antiserum clearly distinguished between healhy and virus infected tissue at a 
concentration of' I pg/nil. 'File antiserumi titer hainbied was 512 throngiT )AS FLISA. 

PeMV. Observation under an electronmiicroscope showed numerous uniaggregated liexuous. 
filamnentous paiticles. The yield was 15-41 ing virus per 100 g infected leaves. Using an extinction 
coeficient of 2.4 (Kurstak 1981). virus concentration was calculated at 3 to 4 iigiil. 

In ELISA, the antiserumn clearly distinguished between healthy and virus infected tissue at a 
concentration of I ig/nil IgG and I /2() conjugate. The antiserum titer obtai ned was 2048 through 
I)AS ELISA. 

CMV. Numerous unaggregated spherical particles were observed under the electron iticroscope. 
The virus yield was 29-137 mg/kg infected leaves. Using an extinction coel'ticient off E 0. I% / 10 
nun at 260 nm = 5.0 (1Franckie et al. 1966)', the virus concentration was calculated at 3-14 tugIil. 

4Jsjpars. E. M. J. and L..IBos t98i, Altltlta mosaic \,rwus. (NII/AAIB )escriptions ot Plt Virtses. 22 p. 
"Purcilull, D -., t. 9Wfi Some ploperties of Iobacco etch ,ires and its alkaline dcgadalmion pIodtIS. Vimrhg, 29:8-14. 

tKurstak. F'. 1t98). Iandbook of plant virus Intections (111:732-799. 
tranckie. R. J. iI. J. W. Randle, r'. C.Chainhers and S. I. Wilson 1t9(. Somtte properties of purified ct ctnbcr In ,ioic 

,ires () siratn). Virolog 28:721)-741. 
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In ELISA. the antiserumci cearly distinguished beimween healthy and virus infected tissue at aconcentration (it 1()pg/'nil IgG and 1/2(X) conjugate. [hie antiseruci tler obtained through DAS FLISA was 1024. 

Growth Characteristics of Phytophthora capsici 

Summary 

Pepper 
blight. cat,,ed 

( ap.%ium spp. )isalL'icted by many diseases which cause serious daciage. Phytophthora\Wh'V hra c1psici inits pepper production duringNo effIective chemicaI warm and rainy seasons.01ontrol Measure for [lie disease is yet available. This study aimed to determine(lctic sunablectemperature I6Owthe growth oflitlepathogen and inculurange of'28 ccentitrationc. A temperature-32' C was fcuund opt iluill c',rthe growth otifthe pathogen. The most suitable inoculumnconcC ellrralioll was t0) /ccospchles.,ccl. 

Introduction 

Pepper C(Capicum spp.) is widely cultivated. The plant r-quires abundant soil moisture, gooddrainage and relatively high temperature for good growth. Phytophthora blight caused by Phltophlhoracap.ic (I.eccian ) is very sercous particularly under warmWhcn the and hiuiid conditions.Lngus. P. tapsic i.attacks the stem near the ground, the stecn usually develops dull,w\ater stoaked lesions which spread rapidly, later becoiing dry and girdling the stem.dail~lge ofcthe steci. Following thethe leaves exhibit priciary wilting with no change in color. Then, the wholefcliage wills quickly and the plan[ eventually dies. )ischoration and destruction of the vascular systensocuelicies are observed inthe infected stei. Seedling symptcms are either drying or daciping off.The sludyy aied to determie the ef/ctcl' temperature
the reiaticiship hetweeci 

ci tile growth ofP.ctapsic and investigateiciocfluci decisity acid diseacse severity. 

Materials and Methods 

Effect of temperature 
S'lectced f'rcc 

on the growth of P. capsici A Phytophthora capsici isolate wasYang-Ming mountain and maintained oi a V-8 agar (10%"('' agar) V-8 juice; 0.2% CaCO3 ;incibated at 28 o for sevcn days.
Whecn the wholc plate was covered vith ciycelium, the agar was cut
diaCICeter) usine into small pieces (4rum ina cork hcrer. A piece of the agar block was placed on the center of a newplate usid1 a sterile fcrcep. V-8 agarIive plates were inccubalcd, each atgrowth cf P. 'd .c 200. 240, 280, 320 and 36°C. The',sirspecced and the dia ce ter 1'
its colony was cieasured daily. 

Relationship between inoculum density and disease development12012.34. Sieclnuacn and Blue Star. Pepper cultivars,were culhivated inthe greenhouse in6-in clay pots containingsterile poting inediin. The miediumi consisted ol soil, coipos, rice hull and sand at a ratio of5:3:3: 1.One plant 

each ici 

was kept ineach pot after gerination. Three pots were arranged as three replications for
culiiii decisity. Im culujci 5decisities werewas ciade 63 da) saft 
1(), 1., 1()3.102 and 10 zoospores/mil. Inoculationer planting (IDAP by drenching the soil surface of'each pot with I(X) ml zoospore
suspension . All po:s ineach concenttrationi 
 were inoculated at thewas evaluated at two-day ilcervals. Disease rating was 

sacne time. Disease developmentbased oci: 0filiage: 2 = no synuptomis:,hIle plant wilted 3 = blight ol'the whole plamt stei 
I = wilted top

dry and hard; and 4The cccspre suspension was plant dead. 
V-8 agar incubated 

prepared by prcpagat ing P.capsici on a 9 cmi-dianieter plate of'at 28"C for one week. When the whole plateand scme sporacigia cf tie pathogeni, the 
was covered with the iiyceliuniplate was horizontallyof' the agac bccck was iraiferrcd to an enply petri dish 

cut into four pieces. Each pieceand ihen iIrrther cut into about I cu 2 
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pieces using a knife. Sterile water was added into eac:h petri dish and the plate was shaken three times 
for 10-15 minutes (each time) to wash away tile nutrition. Sterile water was again added in each petri 
dish. and water level was kept just close to the surface of the agar hlock. The petridish w'is inctihated 
at 28°C for 24 hr to induce the growth of sporangia. 

All netri dishes were moved to a cool rooirll a a tenperature of 4°C for 30-60 nin. Suitahle 
temperature ranged from 0°C to 80 C. The petri dishes were again nioved hack to a room teniperature 
for 10-30 nin. This procedure inducCd the release of zoospores. Sterile water was added to wash 
away the zoospores froni the surface of tie agar bhck. T; , samples of zoospores were collected and 
dropped on the Henacytoneter and moved toa ctol roonl It 4"C for 5- I(1inin to stabilize the zoospores 
for counting. The lie macytoneter was taken out and put under a inicroscope t0 dCtermline tHite 
concentration of zottispores hcltrc preparirig the intILunt. 

Results and Discussion 

Effect of temperature on growth of P. capsici Table 6 shows tire colony dcv cloprcnlt 
ot P. capsici on potato dextrose agar (PI)A) incubated at different teniperatures. of which 24°-32"-C 
favored the growth of P. capsici. Temperature above 36'C completely inhibited tile growth of P. 
capsici. The optiniuni teniperature for the growth of' P. capsici on PI)A is 28-32'C. 

hi tropical or subtropical areas where the fungus is devastating, the maxiiu m (lay teniperatures 
are often higher than 36°C and night teniperatures are lower than 36°C. This tluctuation in tempera
ture under field condition is much different coiipared with the stable incubator at 360C. An environ
nuent with higher terrperature and huildity is niore suitable for the infection and developilent of P. 
capsic'i. 

Relationship between inoculum density and disease development l)ilferernces in 
disease developiient among cultivars were obvious among inoculuIn conccri rations. Disease 
development on highly susceptible Blue Star showed no significant difference at 10'. 13, 14 and 
105 zoospore concentrat ions in the later cValUations. although 105 zoospore showed a significant 
difference in early evaluations (Table 7). )ue to high susceptibility, Blue Star also showed disease 
developilent even at 10 zoospores/mil concentration. 

Table 6. Effect of temperature on the growth of Phytophthora capsici.
 
Temperature Diameter of colony (cn)'
 

I DAI y
(0C) 2 DAI 3 DAI 4 DAI 5 DAI 6 DAI Mean 
20 06c0 2.3 b 38 b 4.9 b 6.0 b 7.2 b 4.1 b 
24 1 1 b 3 1 a 46 a 6.1 a 7.3 a 8.8 a 5.1 ab 
28 1.5 a 34 a 51 a 6 7a 8.1 a 9.0a 5.6a
 
32 1.6 a 3.3 a 5.0 a 6.6 a 78 a 8.7 a 5.5 a 
36 0.6 c 0.6 c 0.6 c 0.6 c 0.6 c 0.6 c 0.6 c
 

'Dale incubated 1 August 1988 The original inoculutrn source was 0 5 Cn ulameter and included in the colony diameter 'DAI. 
days after inoculation 'Mean separation within columns by DMRT at 5% p'iobabili ty level 

Table 7. Effect of inoculum density on the development of Phytophthora blight In Blue Star.z 
Density Disease lndex y 

(zoospores/ml) 5 DAI 8 DAI 10 DAI 12 DAI 14 DAI 16 DAI 18 DAI 20 DAI 22 DAI 24 DAI Mean 
S 20a wl05 3.0 3.0a 3.0a 3.0a 3.0a 4.0a 4.0ab 40a 40a 3.3a 

104 07 b 1.3 1 23 ab 30 a 30 a 3.0 a 40 a 4.0 ab 4.0 a 4.0 a 2.9 a 
103 0.0c O.0c 1.3bc 2.0a 2.0a 2.0a 33a 33 abc 17 a 3.7a 2.2b 
102 0.O c 0.0 c 0.7 d 1.3 ab 1.7 ab 20 a 30 a 3O ac 3.7 a 3.7 a 1.9 b 
10 0.0 c 0.0 c 0.0 d 00 b 0.0 b 0.0 b 0.0 b 1.7d 2.3 b 2.7 b 0.7 c 
ck 0.0 c O.0c 0.O d 0.0 b 0.0 b 00 b 0.0 b 00 e 0.0 c 0.0 c 0.0 d 

'Date inoculated. July 20. 1988 YDisease index 0 = no symptoms. I = the top foliage wilted. 2 = the whole plan" wilted. 
3 the whole plant blighted 4 = the plant died 'DAI days after inoculation Mean separation within columns at 5% 
probability level by DMRT 
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Disease development on moderately susceptible cultivar, Szechuan. was shown clearly at I0 and 

104 inoculun densities. Disease did not develop at other concentrations (Fig. I). The final rating of 

the disease at 104 inocultum 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 
201234 in any inoculum concentration. Theseconcentration. I)isease did not develop on cultivar P1 

results confirmed the reported resistance of this cultivar. 
Figure 2 clearly shows that 105 1.) iore conspicuous differences1ind 

4 concentrations exhibited 
in disease index conpared to other densities and the control. The 10 concentration also showed a 

difference compared to 102, 101 and the control. A I& concentration (zoospores/ ml) was found to 

be the optimun concentration for screening of phytophthora blight resistance. 

3 -3 


2
2 

0 15 Ir 10 1010 

~ ~ 104--~ 10~- --- o
I04/ - I00-. Co 

0 / 0 

5 8 10 12 14 16 18 20 22 24 
5 8 10 12 14 16 18 20 22 24 

Days after Inoculation
Days after Inoculaion 

Fig. 1. Effect of Inoculum concentration on the Fig. 2. Effect of Inoculum concentration on the 
disease development of phytophthora disease development of phytophthora 
blight on Szechuan. blight on Blue Star. 

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- I and Chuan- 1) of Phytophthoracap.ici. Both isolates 
clearly produced susceptible reactions in each 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 peri'ad was suitable for evaluating resistance 
to P. capsici. 

Introduction 

The roots, leaves, steis and Iruits of pepper are attacked by many diseases. Pepper blight caused 
by Phyopithora capsici is a major problem during cultivation. In previous studies, high level of 
resistance to Phytopphthora blight was found in some lines. 

Field screening for disease resistance is expensive and frequently affected by adverse environmental 
and biological factors. A screening technique for large populations, preferably at seedling or vegetative 
stage is ideal to reduce costs and environmcntal effects. This experiment was conducted to determine 
the effect of pepper growth on disease development of Phytoplithora 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:cornpost:rice hull:sand, 5:3:1: 1).
Planting, in four replicates, started on 25 February 1988 and continued every two weeks. Plants at 
3, 5. 7, 9, 11 and 13 weeks old were inoculated on 26 May.

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

Results and Discussion 

On Blue Star, a susceptible reaction was produced by both isolates, Yang-I and Chuan-1, at each
of the six plant stages tested (Table 8). The disease progressed rapidly in each 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 confirned the finding of Reifschneider (1986)8 who suggested that the ideal 
artificial inoculation for pepper blight resistance screening is 45 days from sowing. 

Table 8. Effect of plant agez on disease development of P. capsici.y 
Weeks Days Disease x Weeks Days Disease"
after after index after after index 

planting inoculation (Yang 1) (Chuan 1) planting inoculation (Yang 1) (Chuan 1) 
13 4 

7 
10 
14 
17 
20 
24 

0 
1 
2 
3 
4 
4 
4 

0 
0.25 
1.25 
2.0 
3.50 
4 
4 

7 4 
7 

10 
14 
17 
20 
24 

1 
1 
2.75 
3.75 
4 
4 
4 

0 
0.5 
1.5 
4.0 
4.0 
4 
4 

11 4 
7 

10 
14 
17 
20 
24 

0 
1 
2 
3 
4 
4 
4 

0 
0.25 
1.75 
3.00 
4 
4 
4 

5 4 
7 

10 
14 
17 
20 
24 

0.75 
0.75 
2.25 
3.00 
3.25 
3.50 
4.00 

0.50 
1.25 
1.50 
2.50 
4 
4 
4 

9 4 
7 

10 

0 
1 
2 

2.50 
1.25 
2.25 

3 4 
7 

10 

0.50 
2.25 
3.00 

0.75 
1.75 
2.50 

14 
17 
20 
24 

3 
4 
4 
4 

3.25 
4 
4 
4 

14 
17 
20 
24 

3.00 
3.25 
3.75 
4.00 

4 
4 
4 
4 

ZCultivar: Sweet pepper Blue Star. lsolate: Yang-1 and Chuan.1. XThe values are the means of 4 replications. Diseaseindex: 0 -no symptoms; 1 - the top fo.age wilted; 2 - the whole plant wilted; 3 blight of the whole plant; 4 . plant complete , ,ied. 

Rcifchlacider. F.J.n. AC. Cafe-Filho and A.M. Rego. 1986. Faclors affecting expression of resistance to blight caused by P.capcisi inscreening
Iril%. Plant Path.. 35. 451-456. 
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Table 9. Effect of pepperz development on P. capsicl Infection.
 
Weeks 

after 
Days 
after 

Disease x 

index 
Weeks 
after 

Days 
after 

Diseasex 

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 2.75 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 2.0 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 1.00 1 
24 4 1 24 1.00 1 

ZCultivar: Hot pepper Szechuan. Ylso!ate: Yang-1. XThe values are means of 4 replications. Disease index: 0 no symptoms; 
I-the top foliage wilted; 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, 
COI 175 (PM 702), C00352 (PM 217) and COI1!76 (P1201234) were identified as highly resistant and 
II accessions were rated moderately resistant to the disease. 

Introduction 

Phytophthora blight, caused by Phto'Itho-a capsici, can be devastating on pepner grown during 
the hot and wet season. The use of a resistant variety ispresently the most practical method to control 
the disease. Seven very highly resistant lines, COO 13, C02227, C02230, C02284, C02289, COI 176A 
and TC3191 were identified from the resistance screening trials in 1987. A series of preliminary 
screening trials had been ,:omiucted to evaluate and select lines with high levels of blight resistance. 

Matetials 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 (III lines), 22 April (82 lines), 
22 June (148 lines) and 26 August 1988 (116 lines). Four checks, PI 201232 (highly resistant), PI 
2C1234 (highly resistant), Szechuan (moderately susceptible) and Blue Star (highly susceptible) were 
included in the experiment. Ten seedlings per accession per pot with two replic' ',ns were screened 
under greenhouse conditions. The inoculum source, P. capsici (isolate Yang-1), was propagated on 
V- 8 agar to prodace sporangia and induce the release of zoospores. The concentration was adjusted 
to 103 zoospores/ml and each 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 disease reaction was evaluated once aweek fbr a month and was rated according to: highly resistant 
(HR) = the mortality is less than or equal to PI 201234 or PI 201232 (<20%): moderately resistant 
(MR) = mortality is less than Szechuan (20-50%); moderately susceptible (MS) = mortality is equal 
to Szechuan (50-70%); and, highly susceptible (HS) = mortality is more than or equal to Blue Star 
(>70%). 

Results and Discussion 

Three accessions. CO 1175 (PM 702), C00352 (PM 217) and CO 1176 (PI 201234) 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 evaluated further. 

Growth Characters and Inoculation Methods of Anthracnose Pathogens 

Summary 

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

C. capsici grew more quickly than C. gloeosporioides 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 temperature for the development of C. calpsici on inoculated fruits was 28-32'C 
in sweet pepper and 36C 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 a.ffe:!-.d by a variety of diseases. One of these is frait rot caused by Colletotrichum 
spp. which reduces crop yield and market quality. Anthracnose or fruit rot has been considered one 
of the nwot serious diseases around the world. Chohan (1965)9 reported 10-75% yield loss in pepper 
due to anthracnose. 

Black (1986)10 reported that four species of Colletotrichum namely, C. capsici, C. 
gloeosporioides, C. acuitatu tnd C. coccodes, cause fruit rot in pepper. However, the major incitants 
are C. capsici and C. gloeosporioides. 

C. capsici and C. gloeoslporioides 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 
atar (PDA). In contrast, C. gloeosporioidescauses slightly sunken, dark yellow spots on the red ripe 
fruit and its conidia have rather dull or round ends. The colony shows white in the early stage, then 
easily 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 tile pathogen, 
determine the relationship between temperature and disease development and to search for the best 
inoculation method. 

9Chohan. J.S. 1965. Studies on variation and perpetuation of Collhtotrichtni c p.ici (Syd.) Bull & Bisb. causing fruit rot of 
chillies in Punjab. Jour. of Res. PAV. Ludhiana: 3. p. 10. 
tOBlack. 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 isolates 
of C. capsici and C. glueotslHoides were taken front naturally infected red and ripe pepper fruits 
collected fron AVRDC's experimental field. File infected tissue was isolated on PI)A plate and
maintained in illincubator at 280C for one week. The fungal colony was Cut into pieces 0.4 cut in
diameter using a cork borer. One piece was transferred to each new PI)A plate. Four plates, containing
each of the isolate and arranged as four replicates, were moved to live incubators set at 20' , 240. 
28', 320 and 36"C. 

The diameter of each colony illevery plate was measured ol the 10th day of incubation to determine 
the optimum temperature for growth of the two species. 

Effect of temperature after artificial inoculation. Ten red and ripe fruits of Blue Star,
Ching Yen, 5210, 622 and Szechuan were harvested front the experimental field, washed, dried and 
punctured with five pins within 5 um diameter. The fruits were placed on a layer of stainless netin five plastic trays. Sweet pepper. 5210. Blue Star and Ching Yeu were put in a larger (27.0 x
18.5 x 9.5 cii) plastic tray containing IN)0ml of distilled water. Hot pepper, 622 and Szechuan were 
placed in a smaller (20.5 x 12.0 x 6.5 cuf) tray containing 50 ml of sterilized water.

The conidia front lour-day old cultures of C. cap.sici were washed in a beaker. The conidia
concentration in the solution was adjusted to 3 x I06 spores/nil. The inoculunn was dropped on the 
punctured region of each frtuit.The plastic tray wis then sealed in a plastic bag to maintain high hurnidity
fr penetration aid dCvelpment of pathogens.

'
 'Trays were incubated at 20(.24". 28" , 32 and 36'C. 
Disease development was evaluated by rucasuring tihe 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. goeosporioides inocula 

were prepared in the sanie manner as in tie earlier experiment. Inoculation was done by: 1)pttincturing
tile 1 '
fruits %%fili five pins within a 5 mm diameter area using a spore suspension of'3 x spores/mill
dropped oi the 

0 
punctured region: 2) soaking fruits iii spore suspension (3 x 10" spores/mil) and

moving tlieii out immediately; and 3) unifornily spraying the fruit's surface with spore suspension
(3 x 10( ' spores/mil). 

iach tray was also sealed ina plastic bag to inaintain high humidity and incubated at 28'C. 
Evaluation of the puncture method was done by ineasuring the lesion diameter. The two mnethods 

were evaluated by counting the developing lesions. The disease scale used was 0 no lesion; I = = 
I to 2: 2 = 3 to 8,3 = 9 to 15: 4 = more than 15 lesions per fruit. 

Tlo con pare the various data obtained fron difflerent inoculation methods, tie correlation coefficient 
(r) between disease dcvclopmient and days after inoculation (DAI) was also calculated. 

Results and Discussion 

Effect of temperature on growth of C. capsiciand C.gloeosporioldes. The C. capsici
colony on PI)A was white in the early stage, turning gray after rapid growth. Light to dark gray
aerial miycelia forned over the surface of the colony, sonetimies showing diurnal zones illdensity.
Spore droplets were pale buff to s.allnon. Ilcontrast, the colony of C. gloeouwHoides on PDA was 
grayish white to dark gray. Conidia was coninionly a pale salnioniiiass. 

Table 1oa shows 28-32'C as tileoptimum teliperature for the growth of' C. capsici. Growth at 
24 ard 20'C was much slower than at 28-32'('. Growth was suppressed at 36°C. Inicontrast, 28'C 
was the optimuni tetiperature for the growth of C. gloospoiaeides (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 II. The disease developed very slowly at 20'C. Disease development on sweet pepper fruits 
was significantly faster at 28-32°C than at other temperatures. On hot pepper, disease development 
was fastest at 36°C. Therefore, 28-36'C is the optinium temperature range For the development of 
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Table lOa. Effect of temperature on the colony development of C. capsici.z 
Temperature Colony size (cm diameter y) 

('C) 8/3 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 
20 0.4 d' 1.3 c 2.0 c 2.8 c 3.6 c 4.6 c 5.3 c 6.4 c 7.3 c 
24 0.5 c 1.5 b 2.5 b 3.4 b 4.6 b 5.6 b 6.4 b 7.5 b 8.6 b 
28 O.1 a 1.9 a 2.9 a 3.9 a 5.4 a 6.8 a 7.7 a 8.7 a 9.0 a 
32 1.O a 2.0 a 3.0 a 4.0 a 5.5 a 6.9 a 8.0 a 8.6 a 9.0 a 
36 0.8 b 1.2 c 1.1 d 1.4 d 2.0 d 2.3 d 3.3 d 3.9 d 4.8 d
 

ZIncubated 2 August 1988. lincluding the original source (0 4 cm diameter) 
 'Means within acolumn followed by the same 
letter are not significantly different at 5% level by DMRT 

Table lOb. Effect of temperature on the colony development of C. gloeosporloldes!z 
Temperature Colony size (cm diameter y) 

(0C) 8/3 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 

20 0.4 c 1.3 c 2.0 b 2.8 b 3.8 b 4.7 c 5.3 b 6.0 c 6.8 c 
24 0.4 c 1.4 b 2.3 a 3.3 a 4.7 a 5.1 b 5.8 a 6.6 b 7.3 b 
28 0.7 a 1.7 a 2.5 a 3.3 a 5.0 a 5.9 a 6.1 a 7.2 a 8.0 a 
32 0.5 b 1.4 bc 2.0 b 2.7 b 3.8 b 4.4 d 4.7 c 5.5 d 5.8 d 
36 0.4 c 0.4 d 0.4 c 0.4 c 0.4 c 0.4 e 0.5 d 0.5 e 0.7 e
 

ZIncubated: 2 August 1988 Replication: 4 plates as four replications YIncluding 
 the original source (0.4 cm 
diameter). '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.z 
Peppery Temperature Diameter of lesion (cm) 

(IC) 3 DAI' 7 DAI 10 DAI 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 2.21 
36 0.27 0.89 1.56 2.16 

wMean 20 0.03 a 0.22 b 0.41 c 0.76 c 
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 2.52 a 
36 0.14 a 0.72 ab 1.31 ab 1.93 ab 

1fnoculated: 2 August 1988. 10 hot pepper/fruits 5 sweet pepper/fruits were inoculated. Inoculation concentration: 3 x 10b 
spores/ml. Evaluated: 5. 8, 12. 16 August 1988. YSweet pepper, Blue Star, Ching Yeu & 5210. Hot pepper, Szechuan &
622. XDays after inoculation. WMeans within a column followed by the same letter are not significantly different at 5% 
level by DMRT. 

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

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 

IIlordue. 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 diseases and their control. p. 512-515. 
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Table 12a. Effect of Inoculation method on anthracnose developmentz 

Inoculation 	 DAI 
Cultivar 	 method 3 7 10 14 17 

Szechuan 	 puncture y 0.00 0.00 0 00 0.00 0.06
 
soak 0.00 020 030 0.70 1.30
 
spray 0.00 0 20 0 60 0.70 1.50
 

622 	 puncture 0.00 008 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 2.25 3.38 4,00 4.00
 

Blue Star 	 puncture 0.00 0.22 0.68 1 28 1.92 
soak 0.13 0.88 1.75 3.25 3.50 
spray 0.38 113 250 375 4.00 

Ching Yeu 	 puncture 0.08 0.28 0.86 1.31 1.80
 
soak 0.13 1.13 2.25 3.13 3.38
 
spray 0.00 1.38 2.50 3.50 3.75
 

1Inoculated. 18 July 1988. 10 hot pepper/fruits 8 sweet pepper/fruits were inoculated, Inoculation concentration 3 x 10b 
spores/mIl Evaluated. 21. 25. 28 July. 1 & 4 August 1988 YThe puncture method was evaluated by measuring tile lesion 
diameter: the soaking arid spraying methods were evaluated by disease scales (0.4). 

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

Cultivar Inoculation method
 

puncture soak spray
 
Szechuan O.4707 z 0.7980 0.88'j 7
 
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 

Squdre 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 disease developed slower on green fruit than on the ripe 
one. Fruit maturity affected disease severity but not the infection caused by the pathogen. 

Introduction 

Anthracnose is mainly caused by Colletotrichum gloeosporiodes 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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Materials and Methods 

. Oneswet pcpper, Blue Star and two hot peppP1 !tivars, Szechuan.and PI201234 we re p!anted 
in 7-in diameter clay pots with growing media of' soil:compost:rice hull:sand at 5:3: :1 ratio. When 
plants reached the flowering stage, atag indicating the date of flowering was hung on the flower stalk. 
A tag was hung at weekly intervals to ensure the collection of different mature fruits. Both green 
and red fruits of each cultivar were harvested on 17 October 1988. Ten fruits for every cultivar were 
collected randomly at each maturity level. The fruits were washed, dried and placed on a stainless 
net laser in plastic trays (20.5 x 12.0 x 6.5 cm) containing 50 ml of distilled water. The surfaces 
of the fruits were uniformly sprayed with a mixed spore suspension (3 X 106 spores/nl) of C. 
glo'slmorioidesand C. capsici. The trays were sealed individually in a plastic bag to maintain high 
humidity and incubated at 28"C. 

Disease development was evaluated once a week by counting the developing lesions. The disease 
indices were: 0 = no lesion; I = I to 2: 2 = 3 to 8; 3 = 9 to 15; 4 = more than 15 lesions per fruit. 

Results and Discussion 

Blue Star showed a significant difference in disease development between ripe fruits and green 
fruits. The older the fruit the earlier the disease development (Table 14). The disease was more serious 
oin mature fruits than on green fruits.

Disease development in hot pepper, PI 201234, was the same as insweet pepper. This line appeared 
more susceptible to the disease which developed more easily and severely infected both ripe and green 
fruits (Table 13). 

Szechuan was fbund more resistant than PI 201234. The disease developed slower in either ripe 
ur green fruit than in PI 201234 (Table 13). The more mature the fruit is,the higher the disease infection. 

Results showed that anthracnose pathogens attacked both ripe and green fruits although disease 
development was slower inthe green fruits than the ripe fruits. Fruit maturity affected disease severity. 

Table 13. Effect of fruit maturity on anthracnose development In pepper. 
Disease Index y 

DAFxVariety DAIZ 
60 56 53 46 39 32 25 18 11 

Blue Star 4 
11 
18 
25 

O(R)W 
1.00 
2.00 
4.00 

O(R) 
1.00 
1.50 
3.50 

O(RIG) 
1.00 
2.00 
4.00 

0(G)w 
0 
1.00 
2.00 

O(G) 
0 
0 
1.00 

O(G) 
0 
0 
0.67 

O(G) 
0 
0.25 
0.25 

P1201234 4 
11 
18 
25 

O(R) 
2.50 
4.00 
4.00 

O(R) 
2.50 
4.00 
4.00 

O(R/G) 
2.00 
4.00 
4.00 

O(G) 
3.22 
4.00 
4.00 

O(G) 
2.00 
4.00 
4.00 

O(G) 
0.14 
3.57 
3.71 

O(G) 
0.66 
3.56 
3.89 

Szechuan 4 
11 
18 
25 

O(R) 
1.17 
2.50 
3.33 

O(R) 
0.50 
2.00 
3.50 

0.56(R) 
0.11 
2.56 
3.22 

O(R/G) 
0.33 
1.67 
3.67 

O(GIR) 
0.67 
1.67 
2.83 

O(G) 
0.06 
0.45 
1.90 

O(G) 
0.25 
0.50 
2.00 

O(G) 
0.38 
3.50 
4.00 

O(G) 
0.06 
0.35 
2.05 

'DAI; Days after artificial inoculation. The spore concentration 3 x 1 0 sporesiml was used, Inoculated 17 October 1988. 'The 
disease index used was; 0 - no lesion: 1 = I to 2; 2 - 3 to 8; 3 - 9.15; 4 - more than 15 lesions per fruit. XDAF: Days 
after flowering. WRred fruit: G: green fruit. 

Screening for Anthracnose Resistance 

Summary 

A total of 305 accessions were screened for anthracnose resistance in 1988. Two accessions, C01826 
and C02220 were identified as very highly resistant. Lesions failed to develop on the fruit aflter artificial 
inoculation. Eight accessions - C00632, C00708, C00918, C01 172, C01676, C01768, C01777 and 
C01807 - were rated highly resistant. 
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Introduction 

Pepper is affected by a number of diseases. Fruit rot. mainlv caused b) Colh'ttriclun
gloeosporioides alid C. cap.sici, is one of the most serious diseases that reduce the crop yield andmarket quality. Although use of chemicals can reduce disease development, varietal resistance is still 
more eflicient in combating the disease. A series of screening trials was conducted in 1988 to identify
anthracnose resistance sources which may be useful fir breeding programs. 

Materials and Methods 

A total of 305 accessions were tested. Ten red and ripe fruits of each entry were collected I'rom
the GRSU plantings. The fruits were washed with tap water, dried with paper towels and puncturedwith five pins within 5 mm diameter. Ten fruits were placed on a layer inside platic trays containing
50 ml af sterilizcd water. 

The conidia fron lour-day-old cultures of C. tcajsici and C. gloeosporioide's grown on PDA in
petri dishes were washed off in a beaker. The conidial concentration was adjusted to 3 x 10'
spores/ml. The inoculum was dropped on the punctured region of each fruit. The plastic tjav was
sealed in a plastic bag (to maintain high humidity to allow penetration an( development of pathogen)

and kept at room temperature.


The disease was evaluated by measuring the diameter of the developing lesions, twice a week
for three weeks lbllowing inoculation. )isease reaction was rated as very highly resistant (VR) = 
the lesion failed to dcvelop: highly resistant (HR) = the lesion dianteter is0-0.5cm: moderately resistant
(MR) = the lesion diameter is 0.5-I cii: moderately su:sceptible (MS) = the lesion diameter is 1-2
cni: highly susceptible (HS) = the lesion diameter is more than 2 cm. 

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

Results and Discussion 

C01826 and C02220 were Iuund without lesions, and thus were rated very highly resistant. Only

lesions of less than 0.5 cn diameter developed on accessions C(X)632, C00708, C00918, C01 172,

C01676, C01768, C01777 and C01807. 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
moderately 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 fbliar disease of 
pepper worldwide. o' develop an effective resistance screening method, infiltration, puncturing,
atomization and mechanical inoculation were investigated. The optinuni inoculation concentration 
was 10' cfu/nml for puncturing, atomization and mechanical inoculation and 105 for infiltration.Although susceptible pepper plants could develop bacterial spot synptoms through these inoculation
methods, atomization seemed to be more practical fbr mass resistance screening. The optimum
inoculation pressure was 1.5 kg/cm2 and optimuni age was when plants reached 5-7 true leaf stage.
The different disease reactioi" in susceptible, incompletely doninant and completely dominant resistant 
pepper varieties need further in1vestigation. 

Introduction 

Bacterial spot of pepper, caused by Xanthonoa camlestri. pv. vesicatoria (XCV), is one of
the major fbliar diseases which cause considerable reduction in pepper yield and fruit quality. A windy,warm and rainy climate favors disease occurrence and development. The pathogen infects all the 
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aboveground parts of tileplant. When it attacks the leaves, these may become ragged, turn yellow 
and drop.
 

AVRDC recently b~egan research oi 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 tilesuitable conditions for artificial inoculation. 

Materials and Methods 

Inoculum preparation. The isolates XVPle, (race 1).XVP3 (race 2) anid XVPI4 (race 3)
of X.camlwstris pv. vesicatoria were used in the experiment. 

The inoculun was prepared fron a dense bacterial suspension of a 24-hour-old culture on 523 
dKado and Heskeh 1970)'p medium slants incubated at 32°C. On each of 523 plates. 0.2 ml of 
bacterial suspension was placed and fully spiead out. The plates were incubated at 32°C for 24 hours. 
Bacterial cells Aerc washed from the plates and suspended in distilled water. The suspension was 
passed 'hrough four layers of cheesecloth. Bacterial concentration was determined by a 
spectrtophotometer Jascto. UVIDEC-340) at a wave length of 600nm. The cfu/nil values of the three 
bacteria races wcre determined based on ).1).the regression of absorption values. 

Effect of Inoculation Methods on Symptom Development 

Four inoculation methods - inftiltation. puncturing, mechanical inoculation and atomization 
were tested. Thirty-day-old seedlings of Early Calwonder and isolates XVPI6. XVP3 and XVPI4 
were used. l)istilled water was used as a control with six replicates for each treatment. Ratings were 
taken daily for three weeks following the inoculation. 

Infiltration. All fuly expanded leacs per plant "erefull injected with 105 and 108 cfu/ml each 
of the three races. The area near the miidrib %%aspunctured through the hypodermis with hypodermic 
needle. The bacterial suspension was injected in this punctured wound by a l-ml syringe. Inoculated 
seedlings were transferred to the screenhouse where temperature and relative humidity ranged from 
23.5 to 35(C and 52 to IN)V%. respectively. 

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

Mechanical inoculation. Test plants were dusted with carborundum (600 mesh). A cotton 
swab was dipped into the bacterial suspension ( 108cfu/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 suspension 
I08cfu/ml) using allatomizer at 1.16 kg/cmr 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, 106, 10', 10 and 5 x 108 cfu/ml of 
XVPI6 (race 1)were tested. Three susceptible pepper varieties, Blue Star, Early Calwonder and Florida 
VR2 (with BS1 gene), were u:,ed. The 30-day-old seedlings were inoculated with an air brush at 1.5 

l 2kg/cm . The control seedlings were inoculated with distilled water and there were six replicates for 
each treatment. The percentage of lesion coverage per plant was investigated 12 days after inoculation. 

IIKato. C. t.. and M. . Kckll. 770. Selective inedia forisolation of Agrobaclerium, Corynebacteriurn, Erwinia. 

t'seudonionas.. and Xanihoniona,. Phylopathology. 00.9,69-976. 
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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 inoculuin, a bacterial suspension of 108cful'ml of XVPI6. '.as 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 Calwnder werc sown in clay pots 
and thinned to one plant per pot. The 30. 50. 71, 81 and I Il -day old plants wer,: selected and inoculated 
at the same time. A bacterial suspension of 10 cui/mil was spraycd with an air brush at 1.5 kg/cm2 

pressure. There were tour replicates per treatment. The percentage iof L.-sion coverage was determlined 
12 days after inoculation. 

Results and Discussion 

Effect of inoculation methods on symptom development. Early Calkondcr could be 
infected by Xanthmoas campestrispv. vesicatoria races I, 2 and 3 with each of the four inoculation 
methods. All races developed water-soaked lesions although at different times. 

On the third day after infiltration, infected leaves exhibited water-soaked spots at the infiltration 
areas with all XCV races at a 108 cfu/ml concentration, then assumed a dehydrated appearance. When 
leaves were injected with 105 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 cfu/nil 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 hypodernis; spots then became brown and leaves turned yellow. 

On the third (lay after inoculation by atomization (1. 16 kg/cm', water-soaked spots appeared 
on *he leaves and became dark brown with yellow halos two weeks after inoculation. 

All four inoculation methods caused the disease. However, infiltration caused more damage on 
the leaves. With too deep punctures, damage on the leaves easily occurred. With mechanical inoculation, 
leaves turned yellow easily 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 disease parameters in all pepper varieties tested. Varieties tested did not significantly differ (at 
5% level) in their disease reactions, when inoculated with XCV at l0 8 and 5 x 10 

8 cfu/ml. 

Table 14. Effect of Inoculum density delivered by atomization on security of bacterial spnt on 
pepper. 

Inoculumz density Area per leaf infected (%)Y 
(cfu/ml) Blue star Florida VR2 
5 x 108 14.2 a x 19.3 a 

Early calwonder 
17.8 a 

108 12.5 a 16.4 a 14.7 a 

107 0.1 b 0.9 b 0.4 b 

106 

'Tested plants were 

0.0 b 

inoculated 30 days after sowing by an 

0.0 b 

air brush with 1.5 kg/cmY pressure. 

0.0 b 

YMeasured at 12 day., after 
inoculation xValues follk, d by the same letter within each column do riot differ significantly at 5% level by DMRT. 
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Effect of inoculum applic-tion pressure on disease severity. Increasing inoculation 
pressures (1.0, 1.5, 2.0 and 3.0 kg/cn) through an atomizer did not enhance the disease parameter

i 2in Blue Star and Florida VR2 (Table 15). However, the 3.0 kg/cm inoculation pressure caused 
damage in all pepper varieties tested. 

Considering the low disease parameters in Early Calwonder with a 1.0 kg/cm2 inoculation 
pressure and to avoid possible harm to the plants tested. 1.5 kg/cm2 pressure was chosen for the mass 
resistance screening test. 

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

Conclusion 

After plants developed 5-7 true leaves, atomizer inoculation at 1.5 kg/cn . using a bacterial 
suspension of 108 cfu/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. 

InoculationI pressure Infected area per leaf(%) y 

(kg/cm ) Blue Star Florida VR2 Early Calwonder 

3.0 25.3 A' 22.2 A 22.5 A 
2,0 17.8 B 20.2 A 19.3 A 
1.5 218 A 232 A 17.5 AB 
1.0 23.5 A 21.2 A 11.8 B 

Plarit; were inoculated 30 days after sowing with a bacterial suspension of 10 cfu/ml VMeasured 14 days after 
inoculation Values followed by the same letter within each column do not dfer significantly a, 5% level by DMRT 

Table 16. Effect of plant age on disease severity of bacterial spot In pepper Inoculated by 
atomization. 

Iiculationz dateInfected area per leaf (%)Y 
Blue Star Florida VR2 Early Calwonder 

30 12.5 A' 23.3 A 19.0 A 
50 12.3 A 14.0 B 10.5 B 
70 13.0 A 11.O C 11.3 B 
81 8.3 B 11.8 C 10.0 B 

111 11.1 B 2.3 D 1.1 C 

'Days after sowing to pot Test plants were inoculated with an airbrush at 1 5 kglcm2 pressure using a 10 
8 cfu/ml bacterial 

suspension. YMeasured 12 days after inoculation. Values followed by the same letter within each column do not differ 
significantly at 5'4, level by DMRT 

Race Distribution of Xanthomonas campestris pv. vesicatoria 

in Taiwan 

Summary 

Bacterial spot of pepper and tomalo, caused by Xanthomonas campestris pv. vesicaloria(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 Xanthomunas campestris pv. vesicaforia (Doidge) Dye (XCV), is a major
problem in pepper (capsicum annmun L.). l)iffrent races of the pathogen with difterent pathogenicities 
to pepper varieties have been found. Xanthonionas campestris pv. vesicator'ai race I is predominant
in most pepper production areas worldwide (Cook et al. 1982)12. Race 2 is round only in Florida. 
Race 3 was recently identified in the same place by Hibberd et al. (1987), . This study aimed to 
identil'y 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 Hualien in 1988. Six isolates 
(collecled from pepper and tomato fields) originated from Dr. S. T. Hsu (Department of Plant Pathology.
National Chung VIsing University. Taichung) and 12 isolates were obtained from pepper fields at the 
Taiwan Agriculture Research Institute in Taichung. 

InocttlunI was prepared from bacteria grown on 523 (Kado and Heskeh 1970) at 32°C flor 24 
hours. Bacteri: cells were collected from the plants and diluted with sterilized distilled water to a 
,:oncentration of (cfu/nil by at nm length). TheIO determined a spectrophotometcr. 6(X) wave 
bacterial suspension was injected into the leaves using the inliltration technique described by Hibberd 
et al.(1987). One-month old seedlings were used and the three youngest fully expanded leaves below 
the first fork were infilrated. Inoculated plants were incubated in a plastic shade house where 
tmlperatures ranged from 21 to 32'C. 

Race identification was made on C. annuum ECW-IOR (BSI ,ene), 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-IOR and hypersensitive responses (HR) in both 3-25-27 and 
ECW-30R were classified as race I of the bacterium. Those that induced HR response in both ECW-IOR 
and Line 3-25-27 and a susceptible response in ECW-30R were classified as race 2. Those that only 
induced HR in Line 2-25-27 were classified as race 3. 

Results and Discussion 

Races I,2 and 3 were found in Taiwan (Table 17). Of the 45 isolates collected, 27 were identified 
as race 1.5 as race 2 and 13 as race 3. Based on this preliminary survey, race I seems to be dominant 
in Taiwan. 

More XCV isolates Ironi 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. veslcatorla. 

Reaction type
Pathogenit, race ECW-lORZ 3-25-27 ECW-30R 

. . . . .(BS1) 	 (BS2) (BS3) 

1 	 SY HR HR
2 HR HR S
 
3 S HR S
 

'Different cultivar name (resistance gene) S susceptible (virulent reartion): HR hypersensitive (a virulent reaction):
 

12(.Cok. A A ., and Sall,R.. 1982. )istribution of race .of Xanthomona. vest'atoria pathogenic on pepper. Palat Disease 

66:388-389.
 
1iHiehh rd, A. N ,Stall. R. t- ard Bassett. N. J. 1987. )rffercnr phenotypes associated with incompatible races and resistance 
genes in bacterial spol disease of pepper. Plant Disease 71: 1075-1178. 
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Screening of Germplasm for Root Knot Nematode Resistance 

Summary 

Root knot nematode Meoidogyne in'ognira infects pepper worldwide and causes considerable 
loss in yield. Resistant varieties are not yet ax.ailable. Screening of germplasin for resistance to M. 
incognita was initiated. Of the 112 accessions screened. 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 neniatode (Mchidognt, inco'nita) has been reported to be pathogenic to pepper producing 
symptoms such as yellowing of the leaves, reduced leaf size, shortened petioles, stunted plant growth, 
shortenine of roots, etc. Resistant varieties are not yet available. The icreening of gcrmplasni for 
resistance to M. in'o,,niia was initiated. 

Materials and Methods 

One hundred and twelve Capsicum accessions randomly selected from GRSU collection were 
screened. Three seeds of each accession were sown in 5-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 seedlings were thinned to one per pot 
and inoculated with I(XX) freshly hatched juver.iles of . imvognita per pot. The inoculuni was obtained 
'ron 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 nun9'er of galls and egg masses per plant were recorded. Roots were rated tor galling on a scale 
of I to 5, and the resistance levels were categorized as follows: 

I = no galls, no egg masses - highly resistant (HR) 
2 = I to 10 galls and/or egg masses - resistant (R) 
3 = II to 30 galls etc. - moderately resistant (MR) 
4 = 31 to l(X) galls etc. - susceptible (S) 
5 = 101 + galls etc. - highly susceptible (14S) 

Results and Discussion 

Disease reactions anioig the 112 accessions varied markedly and ranged front highly resistant 
to highly susceptible (Table 18). Twenty accessions were classified as highly resistant namely C104A, 
C466, C474, C476. C490. C543, C550, C551, C561, C563, C573, C574, C584, C585, C590, C602, 
Cl 171, Cl 173, Cl 175. Cl 176: 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 No. of accessions % 

HR 
R 
MR 
S 
HS 

20 
7 

12 
26 
48 

(17.7) 
(6.2) 
(10.6) 
(23.0) 
(42.5) 
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Evaluation of Generative Characteristics of Capsicum 

Summary 

Forty-eight sweet pepper and 40 hot pepper lines were investigated lIOr generiti. characterislics 
and fruit set under hot summer conditions. Results showed that most Gpsi urn plants are relativel)
tolerant to high temperature in terms ot generative characteristics and fruit set. I-iowc, or. both capsficu 
types were sensitivc to soil temperatuie\ exceeding 30'C. 

Introduction 

The shedding of floral bud,. low crs, and partially developed fruits in cp.V(11m plants isa general
phenomenon. Reports claim that the Nicld is seriousl) reduced in *he hot season. cause of thisThe 
shedding tinder high temperature conditions is not well understood in Capsicutm plants. This study
aimed to investigate the generative characteristics related to yield and yield components in hot and 
sweet pepper. 

Materials and Methods 

Seeds 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. Plots \scre arranged
in a randomized complete block design with three replicates. Each plot was composed of 30 plants.
One plant from each replicate was randomly tagged. The flowers and fruits were counted two times 
a week. At four and eight weeks fron transplanting, 20 newly-open flowers of each replicate were 
randomly sampled and investigated for number of corolla lobes, percentage of style exscrtion, length
of exserted style. :ard frc,,h and dry weights of ovary. Mature fruits of each replicate were investigated
for the number of fruit per plant, average fruit size, number of seeds per fruit, and fresh and dry
,,eights of' fruits. Yield, yield component. and other growth and quality characteristics were also 
investigated. Mean .naxitnuni 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 
east row was ahout 3-4'C higher than the west row, because the east slope of raised bed received 
more soilar radiation than the west slope. Both hot and sweet peppers were sensitive to this increased 
soil temperature in the east row. Plant heights of both Capsicums in the east row were about 87% 
(If the west r(\w ''able I I. The decrease in plant height evoked by the increase in soil temperature
ranged froin no reduction it) 24 reduction fr hot pepper. and no rec' ction to 20'7, 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). These results suggested that potential fruit size of Capsicumt 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
 

15ignificant difference by t-test at 
 1% ( 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. 

Characteli ztis Hot Pepper Sweet Pepper 
Mean Range Mean Range 

No. ,.' :lowers/plant 142 54 337 45 16 108 
No. of petals/flower 5.6 5.1 6.1 6.2 4.5 6.7 
Length of exserted style (mm) 1.9 0.8 3.2 1 3 0.7 2.4 
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./plant 64 23 332 14 3 39
 
Total fruit set (%) 71 8 100 41 12 86
 
Marketable fruit no./plant 17 1 50 10 0 29
 
Fruit fresh wt. (g)/fruit 5.1 1.6 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, distrib," n of dry matter, 
and fruit-,-t were observed during 120 days of growing period. High temperature reduced fruit-set 
and causLa 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. 
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Not much is known about water uptake or water requirement of Capsicum plants as related to 
growth and yield under different 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 ui ,ke was recorded daily. Mean maximum/minimum 
temperatures during the 120-day growing 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 each 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 notential. Both 
Capsicum plants had low NAR's when they were grown under decreasing temperature conditions. 
[he higher total dry matter production in hot than in sweet pepper (Fig. 3) cou!d 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 Inthree seasons. 
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Fig. 2. Changes In net assimilation rate of Capsicum plants grown In three seasons. 
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Fig. 3. Total dry matter and dry matter partition of Capsicum plants after 120 days In 
three seasons. 

Table 3. Fruit yield, yield components, seed number and water consumption of Capsicum plant, 
grown In three seasons. 

Market. Market. Water 
Pepper type Planting fruit yield fruit no. Fruit wt. Seed no. use 

(g/plant) (/plant) (g/fruit) (/fruit) (I/plant) 
March 120 bz 36 b 3.3 b 16 85 a 

Hot Aug. 398 a 87 a 4.6 a 20 57 b 
Dec. 369 a 77 a 4.9 a 15 60 b 

March 627 b 12 52.5 c 62 73 a 
Sweet Aug. 819 b 10 80.5 b 62 39 b 

Dec. 1,467 a 13 115.9 a 70 50 b 
Means separation within column ofsame 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 least fruit-set rates in March, and hot 
pepper had a higher fruit-set rate than sweet pepper. Even though fruit-set of both Capsicums was 
low in March, they still produced fruits under high temperatures (Table 3). The number of seeds per
fruit of both Capsicum 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.e. 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 yield as it affected both floral development 
and plant growth. Flooding increased activity of cellulase in the basal stem, and alcohol dehydrogenase 
and nitrate reductase 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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evaluate some of the physiological responses of sweet pepper and hot pepper plants to short term 
flooding, especially biochemical processes associated with soil anaerobiosis and post-flooding recovery 
in terms of growth and yield. 

Materials and Methods 

Seeds of sweet pepper Blue Star and hot pepper Passion were first sown in seedling flats. Seedlings 
were later transplanted to PVC pots (30 cm x 35 cm) with one plant/pot on 17 June 1988 and grown 
in the greenhouse. Five treatments consisted of (I) well-watered control without flooding, (2) flooding 
to 1-2 cm above soil surface fbr 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, each composed 
of two plants. Means (and ranges) of nmaximuni and minimum temperatures (C) during the experiment 
were 35. I (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 area, and chlorophyll and NPK contents in the petiole of middle canopy were 
investigated. At 16 weeks 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 cellulase 
activities in hot pepper (Figure 5). No apparent increased activities 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 aerenchyma 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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Fig. 5. 	Effect of one or three-day flooding at three or six weeks after transplantingl (WAT) 
on cellulase activities In the basal stem of Capsicum plants. 
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and consequergly 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 
investigation. 

Further analysis of NR in the fibrous rout system indicated that flooding increased its activity,
especially with long days of flooding after transplanting (Fig. 7). A large increase of nitrite was 

ADH /Hot Pepper ADH/Sweet Pepper 
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Fig. 6. Effect of one or three-day flooding at three or six weeks after transplanting (WAT)
on ADH activities In the fibrous root system of Capsicum plants. 
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Fig. 7. Effect of one or three-day flooding at three or six weeks after transplanting (WAT) 
on NR activities in the fibrous root system of Capsicum plants. 
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observed in both Capsicum plants at one week after three days of flooding imposed at three weeks 
after transplanting, It is suggested that nitrate in the root can serve as an electron acceptor and alleviate 
the stress under anaerobic conditions. Therefore, the increased NR activities in Capsicum plants in 
response to flooding may enable the plants to resist anaerobic str'ess by the reduction of nitrate, especially
at early plant growth. In this connection, it would be worthwhile to examine in the future whether 
the enhanced nitrate fertilization immediately after flooding can reduce the magnitude of damage.
Increased NR activities may cause less ADH activities of the root system in the same stage of plant 
growth; high NR activities of sweet pepper would reduce ADH activities (Fig. 6).

There was no significant difference in chlorophyll content of the leaf after flooding. However, 
substantial reductions of leaf area, leaf count, plant height and total dry weight of Capsicum plants
occurred after flooding (Table 4). Greatest reductions occurred in Capsicum plants exposed to three
day flooding in three or six weeks after transplanting. Of the 12 sweet pepper plants, none survived 
after flooding. There were no significant differences in chlorophyll and NPK content in the leaf at 
harvest (Table 5). On the other hand, lack of recovery in leaf area and total dry weight after flooding
despite maintaining comparable chlorophyll and NPK content in the leaf implied that the carbon-fixation 
system might have been permanently damaged even by a short flooding period. 

Flooding for three days at three or six weeks after transplanting substantially reduced the number 
of flowers and consequently the number of fruits (Table 6). There was also a slight reduction in fruit 
size but not in the number of seeds per fruit. These results suggested that a significant effect of flooding 
on the photosynthetic capacity of Capsicum plants could unfavorably alter flower development. 
However, how flooding stress experienced in the root system is transmitted to influence the 
photosynthetic capacity in the leaf requires further investigation. 

Table 4.Effect of flooding at three or six weeks after transplanting on growth of Capsicum plants. 

Treatment Leaf ea Leaf no. Plant Tottl dry wt.
(din) (/plant) height (cm) (glplant)
 

Hot Pepper

z
Control 112 a 1141 b 130 b 352 a
 

3WAT I D 83 b 1078 c 116 b 227 b
 
3 D 62 bc 610 d 94 c 81 c


6 WAT 	 10 119 a 1495 a 151 a 376 a
 
3 D 46 c 477 d 141 a 
 79 c
 

Sweet Pepper

Control 120 a 571 b 117 247 a
 
3 WAT 1D 109 c 609a 112 189 b
 

3D - 
6 WAT 	 I D 117 b 116
516 c 	 215 ab
3D ....

'Mean separation within column of same entry by DMRT at 5% probability level. 

Table 5.Effect of flooding on chlorophyll (mgldm2)and NPK content (%) Inthe leaf of Capsicum 
plants at three or six weeks after transplanting (WAT). 

Treatment 	 Chlorophyll N P K 
Hot Pepper
Control 	 5.90 1.46 0.43 8.03
3 WAT ID 	 4.90 2.32 0.49 8.99 

3 D 6.87 2.51 0.56 10.82

6 WAT 1 D 5.58 2.18 0.49 8,53


.3 D 6.32 1.63 0.37 9.34
 
Sweet Pepper I %
 
Control 6.48 2.18 0.70 
 9.50 b'
 
3 WAT ID 6.32 2,48 
 0,71 10.40 a3D 	 ..... 
 . .
 
6 WAT 1 D 5.97 2.69 0.57 10.82 a 

3 D
 
IMean separation within column of same type by DMRT at 5%probability level. 
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Table 6. Effect of flooding at three or six weeks after transplanting on yield and yield components 
of Capsicum plant.,. 

Flower no Fruit no. (/plant) Seed no. Harvest Fruit size 
(/plant) Marketable Total (/fruit) index (%) (g/fruit) 

Hot Pepper
Control 676 a 132 a" 297 a 49 53 a 10.3 
3 WAT 1 D 330 ab 79 ab 150 c 47 47 b 10.8 

3 D 60 b 16 b 58 d 67 25 d 9.0 
6 WAI1 D 667 a 124 a 276 b 49 46 c 9.5 

3 D 314 -,b 59 b 86 d 24 66 a 7.6 
Sweet Pepper 
Control 200 a 16 a 47 a 56 34 c 63.1 a 
3 WAt ID 215 a 12 b 43 ab 39 30e 62.2 b 

3D 5b - -
6 WAI ID 152 a 15 ab 35 ab 31 33 d 59.2 c 

3D 25b - -

IMean sepaIration within columns of same type by DMRT at 5% probability level 

Growth Analysis and Distribution of D;y 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 cmii 2 produced more dry matter and fruit yield per unit land area. 

Introdiction 

fo attain maxinuin 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 oit dry matte, 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. Seedlings were transplanted to the field on 17 June 1988. Mean maximum and minimum 
temperatures durinig the study were 31. I C and 24.2'C, respectively. 

Plots were arranged in arandomized 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 each replicate were 
randomly sampled at 3, 6. 9, 12 and 15 weeks after transplanting, and were separated into root, stem,
leaves and fruits. Leaf area, 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 every 
two weeks. The number of flower and fruits was investigated twice a week. Growth analytical 
parameters such as leaf area index (LAI), crop growth rate (CGR), net assimilation rate (NAR), relative 
growth rate (RGR), leif area ratio (LAR), and fruit-setting rate were calculated. 
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Results and Dlscusslon 

On a single plant basis, the accumulated dry matter in hot pepper differed significantly among 
three spacings. Plants from both 60 x 50 cm 2 spacings had higher dry matter than plants from 30 
x 50 and 45 X 50 cm2 spacings (Fig. 8). Plants from sparse spacing tended to have more branches 
and showed an increased dry matter in the stem. After flowering, a significant amount of growth 
was r.corded in the fruits, more than 40% dry matter at 15 weeks after transplanting. 

CGR in hot pepper significantly differed at various growth stages among three spacings. Close 
spacing at 30 x 50 cm2 had higher CGR than the other two sparse spacings (Fig. 9). This could be 
attributed to high LAI (Fig. 10), Hot pepper plants in sparse spacings at 45 X 50 cm2 and 60 X 
50 cm2 tended to have slightly high photosynthetic potential (NAR) due to excess light source for 
photosynthetic process within the canopy. However, this increased NAR was not enough to compensate 
for the low LAI as a result of sparse spacing. 

Incontrast, sweet pepper plants at 30 x 50 cm2 tended to accumulate more dry matter on a single 
plant basis (Fig. 8). Only about 20-30% of dry matter was accounted for in the fruit at 15 weeks 
after transplanting. On community basis, CGR insweet pepper also tended to be higher in close spacing 
at 30 x 50 cm2 than other spacings at early stages (Fig. 9). CGR of sweet pepper declined at six 
weeks after transplanting due to excess rainfall of 418 mm on 13 August. Survival rate of sweet pepper 
plants right after flooding was generally lower (42-74%) than hot pepper (more than 90%) among 
three spacings. Sparse spacing at 60 x 50 cm2 tended to have a lower survival rate than close spacing. 
This was probably due to high soil temperature right after flooding resulting from ready exposure 
of soil to solar radiation. The accumulated dry matter and CGR in sweet pepper plants was lower 
than in hot pepper plants due to low LAI and NAR in the former. High shoot/root ratio at nine weeks 
after transplanting clearly indicated the damage in the root system caused by flooding. However, hot 
pepper plants tended to readily recover from flooding. 

Hot pepper plants from sparse spacings tended to have more flowers and fruits. However, this 
trend was not conspicuous in sweet pepper. Hot pepper had more flowers and fruits, and higher fruit
set rate than sweet pepper at 15 weeks after transplanting. In terms of fruit yield per unit land basis, 
hot pepper in close spacing had the largest yield mainly due to higher number of fruits (Table 7). 
The trend was also observed in sweet pepper. The number of seeds in fruit was not influenced by 
spacing. 

Hot Pepper Sweet Pepper 

240 
504

200 

. 160 
12030 

0>480 20 

0 0 

Spacing Spacing 

M Root M Stem El Petiole M Leaf 10 Fruit 

Fig. 8. Total dry matter and dry matter distribution Inhot and sweet peppers grown 
under three spacings. 
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Fig. 9. Crop growth rates (g/m 2 /day) of hot and sweet peppers grown under three spacings. 
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Fig. 10. Leaf area index of hot and sweet peppers grown under three spacings. 

Table 7. Yield and yield components of Capsicum plants grown under three spacings. 
Intrarow spacing Fruit yield (kg/rn ) Fruit no. Fruit size(cri) Marketable Total (/plant) (g/fruit) 

30 3.5 a' 4.1 a 107 b 8.9

Hot 45 3.0 ab 3.6 ab 139 ab 
 8.2 

60 2.3 b 27b 148 a 5.6 
30 1.3 1.6 10 26.8 

Sweet 45 08 0.9 8 15.8 
60 0.5 0.5 5 25.0 

'Mean separation within column of same species by DMRI at 5% probability level. 
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As far as NPK content in tie petiole is cmcerned, N content in hot and sweet peppers tended 
it)
decrease as the plants grc,. The slight increase in N content at nine weeks after transplanting could 
he due 10 f1oodinig. Phospoll',rus contetI, on the othcr hand. tenlded to0 increase plant growth for both 
hot and sweet peppers. Il.ax rainfall could furnish more aiiIadahle phosphorus in the soil. PotaSsiurII 
cintel ol hlo and s\kect peppers started to dcrlcClu a1ti\ \%keeLk aler rinsplanting. ]This ma he 
ilinkdicaill i high demand l potassiui during fruit dCehlp nictrithle lakdC of Soil potassiuni 
duile lici No -ia dillernce ) NPK conntet in' the petiole appeared amironig treatmients:to rainfalli 

hosever. hot peppCr platil at ,pacing ofil cii" tended more P contentscalosc xS lt hta lile N and 
illtire petiole. 

hi conclusiLoni, thCC is pOtential difl're'ncC in dr\ nriatter prductilln beCt%CCu' hot pCppl'r and sx eet 
pep'er. Thier C i tolltill i1 \ litter illdC ri rt ithe"drI )f\Cgetlive fruit parts: imore dI\ Iatter 
%kitsiccUrIilulalCd in tile illhitnpper than s\,ect pepper. ('losc spacing 1t 301 51 cil" prtoducecdfrul 
IitiC di- ilrillC and fuit pC Unit1-Ilrd irea. he root s\xstelllof htland peppers wkasr a\ bhollh swcet 
sClisiC Iof o0diric . but ht pepper readilx recovered iflter Ilooding. Further investtgations of tihe 
lwkohuical aSpcC!s of rool-lop interactions under flooding or high ,oil teiperature conditions. aind 

SourcC Sink relationships betwlen \ctative aind generative parts in (p.l',ui plants could gi e 
iiriportaill intoIlllttiorl itol hlo\, tilesource "ink re'latiollship) tinder sre'sCd co'nlditions callbe 
iiiiilLpulalCd for Ii potCnlial.Il ricld 




Soybean Breeding 

Hybridization 

Summary 

Efforts on backcrossing and modified backcrossing were continued to develop productive, good
quality vegetable soybean. Crosses were also made to combine multiple disease resistance characters. 
Backcrosses and intercrosses between selected progenies were undertaken to develop soybean rust 
tolerance. Specific crosses were made to incorporate Ixi or lxj and Ix2 genes into highly productive 
multiple disease resistant genotypes. 

Introduction 

limproved 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 bany flavor in soybean. Therefore, crosses were 
attempted to introduce Ix2 gene into varieties from national programs to eliminate beany flavor. 

Materials and Methods 

Almost 90'7 of the parents used in the crosses were Fis, selections from F2, F3 or later 
generations or breeding lines developed at AVRDC. Some accessions used included large-seeded
varieties like Tanbaguro (70g for 100 seeds' G9650 (Emerald). G 10134 (Ryokkoh); glabrous gene 
types such as AGS 80. G 10137. D 62-7815, G 2030: lipoxygenase null genes such as G 6133, L 
2-3: and rust-resistant accessions like P1 459025. 

For modified backcrossing 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 either backcrosses or modified backcrosses were made. 
Selected progenies froin the vegetable soybean crosses will undergo further backcrossing to large
seeded type depending upon the need. 

Since glabrous pods may be more attractive and appealing to the consumer, 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. 

l he second and third backcross to AGS 129 was made and the development of Ix isogenic line 
of AGS 129 is ongoing. 

Intercrossing of selected high yielding lines with highly rust-tolerant lines was made. The Fjs
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-I. I1and IYT-I, 11with selected pedigrees and accessions during three seasons
and AYT-I and 11during sunner are highlighted in this report. Genotype 269 was consistently superior
In 1987 as well as 1988 .ignificantlv higher yield,, than the check AGS 129 ssith a cmibination of
multiple disease resistance had been incorporated in the improved selections. Diverse sources of
resistance to bacterial pustule had also been identiliCd. ResiStan.e o1' all selected entries %'ill be 
reconfirmed in 1989. 

Introduction 

lBreedine lines selected front different generation, scrc eraluated in dillercntl sages for yield
and other desirable trailts. Preliininar\ (PYT). intermediate 1Yl) d adVanced \ield trials tAYT)
were conducted in three seasons to compare with iinprved checks so that high vieldi , agronmicall,,
de'sirable genot. pe, can be identified. AT is disctussed und-r breoding for rust resistance. Vegetable 
soy bean trials are disNussed under breeding vecetable ,o\ bean. ()ih\ thc PYT. IV'T and AYT (summer) 
ofltie -rain t\pe arc discussed in this section. 

Materials and Methods 

Details of' the trials are gi "en in Table I.Plot siue for both PYT and IYT were 2 in \ 3 in. Data
(on iel L. other agronomic traits and disease ratings v,ere c llected and analy/cd. Selection o genttypes
for the next stage of the trial was based on Vield, resistance or tolerance to diseases, days to maturity.
seed qual it and adaptatitn t) specific seasons or Multiple seasons. AVR DC s recommended Cultural 
practices were used. 

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

E lpertrni No of entries Designpius (checks) (rplication) Date of plalirg

AY1 I 
 11 (3) Split plo! (1) 9 February 1988
AYT-11 12 (2) Spit plot (4) 9 February 1988
AYT-I 1 1 (3) PCBD 12 July 12 198
AYr 11 12 (2) RCBD 26 July 1988

IYT- 30 (2) 
 RCBD 10 February 1988 
IYT.II 29 (2) RCBD 10 February 1988IYTI 30 (2) RCBD 12 July 1988

IYT-II 29 (2) RCBD 12 July 1988

PYT-I 
 47 (2) 7 x 7 lattce 10 February 1988
PYT-I1 47 (2) 7 x 7 lattice 10 February 1988
PYTI 47 (2) 7 x 7 lattice 12 July 1988
PYT-11 47 (2. 7 x 7 lattice 12 July 1988 

Results and Discussion 

In' PYT-I spring and summer, n',..of tho selectio, ,,asdifferent in yield compar,-d to the check
AGS 129. However, some lines with diffrent genetic background had as good yield (Table 2) and
similar level of bacterial pustulc resistance as AGS 129. and possibly, downy rtii' 'cist'wc ineeds 
to be verified) unlike the susceptible AGS 129. 

In PYT-Ii spring. GC 840i2-20-7 (Shinsei x P1 248407) x (Shih SI' "1 230971) yielded
5.0 t/ha ,hich was significantly higher than the check AGS 129 with 3.4 t/ha. Ih, cver. the selection 
was 19 days later maturing than AGS 129. Furthernore. during summer. it va a..s good as AGS
129 and was susceptible to bacterial pustule (Table 3). Therefore. it has to be c os ,d to incorporaie
bacterial pustule resistance. 
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Out of 30 selected accessions evaluated in IYT-1, 10 entries were either moderately or highly 
resistant to bacterial pustule. They are GC 81027-16-1 (HR), 311-14C, D 59-2537, PI 417569, Geduld 
#7,GC 81075 13, PI 407767 (HR), PI 417564, PI 399045 and D 64-8707. These will be evaluated 
again :n1989, Although none of them was superior in yield to AGS 129 either in spring (Table 4) 
or summer (Table 5), three entries were resistant to downy mildew and bacterial pustule and tolerant 
to soybean rust. They are GC 81027-16-1, GC 82347-60-1 and P1 417563 (Table 5). These will be 
evaluated again for disease resistance in 1989. 

Table 2. Genotypes selected for high yield In PYT-I spring and summer, 1988. 

Thtry Yield (t/ha) Days to maturity 100.seed weigh ,g) BPR z 

rSP SU SP SU SP S 
GC 82252.6.6-1 4.3 3.2 120 96 19.2 12,6 MS 
GC 84007.9-5.1 4.2 3.4 119 100 12.7 11.7 MR 
GC 82161.6-6.1 4.1 3.2 117 100 22.0 14.3 MR 
GC 82180.18.6.1 3.7 3.0 109 96 20.4 14.0 MR 
GC 82346.36-7-1 3.6 3.6 114 96 25.7 20.8 
GC 84012-24.4.1 3.6 2.7 104 96 20.8 16.9 
AGS 129 (check) 4.2 4.1 113 96 19.2 15.5 MR 
AGS 302 (check) 3.2 1.6 109 100 23.5 22.1 HS 
LSD (0,05) 0.98 0.62 

lBacterial pustule rating. 

Table 3. Genotypes selected for high yield In PYT-Il spring and summer, 1988. 

Entry Yield (tlha) , Days to maturity 100-seed weight (g) BPR 
SP Su . n'~s SSP su 

GC 84012.20-7 4.9 3.7 13O 102 19.5 13.6 HS 
GC 84007-20-6 4.4 2.5 - '12' 96 10.9 9.7 MS 
GC 84010.14-2 4.1 3.0 107,; 86 14.1 11.8 HS 
GC 82355-16-7 4.1 2.5 116 96 19.7 13.9 MS 
GC 82334.7.8 NL 4.1 3.7 128 106 18.1 15.4 MR 
GC 82034.9.10 NL 3.9 3.3 114 96 14.7 11.4 MS 
AGS 302 (check) 3.9 1.4 106 100 23.4 20.8 MS 
AGS 129 (check) 3.4 3.5 111 96 18.4 14.3 MR 
LSD (0.05) 1.1 0.9 

Table 4.Seiections from iYT- In spring, 1988,. 
Entry Yield " :a) Days to maturity 100-seed weight (g) BPR 

G 12179 4,4 112 19.7 
GC 82347.60-1 4.2Y 1 " 109 24 . MR 
311-14C 4.1 110 18.4 MR 
GC 82345.20-2 4.0 'V"' 101 20.4 MS 
AGS 129 (check) 3,9 ''' 112 18.3 MR 
AGS 302 (check) 3.6 108 22.9 HS 
Mean of 32 
entries 3.5 104.6 18.2 
LSD (0.05) 0.69 4.81 1.71 

Table 5.Selections from IYT-f insummer, 1988, _________ 

Er' , Yield Days to 100.seed Diseases 
(tlha) -maturity weight (g) Downy mildew Bacterial pustule Rust 

~311-14C 4.3 " 87 16.3 HS MR T 
~GC 81021-16-1 4.1 91 13.4 R R T 
GC 82347-60.1 4,1 91 20.5 R MR T 
PI 417563 319 98 12.7 R R T 
GCC81075-13 3.9 96 16.9 HS R T'W~ AGS 129 (check) 4,2 91 17T0 HS R T 

wAGS0,j2(check) 1.9 98, 21.7 R iMS T 
Means 'of32 entries 3.4 91.4 16A'
 

)89 -757 143'
 

http:82034.9.10
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In IYT-1I duling spring, GC 82334-29-5 significantly yielded higher than AGS 129, although
it was moderately susceptible to bacterial pustule. CC 82349-6-1 also yielded significantly higher in 
both spring and summer seasons and ,hw'.ved resistance to downy mildew and bacterial pustule
(Tables 6 and 7) and tolerance to soyb, in rust, !'able 7). Three entries had multiple disease resistance. 

Of the 29 entries evaluated, Ii Wei, ,inoderately 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-I, l)urga, D 71-9966. GC 882349-6-1 and Gaurav. 

Among the advanced yield trial entries, #269 (a selection frotr 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 dis.ascs, with yields comparable to AGS 129. The 
introduction from Thaila.,OCB, was high yielding and matured in 81 days (10 and 20 days earlier 
than AGS 129 and AGS 302, respectively) but it was susceptible to downy mildew (Table 8).

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

Table 6. Select'ons from IYT-I In spring, 1988. 

Entry Yield 100-seed weight(t/ha) Days to maturity (g) 

GC 82334-29-5z 
4.6 115 13.9 

GC 82349-6.1 4.5 120 22.0 
GC 82355-8-3 4.1 121 19.8 
GC 82350-18-2 4.1 114 19.1 
AGS 129 (check) 3.7 110 17.6 
AGS 302 (check) 3.1 110 21.3 
Mean of 31 entries 3.5 115 19.2 
LSD (0.05) 0.82 4.44

2Moderately susceptible to BP. 
1.53 

Table 7. Selections from IYT-lI in summer, 1988. 

Yield Days to 100-seed Diseases 
Entry (t/ha) maturity weight (g) Downy Bacterial Rustzmildew pustule 

GC 82349-6-1 4.2 102 21.1 R R T
 
GaLtav 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 
Gujarat Soybean-1 3.9 102 12.9 HS R T 
AGS 129 (check) 3.3 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
 

During spring as well. 

Table 8. Five high yleldfng lines selected from AYT-I In July planting, 1988. 

yYield Days to O0-seed Diseases
 
Entry (ed Datuiys 
 1ed (g Rust Downy Bacterial(t.ha) maturity weight(g) mildew pustule 

269 3.4 89 18.8 R R R
SRE-D-14B 3.2 99 23.8 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 93.7 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 II In July planting, 1988. 
DiseasesYield Days to lO0-seed Dsae 

Entry Yield Day 0ed Downy Bacterial 
(tiha) maturity weght (g) mildew pustule 

GC 00062-107-6 3.4 102 16.4 - HR 
GC 00062-31 3.3 98 19.2 - HR 
GC 00097-5C-6 3.2 99 20.7 - HR 
GC 81090-48 3.2 102 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 23.3 - MS 
Mean of 14 entries 2.9 100 18.2 
LSD (0.05) 0.23 3.33 1.02 

- No disease observed. 

Breeding Vegetable Soybean 

Summary 

Thc:e are no available vegetable soybean varietie, adapted to the tropics and subtropics yet. Thosc 
that are tropically adapted were developed at AVI.DC by crossing vegetable soybean adapted to 
temperate regions with tropical grain types. New leceding 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 yield 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 evaluated in IYT in 1989. DAIS Kaohsiunk in Taiwan and FCRC, Chiang Mai 
in Thaiiand collaborated on breeding vegetable soybean. Among Ine 14 AVRDC accessions evaluated 
in 10 locations in Thailand, Yoshidal, PI 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, selection of site, season and management practices play a major 
role in increasing the yield of vegetable soybean. The raiiny 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 isconsumed as a vegetable in many tropical countries where suitable varieties 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 F2 and two BC1F populations were planted 
en 25 February 1988. All F2 populations were from crosses involving either AGS 292 or G 10134 
(vegetable type) with tropically adapted grain types. The BCIFis 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 isassociated with three- or four-seeded 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 'omparison. For the F2 population, SSD and pedigree methods were used. Pedigree 
selection was bsed on visual observation of the pods and seeds pet pod in relation to the check varieties. 
Pedigrees were selected from BCtFjs for further backcrossing. 
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SSD and pedigrees in spring were planted in a 5 x I in row on 26 July 1988. Pedigree selections 
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 yield trial and an advanced yield trial were conducted in AVRDC. Details are given
in Table 10. Data on horticultural characteristics were collected and analyzed. 

Six BCr F3 pedigrees and four BC1F3 bulk populations were planted in Pingtung. Taiwan to make 
the selections for that specific location and share the selection for evaluation with Kaihsiung DAIS. 
Selections were bnsed on pod and seed size in relation to the check varieties. 

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

Vegetable soybean accessions were evaluated (Trial A) ir, Ive locations, each 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 varieties NS #1 and 7016 during the dry and rainy seasons. Tri-,I A was planted in 3 x 4.4 
o1 plots. The spacing between rows was 50 cn and within the rov, ,20 cm with two plants,'hill. The 
harvest plot size was 2 x 4 m2. An N:P:K "ertilizer mtixture 12-24-12 was applied at the rate of 150 
kg/ha. 

Trial B,PYT VS, had a plot size of 3 x 5 and harvest plot size of 2 x The same,2 4 n,.
spacing was used as in the rainy season. with two plants/hill: during the dr,, sea;,in there werc three 
plants/hill. All other nianagenlrent practices were similar to Trial A. 

Trial C at Chiang Mai during the dry season followed the ;alie managenent isTrial B. 
All trials followed the R731D. Dala w\ere collected on 18 different horticultural charac:eristics. 

Only preliminary analysis of selected data are presented in this report. 

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

Experiment No. or entries plus Date ofchecks Design(replication) planting 

AYT VS 12 (3) PCBD 24 February 1988
 
12 (3) RCBD 25 Jury 1988
 
12 (3) RCBD 25 August 1988
 

PYT VS 97 (3) RCBD 24 February 1988
 
Harvested plot size forAYT was 5 in2 . Five plant-sample was used for data collection in PYT.
 

Taole 11. Season, locatimn and date of planting of vegetable snybean in Thailand, 1987-1988. z 

Suason Location Planting date 
Rainy Chiang Mai FCRC 21 July 198i 
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 Chotranwong 

Results and Discussion 

Although pedigrees have been selected from the F2 generation at AVRDC. the seed and pod size 
of the selections were not comparable to the vegetable soybean types. Therefore, one backcross to 
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the vegetable soybean was required. However, if one of the parent's seed size was smaller than 20 
gz it appeared that two or more backcrosses to the vegetable type would hasten the recovery of vegetable 
soybean characteristics. In the future, sieving the seeds of progenies to select large-seeded types will 
be attempted from different crosses and the efficiency and type of breeding method that will hasten 
the deve!opment of vegetable types will be ,tudied. 

Although narrow leaflet 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 
larme leaves which inay be more desirable than small narrow leaf types. 

Since many selections do not have su fficiently large pod anti seed, although they appear to be 
productive, they have been crossed \xith one of the desirable vegetable types. Selections from the 
succeeding inbreeding generation are expected to have more productive vegetable types. Bravo et 
al. 1 (1981) showed that the number of F2 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, backcrossing is a better and 
more ellicient 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 summcr 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 yield to the checks but several were at par with 
tile checks (Table 12). 

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

Table 12. Promising selections from advanced yield trial of vegetable soybean In spring, 1988. 
Graded Total 100- Acceptable 

pod pod seed pods/ HarvestEntry no. Parents yield yield DM weight 500 g index 
(t/ha) (t/ha) (g) 

AGS 292 Selection from Taishoshiroge 7.5 a 11.9 77 74 157 31 
G 9053 Tzurunoko 6.9 ab 12.0 82 74 181 26 
GC 83006-7 PI 157424 x Ryokkoh 6.8 abc 108 84 82 166 27 
AGS 294 Imperial 6.3 bcd 10.3 82 77 170 29 
GC 84136-P-4-1-8 Ryokkoh x Mikawajima 6.2 bcd 13.0 91 72 178 21 
GC 84134-P.9-3-1 

-5-1 Ryokkoh x Disoy 6.2 bcde 12.6 86 72 209 22 
GC 83006-15 PI 157424 x Rvokkoh 6.0 bcde 10.4 84 76 189 24 
G 10134 Rl(ukkoh 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 DM weight 500 g index 

(t/ha) (t/ha) (g) 
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 5.0 b 7.5 abc 78 69 178 33 
GC 84136-P-4-1-42 Ryokkoh x Mikawajima 4.9 b 9.0 a 80 62 211 25 
GC 83006-25 PI 157424 x Ryokkoh 4.9 b 8.5 ab 82 79 196 26 
GC 83005-9 PI 157424 x KS #8 4.9 b 8.9 a 81 55 276 21 
G 9053 Tzurunoko 4.2 bcd 6.2 cd 78 63 222 32 
G 10134 Ryokkoh 3.9 bcd 6.6 bcd 72 60 227 26 
AGS 292 KS #1 3.3 cde 4.8 d 72 57 209 32 
LSD (0.05) 1.3 5.5 13 

Bravo. J.S.. W.R. Ichr and S. Rodriguez de Cianrio. 181. Use of small seeded soybean parents for the improvement iof 

large-seeded cultirars. Crop Science 21:43(0-431. 
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The harvest index during autumn was higher than that in summer and spring. The high yieldingimproved genotypes generally had a high harvest index (Tables 12, 13 and 14). Among the 12 breedinglines, GC 84136-P-4-1-8 had fairly stable graded pod yield (5,607 kg/ha, mean of 3 seasons) andthe number of acceptable or graded pods per 500 g also remained at 179 + 2.3 regardless of the season which is quite acceptable to the vegetable soybean industry.
A combined analysis of data in three seasons revealed that GC 83011-35, 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 to the checks AGS 292 (4.9 t/hal , G 9053 (5 t/ha), and G 10134 (4.6 t/ha). Variationin graded pod yield attribuLed to seasons was 31Vcwith 22 %7(due to genotypes and tihe najor portion47% due to G x F interaction (Table 15). The results suggested the sufficient genotvpic variation 
in selecting suitable ones.

The genotypic variation dominant to 100-seed wNeight (56%) and the C x E interaction is only17% while variation due to season is 28% (Table 15). The results indicated that although seasonalchange in IlX)-seed weight is expected there is sufficient genotypic varittion in the selection of desired 
genotype.


The mean l(X)-seed weight (in 
 three seasons) of GC 83(X)6-25. AGS 293. GC 83006-7 and GC83006-13 varied fron 72 to 74 g and was significantly higher tho:n that of the three check varieties 
whose 100-seed weight was 63 to 68 g.

Among 100 preliminary yield trial entries, 52 had l(8)-seed wcights above the population meanof 34.7 g (Fig. 1). The highest grain yield recorded in this trial was 3.8 t/ha (100-seed weight was30 g). Selections will be based on l00-seed weight, pod length and pod width.

A number oi' pedigrees were selected in cooperation with the Kaohsiung DAIS and given 
to 

cooperators in I)AIS for further evaluation in Kaohsiung.
Results of analysis in 10 locations in Thailand showed that variation in biological yield as well as Pod yield attributed to genotypes was 6%. Major portions of variation in pod yield (79%) and 50%of variation in biological yield are due to environment. Variations due to location are significant

compared to those due to seasons (Table 16). Genotype environment interaction for biological andx 

pod yield are 0.74% and 14%, respectively. There were considerable variations in yields. Results,
therefore, suggested that opportunities for growing vegetabi soybean depend on careful
 

Table 14. Promising vegetable soybean selections from AYT In autumn, 1988. 
Graded Total 100- Acceptable

pod pod seed pods/ HarvestEntry no. Parents yield yield DM weight 500 g index 
(t/ha) (t/ha) (g)GC 8301P-35 AGS 190 x KS #8 6.9 a 8.7 ab 74 62 260 40GC 83005-9 PI 157424 x KS ;8 6.3 aii 9.7 a 71 50 266GC 84136.P-, 1-42 Ryokkoh x Mikawajima 6.3 ao 9.3 ab 

31 
74 59 205 36GC 84136 1-4.1.8 Ryokkoh x Mikawajima 5.6 bc 9.0 ab 72 65 182 33GC 83006-25 PI 157424 x Ryokkoh 5.1 cd 8.5 ab 71 65 226 30G 10134 Ryokkoh 4.1 d. 6.6 de 68 64 227 32G9053 Tzurunoko 3.9 e 6.0 de 66 3674 211AGS 292 KS #1 3.7 e 5.5 e 70 58 195 39LSD (0.05) 1. 
2 4.5 14.3 

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

Source of variation - Graded pod yield 100-seed weight
DF SS(x 10 ) MS(x 10) DF SS MS

Between seasons (S) 2 77.3371 (31%) 38.6685 2 4112.19(28%) 2056.09Between genotypes (G) 14 54.5055 (22%) 3.8924 14 8229.19 (56%) 587.80G x S 28 115.0392 (47%) 4.1085 28 2464.00 (17%) 88.00Tqtal 44 246.6882 5.6066 44 14795.38 336.26R 0.7962 0.9447CV 18.15 4.83 

http:14795.38
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selection of site, growing season and proper management practices rather than considering only the 
variety to be grown. 

Based on the preliminary stability data analysis using Finlay and Wilkinson's (1963)2 regress ion .. 
method, the entries, Yoshida 1, PI 85658, 7016 (check), Nakhonsawan #1, Vesoy #4'and Kanrich 
had above average yield in most locations (Figs. 2, and 3). Phraputtabat FCES, Chiang Mai FCRC 
and Kamphacngsan were high yielding locations. In both dry and rainy seasons, Chiang Mai was high 
yielding across locations. 

Before daw analysis, Mr. Anek selected Vesoy #4, BPI #4 and PI 85658 for a farmer's field 
trial in the 1988 rainy season. 

Among varieties evaluated, the 100-seed weights of BPI #4, PI 90550 and PI 157442 were above 
the mean of all the entries and quite stable across locations. PI 243549, PI 90241, Ryokkoh and 
Tzurunoko also had 100-seed weight above the average in all locations (Figs. 4, 5 and 6). 

Among 20 accessions evaluated in the 1987 dry season inChiang Mai, PI 85658 gave the highest 
pod yield of 11.9 t/ha, followed by Yoshida 1and PI 90241 (10 t/ha each). One hundred-seed weight 
varied from 35 g for NS #1 to 84 g for Ryokkoh with yield of only 7.5 t/ha. 

Table 16. Data analysis of vegetable soybean trial In Thailand, 1987-1988. 

Source of variation Biological yield Pod yield 
DF SS(x 106) MS (x 106) DF SS(x 106) MS(x 106) 

Betw::n genotypes (G) 
Between locations (L) 
G x L 

15 
9 

131 z 

37.4300 (6%)
253.8393 (42%) 

2.9451 (0.5%) 
258.1214 

2.4953** 
28.2044** 

0.2248 
1.6653 

15 
9 

131 z 

6.6138 (6%)
70.7227 (67%) 
12.6201 (12%) 

0.4409** 
7.8581** 
0,0963 

Between seasons (S) 1 45.1571 (8%) 45.1571* 1 12.5664 (12%) 12.5664** 
G x S 15 1.4783 (0.5%) 0.0986 15 2.3102 (2%) 0.0154 
Total 171 598.9712 3.5028 171 104.8332 0.6131 

ZThere were four missing values. 

30 I Mean i. P 15742 
2. Yoshida -I 
3.P185658 
4.Vesoy 4 I

1.5 5. BPI # 4 
X' 34.68 146. 7016 (CK)

7. Nokornsowon 4 
216 #I (NSII1)

20 X 
SI 8. P1243549 

10 lIe 9.Veoy #4 
0 15 3 10. FC 19979-1 

,_______o12 -12
13. P1905541 

10- 14. P1 1574426 
16.Ryokkoh 2 715. Tzufunoko•2

0.5 

41.25 41.88 42.5 42.94 43.13 43,75 44.38 45 
0 Variety Mean Yield tIn f/ho) 

23-26 27-30 31-34 33-38 39-42 43-46 Fig. 2. The relationship of variety adaptation 
(regression coefficient) and variety 

Fig. 1. Frequency distribution for 100-seed moan yield of 16 vegetable soybean 
weight of vegetable soybean entries In varieties grown In 9 different sites In 
PYT during 1988 spring season. Thailand. 

2Finlay, K.W. and G.N. Wilkinson. 1963. The analysis of adaptation in a plant breeding programme. Aust. J. Agric. Res, 
14:742-754.
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Forty-eight selections 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 o for 100-seeds (fresh weight). Promising selections from two crosses had a 100-seed 
weight of 43 to 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-seed weight of 35 and 39 g for the checks in the dry season, the 
promising selections had a I00 seed weight of up to 73 g. In the dry season, the selections matured 
in about 74 to 78 days and pod yield varied frorn 10 to 10.9 t/ha (Table 18). Both in dry and rainy 
seaso ns, the harvest ;index (HI) ,.,as as high as 70% or more. However, since the biological yield 
included ,only steni and pod, the HI should be viewed with caution. 

Table 17. Data on vegetable soybean PYT during rainy season inChiang 4,1al, Thailand, 1987. 

Entry no. 	 Biologicalz Pod yield l0-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 12.8 a 54 k1 80 a 70 
GC 83010-1-13 17.8 abc 12.1 abc 58 kl 77 b 68 
7016 (check) 17.6 abc 11.3 a-f 38 n 77 b 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 10 0)a-f 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 jkl 80 a 71 
NS # 1 (check) 13.9 c-h 10.2 a-f 38 n 67 f 73 

Tlncludes stem and pod only, Mean separation by DMRT. 

Table 18. Data 	on vegetable soybean PYT during dry season In Chiang Mal, Thailand, 1988. 

Etyn. Biologicalz Pod yield 100-seed DM Harvest 
Etyo. yield (t/ha) (t/ha) weight (g) 	 index 

GC 83005-20.B-9 15.2 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 13 9 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 83005-20-8.36 15.1 10.0 73 78 66 
7016 (check) 15.1 10.6 39 75 70NS #1 	 8.7 6.4 35 71 74
 

LSD_ (0.05) 2.1 1.7 6.7 NS 

http:83005-20-8.36
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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 one 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 bench 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: wotoden board. 1.5 cin thick and about 40 cin long, wooden 
bench and a 3-5 cn nail. 

Vegetable soybean pod splittingtool. A 12-cm long and 1.5-cut thick round handle was 
prepared. At one end of the handle, a 3.5-cm flat head nail was driven in. The h1ead of the iail was 
used to open the pod instead of tedious and painful manual labor. Figure 7 shows the details ef the 
low-cost tool. 

Vegetable soybean pod stripping tool. A wooden board. 1.5-cm thick and 36-cm long 
is cut on either side (Fig. 8). At the middle from the top. the board is cut at a slanting angle of 5 
cm depth to form a hopper. Front that position a 'V' shaped slot is made to give a 200 angle at another 
5 cm depth (Fig. 8). The plants with pods are inserted with the root end toward.; the operator and 
the pods and leaves away froit tie operator auld 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 leaves 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 to 40 plants/hour. 

12 cm 
6 C. 2 c. 

. ....
. .... 

Wooden round handle with nail 

Iron nail 1 5' Isc. 

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 Fi between PI 459025 (a rust resistant accession) and AGS 129 was backcrossed four times 
to AGS 129 and all progenies from different backcross generations except BC2 and F2 and F3 were 
evaluated for soybean rust tolerance. Out of 1,439 pedigrees evaluated, 375 were selected based on 
seed filling, yield and percent rust infection. All selected entries will b2 evaluated in a replicated trial 
in 1989. Severe rust infection resulted 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 seasons and years. 
A soybean rust-tolerance index (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 PhakopsorapachyrhiziSyd can reduce yield up to 90 %. Four monogenic
resistant genotypes were identified and reported (Hartwig 1986)3. All were susceptible to Taiwan 
isolates of the fungus. The strategies 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, selected 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 :everity, 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 PI 459025 
(resistant/tolerant checks).

In autumn 1987, 57 BCiFI. 60 BCiF 2, 534 F2, 765 BC3F2 and 23 BC4F plants were selected. 
The mean yield of each 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 seed weight per plant for each population was also determined. 

Advanced yield trials I and II 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
eight times, 22 and 30 March, 5, 7, 11, 13, 26 and 28 April. For the fungicide-trcated 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. 

Results and Discussion 

A varying number of selections wcere made in different backcross generations and in the F2 . 
Selection differential for yield per plant was highest in BCIFI but the number of selections was low; 
15% of the plants were selected (Table 19). 

P-artwig, E.E. 1986. Identification 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 BC 4F 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 BCIFI generation (Table 21). Further selection in BCiFi 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 to compare the performance 
of the selection from different generations. 

In the F2 and various backcross gencratioms there were plants without pods or pods without seeds 
due to severe :'ust infec,ion. It appeared that a population of selected plants had the ability to produce 
pods and fil them properly with seeds. 

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

In AYT- I, SRE-D- 14B was highly iolcrant to rust infection and had high yield potential (Table 23). 
From AYT-2. GC (K)062-107-6 exhibited high yild 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-I and SRE-C-55A, AGS 129 and SRE-D-14 B in AYT-2 appeared to be the most 
tolerant to rust (Figs. 9, 10). SRE-C-56A also had high yield 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 (BClFl) 9 19.7 + 4.1 11.6 ± 5.2 57.0 8.1
 
GC 87001 (BC4FI) 5 13.6 ± 2.2 11.2 ± 3.7 23.0 2.4
 
GC 86059 (BCIF2) 12 15.4 ± 3.4 11.7 + 4.8 60.0 3.7
 
GC 86001 (F2) 135 13.9 ± 3.7 10.0 ± 4.2 534 0 3.9
 
GC 86004 (BC3F2) 114 12.6 ± 2.9 9.1 ± 3.4 765.0 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 47.8 ± 5.8 57 51.8 ± 7.6 19.0 -4.0
 
GC 87001 5 51.0 ± 3.7 23 50.5 ± 3.3 11.0 0.5
 
GC 86059 12 49.6 ± 6.6 60 51.1 ± 6.0 27.0 -1.5
 
GC 86001 135 47.4 + 7.2 534 48.1 ± 7.3 246.0 -0.7
 
GC 86004 114 44.2 ± 5.8 765 46.6 ± 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 
selection in selections no. Mean Count differential 

GC 86002 9 10.1 ± 13.2 57 9.4 ± 20.7 19.0 0.7
 
GC 87001 5 8.6 ± 9.3 23 30.6 ± 26.5 11.0 -22.0
 
GC 86059 12 8.6 + 9.5 60 23.0 ± 22.0 27.0 -14.4
 
GO 86001 135 11.1 ± 12.7 534 20.7 ± 19.5 246.0 -9.6
 
GC 86004 114 5.0 ± 7.6 765 16.3 ± 18.6 323.0 -11.3
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Table 22. Variation Inmean yield per plant of selections from different generations Insoybean rust 
resistant crosses In spring, 1988. 

No. of Mean % rust Total Population Selection 
Cross no. selection in selection. no. Mean Count differential 
GC 86002 9 9.4 ± 1.5 57 9.4 ± 1.5 19.0 0
GC 87001 5 7.0 ± 0.3 23 6.9 + 0.4 11.0 0.1
GC 86059 12 10.5 + 1.8 60 9.9 ± 1.6 27.0 0.6
GC 86001 135 12.1 ± 1.4 534 11.4 ± 1.5 246.0 0.7
GC 8604 114 8.3 ± 1.0 765 7.9 + 1.0 323.0 0.4 

Table 23. High yielding lines selected from AYT-1 In spring, 1988. 

Entry 
Yield (t/ha) 

with without 
fungicide 

Days to maturity 
with without 

fungicide 

100-seed wt. (g) 
with without 

fungicide 

Rust lesion (%) 
with without 

fungicide 
SR_ D-14A 
GC 82146-43-9-9 
SRE-D-14b 
GC OOOJ2-100 
GC 60020-8-7-7-18 
AGS 129 (check) 
AGS 302 (check) 
OCB (check) 
Mean of 14 entries 
LSD (0.05) 

3.0 
2.9 
2.8 
2.7 
2.7 
3.0 
2.7 
2.4 
2.7 
0.3 

1.8 
1.5 
1.9 
1.2 
1.2 
1.6 
1.7 
1.0 
1.5 
0.2 

113 
107 
103 
114 
104 
112 
109 
100 
108.2 

3.8 

105 
102 
100 
107 
97 

104 
105 
96 

102.9 
3.5 

25.2 
18.9 
25.1 
20.7 
21.4 
17.8 
22.0 
22.3 
20.2 

2.4 

20.6 
14.4 
20.6 
16.0 
14.2 
12.0 
18.8 
15.9 
15.6 

1.7 

19 
22 
26 
19 
19 
30 
22 
22 
21.8 

7.0 

50 
54 
48 
50 
62 
43 
49 
62 
50.6 
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 00062-107-6 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 2.8 
 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 (check) 2.7 1.9 108 106 22.6 19.5 13 44Mean of 14 entries 2.8 1.5 111.0 104.4 19.2 14.5 11.5 51.1
LSD (0.05) NS 0.3 2.6 1.3 7.1 

Again in 1988, SRE-C-56A was tile most rust-tolerant in AYT-I. SRE-D-14B was also equaliy
good (Fig. I i). 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 seasons. 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 
factor,,. 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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AYT-I Autumn 1987 
AYT-2 Autumn 1987 

I I CC50227-35-22---2 

3 GC 5275269'-'' 361cc
3 C502-32-6954 . 

CC50227-5-22-6-9-21 
5 CC50227-3-22-6-9-48 
6 CC 60020-8-7-7-18 
7 CC50239-2-19-6-7-65 

CCC 02146-43-9-9 
9- CC8214-41--11 

10 0"9947-21-9 0 -

I1 CC 82200-7-12-19 
12 ACS,120 
13 ACS3202 (cK) 
14 ACa1 (C 

14.O.. 

13--. 

00070-110~ 
2 cc 00002-100 
3 Cc00133- 7 
6 CC00051-7-2 
5 CC82200-6-12-13 
6 CC00001-66
7 CC0006-13 

CC00062-135 
I CC00138-29 
1 SKE-5-36A 
I SE-C-0-14A 
12 sIR-D-143 
13 AS 129 (CX) 
14 ACS 302 (CX) 

122 
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Fig. 9. 	Yield differences between genotypes Fig. 10. Yield differences between genotypes 
with and without fungicide treatment, with and without fungicide treatment, 
AYT-1, autumn, 1987. AYT-2, autumn, 1987. 

AYT-1 SprIng 1988 

I Cc 60020-0-7-7-18 
2 cC82146i43-9-9 
3 C 941-21-9 
4 Cc00002-100 
5 Cc00138-29 
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AYT-2 Spring 1918 

I cC 10099- 56-6. 
2 CC 001762 0-6 
S 71( 0107",-IC 
1. 6;{ iLPIg- I1 

I CC ( 06012-4I 
6 ,;[: 81 81'~-
7 CC 5(075-72 
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3,0 - 13 ii 1..C 1 i 8 3c '.2
 
'2 -39

1 AVC; 129 (c:1)

I AG 101 left)
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XI 

-94
 

2.0 '.-... 2 

- 12 

Fig. 12. 
Yield differences between gentoypes with and 

w/o rust w/rust 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 AU 88 SP87 SPz 

WF y WOF WF WOF WF WOF 

GC 60020-8-7-7-18 0.6 27.5 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 9947-21-9 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 49.8
 
GC 00138-29 0.9 33.5 5.7 76.4 18.5 43.6 
SRE-B-15C 0.4 36.4 5.4 79.7 16.1 38.6
 
SRE-C56A 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- 1413 0.6 17.3 6.1 76.8 26.5 48.5
 

iWF = with fungicide. WOF = without fungicide. YSP = spring season. AU - autumn season. 

=YieldRust tolerance index (RnI) (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-seed weight did not give the true 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) 4 . Rust-tolerance index for AYT-I and 
AYT-2 in spring also indicated a quantitative measure of rust tolerance (Tables 27 and 28). 

4 Fisher. R.A. and J.T. WMxl. 1979. Drought resistance inspring wheat cultivars. III Yield assi)iation with niorpho-physiological traits. Aust. 
J. Agric Res. 30:1005.1020. 
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Table 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 SP 88 SP 87 AUWF WOF Yield WF WOF Yield WF WOF Yieldreduction reduction reduction

GC 00002-100 3.3 1.5 1.9 2.7 1.2(1) (9) 1.5 2.2 0.7 1.5(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)SRE-D-14A 3.1 2.2 0.9 3.0 

(5) (5) (5)1.8 1.3 2.7 1.3 1.3(3) (1) (4) (1) (3) (4) (4) (7)GC 82146-43-9.9 2.9 1.8 1.0 (4)2.9 1.6 1.3 3.0 1.6 1.4 
(4) (6) (3) (2) (6)GC 60020-8-7-7-16 2.6 1.7 (3) (2) (3) (3)0.9 2.7 1.2 1.5 2.8 1.3
(5) !8) (5) (5) (8) (2) 

1.5 
SRE-B-15C (3) (8) (1)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)G997-21-9 2.3 1.7 0.5 2.7 1.6 1.1 
(6)

2.3 1.6 0.7(7) (&) (6) (7) (5) (6) (8)SRE-D-14B 2.2 2.0 0.1 2.8 1.9 
(2) (9)

0.9 2.5 1.6 0.9(8) (3) (8) (3) (2) (7) (6) (4) (2)SRE-C-56A 2.1 2.1 0.0 2.4 2.1 0.4 2.9 2.1 0.8
(9) (2) (9) (9) (1) (9) (2) (- (8)

WF = with fungicide. WOF = without fungicide. 

Table 27. Soybean rust tolerant Index using100-seed weight and yield, AYT-1 spring, ,88. 
Entry RTI (100-seed weight) RTI (yield)

SRE-D-14A 83.3 58.4AGS 129 115.7 55.3GC 82146-43-9.9 108.9 54.1SRE-D-14B 7A.9 68.8AGS 302 54.5 62.0GC 00002-100 71.0 45.4GC 60020-8-7-7-18 52.3 46.1GC 00138-29 78.3 57.0G9947-21-9 92.5 57.9269 60.1 46.5PI 379618 92.0 52.9SRE-B-15C 77.6 64.8
SRE-C-56A 64.8 85.0OCB 
 71.0 41.3 

Table 28. Soybean rust tolerant Index for AYT-2, spring 1988. 
Entry Rust-tolerance index (yield)


AGS 302 
 69.1GC 00062-107-6 66.5
GC 81075-10 65.8GC 81090-72.7 64.7GC 81085-11 
 59.5
GC 81090-48 
 57.8-39-2 56.3AGS 129 54.6GC 81075-72 
 49.9
GC 81083-42 
 48.3
GC 81079-12 
 47.5GC 00062-31 42.5GC 00097-56-6 41.7GC 81083-42 39.7 
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Breeding for Bacterial Pustule and Downy Mildew Resistance 

Summary 

From 795 1,cdigrees 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 pustule while the rest were moderately resistant. 
Among highly resistant selections GC 86026-48, (AGS 29 x AGS 269) yielded 4.1 t/ha. These II 
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 Peronosporamanshurica 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 both. Therefore, i series of crosses were made with selected high yielding 
AGS lines and the resistant germplasin and selections for resistance were made in the inbreeding 
generations. 

Materials 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.sew infection was allowed 
to occur naturally in spring. The check cuitivars, Shih Shih (resistant to downy 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 ro,. for comparison. Detai!s 
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 
yield 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 SIih Shih were 
planted as checks for comparison. An II x I I lattice design with two replicates was used: plot size 
was 3 x 2 m. 

Results and Discussion 

Results of th, yield trial are reported in the yield trial section. 
Of the 795 pedigrees selected in summer 1997 based on single plant yield, 116 were selected 

from 20 crosses (Table 29). The selection differences varied from 9.2 to 22.7 g. 
Among 116 pedigrees evabated, 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 II 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 II selections 
are 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 SWI Mean + Selections Selectionno. pedigrees plant (g) 1SD No. Mean differential
86021 AGS 8 x AGS 129 23 37.26 45.30 4 50.8 ± 3.3 13.586022 AGS 8 x AGS 269 29 31.79 43.85 4 54.5 + 8.7 22.786023 AGS 17 x AGS 129 51 30.55 38.80 6 44.5 ± 4.3 13.986024 AGS 17 x AGS 269 26 33.81 47.16 6 53.1 + 6.586025 AGS 29 x AGS 129 19.350 29.20 39.19 6 ± 8.245.3 16.186026 AGS 29 x AGS 269 51 31.86 41.64 8 49.9 ± 5.4 18.086027 AGS 66 x AGS 129 63 28.97 37.09 7 41.4 ± 4.8 12.486028 AGS66 x AGS 269 57 28.46 36.37 10 41.2 + 4.0 12786029 AGS 85 x AGS 129 40 31.00 38.84 8 42.5 ± 2.9 11.586030 AGS 85 x AGS 269 21 30.95 43.19 3 53.7 ± 8.3 22.786031 AGS 95 x AGS 129 31 34.74 42.37 8 44.0 ± -0.9 9.286032 AGS 95 x AGS 269 27 30.37 39.52 5 46.0 ± 5.2 15.686033 AGS 121 x AGS 129 33 36.03 47.64 7 54.4 ±86034 6.3 18.4AGS 121 x AGS 269 34 34.91 44.57 6 49.7 ± 3.0 14.886035 AGS 144 x AGS 129 28 37.29 47.74 4 56.8 ± 7.6 19.386036 AGS 144 x AGS 269 20 30.15 42.74 4 ± 4.249.0 18.886037 AGS 157 AGSx 129 17 32.65 41.44 4 ± 6.046.3 13.686038 AGS 157 x AGS 269 29 34.03 42.48 5 46.5 ± 3.5 12.586039 AGS 162 x AGS 129 32 39.00 48.96 5 53.6 ± 7.6 14.586040 AGS 162 x AGS 269 19 43.47 57.36 6 61.0 ± 9.2 17.5 

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

Entry Yield Days to 100-seed Bacterialz(t/ha) maturity weight (g) pustule resistanceGC 86026-48 4.1 97 15.9 HRGC 86026-23 2.7 97 18.8 HRGC 86022.17 2.6 97 17.0 HRGC 86029.30 2.6 96 15.6 HRGC 86032.18 2.5 97 16.8 HRGC 86040-1 2.4 97 15.9 HRGC 86028-4 2.3 93 18.1 HRGC 86026-51 2.3 98 16.2 HRGC 86040-9 2.3 98 15.9 HRGC 86028-14 1.8 97 17.5 HRGC 86032-17 1.7 97 16.5 HRGC 86022-12 1.3 96 15.2 HRCNS (check) 1.9 88 12.4 MRG8190 'check) 1.4 92 13.5 HRAGS 302 (check) 0.9 98 20.7 MSMean 2.2 95.7 16.4CV 26.71 1.42 6.14
LSD (0.05) 1.25 
 2.91 2.15MR = 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 cooperators in 45 differentcountries. Fifty-six scientists from 29 countries expressed interest in the AVRDC vegetable soybean.AVRDC breeding lines appeared promising in Burma, Ethiopia, Liberia, Malaysia, Nepal, thePhilippines and Zaire. Seeds of several AVRDC vegetable soybeans are multiplied in Sri Lanka forfarmers' 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 grainsoybean KS #10 and Tainan No. I 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 siall f'arniers through collaboralion with 
the national programs. At the request of the national program scientists. A VRl)t provides the impr oved 
elite gerniplasm and breeding lines fOr evaluation h the national prouram. The results and comments 
of the scientists on the evaluation of breeding linies are presented ler. 

Germplasm Distribution and Evaluation Trials 

Scientists froni 10 countries requested 13 ASE'fs. A tital I'9Lc.) A(! lines. (09 4 pedigrees 
or populations and 231 accessions were sent to 103 cooperatlors in 45 countries (I able 31). Since 
INTSOY terminated its production researci and discontinued disliributrll 01' soyean trials and IITA 
confined its research activities to Africi. :'equest,-l' for reearch IMater ll,, fII ,\\RI itt e:lSLd 
significantly.

The annotncement of the release of vegetable so'bean \'ariel\ Kathsiung No. I (AV11 IDU AGS 
292) by Kaohsiung DAIS created significant interest among sot can ,cieiiti,,ts aroutid the world. A 
total of 56 scientists froni 29 countries requested seeds of KaohsuNing No. I Sixteen scientists front 
21 countries were also sent the two local vegetable so ybeans. Ace. G ))53 and ( 10134. 

ASET Results 

Although the ASETs are sent yearly, due to different planting dates in diftci le cluntries. the 
results are received at different times. During 1988, results of two trials c, mdUt td in I985, flour 
in 1986 and seven in 1987 ASET were received fron nine cooperaters inl eight Countries. 

Brazil 

In Brazil at 25°S latitude. AGS 124 (Clark x COI#3). ACS 217 (Clark 63 x Pl 248-1071 and 
AGS 270 (Selection front PK 7394) did well as the local check \arieties. HoN%e%er.rnaturity duration 
was 	more than 120 days for all entries, including the local checks. AGS 124. A( S 217 and AGS 
324 appeared resistant to Pseudomonax svringae and Sepioria leaf spo . AGS 16tt, AGS 208 and AGS 
217 had no purple seed stain while AGS 124 had some disease. 

AVRDC released the seeds to scientists one year later from tile quarantine of'lhce in Brazil. Tle 
cooperator noted that the germination and plant stand were not satisi'actoor. 

Burma 

Front the trial planted on 26 January in Burima. AGS 268 (selection froni Siasa 194) and AGS 
147 (Shih Shih x SRF 400) yielded 1.6 and 1.4 t/ha compared to the local check's 0.5 t ,I1a. All 
matured in 82 days. OCB froni Thailand tmatured 18 days earlier than the check variety and yielded 
0.9 	t/ha which was at par with the local check. 

The coefficient of variation for yield was 5I.5('1,. 65.7% and the R2 was only 0.36. 0.7) for the 
January and May crop, respectively. The major problem in this trial was plant population density.
There were significant differences between varieties 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 yielded
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 germplasrr
to national programs In different countries, 1988. 

No. of Type of seed sent
 
Country cooperatoi s ASET 
 AGS GC Accessions 

lines pedigrees
Australia 3 4 2Belgium 1 3 2Brazil 1 1Brunei 2 1 3 1 4Burundi 1 10
Colombia 1 1Costa Rica 2 4 2 2Dominican Rep. 	 1 1Ecuador 3 2 12Ethiopia 1 3France 3 13 4Gambia 1 1 
Ghana 
 1 1
Guatemala 1 2India 10 	 105 5 25Indonesia 4 	 90 7 17Iran 2 1 1 2Iraq 1 9 1Japan 
 1 24 
 6Korea 4 6 193 24Lesotho 1 2 2Madagascar 1 2 3 45Malawi 1 7 1Malaysia 4 3 6Maldives 1 2Mauritius 1 2 2Mexico 1 1 1 3Nepal 1 4 3 29Nigeria 3 10 2Pakistan 3 2 146 4 2Papua New Guinea 1 5Philippines 9 2 17 2 4Saipan 1 2 2El Salvador 1 8

saudi Arabia 	 2 1 3Singapore 1 18 2Solomon Islands 1 14 6South Africa 1 1Sri Lanka 2 10
Sudan 
 I 
 1Swaziland 1 1Taiwan 6 114 14 7Thailand 4 264 9 13U.S.A. 9 31 448 10United Kingdom 	 1 2 6Vanuatu 1 4Yugoslavia 1 30

Total 105 13 999 694 231 

Iraq 

AGS 275 (selection 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. 

Japan 

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 yields 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 Korean breeding lines and multiplied the seed 
of advanced lines in spring. A total of 353 entries with seeds weighing 54 kg were shipped to Korea 
in May-June 1988. 

Liberia 

Of nine AVRDC entries tested, six significantly ouityielded the two local check varieties. Compared 
to 2.0 t/ha yield of local varieties, six entries gave 2.9 to 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 varieties which 
were harvested as dr. 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-seed weight of 37 g. G 10134 produced the largest seed 
with a 100-seed weight of 43 g. Since harvesting coincided with rainfall seed quality was poor. These 
varieties will be ,eevaluated in 1988-89. AGS 190 appeared promising. 

Nepal 

AVRDC 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 II lines examined, PI 230971, TN #4, PI 200492 and PI 459025 did not show ::ny soybean 
rust symptoms. PI 339771 B and P1 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 

not prcsent in Nepal. The Indian race which attacked Ankur is present in Nepal.
Mrs. S. Joshi screened 34 AVRDC entries 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 
PI 224268. 

Philippines 

ACS 29 (Clark 63 x 64-64) yielded significantly higher than the check IPB SY2 138-29. G 2261 
matured 13 days earlier than the check but attained similar yield. However, in another trial conducted 
by the same cooperator in Ilagan, Isabela during "he same planting date there was no significant
difference in yield between the entries. In on(; trial, the check yielded 1.6 t/ha. In another trial it 
gave 2.6 t/ha. 

In a trial conducted vt Mindanaio State University in General Santos city. AGS 304 & [(G2120
M8 (37-1)), 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 varieties also matured 20 days earlier than 
the checks. 

At Los Baflos, Laguna, POP conducted wet and dry season trials. During the wet season, AGS 
208, AGS 147 and AGS 129 outyielded the check UPL SY 4 but only AGS 208 outyielded BPI SY 
4. Among them, AGS 147 and AGS 129 were free 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 season and there were significant differences in the number of plants harvested between varieties. 
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Preliminary results from Nesile Co. in Manih showed that AGS 217 and AGS 270 outyielded 
I. other entries and checks UPI, SN-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 Nield ol individual varieties. Results suggested that AGS 208 and AGS 
269 were above the population uea n in both low and high yielding environments. AGS 269 a.d AGS 
21l8 are ".ell adapted to all emvironmets. ()('13 appeared to have above average stability and iFadapted 
to) io, yielding environment. flowever. t)CB ' , \ ield potential under high yielding environment appeared 
to be l)o er 

Sri Lanka 

About 80 kg seeds of six vegetable ,o\ bean ettrie,, wcrc provided to Plenty Canada in Sri Lanka. 
M!S Wasantha Chithral 5 (1988) lep rted'that AGS 164. AGS 165. AGS 184. AGS 190, AGS 191 
:ind AGS 185 \%ere mist promisine (rc r bean ,eh l v;ried ront 4 1 to 9.4 t/ha in Malim season. 
MIattitv raiged romn60 to 72 d(1,\1 

Syria 

AGS 242, A(S 2) and AGS 129 yielded 2.4 to 2.9 t,'ha in about 154 to 168 days. AGS 129, 
AGS 245, ,GS 275. G 2261 and AGiS 261 shattered badly. The maturity of AVRDC entries was 
too long for Syria at 36"67"N latitude. AVRDC will instead provide early maturing selections. 

Taiwan 

Katohsiurig No, 10 (AGS 129) released in 1985 is planted in 3,690 ha (41'7( of the total soybean 
area) Tainan No I released in 1986 is planted in 800 ha which is 9 7 of the total area. Kaohsiung 
No. I vegetable so'bean (AGS 2921 released in 1987 occupies 51 '; (3,919 ha) of the total area planted 
it ve,?elahle . beai. 

Zaire 

Yields ingeneral I'r all entric,, were low. The seeds sent inOctober 1986 were planted in September 
1987. \, a result. germination wa, poor and plant stand was irregular. Sandy soil could not conserve 
the sparse rains during tie trial, thus resulting in poor yield. Yield varied from 0.2 t/ha for the IITA 
lines (check) to 10.4 t/ha for AGS 65 (66-D-20 x CH #21)but the differences were not significant. 

5Chithral. G.M W 1988. Green oym hreans. Soyanews 10(2):3. 
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Screening of Breeding Lines for Beanfly Resistance 

Summary 

Three hundred and six advanced soybean breeding lines (AGS line-,) were screened in the 
orcenhouse tbr resistance to beantly, Ophiomvia phaseoli. Tenty-six least damaged lines were tested 
in tie field by planting them under a large cage and releasing a large number of laboratory-reared 
hCanflv adults. AGS 120 and AGS 122 were least daiaged. AGS lines will be screened again and 
their resistance IeChalisinl %kill be furiher studied. 

Introduction. 

The heantily. )phiom.via 1iaseoli Tr on) (Diptera: Agic rzidaC is a destructie and widely 
distributed insLe: pest ofleconortiically important Iood leguns ti tr opical and subticipical Asia, Africa. 
AwStralia and Oceania. In soybean, the inse.t larva bores into tilestems ol'young plants which result,, 
iplant niorlalits or ses crc reduction in growth and yicld Ilk\' iI Indonesia and the southern part of 

Vlcnan. This insect causes serious damiage to mnlUngbeaii anid snapican in Taiwan. but does not infest 
so) bean at seedling stage. In late 1987. hiowever, a mass developed in AVRD(rearing tec hnique \%.as 
which enabled tile for resistance to 1988. all AVRIDCscreening of so0ean germplasni ). phaseoli. In 
AGS lines \%ere screened. 

Materials and Methods 

All 30( AGS line,, were given a preliminary screening in lie greenhouse. Seeds of 9 to 10 AGS 
lines and one susceptible check, TK-5, were planted in clay ptits with four pots per entry. Ten plants 
were raised in each puot. Pots were placed randomly in the greenhouse and covered with a nylon nlet 
cage. Soon after emergence. 8W{) labratory-reared 0. pli.cee/i adults were cage.released inside tile 
Four days later, tilenumber of eggs laid in cotyledons and unilltlikate leaves kere recorded. Mortality 
rate was recorded after three weeks. Each plant \sas cut open Amnd tilenuitbe= oIf pupae in every plant 
s%as recirded. 

In second Screening. 26 least daniaged AGS lines s crc seCctCd front the preliinary screening 
and planted in t lie ticld under a lare walk-in screen cage. Seeds of each A(iS line were sown as 
a single ros\ on a (0 75 im w ide bed. Soon after germination. tVmice or thrice a week. atlarge number 
oh labiraticry reared ( ). ih. ia'C/adults were released. At 24 arid 15 days alter emergence. 25 plants 
from cach philt .cre cut oipen and the nullber of heanl' laIvae and pupae and plants with beanlly 
damnael e. statistical promeeditr entries were classified highly resistant.re re i.rded. L'sing a e,these 
moderately resistant, hasing low resistance, suscCptihlC and highly susceptible. 

Results and Discussion 

Eight hundred beantly adults were released in each test. Nine or ten entries 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 iiumber of eggs laid in each plant and plant
mortality rate. Thus, although number of eggs laid per plant seems the easiest and most time-:-ving
criterion, it cannot be reliably used in selecting beanfly resistant cultivars. Therefore, plant mortality
rate was used as th, sole criterion in the selection of resistant entry.

TFhe purpose of the second test was to determine the stability of resistance and select the most
promising lines under field conditions. The reactions of the AGS lines varied consideraby. Many
entries that were :east infested in the greenhouse were damaged considerably in the field. However,
AGS 120 and AGS 122 which had a low count of eggs laid in the greenhouse, had the least larvae 
+ pupae in their stems and least number of plants damaged by bcanfly in both observations. Thei 
perfornmance is summarized in Table I. 

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

Tab!e 1. Infestation of selected AGS lines by 0. phaseoli under a net cage. 

AGS lines 
No. beanfly larvae 
+ pupae/25 plants

1st observ. 2nd observ. 

Damaged plants 

1st observ. 2nd observ. 
AGS120 
A3Si22 
AGS3 
AGS210L 

1 
2 

11 
12 

1 
1 
9 

19 

27.8 
22.2 
85.7 
82.4 

27.3 
20.8 
88.9 
87.5 

Susceptible 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 lor resistance to beanfly, Melanayromvza sojae. Three hundred accessions wereplanted weekly in a nonreplicated trial and one-month old seedlings were evaluated for M. sojae
infestation. Based on the nunber of beantly larvae + pupae 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, n'ainly Ophiom via phaseoli (Tryon). 0. centrosematis (de Meijere), and
Mektnagro, .--.a soja' (Zchntner) (Diptera: Agromyzidae) are major pests in soybean and several other
economically important legumes in tropical and subtropical Asia, Africa and the Oceaaia. Flies lay
eggs in the toliage 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 germplasn, for resistance to beantlies, mainly M. 
Sojae, was conducted. However, no uselul source of resistance was found. 

Materials and Methods 

i- onc-hectare field was alternately divided into 1.5-mn wide insect source and 6-n; wide varietal 
test blocks. Two weeks ahead of planting the test accessions, soybean cultivar TK-5 was planted
in two rows of insect source block. In test blocks, 300 accessions were sown once a week, with
20 to 30 accessions per block. Seeds were planted on top of"2 in 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 adiacent to 
the insect source block followed by each subsequent week's planting in the neighboring row. This 
planting arrangement facilitated easy movement of beanflies from older to younger plants in close 
vicinity. 

Four weeks after germination, 10 plants trom each plot were uprooted and dissected. The number 
of M. sojae larvae and pupae 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 
(HR); between mean-I SD and mean-2SD, moderately resistant (MR); between mean and 
mean-ISD. low resistance (LR); between mean and mean+2SD, susceptible (S), and more than 
mean+2SD, highly susceptible (HS). 

Results and Discussion 

Considering the significant positive correlation betwe!en 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 shuwn 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, tie 80 HR accessions will be screened in a multireplicate test in the open field for resistance 
to M. sojae and 0. phaseoli. 

900 
SB 1987-88 815 

600 
C 

0 0 

3000 200283 

z 80 Fig. 1. 
0 Distribution of soybean germ-

HR MR LR S HS plasm Into various resistance 
Resistance Category categories. 

Insecticide Screening for Beanfly Control 

Summary 

Among three insect 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, 
onethoate, 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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Introduction 

In tropical to subtropical regions of Asia, Africa, Australia and Oceania, agromyzid flies 
(Ophiomyia phaseoli [Tryon], 0. centroseinatis[De Meijerel and Me/anagromyzasojae[Zehntner).... 
(Diptera: Agromyzidae) cause serious damage and considerable yield loss insoybean and othersimilar 
legumes. Depending on the species, female adults lay eggs in hypocotyls or cotyledons or unifoliate 
and early trifoliate leallets of soybean seedlings and larvae mine the stem. As a result of larval feeding, 
the plants die or it thy survive, their yield is considerably reduced. 

Presently, insecticides are frequently used to control these pests. However, most insecticides used 
are the broad spectrum type which kill pests as well as parasites. Moreover, some of the frequently 
used chemicals, such as dimethoate and monocrotophos, are becoming less effective against beanflies 
but remain toxic to parasites. Recently a new class of chemicals which appears more toxic to pests 
but less to parasites has been synthesized. These chemicals, commonly called insect growth regulators 
(IGRs), have potential in the integrated control of beanfly. Some had been tested in a screening trial 
to determine their effectiveness against beanflies. 

In a related but separate experiment, an organophosphorus fungicide, pyrazophos, which has a 
structural similarity to an effective insecticide against beanflies showed potential in agromyzid control. 

Materials and Methods 

A parcel of land was rootillcd and worked into I-mn wide raised beds. The beds were further 
divided into 3.3 mux 3 muplots. Seeds of soybean breeding line AGS 66 were sown in two parallel 
rows set 40 cm apart on each bed. Within each row, a dLtance of 10 cm was maintained between 
two adjacent planting spots (hill). Weeding, irrigation, fertilizer application and disease control were 
observed to achieve high yield. 

There were 10 treatments including a control, arranged in a randomized complete block design 
and replicated four times. Predetermined quantities of insecticide formulations were diluted in water 
and sprayed on each plot with a 10-liter air-pressure sprayer charged to 2.7 kg/cm2 (40 psi). About 
0.5 liter (50% of the designated quantity of the active ingredient & AIM) was sprayed in every plot 
during the first four applications and I liter per plot (1000 liters/ha) at the succeeding three applications. 
Each sprayer was individually calibrated with a stopwatch to ensure that a specific volume of spray 
solution could be accurately and uniformly delivered to each plot. Cone-type nozzles were used. 
Sprayings ywere done at 3, 7, 10, 14, 21, 28 and 36 days after emergence (DAE). 

Effectiveness of insecticide was evaluated at 21 and 35 DAE. Thirty plants were randomly uprooted 
from each plot. Each plant was cut open and the number of larvae and pupae found within the stems 
were recorded. Likewise, the number of plants with visible beanfly damage including those without 
larvae or pupae was also recorded. 

Starting 35 DAE, the entire experiment was occasionally sprayed with fenvalerate. At harvest, 
seed yield from each plot was recorded. All data were analyzed by ANOVA and means were compared 
by DMRT, 

There were only two treatments in the pyrazophos experiment. The plot consisted of two rows 
of soybean planted on two 4 mulong and 0.75 m wide beds (plot size, 4 in X 1.5 m). Evaluation 
of pyrazophos application and its effectiveness was done in a similar manner as stated above. Due 
to heavy tains and flooding, the experiment was abandoned after second observation before harvest. 

Results and Discussion 

Results of the insecticide screening are summarized in Table 2. 
Cyromazine (NI-cyclopropyl-l, 3, 5-triazin-2, 4, 6-triyl-triamine), a new IGR, at four dosages 

ranging from 75 to 150 g Al/ha, gave better control of M. sojae than the standard check, omethoate. 
Inboth observation intervals, the number of beanfly larvae and pupae found inside cyromazine treated 
soybean plants were the lowest among all treatments. Two other IGRs, BAS 206538 and BAS 166801, 
with or without adjuvant, did not give any control of the insect and obviously were not suitable for 
the control ofdipterous insects like agromyzids. In the cyromazine treated plot, yield was comparable 
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to plots treated with omethoate. Cyromazine was not effective in controlling Hedvlepta indicata, a 
leaf roller, whereas onethoate was effective. As a result, the yield under omethoate treatment was 
comparable to that of cyronazine treatment despite relatively inferior beanfly control by omethoate. 
Among four rates of cyromazme 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 larvae + 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 beantlies, including the appropriate dosage required 
to get an optimum control of beantlies will be studied in 1988-89. 

Table 2. Evaluation of Insect growth regulators In controlling beanflles In soybean. z'w 

Rate No. beanfly maggots + Damaged plants Yield
Insecticides a.i./ha pupae/30 plants (9) t/ha

87/10/27 87/11/17 87/10/27 87/11/17 
Cyromazine 1OSL 0.1 1.0 d 1.7 c 78.2 bc 52.5 c 2.5 abc
 
Cyromazine 10SL 0.1 2.5 d 2.0 c 71.7 c 39.1 d 2.5 ab
 
Cyromazine IOSL 0.1 1.2 d 1.7 c 72.5 c 38.3 d 2.7 a
 
Cyromazine IOSL 0.1 0.7 d 0.7 
c 65.0 c 35.0 d 2.7 a
 
BAS 206538 0.06 + 1.0 24.7 b 42.2 a 98.3 a 100.0 a 2.2 bc
 
BAS 0902Sv
 

BAS 206538 IOEC 0.1 28.2 ab 46.5 a 98.3 a 98.3 a 2.2 bc
 
BAS 166801 0.06 !1 . 13.2 c 19.2 b 90.8 ab 75.8 b 2.2 bc
 
BAS 0902S
 

BAS 166801 IOEC 01.1 31.5 a 46.2 a 92.5 a 100.0 a 2.4 abc
 
Omethoate 50EC 0.5 
 9.5 c 16.0 b 57.5 d 65.0 b 2.7 a
 
Control 29.5 ab 45.0 a 98.3 a 100.0 a 2.1 c
 

?Cultivar AGS 66 YPlanting date: 87/10/2. Xlnsecticide sprayed: 87/10/8, 10/12, 10/14. 10/21, 10/28, 11/4,

11/11. WHarvest date: 88/1/11. Data shown are means of four replicates. MeIs within columns are not significantly different
at 5% probability level according to DMRT Design: RCBD. WPlot size: 10 m . An adjuvant.
 

Table 3. Effect of pyrazophos on beanfly Infestation In soybean by beanfllesz 
Rate No. beanfly larvae Damaged plants
 

Treatment kg + pupae/30 plants (%)
 
ai./ha 88/8/5 88/8117 88/8/5 88/8117
 

Pyrazophos 30EC 0.5 0.0 b 1.2 b 1.6 b 14.1 b
 
Control 22.2 a 22.0 a 88.3 a 82.5 a
 

Cultivar: KS 9. Planting date: 88/711. Insecticides sprayed: 11, 15, 18, 22, 29 July, 5 August 1988. Plot size: 6 m 11.5 x 4 
m). Design RCBD. Data are means of four replicates. Means within columns are not significantly different at 5% probability level 
according to DMRT 

Biological Studies on Stink Bug, Hiptortus clavatus 

Summary 

Certain biological studies were conducted to understand the life cycle, feeding and reproductive
behavior of a stink bug species, Riptortus 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 soybean pods. The number of eggs laid was 28.67/female when the eggs were allowed to remain 
and hatch on th-' plant but the number increased to 72.67/female when the eggs were removed every 
day. Adults died in one week but lived for three weeks on soybean plants and four weeks when reared 
on dry soybean ,.ecds in the laboratory. 
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Introduction 

A stink bug species. Riptortuis clavatus Thunberg (Heteroptera: Coreidae) is a serious pest in 
economically important legumes, such as soybean and mungb-an. It is a pantropical insect and there 
are verx few biological studies about it. Information on its biology is helpful in developing a rational 
control of tilepest. 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 coN ered the life cycle, oviposition, nymphal feeding habit and adult longevity of the insect. 

Materials and Methods 

Life cycle study. One-day-old eggs were collected from mass rearing. Fifty eggs were placed 
in each Of 20 petri dishCs lined with moist filler paper. The paper was kept moist by adding water 
whenever neccssar\. When collection of all eggs was not possible at one time, the researcher collected 
khatever was available every day and placed an equal number of each day's eggs in five petri dishes; 

0mc petridish represented a replicate. Each group of five petri disies was placed at 20'C, 25°C, 30'C 
or 35 'C. 

FEgs \eIC 01obSeIACd once evcr,, six hours. Soon after eggs were hatched, the insects were collected 
and placed in breeding cups. A green soybean pod of R4 to R5 stage was placed in each cup. Eggs 
that failed to hatch erc cons:derCd dead and recorded. Hatching of eggs and mortality rates were 
calculated. 

All first instar n pnphs '\cre reared inthe breeding cups. Several insects in each cup were furnished 
with green so ',eani pOd. Each cup was marked clearly on lop and the insects were bred at each 
lcmperature until all nymphs became adults. The status of each instar was recorded once every six 
hours. Duration of development stage and mortality of nynphs of each instar were calculated. When 
all nymviphs turned into adults, the percentage of adult emergence and sex ratio was recorded. 

Oviposition study. Six potted soybean plants in R.ito R5 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 each plant. The cylinder was covered %kithtransparent net and a small cup with cotton 
dipped in syrup was hung inside to serve as the insects' source of food. Each potted plant was considered 
as one replicate. From the first three plants, eggs were removed every day but not thereafter. When 
egg laying stopped. the total number of eggs was recorded. In plants where cggs were not removed, 
the nyvlnphs started emerging fromn the eggs. 

Nymphal feeding habit. Newly emerged nymphs of each instar were kept (one nymph per 

petri dish) at 3t)". "ach petri dish was lined inside with a filter paper kept moist by adding water. 
\ fresh green sox heln pod which had no insect damage at all was provided. To keep the pod fresh, 

the petiole s as krapped in a moist cotton plug. The insect was observed frequently, and molting was 
rccorded. The old pods were replaced with fresh ones. 

:\ll Oids werc openCd and the pericarps were placed in a staining solution overnight. The pericarps 
,,ere rem ed, rlli,,edtap water and dipped in acetic acid for fixing. The stained pod covers wereill 

counted. I lie timwmher of stained feeding sheaths of each instar was recorded. 

fiedium were 
influence of three factors on adult longevity was studied. One soybean plant was placed in each of 
tile were placed. In the remaining eight, food 

Adult longevity. Twenty-fr. sized cages divided into three groups. The 

first eight cages. In another eight cages, soybean seeds 
sou rce 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 
350 C (Table 4). At lower rearing temperature, the development time was prolonged. The nymphal 



121 Soybean Entomology 

stage took more than thrice longer 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 earlier
than the males. Mortality of R. clavatus eggs varied considerably from 200 to 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 influence insect mortality. 

Oviposition study. When eggs were removed daily, a single female laid an average of 72.67 
eggs. However, when eggs were allowed to remain and hatch on the plant, a single female laid an 
average of 28.67 eggs. The substantial redu-tion in tile 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 earlier. Before egg
laying, females would secrete some slimy material from the anal end and paint on selected surfaces 
where they laid eggs. Egg color changed from bright blue, blue green, then to deep tan. The first
instar nymph did not eat its egg shell. Tile insects laid eggs mainly on foliage, to some extent randomly 
on other plant parts and on the cage wall (Table 6). Tho distribution ofeggs was erratic and statistically 
no significant difference in tile preference for oviposition sites wa,, found. 

Nymphal feeding habit. As R. clavatus 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 emergence
is summarized in Table 8. Without food, the insects 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, Etiellazinckenella,
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. tmrL and G. soYa cross progenies were tested 
along with certain G. i(a accessions. Among four insect resistant plant introduction (PI) accessions,
PI 227687 was consistently least damaged in four plantings. The higher the trichome density (between
2() to 320/6.25 am 2 on pod) tile greater was the podborer damage. Among accessions with varying
trichome densities on pods, the higher thc trichome density (between 100 to 600/6.25 nn 2 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 insect lays eggs 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. Duratioi of various growth stages of R. clavatus reared at different temperatures. 

Duration (days)7 Sex 

Temperature Egg Nymphal stagf;s Total ratio 

1 2 3 4 5 nymphal period F:M 

20 0 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 < 
25 0 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 + 1.69 1:0.86 
300C 5.25 ± 0.54 1.64 ± 0.26 2.47 + 0.15 2.45 + 0.15 2.67 ± 0.23 5.01 ± 0.78 13.78 ± 0.56 1:0.80 
350C 4.13 ± 0.61 1.45 ± 0.26 1.83 ± 0.09 1.77 ± 0.19 2.32 ± 0.35 4.33 ± 0.89 11.52 + 1.27 1:0.92 

ZData are means of 50 eggs and varying number of nymphs in different instars 

fi 

Table 5. Mortality of R. cfavatus at different life stages at various temperatures.
 

Mortality (%)z
 

Temperature Nymphal instars Adult Cumulative
 
(days) 

1 2 3 4 5 00 
00 

200C 4.40 a 8.46 a 25.22 a 13.90 ab 15.88 b 54.43 a 8.00 a 80.40 b
 
250C 3.32 ab 10.35 a 3.78 b 2.03 b 6.71 c 41.05 bc 5.26 a 56.08 c
 
300C 0.84 b 3.29 a 7.75 b 13.98 ab 5.91 c 26.17 c 3.03 a 46.33 d
 
350C 2.90 ab 7.25 a 23.01 a 14.97 a 33.60 a 69.87 a 10.19 a 89.60 a
 

ZMean 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.z 
Oviposition surface Distribution of eggs (%) 
Upper leaf surface 11.0 a 
Lower leaf surface 31.4 a 
Other plant parts 14.6 a 
Container wall 43.0 a 

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

Table 7. Number of feeding sheaths forrred at different nymphal stages of R. clavatus. 

Nymphal stages No. of pods Mean no. ofstylet sheaths/pod Range 

1 30 0 0 
2 11 8.2 + 379 3-15 
3 14 10.35 ± 7.68 1-27 
4 13 22.38 ± 7.68 6-40 
5 16 41.75 7.05 12-59 

Table 8. Influence of various tuod on average longevity of adultsz 

Longevity (days)Food source 
Male Female 

Green pods 17.1 b 24.0 a 
Dry seeds 30.8 a 27.5 a 
None 6.7 c 7.5 b 

ZRearing temperature 25 ± 10C. Mean separation by DMRT at 5% probability level. 

which is seasonal in Taitan. 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 year:; 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 soybean accessions were screened. In addition, a 
population of Gl'cine itLa 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 ha parcel of land %%as rototilled, applied with basal fertilizers 
and worked into 0.75-in wide raised beds which were further divided into 5-m long plots. Seeds of 
each accession were sown as a single row on each 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 earliest-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 podborer 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 enabled the classification of the germplasm into: highly resistant (HR), 
with percent pod damage less than mean-2SD; moderately resistant (MR), with percent damage 
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between mean-2SD and mean- ISD, low resistance (LR). with percent damage was between mean 
and mean.- ISI): susceptible (S), with percent pod damage between mean and mean +2SD; and highly
susceptible (HS), with pod damage greater than mean+ 2SD. 

Confirmation screening. In the first screening, podhorer infestation and damage observation 
procedures used were identical with the preliminary screening except that 15 accessions were planted
four times (once each in July. August. September and October). At every screening, each accession 
was planted in three randomly selected plots, each plot representing one replicate. Percent of pod
damage was analyzed by ANOVA and means were separated by DMRT. At harvest, the diameter 
of each pod between two points on the flattened seel surfaces was also measured. Trichomes at four 
2.5 mm x 2.5 mill points on the pods were also counted. Podborer damage, pod size and tricholme 
density were analyzed for linear regreision to determine the correlation between pod size or trichome 
density and podborer damage.

In the second screening, four defoliator resistant PI accessions were evaluated along with two
susceptible checks in tour plantings (once each 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. mav and G. sova were screened with four G. intL susceptible checks. The field desig, 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 to 663 trichomes/4 nm 2 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 early
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 I I. 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 fist 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 duc to 
their smaller pods rther than to the resistance they possess. A similar phenomenon was observed 
in all screenings .onducted in the past. 

Table 9. Distribution of soybean germplasm for Ilmabean podborer resistance in various resistance 
categories In two screenings, AVRDC 1988. 

Second screeningxFirst screening y 
Resistance 

categoryz Pod damage No. of Pod damage No. of
 

(%) 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 9.62 389
 
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% 0 to 28.57%
 
Mean 21.57% 9.62%
 
S.D. 6.34 4.38 

7HR = highly resistant, MR = moderately resistant, LR = has low resistance. S= susceptible, HS = highly susceptible. YPlanting 
date= 87/9/23. Planting date= 87/10/15. 

Table 10. Variability In podborer damage In certain soybean accessions in two screenings, AVRDC 
1988. 

First screeningz Second screening y 

Accession no. Pod damage Resistance Pod damage Resistance 
(%) rating (%) rating
 

G6230 8.3 HR 17.6 HS
 
G6285 29.1 HS 3.8 MR
 
G6308 30.2 HS 5.2 MR
 
G6401 28.7 HS 5.1 MR
 
G6526 35.9 HS 2.7 MR
 
G6656 28.7 HS 2.5 MR
 
G6843 29.8 HS 4.9 MR
 

ZPlanting date: 87/9/23. YPlanting date: 87/10/15, AHR: 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 z Second screeningy 

Accession no. Pod damage Resistance Pod damage Resistance 
(%) rating x (%) rating
 

G6359 8.3 HR 5.15 MR
 
G6455 7.3 HR 4.68 MR
 
G6497 3.4 HR 2.07 MR
 
G7180 7.8 MR 2.54 MR
 
G6988 42.5 HS 24.28 HS
 
G 7272 32.7 HS 28.13 HS
 

ZPlanting date: 8719123. YPlanting date: 87/10/15. XHR = highly resistant, MR = moderately resistant, HS = highly
susceptible. 
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Table 12. Resistance to Ilmabean podborer of selected soybean accessions and breeding lines. 
Entry Damaged pods (%) in various screeningsz

designation I screening IIscreening III screening IVscreening 
G 3469 10.0 bcd 13.4 g 4.3 h 5.5 bG3472 10.1 bcd 21.8 efg 8.2 fgh 6.9 b
G3515 13.1 a 31.7 cde 
 15.2 d 10.1 bG3543 9.7 cd 18.9 fg 12.5 def 5.5 bG3574 9.4 cd 16.2 fg 5.9 gh 6.3 b

G3638 9.9 bcd 25.4 def 12.3 def 6.1 b
G3681 12.6 ab 30.5 cde 9.2 efgh 6.4 b
G 3755 11.9 abc 23.0 efg 
 10.2 defg 9.7 bAGS 99 10.0 bcd 30.4 cde 14.5 de 7.3 bAGS 169 9.7 bcd 25.5 def 12.7 def 8.3 bG 74 (S)y 8.9 d 38.3 bc 24.9 c ! 7 bG 298 (S) 10.5 abcd 21.5 efg 41.9 a 11.3 b
G488 (S) 12.9 a 35.4 cd 25.5 c 16.8 -
G 1269 (S) 13.1 a 
 47.9 ab 26.0 bc 8.8 1G3266 (S) 9.3 cd 52.1 a 31.0 b 19.0 a
 
Mean damage 10.7 28.8 
 17.1 10.0S.D. 1.5 5.8 3.1 3.0
 

'Planting dates: 1 screening: 87,17/16, IIscreening: 87/8/14, IIIscreening: 87/9/23, IVscreening: 87/10/14. 
 Y(S)= susceptible
check. 

I Planting: Y= 9.40+0.35X I Plonting:Y-1651+l.83X(r=079 8,
50 (r0.I1690) 
40 

_ 30F 

R20 a 

"0 
0 0 

I 2 3 4 5p6 1 2 3 4 5u6
0 50 ii Planting:Y=P-24.6 i0o70eX(re0.8034 [V Pln9ing8Y.3.88+355X(r=0.7I36*)CU(n10 IfsainI eetdsy
0400 

E 30 Fig. 2. 
o siCorrelation between pod size20 and limabean podborer

1to e p see fu d Iinfestation In selected soy
0 Tbe1PI277wscssetlesd ae h bean accessions In four0 I 2 3 4 5 6 I 2 3 4 5 6 plantings, summer-autumn 

Pod Diameter mm. 1988. 

No significant correlation was observed between trichome density on pods and podborer damage
(Fig. 3) within the range of 150 to 300 trichomese6.25 mm2. Within this range, plant constituents
did not seem to influence podborer infestation. 

'Inthe 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 exceptthe first, when P1 229358 had slightly less damage. Other P1 accessions, particularly P1 171451, was
susceptible as the checks. There was also a significant positive correlation between pod size and pod
damage (Fig. 4). This phenomenon wvas similar to observations in other tests.The resistance of P1
accessions seemed to be associated with smaller pods which presumably made the plant parts less
acceptable for oviposition. It is aLso possible that small pods did not provide the insects with enough
food io 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 

http:trichomese6.25
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Table 13. Infestation of selected defoliator-resistant P1 accessions by limabean podborer. 
Entry Damaged pods (%) in various screeningsz 

designation I screening II screening III screening IV screening 
PI 171444 8.7 b' 9.5 b 28.1 b 23.4 bc 
PI .71451 12.7 b 9.8 b 44.1 a 30.0 b 
P1227687 6.8 b 8.7 b 12.5 c 13.7 c 
P1229358 6.7 b 9.5 b 37.6 ab 14.5 c 
G 6 (S)y 12.7 b 13.6 b 32.2 eb 31.3 b 
G 3166(S) 28.8 a 23.4 a 47.7 a 46.4 a 
Mean 12.5 14.4 34.5 26.6 
S.D. 10.0 25.9 7.1 6.5 

tPlanting dates Iscreening:87/6/17, 11screening 87/7/16. 111screening 8718/14. IV screening 87/9'23, Y(S)= susceptible
check. 'Mean separation within columns by DMR1 at 5% probabiit level 

I Planting Y=14.15-O.01Xr:-03829) IHPlanting Y=2005t0.04X(r=01404) 
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o20 
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-o 50 I clonting:Y=2.12tO± 6X (r :0.2333) IV Planting Y-4.33+002X(r=02150) 
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S40
 

0 
E 30
 

20 Fig. 5.Correlation between tri

10 chome density on pods of 
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No.of Trichornes / 6 25 mm, podborer damage. 

accessions included in the present test had higher trichomes than the accessions in the previous test. 
2Within 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 gerniplasm. 

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 podborer. 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. 
mtav 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 ihe past. Similarly, the greater the trichome 
density within the range of 90 to 370 trichomes/6.25 mm2 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. soJa cross progeny by limabean podborer. 
Entry Pod damage Entry Pod damage

designation (%) designation (%) 
KS 9 41.3 a GC 90012-2-2-98-YB-B 11.1 def
 
TK 5 29.4 b GC 90012-2-18-9B-B 11.0 def
 
AGS 66 18.6 c GC 90012-2-10-88-B 10.9 def
 
GC 90012-2-8-4B-B 14.5 cd GC 90012-2-24-lB-B 10.8 def
 
GC 90012-2-8.5B-B 13.6 d GC 90012-2-y-7B.XB-B 10.4 defg

GC 90012-2-25-1B-B 13.1 de GC 90012-2-18-5B-B 10.3 rlefg
 
GC 90012-2-8-6B-B 12.9 def GC 90012-2-16-28-B 10.3 defg

GC 90012-2-7-lB-B 12.1 def GC 90012-2-2-8B.YB.B 9.7 defg
 
GC 90012-2-16-5-YB-B 11.8 def GC 90012-2-10-7B-B 
 8.3 efg
 
GC 90012-2-19-4B.B 11.8 def GC 90012-2-11-5B-B 8.2 efg
 
GC 90012-2-16-1B-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 
 5.4 g 

Mean separation by DMRT. 

http:trichomes/6.25
http:trichomes/6.25
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progeny. 

Screening of different trichome density accessions. The soybean entries included in
this test were selected based on trichome density on their pods ranging from 128 to 522 trichomes 
per 6.25 mm2 pod surface. The purpose was to gain insights on the role of these plant parts in
podborer infestation. A significant correlation between trichome density and podborer infestation was 
also found. Within the range of 128 to 522 trichomes/6.25 mm2 pod surface, the greater the trichome 
density, the greater was the insect infestation (Figure 8). These results and those of previous experiments
imply the need to develop an almost glabrous cultivar to protect the crop from podborer infestation. 

Pod size of all entries was also measured to correlate it with podborer damage. A significant
positive correlation was observed between pod size and podborer damage (Figure 9). The bigger the 
pod, the greater was the insect infestation. 

Findings from four tests expressed the need to develop a soybean cultivar which has glabrous
pods and small seeds.Although small-seeded cultivars have, in addition to apparent podborer resistance,
other desirable characters such as seed quality, their yield potential is low. Therefore, research efforts
need to be continued to seek a resistant soybean accession with bigger seeds. This accession, if it 
ever exists, will be truly resistant to podborers. 
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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 yielded significantly higher than AGS 181 (highly tolerant check) when not 
treated with fungicide. Two lines, SRE-D-14C and SRE-D-141), 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 disease. 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 countrics 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, selected 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 rainy season. and tolerance to rust as well as high-yielding potential under 
severe rust stress. The plot size for each cultivar was 3 x 6 m2 (2 x 5 m2 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 nonfungi, ide-protected treatments. Subplots were planted 
to advanced lines and check cultivars. Planting was oii 2 March 1988. All nonfungicide-treated plots 
were artificially inoculated four times with rust spore suspension (2,000 uredospores/ml) starting at 
R! stage and twice a week to induce severe rust infection. The fungicide-treated 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 l). 
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 yielded 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. 

3 '. .i;y.7 ' . 
, -a,'" " . ,,z , . 
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An analysis of the 100-seed weight (Table I) 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 l(X)-seed weight (r- = 0.8816) due to rust. 

SRE-D-14C and SRE-D-14D yielded similar to high-yielding check cultivars G38 and KS-8 with 
fungicide treatment and significantly better than the highly tolerant check cultivar, AGS 181, without 
fungicide application. These two lines have good yi.2ld 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 nonfunglclde-protected conditions against soybean rust, spring 1988. 

Entry Yield (Z/ha) % 100-seed wt. (g) % 

Fz 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 1.9 + 30.6 26.9 + 24.0 + 10.5
 
SRE-C-56C 2.8 1.9 - 30.7 25.7 + 23.5 + 8.6
 
SRE-C-56E 2.9 1,9+ 32.9 19.8 17.6 + 11.2
 
SRE-D-14B 2.6 1 ,i- 30.1 23.3+ 20.1 + 13.3
 
SRE-D-14C 2.9 2.2 + 22.0 25.4 + 24.6 + 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 15.5 + 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 25.6 + 17.8 29.9
 

LSD 0.05 0.3 1.56 
ZFungicide protected. + = significantly (P < 005) greater than yield check cultivar, G38, - = significantly less than G38. YNo 
fungicide protection. + = significantly (P < 0.05) greater than highly tolerant check cultivar, AGS 181: - significantly less 
than AGS 181, 

Advanced Rust Tolerance Trial in Hualien 

Summary 

Lines GC 8202 1A, AGS 216, AGS 217 and AGS 299 yielded significantly greater than the local 
check Hualien No. I, with fungicide application. These lines, however, were very susceptible to rust. 
Two lines, SRE-C-56E and SRE-D- II A, had higher yield than the local checks either with or without 
fungicide treatment. The percent of' loss of I100-seed weight due to rust was very highly correlated 
to percent of yield loss (r = 0.8168). The 1987 and 1988 trials indicated that line SRE-D-I IA had 
a very high level of rust tolerance and high yield under Hualien environment. 

Introduction 

In previous studies, significant variation in relative yielding po:ential 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 early 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 2 plot. Plant density was equivalent to 200,000 plants/ha. The check cultivars 
were AGS 129 (high-yielding check), AGS 181 (SRE-E-l IA, highly rust tolerant check), Hualien 
#1 (local check) and Hualien 70-40 (local check). A split-plot design with thiee 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 1April. 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, 
tinder fungicide-treatment (Table 2). However, due to soybean rust infection, these lines only yielded 
equal to the local check cultivar, Hualien 70-40, without fungicide treatment. 

Lines, SRE-C-56E and SRE-D-II A, yielded 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 and SRE-D- IIA 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-II A 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 se!ed than local checks (Table 2). This consideration becomes important when the cultivar 
is ready 	 for release. In Table I, a very high correlation was observed between the percent of loss 
of 100-seed weight and the percent of yield loss (r2 = 0.8168). This high r2 value indicates that 
soybean 	rust affected seed size then substantially reduced the yield under rust severity. 

Yield data of six lines in 1987 and 1988 are compared in Table 3. The line SRE-D-I IA with 
fungicide treatment yielded similarly as the local check cultivars, Hualien #1and Hualien 70-40. Without 
fungicide, SRE-D-II A 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 Huallen. 

Yield (t/ha) % 100-seed wt. (g) %Entry 
Fz 	 NFy

NFY yield loss Fz 	 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 27.4+ 6.8 
SRE-C-56B 1.0- 0.7 23.3 28.5 28.3+ 0.7 
SRE-C-56C 0.5- 0.4 18.0 29.4 29.1 + 1.0 
SRE-C-56D 0.8- 0.5 36.3 30.0 24.2+ 19.3 
SRE-C-56E 1.8 1.6 - 12.7 25.7 25.4+ 1.2 
SRE-D-1 1A 2.0 1.3 + 36.0 23.5 17.9 23.8 
SRE-D-14B 0.8- 0.6 29.3 25.5 20.1 21.2 
SRE-D-14C 0.8- 0.6 27.8 27.7 25.6+ 7.6 
SRE-D-14D 0.8- 0.7 25.0 30.4+ 25.0+ 17.8 
GC 82021A 2.2+ 1.0 51.4 18.8- 12.4- 34.0 
AGS 216 2.4+ 0.8 66.5 27.8 17.6 36.7 
AGS 217 2.6+ 0.9 65.4 22.9 11.9- 48.0 
AGS 299 2.8 + 0.6 78.4 22.3 10.7 - 52.0 
AGS 129 	(CK) 1.8 1.0 43.5 20.0- 14.2- 29.0 
AGS 181 	 (CK) 0.8- 0.5 33.3 21.1- 16.4 22.3 
Hualien #1 (CK) 1.8 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 
ZYield from those with fungicide treatment, + = significantly (P < 005) greater than the local check cultivar, Hualien #1; -
= significantly less than Hualien # 1. YYield from those without fungicide, + = significantly (P< 0.05) greater than the local 

check cultivar. Hualien 70-40; - = significantly less than Hualien 70-40. 
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Table 3. Advanced rust tolerance trials In Huallen DAIS, 1987 and 1988. 
Yield (t/ha) Yield (t/ha)
 

Entry spring 1987 spring 1988
 

NFyFz NF' loss (%) FZ loss (%) 
SRE-B- 15A 2.2 1.84- 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-22A 2.4 2.0+ 11.3 0.8- 0.9 -9.5
 
SRE-C-56A 2.4 2.0+ 13.9 0.7- 0.7 10.1
 
SRE-D- 1 IA 2.6 2.2+ 14.3 2.0 1.3+ 36.0
 
SRE-D-14B 2.6 2.0+ 19.7 0.8- 0.6 29.3
 
AGS 129 (CK) 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
 
Hualien #1 (CK) 2.0 1.3 36.4 1.8 0.6 66.0
 
[iualie,i 70-40 (CK) 2.3 1.3 44.9 1.8 0.8 55.4
 

LSD 0.05 0.4 393.7 
'ield Porn those with fungicide treatment. YYield from those without fungicide. + = significantly (P < 0.05) greater than 
the local J i- cultivar. Hualien #1 - = significantly less than ,-ualhen # 1. XYield from those without fungicide. + = significantly 
1P < 0.05) greater than l,cal check cultivar. Hualien 70-40. 

and 36.01% in the spring of 1987 and 1988, respectively. The results showed that SRE-D-I IA is 
not only highly rust toleiat but also high yielding under Hualien DAIS environment. This line is 
suitable lr planting in spring in Hualien. 

Effects of Soybean Rust Severity and
 
Toleranc3 Levels on Rust-induced Yield Loss
 

Summary 

Rust-tolerant and susceptible soybean cultivars were evaluated in four trials in fall 1986, spring 
and Call 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 each sea on. 

The higher estimated total GLA induced higher yield in SRE-B- 15A than in the susceptible cultivar,
 
TK #5 in each season, indicating a slower rate of disease development in this cultivar than in TK #5.
 

The percentage of estimated total GLA loss due to soybean rust was very closely related to the
 
percentage if yield loss (r2 = 0.8347) in two cultivars in all seasons. TK #5 showed a higher 
percentage of total GLA loss due to rust at each growth stage in each of the four seasons 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 Phakop.ora pachyrhizi, is one of the major constraints in growing soybean 
in the tropics and subtropics of the eastern 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 soybcan 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 n12 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.e. 10 cn 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 
Rl growth stage: 2) artificial inoculation and induced rust infection starting at R3 growth stage; 3) 
artificial inoculation and induced rust infection starting at R5 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 nin three times a week at RI growth stage to allow 
the development of rust. 

Rust severity was evaluated once a week beginning at R2 growth stage, using the Horsfall-Barrat 
rating system. Defoliation was evaluated by counting the number of defoliated leaves of sample plants. 
Yield was evaluated from a 3 x 5 m2 area in the center of each plot and calculated at 13% seed 
moisture content. Yield 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% - 1 of defoliation) in the unprotected treatment, but the percentage of 
GLA in the control 	 treatment = 100% - 5- 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 each season were treated with fungicide, rust did not affect the foliage. 
In the nonfungicide-treated plots, rust infcction 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 Rt, stagc (Treatment A) in TK #5 was 75.6, 81.7, 93.1 and 89.1% in fall 1986, 
spring 1987 (Table 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. z 

y 	 % of GLA Loss 
Vareity Treatment R 


R2 R4 R5 R55 R6 R6.3 R6.5 R8
 

TK #5 	 A 0.0 19.3 30.5 55.2 75.6 86.8 98.1 99.7
 
B 0.0 3.8 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 R4 	 R5.5 R5.8 R6 R6.3 R6.5 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 

ZPlanted: 3 October 1986. 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 R5 growth stage. D - Treated with fungicide. 

Table 5. Percentage of GLA loss at different growth stages of soybean, spring 1987. z 

% of GLA LossVariety Treatment y 

R2 R3 R5 R5.5 R58 R6 R8 

TK #5 	 A 8.8 20.0 36.3 59.5 81.6 81.7 99.9
 
B 2.6 11.3 23.4 39.2 58.3 88.7 99.7
 
C 2.5 7.7 9.3 24.4 45.5 78.1 99.0
 
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 

R3 R4 R5 R55 R6 R6. 5 R7 

SRE-B-15A A 5.0 6.2 10.0 26.6 32.9 58.5 80.0 
B 5.0 5.3 7.5 17.5 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 

ZPlanted: 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 R5 growth stage. D - Treated with fungicide. 
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Table 6. Percentage of GLA loss at different growth stages of soybean, fall 1987.! 

% of GLA LossVariety Treatment y 

R2 R4 R5 R5.5 R6 R6.8 
TK #5 A 2.1 9.1 27.5 45.0 93.1 99.3 

B 1.1 3.4 19.2 31.3 81.2 97.4 
C 0 1.9 14.3 11.1 35.3 61.5 
D 0 0 0 0 0 0 

R3 R4 R5 R5.5 R6.5 R6.8 
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 a,RI 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 7. Percentage of GLA loss at different growth stages of soybean, spring 1988.! 
Variety Treatment y % of GLA Loss 

R2 R3 R5 R5 R6 R6.5 R7.5 
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 11.5 17.4 39.4 58.9 92.4 
D 0 0 0 0 0 0 0 

R3 R3 R5 R6 R6.5 R6.8 R7.5 

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 32.5 58.2 75.3 
C 2.5 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 RI 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. 

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 earlier in spring than in fall. 

The estimated total GLA in both cultivars was very closely related to the yield potential in each 
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 (Table 9), fall 1987 (Table 10), and spring 1988 (Table I1), 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-IA, than in the susceptible cultivar, TK #5, in four seasons. 

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 coefficient (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 spring 1988 (Table 15), respectively. Between two cultivars 
and among four seasons, the correlation coefficient (r2) 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, seed size and grain yield. The susceptible cultivar, TK #5, showed much higher percentage 
loss of total GLA due to rust at each growth stage than the tolerant cultivar, SRE-B-15A in each 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 earlier 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 yield, fall 1986.
 

Treat. 	 Rep. 

A 	 I 
II 
III 
IV 

B 	 I 

II 

III 

IV 

C I 

II 

III 

IV 

D 	 I 

II 

III 

IV 

Correlation coefficient r = 
Correlation coefficient (2 varieties) 

TK #5 
Estimated Yield
total GLA potential 

(M) 	 (9) 
342.8 48.7 
329.9 45.2 
323.1 45.6 
331.6 60.3 

379.7 54.8 
383.7 52.4 
395.9 60.2 
425.3 79.8 

529.0 78.7 
526.2 83.4 
541.0 87.8 
571.3 93.8 

637.0 
621.0 
640.9 
630.9 

96.8 
100.0 
93.6 
98.0 

0.95 r= 0.85 
r = 0.93 

SRE-B-15A 
Estimated Yield 
total GLA potential 

(M) (9) 
624.7 87.7 
625.5 86.5 
564.2 85.3 
600.4 85.2 

634.9 87.7 
637.8 84.2 
628.6 89.4 
647.2 87.1 

699.8 100.0 
699.6 98.6 
675.5 91.3 
653.7 92.4 

703.4 98.3 
713.4 95.9 
720.1 96.7 
720.1 93.3 

Table 9. Correlation between percentage of estimated total GLA and ylqld, spring 1987. 

Treat. 	 Rep 

A I 

II 

III 
IV 

B 	 I 

II 

III 

IV 

C I 

II 

III 

IV 

D 	 I 

II 

III 

IV 

Correlation coefficient r = 
Correlation coefficient (2 varieties) 

TK #5 

Estimated Yield 
total GLA potential 

(M) (M) 
231.8 29.4 
237.3 29.7 
213.7 25.0 
254.9 39.3 

275.7 37.2 
292.7 41.7 
294.7 46.1 
306.2 54.9 

329.3 43.2 
314.0 41.7 
331.1 49.6 
353.0 56.9 

445.5 90.4 
493.9 90.6 
514.1 94.4 
503.0 100.0 

0.97 	 r = 0.91 
r = 0.97 

SRE-B-15A 

Estimated Yield 
total GLA potential 
(%) (9) 

395.0 70.3 
383.6 73.5 
371.3 72.9 
401.9 78.6 

448.9 87.1 
424.9 85.7 
440.2 84.9 
457.2 84.4 

456.3 85.0 
447.8 87.4 
490.3 86.8 
472.4 84.4 

537.4 98.5 
523.5 100.0 
539.4 91.5 
533.8 95.2 
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Table 10. Correlation between percentage of estimated total GLA and yield, fall 1987. 

TK #5 SRE-B-15A 

Yield Estimated Yield
Treat. Rep. Estimated 

total GLA (%) 	 potential (%) total GLA (%) potential (%) 

A 	 I 317.4 41.5 422.8 72.3
 
II 289.7 37.5 403.8 77.5
 
1II 292.0 38.4 425.0 76.6
 
IV 320.7 44.8 410.0 81.5
 

B 	 I 341.3 41.0 444.9 80.7
 
II 324.1 42.3 455.3 78.0
 

III 337.7 44.1 457.1 80.4
 
IV 331.3 52.9 445.4 82.2
 

C 	 I 422.6 78.3 516.9 95.6 
II 408.1 88.0 498.5 100.0 
III 405.3 39.5 484.0 95.8 
IV 399 5 88.2 485.7 88.3 

D 	 I 481.5j 94.1 520.3 93.7
 
II 502.5 93.1 509.5 98.1
 
III 486.8 89.8 511.2 90.9
 
IV 488.9 100.0 510.9 99.9
 

Correlation coefficient r = 0.93 r - 0.87 
Correlation coefficient (2 varieties) r = 0.93 

Table 11. Correlation between percentage of estimated total GLA and yield, spring 1988. 

TK #5 SRE-B-15A 

Treat. Rep. Estimated Yield Estimated Yield 
total GLA (%) 	 potential (%) total GLA (%) potential (%) 

A 	 I 206.4 19.9 323.0 59.5
 
II 189.8 25.6 314.2 62.2
 
III 162.8 26.0 321.4 65.3
 
IV 175.1 31.0 312.3 65.9
 

B 	 I 296.4 28.8 400.6 66.0
 
II 269.8 34.5 400.7 71.9
 
III 280.6 29.5 386.4 74.0
 
IV 277.2 37.1 377.4 73.6
 

C 	 I 360.7 45.5 482.5 82.0
 
II 345.8 39.9 466.1 82.0
 
III 359.9 44.9 446.7 82.5
 
IV 362.5 55.4 438.5 88.2
 

D 	 I 490.9 91.9 549.8 95.0
 
II 482.5 100.0 540.7 96.9
 
III 498.8 95.9 526.5 88.5
 
IV 489.1 90.0 521.4 100.0
 

Correlation coefficient r = 0.9' r = 0.93 
Correlation coefficient (2 varieties) r = 0.92 

Table 12. Correlation between percentage of estimated total loss of GLA due to soybean rust 
and percentage of yield loss, fall 1986. 

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 184.7 11.5 42.4 0.5 
D 0 0 0 0 

r2 0.96 	 r 2 = 0.91 

r2 (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 

Treatment Estimatedtotal GLA loss 
Yield

loss total GLA 
Estimated

loss 
Yield 
loss 

A 
(%) 

404.4 
(%) 
67.1 

(%) 
219.2 

(%) 
23.4 

B 323.1 52.1 139.0 11.2 
C 266.6 49.0 105.5 10.8 
D 0 0 0 0 

2 r = 0.99 	 r2 = 0.96 

r2 (2 var.) = 0.94 

Table 14. 	Correlation between percentage of estimated total loss of GLA due to soybean rust 
and percentage of yield 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 124.1 8.8 25.0 0.8 
D 0 0 0 0 

r = 0.90 r = 0.9A 

r2 (2 var.) = 0.91 

Table 15. 	Correlation between percentage of estimated total loss of GLA due to soybean rust 
and percentage of yield loss, spring 1988. 

TK #5 SRE-B-15A 
Treatment Estimated Yield Estimated Yield 

total GLA loss loss total GLA loss loss 
(%) (%) (%) (%) 

A 471.8 72.9 307.2 33.5 
B 343.1 65.6 209.2 25.0 
C 225.9 50.8 113.1 11.8 
D 0 0 0 0 

r = 0.93 r = 0.99 

r2 (2 var.) = 0.87 

Conclusion 

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 isone 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 Glycine accessions from Australia 
were screened to identify the sources of resistance. In two evaluationis, 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 pchwyrhizi 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 Glvcine species (received from 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 Glycine and two checks, AGS 181 (highly tolerant check)
and Taita Kaohsiung No. 5 (TK #5) (susceptible check), were planted on 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' each 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, seedlings in each pot were thinned 
to three only. The pots were placed outside the greenhouse (replications and per accession) 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/mnl). 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 accessiors developed only a few lesions. wh,_'reas, other. did not. These were ated 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 arid even the highly 
tolerant variety AGS 181, were rated susceptible.

The 14 highly resistant accessions belong to four wild Gl'vcine species: G. argyrea, G. clandestina,
G. tabacina (2n = 80) and ,3. fimentella (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 
(r2 = 0.945) to percentage of seed germination than microorganism infection (r2 = 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 Colletotrichuni,Plhomopsis, Macrophiontina,
Fusarium, Alternaria, Cercospora, Penicillium and some bacteria was found in the seeds. 
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Table 16. Disease rating and number of Glycine accessions screened for resistance to soybean
 
rust In 1988. 

Disease rating z 

Dies aigSpring 
SNo. of entries 

Fall 

Highly resistant (HR) 
Moderately re.istant (MR) 
Susceptible (S) 
Nongermination 
Total 

16 
9 

73 
2 

100 

14 
2 
0 
0 

16 
1HR = 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. 

SpecieF No. of accessions Accessions 

Glycine argyrea 4 1626. 2003/9, 2003/13, 2004/1 
G clandestina 3 1664, 1225, 1558 
G. tabacina (2n = 80) 4 1226. 1254. 1258, 1262 
G. tomentella (diploid) 2 1316, 1366 
G. tornentella (tetraploid) 1 1359 

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 varietal factors. The 
loss of seed viability results in poor stand and is accelerated by high ambient temperatures and high 
relative humidity. This stud) 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 m2 with four replicates (each I x I m-) 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 R8 stage (with 95% nature 
pods). The pods were then drieo and the seeds were threshed until the moisture content was lower 
than 13%. The seeds were used for the isolation of microorganisms and the germination test. One 
hundred seeds from each replicate in every harvesting were randomly collected to test the 
microorganisms present. The seeds were rinsed in two changes of sterile water, surface sterilized 
in I% aqueous solution of sodium hypochlorite for 10 minutes and rinsed again with two changes 
of sterile water. 

Ten treated seeds were placed in apetri dish containing 15-20 ml potato dextrose agar, and incubated 
at 24°C for 5-7 days before identifying the microorganisms and evaluating germination. 

Results 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 season. Results indicated that soybean seed was affected 
by rains which reduced the chance for germination. However, the germination in other harvests (except 
in II November 1986) was quite high - more than 85%. The results indicated that high-quality seed 
was easily 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 seed deterioration and low 
germination rate during the warm and wet season. The correlation between percentage of clean seed 
which did not germinate and percentage of germination in each harvesting was very high 
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Table 18. Deterioration of soybean cultivar TK #5z in relation to germination. 

Nongerminated seed
 
Date Date 
 % of, % did not y % 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 5.3 8.8
8/29/86 11/17/86 68.3 31.7 12.0 19.8

9130/86 12/20186 90.5 9.5 6.0 
 3.5 
10/30/86 2/2/87 92.3 7.1 3.3 4.5
11/28/86 3/23/87 95.0 5.0 3.0 2.0
12/31/86 4/22/87 88.8 11.2 10.8 0.5
1/27/87 5/1/87 85.3 14.7 13.3 1.5
2/26/87 5/25187 72.8 27.2 23.5 3.8 
4/1/87 7/9/87 51.3 48,7 34.5 14.3

5/1/87 8/12/87 52.8 47.2 
 38.5 8.8
5129/87 9/7/87 18.3 81.7 59.3 22.5
7/1/87 9129/87 40.0 60.0 47.0 13.0
8/3/87 10/22/87 58.8 41.2 37.5 3.88126/87 11/10187 67.8 32.2 20.0 12.0
 
10/1/87 12/16/87 74.5 25.5 17.5 
 8.0
11/2/87 1/29/88 93.0 7.0 2.3 4.8
12/1/87 3/17/88 93.5 6.5 2.8 3.8 

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 .z 

Date % did not y 
otadnnfce 


harvested germinate (A) co onism (B) 


% of seed with clean % of 

B/A__________________________________by microorganism (B)
 
10/30/86 14.0 5.3 
 37.9
11/17/86 31.7 12.0 37.9
 
12/20/86 9.5 6.0 
 63.2
2/2/87 7.7 3.3 42.9
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
7/9/87 48.7 34.5 70.8 
8/12/87 47.2 38.5 81.6
9/7/87 81.7 59.3 72.6
9/29/87 60.0 47.0 78.3
 
10/22/87 41.2 
 37.5 91.011 / 10/87 32.2 20.0 62.1
 
12116/87 25.5 17.5 
 68.6
1/29/88 7.0 2.3 32.9
3/17/88 6.5 2.8 43.1 

100 seeds were collecd from each of fou replications in eacfi harvesting. YMean of four replications 

(r2 = 0.9'5). suggesting that percentage of germination coincided very closely with percentage of 
clean seed that failed to germinate.

However, in May tc; December 1987, only 3.8% to 22.5% of seeds did not germinate and also
showed microorganism ii'l.ction. 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 warm and wet season was suitable for the development and infection of seed-borne 
pathogens which retard seed germination.

There were some pod and seed-inhabiting fungi, such a, Colleorichum. Phomlnosis,
Macrophomina, Fusarium, Alhernaria. Cercospora, Penicillium and some bacteria recovered from 
the seeds (Table 20). A higher percentage of these microorganisms was found at harvest during warm
and wet seasons. The correlation between percentage of seeds damaged by seed-borne pathogens and 
percentage of germination was not high (r2 = 0.592). This correlation coefficient was much lower 



Table 20. Bacterial infection on soybean cultivar TK #5 In each harvesting. 
Date 

harvested Bacteria 
Alternaria 

spp. 
Fusarium 

spp. 
Cercospora 

spp. 
Colletotrichum 

SM. 
Phomopsis 

spp. 
Macrophomina 

spp. 
Penicillium 

spp. 
Rhizoctonia 

solani Others 
10/30/86 
11/17/86 
12/10/86 
2/2/87 
3/23/87 
4/22/87 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ + 
+ 
+ 

C. 

5/1/87
5/25/87 
7/9/87 
8/12/87 
9/7/87 

9/29/87 
10122/87 
11/10/87 
12/16187 
1129/88 
3/17/88 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

4-

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

0 

Z400 seeds isolated in each harvesting. 
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than tie firner nentioned above (0.592 < 0.945). This indicated that this factor was less important 
than percentage of clean seeds "\hich gerilinated hut were not infected by microorganisms. 

It may be possible that seeds which lost their viability before infection of the pathogens were 
included. Renoval of nonviable seeds therelore, would probably increase the percentage of gerlination.

Clearly, there was a high negative correlation between tile accumulated dail, average 
te nlperatu repieci p tatniil and the percentage ol'gCrilinati( n froni R2 to R8. froi the iliddle of*R2-R8 
and f01n R6 to R8. The correlatlilo coefficient during R2 to R8 was tile highest (I of accumulated 
daily teilperature vs. '; of geriination = -0.71110: 1 of' accunulated precipitation vs. "' of 
gerinnaltion - )705. These data sllowed that tile longer tile accumulation of 
tenperature, plecipitation. tie higher tile negative correlati incither in telperature or huniidity
(-0.7111(0 < -0.65857 < (.52()04 aild -0.80765 < -0.75877 < -0.66871). Results al'.) indicated 
that correlation betm en acctnitilated precipitation and percentage of geriniiation is higher than tileaccunlulated daily .eragc teUxperatute in each ol' tie three grcaoeiwth periods (-0.80765 < -0.71110. 
-(.75877 < -0.6585). -0.06871 < 0.52064. respecti'ely suggesting that precipitation affects seed 
gerililation mlore thlan temiIperature does. 

In brief. ,ovhean sed w'as greatly affected bv tile variation of anihicli telnp,_rattire and humidity 
during the grow\th period. The iie\t fictor related to low geriinatiol raie during tile warin and wet 
season Was MiClroorgalilsills. 

Effect of Seed Deterioration on Germination 

Summary 

Significant diff'erences in gerinination were observed amiong TK #5, AGS 129 and P1459025. 
Seed deterioration by abiotic environlllental factors and by seed-borne microorganisms caused the 
seed's failure to gerilinate in tile first planting. However. high temlperature and high humidity were 
the mijor causes of the seed's lailure to gernlinate in later planting. Seed-borne iict oorganisnls showed 
an ahnost I(W() higher percentage of damage on germination. Fungicide application increased the 
gerinitation rate of TK #5 in both plantings. 

Introduction 

Diseases are probably tile inlportant factors affecting soybeail production in Southeast Asia. 
Plantings during rainy season were affected by lower stand and reduced seed quality. This study aimed 
to determine if varietal difference affects germination in different environments and evaluates seed 
deterioration by abiotic fac tiors and illicroorganisis af(feecting seed germination. 

Materials and Methods 

Seeds of' K #5. AGS 129 aind PI 459025 were harvested in fall 1987 and planted on I and 21 
March 1988. The first planting followed the nornial planting tile for soybean in spring and the second 
planting delayed tle harvesting to July and August. The plot size was 3 x 3 11- and plant density 
was equivalent to 2(X).(XX) plants/hia. A randomized complete block design with four replications was 
used in eaci planting. Weekly fuLngicidc treatments of 80/ Dithane M-45 w.p. mixed with 50% 
Benonlyl w.p., 5.4 Bayleton w.p. were enlployed starting at the RI stage. A control was used in the 
experimlent. AVRI)C's standard cultural Qractices except the application t,f fungicide were followed. 

Pods in plants at the center (2 x 2 ni- part of tile plot) were harvested when nmost plants in each 
plot of every planting reached R8 stage (with 95% ilature pods). Seeds were threshed and dried until 
the moisture content was lower than 13 (X. The seeds were used for the isolation of imicroorganisms
and gernlinat-MI test. Two hundred seeds were randomly collected from each plot, rinsed twice in 
sterile water, surface sterilized for Id nlinutes in I '/ aqueous solution of sodium hypochlorite, and 
rinsed again twice in sterile water. The treated seeds were placed in a 9-cn diameter petri dish containing 
15-20nl 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). Seeds of P! 459025 showed 74% nongerminated seeds. This included 30% 
of the clean seeds that failed to germinate, and 35% of the seeds probably were damaged by 
microorganisms. Seed deterioration due to abiotic factors and microorganisms influenced the percentage 
of the germination of Pi ,A59025 in the first planting. TK #5 also showed II and 12 / damage due 
to abiotic 	factors and microorganisms, respectively. And AGS 129 showed 13.3 and 16 ( damage 
attributed 	to abiotic factors and microorganisms, respectively. 

In the second planting, 50(7 of the seeds of TK #5 and AGS 129 germinated. Germination of 
PI 459025 seeds was almost nil (Tl1e 22), with 96'%' Fusariutm spp. infected seeds. l'his indicated 
the poor production quality 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 iampared 
with the first planting. This growth period coincided with the hot and wet season which was previously 
found unfavorable for the development of soybean seeds 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 cf 80'7 Dithane M-45 w.p. and 50%i- Benomyl w.p. significantly increased 
germination and reduced seed infection by' microorganisms in TK #5. Tne application of fungicide 
on P1459025 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. Seed infection by microorganisms was 
higher when no fungicide was applied. There was no difference in seed deterioration among seeds 
of the three varieties with fungicide and no fungicide application. Due to increased temperature and 
humidity, the percentage of damage either by microorganisms or by a.iotic facturs increased. Results 
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 season. Nevertheless, 
it is necessary to identify the importance of these factors throughout the year. 

Table 21. Effect of ablotic factors and microorganisms on the germination of soybean Inthe first 
plantingz 

% %non- % seeds % seeds on whichVariety/ Harvest seeds y germinated of abiotic microorganisms 
line period germinated seeds deterioration were detected 

TK #5 6/20-7/4 76.7 A 23.3 C 11.2 8 12.1 C
 
AGS 129 6/30.7/4 70.2 B 29.7 " 13.3 B 16.4 B
 
P1459025 6/20-7/18 26.2 C 73.7 A 38.6 A 35.1 A
 

ZPlanted 1March 1988. YMean of three replications. 

Table 22. 	Effect of ablotic factors and microorganisms on the germination of soybean In the 
second plantingZ 

Variety/ Harvest % % non- % seeds % seeds on whichLine period seedsY germinated of abiotic microorganisms 
germinated seeds deterioration were detected 

TK #5 6/30-7/14 50.3 A 49.2 B 18.6 A 31.1 B 
AGS 129 7/8-7/14 51.7 A 48.3 B 14.8 B 33.5 B 
P1459025 8/8-8/24 0.5 B 99.5 A 3.6 C 95.9 A 

ZPlanted 21 March 1988. YMean of three replications. 

Screening for Bacterial Pustule Resistance 

Summary 

Bacterial pustule is one of the most important diseases of soybean in Southeast Asia during the 
warm rainy season. A total of 116 AVRDC breeding lines were artificially inoculated in the field 
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during the 1088 summer to confirm their bacterial pustule resistance. Eleven breeding lines rated high!y
resistant to ,racterial p,,tule had AGS 269 as one of their parents. 

Introduction 

Bacterial pustule of soybean (GI'vcin' maxr (L. )Merr. ).caused by Xanthomnonas canpestrispv.
glvcim' (Nakan Dye), is one of the most important diseases during the warm rainy season in Southeast
Asia. The development of resistant varieties 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 
breedine lines. 

Materials and Methods 

()Ile
hundred and sixteen progenies screened last year for bacterial pustule resistance were planted
2in two replications. The plot size was 3 x I mn. Plant density was 500.000 plants/ha. The check

cultivars were G 8190 (highly resistant). CNS (moderately resistant) and G38 (highly susceptible).
The seedlings were artificially inoculated on 14 September 1988 when they reached R3 growth stage.

The inoculum was prepared by propagating the pathogen isolate (BP-I) on 5231 medium plates.
incubated at 32"C for 24 hr. The culture was washed off with distilled water and the bacterial suspension 
was flhered through two layers of cheese cloth. The suspension was diluted with tap water to 6.5 
x 1(0cfuii,:l (OD absorption 0.30). The concentration of the bacterial suspension was determined
by a spectrophotometer (Jasco, UVIDEC-340) at a wave length ofl600nto. 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 atotnizer at 25 kg/cm2 pressure.

The disease rating was made 28 and 37 days after inoculation. The rating system followed: highly
resistant (HR) = dise:i-c resistance similar to or less than G 8190: resistant (R) = disease severity
slightly more than G 8190: moderately resistant (MR) = disease severity similar to G 2034 (CNS);
(MS) = disease severity distinctly more than G 2034 and less than G 38: and highly susceptible (HS) 
= disease severity similar to 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 tilehighly 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 resistance. 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. 

IKado, C. I., and Heskeil, M. G. 1970. Selective media for isolation of Agrobacterium, Corynebacterium, Ervinia,
Pseudomnonas, and Xanthononaw. Phytopathology 60:969-976. 
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Table 23. Disease reaction of AVRDC breeding lines to bacterial pustule, summer 1988. 

Disease reactionz No. of entries % 
HR 11 9.5
 
R 55 47.4
 
MR 48 41.4
 
MS 2 1.7
 
Hzi 0 0.0
 
Total 116 100.0
 

ZHR: D'isease severity similar to or less than G8190. R: Disease severity slightly more than G8190. MR: Disease severity similar 

to G2034 (CNS). MS Disease seve; it, *listinctlymore than G 2034. but less than G38. HS: Disease severity similar to or greater 
than G 38. 

Table 24. Soybean .ultivars and breeding lines highly resistant to bacterial pustule, summer 1988. 

Line no. Disease reaction Pedigree 

GC 86040-19 HRZ 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
 

IHR: Disease severity similar to or less than G 8190. 



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 selecting a soybean cultivar for vegetable, the seed vnd pod size, palatability, color, texture, 
and the ease 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. 

Materials and Methods 

Seeds of vegetable soybean varieties, Tzurunoko (G 9053) and Kaohsiung Sel. No. I (AGS 292), 
were sown on 2 February 1988 in PVC pots (30 cm 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 
P20 5, and 216 ppm K20. Side dressing of 0.5 g (NH4)2SO 4 per pot was applied at R2 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: 

I. Control, continuous supply of standard amount of water; 10.3-16.5% 
2. Water withholding at V5-Ri (39 to 47 DAS); 9.0 to 17.0% 
3. Water withholding at R1-R2 (46 to 54 DAS); 8.1-16.2% 
4. Water withholding at R3 (53 to 61 DAS); 9.4-15.9% 
5. Water witLholding at R4-R 5 (60 to 68 DAS); 7.9-15.6% 
6. Continuous watering at 2/3 of control; 10.9-13.3% 
7. Continuous '.atering at 1/2 of the control; 9.6-12.6% 
8. Continuous watering at 1/3 of the control; 8.8-11.2% 

Plants were randomly assigned in three replications (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-ni 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 divided into four sections at 3.5 in/section. Plot size was 1.5 m x 3.5 m, each 

,,•v.- . . 
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with three rows. Spacings were 10 cm x 50 cni and 20 cm x 50 cm. As a 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 RI-R2 stage. During this experiment, light interception by the canopy was investigated 
fron R3 to harvest, and pod abscission potentials were measured. Other growth and quality 

parameters described above were also determined. 

Results and Discussion 

Based on plant height and leaf area, a significant drought stress occurred 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 

leaf 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 I/2 or I/3 amiount 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.e. number of pods with more than two seeds/total pod number, immature 

seed yield, nd dry seed yield were reduced as a result of drought stress at generative stages 
(Table I). However, great reductions occurred with the watering of 1/2 or 1/3 amount of the control. 

Table 1. Effect of drought stress on vegetable soybean z 

Entry 
Stresstreatment 

Graded pod no.
/Total pod no. 

Immature seed
yield 

Dry seed
yield 

V5-R1 74 74 83 

RI-R2 63 62 71 

R3 110 96 88 

G 9053 R4-R5 
2/3 of control 
1/2 of control 
1/3 of control 

81 
69 
66 
26 

83 
52 
35 
10 

81 
62 
38 
19 

V5-R1 
R1-R2 

76 
63 

85 
73 

86 
68 

R3 85 84 89 

AGS 292 R4-R5 
2/3 of control 
1/2 of control 
1/3 of control 

76 
69 
37 
44 

83 
60 
54 
39 

76 
60 
40 
35 

ZExpressed 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, soil water tension in the 20 cm depth 75-100 cm, 50-75 cm and 25-50 cm sections 

increased to about 55%, 35% and 20% more of the 0-25 cm section. 
On the contrary, there were no significant differences on soybean generative development due 

to the difference in height in the sloping bed. The drought stress in the sloping bed was not severe 
moisture content measured in the 15-20 cm depth atenough to affect development. The minimum 

the 75-1(X) cm 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 
I). Both total and graded yields of G 9053 were higherin other sections in the sloping bed (Fig. 


in 20-cm spacing than 10 cm due 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 seed yield.
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8 Graded pod number/plant of 

G9053 and AGS 292 grown Intwo 
6 spacings at the sloping bed (13 - 3,G9053 G9053 AGS292 AGS292 GRANT 75.100 cm; A - A, 50-75 cm;(i0cm) (20cm) (10cm) (20cm) (10cm) 0- 0,25-50cm; A- ,O-25 cm). 

Table 2. 	Plant growth of vegetable soybean as affected by bed height and spacing, May 1988 
(R6 stage). 

(spacing)Entry Bed Plant Node no. Branch no. Leaf area Total Totalheight heigh. 
(cm) (cm) /plant /plant (cm 2/plant) fresh wt. dry wt. 

(g/plant) (g/plant) 
75-100 36.6 8.9 3.7 a 847 56.2 15.4 a 
50-75 32.3 8.6 3.2 ab 661 51.1 13.8 ab

G9053 25-50 32.3 8.9 3.2 ab 793 58.4 15.1 ab
(10 cm) 0-25 35.9 8.8 2.1 b 704 45.5 11.8 b 

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

G9053 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 29 7 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 8.6 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 bz 13.2 ab 3.0 835 b 65.2 b 18.0 b
50-75 65.7 a 14.2 a 2.0 1058 a 77.1 a 20.9

Grant 25-50 61.6 a 12.5 b 1.5 	
a 

859 b 61.3 b 16.5 b

(10 cm) 0-25 65.3 a 13.0 ab 
 1.3 933 ab 64.1 b 17.2 b 

"X 61.5 13.2 2.0 921 67.0 18.1 
ZMean 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 50 cm in the sectionsx 
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 area/plant than in low sections and/or 20 cm 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 imnmature 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 

in immature seed was observed due to differences in bed height or spacing, except with AGS 292 

50 cm spacing where seeds from high section had higher sugar contents than the low section.at 20 cm 	 x 

66 

62 

- 58 

o ~54/
 
50
 

< 46 Fig. 2. 
pod abscission rate 

'Potential0- 42 of G 9053 and AGS 292 
grown Intwo spacings In the

38 sloping bed ( 03- 0 ,75-100 
cm; A- A, 50-75 cm; 0 -034 ._--- --

G9053 AGS292 AGS292 GRANT ,25-50 cm; A - A, 0-25 cm).G9053 
(10cm) 	 (20cm) (10cm) (20cm) (l0cm) 

Table 3. 	Pod quality (%) and seed chemical composition (%) of vegetabil soybean as affected 
by bed height and spacing. 

BPy
Entry Bed height TBPZ 	 NBP' Protein Sugar Starch AISw 

(spacing) (cni) 

75-100 209 20.7 56.9 36.4 4.5 9.9 76.0 a 
75.9 a50-75 24.5 27.5 53.5 39.8 3.6 10.1 

8.8 	 73.8 bG 9053 25-50 19 3 20.7 55,7 41.1 1.8 

0-25 17.5 37.4 59.6 39.9 3.9 10.0 73.3 b(10 cm) 

. 20.5 26.6 56.4 39.3 3.5 9.7 74.7
 

35.6 a 37.2 4.4 9.4 74.8 a 

50 75 30.2 a 36.1 a 49.2 38.4 4.2 8.9 72.3 ab 
75100 30 7 a' 42.6 

46.8 39.6 3.5 7.6 73.8 abG 9053 25-50 23.1 a 26.8 ab 
45.4 40.6 4.2 8.1 73.3 b_20cm) 0-25 12.3 b 17.9 b 

11X 	 24 1 29.1 46.0 39.0 4.1 8.5 73.5 

54.9 37.1 4.0 9.4 75.075-100 19.8 21.0 
50 i5 2.19 26.8 52.5 38.9 4.8 9.6 75.2
 

AGS 292 25-50 22.9 42.0 41.2 36.4 3.4 8.2 74.3
 
566 4.7 7.2 71.8(10 cm) 0-25 18.2 20.6 41.5 


51 3 4.2 8.6 74.1
21.5 27.6 	 38.5 

75 100 32.4 34.6 48.2 35.7 5.7 a 10.9 74.6 

50 75 33.1 38.5 44.4 36.3 4.9 a 9.0 75.5 
36.0 4.7 a 8.7 73.3AGS 292 25-50 27.4 30.7 50.6 

2.8 b 74.1(20 cm) 0-25 22.1 28.7 48.0 36.8 9.7 

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 

60.6 37.4 4.1 6.5 b 73.950-75 12.6 ab 14.8 ab 
22.5 a 58.2 34.3 3.7 7.3 bc 73.2GRANT 25-50 19.3 a 

8.3 a 	 75.30-25 7.2 b 8.3 b 69.9 35.7 3.3 

12.9 15.2 61.7 36.1 3.5 7.2 74.0 

Total blemished podltotal pod per plant x 100 (wt/wt). YBlemished pod with 2.3 seeds/2-3 seed pod x 100 (wtlwt). XNon

blemished pod with 2-3 seeds/total pod x 100 (wt/wt) AAlcoholic insoluble solid. Mean separation within columns of 

same spacing and entr 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 2 

produced highest graded pods of AGS 292, G 9053 and G 10134. Howevcr, 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 in lrrmation 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 fromn previous experiments that spacing in the sloping bed had ;ome effects on the 
color of and blemish on the pod shell. The present study aimed to examine the effect of intrarow 
spacing on growth, yield and quality characteristics of vegetable soybean. 

Materials and Methods 

Seeds of G 9053 (Tzurunoko), AGS 292 (Kaohsiung Sol. No. 1) and G 10134 (Tainung 305, 
Ryokkohl were sowvn in the field previously applied with NPK fertilizer at 30-50-70 kg/ha and 20 
ton of conilpost on 3 March 1988. The soil contained 843 ppm N, 77 ppm P20 5, and 135 ppm K20 
at the time of sowing. Seedlings were later thinned to two plants per hill at spacings of 10 cm x 
50 cm. 15 cmi x 50cm, 20 cii x 50 ciii. and 25 cm x 50 cm. A randomized complete block design
with three replicates was employed. Side dressing of 30 kg N/ha was applied at RI-R 2 stage. The 
soil's water content at 15-20 cm depth ranged from 14.2 to 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 total dry matter accumulation and leaf area, G !0134 seemed to grow early and vigorously.
After flowering. G 9053 and AGS 292 had significant amount of dry matter even though leaf area 
per plant in AGS 292 was lesser. There was a comparable dry matter accumulation at R5-R6 stage 
among three entries at the same spacing. At Rs-R 6, stage, there was a significant difference in height 
among varieties and spacings (Table 4). Tall plants were spaced at 10 cm x 50 cm for each entry,

2and short plants at 25 x 50 or 20 x 50 cm . There was no significant difference in the number of 
iodes among treatments. However, n, :re branches and total dry weight per plant were observed at 

25 cii x 50 cm in three entries. 
Spacing did not influence 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 -,eed yield. On the other hand, the number of seeds pe; 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 seeds) was not significantly different 
among three spacings. Among entries, G 10134 had the least graded pod number due to the least 
totw' ,mumier of pod produced but had comparable number of culled pod from other entries. 

Significant yield difference on unit land basis of vegetable soybean was observed among treatments. 
Both G9053 and AGS 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 cultivars at R5-R6 stage, 1988. 
Spacing Height Node Branch Dry wt. (glplant) Leaf area 

(cm) (cm) no. no. Stem Petiole Leaf Pod Total (cm21plant) 
10 x 50 38.1 9.4 3.2 3.4 2.6 5.3 5.3 16.5 1085 
15 x 50 344 8.9 4.3 5.0 3.8 7.6 6.9 23.3 1581

G9053 20 x 50 29.9 8.7 5.1 7.3 3.9 7.3 7.5 26.0 1444 
25 x 50 30.2 9.3 5.0 4.9 4.2 8.5 8.5 26.1 1675 

33.2 9.1 4.4 5.1 3.6 7.2 7.0 23.0 1446 
10 x 50 33.4 8.7 3.8 2.5 1.2 4.1 9.6 17.4 734 
15 x 50 31.7 8.6 3.4 2.4 1.2 4.3 10.1 18.0 765

AGS 292 20 x 50 29.3 8.8 3.6 2.7 1.5 5.2 9.9 19.3 831 
25 x 50 30.2 9.5 4.8 3.6 1.9 6.9 12.1 24.5 1077

"X 31.1 8.9 3.9 2.8 1.5 5.1 10A 198 852 

10 x 50 43.9 9.1 2.8 4.2 2.6 5.7 5.3 17.8 933 
15 x 50 41.4 9.2 3.7 5.1 3.2 7.5 6.5 22.3 1209

G 10134 20 x 50 32.9 8.9 3.3 4.0 2.8 7.3 7.0 21.1 1216
25 x 50 33.7 17 4.6 5.2 3.9 10.2 6.4 25.6 1818 

"A 379 9.2 3.6 46 3.1 7.7 6.3 21.7 1294 
Entry 5% 2.38 NS NS 1,41 0.49 0.99 0.91 NS 153

LSD Spacing 5% 2.75 NS 0.78 NS 0.57 114 1.05 3.5 177 
E x D 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. 
Culled Graded pody Immature Immature Graded Graded Seed 

Entry Spacng Pod no. pod Grant pod wt. seed wt. pod wt. y pod yield yield(cm) /plant o./plant o/plant (g/plant) (g/plant) (g/plant) (t/ha) (g/plant) 

10 x 50 22.0 5.7 16.3 056 0.09 34.5 13.8 21.3 
15 x 50 22.5 7.7 14.7 0.99 0.27 35.0 9.3 21.7 
20 x 50 31.3 11.5 19.9 2.14 0.51 46.8 9.4 28.4 

G9053 25 x Aq 26.6 11.3 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 1?0 79 11.1 1.40 0.41 31.1 12.5 19.0
15 x 50 22.7 9.3 13.4 1.60 0.44 38.0 10.1 22.5 
20 x 50 27.5 12.0 15.5 1.98 0.58 48.8 9.8 30.0


AGS 292 25 x 50 27.7 11.1 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 8.5 8.8 1.00 0.18 26.9 10.8 18.7 
15 x 50 17.9 9.3 8.5 1.19 0.25 28.3 7.5 19.8 
20 x 50 19.7 10.5 9.3 1.18 0.21 30.8 6.2 21.2
 

G 10134 25 x 50 20.3 
 11.3 9.1 1.22 0.16 31.5 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
L.S.D Spacing 5% 3.5 1.6 NS NS NS 7.2 2.0 4.3 

E x D NS NS NS NS NS NS NS NS 
ZPods 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 yields were at wider spacings. 

Small leaf area index in AGS 292 (i.e. 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 entries increased light interception by the canopy due to large leaf area index, i.e. 4.34 and 
3.73 at 10 x 50 cm2 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 entries, indicating that hS 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 9053 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 
penetration 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, 
whereas 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 sgacings. AGS 292 
had more starch but less protein than other entries. Wide spacing at 25 x 50 cm': increased starch 
content in AGS 292 and G 10134, but decreased protein content in G 10134. 

Table 6. Effect of spacing on quality of three vegetable soybean cultlvars. 
TBPz BP_ Pod shell Protein Sugar Starch AIS 

Spacing ________ chlorophyll
Entry (c m) % (Lg/cm 2 (% dry wt. basis) 

10 x 50 25.4 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.A 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 41.5 8.0 j4.4 6.6 10.7 73.0 
15 x 50 38.7 42.6 9.0 34.9 6.7 13.8 71.6 
20 x 50 33.4 35.0 9.3 37.5 7.0 12.8 73.8 

AGS 292 25 x 50 38.7 41.8 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 24.7 28.5 9.0 39.4 3.5 8.9 73.1
 

G 10134 25 x 50 17.0 20.6 10.0 38.3 4.1 8.9 71.1
 
X17 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 D 5% NS NS NS 1.5 NS NS NS 
ITotal 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 tile 1987-1988 crossing project, priority was given to improvement ofdry matter yield, eating 
quality, resistance to leaf scab and utilization of new germplasm. 

Introduction 

In the 1987-1989 crossing project, priority was given to improvement of dry matter yield, eating 
quality, resistance to leaf scab. A polycross of new promising germplasn 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 of 92,503 seeds were harvested from four polycrosses. These provided materials for seedling 
screening in 1988 and selected clones were further screened in an observation yield trial (OYT) in 
July-December. 

Wet Season Yield Trials 

Summary 

A series 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 evaluated 
in the advanced yield 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. Arnong 
promising selections 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 selections 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. 
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Materials and Methods 

A series ol 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 I .(XX) rin of rain fall in four months concentrated in June to August.Ordinarily, the trials suffered very wet conditions in spring at root bulking stage and experiencedwet conditions at root initiation and carl.' root bulking stages in summer. Temperature conditions 
were almost the same in both spring and summer except in the first month of spring.

Rainfall aid temperature during the wet season trials in 1988 are summarized in Figure I and"'able 1. Due to hcavy rainfall (418 rm) on August 13, the field became flooded and waterlogging
occurred for almost a week. All trials were suppoSCd to be harvested at 120 days alter planting.
However, harvesting of trials in suiier was delayed for five to seven odas because OfC lirlUoUS 
rain in September.

Total entries were divided into three groups for AYT (rable 2) and four groups for the secondyear of* the preliminary yield trials (PYT2). AVRDC advanced clones, CN 1108-13 and CN 1510-25 
were used as conmon check cultivars in all groups. Other local checks were also used in trials such 
as Tainung 66 (TN 66). 1 444 (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 SU 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) 

Rainfall (mm) 

First 2 months 263 5 308.5 281.5 238.0 271 0 3790 
Last 2 months 394.5 889.0 361.0 1046.5 365.0 894.5 
Whole planting 

duration 658.0 1197.5 642.5 1284.5 636.0 1273.5 

Maximum temperature (°C) 

First 2 months 279 31.5 28.8 31.7 29.4 31.7 
(16.4-33 0)w (23.8-33.4) (17.2-33.0) (23.8-33.4) (22.2-33.0) (23.8-33.4) 

Last 2 months 31.7 31.1 31.9 30.7 32.0 30.6 
(23.8-33.4) (24 2-33.0) (27.0-33.4) (24 2-330) (270-33,4) (24 2-33 0) 

Whole planting 29.9 31,3 30.4 31.2 30 7 31.2 
duration (16 4-33.4) (23.8-334) (17.2-33.4) (23.8-334) (22.2-33 4) (23.8-33,4) 

Minimum temperature (°C) 

First 2 months 20.4 24.3 21.1 24 4 21.7 24 8 
(13.6-24.8) (18.8-26.0) (13.624 8) (18 8-27,0) (15 4-24 8) (18 8-27.0) 

Last 2 months 24.5 24.3 24.7 23.9 24.8 23.9 
(18.8-27 0) (22,2-27.0) (21 4.27 0) (20.8-260) (23.0-27 0) (20.8-26.0) 

Whole planting 22.5 24.3 22.9 24 2 23,3 24.4 
duration (13.6-270) (18.8-27.0) (13 6-27.0) (18 8-270) (154-27 0) (18.8-27.0) 

IPlanting duration 'SP = spring trial 'SI = sumrmer trial "Range 

Table 2. Sweet potato yield trials conducted In wet season, 1988. 

Trial Group
number 

No. of 
entries DP1 Spring 

DH 2 DP 
Summer 

DH 
Remarks 

PYT(2)2 1-3 38 Apr. 6 Aug. 1-3 May 24 Sept 9 Experimental design. 
4 13 Apr. 6 Aug. 8 May 24 Sept. 30t 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 t Experimental design; 
RCBD (2 reps) 

Unit plot; 1 row, 
5 m long 

PYT (BCFI)' 1 64 Apr. 19 Aug. 22 June 7 Oct. 8 
Spacing;
25 cm2 

100 cm x 

Sub-total: 2 groups, 142 entries 

Total: 6 groups, 193 entries 

AYTw 1 9 Mar. 30 July 25 May 16 Sept. 12 Experimental 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 v , 

5m long 
Spacing: 100 cm x 

25 cm 

z Total: 3 groups, 27 entries y
Preliminary yield trial (2nd year). Prel;minary yield trial (Ist year). 'Prelimmary yield trial (first backiross generation of 

interspecific hybrids). Advanced yield trial. Yield data was taken only from the middle tw?, rows The harvest of this 
trial was postponed for 5-7 days because of heavy rainfall and unfavorable field conditions. Date of planting. Date of 
harvesting. 
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Results and Discussion 

First Year Preliminary Yield Trial (PYTI) Rainfall during the PYTI in summer occurred 
as it did in spring. CN I1(18-13 was severely depressed but the other common check line, CN 1510-25 
yielded only 12 t Iha in spring whereas the clone gave 24 t/ha in the AYT. 

Insuntmer, because of the heavy rains in August and September, many roots became rotten before 
harvest. Rotten roots \\ere not considered marketable but their number was recorded and rot rate 
wka, calculated (Fable 3). Variation of rot rate, 1rom 0/ to 28.8%c between clones was observed. 
Root rot particularly in CN 1848-77 and CN 1813-149 was one of the main tactors ofvield reduction in 
summer. ()n the other hand, CN 18403 15. CN 1814-124 and CN 1842-236 did not have any rotten 
root,,. 

Table 3. 	 Yield and other characteristics of sweet potato selections derived from first year 
preliminary yield trial, 1988 

Rotten 
Marketable yield marketable x Dry Matter Dry Matter Fleshw 

Clone no. t/ha1 root (%) (%) yield (t/ha) color 

sP Sul SU SP SP 

Orange fleshed clones 

CN 1842-31 336* 258 135 288 97" 01 
CN 1841-341 280 18.8 5.3 23.1 6.5 03 
CN 1842-199 26.6 23.2 2.4 29.7 7.9 03 
CN 1842-203 266 29.2 4.3 21.5 5.7 05 
CN 1842-169 23.8 304 5.7 23.7 5.6 03 
CN 1842-195 22.8 15.6 11.5 27.1 6.2 03 
CN 1840.284 22.2 28 4 5.6 26.6 5.9 03 
CN 1840248 20.8 10.8 5.1 28.5 5.9 05 
CN 1844-341 19.0 13.8 5.3 27.6 5.2 03 
CN 1842-78 13.6 28.4 4.2 32.7 6.1 Y303 
CN 1843-303 168 21.8 0.9 ,:.2 4.9 03 
CN 1840-260 16.8 10.2 7.5 29.0 4.8 03 
CN 1841.225 18.4 21.6 4.3 28.0 5.2 05 
CN 184u-1 14 14.2 244 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 27.0 26.0 7.5 30.6 8.3 Y3 
CN 1848-77 26.4 160 20.0 30.2 8.0 Yi 
CN 1840 315 26.0 21.0 0.0 33.3 8.7 Y3 
CN 1840-322 19.2 15.6 10.3 33.5 6.4 Y301 
CN 1813-123 190 22.4 0.8 32.8 6.2 YI 
CN 1813 149 158 7.2 28.8 39.3 6.2 Yi 
CN 1814 124 15.8 6.6 0.0 36.4 5.8 Yi 
CN 1842 236 158 30.8 0.0 32.4 5.1 Y3 
CN 1843341 144 14.0 17.3 33.5 4.8 Y3 
CN 1846-33 128 12.2 24,0 35.8 4.6 Y1 
CN 1842 72 2.8 20.2 1.0 29.5 0.8 YI 

Check lines 

CN 1108-13 20.6 9.4 5.6 26.9 5.5 (2.4) 03Y 
CN 1510-25 12.0 16.0 00 29.8 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 

Z7lanted April 11 and harvested August 9, 1988 YPianted May 31 and harvested October 3, 1988. 5Rotten marketable 
root rate = [rotten marketable root no /(rotten marketable root no + marketable root no )] x 100. WFlesh color 0 - orange; 
Y = yellow. increasing color intensity indicated by numbcr prefix (1 = light to 7 - very intense). Significantly higher than 
the superior check Significantly lower than the superior check. 
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Considering these results and the high coefficient of variation in these trials, a relatively higher 
selection rate of 33 % was given to this group. A total of 26 clones (15 orange-fleshed clones and 
IIl yellow ones) were selected (Table 3), based on marketable yield, dry matter content and general 
root appearances. 

Preliminary Yield Trials Second Year (PYT2). Fifty one entries were entered into the PYT2. 
Since there was no statistically significant difference on marketable root number and yield of the common 
check cultivars, Tainung 66 (TN 66), CN 1108-13 and CN 1510-25 among three groups, the data 
were combined and analyzed over groups in every season. 

The mean yield of all entries in PYT2 in summer was heavily depressed compared with that in 
spring. The local check cultivar, TN 66, yielded only 2.3 t/ha in summer which was only 10.7% 
of the yield in spring. Kinmen, which was identified to have an excellent adaptability to flood and 
drought (AVRDC, 1984), showed least yield reduction in summer. Some PYT2 entries showed even 
higher yield in summer. 

Other characteristics of the selections are also shown in Table 4. In both seasons, clones 
CN 1823-77, CN 1836-163, CN 1821-8 and 1759-40 attained fairly stable yield. CN 1756-163, CN 
1821-39, CN 1821-130 and CN 1831-57 were selected for good performance in spring. CN 1836-188, 
CN 1825-30 and CN 1818-117 were selected for their their high dry matter content, particularly CN 
1818-117 (33.4%) which is quite high for deep orange-fleshed clones. In PYT2 many rotten roots 
were harvested in summer but few in spring. Percentage of the rotten marketable roots in summer 
varied between clones from 0.0 to 19.6 %. CN 1823-77 did not form rotten roots. 

Eleven clones were selected for further testing. 

Table 4. Yield and other characteristics of sweet potato selections derived from second year 
preliminary yield trial, 1988. 

Rotten 
Marketable yield marketablex Dry Matter Dry Matter FleshwClone no, (t/ha) root (%) (%) yield (t/ha) color 

z SUy
SP SU Sp SP 
CN 1756-163 27.4 12.7- (4 6 .4 )v 7.5 28.3 7.6 Y1 
CN 1821-39 24.8 9.6 (38,7) 13.8 31.2 7.8 Y3 
CN 1821-130 24.3 13.8 (55.7) 19.5 25.1 6.1 03Y1 
CN 1823-77 23.2 26.4* (113.8) 0.0 36.8 8.5 Y1 
CN 1831-57 21.6 5.5 (25.5) 6.6 34.4 7.4 Y30 
CN 1821-8 20.9 14.3* (68.4) 18.8 34.8 7.3 Y3 
CN 1759-40 20.4 13.7* (67.2) 5.4 31.4 6.4 Y3 
CN 1836-188 16.9 7.E5 (44.4) 16.4 35.4 6.0 YI 
CN 1836-163 16.7 20.1* (124.6) 7.5 35.0 5.8 YI 
CN 1825.30 13.9 11.0 (79.1) 8.1 37.4 5.2 Y3 
CN 1818-117 13.8 9.2 (66.7) 13.3 33,4 4.6 O5YI 

Check lines: 

TN 66 21.4 2.3 (10.7) 19.6 26.4 5.6 05 
CN 1510.25 15.6 6.6 (42.3) 19.4 33.3 5.2 Y3 
CN 1108.13 13.1 5.8 (44.3) 19.3 26.0 3.4 03Y1 
I 444 (Kinmen) 2.6 2.4 (92.3) 2.2 24.7 0.6 Y1 
Means of 51 entries 12.3 5.4 4.0 
LSD (0.01) 10.2 6.1 3.4 
CV (%) 31.1 42.5 31.3 
tPIanted April 6 and harvested August 1.3 and 8, 1988. YPlanted May 24 and harvested September 29 and 30, 
1988, Rotten marketable root (N6 - [rotten marketable root no./(rotten marketable root no./marketable root no.)] x 
100. WFlesh color: 0 - orange; Y - yellow, increasing color intensity Indicated by number prefix (1 - light to 7 - very
intense)vYield Summer I Yield Spring (%). *Significantly higher than the superior check linelcultivar. Significantly lower 
than the superior check line/cultivar. 
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Advanced Yield Trials (AYT). Seven new entries obtained front the 1987 PYT and 16 
selections froin the 1987 AYT were entered along with six check lines into (the AYT, wet season 
in 1988. Since there \was no statistically significant difference of marketahle root number and yield 

for the coninion check lines. TN 60. ('N 1I 18-13 and ('N 1510-25. the data \ere combined and analyzed 
over gioups in eich season. 

The \yiehl di lIfrenc cte tre[tcYT in spring and sllllllllerwas clear and elntIl showeden ,, in no 


beltcl \ield ill slirrirrer
 

New entries in the AYT. '[he prrmrllance of se\en ne r entries in the AYT is shown in 
"lable 5. Ili spring, ('N 1747 HH. ('N 179)-42 and ('N 1747-20 sh.\ed \ields equivalent to TN 66. 
the bel yielder aruong lhe checks. Reduction in \ ield ol'these three clones illlnumler was relalively 
lo\er than that ofITN 00.
 

I)r n1attc' 'onten't Ofl ie\ elif ICS .WIs lirpr\.d and rariced Imo 31.5 to 4(1.) '; in spring. CN 
179) i 11747 8; and ('N 42 particulk, had ich d hatter cIIIontent lor ol"lige fleshed clones and 

their hell Carotene contenll ssas 6.5 aind 0.8 rgi1)0 g respecti\'C , \hich \\as ile opliltn alllOlont 
ofI llitriellt illd \itallil .\ solrCe pl'eferf'i d h\ lhc Asian colsulem'l. 

Promising AYT entries In wet season. A total ol 12 advanced clones were selected front 
the second year entries. Results of e\aluation for leaf scal resistatre in lie Held and other horticultural 
characters of those seleclions and Check cultivars. TN 66 (a leading variety in Taiwan). ('N I108-13 
and ('N 1232-9 (bolh AVRI)("s clit clones) are presented iii"labe 6. 

Under AVRI)(' conditioln, leal scah does not exisl or occurs sliihtly unless artificially inoculated 
susceplible clones lle ied a,, Source. Iho'.vever itle to hea\', rainfall inI9H8. secc sca OCcuIlIed 
naturally holh ill Spring and sunrrurer. aiid clear clolliI differences lor the resistance were observed. 
The severilv of infctCionl \as recIr(l one seek hefore harvest using ;asinple rating systeln. ('N 
I I0N- 13, ('N 15 10 25, ('N 1525-I1 and TN 60 appeared susceptible whereas ('N 1232-9. CN 1489-89. 
('N 1618-461. ('N 1056- 01, ('N 1056-1,7, (N 1650-8). CN 1656-07 and ('N 1661-62 were rated 
resitSilnt. 

Table 5. Yield and other characteristics of new clones in the advanced yield trial, wet season 1988. 

Rltter 
Mi ketahlr yild rnarketlab)t . .. S1- Fleshw 

Entries (ftooti, Dry Matter Dry matter Starch Starc h color 
S , ' -' (%) yield (tlha)(I FWI) yield (t/ha) 

CN 1741 88 29 2 13 2 (42) 1 4 33 5 9,8 23.6 6.9 Y503 
CN 179042 21 6 ,t / (17 ) 13 3 31 9 8.9 21.7 6.0 03
 
CN 174/ 20 18 3 944 (S1 4) 6G 39 1 7 1 29.8 5.4 YI
 
CN 17324 17 6 13(41 5) 30 400 70 29.7 5.2 Yi
 
CN 173) 1 1 5 (0(19,1) 3 4 38.2 59 30.1 4.7 YI
 
CN 17782 123 19 (154) 1.9 31.5 3.9 21.4 2.6 Y3
 
CN 1795268 110 48 (43 7) 6,5 36.9 4.1 27.1 3.0 Y3
 

Check entries 

IN 66 210 2.4 (89) 39 1 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 151025 239 98 (41 0) 108 32.0 7.7 24.6 5.9 Y3
 
CN 1108 13 228 6 t(268) 137 252 58 17.7 4.1 03Y5
 
IN 67 12 1 52 (430) 46 38.5 4.6 30.0 3.6 Y5 

Mean of 29 
entries 204 6 5 6.4 4.7 

LSD (0 1) 9 1 59 31 2.4 
CV) 24 6 371 24.9 26.5 
i'llfitve March: 30 in( harvesre( lirly .5. t.98H YPlanted May 16 and harvested June 16, 1988. 'Rotten marketable 

foot ("II. rio of (Oilvir rintkiiilhle rooi(lno of iotier, fnarkelable root + no of niarketable root)] x 100 Wy = yellow 
0I rifr i tricrering color inrenity inilCaie(I iy nonihers ( = light to 7 - very intense) Significantly lower than the 
Il)eoiO check 
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One important objective of the program is to improve the dry matter content. Dry matter content 
of most promising entries is over 30% (maximum 35%) and even dark orange-fleshed clone, CN 
1661-62 has .. . . . . . . 

Most Snew clones had higher starch content than Tainan 17, a leading variety for starch extraction 
in Taiwan. Tainan 17, recommended as a wet season variety (PDAF 1981) was reported to have a 
starch content of 18.3% under summer cropping conditions from June to August. 

The marketable yields of 15 lines in 1987 and 1988 wet season trials are shown inTable 7. Mean 
yield across clones in all trials varied greatly indicating that environmental conditions were widely 
different although all were conducted in the wet season. There was a favorable environment for yield in 

Table 6. Horticultural characters of promising advanced yield trial entries, wet season 1987-1988. 
Leaf scabz DryY Proteiny Sugary Starch y Root characters' 

Entries score matter (DWB %)(DWB %) (FWB %) unif size shape skc tic 
88SP 88SU (%) 

CN 1108-13 4,0 a 6.9 a 23.1 4.7 14.0 16.1 F M MS 05 03 
CN 1232.9 0.0 c 1.0 d 25.3 5.1 12.9 16.7 F M SS Y3 Yi 
CN 1489.89 0.0 c 1.0 d 32.7 4.1 9.5 25.1 G M LS Y3 Y3 
CN 1510-25 2.3 b 7.0 a 30.6 3.9 10.3 23.4 F M-L LS R3 Y3 
CN 1525.11 1.3 bc 5.8 ab 28.2 4.0 13.9 19.7 F S.M 0 Y3 Y3 
CN 1618-461 0.3 c 2.0 c 28.3 3.8 13.4 19.? F M LS Y3 Y3 
CN 1656.101 0.0 c 2.3 d 30.3 4,2 10.0 21.7 F M-L SS/O Y1RI Y1 
CN 1656.37 0.0 c 2.3 d 32.3 4.2 8.3 25.6 G M LS R5 Y5 
CN 1656-89 0.0 c 2.3 d 32.2 4.5 8.7 24.3 F M-L LS 85 Y303 
CN 1656-97 0.3 c 2.3 d 29.9 4.2 10.9 21.0 F M-L SS R3 YI 
CN 1661.15 0.0 c 3,8 c 35.0 4.6 7.7 27.5 F S-M SSIO R5 Y3 
CN 1661-62 0,0 c 2.0 d 31.1 4.1 11.0 22.6 G M-L LS R5 05 
CN 1683-18 0.0 c 4.8 bc 31.3 4.3 9.8 23.3 F S-M LSIO R5 Y5 
CN 1688-116 0.0 c 4.3 c. 32.4 3.8 9.6 24.4 G M LS R5 Y1 
Tainung 66 2.6 ab 6.8 a 24.6 6.2 13.9 15.4 G M-L LS RB5 05 

ZIncreasing scab score Indicated by numbers (0 - immune, 1 = slight to 7 - very severe). The figure given Ismean of four 
replications. Means within columns are not significantly different at 1%probability level according to DMRT. YMean of four 
plantings. XRoot characters. UNIF: uniformity of roots; G- good, F = fair. SIZE: root size; L- large, M - medium, s - small. 
SHAPE: root shape; MS - massive, SS - short spindle, LS - long spindle, 0 - ovate. SSIO - short spindle and/or ovate, LSIO 
- long spindle and or ovate. SKC: skin color; FLC - flesh color. 0 - orange, Y - yellow, R - red, B - brown, RB - reddish 
brown, increasing color intensity indicated by numbers (1 = light to 7 - very intense). 

Table 7. Yield and environmental sensitivity of promising advanced yield trial entries, wet season 
1987-1988. 

Entries Marketable yield (t/ha) Variety Regression87SPz 87SUY 88SP x 88 SUw mean av bt r 

CN 1108-13 32.9 17.2 18.0 7.7 19.0 1.02 0.95 0.90
 
CN 1232-9 29.1 10.5 23.5 7.7 17.7 -0.04 0.94 0,91
 
CN 1489-89 34.9 20.7 22.2 20,5 24.6 13.59 0,58 0.68
 
CN 1510-25 38.3 16.4 26.0 10.6 22.8 1.27 1.14 0.99
 
CN 1525.11 34.3 13.8 15.4 1.6 16.3 -7,12 1.24 0.91
 
CN 1618-461 31,0 11.1 22.9 7.6 18,1 .0.84 1.00 0.96
 
CN 1656-101 33.3 13.1 30.9 5.8 20.7 -1.83 1.19 0.83
 
CN 1656-37 31.5 16,1 18.1 5.2 17.7 .1.13 1.00 0.93
 
CN 1656-89 25.7 12.8 18.2' 4.1 15.2 -0.91 0.85 0.97
 
CN 1656.97 37.3 11.4 22.4 7.3 19.4 -4.16 1.25 0.96
 
CN 1661-15 25.4 13.7 12.7 6.9 14.7 1.77 0.68 0.81
 
CN 1661-62 35.0 22.9 29.4 6.2 23.3 2,51 1.10 0,81
 
CN 1683-18 25.3 14.4 19.6 5,6 16.2 1,55 0.78 0.93
 
CN 1688.116 32.4 15.6 22.9 11.3 20.5 4.07 0.87 0,99
 
Talnung 66 35.6 4,9 25.0 3.4 17,3 -9.76 1.43 0.89
 

Environment
 
mean 32.1 14.3 21.8 7.4
 

198 7 ZPlanted March 24 and harvested Augut 4, 1987. YPlanted June 16 and harvested October 14 ,, . XPlanted March 
30 and harvested, July 25, 1988. Planted May 16 and harvested September 12, 1988. Intercept Regression
coefficient (environmental sensitivity Index). 
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spring 1987 (nean yield: 32.1 /ha). then in Spring 1988 (ilcan yield: 2! .8 I/ha), in sununer 1987 
(ncan yield: 14.3 t/ha) and in suniincr 1988 (mean yield: 7.4 I/ha). 

In Table 8. tiltellipel'ratur Conditions wCC quit coslltaill ill 1il 1 iron s except ill tile 
carln ltae ol planting in Spring. () lieh olher hanlt1.tile allouitll and lor paltern of rainl'all was quite 
differcnl. It was conidered that ililCt11 Ic'. l 'f 1lli~ttll*irC slt*Csses IMailv illUcllcd tileViClds SiicC 
IIItCs Irials \\ierc onducd uder A\VRI)(" eOliidiioin,,. 

Siliple lr1eCssi ;mivsisi 5%asadapted ht ltrLl iiiliCe he Stailil Ir- Ctiroliinital NsCIitkiitl 
ol the clones (iahl' 7). The' r'lCreSS,,fln cOtciHciCill (h) lilcasure thle envirollllellial sc'nsili\il\ and 
R (coclliciclof deteriniioaion iasicirc" (lie pictlclabilit\ or reliahilitv of thc legicssion iodel. 

, lh te 1niroiliiental fSeiisiti illtlc\ N. geIiOt\ pes c e ciie itiO liC I it , s: h'p 
1(h - l: a rcgrcslsol Slope of' b) 1 indictes te clones \hich are nonilleracti' e. i.c.i Sensitive 
to tile Cltiiiiiiieiit lclhangeCs allioli cnliics: 1 p' 2(h< ]: regardles of lie position ot l1t liealtl, 
a lpe (l1 Ibi idiatli C Iess iesponse tioiii ite clMes to eMiviioniinCiial llectS Vi/. Sta1hility Of 
perlorialice utndir (illcrtlit tli\ oliicils. aild k pc 3t b I . a Steelp Slope (h> I I %ould indicit 
the revcr e %i/. liii Sciistivit\ to cni ironiiiilla chamiies. 

FilureT 2 slo\, i gra)hic rclCsliittiln oliiieilii iiiuC aClilC \ t'ld in relationl to en irollliltill 
Sellsitity index. Rc'ardLiSS Of tiletiiat ca.\ iiiost e'iilc 89, withyield, I'll into 'lpe I. ('N 148) 
the highest fiean iiarkclable \ icld. aid ('N 101 15, %% Nlest iiat kahle vield, hCIlgCdili thc lo iiieal 

,ito 'kpc 2. IN 00, ('N !525-11 Miid (' 1050 97 ppe:ied IL he l'pe 3. ''he re cs',ioi lines ol 
tilte clolncs hich replestll cach I pe arc shi\w i ill ]iuirci ('N I 108- 13 li ('N 1232-9 for "'pc 

. ('N 14X9 8) for iType 2 and IN 6 or 'I ,pc 1). 
,.\S iieiitioned earlir. lile I. indicalcs tle el hbilit\ of tle cression liodel. The rejessl lli 

R2 o1(ille 7), iioic than (0.8. 'hciniolds of114 etiCs e\ccpi ('N 1481) 8), had quite high i 

('N 149 ) 89 was 1e Cils 1h tihe silipll reglssion 1iot tcCCt responllses ol, 1111this iiodel could 
tllis clone o Cii\ ironiriiitla cliaiige',s (',N 14') 89) \%a,, slable undcr the Imer-yield tlvironitnlit and 
siosCd go repoLI iseto ell\lllllitil ilaO Cto IIil 'icld. 

Ili conihsioi., cloie ('N 1489) 9 iipp':;ired \,c\ s(ahc acros', a ratge of elVirolllllltiltS tntder 
AVRI)l" hot wel conditionis. Ihis cloii's r'llsiise t ecCssive lilotsturc Conditions, considcred as 
the itaitn liilimig lactor hlt \ icid, indicitld that the g'iiCltxpc is lolratl to tile Cnviroitllclit whicl 
seve'rCly' dcl)reSse scet potMato icld Ibis gCiio. pe Uld be slitable flor ade\''se ettvironntietlts il 
thle tropics. 

Table 8. Temperature and rainfall during the advanced yield trials In wet season, 1987-1988. 

A'.'I 

87SF> 
(3/2,1 8/3)1 

h15( 
ht/16 101A) 

88SP 
(3/30 8/2) 

88SU 
(5/ 16-9/19) 

Rainifall (r)[11) 

First 2 mioiths 
last 2 lioith,, 
Whole 1)idritllig dltiOn 

18( 5 
521 5 
702 (i 

3 t0 5 
/900 

263.5 
394.5 
6580 

308.5 
889.0 

1197.5 

MaXi.iIoIll temlplt)l'it re ( C) 

F(I'sl ' riotlil 

Last 2 mille, 

Wholu plant11fing duration 

28 0 
(17 8 32 2) 

31 2 
t26 0-34.0) 

. 29.8 
(17 834.0) 

3 1 4 
(25.8.34 0) 

30.8 
(25 6-33.8) 

31 1 
(25.6-34 0) 

27 9 
(16.4.330) 

31.7 
(23.8-33.4) 

29.9 
(16,4-33.4) 

31.5 
(23.8-33.4) 

311 
(24.2-33.0) 

31.3 
(23.8-33.4) 

Miriilniii i tl:rl)peraliirv ("C) 

First 2 iliiOih s 19 2 24 5 204 24.3 

Last 2 iiiiitils 

Whole ilanitirig hidijr ihOn 

(104 24 0) 
24 0 

(20626.6) 
21 9 

(104 26 6) 

(22,8266) 
23 1 

(20 '4.25.4) 
23 8 

(204-266) 

(13.624.8) 
24.5 

(18 827.0) 
22.5 

(13.627.0) 

(18.8-26.0) 
24 3 

(222.27.0) 
24.3 

(18.8-27.0) 

SPlilfing dfatini 



Sweet Potato Breeding 165 

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 fo' distribution to national 
cooperators. 
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Utilization of Interspecific Hybrids 

Summary 

o explore lietpossibility ol utilizing wild relatives for practical breeding, 5x hybrids obtained 
from the cross between 4x Ii moe'a iri/iua and sweet potato were evaluated iii 1986-87. To improve 
the yield, [he f/ir"- ackcross to the 5x hybrids was conducted in 1986 and the progenies (lICF) were 
c\ aliatcd in the ( )YT. 1987. '1he selections frour the ()YT were entered into the PYT in spring and 
stunner 1988. 

IUnder exccssive moisture conditions in sunimer, lBCF1 attained good yield compared with the 
check c1ultivars. Initial results indicated that CN 1868-6 and CN 1872-8 Would be promising gene 
Soluce" I'o ..xCCssi\c moisture tolerance. 

Introdulction 

;e.lic initrogression fr-oli wild relati'es has been effectively utilized to introduce specific 
characters in lialNv crops. The value. of' wild relatives in sweet pOtlto breeding has been explored 
since 193(. I lowever, infornmation is still very lilited to actively utilize wild relatives for breeding. 

)1 this preii sC, 5X hybrids obtained Ironi crosses between 4x ipomoea fiida and iweet potato 
\er C\'alu.itd ili I1985-1980 (AVRI)C, 1988). Although the 5x hybrids showed potential for weevil 
ie SIStLICe And highit\ mIllatter Colltent, they were not reconiirnendcd for iinruedrate use nainly because 
of lo\ ,icld. The fifrt IbackCross to the 5\s hybrids was conducted in 1986 to ninitor if the desirable 
traits oI the 5x h1\ briids could be translerred to the backcross progenies without any reduction and 
to CvlatC ho\N to iilprove yield. The backcross first generation (BCIi) were entered into seedling 
screeninrg and observation yield trial in 1987. Selected clones were evaluated in the preliminary yield 
trials ill wet sCasol 1988. 

Materials and Methods 

A total ofi 4 JWli lines, along with their parental lines, nine 5x hybrids and seven sweet potato 
lines, were planted in the prelin irary yield trials in the wet season. Two trials were conducted for 
the saine set of entries, one Ironil April 19 to August 22, and another from June 7 to October 8, 1988. 

lEach trial was planted in a randomized comiplete block design with two replications, with rows 
spaced I in ap rt and plants wilhin tie row, 25 citapart.

At halvsting, yield and other agrononic characters were recorded and the root samples of those 
planted in spring were analyzed tuir dry riatter content. The same set of cntrics were screened for 
weevil resistance. 

Results and Discussion 

Tclerperalure and rainifall during the two trials were quite similar in both spring and summer 
(Table 9). Pcrlirniancce of the check lines indicated the very poor yielding environmnent in both spring 
and surtner. Heavy rainfall on August 13 (418 nun) and the resulting waterlogging condition caused 
severe rotting of roots ii spring. This could be the main reason for the cxtreriely high coefficient 
of variation ill this trial. 

Figure 4 shows the frequency distribution of yield of BCF1 and the check lines in spring an. 
sutirier. All 5x hybrids did rot loril any storage roots in both seasons, although they showed quite 
acceptable yield in the prelitiinary evaluation in cool-dry scason in 1986-1987. In both spring and 
sutinier, tile rlrean yields of, BCF were higher than those of the check cultivars. In summer, 25% 
of the BCFi entries showed better yield than CN 1345-8. the best yielder among the checks with 16.6 
t/la. 

)ry matter content varied aning BCtI, from 16.1 to 39. 1%. Seventeen entries had higher dry 
riatter content than CN 1501-25 with 33.5%. 
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Table 9. Temperature and rainfall during the preliminary yield trials (BCFi), wet season 1988. 
SP SU 

(4/19-8/22) z (6/7-10/8) 

Rainfall ( sini) 

First 2 months 276 352
 
Last 2 months 890.5 
 879
 
Whole planting duration 1166.5 1231
 

Maxiuimi temperature (uC) 

First 2 mornths 30.2 (22.2-33.0) 320 (27.0-33.4)

Last 2 months 31.5 (24.2-334) 30.4 (24.2-33.0)

Whole planting dtration 30.9 (22.2-33.4) 31.2 (24.2-33.4)
 

Mlininuilln tenpe aturu t°c 

First 2 months 22.6 (15.4-25,8) 24.8 (23.0-27.0) 
tast 2 months 24.6 (22.8-2 7.0) 23.7 (20.8-26.0)

Whole planting duration 
 23.6 (15.4-270) 24.3 (20.8-27.0) 

zPlanting dLin.,in. 

25 $ V 9.5 Spring75 (April 19-Aug. 22,1988)
 
20 E BCF,
 

15 0 Check cultivars
 
JV= Mean of BCF
 

= Mean of check 

au 5 cultivars 

C 
4 0 

,=13.l0-25 -- ,-

Summer 

6 20. (June 7-Oct.8, 1988)
z 

l5-

I0 

5. 
Fig. 4. 

0 - Frequency distribution of 
0 10 20 30 40 marketable yields among BCF1 

progenies, AVRDC, wet seasonMarketable Yield (Who) 
 1988.
 

In the observation yield trial of the BCFl clones in 1987, the clear difference by crossing
directions betv, ecn sweet potato and 5x hybrids was report,' (AVRDC, 1990). Although selected 
clones with better yield and root appearance were enterei. in the PYT (BCFI), 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 p;'rents (Table 10).

Yield and other characteristics of promising BCFl 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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lollowing waterlogging conditions, roots became severely rotten. The variation between entries existed, 
and rotten marketable roots ol the BCFI selections ranged 4.0-77.8 %and 12 .9 -77 .81 for the check 
cultivars. Rotting was the main limiting factor of this season's yield fOr both BCF and check 
cutivarN,. 

In summer, marketable yields of these BCF 1 selections were generally good compared with the 
check cultivars. CN 186-/ ! i,CN 1868-6, CN 1872-11, CN 1869-7 and CN 1871-4 in particular, 
yielded significantly higher than the check cUltivar, CN 1345-8. The tendency of BCFI to develop 
stronger and wider root systems might be an indication of good perbormance under excessive moisture 
conditions. Perforniance of these selection. under cool-dry conditions will be evaluated in f'all. 

Table 10. Difference in yield performance of BCFl progenies by crossing directionz 
5x hybrids x I. 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 

/ W(o populations iret signiticaintly di'er,tit at P .,0001 t(62) - 5 241 

Table 11. 	Yield and other characteristics of sweet potato BCFi derived from preliminary yield 
trial, 1988. 

Marketable Rotten marketable Dry matter Dry matter yield 
Clcne no yield (t/ha) root(%) (%) (t/ha) Flesh w 

SPI Sul SP Su SP SP 
CN 1867-11 24.0 27.2* 9.0 0.0 23.8 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 27.5 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 0.7 33.9 3.7 Y1 
CN 1872-11 14.4 28.4* 39.1 0.0 28,2 4.1 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 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 1867-27 13.2 16.4 26.3 1.6 31.6 4.2 Y501 
CN 1869-7 12.8 28.8* 37.9 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 3.' Y1 
CN 1868-4 7.2 17.2 56.1 1.1 29.9 2.2 Y1 
CN 1870-9 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 1867 17 3.4 17.6 77.8 6.8 28.2 1.3 Y101 

Check lines 

TN 57 11 91 32 12.9 3.6 26.5 2.9 Y3
 
TN 66 7.4 7.6 56.8 6.5 27.1 2.0 05
 

CN 1108-13 L.4 13.4 53.9 0.0 25.7 1.4 01Y3
 
AIS 0122-2 3.8 7.6 38.0 0.0 21.4 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 33.5 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
 

tPlanted Aprii 19 and h-irvested August 22. 1988. YPIanted June 7 and harvested October 8, 1988. XRotten marketable 
oot (1%)= Ino ofrotten marketable root /(no. of rotten marketable + no. of marketable root)) x 100. WFlesh color: Y " 

yellow, 0 orange: increasing color intensity is indic:sed by number prefix (1 = pale to 7 = very intense). *Significantly 
higher than the superior chu-ck cultivar. Significantly lower than the superlor check cultivar. 
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Germplasm Evaluation in Wet Season 

Summary 

A total of 215 selections from AVRDC gerinplasn were evaluated in spring anJ summer. Thirty
three clones were selected as promising lines tor excessive soil moisture tolerar_-e. 

Introduction 

In the tropics, excessive soil moisture or flooding was reported as one constraint of sweet potato
production (Lin et al. 1985). Usually, sweet potato is preferably c,'!tivated 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 tolciant gene sources to strengthen the breeding program. In the 1988 wet season, 
yield trials were conducted to confirm the gene sources which were previously reported tolerant to 
flooding (AVRDC. 1984) and screen new gcrmplasm as well. 

Materials and Methods 

A total of 215 emtries 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 to October 11. 

A randomized complete block design with two replications was used. A unit plot consisted of 
3-in long rows spaced I in 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, yield and other agronomic characters were recorded. Root samples were analyzed 
for chemical attributes. 

Results and Discussion 

Since trials were conducted in late spriikg and summer, the climatic conditions of two plantings 
were quite similar (Table 12). The hea\,y rainfall on August 13 and following extremely wet conditions 
caused rotting in the spring trial and affected marketable yield. Marketable yield distribution in each 
trial is shown in Figure 6. In spring, mean maiketable 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 yield 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 tour 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 arid 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 1423 
(Tainan 17; a summer cultivar for starch extraction in Taiwan) were equal to AVRDC clones. 

Among entries previously reported as tolerant to flooding, selections 1392, 1 100, 1444, 1423, 
1607, 1234 and 1253. 1392, 1 100 and 1444 performed relatively well in spring while 1607,1 423,
1234 and 1253 did similarly in summer. All 33 selections 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 yield trials, 1988. 

Rainfall (mm) 
First 2 months 
Last 2 months 
Whole planting duration 

Maximum temperature (OC) 
Fist 2 months 
Last 2 months 
Whole planting duration 

Minimum temperature (OC) 

First 2 months 
Last 2 months 
Whole planting duration 

IPlanting duration. 

EYT 88SP 

(4128-8/29) z 

256 
850.5 

1106.5 

30.9 (23.8-33.4) 
31.5 (24.2-33.4) 
31.2 (23.8-33.4) 

23.6 (18.8-25.8) 
24.5 (22.2-27.0) 
24.1 (18.8-27.0) 

EYT 88SU 
(6/14-10/11) 

384 
847 

1231 

31.9 (27.0-33.4) 
30.4 (24.2-33.0) 
31.2 (24.2-33.4) 

24.8 (23.0-27.0) 
23.5 (20.8-26.0) 
24.2 (20.8-27.0) 

Table 13. Marketable yield and other characteristics of selected entries during evaluation of sweet 
potato germplasm, wet season 

Entries 

CN 1345-8 

CN 1232-9 

I 392 (Rakwana) 

CN 1489.89 

1100 (P1 318848: 


Kumala Belep) 
1165 (Tainung 57) 
1136 1OK 6-3-106) 
11175 (V2-30)
I 401 (Salifi) 
I938 (K 79) 
Tainung 67 
11185 (Bali) 
CN 1280-3 
CN 1525-11 
CN 1517-139 
I 934 (Ilimo 1) 
11188 (Amelika' 
I 928 (Koitaki 2) 
CN 1028-15 
I 381 (Indonesia 321) 
11174 (V2-3) 
CN 942-47 
I 398 (Lukatefou) 
I 444 (Kinmen) 
CN 1510-25 
I 932 (Unu 2) 
I 423 (Tainan 17) 
CN 1448-49 

I 952 (TIB 10) 

I 607 (Lae 4) 

I 234 (Norin 4) 

I 253 (Norin 23) 

I 232 (Norin 2) 

CN 1108-13 
TN 66 
Mean of 215 entries 

Origin 

AVRDC 
AVRDC 
Solomon Is. 
AVRDC 
New Caledonia 

Taiwan 

USA 

Philippines

Solomon Is. 
PNG 
Thiwan 
Indonesia 
AVRDC 
AVRDC 
AVRDC 
PNG 
Tonga 
PNG 
AVRDC 
Indonesia 
Philippines 
AVRDC 
Solomon Is. 
Taiwan 
AVRDC 

PNG 
Taiwan 
AVRDC 
IITA, Nigeria 
PNG 
Japan 
Japan 
Japan 
AVRDC 
Taiwan 

'Planted April 28 and harvested August 29, 1988. 

1988.
 

Marketable yield (tlha) Dry matter (%) Fleshx
 
Spz SUy SP color 

28.7 ( 1)W 14.3 (1) 29.0 Y1 
26.3 (2) 6.7 (11) 24.4 Y1 
25.0 (3) 2.3 26.2 Y3P5 
23.7 (4) 11.7 (3) 32.5 Y1 
22.0 (5) 4.3 24.1 Y1 

20.7 (6) 1.3 20.0 Y301 
20.3 (7) 0.0 - 03 
19.7 (8) 1.7 28.2 05 
19.3 (9) 0.0 27.0 Y1 
19.0 (10) 9.3 (7) 31.5 Y3 
19.0 (10) 0.0 32.8 Y503 
18.3 (12) 5.7 27.2 Y3 
18.3 (12) 9.7 (5) 27.9 Y1 
18.0 (14) 8.3 (10) 24.9 Y3 
18.0 (14) 6.7 (11) 32.6 Y3 
17.0 1.0 28.4 Y3 
16.7 3.0 32.6 Y1 
16.7 0.0 23.7 Y3 
16.3 13.7 (2) 21.6 03Y1 
16.3 0.0 23.3 03 
15.7 3.3 31.0 Y5 
15.7 10.7 (4) 21.5 03 
15.3 1.7 - Y1 
15.3 1.3 20.8 Y1 
15.0 5.7 26.7 Y3 
15.0 0.3 27.8 Y1 
14.3 9.0 (8) 24.9 Y1 
12.3 6.0 (15) 31.7 Y5 
8.0 9.5 (6) 27.6 Y3 
9.7 8.7 (9) 21.6 Y1 
7.7 6.7 (11) 29.1 Y1 
7.3 6.5 (14) 25.4 Y1 
8.3 6.0 (15) 34.0 Y1 

11.6 3.3 21.1 03 
8.0 2.2 22.1 05 
5.4 1.3 27.1 

YPlanted June 14 and harvested October 11, 1988. Xy - yellow, 
0 = orange, P = purple; increasing color intensity is indicated by number prefix (1 - pale to 7 - very intense). WRank 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 are 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 malcrials 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 lor details). In l)ecember, 1988. eight 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
received 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 season trial was conducted at Kbal Koh Research Station, Phnom Penh,Kampuchea. Tainung 66, CN 1028-15 and CN 1232-9 yielded 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
entries and CN 1038-16 had powdery texture when cooked. 

Table 14. Performance of AVRDC sweet potato clones, Jlangsu Xuzhou Institute, Jiangsu Province,

China, 1988.z
 

Entries Marketable roots Top wt. Root colory
 

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 bc R5 03

AIS 35-2 25.8 bc 
 228 a 33.1 d (OY)4 07
Cl 591-51 22.7 cd 230 a 47.1 bc 05 06PC # 9 19.9 cd 228 a 39.5 cd R7

PC # 3 17.9 cd 177 ab 44.4 bcd 

Y2
 
R5 04Cl 412-2 15.1 de 181 ab 43.6 bcd Y2 W(P1)

I 444 (Kinmen) 7.5 e 157 ab 68.9 a R1 W 

Mean of 8 entries 22.0 188 47.8 
ZPlanted June 25, 1988 and harvested October 26, 1988. YSkin color: R = red, 0 = orange, Y = yellow, OY = orange withyellow; Flesh color: Y = yellow, 0 = orange, W = white, P = purple;increasing color intensity indicated by numbers (1 = lightto 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.z 

Variety 
name 

Marketableroots 

(tlha) 

Yield of 
small 
roots 
(ttha) 

Roots 
attacked 

by insects
(t/ha) 

Total 
root 
yield
(t/ha) 

Average 
weight 
of roots

(g) 

Skin 
color 

Flesh 
color Remarks 

Loeal (local 
check) 

29.7 2.5 6.5 38.7 120 Violet Light 
yellow 

Very vigorous 
growing, but 
less sweet than 
Tainurig 66. 

Tainung 66 25.5 2.8 3.7 32.0 77 Deep 
red 

Orange Sweeter than 
other varieties. 

CN 1028-15 24.8 3.0 3.9 31.7 69 Violet Orange Sweet enough 

CN 1232-9 24.8 2.6 4.1 31.5 78 White White Flesh is very 
tender after 
cooking. 

CN 1038-16 16.2 2.6 4.0 22.8 77 White White Powdery texture 
after cooking 

LSD 5% 
C.V. 

6.3 
16.9% 

NS 
19% 

NS 
38% 

6.7 
13.9% 

19.3 
14.9% 

tPlanted December 8, 1987 and harvested March 9, 1988 
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Screening for Sweetpotato Weevil Resistance 

Summary 

Two sets of sweet potato germplasm accessions were screened in the field for resistance to 
s eetpotato weevil C'v/as.firmicariusformnicarius.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 danage than the control but poor yielding entries tended to have lesser weevil damage than 
high yielding 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 fonnicarius 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 a 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, applied with basal 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, 157. 
A week before planting of test materials, laboratory-reared weevil adults were aniformly 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 ni 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, pupae and adults found inside. Tb. ;--ect count (larvae + pupae + adults) 
was converted to the number of total insects per kilogram roots and analyzed by ANOVA (analysis
of' variance). i)ifferences in weevil infestation of various entries were compared by DMRT. 

Results and Discussion 

First screening. Results of the first screening are summarized in Table I. No significant 
differences were observed in either the number of insects found or percent of damaged roots between 

l
 
.
I j " r ... , -" . "
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Table 1. Resistance sweet potato selection to weevil Infestation.z
 
Accession number Damaged roots_(N__ No of weevils/kg root Yield t/ha 

1674 
1444' 
1986 
1207' 
157 

1000 
1967 
1999 
1482 
1998 
1526 
1991 
1636 
1717 

29.6 a 
27.9 ab 
22 1 abc 
193 abcd 
17.1 abcd 
16.8 abcd 
12 1 abcd 
120 abcd 
101 bcd 
79 cd 
59 cd 
37 cd 
14 d 
lO d 

73.3 a 
38.2 ab 
35.2 ab 
48.1 ab 
25.3 ab 
24.5 ab 
12.0 b 
19.1 ab 
8.8 b 
1.3 b 
9.1 b 
3.6 b 
1.7 b 
68 b 

8.9 c 
17.1 b 
12.3 c 
9.0 c 
8.6 cd 

26.2 a 
4.6 de 

10.1 c 
3.3 e 
4.4 de 
2.8 e 
83 cd 
3.1 e 
3 1 e 

Dtt i ii W thilre' !rplicrtr Me,,n , aerp lrt by DMRT it 5",, proh flhillt I Susceptible check 

susceptible checks anu the test accessitons. However. five accessions were much less infested than 
)thers. Apparently less illlamgcti accessions had los \ieli potential. There was a significant (r = 

0.571 *)positive correlation bctween root yield and wvc%'il damage. This raises the possibility that 
h" yielding accessions, which gcncrall ha\e sinallcr roots. are least damaged because their roots 
are not easily exposed to %%ccvil inlestation. Converscl. those high yielding ones are damaged more 
because ot bigger roots. This is a disadvantage in breeding of agronoinic sweet pt)ato cultivars resistant 
to sweetpotato weevil. Lcss weev il damage due to lower yield will he further examined in autumn 1988. 

Regression and Correlation 

Variable r E'quation 
Yield vs ',damage 0.571" y = 6.347 + 0.804X 
Yield vs number of weevils 0.409 v = 10.589 + 1.304X 
% damage vs number of"weevils 0.897** = 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 1974 
and I 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. 
E-ntri s will be further investigated in autuni 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 y = -13.683 + 4.751X 
Yield vs % damage 0.718 y = -3.393 + 2.311X 
% damage vs number of weevils 0.938** y = 3.576 + 0.47 1X 

Table 2. Resistance of sweet potato selections to weevil Infestation.z 
Accession number No. of weevils/kg root Damared roots (%) Yield t/ha 

1207' 24.6 b 17.0 ab 8.3 a
1229 1 1c 07 c 3.3 b 
1600 7.6 bc 7.0 bc 9.0 a 
1783 6.9 bc 12.4 b 3.7 b 
974' 1.5 c 1.5 c 3.1 b

157 y 52.3 a 26.8 a 9.6 a 
'Data are means of six replicates Mean separation by DMRT at 5% probabtity level. YSusceptible check. 
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Interspecific Cross Progeny Screening 

Summary 

Twentv entries ders d fromi progenies of- crosses bct cen sweet potato and lpotnoa trilida which 
wsere free oI' swcelp tato \\c\'ilIurmi'iriu.)(I'vpu.t/ormic v'iU daInIgc in screenings during 1985- 1986. 
and 1980-1987 wkere cvaltjjltled in the field f'or sweetpotato wccvil resistance. Three entries. WT 57. 
WT 59. Mnd WT 325 %\erc trce of 'weevil. L.esser dalalgCd entries wer. those w%,ith poor yield. There 
%%its a significant posit ivc correlation between root yield and weevil infestation. Roots of' poor 
yicldinI acces,,ios are Iot easily exposed to 'ccvif conmparcd to high yielding ones. This association 
Of less \ccvii aInd poor .icld is not fLivorahic weevils dailaec in breeding agronoini,: cultivars l'or 

resIitaicc.
 

Introduction 

iad ccii 
tsweet potlato cultivar resistant to swectpotato weevil. The progeny was screened in 1985-86 and 
1986-87 lbr weevil resistance. Twenty entries with least weevil damage and good yield potcntial selected 
f'romn the 1986-87 screening were tested along with six known susceptible checks in 1987-88. 

In 1985. a C'1) plint breeder crosses bee swet pottio and lpomm u trlih to develop 

Materials and Methods 

Fach entr\ was planted in randoily' selected four 5 in x I in plots ill a sweetpotato weevil nursery. 
Each plot was bordered on one side by a weevil-infcst,:d row of sweet potato which was planted two 
months earlier and inoculated with laboratory-reared weevils. The crop was raised lollowing the standard 
cultural practices except ill:,t n,,insecticide was applied. At harvest, root yield was recorded and roots 
were cut open to determine weevil info:station and larvae, pupae and adults found inside were counted. 
The insect count was converted it,he number of total insects (larvae + pupae + adults) per kilogram 
o1 roots. The datl were analyzcd 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 frec o'weevil infestation. WT 57 and WT 59 were also free of weevil damage in two previous 
tests. 

Regression and Correlations 

Variable r Equation 

damage + 0.839X 
Yield vs number of wcevils 0.413* y = 0.213 + 1.264X 
'7 damage vs number of weevils 0.973 y = 0.295 + 1.716X 

Yield vs '7c 0.480* y = -0.202 

The lower the root yield, the lower was the weevil infestation. In fIact,there was a significant 
positive correlation between root yield and number of wccvils/kg of roots (r = 0.413*) and root damage 
(0.480*). This raises the possibility that low weevil infcstatiotm isdue 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 tc sweetpotato weevll.z 
Entry __ Damage (%) No. of weevils/kg root Yield t/ha
 

I 444 y 

29.6 a 51.9 a 11.6 b157 y 
158 b 23.5 b 10.5 bWT 260 y 
10.2 c 11.7 bc 5.5 cdefWT 129 8.2 cd 23.2 b 5.6 cdeWT 237 7.8 cd 13.6 bc 3.4 efghijWT 108 4.4 de 8.0 c 2.4 ghij
WT 532 
 4.1 de 6.0 c 3.8 defghijWT 279 3.7 de 3.1 c 4.9 cdefghJung Iwun y 
3.0 de 1.6 c 16.7 aWI 66 2.9 de 7.5 c 5.4 cdefWT 125 2.7 de 4.8 c 7.0 cWI 843 2.5 de 4.0 c 2.2 hijWT 298 2.2 de 2.1 c 6.5 cdWT 60 1.7 e 2.6 c 4.9 cdefghl

WT 629' 1.3 e 1.3 c 1.7 j
WT 7001 1.1 e 
 1.5 c 3.2 efghtjWT 81 0.9 e 0.8 c 7.5 c
WT 452 0.8 e 
 1 1 C 3.3 efghijWT 230 0.8 e 0.6 c 9.9 bWT 262 0.7 e 0.5 c 2.6 ghijWT 460 0.6 e 1.1 C 5.1 cdefgWT 578 0.5 e 2.8 c 20 j
WT 352 
 0.4 e 0.9 C 2.9 fghijWT 59 O0 e 0.0 C 1.1 jWT 325 O0 e 00 C 1.4 j
WT 57 
 00 e 0.0 C 2.2 ij
 
ZData are means of four replicates Mean separation by DMRr at 5% 
 probablty level Susceptibte checks 

Correlation Between Root Characters and 

Sweetpotato Weevil Infestation 

Summary 

Since it is difficult and time consuming to develop a sweetpotato weevil resistant cultivar, sweetpotato accessions with varying levels of dry matter content were evaluated to find out whether thisconstituent in the sweet potato root has any correlation with weevil infestation. Thirty accessions thatdiffer in dry matter content (ranging from 14.99 to 41.98%) were tested for weevil infestation. Therewas 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 observedin 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 majoreconomic damage results from the insect's feeding on the storage roots. Even slight weevil damagerenders the roots unfit for human consumption. To develop an economical control, AVRDC has beenscreening sweet potato gerinplasm to come up with a weevil resistant agronomic cultivar. However,despite 14 years of continuous research, the Center has not found a single accession that is consistentlyresistant to this pest. Other research groups have experienced the same. In 1984, AVRDC initiatedbasic research to understand the host plant-insect pest relationship of sweetpotato weevil. Relationshipsamong various quantifiable root characters, such as concentration of dry matter, sugar, protein and 
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beta carotene and weevil infestation vas 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 I in 
wide beds. Every third row was planted to a known weevil-susceptible sweet potato accession, 157. 
Six weeks after planting, the entire field was irfcsted with laboratory-reared weevil adults. The weevil
intested sweet potato served as the source of weevil for the test miaterials. 

Thirty accessions that ditffred in theil dry matter, sugar and protein contents were selected for 
the study. Dry matter content ranged front 14.99 to 41.98%. sugar from I 1.07 to 27.04% (dry weight 
basis) and protein from 1.71 - to 8.817( (dry weight basis). 

Stem cuttings of each entry were dipped in 0.05% carbofuran solution for 30 minutes before 
planting. Each accession was planted itsa single row on the top of three 5-in long and I in wide beds 
between the rows with the weevil. Plots were arranged in a randomized complete block design. 

The crop was raised following the standard cultural practices, except that no insecticide was applied. 
At harvest, roots from each plot were cut open and the larvae, pupae and adult weevil found inside 
were counted. Insect count (larvae + pupae + adults) was subjected to a linear regression and correlation 
analysis to stud), 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. 

In the previous three tests, only four or five entries were used to 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 analyzeJ again. In the analysis, individual plant constituents of all entries were 
correlated to w,.cevil infestation (Table 4). There was no consistent pattern in the statistical significance 
of weevil infestition in the root and any of the constituents. Correlation coefficient was relatively 
higher (though not always significant) and negative for dry matter content. 

Based on four tests, there was no statistically significant correlation between plant constituents 
and sweetpotato weevil infestation in the roots. Corrclation with dry matter content was negative. 
Roots 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. 

Plant constituents Correlation coefficientz
 
1984 ? 5 1985-86 


Dry matter -0.613 * * -0.429 -0.308 
(16) (18) (18) 

Sugar 0.664 * * 0.423 -0.174 
(15) (17) (17) 

Protein 0.021 -0.286 0.512* 
(15) (17) (17) 

Beta carotene 0.696 0.226 0.233 
(6) (6) (6) 

1Correlatimon coefficient between the number of weevils per kg roots -,gniicant at0.05* and 001 * * levels. Numbers in parentheses 
are degrees of freedom 

1986-87 
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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 ind continuous trapping of male weevils in sex pheroiione-haited traps, was
utili/ed it control tsweelpotatiwec vil ini fariers' fields in Penghti. Details of' the technique were 
explained ti the fIarner cooperators. A total of 2 1.129 male weevils were captured in pheromone
traps set in the farmers' fild in .lungtwun and 16.348 in Husvi villages. Weevil damage in Jtingtwun
raned fromt (Ito 46.4'; root with a mean of 3.65,"r and 47 out of 55 farmis had less than 10% root
daniage and 31 %%erc \,.evil-free. Weevil danage in roots at Husvi varied from 0 to 47 and 31 out 
.f 38 fI'rins had no v cc\ii infestation at all. 

Introduction 

S\.cctpotato wcevil is a serious, lest Of sweet potato in tropical to subtropica! regions where the 
crop is grown. The insect larva fceds inside the root making it unfit for human consumption. In the 
past. AVRI)C had becn searching for sources of resistance and breeding weevil resistant cultivars.Howv.erC. die to difficulties in finding a usable level of resistance, AVRPLC developed an integrated 
pest inanagenmrent (IFNI) technique using ilfkstatiOn -fCe planting niatcriail, controlling alternate Iponroeah sltls fron boirdl r and Surri un ings, hilling ilp (f soil arturid plants, and usiig fcniale sex plierotnione
(froiil planting to harvest) to trap iale wcevils. hi 1988, this techniqtue was tested in two locations 
in Taiwan. 

Materials and Methods 

This exlperirlieit was conducted in Jungtwuni in Baisa prefecture and HLisVi in HusVi prefecture,
Ierigliu Island during sutirier 1988. Sweet potato, ground nut and sorghumll lire tie principal crops
in Perighu Island. All three crops are rainlfed and grown irnainl v between April and Septeniber. At 
harvest if the preceding sweet potato crop in October-Noveinber 1987, the sweelpolato weevil datiage 
was surveyed in both locations. 

In 1988 cropping season, 39 flarimers cultivatirio 3 Ita of sweet potato in 55 parcels in Jungtwun,
and 31 farniers cultivating 4 ha in 38l parcels in lusvi participated in this experiment. In bi;th locations,
fariers were oriented (ni the details of the IPM in"a public irecting organized for this purpose. The
briefing included tile ciintrui of Ipomovta \weeds frolt boirders anrid errlity areas, crop rotation, dipping

Of the vine cuttings in (.04( carbofuiran solution for 30 minutes before planting to eliiinate weevil
 
infestation in the cuttings, arid regular hilling 
 ll) o1 tie soil to prevent soil cracks around the plants.

T\io weeks after planting. deeiiding upon the si/ of the field, each farer was given one to
fiv\e traps baited with I(X) inicrograis ofl sweetpotato weevil sex lheroione. The harrners were advised
 
to change tire local on 
 of each trap %kithin the field as often is possible to cover the entire field. so 
that the endeiic as \kclli as migrating rirale weevils caill te trapped frrt[ir the whole area before they
could riirate. The nueiiir of males Irappedl in eachflie ld i s rect rded.
 

At harvest, a surve\ \s ritmade il 
 tire fields arid 5 kg rorots frioir each parcel of land were taken 
as saniples. S ,veral plants, were selected at ranrdOini and just one roit froi every plant was dug up
while it was still standing inl the field. Fach root was cut in thin slices and the nuniber of SPW larvae, 
pupae, and adults fiund inside w as recorded. The insect-daniaged portion of tlie reti weighedwas 
arid percentage of dariiaged rts \was calculated. 

Results and Discussion 

In both townships, farners followed crop rotation arid sweet potato was planted after either ground
nut or stirghuri in the previous season. All farmers in Husyi dipped the cuttings in earbof'uran solution 
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but some farmers in Jungtwun ftailed to do so. Jungtwun farmers' Inoncompliance with the procedure 
was still significant because the farmers became aware of the importance of this treatment. 

]pomoea weed species were not a serious problem in Husyi and only minimum eflort was required 
to keep them under control. llmmoca weeds, however, were rampant in Jungtwun and sone farniers 
did not pay muclih attention despite repeated reminders. 

During the season, 21,129 male weevils were trapped in Juntwun and 16,348 in Husyi. The 
number of weevils per kilogram of roots ranged from 0 to 69.4 with a ican of 5. 10 and insect daniage 
from 0 to 46.4%c with a mean of 3.65(X (Fig. I). In 47 out of 55 farms, the danage was less than 
10( of the root: 31 farns were weevil free. This compared favorably with mean insect number of 
14.5/kg root, damage of' II.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). Tie percentage of roots daniaged ranged from 0 to 4 with a nein of 0.45%; . In this township, 
31 out of 38 sweet potato fields were free from weevil infestation. Belore the introduction Of' IPM, 
80% of the plants were infested by weevil and about 40% of the roots were damaged. 

30 No. weevils /kg root 

10 
S0 17-71 1--1 [ - 

0 30. Damaged roots (M) 

z 
Fig. 	1. 

I10 	 Sweetpotato weevil 
Infestation on

0 	 " farmers' field In 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 Jungtwun. 

- HUSYI 198830 

U) 

0 0 0
S20

0 

Fig. 2. 0 
Sweetpotato weevil 
Infestation on 0 0 
farmers' fields In No. weevils/kg roots Damaged roots(%
Husyi. 

Although, sweetpotato weevil control in Jungtwun had improved over the 1987 level, it w-&, not 
as good as expected because some farmers still did not follow the control measures. For example, 
two fields in this town had 49.3 and 69.4 weevils/kg of root, respectively, which was much highcr than 
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the rest of the field. Fields where no control measures were employed became the source of insectsto the rest of the area in this season and potentially in the next. On the other hand, all farmers inHusyi followed the control measure. As a result, this irsect did not pose much of aproblem in the area. 

IPM Technology Transfer 

A brochure which describes in detail the IPM of sweetpotato weevil was printed. The brochureand sex pheromone samples were distributed to various research and development organizations inFiji, Tonga, Western Samoa, Solomon Islands, Vanuatu, Saipan, Tahiti. Caroline Islands, Papua NewGuinea, Australia. Japan, China, Taiwan, the Philippines, Vietnam, Thailand, Malaysia, Brunei,Indonesia. India. Bangladesh. Laos, Burma, Korea, Cape Verde, Nigeria, Sicrra Leone. Ethiopia,Kenya, Jamaica, Guyana and other islands in the Caribbean via CARDI, Brazil, Venezuela and tileUnited States. Those who responded so far reported an excellent sex pheromone trapping of the weevil.The entomology team pla,,s to continue this development activity and conduct basic research on thetransport of the weevil from one location to another, especially through cuttings. 

Conclusions 

The reduction of sweetpotato wccvil infestation to below economically daniacing levels seemspossible through adoption of1IPM using weevil-free planting materials, control of weeds surroundingthe planted area, frequent ridging of plants, and use of sex pheromone traps. Success of the IPM,however, depends entirely on the willingness of all farmers in the community to strictly follow it,because failure of one farmer to cooperate will considerably reduce its effectiveness. 

Sweetpotato Weevil Alternate Hosts in Taiwan 

During tie past 15 years, in addition to sweet potato, live species of lpomoea that harbor sweetpotatoweevil (Cylas foiricarisfirmicarius)had been found. They include I. acutninata, L aquatica, i.hederacea, 1. obscura, and 1. sin,..s. Except for 1. hedeiacea, all other species are new alternate 
hosts of sweetpotato weevil. 

Alternate hosts of sweetpotato weevil play a 'cty important role in the survival of the weevilduring off season when sweet potato is not grown and initiation of infestation of newly planted sweetpotato crop. So fai 30 Convolvulaceae plant species, including 25 species belonging to the genus
lpomoea are reported to be the host of sweetpotato weevil worldwide. In 15 years of occasional surveys
in Taiwan and Penghu Island, five species of lpomoea that harbor sweetpotato weevil have been found.
They inch!de Ipotoeica acuminata (Vah.) Roem & Schult, L aquatica Forsk, I. hlederacea (L.) Jacq.,
1. obscura (L.) Ker-Gawl., and I. sinensis (Desr.). All species are perennial and grow along borders
and in empty areas. Among them, L aquatica, the water convolvulus, isthe only economically important
cr,,p. In water convolvulus, weevils were found only in plants growing on bunds and empty areas.
None of these new found hosts lorm storage roots. 
 These plants should not be allowed to grow in

the vicinity of the field to control sweetpotato weevil.


Among the five species only I. hederacea has been reported as the host of the sweetpotato weevil

elsewhere. The remaining species are new records. 

Vine Borer r.asistance Characterization 

Summary 

Eight promising progenies from crosses between sweetpotat,; vine borer (Omphisa anastomosalis)resistant accession and high yielding breeding lines were screened together with AVRDC elite clonesfor resistance to vine borer. Entries CN 1759-47, CN 1759-330 and CN 1759-635 were among theleast 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 eggs 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 192, which are moderately resistant to SPVB. AVRDC used 155 to breed an 
SPVB resistant cultivar. In 1986 and 1987, breeding materials were screened and eight least damaged 
entries A-re selected. Thewe entries were screened along with three susceptible, three resistant checks 
and three elite materials tbr resistance to SPVB in Penghu Island where this pest is endemic and causes 
considerable damage and yield loss. 

In a second test, 21 elite accessions and breeding lines from AVRDC were evaluated. These entries 
were screened with three resistant and two susceptible checks. 

Materials and Methods 

After application of basal fertilizers, the land w% rototilled and worked into 1-rn 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 r.ontlis after planting, each plant in every plot was observed and the number 
of SPVB damaged and healthy 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 1759-4/, CN '759-330, and CN 1759-635 is at par with that of the three resistant checks. These 
entries are promising. Their yield potential is better than the resistant parent although not high enough. 

One elite breeaing lin., 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 
;bove average for most cultivars grown in Penghu Island. The mechanism of SPVB tolerance in this 
breeding line will be studied in 1989. 

Table 5. SPVB damage and yield of selected resistant breedlng materialsz 
Entry 

designation 
Plant 7 

damage (%) 
Yield 

kg/plotx 
Entry 

designation 
Plant y 

damage (%) 
Yield 

kg/plotx 
CN 
CN 

1756-163 
1757-30 

83.1 a 
76.3 ab 

9.7 a 
5.2 b 

CN 1759.465 
CN 1759-487 

16.0 efg 
59.1 bc 

0.9 fgh 
4.1 bcd 

CN 1759-40w 

CN 1759-47 
67.4 ab 
11.0 fg 

0.5 fgh 
3.2 cde 

CN 1759-491 
CN 1759-635 

40.4 cd 
6.7 g 

1.7 efgh 
2.4 def 

CN 1759-282w 
CN 1759-296 
CN 1759-316 
CN 1759-333 

73.5 ab 
29.7 def 
22.8 defg 
11.8 fg 

2.1 efg 
0.4 gh 
4.2 bc 
3.1 cde 

I5 5 e 
I9 2 e 
1 789 
AIS 35-2" 

7.0 g 
9.9 fg 
1.4 g 

42.2 cd 

0.4 gh 
0.3 gh 
0.1 h 
2.3 def 

CN 1759-379 33.7 de 1.5 efgh 
ZPlanting date: 23 May 1988. YObservation date: 6 October 1988, XHarvest dote: 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. WResistant 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 b.- .dlng lines and accessions!z
 
Entry Plant Entry Plant
 

designation damage (%)Y designation damage (%)Y
 
I 981 71.4 abc CN 1421-68 54.4 abcde
 
I 423 67.6 abcd 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 1219-1 62.5 abcde 
 CN 1525-11 50.4 bcdef
 
CN 1232-9 83.9 a I 55 35.3 ef , x
 

CN 1280-3 23.3 fgh 
 I 92 2.8 h
 
CN 1345-8 78.1 ab I 789 3.0 h'
 
CN 1367-2 13.5 gh AIS 35-2 21.0 fgh

CN 1421-56 39.6 cdefg I 57 66.7 abcd
 

Planting date. 23 May 1988. observation date 6 October 1988. YData ;,r.. means of three replicates. Mean separation by
OMRT at 5% probability level. 'Resistant checks. 

Vine Borer Response to Sex Phefromones 

Summary 

Synthetic sex pheromones of eight species ofosely related insects were tested to determine the 
response of sweetpotato vineborer (Omphisa anastonosalis)to these chemicals. The sex pheromones
of pyralids Ostrinia nubi/a/is, Chilo suppressalis, Galleria inellonella, and a pheromone common to 
Anagusta kuhniella. Ephesti: elutella, E. figuhella, E. cautella and Plodia interpunctella were not 
effective 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 anastoiasalis 
(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 nubi/alis. Chilo suppressalis, Galleria mellonella and a pheromone common 
to Anagusta kuhniel/a, Ephestia elutella, E. fiquliella,E cautella and Plodia interpunctella. The 
chemicals were disoensed 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 laboratory 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 insects 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 therefore 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 steins 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 insect in Taiwan and Penghu Island. In summer 1987, larvae of this insect were found
feeding inside the stems of a Convolvulaceac plant, lpomoea pes-caprae (L.) in the vicinity of a sweet 
potato field in Penghu Island. This perennial plant grows along sandy seashores and has woody stems.
This species is present in areas where sweetpotato vine borer occurs. This is a new host for this insect 
pes:t. Incidentally, I. 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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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 fur 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 
II (SPV II) and mild mottle virus (MMV) produced in AVRDC and two graftings of mature plants 
to . setosa and I. nil (as the graft recipients). Ninety-one liiies from Thailand, eight 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. 

Materials 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 1and 2. Initially, graft indexing was done with two 
indicator species, lponoea setosa and . 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, L nil and L setosa, were used. Two seedlings of each were grafted with scions from 
mature plants (G 1) which were then cut back and allowed to mature. At this stage, the second graft 
indexing (G2) was performed. Due to lack of seeds of L 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, 
itwill show severe leaf deformation and mottle. Using this clone ingrafting, 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 (see 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 I, 2 and 3.
 
In the ELISA I and 2 tests a large percentage 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 isbeing 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 91 
No. of meristems excised 1345
 
No. of lines survived (% regeneration) 837 (62.2%) (91 lines)
 

ELISA I test (El)

No. of lines 
 91 
No. of plantlets tested 837
 
No. ELISA positive plantlets 314 (37.5%) (= 81 lines)


positive for FMV 
 79 (25.5%) (44 lines)
positive for SPYDV 127 (40.4%) (61 lines)

positive for SPLV 
 128 (40.8%) (57 lines)
positive for SPV II 51 	(16.2%) (25 lines)
positive for MMV 137 (43.6%) (54 lines) 

ELISA II test (E2)

No. of lines 
 89 
No. of plantlets tested 523
No. 	ELISA positive plantlets 119 (22.8%) (= 64 lines)


pusitive for FMV 
 44 (40.0%) (28 lines)
positive for SPYDV 62 (52.1%) (38 lines)
positive for SPLV 25 (21.0%) (18 lines)
positive for SPV II 13 (10.9%) (8 lines)
positive for MMV 40 (33.6%) (32 lines) 

Graft Indexing I (GI)
 
No. of plants indexed 233 (= 89 lines)
No. of plants showing symptoms 1 	 80 (34.3%) (= 48 lines)

No. of plants positive for FMV 	 5 (06.3%) (5 lines)No. of plants positive for SPYDV 	 4 (05.0%) (4 lines) 

No. of plants positive for SPLV 0

No. of plants positive for SPV II 
 2 (02.5%) (2 lines)
No. of plants positive for MMV 	 1 (01.3%) (1 line)
No. of plants with unknown virus 71(88.8%) (42 lines)

No. of plants with symptoms on TIB 8 
 0 

Graft Indexing II(G2)
No. of plants indexed 69 (= 66 lines)

No. of plants showing symptoj1s1 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!-nts positive for SPV II 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 presenc., in indicator plants was tested by ELISA and/or ISEM. 
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Table 2. Summary of ELISA dnd graft Indexing of AVRDC breeding lines Set 2. 

General
 
Total no. of lines 

No. of meristems excised 

No. of meristems survived 


ELISA 1 test
 
(meristem deriveo plantlets)
 

No. of plantats tested 

ELISA 	positive plantlets 

positive for FMV 
positive for YDV 
positive for SPVN 
positive for SPV II 
positive for SPMMV 

ELISA 2 test 
(plantlets derived from stem 

No. of plantlets indexed 
Virus infected plantlets 

positive for FMV 
positive for VDV 
positive for SPVN 
positive for SPV II 
positive for MMV 

GrMt Indexing I (G1) 
No. of plants indexed 

8 
165 
108 (65.5%) 

108 (8 lines) 
27 (25.0%) (6 lines) 

7 (25.9%) (3 lines) 
16 (59.3%) (3 IF,es) 
12 (44.4%) (5 lines) 
2 (07.4%) (2 lines) 

24 (88.9%) (5 lines) 

tips of ELIbA 1 "egtive olantlets) 

No. of plants showing symptoms 
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 

Graft 	Indexing II (G2) 
No. of plants indexed 
No. of plants .lowing symptoms 
No. of plants pL .itive 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 

63 (8 lines) 
18 (28.6%) (6 lines) 
6 (22.2%) (3 lines) 

10 (37.0%) (6 lines) 
7 (25.9%) (5 lines) 
0 
5 (18.5%) (5 lines) 

18 (8 lines) 
2 (11.1%) (2 lines) 
1 (05.6%) (1 line) 
0 
0 
0 
0 
1 (5.6%) 

TIB 8 clone 9 0 

14 (8 lines) 
0 
0 
0 
0 
0 
0 
0 

No. of plants with symptoms on TIB 8 clone 9 0
 
No. of virus-free lines obtained 8
 

indexing, accessions introduced from Thailand developed pronounced leaf curl symptoms on 1. nil 
and sometimes on I. setosa. These plants were checked in the electron microscope, but in no case 
could any virus particles be detected nor trapped by immuosorbnt electron microscopy (ISEM) using 
any of the five antisera. These leaf curl symptoms could have been transmitted from L nil to 1. nil 
by grafting. It was assumed that a small spherical virus not readily detectable by electron microscopy 
was involved. 

Other researchers have suggested the use of i. setosa for graft indexing. At present, AVRDC 
continues to graft index on L nil, because cases were encountered where only L nil and not 1. setosa 
showed symptoms in graft indexing (Table 4). A new unidentified virus may be present and may infect 
only L nil. This aspect is being investigated. 
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Table 3. Summary of ELISA and graft Indexing of AVRDC accessions. 
Gene'al 
Total no. of lines 18
 
No. of meristems excised 280
 
No. of meristems survived 186 (66.2%)
 

ELISA 1 test 	 ELISA 2 test
No. of plantlets tested 186 (18 lines) 72 (17 lines)

ELISA positive plantlets 70 (37.6%) (15lines) 16 (22.2%) (10 lines)

No. of plants positive for
 
FMV 34 (48.6%) (12 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)

SPY II 5 (07.1%) (4 lines) 2 (12.5%) (1 line)

SPMMV 42 (60.0%) (11 lines) 8 (50.0%) (6 lines)
 

Graft indexing 1(G1) Graft indexing 2(G2)No. of plants indexed 40 (15 lines) 12 (12 lines)

No. of plants with symptoms 5 (12.5%) (4lines) 1(8.3%) (1 line)

No. of plants positive for
 
FMV 1(20.0%) (1 line) 1 (100%) (1 line)

YDV 0 
 0 
SPVN 	 0 0 
SPV II 1 (20.0%) (lline) 1 (100%) (1 line)
SPMMV 	 0 0
unknown 4 (80.0%) (4 lines) 0
 
Plants with symptoms on TIB 8 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 onOrigin of lines plants with symptoms only on only on both I. nil and 
but no virus was detected I. nil I. setosa I. setosa 

Thailand GI 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 plant,. 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 tsually 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 nieristem-derived and virus-indexed breeding lines were compared with field
propag Jplants of the same lines. Of each line, 20 stein cuttings (30 - 40 cm long) were planted 
on 29 August 1988 in I x 5 in plots. Distance between plants was 25 cm and between plots. I i. 

Once during the growing period (10 October 1988), the plots were sprayed with Furadan 3G. 
On 1December 1988 the plants were uprooted. The above ground parts were visually compared for 
morphology, storage root skin and flesh color in cooperation with the plant breeders using the 
recommended IBPGR sweet potato escriptors. Yield data were taken. Leaf sanples 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 1)r SPFMV, SPYDV, 
SPLV. SPVII and SPMMV. 

Results and iiscussion 

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 (P1 1656-97, PI 1656-101) had a more pronounced 
purple root skin, possibly due to an increased anthocyanin production. In nieristem-derived lines of 
1618-461 and 1656-101 the root flesh also showed an increased purple spotting. In most lines, the 
yield of meristem-derived plants was higher than that of the field-propagated plants (Table 5). In lines 

Table 5. Morphological characters and yield of merlstem-derived and field-propagated sweet 
potato. 

Meristern-derived Non-meristem 
Meristem virus indexed plants derived plants code no. yield/plant 	 yield/plant 

(kg) 	 (kg) 
B 1683-18 	 M3 6.8
 

M ll 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 -

B 942-47 	 M4 9.0 
-


B 1656-37 	 M7 9.0 -
M3 8.4 

8.7 (ave.) 7.2 
Totai average 8.3 6.5 

9.3 
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1656-101. 942-47, the yield of' meristen-derived plants was slightly low-r than that of the field 
propagated plants. However. although numerically higher. the average yield of all neristem-derived 
lines was not statistically dilterent froni tile average yield ot tie field-propagated plants. 

It was noted that virus reinl'ecti nt .as present in it large number of meristcm-derived plants in 
tle first growing season. Virus presence was positively identified by ELISA in seven of the 14 plots 
with nieristem-deri',cd plants (Table 0). [hi . %%asevident bN tle app'.'arance of conspicuous red rings 
and spots on the tliae of some of these tueristen-derived plantlets as early as eight weeks 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
 

F Y LV II MMVvirus symptoms plants y 

942-47 FP 
M4 

6 
2 

6(1), 
1 (1) 

5(1) 
1 

2(4) 
(2) 

0 
0 

(1) 
0 

0 
0 

1656-37 FP 
M7 
M3 

0 
0 
0 

(8) 
(3) 

2 (1) 

0 
0 
1 

(8) 
(3) 
(1) 

0 
0 
0 

0 
0 

(1) 

0 
0 
0 

1656-101 F 
M5 
M7 
M2 

5 
4 
1 
1 

1 (1) 
0 
0 
1 

1 
0 
0 

1(2) 

0 

0 
1 

(1) 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

1618461 FP 
M21 

9 
5 

8 
1 

8 
1 

6 
0 

0 
0 

1 
1 

0 
0 

1656-97 	 FP 1 1(1) 1(1) 0 0 0 0 
M5 1 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 0 0 0 

1683-18 	 FP 6 4(2) 4(2) 2(1) (2) (2) 0 
M3 5 3 3 (1) 0 0 0 
M ll 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 0 0 

tOut of 10 plants/plot. fron which samples were taken YSamoles. consisting of 3 leaves per plant and pooled were taken 
fr" 'n 10 alternating plants of each plot 'The no of samples with aclearly positive + or + + ELISA reaction No inparentheses 
retects the no of samples where the ELISA reaction was + / -

Efficiency of DAS ELISA for Virus Detection 

Summary 

The efficiency 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 0, tailing 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 il the host plant. OD values ol 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 antiscra 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 heahIthy samples is a criterion of reliabil it,' of the FI.IISA 
test. This is particularly important Invirus inde\ing during detection and subsCluent elimination of 
virus carriers. 'The clear separation dce'pends on the alliiseruni titer, the amount of antibodies on health%' 
plant proteins in the antiserum. 

l''sts were conducted to determine the absorbance range of healths and infected plamts and to 
knowk if the DAS-Fl ,SA test wNith the presntlv a\ ailable antisera %ould clearly separate virus-infected 
plants trom health, ones. 

Materials and Methods 

Healthy' and %us-icec plant materials which underwent two FIISA and two graft indexing tests 
s%,ere grown. Ilnfcced plants consisted of ss%.el potato aitificially inf'ected with individual viruses and 
showing clear svniptoils of inf'ection. Samples consisted 0f three pooled leaves per plant, extracted 
with an extracliom buffer of I';'eeg albumin and ).()1 NI Na DIE(C.. 

Results and Discussion 

If positive and ntegative populations are not well separated by a reasonable absorbance interval, 
problems may arise in applying the EISA test. Furthermore. the negative individual population in 
an EI.ISA histogram may not always be normall' distributed, but may tail off to the right instead. 
''his tail area has potential to contain false positives. Similarly. it the positive population is not normally
distributed but taii.s otf to the left or is scattered across a wide range of' 0) values. separation of 
positive trom negative values becomes diffIcult. 

Absorbance values obtained in this study were not nimodally distributed (Table 7). With the 
exception of MM V. most 01) 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.
la.b.c.d,e). In MNI V and TI)V. the lowest 01) values of diseased plarts were found near the highest
01) values of healthy and virus-free plants. This wide 0) range of diseased plants with low values 
near values of health', plants possibly reflects the previously found uneven concentration of sweet 
potato viruses Esberishade and Mover 19821: Green et al. 19882). 

h'lherefore. separation of healthy plants by DAS EI.ISA, used in the present virus indexing scheme. 
is not easy even with the use of a positive negative threshold of two times the average absorbance 
value (2X) of' the healthy controls. This \alue had been recontended (Sutula et al. 1986)1 to prevent
ftalse negatives. For SPYI)V and MNIV. a clear separation may i ot be possible but fIalse negatives/ 
positives may be possible. 

Different purification methods are being tried to obtain antisera with higher titer and fewer 
antibodies to health, plant materials lfOrbetter separation o lheaIlty front infected plants. Sweet potato
viruses are difficuIt to puril because of their generally low concentration in the host and because 
the)' usually do not infect hosts from which they can be casily' purified. Different serological methods 
such as D)01 E.ISA on nitrocellulose menibranes known to have higher sensitivity will also be tried. 
Table 7. DAS ELISA absorbance values and range of healthy and infected sweet potato plants. 

Virus ...
Range 

Healthy plants 
Mean(x) __ _2x Range 

Infected plants 
Mean z

S 
FMV 
SPYDV 

00000.025 
0000-0.208 

0.004 
0027 

0.008 
0.054 

0,282-2.000 
0.185-2.000 

1.352 
1.225 

0.257 
-0.123 

SPV-I 
SPLV 
MMV 

0.000-0 173 
0.0030.077 
0.013-0.203 

0.009 
0.014 
0.060 

0018 
0028 
0.120 

0.420-2.000 
0 394-2.000 
0.084-1.797 

1241 
1.370 
0.541 

0.247 
0.317 
-0.119 

ZAbsorbance iter valbetween the Iighest OD values of healthy plants and the lowest OD value of ,afected plants. 

'iEshensha P.R. and Ji. MNenr. 1982. Plan t)iscasc 66, t11-913. 
'Grcen, S.K., Y. Kui and t).R. Lce 1988. Tropical Pest Management 34(3): 298-3t2. 
3Sulula, Ct... J.i. Gilet, S.M. Morrissey and t).C Raninrdell. 196. Interpreting EIl.ISA data and establishing ihe positive
negative threshold. P'lanitDisease 70(g):722-726. 

1
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Virus Purification for Antiserum Production 

Summary 

Three sweet potato viruses were purified for antiserum production. About 1.4-3.4 nig of MMV. 
1.5-3.5 Ing of SPIV and 2.4-2.5 Ing of SPYDV were taken per I(X) g infected leaves. With the antisera 
produced, virus-ifilccted plants could be clearly separated by DAS ELISA from healthy plants. 

Introduction 

In sweet potato virus elimination. AVRDC presently utilizes both serology (t LISA) and grafting 

to susceptible indicator plants I. nil and I...'to.%a) to verify the absence of virus.1lhc ELISA test is 

done on meristem-derived plantlets at the 4-5 leaf stage bel'orc theN are grown out. FLISA eliminates 
virus-infected plantlets at an early stage. before graft indexing. To have ample supply of antiserum 
to these viruses for the IIISA tests. AVRI)C has produced its own antisera. 

Sweet potato viruses are difficult to purify and transmit imecchanically because viruses often occur 

in low concentrations, or are unevenly distributed in the plant and because sweet potato sap contains 
powerful inhibitors. )ifferent buffers with chelate: and antioxidants and liquid nitrogen were tried 

to transmit the viruses to other hosts from which they might be more castly purified. 
Several purification mcthods used for pty'viruses were tried. 

Materials and Methods 

Purification. SPMM and SIPV II were mechanically transmitted to systemic hosts. The viruses 

were purified by a modification of the nethod used by l.isa c al. 1981 ' . for the purification of 
zucchini yellow mosaic. Young leaves were harvested two weeks after mechanical inoculation and 

homogenized ( I: ?/W:Vi in extraction buffer for 4 in at 4°C. After addition of Freon (1, 1.2-Trichloro
trifluoroethanol) (IV:I part original fresh leaves) at 4'C. and lIw. speed centrifugation (5(XX) rpm, 
20 inn/4°C) the virus containing aqueous phase %kascollected and subjected to 2-3 cycles of low 

speed (5(XH) rpm. I0 mini. 4 0 ") and high speed (25.1XX) 3.5 liour. 4"C. Beck.nian 45 Ti rotor) 

centrifugation.The resuspended virus containing pellet was subjected to a quasi-isopycnic ceiitrifugation 
in CsCI (4(X) tng CsCI/ml) at 26.)(X) rpm (Beckman SW 41 rotor 18 hours. I 0 O. The virus band 

wa,,s collected from (te gradients, diluted with 4-5 volumes of' 0.05 M Na-citrate bul'fr pH 7.5. 

containing 0.02 NI NaS( 4 and recentrifuged in CsCI (0.4 ginib following the prcvi)us conditions. 
Following the second CsCl centriflugation, the virus containing band was collected, diluted as 

before and centrifuged at 30.0(X) rpm I'Cr 4 hr at 4 °C.The resulting pellet was resuspended in 0.05 

M sodium citrate buffer pH 7.) and viewed in an electron incroscope for purity. 

Antiserum productior. This purified virus preparation wkas inji'ctd into New Zealand rabbits 
for antiserum production. At seven-day intervals, rabbits were given two intramuscular injections of 

purified virus (4 ig/I ml) eniulsified with ;.n equal volume of Freunds incomplete adjuvant and one 

intramuscular injection emulsified with complete adjuvant. Rabbits were alowed 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 Nicoiiana tabacmii. 
Concentration was from 1.419 mg/mIl to 2.05 mg/mI.Yields were front 1.41 nig to 3.4 mig per 100 

g infected leaves. The titer of the antiserum was 5 10, determined by the ring test. Serological activity 

4Liso, V. G. Boccardo. G.YAgoirmo, G. Dtllavalle and N1d' Aquilio. 1t81, Characterization of a rpotyvirus that causes 
iucchini yellow mosaic Phytopaihology 71: 667-672. 
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is shown in Table 8. The serum, ws able to clearly differentiate between healthy and infected sweet 
potato and N. bent/ianiaa tissues at a2000 fold dilution of antiserum and of goat anti-rabbit antibodies. 
The absorbance value for healthy, sw et potato was 0.003 compared to 0.894 for infected sweet potato. 

Table 8. Indirect ELISA absorbance (A4o5) values for sweet potato viruses Isolated at 
AVRDC. z 

Sample MMV SPLV 
Healthy N.benthamiana 0.016 y 0.283 
Diseased N.benthamlana 1;709 1.506 
Healthy I.batatas 0.003 0.004 
Diseased I.baatas 0.894 0.989 

XDilution of antiserum and goat anti.rabbit I gG was 2000X for all viruses. YAbsorbance values are the means of three replicates, 

SPLV. The virus was purified twice from systemically infected N. benthaiiana. Virus 
concentration was from 3.16 mg/ml to 5.7 mg/mil and yields were from 1.5 mg to 3.5 mg per 100 
g infected leaves. Determired by ring precipitation, the titer of the antiserum was 1024. Serological 
activity isshown in Table 8. The serum was able to clearly differentiate between healthy and infected 
sweet potato. At a 2000-fold dilution of both antiserum and goat anti-rabbit antibodies, the absorbance 
value for healthy sweet potato was 0.004 compared to 0.989 for virus-infected sweet potato. 

The antiserum contained a large amount of antibodies to healthy N. benthamiana, as indicated 
by high absorbance values of 0.283 compared to 1.506 for virus-infected N. benthamiana. However, 
when sweet potato tissue was tested, very low healthy absorbance values were obtained, making this 
serum suitable for virus indexing where only lpomnoea sp. and not Nicr,'%'a sp. are used. 

SPYDV. The virus could be mechanically transmitted to Sesanum indjn. Purification and 
antiserum production were the same as those described for MMV. 

Virus concentration was from 2.47 mg/ml to 2.56 mg/ml. Virus yield was from 2.9 to 4.1 mg 
per 100 g infected leaves. Antiserum is presently being produced. 

Effect of Virazole and Heat on Leaf Curl Virus 

Summary 

Sweet potato leaf curl is a disease for which the causal ag' or SPLC virus particles have not 
been found so far. Antiserum is not available and indexing b, FIlA is not possible. Several treatments 
which may reduce the SPLC incidence were investigated, !1rf;:routine meristem tip culture used in 
the present scheme was found effective in eliminating SPLC symptoms in 80% of the treated plants. 
When stem tips were treated with 500 mg/I virazole, 86% of the resulting plantlets did not show 
SPLC symptoms. However, results of.heat treatment were not conclusive. 

Introduction 

To date, the sweet potato leaf curl disease particles have not been observed but it is known that 
the disease is whitefly-transmitted and has been reported only in Taiwan. Sweet potato cultivar Tainung 
63 is particularly susceptible and reacts with pronounced upward rolling of the leaf lamina. In the 
present virus indexing scheme, detection of this virus is only possible by grafting the susceptible indicator 
plants,-. seosa,and /.tilwhich both react to leaf curling. The effect of virazole and heat treatment on the incidence of leaf curl in possibly infected sweet potato plants was investigated, 

Materials and Methods 

Virazolo treatment. Leaf curl-infected TN 63 was used, Fifteen stem tipys were selected and 
meristems of 0.3 mm and I-cm long stems (Si) immediately below the meristem were excised and 
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placed on Love and Rhodes (LR) medium. A I-cm long stem section below S, was excised (S2) and 
placed on LR medium of 20 mg/I virazole; :.mi!arly a I-cm stem section below S2 (= S3) and a 
I-cm 17 stem section below S3 (- S4) were excised and placed on LR medium supplemented with 
30 and 50 nig/I rvely\,ien the plantlets h;-.I reached 4-5 leaf stage, they werevirazole, respect . 
transferred to Jiffy 7 pellets. About 4 0 ,ceks latcr, they were planted in 5-inch clay pots where the 
plants were allowed to grow for nine nionths.At that stage the plants were visually rated for leaf roll 
symptoms. About 20-cm long stein sections were cut fron p'ints without clear symptoms, placed 
in water culk'rre and kept for 1-2 weeks at 3'7+2°C. At this elevated temperature very distinct symptoms 
developed, thus facilitating the rating. 

Heat treatment. TN-66 plants were kept for either one or two months at 370 +2 C. Following
heat-treatment meristems (0.3 mm size), I-cm stem sections (Si) below the rneristems, and I-cm stem 
sections below S2 were excised and placed or LR medium. At 4-5 leaf 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/I virazole were Found to 
be SPLCD-free compared to none for the nonvirazole-treated stem tips, and 29% and 57% for the 
stem tips which were grown in 20 mg/I and 30 mg/I 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 Jiffy' 7 pellets. Virazole-treated mature plants were morphologically 
indistinguishable from nonvirazole-treate,' plants. 

Meristem tip culture also appears tc. tifect the elimination of SPLC. About 80% of the meristems 
were virus-free, compared to 0% of the I-cm stem sections immediately below the meristems. 

Table 9. Effect of vlrazole and merlstem-tlp culture on sweet potato leaf curl virus excised. 

Plant no. % of plants 
Plant part 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 without leaf curl 

symptoms 
M() NG - - - + - - + NG NG - NG NG - 80
 
Si (0) + + + + + + + + + + + + +++ NG + + + + 0
 
S2(20 rg/I) - - + + NG + + + + + + + + + + - 29
 
S3(3Org/I) - ++- -+ ++ 4 + - NG 
 - 57 
S4(50 MgI)------- - - - + + - + - - NG  86 

Figure in parentheses is virazole concentration. YNG: no growth in test tube or plant failed to grow after it was planted in
Jiffy 7 pellets. + leaf curl symptom. + + :severe leaf curl symptom. 

Heat treatment. The results of neat treatment were inconclusive (Table 10).The number of 
virus-free plants rt:sulting from heat-treatcd meristems was not markedly different from those excised 
from plants withour heat treatment. 

Virus eliminration was obserxed in both SI and S2 heat-treated stein sections although no 
difference was observed in one and two-month heat treatments in SI. Virus elimination was, however, 
slightly lower in S2 than in Si. 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, meristen tip culture was found 75-80% effective in eliminating SPLCD symptoms. Heat 
treatment prior to meristem excision did not increase elimination 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. 

http:nionths.At
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Table 10. Effect of heat treatment on sweet potato leafcurl virus. 

Plant no. % of plants 
Plant part 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 without leaf curlsymptoms 

1 month heat 
z
M +Y - - + NGNG- - - NG - - NG 72 

St + + - + NG - + + + + - + + -  - NG 46S2 + + + ++ + - + + + + + - NG + - + NG 31 

2 month heat
 
M - + - + - -NG - - NG 
 + - NG 75 
Sl 
 - + + + - + ++ - ++ - ++ - ++ NG - 45 
S2 + + - + NG ++ ++ - ++ ++ NG NG ++ + 17 

No heat
 
M - + - NG - + - -NG + NG 75
 
Sl ++ ++ + ++ + + + + + + NG + + + + 0
S2 ++ ++ + ++ + + + + + + + + + + + 0
 

ZExcised plant part: M = meristern; S = 1-cm stem section below the meristem; S2 
 = 1-cm stern section 1-cm below St. 'NG:no growth in tissue culture mediurn or failure of plantlet to grow out in Jiffy pot. + leaf curl symptoms. + +:very severe leaf 
curl symptoms 

Improvement of Heat Treatment Method for Virus Elimination 

Summary 

Heat treatment at 37°C for two months has been recommended for the elimination of certain sweet 
potato viruses. However, based on AVRDC's experiencc, potted sweet potato plants (in sand 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: tor 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)5, sweet potato mild mottle virus (Hollings et al. 1976)6 and 
sweet potato yellow dwarf virus (Green and Lo, in press) 7. 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 out quickly. Hydroponic culture was therefore attempted 
to improve plant growth under this elevated iemperature. 

5Hildebrand. E.M. !967. Russet crack - to thea menace sweet potato industry. 1. Heat therapy and symntomatology. 
hytopathology 57:1 3-187. 
HollinLs, M; O.M. Stone and K.R. Bock. 1976. Purification and properties of sweet potato mild mottle, a white-fly borne

virus frm sweet potato (Iponoca batatas) in East Africa. Ann. Appl. Biol. 82:511-528.
7Green, S.K. and C.Y. Lo 1989. Elimination of sweet potato yellow dwarf virus by meristem-tip culture and by heat treatment. 
Journal of Plant Diseases and Protection 96: 464-469. 
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Materials and Methods 

Three treatments using a half-!,trength nutrient solution in polystyrene containers (26 x 20 x 
14) were tested. 

In treatment A. the container was covered witl a 1.2-cm thick polystyrene lid with six holes,
each containing a 20-cm long stem cutting. protected at the hole with rubber fam (treatment N).

In treatment B, the nutrient solution was combined with a 3.cm thick iayer of hydrocron balls 
floating on the solution. The box was covered with a polystyrene :, 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+B;). 

In every trc-tment, three containers were used. The level of the nutrient solution was initially
kept above the botton, of the stem sections. After root eme;gence, the water level was lowered so 
that the top part of' the root was abc.ve the nutrient solution. 

The growing conditions of the room were as follows: 12 hours day length, 3.1 klux illumination 
at 10 cm above plant level, using 400 W fluorescent daylight. The room was heated 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 solutioa inside the box were deterrnined
daily at 1:00 pm for two weeks, starting three days after the ,oxes were placed in the heated growth 
roon. 

Results and Discussion 

Covering the polystyrene containers with a basket of burned rice hulls 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 II). After prolonged storage of the container at 370 C, the temperature of the nutrient solution 
was usually about 5 'C lower than the room tenperatur,:. In other containers covered by styrofoam
lids, the temperature of the nutrient solution was oaiy 2.80 (treatment N) or 1V.6C (treatment N + H) 
lower than room temperature. 

Table .11. Temperature of the growth re-'m and nutrient solution. 
Temperature (°C) 

Day Liquid growth medium 
N+H N N+ BR 

1 36.5 34x 33.5 30.5

2 37 35 34 
 31
3 36.5 35 34 29.5
4,5 NM' NM NM NM
6 36.5 35.5 34.5 31
7 
 37 36 35.5 31.5
8 36.5 35 34 31.5

9 38 36 34.5 32

10 37.5 

y 
35.5 34.5 32


11,12 NM NM NM 
 NM

13 38 36.5 35 33

14 38.5 36.5 
 35 31.5

15 36 34.5 34 32

16 37 35.5 34 32

17 36.5 35 33.5 32

18 37 35 34 
 32 

zAverage 37 a 35.4 b 342 c 31.6 dZAverage temperature of 3 containers. YNM= not measured. XMean 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 
temperature 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.e. 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 
incdiul. Callus formed less in Gamborg B-5 medin 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 adorted for routine use at AVRDC. Recently, a new series 
of tissue culture media for the growth of sweet potato explants was proposed by tissue culture specialists 
at the lnternatonal Potato Center (J. Dodds. personal communication, 1988)8. 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):
Gamborg's B-5 salts, or 1/2 strength MS salts with minimal organics; 2 mg/I calcium panthotenate, 
20 mg/I gibberellic acid: 100 mg/I ascorbic acid; 100 mg/I calcium nitrate; 20 mg/I putrescine HCI; 
100 mg/I L-arginine HCI: 10 ml ascorbic acid; 100 mg/I :alcium nitrate; 20 mg/I putrescine HCI; 
100 mng/I L-arginine HCI; 10 ml coconut water (or 0.4 mg/I kinetin), 5% sucrose; 0.7% agar; pH
5.6: and medium [Or 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/I gibberellic acid; 100 mg/I
ascorbic acid: 100 mg/I calcium nitrate: 20 mg/I putrescine HCI; 100 mg/! L-arginine HCI; 5% sucrose; 
0.7% agar; pH 5.6. 

The growth of 152 -xcised 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 meristetns regenerated into plantlets in the AVRDC standard medium compared
with 27% of mcristems grown in Gamborg B-5 media (Table 12). 

Lesser callus formed in Gamborg B-5 media than in AVRDC standard media. In Gamborg B-5 
medium, growth of explants was generally weak and in some cases ceased. Many explants turned 
brown and became weak with ye!!wish foliage. 

Thus, the standard AVRDC media will be retained for routine use. 

8Dodds, 3. 1988. Personal communication. International Potato Center, Peru. 
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Table 12. Comparison of sweet potato merlstems in AVRDC standard medium with Gamborg B-5
 
medium. 

Sweet potato 
AVRDC standard media 

No. of No. of 
Gamborg B-5 media 

No. of No. of 
Line 

L 19 
L43 
L 135 
L 183 
L 188 
L 292 
L 295 
L 296 
L 297 
L 300 
L303 
L312 
L 326 
L329 
L330 
L 185 
L 186 

meristems 
excised 

10 
4 
6 
5 
10 
12 
7 
9 

12 
10 
9 
8 
8 
8 
8 

13 
13 

plantlets 
regenerated 

6 
0 
3 
2 
9 
5 
3 
7 
5 
7 
9 
2 
4 
2 
4 
3 

12 

meristems 
excised 

11 
8 
4 
5 
9 
12 
7 
6 

11 
15 

9 
8 

10 
9 
7 
5 

10 

plantlets 
regenerated 

2 
0 
0 
0 
4 
3 
1 
3 
1 
6 
7 
0 
0 
0 
4 
0 
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: 1sand 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:coil. 

Introduction 

The average time needed to regenerate plantleis from meristems varies widely and depends on 
the genotype. Regeneration of plantlets takes anywhere from six weeks to four months. Regenerated
plantlets are often 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. 

Materials 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 solution with a 4-cm layer of burned rice hulls as supporting medium 
in styrofoam cups. 
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3) 1/2 strength nutrient solution with a 4-cm layer of rice hulls as supporting medium in styrofoam 
cups. 

4) 1/4 strength nutrient solution wxith a 4-cm layer of rice hulls as supporting medium in styrofoam 
cups.
 

5) sterilized mi .tre of sand and vermiculite (1:1) in styrofoan cups.
 
6) sterilized mixture of sand. vermiculite and soil (1:1:1) in styrofoam cups.
 
7) Jiffy pots (standard AVRDC practice).
 

Eight breeding lines were tested in two replicates. Containers were randomly arranged in the 
screenhouse and data .ere taken after two months. 

'Ihe full-strength nutrient solution was composed of: 

Constituent g/l Constituent mg 

Ca (NO3,.2H20 0.59 FeEDTA 22.6 
KNO 0.22 MnSO 4 .H_,O 1.54 
K,HPO 0.18 CuSO 4.5H 2 0 0.079 
CaCI2 .21120) 0.18 ZnSO4 0.220 
MgSO 4 .7H2i) 0.49 H2BO3 2.86 

Na2 MoOi.2f1,-O 0.025 
pH 26.0 

Results and Discussion 

Different cttivars generally behaived differently on each of the growing media tested (Table 13).
The 1/4 strength nutrient solution with rice hulls as supporting medium and the 1: 1 sand:vermiculite 
medium generally gave the lowest values for fresh root, and whole plant 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,
1: 1:1 (sand:soil: vcrmiculite), and 1/2 strength nutrient/solution rice culture. 

Based on these findings iiwas 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 
must be guaranteed. This has never been verified before. Seeds of indicator plants L nil and L setosa 
infected with the sweet potato viruses by mechanical ink'.culation or by grafting were collected and 
grown in an insect-proof screenhouse. Seedlings were vi:.ually observed for symptoms and tested by 
ELISA. Seed transmission could not be detected. 

Introduction 

Grafting f two susceptible indicators, . setosa and I. nil is a major part of virus indexing in 
sweet potato. Absence of viruses in seedlings 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 
isnot available at present. 

Materials and Methods 

Plants of .setosa and . nil were grafted on virus-infected sweet potato or infected by mechanical 
transmission. Plants were allowed to 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 9entry 1-57 1-423 CN1028 16 CN1038-16 CN1058-10 CN1216-10 CN1219-1 CN1345-8 CN 1421-56
 
Fresh root weight (g)
 

1/2 8 1.8 ab 2.7 a 3.1 ab 1.5 a 1.7 a 2.8 a 1.8 a 2.4 b 3.8 a1/4 B 1.1 abc 2.3 a 2.5 bc 2.1 a 1.3 a 1.5 bc 1.0 a 0.6 d 1.8 bcd1/2 R 0.4 c 2.9 a 2.1 c 1.8 a 1.2 a 1.2 bc 0.7 a 4.4 a 3.3 ab1/4 R 0.8 bc 2.4 a 1.6 cd 0.6 a 1.9 a 0.6 c 1.0 a 0.4 d 2.4 abc1:1 0.9 abc 0.6 ab 0.8 d 0.9 a 0.9 a 0.8 bc 0.8 a 0.4 d 0.6 d1:1:1 1.9 a 2.3 a 2.2 c 1.9 a 2.3 a 1.7 abc 1.3 a 1.7 c 1.5 cdJiffy-pellet 1.8 ab 2.0 a 3.9 a 2.1 a 1.6 a 1.9 ab 1.9 a 2.1 bc 2.1 abcd 
Whole plant weight (g) CD 

1/2 B 4.1 a 6.7 ab 6.2 ab 3.8 a 4.0 ab 6.3 a 4.6 a 6.2 ab 8.1 a
1/4 B 3.2 b 5.0 b 4.2 bc 4.9 a 3.2 ab 3.7 bc 3.8 a 4.2 bc 4.2 bc1/2 R 1.8 b 7.7 a 5.1 b 4.7 a 3.4 ab 3.9 abc 2.4 a 5.1 b 7.8 a1/4 R 2.6 b 5.1 b 3.7 bc 2.1 a 3.9 ab 1.8 c 2.5 a 3.7 bc 5.4 ab1:1 2.4 b 2.2 c 19 c 1.9 a 2.3 b 2.1 c 2.0 a 1.9 c 1.6 c1:1:1 5.6 a 7.4 a 6.2 ab 4.9 a 6.5 a 5.6 ab 3.9 a 6.2 ab 5.7 abJiffy-pellet 6.0 a 6.4 ab 8.1 a 6.1 a 4.0 ab 5.9 ab 4.4 a 8.1 a 7.3 a 

Stem length (cm) 

1/2 B 10.0 a 15.5 ab 15.5 a 12.7 a 8.2 a 13.2 a 9.7 a 10.2 b 8.5 a1/4 B 13.7 a 13.0 abc 12.0 ab 20.0 a 7.7 a 9.2 a 9.7 a 6.0 b 6.2 a1/2 R 8.2 a 17.0 a 16.2 a 13.5 a 10.3 a 6.2 a 6.0 a 19.5 a 8.5 a1/4 R 10.7 a 11.5 bc 107 ab 9.2 a 10.2 a 5.7 a 7.7 a 5.7 b 8.5 a1:1 7.0 a 8.5 c 6.5 c 6.2 a 10.7 a 5.7 a 8.7 a 7.7 b 5.2 a1:1:1 9.2 a 160 ab 15.7 a 9.0 a 12.7 a 9.0 a 7.4 a 12.7 ab 10.0 aJiffy-pellet 12.2 a 13.2 ab 9.0 ab 15.5 a 15.9 a 15.9 a 9.0 a 11.0 ab 7.2 
1/2 B = half strength nutrient solution, burnt rice husks as supporting medium 1/2 R half strength nutrient solution, rice husks as supporting medium. 1.1 = sand:vermici lite 1 1:1. = sand:soil:vermiculite 'Mean separation within columns for each ariable by DMRT at 5% probability level 

bJ 
Uj 
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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 seedlings 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 
 1121/2 nutrient, rice 38 37 31 106
1/4 nutrient, rice 45 49 45 1391:1 (sand:vermiculite) 57 61 53 171
1:1:1 (sand:soil:vermiculite) 30 22 30 82
Jiffy 7 pellet 25 17 27 69 

Table 15. Seed transmission of sweet potato viruses.
 
Virus 
 1.nil l. setosa 

157x 159 140
 
SPMMV O/6' 
 0/4
SPLV 0/5 0/4
SPYDV 0/205 0/4
SPV II 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 plant collection accession. YNumber of seedlings grown.
 

Improvement of Sweet Potato Scab Resistance Screening in Greenhouse 

Summary 

The SP percent disease 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, disease severity was compared with the SP percent disease area (on stem 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 
(disease 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 IITA, Tonga and Indonesia were tested. Eight-centimeter long cuttings from each variety were 
individually rooted in 5 cmr-diameter plastic pots. Five pots of each eight varieties were placed in 
aplastic tray. Pots containing cuttings of the highly susceptible (HS) line (1-6), the moderately susceptible 
(MS) line (CN 1108-13) and the highly resistant (HR) line (V2-30) as checks were randomly arranged 
in each flat. After a month, the uni.ormly growing cuttings were inoculated with a suspension of 1.5 
x 106 conidia of E. batas isolate Y.S. 25 per ml, using an atomizer with 2.0 kg/cm2 pressure. 
The inoculated plants were immediately transferred to aplastic covered moist chamber (R.H. >98%) 
in an artificially lighted 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 a hemacytometer. The two disease rating methods used were: 
1)0 to 8 scale where scab disease levels that were similar to 1-6 (HS), CNI 08- 13 (MS). and V2-30 
(HR) were rated as 8. 6 arid 2, respectively: and 2) the presently adopted SP %disease scale, where 
I = :5 101; 2 = II to 20%; 3 = 21 to 30%; 4 = 31 to 40%; 5 = 41 to 50%: 6 = >50% diseased 
area of stein and petiole above the third expanded leaf. Disease ratings for both methods were taken 
on the eighth day after inoculation. 

Results and Discussion 

The disease indices obtained in two rating methods are shown in Table 16. Both rating methods 
generally appeared comparable, as reflected in the high co'relation 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 a!' 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. CN 1831-14 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-i39) 
and one line fron PYT (CN 1831-55) were identified highly susceptible (HS), 1-948 from IITA, and 
-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. 

However, 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 disease severity than the isolate 
YS 25. 

Scab Confirmation Screening Under Seminatural Field Conditions 

Summary 

The stability of disease resistance needs to be confirmed once identified in a line. Thirteen clones 
previously rated highly resistant were again identified as highly resistant. One introduced cultivar 
from Tonga 1-1189 and reportedly resistant to scab elsewhere was also rated highly resistant. The 
cultivar 1-55 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 Previoasly HR 

Cultivar Disease index Cultivar Disease Index 
Method A Method B Remark Method A Method B Remark

(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 1-971 6.3 5.0 HS 19871-944 1.8+ 1.5- HR 1987 1-1069 6.9 4.9 HS 1987- 1206 2.2- 1.4- HR 1987 1-103 6.2 4.8 HS 19871-1213 1.5+ 1.3- HR 1987 1-122 5.0 3.9 HS 19871-483 2.3- 1.3- HR 1987 CN 1370-7 3.8 3.6 HS 1987CN 1232-9 1.8+ 1.2- HR 1987 1-57 4.5 3.5 HS 19871-943 2.3- 1.2- HR 1987 CN 1508-93 4.7 3.4 HS 19871-934 2.0 1.2- HR 1987 CN 1517-139 6.8 5.0 AYT1-1219 1.6+ 1.1 HR 1987 CN 1618-461 6.8 4.9 AYT1-849 1.0+ 1.0+ HR 1987 CN 1525-11 4,8 2.3 AYT71-7 1.0+ 1.0+ HR 1987 CN 1661-15 3.3 2.2 AYT1-844 1.4+ 1.0+ HR 1987 CN 1656-89 2.3 2.1 AYT71-1 1.3+ 1.0+ HR 1987 CN 1510-25 2.8 2.1 AYT1-949 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 PYT71-4 1.3+ 1.0+ HR 1987 CN 1831-33 4.5 2.8 PYT1-6 8.0 4.8 HS CHECK CN 1826-6 4.5 2.8 PYTCN 1108-13 6.0 3.9 MS CHECK CN 1827-5 2.8 1.9 PYTV2-30 2.0 1.1 HR CHECK CN 1828-37 2.9 1.8 PYT 

CN 1831-66 3.0 1.6 PYT 
CN 1828-4C 2.7 1.6 PYT 
CN 1811-14 2.0 1.4 PYT 
CN 1831-42 1.6 1.1 PY" 
I-1 186 5.9 4.4 INDONESIA 
1-948 5.0 3.6 IITA 
1-1191 2.8 1 6 TONGA 
1-1189 1.4 1.0 TONGA 

z + 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 needs confirmation screening to ascertain that
resistance is stable. Lines found resistant to scab in last year's field screening were screened againunder seminatural field 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 withreported resistance from Tonga. IITA and Indonesia were tested. The susceptible and resistant check
cultivars were 1-6 and V2-30, respectively. Three highly susceptible Vqes, namely TN57, TN66 and1-55 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 each test cultivar. One noninoculated resistant
check (V2-30) was planted at one end and two susceptible checks (1-55) on the other cnd, one ofwhich had been artificially inoculated with a spore suspension of Elsinoe batatas isolate V.S. 25,which served as source of the disease. A resistant and a noninoculated susceptible cu!tivar were planted
every sixth and seventh plot, respectively. Irrigation was done with overhead sprinkler twice dailyfor 15 min at 0830 and 1600 hr, Monday through Friday. Disease severity was evaluated on 18 July,
using a 0-5 scale (where I = HR and 4 = HS). Lines that were similar in disease severity to 1-6
(HS) were rated as 4 and those similar to V2-30 (HR) were rated as I. 
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Results and Discussion 

High disease incidence was observed in the susceptible check cultivars TN 57,TN 66, 1-6 and 
1-55. In 1-55, scab infection resulted in leaf curling and scab-like necrotic spots on the stems with 
atendency to coalesce, often resulting in drying of the growing tip. On V2-30, the HR check, traces 
of the disease could be observed. All clones previously rated highly resistant were again identified 
as highly resistant. However, four lines, namely, 1-844, 1-949, 1-1213 and 1-1219 - previously rated 
resistant, showed no visible trace of disease and thus were rated 0. Among introduced cultivars, I-1189 
from Tonga was rated highly resistant, 1-1 186 from Indonesia as moderately susceptible, and 1-948 
from IITA, highly susceptible (Table 17). 

Table 17. Highly resistant cultivars to sweet potato scab, summer 1988. 
Diseasez Reported level Diseasez Reported levelindex of resistance index of resistance 

1.0y71-1 HR AVRDC I-1186 3.0 Indonesia
 
71-4 0.5 1.948 4.0 IITA
 
71.7 1.5 1.1189 0.5 HR Tonga
1.673 2.0 TN 57 4.0 HS AVRDC 
1.844 0.u' TN 66 4.0 
1.849 1.0 1.55 5.0 
1.934 0.0
 
1-943 1.0 1-6
 
1.944 1.0 (HS ck) 4.0 
1.949 0.0
 
1-1173 3,5 V2.30
 
1-1206 0.5 (HR ck) 1.0
 
1-1213 0.0
 
1-1219 0.0
 

z0.5 scale, 1 resistance level similar to V2-30, 4 = resistance level similar to 1.6. 
 YMean of two replications. 

Preliminary Screening for Scab Resistance 

in Field and Greenhouse 

Summary 

Previous preliminary screenings were conducted only under field conditions using seminatural 
infection. This year's preliminary screening was done following two steps: (1) seminatural field 
screening, immediately followed by (2) confirmation screening of all lines in the greenhouse using
artificial inoculation. Using cuttings of 136 lines screened in the field, 55 lines were rated HR and 
43 as HS when these were screened by artificial inoculation in the greenhouse. Only 16 lines were 
confirmed resistant. 

Introduction 

Previous preliminary screenings for scab resistance were conducted in the field at Hualien and 
AVRDC under seminatural conditions. Confirmation screenings were done in AVRDC. This year's
preliminary screening was conducted at AVRDC fields. Confirmation screening was done in the 
greenhouse under high inoculum pressure and highi moisture to promote disease development. 

Materials and Methods 

Field screening was conducted on 136 lines inAVRDC from July to October. Greenhouse screening 
was from October to November. The lines included 28 PYT entries, 24 AYT entries, 77 BCI 
progenies (sweet potato x 5x hybrid), and 4 imported cultivars from Tonga, IITA and Indonesia. 
The inoculum preparation, field design, disease evaluation method and screening procedure was similar 
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to that described last year, except that the inoculum source was an E. bhtatas 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 106 conidia per il. Disease intensity was evaluated on 12 October, using 
the 0-5 scale. 

Greenhouse resistance screening was done on disease-free cuttings taken from each field plot (3
cutting.; 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 10n/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 field screening, severe scab epidemic occurred in HS checks which was sufficient for disease 
rating, ranging from 0-5. Fifty-five lines were rated HR and 43 as HS: the others had intermediate 
resistance levels. Anmong 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 slightly 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 a low correlation 
coefficient (r = 0.3458) between field and greenhouse scab ratings. 

Confirmation Screening for Scab Resistance in the Field 

Summary 

Evaluated Linder 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 II breeding lines and 15 accessions. Plots for lines 
tested were 1.5 X 3 in and each 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 1-55. At the other end of the plot, one cutting of the highly
resistant check cultivar V2-30 was planted. Plots of three check 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 1,4 October using (A) a 0-8 scale where scab levels in the test lines similar 
to 1-55 (highly susceptible check) were rated as 8: those similar to 1-6 (MS check), as 6; and those 
similar to V2-30 (highly resistant check) as 2; and (B) the SRS measuring percent diseased area on 
stem, leaves and shoot tip above the third expanded leaf below the plant tip. 

Results and Discussion 

Most 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 rating than the highly resistant check V2-30. Seven lines were rated lower than the highly
resislant check, but considerably higher than the MS check. In method B (SRS), the percent disease 
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Table 18. 	Sweet potato accessions and breeding lines Identified as highly resistant and highly
susceptible Inboth field and greenhouse screenings. 

Line 	 Disease indexfieldz 	 greenhouse y 

Highly resistant lines 

CN 1756-46 	 0.5 16.7 
ClN 1756-128 	 0.5 5.8
CN 1757-145 0.5 12.9
 
CN 1847-19 
 0.5 	 13.8 
CN 1848-53 	 1.0 18.4 
CM 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 t;.5 10.0
 
WT 129 0.5 
 15.8 
CN 1405-14 0.5 	 14.2 
1-1189 (Tonga) 	 0.5 8.8 
1-1191 (Tonga) 1.0 	 1i.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 	 4.5 55.4 
CN 1778-2 	 5.0 42.5 
CN 1790-42 5.0 	 40.4 
CN 1795-268 5.0 	 52.1 
CN 1857-4 4.5 	 54.6 
CN 1864-48 	 5.0 46.0 
CN 1864-59 5.0 37.9
 
CN 1868-12 
 4.5 	 35.9 
CN 1869-1 4.5 	 34.6 
CN 1869-10 4.5 	 41.3 
CN 1869-17 	 5.0 43.3 
CN 1870-8 	 5.0 42.9 
CN 1108-13 4.5 33.8
 
V2-30 (HR check) 1.0 16.6
 
1-6 (HS check) 4.0 45.4
 
CN 1008-13 (HS check) 4.5 33.3
 

ZDisease severity rating, using a 0-5 scale, where I = HR and 4 = HS. YSRS system rating, using % disease area on stem
 
and leaf shoot tip (SLST).
 

area of these ranged from 0.6 to 2 1.9% 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 (I 673, 1844, 1849, 
1 1206, 1 1213, 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 1-55 need to be considered. Furthermore, confirmation screening
using artificial inoculation of each lineand high humidity should be used. 
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Table 19. Cultivars Identified highly resistant In the field. 

Disease severity 
Line Remarks Rating A Rating B 

0 - 8 (.6 disease area SLST) 
z
CN 1827-5 HR, 1986 PYT 1.5+ 17.1-


CN 1828-6 HR, 1986 PYT 1.5+ 10.3-

CN 1828-37 HR, 1986 PYT 2.3- 13.3-

CN 1828-46 HR, 1986 PYT 2.8- 11.9-

CN 1831-14 HR, 1986 PYT 2.3- 15.0-

CN 1831-42 HR. 1986 PYT 2.3- 2.8+
 
CN 1831-55 HR, 1986 PYT 2.3- 15.5-

CN 1831-66 HR, 1986 PYT 3.0- **y 21.9-

CN 1832-11 HR. 1986 PYT 2.0 4.4+
 
CN 1232-9 HR, 1987 1.8+ 14.6-

CN 1618-461 HP. 1987 1.5+ 19.0
1.483 HR, 1987 1.3+ 11.9
1-673 Hi,,1987 1.3+ 5.4+
 
1-844 HR, 1987 1.0+ 8.4+
 
!849 HR. 1987 1.3 + 1.1 +
 
1-934 HR, 1987 1.8+ 20.9
1-943 HR. 1987 1.0+ 18.3
1-944 HR. 1987 1.0+ 12.8
1-949 HR, 1987 1.3+ 20.4
1-1173 HR. 1987 3.0-** 21.3
1-1175 HR. 1987 2.9- 10.8
1-1206 HR. 1987 1.3+ 6.3+
 
1-1213 HR. 1987 1.0+ 4.6+
 
71-1 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
 

'+: Rating, 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 formation 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 (1-981 and 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 (isolate YS 25) at 
concentrations of 5 x 104, 5 X 105 and 5 x 106 conidia/iml. The inoculation procedure was executed 
under sterile conditions. After inoculation, the test tubes were incubated at 22°C, 28°C and 32°C 
under 12-hour dark and 12-hou,' 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. 

Results and Discussion 

The disease scverity on the different treatments is shown in Figure 2. The percent of infected 
area was significantly higher in two susceptible lines than in resistant lines. 

In susceptible lines 1-981 and AIS35-2, percentage of infection increased with rise in temperature. 
The optimavl temperature for fungal infection was 28°C, regardless of the conidial concentration. 
Regardless of fungal concentration, infection was lowest at 32°C. 

Very low disease was found in resistant lines 71 - 1and 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 cultivars. Callus formation 
may be a useful tool to distinguish 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. 

50 -1-981 AIS35-2 

30 

0 

50 -071-1 -71-4 

o- o 5xlO6 conidia /ml
 
.-.- 5xO5 conidia /ml
 

O *---e 5xlO4 conidia /ml
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22 28 32 22 28 32 
Temperature (°C) 

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 yield 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 seasons, and assesse,.&the effect of different environmental 
conditions on yield potential of sweet potato. 

Materials and Methods 

Ten clones of sweet potato, namely, Kinmen, Tainting 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, 1March 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, each 
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 one 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-ainylase. 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 Ia). CN 1108-13, CN 1232-9 and CN 1517-139 
were intermediate yielders. Among them, CN 1517-139 had also high total dry matter content and 
harvest index. The difference 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 itial of sweet potato. However, enhanced harvest 
index seemed more critical than an increased dry mattet 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 Ib). This could be att ibuted to decreasing
temperature throughout growth and the absence of heavy rainfall. On the contrary, planting in May,
which coincided with increasing temperature and heavy rainfall inthe third iionth after planting, had 
the least storage root yield. total dry inatter content and harvest index. 

Iligh dry matter content in CN 102S- 15 and CN 1517-1I9 and in the planting in October could 
be attributed to high C(;R lable 2a). Low ('CGR inthe planting in May was caused by heavy rainfall 
('Table 2b). inpairing storae rtoot development. 

Table la. 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 c
TN 31 202 d 2.4 e 138 de 28 d

TN 66 314 cd 3.7 d 169 cd 39 c
 
1 1192 199 d 3.8 d 
 135 de 29 d
 
CN 1028-15 689 a 
 5.2 a-c 	 251 a 64 a
 
CN 1108-13 531 b 
 5.9 a 	 198 bc 
 58 ab

CN 1121-312 282 d 4 5 b-d 
 128 de 40 c
 
CN 1232-9 456 b 5.8 a 
 196 bc 50 bc 
CN 1367-2 71 e 
 1.2e 	 118 e 
 12 e
 
CN 1517-139 414 bc 4.2 cd 
 218 ab 56 ab
 

/Mean separation witi Columns b DMRT at 5', probability level 

Table lb. Means of total dry matter, yield and yield 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 34 b 149 b 	 42 b
Oct. 87 580 a 8.0 a 	 214 a 71 aMatch '88 340 b 2.3 c 198 a 32 c
 
May '88 
 146 c 3.1 h 123 c 22 d
 

IMean separation Within columns by DMRT 
 at5". probability level 

Table 2a. Mean crop growth rates (g/m2/day) from four plantings of 10 sweet potato clones. 
Clone --	 - . - -Growth intervals (days afte- planting)


30-60 
 60-90 90-120 120-150
 
Kinmen 8.7 a-
 5.3 a-d 	 5.8 ab -1.0 nsTN 31 	 8.6 a 4.7 b-d 3.9 ab -1.1
TN 66 	 7.9 a 88 a 	 2.1 b 0.6
I 1192 	 5.0 b 5.7 a-d 5.6 ab 0.6

CN 1028-15 9.6 a 7.7 a-c 
 8.7 a 	 5.1
CN 1108-13 8.3 a 8.1 ab 7.7 a -0.1

CN 1121-312 5.4 b 4.0 cd 	 5.7 ab 0.3
CN 1232-9 8.7 a 5.6 a-d 5.8 ab 3.3
CN 1367-2 5.5 b 
CN 1517-139 8.1 a 8.4 ab 8.6 a 1.4 

2.6 d 	 62 ab 0.6 

7Mean separation within columns by DMRT at 5% probability level 

Table 2b. Mean crop growth rates (gm2/day) from four plantings of 10 sweet potato clones. 

Clone 	 Growth intervals (days after planting)
 
--- - --- 30-60 60-90 90-120 120-150
 

July '87 10.0 a' 5.0 c 
 -0.6 c 2.2 aOctober '87 4.6 b 
 7.2 b 12.3 a 3.7 a
 
March '88 
 5.1 b 11.5 a 7.4 b 2.0 a
 
May '88 10.7 a 0.6 d 
 5.0 b -3.9 b 

7Mean separalion within columns by DMRT at 5% probability level. 
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The damaged storage root likely affected the amount tf assimilate translocated as storage root 
development advanced, thus inhibiting philosynthetic activities. 

Moreover, high CG< )f CN 1028-15 and CN 1517-139 could be ascribed to high NAR 
(Table 3a). Se'.mal com par ison Of NAR revealcd thai pli ng in October muainained relatively higher 
NAR than others (Table 3b). due to lox.% temlperatres, which prevented high assimilate cost of 
respiration. 

LAR expresses leaf area per Unit dry ,,,,eight ol tihc plant, High yielding CN 1028-15 and CN 
1517-139 had low IAR throtghOUt the growing period, whereas low yielding CN 1367-2 hid high LAR 
(Table 4a). These results clearly indicated that high vielIiing clones were capable t divcting assimilates 
fronl the leaf. Low I.AR in the May planting (Table 4hi was due tot low leaf production instead of 
drv :nalter divcrsion from the leaf. ()n the average, panting in May had the I,ast leaf area. The decrease 
in sink load in the de\eloping storac rot[ ltairded leaf growth. 

Table 3a. 	 Mean net assirmilation rates (mgidm 2 /day) from four plantings of 10 sweet potato 
clones. 

- - - GrG -owth inet rval- (d-ays after planting)
 
30-60 60 90 90-120 120-150
 

Kinmuri 67 6 a c 24 9 b d 27.3 ns -16.6 ns
 
TN 31 537 d 1t 3 de 15.5 -2.4
 
TN 66 68 1 a-c 430 a 149 6.0
 
1 1192 68 3 a-c 38 8 ab 34 3 11.2
 
CN 1028-15 68.6 ab 27 6 b d 392 28.2
 
CN 1108 13 77 1 a 36 1 a 39.1 2.3
 
CN 1121-312 574 cu 


Clone 

203 c-e 269 -7.9
 
CN 1232-9 61 2 bd 24 3 b-d 25.8 31.5
 
CN 1367-2 39 9 e 9 1 e 21.8 -0 7
 
CN 1517-139 61 4 b ( 33 5 a-c 34 2 15.8
 

Meain sei)dratioini thill COIltfmr 0 L IPT at p Ctobadbiityle el 

Table 3b. Mean net assimilatiun rates (mg/dm2day) from four plantings of 10 sweet potato 
clones. 

Planting month .Growth intervals (days after planting)
 
30-60 60-90 90-120 120-150
 

July '81 5 6 4 Z 20.0 ) -3.0 c 21.7 a
 
Oct 87 
 56.8 b 438 a 68 4 a 19.3 a
 
March '88 75.5 a 43.6 a 25.8 b 9.6 a
 
May '88 61.7 b 2.6 c 20.4 b -237 b
 

/Meanr separation mvthSn columns by DMRI at 5 piobabhlit level 

Table 4a. Leaf area ratios (cm 2/g) from four plantings of 10 sweet potato clones. 

Clone Growth intervals (days after planting) 
_ 30-60 90 120 150 

Kinrnen 99 cd' 76 d 55 c 29 d-f 21 c
 
TN 31 128 b 96 b 59 c 34 cd 25 bc
 
TN 66 91 de 
 68 f 46 d 32 c-e 22 c
 
11192 86 e 84 c 59 c 37 bc 30 b
 
CN 1028-15 123 b 79 , 53 c 24 f 13 d
 
CN 1108-13 87 e 69 ef 46 a 26 f 18 cd
 
CN 1121-312 107 c 98 h 70 b 39 b 25 bc
 
CN 1232-9 106 c 83 c 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 c 27 ef 21 c
 

'Mean separation within columns by DMRT at 5% probability level 
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Table 4b. Leaf area ratios (cm 2/g) from four plantings of 10 sweet potato clones. 
Clone 	 Growth intervals (days after planting) 

30 60 90 120 150 
July '87 11 2 a' 72 c 40 c 28 c 18 c 
Oct. '87 
March '88 

116 a 
107 b 

97 ) 
120 a 

64 b 
78 a 

27 c 
33 b 

24 b 
32 a 

May '88 92 c 64 o 60 L 46 a 25 b 
"-,,in.p pralwi withii cuumns by DMFI at 5', probaihlty Ievel 

)n the ca 	 thililt to dis r1l dtt Inrtaer from the Ical', both UN 1028-15 and CN 1517-139 maintained 
rclati\ ely high storage root R(R throughout the growing period lTable 5a). In the same manner, planting
in October maintained rolatively high storage rcot RGR (Table 5b). Since Storage root RGR is a partial
cxpression of sink strength in th, storage root, it is probable that high ltellingtcloncs had high sink 
strength and low temperature in later stages of plant growth that l'asored sink strength. This could 
account for high har\ c-,t index in high yicldiri!, clones or decreasing teniperature conditions of planting 
in October (lable II. 

The low sink strength in the storage r-(mt)i as associated with alpha-a n lase activities. Negativ 
correlations were bound bCtwkvreCn storage root alpha-amvlase achivitics and stotr;igc root vield or planting
in May. Negative correlations were IlMund between sugar!,,tarch ratton it petioles frorn the mature 
leaves and starch content in the roots of" those planted in July. On the other hand, positive correlations 
between these factor,, were found in those planted in May. These results suggested that sink strength
in storage root affceCld the yield of different clones examined in different planting seasons. 

Table 5a. 	Mean relative growth rates (mg/g/day) of storage root from four plantings for 10 sweet 
potato clones. 

CUe 	 - Growth intervals (days after planting) 
30-60 60-90 90-120 120-150 

Kirmen 91 abz ns ns37 19 b 11 
TN 31 58 cd 42 28 b 0 
TN 66 82 a-c 39 13 c 4 
11192 55 d 41 33 b 1 
CN 1028-15 88 ab 44 27 b 15 
CN 1108-13 	 93 a 36 17 t 6 
CN 1121.312 103 a 37 	 20 b 10 
CN 12329 77 a-d 62 15 h 8 
CN 1367 2 - 42 94 a 23 
CN 1517-139 65 b-d 51 33 n 7 

Mean separation within columns by DMRT at 5% probabiity level 

Table 5b. Mean relative growth rates (mg/g/day) of 10 sweet potato clones infour plantings. 

-GrowthPlantig noni 	 intervals (days after planting) 
30-60 60-90 90-120 120-150 

July '87 6 7 c' 47 b I b 14 a 
Oct '87 93 b 46 b 36 a 10 ab 
March '88 111 a 67 a 37 a -3 b 
May '88 78 bc 13 c 7 b 16 a 

7Mean separation wit tin column,, by DMRT at 5 o probability level 

Temperature Effect on Rooted Leaf Cuttings 

Summary 

The effects of tetiperature on ,lorage root yield and growth of rooted leaf cuttings were investigated.
The early growth of rooted ,f cuttings exposed to high temperature resulted in poor root formation 
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and yield of 1424 and CN 1108-13. The late growth of rooted leaf cuttings exposed to high temperature
resulted in poor bulking of storage root of 1423, CN 1028-15 and CN 1517-139. Varietal differences 
in the thermoperiodic requirement for root formation in sweet potato were observed. 

Introduction 

High temperature is detrimental to sweet potato root yield, possibly through the inhibition of
photosynthesis or translocation of assimilates. This study investigated the effect of ambient temperature
in three seasons on storage root formation and some growth characteristics of five sweet potato clones. 

Materials and Methods 

Leaf cuttings of 1423 (Tainan 17), 1424 (Tainan 18), CN 1028-15, CN 1108-13, and CN 1517-139 
were planted in PVC pots (ID 10 cm) and grown in three seasons (6 January to 26 May 1987, 19
May to 30 September 1987, and 24 September 1987 to 11 February 1988) in the greenhouse. Monthly 
mean air temperature ranged from 19.5-28.3'C (January planting), 29.4-30.9'C (May planting), and 
21.5-28.3°C (September planting). Monthly mean soil temperature ranged from 23.5 to 32.7"C (January
planting), 	32.2 to 35.7°C (May planting), and 25.0 to 33.7"C (September planting), respectively.
Leaf cuttings were sampled at 0, 4, 8, 12, 16, and 20 weeks after planting. The different plant parts 
were investigated for dry weights. Leaf area, storage root yield and total sugar and starch contents 
in the leaf, petiole, storage root were also determined. 

Results and Discussion 

Among five entries, those planted in September had the highest storage root yield, followed by
those planted in January; those in May had the least (Fig. 1). CN 1028-15 had the highest storage
root yield in January and September, while 1423 had the highest in May (Table 6).

Size of leaf area played an important role in dry matter accumulation and storage root production.
However, leaf cuttings with initial large leaf did not ensure large leaf growth in the later stages, nor 
did high storage root yield. The initial leaf area was comparable among entries in January, while 
large variations existed in May and September plantings. The initial leaf areas from May and September 
were larger than those planted in January. High temperature in May and September plantings promoted
leaf expansion of I 423, CN 1028-15 and CN 1517-139, but accelerated senescence of 
1424 and CN 1108-13. 

1423, CN 1028-15 and CN 1517-139 accumulated more dry matter content in the petiole in May
than those planted in January and September. Early senescence of 1 424 and CN 1108-13 in May
reduced sugar content in the leaf and sugar and starch contents in the petiole base, and decreased 
petiole dry weight. On the other hand, leaf sugar content in later stages was positively correlated 
with storage root yield; high sugar content in the leaf would have provided a continuous supply of 
carbohydrate for the developing storage root. Carbohydrate accumulated at the petiole base of CN 
1028-15 in May. These results indicated that high temperature prevented translocation of dry matter 

Table 6. 	Storage root formation of leaf-cuttings of five sweet potato clones grown In three 
seasons! 

Yield Storage root no. Storage root size

Clone (g/cuttlng) /cutting (g/root)
 

Jan. May Sept. Jan. May Sept. Jan, May Sept.,,
 
1423 
 Yb 5 cx a 13 a a 13 b 1,8 a 2.0 a 2.0 a b 2.9 c a 6.5 a a66'b
1424 a 9b b 2c b 4 c 1,5ab 0.8b 1.4 b 95.7 ab b 2.6b b2.9c
CN 1028 b 12a c 9b a 16a 1.7ab 1.6a 1.8 a ab 7,2 a b 5.6a 9.0a
CN 1108 a 7b b I c a 5c 1.2 b 0.8b 1.8 a a 5.9 a b 115b b3.2c
CN 1517 c 5c b 9b a 14b 1.4 ab 1.5a 1.6ab b 3.8bc ab 6.2a a8.4 a 

ZMeasured at 12 weeks atter planting. YMean separation within row by DMRT at 5%probability level. gMean separation
within columns by DMRT at 5%pro,ioiiity level. 
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4 Jan. 

E Storage root3
 

2I Leaf
 

2 ..xc~Petiole 
•X.*-., [; Petiole base 

SFibrous root 

Ma 6 Sep. 
46 

~5
 

33
 

2 3 
22 

. 

0 0 
1423 1424 1028-15 1108-13 1517-139 1423 1424 1028-151108-131517-139 

Entry 

Fig 1. Storage root yield and dry matter partitioning in leaf cuttings of five sweet potato clones 
grown for 12 weeks. 

to the .,orage root. In general, I 423 and CN 1517-139 tended to produt.ce more ibrous root than 
other entries especialIl in September this may further imprme their gencral growth. 

Rooted leaf cutting, of sweet potato planted in May and September were e\posed to cmparahle 
tenlmperatures at eari\ stage, w hich were higher than those in January; hoskevet, rooted leaf cuttings 
In May were exposed to about 8 '(' higher than those in September at later stage. On the other hand, 
rooted leaf cuttings in Jaiuiry and Ma had comparable temperatures at later stage, \hich were highei 
than plantings in SCl)tcnbcr Rooted lcaf cuttings iniM y were e\)ose to about 8-(' higher than 
plantings in JanuarN at carly stage. 'Ihus high temiperature at an early stage scened dtrinental to 
the initial dev'ehlpmtent of srioragv ioot of 1 424 and ('N 1108-13. %ktile higih temperatnre at a later 
stage reduced hulking (d storage root of ('N 1028 15. CN 1l0X-13 and (N 1517-139 Tcmperature 
increase frum ear lto later stage,, seenicd lfvoiable for storage root ,ield oi1424. (N 1028- 15 and 
('N 1108-13. 

Planting ,eton also influenced the quality of'Storage roots. High teniperattrc in May tended 
to increase stgar content and decrease the starch content (Table 7). Ailong li c entrie,. ,tarch content 
instorage roots of I 424 and CN 11(18 13 decreased due to high lernpet atiire. 

http:produt.ce
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Table 7. Total soluble sugar and starch contents (%of dry weight) In storage root of leaf cuttings 
zof five sweet potato clones grown In three seasons. 

Clone .Soluble sugar..... Starch 
Jan. May Sept. Jan. May Sept. 

1423 Yab 16ax a 16a b 14 a45 c b 32bc ab35 
1424 b 12b a 16a bll a61 a c19 d b33 
CN 1028 b 13 b a 16 a ab 14 a 60 ab b 40 ab b 40 
CN 1108 13b 17 a 16 a 56 b c 26cd b46 
CN 1517 b 8c a 10b a 10 a 59ab b 42 a b40 

iMeasured at 12 weeks after planting. YMean separation within row by DMRT at 5% probability level. 'Mean separation 
within columns by DMRT at 5% probability level. 

Effects of Growth Regulators 

Summary 

Brassinolide and epi-brassinolide effectively promoted growth of plantlets under in vitro conditions, 
whereas BASI06 was effective in retarding growth. They may be utilized in manipulating plantlet 
growth under in vitro conditions. The role of these growth regulators in the storage root formation 
or the sink strength however, is not clear. 

Introduction 

Sink strength plays an important role in storage root formation of sweet potato. It is also possible 
that plant hormones are involved in sink strength. Inrelation to sink strength of storage root, storage 
root formation under in vitro conditions is usually difficult. Furthermore, regeneration cycle of in 
vitro plantlets for storage/distribution purpose is easily and readily manipulated - too fast for storage 
and too slow for distribution. This study examined the effect of growth regulators on growth and 
storage root formation of plantlets under in vitro conditions, and leaf cuttings under greenhouse 
conditions. 

Materials and Methods 

One cm-long nodal sections of AIS35-2 at one node/section were cultured in test tubes (3 cm 
x 12 cm) containing 1.8 g perlite saturated with 20 ml of 2/3 strength MS medium per test tube. 
Before culturing, liquid MS medium was incorporated with various growth regulators: choline chloride 
(30, 120 and 480 ppm), brassinolide (2 x 10.2, 8 x 10.2 and 32 X 102 ppm), KT-30 (1, 4 and 16 
ppm), BAS-106 (5, 20 and 80 ppm), epi-brassinolide (2 x 10.2, 8 x 10.2 and 32 x 10.2 ppm), CCC 
(50, 200 and 800 ppm), kinetin (2, 8 and 32 ppm), and 2,4-dinitrophenol (0.4, 1.6 and 6.4 ppm). 
Nodal sections were grown for 100 days in the tissue culture room with 15-h photoperiod. 

In another experiment, leaf cuttings of CN 1489-43 were prepared and grown in plastic pots (ID 
10 cm) containing vermiculite and sand mixture under greenhouse conditions. Soil was drenched with 
the above growth regulators of the same concentrations at 20 mi/pot at two or seven weeks after planting. 
Each treatment had three replicates. Leaf cuttings were grown for 15 weeks. 

Results and Discussion 

Under in vitro conditions, both brassinolide (2 X 10.2, 8 X 10.2 and 32 X 10 "2 ppm) and epi
brassinolide (8 x 10.2 and 37 x 10.2) effectively promoted formation of the leaf, adventitious root 
formation and shoots of plantlets (Table 8). On the contrary, KT-30 at 16 ppm, BAS 106 at 5 ppm, 
kinetin at 8 and 32 ppm retarded growth of plantlets; among them BAS 106 seemed to be very effective 
in retarding growth. In contrast to previous findings, none of the growth regulators in pcrlite induced 
storage root formation under in vitro conditions. This could be due to the variety used and/or absence 
of auxins in the medium. 
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In an experiment with leaf cuttings under greenhouse conditions. none ot the treatments significantly
outperformed the control in terms of leaf area, storage ioit 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 concent ratiots. The difference in responses between 
in vitro and in vivo conditions may be due to constant exposure of growth regulators under in vitro 
conditions. 

Table 8. Effect of growth regulators on AIS 35-2 plantlets under in vitro conditions. 
ChemialChemic l.... . .. Concentration no Adventitious Shoot dry wt.(ppnm) LeafLeaf .no . root no (g/plantlet) 

30 3 0 a-f 3 1 ce 0.07 b-dChnline chloride 120 3 0 d-f 4 2 bc 3.11 a 
480 2 4 d-f 3 2 c-e 0.10 ab 

0~---------4 -- ------ -____
3.--32c - 0.05 d-fBracsinolide 8 x 10' 4 7 1 a a-c1 cd 009 

32 x 102 5.1 bc 73 a 0.05 d-f 

1 1 4 g-j 0 3 g 0.03 fg
KT-30 
 4 1 0 g- 0) 8 e-g 0.02 fg 

16 0.2 ij_ 0 6tg . 03 e g 

5 01 0 2g o02 fgBAS 106 20 OgO Og 
...... 80 o j og og

" 

2 x 10 2.4 e-g 2.2 C.g 0.03 e-g
 

Epi-brassinolide 8 10*2
x 5 6 ) 5 7 ab 0.09 a-c 
32 x 102 7.8 a 64 a 0.09 a-c 

50 30 d-f 2 8 c-f 0.06 c-e 
CCC 200 1.7 f-i 2.9 c-i 0.05 d-f 

800 1.1 gl 2.4 c-g 0.05 d-f 

2 2.0 e-h 4.2 bc 0.03 eg
Kinetin 8 0.5 h-I 4.2 bc 0.03 e-g 

32 01 1.5 d-g 0.04 d-f 

0.4 40 cd 2.9 c-f 0.09 a-c
2.4-dinitrophenol 1.6 3.4 3.9 b-dc-e 0.10 ab 

54 10 g-j 2.2 c-g 0.02 fg 
Control 2.3 e-g 2.3 c-g 0.03 fg 



Tomato Breeding 

Crosses and Breeding Populations 

In 1988. a total ot 248 crosses were made to further improve tile most adv:mced tropical breeding 
lines for various traits such as fruit set. fruit size, firmness and additional resistance to diseases. 
especially black leaf inold ( *tr ovpro Ithigcna. This disease was previously reported by AVRDC's 
Southeast Asian cooperalors and became serious at AVRDC and in farmers' fields in the past two 
years. In addition, eight double crosses and 20 backcross flmilies for tropical tomato and seven crosse" 
to0potato virus Y (PVY resistance werc developed. 

New biparental combinations were made to deselop hxbrid cUltivars with varying objectives in 
mind. On processing tomato. AVRDC continued to look for hybrids with high yield, good concentrated 
set and firm fruits fo(r once-over mechanical harvesting, heat tolerance, resistance to major diseases 
such as bacterial wilt (MW). tomato mosaic virus (ToMV) and nematode (NEM), and acceptable 
processing quality. The fresh market type hybrid combinations aimed at combining disease (13W. ToMV 
and NEM resistance with heat tolerance and desirable horticultural traits such as improved fruit size. 
firmness, crack resistance aiid good fresh taste. The cherry-type hybrid combinations attempted to 
combine disease resistance (as above), heat tolerance, crack 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 %kith relatively tough skin. 

The program also advanced and/or selected during 11)88 desirable progenies from 91 breeding 
p[pulations originating from different sources: backcrosses, single-seed descent lamilies. double crosses, 
triple crosses and F-F, lines from 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 vaiety TK-70 at first harvest 
by about eight to 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 
generally soft. Among indeterminate fresh market introductions, Bermuda. GC 775 and Jackpot were 
the best, all yielding over 100 t/ha and outyielding the check cultivar, KY 301 by about three to four 
times. In general, 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 13-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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Introduction 

The AVRDC tomato breeding program receives new genetic materials from various sources every. .
 year; The germplasm is-evaluated for general performafce;,-either fitle 16s isoni.i AVRDC's idiicedtest materials or as parental stocks in the breeding program if they carry special characteristics.AVRDC received 40 new cultivars from foreign seed companies and research institutions forinclusion in the AVRDC Demonstration Trials carried out in collaboration with the International Tomatoand Pepper Symposium. This collection comprised of 8 processing cultivars, 12 fresh marketdeterminate cultivars and 20 fresh market indeterminate cultivars. 
The Center also received new hybrids which combined the gene Beta (high beta-carotene) and/oralcobaca (long shelf-life) in fresh market cultivars from the United States Department of

Agriculture/Puerto Rico. 

Materials and Methods 

AJI entries for the demonstration trials were sown on 10 November 1987 and transplanted five
weeks later on 17 December. 

The new processing cultivars were evaluated with the five best processing hybrids from AVRDCagainst check cultivars, Tainan No 3 and TK-70. In the absence of a local, determinate fresh marketcheck variety, the determinate fresh market entries, along with two AVRDC hybrids, werecomparatively evaluated. On the other hand, the indeterminate fresh market cultivars were evaluated
against KY 301, a popular dark green-fruited hybrid.

All the above trials were planted in a randomized complete block design with two replicationseach. A unit plot of the processing tomato trial consisted of two rows, each 5.4-m long with 1.5-mspacing between rows and .45 m spacing between plants within each row. A similar plot dimension was used for the determinate fresh market trial. However, plants in this trial were staked. On theother hand, an individual plot of the indeterminate fresh market trial consisted of two rows, each5.4-m long inside a 1.5-m bed. Plants within the row were spaced .45 m apart. Plants in this trial were staked; their lateral shoots were also pruned.
For the observational trial, the USDA/Puerto Rico high fl-carotene materials were planted in a randomized complete block design with two replications. , unit plot consisted of a 4.8-m long rowwith spacing of 1.5 m between rows and 0.5 m between plants within the row. The experimental

plots were mulched with silver/black plastic. 

Results and Discussions 

Processing Cultivars. None of the introduced processing cultivars outyielded the best AVRDCprocessing hybrids (Table l).The best new entry was Red Agate #140, with a total marketable yieldof 99 t/ha, statistically comparable to the highest yield of 109 t/ha obtained in PT 4060.In terms of soluble solids content, Red Agate #144 was the best with a brix value of 6.45. However,
it was the poorest yielder, with only 19 t/ha. Solids content of the best performing hybrids were
comparable to that of TK-70. 

Entries with the best concentrated yields were PT 4026 and PT 4172, giving first harvest yieldsof 79 and 74 t/ha, respectively. In contrast, the check cultivar TK-70 yielded only 9 t/ha at firstharvest although its final yield was not statistically different from those of the above hybrids. 

Determinate Fresh Market Cultivars. Two introduced entries, E334 and Celebrity, showedthe best performance among the determinate fresh market cultivars (Table 2). The two AVRDC hybrids,FMTT 124 and FMTT 32, performed comparably well. These four entries gave marketable yieldswell over 100 t/ha and fruit weights ranging from 97 to 207 g per, fruit.
In addition, fruits of the above entries showed only very slight radial cracking (E 334 and FMTT124), and good to excellent vine cover (except FMTT 124). However, their fruits were soft to

moderately soft, except FMTT 32 which had moderately firm fruits. 



223 Tomato Breeding 

Table 1. Yield and other horticultural characters of processing hybrids Inthe demonstration yield
trial, AVRDC, 1987. 

Marketable Frui Frut 
yield size set Firm. Vine y Vine 	 HunterEntry DM First s ness cover cmp pH Brix Acidity color 
l(t/ha) 

PT 4060 101 109 55 bc 96 bd 66 ic F G G 4 11 fg 465 c-e .31 b 2.57 b-d
PT 4172 190 111 74 a 79 de 63 ac MF F F 421 ef 470 cd 32 bc 262 a-c 
PT 4026 101 113 79a 88cd 64ac MS F F 4.15fg 4.75cd .34b 2.67ab
PT4121 101 104 48 b-d 95 bd 67 a F G F 4 17 fg 440 de .34b 2.51 cd
TN 3(ck) 100 96 46 c-e 68 ef 76 a MS F F 420 e.g 4.15 e 34 b 2.65 ab 
TK70(ck) 107 92 9g 17a 6Jbc S E E 4lCeg 5.00bc 45a 2.69ab 
'VF - vetry 	 f'ri, F ffir Mi .F moderately firr, MS moderaterl ,oft S soft 'F - fair cover G = good, E = 
evcele t F : falilv compact. G - goodf - exm llert 

Table 2. 	Yield and other horticultural characters of determinate fresh market cultivars In the 
demonstration yield trial; AVRDC. 1987. 

Entry DM Marketable Fruitlet Crackngz Fruit size Firm- Vine Vine com
yield (%) . r.. .i .. (g) covery coverx pactnessw 

E 334 110 a-c 132 61 none 135 f S G F
Celebrity 112 ab 122 59 VSLR 207 bc MS E G
 
FMlI 124 10-1 0, 113 59 none 97 g MS F G

FMTT 32 108 b-f 115 414 VSLR 132 f MF G F
 
VSLR ; verv siiglit riali lcrack rg 1

VF fr . F firm MF = moderately firm M.S -Lmoderately soft; S = soft. XF 
Iir co~er G gui. E - 2.celernt F z tiirlv coropact; (0 good E = excellent 

Indeterminate Fresh Market Cultivars. The best yielding indeterminate fresh market 
hybrids wre Berlimuda, GC 775 and Jackpot, all yielding over 100 t/ha and outyielding the check 
culivar, KY 301 by about three-four times (Table 3). The best AVRDC entry was FMTT 6, a variety
that is also adopted to the hydroponics 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-yielding entries had fruits with slight radial cracks. 

Ott fruit firuness, the best _:,nry was GC 775 which showed very firm fruits followed by FMTT 6 
with Iirm fruits. Jackpot and the check variely. KY 301, both had moderately soft fruits. 

In general. the best intrrduced cultiars had large fruits; all had fruits weighing above 200 g
apiece. IMTT 6 and KY 301 had fruits significantly smaller than the introduced varieties. All entries 
listed in Table 4 had large to very large stem-end scar but with small to medium blossom-end scar. 

With the exception ol FMTT 6 and KY 301. the best entries showed good foliage cover, indicating
better potential protection from sun scorch dantage to the fruits, 

USDA High Vitamin A/Long Shelf-life Germplasm. Among USDA's Beta and/or alcobaca 
genotypes, Kcwalo-Beta yielded the highest although this was not statistically different from that of 
the normal Caraihe (Table 4). With the exception of differences in lycopene which controls external 
color and /3-carotenc contents, the beta derivatives of most cultivars did not seem to differ appreciably
in performance from their normal parents, indicating that the high 0-carotene trait (gene Beta) has 
no undesirable effects on other horticultural characters. 

A graphic cotipirison of lycopene and 13-carotene contents among the cultivars listed in Table 
4 is shown in Figure I . It is notable that some cultivars, e.g. Caraibe, have Vitamin A content 
comparable to the hybrid Beta-cirrying cutivars. Conversely, some Beta-carrying cultivars, like Hybrid
Floradatdc-Beta-Alc. have lycopene content comparable to the normal cultivars. The homnozygous Beta
alcobaca stock was tte lowest yielding entry: however, it produced five times more / carotene than 
the best high Beta entry in Table 5. Moreover, its lycopene content was comparable to those of Kewalo 
and Fleradade but lower than Caraibe's. 
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Table 3. Yield and other horticultural characters of the indeterminate fresh market cultIvars Inthe 
demonstraton yield trial, AVRDC, 1987. 

Entry DM Marketable Fruit s,.!t Fruit size r Firm- Foliage 
_yield ("'.) (",, (g) ness cover 

Bermuda 101 b-d 125 a 76 a-c 234 ab SR MF G 
GC 775 113 a 129 a 91 . 217 a-t SLR VF G 
Jack pot 103 a-d 111 ab 64 b-e 223 a-c MR MS G 
FMTT 6 99 ULd 73 c t 61 b-P 189 e-h SLR F F
 
KY 301 Wek) 95 a 37 g k 42 e 146 j I MC/R MS F
 

'SLR "h.ht r fidal (1,1k %1P nodtr~itc lldi; MC Pl modu.r ite ccurceritric ind radial. SR : severe radial IVF = very
fuln I - ttrniM r -t--. ,r MS r ooeritolv soft S = SOft F fair cover G :. goodi E -. excellent 

Table 4. Yield and other horticultural characters oi the Beta-Alcobaca stocks and hybrids; AVRDC, 
1987. 

M ikotable Fruit Fruit
 
Entry yield set 
 size pH Brix' Acidity color Fesm+ Frbot 

(t/ha) (g() color hess( color 

8ewalo Beta (B) 109 a 60 b-d 116 tg 4 .53 ab 4,90 ab 3 1 e-g 1 6 b.e MS U + /0
Caraibe 105 a 56 o d 138 bg 434 :d 450 a-d 3,8 bc 19 a-e S Ui- /r
Floradade-BAlc F1 095 ab 67 ib 148 1t 4 29 cd 400 c-e 4.6 a 1 4 de S u + /0
Floradade 91 1c '4 a 126 d g' 4.26 cd 345 e 3.8 bc 2 1 a-d F u /r
Kewalo S i-c 63 a c 123 eg 4 55 a 4.75 a-c 2.8 g 1 6 b-e S u/r
Stock BtaAle 55 c 12 e 167 ab 4.35 b-d 5.70 a 4.0 a 14 de MS u + /0 
VF = ver-, urp, F - firm Mf node.atJ.-, tir MS moderateli soft. S = soft 'u, - green shoulder u - uniform. 

orafn4 i - red 

8 
Lycopene
 

6 E ,6 - corrotene 

2 0 

Kewalo(B) Caraibe Florodade-8-A Fioradade Kewalo Stock B-A 
Fig. 1. Comparative lycopene and 0-carotene contents of normal vs. Beta gene

carrying backcross derivatives and/or hybrids. 

Bacterial Wilt Resistance of Breeding Lines 

Summary 

Two tomato breeding materials were screened for bacterial wilt (BW) resistance using a vigorous
field screening procedure. Two advanced breeding lines already homozygo:us for rootknot nematode 
resistance showed high levels of 13W resistance and were also selected for good performance under 
hot, humid conditions in a separate hot set trial.
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Although one-parent stock in the processing hybrids is usually BW susceptible. the leels ot B\ 
resistance obtained in the ensuing hybrids were as good as in the highly resistant ,licks. L285 and 
CL65-349, partly indicating non-additive action of the gene(s) for resistance. 

The most resistant fresh market hybrids were fron crosses anmong BW-rcsistatt lircnt stocks. 
Two of these hybrids. FMTT 114 and FMTT 95. are also resistant to root knot ntntialidc and had 
fair marketable yields during the hot summer with fruit sizes it least tm ice as large as the mo st heat
tolerant tropical tomato could typically produce during this period. 

The mortality rates due to BW infection aiong cherry tomato h\ brids were iernerally hieher than 
in other materials testeJ. Only one comnbination. CH 10. com1tlpalred fa\ rabl\ '. ith the highl.\ istant 
checks. 

Introduction 

New tomato breeding materials undergo extensive tests lor resistance to bacterial wilt (BW) because 
of the importance of this disease in trpical tomato production. 

During the year. a range of genetic materials was subjected to a rigorous field screening procedure
developed jointly by AVRDC plant breeders and pathologists in 1986 (see 1986 Progress Report. 

Materials and Methods 

[)etails about materials tested for bacterial wilt resistance in the nursery are given belong, 

Type of materials Total lines Date s, w .n Date tra nsplmanted 
SSD BCF, lines (1) 63 15 April 1988 5 May 1988 
Fi processing tomato (i) 66 6 May 1988 5 June 1988 
Fi fresh market tomato 36 6 May 1988 5 June 1988 
F, cherry tomato 72 9 May 1988 6 June 1988 

To create a uniform inocultti distribution i:. all tests, 1,390, a highly susceptiblc cultivar. was 
seeded thickly in the BW nursery, four rows to a bed, with rows 20 cm apart. Seeding d te of the 
susceptible cultivar was normall\ six-eight w.eek before the te.t materials werc transplanted tw the 
nursery. At seven-leaf stage. the leaves t* 1,391) were cut with sickles to allow wilt infection. BW 
inoculum was immediately applied with a pt,\wer sprayer. The field was plowed and prepared for planting
the test materials when nearly l(X)% of the susceptible plants had died. To further ensure good inoculum 
potential in each bed. the new beds were prepared exactly at the same location as the original beds. 

Each test line was transplanted to two outside 4-ni long rows with a spacing of 40 cin between 
plants. For relative comparison. susceptible L 390 and resistant L 285 plants were planted in interspersed
fashion in the center of each bed. All tests were replicated twice in a randomized complete block 
field design. 

Survival rate (%) was transformed to arcsin Mtultiplied by the square root of'the percentage before 
statistical analysis. In addition, the relative resistance of each test line against the highly resistant check 
(L 285), designated as RRL, and against the best breeding line (CLN 365), designated as RRB. were 
calculated to determine their levels of resistance. Further analyses compared the RRL of each entry
with its within-plot RRL (surviv il of test entry vs L 285 in the same bed) to test the homogeneity 
of inoculum distribution in the nursery. 

Results and Discussion 

The advanced breeding lines which showed high levels of resistance to bacterial wilt are listed 
in Table 5. Two of these lines were also selected for good general performance under hot, humid 
conditions in a separate trial (see Table 9). It may also be noted that these lines are already homozygous
for the dominant gene for rootknot nematode resistance, Mi, thus affording them broader protection 
to soil-borne pathogens. 
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Figure 2 reveals a close relvitionshilp between the relative resistance of test lines vs the highly
resistant L 285 situated in its-own plot and the relative resistancevstU285 plants plantedwithin the 
same'bed as the test lines, ttius indicating good uniformity of inoculum distribution. In this test the 
coefficient of variation (CV) '\ f 3,1.8% for survival rate was also acceptable. 

Processing tomato hybrids. The most resistant processing hybrids are given in Table 6. 
Again, an excellent distribution of BW inoculum in the nursery was indicated by the regression line 
in Figure 3. The CV of survival rate in this experiment, 18.9%, was also very low compared to the 
high CVs normally obtained in previous BW tests using other inoculation/screening techniques.

Although one parent stock in the processing hybrids is usually BW susceptible, it may be noted 
that the levels of BW resistance in the ensuing hybrids are as good as those of the highly resistant 
stocks, L 285 and CL 65-349, partly indicating non-additive action of the gene(s) for resistance. 

Table 5. Bacterial wilt reaction of the most advanced breeding line vs checks, AVRDC, 1988. 

Entry Survival rate RRL RRB Other resistance 
(%) ToMV Nematode y 

L 285 (res check) 100 a 100 106 +1/+ +/+
CLN 65-349D5.2-0 (res check) 94 a-e 94 100 2a/2a + / + CLN 475BCIF2-265-4-19 97 a-c 97 103 2a/2a MI/MI
CLN 475BC1F2-265-4-16 95 6-d 95 101 2a/2a MI/Mi
CLN 698BC1F2.358.4-13 95 a-d 95 101 2a/2a MI/MI
L 390 (sus check) 4 pq 4 4 +/+ +I+
 
Mean of all entries 34
 
CV % 31.8
 

22a/2a - homozygous resistant for gene Tm2a: + I + 
= susceptible; 2a/ + = heterozygous resistdnt. YMilMI - homozygous
resistant for gene Mi; Mi + = heterozygous resistant; + / + - susceptible. 

Table 6. Promising bacterial wilt-resistant Fj processing tomato hybrids vs checks, AVRDC, 
1988. 

Type of Survival ToMVEntry crossZ rate (%) RRL RRB resistancey 

L 285 (res check) - 100 a 100 100 + / +
CLN 65-349D5-2-0 (res check)  100 a 100 100 2a/2aPT 4142 HBWR/BWR 100 a 100 100 2a/2a

PT 4056 BWR/BWS 97 ab 97 97 2a/+

PT 4065 BWRIBWS 95 a-f 95 95 2a/ +
PT 4172 BWR/BWS 95 a-e 92 92 2al +

L 390 (sus check)  5 qr 5 5 +1+
 
Mean of all entries 71

CV % 
 18.9 

ZHBWR - high bacterial wilt resistance; BWR - bacterial wilt-resistant; BWS - susceptible. Y2a/2a - homozygous resistant 
fcr gene Tm2a: + I + - susceptible; 2al + - heterozygous resistant. 

Fresh market hybrids. The most resistant fresh' market hybrids were from crosses among
resistant parent stocks (Table 7). Two of these hybrids, FMTT 114 and FMTT95, are also resistant 
to root-knot nematode and had fair marketable yields of 22 and 21 t/ha, respectively during hot summer,
with fruit sizes at least twice as large as the most heat-tolerant tropical tomato could typically produce
during this period. In other trials described above, distribution of BW inoculum in this test was good 
(Fig. 4). / 

Cherry tomato hybrids. The survival rates among cherry tomato hybrids were not comparable 
to the highly resistant checks with the exception of one combination. CH 108 (Table 8). When compared 
to the highly susceptible L 390, however, the resistance levels among these cherry hybrids are still 
appreciable. The relative inaccuracy of results from this nursery, as indicated by a high CV of 59%, 
is recognized. 
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Table 7. Bacterial wilt resistant ,1 fresh market tomato hybrids vs checks; AVRDC, 1988. 

Type of Survival Marketable Fruit Other resistances y 

Entry cross' rate RRL RRB yield si7e M
(tha (gt) ToMV Nematode(%) (0/ (tilha) (gilt) 

FMTT 104 HBWR/BWR 100 a 00 100 20 56 2a/2a + /+ 
FMTT 114 BWR/BWR 97 ab 97 97 22 52 2a/2a Mi1 + 
FMIT 95 BWR.BWR 97 ab 97 97 21 65 2a/2a Mu + 
L 285 (res check) - 100 a 100 100 - + /+ + + 
CIN 65-349 

(rcs check) - 100 a 100 100 - 2a/2a + / + 
L 390 (sus check) - Oj 0 0 - - + /+ + + 

Mean of all entries 55 
Iv % 22.8 
IHBWR = high bacterial wilt resistance, BWR = bacterial wilt resistant; BWS = bacterial wilt susceptible. Y2a/2a = 
i(unLuygous resistant for gene Tm2a: / i = susceptible 2a1 heterozygous resistant Mi/Mi = homozygous resistant for 
gene Mi, MI/ + - heterozygouis resistant: + I susceptible 

Table 8. Bacterial will reaction of F1 cherry tomato hybrids vs checks, AVRDC, 1988. 

Type of Survival Marketable Fruit 
Z
Entry cross Iate RRL RRB yield size ToMV y 

(%) (t/ha) (gn) 

CHT 108 -:BWRIBWS 85 a-c 92 85 15.6 20 2a/ + 
CHT 104 HBWR/BWS 74 b-d 80 74 17.0 23 2a/ + 
CHT 105 HBWR/BWS 63 b-f 68 63 23.5 21 2a/+ 
L 285 (res ck) - 92 ab 100 92 - - + / + 
CLN 65-349 (res ck) 100 a 109 100 - - 2a/2a 
L 390 (sus ck) - 5 j- 5 5 - - +/+ 

Mean of all entries 24 
CV% 59.3 

IHBWR = high bacteri3l wilt resistance. BWR = bacterial wilt resistant; BWS = bacterialwilt susceptible. Y2a/2a 

homozygnus resistant to' gene Tm2a, + I + = susceptible, 2a/ + = heterozygous resistant. 
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Evaluation of Tropical Breeding Lines 

Summary 

Several observational and preliminary trials were conducted to evaluate tropical tomato breeding 
lines with greater resistance to diseases and improved horticultural characters. 

Three new selections were chosen from the Batch I observation trial for further test next summer. 
On the other hand, two lines outyielded the heat-tolerant check in the Batch II trial and were selected 
for lurther evaluation. The advantages of the new lines over the heat tolerant checks included improved 
fruit firnmncss and nematode resistance. 

A number of promising cherry tomato hvbrids carrying acceptable levels of heat tolerance were 
selected from the observation trial. The best ones ranged in yield from 22 to 26 t/ha, greatly outyielding 
the check hybrid. Girl Sweet. which yielded only 8 t/ha: they also had lesser or no fruit cracking 
tcndencies. These hybrids also carry resistance to tonmato mosaic virus, sonie levels of BW resistance 
,1nd also some discernible resistance to bacterial leaf spot. 

None of the nematode-resistant determinate lines in the preliminary yield trial outyielded the check 
line. CL 5675, although one line outyielded CL 5915-153. previously the most heat-tolerant line in 
the breeding program. 

The best nematode-resistant indeterminate tropical lines did not outyield the heat-tolerant check, 
CL 5915-206-2-2-0-4, but were apparently better than King Kong, a fresh market hybrid whose seeds 
are commercially available to tropical farmers. The new selections are also lirni-fruited, crack-resistant 
and carry excellent levels of BW resistance. 

The best relatively large-frui:cd fresh market hybrids yielded from 29 to 32 t/ha during the hot 
wet season. FMTT 138, the most outstanding enrv also showed better apparent resistance to bacterial 
leaf spot and good foliage cover. 

Introduction 

AVRDC continued the development of advanced tropical tomato breeding lines with greater 
resistance to diseases and iniptoved horticultural characters. In the past three years, research was 
focused on the incorporation of nematode resistance into tropical lines. Selection for better fruit firmness 
and resistance to fruit cracking was also carried out among breeding populations. 

Advanced selections from the above populations provided the test materials for the series 
of evaluation trials conducted during the hot summer in 1988. In addition, a few test hybrids with 
potentially larger fruits than have been obtained from heat-tolerant open-pollinated lines were also 
evaluated. 

With the increasing interest in cherr, tomato in the past few years, AVRDC has also opted to 
develop preliminary hybrids with potentially better heat tolerance than the popularly grown local cherry 
hybrids. A large number of these cross combinations will be available for evaluation in 1989. 
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Materials and Methods 

General inlormation on the evaluation trials conducted in hot summer among different tropical 

breedingtmaterials is _ien below: 

Type of trial Type of material No. of entries Date sown Date transplanted 

Observation I detertninate lines 69 13 May 1988 14 June 1988 
Observation I1 determinate lines 34 24 May 1988 25 June 1988 
Observation indeterminate lines 15 25 May 1988 24 June 1988 
Observation indeterminate 104 18 M-lay 1988 16 June 1988 

cherry hybrids 
preliminary deterntinate lines 16 25 May 1988 24 June 1988 
Preliminary indeterminate lines 16 25 May 1988 24 June 1988 
lPreliminary indeterminate 22 7 June 1988 7 June 1988 

hybrids 

All observation trials were invariahl. not replicated and in most cases, generally involved a 
rclativcl, large number of test materials. On the other hand. preliminary trials were evaluated using 
a randomied complete block design with two replications. 

Experimental plots of determinate entries consisted of 4.8-i long single-row plots, each with 
plants spaced 0.4 in apart within the row. Rows were spaced 1.5 in apart. The indeterminate lines, 
on the other hand. consist:d of two-row plots 4.8-in long each. with rows within the bed and plants 
within the row spaced at 0.6 in and 0.4 tn apart, respectively. 

Unit plots of tic' erninatc entries under preliminary test consisted of two rows. 4.8-rn long each, 
with 1.5 in between rows and plants within the row spaced 0.4 apart. For indeterminate entries, plots 
consisted of iwo 4.8- in ,mg rows spaced 0.6 i apart within one bed. with plants \ ithin the row spaced 
(.4 in apart. 

Both tdcterninate and indeterminate trials were supported \\with stakes to mininii/e fruit rot. Among 
indcte minate entries, only two stems per plant were allowed to develop anti their lateral shoots were 
pruned. 

Results and Discussion 

Observation Trials. In the Batch I trial of new determinate tropical lines, three new selections 
were chosen for further test next summer (Table 9). These lines had a yield range of 8-17 t/ha while 
the heat tolerant check, CL 5915-93, yielded only 7 t/ha during the hot, dry period. However, none 
outyiclded the other check, CL 5675, a breeding line which combines heat tolerance with parthenocarpic 
fruit trait. Other advantages of the new selections are better fruit firmness (moderately tirm to firm 
fruits) and nematode resistance. 

Comnpared to only 3 t/ha for the heat-tolerant check CL 5675 in Batch 11trial, two lines yielded 
8-9 t/ha anti were therefore selected for further evaluation (Table 10). Again, additional advantages 
of the new lines are better fruit firmness and nematode resistance relative to the checks. 

Table 9. Yield and other horticultural characters of the best determinate tropical lines vs checks 
In the Batch I trial, AVRDC, summer 1989. 

Days to Marketable Fruit Fruit Firm- Other traitsx 
Entry yield set size Crack:ng z n BLS Flood

maturity (t/ha) (%) (g/ft) damage 

CLN 698BC 1F2-358-2-11-8 82 17.4 32 29 SLSA MF 7.5 7 
CLN 475BC1F2-265-4-19 88 10.6 33 29 SL R/C F 5.5 3 
CLN 698BC1 F2 -358-4 13 88 8A1 30 34 SL SA F 7.0 4 
CL 5675BCtF2-1-2-2-12 (ck) 82 21.1 57 23 none S 7.5 5 
C1 5915-93D4-1-0-12 (ck) 82 7.0 25 24 M SA R/C S 8.0 3 

7SLSA - slight superficial abrasron-ike cracks: SLR/C = slight radial/concentric. M SA R/C = moderate superficial.
radial/concentric cracks. YVF = very firm: F = firm; MF = moderately firm MS - moderately soft: S = soft. XRating 
scale of I = none to 10 = severe 
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None of the indeterminate lines outperformed the heat-tolerant check, CL 5915-206-2-2-0-4, an 
older indeterminate tropical line which yielded 18 t/ha during the hot, wet period.

A number of proniising cherry tomato hybrids carrying acceptable levels of heat tolejance were
selected from tie obser,.at ion trial. The best (nes are those compared inTable I I against the standard
hybrid check, Girl Svect. These hybrids ranged inyield from 22 to 26 t ha, grcatly outyielding Girl
Sweet which yielde-d oJl,, 8 t/ ha: they also ',ad lesser or no fruit cracking tendencies. Moreover,
these hybrids catr resistance to loiliato IliiosalL l,,cl and.virus, sonle of resistance t) bacterial w ilt
based upon obscrs ations during the trial, also some discernible resistance to bacterial leaf spot. 

Preliminary Trials. None of the icinatode-resistant determinate lines inthe preliminary yield
trial ouyiclded the check line. ('1. 5075 (Table 12) 1lMCvcr, one (iut ielded CL. 5915 153. 

,prev'iousl the most heat-tolerant line in the breeding prograna. (L 5915-153 yielded only 3 tlha.indicating the sceie stress that the test materials apparently encountered during thi. season. Apart
from its neinatode resistance, thbis linc also carried a high level of 13W resistance co, ipared to the 
IVt\)
checks. 

The best nelatode resistant ideteriiinate tropical lines did not outyield the heatl-tolL -ant check,
(1 5915-206-2-2-0-4, but wkere apparently betler than the coninicicial check cultivar. I,ing Kong.
atlarge-fruited fresh market hybrid whose seeds are commercially available to tropical fariners 
(Table 13). Other advantages of' the ncw selections are their firm fruit and crack resistance. They
also c.arry excellent levels of BW resistance. 

Table 10. Yield and other horticultural characters of the best determinate tropical lines vs check 
in Batch II summer trial, AVRDC 1988. 

Da s , Marketable,,Itrt yield Fruit Fruit Firm- Oth-er traits x 
set size Cracking BLS Flood(dtr/ha) (%) (g/ft) .... dMage 

CL N 657BC 1F2 267 0 3.12 7 76 92 25 43 SL R/C MF 8 M
CLN 657BCjF 2 267 0-3 14 76 7 8 23 39 S C MF 7 SL
CI 5675BCIF 2 1-2.2-12(ck) 76 29 50 13 none S 10 S
 
't Ri/C - slight radialhcoricentric S C severe concentric cracks - YMF moderately firm, S = soft 'Rating scale of
1 nre to 1O - swvere or M -. moderate SL " slignit and S = severe 

Table 11. Yield performance and other horticultural characters of the best cherry hybrids vs check 
In the observation trial, AVRDC, summer 1988. 

M/1r ket-
Days toDto y ableFim Fruit Fruit Other traits"

Entry maturty yield set size CrackingZ nesy Foliage Wall Tough Taste BLS(mtha)
yield ness cover thick skin 

CHT90 75 26.2 17 19 none MF G M T SL sour 4
CHT 105 75 23 5 27 2t M R/C F G T T SL sour 4CHT 160 75 22 3 27 26 VSL R/C F G T VT SL SIS 6
Girl Sweet ck) 75 8.0 19 20 S R/C F F T VT SL S/S 9 
IM C/R rroo',ate radial/crcertric. VSI CIR very slight radial,conc. S R/C = severe radial/ronc. YMF = moderatelyfirrr F = irni G = good foliage cover F = fair cover M = moderately thick wall T = thickvall T = tough skin. VT 
very tough SL ,our slightly sour St SIS . slightly sour isome fruits) and sweet (others) 

Table 12. Yield performance and other horticultural characters of the best determinate tropical
lines vs checks In the preliminary yield trial, AVRDC, summer 1988. 

Days to Marketable Fruit Fruit Firm- Other traits)
Entry naturity yield set size Cracking' ness BLS Flood 

(t/ha) (%) (g/ft) damage 
"LN 466BC1F2-45-34-9-9 16 85 ) 31 ab 34 bc none MS 6.5 5.5 bCL 5675PCIF2-1 22-12 (ck) 76 11 1 a 41 a 18 c none S 7.5 7.0 ab
CL 591, 53D4-3-3-O (ck) 76 31 dl 31 ab 23 c none MS 80 8.0 ab 
MS moderately soft: S . soft. scale of I none to ='Rating l 10 severe 

http:obser,.at


Tomato Breeding 231 

The best relatively large-fruited fresh market hybrids were compared with the check hybrid, FMTT 
22(Tabele 14). The new hybrids yielded at least twice as-much as the check, ranging in marketable 
yield from 29 to 32 t/ha, with comparable fruit size, fruit firmness and fruit cracking tendency, and 
slightly higher levels of BW resistance than the check. The highest yielding hybrid, FMTT 138, also 
showed better resistance to bacterial leaf spot and good foliage cover. 

Table 13. Yield performance and other horticultural characters of the best Indeterminate tropical
lines vs checks In the preliminary yield trial, AVRDC, summer 1988. 

Days to Marketable Fruit Fruit Firm- O ramaturity set y BLSEntry (t/ha)yield (% sizegf)nessCracklrgz Firm- loodOte Flood 
(%)M (gift) damage

CLN 657BC1F2-274-0-15-4 71 bc 10.6 a 20 a-d 44 a-c none F 7.5 3.0 b-dCLN 657BCIF2-274-0-15.0 70 c 10.3 ab 33 ab 54 ab none F 7.5 1.0 eCL 5915-206D4-2-2-0-4 (ck) 71 bc 8.1 a-c 11 b-d 41 bc VSI. R MF 8.0 1.0 e 
King Kong (ck) 81 a 1.4 d I d 38 bc S R/C S 

ZVSL R = very slight radial: SR/C - severe radial/concentric. YS- soft: MF = firm; F - firm, XRatlng scale of 1 - none 
to 10 - severe. 

Table 14. Yield performance and other horticultural characters of the best fresh market hybrids 
vs check cultivar in the preliminary yield trial, AVRDC, summer 1988. 

Days to Marketable Fruit Fruit Other traitsx 
maturity yield set size Cracklng z Firm Fohe LSness y Foliage BLS(t/ha) (%) (g/ft) cover
 

FMTT 138 78 bc 32.0 a 19 a-d 57 a-c VSL SA MF G 2
FMTT 105 74 c 29.1 a 18 cd 
 59 a-c VSL SA MF F 6FMTT 94 74 c 29.7 a 30 ab 52 b-c VSL SA MF F 6
FMTT 22 (ck) 79 bc 14.4 c-g 12 c-g 68 a VSL R MF F 7ZVSL SA - very slight superficial cracks; VSL R - very slight radial cracks. YMF - moderately firm. XG- good cover; 
F - fair cover Rating scale of 1 - none to 10 - severe. 

Evaluation of New Processing Tomato Hybrids 

Summary 

Three observation trials, one preliminary and two batches ofadvanced yield trials were conducted 
in 1987-88 to evaluate new processing tomato hybrids with heat tolerance, resistance to pests and 
diseases, high yield and acceptable processing quality.

The best new hybrids in the 1987 and 1988 observation trials showed better concentrated maturity,
final marketable yield and fruit firmness compared with the check cultivars. With the exception of 
afew hybrids, most had shortcomings, however, in fruit size and solids content. The best selections 
of these new hybrids are currently undergoing further evaluation. 

Three hybrids showed comparable heat tolerance to the heat-tolerant check, TN-3, in the 1987
late summer preliminary trial. Among new high yielding hybrids, PT 4121 appears to be the most 
promising because of its firm and large fruits and good vine cover. The entries selected from the 
preliminary trial were evaluated further in the 1987 and 1988 advanced trials. 

PT 4121 and PT 4172, both outstanding entries in the 1987 late summer prelih. .y trials, and 
PT 4026, were the best entries in the 1987 Batch I advanced trial, giving the following advantages 
over the checks: higher final yield, better concentration of maturity, improved firmness (except when 
compared to TN-2), fair to good vine cover, good vine compactness and generally acceptable processing
qualities. PT 4121 produced the largest fruits among outstanding hybrids.

In the Batch 11advanced trial towards the cooler period, none of the best hybrids outperformed
TN-2 in concentration of maturity although their final marketable yields were significantly higher
than the latter's. Other advantages of TN-2 over the new hybrids were better fruit firmness, larger
fruit size, better color and higher soluble solids. 
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Introduction 

AVRI)C continued to search Ior processing tomato genotypes with heat tolerance (for late planting
in sunmer and spring), resistance to BW. tomato mosaic virus and nematode, high concentrated yield
of firm fruits (for mechanical harvesting) and acceptable processing,quality. In 1988, a number of 
hybrids were advanced to various trial stages. 

Materials 	and Methods 

Information on entries, planting dates and types of trials conducted at different times in 1988 
is given below: 

'l'Vpe Of trial Number of entries Sown 1'ransplanted 
Observational 40 23 July 1987 25 August 1987 
Observational 40 15 September 1987 15 October 1987 
Observational 16 I December 1987 10 January 1988 
Preliminary 24 23 July 1987 25 August 1987 
Ad\anced (I) 16 15 Sepeternber 1987 12 Oc'.)ber 1987 
Advalced (11) 14 I October 1987 27 October 1987 

All obsci vation1 trials were single-row plots, unreplicated plantings designed principally to make 
general selection for entries which deserved lu rther e\ aluation. Each plot \k as planted to a single-row
4-in long bed. spaced I 5 inapart from adjoining beds. vith k%ithin-row spacing of 40 ciii. Oftenlines. 
obscrlatiol trials iri, olved a !arge set of untested entries. 

The preliminary trial was replicated twice in a randomized complete block design. A unit plot 
v 0as1t11and consisted of a single ross in a 4 In long bed. spaced 1.5 111frot adjoining beds and 
.,iI1plaitts \ ithin tile rrsk 40 ciii apart. 

The advanced trials kscrc planied in a more elaborate design - randomized complete block with 
thice replicationi: each plot consisted of four beds. 4-rn long each and 1.5 in apart, with plants within 
cCh s]ingle-ross bed spaced 40 cm apart. 

Results and Discussion 

Observation Trials. The best performing processing hybrids in the 1987-88 observation trials 
arc given in Tables 15. 16 and 17. By and large, the new hybrids showed better concentration of 
maturity. final veld and fruit firimness. However, they generally fell short in fruit size (especially 
s TK-18. and solublC solids (only a few had comparable soluble solids readings against either checks).

Ov erall. the best cntr-ies inthe individual observation trials were as follows: 1987 late summer 
trial - PT 43W0 because of its relatively good first ::id final marketable viold, its very firn fruits,
 
good vine cover. and brix toilent and color comparable to those of the checks 1987 faIl season trial
 
- both PT 4287 and PT 4225 because of their better yields, firmness, vine cove ,. and compactness.

and comparable soluble solids against the checks; 
 1988 spring season trials - PT 4186 because of
 
its excellent concentration of tnaturity, improved firminess, and soluble solids not drastically below those
 
of the checks. The best selections front these new hybrids are currently undergoing further evaluation. 

Table 15. 	Yield performance arid other horticultural characters of the best processing hybrid 
cultivars in the observation trial, AVRDC, late summer 1987. 

Marketable yield FrUit Firri Vine Compact 	 HunterEntry Final First size , covery vinex pH Brix ' Acidity
 
.... . .... .. .... t a ) - , ( 
 co lor 
PT 4215 60 42 80 F E G 4.21 3.20 .25 2.25
PT 4238 57 49 80 F F F 4.29 3.20 .26 2.06
PT 4300 56 46 73 VF G F 4.23 3.80 .30 2.43
PT 4237 54 50 63 VF F F 4.33 3.30 .22 2.14TN-3 (ck) 43 39 67 MS F F 4.26 4.00 .25 2.52TK 18 (ck) 14 4 85 MS G F 4.37 3.90 .28 2.56 

IF = firm,VF = very firm, MS = Moderately soft YF = fair cover; G = good; E = excellent. XF = fairly compact; G = good. 
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Table 16. Yield 	performance and other horticultural characters of the best processing hybrid
cultivars In the observation trial, AVRDC, fall 1987. 

Marketable yield Fruit Firm Vine Compact Hunter 
Entry Final First size ness" cover vineX pH Brix Acidity color 

(liha) (g) 
PT 4287 132 78 83 MtF E F 428 390 .32 2.39
P1 4225 118 79 70 NF G G 4 32 3.50 31 2.46
TN-3 (ck) 103 64 62 MS F F 4.38 3.80 25 2.50
TK 18 (ck 95 52 117 MS G F 4.38 4.00 28 2.62 

!F - firmI MF imiider jti,firm MS = moderitey soft cover. G good. F11' fair - fairly compact. G = good 

Table 17. 	 Yield performance and other horticultural characters of the best processing hybrid
cultivars in the observation trial, AVRDC, spring 1988. 

Miarketable yield Fruit Firm. Vine Compact HunterElti inal First size ness' cove vinex pH Brix' Acidit, color 
it hl) (9) 

Ft 4:274- 132 8'7 72 N'ilp G 4.20 3.50 35 2.22PT 4271 126 64 92 F G G 4.37 3 20 .34 226P174275 121 71 78 MF G F 4.35 3.30 .32 2.28Pf 4186 112 112 80 MF F G 4.39 3.90 .25 2.31
TN 3 (ck) 94 81 73 MS F F 4.40 4.70 .35 2.63
1K 18 (ck! 81 71 142 MS G F 4.38 4.40 .32 2.42 

fir i 4 i MS nioderately soft, ilioierately firm VF = faircover G = good. E = excellent iF = fairly compact: 
C - go!)it 

Preliminary Trial. Three hybrids showed comparable heat-tolerance to the heat tolerant check,TN -3. in the 1987 late summer preliminary trial (Table 18). All fbur entries dramatically outyielded 
the hcat-senitive checks, TN-2 and TK-18. Among high yielding hybrids. PT 4121 appears to be
the must priomising because of' its firin and large fruts, and good vine cover. Soluble solids of the 
entries listed inl Table 18 did not vary appreciably. 

The entrics selected fromt the preliminary trial were evaluated further in the advanced trials carried 
out inl 1987 and 1988 (See advanced trials below). 

Advanced Trials. PT 4121 and PT 4172. both 'utstand inc entries in the 1987 late summer
 
preliminar. trials (see Table 18). 
 along, with 	PT 4026. wkere the best entries in the Batch I advanced
trial -(inducted it 1987 failSeason (Table 19). These hybrids had the following advantages over the
chec k," higher final yield, better concentration finaturity (high first harvest yields), improved firmness 
(except when compared to TN-2), lair to good s ine cover, good vine compactness and generally
acceptable processing qualities. However. all were inlerior to TK- 18 in fruit size. Among outstanding 
hsbrids PT 4121 produced the largest fruits. 

Table 18. 	Yield and other horticultural characters of the best processing hybrid cultivars In the
 
preliminary yield trial, AVRDC, late summer 1987.
 

Marketable yield Fruit Firm Vire Compact Hne
Entry Final First size nessi cover vine x pH Brix ' Acidity color
 
(/ ald) (g)
 

PT 4172 47 ab 44 a 75 c-e MF 
 F F A.26 bc 4.00 .29 2.52
PT 4121 42 ab 34 a-c 88 bc F G F 430 a-c 3.80 .32 2.42PT 4071 41 ac 37 a-c 58 f 	 MS F G 425 c 3.85 30 2.46TN-3 (ck 41 a-c 37 a-c 63 ef MS F F 4.32 a-c 3.90 .25 2.48TN 2 (ck) 22 de 11 ef 103 a F F F 441 a-c 4.25 .25 2.42
IK 18 (ck) 18 de 3 f 72 d-f MS G F 4.48 3 4.30 .32 2.64 

IF =firm. MF = moderately firm. MS = moderately soft YF fair cover. G = good. E = excellent. xF = fairly compact 
6 - good 
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In the Batch I1 advanced trial planted towards the cooler period, none of the best hybrids
outperformed TN-2 inconcentration of maturity although their final marketable yields were significantly 
higher thah-theilatter's (Table 20)- Oiher-;ad-viintages ofTN-2 over the new hybrids were better fruit 
firmness, larger fruit size, better color and higher soluble solids. One of the best yielders, PT 4071, 
was also outstanding in the previous late summer preliminary trial. 

Table 19. Yield performance and other horticultural characters of the best processing hybrid
cultlvars In Batch I advanced yield trial, AVRDC, fall 1987. 

Marketable yield Fruit 
Firm- Vine Compact HunterEntry Final First size nessz covery vine x pH Brix Acidity olor 

(t/ha) (g) n opoA 
PT 4026 115 a 79 a 72 gh MF G G 4.28 3.90 c-e 0.35 ab 2.62 a-c 
PT 4121 114 a 75 a 86 de MF G G 4.30 3.97 b-e 0.29 cd 2.45 ef 
PT 4172 104 a-c 78 a 76 f-h MF F G 4.30 4.10 b-d 0.28 cd 2.53 c-e 
TN-2 (ck) 99 bc 55 c 88 de F G G 4.39 4.03 b-e 0.28 cd 2.66 ab
TN.3 (ck) 105 a-c 65 b 68 h MS F F 4.37 3.77 de 0.28 cd 2.46 d-f 
TK 18 (ck) 81 d 26 g 131 a MS G F 4.37 3.97 b-e 0,33 a-c 2.71 a 

IF - firm; MF - moderately firm; MS - moderately soft. YF - fair cover; G- good; E - excellent. XF- fairly compact: 
G - good. 

Table 20. Yield performance and other horticultural characters of the best processing hybrid 
cultivars In Batch IIadvanced yield trial, AVRDC, 1987. 

Marketable yield Fruit 
Firm- Vine Compact p HunterEntry Final First size nessZ covery vinex pH Brix Acidity color 

(t/ha) (g) 
PT 4149 112 a 41 c-e 71 d-f MS G G 4.25 4.33 bc 0.36 ab 2.35 bc 
PT 4065 105 ab 33 ef 64 f MF E F 4.18 4.23 cd 0.37 ab 2.22 d 
PT 4071 104 ab 51 bc 69 d-f MS E G 4.25 4.17 cd 0.34 bc 2.39 b
TN-2 (ck) 85 c 84 a 96 b F G F 4.38 5.00 a 0.33 bc 2.63 a
TN-3 (ck) 111 a 49 bc 65 ef MS G F 4.33 3.97 cd 0.34 bc 2.37 bc
TK 18 (ck) 86 c 27f 150 a MS C F 4.39 4.20 cd 0.30 c 2.58 a 
F- firm; MF - moderately firm; MS - moderately soft. YF - fair cover; G- good; E- excellent. XF- fairly compact; 

G - good. 

International Distribution and Testing 

In 1988, AVRDC distributed a total of 2,405 seed packets to 168 cooperators in 65 countries. 
AVRDC's cooperators continued to test new genetic materials developed by the tomato improvement 
program. New official releases were reported in 1988. Promising results were obtained by cooperators
in other trials. 

Official Releases 

Dr. Jill E. Wilson of the Institute for Research, Extension and Training in Agriculture (IRETA)
of the University of South Pacific in cooperation with the Department of Agriculture, Forests and 
Fisheries, Western Samoa, reported the official release of three tomato varieties selected from AVRDC 
breeding materials. These are Alafua Early (CL 2729-0-2-1-12-0), Alafua Winner (CL 5915-93D4-1-0)
and Alafua Large (CL 5915-206D4-2-2-0). The above lines were selected for their high levels of BW 
resistance combined with a range of maturities, resistance to fruit cracking and acceptable eating quality.
All were considered appropriate for home gardens, subsistence and market farming.

To date, the total number of AVRDC tomato germplasm released worldwide is 62 lines in 24 
countries. 

Feedbacks
 

Feedbacks were received from a number of cooperators on various trials they conducted in 1987 
and 1988. Some of these trials are summarized below. The most promising results were filed by 
cooperators from Costa Rica, Fiji, Indonesia, Saudi Arabia, Senegal and Sri Lanka. 
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Costa Rica. Mr. E. Cooper of CINDE, San Jose, Costa Rica, reported the excellent 
performance of AVRDC processing tomato hybrids in trials at Guanacaste, considereda hot, dry area,*
and at Alajuela, a moderately cool growing location. The best hybrids were PT 4165 and PT 4172 
which combine very high yields with fairly good processing qualities, especially good solids content 
(Table 21) in the Guanacaste trial. The performance of the hybrids at Alajuela was not nearly as good 
as in Guanacaste. 

Table 21. Performance of AVRDC processing tomato hybrids at Porvenir, Guanacaste, Costa Rica,
1987. 

Entry Marketable yield Brix o pH Firmnessz Interior 
(t/ha) flesh colorz 

PT 4165 129.0 5.0 4.25 2 2
PT 4172 88.3 5.0 4.25 2 1
Tainan No 3 98.7 4.5 4.15 2 2
 
I= high; 2 - good; 3 - medium; 4 = low,
 

In a BW screening conducted by the Integrated Pest Management Project of CATIE, Turrialba,
six out of seven accessionsf/breeding lines from AVRDC showed BW resistance. However, only two 
lines, CL 5915-206-2-2 and CL 5915-206-2-5 were considered to have good commercial fruit traits 
and yields of 1,748 and 1,141 g of fruits per plant, respectively. 

Fiji. Mr. M. lqbal of the Sigatoka Research Station reported the preliminary selection of four
 
processing tomato hybrids from AVRDC in a 1987 bacterial wilt/heat tolerance test of 29 entries
 
that AVRDC supplied earlier. These selected hybrids were PT 862, PT 913, PT 3025 (or Tainan
 
No. 3) and PT 870. Mr Iqbal also reported that variety Alton, a selection from AVRDC's CL
 
143-0-4B-1-0-0-0, celebrated its 10th anniversary after release and that to date, the research station 
has sold a total of 500 kg of its seeds to growers. Another variety, Sada Bahar, derived from CL 
8d-0-7-1-0-0-0, celebrated its 5th anniversary. 

Indonesia. Mr. P. T. Li of the ROC Agricultural Technical Mission reported the excellent,
performance of AVRDC breeding lines in the 1987 hot season trial at Blendung, Kulonprogo, lndonesia..11 
A field day attended by many local farmers highlighted the demonstration trial which was highly
publicized in the local newspapers. The best tropical lines were CL 5915-206-2-2-0 and CI 
5915-153-3-3-0, with marketable yields of 66 and 53 t/ha, respectively. Incontrast, commercial cultivar 
Peto 86 yielded only 20 t/ha in the same trial. AVRDC materials were also noted to have moderate 
to good firmness; fruit sizes were also acceptable. 

Saudi Arabia. Mr. J. Y. Lin of the Ministry of Agriculture and Water, Qassim Agricultural
Research Center, reported that all 12 AVRDC lines and hybrids introduced into the Kingdom outyielded
the check cultivar, Pearson Improved A-I. The best AVRDC materials are compared to the check,
Pearson Improved A-I, in Table 22. The best yielders, CLN 363 DCIF2-344-0-0 and FMTT 32 are 
considered suitable for cultivation in the Qassim area. 

Table 22, Performance of AVRDC genetic materials InQassim, Saudi Arabia, 1988. 
Entry Marketable yield Fruit size Cracking Firmnessz 

(tiha) (gift) 
CLN363.344.0.0 80 a 72 none MF

FMTT32 79 ab 51 none S

FMTT 23 65 a-c 82 very slight MF

CL 5915.223.2-1.0 55 cd 30 ounu MF
PT 4176 51 cd 44 none .F 
Pearson Improved (check) 23 f 114 slight S 

S - soft; MF - moderately firm; F  firm. 
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Senegal. Dr. G. van den Plas of Senegal's Institute For Agricultural Research reported the 
selection 'or advanced trials of tour AVRI)C breeding lines from preliminary observations in a hot, 
hunhid season trial in Jutie 1987. These are (T 59 15-93-I -0-L-2-0 and CL 5915-206 2-2-0-4, both 
selected for good yield and medium fruit size, and ('I.N 229-4-1-4-I -1 and CLN 236-26-3-3-15, both 
hieh vielding,anld nemat odle resistant. TIh!e lattel i:ls( reportedly produced acceptable mediuinl fruit size. 

Sri Lanka. The Department of Agricultuire at Peradeniya reported the selection of five AVPDC 
breeding lines lbr further testing based on resuIs obtain ed froin a trial at Maba Illuppaiiana. The 
selected liues had a marketable yield of 20 to 31 t/ ha. excellent resistance to BW, good to excellent 
fruit settine ability and good fruit crack resistance. In contrast, tile local check variety. T-146, itself 
a product of AVRI)C genetic resources. viclded about 201 tIha. Commercial varieties Luxor, All Star 
ard Duke. intrduced by US seed cori')anies. yielded about 6-7 t /ha. 

Vietnam. One preliminary trial was conducted on 10 AVRDC lines vs one local check 
Ihlocuton) bY the tticp Thanh Cooperative in Hocinon District, Ho Chi Minh City in the 1988 spring 
,eason so Vn 27 March. transplanted 20 April and harvested June to July. 1988). Two lines, CL 5915-93 
and CI. 5)15-223. yielded on lv as high as the local check (13 t/ha) but had better horticultural traits 
,uch as ash,,ence of fruit cracking. Their fruits were smaller, however, comlpared to that of the check 
(30-34 L,'1 for the AVRI)C lines vs 52 g per fruit for the local check). 
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Selection of Fruitworm-resistant Breeding Progeny 

Summary 

Nineteen famiies of" 13(' , derived a cross between tomato' POpuhlno. from high yielding 
bro,:ding line :tnI a fruitwori -- resistant Lvcop'r.si'on hirsutu/n Iglabratuia parent, were icreened 
for resi,,tance to tomatotsfruiorn, !'amaic ranged from 14 to 53Y in i'ruits. Eleven plants with good 
ho0rticultural chat,,atcriics and trti% ,i in resitance were selected or e ,valuationof \ield potential. 

Introductior 

lontato f'rutvorm (TI-W), l'!iothi.\ armigera Huebner (lLepidoptera: Noctuidac). infcsts toilato 
and several other economically important crops in southeast Asia. The adults lay eggs ontthe foliage 
and the larvae teed on the leaves, then move to the fruit and bore inside. In 1980, laboratory findings 
at AVRDC confirmed the TFW resistance in two Lycopersicon escudentun f glabratum accessions 
which showed resistance to other lcpidoplerous insect pests. The accession was crossed with high 
yielding breeding lines carr ing desirable horticulttral characteristics. Dtring subsequent seasons, 
line,: carrving TFW resistance were selected. In 1987-88 season BC;F.i populations fbr TFW 
resistance wet' .creencd. and plants carrying a higher level of resistance and desirable horticultural 
characteristics were selected. 

Materials and Methods 

From the screening of BCiF3 in 1986-87 season, 19 plants were selected. Seeds from the fruit 
were extracted atid 50 phnts of each selection (family) were tested for TFW resistance. 

Tomato seeds were planted in small plastic pots and one-month old seedlings were transplanted 
in the field in single rows on the top of' 1.5-in wide beds at a distance of I in between two adjacent 
plants in each row. A susceptible line wi:s transplanted in every fifth row and one plant of resistant 
parent on both -nis of' each row. 

When flowcring started, a large number of laboratory-reared TFW pupae were unifortmly released 
throughout the field. 

Occasionally each of the 50 plants of each family was observed and TFW damaged and total number 
of fruits on each plant were recorded. Data in all observations were combined and the percentage 
of f'ru its daitaged was computed. 

Results and Discussion 

Percentage of fruit damage among 19 families ranged from 14 to 53%. Fruit damage was 49% 
in the susceptible check. The resistant parent did not bear fruits until most of the test materials were 
harvested. Eleven plants were selected, based on the least percentage of fruits damaged (less than 
10%) and size of fruits (medium to large). The progeny of these plants, along with other breeding 
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lines, will be included in a prelininary yield trial. They will also he evaluated for yield and TFW 
damage in 1988-89. 

Screening of Insect Growth Regulators and
Bacillus thuringiensisfor Tomato Fruitworm Control 

Summary 

Three insect groiwth regulators, Chlorfluazuron, 1AS 166801 and WL 115110 and one BacillustlurigiensI'mornulati ii, SAN 4 15 gave excellent control of toinato fruitworn. All these fi'niulatioij,ae toxic to the pest but aire nontoxic to beneficial parasites and predators. They are thus suitable 
for an integrated control of TFW. 

Introduction 

"olmato frtiitworit IT V. tteliothisarmiigera Huebner (l-epidoptera: Noctuidae), is a polyphagous
pest that infests tomatoes in Taiwan and other parts of Southeatsl Asia. The adults lay eggs on foliageand after initial feeding on the leaves, the larvae bore into the fruit., thus naking theni unfit tor hunanc01i1SUniptiotn aind processing. At petsent. falrniers use insecticides to control this pest. Apart fronthe cost disadvanlage, frequeniluse of insecticide leads to the development of resistance inthe pest,dcstroys natural enemies which regulate pest population. and increases health hazards to I'arners and
consulniers. and environniental pollution.

Recently. insect growth reglatiors (I(;R. clietinicals which are spcciflcallv effective aigainstcaterpillar insects, hiie hen dcveloped. These chelnicals are less toxic to parasites, hence. havepotential use in integrated pest Inanviueient. The efficacy ofthurin'iensi" formulations, five IGRs along with two Bacillusalso not toxic to parasites, and one standard conventional insecticide to
control toniiato fin itworni was evaluated. 

Material and Methods 

A parcel of land was roti)tilled and, after basal fertilizer application, 1.5 itbeds were preparedaid further divided into 4.5 in x 3.3 inplots. One-nionth old tomato seedlings were transplantedon a single row on each bed at a distance of 40 cin apart. Post-planting cultural practices such astop-dressed fertilizer application, irrigation, weed and disease control were adopted to ensure high yield.Each insecticide was applied to four replicated plots arranged in a randomized complete blockdesign. A 10-liter air pressure sprayer charged to 2.7 kg/cm2 (40 PSI) was used. Spraying was doneat it volume of"0.75 liter/plot for the first f'our and 1.5 liter/plot for the remaining applications. Eachsprayer was individually calibrated with a stopwatch to ensure that the specified ;pray volume was
delivered to each plot.


The number of fruitwori-daniaged and healthy ripe fruits 
was recorded at each sampling (fruit
picking) interval. Total and miarketable yields were also recorded. All insect count and yield data
were analyzed by ANOVA followed 
 by' DM RT to compare efficacy of each chemical. 

Results and Discussion 

The effectiveness of various IGRs and B. tmuringiensis in controlling TFW is summarized in TableI.Three IGRs: chlorfluazuron. W 115110 and BAS 166801 gave excellent control of TFW.Chlorfluazuron was as effective as the standard conventional insecticide, deltarnethrin. SAN 415, astrain of B. thuringiensis, gave good control to TFW.This is significant because most B. thluringiensisstrains available are not very effective against Heliothis and Spodoptra species. Toniato fruit yieldincreased with the application of ins, cticide. Yield response due to deltamethrin and chlorfluazuronwas the best. It was found that either chlorfhlazuron or B. thutringiensis formulation SAN 415effectively control TFW. can
Both chenicals are specific to luost caterpillar pests and are safe to mostspecies of parasites, thus, suited to an integrated pest nianagenlent program. 
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Table 1. Evaluation of IGRs and B. thuringiensis for the control of tomato frultworm on tomato f 

12/17. 12121. :2/31. 88/1/7 Observation 

Insecticides Rate 
kgAI/ha 87/12/1 12/9 

Damaged fruits (%)
12/16 12/23 12/30 88/1/6 1/13 

Yield 
t/ha 

Teflubenzuron 15EC 
WI. 115110 5EC 
Chlorfluazuron 5EC 
PH 70-23 25SC 
PH70-23 25SC 
BAS 166801 50EC 
SAN4159 
ABG 6162 
Deltarnethrin 2.8EC 
Control 

0.0375 
0.050 
0.050 
0.075 
0.150 
0050 
0500 
0.500 
0050 

40.8 b 
12.4 e 
5.3 g 

19.5 de 
26.8 cd 
13.6 e 
95f 

29.0 c 
2.0 h 

49.9 a 

40.9 a 
16.6b 
8.3 b 

20.0 b 
21.1 b 
11.7 b 
9.9b 

39.0 a 
11 2 b 
38.9 a 

32.7 b 
15.9 c 
10.6 c 
17.9 c 
20.1 c 
14.0 c 
17.2c 
34.7 b 

4.3 d 
52.5 a 

26.5 b 
14.1 c 
66 d 

15.4 c 
17.3 c 
17 0 c 
15.3c 
294 b 

2, ? 
41.2 a 

28.2 bc 
12.5 d 
6.3 e 

203 cd 
17.4 d 
13.0 d 
114 d 
29.7 b 

3 1 f 
40.7 a 

30.2 b 
8.7 e 
3.3 1 

15.3 (1 
13.4 de 

7.2 e 
72e 

23.7 c 
1.7 g 

39.5 a 

18.5 b 
6.1 e 
2.3 f 

13.9 c 
10.3 d 
4.6 e 
6.9de 

18.2 1 
1.5 g 

37.7 a 

17.3 d 
41.5 cd 
54.2 ab 
30.1 d 
31.4 d 
47.3 bc 
43.8c 
23.4 d 
59.4 a 
11.1 e 

'Cultlvar TN.3 Transplanting datf 87/10/1. insecticidesapplied 87;10/29, 11/5. 11113 11/19, 11/26. 12/3. 12110. 
data for damaged fruit 87/12/1. 12/9, 12/16 12!23 12/30, 88/1/6,113 Data shown are means of four replicates Mean separation by DMRT (P = 5%) Plot size 15 m B 

:,lurirgi rsis formulations 



Tomato Pathology 

Resistance to CMV and Leaf Curl Virus 

Summary 

A total of 113 lines were screened Jr CMV resistance and five lines for leaf curl virus resistance. 
The lines, which are wild types, consisted mainly of those with reported resistance to these two viruses. 
None of the lines was tbund resistani. 

By using c-DNA hybridization, the relationship o-fTaiwan tomato leaf curl virus with the tomato 
yellow leaf curl virus (TYLCV) prevalent in the Near East was investigated. The Taiwan probes reacted 
weakly to the TYLCV probes, indicating a certain percentage of nucleic acid homology and close 
relationship betwen these two viruses. 

Introduction 

Fi\,v tomato viruses, namely TMV, PVY, CMV. tomato leafcurl virus and tomato spotted wilt 
virus are important in the tropic.. The last three considerably reduce yield. Resistance to TMV has 
already been incorporated into the AVRDC breeding lines. Resistance to PVY has been found in two 
L. hirsutitnaccessions and is being studied. However, resistance to CMV has not been found, despite
screening of a large number of wild type germplasm. Similarly, all reportedly TYLCV-resistant lines 
were found susceptible to the virus. Biotechnology is being explored elsewhere to solve the CMV 
problem and the virus causing leaf curl. Only limited screening for resistance is presently conducted 
at AVRDC. Furthermore, investigation on the relation of tomato leaf curl virus in Taiwan to tomato 
yellow leaf curl virus (TYLCV) which has severely damaged tomato in the Near East is underway. 

Materials and Methods 

CMV. For the AVRDC accessions, 40 to 50 plants per entry were screened through mechanical 
inoculation, first with the isolate CMV-Peet, followed by CMV-yellow. 

One hundred and four accessions, comprising of L. esculenturn, L. esculenturn cerasiforne, L. 
pinpinellifoliumn, L. perutvianuin, L. glandulosumn, L. peruvianum var. hunifusun.,L. hirsttu,, were
screened. These accessions were L149-159, L161-187, L191-196, L198-201, L690, L734-738, L882,
L884-900, L1034-1035, L1037-1038. L 1132, L1597, L1720-1721, L1745-1750, L1753,L1747-1750,
 
L1753, L1755, L1947-1948, L3062, L3230, L3234, L3387, L3684, L3717-3718, L4379 and
 
L4392-4393.
 

Nine Solanum pennel1ii lines with reported resistance to CMV were received from Dr. Rick 
(University of California), namely: LA 2772 SAL 7530-5 OP,LA 2772 SAL 7530-4, LA 2781 SAL 
7539-7, LA 2776 SAL 7534-5, LA 2776 SAL 7534-4. LA 2777 SAL 7535-4, LA 2385 SAL 4136, 
LA 1990 PI 255549 and LA 2387 SAL 4834. 

Leaf curl virus of tomato. The following lines were screened: two lines, VL 282 (L.
pirnpinellifolium LA 1478 83L 5280) and VL 257 (L. hirsaumn LA 386 83L 5355) with reported 

P = 
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resistance to TLCV, Soinit Ivcopetwicoides lines (Caniphell Institute for Research and Technology), 
and, three Solamun lcpersicoides lines (LA 1964, LA 1974, LA 2408). Ten to 20 plants per entry 
were screened using the double g rafting method described previously for resistance screening. 

Comparison between Taiwan tomato leaf curl virus and tomato yellow leaf curl virus 
(TYLCV) 

Dot hybridization onniitrocellulhse menmbranes Using L-DNA of the TY LCV was used to determine 
the relationship between these two viruses. Leaves and stems of L. esculenmmi and N. henthamniana 
infected with Taiwl tolllatO leal curl virus were squashed onto a nitrocellulose nienibrane. The squashes 
were challenged with labelled TYLCV c-I)NA probes*. 

Results 

CMV. All AVRI)C accessions and Sohmn iwnm'llii lines were found susceptible. 

Tomato leafcurl virus. l)r. Rick's lines with reported resistance ItoTLCV and three Solanum 
Ivcopersicoidex lines (Campbell Institute) were I'ond susceptible. 

With the TYILCV c-I)NA probes, all Taiwan 1on1ta'to leaf curl squashes reacted, although weaker 
than the honologous challenges. indicating a certain degree of homology and close relationship between 
the two viruses. Monoclonal antibodies which are presently prepared at AVRDC may provide further 
evidence of the relationship between these viruses. 

*The tests cnILtucIed by I- C/it snek. Bet [)agn.were 



Tomato Physiology 

Growth Analysis of Tomato Applied with Growth Regulator 

Summary 

CPA application at anthesis or two weeks after anthesis increased fruit yield of heat tolerant 
CL 5915-206 and FMTT 3. The pronounced effects were observed on clusters of high order position. 
CPA application increased harvest index. There was a balanced effect on the number of fruits and 
fruit size due to different timings of CPA application, CPA application at anthesis resulted in larger 
but lesser fruits without seeds, whereas CPA application at two weeks after anthesis increased the 
number of fruits but they were smaller with some seeds. 

Introduction 

High temperature reduces fruit-set as well as prevents assimilate distribution to the tomato fruit. 
-urthermnore, it usually decreases fruit size of heat-tolerant tomatoes. Possibly, high temperature disturbs 

the balance of endogenous hormones between vegetative and generative parts of tomato plants, thereby 
causing the reduced diversion of assimilates to the plant's generative parts. Earlier it was demonstrated 
that the application of para-chlorophenoxy acetic acid (CPA) increased tomato fruit-set and yield under 
high temperature conditions. The present stud)' aimed to examine the effect of CPA on dry matter 
distribution of tomatoes in relation to fruit size under high temperature conditions. 

Materials and Methods 

Seeds of (Lycopersicon escuientum Mill.) varieties, FMTT 3 (indeterminate type and heat-tolerant 
with medium large fruits) and CL 5915-206D 4-2-2-0 (indeterminate type and heat-tolerant with 
meitume fruits), were sown on 20 April 1988. Seedlings were transplanted to the field on 16 May 
1988. Plants were pruned into two stems. CPA at 100 ppm in 0.01% Tween 20 solution was applied 
to the first to eighth clusters individually when each cluster reached first anthesis or two weeks after 
anthesis. The control cluster was treated with 0.01% Tween 20 only. Six treatments (three growth 
regulator applications X two varieties) in a randomized complete block design with four replicates 
were emplo2'ed. Each replicate (plot) was 1.5 in X 12.0 in double-row-bed with an intra- and inter
row spacing of 40 and 60 cm. respectively. Four plants in each replicate were randomly sampled 
at the time of transplanting, and at 3, 6, 9, 11 and 13 weeks after transplanting. Sample plants were 
measured for height, leaf area, and fresh and dry weights of different plant parts. Days to first anthesis 
and first harvest of each cluster were also recorded. Plot sections were subjected to yield and yield 
component investigation. Harvested fruits were randomly selected to determine fruit color rating, acidity 
and soluble solids. Petioles and peduncles were also investigated for sugar and starch contents. Means 
of maximum and minimum temperatures from field planting to final harvest were 31.2 °C and 24.0°C, 
respectively. 

Results and Discussion 

At 13 week, after field planting, the number of fruits and yield of each cluster decreased as clusters 
increased, with or without CPA applications. The top most (6th,7th and 8th) clusters without CPA 
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application had negligible fruit-set and fruit yield (Figs. I and 2). CPA application at first anthesis 
or two weeks after anthesis increased fruit-set and fresh weight of each cluster. Clusters of high order
in both varieties were greatly affected. There was no significan, diffecence between CPA application
at anthesis and two weeks after anthesis in the number of fruits and fresh weight in both entries. High
temperatures prevented normal pollen and ovule development and enhanced style elongation, resulting
il the abscuce of fertiliatioll for seed foriation which would enable hormonal production for fruit
deyelopient. Therefore. CPA application at anthesis or two weeks after anthesis would make no 
difference ill inlluenci nigflower abscission because of high temperature conditions. CPA application
al anthesis tended to promote fruit-set of ,.arly flowers of the cluster, whereas CPA application at 
two weeks after anthesis induced late flowers in the samle Cluster. 
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6th 7hCPA-O 6th I ControlSO!CPA-0
 

18 CPA-14 a"11 0CA1
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Fig. 1. Effect of CPA application at anthesis (CPA-0) 
or two weeks after anthesls (CPA-14) 
on fruit number on Individual clusters of CL 5215-206 and FMTT 3. 
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Fig. 2. Effect of CPA application at anthesis (CPA-0) 
or two weeks after anthesis (CPA-14) 
on fruit yield on Individual clusters of CL 5915-206 and FMTT 3. 

CPA application at anthiesis or two weeks after anthesis increased total fresh weight (Fig. 3).
The trend was also evident in total dry weight but the extent of increment was lesser than in fresh
weight (Fig. 4) Apparently, CPA slightly increased the photosynthetic potential of tomato. CPA also
increased the harvest index (either fresh weight or dry weight). However. harvest indices on dry weight
basis (Fig. 5) were generally lower than on fresh weight basis. Fruits induced by CPA could create
the sink load for assimilates, thus increasing the diversion of dry matter to tie fruit. Fruits induced
by CPA would also preserve more water because of low surface/volune ratio in the fruit, hence 
increasing the total fresh weight. 

4 
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Fig. 3. Total fresh matter of CL 5915-206 anti Fig. 4. Total dry matter of CL 5915-206 and 
FMTT 3 with their clusters treated FMTT 3 with their clusters treated 
with CPA at anthesis (CPA-0) or two with CPA at anthesis (CPA-0) or two 
weeks after anthesis (CPA-14). weeks after anthesis (CPA-14). 
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Fig. 5. 
Harvest Index on dry matter basis of CL

0 5915-206 and FMTT3 with their clusters4 6 8 10 12 14 treated with CPA at anthesis (CPA-0) or two 
Weeks after Transplanting weeks after anthesis (CPA-14). 

CPA application reduced the total number of flowers; CPA application at anthesis reduced more 
flowers than when it was applied at two weeks after anthesis. On the contrary. CPA increased the 
number of fruits, especially when it was applied two weeks after anthesis (Table I ). Obviously, tomato 
plants without CPA application under high temperature conditions produced more flowers to compensate
for those which did not set fruits. Plants treated with CPA were able to set fruits. The difference 
in the number of fruits and fruit size between CPA application at anthesis and two weeks after anthesis 
could be due to early induced fruits. Similarly, the rapid ovary enlargement caused by CPA application 
at anthcsis could have prevented fertilization, resulting in reduced seed formation. Since the ovary
growth at the early stage is attributed to cell division, it is possible that CPA application at anthesis 
could have affected cell division and carpel development which is associated with fruit size. 

Sugar and starch contents in the pedicel increased at three to six weeks after transplanting (WAT)

bclore declining at I I WAT' in both entries. Similarly, CPA application either at anthesis or two weeks
 
after anthcsis secmcd not to change the carbohydrate concentrations in the pedicel or peduncle. It
 
is possible that CPA inlluenced the rate of translocation instead of metabolism of carbohydrate during

fruit-set and devchopment. On the contrary. CPA application at anthcsis decreased the total solids
 
content but increased the color rating of harvested fruits (Table 2). Large fruits induced by CPA
 
application at anthesis could have increased moisture accumulation and promoted ripening of fruit. 
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Table 1. Effect of CPA applied at anthesis (CPA-O) 
or two weeks after anthesis (CPA-14) on yiand yield components of CL 5915-206 and FMTT 3. 

(g'lart)Variety ((plnt)Treatmet Flow-r no Fruit yield 'plnt)Variety Tra(Plant) fruit nlO(g/plant) Fruit no Market. Fruit wt. Carpel no. ParthenocapIant ( a t) (g/fruit) (/fruit) % 
Control 122,' 418Cy 94 b

CL 5915 39 b 44b 3.9L 59aCPA-0 63 c 739 b 88 b 67 a 83 a 4.4 a 100 cCPA 14 97 b 904 a 187 a 7.9 a 48 b 4 1 b 80 b
Control 88 a 516 c 4 7 c 4.1 c 109 b 4.3 b 16 aFMTT CPA-0 45 b 977 b 6.7 b 5.9 b 146 a 49 a 99 cCPA-14 80 a 1187 a 14.2 a 10.1 a 84 c 4.2 b 63 b 

Fiower numeUlnorw s inivestigued at I A eeks after transi.dnting Mean sepration w,,i;i o .;nhi,, 5", level by DMI 

Table 2. Effect of CPA applied at anthesis (CPA-0) frior two weeks after anthesis (CPA-14) onquality of CL 5915-206 and FMTT 3, harvested on 14 July 1988.
 

Entry Treatment 
 pH Titratable Total soluble Color 
acid (%) solids(%) ratingcontrol 4.26 0,43 a'CL 5.31 a 1.06 b5915 CPA0 4,22 037 b 4.81 b 1.60 aC4A-1 4.16 44 a 5.27 a 1.30 ab 

control 4 24 0.46 ns 5 20 aFMTT 3 1.34 bCPA-0 4.17 0.43 4.87 b 1.68 a
CPA- 14 4 22 0.45 5.07 ab 1.43 ab

'Mean separation within columns by DMRT at 5% level 
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Chemistry 

Screening for Starch Digestibility of Sweet Potato 

Summary 

The traditional practice of incorporating sweet potato-based feed for hog raising generally required
cooking to improve the feeding efficiency. A screening method based on CO2 gas production by yeast
fermentation of sugars obtained from pancreatic digestion of sweet potato starches was developed.
This method proved useful to detect those easily digestible varieties from those of the resistant lines. 
AVRDC improved lines. CN 1108-13 and CN 1448-59 were found to be easily digestible by this 
method. Analysis of sweet potato samples harvested from different seasons revealed that roots produced
during wet seasons are generally lower in starch digestibility. A significant interaction between 
genotypical and seasonal effects was also observed for this property. 

Introduction 

In Asia, the tuberous roots of sweet potato, Ipomoea batatas (L.) Lain., are traditionally used 
as supplemental staple food, feed and raw material in industry. Although sweet potato is a tropical 
crop, about 80% of the world's production is confined in China. The popularity of sweet potato
cultivation in China was often associated with food crises. The crop was introduced in different parts
of China as a 'survival crop'. Sweet potato, however, has never become a popular staple food in 
China. When the crises were over, sweet potato was used for feed. The multiple uses of sweet potato
in China provided a steady demand, thus providing additional incentives for farmers to gain higher yield.

Using sweet potato for animal feed entails additional labor and fuel. It lends itself well in subsistence 
farming systems but is not as suitable for large scale commercial production. AVRDC's previous
work suggested that the low protein digestibility of sweet potato diet is mainly due to its starch property.
The result of experi,nents on flatulence also indirectly confirmed that sweet potato starch is not easily
digestibile. Rat feeding trials further revealed that there are genotypical differences in starch digestibility 
among sweet potato lines. Thus, it could be possible to breed and select for varieties with higher
digestibility (without precooking). Animal feeding experiments, however, are very expensive to conduct. 
A rapid screening technique is essential for an efficient breeding program. A modified laboratory
method based on CO2 gas production by fermentation of sugars obtained from pancreatic digestion
of starch was developed. The procedures of this method and results obtained in 1988 are summarized 
in this report. 

Materials and Method 

Swec; potato samples were harvested from yield trials and prepared into flour at the Chemistry 
laboratory. 

Sweet potato starches were extracted and purified using distilled water as medium. Routine 
analytical procedures were used for sugar, starch and other constituents. Pancreatin was purchased
from Sigma Company and its activity was monitored periodically. Pressed baking yeast was locally 
purchased.
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Results and Discussion 

digestibility of starcL. Previous 
e\perinents of in vitro digestion confirmed that tile 

Development of vitro method. Many factors max alffct tile 
toxdigestibility of sweet potato starch is mainly 

due to tile raw starches isolated fron two sweetresistance to enlv tile digestion. The digestibilitv of 
potato varieties, as measured by their coci rsoitn to sugars by pancreatic enzyme is shown in Figure 1. 
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Fig. 1. Vitro digestion of purified sweet potato starches by pancreatin. 

Since sugars arc further fermented to alcohc' two carbon dioxide, and CO2 is easier to measure 
than sugars, a modi fied laboratory procedure based on CO2 gas production by fermentation of sugars 
obtained from pancreatic digestion of starches was developed to replace sugar analysis. The reaction 
is carried out in a fcrmentation tube under 30'C for two hours. The volume of CO2 gas observed 
in the fermentation tube is used as a parameter for digestibility. The procedure used is shown in Figure 
2. A blank test without pancreatic enzyme for each sample was used to estimate the sugar content 
in the original sample. The voluMIe of CO2 gas produced from flours of two sweet potato cultivars 
under this system bx time i,.show n in Figure 3. The digestion susceptible line (CN 1232-9) produced 
much more CO, gas than the resistant check (TN New 31). A fermentation period of two hours was 
sufficient to demonstrate a distinct difference between these two lines. This result indicated that gas 
formation by yeast can be used isa simple screening technique for starch digestibility. 

The sugar released from flour of different varieties by in vitro enzymatic digestion for 10 hours 
%as compared to CO,production of the ah.wc mentioned fermentation method (Table I). Reaction 
mixtures, flour and enzyme were plated in a dialysi, tube to minimize the amount of enzymes required 
for in vitro digestion. Sugar which ispermicable to the dialysis membrane isdetermined and considered 
to be biologically available. Significant differences on amnounts of sugar released and C02 gas 
production were observed among genotypes tested. Although there were only limited numbers of 
saniples included in this expcrimient, it was observed that the highly digestible line generally has higher 
CO, gas production. Correlation analysis showed a highly significant correlation coefficient (0.72) 
between tie anton itt of sugar released and volume ofI CO2 gas produced. This result suggested that 
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Fig. 2. Procedures of starch digestibility by fermentation method. 

12 CN 1232 - 9 

1 1-

E 1 

6 l li TIN NEW 31 

C- d i T 

/ 

I 2 3 4 5 6 7 8 IShr 
30'C incubation time 

Fig. 3. In vitro digestion of sweet potato flours by fermentation method. 

Table 1. Relative starch digestibility of sweet potato by two in vitro methods. 
ySweet potato line - - Sugar released (mg/g starch) C02 gas produced (ml) 

CN 1232-9 194.8 8.7 
CN 1108-13 219.5 11.4 
CN 1448-59 160.5 10.3 
CN 1489-89 145.9 4.2 
CN 1489-43 165.5 4.7 
CN 1028-15 160.7 3.6 
CN 1038-16 102.1 3.8 
TN 57 123.6 5.6 
TN 67 151.6 4.8 
TN 31 70.9 3.4 

'14.5 ml reaction mixture consists of sweet potato flour 675 mg,pancreatin 54 mg (385 units alpha-amylase activity) phosphate 
buffer (0.002 N pH 69) placed in a dialysis tube submerged in 10 nilof phosphate buffer. Incubated under 301C for 10 
hours YValues observed based on the procedure in Fig. 2 
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the fermentaiion method developed can be used as a preliminary screening technique for digestibilityof swe,.-t potato starch. The methods are relatively simple and the only facility needed is anoven. More samples can be analyzed within a relatively short period at a minimum cost.check sample, such ts corn meal. is recommended to be included in every batch 
A 

as a standard.Lines Iund to be easily digestible by this method can be further confirmed bv animal feeding
experiments. 

Seasonal variation in digastibility of sweet potato starch. Farmers and consumersobserved that sweet potato roots harvested in the wet season generally have poor cooking ti;!i:v.and are less digestible. Studies were conducted to estimate the digestibilitv of sweet potato flour sampleharvested in spring and fall using the fermentation method described i (lie preceding section. A distinctseasonal effect on digestibility was observed in all varieties tested (Table 2). Sweet potatoes harvestedduring the wet season were flound more resistant to pancreatic enzyme digestion. The percent reductionin susceptibility due to seasonal effect varied from 18.7 7 to 75.3 9 with an average value of 48%.This result implies that feeding quality of sweet potatoes needs to be evaluated according to plantingseason. The relationship between poor starch digestibility and cooking quality of' sweet potatoesharvested in the wet season still needs further investigation. 

Table 2. Seasonal variation In starch digestibility of sweet potato.
 
Variety 
 Digestibility (ml C02/g/DW) 

Fall SpringCN 1232-9 z8.7 ± 0.1 3.2 ± 0.1CN 1489-89 4.2 ± 0.2 2.9 ± 0.2CN 1489-43 4.7 ± 0.2 3.8 + 0.1CN 1028-15 3.6 ± 0.4 1.6 ± 0.2CN 1108-13 11.4 ± 0.2 6.6 ± 0.2CN 1448-59 10.3 ± 0.8 2.5 ± 0.3Corn (check) 9.8 ± 0.2 _
 
ZMean t SD 

Two AVRDC improved lines, CN 1108-13 and CN 1448-59, were found highly susceptible topancreatic digestion. CN 1108-13, which has wide adaptability in terms of yield, :.most promising.
In the wet season, this cultivar is more digestible than other varieties tested in the dry season. 
 Thefeeding properties of these two promising lines will be evaluated through a rat feeding experiment 
next year.


The starch digestibility of four sweet potato varieties, CN 1108-13, 
 CN 1232-9. CN 1510-25and TN 66, harvested front trials of different seasons was evaluated. The growing environmentparameters, such as temperature and precipitation, differed according to planting seasons. Theaccumulated precipitation during 60 days before harvest varied from 72.5 to 878.0 mm among 13trials. However, not all four varieties were planted in every trial. The samples were 11, 7, 10 and9 for CN 1108-13, CN 1232-9. CN 1510-25 and TN 66, respectively. Regression analysis onaccumulated rainfall and starch digestibility did not show a distinct relationship in all varieties tested.However, digestibility tended to be higher in two of the varieties in assoication with less accumulated 
precipitation.

The starch digestibility of sweet potatoes harvested under accumulated rainfall at different growthstages is summarized in Table 3. The data revealed that the critical time to rainfall damage may differgenotypically. These data also suggested that other factors may affect the digestibility of starches.The nature of low digestibility of sweet potatoes is not clear. Analyses of starch isolated fromdiffcrert sweet potato cultivars suggested that it may be associated with phosphorous and ainylasecontents. More work on the properties of starch granules, as well itsstarch molecular structure, willbe needed to better understand the phenomenon and to develop better screening techniques for 
evaluation. 
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Table 3. Relationship between accumulated rainfall and sweet potato starch digestibility. 

Accumulated Digestibility (C02 gas ml)
 
precipitation (mm) CN 1108-13 CN 1232-9 CN 1510-25 TN 66
 

60 days before harvest
 
< 100 1 1.4 (1 )z 7.5(2) a - 5.6(2) a
 
200-400 7.9(5) b 1.9(3) b 2.5(5) a 5.8(5) a
 
>800 5.2(5) b 2.9(2) b 3.0(4) a 5.0(2) a
 

30 days before harvest 

< 100 11.4(1) a 7.5(2) a - 5.6(2) a
 
100-250 6.4(6) b 2.5(3) b 3.0(4) a 6.9(3) a
 
>250 6.8(4) ab 2.0(2) b 2.6(6) a 4.7(4) a
 

Between 30-60 days before harvest 

< 100 9.8(4) a 5.2(3) a 2.2(3) b 5.6(6) a 
100-250 8.6(3) a 2 1(2) a 3.0(3) a 4.2(2) a 
>250 4.8(4) b 2.9(2) a 3.1(4) a 8.3(1) a 

'Value in parenthesis indicates the number of samples for average. 

Conclu.;ions 

The utilization of sweet potato other than as a survival crop can be maximized if it would be 
considered more than just for human consumption. One alternative use is for feed. Uncooked sweet 
potatoes with easily digestible starches are most ideal for feed use. A simple method to estimate CO2 
gas production based on fermentation sugars from enzymatic digestion was found to be acceptable 
for scrLening purposes. AVRDC improved lines CN 1108-13 and CN 1448-59 were identified to possess 
good starch quality for feed use through this fermentation method. Wet season sweet potatoes were 
found more resistant to pancreatic digestion. This property, however, varied among varieties. The 
critical time when rainfall affected the starch property varied according to varieties tested. The nature 
of starch property related to its digestibility was not clear and needs further investigation. 

Application of Methionine for Mungbean Sprout Production 

Summary 

The application of DL-methionine for mungbean sprout production was studied. Methionine 
treatment was found effective in improving the quality and obtaining shorter root and bigger hypocotyl 
diameter of mungbean sprouts. Unlike physical pressure. methionine treatment also promotes the growth 
of mungbean sprouts which may shorten the growing period. Genotypical difference in responses to 
methionine trcatinnt was observed. Thus, information on sprouting properties ofmngbean varieties 
can be useful for i. ocessors. It is more practical to add methionine only in the soaking water. Since 
mungbean sprouts respond to methionine differently than to physical pressure, it is speculated that 
methionir.e may play biological functions other than serving as an ethylene precursor during the 
sprouting process. 

Introduction 

Mungbean sprouts are a traditional oriental vegetable and have recently become more popular 
in the Western world. As sprouting requires neither sunlight nor soil and is not limited by season, 
sprouts are reliable sources of vitamin C in the Chinese diet. Although sprout production involves 
a simple germination process, proper conditions are very important to obtain good quality sprouts. 
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A smooth seed coat with proper seed weight which gives a yield between 8-10 kg'kg seed is a lma jorcharacteristic of mungbearn seeds for sprout use. Rootless or short-rooted ntmigbean sprouts of 3-4mm diameter which are white and crispy are generally preferred b) consIuners. It has been reportedthat ethylene shortens root length and increases the diameter of hI'poctyl . thus ilprotving tile qualityof nunghean sprIous. The application of' physical pressure or ethvllle-relcase cheiicals, such asethephon, 2.4-1) and benzyladeninc (BlA) was found effectiive for this purpose. Sonic sprout processorshave heoln using 2,4-1) in coninercial production. Tht residue, of lhesce cheinicals in the sprouts havebecome a concern to coriSUlriers. A safe ard eaSV use of' a chelical 'which prrolites ethylenc production
during sprouling is needed.

Methiorinue, anl essential amiInIo acid, is know"n to be the rc'utlrso of' ethylene. This ailtilo acidis generally lo\ iHllegueic seed. thus lilnilngihe nutriilall ILualiIV of leunite prtelltin. NLungbe-alihas been reported to have a Cvry lo% iethiomine coitent. Black gramti. another legtic seed CoItlilltlillyused for sprout production, contains 40";: higher nitethiotine than niughcain. l.ar of, [tle intehiotiiue,in black grain is in tile fornm Of '-g1 ilat1.l- -I thirtuitii,, ssll
funtlions. The supply 

hich could be easily corivcrtel fo~r itetabolicof additional itlijonie could ef'lectively promote ethylenc release, lhusimproving the quality of rllingban ,llSouts.Chernically synlhesi/cd feed grade incthionine isa\vailable in the iarket. The Cost of feed gradeDl,-rnethionine isonly about US$4.25 por kg. It is cCttoinical to use this chenmical for sprout productionif found effective. lxperiiental result" on the eflects oIf ineihionine application for litunghean sproutproduction conducted in 19V88 are sunirnarized in this report. 

Materials and Methods 

Mungbean seeds of three varieties, VC 1890A, VC 1628 (TN Se! NO. 2) and V 2010, were used
without sorting.

The sprouting process was carried out by a home-designed sprouting machine. After air-bubblingI'Or 3-4 hr, the Machine autlomaticall' supplies water ever. 4 hr to wash the sprouts. No temtperaturecontrol device was installed on the system, thus tenmperature regulation depended entirely on the ambienittemperature in the rooni. Pre-soaking was carried out f'or 6 hr under room teiperature before placingthe seeds in the sprouting iachine. 
absorption rates. 

Weight ratio befjlre and after soaking was used to express waterA physical pressure treatmient of 5.17 g/ci' \vas applied. The thickness of seedtestae was measured tinder the nicroscope and the rican values off 10 samples were recorded. ileseeds used for each treatment weighed 40 g and the nean values of 3) sprouts were used to expressthe hypocotyl length, diameter and root length.The concenirattion of liethionine inill treatilents was 100(1 ppl. The chelliCeal] used was provided
bv TAKEI)A Lid.. Japan. 

Results and Discussion 

The effect of applying DL-methionine in soaking water was first studied. The traditional method
of providing physical pressure was 
included in the experitiental design. Since the temperature wasriot well controlled, the comparison was mtade based only on the data obtained froin the satie batch.'fable 4 shows that bean sprouts produced under additional physical pressure were generally shirterbut larger than that of the control, which is due to the release of more endogerious ethylene. Sincetile growth of the sprouts, as expressed by hypocotyl length was partially retarded by ethylene,yield of 4-day-ol etiolated bean sprouts was niot si gi leaity di f cec 
tihe 

t Ironi the check. The applicationof 10(X) ppi l) -ntetlionine in soaking water promnoted tile giowth ol sprouts in three varieties testedwith aid without physical pressure. 
ofeeHowever, the trend of' ritelhitnin tc ini hyp(cotyl diameterwas not as pronounced as the effect of physical pressure. Statistical analysis indicated that only varietyVC 1628 responded to methionine application ol tihe plunip of hypocolyl. This genotypicail dilerenceiiay be due to tie arount of Illethionine absorbCd during the soaking peri od. This explanation wasindirectly supported by the higher water absorption rate and tIii lieni seed coat (1ftliis partiular variety

(Table 5). 
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Table 4. Effect of methionine in soaking water on 4-day old etiolated mungbean sproutsZ 
I reatrletitsN 

Variety .
WO/P W/P WOiP \VO/PM W/P WlPM 

Hypocotyl length (cm)
 
V 2010 6.1 5.9 .1 5 5 50 5.9
 
VC 3890A 8 1 6.3' 6 ' 7 1 6.0 6.5'
 
VC 1628 8 1 6.4 59 64 8.1 6.5'
 

Hypocotyl diameter (min)
 
V 2010 32 3.3 3 4 3.2 34 3.3
 
VC 3890A 2.8 3 2 2 9 2.9 3.2 3.1
 
VC 1628 30 33 29 3 1 30 3.2 

Sprout yield (g/40 g seed)
 

V 2010 3292 320.8 2921 303 2 2984 317,6
 
VC 3890A 3380 320.0 301.6 3128 2760 3136
 
VC 1628 342.8 330.0 296 4 2980 340.8 320,8
 

Meothionmrire comtentr 1toniO pnl 'WO I',mWil hW, ' ,'irtW'P With i. ,,,calpreisure. WOiPM Without 

iph}%Icalpro ,'UrfrOilJ ti-ti ime,.Wl h i -, l id ,.IIIficafit by I ostt', it W,i'i l pr i, IIthiiiiIIIi 

Table 5. Seed properties of three mungbean varieties. 

1000 sc xi wt Water absorption rate Thickness of seed testawater/g seed)(gr (V. (rm) 

V 2010 54 12 95 7 ± 13 1
 
VC 3890A 60 1 2 94.4 , 16.2
 
VC 1628 62 7 1 3 82.3 + 16.4
 

It has been reported that the proper timne 1,r application of ethylene release agents for sprout 
production is 30 hr after gernination. However. a longer lag period may be needed for nethionine 
than ielhephiin hir the release I ethtlene. Ani experiment wherein methionine was added in both soaking 
and sprinkling water during the entire grimth period was conducted to study the overall effects of 
IIlthioninC ot sprout properties. The results ot-bsIerved are summarized in Ta'ble 6. The gencral trend 
of' Hlunlebheaii sedctresponse to methiorrin treatment was similar to t1e rCsult., observed in past 
c\perillicnis. wherebh methionine \\as inl],added ill the soaking \atcr. The degree of response ,f 
sotel, \arieties was enhanced this cxpeliment. a 39' livpocotyl length\\ in For instancc. increase ill 

itfVC'1028 \5&, obscr\cd. MethioninC treatlltllsllg inproved IhC sprout qua-lity of V( 1628
Sinificant l.k 
and V 389)\, in hypiicotNl length, diameter anld toot length. Ho.\wevCr, it Nigllificantly failed t,, 
improve V 2010. 'hiis suggests that even nliethionline application inithe sprinkling water '.'tunable 
to ma;e V 2(110 respond to irethionline treatmlet The effects ofll. nietlionine treatments on hypocotyl 
diameter was not as l)rontinced as tha, of physical preisurC. which could be due to the compensatory 
effect bCtween ihLulpnieS,, and grotVh Of the sprout. The best quality sprouts were produced when 
btolhn ti r lsicaIlnetli nhiO Pih pressure were applied. Iitngbean sprouts produced under this condition 
had the siii-lest rIOts arind hi ghle st lypcityIfiNain etc. However,4-day old sprout..s were fou nd shorter 
than thltf ol n,.'ethiontine treatlIent without physical pressure. Since the application of' methionine in 
sprinkling water needs additional work or device, the application of nethionine only in soaking water 
is reconnmendeed for commercial prodiction. 

Conclusions 

Ill addition to shorterning tlie roots ald increasing the hypocotyl diameter, methionine treatment 
was found effect 'veto protmote the growth of uliugbealn sprouts. This low cost and very safe-to-tse 
essential amino acid has the potential to replace physical pressure or ethylene release agents for 
cornmercial prodtCition of quality ntngbean sprouts. Varietal diffTerences in respnding to methimine 
treatment were observed. Information on sprouting properties of iimingbean varieties could be useful 
tr processors. The addition of illethionine only in tile lethininesoaking water is recomnended for 
sensitive varieties such as VC 1628. Since nruigbean sprouts responded to methionine treatment 
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differently than physical pressure, it is assumed that iethionine may play other biological functions 
apart from serving as an ethylene precursor during sprouting stage. 

Table 6. Effect of methionlnez on 4-day oid etiolated mungbean sprouts. 
Variety__Treatments 

Variety Control W/p W/M, W/PM w Mean 
Hypocotyl length (cm)
 

V 2010 3.8 ef 3.4 f 
 4.0 e 3.8 efVC 3890A 5.1 c 4.0 e 6.1 b 
3.7 

4.6 d 5.0VC 1628 4.8 cd 4.0 e 6.7 a 4.5 d 5.0Mean 4.6 2.8 5.6 4.3 

Hypocotyl diameter (mm)
 
V 2010 3.3 ed 
 3.5 abc 3.5 abc 3.6 a 3.5VC 3890A 2.8 h 3.2 efg 3.1 fg 3.4 cdVC 1628 3.0 g 3.5 bcd 

3.1 
3.2 ef 3.6 ab 3.3Mean 3.1 3.4 3.3 3.6 

Root length (cm)
 
V2010 1.9 b 1.4 c 
 1.7 bc 1.0 d 1.5VC 3890A 2.4 a 1.8 b 1.4 c 0.7 de 1.5VC 1628 2.4 a 1.7 bc 1.4 c 0.6 e 1.5Mean 2.2 1.6 1.5 0.8 

Sprout yield (g/40 g seed)
 
V 2010 258.5 
 240.7 258.1 242.0VC 3890A 253.6 256.2 292.9 262.3
VC 1628 249.6 25F.6 287.8 
 251.7 

ZMethionine concentration insoaking and sprinkling water 1000 ppm. YWith physical pressure: Xwith methionine;physical pressure and methionine. Wwith 

Application of Near Infrared Reflectance Spectroscopy 

on Composition Analysis of Vegetable Soybean 

Summary 

Near Infrared Reflectance Spectroscopy (NIRS) was used to estimate the major constituents of
vegetable soybean. This technique was found useful in determining moisture, protein and oil contents
but not accurate enough for starch and sugar content. 
A modification of determination procedures
indicated that NIRS could be used as a primary screening technique to select samples. The selected

samples, however, need to be analyzed by conventional method for confirmation. 

Introduction 

Near Infrared Reflectance Spectroscopy (NIRS) has been successfully used as a routine methodfor compositional analysis of soybean, mungbean and sweet potato at the Chemistry laboratory. Thenethod proved to be a reliable, low-cost and rapid analytical tool for screening purposes. This techniquewas thus ".ppliedfor the analysis of large amounts of other commodities within a relatively short time.Recently, vegetable soybean generated more interest from consumers due to its nutritional contentas well as its export potential. This study aimed to evaluate the reliability of NIRS in predicting thecomposition of vegetable soybean seeds to replace or supplement the presently adopted analytical
laboratory procedures. 
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Materials and Methods 

Vegetable soybean seeds were dried under 45°C for 72 hr. The dehydrated seeds were ground
with a rotor-speed mill into powder with a 200 mesh screen. The methods used for chemical analysis 
are the routine procedures used in (lie Chemistry laboratory. 

Results and Discussion 

Following the common procedures of NIRS filter selection method, one set of vegetable soybean
samples each was prepared for calibration and prediction tests. Calibration test indicated that no 
acceptable filter combination was found for any constituent when filters were less than four. The results
of the best selected filter combinations for various constituents are presented in Table 7. 
The correlation coefficients (R) observed for calibration varied from 0.9169 of sugar to 0.9681 of 
oil. The R values for moisture, protein and oil were found lower than values of grain soybean
(0.97-0.99). The low correlation coefficient of sugar and starch may be due to the complex constituent 
of soluble sugar in vegetable soybean seeds. The accuracy of the NIRS method can be expressed by
the standard error of prediction (SEP). Except for moisture, the SEP observed is higher than that 
of other commodities. The extremely high SEP of sugar suggested that NIRS is not applicable to sugar
analysis of vegetable soybean. Since sugar is an important constituent for the quality evaluation of
vegetable soybean, a modification of the analytical method either on wet chemistry or NIRS procedure 
is needed. 

Table 7. Characteristics of selected calibration curves for vegetable soybean. 

No. of sampleBest Rof Cuntent range Sample size SEP of cal. test for cal, test
Component of filters cal. curve of calibration By By By By By By 

sample record sample rec' rd sample record 
Moisture 15, 16, 18, 19 0.9337 7.25-5.33 54 70 0.3293 0.3258 32 54
Protein 6, 11, 14, 15, 16 0.9433 44.31-33.11 62 98 1.9537 1.9452 29 50Oil 4, 5, 12, 18, 20 0.9681 21.77-13.53 64 106 0.7784 0.7762 34 61
Sugar 4, 11, 12, 14, 17 0.9169 7.78-2.88 91 155 8.4485 8.4253 34 44Starch 2, 5,9, 11, 15, 18 0.8775 12.89-4.58 73 116 1.9617 1.9468 32 47Carbohydrate 6, 9, 15, 18, 19 0.8841 19.47-9.12 76 100 1.3943 1.4197 33 43 

The calibration test for total available carbohydrates, starch and sugar was tried. With different 
filters selected, an R value of 0.8841 carbohydrate in prediction test was observed. The SEP for total
available carbohydrates observed was 1.3943. It is still too high for an accurate prediction but much 
lower than that of sugar. This condition was con,:idered acceptable as a primary screening method. 

The sugar content can then be estimated by the difference between the total available carbohydrates
and starch content determined by the NIRS. The correlation coefficient between the sugar content 
of 35 samples predicted by this method and that analyzed by conventional method was found to be 
0.9372 with a SEP of0.4128. The higher R value and lower SEP indicated that this modified method 
is better than the direct prediction of sugar content by the NIRS. Since the starch and sugar contents 
determined by a modified NIKR method are still not very accurate, NIRS can only serve as a primary 
screening technique to select lines of interest. The selected samples, however, still need to be analyzed 
through the conventional method. 

http:19.47-9.12
http:12.89-4.58
http:7.78-2.88
http:21.77-13.53
http:44.31-33.11
http:7.25-5.33
http:0.97-0.99
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Effects of Climatic Factors on Sweet Potato Yield 

Summary 

A field experiment was conducted to evaluate the importance of temperature, solar radiation and 
precipitation on root yield and yield components of sweet potato, and to identify the optimum planting 
dates for Tainung 66, CN 1108-13 and CN 1345-8 sweet potato varieties. Planting was year-round, 
except in June and July, beginning on 15 January and at 10-day intervals thereafter. Results showed 
that temperature had significant effect on root size, number of roots/plant and survival rate. Solar 
radiation had a positive relationship with root size only. Precipitation showed a significant effect on 
root size and number of roots/plant. Multiple nonlinear regression analysis indicated that 81% of 
the total variation in yield was explained by variation in three climatic factors. In general, the optimum 
planting for the crop was between 16 and 26 March. This period subjected the plants to cool weather 
(in March and early April) during root formation, and to warm weather (in late April and May) during 
root enlargement. This climatic condition enhanced root formation and stimulated root enlargement. 

Introduction 

The storage-root yield of sweet potato can be significantly affected by seasonal variation in climate. 
Vigorous vine growth during the hot-wet season frequently gives low yields. On the other hand, growing 
of the crop in the cool season usually results in high yield. The best planting season in Trinidad was 
during September to March, when the early growing period was wet followed by dry and sunny weather 
before harvest. In Papua New Guinea, high root yield was obtained from plantings in May to July. 
In Queensland, the highest root yie'J occurred in May and lowest in March. 

The study aimed to evaluate the importance of three climatic factors: air temperature, solar radiation 
and precipitation on root yield and yield components of sweet potato. It also attempted to identify 
optimum planting dates for the different sweet potato varieties when grown under tropical conditions 
in Taiwan. 

Materials and Methods 

A field experiment was conducted at 120' 17'E longitude and 23°7'N latitude. The treatments 
were arranged in a randomized complete block design and replicated three times. The main plots 
included Tainung 66, a small and semierect plant with large leaf; CN i 108-13, a medium and prostrate 
plant with small leaf; and CN 1345-8, a medium, semierect plant type with medium leaf. Subplot 
treatments were year-round plantings (Table 1), except in June and July, beginning on 15 January 
1987 and at 10-day intervals thereafter. Individual plots were 3 X 3 m and consisted of three ridges 
spaced I m apart. Each ridge was planted to one row of 0.3-m long sweet potato tip cuttings, spaced 
at 0.3 m within rows. Fertilizer was broadcast at the rate of 45 kg N/ha, 26 kg P/ha and the soil 
was plowed before the ridges were formed. An additional sidedressing of 45 kg N and 75 kg K/ha 
was applied 30 days after planting (DAP). Frurrow irrigation was administered twice, at planting and 
at 21 DAP, when the soil was dry. The crop was harvested 130 DAP. 
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Air temperature, solar radiation and precipitation during the experiment are presented in Figure 1.The effects of these climatic factors and their influence on relationships with root yield and its
components, during different periods of plant growth were evaluated using simple linear, nonlinear,
and multiple nonlinear regression analyses. The 	following weather measurements were recorded: 

a) 	 Mean daily temperature (I to 60 DAP)*
 
This covered the root formation of the crop.
 

b) 	 Mean daily temperature (I to 5 1)AP)* i.e. average of daily maximum and minimum 
temperatures. 

c) Total solar radiation (61 to 120 DAP)
 
This covered the root enlargement period of the crop.
 

d) Total precipitation (I to 
 60 DAP). This covered the root enlargement period of the 
crop. 

Results and Discussion 

Effect of planting date on yield. The 	effects of planting date on marketable yield, yieldcomponents and plant survival are 	presented in Table I. Yield was significantly affected by date of 
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planting. Planting sweet potato in October and November resulted in high number of roots/plant, 
no reduction in plant survival rate. but lower yield due to small roots. When the crop was planted 
in January and early February, the number of roots/ plant was high and root size was medium. but 
survival rate was very low which also resulted in low yield. The survival rate was not affected when 
the crop was planted in April. May. August and September. but roots were very small and fle per 
plant, resulting in lo\v icki. In terms of yield. the best planting dates were in the later part of February 
and during March. Plants grown during these pcriods had higher number of large roots and high survival 
rate. 

Table 1. Yield attributes and survival rate of sweet potato when planted at different times of the 
year. 

Planting date Yield Root size Root number Survival rate
 
(t/ha) (g) (no,/plant) (0,6)
 

15 January 8.7 190.1 3.0 64,4
 
25 January 9.2 231.6 3.8 42.2
 
4 February 14.4 231 7 4.1 58.9
 
14 February 32 2 252.2 4.2 91.1
 
24 February 26.7 300.C 3.7 81.1
 
6 March 29.9 329.4 3.6 78.9
 
16 March 31.7 279.9 3.8 93.3
 
26 March 31.2 331.0 3.1 96.7
 
5 April 13.5 240.4 1.8 97.8
 
15 April 13.4 191.4 2.2 94.4
 
25 April 6.7 162.9 1.0 94.4
 
5 May 2.4 169.6 0.4 96.7
 
15 May 1 3 74.2 0.2 92.2
 
25 May 1.7 89.4 0.4 97.8
 
7 August 2.6 93 7 0.8 93.3
 
17 August 5.2 139.7 1.2 88.9
 
27 August 4.4 171.5 0.8 73.3
 
6 September 5.2 149.7 1.1 87.8
 
16 September 10.4 135.6 2.7 84.4
 
26 September 10.4 139.6 2.3 94.4
 
6 October 14.7 123.8 3.6 98.9
 
16 October 15.5 144.3 4.2 81.1
 
26 October 16.5 118,0 4.3 98.9
 
5 November 12.0 103.0 4.0 88.9
 
15 November 10.7 89.8 3.7 96.7
 
25 November 7.1 75.9 3.0 94.4
 

L.S.D. (0.05) 	 4.4 57.5 0 7 12.1 
L.S.D. (0.01) 	 5.8 75.6 1.0 15.9 

/Means of three varieties 

Relationship between climatic factors and yield components. Correlation analysis 
showed that relationships between climatic factors and yield components and survival rate were either 
quadratic or linear (Table 2). Temperature had a,signilicant relationship to root size, root number 
per plant and survival rate, whereas solar radiation had a signilicant relationship tt) root size only. 
Precipitalion was correlated with root size and root number per plant. 

Table 2. 	 Slgnificalnce of temperature, solar radiation and precipitation In relation to root size, 
root number and plant survival rate. 

Root size Root number Survival ratez 

Climatic z factor Linear Quarratic Linear Quadratic Linear Quadratic 

R2 	 R2
F R7 F r- F F r F F 
Temperature 0.0 ns 0.4 0.7 ** 0.9 ** 0.4 ** -

Solar radiation 0.4 * - - 0.0 ns 0.0 ns 0.0 ns 0.1 Is 
Precipitation 0.0 ns 0.6 * 0.2 * 0.5 - 0.1 ns 0.1 ns 

/Temperature = Mean daiiy temperature (1to 60 DAP), except forsurvival rate. which used mean daily temperature ofthe first 
5 DAP Solar radiation . Total solar ra(iation (61 to 120 DAP). Precipitation = Total precipitation (61 to 120 DAP) 
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Effect of mean daily air temperature (1 to 60 DAP) on root size. Rout size was 
significantly reduced when air temperature' is either too high or too los" (Fig. 2). LowA temperature 
reduced photosynthesis in the leaes resulting in less phlt,.hllate translocatd t) the roots. High 
temperature favored leat epaslllonIl and tip grio th but rCsulled in les h0t hs Ithate liallslocaled to 
the roots. 'hese ma be the easns111', , Wl had Slnli rots, , hen aill tILtperlCatUr ' eithl.iwetp. 
too high or too lto'. The loot, crL', llrer It a lllipelatelle 22 .9, C 

Relationship between root size and total precipitation (61 to 120 DAP). Figure 3 
slossed the1sin fillCall quadraitic relationship betcen thc to hitors. \'lien pr ecipitatilon o s Ios%. 
the rool \s as sniall. impl, tmuthat soil \s as dr\' urim, the later grokiih stage of the crop. Irrigationl
it 21 I)AP \kas inadequate to sustain root gros th, eSp.ciall,, during the dr" seasont.'[he sane relationship 
was shown earlier h, (iolliffer. Il Papua Ness (4U tea, It s as oulld that the root taslargest when 
total precipitatiot was ahout 3(1 tt duin g the( eltttite" grss ittMperIod. andLdIcrCasd linearly s ilh 
increasing precipitation. Tifis ntav beaduC t,I rnitll of larg. ,tsO cal,'sd h\ hilh precipitation 
ant increase in the vegelatt e growth of the crop alt the e\petsI" of rot0 e.tlargeiUelent. 

temperature (1-60 DAP) and root size. tion (61-120 DAP) and root size. 

Relationship between root size and total solar iadiation (61 to 120 DAP). The 
relationship hetweetn these two factors %%a, CottipliCatid. althotigh high solar radiation increased rootsize (Fig. 4). Bet ween 30 to 35 kCalI cur.i tot[ sit:c vr, rn ( o31 Efcso eprtr 
and prei pi tat ion inay ex plIaitt thIiis r espn. se. W lieni swee pitat( t was p lan ted iii March (treatment no(.
0-8), roots einarged between May and June (61 to 120 D)lien precipitation was nither too high 
nor too low and the a was warti (Fig. I ). Wlen plat i "'as Iitl ate April and May Itreatiet 
no. I1-14). 6! to 120 DAP, when precipitation ard temperature were high (Fig. I ), plants Vielded 
small roots. At late planting (treatment no. 15 20 the pe 10d for root enlargement was characterized 
by low solar radiation, los precipitation and lOW tetiperlire resulting in small roots, In general, 
the respols of' rout size to solar radiatio would have beenfai positive linear relationship had it not 
been compLtted by temp-6erature and precipitation. 

Relationship between numbetr of roots per plant and mean daily air temperature of 
the first 60 DAP. At temkperature ranges fho 1i .5"C toC to7() tnuber (frootls per platt 
correlated quadratically well (R2 = 0.93) with air temperature (Fig. 5. The highest number ofrbots 
per platt (4.0) was observed wlen the mean diily air temperature wvashi21.2rC. High temperature 
significantly reduce] the number of roots per plant. Nutmiber of roots pe plant was less than 1.0 wheti 
the temperature was higher tlan 26.7"C.ilhis iundingeon firnis those of Sak r's who obtained less 
storage roots per plant fron plants previously exposed to high temperature. The number of roots per 
plant was about 3.2 inder the lowest temperature (f 18.5'C. 
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Relationship between plant survivai rate and mean daily air temperature (I to 5 
DAP). A significant number of plants died when air temperature was low. Percentage of plant
survival increased with an increase in air temperature. The survival rate was highest when temperature 
was greater than 2 1'C (Fig. 6). 
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Fig. 5. The relationship between mean dally Fig. 6. The relationship between mean daily 
temperature (1-60 DAP) and root temperature (1-5 DAP) and plant
number. survival. 

Yield vs planting dates and climatic factors. Analysis of variance indicated a highlx
significant interaction between cultivar and planting dates. Table 3 shows the effect of planting dates 
on yield of three varieties. Tainung 66 gave the highest yield of 42.3 t/ha (planted 14 February),
whereas CN 1108-13 and CN 1345-8 yielded 33.8 and 30.9 t/ha, respectively. The higher yield of 
Tainung 66 planted on 14 February was due to higher air temperature during the first live days alter 
planting. In general, the best planting date would be between 16 and 26 March. Planrling during this 
period subjected the sweet potato plants to cool weather which enhances root itlio;rh, and warn,
weather which stimulates root enlargement. 

"o predict crop yield grown under different climatic conditions, all attempt was made to establish 
the relationship between yield and three climatic factors using niultiplc nonlinear regression analysis. 

Results showed that yield response of sweet potato to temperature. solar radiation and precipitation 
can be adequately described at 1Wsignificance level by the quadratic equation: 

40 
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2= -382.8917 + 33.3339Xi - 0.7330X 1 + 1.0177X2 - (9.4998 x 10-4 )X22 - 0.0130X 3 
1() 7X 

2 

(0.0413 x 


where:
 
Ni mIean dli temperature (I to 60 )AP), ')C
 

X total solar radiation (61 to 120 I)AP), kCal/cn2
 

N; total precipitation !61 tto 120 DAPI. min 
R" - 0.8 1 

F1: 13.41 * 

R2Since the valuc was 0.8 1, it is indicated that 81 '7 of the total variation in yield could be 
explained by variation anionil these three cliniatic faclors. The R2 value could be higher if interaction 
bct ccn [tle different climatic factors was introduced into the regression equation. The interaction 
\was, ivnorcd bcaulCs of the <rmlexity of calculation. The regression equation also showed that 
teniperalurc pla\xcd ;I ire important role than solar radiation and precipitation in reducing sweet 
ptlIt) yicld. 

Table 3. Effect of planting dates on marketable yield ot three sweet potato varieties. 

Pi~lrritirrg (lat Yield (t/ha). . .... . .. . . . .. . . . . . .. .. .. . .
 

Tainung 66 CN 1108-13 CN 1345-8
 
I1) Jrl oiry 9 5 12.3 4.3
 
25 Jilerrj, 11.3 133 3.0
 
4 fi . 18.2 12.5 12 5
rt , 

1,1 1tIrUdrv 42 3 30 5 238
 
,14 1ebrtir, 20.2 31 1 28.7
 
b Mrch 27.4 33.0 29.2
 
16 March 30.3 33.8 30.9
 
26 March 31.0 31.9 30.6
 
5 April 14.8 13.2 12.4
 
15 April 9.9 13.8 16.4
 
25 April 1.1 4.6 14.4
 
5 May 0.4 3.6 3.2
 
15 May 0.0 1.1 2.8
 - 5 May 0.0 2.9 2.2
 
' AuLust 2.1 2.8 3.0
 
17 August 2.6 4.7 8.2
 
27 AUgust 5.8 2.5 6.7
 
6 September 3.6 3.1 8.9
 
16 September 7.5 7.6 16.0
 
26 September 54 13.2 12.6
 
6 Ocober 10.3 18.2 15.6
 
16 October 15 2 14.0 17.3
 
26 Oclober 15.1 19.4 15.0
 
5 November 16.5 11.8 7.6
 
15 Noember 10.4 16.0 5.7
 
25 Novembei 8.2 9.5 3.5
 

LS D (0 05) 4.65 4.65 4.65
 
LSD (0O1) 6.14 6.14 6.14
 

Spacing for Sweet Potato 

Introduction 

Many improved sweet potato varieties have been bred lately and released by various research 
institutes, including AVRI)C. Due to growth differences, the standard planting space of 0.3 in intra
row and I .0 in inter-row may not hv suitable fOr these inproved varieties. A program initiated late 
last vear a1ied to ident ify the optimulti spacing for improved varieties grown in different seasons. 
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Materials and Methods 

A fiell expernnent wvas conducled In kill 3()()cto bc I987-27 February I988), spring (II March-9 
Juin1988). and suinier (15 Junie- 13 ( )ctober I988 . The experiient used atsplil-split-plt design. 
replicated three 'iFlelhmain plot iiicl,,Iled IN 00. a ,miall and semi-erect plant itilarge leaf, 
and ('N 108- 13. a icdiul lllnd prostllle plant t 1pCk h sinall leal. The subphol ltiellilllels ksere 
two Inter-rts spaLi'ils 0.75 and 1.1 i):the sub subplot ireatmnents. tour utra-ros, spacing-, (20. 
25. 310and 35 c1nn liidi iduall plots wcre 3i long and consisted of three ridge,, spa.ced 1.75 or 1.0 
iII apart. ldge \%a, planled IT) im of W., In long potto tip cutting-.. FertilizerL'acl oll Poaeet Isas 
hroiaIdcastCd lIhira.te of 45 k, N. 0f0 k P.(), aiid 9ff kg K,() ihai.and Iel (il as ploscd hefolr 
[ihe ridges \kere forriicd. .\n additional 45 k2 N ,11.19( k,! K )'ha sere sidedressed at 301) DAP 
I.iirosm IIIIiItioli ,dihllinil.iered [he crop \\as liar\s ed at 121) I)AP.isa \ lleuccs,,r\ 

Results and Discussion 

lt'lh. root \ 
bigg'er at palil uIbscIs bII1 nterl spacings. Under 

lop %N iarketale ehl mid \ el clleo sillaIre prseC'itlI iii [able 4 Plants grllk 
\ ide [1lie saicitld sa, d i h li aiidl it-I ro. 

Ihe intelr rIoss paiil. e1 15.7 hali obtained lroii 75 cii spacing ,,as sigiifcaiflN higher than 
Iromi 1001 ,.ii"piWllg 1.4 I hi. but the iiiiltbIC of1roots per pla;Ii ia root si/c becii IhIso 
trealntls did not dille I)iffcrCic iI.,.ildisas due t diff.erence in plant stand. Root s u and \icld 
\'Ie nto h\ 111aritra nuIIII ii oflI ts p10 plaint signiicantkalfected ,[oiss]spaii( II ile otler haiid. " 
iicased as inltrai ros spicil iiicCd 

.\itiloUgh th \ fi, ntLas crage iioh tlhe ts\o ,arietie,, as sgnil-cantly affected I\ ita-loss spacing. 

anal;\".1"isof" arliNl ld iNi iuiubCr (u; til',ts p'-' plitfl IdicatIld srtl'lii! iitCraiitin rietiess il a 	 betssii. cet 

and '~pci,-g i [ale S). .. paretit.I\ . \ i and nunilc u f rots per plaii i TN 66 \ere not aflected 
itra-tr\ . liereas those tt('N I v.Witlh 

spaciun Ir ('N I lM8, 13 ssas 3(1 cii. Ilel ld oI thi, Iritillnt \;Is due Itohigh number of roots 
per plmi. Ilatin IN 06 at 2) cii apart tCndcd to givc the highest \icld. 

+ Ihe ,paclnig, t ()t1 cha1n1cd positiely spacing. The oplilnuii 

Table 4. Top weight, marketable yield and yield components of sweet potato grown in three seasons 
at different spacings." 

PSpacnstdliid lop wi Yiel(d Root no. Root size 
(f)O,/i) (g/plant) (t/ha) (no /plart) (g) 

Inter-row (cm) 
100 3 1916 410 a 134 b 3.3 a 111.4 a 

15 50633 318 b 15.7 a 31 a 103.2 a 

Intra-row (cm) 
20 58332 293 b 144 a 2.4 b 104 3 a 

25 46666 330 ) 14 7 a 2.9 b 1107 a 

30 36888 355 b 15.5 a 39 a 103.8 a 
35 33333 479 i 13.5 a 36 a 110.4 a 

:M o.,;II" t' I,h rIT I I IIIIIIII fI IN l((IIY, lt ',dIT It 'T tIW TV IIf Y glfIlfl(IfIIl di terf(_en I !at .51" e I/vl fly DN tI 

Table 5. 	 Marketable root yield and root number of two varieties grown at different Intra-row 
spacingsz 

1lrti row Yield (t/hia) Root lull)er (no /liia t) 
(lIiT) IN 66 CN 1108 13 TN 66 CN 1108 13 

20 IG 1a 12 7 ) 2 7a 2 11 

25 154 a 1,1 1 ) 3 2 a 26 b 

30 11 5 i 19 5a 28 a 49 a 

35 	 14a 155 ab 3 1a 4A a 
" i'l" I I Jlljl 	 letter al r ot' l it imtlhl i folllowe lryD thv %dlItof. ifiaio ll~(:vldiffetret'l 5 level ty DMRT" 
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Conclusion 

,iVie'l itel i '%' ill n. lhai alpasliSc' rtia t lss,tisi wit tipl g lp "Itstli lies i tssl. ;iji.lIlegil''l)iiI , lliInswills t \%it lst 111 L'l heIsr o ksl. t 10ot iiCctIsllssIsI IIs and itotIII e ilt IIIit li e 

S lh l I I o il l , s, ; Its St tl
55 (,5 I5ic ,i .55 stlllr tir. iss ic rat hit lti hfiti lilllii l J[l\ilt, to:t.s psssIi 'e rtclatlssisstiip slls lilp ts \sstll. hisl h l5, iii t'Iled',.' til itlt siue. 

of IN Oh( i ai tndt iiric ill lissils p lt \ilCI H t sl llli,,.'c tlc.t\ h.fIectcL 1. p[islc llp. \k llleas those
if ( N I 8 1. \kclL' 'tiliL; iiilluici'nt1ic I i 

, 
l.otis5lsLc'hl iii I (its sut hilnt. t ,psacinsg i' 2(L.Ill , hiesic s tliaIt ll ('N I X . \%is it ;(i ,n . tic iscM stf TN t0b S.\a,, (ftle itI hilit,h ber it

pii t sifvtc.is theat i sl ( 'N 1 i0 HI.Xas i l totItIiiih ntlinh t of illts, [)(.I pllit 

Solarization Against Soft Rot in Chinese Cabbage 

Summary 

acici sios t h\ ' i •i ot'ca lC(t 1 i , sit + LIs'ii i ' [lit i l ,l sitri lit'l "eises il ('hillnescabbag.e l/hs,.v.s,, ys']us','i.x. Il inIc hit MinLIhisd st . Atl ieseill therC Is Io rcilble chemnicailt'liilrii 1ir the diei 'e 
ll 

rll iot a1 it le 5*lriclt\ it the cli p Is cSatssilli Ill it. \VhCs bICIs il' Itullg-I All)
Sllitt\ SteliC Otsvcu'O' itl ssit ssl;rli,eCsl lh\ ci c;i plastic• Ilih -r4to 14 dia s. solt ill iticidcrice was 

*55 H5 sl),k ;it ils] cL' ltatle,
 

Introduction
 

Soli ilt is i oilthle lost deslirtctive solil hoime diseases itt (-lilttese it.hage. (hiuniciI ciiltrtil. 
use it disctsct- ltrl il ctillisvlrs aid olli i cullinrl practices lt- beei' carried il it)icutrlui thl disease.lis stild * ii,i tedto evalle I e lleet i solari'atii t t lloil rt i iltof] Ihe growlll ill yic'l s 'iil'l.ese 
Cabbhage, 

Materials and Methods 

'lie .perilltll s aks crri.td tint tisilng a.split-plht dcsign with Iutiur replicatiiss. Alter th lild%%its ilttillied, 1.5 Ilit ; .) Ili betls wtere 'Orricd. Itslivitital plots cosii isted iti ihree ds pliiiled
witi ('ini w c' c one skiisp-bed servcd a i hrorder blank hcel pitits.tn lhe repilicalisin we.reSepaatled it 1. iwali s pai V,ise trealiiiis inclitiled 4, 0, , i0, 12 adid 14 ss' soil ,siali/;iliisnaliel t cleck. Silri]ilaatn w'as domnie h\' rtiig lie Ibds %\ilhii cleiir 0.05-tl thic lastic slicl.All llastic shittls rtsn s l aizitIlinlitctlliltcitls w ere rltiivet tli t ty*v rtiaa sp;ialti vg. ()It 2-3' heho
Atuist i9XX, 25 \iit seltiii Of 1uit ssCtlptibit c'ultiV\ir, Iolnlg Iit., aid strill t selitni
tcsishit cullitit. I1klhid 02, \wee tiatisplal iici bc;N wkiih 50)-cut Spacing btllh letC n allnd withinliows. tlcvs rlains If 418Xnln 13stiuclttrreil sit Attlst (1 tilas alter II;anisplllir . Ii avid ansy'

c'ti nislliIlidil01i. Iriill tilt' 
 \ats draisCd Iltiont.ii ii etclside of )hlt anId tlitlher sidec waits hlockedt.Totill lisccipiilliri utitliig li rI uwinig seasuist was 1sIs9istinand6 718 Ii, lpetivelb,. fir ttybridl 

,02 .ila Fotig Iits. Ih'i usLd02 .\.i isarvesled sits 7 iid 13 Septesiber wthilc' Fitig-kiliis sisarvested.201 SclilsiLib All t l'a llttids scrCe ctii.tdli as niarelablel yield, anlt ist inlfected h\ stolt rot were 
scgasleul niotitti ,ctablc'. 

Results and Discussion 

s 'sils/islli ill,iStli,ili iiclleased S il le speralit e at a dil itl l ( cmli ('T able 6). Teiper;ltre
ill dise cleal plislic 11i1tlcth Iicatissllls was 49.4"(' uil asclear tiy atd 36.2('" otil clouuudy day. hlse
check lisl .;7,4'(' sil aI clC armidia\ .1 .2-C sill cliltl\ da'.

I)Urilig a';i~ -g1ofsr, beisstai t~'hlrL"tleadl lo0 atriii , aill s iasi/aliit lnalmse (lille ,edsigliht'ariy
fIroin te clieck irl pillit Itlests weiglt iitd nso .lily rale (li hle 7). I )lle li his a 'y sairsn , coslaiiillatilil 

http:Iltiont.ii
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inevitably occurred and mortality rate caused by soft rot, poor drainage and other fctors increased 
draStica llyafter the heading stage ,dFotig-Luh. The incidence from solarization tended to be the sane 
as that for the check. There was no significant difference in mortality rate. yield and colony-l'rnted 
unit at harvest (Table 8). There ',asa significant dilTerence in plant mortality between Hybrid 62 
and F:Ong-[Lul al harvest. 

All solarization treatment , suppressed the disease in ih1e field. For early-maturing varieties, if 
usCd in this trl. natiiitl during the later stage tly be a'oided and benefits fIrokind (i 1.11,nt 

solarization ma restll. I)uration t solarization for different crops needs to he studied further.
 

Table 6. Effect of solarizatlon on soil temperature at 10 cm depth. 

Soil temperature at 2 PM ("C) 

Clear day Cloudy (lay 
Check 37 4 30,2 

Solirilatiorn 	 49 4 36 2 

Table 7. 	Plant fresh weight, and mortality of Chinese c.bbage as affected by solarizatlon periodZ 

Ire tient Plant fresh welghtI of dead plants
 

((lais "ohrlte(l) (g/plant) at 19 DATX
 
3 WAT I WA 1 (3 beds, 72 plants)
 

Check 99 b 362 c 20.5 a
 
,1 177 a 613 b 3 7 b 
6 166 a 655 ab 19 b 
8 236 t 791 a 1.9 b 

10 204 a 778 a 2.1 b 
12 233 a 684 ab 4.7 b 
14 210 a 713 ab 2.4 b 

Variety
 
1 185 a 600 a 1.1 a
 
2 193 a 713 a 9.5 a
 

(alum)lt !dib tihe Same letter"Means msithirl ollwetI are not sigrirticirtly different at 5% level by DMRT YWA I - Weeks after 
IFlrI.,iilrIFtrIg 'DA - lie, ofluitr ripliting 

Table 8. 	Plant mortality, cell units formed and yield of Chinese cabbage as affected by solarlza
tion period." 

, plants died "'. plants dtied Total plant Marketable Colony formed 
Treatientinn rvisted bed on harvested fresh weight yeld unit at CFU5 

(days sla,r! ) 1et19 D b e at harvest (t/ha) (t/lia) harvest rating(1 g soil) 

Check 22q . , 17 . 5.7. .b 5.51 xo10 . 

'1 52 b 26.6 a 20.9 ab 7.5 ab 4.49 x 104 81 

6 0,51) 26.6 a 22.6 ab 8.4 ab 1 93 x 104 35 

8 3.1 b 25.0 a 23.7 a 9.8 a 3.64 x 104 

10 2.6 b 24.5 a 23.9 a 8.4 ab 1.55 x 104 28 

12 3.1 b 23.4 a 23.7 a 8.1 ab 3.8? Y 104 69 

14 1.6 b 20.9 a 24.0 a 7.8 ab 3.41 x 104 62 

Variety 
1 0.75 a 2.1 b 26.5 a 13.0 a 
2 10.42 a 48.5 a 18.0 a 3.0 b 

Meirs withir a colunin followed are not signrficantly different at 5% YDAT = Days afterby the sarie letter level by DMRT 
iU irislanting .CFU Colony forrned unit 

66 
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Effects of Mulching and Shading Materials on Sweet Pepper 

Summary 

The study aimed to evaluate the effect of shading on the development, yield and fruit quality
of sweet pepper grown under ,unimer conditions in the southern part of Taiwan, and the effect ofmulching during dry and wet seasons. Black and silver-coated polyethylene sheets and rice straw wereused as mulching materials for sweet pepper (Capsictun annuwn L.) in winter and summer trials. 

Introduction 

Sweet pepper, Capsicun annuum L., is planted year-round in Taiwan. Sweet pepper yield isverylow in both summer and winter. The limiting factors for the summer crop are high temperature and
radiation, heavy rainfall, weed infestation and insect damage; whereas winter crops are affected bylow temperature, broadleaf weed infestation, virus and insect damage. One way to solve these problems
is through mulching and shading. This study was conducted to investigate the effects of mulching
during dry and wet seasons, and shading during the hot-wet season, on the growth and yield of sweet 
pepper.
 

Materials and Methods 

Experiments were carried out using a randomized complete block design replicated four and fivetimes for winter and summer trials, respectively. After the field was rototilled, 1.5 m x 6.0 m beds were constructed: two beds per plot for the winter trial and one bed for summer. Before transplanting,
the beds were mulched with 0.05-mm*thick PE sheet (silver-coated face outside) and 5 t/ha rice straw,for the winter and summer trials, respectively. Blue Star cultivar was used in both trials. Watering
was done when, the field was dry. Soil temperature at 10 cm depth was monitored at 8:00 am and2:00 pm for the winter trial, and at 2:00 pm for summer. Soil moisture was maintained and observed
before each irrigation for the winter crop, while the summer crop was monitored every one and threedays,after irrigation. Data on weed infestation were taken 37 days after transplanting for the winter 
crop. Fruits were harvested five and three times for winter and summer crops, respectively.

The shading experiment was carried out in a randomized complete block design replicated three
times. Each plot consisted of one bed measuring 1.5 x 6.0 m. The net or sheet was installed 13 daysafter transplanting. Plant height, fresh plant weight and number of stems were recorded. The fruits were picked, counted and weighed. Marketable and non-marketable fruits were recorded. 

Results and Discussion 

Soil temperature and moisture (before irrigation) of the mulch trial in winter is presented in Table9. Plots that were mulched maintained a higher soil temperature at night, higher soil moisture before
irrigation ', and less weed infestation compared to the check. Both rice straw and PE sheet mulchingsignificantly produced more marketable, total fruit yield and fruit size than the check (Table 11).In summer, soil temperature at 2:00 pm of the check and PE mulched plots rose to 34.5* and
37.0"C, respectively (Table 10). The high soil temperature must have retarded root growth and impairedwater and nutrient uptake and photosynthesis which consequently resulted in stunted plant growth
and mortality (especially for PE mulch treatment). Thus, soil temperature value of 37,0"C wasconsidered supra-optimal for pepper. Mulching with rice straw significantly enhanced vegetative growthand fruit yield of pepper by retarding soil moisture depletion and keeping the soil temperature in theafternoon below supra-optimal levels. Mulching with rice straw produced significantly, more marketable
yield, total fruit yield and marketable fruit size than the check and PE sheet mulch (Table 12).The result of mulching sweet pepper plants with rice straw and PE during winter and summer 
seasons is shown in Figure 7.

All shading materials gave lower air temperature (0.4 to 1.I0C)at 2:00 pm compared to the check,whereas light penetration was reduced from 26,1% to 59.7% (Table 13), Plants shaded with Murakis 
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plastic sheet (UV light filter) and green nylon net produced significantly higher marketable and total 
f'ruit yield compared to the check. All shading treatments had significantly greater pod size and larger 
fruits. Total fruit yield and total fruit size was a correlation cocl'ficient off 0.5481 * 

Table 9. Soil 	temperature and moisture of sweet pepper mulched during winter, 1987-1988. 

Soil temperature at 10 cm ("C) Soil moisture 

8 00 am Max. temp. 2 00 pin Max. temp. before 
difference difference irrigation 
with check with check (%) 

Check 168 26.0 15.59 

Rice straw mulch 17,5 f 0.7) + 2.3°C 22.3 (-3.6) -6.1 17.40 

PE sheet mulch 17.9 ( 1.1) 1-2.6'C 23.6 (-2.3) -6,8 18.08 

Table 10. Soil temperature and soil moisture of sweet pepper mulched during summer, 1988. 

Soil temperature 	 Soil moisture (%) 
at 10 cm (cm) 	 (lays after irrigation 

at 2:00 pm 1 4 7 

Check 34.5'C 24.75 20.42 18.34 

Rice straw nmulch 30.9°C 26.29 24.49 21.49 

PE sheet mulch 37.0"C 26.25 23.81 22.45 

16 E 	 Winter 
Summer 

14 

12 

IC 
...... ..
 

.-' 6 

4 

Check Rice straw PE sheet 

Fig. 7. 	 The relationship between total fruit yield and the various mulching 
materials. 



Table 11. Sweet pepper development and yield as affected by various mulching materials in winter, 1987-1988.z 
Mulching Plant height V'Aeed weightmaterial Plant fresh weight Dryat 49 DAT at 37 DAT at root weight Marketable Marketable Podharvest at harvest fruit yield size Totalfruit nq. Mkt (cm) ) Non-Mkt) fruit yield(t/ha) !gtplant) ig/plant) (t/ha) (no m i (g/pod) t/ha) 
Check 27.5 a 3.3 a 900b 3 8 b 28 b 2 8 b 62 b 6.2 c 
Rice straw 28.2 a I I b 129 a 58 a 8.8 a 3.1 a 78 a 13.4 b 
PE sheet 28.6 a 0.1 c 131 a 5.8 a 10.2 a 9.7 a 76 a 16.4 aMeans within a column followed b the same letter are rnot sipnficantly odifferent it 5K, 

level by DMRT DAT = Days after transplanting 

Table 12. Sweet pepper development and yield as affected by various mulching materials in summer, 1988. z 

Mulching Plant height Plant fresh No. of plant Marketable Marketable Marketable Totalmaterials (cm) at WAT z 
weight at harvest harvested fruit yield fruit size fruit no.4 2 fruit yield5giplant) fno.i9 m ) (t/ha) (g/fruit) (no.ir ) (t/ha)

Check 18.3 b 21.6 b 260 a 24.6 a 5.9 b 83 b 7.1 b 7.9b 
Rice straw 20.8 a 27.3 a 29K a 26.8 a 9 6 a 91 a 10.6 a !2.0 a 
PE sheet 16.8 b 19.3 c 167 b3.3- b 1.9 c 62 c 30 c 3.0 cMeans within a column lollowed ,ythe same :etter are not r,,gn:fic,rt'. dtferent at 5c level by DMRt 'WAT WWeek after transplanting 

Table 13. Sweet pepper development and yield as affected by various shading materials in summer, 1988. z 
-

Shading liant Total numberheight obrnhs Marketablefruit Marketablefruit Totalfruit Totalfruit pntain Airtemperature
material at (cm) (no./plant)40 DATZ of branches yield sizefrrigt weight size penetration emeauecsrite Ligh 

" (t/ha) (g/fruit) (t/ha) (g/fruit) (0)Check 29.7 b 8.4 a 6.0 b 
at 2:00 pm

78 c 8.2 b 64 b 100.0 34.5 
Black PE net 33.3 ab 7.2 a 9.2 ab 108 a 11.5 ab 90 a 40.3 33.4 
White nylon net 31.5 b 6.8 a 13.4 ab 91 b 15.3 ab 85 a 73.9 34.0 
Green nylon net 35.1 ab 7.3 a 14.6 a 96 ab 16.5 a 87 a 65.1 34.1 

Murakis plastic
sheet 38.7 a 6.8 a 15.4 a 95 ab 17.6 a 86 a 68.7 

Means within a column followed by the same letter are not significantly different at 5% level by DMRT. VDAT = Days after transplanting. 

00 

33.5 
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Collection and Testing of the Second Set of New Vegetables 

Summary 

A total of 595 varieties of vegetable crops were collected until December 1988. Trials of sonic 
of these crops were conducted during 1988. Results showed that seven entries of broccoli; five of 
big-fruited and six of snmall-fruited cucumbers; 10 of eggplant: eight and 12 each of lettuce for planting 
in summer, autumn and spring, respectively: and eight spinach outperformed other entries. These 
entries will be included in advanced yield trials for further confirmation and nutrition studies. 

Introduction 

This study aimed to gather more information on tropical vegetables for AVRDC and its cooperators' 
nutrition garden project and bilateral programs. The second set of new vegetables was selected in 
1986. Commercially available cultivars of these 15 crops were collected to evaluate their yields,
horticultural characteristics and nutrient contents under tropical environments. About 29 new varieties 
of these crops were collected in 1988, bringing the iotal collection to 595 varieties (Table 1). Observation 
trials of broccoli, cucumber, eggplant, lettuce and spinach were conducted during 1988. 

Table 1. Collection of new vegetable crops. 
Vegetables Scientific name No. of varieties received 

Broccoli Brassica oleracea var. italica 48 
Carrot Daucus sativa 83 
Cucumber Cucumis sativus 84 
Eggplant
Hyacinth bean 

Solanum melongena
Dolichos lablas 

34 
4 

Kangkong 
Leaf amaranth 
Leaf lettuce 

Ipomoea aquatica 
Amaranthus spp. 
Lactuca sativa 

24 
12 

109 
Malabar spinach Basella alba and rubra 11 
Nonheading Brassica 

Chinese kale 
Paitsai 

Brassica oleracea var. acephala 
Brassica campestris var. chinens.s 

18 
20 

Rape green 
Onion 
Spinach 
Yardlong bean 

Brassica napus
Alliurn cepa 
Spinacia oleracea 
Vigna unguiculata var. sesquipedalis 

14 
62 
56 

Total 595 

Materials and Methods 

A randomized complete block design with replications was used in all trials. A total of 37 broccoli, 
84 cucumber, 34 eggplant, 92 lettuce and 51 spinach varieties were evaluated. 



272 AVRDC Progress Report 1988 

Results and Discussion 

Hroccoli. Among 37 entries, 27 yielded similarly, varying Irom 7.0 to 10.7 t/ha. However.
there were significant differences in growth duration, fron 46 to 61 days among entries. The top
seven yielders are shown in Table 2. Except for BR#5, entries attained early maturity. 

Cucumber. There were 24 big-fruited and 60 small-fruited cucumbers tested in spring and 
summer. Ingeneral, the spring trial had much higher yield than that of sumnmer ('able 3)due to severe
infection of downy mildew (PseudoPeronr)ora ctb'nsis) in summer. In both types of cucumber,entries which performed well in spring also had higher yields in summer, except for a few entries
which yielded high in spring but not in summer. This might have been related to their resistance to
downy mildew, as well. Fruit maturity after the proper harvesting stage inversely affectcd the qualityand yield of cucumber. Th2," bigger the fruits, the poorer the quality they had, particularly the small
fruited cucumber. It was difficult to harvest fruits of so many different entries all at the proper stagesbecause there was 220 indication onl the right size for narvest. Hence, an evaluation of the standard
size (in weight) for the first grade fruits for each entry was made for small-fruited cucumber. Fruitweight was defined as the veragc weight for the biggest fruits without any empty space inside. Results
showed that although the average fruit weight was higher than the standard in each entry and yield
of entries might have hc,,n ovc rest diated. the relative performance among entries was not affected. 

Tablu 2. Observation trial for broccoli, z 
19 8 8 .
 

Acc. no. :ntry Days to Plant Mean head
______o. ________maturity Yield 
wt. (kg) wt. (g) (t/ha) 

2 Comet Fl 364 46 1.22 367 9.413 No. 443 47 1.26 463 10.614 No. 441 46 1.16 400 10.7
26 SG 1 (Fl) 46 1.23 
 419 10.432 BR # 13 46 1.07 446 10.733 BR # 5 61 1.05 483 9.635 Hybrid Packman 46 1.18 418 9.3 

Mean of yields and C.V. of 37 entries: 7.4 j 2.2
 
ISown 1 March 1988 Trarnsplanted 29 March 1988. Harvested June 1988.
 

Table 3. Observation trials for cucumber, 1988. 

Entry Yield (t/ha) Fruit no.r 2 
Ave. fruitwt. (g)


Spring z Simmery Spring 
 Summer Spring Summer Standard x 

Big-frulted
 
Bumper 94 70.4 83.3 22 22 323 
 377 -Jazzer EZ (Fl) 86.0 43.8 21 13 414 338 -Million Green 61.0 64.7 13 13 468 491 -Luih Feng 70.7 46.9 14 10 506 448 -Jway Cheng F9.3 40.6 13 9 520 456 -

Mean of yields and C., of 24 entries: Trial 1: 46.0 ± 18.2
 
Trial 2: 26.4 ± 22.1
 

Small-fruited
 
No. 4842 82.8 43.5 86 64 96.5 
 67.7 33.0249 Hybrid 78.2 42.8 82 65 96.5 65.5 60.9251 Hybrid 73.8 46.9 76 65 97.2 72.9 53.0Fountain 73.8 37.4 74 57 97.9 67.7 67.7Spring Swallow 69.6 41.1 76 54 89.8 78.0 68.9Pao-Luh 61.4 45.4 62 59 97.5 76.6 55.3 

Mean of yields and C.V. of 60 entries: Spring: 42.8 + 17.6 
Summer: 18.9 ± 13.8 

ZPlanted 11 March 19 , . YPlanted 21 July 1988. XStandard size for the first grade fruits. 
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Eggplant. Ten entries outyielded other entries during planting in spring (Table 4). There was 
no significant difference indays to maturity among these high-yielding entries. Their growth duration 
fell in the middle group, and significantly differed from either the late (101 days) or early (79 days) 
maturing entries. Their fruit siz. and shape were diverse, having significantly different fruit lengths 
and widths (Tiblc 4). 

Lettuce. There were 92 entries (49 leaf, 25 crisp head, 10 Cos and 8 butter head types) 
evaluated in summer and autum 1987, and spring 1988. Low yields in summer indicated the lack 
of heat tolerance of the entries. There were strong interactions between entries and environment. The 
high yielding entries performed di fferently in different planting seasons (Tables 5-7). Among entries, 
Cos lettuce performed better in spring, and crisp head lettuce in summer and autumi. Two crisp head 
entries, 1impo andlMarth:i. perlformed particularly vell in summner. 

Table 4. Observation trial for eggplant, 1988. z 

Acc. Days to Days to Plant Mean fruit Fruit Fruit Yield 
no Entry flowering maturity wt. (kg) weight (g) length (cm) width (cm) (t/ha) 

3 No. 29 IF1) 69 90 6.45 392 12.3 12.8 77.4 
7 Dona F1 68 91 6.81 322 13.8 10.2 81.7 

10 Ingtrat 68 89 6.93 378 11.9 12.5 83.1 
14 Agora 68 90 7.62 344 15.3 9.1 91.4 
18 Bonesa F1 65 90 6.39 341 16.2 9.1 76.7 
20 Murt-na F1 68 89 6.89 336 17.1 8.5 79.6 
23 5223-2 68 90 6.90 448 14.6 9.8 79.2 
25 F-IOO 65 90 7.62 307 14.3 10.6 91.4 
26 Hybrid Nite King 65 88 7.19 417 15.4 9.5 86.3 
30 Galine Hybrido.Fl 65 88 7.20 366 22.8 7.6 86.4 

Mean of yields and C.V. of 34 entries 61.0 ± 2n.7 
'Sown 1 March 1988 Transplanted 8 April 19188 Harvested 7 June - 4 August 1988. 

Table 5. Observation trial for lettuce, summer 1987.z 

Acc. no. 
Acc. n(t/ha) 

Entry Yield Days to 
maturity 

Mean head 
wt. (g) 

Leaf no. 
/plant 

TypeY 

34 Martha 20.9 40 161 22.0 CH 
35 Emilia 10.0 34 85 31.4 CO 
39 Olmpo 25.7 44 211 23.4 CH 
46 Martha 15 1 41 123 20.4 CH 
48 Seine Ner 10.9 34 91 24.6 CO 
67 Bounty M 10.5 39 75 17.1 CH 
71 Narrornar 13.6 44 129 21.7 CH 
73 O.GO.86 10.8 39 102 17.5 CH 

Mean yield and CV. of 84 entries 5.3 + 4.0 
ISown 10 June 1987 Transplanted 14 July 1987. Ha, vested 10-25 August 1987. YType: CO: Cos; CH: Crisp Head. 

zTable 6. Observation trial for lettuce, autumn 1 98 7 . 
Acc. no. Entry Yield (t/ha) Days to maturity Mean head wt. (g) Leaf no./plant Typey 

I Celtuce 51.7 74 398 40.0 L
 
5 Local Improve No 3 54.3 74 418 35.4 L
 

15 Sunny Lake 50.7 71 380 23.1 CH
 
19 Sunny Lake 50.7 74 507 25.3 CH
 
46 Martha 53 3 67 421 25.2 CH
 
73 0.G.0. 86 49.3 71 370 24.1 CH 
74 BH 86 58.0 74 435 25.6 CH 
76 Summergold 52.3 71 383 23.6 CH 
82 Sunny Lake 59.0 71 443 25.6 CH 
86 Georgia 58.7 71 451 24.0 CH 
94 Alper 55.3 74 479 26.7 CH 
95 Mark Ace 55.7 74 409 27.2 CH 

Mean yield and C V. of 92 entries 28.9 ± 14.5 
/Sown 5 October 1987 Transplanted 30 October 1987. Harvested 18 December 1987 - 12 January 1988. YType: 
L leat. CH Crisp Head 
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Spinach. Eight entries outyielded the other 43 in spring 1988 (Table 8). There were significant
differences in growth duration, leaf number per plant, average leaf length, and average leaf width 
among entries. However, only the average leaf length had a significant correlation with yield
(r = 654**). 

Table 7. Observation trial for lettuce, spring 1988.z
 
Acc. Entry 
 Days to Leaf Plant Yield Typey
no. maturity no/plant wt. (g) (t/ha)


33 Catalogna 63 28 4 
 202 30.3 L37 White Boston 36 31.5 241 33.7 CO41 Gallega INTA 36 32.0 257 38.5 CO
48 Seine Nero 36 32.1 206 30.8 CO50 Corsica 36 32.8 221 32.8 CO52 Grand Rapids 36 25.9 204 30.7 L
55 Corsaro RS 36 44.7 274 40 7 CO64 Brasil 221 36 34 4 221 33.2 CO66 PSX 50182 36 34.8 253 38.0 CO81 Great Wall 39 27.9 660 32.0 CH84 Lattuga Reine Dete 36 32.4 210 30.3 CO85 Lattuga Toria SV. 36 27.2 202 30.3 BH 

Mean yield an(' C.V. of 90 entries 23,8 ± 5.6
 
ZPlanted 28 March 1988 Harvested 29 April .
 29 May 1988 Type: L Leaf, CO: Cos: CH Crisp head: BH Butter head. 

Table 8. Observation trial for spinach, 1988.z 
Ace. no. Entry Days to Leaf no.maturity /plant Plant Yieldwt. (g) (t/ha) 

4 Andros 47 21 132 16.3
9 Orient 41 33 17.0
113 


17 Early hybrid #7 47 
 20 113 17.0

24 XPH 1444 (Fl) 
 41 22 
 133 20.0

25 XPH 1511 (Fl) 
 41 
 25 118 17.7

36 OE 3288 (Mirage Fl) 41 27 
 113 17.0

37 Kir Kasprik 41 37 15.5
116 

43 Movera RS 47 28 112 15.7
 

Mean of yields and C.V. of 51 entries: 11.7 ± 3.4
 
ZSown 9 February 1988 Transplanted 1 March 1988. Harvested 10-16 April 
 1988. 

Garden Program 

Summary 

The garden research has focused on gathering information on individual crops and possible
interactions between crops since 1987. The charactvristics which might be used in the garden design
for 146 varieties of 49 vegetables have been recorded front school and home gardens and stored inthe Tropical Vegetable Data File (TVDF). The noncircUlating hydroponic system was adopted for
the urban home garden, and 57 varieties of 29 vegetables were tested; most oflthel were thund suitable
for this system. A pesticide-free garden and an aquatic garden were initiated in 1988. 

Introduction 

Initiated in 198 1,the AVRDC garden program aimed to increase the nutrition intake and income
of people in the tropics through vegetable production and consumption. Findings in the first phase
of this program demonstrated that a 4 x 4 m2 garden can supplement a significant percentage of the
nutrition needs of a family of five on a year-round basis. The second phase, started in 1987, focused 
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on the methodology of garden designing and garden management. Since information on vegetable 
production in the tropics is often lacking and not easily accessible, a data base was developed using 
the data from these studies. In the meantime, the key characteristics of vegetables needed for garden 
planning in ttne tropics were identified through evaluation of the garden's productivity (weight of edible 
part, vitamin or mineral). 

A pesticide-free garden was initiated to evaluate vegetable growing under thesL conditions, and 
in areas where hih precipitation prevails, an aquatic garden was also established in 1988. 

Materials and Methods 

Home and school gardens. Four home gardens, each with 18 1.2 x 0.7 in plots and a 
school garden of 48 1.2 x 1.5 in plots were planted with different vegetables. The gardens were 
mainly used for dalta co)lection for individual crops and possible interaction between crops (i.e. effects 
of inter- and sequential cropping). l)ifferent vegetable varieties collected locally were grown in such 
a way that each variety can be planted indifferent seasons. Each plot in the gardens had a code number. 
The data collected were all ke\Cd into the Corn PLiter, analvzed and then stored in a data base. 

Pesticide-free garden. A 6 in x 4.5 in garden was set up to evaluate the productivity of 
vegetables IInder pesticide-free conditions. 

Aquatic garden. A 3 in x 3.5 in pond with 50-cm dJeep water was established to evaluate 
the growing of atlualic vegetables under this system. 

Urban home garden. The noncirculating hydroponic system was adopted for the urban home 
garden. Observations focused on the suitability of different vegetables under this system. Some 
modifications on the hydroponic system established in 1987 were made during the year. For leafy 
vegetables, small plastic seedling pots were used to support the medium and plants (Fig. 1). The original 
design of tihe plastic basket was mainly for root crops (e.g. sweet potato, potato, carrot and radish). 

Results and Discussion 

Home and school gardens. l)ata oin the characteristics of 146 varieties of 49 vegetables 
were collectcd. The coefficient of variation for each character ofra variety and acrop was also calculated 
to estimate the possible variation among or within crops. With this information, yield can be estimated 
for a chosen group of' vegetables in a garden of a certain size. These data were utiized to determine 
relationships between yield of a pi:,'ticular variety or a crop and climatic conditions. Data on yield 
were also used to calculate the production of nutrients by diflerent vegetables using data on their nutrient 
contents (data shown in 1987 Annual Report). The data can also be used for selecting vegetables or 
varieties with specific nutrient requirements suited for a garden. 

Pesticide-free garden. Amaranth, eggplant, jute. kangkong, lettuce, okra, perilla and 
vegetable soybean were tested in 1988. Results showed that there was no significant pest damage in 
any crop. Mites were the main pests found. Crop yields were comparable to those under protected 
conditions. However, these results need to be confirned further. 

Aquatic garden. Kangkong, taro. water caltrops and water chestnut were tested in the aquatic 
garden in July. Thesfc vegetables have relatively long growth duration and were still growing when 
this report was written. Hence, no final yield data were gathered yet. 

Urban home garden. A total of 57 varieties of 29 vegetables were tested. This noncirculating 
hydroponic growing unit could save a lot of time for the daily production management of most leafy 
vegetables tested. Labor was needed only during sowing and harvesting. The nutrient solution in the 
container was sufficient for the entire growth period for most leafy vegetables tested; hence, no watering 
was needed. The growing units were covered by a screen net fromn sowing till harvesting. Therefore, 
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there was hardly any insect problem and no pesticide was applied. Several root and fruit vegetables
(e.g. radish, potato and tonato) were also found suited to this system. However, there was a need 
to add the nutrient solution every day during the late growth stage of the crops when the level of 
nutrient solution dropped to 15 cm from the top of the box. 

Leafy Vegelable 

Mediumii ([sTloked rice hulls} 

Net 

-Leafy Vegetable 

Polystyrene 
Cover 

Plastic Pat 

25ci -Solulion Level 

_N 

,,.. 

-Polysl yrene 

Container 

34 x54 ctn 

Fig. 1. Section of non-circulating hydroponic growing unit. 

Development of Vegetable Grouping Methods for the Tropics 

Summary 

Vegetable grouping methodologies, based on their attributes for tropical areas, were studied. A 
rating method based on temperature range for heat tolerance levels of vegetable varieties tested in 
the Garden Program was evaluated. Results showed that this kind of classification should include details 
on variety level due to substantial varietal differences. A dry and hot environment would help build 
up a complete vegetable data base for the tropics. 

Introduction 

To compile information from the Garden Program for ready application in choosing asite-specific 
crop, vegetable grouping techniques based on their attributes for tropical areas were studied. Although
the data were collected from small garden plots without traditional experimental designs, annual yield 
data still provided an insight on the relationship between vegetable performance and environment. 
A significant correlation between yield and mean daily air temperatures during growth period for 
several vegetables was established (Fig. 2). 
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Materials and Methods 

The mean dilv air temperatures ol 30, 45 and 60 day periods from the 15th of each month were 
calculated. Those months with similar temperature ranges were grouped as one planting season. The 
average yield of each vegetable was compared with the other varieties planted in the cool, warmn and 
hot seasons. Vegetahles were grouped according to planting season when they attained the highest 
yield. Their heat tolerance levels, using a 1-4 rating, were decided based on the ratios (>75%. 75-50%, 
50-25'X and < 25 rl ) of' their performances in hot season to their highest yield, respectively. 

Results and Discussion 

In mean temperatures of assumed vegetable growing durations, 30, 45 and 60 days from the 15th 
of each month in a year, there were distinct temperature ranges without great variation (Fig. 3 and 4). 
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Fig. 3. Mean air temperature and variation Fig. 4. Mean air temperature and variation of 30, 
of 30, 45 and 60-day periods In 45 and 60-day periods Indifferent months 
different months. In three seasons. 
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Three planting seasons were identified, namely cool (January, February, November and December), 
warm (March, April, September and October) and hot (May, June. July and August) with mean 
temperatures of 19,' 24, and 28 *C--respectively. ...... 

Yields in kg/n 2 and also in g/m 2/day were compared, because growth duration was affected 
by temperature. Furthermore, the latter was useful for garden designing. Amaranth. chingchiang paitsai,
kale, lettuce, mustard and paitsai were tested and classified by this method (Table 9). However, the 
classification should be detailed and specify the variety due to substantial varietal differences. It appeared
that grouping of planting seasons for data from the Gurden Program improved through this method. 

Results indicated that crop yields were also affected by rainfall (Fig. 5). Thus, resistance to rain 
damage provided another criterion for vegetable classification. However, this might have also 
confounded the effect of temperature on vegetable performances during the hot season because more 
rain occurred mainly in this season (Fig. 6). Thus adry and hot environment should be helpful in 
building up a complete vegetable data base for the tropics. 

Table 9. Yields of some vegetables In three seasons. 

Vegetable Season Group HT 
Cool Warm Hot rating 

Yield (kglm2) 

Amaranth 
Chingchiang paitsai 
Kale 
Lettuce 
Mustard 
Paitsai 

-
5.62 (100) 
1.61 (100) 
2.76 (91) 
2.46 (100) 
2,82 (100) 

1.71 (82)z 

2.71 (48) 
1.23 (76) 
3.04 (100) 
1.16 (47) 
1.78 (63) 

2.08 (100) 
1.26 (22) 
0.62 (39) 
0.92 (30) 
1.04 (42) 
0.64 (23) 

H 
C 
C 
W 
C 
C 

1 
4 
3 
3 
3 
4 

Yield (glm21day) 
Amaranth 41,9 (83) 50.7 (100) H 1 
Chingchiang paitsai 
Kale 
Lettuce 
Mustard 
Paitsai 

135.0 (100) 
32.7 (100) 
56.9 (77) 
60.4 (100) 
74.3 (100) 

92.7 (69) 
31.5 (96) 
73.9 (100) 
36.7 (61) 
59.2 (80) 

36.5 (27) 
11.9 (36) 
26.5 (36) 
25.5 (42) 
19.1 (26) 

C 
C 
W 
C 
C 

3 
3 
3 
3 
3 

/Figures in the parenthesis are ratios (%)of the highest yield ineach vegetable. 

Yield of Intercropped Sweet Potato and Soybean 

with Different Spatial Arrangements 

Summary 

This study was the second of aseries of trials which examined the effects ofgenotype and spatial 
arrangements of sweet potato and soybean on growth intercropping system. Soybean varieties. AGS 
66 and AGS 129, and sweet potato entries, TN 66 and TN 67, were studied inautumn, Results showed 
that effects ofagronomic management on sweet potato and soybean yields under intercropping inautumn 
differed from those insummer. Sweet potato TN 66 and TN 67 had similar performance and soybean
AGS 129 was more suitable than AGS 66 for intercropping. The number of soybean rows per bed 
did not affect the yield of either sweet potato or soybean. Sweet potato seemed dominant; however, 
it was also affected by the growth of soybean. Thus. it appeared that the potential for improving the 
total productivity of this combination in autumn is not great. Nevertheless, the vigorous growing type 
of soybean could be more suitable for intercropping in autumn. 

Introduction 

When intercropped, crops often compete with each other for growth resources such as light,
nutrients and water. This competition can be minimized through cultural practices management, such as 
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choice oftgenlolypes, planit lp pulations and spatial arlangenris. alnd relative plantinrg tllllc.The second 
14fatseries )ftrials, tile stud. examined the effects oI agr(mnoinic management onl growth competition 
betv, enlsw~ed potat.i,) planted inland soyhcanl under iniercropping systern. Trhis trial was atllunin and 
com1pared withl one planted in summer to)look into (lie relationships of environinental condition and 
iigro)nomic management on this intercrop. 

Materials and Methods
 

There were eight intercrol+ling tneattments (a 2' lfactorial expeiinient with two) replications), 
including, two so)han genotypc,, (hrtoad leaflet and carly-imituring AGS 66 and narrow, leaflet and 
late-niaturuin A(;S 129,). two, Sw.eet po~tato genotypes (senlierect type TN 66 and spreading type TN 
67). '"Arotspacings (50 x I10cin with tree plant/hill, a.l I(W x 10 cmn with two) ilants/hill f'(r soybean) 
were cniph(yed. Four sole treatments w,'ere repeated twice in each replication. The phl size was 4 
I,, x 6 m,.Trhe spacing Ior swaeet [polatw was 100( x 25 cnm. Bo{th Sweet potaho and ",t,)ylie;.nw,,ere 
planted on 21 August. So)yhean AGS 603 and A(;S 129, and sweet pot)ato) were h'arvested oil 13 and24 November 1987 and IFebruary 1988. respectively. Soybean yield and itsc-:pO-l--S, anTd fresh
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weights of sweet potato parts when soy bean %%as harv ested and " hen sweet Potato attained maturity 
%ere recorded. 

Results and Discussion 

If-.ti'l s u n f1"I'oal! roillIIc ImianaigI. I leI on ,%el potato and So\ bean e, S der"iflter-roppine diff+ered 
In t, t planting ,,casons, Ihere ' as less rainfall and t..iiilcraturC ,,as lo..ci, arti.cularl\ a (lhe later 
s ltc'o" this trial than in suinnier (i . 71. So, bean culhi"ar AGS I-2 had t SiVni icani s hihiCr yield
than A( 5 60 in both cropping sCIiis (Tahle 1 as s,,;asisialk obsCi.ed iII olther trials. Anionu 
tropping svstenis, AGS 60. when intercropped \%ith a ssscot ptato .'tlie ar had 43; Ojeld as in sole 
cropping, while AtlS 12t) had 48<7X+.ind44' \iCld \%hen planted toliehr with TN 66 and "'N67. 
iespectik ely. 'hese proportions were much lower than those in stiiiiiiter indicatiig that soybean yields 
wsere significantly affected by intercropping with sweet potato in autunin. 

Sli harvested 

50I 
 +S,l hia rvested 
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1wdr

MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB1987 1988 

Fig. 7. Changes In maximum and minimum daily air temperature (OC) and daily rainfall (mm) during sweet potato/soybean Intercropping. 

Table 10. Yield (t/ha) and land equivalent ratio (LER) of sweet potato and soybean (mean of two 
spacings) under intercropplng system. 

Sweet Cropping AGS 66 AGS 129 
Potato Sweet Potato Soybean Sweet Potato Soybean
 
IN 66 Sole cropping 28.4 
 2.0 28.4 2.3 

Intercrepping 21,7 0 9 19.4 1.1 
I/S 0.76 0.4 0.68 05 

LER 1 2 1.2
 
IN 67 Sole cropping 33 3 
 2.0 33.3 2.3 

Intercropping 23.5 0.9 22.7 1.0 
I/S 0.7 0.4 0.68 0.5 

LER 1.1 1.1 

http:obsCi.ed
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Sweet potato yield was much higher in autunt than in summner, and was significantlI less affected 
b\) intercropping with soybean (TableI. and Fig. 8). TN 67 had a significantly higher xield than 
TN 66 insole croppini but both entries pcrornied simIarly in intercropping arid had about 70( vield 
itsinsole cropping.uhl aarhitl,c in tLr r p m , di a d h l ndE l+ui\'a lent Ratio ( l LR t h 2-I'Ihle Nieldl ad\ MII! I Iituteeri pp1InL' indicated 	 to(AR .%%on, 1i, 9;'. LId H 1ialn R . as()I\1-11' 
in) dilterCit CotmibitnallOnii duL to th1 dratllic iCdIIctiliun in soyhean yield. Results shomed that 
interCruipping had higihier percemlac o light intercCpted during the earl growth stage up to 30 days
alter planlin (i ."h light inlerception ol iterCnopped Se .elptat wa abotl Ii()L' lo' er than 
s\eet potlato plalted solel %%hell so,'blean wka,,alar~estd. 

()nl\ the pod ntunber per plant aion so\e bealn yield c,.tIIprit'lits was sieniicmith reduced \,lieu 
soybean was intCCrroppCd ith se,Cetptlato Cl'ahh.e II). In flcl, seed lnmbeln per pod and seed size 
of .,AGS increasCed to tile re121) iII intecropping dLeIC S\'r reduction inI pod numuiber. It appeared that 
pod SItlig of' 'O bCali coincidCd itli acti\e growth of sweet ptto, aLd the latter %a\is morethe 

dominant.
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2 30 	 TN66+ AGS 129 o.-o o--- ,30 TN671 AGS 129 o--- o---o / 

I" 	 //+
 
20 	 20 

10 ,10 	 /A
 
~o o 	 __ _
 

0f0 
0 30 60 90 120 IS., i80 U 30 60 90 120 150 180 

Do)s after Plunm 9 Days uter plutling
Fig. 8. 	Growth of storage roots of .weet potatoes In sole cropping and Intercropped with soy

bean, AGS 66 and AGS 129, In summer (SU) and autumn (AU), 1988. 

Table 11. 	Agronomic characters of soybean (mean of two spacings) In sole cropping and inter
cropping with sweet potato. z 

Variety Croppng Plant lit Node rio Pod no Seed noat Plant,, 	 tO0-seed 
flowering (cri /plant ro /nm /plant /pod Wt l()


AGS 66 Sole 27.8 120 22 3 49.9 a 1 78 
 115
Inter 294 12 1 20.6 273 b , 77 109 
I/S ( 1058 1008 924 54,7 994 948 

AGS 1:19 Sole 300 159 a 210 40.3 t 188 1 150 b
Inter 290 	 20613 0 1 160 b 2,18 a 16.5 a 
I/S ( 96 7 81 8 98.1 39 7 1160 1100 

'M is w iiffi 'ril 'gnifuticntly dnifferer aIt 5,tleveldit ulilers. are 

'oybean fended to yield higher hen ro-iin in two rows than 	 in one row per bed ('Table 12).
IntereCropping different sweet potato varieties had rio signilcant effect on yield and yield compotnents 
Ol soybean (Tlable 13. 

The growth of ,%etC pltati was alfected when it was intcrcropped with soyhean, picularly
during the early stage Iahle 14). Iow cver. this was not as pronumnced isif] sutnier. and ilIade 
lipI to somlic if) weighl Isw CllC\eItII totlal is storage root yield after soybean harvest. 'he storage
roo0t w'1s the Il10it alectCd parIt aid the leaf was the lcast 'Ilie growth ctlrx. of the storage loots showed 
lita IN 66 was :anca-I. mliatlrilig cultivar is:,how,inif)the previous trial. However. it had a similar 

e;end iothat of 'IN 67 in utnercropping. indicating lhal growth of its storage roofts was liaster during 
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9. Light Interception of solo soybean, sweet potato and sweet potato/soybean Inter
cropping In summer and autumn. 

Table 12. Effect of number of rows per bed on soybean yield and agronomic character In soybeansweet potato 	Intercropping.z 

No of Yield Plant ht. Node no. Plant no. Pod no. Seed no, tOO-Seed 
at flowering /ptant m /plant /pod wt. (g) 

AGS 66 	 1 0 8 30.1 12.2 21.0 25.7 1.80 10.7
 
2 09 28.8 12.0 20.3 28.9 1.74 11.1
 

AGS 129 	 1 0.9 29.5 12.5 b 19.0 13.7 2.15 b 16.9 
2 1.1 28.5 13.5 a 22.3 18.4 2.21 a 16.1 

Ditferent level * * NS ** NS ** ** * 
between varieties 

t~aswith ditterent letters are sigrltcantly ditterenit at 5% level 

Table 13. Effect of associated sweet potato varieties under Intercropping system on soybean 
yield and agronomlc characters. 

Variety Sweet potato Yield Plant hi. at Node no. Plant po Pod no. Seed no. 100-Seed 
varvoty l./ha) flowering (cnl) /plant Im /plant /pod wt. (g) 

AGS 66 	 TN 66 0.9 30.4 12.3 213 27.0 1.70 10.4
 
TN 67 09 28.5 11.9 20.0 27.6 1.84 11.4
 

AGS 129 	 TN 66 11 o)flO 12.7 20.8 16.6 2.18 16.1
 
TN 67 1.0 2.' 13.3 20.5 15.5 2.18 16.9
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Table 14. Agronomic characters of sweet potato when planted solely and Intercropped with
 
soybean.z
 

Variety Cropping Leaf weight Stem weight Total weight Storage 2(t/ha) (t/ha) (t/ha) root no./m 

96 days after transplanting 
TN 66 	 Sole 11.3 a 7.7 a 37.4 a 34.0 a
 

Inter. 8.4 b 6.0 b 21.7 b 17.4 b
 
I/S (%) 74.3 77.9 58.0 51.2
 

TN 67 	 Sole 14.3 a 9.5 a 37.5 a 27.8
 
Inter- 9.3 b 6.5 b 24.6 b 25.6
 
I/S (%) 65.0 68.4 65.6 92.1
 

164 days after transplanting 
TN 66 	 Sole 5.0 7.3 a 40.7 a 36.3 a
 

Inter- 4.3 5.7 b 30.7 b 24.0 b
 
I/S (%) 86.0 78.0 75.4 66.1
 

TN 67 	 Sole 6 2 7.3 a 46.8 a 41.1 a
 
Inter. 4.8 5.9 b 33.9 b 31.0 b
 
I/S (%) 79.4 80.2 72.4 70.0
 

'Mean of two spacings 

the late growing stage due to favorable environmental conditions, and it was also suitable for 
intercropping in this particular planting season (Fig. 8). The objective of improving the distribution 
ratio of assimilates to storage roots was not achieved as showed by the results of plotting tuber yield 
against total weight (Fig. 10). However, these results could have been confounded by the retranslocation 
of assimilatcs and leaf shedding during the late growth stage. 

Within intercropping treatments, the yield and growth of both sweet potato entries showed that 
neither the associated soybean varieties (Table 15) nor the row number of soybean per bed (Table 
16) had significant effect on the growth of sweet potato under intercropping in autumn. Again, it 
appeared that sweet potato was the dominant crop in the autuni trial. 

Table 15. Effect of associated soybean varieties under Intercropplng system on sweet potato 
yield and agronomic characterz 

Variety of Yield Leaf Stem Total Storage 
Variety associated (t/ha) weight weight weight root no./m 2 

Soybean (t/ha) (t/ha) (t/ha) 
TN 66 AGS 66 21.7 4.7 a 6.3 32.8 24.1 
TN 66 AGS 129 19.4 4.0 b 5.2 28.6 24.0 

TN 67 AGS 66 23.6 4.7 5.9 34.1 32.6
 
TN 67 AGS 129 22.7 4.9 6.0 33.7 29.4
 

'Means with different letter are significantly different at 5% level. 

Table 16. Effect of number of rows per bed of association soybean under intercropplng system 
on sweet potato yield and agronomic characterZ 

Number of Yield Leaf Stem Total Storage
 
Variety Soybean Rows (t/ha) Weight Weight Weight Root no./m 2
 

(t/ha) (t/ha) (t/ha)
 
TN 66 1 21.9 4.2 5.4 31.6 24.1
 
TN 66 2 19.2 4.5 6.1 29.8 24.0
 

TN 67 1 23.8 4.5 5.6 33.9 31.7 
TN 67 2 22.5 5.1 6.3 33.9 30.3 

'Means with different letter are significantly different at 5% level 
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Flg. 10. Relationship between storage root and total weight of sweet potato in sole cropping and 
Intercropped with soybean In summer and autumn. 

It is concluded that sweet potato TN 66 and TN 67 had similar p~erformancc and soybean AGS 
129 was more suitable than AGS 66 for intercropping in autumn. The row number of soybean per 
bed did not significantly atlect the yield of either sweet potato or soybean ini intercropping. It seemed 
that sweet potato was dominant in this intercropping system dring autumn . However. it was also 
affected by soybean. Thus the potential fokr improving the total productivity of' this combination in 
the autunn planting is not great. Nevertheless, the vigorously growing soybcan could be more suitable 
for this combination in autun. 

Nitrogen Balance in Cropping Systems 

Summary 

Nitrogen is one of the most important elements affecting plant growth. Hence, nitrogen input
output analysis was included in the study of cropping pattI'rns t develop efficielt Litiliation of nitrogen 
through different crop sequences and nianageinenut. Results of the improved cropping systems study 
fron 1985 to I987 were analyzed alld compared Ikr N baance in differenlt cropp ing patterns. It was 
oiund that soybean had better N fixation ability than 1Ingbean. Hlowever, munghcba, seemed to havc 

more contribution to N balance for the succccding crop. The planting of sweet potato in surnmer 
contributed agreat amiount olfN to the succeeding Chinese cabbage. The nanagement practices, namely 
compost application and mulching might have improved the fertility of soil. Therefore. incorporating 
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vegetables in the cereal crop-based cropping systems could be an effective strategy for sustained 
agriculture. 

Introduction 

In cropping systems research, AVRDC aims to develop principles and methodologies for cropping 
systems with improved and stable productivity. In addition to yield, other results which might have 
rclation to long term productivity were also studied. Nitrogen is one of the most important elements 
affecting plant growth. Hence, the nitrogen input-output analysis was included in the study of cropping 
patterns with the .nd view of developing methodologies for efficient utilization of nitrogen through 
different crop sequences :nd management. 

Materials and Methods 

Results of the improved cropping systems study from 1985 to 1987 were analyzed and the different 
cropping patterns compared for N balance. The N input was obtained by summing up the decrease 
in soil N during cultivation and N added as fertilizer, and the output was the N taken up by the plants. 
Input-output balance of nitrogen w,?.i calculated by subtracting the input from output. The positive 
values in the balance 	indicated N supplied from sources other than soil N or fertilizer. 

Results and Discussion 

The performance of crops in this three-year study was comparable to those in other studies. It 
was influenced mai.!y by seasonal effects, with greater variation in swect potato, Chinese cabbage 
and tomato, than in other grain crops. There were significant differences in N balance among ciops 
and cropping sequences. Legumes, like soybean and mungbean with the ability to fix nitrogen, had 
great positive values in the balance (Table 17). Soybean had much better ability in this concern than 
mungbean. However, mungbean seemed to contribute more to N balance for the succeeding crop. 
It appcarcd that althcigh soybean fixed more nitmogen, most were taken away by soybean in its seeds. 
It was interesting to note that .,ummer planting sweet potato contributed a ,reat amount of N to the 
succeeding crop of Chinese cabbage. It was mentioned in the sweet potato/soybean intercropping 
report that sweet potatn in summer reduced its total weight during the later growth stage. It might 
have been indicated that a substantial amount of sweet potato residues with relatively high nitrogen 
content was !eft in the field and had benefited the successive crop. This could be an important role 
for sweet potato in cropping systems under tropical conditions. 

Table 17. Average yield and N balance of crops In different cropping sequences, 1985-1987. 
Crop Season Previous crop Yield (t/ha) N balance (kg/ha) 

Rice 	 Spring Soybean 4.2 17.2
 
Spring Tomato 4.6 9.5
 
Summer Soybean 4.3 16.5
 

Mungbean Summer Rice 1.9 88.4
 
Sweet potato Summer Soybean 7.9 23.6
 

Autumn Rice 11.0 -4.3
 
Chinese cabbage Spring Soybean 18.3 -20.7
 

Summer Soybean 20.4 -17.4
 
Autumn Sweet potato 25.3 108.0
 

Soybean 	 Spring Chinese cabbage 3.9 177.2
 
Spring Sweet potato 4.3 210.3
 
Autumn Corn 2.7 226.0
 
Autumn Tomato 2.8 205.2
 

Tomato 	 Spring Soybean 50.7 -16.5
 
Summer Chinese cabbage 15.7 -4.2
 
Autumn Mungbean 46.9 63.2
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Total nitrogen in soil monitored during the three-year period showed that apart from compost 
application, mulching also increased total nitrogen consistently within the same cropping pattern (Fig. 
II). This suggests that cultural management needed for vegetable production, namely compost 
application and mulching, might have improved the fertility of the soil. 

0.13
 
*---a C.cabbage - Tomato- Soybean


0.12 -,- C.cabbage (C+M)-Tomato (C+M)-Soybeon 

o C.cobbage (M)--Tomato (M)-Soybean
0.11 ---.


o0.10 / -,
 

z 0.09 

o 0.08( 
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0.05 . ' ' ' , , 

85SP 85SU 85AU 86SP 86SU 86AU 87SP 87SU 87AU 

Fig. 11. 	 Changes In total N In soil of Chinese cabbage-tomato-soybean 
cropplng pattern under different cultural management practices. 
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Cooperative Projects with Local Institutes 

Summary 

Promising AVRDC materials and the selected varieties of new vegetables, including cauliflower, 
and snap bean were tested under different environments in Taiwan in cooperation with the national 
programs in Regional Yield Trials (RYT). In 1988, ve,1..ble soybean AGS 292, which was released 
as Kaohsiung Selection No. 1, occupied 51% (3,919 ha) of total vegetable soybean hectarage, and 
soybean A',-"129 (Kaohsiung 10) contributed 41% of soybean hectarage (3,690 ha) in Taiwan. Entries 
which outpertormed the check entries in RYT during 1987 and 1988 were soybeans - 208 and AGS 
215: mungbean -- VC 3738 A, VC 3890 A, VC 3853 A VC2901 A and VC 3737 A; processing 
tomatoes -- PT 4121, PT 4165 and PT 4172; fresh market tomatoes - FMTT 22,
FMTT 33 and FMTT 3: Chinese cabbage - AVRDC 82-156; sweet potato - CN 1489-89; 
sweet pepper Gypsy: cauliflower - Fl 451; mustard Chihsingly and Tender green; and snap bean 
Taichung 16. 

Introduction 

Promising AVRDC materials and the selected varieties of new vegetables (including cauliflower, 
and snap bean) were tested under different Taiwan environments in cooperation with the national 
programs in Regional Yield Trials (RYT). These trials were supported and mainly conducted by ROC 
national scientists in farmers' fields. 

Materials and Methods 

Regional yield trials and their sowing and harvesting dates are shown in Table 1. Trials were 
conducted in a randomized complete block design with four replications. About 66 regional yield trials 
in 1987-1988 are included in this report. 

Results and Discussion 

A. Performance of AVRDC lines In Taiwan 

AVRDC introduced line, AGS 292 (Taishoslhiroge) was released in Taiwan as Kaohsiung Selection 
I (KS 1) on 23 April 1987, after its outstanding performance in RYT. Its hectarage in 1987 autumn 
planting was nearly 800 ha which was 19% of the total hectarage for vegetable soybean during that 
season. These figures increased to 1,815 and 2,104 hectares, (45.5 % and 56.0%) in spring and autumn 
plantings in 1,988. 

The lines AGS 129 and AGS 66, released as Kaohsiung 10 (KS 10) and Tainan I (TN 1) in 1985 
and 1986, occupied 3,690 and 800 ha, respectively, in 1988. These areas covered 41% and 9% of 
the total hectarage for soybean. 
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Table 1. Number of locations, number of entries, planting (sowing) and harvesting dates of regional
yield trials Including AVRDC materials in Taiwan. 

Year Season 
No. of 

Locations 
No. of 
Entries 

Sowing 
Date 

Harvesting 
DLte 

Soybean: Coordinated by Kaohsiung DAIS 

1987 
1987 
1988 

Summer 
Autumn 
Spring 

11 
3 

11 

12 
12 
12 

7 May 7 19 Aug. 
22-30 Sept.
1 Feb. - 15 Mar. 

6 Aug. - 16 Dec. 
8 Dec. - 6 Jan. 
14 Ar. - 3 July 

Mungbean: Coordinated by Tainan DAIS 

1988 
1988 

Spring 
Summer 

4 
3 

10 
10 

23-26 Feb. 
6-8 July 

11 May - 20 June 
9 Sept. - 23 Oct. 

Processing Tomato: Coordinated by Tainan DAIS 

1987 Late summer 3 10 *28 Aug. - 3 Sept. 17 Nov. - 8 Jan.
1987 Autumn 3 10 *5 Oct. - 8 Oct. 4 Jan. 13 Feb.
1987 Winter 3 10 *26 Nov. - 27 Nov. 5 Apr. - 28 Apr. 

Fresh Market Tomato: Coordinated by Taichung DAIS 

1988 Summer 6 4 *15 Mar.- 3 Aug. 18 May- 21 Nov. 

Chinese Cabbage: Coordinated by Taichung DAIS 

1988 Summer 4 7 *4 June 4 - 10 Sept. 16 Sept. - 5 Nov. 

Sweet Potato: Coordinated by Chlayl TARI 

1988 Summer 6 10 14 Apr. - 15 June 8 Sept. - 26 Oct. 

Sweet Pepper 

1987 Summer 1 8 *25 Sept. 2 Dec. - 23 Feb. 

Hot Pepper 

1987 Summer 1 6 *25 Sept. 2 Dec. - 23 Feb. 

Cauliflower 

1987 Summer 1 4 *25 Sept, 11-27 Nov. 

Snapbean: Coordinated by Taichung DAIS 

1987 Autumn 3 8 4 Sept.- 1 Oct. 7 Nov.. 24 Dec.
1988 Spring 3 8 5 Feb. - 10 Mar. 19 Apr. - 13 June 

*Transplanting 

B. Seed production and distribution of AVRDC promising lines for testing In Taiwan 

To demonstrate the yield potential of released and promising AVRDC lines with normal plot size 
in farmers' field in Taiwan, AVRDC multiplied and distributed a large amount of propagating material 
in 1988. Among them were the seeds of Chinese cabbage, fresh market tomato and soybean variety 
OCB. 

C. Regional yield trials 

Soybean. AVRDC lines AGS 208 and AGS 215 were included in RYT in summer and autumn
1987, and AGS 253 and AGS 301 in spring 1988. The performance of AGS 208 and AGS 215 in
1987 was similar to that in 1986. Although KS 8 was the best yielder among entries, AGS 208 and
AGS 215 also had similar yield. Furthermore, there were seasonal effec,. AGS 208 tended to have 
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higher yields insummer, but lower in autumn than KS 8. There was no significant difference inprotein
and oil contents among entries. Results of stability analysis using the data from 49 RYTs in 1986 
and 1987 showed that most lines, except TARI 7 and HL 71-27, responded similarly to environments. 

Mungbean. The mungbean breeding programs in Taiwan mainly aimed to develop high and
stable yielding genotypes with a) dull seeds weighing more than six grams per 100 seeds, b) uniform 
maturity for mechanical harvest, c) pest resistance, and d) early maturity. Due to shortage and high
cost of labor, mungbean should be mechanically harvested to reduce production cost. Therefore, the 
uniform maturing lines developed by AVRDC are particularly suitable for Taiwnn. 

There were eight dull seed type AVRDC lines with two check varieties in the completed two-year
RYT in summer 1986 to spring 1988. V 2010 was the check variety for seed size, and the lustrous 
seed type TN 3 (VC 1628 A) for yield. All AVRDC lines performed as well as TN 3 in both spring
and summer. VC 3543 A and VC 3580 A in spring, and VC 3857 A in summer had lower yields
compared to TN 3 (Table 2). Results of stability analysis showed that VC 3738 A and VC 3890 A 
did not only yield higher in both seasons but also had higher stability than TN 3 under different 
environments. There was no significant difference in maturity among entries, and mungbean had a 
shorter growth duration in summer than in spring planting. No entry had larger seeds than the check
variety V2010 in either spring or summer planting. However, VC 3890 Ahad the largest seeds among
other entries, and its seed size was not significantly different from that of V 2010. Hence, VC 3890 
A was recommended for release in Taiwan in early 1989. 

A new set of entries including nine dull type AVRDC mungbean lines with the check variety,
TN 3 was evaluated in RYT in summer 1988. Initial results showed that all AVRDC lines performed 
as well as or better than the check variety, TN 3 (Table 3). Their growth duration was similar, varying
from 65 to 80 days by planting dates. Except VC 3751 Aand VC 3853 A, all other entries had similar 
seed sizes. 

Table 2. Mean yield and stability of mungbean in 18 RYTs In Taiwan, summer 1986 to spring 1988. 

Entry Spring 1987 & 1988 Summer 1986 & 1987 Mean 
yield (t/ha) b yield (t/ha) b yield (t/ha) b 

VC 3004A 1.3 bcd 0.9 1.3 bc 0.8 1.3 cd 0.8
VC 3116A 1.4 ab 1.1 1.3 bc 0.9 1.4 0.9
VC 3543A 1.3 cd 1.0 1.3 1.1 1.3 cd 1.O
VC 3580A 1.2dc 1.1 1.3 bc 1.1 1.2 d 1.1VC 3678A 1.3 bcd 1.2* 1.4 ab 0.7* 1.4 bc 0.9
VC 3738A 1.5 a 0.8 1.5 a 1.1 1.5 a 1.0
VC 3857A 1.3 bcd 0.8 1.1 c 1.0 1.2 d 0.9
VC 3890A 1.6 a 0.9 1.4 ab 1.0 1.5 ab 1.0
V 2010 1.1 e 1.2 1.0 1.0 1.0 e 1.1
Tainan Sel. No. 3 1.5 ab 1.0 1.3 b 1.2 1.4 bc 1.1 

*Significantly different from b - 1. 

Table 3. 	Yield and agronomic characters of mungbean entries In Taiwan regional yield trials, 
summer 1988. 

Entry Mean yield Index Days to 100 Seeds Plant 
(tha) maturity wt (g) height (cm) Pods/plant Seeds/pod

VC 3737A 1.42 a 131 70.3 7.3 70.5 9.2 9.3
VC 3751A 1.09 b 100 71.7 6.5 71,0 9.3 8.2
VC 3853A 1.48 a 136 73.3 6.6 66.8 * 10.7 9.1
VC 3885A 1.31 ab 120 70.3 7.9 71.5 8.3 8.5VC 3888A 1.28 ab 118 73.0 7.8 77.0 9,2 7.9

VC 3901A 1.43 a 131 71.0 7.8 76.8 9,8 9,2

VC 3907A 1.34 ab 124 72.6 77 73.1 9.7 8.8

VC 3928A 1.13 b 104 71.3 7.1 67.3 9.3 8.1


* VC 3890A 1.23 ab 113 71.0 7.9 61,5 8.1 8,5
Tainan Sel, No,3 1.09 b 100 71.0 7.3 67.5 . 8.4 8.2 
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Processing tomato. The processing tomato breeding program in Taiwan aimed to develop high
and stable yielding genotypes with heat tolerance to prolong the production period of high quality
processing tomatoes. Three RYTs were conducted in late summer, autumn and winter during 1987 
to 1988. These trials, including eight AVRDC Fi hybrid processing tomatoes, were evaluated mainly
for Chianan area. In late summer, several AVRDC F, hybrids yielded as high as the heat tolerant 
check Fi hybrid, TN 3 (PT 3027). and they had a significantly larger size than the latter, especially
PT 4121 (Table 4). In autumn and winter, all AVRI)C F, hybrids performed significantly better than 
check varieties, TN 2 and TK 18. Their color and solid soluble content qualities were similar to those 
of TK 18. but TK 18 had the biggest fruit size. 

Fresh market tomato. These trials were conducted in the highlands, 5(X)-600 m above sea level. 
Three AVRDC F, hybrids were compared with a major variety in Taiwan, Known You 301. To 
enhance the fruit-setting under summer conditions in the !,,wlands, the effect of tomatotone on these 
entries was also studied. 

All three AVRI)C F1 hybrids had significantly higher yields in all locations than Known You 
301 (Table 5). Similarly, these F, hybrids showed heat tolerance compared to Known You 301 
particularly in the lowland areas of Shanhua and Fenglin. Among entries, FMT " - "2gave the highest 
average yield and the highest yields in most trials. 

Table 4. Yield and horticultural characters of processing tomato entries In Taiwan regional yield
trial, 1987-1988. 

EntryYield Days to Fruit size Soluble Titratable Hunter
(t/ha) maturity (g) solids ('Brix) acidity (%) color (a/b) 

- Late Summer -
PT 4026 
PT 4060 
PT 4098 
PT 4121 
PT 4165 

37.4 bc 
40.7 ab 
384 abc 
41.3 ab 
41.9 ab 

974 
105.0 
101.1 
101.8 
98.2 

63 8 
69.3 
61.2 
82.4 
78.4 

4.03 
4.10 
3.96 
3.99 
4.19 

4.21 
4.34 
4.05 
3.93 
4.38 

0.38 
0.36 
0.38 
0.36 
0.43 

2.59 
2.51 
2.53 
2.56 
2.57 

PT 4172 
PT 4110 
PT 4071 
TN 3 

39.6 abc 
32.0 cd 
40.1 abc 
46.4 a 

96.4 
100.0 
97.4 
98.1 

63.2 
83.9 
56.6 
58.7 

4.03 
4.06 
3.93 
3.98 

4.10 
4.33 
3.90 
4.17 

0.38 
0.35 
0.35 
0.32 

2.54 
2.44 
2.56 
2.57 

Peto 933 28.4 d 106.2 74.4 4.20 4 15 0.34 2.67 

- Autumn -
PT 4026 71.6 a 112.7 63.3 4.17 4.38 0.40 2.61 
PT 4060 
PT 4098 
PT 4121 
PT 4165 

68.0 ab 
67.9 ab 
65.8 ab 
71.3 a 

116.3 
113.8 
115.1 
113.7 

63.7 
66.2 
78.9 
80.2 

4.20 
4.18 
4.25 
4.19 

469 
4.15 
4.17 
4.52 

0.39 
0.38 
0.37 
0.44 

2.53 
2.52 
2.53 
2.54 

PT 4172 
PT 4110 
PT 4071 

69.3 a 
54.4 cd 
57.4 bc 

111.3 
115.6 
111.3 

56.3 
85.8 
5;.7 

4.17 
4.25 
4.18 

4.22 
4.20 
3.79 

0.39 
0.38 
0.36 

2.51 
2.47 
2.53 

TN 2 44.8 de 121.3 67.7 4.29 4.66 0.34 2.58 
TK 18 42.8 e 116.6 101.0 4.31 4.26 0.84 2.66 

- Winter • 

PT 4026 
PT 4060 

104.6 bc 
116.3 ab 

122.9 
127.7 

67.3 
74.9 

4.28 
4.27 

4.21 
4.30 

0.32 
0.33 

2.69 
2.63 

PT 4098 
Pl 4"11 
PT 4165 
PT 4172 
PT 4110 
PT 4071 
TN 2 
TK 18 

110.0 ab 
112.9 ab 
119.3 a 
106.6 eb 
108.9 ab 
108.0 ab 
92.8 cd 
82.8 d 

125.5 
127.5 
123.7 
122.4 
126.9 
125.1 
130.1 
124.8 

67.4 
80.7 
79.1 
67.1 
95.5 
57.8 
83.2 

123.6 

4.27 
4.26 
4.23 
4.26 
4.28 
4.24 
4.32 
4.30 

4.14 
4.05 
4.03 
4.12 
4.18 
4.06 
4.28 
3.91 

0.34 
0.33 
0.37 
0.34 
0.32 
0.34 
0.31 
0.34 

2.65 
2.60 
2.51 
2.61 
2.58 
2.56 
2.78 
2.71 
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Application of tomatotone dramatically increased the fruit yield of fresh yield of fresh market 
tomato, particularly AVRDC F, hybrids (Table 6). The fruit size also slightly increased. 

Chinese cabbage. Yields of Chinese cabbage had substantial variations among locati(,ns in 1988 
summer RYT. The average yields across entries varied from 12. I t/ha in Tainan DAIS to 24.6 t/ha 
at AVRDC (Table 7). The former was direct seeded on 4 June, while the latter was transplanted on 
10 September. The low yield of' 82-156 in Tainan DAIS indicated the insufficiency of water and 
nutrient:,, considering that it is a high-yielding variety and requires high inputs. Low yield was also 
attributed to low heading rate (41 %), compared to the higher rates (92, 95 and 97%) in the previous 
RYTs. 

All four AVRDC lines performed similarly to the check variety, kang-Ping *2. in all locations. 
except in Taoyuan and Tainan DAIS where 82-156 and Kang-Ping *2 had the highest yield, respectively. 
The internal rot/tip bum, found mainly in Taichung last year was a serious problem for Chinese cabbage 
production in Taoyuan this summer. 

Table 5. Yield of fresh market tomato entries In Taiwan regional yield trials, 1988. 

Entry AVRDC Yuchi 8.S. 

Shanhua (I)Shanhua (11) Yuchi Hsinyi 
FMTT 3 41.7 a 4.3 57.0 b 55.5 a 
FMTT 22 46.3 a 5.6 63.8 a 61.4 a 
FMTT 33 36.0 ab 4.4 56.5 b 57.9 a 
Known You 301 20.7 b 0.6 24.2 c 29.0 b 

Yield (t/ha) 
Ylan B.S. 

Shanshin Tatung 
41.2 ab 48.4 ab 
42.4 a 50.0 a 
40.5 	b 47.8 ab 

- 45.7 bc 

Hualien DAIS Mean Index 

Fenglin 
12.1 a 37.2 182 
20.2 a 41.4 202 
20.2 a 37.6 184 

2.8 b 20.5 100 

Table 6. Yield and horticultural characters of fresh market tomato entries Inspray tomatotone 
trial In AVRDC, summer 1988. 

Entry 	 Treatment 

FMTT 3 Without tomatotone 

FMTT 22 

FMTT 33 

Know You 301 " 


FMTT 3 With tomatotone 

FMTT 22 " 

FMTT 33 

Known You 301 " 


Yield
(t/ha) 

Days to
maturity Fruit

size (g) 

4.3 a 96.1 112.5 ab 
5.6 a 98.6 102.0 bc 
4.4 a 99.8 95.3 c 
0.6 b 103.9 118.1 a 

12.4 a 95.3 130.1 
9.7 ab 96.0 105.4 
8.0 b 96.8 106.4 
3.2 c 100.3 122.2 

Table 7. Yield and horticultural characters of Chinese cabbage entries In Taiwan regional yield
trials, summer 1988. 

Yield (t/ha) 
Entry AVRDC Tainan Taichung Taoyuan Mean Index 

DAIS DAIS DAIS 
86181 27.5 ab 11.3 c 24.3 14.8 bc 19.5 105 
86182 25.4 abc 14.1 b 23.2 16.8 bc 19.9 107 
86186 21.9 c 14.7 b 20.6 19.9 b 19.3 103 
86187 23.7 bc 11.4 c 26.1 17.5 bc 19.7 105 
82-156 26.3 abc 3.9 d 17.9 27.7 a 19.0 102 
Kang-Ping #2 23.0 bc 17.4 a 17.0 17.2 bc 18.6 100 
Mean 24.6 12 1 21.5 19.0 19.3 

Days to maturity Mean head 
Direct Trans

seeding planting wt. (9) 
54 48.2 673 
54 51.1 623 
54 47.7 608 
54 48.0 648 
54 51.4 578 
54 47.9 531 
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Sweet potato. The sweet potato RYT had a new set of entries including three from AVRDC. 
The average yields in six locations and nutrient contents in storage roots of entries in the 1988 summer 
RYT are shown in Table 8. C 73-94 was the best yielder among entries. AVRDC lines yielded similarly
to the check cultivar, TN 66. However, dry matter content of AVRDC lines increased, and their sugar 
content was reduced. 

Sweet pepper. The summer planting had low yield similar to that in spring, and small fruits 
as that inautumn. This was attributed to severe virus infection. Among entries, Gypsy gave the highest
yield intwo cropping seasons, while Gypsy and Dalbon had smaller fruits than other entries (Table 9). 

Hot pepper. Similar to sweet pepper, hot pepper insummer did not perform as well as inspring 
or in autumn because of a virus problem. There was no significant difference in marketable yield 
among entries. Farmer's Newcomer and Hungarian Yellow Wax were not only the earliest maturing
cultivars, but also had the biggest fruits among entries. 

Table 8. Yield and nutrient contents of sweet potato entries In Taiwan regional yield trials, summer 
1988. 

Mean marketable Dry matter Protein Sugar Starch Fiber 
root yield (t/ha) (%) (%DWB)


C 71.60 14.4 abc 93 30.0 5.3 8.8 75.1 2.7
C71.92 11.0 c 
 71 34.9 5.3 5.9 82.1 2.2
C72-100 7.2 d 46 34.0 4.3 10.2 73.3 2.7C73.94 17.1 a 110 22.6 7.5 14.9 59.0 4.2C73-508 15.5 ab 100 23.0 8.2 14.0 57.9 4.4
CN 1489.89 15.9 ab 32.0103 5.6 8.7 76.0 2.6
CN 1525.11 12.9 bc 83 30.9 5.5 9.1 74.8 2.9
CN 15i7142 12.2 bc 78 30.7 
 6.3 9.7 74.1 3.0
CN 66 (CKI) 15.5 ab 100 24.1 7.6 13.9 61.0 3,8
CN 1108.13 (CK2) 16.2 104 24.3 6.0 13.5 68.2 3.1
King-ming (CK2) 16.7 108 23.5 3.3 14.6 66.8 3.3 

Table 9. Yield and horticultural characters of sweet pepper entries InTaiwan regional yield trials 
In AVRDC, summer 1987. 

Entry Marketable Fruit Days to Fruit Fruit 
yield (t/ha) size (g) maturity length (cm) width (cm)


Blue star 14.7 ab 93 95.7 10.6 6.0

Gypsy 17.1 a 50 94.5 
 10.0 4.2
Dalbon 12.3 bc 41 90.4 10.2 4.4
Green bell 14.1 ab 80 95.3 11.6 5.6
Giant bell 14.8 ab 92 97.8 12.3 5.5
VD Berg (0506) 14.2 ab 89 92.2 9.7 5.8

3856 12.3 bc 81 99.1 10.5 6.1

0329 9.1 c 92 96.7 9.7 5.9
 

Cauliflower. Transplanted on 25 September 1987, this RYT was a late summer planting. At
growth .,age, the mean air temperature was 25. 1*C,which was higher than (24.8"C) in autumn 1986
RYT, but lower than (26,7"C) in late spring 1987 RYT. Yields of cauliflowers seemed to follow 
a reverse trend among seasons. There was no significant difference in yield among entries (Table 10).
However, F 451 tended to have higher yield and mean head weight Ithan other entries. Its
significantly shorter head height and width than the check variety (45 days) seemed to indicate that 
Fi 451 had a denser head. / 

Mustard. Generally, the performance of entries in this autumni 1987 RYT was similar to that 
in 1986 autuni RYT, except that days to maturity increased a little in all entries and Tender green
increased its yield. Both Chihsingley and Tender green had similar yields to the check variety, Ta
Peng Pao (Table 11). The low yielding Gisilba had an extraordinarily greater number of leaves, 
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Snap bean. The snap bean RVl's were carried out with and without fungicides last year. 
However, results showed that ihiere was no sgnificant difference in yield of snap bean anong treatments, 
all gh the fungicide-treated Witsa had the highest yield. Therefore. all entries had not been sprayed 
w,tn ,ungicides this year. except Witsa and Paichia 7. Results showed that all entries outvielded the 
check cultivar, Thailand, and fungicide- treated Witsa in autunm (Table 12). There was no significant 
difference in yield among entries in spring. Taichung 16 was released as Taichung No. I in Taiwan 
inNomember 19'. 

Table 10. Yield and horticultural characters of cauliflower entries in regional yield trial In AVRDC, 
summer 1987. 

Mean Mean Head Head Plant Plant 
Entry Yteld Days to growth head length width length width 

It/ha) maturity (g) wt.(g) (cm) (cm) (cm) (cm) 
F1 .151 16.9 54.1 c 1107 677 11 1 b 138b 42.6b 20.6b
 
Fengshan extra
 

early 8.8 60.0 ab 1012 377 118 b 
 13.9 b 427 L 18.9 c 
Chia Tai No. 1 130 570 bc 1146 515 12.6 a 13 8b 44.1 b 17.3 d 
45 days (CK) 10.9 60.8 a 1263 454 13.1 a 15.0 a 48.7 a 21.6 a 

Table 11. Mustard yield trial in AVRDC, autumn 1987. 

Days to Leaf Leaf Leaf Plant Yieldmaturity no./plant length width wt.(kg) (t/ha)(cm) (cn)
 
Gisilba 37 b 189.6 a 141 d 48 c 0.4 c 
 10.5 b
 
Tender Green 35 b 58.2 b 63.1 a 24.1 b 1.6 b 40.5 a
 
Chihsingley 50 a 25 2 c 41.4 b 31.5 a 1.8 a 44.1 a
 
Ta Peng Pao 50 a 27 1 
c 38.6 c 32.2 a 1.8 a 41.6 a
 

Date Sown 17 Sept. 1987 Dite Harveste-d 21 Oct 5 Nov. 1987
 

Table 12. Yield and horticultural characters of snap bean entries InTaiwan regional yield trials. 
Autunin 1987 Spring 1988
 

Entry Yield Days to Pod length Yield Days to Pod length
 
(t/ha) maturity (cnr) (t/ha) maturity (cm)
 

Taichung #11 19.3 a 69.6 16.0 22.5 85.1 
 14.4
 
Taichung # 12 16.0 a 73.3 16.4 20.9 84.6 15.0
 
Taichung #16 16.8 a 70.9 16.3 21.0 84.1 15.5
 
Black creasback 164 a 
 70.8 15.3 19.8 84.7 13.7 
Thailand 11.3 b 63.9 17.2 17.5 79.2 15.6
 
*Witsa 12.5 b 68.7 19.2 21.3 81.5 
 19.4
 
*Paichia 7- 16.9 a 71 5 14.8 20.5 84.9 
 13.5 

*Witsa and Paicha 7" with fungicideb to,rust in AVRDC 

Studies on Vegetable Soybean Seed Proruction 

Summary 

To improve the quality and supply of vegetable soybean in Taiwan. the influence of seed production
techniques, including plant populaion density, seed drying and storage conditions, and size of seed 
sown, oti pod and seed yields, were studied. It was Found that a density of 40 plants per square meter 
should be maintained inl all seasons; the seed drying temperatures of 300 or 45°C did not affect 
germination rate; seeds should be stored under low temperature (10°C); and it is not necessary to 
select the large- seeds within the same variety for vegetable soybaih seed production. 
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Introduction 

Vegetable soybean is an important export coilnloditv iii la.issan Ho s.e.,. the seed supply for 
propagation depends mainly on importation frot Japan. and the qualits of seeds produced locally
is not reliable. In cooperation with the Kaohsiung ])istri.ict Agicultura] Impro enicnt Station ()AIS).
and supported by the Council of Agriculture C('()Ai. AVRI) .'arricd onut this prilect it iniprive the 
quality and stabilize the supply of vegetablc ,o bean in Taiman.1."lhice experiment, inchudin studies 
on populatimn density, seeds drying and cllect of seed s01C On Seed and pI',d .\ li ls ,.c conducted. 

Materials and Methods 

The soybean cultivars. KS I and TiuruokO i0 %screteted under thliec densities 1410, 20 and 
13 plants/m) with two levels of trrogen (60 and 8(0 kg! ha) in suminer and autuinin 1987. and spring
1988. A split-split plot design with oLur replications ,.as used. The sub-subplot sIc ,.as 5 in X 3 
in. Seed and pod yields and 10-sCed ssei1ht .,ercreeccordcd at hars est 

In the seed drying experiment, KS 1. 20. and 315 , crc studied underI.It,. dr_,, tciiip,.ratlureski' 
(30'C and 45'C) and two,,storage condilions (packaged in l)lat',Ic bags arid stued unler room11 
temperature and IO'C in a cold roonm) Seed gcerrnat mon rate.'s Under ditlrcint !eal merits %%crc observed 
before storage, one and six nionths after stilage. 

On the effect of seed size on seed and pod yields. seeds oil 205 wkere gio uped in tou different 
sizes (l(X-seed weight of 36, 32. 28. and 22 gin and gros ii in three planting sCasiis, i e. summer 
and autumn 1987, and spring 1988. A R('13 design with four replications w.as used. The plot size 
was 5 in x 3 rn. Yields of fresh pods and dry seeds., and 1(X)-seed weight sere reCOrded. 

Results and Discussion 

Results of population density trials showed that marketable yields of vegetable sobeans were 
relatively low in three seasons (Table 13). This was cau,;cd niainly by the daimage of typhoons in 
summer and autunm in 1987. and unusually loss temperature in spring 1988. Nevertheless. KS I 
significantly outyielded 205 in all seasons. The highest density of 40 plants pei square neter had the 
highest yield among densities tested. There was a significant interaction (in cultivars arnd densities 
KS I had a higher density than 205. There was no significant difference in yield between nitrogen 
treatments. 

The gernmination rate of three vegetable soybeans sharply decreased alter si\ -itinth storage under 
rxnii temperature (Fig. I ). The cold storage (It0() Isall .'cctmve way iti naintain the kigi ir if vegetable
soybean seeds. The drying temperatures (3(C and 45 'C) did not affect geriniratton rate. The 
germination rates tested in petri dishes were highly correlated with those in the field (r -- 0.982**).
though the latter were a little lower. The sizes of seeds sown di not affect the pod yield, niir the 
seed yield of 205. Hence it is not necessary to select large seeds within the satie variety for ve) ctable 
soybean production. 

Table 13. Effects of population density orl total plant weight, total and marketable pod )';AIF
of vegetable soybean. 

Summer 1987 (tUha) A tutLti, 198/ .t... Spring 1988 (t(ha) 

Treatment total total markeaole total Ittal madrkietabie total total marketable 
plant 

wt. 
pod 

yield 
pod 
yield 

plant 
wt 

pod 
yieldI 

pod 
ield 

plailt 
wt 

pod 
yield 

pod 
yiele 

VI (205) 114b 68 11 b 124 65b 2 1b 162a 10t a 28b 
V2 (KS 1) 139a 74 22 d 128 70 a 30 a 133 b 85 b 4 1 a 

DI (10cm 2 plants) 13.6a 7 7 19 145a 78 a 28a 182 a 1t 5 ( 40a 
D2(10cm 1 plant) 12.8 ab 71 15 125 b 6 7 b 26a 137 b 85 b 3 1 b 
D3(15cm 1 plant) 11.5b 65 1.6 109c 57 c 23b 123 79c 31b 
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Fig. 1. Relationship ot storage temperature and duration on germination rates 
of vegetable soybean seeds. 

Mechanical Harvesting of Mungbean and Processing Tomato 

Summary 

Mechanical haivcsFting has the potential to reduce high labor cost in mungbean and processing
toiat() productiom in Taiwan. This pi 'ject aimed to study the cost management of mechanical harvesting.
It aimed to evaluate suitablc defoliants and dosages for mungbean and proper population densities 
for tomalo. It was concluded that 99% Sodium chlorate diluted 300 times should be sprayed on 
mungbean at 8(1'( pod maturity if these were to be mechanically harvested and one-meter row width 
was I1,nd better than two meters for tonmato to be harvested once-over in winter. 

Introduction 

Itigh harvesting Cost is one major factor limiting both mungbean and processing tomato production 
in laiwan. In 1988. AVRDC, in cooperation with Tainan DAIS and supported by COA studied the 
management of its muandate crops for mechanical harvesting. The study on mungbean mainly aimed 
to evaluate suitable defliants and dosages, since uniform maturity has been genetically improved.
The effect, of high population densities on tomato for harvest once-over were studied. 

Materials and Methods 

Mungbean. A preliminary experiment was conducted using Ethrel, Urea. Paraquat, Glyphosate,
and Sodium chlorate, each in three dilutions and applied at two stages (50% and 100% pods maturity). 
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Seed ,ields. I( seed %%eight, hard seed rate. seed germrnaton rate, and leaf drying rates were 
11s, estigated. 

( lyphosate and Sodium chlorate s%ere selected for further testing in suiiner 1987 and spring 1988 
on V( 1P-28 A and VC"3738 A. A split plot design with tour replications and chemical treatments 
InIctmin pilnt as The plot si/e s,as 5 mi x 2 Iln.0'. iSed 

Processing tomato. ,Ncnai 14)1 %%its transplanled on 30 September and ,7 November 1987 
%kith l,to inIIbelv ecu rm spacings I1.5 and I in) and three within-row distances 15, 20 tnd 30 clif) 
\ raidoifiied ctrnplete bhlock design with three replications was used. Pli size was 6 Ilx 3.0 iii. 
I orliato \ id and aserage fruit site were recorded. 

Results and Discussion 

Mungbean. IPrelminary results showed that there were no significant differences in yield, 
l(X)-scd weighl. hard seed rtte or germination rate among chemical treatnients ard control Gi1phosate. 
Sodiun chhrate, and P'.araqua.t were more effective for leaves drying oi, the vine tha F1hrel and 
I.!rea. 1'hs e\ser. Paraquat had a much lower LD50 (153 mg/kg) than the others (abtut 5.0() ing/kg). 
I lencc, ( I.,,phsate aiLd Sodiuirn chlorate were selected for further testing. 

oripared to tire etiritol . illeapplication of Sodium chlorate and GlVphosate did not affect the 
,ield aind IIX) Seed \,cighl of iiingbean. Sodium chloraite ,,as found Iore eflfective inidr\ ing muingbeai 
lcisen tilh[ti\eile thail (lypllvposate. The firmer took about two days, while the latter took lour da s 
to hase more than 90'; of the leaves dried. Sodium chlorate was registered in USA as a liars est -aid 
fillsorghuill, cotll, rice and soybean. Its cost is not iiiuch different frot thait of (il\phosatc. I lence 
itkkas recolimiiendcd that 99I" Sodiurir chlorate dilted to 300 tinies o volume should be sprayed 
on iiiungbcar aItl': pod niiturit. if these would be niechianicaily liar\csted. This CeCIIIiqtLc had been 
\alidaitCd in flrir'S fihlds and wis [i0lnd pronising. 

Processing Tomato. Tolmato ,ield was relatively low, in the iUttmrin trial. Spaing did not 
SILgnificantI atff\ct tomatO \ield, and fruit size. This %kasinainl) attributed Il the severe infection 
Of ,ac,crihl Spt du ring the earlv growth of the plant. Ilwinter, row width significantly atlected ton.tlo 
yield, whinic an incretse fimite number ruf plants per hill reduced fruit size. It Seemed thit decreasing 
tie ros \%idth Istire best arrangenrent to increase population density. If mechanicai harvesting is possible. 
ogrc ureter ro\% s,idth is better than two meters in winter planting. 
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Soybean Continuous Cropping 

Summary 

From 1983 t daite, so, bean has I,,,, uI ,,atecd I[% ot it tei tneI,s a YeaI in spring, summer 
and atumn on the samie had. Total ild er ,cai ol ..\(iS 121 and KS 8 reached It] 6 and 9.0 I/ha. 
respectivek, ill 1987. But in ,priigi 198,, charoal iot disCasc dc%eloped i all expermiental plots. 
Causing a decrease Il ,,iCld p rti al,trl minKS 8 ,,Ohimh ,kas s.rc ly alle : d 

Introduction 

This projct aimed to esi blish i ,dquatCe tcriliatton and soil ima imgeieni lechnique ror so\ ,ai 
Il continuous cropl)ing, aLd io de'te,..'rmint' ho% long soybean call be C.OiilltiOiSIuClti',ated oi the 
sane land wvithout i gicat decrease ii \icd. 

Materiats and Methods 

So.b aii has heieni ti'.lt at d iL Xes'.\i\ \ nI ['h a i laid ,t'.'. ica ei'a . ill 'p1 lad lgaliltlii, 
sinc, aultUilin otf 19)83. Ili sumimer, all experimental plots "ere cred with rice stra. to sa\e latmmr 
ol weeding and protcct the soil 1roimi rain. Jlst belore cultivation ill Itutun. rice straw was, IOWed 
into the soil of the esp erime:ntal plots. Only the pods were harvested, tie i st (I the plarts were plobwed. 
In 1986 and 1987. soybean ws cultivated in spiing, sumnier and autuimni. li .+ulnlll"r 1988, all 
e:perinltal plots \k.'crC SUbmierged In ',,+ite+r at later co0cicd %%ithctIr plastic ,hcts lri solaiization 
The cro)pir g sequence is presented ill Figure I 

The experinllilt wa, ondutel d uingn split plt design ' ih t'.'.o icplicitioiis. "lh imin plot
consisted o Kaolhisiung #8 fKS 8) as alh'c (a brok( clal dooininan culti ar l)and AtiSad in 'Tm'. at 

TAVRD(' ad.aincd ',,m of the129. all lie (11 rA lel p., l)etamialk ,ihtreatnient are summmiariicd in 
Table 1. 

Year Jan Feb Mar ,pr Muy Jun Jul Aug Sept Oct Nov Dec 

1983t 9 

1985 [F 109 l 8 
1986 Zt 117 - 95 - 1 02 
1987 I 98 r{16I 97 

1988 l i 0 

Fig. ". Cropping sequence of soybean. Numerals In the figure Indicate days of
 
growth duration.
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Table 1. Treatments In continuous cropping of soybean. 
Main plot: Cultivars AGS 129 and Kaohsiung 8 
Subplot : Compost application (50 t/ha) w/wo 

Fertilization (kg/hri) 
N P205 K20
 

Basal 60 90.0 60 
Top 1' 30 7.5 30 
Top 2y 30 7.5 30 
Total 120 105.0 120 

10 days after R11 10 days after R4 

Results and Discussion 

The yield of each cultivar in continuous cropping is presented in Figures 2 and 3. Soybean plants 
showed symptoms of continuous cropping hazards after 10 successive cultivations. 

InI spring 1988, charcoal rot (Macrophomina phtaseolina) developed widely. Infected plants suffered 
from light brown discoloration of the internal tissues in the lower stems and upper taproots, after 
which leaves became chlorotic and wilted. Thus, yield of infected plants decreased. 

Charcoal rot control was done by solarization in summer 1988. The yield in autumn 1987 was 
2.4 t/ha for both cultivars. AGS 129 and KS 8 attained yields of 2.9 and 3.9 t/ha, respectively, in 
spring 1988. 

The total yield in spring, summer and autumn of AGS 129 and KS 8 reached 10.6 and 9.0 t/ha 
in 1987. respectively. 

Evaluation of Soybean Ylelo ucrease 

Introduction 

Soybean yield in AVRDC has increased yearly, more than double in 14 years from 1.9 t/ha in 
spring 1973 to 4.6 t/ha in spring 1987. 

5 4.52 4.62 
4.31 

3.94.03 4 3.91 
4 

3.54 .59
.985 

" 3 2.81 298 
2.51 21 

:.X.:


2 

:X..,:

83 84 84 85 85 86 86 86 87 87 87 88
AU SP AU SP AU SP SU AU SP SIJ AU SP
 

Cropping Sequences
 

Fig. 2. Changes Inyield of continuous cropping soybean AGS 129 from autumn 
1983 to spring 1988. Numerals In the figure show yield (t/ha). SP = spring
planting, SU = summer planting, AU = autumn planting. 
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4.28 

4.66 

4 376 .86 

V4 
4.4 

3.08 

:.:.: 

287 20 
2 0 

... ... 

2.93 

0 
84 85 85 '86 '86 '86 187 '87 '87 '88 
SP SP AU SP SU AU SP SU A U SP 

Cropping Sequences 
Fig. 3. Changes In yield of continuous cropping soybean KS 8 from spring 1984 

to spring 1988 Abbreviations are the same as In Fig 2 

This experiment evaluated the efficacy of various techniques such as disease and pest control, 
fertilizer opplication and varietal improvement in increasing soybean yield under AVRDC conditions. 

Materials and Methods 

The experiment was conducted in spring 1988. A split-split plot design with two replications was 
used. The main plot adopted disease and pest control by chemical spraying at one week to 10 day 
intervals for the improved method and four times through growing period for thez traditional method. 
The subplot used basal fertilizer application for the improved (N:P20,:K2C) = 80 (40+20+20):
100: 120 kg/ha) and traditional methods (N:P205:K20 = 40.60:80 kg/hia). The sub-subplot made use 
of AGS 129 and ordinary Shi-shi. 

The plot size was 16 in. Population density was 40,000 plants/ha. All plots were sown on 26 
January and harvested on 17 May for Shi-shi and 1 June 1988 for AGS 129. 

At R2, R4 and R6 stages, plant samples were randomly collected from an area of 0.5 m2 in each 
plot. Yield and yield component were suiveyed at the R8 stage. 

Results and Discussion 

The selected growth parameters, dry matter accumulation and yield components of soybean in 
different stages are shown in Tables 2-10. There was no significant difference between the yield of 
treatments using the improved method and the traditional disease pest control method. The same 
tendency was observed on the effect of fertilizer applications. However, there was a significant
difference in yield between the two different cultivars. The yields of improved cultivar AGN 129 and 
ordinary cultivar Shi-shi were 5.0 and 3.2 t/ha, respectively. Also, AGS 129 had a different giowth 
rate and pattern from Shi-shi. 

The yield of soybean in AVRDC has increased gradually every year. The yield reached 4.6 t/ha 
in spring 1987, moore than twice the 1.9 t/ha in spring 1973. 
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Table 2. Se:ected growth parameters at R2 stage, spring 1988.
 
Treatnrtt Plant 
 Leaf Flower Node Branch 

iieight (cm) no. no. no. no. 
Main plot 

Disease-tnest coritrol 

Recornme,ided 28.1 a* 13.7 a 2.5 a 8.3 a 2.3 a
Ord'nary 27.9 a 13.0 a 2.4 a 8.1 a 2.2 a 

Sub-plot: 	Fertilizer 
80-100.12 28.5 a 13,3 a 2.3 a 8.1 a 2.3 a40 60-82 27.6 a 13.4 a 2.7 o 8.2 a 2.2 a 

Sub subplot 
AGS 129 28.7 a 14.7 a 2.3 a 8.6 a 2.5 aShi-shl 27,4 a 12.0 b 2.7 a 7.7 b 2.0 b 

"jur:,her, v 'lh the sime i,0ter afc riot significantly different at 5% level by DMRT 

Table 3. Dry matter accumulation In each plant part at R2 stage, spring 1988. 
rreatinent Root Stein Leaf Petiole Total 

dry Wt . dry wt. dry wt. dry wt. dry wt. 
Main plot plant
 
f)isease.pest controi
 
RecOrninerded 
 0.44 a* 0.83 a 1.96 a 0.42 a 3.64 a 
Ordinary 0 41 a 0.82 a 1.84 a 0.38 a 3.45 a 

Sub-plot: Fertilizer
 
80-100-120 0.43 a 0.81 a 1.90 a 
 0.40 a 3.54 a40-60 80 0.42 a 0.84 a 1.90 a 0.40 a 3.56 a 

Sub-subplot 
A(S 129 0.47 a 0.97 a 2.00 a 0.42 a 3.86 aShi-shi 0.40 b 0.68 b 1.80 b 0.37 b 3.23 b 
Numbers ~with the same letter are not significantly different at 5% level by DMRT, 

Table 4. Selected growth parameters at R4 stage, spring1988.
 
Treatment Plant Leaf Node 
 Branch Pod Podno. no. 

height (cm) io. no. no. < 2 cm < 2 cm 
Main plot 

Disease-pest control 
Recommended 47.4 a' 19.4 a 11.1 a 2.8 a 5.0 a 12.7 a 
Ordinary 46.9 a 19.5 d 11.0 a 3.0 a 5.7 a 12.5 a 

Sub-plot: Fertilizer 
80-100-120 47 9 19.4 aa 	 11.1 a 2.9 a 5.2 a 13.0 a40-60-80 46.4 a 19.5 a 11.0 a 2.9 a 5.5 a 12.1 a 

Sub-subplot 
AGS 129 51.5 a 21.9 a 12.2 a 3.4 a 3.8 b 13.7 aShi-shi 42.8 b 17.1 b 9.9 b 2.4 b 6.9 a 11.5 a 
Numbers with the sarne letter are riot significantly different at 5% level by DMOT. 

http:80-100.12
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Table 5. Dry matter accumulation In each plant pait at 144 1age, spring 1988. 

Root Stem Leaf Petiole Pod Totaldry wt. dry wt. dry wt. dry wt. dry wt. dry wt. 

Main plot plant 

Disease-pest control 

Recommended 0.8F a* 2.42 a 3.81 a 1.35 a 0.144 a 8.59 a 
()rdinov 0.84 a 2.41 a 3.96 a 1.26 a 0 157 a 8.62 a 

Sub-plot: Fertilizer 

80100.120 0.87 a 2.44 a 3.90 a 1.31 a 0.149 a 8.67 a 
406080 0.84 a 2.39 a 3.88 a 1.29 a 0.151 a 8.54 a 

Sub-subplot 

AGS 129 091 a 2.74 a 4.07 a 1.37 a 0.118 b 9.20 a 
Sli-shi 0.79 b 2.10 L 3.70 b 1.24 b 0.183 a 8.01 b 

'N,jnihbr, withthe sime letter are not significantly different at 5% level by DMRT 

Table 6. Selected growth parameters at R6 stage, spring 1988. 
Treatment Plant Leaf Node Bra'ch Pod 

height (cm) no. no. no. no. 

Main plot 

Disease-pest i:oritrol 

Recominendet 61.4 a* 21.4 a 13.6 a 2.6 a 30.0 a 
Ordiriar 60.1 a 21.8 a 13.5 a 2.6 a 31.1 a 

Sub-plot: FCrtiiizer 

80-100-120 60.7 a 21.6 a 13.5 a 2.5 a 30.1 b 
40-60.80 60 9 a 21.7 a 13.6 a 2.6 a 31.0 a 

Sub-subplot 

AGS 129 79.4 a 25.5 a 16.0 a 2.8 a 35.7 a 
Shi-shi 42.1 b 17.8 b 11.1 b 2.3 b 25.4 b 

*Numbers vatl~ the saame letter are not significantly ditferent at 5% level by DMRT. 

Table 7. Dry matter accumulation In each plant part at R6 stage, spring 1988. 

Root Stem Leaf Petiole Hull Seed Totaldry wt. dry wt. dry wt. dry wt. dry wt. dry wt. dry wt. 

Main plot plant 

Disease-pest control 

Recommended 1.01 a* 4.06 a 4.59 a 1.71 a 3.80 a 6.51 a 21.67 a 
Ordinary 0.99 b 3.86 a 4.62 a 1.53 a 3.98 a 6.50 a 21.48 a 

Sub-plot: Fertilizer 

80 100-120 1.05 a 3.98 a ,;.61 a 1.62 a 3.89 a 6.58 a 21.74 a 
40 6080 0.95 a 3.95 a ,t.59 a 1.62 a 3.88 a 6.43 a 21.42 a 

Sub-subplot 

AGS 129 1.08 a 5.16 a 5.28 a 1.87 a 4.39 a 6.66 a 24.43 a 
Shi-shi 0.93 b 2.76 b 3.93 b 1.37 b 3.38 b 6.36 a 18.73 b 

*Numbers with the same letter are not significantly different at 5% level by DMRT. 

http:40-60.80
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Table 8. Selected growth parameters at R8 stage, spring 1988. 
Treatment Plant Node Branch Pod Seed 

height (cm) no. no. no. no. 
Main plot 
Disease-pest oritiol 
Recommended 60.4 a* 13.3 a 2.1 a 27.5 a 53.4 a 
Ordinary 59.2 a 13.2 a 2.2 a 27.1 a 53.3 a 

Sub-plot: Fertilizer 
801OO-100 58.7 a 13.3 a 2.2 a 27.7 a 54.7 a 
40-60-80 60.8 a 13.2 a 2.1 a 26.9 a 52.1 a 

Sub-subplot 
AGS 129 78.0 a 15.9 a 2.5 a 32.4 a 65.7 a
Shi-shi 41.5 b 10.6 b 1.8 b 22.2 b 41.1 b 

*Numhbrs with the same letter are not significantly different at 5% level by DMRT. 

Table 9. Dry matter accumulation in each plant part at R8 stage, spring 1988. 
Treatmeiit Rootdry wt. Stemdry wt. Leafdry wt. Petioledry wt. Hulldry wt. Seeddry wt. Totaldry wt. 

Main plot plant 
Disease-pest control 
Recommended 0.92 a* 4.06 a 3.35 a 1.18 a 3.51 a 10.66 a 23.67 a 
Ordinary 0 87 a 3.77 a 2.41 a 0.87 a 3.44 a 10.18 a 21.53 a 

Sub-plot: Fertilizer 
80-100-120 0.94 a 3.95 a 2.85 a 1.03 a 3.54 a 10.72 a 23.02 a 
40-60-80 0.86 a 3.87 a 2.91 a 1.02 a 3.41 h 10.12 a 22.19 a 

Sub-subplot 
AGS 129 
Shi-shi 

1.14 a 
0.66 b 

5.32 a 
2.51 b 

3.07 
2.68 

a 
a 

1.21 a 
0.83 b 

4.02 a 
2.92 b 

12.80 a 
8.04 b 

27.56 a 
17.64 b 

*Numbers with the same letter are not significantly different at 5% level by DMRT. 

Table 10. Yield components of soybean at R8 stage, spring 1988. 

Pod Seed Seed 100-seed Seed YieldTreatment no, no. dry wt weight /pod (t/ha) 
no___________o._ (g/pl) (g)_ _pd (t/ha) 

Main plot 
Disease-pest control 

Recommended 27.5 a* 53.4 a 10.66 a 19.70 a 1.93 a 4.2 a 
Ordinary 27.1 a 53.3 a 10.18 a 18.73 a 1.96 a 4.0 a 

Sub-plot: Fertilizer 
80-100-120 27.7 a 54.7 a 10.72 a 19.42 a 1.96 d 4.0 a 
40-60-80 26.9 a 52.1 a 10.12 a 19.01 a 1.93 a 4.0 a 

Sub-subplot 
AGS 129 32.4 a 65.7 a 12.80 a 18.91 a 2.03 a 5.0 a
Shi-shi 22.2 b 41.1 b 8.04 b 19.52 a 1.86 b 3.2 b 

*Numbers with the sane letter are not significantly different at 5% level by DMRT 
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Effects of Silicate Potassium, Uniconazole and Methionine 
on Soybean Yield 

Summary 

The effects of silicate potassium, uniconazole and methionine on soybean yield were tested in 
spring 1988. 

There were no significant differences in yield between plots using the slow releasing potassium
fertilizer KSiO2 and KCI. Likewise, no significant difference between treatments was observed on 
soybean growth and yield using methionine as an ethylene precusor.

Uniconazole retarded plant height of soybean and prevented lodging effectively. It increased 
soyhean yild [hlut no significant differences were observed among yields. 

Introduction 

This trial aimed to establish the maxinum attainable yield of soybean in the tropics by controlling
the yield limiting lactors. Silicate potassium as a slow releasing fertilizer, uniconazole as a growth
retardant preventing lodging and methionine as an ethylene precursor, were tested to increase soybean 
yield in spring 1988. 

Materials and Methods 

The experiment was conducted in a split-split plot design with two replications. The main plot
consisted of two potassium fertilizers, KCI as a check and K2SiO 2 as a slow releasing fertilizer. 
Details of the subtreatment are summarized in Table 11. 

All plots were sown on 26 January 1988 and harvested on 19 May 1988. At R2, R4 and R6 stage,
2plant samples were col!ected from a 0.5 cm area in each plot. The yield and yield components were 

also surveyed. 

Table 11. Treatment In soybean yield trial, spring 1988. 
Treatment 
Main plot- KCI and K2SIO2
 
Sub plot: Check and spray 1000 ppm of methionine from RI stage, once a week for 3 weeks.
 
S-sub plot: Check and spray 30 ppm of uniconazole at R2 stage.
 
Plot size: 40 rn 

2
 

Cultivar AGS 129
 
Population. 40,000 plant/ha

Fertilization (kg/ha) 
 ...... 

N P205 K20 Remark
 
Basal 40 
 100 60 30 t/ha compost
Top at V5 20 60
 
Top at F15 20
 
Total 80 
 100 120 

Results and Discussion 

Effect of K2SIO 2 fertilizer. The growth of soybean in K2SiO 2 fertilized plot was better than 
in the KCI plots but there was no significant difference in yield between plots receiving the two different 
kinds of potassium fertilizers. 

Effect of Methionine. Foliar spray of methionine slightly reduced plant height during growth
stage [ut there was no significant difference in either growth or yield between treatments. 
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Effect of Uniconazole. With the foliar spray of 30 ppm of uniconazole At R2 stage, there 
were differences in plant height, leaf, node and branch number between treatments. Uniconazole reduced 
growth significantly. Four weeks before harvesting, all plots were lodged by heavy rains, but plots
applied with uniconazole were less lodged (30%) than check plots (80%). Yields and yield components
of uniconazole plots were a little better than check plots, but there were no significant differences. 

Effect of Methionine on Tomato Yield 

Introduction 

This experiment evaluated the effect of methionine. an ethylene precursor, on tomato yield. 

Materials and Methods 

The experiment was conducted during cropping of tomato in winter 1987. A randomized complete 
block design with :_ight replications was adopted. The ,eeds of TK No. 10 were sown on 25 September 
1987. The seediiihgs were transplanted to the field on 21 (October 1987. Fertilizer was applied at different 
rates (T:ihlc 12) Foliar application of niethionine was carried out at four weeks after transplanting. 

Table 12. Feitilizer application on tomato (kg/ha). 
N P'20 K20 Remarks
 

Basal 90 135 90 #39 (1216-12)
 
Top 1 G0 15 30 - 1 (20-5-10)
 
Tor 2 60 60 60 43 (15-15-15)
 
Total 210 210 180
 

Wa-; applhe(PBaIeal betore transplanting, top 1 at three WAT. aitdtop 2 ot sixWAI 

Results and Discussion 

Foliar application of n,,thionine Iour weeks after transplanting caused highly significant increase 
in yield. The increase in yield rvas nainly due to an increase in fruits at later harvesting (Table 13). 

Fruit-setting was surveyed II weeks arter transplanting (Table 14). There w'as no significant 
difference an ong treatmcnts in the number of fruits and clusters onl the main stems. However, there 
was a significant difference anong treatments in priimary tillers: plots applied with methionine had 
larger fruits and more !tusters. The 11tlnher of clusters on the secondary tillers also increased 
significantly with ilethionine application. 

It is cl-ar that nithionine applIc:ltion at fur weeks afler transplanting of processing tomato 
increased the yield ot prinlary tillers. 

Table 13. Effect of follar application of methionlne on processing tomato yield, winter 1988. 

Item Treatment Date of harvestTotal
 
12 Jan 12 21 Jan. 1 Feb. 8 Feb. 23 Feb
 

Fruit Cheek 87.6 a 106.5 a 1 72.3 b 191.5 b 141.0 b 699 b 
(10 Iha) MethiLunine 96.3 a 1038 a 223.0 a 264.3 a 164.7 a 852 a 

Fruit wt. 106 105 83 64 60 aCheck a a a a 84.4 a 
Ig/fruit) Methionine 105 a 104 a 83 a 66 a 57 a 83.0 a 

Marketable Check 9.3 a 11.1 a 14.2 b 12.1 b 8.5 a 55.1 b 
yield (t/ha) fitethionine 10.1 a 10.8 a 18.5 a 17.3 a 9.4 a 66.0 a 

'Methionine was applied by foliar spray at canccntration of 1000 ppm (1500 I/hal at four WAT *Numbers with the same 
letter at % levelby DMRTare not significantv differeit ' 
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Table 14. Effect of methlonine on the number of fruits and clusters of processing tomato, winter 
1988. 

Treatment Main stem Primary tiller Secondary tiller Total
 
Fruit Cluster Fruit Cluster Fruit Cluster Fruit 
 Cluster 

Check 172 a 4.2 a 48.5 b 141 b 6.9 a 2.4 b 72.6 a 20.6 bMethionine 14.0 a 40 a 56 5 a 17.1 a 8.9 a 3.6 a 79.4 a 24.7 a 
"Skirvey was made at I1 weeks aft e ranspltiiti rimbers were average of 48 plants Nmtrbers with the same letter 
ate rwtrl ig ifitcaritly d(ifferc t at 5%. level by UMRP 
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Training 

Enrollment 

During the year under review. 121 tIraining participants Irom 12 countries were enrolled under 
the six training categories, namely: research fcllowship (RF), research scholarship (RS), re.,earch 
internship (RT), production training IPT), special purpose training (SPT), and undergraduate sudent 
training (US'T). 

The enrollees, contrihutcd to an a.grcegate training time ol'386.25 man months or 32.18 man years 
(Table I ). The scholar, participated ]I three t\ pCs ol' training activities, namely: research, production 
and aricultlural dcChlopmcnt (Fi. 1). 

Table 1. Distribution of trainees by country and period of scholarship, 1988. 
Countries HF RS RI PT SPT UST Total MM 

Hongkong 3 3 3.0
India 1 1 6.0 
Indones:a 15 15 90.0 
Korea 4 4 23.5
Malaysi 1 1 3.0 
Malawi 1 1 7.0
 
Paptia New Guinea 1 1 4.0

Philippines 1 10 38 49 87.25 
Taiwan, ROC 2 1 5 26 34 73.0
Thailand 8 2 10 41.5 
USA 1 1 24.0 
West Gerniany 1 1 24.0
 
Total 2 1 8 
 36 48 26 121 386.25 

III t~osoarchi 

;)c ,1 Ea Production 
0 Agricultural development 

Fig. 1. Nature of training at AVRDC. 

Thc participants were basically distributed in the three major programs: Crop Improvement,
Production Systems and the Development Program (Table 2). Twenty-nine scholars (23 %)were enrolled 

.... ,'!7 . . ,1 ...-... , ,.1" 

http:ol'386.25
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in four ,isciplines under the Crop Improvement Program while 14 (11%) were enrolled in four 
disciplines under the Production Systems Program. The highest enrollment during the year was recorded 
in the Development Program; 73 participants (60%) registered in three subject matter areas such as 
Vegetable Production Technology, Training Management and Agricultural Development. The Support 
Units had 4% of the total enrollment. 

Among principal crops, pepper appears to bt:the most popular among the resarch trainces (Table 
3). Production and special purpose trainees opted for a variety of crops which included not only the 
AVRDC priority crops bit other vegetables inthe leguminous, cruciterous and solanaceous families. 

Table 2. Distribution of trainees by program/discipllne and period of training, 1988. 
Program/Discipline RF RS RI PT SPT UST Total MM 

Ct-np Improvement Program 
,-iant Breeding 3 1 3 7 26 
Plant Patholugy 1 1 4 6 15.5 
Plant Physiology 2 5 7 2? 
Entomology 1 1 2 5 9 36.5 

Subtotal 1 7 4 17 29 102 
Production Systems Program

Ag. Chemistr* 6 6 12 
Soil Science 1 1 2 
Cropping Systems 1 5 6 9.5 
Crop Management 1 1 1
 

Subtotal 1 6 7 14 24.5
 
Developemcnt Program
Production Technology 36 36 196
 
Agricultural Development 33 33 20
 
Training Management 2 2 4 37.5
 

Subtotal 2 36 35 13 253.5 
Support Units 

Seed Technology (GRSU) 2 2 4 6 
Farm Management 1 1 0.25 

Subtotal 3 2 5 6.25 
Grand Total 2 1 8 36 48 26 121 386.25 

Table 3. Distribution of trainees by commodity, 1988. 

Commodity RF RS RI PT SPT UST TOTAL 
Chinese cabbage 1 2 2 5 
Pepper 2 1 9 12 
Tomato 4 4 
Sweet potato 2 5 7 
Soybean 2 4 6 
Mungbean 1 1 
Multi-crop 1 2 36 10 49 
Others 1 35 1 37 
Total 2 1 8 36 48 26 121 

Trpining Sponsors 

There were 15 other training sponsors in addition to AVRDC (Table 4) which provided financial 
support to 141, participants. The Japan Shipbuilding InJu..try Foundation (JSIF) (Table 5)was the 
major contributor providing funds to support IIl man months or 9.25 man years of training. The 
Development Innovations International, a consulting company administering ADB funds for Indonesian 
participants, financially supported 90 man-months of training. The Second Laguna de Bay Irrigation 
Project, an ADB funded project, provided funds for 40 participants who spent 59.5 man months of 
training at AVRDC. 
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Table 4. Distribution cf grantees by sponsors, 1988. 
Sponsor RF RS 

JSIF 2 
SLBIP/Philippines 
DII/GOI/Indonesia 

AVRDC 
AVRDC/TOP 
COA 
DSE/Philippines 
GTZ/Germany 1 

CIP/Philippines 
IPB /Philippines 
RDA/Korea
CI rC/ROC 
University of Hongkong 
Pillsbury Co.'Hongkong 

Hung Nong Seed Cu./Korea 
Nath Seeds Private Ltd./India 
Total 2 1 

JSIF.Japan S'ipbuiiding Industry Foundation 
SLBIP-Second Laguria de Bay Irrigation Project 
Dil-Levelopment innovations International 
CO'-CouncII of Agriculture 
DSE.German Foundation for International Development 
GTZ-Gernari Agency for Techical Cooperation 
CIP-Centro Internacional dela Papa 
IP-Institute (f Plant Breeding 
RDA.Rural Development A'm9inistration 
Clrc-Counci on Internatioial Technical Cooperation 

RI PT SPT UST TOTAL MM 
2 13 

8 
15 

32 
17 
40 
15 

111.0 
59.5 
90.0 

1 

2 
2 
3 
4 

26 27 
2 
5 
4 
1 

57.0 
1.5 

15.0 
5.0 

24.0 

1 

1 
1 

2 
1 
2 

1 
1 
1 
2 
1 
2 

0.5 
0.25 
6.0 
1.0 
1.0 
2.0 

1 1 6.5 
1 1 6.0 
8 36 48 26 121 386.25 

Table 5. Distribution 
Foundation. 

of grantees by country supported by the Japan Shipbuilding Industry 

Country RF RI PT Total MM 
Korea 
Malawi 

1 
1 

1 
1 

6 
7 

Malaysia 
Papua New Guinea 
Philippines 1 

1 
1 
2 

1 
1 
3 

3 
4 

22 
Taiwan. R.O.C. 1 1 5 
Thailand 8 8 40 
USA 1 1 24 
Total 2 3 12 17 111 



Tropical Vegetable Information Service 

The Tropical Vegetable Information Service (TVIS) is a multidisciplinary, multicomponent
information activity initiated in 1984. So far, the project has prepared 25 publications. TVIS publications
constituted 40% of AVRDC's entire publication program (1985-88). At project end, the TVIS literature
data base consisted of 7.949 computerized records, of which 4,271 had been abstracted. During 1988 
over 3,500 copies of AVRDC's TVIS publications were distributed worldwide and 114 documents 
were delivered by the library on request.

The Tropical Vegetable Information Service (TVIS) was initiated on 1July 1984 with a project
grant from the Internadonal Development Research Centre (IDRC) of Canada. TVIS aims to strengthen
and expand AVRDC's existing specialized information activities on vegetables in the tropics specifically,
mungbean, soybean and Chinese cabb,qe. 

Accomplishments 

TVIS Documents published. A total of 25 forma! publications were published by the end of
the first phase of the project in February 1989 (Table 1). These TVIS publications constituted 
approximately 40% of AVRDC's entire publication program from 1985 to 1988. These varied
information sources had been distributed worldwide through AVRDC's direct distribution system and 
through its international commercial distribution network. 

Status of TVIS literature data base. The AVRDC Library has established a computerized
information retrieval system using the MINISIS program and collected, stored and analyzed documents 
on mungbean, soybean rust and Chinese cabbage. The Library has also been responsible for compiling
the bibliographies of mungbean (diseases and pests) and soybean rust. The total number of TVIS
literature records in the Library's I ibliographic data base is 7,955, of which 4,271 (54%) records 
are acconipanied by an abstract. Hard copy documnents are available for all of the 7,949 records. 
Iformation concerning the status of the TVIS literature data base is provided in Table 2. 

TVIS Info,-mation Services. AVRDC announced the TVIS project under the heading -Services 
at AVRDC" in its Centerpointnewsletter, Volume 6. As a result, the Center received many requests 
on specific information. 

The AVRDC Library delivered 174 documents, including 13 on soybean, 99 on mungbean and
7 on Chinese cabbage. The documents were sent as 1,012 pages of photocopy to seven countries
(Bangladesh, Cuba, Indonesia, Singapore, Thailand, the UK and the USA). It also received three 
requests for retrosp:ctive search for mungbean and soybean rust from India and the USA. 

mt V a. 
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Table 1. TV!S publications released by project completion, February 1989. 

Publication line Title 	 Date published 

Bibliography 	 Annotated Bibliography of Diamondback Moth (Chinese cabbage) February 1985 
Bibliography of Soybean Rust September 1987 
Mungbean/Black Gram Bibliography April 1988 

Newsletter 	 TVIS News, Vol. 1,No. 1 February 1985 
TVIS News, Vol. 1, No. 2 November 1985 
Soybean Rust Newsletter, Vol. 7 October 1985 
TviS News, Vol. 2, No. 1 March 1987 
Soybean Rust Newsletter, Vol. 8 April 1987 
TViS News, Vol. 2, No. 1 July 1987 
TVIS News, Vol. 3,No. 1 January 1988 
TVIS News, Vol. 3, No. 2 June 1988 
Soybean Rust Newsletter, Vol. 9 February 1989 

Technical Report/ Agromyzid Flies of Some Native Legume Crops in Java September 1984 
Extension Manual AVRDC Soybean Evaluation Trial (ASET) December 1985 

International Mungbean Nursery (IMN) December 1985 
TB 16: Assessing Rainy Season Vegetable Production Alternatives April 1987 
Chinese Cabbage Symposium (reprint) Aprill 1987 
Int. Cooperators Guide: Cultural Practices for Chinese Cabbage at 
AVRDC August 1987 

Soybean Varietal In'provement June 1987 
Catalog of Mungbear Cultivars April 1988 

State-of-the-Art 	 TB 17: Chinese Cabbage Breeding & Seed Production May 1988 

Directory of Directory of Chinese Cabbage Researchers July 1988 
Research Personnel Mungbean and Soybean Directory February 1989 

Proceedings 	 Symp. Program, Abstracts & Information November 1987 
I-roceedings of the 2nd Int.Symp. on Mungean 	 January 1.989 

Table 2. TVIS 

Soybean rust 
Soybean 

Mungbean 

Chinese cabbage 
Total 


literature data base by project completion, February 1989. 

Records Records abstracted 

363 342 
2,206 1,463 
4,036 1,386 
1,350 1.080 

7,955 	 4,271 



AVRDC-lndonesia Vegetable Research Program 

Chinese Cabbage Multilocation Yield Trial 

Introduction 

Eleven Chinese cabbage hybrids/OP varieties and two hybrid parent materials were evaluated 
for yield potential in three lowlands and two medium elevations in Java during the wet season of 1987 
and dry season of 1988 in five locations. This multilocation trial aimed to identify varieties with high 
marketable head yields adapted for lowland tropics. 

Material and Methods 

In 1987 wet season (September-November) and in the 1988 dry season (April/May June/July) 
6 and 10 accessions, respectivel., with Talaud as check, were planted in five locations: three in the 
lowland (below 400 m a.s. i) and two in medium elevation (400-600 m a.s. 1). The locations were: 
(1)Banjarsari (BJS, 2 m a.s. 1)in East Java, (2) fP'.:wokerto (PWK, 55 m a.s.1) and (3) Magelang 
(MGL, 512 m a.s. 1)in Central Java, and (4) Subang (SBG. 1C0m a.s. 1) and (5) Cicalengka (CCL, 
500 m a.s. 1) in West Java. The seedlings were planted in a raised bed of I in X 4.8 m with plant 
distance of 40 cm x 50 cm and mulched with rice straw. RCBD was applied with three replications. 
Stable manure was applied at the rate of 20 t/ha, and fertilizers at 190 kg/ha of N, 125 kg/ha of 
P20 5 , and 125 kg/ha of K20. P and K were applied at planting time while N was applied two and 
four weeks alter transplanting (WAT). 

Results and Discussion 

In Indonesia, Chinese cabbage is normally cultivated in the highlands. Therefore, there are no 
local varieties which can be used as checks. The local variety ircluded in PWK was mustard. Released 
as lowland Chinese cabbage, Talaud, an open-pollinated 'variety, wai osed as check in each location. 
In the wet season trial in Cicalengka, observations showed that B-40 was a variable population in 
all locations. Although Talaud is an OP variety, it had better uniformity than the two varieties mentioned 
earlier. 

Significant differences were found among accessions in each location either in yield potential or 
head weight. But there was no significant difference compared to Talaud, except in Subang. However, 
scoring of yield superiority showed that Hybrid 82-46 performed best, followed by Hybrid 82-157 
and Hybrid 62 (Table 1). In relation to head weight, Hybrid 62 performed best followed by Hybrids 
58, 82-46 and 82-157. 

In the dry season trial, raore accessions were evaluated, including two hybrid parent lines, B-IS 
and E-7. The trial conducted in Subang failed due to the high leafhoppe,,- damage. Significant differences 
in yield potential as well as in head weight were observed between Talaud and the accessions. In 
the lowland, all accession, performed better than Talaud; even both hybrid parents, B-18 and E-7. 
Scoring of yield potential superiority showed that Hybrid 59 performed best this season, followed 
by Hybrids 58 and 82-46. On head weight basis, these three hybrids were also the best performers. 
However, since Hybrid 59 was tried in one season only it needs to be re-evaluated. From the two season 
trials over five locations, the accessions performed better in dry season than in wet season. Medium 
elevation was found more favorable for growth than the lowland. On yield potential and head weight, 
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Table 1. Scoring of high yield potential of selected accessions in 1987 wet and 1988 dry seasons. 
Location z 

Average 
BJS PWK SBG MGL CCL Lowland y Medium x All locations 

Wet season 
Talaud 3.5 3.5 2.0 3.5 - 3.0 3.5 3.1Hybrid 62 3.0 3.5 3.5 4.0 - 3.3 4.0 3.5Hybrid 58 3.5 4.0 3.5 2.0 - 3.7 2.0 3.2
82-46 4.0 3.5 3.5 4.0 - 3.7 4.0 3.782-157 3.5 3.5 3.5 4.0 3.5 4.0 3.683-2 2.0 4.0 3.5 4.0 - 3.2 4.0 3.4
B-40 3.5 3.5 2.0 2.5 - 3.0 2.5 2.9
Local - 3.0 - 1.0 - 3.0 1.0 2.0 

Dry Season
 
Talaud 
 1.0 2.0 - 2.0 3.5 1.5 2.7 2.1Hybrid 62 3.5 1.0  2.5 2.5 2.2 2.5 2,4Hybrid 58 4.0 2.0 - 4.0 3.0 3.0 3.5 3.2
Hybrid 82-46 3.5 1.0 - 3.5 4.0 2.2 3.7 3.082-157 1.5 1.5 - 2.0 2.5 2.5 2.2 2.4

83-2 
 2.5 1.5 - 1.0 2.5 2.0 1.7 1.9Hybrid 59 3.0 4.0 - 4 3.5 3.5 3.7 3.682-156 2.5 2.2  2 2.0 2.3 2.0 2.477M(3).27 2.5 2.0 - 3 2.5 2.2 2.7 2.5
77M(4/3).35 2.5  - 3 - 2.5 3.0 2.7
77M(2/3)-43 - 2.0 -  3.5 2.0 3.5 2.7 
8-18 3.5 - - 2.5 3.5 3.5 3.0 3.2
E-7 3.0 -  1.5 2.C 2.03.0 2.3
 

It-ocation abbreviations, see text. YLowland average = (BJS + PWK + SBGI: 3 
 /,ledium average = (MGL +-CCL):2 

four accessions performed better than Talaud, i.e. Hybrids 58, 82-46, 62 and 82-157. These accessions 
will be recommended for release in 1989. 

Tomato Multilocation Yield Trial 

Introduction 

Ten promising tomato lines consisting of four local selections, four from AVRDC accessions,

and two check varieties, were tested in 1987 wet season in Banjarsari (BJS, 2 m a.s.1), Purwokerto

(PWK, 55 m a.s.l). Subang (SBG, 100 m a.s.1), Magelang (MGL, 512 m a.s.l) and Cicalengka

(CCL, 600 m a.s. 1). The first three locations were lowlands and the other two were of medium elevation.
 

Materials and Methods 

The seedlings of 10 accessions and one local variety were planted (in PWK and MGL) in a
randomized complete block design with three replications. Berlian, a lowland variety, and Gondol, 
a highland variety were used as checks. Plant spacing was 60 x 50 em with 24 plants/plot. Stable 
manure was applied at the rate of 30 t/ha and fertilizer at the rate of 150 kg each of P20 5, K20 and 
N/ha. 

Results and Discussion 

Wet season trial. Significant differences were found among accessions. Three local selections 
and four AVRDC selections performed better in terms of yield than Berlian and Gondol. Scoring
of yield potential superiority (Table 2) showed that five accessions were better than Berlian in the
lowland, but not in medium elevation. In latter location, all accessions did not show significant
differences with Berlian. AVRDC selections yielded better than local varieties in the lowland. The 

http:77M(4/3).35
http:77M(3).27
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Table 2. Scoring of high yield potential of selected accessions in1987 wet and 1988 dry seasons. 
Locationz Average

Accessions BJS PWK SBG MGL CCL Lowland y Medium" All locations 

Wet season 1987 
Berlian 2.5 4.0 1.5 5.0 5.0 2.7 5.0 3.6
 
Berlu-6 2.5 5.0 4.0 5.0 5.0 3.8 5.0 4.3
 
Gondol 2.0 2.0 1.0 5.0 3.0 1.7 4.0 2.6
 
Cr 4210 3.0 5.0 2.5 5.0 5.0 3.8 5.0 4 1
 
LG 153-553 4.0 2.0 2.0 5.0 - 2.7 5.0 3.2
 
LG 154-858 4.0 2.5 1.5 5.0 4.5 2.7 4.7 3.5
 
CL 1131-0-0-7-20-11 3.5 5.0 4.0 5.0 5.0 4.2 50 45
 
CL 1131-0-0-43-8-1 4.5 50 1.5 5.0 5.0 4.0 5.0 4.2
 
CL 5915-93-D4-1-0 4.0 4.5 2.5 5.0 4.5 3.7 4.7 4.1
 
CLN 95-280-D5-4-0 5.0 5.0 1.5 5.0 5 0 3.8 5.0 4.3
 
Local - 3.0 - 5.0 -


Dry season 1988
 

Berhan 3.0 5.0 3.0 2.5 4.0 3.7 3.2 3.5
 
Berlu-6 4.0 5.0 3.0 5.0 4.0 4.0 4.5 4.2
 
Gondol 1.0 5.0 3 0 3.0 3.5 3.0 3.2 3.3
 
Cr 4210 4.5 5.0 4.5 3.0 4.0 4 7 3.5 4.2
 
LG 153-553 2.5 5.0 4 5 - 4.5 4.0 4.5 4,1
 
LG 154 8358 3 0 5.0 30 4.0 3.5 3.7 3.7 3.5
 
CL 1131-0.0-7-20-11 5.0 5.0 3.0 3.0 5.0 3.7 4.0 4.2
 
CL 1131-0-0-438-1 4 0 5.0 3.0 4.5 3.0 4.0 3.7 3.9
 
CL 5915-93 D4-1-0 3.0 5.0 3.0 2.0 2.0 3.7 2.0 3.0
 
CLN 95-280-D5-4-O 2.0 5.0 3 0 3.0 3.5 3.3 3.2 3.3
 
Local - - - 3.0 - - - 

"Location ahhreviationf ,se. text 'l.owland average - (BJS + PWK SBG):3 Medium average = (MIL 4 CCL) 2 

five best performers in the lowland in this .eason wcre: CL 1131-0-0-7-20-11. CL 113 1-0-0-43-8-I 
Berlu-6, Cr 4210 and CIN 95-280-1)5-4-0. 

Significant diflferences were AlSo lottnd in fruit size. All accessions bore small fruit less than 70 
g. The fruit size was the same for lowland and medium elevation. For lowland, CLN 95-280-D5-4-0 
had the heaviest fruit I 40.4 g 'ruit). 

Dry season trial. Signilicant differences were found among accessions. ]'he performance 
of l3erlian in dry season was better than in the wet season. Two local selections, Cr 4210 and LG 
153-553 performed better than Berlian in Subang but CL 1131-0-0-7-20-I was better than Berlian 
in Banjarsari. 

Scoring of high yield potential showed that Cr 4210 performed best in the lowland followed by 
Berlu-6. LG 153-553 and ('I 1131-0-0-43-8-1. In diflerent locations, the overall best performers were 
Berlu-6, Cr 4210, CL 1131-0-n-7-20-1 I and LG 153-553. 

These accessions gave the best yield potentials, CLN 95-280-D5-4-0, however had the heaviest fruit. 



AVRDC-Korea Bilateral Program 

Breeding of Heat-tolerant Chinese Cabbage Varieties 

Every year promising combinations of Chinese cabbage for lowland summer cultivation are selected 
for their heading form, disease resistance and harvest ratio. Usually harvest ratio is not reproduced 
due to the fluctuation of weather conditions among trial years. The weather condition from July to 
September at 10-day intervals was measured as precipitation of about 100 ram, maximum temperature 
higher than 26°C and average humidity higher than 80% (Fig. I). In 1987, in spite of heavy rains 
and long rainy days during the field stage, two combinations were selected for high harvest ratio and 
good performance among tri:ii combinations with different sowing times. 

In 1988, 13 combinations derived from crosses among eight inbred lines were tested at two different 
sowing time, 25 June and 15 July. Among parents, three were the parental lines of the selected 
combinations in 1987 and two were the lines introduced from AVRDC and selected in the previuus 
years. The last three were derived from anther culture of commercial F1 hybrids. One of them (An
Ill) originated from the famous high quality Samjin and the other two from Junseong (An 603, An 
619), was known to be resistant to virus. 

Characteristics of eight parental lines are presented in Table 1. The heading type of five HES 
lines varied from non-heading to joined-up but the three lines from AVRDC showed overlapping 
lorm. Maturity of HES lines varied from middle to late, but AVRDC lines turned out earl" to 
extremely early. Three AVRDC lines showed lower plant weight and fewer number of leaves than 
HES lines. 

Afler 55 days from sowing (first seedtime), HES lines except SSD31-2 showed very strong 
resistance to virus but three lines from AVRDC proved to be very susceptible (Table 2). After 70 
days, all parental lines of the first seedtime were seriously infected by virus. In the second seedtime, 
it was not possible to find out surviving plants without virus infection even at early stage in the field. 

After 55 days from sowing (first seedtime) almost all combinations were found very healthy and 
were not seriously infected by soft rot and virus (Table 3). However, im:nediately virus symptom 
appeared and finally the number of surviving plants decreased drastically. 

Two combinations selected in 1987 which showed high harvest ratio in spite of heavier rainfall 
and longer rainy days during field growth stage of Chinese cabbage in summer compared with an 
average year seemed very resistant to soft rot or bacterial rot. In 1988, on the contrary, there was 
very little rain and dry weather continued to predominate during field growth stage except in the middle 
of July. As a result, soft rot infection remained at low level, while virus infection seriously spread. 
It has been known that virus infection is closely associated with the density of aphids which are influenced 
by the amount of precipitation. Therefore, it was assumed that heavy rain and long rainy days in previous 
years decreased the density of aphids to negligible level and consequently virus infection was not serious. 
This year, virus infection ratio after 55 days from the first sowing was not so high. However, after 
70 days all combinations were subjected to serious virus infection. It was assumed that diminution 
of aphid density by a heavy rain during transplanting and the incubation of virus made the virus symptom 
remain latent, and continuance of abnormal dry weather after the middle of July accelerated the virus 
infection. Especially all entries of the second seedtime were seriously infected by virus from early 
field stage; there was nothing left for harvest. 

Hence, it was assumed that some selected combinations were resistant to soft rot but not to virus. 
Summer Chinese cabbage hybrids must have resistance to soft rot and virus as well as heat tolerance 

* E4,dWI,. "~ tM. .. ) .~..J 
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Fig. 1. Accumulated precipitation of average year, 1987 and 1988 at 10-day 
Intervals during cultivation of Chinese cabbage Insummer. 

Table 1. Characteristics of eight parent line combinations under lowland summer condition, 1988. 
Line codez Headingy form Maturityx Plant wt. w (kg) No. of leaves
 

An 111-9-3 NH L 
 1.0 52.0 
An 603-2 JU L 1.1 44.8 
An 619-1 SH L 1.1 54.0
SSD31-2-2-1-1 JU M 0.6 49.1 
SSD139-3-2-1-3 NH L 1.1 50.2
B-18-l-2-3-1 OL EE 0.4 24.0
76M(2)... 1 OL EE 0.6 30.0 
77M(3)...1 OL E 0.5 23.0

Z76M(2)...: 76WM(2)-18.3-4-8-4-8-2-, 77M(3)...: 77M(3)-35-18-LT-1-2-3- VNH: Non-heading, JU: Joined-up, SH: Semi-heading, OL: 
Overlapping L: Late, EE: Extremely early, E: Early, M: Medium WFirst seedtime record of 60 days after sowing. 
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Table 2. Soft rot and virus Infection ratio (%) of eight parent lines under lowland summer condition 
at different sowing times, 1988. 

Line codez Soft-rot Virus 
25 June(A) y 

25 June(A) 25 June(B) 15 July(C)
AN 111-9-3 3.4 0.0 100.0 100.0
AN 603-2 0.0 3.4 100.0 90.0
AN 619.1 0.0 0.0 87.5 100.0
SSD31-2-2-1-1 0.0 53.6 100.0 90.5SSD139-3-2-1-3 3.6 0.0 100.0 90.5
8-18.1-2-3-1 0.0 84.2 100.0 100.0
76M(2) .. 1 0.0 96.0 100.0 100.0
77M(3)... 1 0.0 89.7 100.0 100.0 

776M(2).. 76M(2)-18-3-4-8-4.8.2. 77M(3)...: 77M(3)-35-18-LTI-2-3- YDate of observation. A(18 Aug.), B (2 Sept.), C(15 Sept.) 

Table 3. Virus Infection ratio (%) of some combinations under lowland summer condition, 
1988. 

Sowing time
 
Combination 
 25 June 15 July 

- - - - - AZ B C
 
An 111-9-3 x B-18-1-2-3-1 
 5.6 100.0 82.9

An 603-2 x B-18-1-2-3-1 16.1 96.6 75.0

An 619-2 x 76M(2)-18-3-4-8-4-8-2-1 12.5 84.3 58.7
SSD31-2-2-1-2 x SSD139-3-2-1-2" 0.0 82.4 86.5SSD139-3-2-1-1- x B-18-1-2-3-1* 8.1 90.2 70.7
Junseung (control) 7.2 100.0 93.1Tambok (control) 9.0 30.2 62.3 

ZDate of observation A 118 Aug.), B (2 Sept.), C (15 Sept.) *Selected in 1987. 

to achieve a stable harvest ratio. Further intensive studies on virus per se and survey for resistant 
breeding naterial should be emphasized. 

Cytoplasmic Male Sterility 

In 1988, the field test on CMS lines which originated from Raphanus and B. juncea was not carried
 
out. However, some plants of each CMS line were selected according to leaf color at seedling stage

and were grown in the greenhouse for crossing.
 

CMS Originatei From Raphanus 

in 1988, no back crossing was carried out because in the previous year CMS 60 days and CMS 
Cheongbang were considered not isogenic to their recurrent parents even in BC8F, and BC7Fgenerations. Seed setting of CMS 60 days was improved compared with last year's record and was
almost the same as that of recurrent parent (Table 4). CMS 60 days gave lower germination ratio 
than recurrr.,t parent, but the seeds of CMS Cheongbang as parent d'd not germinate at all. 

Table 4. Seed yield of CMS line originated from Raphanus and recurrent line of Chinese cabbage. 

Linez No. of flowers No. of seeds B/A
pollinated (A) (B) 1988 1987
 

CMS 60 (BC9F1) 128 270 
 2.11 0.31Recurrent 164 397 2.42 1.25 
ZCMS 60 : CMS 60 days 
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CMS Originated from B. juncea 

The seed yield of CMS and recurrent lines in 1988 increased compared with that in 1987 (Table 5). 
The germination ratio of each CMS line still remained lower than that of their recurrent parents. 

Table 5. Seed yield of CMS lines originated from B.juncea and recurrent lines of Chinese cabbage. 
B/ANo. of seedsLinez No. of polhnations

(A) (B) 1988 1987 

CMS NB (BC5FI) 163 48 0.29 0.06
 
Recurrent 151 1,417 9.38 4.52
 

CMS DK (BC4F1) 105 574 5.47 0.00
 
Recurrent 105 8.00
840 1.70 

CMS NB: CMS Naebyeorg 60 days. CMS DK: DMS Daehyeong karack. 

Breeding of Processing Tomato 

Domestic cultivation of processing tomato in Korea has not been established despite continuous 
breeding efforts sincie 1976. It was thought that meteorological condition such as long rainfall followed 
by high temperature and humidity during harvest of tomato was one of the major constraints. 

This year, a yiold test of eight processing tomato entries was carried out with three different culture 
methods: nonstaking, staking with pinching and staking without pinching. The materials used in the 
experiment were Ft hybrid varieties of Jinhong. TM 103 and TN #3 and four cross combinations 
made from the parental lines of the former three hybrids and the previous combination, 79078 x ARC. 

On the whole, varietal yield pattern showe:d a similar tendency among culture methods. An 
introduction from AVRDC. TN #3, showed high yield regardless of culture method used. TM 103 
and CL 1080 X UC134, however, showed high yield in staking culture with pinching but not in other 
culture methods. UC134 x CLCL 5915 A and CL5915 B x CLI080 had excellent fruit-set ability 
but very small fruit, whereas. TN #3 was not so outstanding for each character but relatively uniform. 
Consequently yield for TN #3 was stable. On the other hand, Jinhong had larger fruit but gave very 
low yield bc,:ause of low fruit-set especially in nonstaking culture. It is assumed that TN #3 is a potential 
material for regional adaptability t-st in 1989. 



AVRDC-MARDI Vegetable Research Program 

Intermediate Tomato Yield Trial 

A total of 21 AVRDC tomato lines selected from earlier yield trials (15 for processing and 6 
for fresh use) were tested against two local varieties, MT I and MT 11, at Jalan Kebun Peat Station 
to determine their potential under local environments. Four lines, namely, PT 862, PT 870, PT 858 
and PT 913, were found to have met the selection criteria for processing, and CL 5915-206 D4-2-2, 
CL 5915-206 D4-2-5, CL 5915-136 D4-1-0, CL 5915-223 D4-2-1 and CLN 95-280 D5-1-1, were 
short-listed as promising lines for fresh consumption. All these lines showed acceptable survival rate 
(55 to 67.7%) and good yield under lowland conditions. 

Intermediate Chinese Cabbage Yield Trial 

At Jalan Kebun Peat Station, 10 varieties were selected from a preliminary yield trial in 1987 
testing 25 varieties. The yields obtained were generally lower compared to the first-season trial. Green 
Sun, Autumn Pride, Autumn Queen, 77M (2/3-46) and No 82-156 outyielded the control varieties, 
Saladeer and Hybrid 62. Green Sun produced the highest heading efficiency ratio as well as large, 
compact and heavy heads. Green Sun and 77M (3)-27 showed relatively higher tolerance to soft rot 
disease than the other varieties. 

A combined analysis of the data in two seasons indicated significant yield differences among 
varieties and between seasons, and a significant interaction of seasons with varieties (Table 1). Chinese 
cabbage varieties, Autumn Queen (33.4 t/ha) and Green Sun (32.4 t/ha), significantly outyielded 
the local check, Saladeer, (23.2 t/ha) and the AVRDC check, Hybrid 62 (23.2 t/ha). There was no 
significant difference in solidity of heads although Green Sun was reported to have a more roundish 
shape and was more compact than Autumn Queen. 

Sweet Potato Yield Trial 

A total of 32 superior varieties from AVRDC and MARDI were tested in a yield trial at Serdang 
in 1988. Four varieties, viz. CN 1181-32, CN 1232-19, AIS 0122-2 and CN 1229-16, had the highest 
fresh root yields. CN 1232-19 and CN 1229-16 also had the highest dry matter content. Varieties 
AIS 0122-2 and CN 1229-16 were also among the highest yielders in trials conducted in the previous 
two seasons. 

Vegetable Soybean Yield Trial 

Two vegetable soybean lines from AVRDC short-listed on the basis of dry seed yield were tested 
in a replicated trial at Jalan Kebun Peat Station. Line G 81083-63 gave acceptable green pod and 
green seed yields. The pods were also attractive and tasted good when boiled and eaten as a snack 
or when the green seeds were prepared in soup. 



Table 1. Yield trial on 12 potential Chinese cabbage varieties in two seasons. 

Total plant Total head Mean Mean head mean non Heading Head Head Head SoftVariety Days to Total hih weight yield ld Harvest growth weight wrapper efficierc;y length widthmaturity harvested (kg) (kg) (t/ha) rate (kg) (kg) leaf weight shape Solidity rotratio (cm) (cm) index (gcc) M 
(kg)

Autumn Queen 43.1 7.4 12.5 7.5 33.4 a 82.1 1.7 1.0 a 0.7 a 1.6 25.4 12.3 2.1 0.5 11.7 a 
Green Sun 343 9.6 13.5 9.3 32.4 a 96.9 1.4 1.0 a 0.4 bc 

> 
2.3 16.6 12.1 1.4 0.8 4.2 cAutumn Pride 41.9 7.3 11.7 6.5 30.5 ab 75.1 1.6 0.9 ab 0.7 a 1.4 26.6 110 2.4 0.6 17.1 abcNo 82-156* 43.9 10.0 12.8 8.7 29.1 abc 100.0 1.3 0.9 abc 0.4 bc 2.1 16.8 11.5 1.5 0.7 7.5 bc77M (2/3-46)' 43.4 9.4 12.6 8.0 28.6 abc 94.3 1.3 0.9 abc 0.5 bc 2.0 18.5 11.3 1.7 0.7 8.3 bc


No. 82-157" 44.4 10.0 114 7.8 25.9 bc 10.0 1.1 0.9 abc 0.4 bc 2.1 16.8 
 11.5 1.5 0.7 7.5 bc77M (3)-40" 42.6 7.3 10.8 5.4 25.1 bc 79.2 1.2 0.7 c 0.5 bc 1.6 17.5 10.9 1.6 0.7 20.2 ab tr=
Mingko 43.9 6.0 7.4 4.5 24.8 bc 67.0 1.2 0.7 c 0.5 b 1.6 25.6 10.2 2.5 0.5 26.4 aHybrid 62 424 8.0 8.6 5.7 24.5 bc 86.1 1.1 0.7 c 0.4 bc 2.2 17.6 11.7 1.5 0.6 17.3 abc
 
(AVRDC Control)*

Summer Sun 42.3 8.3 13.7 5.9 23.3 c 87.1 1.1 0.7 c 0.4 bc 1.7 16.2 11.1 1.5 0.7 10.2 bc 0
 
Saladeer 49.9 
 8.7 9.9 5.9 23.3 c 89.7 1.2 0.7 c 0.5 b 15 19.2 11.0 1.8 0.6 4.0 c77M (3)-27- 41.9 9.7 10.3 6.7 23.3 c 97.1 1.1 0.7 c 0.4 c 1.9 18.5 10.6 1.7 0.6 4.0 cZMean x 43.0 8.5 11.3 6.8 27.0 87.9 1.3 0.8 0.5 1.8 19.6 11.3 1.8 0.6 13.0 00 
CV (%) 52 22.5 30.9 25.4 18.5 16.6 15.7 0.0 0.0 21.7 8.1 8.5 8.7 18.8 81.1 00 

Variety ns -Y* ** ** ** *** 
Season ns ns ns * 
 ns * ** * *' ** * ns ns 
Season x 
variety * ns ns * ns ** * * * ** ns ns ns 

Y-Significant. ns-not significant. ZCombined analysis in two seasons. Means followed by the same letter(s) within a column are not significantly different at 5% level, 
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Evaluation of Catilitiower Varieties from Several Countries 

Eleven conmercial varieties from Japan. Taiwan. Holland. United St,:tts of America and Thailand 
were short-listed iroin 20 varieties tested in 1947. These varieties were evaluated on peat soil at Jalan 
Kebun. There was no significant dit'hrence in yield between the varieties. The five highest yielding 
varieties were Grcen Harniony, Mikado (Nieigetsu 45 days), Snow Top, Snow Queen and Chai Tai 
,1. Three of these, Soow Top, Snow Queen and Chai Tai #1 gave the highest yields in a trial in 
1987 Ho\%ever, Snow Queen and Chai Tai #1 were preferred because of their shc;rter maturity period. 

Othee Vegetable Research 

Research on vegetable breeding and selection focused on the screening of varieties to evaluate 
their performance both in the lowlands and highlands. Anong the vegetables tested were chili, potato, 
tolato,. asparagus, cabbage. Chinese cabbage. cucunber, vegetable soybean, shallots, okra, long bean, 
Fr,-'nch bean and egg plant. 

['en accessions of chili showed potential for use as dried chili, having yields comparable to MC 
4 and MC 5 fhilc displaying conversion rates from fresh to dry ranging from 15.9 to 28.7%. 

A tier four ,.asons of testing in the highlands. the asparagus lines, CAS 85106 and #81085 emerged 
as higher vilding 16. I to 6.6 t,'la) than Poletum and Mary Washington. 

NUIltht:atiOnal trials on four selected cabbage varieties showed Autumn1Hero and Good Season 
to be the lhigh:,e yielders (3t.7 to 47.6 t/ha) on peait in Pontian while Best Watanabe was more 
productive in mineral soils inl Bertamn. 

The F, cucu nber hy brid of MTi 2 x Hlokoshin showed improved shelf life (4 to 7 days) and 
ained higher yield than dhc checks. It also has a crispy texture. However, the hybrid is not well 
accepted by consumers because of its unfamiliar dark green color and slightly rough skin surface. 



AVRDC-Philippine Outreach Program 

Tomato Single-Seed-Descent Trial 

Summary 

In 1987-88. 91 AVRDC lines/hybrids were evaluated during the dry season and 29 F1 hybrids 
during the wet scason. The F1 processing tomato, PT-4052, significantly outperformed the check, 
Mapula, and several F1 fresh market tomatoes significantly outyielded the check variety. All lines 
evaluated under the SSD)in both seasons were very susceptible to bacterial wilt, TMV and Cercospora 
leaf spot diseases. 

Introduction 

F, hybrids, open-pollinated fresh market and processing tomato lines from AVRDC were 
advanced through SSI) (single-seed-descent) trial. Screening of entries was based on yielding ability 
and resistance to pests, diseases and physiological disorders. Hybrids/lines derived from SSD with 
heat tolerance, good quality fruits and resistance to pests and diseases were advanced to the PYT 
for further screening. 

Materials and Methods 

In 1987-88, 91 test entries were divided into three sets of planting: (I) 17 Fi processing tonatoes. 
(2) 53 open-pollinated fresh market and (3) 23 F, fresh market tomatoes. The processing tomato 
lines/hybrid, wcrc compared to BPI TraP-I or Mapula and the fresh market lines to the check, Pope. 

In both seasons, all entries were planted in I-row plots, 5 m long, with I in between rows and 
12 plants per row. The entries were distributed in a randomized complete block design with two 
replications 

Fresh market and indetrminate-type tonatoes were provided with trellis. All entries were mulched 
with rice straw in both seasons. The crops were grown following the AVRDC recommended cultural 
practices for toinato. 

Yield and other horticultural characters and observations on pests, deseases and physiological 
disorders were recorded. 

Results and Discussion 

The yield perlorlance and some horticultural characters of F, processing tomato lines in Set 
I are presented in Table 1.The entries gave a marketable grand mean yield of 7.8 t/ha. The low 
yield was attributed to soil moisture stress. Total rainfall in February and March during flowering 
and fruit forrmation was only 33.8 am. Line PT-4052 showed significant yield difference over the 
check, Mapula. Nonmnarkctable yield did not show any significant difference among entries. Line 
PT-4141 was latest to flower (34 days): however all entries matured almost at the same time with 
a grand mean of 08.5 days. On fruit shape, the check Mapula was oval while majority of the test 
entries were round. 

7: (VI. 
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Table 1. Yield and some horticultural characters of the F1 processing tomato lines evaluated 
under the SSD during the DS 1987-88.z 

Yield (t/ha) Days to Fruit diameter (cm)Entry 
Marketable Nonmarketable Flowering Maturity Polar Equi. 

PT-4052 18.0 ay 2.3 22 b 67.0 3.7 4.1 
PT-4 142 15.8 ab 2.6 29 ab 68.5 3.9 4.1 
PT-4141 11.7 a-c 2.0 34 a 67.0 4.0 4.0 
PT-4126 9.4 a-d 2.3 27 ab 74.0 3.2 3.4 
BPI TmP1 (ck) 8.5 b-d 2.8 22 b 78.0 4.9 3.4 
Grand Mean 7.8 2.1 252 68.5 3.7 3.7 

(17 entries) 
CV (%) 45.5 36.9 5.7 7.1 12.1 27.0 

1
Transplanted 14 January 1988 and harvested 6 times from 21 March to 8 April 1988. Means followed by the same letter 

in each column are rot significantly different at 5% level Using DMRT 

All entries were equally susceptible to bacterial wilt, TMV, Cercospora leaf spot and cracking. 
Among 53 open-pollinated fresh market tomato lines, CLN 698 BC, F2-288-0-7 with marketable 

yield of 37.7 t/ha outvielded the check. Pope. but the difference was insignificant. Nonmarketable 
yields sho% cii a grand mean of 4 t/ha. The high nonlnarketable yield was due to fruit cracks. Mean 
flowering was 32.9 days and natu rity, 78.5 days. Entries generally had round fruits. 

The results froot Set Ill trial on the evaluation of 23 F1 flesh market tomato lines showed that 
marketable and culled yields varied among entries but the differences were not significant. The grand 
nean number of days to flower and lature were 37.8 and 76.3 days, respectively. Line FMTT-72 
produced the biggest fruit (78 g). Reactions to fusarium wilt, Cercospora leaf spot and bacterial wilt 
were not signilicant among entries. 

In a trial of Fl fresh market tonato during the wet season, five highest yielding entries which 
produced 14.8 to 23.7 t/ha, significantly outyielded the check Pope (5.1 t/ha). Nonmarketable yield
varied, but differences were insignificant. The hybrids produced significantly bigger fruits than the 
check. Fruit worms and fIliar diseases (specially Cercospora leaf spot) were prevalent during the 
cropping season. 

Preliminary Yield Trial on Tomato 

Summary 

During !'187-88 dry season, 10 FI fresh market and 12 open-pollinated fresh market lines were 
evaluated. The yields of F, processing tomatoes were comparable to the check, Mapula. Eight F, 
fresh market lines performed better than the check and 12 open-pollinated fresh market line significantly 
outyielded the check. 

The wet season preliminary trial composed of 66 open-pollinated fresh market lines were planted 
in five sets. Of the 66 lines. 13 showed higher yield over the check, Pope. The general low yield 
of the test lines was attributed to high incidence of Cercospora leaf spot, excessive rain during the 
crop season and nonmulching of the trial. 

Introduction 

Selections from the SSD trial based on yield performance and fruit qualities were evaluated in 
the PYT to identify heat and moisture tolerant lines that will produce good marketable yields during 
the wet season. Emphasis was also given to lines with tolerance to tropical foliar diseases. 

Materials and Methods 

A total of 32 test entries were evaluated during the 1987-88 dry seaso,, divided into three sets 
of trial. Set I was composed of 10 AVRDC F processing lines, compared to check, BPI TmP-I; 
Set II with 10 F, fresh market tomatoes and Set I, with 12 open-pollinated fresh market tomato 
lines. All sets of plantings were transplanted on 14 January 1988. 
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Twelve entries under Set IlIwere again evaluated during tilewet season for final screening.
Selections from the previous open-pollinated fresh market tomato SSD trial were divided into sets 
of planting: Set IV with 17 lines: Set V with 16 lines: and, Set VI with 10 lines. The trials were 
planted on 16-20 June. 

The indeterminate type tomato was provided with bamboo trellis. Unlike in the dry season trial,
the wet season planting was not mulched due to the absence of mulching materials. 

The PYT's were laid out in a randomized complete block design with three replications. Twelve 
seedlings were transplanted per row of 5 m2 subplots. The AVRDC recommended cultural practices 
Ior toitato tria!s were followed. 

Yield, horticultural characteristics and obs.ervations on pests, diseases and physiological disorders 
were recorded. 

Results and Discussions 

Dry season PYT. The yield and some horticultural characters of F, prucessing tomatoes 
evaluated during the dry season (Set I) are shown in Table 2. Marketable yields ranged from 1.9 
t/ha (PT-4073) to 7.95 t/ha (PT-4148). There was no significant yield difference among entries. The
low yield w,,s attributed to moisture stress, non-heat tolerance of processing tomatoes and late planting.
Small and cracked fruits classified as nonmarketable were not significantly different amnong the entries. 
The grand mean number of days to flower and to mature were 26 and 64 days, respectively. Fruit
size varied with the biggest (46 g) from PT-4062 and PT-4049. However, there was no significant
difference on fruit size among hybrids. 

taole 2. Yield and some horticultural characters of F1 processing tomato lines evaluated under 
the PYT during the DS 1987-88, Set I.z 

Entry Yield (t/ha) Days to Fruit size 
Marketable Nonmarketable Flowering Maturity (g) 

PT-4058 5.1 1.5 26 58 31

PT-4027 5.1 1.4 26 58 24
PT-4073 1.9 0.6 26 
 69 33PT-4063 3.6 0.8 27 63 40Pf-4064 6.8 1.5 26 63 50
PT-4062 4.7 1.2 26 63 46PT-4148 8.0 1.2 26 62 32PT-4057 4.7 1.7 26 63 25PT-4049 5.2 1.7 27 64 46P-r.4147 6.3 1.4 26 72 31Mapala 4.9 0.7 26 72 44Grand Mean 5.1 1.2 26.3 64.4 36.5
CV (%) 23.6 28.2 2.7 9.3 19.4 

ITransplanted 14 January 1988, harvested 5 times from 29 February to 24 March 1988. 

In set I! (DS fresh market tomato PYT), eight hybrids significantly outyielded the check. Pope.
The highest yielding entry was FMTT-19 with 14.4 t/ha (Table 3). Culled ,ields ranged from 1.4 
t/ha (Pope) to 5.1 t/ha (FMTT-16). Fifly percent flowering was obtained 28.1 days and maturity
of fruits 70.9 days from transplanting. Fruit sizes ranged from 22 g (Pope) to 43 L (FMTT-16).
Differences in reaction to Fusarium wilt was significant among the entries and the most susceptible 
was FMTT-3. All hybrids were susceptible to sunscald due to less foliage of the crop.

In a trial conducted on 12 open-pollinated fresh market tomatoes during the (try season 1987-88 
and wet season 1988 (Set Il). N-65-349-D5-2-0 (26.9 t/ha) gave the highest marketable yield. 

Wet season PYT. The same set of 12 open-pollinated fresh market tomatoes evaluated duiing
the dry season was compared to the check, Pope in the wet season. Oniy CL 5915-206 (G) D4-2-2-0 
with 14.6 t/ha marketable yield significantly outperformcd the check, Pope. Nonnarketable yields
varied among entries but the differences were not significant. 
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Table 3. Yield and some horticultural characters of FI fresh market tomato lines evaluated under 
the PYT during the DS 1.9.98, Set ll.z 

Entr Yield (t/ha) Days to Fruit size Rating y 

Marketable Nonmarketable Flowering Maturity (g) Fus. wilt SS 
FMTT-3 9.7 bcX 3.2 32 71 29 3.0 a 4.0 a 
FMTT-14 11.3 ab 2.8 25 67 33 2.3 ab 3.3 ab 
FMTT-16 11.5 ab 5.1 28 72 43 1.0 b 3.0 
FMTT-18 14.0 a 3.4 26 66 32 1.0 b 2.0 b 
FMTT-19 14.4 a 3.9 27 69 38 1.0 b 2.3 b 
FMTT-21 10.1 bc 3.4 32 72 32 1.0 b 2.7 ab 
FMTT-22 2.5 e 1.9 30 71 33 2.0 ab 2.7 ab 
FMTT-13 9.8 bc 3.4 27 68 37 1.7 ab 3.3 ab 
FMTT.4 6.7 cd 2.0 27 72 40 1.7 ab 4.0 a
FMTT-23 5.3 de 3.2 30 71 37 1.3 b 4.0 a 
Pope (ck) 5.3 de 14 5 81 22 1.0 b 4.0 a 
Grand Mean 9.1 3.1 28.1 70.9 34.2 1.5 3.2 
CV (%) 21.4 34.2 13.22 9.1 23.35 46.98 23.8
 

ZTransplanted 14 January 1988, harvested IS March to18 April 1988. YRatings from 
 1 to 5 with the increasing order of 
severity. XMuans followed by the same letter in each cokumn are not significantly different at 5% level using DMRT. 

The reactions of the 12 entries to fruit worms, sunscald, fruit cracking, Fusarium wilt, TMV 
and Cercospora leaf spot were similar in both seasons' trials. CLS was the most destructive disease 
among entries in both seasons. 

Comparing 14 open-pollinated fresh market tomatoes to the check, Pope, three entries CLN 657 
BCI F3-215-0-i7 (5.8 t/ha), CLN 657 BCI F3-274-0-10 (4.6 t/ha) and CLN 520 BCi F3-200-2-16 
(4.2 t/ha) significantly outyielded the check. The grand mean for the nonmarketable yields was 0.8 
t/ha. Fruit size was significantly different among entries; the biggest (51 g/fruit) was produced by 
CLN 500 BCI F3-200-2-16. So far, CLN 657 BCI F3-274-0-10 was the most susceptible to fruit 
worm and CLN 452 BC1 F3-65-22-1 to sunscald. The highest incidence of TMV was on Pope with 
a 4.3 rating. The five promising lines including the check were not much affected by bacterial wilt. 

Line CLN 698 RCI F3-517-OP-12 produced the highest marketable yield of 5.1 t/ha which was 
significant over the check, Pope. Differences in nonmarketable yields among entries were likewise 
significant; the highest was observed on CLN 457 BCI F3-230-2-1 (1.3 t/ha). There was no significant 
difference in fruit size; the grand mean was 27.2 g/fruit. 

Poor fruit setting and small fruit size were attributed to bad weather conditions and high incidence 
of foliar diseases. The total rainfall durirg the crop season was ahout 367 mm. 

Of the 15 open-pollinated fresh market lines evaluated, three significantly outyielded the check. 
Nonmarketable yields varied but were not significantly different among entries. 

The highest yielder, CLN 729 BCI F3-74-OG-17 produced the biggest fruits (38 g/fruit). Among 
diseases of tomato, CLS was the imost prevalent in all entries. The highest marketable yield of 7.2 
t/ha was obtained from CLN 229 BC1 F3-12-5-3-12-10. The promising lines significantly outyieldcd
the check, Pope, which produced 1.43 t/ha yield. Nonmarketable yield produced by the check was com
parable to the promising lines. The biggest fruit (33 g/firuit) was produced by the highest yielding line. 

The reactions of the entries to fruit worms and tomato diseases were comparable to the check. 
TMV and CLS were the most prevalent diseases in all ines with grand mean scores of 2.52 and 2.61, 
respectively. 

The low yields of the entries were again attributed to heavy rainfall and severe foliar disease 
infections during the crop season. 

General Yield Trial on Tomato 

Summary 

Fourteen AVRDC open-pollinated fresh market tomatoes were evaluated during the dry and wet 
seasons of 1987-88. Yield varied significantly in both seasons with CL 5915-223 (G) D4-2 and 
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CL 5915-206 (G) D4-2 producing the highest yields during the dry and wet seasons, respectively.
The entries flowered in 24 days and matured in 59 days during the dry season, while during the wet 
season, flowering was observed after 24.5 days and maturity at 66.4 days. Fruit setting was higher
during the dry season (4.3 score) with bigger fruits (31.2 g/fruit). Entries showed various reactions 
to sunscald, cracking and bacterial wilt incidence. 

Introduction 

Lines found promising after four seasons in the PYT were evaluated in the GYT to screen further 
cntries with high marketahle yicid, potential desirable fruit characters and resistance to tropical diseases. 
Seeds of outstanding entries from GYT are then increased for submission to the national cooperative 
testing (NCT) for vegetables for regional evaluitions. 

Miaterlis and Methods 

Fourteen open-pollinated fresh market tomatoes were compared to the check varieties Marikit 
and Pope. The dry seasop trial was transplanted on 1 December 1987 and the wet season on 10 June 
1988. The entries were distributed in a randomized complete block design with four replications in2subplots of 5 m . In both seasons, each plot was mulched with rice straw. All cultural requirements 
of the crop as recommended by AVRDC were observed. 

Data on yield and other horticultural characters as well as observations on pests, diseases and 
physiological disorders were recorded. 

Results and Discussion 

Both marketable and nonmarketablc yi,!ds of the 14 AVRDC open-pollinated fresh market lines 
compared to the checks Pope and Marikit are presented in Table 4. During the dry season trial, eight
lines significantly outyielded both check varieties. The highest yield of 17.0 t/ha was produced by
CL 5915-223 (G) D4-2. During the wet season, CL 5915-206 (G) D4.-2 with 18.8 t/ha and CL 
5915-222-D6-0-5 with 17.9 tina outyielded the higher yielding check Maikit (15. t/ha) but the 
differences were not significant. There were sig-;ficant diffe,'ences among entries on culled yields during 

Table 4. Yield of tomatoes under the GYT during DS 1987-88 and WS 1988.z 
Marketable Nonmarretaole Total 

Entry Yield (tina) Yield (tlha) Yield (t/ha) 
DS WS DS WS DS WS 

yCL 1131-0-0-7-2-0 7.6 e-g 16.1 ab 3.3 a-d 3.3 10.9 19.4
Cl. 1131-0-43-4- 12 14.6 a-c 15.1 a-c 4.7 a-c 3.9 19.3 19.0 
CL 1131-0-43-8-1 15.5 ab 19.9 ab -1.8 ab 3.2 20.3 23.1 
CL 5915-197 (G) D41-1 12.7 b-d 13.6 ab 4.1 a-c 2.9 16.8 16.5 
CL 5915.223 (G) D4-2 17.0 a 15.8 ab 3.6 a-d 3.4 20.6 19.2 
CL 5915-153 (G) D4-2 10.0 d-f 10.3 bc 2.4 cd 3.5 12.4 13.8 
CL 5915-217 (G) D4-1 8.0 e-g 11.1 bc 2.6 b-d 2.8 10.6 13.9 
CL 5:;15 362 (G) F4-1 6.9 g 13.0 ab 2.8 b-d 3.8 9.7 16.8 
CL 5915-222 (G) D4-0 15.7 ab 14.6 ab 4.4 a-c 2.9 20.1 17.5 
CL 5915-369 fG) D4-1 12.6 b-d 15.0 ab 5.5 a 3.7 18.1 18.7 
CL 5915-455 iG) D4-1 10.2 de 13.4 ab 3.5 a-d 3.5 13.7 16.9 
CL 5915-206 (G) D4-2 15.4 ab 18.8 a 4.2 a-c 3.7 19.6 22.5 
CL 5915-229 D6-1-4 3.3 11 11.7 b 1.5 d 2.5 4.8 14.2 
CL 5115-222 D6-0-5 12.9 b-d 17.9 a 4.7 a-c 3.4 17.6 21.3 
Marikit (ck) 7.1 fg 15.5 ab 3.3 a-d 3.6 10.4 19.1 
Pope (k) 8.6 e-g 6.1 c 2.9 b-d 2.3 11.5 8.5 
Grand Mean 11.1 14.3 3.7 3.3 14.8 17.1 
CV (%) 16.8 24.8 37.2 40.9 

'DS trial transplanted 1December 987, harvested 4 times from 27 January to 15 February 1988. WS trial transplanted 10 June
1988, harvesteu 8 times from 2 August to 26 1988. Means followed by the same letter in each column are not s'gnificently
different at 5% level using DMRT. 



___ 

332 AVRDC Progress Report 1988 

the dry season and none during the wet season. The entries flowered from 22 to 27 days during the
dry season an., from 22 to 29 days in the wet season. Fruit maturity was attained at 56 to 67 days
for the dry and 59 to 76 days for the wet seasoi,. 

On fruit size, there were significant differences among entries with the biggest from lines CL 
5915-455 (G) D4-1 and CL 5915-217 (G) D4-1 with 39 and 3'-S g/fruit, respectively during the dry
season For the wet season, the biggest fruit (48 g/fruit) was ohkcrved from line CL 5915-229 D6-1-4 
which was comparable to Pope but significantly difterent from Marikit. 

Fruit setting was relatively high (mean scoie of 4.3) during the dry season witi no significant
differences among entries. However, the wet season showed varying fruit setting score. The highest
score of 4.2 was observed on CL 5915-222 D6 6-5 ,which was significantly different from the two 
checks.
 

On physiological disorders, sunscalding was more pronounced during the day compared with the 
wet season (Table 5). There were significant differences among variations in reaction to sunscald.
The incidence of fruit cracking was slightly higher on some entries during the dry season compared
to the wet season, although the grand mean,, of both seasons were closthly similar. The same observations 
were noted on the reaction of the entries to bacterial wilt infection. 

Table 5. Physiological disorders and bacterial wilt rating of GYT entries, DS 1987-88 and WS 
1988 Z 

Entry Sunscald Fruit cracking Bacterial wilt 
DS WS DS 

____

WS DS WS 
CL 11310-0-7-2-0 3.5 a-c 3.0 1.2 cd

y 
1.5 1.0 c 1.2

CL 1131-0-43-4-12 2.7 b.e 2.8 1.5 b-d 1.0 1.2 c 1.2
CL 1131-0-43-8-1 2.0 e 2.5 2.7 a 1.8 1.0 c 1.0
CL 5915-197 (G)D4-1 2.7 b-e 3.0 2.0 a-c 1.3 1.0 c 1.2CL 5915223 (G) D4-2 3.0 a-e 2.3 1.5 bc 1.5 1.5 bc 1.2
CL 5915-153 (G) D4-2 2.7 b-e 1.8 1.2 cd 2.5 1.0 c 1.2
CL 5915-217 (G) D4-1 3.7 ab 2.0 1.7 b-d 1.0 1.2 c 1.5
CL 5915-362 (G) D4.1 4.0 a 2.0 1.2 cd 1.5 1.5 ab 1.5
CL 5915-222 (G) D4-0 2.5 c-e 2.3 1.5 b-d 1.8 1.5 bc 1.7CL 5915-369 (G) D4-1 2.5 c-e 2.3 1.5 b-d 1.3 1.0 c 1.2

CL 5915-455 (G) D4-1 
 2.5 c-e 1.8 1.5 -d 1.3 1.2 c 1.2

CL 5915-206 (G) D4-2 2.2 de 2.8 2.2 ab 
 1.3 1.2 c 1.7
CL 5915-229 D6-1-4 4.0 a 1.8 1.0 d 2.3 3.5 a 1.0CL 5915-222 D6-0-5 2.2 de 2.0 1.7 b-d 1.3 1.8 bc 1.0
Marikit (ck) 3.2 a-d 2.3 1.2 cd 1.5 1.2 c 1.5Pope (ck) 2.7 b-e 2.3 1.0 d 1.5 1.0 c 2.0
 
Grand Mean 2.9 
 2.3 1.6 1.5 1.4 1.3
CV (%) 21.8 
 3,. 34.2 41.8 45.2 43.8 

ZRating from I to 5 with increasing order of severity. Y-Means followed by the same letter in each column are not significantly
different at 5% level using DMRT. 

Preliminary Yield Trial on Chinese Cabbage 

Summary 

Five hybrids and two open-pollinated lines were compared to the check Reyna Elena (ASVEG #1)
during the dry and wet seasons. Hybrids 85-202 and 85-216 attained 20.2 t/ha and outyielded the
check ASVEG #1 (17.8 t/ha) during the dry season but the differences were not significant. In the 
wet season, there was not much difference in yield among entries except for 77M (3)-40. Five entries 
with 13.2 t/ha to 15.9 t/ha outyielded the check Reyna Elena (10.9 t/ha). 

Introduction 

A preliminary yield trial was conducted on five F, hybrids and two open-pollinated linesto
determine their marketable head yields and resistance to major pests and diseases during the dry and 
wet seasons of 1987-1988. 
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Materials and Methods 

The test entries and the check were each planted in I m X 4.8 in raised subplots distributed in 
a randoniized complete block design and replicated three times. Two furrows 50 cmn apart were sei 
in each subplot. One seedling was planted 40 cm between hills within the furrows and the subplots 
were mulched with rice straw. The plants were fertilized with 60-35-33 kg/ha of N, P1205 and K20. 
respectively, at planting. Side dressing of 20 kg/ha N was done one WAT and two subsequent
applications of 20-0-25 kg/ha N and K 20 were done two WAT and at head initiation, respectively. 

Results and Dicusslon 

In the dry season, Hybrids 85-202 and 85-216 (both with 20.2 t/ha) outyielded the check Revna 
Elena (17.8 t/ha) but the difference was not significant (Table 6). There were no significant differences 
in all other characters except on mean head weight wherein the highest was produced by the check 
(659.6 g). Total precipitation during the crop season was 450.5 mm and mean temperature was 28.75'C 
maximum and 23.15'C minimul. 

The grand mean yield for the eight entries was 12.73 t/ha in the wet season (5). There was not 
much fluctuation in yield between entries except for 77rv (3)-40 which produced 5.7 t/ha. Five entlies 
with yields ranginig from 13.2 t/ha to 15.9 t/ha significantly outyiclded the check Reyna Elena (10.9 
t/ha). The highest mean head weight of 729.1 g was produced by hybrid 85-216. So Ilr,Hybrid 82-157 
was least infected by ,;cft rot (12.7%). Total precipitation during the crop season was 378.88 mini 
and mean temperature was 31.82"C maximum and 24.29°C minimum. 

Table 6. Yield performance of the AVRDC Chinese cabbage lines In the preliminary yield trial 
(1987-1988). 

Computed yie:d Mean head wt. Harvest rote' Solidityw Soft Rot 
Entry (t/ha) (kg) (%) (g/cc) rating

z WS y

_S DS WS DS WS DS WS DS WS 

77m (3)-40 13.1 v 5.7 d 06 bc 0.6 cd 67.0 28.7 d 0.57 0.61 19.7 44.0 a 
77m (2/3)-46 17.3 13.2 ab 0.6 ab 0.7 a-c 80.3 60.0 bc 0.74 0.56 17.7 33.3 ab 
Hybrid 82-156 15.7 14.9 a 0.5 d 0.6 d 90.7 80.0 a 0.47 0.49 4 7 13.3 d 
Hybrid 82-157 16.1 15.9 a O.t cd 0.6 b-d 88.3 77.7 ab 0.64 0.53 5.0 12.7 d 
Hybrid 83-20 18.7 10.3 b-d 0.6 ab 0.6 cd 90.7 53.3 c 0.67 0.63 1.0 26.7 bc 
Hybrid 85-202 20.2 15.1 a 0.6 ab 0.7 ab 96.0 65.0 a-c 0.48 0.58 0.7 20.0 cd 
Hybrid 85-216 20.2 15.9 a 0.6 ab 0.7 a 95.3 65.3 a-c 0.60 0.63 4.7 19.0 cd 
keyna Elena (ck) 17.8 109 bc 0.7 a 0.6 a-c 80.7 50.3 cd 0.61 0.57 16.0 34.3 ab 
Grand Mean 17.4 12.7 0.6 0.6 86.1 60.0 0.60 0.58 8.7 25.4
 
CV (%) 19 21.2 7.7 9.6 17 21 19 15
 

Dry season transplanted 25 November 1987; harvested 8 January 1988. Wet season transplanted 31 May 1988; harvested4.13 1988 Percentage of harvestable stand. An approximrnate measurement of head firmness expressed in 
g/cc. VMean separation within columns was determined usting DMRT at 5% level. 

General Yield Trial on Chinese Cabbage 

Summary 

Further evaluation of four promising selections was conducted during the dry and wet season. 
Hybrid #58 with 15.9 t/ha outperformed the check (Reyna Elena, 15.1 t/ha) although no significant
difference was observed. In general, the test entries were comparable to the check in terms of marketable 
head yield and almost all other parameters measured. 

Introduction 

After the dry and the wet season trials under the PYT, promising lines with high marketable head 
yield were further evaluated in the general yield trial. 



334 AVRDC Progress Report 1988 

During the 1987-1988 crop year. four stable hybrids were compared to the check Reyna Elena 
(ASVEG #11). 

Materials and Methods 

The entries were transplanted in double-row I x 4.8 m2 raised beds distributed in a randomized 
complete block design and replicated four times. The rows were set 50 cm apart and th, hills 40 cm 
apart within the rows. The plants were fertilized at the rate of 60-35-33 kg/ha N. P205 and K20. 
respectively at planting, side dressed with 20 kg/ha N one WA' and two subsequent applications
of 20-0-25 kg/ha N and K10 done two WAT and at head initiation, respectively. Standard AVRDC 
cultural practices were l'llowed. 

Results and Discussion 

In the dry season, no significant differences in marketable head yield were observed among entries. 
The _rand mean yield was 15.2 t/lha. Hybrid #58 obtained (he highest yield (ofI15.9 I/ha and mean 
head weight of 672.2 g. 

During the crop season, total precipitation was 487.54 mm and ican teniperat tire was 28.61 'C 
maxinmum and 23. I C minimum. 

So Iar. tie test entries appear to be comparable to tile chc,k Re\na Elena on head yield, mean 
head weight and solidity. 

In tile wet season, the results on computed head yield, inean head weight. harvest rate ant solidity
obtained during the dry season were similar to tho.se of the wet season. 

Total precipitation was 260.8 mm and mean temperature was 32.2°(" ma xi mum and 24.3°C 
Illinil ill.
 

Sweet Potato Germplasm Collection and Maintenance 

Summary 

One hundred-thirty sweet potato lines/accessions from local and foreign sources (mostly fron 
AVRDC) are maintained in the station. This gene pool serves as source of research materials for POP 
and other private and government research organizations. 

Introduction 

The sweet potato improvement program at the AVRDC Philippine Outreach Program (POP) is 
carried out in collaboration with AVRDC. New sweet potato hybrids and accessions selected at AVRDC 
for high marketable root yield, resistance to major pests and diseases and high dry matter coo:tent 
arc periodically received at POP, Economic Garden. The introduced materials together with those 
collected from local sources are maintained and evaluated at the station. Promising lines arc further 
evaluated in replicated trials (PYT and GYT), and finally in the national cooperative trial before they 
are approved by the Philippine Seedboard for national and/or regional recommendation. 

Materials and Methods 

Newly introduced sweet potato lines/accessions fron AVRDC or inaterials collected from 
local sources were planted anti maintained in 12-inch clay pots under screenhouse condition for 
quairantine and multiplication purposes. The naterials were then planted in 6 m nursery plots in the2 

field for initial observation of the morphological and agronomic characters and for propagation for 
replicated trials. 
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Results and Discussion 

One hundred-thirty sweet potato lines/accessions are presently maintained at POP. A total of 
2,002 cuttings of promising lines/accessions were given free to different institutions for research 
purposes. 

Field Performance Tests (PYT and GYT) 

Summary 

Promising sweet potato lines/accessions selected from the germplasn study were further evaluated 
in the PYT and later in the GYT to determine their marketable yield potentials, reaction to scab and 
dry matter content. 

Twenty-five entries in the PYT and 16 in the GYT were evaluated against the check BPI-Sp2
during the dry and wet seasons of 1988. No valid results were obtained from the dry season trials 
due to the unusually heavy rainfall that prevailed in June and July before the crops were harvested. 
The adverse conditions caused most developing roots to rot, thus affecting the yield. The wet season 
trials are still in progress. 

Introduction 

The promising sweet potato lines/accessions initially selected frorn the germplasm collection study 
were tested in replicated trials under the PYT and GYT to evaluate their marketable root yield potential, 
reaction to scab infection and dry matter content. 

Materials and Methods 

In the PYT, 25 test entries were evaluated against the check BPI-Sp2 during the dry season (planted
17 February 17 1988) and we! season (planted 20 June 1988). The GYT evaluated 16 test entries 
against the check BPI-Sp2 during the dry season (planted 2 March 2 1988) and wet season (planted 
10 August 1988). 

In both trials, each entry was planted in double rows 6 In subplots distributed in a randomized 
complete block design and replicated three times for the PYT and four times for the GYT. Fertilizers 
at 90 kg/ha each of N. P20 5 and K20 were applied at planting. The AVRDC recommended practices 
for sweet potato were followed. 

Results and Discussion 

The dry season plantings for both the PYT and GYT were overtaken by heavy rainfall which 
occurred at the start of the rainy season in June and July. In two months, it rained for 30 days with 
total precipitation of 472.9 mm. These adverse conditions affected the fleshy root development stage
of the crop, thus causing most roots to rot in the field. Dnta from the two trials therefore were not 
valid. The wet season trial is in progress. 

Use of Sex Pheromone to Control Sweetpotato Weevil 

Summary 

A trial on the new practical IPM approach developed by AVRDC was conducttd to determine 
its effectiveness for weevil control. The field, cleared of sweet potato debris and alternate hosts of 
the weevil, was planted to insecticide-treated BPI-Sp2 cuttings on 14 September 1988, on subplots
of"5 in x 6 in each, distributed in a randomized complete block design and replicated three times. 
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Three sex pheromone traps were placed in the field two weeks after planting to capture maleweevils. Daily counts of trapped weevils were done.
Initial result-. showed that a total of 2,527 weevils were trapped after 25 samplings. The studyis in progress and weevil counts will be made from the fleshy food samples at harvest. 

Introduction 

Screening of sweet potato lines/accessions for resistance to weevil (Cvlasformicarius F.) so farshowed all materials tested were susceptible to weevil damage. A new practical IPM approach developedby AVRDC has been adopted at POP to control weevil infestations on sweet potato in the field. Themethod involved removal of sweet potato debris preceding harvest, dipping of cuttings in insecticidesolution prior to planting and setting sex pheromone traps in thL sweet potato field after planting. 

Materials and Methods 

The ficid previously cleared of sweet potato debris and alternate hosts of the weevil was plantedto insecticide-treated BPI-Sp2 cuttings on 14 September 1988. Planting was made in the 10-row subplots at 25 cm between hills and 50 cm between 6-i long rows. The 12 5 x 6 m subplots weredistributed in a randomized complete block design and replicated three times.Three sex pheronmone traps were placed in the field about two weeks after planting. The designof' the phcromone traps and procedures in conducting the study were based on the AVRDC guideon practical IPM approach for the control of sweetpotato weevil. 

Results and Discussion 

For a period of 37 days (from 13 October to 18 November 1988), initial results showed that thethree sex pheromone traps caught a total of 2,527 male sweetpotato weevils. It was also noted thatthe number of weevils trapped per day depended on the prevailing weather conditions aod wind direction.The study is still in progress and weevil counts will be made from the fleshy root samples at harvest. 

Preliminary Yield Trial on Soybean 

Summary 

The study aimed to evaluate and identify soybean lines with high bean yield potentials, resistanceto common pests and diseases and other desirable attributes. Nineteen promising accessions fromAVRDC and other sources were evaluated during the dry and wet seasons of 1987-88. Each entrywas planted in 5 and 6 m2 plots during the dry and wet -easons, respectively, and distributed in
randomized complete block design with three replications. Th- entries were evaluated using the AVRDC

recommended practices on 
soybean.
During the dry season, five entries outyielded the highest yielding check BPI-Sy4, but yield

differences were not statistically significant.


During the wet season, seven lines surpassed the highest yielding check, but only lines (-C 90086
(2.7 t/ha) and GC 90050 (2.6 t/ha) showed significant differences over the check. 

Introduction 

Promising selections from the early breeding line study were evaluated under the PYT for fourseasons. The study aimed to identify lines/accessions with high bean yield potentials, resistance tocommon pests and diseases and other desirable agronomic attributes. 
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Materials and Methods 

Nineteen test entries were evaluated against the standard checks, BPI-Sy4 and UPL-Sy4. The
dr. season trial was planted on 20 November 1987 and wet season on 8 June 1988. In each trial,
the entries were planted in four-row subplots, distributed in a randomized complete block design and 
replicated three times. Complete fertilizer 30-30-30 kg/ha of N, P:0 5 and K20. respectively, was
applied at planting. Cultural management and data collection were based on the standard cultural 
practices suggested by the AVRDC International Cooperators Guide for Soybean Evaluation Trial. 

Results and Discussion 

Of the entries evaluated during thc dry season, five outperformed the highest yielding check BPI-
Sy4 (Table 7). However. the yield differences were not significant. All entries were rated susceptible 
to highly susceptible to soybean rust. 

During thc wet season trial, seven lines outperf'orned the highest yielding check variety UPL-
Sy4 with hean yields of"2. I t/ha. However, only G 90086 and G 9(X)50 were significantly better than 
the check variety. Line GC 90089 gave the highest seed size of' 24.1 g per 100 seeds. All entries 
were rated nmoderately susceptible to susceptible to so,bean rust during the dry season. 

General Yield Trial on Soybean 

Summary 

The selected lines from the preliminary yield trial were evaluated in the general yield trial to 
further verily their yield potentials, resistance to common pests and diseases, and identify their desirable 
agronomic characters. 

Low bean yields were obtained during the dry crop season due to severe drought. However, GC 
50095-7-0-9 with 0.8 t/ha significantly outyielded the higher yielding check BPI-Sy4 (0.5 t/ha).

Of the 18 entries evaluated against the two standard checks during the wet season, three entries 
with yie~Is ranging frm 2.5 to 2.7 t/ha outyielded the higher yielding check BPI-Sy4 with 2.4 t/ha.
but the difference was not significant. 

Introduction 

Promising lines selected from the PYT were elevated to GYT to further test their yield potentials,
reaction to ildjor pests and diseases and to identify their other desirable agronomic characters. The 
selections from the GYT are finally evaluated in the RYT for regional evaluation and possible regional 
and/or national recommendation. 

Materials and Methods 

Eighteen entries were planted in 10 m2 subplots, distributed in a randomized complete block
design with four replications during the dry (planted 20 November 1987) and wet (planted 1 June 
1988) seasons. The plants were fertilized at 30 kg per hectare each of N, P205 and K20 at planting.
Cultural management and data collection were based on the star cultural practices suggested by
the AVRDC International Cooperators Guide for soybean evaluation trial. 

Results and Discussion 

The 18 test entries evaluated in the dry season produced a grand mean yield of only 0.46 t/ha
due to severe drought arid early infection of soybean rust. However, entry GC 50095-7-0-9 with 0.79
t/ha significantly outyielded the highest yielding check BPI-Sy4 with 0.51 t/ha. The other yield
parameter, measured sht wed significant differences among entries. 
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Table 7. Mc= bean yield and other agronomical characters of soybean lines under regional yield trial during the dry and wet seasons, 1987-88. 
Yield Days to Days to 100-Seed Seed Productivity Rust
 

No. Entry (t/ha) flowering maturity wt. (g) quality kg/ha/day rating y
 

DS WS DS WS DS WS DS WS DS WS DS WS DS WS
 
1. BPI-Sy4 (ck) .7 a-d z 1.9 a-c 29 :5 . 77 91 9.5 13.7 2.0 2.5 9.3 21.6 5.0 3.0 
2. EG Sy 19-37 .4 f-h 1.7 c 33 3b 83 97 7.8 13.9 2.0 2.5 4.8 18.0 3.7 3.0 
3. P' 7000 .8 ab 2.1 a-c 29 35 78 90 12.4 15.0 2.0 2.7 10.1 23.3 3.3 2.0 < 
4. PI 6973 .5 d-g 2.0 a-c 29 38 76 93 9.3 13.9 2.2 2.5 6.6 21.7 4.3 3 3 
5. GC 60062-9-2 .7 a-d 1.5 cd 36 42 77 94 6.5 8.6 2.0 3.0 9.5 16.3 4.0 3.3 
6. GC 90040 .3 gh 1.5 cd 29 30 82 96 9.3 16.5 2.2 2.5 3 5 16.1 3.7 3.3 
7. PI 7395 .3 gh 2.2 a-c 32 32 78 93 9.1 14.5 2.0 2.0 3.7 23.6 4.0 4.0 
8. AGS 135 .6 b-f 2.0 a-c 29 36 73 92 9.8 14.9 2.0 2.5 7.7 21.9 4.7 3.7 
9. SJ 5 .5 c-g 2.1 a-c 31 38 79 97 12.6 12.8 2.0 2.3 6.4 22.2 4.3 3.7 

10. GC 90089 .4 f-h 2.3 a-c 30 35 80 95 13.5 24.1 2.0 3.0 4.9 24.7 3.7 4.0 
11. GC 90086 .4 e-h 2.7 a 31 34 79 95 9.4 15.8 2.5 2.5 5.6 28.9 4.0 3.0 
12. GC 0062 .8 ab 2.4 a-c 31 40 82 102 15.3 18.4 2.0 3.0 10.2 23.2 3.0 3.3 CD 
13. GC 90050 .8 a 2.6 ab 38 43 83 96 7.2 10.4 2.5 2.5 10.2 27.6 3.7 3.3 0 
14. GC 90088-2 .5 d-g 1.8 bc 31 32 81 95 13.1 19.5 2.0 2.8 6.2 19.3 3.7 4.0 
15. GC 90088-8 .4 f-h 2.1 a-c 31 31 81 93 12.6 20.1 2.0 3.0 4.8 23.1 4.3 4.0 
16. PI 6977 .3 h .8 d 30 33 77 94 10.0 18.9 2.5 2.E 3.4 8.9 4.7 3.7 0 
17. UPL-Sy2 .7 a-e 1.8 bc 31 33 77 93 12.5 15.1 2.0 2.7 8.7 19.3 4.0 3.0 
18. PI 7413 .7 a-c 1.9 a-c 29 34 76 92 9.4 14.8 2.0 2.5 9.7 21.5 5.0 3.7 
19. UPL-Sy4 (ck) .6 b-f 2.1 a-c 29 35 80 96 10.9 16.6 2.0 2.5 7.6 22.1 4.3 3.3 
Grand Mean .5 2.0 31 35 79 94 10.5 15.7 2.1 2.6 7.0 21.2 4.1 3.4 
C.V. 15.21 15.30 2.14 1.31 1.03 1.68 8.32 10.23 

ZMeans within a column followed by the same letter are not significantly different at 5% level by DMRT. YRating of 1.5 with 1 = highly resistant and 5 = highly susceptible. 
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During the wet season, the bean yield ranged from 1.5 t/ha for GC 50225-1-6 to 2.7 t/ha for 
G 5425. The grand mean was 2.2 t/ha. Three entries with bean yields of 2.5 to 2.7 t/ha performed 
better than the highest yielding check BPI-Sy4 (2.4 t/ha), although the difference was not statistically 
significant. Significant differences were also obtained in other yield components measured. 

All entries were rated moderately susceptible to highly susceptible to soybean rust during the 
dry and wet season trials. 

Regional Yield Trial on Soybean 

Summary 

Eight and 10 promising lines were evaluated in the regional yield trial against two standard checks 
during the dry and wet seasons, respectively. The study was designed to verify the performance of 
the promising strains/varieties in different regions of the Philippines in terms of bean yield potentials 
and reactions to major pests and diseases. 

Resuhs showed that during the dry season, only TGX 888-48C with 1.0 t/ha significantly outyielded 
the highest yielding check BPI-Sy4 (0.8 t/ha) AGS 208 ranked third. While during the wet season 
trial, four out of iO entries significantly outperformed the highest yielding check BPI-Sy4 with 1.9 
t/ha. Line AGS 208 ranked first ftllowed by AGS 133 with bean yields of 3.1 and 2.9 t/ha, respectively. 

Introduction 

The regional yield trial for soybean under upland monoculture condition was conducted in 
cooperation with IPB and other institutions involved in soybean varietal improvement. Coordinated 
by the Technical Working Group for Field Legumes of the Philippines Seedboard, promising entries 
from various national breeding programs were evaluated for four seasons in 8-12 cooperating stations 
using a common standard procedure. The study was designed to identify high yielding varieties with 
desirable agronomic attributes adapted to the different regions of the country. Recently, to regionalize 
varietal recommendation especially for soybean, promising entries in the RYT in a given region were 
further evaluated for two seasons in the technology adaptation (TA) trial before a variety is released 
in the region. 

Materials and Methods 

The promising lines/varieties selected from the PYT by the breeding agencies/institutions were 
submitted to the Nationa! Legume Technical Committee of the Philippines Seedboard for inclusion 
in the RYT. 

For crop year 1987-88, 12 entries including the two standard checks (I national and I regional) 
were evaluated during the dry and set seasons. Each entry was planted in 12 m 4-row plots, distributed 
in a randomized cemplete block design with four replications. Rows were spaced 50 cm (DS) and 
60 cm (WS) apart with about 15 plants per linear meter maintained. The standard procedure for 
evaluating soybean described in the Upland Crop National Cooperative Trial (UCNCT) of the Philippine 
Seedboard was followed by all cooperating stations in conducting the test. Only the results from the 
Economic Garden are presented in this report. 

Results and Discussion 

Of the eight test entries evaluated during the dry season, only TGX 888-48C with 1.0 t/ha 
significantly outyielded the highest yielding check BPI-Sy4 by 14.4 % (Table 8). Line AGS 208 ranked 
third. Significant differences in 100-seed weight, days to flowering and maturity were also noted among 
entries. All entries were rated moderately resistant to susceptible to soybean rust. 

During the wet season, four out of 10 test entries evaluated significantly outperformed the 
highest yielding check BPI-Sy4 with 1.9 t/ha (Table 8). Line AGS 208 with 3.1 i/ha ranked first; 



Table 8. Mean bean yield and other agronomical characters of soybean lines under regional yield trial during the dry and wet seasons, 1987-88, 
Yield Days to Days to 100-seed Seed Productivity RustEntry (t/ha) flowering maturity wt (g) quality kglhalda ratingy 

DS WS DS WS DS WS DS WS DS WS DS WS DS WS
 
UPL-Sy4 (ck) .5 defz 1.7 de 31 
 36 81 93 11.4 13.7 2.0 3.2 6.3 18.6 32 4.0BPI-Sy4 (ck) .8 ab 1.9 c-e 29 34 76 91 10.6 13.8 2.2 3.6 10.9 21.2 4.5 4.0LG Sy 1-13 .4 f 2.4 a-d 28 30 79 85 8.9 16.4 2.0 2.6 4.7 28.7 3.7 4.0LG Sy 1-24 .4 ef 2.0 c-e 28 31 78 94 10.2 13.7 2.0 2.6 5.4 21.5 4.0 4.0 0LG Sy 5-17 - 1.7 de - 32 - 92 - 13.7 - 3.5 - 18.9 - 3.0TGX 239-17E .6 cd  37  85 - 8.0 - 2.5 - 7.6  3.0 -TGX 780-2F .4 ef - 40 - 83 - 8.7 - 2.0 - 5.3 - 3.2 -0TGX 888-48C .9 a - 37 - 83 - 7.2 - 2.2 - 11.4 - 3.0 -AGS 133 (EGSy133) .6 de 2.9 ab 29 33 72 89 11.2 16.1 2.0 2.7 7.9 32.9 4.2 3.7AGS 208 (EGSy208) .8 abc 3.1 a 29 31 73 89 12.2 21.1 2.0 2.9 10.9 34.4 4.7 3.0AGS 129 (EGSy129) .5 ef 2.5 a-d 28 30 76 92 10.0 16.2 2.0 2.6 6.0 27.6 4.2 4.0IPB Sy 178-30 - 2.1 b-e - 48 - 100 - 9.3  4.0 - 21.3 - 4.0 0IPB Sy 178-42 - 1.8 c-e - 46 - 100 - 9.4  3.9 - 17.3 - 4.0IPB Sy 182-13 - 1.5 e  50 - 101 - 8.5 - 4.2 - 15.0 - 3.5GC 81076-47 - 2.6 a-c - 39 - 101 - 16.3  3.4 - 25.9 - 4.0 00 
Grand Mean

(10 entries [IS) .6 2.2 33.3 37 81 94 9.8 14.2 2.1 3.3 7.6 23.6 3.8 3.8
(12 entries WS)

C.V. 15.99 16.40 1.6 1.19 .98 .93 7.85 12.08 
ZMeans within a column followed by the same letter are not significantly different at the 5% level by DMRT. YRating of 1 to 5 with 1 = highly resistant and 5 = highly susceptible. 
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AGS 133 with 2.9 t/ha, second; and AGS 129 with 2.5 t/ha, fourth in the trial. All entries were 
rated from moderately susceptible to susceptible to rust infection. 

Mungbean Evaluation and Selection of Breeding Lines 

Summary 

One hundred thirty-five stable mungbean lines previously purified and selected at POP were 
evaluated in nonreplicated trials during the wet and dry seasons of 1987-88. The most promising lines 
selected from the wet season trial were from the crosses VC 4195-B, VC 4180-B, VC 4169-B, VC 
4146-B and VC 4310-B. Bean yields ranged from 102 to 247% over the check BPI-Mg5. 

Introduction 

Segregating and stable AVRDC mungbean breeding lines are continuously purified and evaluated 
at POP to identify lines with promising bean yield potential, desirable agronomic characters, 
tolerance/resistance to major pests and dieases, and acceptable eating and processing qualities. 

Through years ol purification and selection 135 promising lines that have attained genetic uniformity 
xere evaluated during the crop ycar 1987-88. 

Materials and Methods 

The 135 uniform lines were divided into two groups with 79 lines for Group I and 58 for Group 
I. Each group was provided with a check (BPI-Mg5) and the entries planted in non-replicated 5-m 
long 2-row plots. Both groups were evaluated during the wet and dry seasons using the AVRDC guide 
for mungbean trials. 

Results and Discussion 

The dry season trial was affected by typhoon, resulting to unreliable data. 
For Group I, 10 promising stable lines produced bean yields ranging from 1.6 to 2.3 t/ha or 

165 to 247% meore than the check BPI-Mg5 (0.9 t!ha). For Group i1,four lines were promising with 
bean yields ranging from 1.3 to 1.8 t/ha or 102 to 143% over the check BPI-Mg5 (1.3 t/ha). Three 
lines were rated relatively resistant to CLS which was comparable to the check. The promising lines 
which will be elevated to the PYT were selected from the crosses VC 4180-B, VC 4195-B. VC 4146-B, 
VC 4169-B and VC 4310-B. 

Preliminary Yield Trial on Mungbean 

Summary 

This study was conducted to identify mungbean lines with high bean yield potential, desirable 
agronomic characters and disease resistance. 

Two sets of entries were evaluated for the wet season. The average bean yields were 1.0 t/ha 
and I. 1 t/ha for Set Iand Set 11, respectively. For Set I, no test entry outyielded the highest yielding 
entry Pag-asa 5 with I. 1 t/ha while for Set II six AVRDC breeding lines with yields ranging from 
1.4 to 1.6 t/ha outyielded the check cultivar BPI Mg5 with 1.3 t/ha. However, the mean differences 
were not statistically sigilificant. 

Introduction 

Selected materials from the observation nurseries were evaluated in the PYT to identify mungbean
lines with high bean yield potentials, desirable agronomic characteristics and disease resistance 
particularly CLS and PM. Selections from this trial were elevated to the GYT. 
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Materials and Methods 

Thirty-eight most promising line,, selected front tie observational nurseries during the dry season 
were evaluated in two sets of PYT trials during tile Eighteen entries (Set 1)were plantedwet season. 
on 30 May 1988 and 20 entries (Set II) on 29 June 1988. Seeds in each entry were sown in a 5-m 
long four-row plot. sct 0.5 i apart and distributed in a randomized complete block design with three 
replications. 

The cultural management and data collection were based tileon standard procedure suggested 
by the AVRDC International Cooperators Guide for Mungbean evaluation trial. 

Results 	and Discussion 

Set I. The grand mean of 18 entries %sas1.0 tilha. Only AVRDC lines, VC 3995-B-5 with 1.1 
t/ha and VC 3890-B-3-1 with 1.I t/ha gave comparable yields as the check cultivar Pag-asa 5 with 
1.3 t/ha (Table 9). VC 3560-B-4-4 producod the largest seed. Virus infection was observed during 
thLe early stage of tile However, the crop recovered during the reproductive stage.crop. 

Set II. The grand mean yield of the 20 entries was 1.1 t/ha. Six lines with bean yields of 1.2 
to 1.6 t/ha outperformed the check BPI-Mg5 (1.3 t/ha). However, tiledifferences were not statistically 
significant. A selected yellow-seeded line from BPI-Mg5 (VC 2764) showed a high yield potential 
and moderale level of resistance to CLS and virus infection. Line VC 3560 B-4-4 had the largest 
seed weight (6.A g/ I00 seeds). 

Table 9. 	High yielding mungbean lines selected from the PYT I evaluated during the wet season,
 
1988.z
 

Yield Days to Plant Height 100-seed Disease Ratin 
Entry (tiha) at maturity maturity weight CLSy virus


(cm) (g)
 
VC 3995-B-5 1.1 57.3 b 82.0 ab 6.0 a 3.3 a 1.3 bc
 
VC 3890-B-3-1 1.1 57.0 b 70.7 d 6.0 a 3.0 ab 1.3 bc
 
VC 3995-B-6-1 1.0 56.7 b 74.7 b-d 5.9 a 3.0 ab 1.0 c
 
Pag-asa 5 (ck) 1.2 51.7 ab 81.2 ab 5.0 cd 2.7 a-c 1.3 bc
 
BPI-Mg5 (ck) 1.1 57.0 b 85.3 a 5.2 bc 3.0 ab 1.7 bc
 
Grand Mean 1.0 57.6 74.9 5.2 2.6 1.6
 

(18 entries)
 
C.V. % 16.39 1.01 6.69 1.03 17.09 31.28 

/Means in each vertical column followed by the same letter are not statistically different at 5% level (DMRT). YCLS = Cercospora 
Leaf Spot on a scale of I to 5 where I is highly resistant and 5 is highly susceptible. Reaction to virus rated on a scale of 
1 to 3 where 1 is resistant and 3 susceptible 

General Yield Trial on Mungbean 

Summary 

The study was designed to further screen and select PYT lines for yield potential, adaptability 
to local agroclitnatic conditions and reactions to common pests and diseases. 

Fifty-one entries were evaluated in three sets of trials during the CY 1987-88. The highest yielding 
entries during the wet season were VC 3738 A, VC 3890-B-2-1-1-B and VC 3827-2B..2-l-B with 
yields ranging from 1.4 to 1.8 t/ha; and during the dry season; VC 3890-2B-B-1-B and VC 3738 
A with 0.7 and 0.8 t/ha, respectively. 

From the previous GYT, lines VC 3121-213-I-I-B, VC 3108-2B-1-2B, VC 3061-7-1-1-1-B and 
VC 3102-B-2-2B were selected for inclusion in the RYT. 
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Introduction 

Selected lines from the PYT were elevated to the GYT ioget more precise inormnattion on their 
ield potentials, adaptability under local agrocliiatic conditions and reaction; to Cotilimoi pests and 

diseases. Results of the trial served as basis for selecting entries for inclusion in the RYT of the National 
Cooperative 'Test. 

Materials ?Ad Methods 

Fi.tl'me entries were evaluated in three sets of GYT trials during the crop seasons of 1987-88. 
E'leven enrics (Set 1)%%ere planted on 21 October 2-1 1987 (DS) and 30 May 1988 (WS). In Set 11. 
16 entries wer,.- planIed on 2 1 October 1987 I)S) and 29 June 1988 (WS): and. in Set 11. 24 entries 
were selected from the previous 13)T trials oin 30 May 1988. A randomized coniplete block design

(four ross -plot, 5-in long) \kiththree replications was used in all sets of trials. The AVRDC suggested

culttlal nac.uenlt11[ and data collecion0 pro,:Cdures were followed.
 

Results and Discussion 

Set I. Of the II entries evaluated, only line VC 3738 significantly outyielded the check BPI-
Mg5 durine the dr\ and We seasons (Table 10). Four other entries w ere compirable to tilecheck
 
during the dr ,cason and six during the wet 
season but their yield differences were not statistical!,
significant. The loss 1ernd mean yield of'O.6 I/ha dUring the dry season was due to typhoon nrid heavy
 
CLS infe(ction that ccurred duririg the reproductive stage of the crop.
 

Set II. Se', en1Clt rics dI rirl, thL dry season aiid five during the wet season or+tyielded the check 
tiP!-Mg5 but the sield differences were not significant in both seasons. So far, line VC 3890-2B
P-I-1 was iost promising during the ,eti.nd VC 3827-2B-2-I-B during the dry seasoni in terms 
ofbean yicld ard other 'ield coinponents Similar to Set 1, the grand mean yield during the die season 
%5ia, lokk due 1o adersc weather condition and severe CLS infiection during tiletrial. 

Set III. The field performance of the eight top yielding entries during the wet season ranged
front 1.2 to 1.4 t/lha which did not significantl differ from the check UPL-Mg5 (Pag-asa 5) which 
yielded 1.2 t 'ha. *Theother yield paranuteis measured (e.g. 100-seed weight and disease ratings) 
did not differ niruch among entries. 

Table 10. Performance of the 10 AVRDC mungbean breeding lines compared with the check cultivar 
BPI-Mg5 under the GYT during the dry and wet seasons, 1987-88 Set I.z 

Y;C;i
o 
 Diys to Pit. ht. at 100-seed
 
Entry (t/.aj .. tufty maturity (cm) wt. (g)
 

DS WS DS WS DS WS DS WS
 
VC 3738 A 0.8 a 1.7 a 567 b 56.7 53.5 a-c 62.9 c 5.8 b 5.8 cd

VC 3907 A 0.7 b 1.5 a-c 56.7 b 57 3 51.4 a-c 66.6 a-c 6.1 a 5.9 a-c
VC 3890 A 0.7 b 14 ad 56.0 bc 56.3 51.2 b-c 64.9 bc 5.7 b 5.8 bd

VC 3857 0.6 bc 1.5 ab 51 3 b 57.3 52.7 ac 74.8 a 5.4 cd 6.0 a
VC 3541 A 0.6 bc 1 5 a-c 
 56 7 b 56.7 53.5 a-c 63.7 c 6.0 a 5.9 abBPI Mg5 Ick) 0.6 bc 1.1 b-d 56 7 b 57.7 56.2 ab 74.1 ab 5.5 c 5.5 e
VC 3678 A 0.6 bc 1.3 b di 56.3 bv 56.7 53.1 a-c 62.3 c 4.8 f 4.9 b
VC 3932 A 0.6 b-d 12 b-d 60.0 a 57.3 51.3 a-c 68.5 a-c 5.3 d 5.4 f
VC 1973 A 0.6 b-d 1.1 d 56 7 b 567 56.9 a 74.1 ab 6.0 a 5.8 d
VC 2991 A 0.5 cd 1.1 cd 55.0 c 57.9 52.3 a-c 75.3 a 5.1 e 5.0 g
VC 3853 A 0.3 a 1.4 a-d 60.3 a 51.0 49.4 c 62.9 c 5.0 e 5.0 g
Grand Mean 0.6 1.4 51.1 51.0 52.9 68.2 5.5 5.5
CV (%) 11.7 13.8 1.31 1.08 5.36 6.98 0.99 1.087Means in each vertical column followed by the same letter not statisticallyare different at 5% level (DMRT). 
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International Mungbean Nursery 

Summary 

Twenty IMN entries were evaluated during the dry and wet seasons of 1987-88. The dry season 
data were not valid due to adverse weather conditions during the trial resulting to low grand mean 
vield (0.4 i/ha) of the 20 entries and high CV of 36%. 

During the wet season, five entries with bean yields of 1.5 to 1.9 t/ha outyielded the check V 
3476 (Pag-asa 1) which produced 1.7 t/ha. The differences, however, were not significant.

So far, entries VC 3888 A and VC 2768 A showed better CLS resistance and had bigger seeds, 
compared to the check V 3476 (Pag-asa 1). 

Introduction 

The iMN is an international cooperative trial on mungbean currently coordinated by AVRDC. 
The entries are elite cultivars/accessions from different countries of origin collected by AVRDC and 
sent to different cooperators. The study aimed to provide information on the range of adaptation of 
the mungbean species and specific cultivars, and characteristics of the mungbean plant influencing
adaptation. It al.o served as a means of disseninating superior cultivars to mungbean research workers. 

Materials and Methods 

Twenty elite mungbean cultivarsiaccessions were planted on 18 November 1987 (DS) and 29 
June 1988 (WS) in a randomized complete block design with four replications. The entries were from 
AVRDC (17), India (1), Korea (I) and the Philippines (V 3476 or Pag-asa I used as check). The 
AVRDC guide lbr mungbean evaluation was followed. 

Results and Dis-ussion 

During the dry season, entries V 2984 with 0.8 t/ha, VC 3737 A with 0.6 t/ha, significantly
otutyielded the check V 3476 (Pag-asa 1) which produced 0.3 t/ha. However, the low grand mean 
yield (0.4 i/ha) of the 20 entries and the high CV of 36% due to adverse climatic conditions invalidated 
the dry season data (Table 11). 
Table 11. Performance of the top yielding mungbean entries In the IMN during the dry and wet 

seasons of 1987-88.z 

Yield Days to Plant height 100-seed Disease rating
Entry (t/ha) maturity at maturity wt. CLSY virusX 

(cm) (gm) 
Dry Season
 
V 2984 0.8 a 58.7 bc 53.1 
a 4.0 g 3.0 1.3
VC 3737 A 0.6 ab 59.7 ab 47.4 a-d 5.0 d 2.3 1.3
 
VC 3888 A 0.6 a-c 59.3 bc 50.7 ab 5.4 b 2.0 2.0

VC 3301 A 0.6 a-d 61.0 a 50.0 ab 4.4 f 
 2.6 1.7
VC 3012 A 0.6 a-d 59.3 bc 44.0 b-f 4.5 ef 2.3 1.7

V 3476 (ck) (Pag-asa 1) 0.3 c-e 59.0 bc 42.3 d-h 4.5 ef 2.6 1.3
 
Grand Mean (20 entries) 0.4 59.3 44.4 4.9 2.8 
 1.6

CV (%) 36.5 1.18 13.43 1.28 17.89 32.27
 

Wet Season 
VC 3300 A 1.9 a 57.0 d-f 82.7 a-c 5.8 b 3.0 bd 1.7 d
VC 2768 A 1.9 a 56.7 ef 70.0 de 5.9 ab 2.0 e 2.0 cd

V 2984 1.6 ac 56.3 f 81.9 a-c 3.6 h 3.3 a-c 2.0 ed
VC 2917 A 
 1.6 a-d 57.3 c-e 83.3 ab 4.9 f 2.3 dc 1.7 d
VC 1973 A 1.5 a-e 56.7 ef 80.6 a-d 5.3 de 2.7 b-e 1.7 d
VC 3476 (ck) (Pag-asa 1) 1.7 ab 57.0 d-f 74.4 b-e 5.0 f 2.7 c-e 1.7 d
 
Grand Mean (20 entries) 1.2 58.5 75.1 5.2 2.9 2.5

CV (%) 20.8 0.9 
 7.7 1.4 16.8 12.7 

ZMeans in each vertical column followed by the same letter are not statistically different at the 5% level (DMRT). YReaction 
to CLS-Cercospora leaf spot rated on a scale of I to 5, where 1 is highly resistant and 5 is highly susceptible. XReaction to
virus rated on a scale of I to 3, where 1 is resistant and 3 is susceptible. 
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For the wet season, ive entries with bean yields ranging from 1.5 to 1.9 t/ha outperkrmed the
check V 3476 (Pag-asa 1) with were1.7 t/ha. However, the diff'erences not significant.

So far, entries VC 3888 A and VC 2768 A showed better resistance to CLS (rating of 2) and 
had bigger seeds compared to the check V 3476 (Pag-asa I). 

Regional Yield Trial on Mungbean 

Summary 

A component of thc Na tonal Crop linprovcment Progiam, the RYT anis to determine the seasonal 
and regional adaptabilitics of new strai,.s/varieties of crops. The results ft om the RYT are used by
the Philippine SCed board in releasing new commercial varieties. 

For the mungbcan improvement program. ol'the 10 entries evaluated in 1987-88 four were AVRDC 
lines. FGNI 2307 ranked first in terms of yit:d acro,;s locations during the wet season and EGNI 2768 
during the drv season. 

l)Ue to the outstanding pet fOrmance o4 line EGN 1973 in tie RYT from 1985 1987, the Philippines
Seedboard approx e its release for commercial pi-oduction as variety P-Mg7 i] June 1988. 

Introduction 

The RYT is I initl uldcrtaken bs the different research organiations engaged in crop improvement.
In mungbean varietal miprovement program, RYT is conducted SmItmhancoUsly in 8 to 12 sites to
evaluate the perform,rce of promisiiig ]ines/accessions in the different regions of the country. The
results obtained front the RYT ,erve as the basis for reconmendation /approval by the Philippine
Seedboard of new ,atictal relea.,cs lo commercial production. 

Materials and Methods 

Promising iu ngbcan lines accessions from the PYT and GYT of the different national breeding 
programs were screened by the N ational L.egume Technical Committee of the Philippine Secdboard
for inclusion in the RYT. Acceptablc entries were evaluated in 8 to 12 locations using the procedures
described in the Upland Crops National Cooperative Trial (UCNCT). The committee review; yearly

the results of the RYT. After undergoing four seasons of testing, it iseither recommended lOr approval

by the seedboard oi is dropped from the RYT.
 

For 1987-"8. If) tmtngbean entries (four of which were AVRDC lines) including a tatioiaal and 
two regional check'; Were evaluated in tie RYT. 

Results and Discussion 

The perf;noimace ,1the i0 Ctitries \ere nleans of seven stations during the wet season and six
stations during te dry season. In teins of bean yield among tite test entries, EGM 2307 ranked first
during the wet season amI EGM 2768 during the dry season. So far, bean yocld appeared to be unstable 
among the entries and was affected by the season, In ternm, of seed size, lines EGM 2768 and EGM
2778 with over 6 g / 100 -;ceds were most promising !or both seasons and surpassed MG50- I0A with
5.3 to 5.5 g I ( seeds. Depending ono the season, most entries were moderately resistant to moderately
susceptible to disease infection, especially to CL.S. 



Regional Programs
 



AVRDC-Thailand Outreach and
 
Regional Training Program
 

In 1988, the following project activities were established at tne TOP experimental field: 

" Yield trials for Chinese cabbage, sweet potato, tomato, mungbean, soybean and pepper. 
* Crop protection trials 
* Cultural management trials 
* Seed multiplication and quality evaluation trials
 
" Home garden programs including nutritional assessment studies
 
" Disease and insect resistance screening
 
" Experimental research for the trainees and visiting scholars
 
" Demonstration plots on AVRDC-improved crops released in Thailand
 

On crop improvement, TOP conducted out-of-station research and on-farm trials in cooperation
with the Thai government, academic research institutions and farmers. These trials determined the 
performance and stability of AVRDC developed lines/varieties in different agroclimates, methods 
of cultivation as well as the adoptior of the AVRDC developed technologies. In 1988, a total of 65 
research trials and 10 on-farm trials were conducted, the results of which are highlighted in this report. 

Chinese Cabbage On-farm Trials 

Results of on-farm trials showed that the commercial cultivars grown in the Central lowland area 
of Thailand from March to August when the average maximum temperature was over 32°C did not 
form heads and gave a very low yield of 4-10 t/ha. On the other hand, the AVRDC-developed heat
tolerant Hybrid 62, grown during the off season yielded 25-30 t/ha. Reduction in the yield of this 
variety due to excessive heat was not high compared to the commercial varieties. 

To promote adoption of Hybrid 62, information dissemination by radio and distribution of seed 
samples to farmers were done during the early summer of 1988. Favorable feedback was received, 
such as leters from farmers requesting seeds for large scale planting. Fi hybrid seeds were produced
through the initiative and coordinative efforts of TOP in three different stations: in the highland Doi 
Ang-Kang of Chiang Mai, Pakchong Research Station in the North East, and in AVRDC-TOP field 
at Kamphaeng Saen, Nakhon Pathom. 

Besides several varietal, cultural management and crop protection trials conducted by the 6th RTP 
training scholars, a study on the effect of plant dnsity on the yield of Chinese cabbage was completed 
in February, 1988. A brief description of this study is outlined here. 

Effect of Plant Density on Chinese Cabbage Yield 

Introduction 

Hybrid 62 had been grown several times in preliminary and advance yield trials following 
the spacing used for bigger commercial and late maturing cultivars. It was observed that much 

* ,ii >,t,. . 
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space was left between plants and also within the row even at niaxiniun growth. "To find the ruossuitable spacing for Hybrid 62 during both warni and cool seasons, two experiments with tour level!
of spacing were conducted. 

Materials ana Methods 

Chinese cabbage cultivars, lybrid 62 and Elephant Brand (i commercial cultivar) were grownduritg tile rainy season (July-September, 1987) under live levels of spacing: 40 x 40, 40 x 30, 40x 35, 230 x 34) anid 30 )< 25 cm . During the cool season (December, 1987 - January, 1988)sanie varieties were tested using lour spacings: 30 x 50. 30 :< 40, 30 x 
the 

30. and 30 x 27 cm-.The experi'zienlal design used wits split-plot with four replications and with cuhtivars as the main plot
and spacing as the subplot. 

Results and Discussion 

In (ie rainuy season, the tenperature was rather high during head formation. Mfore than 50% of[he com1nereial cultitvar Fllephanit Brand did 1n01 I'Orni head and 30,% was infected with sotllconmpared rotto Hyhrid 62 with only 16-17'7 that did not fbOrni head and 2-3!%of the plants that had
Sof1 rot ilfectio. 

Consequently, the colmercial cultivar gave a low yield of'only 4-11 t/ha, while Hybrid 62 gave
a high yield ol 26 I/ha.


There were no significant difTerences 
 in terris of head yield aliong various spacings tested.IHowever. during the cool season, Hybrid 62 grow'n under spacing of 30 x 27 cin gave a naximuniyield oif 51.6 t/ha. This significantly differed f'roi the yield obtained fron plants spaced at 30 x50 cn. Yields front 30 x 30 ci- and 30
with 

x 40 cin wore not much difTerent from those plantedthe closest spacing. No significant diflk'rences were obtained among spacings using Elephant
Brand Conineic al Variety (Tables I and 2).

Closer spacing affected inany aspects in Hybrid 62 but seemed to affect only the nean head weight(if the commercial cullivar. The -Il value of Hybrid 62 increased as the space between plants lessened.2These results suggest that 40 x 40 cn and 30 x 30 are the optilmumi spacings for Hybrid 62during the warni season and 30 x 40 cn 2 during the cool period. Elephant Brand, which is a larger
planl aid late hmanuring should be planted at the closest spacing of not less thanl 40 x 40 Cn12. 

Tomato Variety Released 
Another olniato variety was officially released alter Seedathip I. This variety was officially namedSeedathip II. It is of deterniinale type, takes 22 days to flower, with pink and pear-shaped fruit andwveighs 30 g. It is tolerant to Cercospora leaf nold. AVRDC's tomnato SVRDC 4 is me of its parents. 

Table 1. Effect of piant spacing on growth and yield of two Chinese cabbage varieties during rainy season, 1987. 
Spacing

(cm) Total Harvest % Soft Non. Day tost Ave. Ave. headheading maturity Yieldc )stand rate haig - SI' plant wt. weightrot (A )(kg) (g) (tha) 
Commercial var30 x 25 437 33 24 43 45 162 09130 x 30 392 333 11.023 21 56 45 1.61 0.9540 x 25 335 365 7.523 25 52 4540 30 1 66 1.00 398x 315 22 7.034 44 45 1.59 1.0140 x 40 252 303 4.819 20 51 45 1.66 1.21 400 4.3
Hybrid 6230 x 25 472 79 2 19 3930 1.42 0.85x 30 410 72 3 25 39 

309 26.6 
1.45 0.8640 x 25 369 83 2 351 23.8

39 1.35 0.9740 x 30 322 81 
15 391 27.93 16 3640 x 40 1.29 1.08 438 26.5251 91 2 7 36 1.27 1.29 487 26.0 

LSD (05) =4.227
HSI Head Shape Index - Mean head length
 

Mean head width
 



AVRDC-Thailand 351 

Table 2. Effect of plant spacing on growth and yield of two Chinese cabbage varieties during cool 
season, 1988. 

Day to Ave. Ave. 
Treatment Total 
 Harvest 6 Soft ? Non. Tip- maturity HSIZ plant wt. head Yieldspacing stand rotrate heading burn (DAT) (kg) weight (t/ha)(kg) 

Commercial var. 
30 x 27 351 77 4.0 19.0 0 46 1.81 1.02 379.5 35.7
30 x 30 319 80 3.5 16.5 0 45 2.00 1.07 397.0 35.530< 40 240 93 2.0 5.0 0 44 1.91 1.28 467.4 36.030 x 50 192 92 	 4.0 4.0 0 41 	 1.97 1.43 541.5 33.1 

(NS) 
Hybrid 62
 
30 x 27 352 89 
 3.0 1.0 7 33 1.49 0.87 475.3 5 1 .6 a
30 x 30 320 91 3.0 1.0 5 33 1.44 0.89 503.5 50.7a
30 x 40 240 92 1.0 0.0 7 31 1.41 1.06 604.7 4 6 . 7 b
30 x 50 129 99 0.5 0.0 0.5 32 	 1.32 1.11 611.0 40.3b 

Cv for subplot = 12.2498 LSD (05) = 4.506 
CV for mainplot = 30.7109 

Mean head length 
Mean head width 

'HSI = Head Shape Index 

Evaluation of Heat-tolerant Tomato Combinations 

Introduction 

Since the introduction of cherry tomato in the country more than 20 years ago, variety Seeda,
with small, pink fruits has been the preferred common fresh market table tomato in Thailand. Seeda
is still widely grown. However, it poses great problems to farmers because it ;arries only a moderately
heat-tolerant gene and is also susceptible to many diseases. Thus, during off season (rainy warm
season) very low yield is obtained resulting to a rise in market price of tomato. To help the farmers,
AVRDC-TOP established a tomato breeding program with the aim of developing improved varietieswhich are heat-tolerant, 	 resistant to diseases, high yielding and acceptable to both producer and 
consumer. 

Materials and Methods 

AVRDC-TOP has improved cultivars by transferring the heat-tolerant character from AVRDC's
materials into the Seeda variety and selecting plants with pink ovate fruits from segregated populationsunder '.igh temperature at night in summer and rainy Breeding trials were carried up to F7 

seasons. 

generation.
 

Evaluation 
 tests showed that the newly developed cultivars Seedathip I and 1Ihad an average

yield twice as high as the material Seeda. The two improved cultivars were released in 1987 and 1988.

However, since Seedathip I and II arc open-pollinated varieties they still possess some variations and
 
do not produce as much fruits as the hybrid.

Combination attetnpts started in 1987 resulted in the development of seven Ft hybrids in 1988.With heat-tolerant parents and excellent to KPS conditions, these FI hybrids were produced and tested
in three different seasons: cool (October-February), hot (March-July) and rainy (July-October). 

Results and Discussion 

The yield and other fruit characteristics of the different conbinations obtained from these trials 
are presented in Table 3.The local cultivar, Seeda gave the lowest yield in all trials especially during summer and rainy
seasons with fruit yields of 3.8 and 0.3 tha, respectively. Seedathip l and II produced fruits at least 
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3-4 times of these amounts. Although these two heat tolerant varieties had higher yield than Seeda,
they were outyielded by all hybrids. All F, hybrids with Seedathip I or Seedathip II as one of theirparents set better fruits than those with Seeda as one of their parents. Seedathip I had less attractivefruit color and was shunned by consumers when there was an over supply of tomato in the market.
Although Hybrid 110 was the highest yielder among the cultivars tested, Hybrid 111 and 115 were 
more acceptable because of their pinkish and rather large fruits. 

Table 3. Yield and fruit characteristics of tomato F1 hybrids during three cropping seasons, 1988. 
Yield (t/ha) --- FruitCombination rnd variety Cool Summer Rainy Ave Size Color 

(Oct-Feb) (Mar-Jul) (Ju9-Oct) (g)
#110 (B I x Seedatiip I) 58.2 33.8 6.0 32.7 22.0 Pink-orange#111 (B1 x Seedthip II) 48.3 22.8 5.5 25.5 24.6 Pink-red#112 (B1 x 26-44B4) 54.5 33.5 2.5 30.2 25.4 Pink-red4113 (B1 x Seeda) 38.7 15.7 1.6 18.7 23.5 Pinki114 (B2 x Seedathip I) 47.6 30.2 6.1 28.0 22.6 Pink-orange;115 (B2 x Seedathip II) 52.4 20.3 4.9 25.9 23.3 Pink-red

116 (B2 x 26-4484) 47.5 27 7 3.9 26.4 24.5 Pink-redSeedathip I (HTck) 32.7 17.4 5.9 18.7 19.7 Pink-orangeSeedathip II (HTck) 39.4 10.9 2.4 17.6 23.5 PinkSeeda (Local ck) 30.1 3.8 0.3 11.4 18.8 Pink 

Improvement of Seedathip I 

Seedathip has gained acceptability among farmers since its release irn !987. However, the pinkorange fruits command a lower market price than the popular Thai cultivar Seeda. AVRDC-TOP's
breeding program aimed to improve the fruit color by backcrossing with a variety that has true pink
fruits. The present improvement program has just completed the F4 generation. 

Evaluation of Heat-tolerant Tomato Hybrids 

Forty-live F1 hybrids which combined heat tolerance and heat sensitivity characteristics were
evaluated together with open-pollinated commercial cultivars from April to August 1938. The heatsensitive cultivars were chosen for their large, pink fruit and thick fruit wall. Some of these cultivars 
are: Chiang Feng, Early Pink, Mishou Morn Sze from China; Hoc Mon from Vietnam; and Floradalefrom USA. The heat tolerant materials used were the improved lines from AVRDC such as:
CL 5915-206D 5-2-5-0, CL 5919-223D 4-2-10-0, CL 93D 4-1-0-1-2 and CL 95-280D 5-1-7-0. AVRDCselected lines, 3-12B 4-1-12, 3-12B 4-1-21 and 3-12B 4-2-13 which had some degree of pink fruit were 
also used. 

All hybrids gave high fruit yield ranging from 12.8 to 41.2 t/ha compared to 5.6 and 0.9 t/haobtained from Seeda and VF 134-1-2, respectively. High yielding combinations were those of the
HT line from AVRDC, HS line Hoc Mon from Vietnam and Floradale from USA. These high yielding
hybrids, however, had orange fruit and thin fruit wall. The combinations of HS Chiang Feng and a selected line from AVRDC-TOP produced pink fruits with thick fruit wall. Unfortunately the yield
of this material was low, less than 20 t/ha.

In view of the aim to produce an Fl hybrid table tomato which is both heat-tolerant and with
pink fruit, the AVRDC-TOP program needs to use more cultivars with pink fruit for both male and 
female parental lines. 
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Pepper 

Since this is a new crop tr AVRDC-TOP, initial activities were mainly concentrated on germplasm 
collection. To date, 12 varieties are pooled in the AVRDC-TOP germplasm collection. 

Sweet Potato 

Sweet potato trials were carried out by the 6th RTP training scholars. Aside from these trials, 
activities were centered mainly an gerrnplasn collection. 'To tate, 66 varieties/cultivars are being 
maintained in the field for ditribution to cooperators and for luture experiments. 

The 7th RTP training scholars from Sri Lanka, Vietnam and China brought in new cultivars for 
propagation and testing, in addition to those presently maintained. 

Acceptance of Released Mungbean Varieties 

AVRDC tnungbean varieties KPS I and KPS 2 have gained popularity among mungbean growers
and became the most sought after cultivars in Thailand. Last rainy season, these cultivars reached 
a price of 25 Baht per kilo, 9 baht higher than the price of other cultivars. 

In the previous rainy season, the farmers of Petchabun province grew KPS 2 in an area of over 
2.(X)0 ha and KPS I in around 500 ha. Since the province was the largest mungbean producer. it 
was expected that the area planted to KPS I alone could easily be over 5,000 ha in the late rainy 
season of*1989. If there will be no other cultivars to replhce these two in the future, then the planted 
area all over the country can have a share of as much as 10% of the total mungbean area. 

AVRDC-TOP produces seeds suitable for breeding which are supplied to government and private 
sectors. Though TOP's annual production is not much, slightly at one ton per cultivar, the genetic 
quality has been kept at the highest standard. 

New Mungbean Variety for Southern Thailand 

Introduction 

Mungbean isan important food and cash crop in Southern Thailand. Evaluations of the different 
cultivars/linc, catlected from different sources were conducted to determine the most suitable varieties 
for cultivati )n in ti- area. 

Materials vnd Methods 

Twenty-eight yield trials of 5-12 lines or cultivars of mungbean were conducted at different locations 
on the east coast ot Southern Thailand. The experimental sites included research stations, paddy fields 
l'Lfore rice and between rows of young rubber trees. 

Results and Discussion 

VC 2768A from AVRDC was found to be the best yielder (1.6 t/ha) in all locations. It outyielded 
the established Thai cultivar U-thong I, the check variety, by 22% and KPS 1 by 10%. It has the 
same seed size as U-thong I and was found highly resistant to lodging and Cercospora leaf spot. The 
variety was named PSU I after the Prince of Songkla University which spearheaded the evaluation 
and screening tests of this new mungbean variety. PSU I was officially released in Southern Thailand 
during the third National Mungbean Seminar held last 21-23 November at Kanchanaburi. 
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Effect of Leaflet Shape and Number on Mungbean Yield 

Introduction 

To further improve physiological characters of mungbean lines at AVRDC-TOP, several crossingswer, made using lines with characters correlated to high yield. 

Materials and Methods 

In 1987, a cross was made between V 5926 (entire multiple leaflet mungbean) and V 2273-5(lobed trifoliate leaflet mungbean). The F4 families derived from the same F3 plants were grown andtested to determine the effect of Caflet type on yield and yield components per plant. 

Results and Discussion 

The lobed-nmultiple leaflet mungbean gave the lowcst yield among the Iour leaflet types. Plantswith three to five lobed leaflets yielded similarly to those of the normal mungbean, but with lowerI.0(X) seed weight. This observation was based on a small number of plants. However, the resultsobtained show promise for a similar experiment worth conducting using isolines extracted from the 
population. 

Effect of Flower and Pod Removal on Yield 
and other Agronomic Characters of 

Kamphaeng Saen 1 and 2 

When flowers and pods of mungbean varieties KPS I (VC 1983A) and KPS 2 (VC 2778A)removed at 5. 10 and 
were 

15 days after flowering, KPS I gave a significantly higher average yield thanKPS 2. A significant reduction in yield was obtained from KPS I with the removal of pods (Table4). This was mainly due to the flowering habits of the cultivars since KPS I flowered continuouslyuntil harvest ,hile KPS 2 flowered at intervals. The second flush of flowers in KPS 2 began 7-10days after flowering (I)AF): thus, new pods emerged at 10 DAF. The number of pods dropped sharply
at 15 DAF treatment. 

Table 4. Yield (t/ha) and number of pods per plant of KPS 1 and KPS 2 mungbean In responseto pod and flower removal at various dates after flowering, rainy season, 1988. 
Characters Cultivars Date of removal 

Yield (tha) KPS 1 
KPS 2 

0 DAF 

2.3 
1.8 

5 DAF 

1.9 
1.6 

10 DAF 

1.9 
1.7 

15 DAF 

1.7 
1.4 

Ave 

2.0 
1.7 

# Pods/plant KPS 1 
KPS 2 

15.2 
139 

15.6 
12.6 

14.3 
15.2 

13.4 
11.5 

14.6 
13.4 

Downy Mildew Resistance in Soybean 

Nakhon Sawan I (NWI) soybean, officially released by the Department of Agriculture in early1987, was highly susceptible to downy mildew disease caused by Peronosporainanshurica.To solvethis dilemma, AVRDC-TOP transferred the downy mildew resistant gene from AGS 129 to NWI.A total of four backcrossings were accomplished; the BC 4 progenies carried up to 96.9% of the 
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recurrent parent NWI but was resistant to the disease. If these backcross progenies are agronomicaIly 
the same as NWI, they will be used as breeder seeds for distribution in late 1989. 

Vegetable Soybean Evaluation Trial 

Introduction 

Fifteen vegetable soybean cultivars introduced from AVRDC were evaluated against Nakhon Sawan 
I (NWI) at TOP field in Kamphaeng Saen during the rainy season of 1987 and dry season of 1988. 

Materials and Methods 

Sixteen lines w+ere evaluated at KPS field in a randomized complete block design, replicated four 
times. Spacing was 50 x 12.5 cm: with one plant per hill and maintained at 3 x 5 il 2 plot per 
replicate. 

Results and Discussion 

Line 7061 and cultivar NWI gave the highest pod yield in both seasons. However, these lines 
had too small sleds and low palatability ratings. The Thai domestic market had accepted NWI as 
'eletablc soybean cultivar but not the international market. The large-seeded Tzurunoko and Ryokkoh

produced some large pods of international standard but their yields were among the lowest. With these 
results, more tests need to be conducted to identify the soybean cultivar that meets the requirements 
of both local and international markets. 

Home Garden 

About 23 kinds of vegetables were grown in each home garden set. From the three home gardens 
set up in AVRDC-TOP field, a total 663.24 kg of vegetables were obtained from January to mid-
November, 1988. 

To serve more farmers, bigger plots for seed production of vegetable crops commonly grown 
in the area were also established. The seeds produced from these crops will be given to DOAE for 
further multiplication and distribution to different agricultural extension offices for their home gardening 
projects especially in Northeast Thailand. A training scholar from DOAE now implements a seed 
production project of several vegetable crops. 

Home garden trials were also set up in Chiang Mai University where they try to compare the 
adaptability and profitability of the various cropping patterns and crop combinations of introduced 
and indigenous vegetables. Most of these irdigenous vegetables are species with peculiar flavor and 
taste of the Northeast cuisine. The produce from the home garden at KPS is shown in Fable 5. 

1987-1988 Regional Training Program (RTP) 

Twenty training scholars graduated from 'he 6th AVRDC-TOP Regional Training Course in 
Vegetable Production and Research conducted from I October 1987 to 29 February 1988. These scholars 
were from China (6), the Philippines (I), Sri Lanka (3), Thailand (2) and Vietnam (8). Apart from 
attending 375-hour lectures on different aspects of vegetable production and research, the scholars 
also conducted actual field and laboratory work on important crops. Data from their experiments are 
also used in various crop improvement programs of AVRDC. 

Funding support for the above training scholars caie from different international agencies such 
as FAO, IDRC, USAID, GTZ and the Thai-Australia Tung Kula Ronghai Project. The financial support 
given by ADB and AVRDC covered the operational costs of the program. 
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Table 5. Vegetable production at KPS home garden, 1988. 

Crop Total yield (kg) 

Chinese kale 49.63 
Chinese radish 32.38 
Green onion 21.96 
Kangkong 111.73 
Yardlong bean 37.60 
Green kwang futsoi 33.81 
Cucumber 52.02 
Chinese cabbage 15.48 
Bitter gourd 37.41 
Amaranth 10.60 
Eggplant (Brinjal) 76.58 
Snake eggplant 18.18 
Leucaena (lpilipil) 3.04 
Sacred basil 29.66 
Hoary basil 13 28 
Mint 21.54 
Lernon grass 20.78 
Galangal 6.57 
Chinese chive 13.62 
Hot pepper 4.79 
Dry gourd 29.18 
Angled lootah 12.85 
Sweet basil 10.54 

Grand total 663.24 

The 7th Regional Training Course commenced 15 Octobur 1988. The tr.'aiing scholars consisted 
of 8 Chinese, I Filipino, 3 Nepali, 4 Sri Lankan, 4 Thais and 7 Vietnimese. So far, the 7th RTP 
is the biggest training group which the outreach program ever had. 

Workshops and Conferences 

The first in a series of in-country workshops was conducted with the main objective of enhancing 
adaptation and extension of the results from the training program as well as facilitating the transfer 
of technology. Recognizing the advances Taiwan has made in this aspect of vegetable production a 
resource person from AVRDC wa, invited to come to Thailand to assess the field and technical problems 
of asparagus production as well as vegetable growing under nets in Thailand. The participants were 
extension workers and subject matter specialists from the different extension offices of DOAE and 
representatives from private agencies concerned in vegetable production. 

An international Sweet Potato Planning Workshop was held last 7 November 1988 at the National 
Extension and Training Center of Kasetsart University at Karnphaeng Saen Campus. This workshop 
was held to discuss the establishment of the Sweet Potato International Nursery Trial. 

Participants were training scholars from various countries in the region such as China, the 
Philippines, Sri Lanka and Vietnam. These scholars will carry out the Sweet Potato International Nursery 
Trail (SWINT) in their respective countries. 

During the year, the Director/Resident Scientist and/or staff of AVRDC-TOP attended various 
seminars/conferences and workshops organized by other international/scientific institutes. 

Publications 

To maintain linkages with the RTP alumni, a directory covering the period 1982-1988 was 
published. Each alumnus was given a copy. 
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Technoguide and Books 

AVRDC-TOP published Home Garden technoguide, a technical bulletin on mungbean diseases, 
a program brochure and the RTP brochure. Another bulletin which features major diseases of crucifers 
is in press. 

Infrastructure 

The construction of the ADB-funded laboratory/storage building started 10 December and was 
projected to be completed in May 1989. This one-storey complex will be composed of two laboratories, 
one office, one lecture hall and four small cold rooms for germplasm storage. 

Gerrnplasm Collection and Distribution 

A total of 111.674 kg seeds were received and distributed to 23 entities in 1988. AVRDC-TOP 
also started sending tissue culture sweet potato materials from AVRDC to other countries in the region. 



Africa Vitamin A Gardening Project 

Summary 

From I October 1987 - 30 September 1988, the project accomplished the following: 

Assessment. A preliminary assessnieni wa initiated focused the pro ect activities diring it.on 
firs ,ear. Tile project staff assessed the existing vitanin A garden crop production in Sahelian West 
AfriCat dtL1W both dry and rainy season,,; identified locations in Niger and Burkina Faso where vi tamin 
A dcficiel:ny is severe; and initiating appropriate vtil AIllmost plaitned tle best approaches for .ntn 

aidcn ing researCh. ad Conducting w rksho)ps and training. 

Research. Based oi informatlion gat liced duiiig the preliinary assessment, obsc r\atin ii id var let 
trial Nscrc initialed at tie pro*ject's lacility in Niger. Seasonal research was conduncted ol culturally 
a: tcptable vitainin A garden crops, and on cultural practices that will increase their yields and lengthen 
thcir growing seasons. 

Workshops. In July 198X. the prolectiheld its first international vilaniin A gardcning workshop 
in Niamlne, Niger attended hy 50 part icipanis front four Sahelian nation.S 

Collaboration/Networking. '"o iecet the networking requirement of the project grant, during this 
first y'ear of acti\ iies in Saltlian West Af[rica. the project began to collaborate with governnclls 
in the Sahel . prlVivt_ voluntary organizations, nongovcrnment organizations. USAID Missiois. 
international auricultural research centers, and other organizations involved in vitamnin A activities. 

As the project progresses ii will collaborate with these eniitie., in research, workshops, training 
anId in forimiation exchange. 

Training. The project stafflplanned is first training progran to be held at the Niger facilil ilcarl 
1989. Approxinately 20 Africans will attend each 50-day training program. Ater graduition, the 
project stalf will give f'ollow-up assistiance in the graduales' hone countries as they initiate their own 
vitamin A gardening activities. 

Preliminary Assessment 

The a,,scssnient began in the host country, Niger. During this initial period, the project gathered 
and analyzed preliniinary data that will help to locus project activities. The initial assessment in Nigci 
and isiall amount o 'the work in Burkina Ftaso helped the project staff' identi fy vitanin A problems 
and related in forniation ti vitaliin A crop gardening 

Where vitamin A problems are prevalent. Most populations in Niger live inthe soutlhcrn crilc. 
belt. Studies conducted in this region by Helen Keller International showed that vitainin A deficiei'c) 
a1ong children ts a chronic problem . Fhe World Health Organization (WHO) Conducted similar studies 
in the north ceitral dry region of Niger, anong the nomadic herders who have inaiaged to remain 

,.,.
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there despite the 20-year drought. The results indicated no vitamin A deficiency, probably because 
the nomads consume meat and milk, sources of vitamin A, as their daily fare. 

Such data will help the project decide where to focus its activities in Niger. Vitamin A deficiency 
is most prevalent in the southern half of the nation where there is enough rainfall to grow gardens. 

General Information on Gardening and Vitamin A Crops 

Regions. Most garden crop production is in the southern part of Niger, where rainfall is 250-350 
mm every year. This is where settled farmers live and where irrigated agriculture is practiced. 

Seasonality. Gardening generally takes place during the contra saison (the cool dry period after 
the rainy season). from October to March. Thereafter, there is a very hot period (April-May) when 
vegetables are not grown because the daytime temperatures reach 45-50'C. The rainy season starts 
in June and continies until August or September. During this season, farm families are busy planting 
staples such as millet. However, some rainy :;eason vitamin A sources such as sorrel, jute and amaranth 
are grown. Also, wild greens such as Portulaca oleracca, Talint.'n triangulare. Cassia tora, and 
.ldansonia species are picked at this time. 

During contra saison, many temperate vitamin A crops such as tonato, lettuce, cabbage, yellow
squash, hot and sweet pepper, sweet potato and carrots are grown. Some legumes t,.!.g., cowpea and 
pigeon pea) are grown for their vitamin A rich leaves. 

Water. Success in gardening during contra saison appears to depend on whethe, there is a water 
source, such as a well or pond nearby. Gardening also takes place along riverbanks, around pools
of receding water, :nd in areas where the water table is high enough to dig shallow wells. 

Location. Garden locations, unlike in Asia, are gcnerally not around the household because 
gardens are located around a water source, which is oten far from a household; garden-crop eating 
animals are kept in household compounds at night, gardens are seen to attract malarial mosquitos, 
rodents and reptiles: and it is more convenient for the family to have gardens in the field. 

Soil. Soils in Niger are sandy, acidic, deficient in phosphorus, nitrogen and other nut,:ients. Rock 
phosphate as well its manure are available in Niger, but knowledge on their effective anl efficient 
use is limited. 

Postharvest. There is little or no cold storage available to the average Nigerien gardener. Crops 
are sold in nearby markets for fresh consumption, and they are sun-dried for later sale for use in 
traditional sauces. There is year-round availability of sun-dried tomatoes, onions, green leafy vegetables 
(GLVs), okra, peppers and various squashes. There is also some pickling of GLVs, often sold at local 
markets along with a small amount of peanut butter. The combination is called 'cepto' and is very 
popular as a type of salad. 

Among the constraints to production and marketing of perishables by small farmers are: little 
knowledge of market demand, market distances, road conditions, modes of transportatien and poor 
or non-existing extension services. 

Dosir.a for Gardening. The Government of Niger (GON) has started its effort to 'green Niger
with edibles', and is attempting to get people to consume more vegetables. However, farm families 
(especially women gardeners) want to grow vegetables as a source of income rather than as food. 

Though gardening has potential, there are still a number of constraints: unavailability of enough 
water; excessively high temperatures; destruction of garden crops by wind and blowing sand; sandy, 
acidic soils, low in phosphorus and natural fertility and unable to retain nutrients or water, and are 
susceptible to wind erosion; and pests, especially nematodes and grasshoppers.

Niger advisory and extension services are minimal in terms of vegetable production. These services 
art. yet to be developed. 
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....
As the project expands beyond .Niger, so will the assessment. The project plans to include four ......... 
countries in its activities: Burkina Faso, Mali, Mauritania and Niger. 

Research . ' 
- '.. -'I
 

Dry.season 	 . .. , 

During the dry season (November 1987 - May 1988), observation trials were conducted in both
heavy 'cuvette' soils representative of riverbank areas, and in sandy soils representative of most of
 
the gardening. soils in Niger.


'Trials were conducted on vitamin A crops that are culturally acceptable in the region, such as

various CLVs (Amnaranthus, Corchons,,Celosia, Sesanus, Basella and Hibiscus), hot and sweet pepper,

tomato, carrot, common cabbage, lettuce, sweet potato, squash and legumes, the leaves of which are
 
consumed (cowpea and pigeon pea), as sources of vitamin A.

The dry season research results were inconclusive due to lack of statistical experimental

design because of poor availability of,planting material, andhigh seedling mortality rates; plant

loss during growing season due to virus and fungal diseases; unreliable recording of yields by

local staff; unavaiJability of water for irrigation; and additional crop loss due to theft and animal
 
damage. .,,


Nevertheless, the project staff learped agreat deal during this planting season. New information
 
was gathered on (1)
the problems and constraints. in.dry season vegetable production, (2) the~techniques
needed to overcome the constraints, and (3) where the focus should be, during tile next dry season's
 
gardening research.
 

The following is a summary of lessons learned from this dry, season's research:
 

A. Obtaining healthy seedlings for transplant 	 . 

1. 	Poor or no emergence from possible seed rot and' inability of seed to 'Oenetrate hard soil
surfaces. Solution: treat seed with available fungicide/insectkide and/or cover seed bed 
with mulch..................., '*+


2. 	 Insect damage (especially'from'criekets) in young seedlings. Solution: try available mosquito

netting over bieds. Niger's Protection Vegetaux recohmends treating plants regularly with

cbmmercial compounds, some of which aretoxic and' perhaps too expensive for poor farm
 
families. 

3. 	 Lizard damage. Lizards eat seedlings as they emerge. Solution: netting, and locating

nurseries away from trees and walls. * I
 

4. 	 Weed competition. Sterile potting soil is not easy to obtain. Solution: work and water soil 
before~planting seedlings, and weed out whatever emerges; then carefully weed after planting
seedlings. . .. 

OTransplanting . . .. . . 

There was a high mortality rate inall transplanted ciops The project's Resident Scientist sbspected
heavy ,cuvette'soils at the research site, heat stress and por seed handling to be the causes*
Soltiton: 'betterseed handling, shading of transplants and tyiig'differient soils.' '" 

C. From transplanting/seedling to harvest 
-+ ] 
 . " . -

The major, problems observed were from' insects and disease,;especially in'tomato,.pepper and 
some GLVs, Solution:, wider spacing of plants,-removal of infested leaves; manual removal of insects
and treatment ,with Decis. *, . . . .. ,. . , . . , 
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D. Other 

I. 	 Sunscald in peppers and tomatoes. This problem occurs early in season in peppers and later 
in tomatoes. Solution: selection of less susceptible varieties, use of shade structures and 
making sure fruits are not splashed during watering. 

2. 	 Heat stress. This is a problem in tomato, pepper and in GLVs, especially during the latter 
part of the dry season (March to May). Solution: construction of simple hangars for shading 
material, selection of more resistant varieties, avoiding the planting of heat susceptible crops 
(cabbage. lettuce, carrot), and concentrating more on local varieties that have shown heat 
tolerance. 

One of'the main points learned from the dry season research is that preparing vegetable beds 
on sandy soils, with the addition of composted manure and straw, appears to be a promising method. 
As such, along with the above possible solutions to inherent gardening problems, it will give the project 
a good start in this first year of operation in the Sahel. 

Rainy Season Trial 

After the end of the 1987-88 dry season trial, another research site was selected at the project's 
host institution in Niger. The new site has better soil and it is more representative of the soils in the 
Sahel. The site has a more reliable water source and is completely fenced and guarded. 

In the rainy season (June October 1988) six research activities were planned based on experiences 
gained during the dry, season trials: 

(I) 	 Variety trials of tomato, peppers (sweet and hot), Arnaruinthusand Celoxia species. Cochorus 
clitorius, Basella alba and B. rubra, and Sesarnus species. 

(2) 	 Observation triak, in Hibiscussabdariffih, Solanum aethiopicum, and Thicosanthescuctnmerina. 
(3) 	 Intercrop demonstration plots of: (1)millet, plus a) 1I. sabdariffa,b) cowpea (local variety). 

c) H. sabdariffia and cowpea and d) Corchorus (local variety) and sesame, and (2) squash 
(local variety) and Morinqa olifera. 

(4) 	 Propagation of orange-fleshed sweet potatoes from botanical seed. 
(5) 	 Cultivation of groundnuts as 'trap plants' for nematodes, and to have a supply of leguminous 

material for making compost. 
(6) 	 Establishment of pigeon pea as a windbreak alone, the research site's protective fence. 

Workshops 

The first worlhop was held on 16-21 July 1988 in Nianiley. Itwas attended by about 50 participants 
from private voluntary and ion-government organizations (PVOs and NGOs), the Peace Corps, and 
government agricultural, health and nutrition workers from Burkina Faso, Mali, Mauritania and Niger. 

The purpose of the workshop was to exchange information on gardening activities in the region, 
and to establish collaboration among representatives ot PVOs, NGOs and governmental agencies of 
these four countries engaged in vitamin A crop production, capsule distribution and nutrition education 
and evaluation, Specifically, this collaboration consists of an information exchange geared towards 
better production and healthful consumption of vitamin A crops in countries of Sahelian West Africa. 

Workshop presentations were made by participaints including project staff. Visitors described 
successful techniques and failures in gardening activities in their respective countries. At the end of 
each presentation the floot was opened to discussion and recommendations from other participants. 

One afternoon was devoted to field visits to the proiect's research facilities at its host institution 
in Kollo, Institut Pratique de Developpement Rural (IPDR), and to a local maternal/child health clinic. 
At the project's research facility, the participants were shown the progress made by the project in 
its adaptive research efforts. Of special interest to participants was the use of local materials for shading, 
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mulching and fencing, and incorp,.,ra!-ng organic farm waste into the soil to improve soil fertility.
Additional interest was raised by preliminary results of the project's use of planting material from 
Asia, including AVRDC's open pollinated tomato lines, sonic of which initially performed well in 
rainy season trials and showed promise to perform well when the weather gets too warm for local lines. 

After the visit to the research site, the participants were taken to the Kollo maternal/child health 
clinic to attend nutrition education talks and cooking demonstrations that taught mothers how to 
incorporate gardening vitamin A sources into traditional weaning foods. Some of these sources were 
provided to the clinic from outputs of the project's research gardens (e.g., GLVs, tomato, squash, 
carrot). 

The associations made among individuals at the workshop will help to establish an information 
network that the project can utilize as a pathway to send out research results and receive in turn results 
of vitamin A gardening activities from the field. 

Participants expressed interest .n publishing a newsletter to better disseminate this exchange of 
information throughout the Sahel. 

Collaboration and Networking 

The project's sponsor, toe Agency for International Development (AID), Washington, requested
collaboration and networking with various government and non-governmer.t organizations in the Sahel 
to increase production and consumption of vitamin A crops in the project's regional focus (Burkina
Faso, Mali, Mauritania and Niger). During this year, the project collaborated and established a network 
with the following organizations: 

AVRDC. Scientists at AVRDC responded to requests by project staff in Niger for planting material 
and for information on crop management, pest and disease control. AVRDC also sent copies of its 
publications for use by the project and for limited distribution in the region. Some of AVRDC's mandate 
crops were also tested under Sahelian conditions. This should provide AVRDC with some advance 
information if it carries through with plans to directly establish a network in Africa. 

Ministry of Agriculture, Niger. Project staff members contacted Protection Vegetaux where 
research is being conducted on the use of neem seed extract to control insect pests in vegetables. The 
extract renders the plants distasteful to insects and halts larva in the pupa stage. Insects controlled
 
by neem seed extract are those in the Coleoptera and Lepidoptera families (e.g., Hellula, Hymenia,

Heliotis), and also crickets. Neem extract is 
not toxic to humans, and plants can be harvested and 
consumed after being treated. 

USAID/Niamey. The Mission recently started a five-year agricultural development project with 
Niger, the Niger Applied Agronomic Research Project (NAAR). NAAR conducts basic agronomic
research and also builds up the capabilities of the extension system so it can translate research findings
into useful information that can be extended to Niger farmers. One NAAR component deals with 
horticultural research. USAID/Niamey recommends that this project collaborate with NAAR by
providing them with AVRDC's horticultural research findings. 

Peace Corps. The project has collaborated with Peace Corps/Niger by providing planting materials 
and instructions for use of volunteers working on dry season gardens. The project also hosted visits 
to the project's research site for new volunteers. In addition, the project staff members served as resource 
persons for volunteers enrolled in the PeaceCorps training program in Niger. A number of Peace 
Corps volunteers who are working in the Africa Food System Initiative (AFSI) participated in the 
project's first gardening workshop. 

ICRISAT-Saheilan Center. ICRISAT invited the project staff to meet the scientists in the Center. 
The result was fruitful with the project staff given the chance to interact with the scier'nists wto are 
experienced in horticulture in the semi-arid tropics. ICRISAT scientists have also visited the project's 
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site as part of problem solving activities, and its.Center has provided the project with' planting material 
such as vegetable cowpea, the leaveg of whichare eaten in Niger. 

IBPGR.- IBPGR has 'f regional office at ICRISAT-Sahelian Center. The Institute staff provided the 
project with planting niaterials and gathered samples of wild greens, for the project when they went 
on collecting trips in the Sahel. They also participated in the project's first workshop. 

Institut Senegalais do Recherches Agricoles Centre pour le Developpement de 
I'Horticulture (ISRA-CDH). This isthe foremost horticulture center in Sahelian West Africa engaged 
inodgoing vegetable research in Senegdl. It is'alSo invoivd in seed production, varietal development 
of vitamin Acrops, insect and disease probleiik,and e'gional training. ISRA-CDH colabotated with 
project staff by providing lechnical materials for worksiops and trainings. They hosted visits byproject 
staff and provided resource persons for the project's first training conducted in early 1989. ISRA-
CDH is familiar with AVRDC and has developed their best perfdrming tomato line (XIN A) from 
AVRDC's CLi43-0-10-3UG. They also have one Irish potato clone developed from early AVRDC 
material. A close working relationship with the project is anticipated. If AVRDC is to establish a 
network in Africa it should make earlyT ontact with' ISRA-CH. 

Office de Recherches sur I'Alimentatlon et la Nutrition Africalne (ORANA). ORANA is a 
regional organizatiqn, bosed in Dakar, Senegal. It conducts studies on food intake and on Vitamin A 
analysis using HPLC methodology. It'also offers training in general, nutrition 4nd in conducting surveys. 
ORANA collaborated .with the project by providing resaurcp persons and visual aids for ihe project's 
training program. It offered to do HPLC beta carotene analyses of the project's crops.,Project staff 
visited ORANA and obtained useful infornation on training in nutrition at the village level inthe Sahel. 

. .. o,A , , . 

Training. 

The training programs-are to be'of the train-the-trainor type. Training will take place at the project's 
host institution, IPDR, near Niamey, Niger. The goal is to have 40-50 Africans in place in their home 
countries, working on training others to increase production and consumption of Vitamin A crops, in 
their regions. Because agricultural extension systems inSahelian WestAfriqan countries are: in some 
cases, not yet mature, the project will concentrate mainly on training. Africans from PVOs and NGOs, 

Originally, each training program would last 100 days., However, during the project's initial 
,assessment regarding how the,training will be-conducted, it was found that 100 days is too long for 
African trainees to be away from home and family, and without full salary.. Therefore,' the tiaining 
was shortened to 50 days, with appropriate in-country follow-up by project staffas the graduates start 
new projects in their respective regions or modify old metbods with: new! techniques learned from 
their .training. The .fgllow-up will also attempt to assist graduates in identifying pointsz of entry in 
extension systems where there is a possibility to assistthem and promote production and consumptiop 
of vitamin A crops. :, -.. . 

.*, .! - . "..' 
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Genetic Resources and Seed Unit 

Introduction 

In 1988, the GRSU acquired a total of 792 accessions of 16 species. The breakdown of introductions 
tor the six AVRDC principal crops and their related spe.ces is shown in Table I. For Capsicum, 
the Center acquired 65 accessions but the collection is reported only in 1988 with the materials that 
arc still under accessioniny (Table 2). 

Germplasm Conservation 

The gerniplasm maintained at AVRDC totalled 31.484 accessions (Table 3). There wcre 7,784 

accessions in base storage. 
The sweet potato field genebank was badly hit by a flood on 13 August 1988. About 636 accessions 

had to be transplanted to pots to save !hem. Forty-seven accessions did not survive. The duplicate
collection at TARI. Chiayi can provide only 40 of the 47 accessions. As a result, seven accessions 
(i.e. I I 11.1 448, I 456. 1483. 1 488, 1503 and 1 586) were lost after this flood. 

Germplasm Characterization 

The status of germplasm characterization is summarized in Table 4. 

Germplasm Documentation 

The status of documentation is given in Table 5. 

Seed Distribution 

In 1988, 14,293 seed samples of both germplasm and breeding lines were distributed to 91 countries 
and territories. The 303 germplasm recipients are listed separately. About 3,621 germplasm materials 
were distributed for screening and further evaluation. 

Information Management System 

The GRSU with the assistance of the Computer Service is building up an information management 
system. The system covers both data bases on the seed samples, i.e. germplasm (e.g. passport,
characterization, evaluation) and handling of seeds (e.g. gene banking and seed distribution). The 
latter provides the gcnebank management with the facility to monitor the invntory of seeds stored,
viability of seeds in storage, regeneration requirement and distribution. The resulting more efficient 
management system allows more time for tho maintenance of the genetic integrity of each individual 
accession and for characterization and evaluation. 

J1 'ELL 
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Table 1. New Introductions In 1988. 
Source 

Brasslca species and radish 
China 
Japan 

Korea 

Germany, Democratic 


Republic

Taiwan 

Thailand 


Total 

Glycine species
Japan 
Mali 
Nigeria/IITA 
U. S. A/USDA 

Total 

Ipomoea species
China 
Thailand 
Tonga

Solomon Islands 

Total 

Lycoperslcon species
Syria 
Taiwan 
Oman 
China 

Total 

Vigna species
Australia 
Australia/CSIRO 
Belize 
Ethiopia/ILCA 

India 

Japan 

Mali 

Niger 
Oman 
Philinpines 
Taiwan 
U.S.A. 

Total 

No. of entries 	 Remarks 

13 	 11 campestris, 2 oleracea 
75 	 8 juncea, 19 oleracea, 8 chinensis, 11 rapa, 19 

pekinensis, 4 campestris, 1 alboglabra, 5 
japonica

4 1 radish, 1 hybrid Chinese cabbage, 2 unknown 
6 B. rapa L. emend Metzg spp. pekinensis 

5 Local types
 
1 Native radish
 

104 

22 18 vegetable soybean, 4 G. max
 
6 G.max
 
5 G.max
 
5 G.max
 

38 

1 Most popular variety in China
 
I Important cultivar in Thailand
 
7
 

102 Only 48 survived meristem culture 
111 

6 
1 
2 Traditional variety in the Le bel
 

11 5 processing and 6 fresh market types
 
20 

1 V. trilobata
 
3 1 V. luteola, I V.parkeri, 1 V.radiata
 
I V.luteola
 
9 4 V. sp., 1 V. trilobata, 4 radiata
 
2
 
1 V.angularis var. nipponensis


33 	 31 V. radiata, 2 unknown
 
I Vigna species
 

10
 
I
 

30 V.angularis var. nipponensis
 
1 Vigna caracalla
 

93 

Table 2. Capsicum species germplasm Introduced until 1988. 

Country 	 No. ofz 

entries 
1. Afghanistan 	 19 
2. Algeria 	 1 
3. Angola 	 1 
4. Argentina 	 50 
5. Austria 	 22 
6. Belgium 	 3 
7. Belize 7 
8. Bolivia 	 75 

Country 	 No. of z 

entries 
9. Brazil 208 

10. British Indian Ocean Territory 1 
11. British Virgin Islands 2 
12. Bulgaria 	 107 
13. Canada 	 25 
14. Chile 	 12 
15. China 	 115 
16. Colombia 	 89 
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Table 2. Contlnued. 
Country No. of" 

entries 
17. Costa Rica 235 

18. Cuba 15 

19 Czechoslovaia 32 

20 Denmark 5 

21 Ecuador 55 

22 Egypt 10 

23 Fl Salvador 88 

24 England 35 

25 Elfoopia 66 

26. Fiji Islands 3 

27 Fiance 43 

28 Germanv. Democratic Rep. 28 (7) 

29 Geriiari. Federal Rep. 23 

30 Greece 5 

31 Guatenrala 143 

32 Guinea (Frpnch) 1 

33 Guyana 7 

34 Hondura, 87 

35 Hungary 245 

36 India 217 

37 lndorif'oa 9 (16) 
38 Iran 52 

39 Israel 8 

40 Italy 116 (9) 
41. Jamaica 1 

42 lapan 30 

43 Kenya 4 

44. Korea 147 (1) 
45. Lebanon 3 

46 Libya 10 

47. Malaysia 186 (3)
48. Mariana 1 

49. Mexico 270 

Total 


Table 3. Gerrnplasm 

Crop Accessions 

AVRDC principal crops 

Soybean 12,504 
Munrihp:,o 5.274 
Tomato 5,814 

Sweet potato 1,372 

Chinese cabbage 856 

Pepper 4,973 

Subtotal 30,793 


Other drops
 
, dzukibean 125 

Amaranth 86 

Black gram 408 

Rice bean 72 

Subtotal 691 


Country No. of z 

entries 
50. Nepal 8
 
51 Netherlands 104
 
52. Nicaragua 9
 
53. Nigeria 13
 
54. Pakistan 10
 
55. Panama 13
 
56. Paraguay 2
 
57. Peru 290
 
58 Philippines 60
 
59. Portugal 10
 
60 Puerto Rico 20
 
61 Romania 38
 
62. Singapore 1
 
63. Solonon Islands 1
 
64. South Africa 1
 
65. Spain 58
 
66 Sri L.anka 1
 
67. Sudan 2
 
68. Surinam 10
 
69 Switzerland 9
 
70. Syrian Arab Republic 7
 
71 laiwan 33
 
72. Thailand 70
 
73 Trinidad 5
 
74 Tunisia 10
 
75 Turkey 395
 
76. Uruguay 4
 
77 U S. A. 320
 
78. U S. S. R 56
 
79. Venezuela 27
 
80 Yugoslavia 493
 
81. Zambia 6
 
Unkown 
 174
 

5.177 

maintained at AVRDC, 1988. 
Temporarily Suspected 

Available numbered duplicates z 

accessions 

11,584 137 2,111 (9,034)
 
5,072 465y 985 (5,112)

5,676 305 40 (4,734)
 
1,334 190 9 (1,363)
 
814 369 

4,863 61 
29.343 1,527 3,145 (20,243) 

125 25 
86 - 

408 339 
72 73 

691 437 -


Total 31,484 30,034 1,964 3,145 (20,243)
ZFigures inparentheses indicate the total number of accessions from which the suspected duplicates were counted. Ylncludlng 
357 accessions (lines) of wild black gram purified from four populations. 
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Table 4. Status of AVRDC germplasm characterization In 1988. 

Morphological and 
Chemical charactersphysiological characters 

Crop Accessions % of total Accessions % of total 

characterized characterized 
4.945 96.8

Mungbean 4,945 96,8 
229 2.622 22.5

Soybean 2,672 z 
-
315 y 39.2 -Chinese cabbage -
1,808x 364 -

Pepper 

85 1 734wSweet potato 1,168 53.5 

-
1.750' 22.8 

'Ncin USDA accessions 'Open polinaled cultivars Ongoing in fall 1988 WAccessions flowering at AVRDC 
1ornato 

Table 5. Status of documentation at GRSU, 1988. 

Soybean Mungbean Iomato Chinese Sweet Pepper 
cabbage potato M
(Omao (%) (%) 

100 100
Passport data entry 100 100 100 100 


Characterization
 
0 37 85 26data entry 25 97 

- 1986 Summer -


Germplasm catalog Spring 1988 

1989 (for OPz) 1989
 

Seed inventory 
0 0 0 100 0 0data input 

'OP Optrinpolinated 

Structure of the Data Base 

Pr .sentlv, AVRDC's research and develepment mandate covers soybean, mungbean, tomato, 

Chinese c-blage. sweet potato and pepper. The total number of accessions maintained isover 30,000. 

The data base structure is. therefore, designed to accommodate this unique feature within the working 

environment of the software package (MINISIS) used. Passport, inventory and distribution data are 

in all species and placed in individual files. However, characterization and evaleation data common 

are crop specific. Files for individual crops are set up independently.
 

MINISIS - the Data Base Software Package 

Developed by the International Development Research Centre (IDRC), MINISIS isan integrated 

data base software package run on the HP 3000 series of minicomputers. Itallows data bases to be 
records and combinations of data bases and records.defined as selected parts of larger data bases or 


Common information can, therefore, be shared.
 

An Appraisal of Seed Production Technology Workshop 

Seed production training is important to solve the seed problem in the overall development of 

vegetable production in these countries. Cognizant of the importance of collating infrmation and 

producing guidelines on seed technologies and to try out the various production steps appropriate for 

technology transfer, a workshop, the third to be organized by the GRSU and Training Office, aimed 

to provide basic knowledge of seed production technology was organized. 

Results 

A questionnaire was used to gather data to evaluate the workshop; the following conclusions were 

drawn from the responses of 26 training respondents: 
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Training the trainor. The effectiveness of the speakers and their knowledge of the subject 
matter were rated good and competent, respectively. 

Majority expressed that time allocation for the entire workshop and for individual topics wa, 
sufficient. 

Alternative teaching method and new knowledge gained. Most of the participants (73%') 
indicated that they learned more in a workshop than in a classroom type (lecture) session. 

The evaluation showed that reference materials and informal discussions with the resource person 
during the workshop were effective in enabling participants to acquire new knowledge. 

The depth of treatment for the different topics was regarded adequate. About 50Y claimed that 
knowledge gained in the workshop is useful for their work in their countries, and the other 50% felt 
that it will be needed occasionally. Participants suggested that assignments be compiled and printed 
so that they can bring them hack home as reference materials in their work. The group also suggested 
to put more emphasis on seed production, seed qualit and seed health. 

Other topics covered using teaching method. The workshop method appeared to be a 
more effective method of imparting information to training participants. However, it could mean a 
lot of extia work for them especially when English is often a second language. The resource person 
also has to spend more time with participants than when giving formal lectures. The training staff. 
therefore, tried to find out how many of these workshops they could handle in a 5-month course. 
It seemed that the most ideal is two workshops per coi rse. However, 54% indicated that one is sufficient. 
Most participants suggested postharvest technology as a topic fbr the workshops. Other topics included 
pest control, crop management, production technology of specific vegetables, varietal improvement, 
nutrition, technology transfer. etc. 

Demonstration and field trip. l)emonstrations were felt to be \aluable very valuable by 
65% of the participants 31 - feIlt that they were just average. Various demonstration topics were 
listed by the trainees for further strengthening of the course. The field trip was considered a 
valuable/very valuable exercise its indicated by 857%81 7r felt it to be compatible with lectures and 
deinonstrat ions. 

Personal development. The workshop was viewed as an opportunity for the trainees to 
develop their spoken (77,/) and written English (58%). All concurred that it provided them an 
environment for working as a group and it helped them know their fellow participants better. The 
initial search fbr reading materials had provided them (89%) with a valuable experience in using the 
library. 

Future Improvement 

Workshops seemed to be a better alternative to formal lectures. The participants appeared to learn 
more in the process. However, there are two main areas that could improve this teaching method. 

First, more guidance should be given the participants, especially during visual aid preparation 
and presentation. A fortnightly meeting between the participants and the resource persons to check 
on their progress is recommended. The assignments should be finalized before the workshop so that 
they could be distributed as handouts. More resource persons from other institutions should be invited 
to comment on the presentation and to stimulate discussion. 

Second. field trips and demonstrations were seen as important sources of information. The 
participants should be briefed prior to the trip and divided into smaller groups to have closer contact 
with resource persons. A field visit to farmer's seed production fields should be given priority. After 
two weeks of lectures, demonstrations and visits, a formal post-workshop session should be held. 

Sweet Potato Germplasm Introduction and Distribution 

The introduction, virus indexing and conservation of th(c Asian and Pacifi-: sweet potato germplasm
and the international distribution of the virus-indexed AVRDC elite clhnes and other popular sweet 
potato germplasm are ongoing. 
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Germplasm Introduction. To date, AVRDC has in its genebank 1,372 accessions for the 
Asian and Pacific sweet potato germplasm. An estimated 3,258 accessions from the Asia and Pacific 
regions will be introduced in the near future. 

Virus Indexing. The report is reflected under virolog) of sweet potato. 

Conservation. The field gcnebaiik is the principal consrervation method presently used. tLacti 
accession is maintained in an 8-culting plot. F stabli:,himei is done froml shoot cuttings from the 
old field. The maintenance system requires large field space and intensive labor. The gerliplasnil is 
exposed to biotic and abiotic hazards. Thu. an in vitro gencbaik was initiated using the inc ristCi 
culture method. 

Meristem culture has been adopted because of us gLCtic 'tability, fiud cultu- remay bC a good 
allternative sy'steri but buds are itiore diffiL killto sicrili/e c ;pcetally if the cuttings fbr melistelii extraction 
are takeii directly 1(mm the field. GRSLJ has limited screenhouse space it)prepare clean vigorous cuttings 
fot- this purpose, 

in 1988, atotal of 0.71(1 mietistclnii were extractd lclro 10 accessions. A total of 456 accessionsI j 
,erc successfull) cuitured in iitro. The molithly success rate in meristem culture wal around 42% 

(Fig. I ). The callus forming iieristems 'ere discarded to atoid propagatitin t inutant plantlet, derived 
from embryogenesis. The rate of callus Iornation in the nicristen culture was around 32;/' (Fig. 2). 
and the contamiiiation rate during ineristet culture iboutl 20'7 . 

Germplasm distribution. A tttal of 33 clones ctnsisting ii 3(0 breeding lines and three 
accessions were released from the virus indexing prograim for international distributin tTable 6). 
The first batch o pathogeh tested Jones was sent to Japan in October 1987. To date, 8(15 tahes have 
been distributed to 22 countries. 

An experiment was carried out to find a more reliable system o distribute in vitro sx,cct potato 
cultures. A three replicate 3 x 2 x 2 factorial experiment arranged in RCBD was used. Each replicate 
consis~ed of live tubes per treatment, thus. a total of 61) tubes per replicate. The factors studied were: 

I ) ('o c tentiatioi of agar illtie riedia: 
(a) 	 0.75',; 
(h) 	0.85/( 
(c) 	 0.95'7 

(2) 	 Typc:; f iubes used: 
(a) 	 Normal test tube 
(b) 	 Tube with an indented groove around the circutference at 2..5 cm 

from the base 

(3) 	 Flaming of' test tube neck betore packaging: 
(a) Flaming 
(b) 	 Non-flainirg 

Each replicate of 60 tubes without any plantlet inside was packed with a rubber sponge in a paper 
carton box. After packing, the three boxes (i.e. 3 replicates;) were dropped 15 times each froin a height 
of twc: meters to a concrete floor. The boxes were then kept in(lie store tor a month belore they 
were opened lfor inspection. 

Only oe tube broke at the neck. This rindicated that the packaging metho)d could withstand shock 
well. All rubber stoppers and aluminum foils covering thc sloppcis (f the lubes were intact. There 
were only three fungal contanaitcd tubes, one of which was because the tube had been broken. The 
other two were contaminated because of the flame treatment from two different replicatis. 1',.can, 
therefore, be concluded that flaming of the tube's neck betre packaging is unnecessary. 



Table 6. Pathogen-tested clones available for distribution. 
AVRDCacc 

accession or 
cross no. 

Plant type Skin colcr Flesh color 
Dry matter T xueTexture z Yieldx 

hot-wetseason 

(tlha) 
cool-dryseason Remarks 

1 57 
(Tainung 57) 

Semi-prostrate Yellow Yellow tinged 
w/ pale orange 

25 Dry 13 (14) 16 (10) Dessert & staple type 

I 981 
(Tainung 66) 

Semi-erect Reddish brown Light orange 27 Slightly dry 18 ( 7) 18 (2) Dessert type; early
maturing
maturing" 

I 423 

(Tainan 17) 

Prostrate Pink Pale yellow 26 Dry 11 ( 7) 28 (2) Starch-type 

CN 942-47 

CN 1028-15 Semi-prostrate Red Orange w/yellow 24 Slightly dry 30 ( 7) 30 (6) Early maturing C 

CN 1038-16 Semi-erect Pink Yellow 27 Dry 16 (18) 35 (12) Feed-type 

ON 1058-10 Semi-erect Red Deep orange 22 Slightly dry 20 (11) 18 ( 6) ealy maturingDessert-type -'0 

0 
U-

CN 10b8-84 

CN 1108-13 Semi-erect Light reddish 
orange 

Light orange 25 Slightly dry 18(12) 27 (11) Early maturing rA 
0 

ON 1216-10 Semi-erect Yellow Yellow 28 Dry 14( 7) 20(6) 
C 

CN 1219-1 Prostrate Yellow Yellow 27 Dry 22 (6) 21 (6) 

CN 1232-9 Semi-erect Yellow Pale yellow 26 Slightly dry 20 (10) 24 ,7) Early maturing 

CN 1280-3 Erect Light brown Yellow 27 Dry 14 ( 7) 23 (6) 
CN 1345-8 Semi-erect Yellow Yellow 33 Moist 14 ( 4) 34 (2) 
CN 1367-2 Prostrate -

- Tips usable as 
green vegetable; 

yellow green leaf
Tender texture; 
suitable for wet 
& dry seasons _jW 



Table 6. Continued. 

AVRDC Dry matter Texturez Yield' (tlha) 
x _j-.1 

4P 
accession or Plant type Skin color Flesh co'or (%) after cooking hot-wet cool-dry Remarks 
cross no. season season 

CN 1421-56 Bushy Reddish orange Light orange 31 Slightly dry X 3) 29 (2) Dessert-type 
w/ yellow early maturing 

CN 1421-68 Semi-erect Orange Light orange 32 Slightly dry X 3) 24 (2) Dessert type 
early maturing 

CN 1424-9 

CN 1424-36 

CN 1448-49 Semi-prostrate Red Yellow 32 Moderately dry 19 (3) 28 2) 
w/ orange > 

CN 1448-59 Semi-erect Pink Pale yellow 30 Moderately dry 17 1 3) 20( 2) 

CN 1489-43 Semi-prostrate Yellow tinged 
w/ light red 

Pale yellow 36 Moderately dry 15( 3) 17 2) Early maturing 
" 

CN 1489-89 Prostrate Yellow Yellow 32 Dry 22( 5) 28 3) 
CN 1510-25 Semi-erect Pale red Yellow 29 Moderately dry 26 (9) 26( 2) Early maturing X 

CN 1517-139 Semi-prostrate Pale red Yellow 32 Moderately dry 24 (3) 25( 2) Early maturing 
wi pale orange 

CN 1517-142 Prostrate Pale orange Orange 31 Dry 19( 7) 23 (2) 0C 

CN 1525-11 Semi-prostrate Yellow Yellow 29 Slightly dry 20(9) 28(2) Early maturing 

CN 1618461 

CN 1656-37 Prostrate Dark red Yellow 32 Dry 21 (3) 23 (2) 

CN 1656-89 

CN 1656-97 Prostrate Pale red Pale yellow 31 Dry 24 ( 3) 23 ( 1) 

CN 1656-101 

CN 1683-18 

Note The nfornart;or g, r ,.re , O,ed oni reijuts oT trvi tcnd, :1,--( '-
acceptable yid al 2-:J lay'- after planting 'Yjejd( Average att AvRDC 

. < 
F g 

- c - (wd 
,Ir,e..ri,D-e 

"Texture afer cookingg Basec; on the panel tests ,it AVPDC 
Triest, -,hov- lur',br , ,l- X - \er, poor leIG 

'Early maturing 
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Fig. 1. Monthly success rate In sweet potato accession merlstem culture. 
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Fig. 2. 	Monthly rate of contaminated and callus formation Insweet potato 
accession merlstem culture. 

The more importani factors that should he considered are the agar concentration and the type 
of tube used. The media with an ;agar concentration of 0.95% in grooved tubes conserved the media 
in the tubes best because the gro,vc stopped the harder media from spilling off. In another experiment, 
plantlets grew well in (l.95/, agar and, therefore, probably became hardier for planting. 
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Soybean Seed Quality and Storage 

Introduction 

Seed storage technology Cor soybean is an in portant consideration in soybean production. 
An experiment was cinducted to stutdv the seed quality t"dilerent AVRIDC improved soybean 

tiles produced inl ,,tlllerlcl antid ;itllilnl Corlespondiing to seed ripening in wet and di seasons. 
11spcctivel. to clie uip with a method to pre,"Ict soybean seed quality aiild viabilitvIi also aildl 

al ditleleit storace conditions. 

Materials and Methods 

AVRI)(' iprov.ed soybcan lines used in this study were divided into two sets: 

Set I Date of maturity
 
AGS 66 St 17 October 1985
 
AGS 66 A U 28 November 1985
 
A(iS 129 S11 14 October 1985
 
A(;S 129 All 27 November 1985
 
( 2121 M8 SNI 06 October 1985
 
( 2121) NX All 12 November 1985
 

Set 11
 
A(S 65 02 December 1985
 
AGS 124 04 )ecember 1985
 
AGS 100) 03 December 1985
 
AGS 162 02 December 1985
 
A(;S 208 20 December 1985
 
A(;S 217 21 )ecember 1985
 
AGS 271) 01 January 1980
 
AGS 299 26 )eceimber 1985
 

The 	 ffinr storage treatment regimes used were: 

(I) 	 open storage at GRSU sced conditioning rooiii (25 - 5°C and 85 + 10% RH) 
12) 	 scaled iln alunimiin-polyctlvlene bags with 81, Seed moisture content fresh weight basis and 

kept at 30"C 
(3) 	 open storage in breeder store (25"C and 50' RHI-) 
(4) 	 open storage in GRSLJ short-term store (15'( and 4W7, RH) 

''lie treatnents were started oio 25 March 1986. The germination test was carried out on 2() 
seeds (divided into 50 scetls of four replicates) in sand in the seed laboratory. Seed counts were done 
on tlie fiIt I0and cighti days according to ISTA rules (1985). '[le seed samples flbr the germination 
test were iiaintained in equilibrium with ambient environment for 24 tir before testing to reduce seed 
injury dile to quick rchlydration. 

Results and Discussion 

Seed quality produced ft )m different seasons. Results showed that the quality (If soybean 
seed lots prduiced in S1tlintmel" wits poorer than those produced in antuii in ii although there were only 
42. 44 ant 37 days. differences in crop maturity between two seasons for lie lhrce lines, respectively 
(Fig. 3). h'Ie weat her data at ripening stage is shown in Figure 4. The differences in seed quality 
between the lines were more obvious in summer than in autumn. The original germination rate of 
AGS 66 SU (summnier crop) was 89% which was much lower than that of the other five seed lots. 

http:iprov.ed
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Fig. 3. Viability curves of AGS 66, AGS 129 and G 2120 M8 from summer (SU) and autumn 
(AU) crops under four storage regimes --(c3) unprotected storage (25-300 C, 85% 
RH), (+1 30°C, 8% seed moisture content fresh weight basis, (0)open storage at 
25 0 C, 50% RH and (A) open storage at 150 C, 40-45% RH. 

Its viability in four different storage regimes was low compared with the other five seed lots. These 
results confirm the empirical field observation of the poor seed quality of AGS 66. The small-seeded
G2120 M8 behaved differently from the bigger-seeded, AGS 66 and AGS 129 in having good quality
seeds even from the summer crop. However, there seemed to be no relati'-nship between seed quality
and seed size in each line. 

Responses to different storage regimes. Open storage without any temperature and 
moisture protection in hot-wet tropical condition, ie. simulated by storage regime (1)from the start 
of the experiment on 25 March 1985 to 25 September 1985 at A VRDC, was detrimental to soybean
seed viability, Even G2120 M8, the best seed quality line, could retain high germination for only
four months and there was then a sharp drop in viability on the fifth month (Fig. 3 e and f).The 
other standard grain-type soybean lines, AGS 65, AGS 124, AGS 129, AGS 160, AGS 162, 
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Fig. 4.Viability curves of AGS 65, AGS 124, AGS 160, AGS 162, AGS 208, AGS 217, AG3S 
270 and AGS 299 from the autumn crop (The storage regimes aresimilar to those 
In Fig. 1). 
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AGS 208, AGS 217, AGS 270 and AGS 299, from the fall season crop could maintain high viability 
of at least more than 82% for three months (Fig. 4). AGS 66 was the only line with a significant 
drop ip viability to only 44% from the autumn crop (Fig. 3b). Poorer quality seed lots produced in 
summer deteriorated after only two months of storage as in AGS 66 SU (Fig. 3a). 

A practical storage regime in tropical Lountries should provide protection against excessive moisture 
after the seed lot is dried down to 8V MC fresh weight basis. Storage treatment (2) simulated this 
storage regime. Seed lots with good quality seed, i.e. all samples produced in autumn and G2120 
M8 summer lot, COuld he stored for at least 720 days and maintain more than 85 % germination rate 
using this regime (Table 7). Poorer quality seed lots like AGS 66 and AGS 129 from the summer 
crop could be kept for about a year using this storage regime (Fig. 3a and c). 

Storage freatnicnt reginies (3) and (4) continued to maintain the initial high quality of seed lots 
for tIp to 930 days (3 1months). Both storage regimes could be used as alternative storage methods 
to keep soybean seeds in bulk. Storage regime (3) can be achieved by using ordinary household type 
airconditioning equipment set at 25°C. Storage regime (4) can be achieved with a specialized 
cooler/airconditioning machinery. Ordinary household airconditioning normally ni atains a relative 
humidity (Rt11) of' about 55-6174. The low RHIt ot40% to 50% can only be achieved using either a 
chemii,:l or refrigerate-reheat type of dehumidifier. The lower temperature and RH (i.e. 15"C. 40% 
I0H) in si.,rage trcatmen (4)pre;'ents insect problems. A regular fuMigation program required under 
storage Ire.tmritn (3) is. thcrefore, not necessary. 

Table 7. 	Viability of soybean seed lots stored at 300C and 8% moisture content storage reglme 
(Treatment 2). 

Seed lot 	 Viability (%) after storage 
720' 750 780 840 

AGS 65 AU - 96.0' - 92.5 
AGS 66 SU 27.5 - 33.0 20.5 
AGS 66 AU 87.0 - 81.5 76.0 
AGS 124 AU - 97.5 - 96.0 
AGS 129 SU 58.5 - 46.5 39.0 
AGS 129 AU 89.0 - 84.0 79.0 
AGS 160 AU - 96.5 - 87.5 
AGS 162 AU - 97.5 - 91.5 
AGS 208 AU - 94.5 - 87.5 
AGS 217 AU - 91.5 - 81.0 
AGS 270 AU - 86.0 - 67.5 
AGS 299 AU - 99.0 - 75.0 
G 2120 M8 SU 93.5 - 96.0 92.5 
G 2120 M8 AU 97.0 95.0 97.0 

"Days in storage Y%germination. 

Predicting the Storage Life of Soybean Seed Lots. The seed viability equation developed 
by Ellis and Roberts (1980) for predicting seed longevity at certain storage temperature and seed 
maisture content is: 

V=Ki - p/IOk, - Cwlogm - Ch - Cq 

where V = probit percentage viability after a storage period p (days), ki = probit percentage viability 
at the beginning of :torage, m = seed moisture content (percent on fresh weight basis) and t = 
tempcrature (°C) during storage, and Kc, Cw, Ch and Cq are constants for the species concerned. 
The species constants for soybean arc as follows: Ke = 7.748, Cw = 3.979, Ch = 0.053 and Cq 
= 0.(00228 (Ellis, Osci-BoIsu and Roberts 1982). The Ki value of a seed lot, i.e. initial viability, 
can be estimated by probit analysis using a series of viability monitoring. In a past eyeriment, using
high temperature and high humidity aging, (i) 40'C and 100% RH (TI), (ii) 30'C in 84% RH for 
14 days followed by 40'C and 100% RH (T2), gave consistent Ki values between the two methods 
used for each seed lot (t paired = -0.877, p = 0.3 - 0.4). 
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However. the Ki values estimated using different experimental techniques should be interpreted 
with caution because the longevity of a seed lot also depends on other intrinsic seed inherited 
physiological and physical properties of a variety. For example, G2 120 M8 AU seed lot with 2.87"7208 

Ki value ha! half viability period, p(50) ix. (tie time taken (147.9 days) for viability to be reduced 
to 50',;. longer than AGS 66 AL and AGS 129 AU seed lots with only 92.6 and I XM.4 days, respectively. 
The Ki values of AGS 66 AU and AGS 129 AU were ,.898882 and 3.846585, respectively, which 
were larger than that of G2 120 M8. In general, the bel',,.- quality seed lots front harvests in autunn 
seemed to have higher Ki values than the poorer seed lots of' a variety in summer. Indeed, the Ki 
value night be less accurately estimated from the result of a single germination test before storage 
(lilis and Robe ts1981). 

The predicted storage periods of the seed lots of AGS 66 art given in Table 8. They indicated 
the poor seed quality of the seed lot of AGS 66 in sunimel. 

Table 8. 	 Predicted storage period (days) for AGS 66 summer and autumn seed lots to lose 
viability to 70, 75, 80 and 85% using average Ki values of 99.9% and 92.3% 
estimated from storage treatment regimes (1) and (2), respectively. 

Storage Storage 	 Viability after storage 

See d lo t tem p see d M C . . . . . 
85% 80% 75% 70%(°c) (%)________ 

AGS 66 SU 	 30 12 18 26 34 41
 

30 10 36 55 70 85
 
30 8 88 133 171 205
 
30 5 572 862 1110 1333
 

20 12 77 117 150 180
 

20 10 160 241 310 372
 

20 8 389 585 754 905
 
20 5 2522 3797 4891 5873
 

5 12 588 885 1140 1369
 

5 10 1215 1829 2356 2829
 
5 8 2951 4444 5724 6874
 

5 5 19153 28837 37146 41606
 

AGS 66 AU 	 30 12 10 109 117 124
 
30 10 207 226 241 255
 

30 8 503 548 586 621
 
30 5 3266 3555 3804 4027
 

20 12 442 481 514 545
 
20 10 912 993 1063 1125
 
20 8 2217 2414 2582 2734
 

20 5 14388 15663 16757 17739
 

5 12 3355 3652 3907 4136
 
5 10 6929 7544 8070 8544
 
5 8 16838 18331 19611 20761
 

5 5 109268 118952 127261 134721
 

Implication of formulating a soybean seed program in tropical countries. The initial 
quality in seed lo's is a function of genotypic differences, i.e. varieties, and pre-storage environmental 
differences both during seed production and processing before storage. High seed viability in storage 
can be achieved by improving the initial seed qua'ity (i.e. with high Ki value) and by reducing the 
storage temperature and/or seed moisture content. Results showed that most AVRDC improved soybean 
lines gave high quality seed lots if ripened in a cool dry season with Ki values up to 5.475255, i.e. 
approximately 100%, and that their viabiliry declined steeply within 2 to 5 months under ambient 
storage conditions in hot humid conditions (Fig. 3 and 4). 

Under these circumstances, basic or foundation seeds should be produced in the best available 
site during a cool dry season for ripening an(d drying the seed crops. Artificial drying and processing 
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tacilities should he installed to support the seed progran in case the weather changes unpredictably
during the hiarvestiiig season. Certain stock should he carried over between seasons as reserve for 
unpredicted demand cauised by crop disasters. This calls for controlled environment storage. T'he 
ordinlry household type of airconditioner can be used with a chemical dehulidifier to lower the 
hutidity to about 40-50"(' RI, i.e. storage regime (3). Alternatively, a specialized airconditioner
cu ii-dehtinidifier c n he very co)st efTective in operating at this temperatture and RH condition. The 
storlge should he ;'irtight to prevent leakage of moisture. It should be tidy to0ICLIucC the outbrelak 
Of insect pests and thus cut down Ol the nutiber of fumigation cycles. The lttter c.,n be avoided by 
howering teniperature itabout 15"'(, i.e. storage regime (4). 

ihe sced multiplication ratio in soybeall is especially low for the bigger seeded \arieti s. Most 
newly dc ch s f0r soybean in developing countries c(,uld not maintain one generation-flowyeptae;d 
system in their seed distribtion. Instcaid o1' the normnal three regenerations t'ron foundatimn seed 
to certifiecdsed llto nine recncrations mvay be required to multiply enough seeds f"r the l',illers. 
The tarillers mlav \C1 have to follow the;- traditional fiCld-to-fiCld seed suplply Ssste wherever 
harsesting time in lone district cointides with the planting time in the neighboring districts. hIt this 
sN stem. the essk hlrsstcd good quality seed can he traded ininediates'. Production s stels ild 
techllog%sholid he )1.oided lo &uide thle frers o1improv the quality O-the seCd sae\'Cd. Seeds 
sh0ould be tenporaril\ strted ther dr ing to abott 8-10);i NI(C in air-tight tin colta.incls or thick high 
dcnsity plastic ha'es and hermetical,, sealed. This could maintain high seed viability l'or toup two 
years at 31' C if the sCel lot has high seedl quality initially. i.e. storage regime (2). 
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Argentina 

Agrotecnica Trebol Sur S.R.L. 

Australia 

CSIRO Division of Tropical Crops and Pastures 
DPI, Gatton 
Department of Primary Industries 
Pacific Seeds 
Redlands Horticultural Research Station 
South Australian Seed Growers Co-operative

Limited 

Bahamas 

Department of Agriculture 

Bangladesh 

BARD, c/o AID
BARI 

Barbados 

CARDI 

Belgium 

Koninklijk Museum voor Midden-Afrika 

Bhutan 

IFAD Project, Dept. of Agriculture 

Botswana 

Botswana Development Corporation Ltd. 

Brazil 

EMBRAPA-Centro Nacional de Pesquisa de 
Hortalicas 

Estacao Experimental de Anapolis
UFRRJ - Inst. Biologia-Fitopa.tologia 
Universidade Estadual Paulista
Universidade Federal de Vigosa 

Brunel 

Agriculture Department 
Ministry of Development 

Sinaut Agricultural Training Centre
 

Burma
 

Agricultural Research Institute
 

Burundi
 

Institut des scienccs agronomiques du Burundi 
(ISABU) 

Canada 
King Aogro !nc.
 
Stokes Seeds Ltd.
 

Cape Verde Islands 

Instituto nacional de investigacao agraria (INIA) 

China 
Chinese Academy of Agricultural Sciences 

(CAAS) 

Colombia 

CIAT
Instituto Colombiano Agropecuarlo
 
Instituto Linguistico de Verano
 

Congo 

University Marien Ngouabi 

Cook Island 

Ministry of Agriculture 

Costa Rica 

ANAI 
CINDE 
Universidad de Costa Rica 

Dominican Republic 

Industrias Asociadas, C. por A. 

Ecuador 

Estaci6n Experimental "Boliche", INIAP 
Estaci6n Experimental "P" 
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Egypt 

Ministry of Agriculture 

Ethiopia 

Agricultural Development Department 

Agricultural Research Centre 

Institute of Agricultural Research, 


Bako Research Center 

Nazreth Research Center 


Fiji Islands 

H.E. the President of the Republic of Fiji 

Sigatoka Research Station 

South Pacific Commission 

Teidamu Central Nursery 

Vuda Garden Ltd. 


France 

Andre Blondeau, Slectionneur-Obtenteur 
INRA 

IRAT 


Gambia 

C.RS. II Marina Patade 

Department of Agriculture 

Gambia Freedom From Hunger Campaign
 

Germany, Federal Rep. of 

Biologische Bundesanstalt f~sr Land und 

Forstwirtschaft


BiochernieInstitutInstitut furfur iruskrankheiten der Pflanzen 
Max Plank Institute 

Ghana 

Ministry of Agriculture 
Nkawkaw Agriculture and Vegetable Centre 

Guatemala 

Instituto de Nutrici6n de Centro America, 
Panam, 

Hong Kong 


P.H.K. Trading Limited 
Pillsbury Company 
University of Hong Kong 

Hungary 

Hoitus Botanicaus Universitatis 

Irdia 

Allahabad Agricultural Institute 
Centra: Agricultural Research Institute
 
Coonor rea Estate
 
Hexamar Agricultural Research and
 

Development Foundation
 
Himachal Pradesh Agriculture University
 
ICAR
 
ICAR Research Complex for N.E.H.
 

Region, Shillong 
Indian Agricultural Research Institute (IARI) 
Kerala Agricultural University
Krishi Vigyan Kendra 
Main Pulse Research Centre
 
Nath Seeds, Pvt. Ltd.
 
National Bureau of Plant Genetic Resources 
Navalakha Group 
New Hope, Rural Leprosy Trust 
Osmania University 
PAK-College of Agriculture 
Pioneer Overseas Corporation 
Purijab Agricultural University 
Shri A.M.M. Murugappa Chettiar Research 

Centre
 
Shri Girivanavasi Pragati Mandal
Tamil Nadu Agricultural University 
University of Delhi 
Vijay Seeds Co., Pvt. Ltd. 
YSP University of Horticulture and Forestry 
Indonesia 

Bogor Agricultural University 
Bogor Research Institute for Food Crops 

(BORIF) 
Chinese Agricultural Technical MissionCentral Research Institute for Food Crops 

(CRIFC)
Lembang Horticultural Research Institute 

(LEHRI)
MARIF, Kendalpayak 
Organization for Rural Development 
Winrock International, Balittan Sukarami 

Iran 

Agrosoy International
Seed and Plant Improvement Institute 

Iraq
 

Agriculture and Water Resources Research 
Centre 

Israel 

Israel Gene Bank for Agricultural Crops 
Levi Eshkol School of Agriculture
Volcani Centre 
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Jamaica 

Biochemical Equipment and Services Ltd. -. 

Japan 

Agricultural Research Center
 
Kagome Co., Ltd. 

Kagoshima Agr. Exp. Station
 
Kaneko Seeds Co., Ltd. 

Kyoto University
 
Kyushu University

Mikado Seed Growers Co., Ltd. 

Nagano Chushin Agriculture Experiment
Station StationMauritius 
National Institute of Agrobiological Resources 

(NIAR)

Sakata Seed 

Takii Seed Co., Ltd. 

Tokita Seed Co., Ltd. 

University of the Ryukyus 

University of Tokyo
 
Watanabe Seed Co., Ltd.
 
Yonoza Farmers Association 


Korea, Republic of 

Choong.Ang Seed Co., Ltd. 

Dan Kook University

Hung Nung Seed Company 

Kyungpook National University

Rural Development Administration (RDA)

Seoul National University 


Lesotho 

AID 

Liberia 

AVSPP/NCRDP

Catholic Mission 

Southeastern Liberia Rural Development


Programme 

Madagascar 

D6partement de recherches agronomiques, 
FO.FI.FA. 

Operatlon de d6veloppement agricole 
intdgr6,

S/C FAO/PUND MAG 82/016 

Malawi 

Bvumbwe Research Station 

Malaysia 

Agricultural Chemicals (M)Sdn, Bhd. 
Agricultural Research Centre 

Department of Agriculture
 
Divisional Agriculture Office
 
MARDI 
Perunding Bersatu Sdn. Bhd. 

Maldives 

Ministry of Atolls 

Marshall Islands 

Chinese Agricultural Technical Mission 

Mauritius Sugar Industry Research Institute 
Ministry of Agriculture, Fisheries and Natural 

Resources 
Mexico 

CSAEG 
Instituto Nacional de Investigaciones Sobre 

Recursos Bi6ticos 
Sede (CIAPAN) Campo Agrfirola Experimental

del Valle de Culiacai 

Nepal 

Department of Agriculture, Ministry of
 
Agriculture
 

Netherlands 

Derulter Seeds B.V. 

Niger 

Projet horticole vitamine A en Afrique 

Nigeria 

Ahmadu Bello University 
Bamol Nigeria Limited
Hensmor Agro Allied Industry Limited 
Ministry of Agriculture and Cooperatives 
Olpuala Cooperatives 
Veglfarms Limited 

Oman 

Ministry of Agriculture and Fisheries 

Pakistan 

Agricultural Research Station 
Conimplex Hatchery and Breeding Farms 

http:FO.FI.FA
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Nuclear Institute for Agriculture and Biology 
Pakistan Agricultural Research Council 

(PARC) 

Panama 

IDIAP 
Chinese Agricultural Technical Mis ;ion 

NestI6 Panama. S.A. 


Papua New Guinea 

Division of Primary Industry, Food Crops 

Peru 

Autoridad Aut6noma de Males
 
Bayer Peru, S.A. 

Fundaci6n Contra el Hambre
 
Programa de lnvestigaci6n Amaranthus 

Programa Nacional de Kiwicha
 
Universidad Nacioiial Agraria 

Philippines 

Central Mindanao Uriversity 
Department of Agriculture

Hortanova Vegetable Farm 

Institute of Plant Breeding (IPB) 

Intenseed Agriculture 

International Rice Research Institute (IRRI)
 
Isabela State University 

Litton Agro Marine Co., Inc.
 
Mariano Marcos State University 
Palawan National Agricultural College

Panay State Polytechnic College 

Pangasnan State University 

Philippine Coconut Producers Federation 

POP/AVRDC 
Quirino State College 
Second Laguna de Bay Irrigation Project 
- Vegetable Component 
University of the Phmlppmr;?s at Los Bahios 

(UPLB) 

Reunion (France) 

;RAT 

Saipan 


Northern Mariana College 


Samoa, Western 


Office for Tokelau Affairs
 

Saudi Arabia
 

Ministry of Agriculture and Water 

Tabuk Agricultural Development Co. (TADCO) 


Senegal 

Institut sengalais de recherches agricoles 
(ISRA) 

Sierra Leone 

Egyptian Embassy. Agric. Div. 
Functional Adult Literacy Program. CUSO 

Rice Research Station, Rokupr 

Singapore 

Eastreco (Pte.) Ltd.
 
National University of Singapore
 

Solomon Islands 

Chinese Agricultural Technical Mission 

South Africa 

Mayford Seeds (Pty.) Ltd. 

Spain 

Centro de Investigaci6n y Desarrollo
 
Agrario
 

Universidad Politcnica
 

Sri Lanka 

Agricultural Research Station 
Canadian High Commission
 
Department of Agriculture
 
Development Alternatives, Inc.
 
Gnanrammah Integrated Research Farm 
Israel Interests Section 
Plant Genetic Resources Centre 
Tropic Green Isle Seeds 
University of Peradeniya 
University of Ruhuna 

Sudan 

Agricultural Research Corporation 
Univers;ty of Khartum 
University of Gezira 

Suriname 

Ministry of Agriculture, Animal Husbandry 
and Fishery 

Swaziland 

Agricultural Research Division 
Malkerns Research Station 
Ministry of Agriculture and Cooperatives 
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Switzerland 

Station fedrale de recherches agronomiques 
de Changine 

Taiwan, China 

Academia Sinica 
Evergrow Seed Company 
Fengshan Tropical Horticultural Experiment 

Station 

First Seed Company 

FU Jen University 

Known You Seed Company 

National Chiayi Institute of Agriculture 

National Chunig Hsing University 

National Pingtung Institute )f Agriculture

National Taiwan University 

Taiwan Agricultural Research Institute 


(TARI) 

Taiwan Seed Improvement and 


Propagation Station 


Thailand 

Agricultural Development Research Center 
in Northeast Thailand (ADRC 

APTA Phaya Thai Court 
Biological Nitrogen Fixation Research Center 
Chainat Field Crops Research Center 
Chia Tai Co., Itd. 
Chiang Mai Field Crop Research Center 
Department of Agriculture 
Hsin Seed Co, Ltd. 
IBSRAM 
Kasetsart University 
Maejo Institute of Agricultural Technology
Pacific Seeds (Thai), Limited 
Thai Potato Seed Co., Ltd. 
TOP/AVRDC 

Tonga 

Department of Agriculture 
MA.FF. 

Trinidad and Tobago 

University of the West Indies 

United Kingdom 

University of Birmingham 
University of London 
University of Reading 

USA 

Asgrow Seed Company 
Campbell Inst. for Research and Technology 

Dairyland Seed Co., Inc.
 
Funk Seeds International
 
Harris Moran Seed Company
 
Honolulu Community Gardens
 
Land O'Lakes, Inc.
 
Mississippi Agricultural and Forestry 

Experiment Station
 
Northrup King Company
 
Northwest Area, Grain Legume Genetics
 
and Physiology Research
 
Peto Seed Co., Inc.
 
Seedcraft, Inc.
 
Sundance Farms, Inc.
 
Surigene Technologies Corporation
 
Texas A & M University
 
The Land EPCOT Center
 
University of Arizona
 
University of California
 
University of Hawaii at Manoa
 
University of Idaho
 
University of Illinois
 
University of Minnesota
 
University of Nevada-Reno
 
University of New Hampshire

USDA Plant Germplasm Quarantine
 

Center
LISDA Regioiial Plant Introduction Station
 
Virginia State University
 
Winrock International
 
Yuma Mesa Agricultural Center
 

Uruguay 

Estacin Experimental Graniera Las Brujas" 

Vanuatu 

Torqil Centre 

Vietnam 

University of Cantho 

Virgin Islands 

University of the Virgin Islands 
Water Isle Botanical Garden 

Western Caroline Islands 

Division of Agriculture and Forestry 

Yemen Arab Rep. 

Agricultural Research and Extension 
Project 

Rural Development Project, al Mahwit 
Province 

Seyun Research Center 
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Yugoslavia Zambia 

University of Zagreb University of Zambia 

Zaire Zimbabwe 

Institut national pour I'6tude et la University of Zimbabwe 
recherche agronomiques (INERA) 



Information Services 

Publications 

During 1988. AV RI)C through the ()Ilicet of I lormation Services (01S)published 15 publications 
(Table I).ly \ear-end an additional 75(1-page publictalit %%asprepared to camera-ready stage. There 
was an Increase ol appro\itatel\ 15'; 'er 1987 output. One issue of Cent0,mittp and the /987Progress 
Re'por, Sioitl ic'.,crcA prirnt,'d. 

Table 1. AVRDC publications released In 1988. 

Author/L-(ditior Poticat:on No of copies TVIS' 
Green/Opena/Ilermi lom1iito & Pepper Abstracts 335i Symposium 
t IOiittlI Istiifno.l Gdr tri tlrig NutritIous Vegetai.jles 1.250 
Tlkaf hit Coop Guriteshlet IM of Sw etlpolato 

Weevil 1,750 
stolidaf Catalog of MoNrig ilo Ct111liart-, xt 1.000 
falekir, SurL lit Coop Guidesheet IPM of Sweetpotato 

Weevil (Chinese eil) 750 
Mingbean/Black Gram Bibliogrdlhy 1.000 X 

Opena. Yoon Kuo TB 1 - Breedirlg arid Seed Production of 
Chiriese Cabbage 1.250 x 

Yonr Directory of Chiriese Cabbage Researchbers 1.000 x 
McLean/Soderlund 1987 Progress Report SuMinaries 2.500 
McLean Vegetable Researcl 1r)Southeast Asia 1.500 
Llent/Lastimosa 1986 Progess Report 600 
Sundar/McLean 2nd IntMUngbeari Symiposium xo 

Subtotal 12,935 

P;i ilidiCals 
McI ean/Soderlurid tVIS News. Vol 3 No 1 1.000 x 
McLeo/Soderlhnd TVIS News, Vol 3. Na. 2 1,000 x 
McLean/Lleinit AVRDC Newsletter (weekly) 

Subtotal 2.000 

Brochtures/Arinouncenrienls 
McLean Publication Lists 1.250 

Total 16,185 
An xindicatetsthat p)LIrICt lri v, partoft ru ial Vegetiable Informaton Servicer, ITVIS) prolect 

Journal Publication and Symposium Presentations 

During the year. 14 journal papers written by AVRDC scientists were published and another five 
articles were prepared ir publication (Tables 2 and 31. Thirty symposium presentations were made 
by AVRDC scientists (Tabe 4): nianN ol thesc will be published in proceedings. Other articles published 
in 1988 are listed in Table 5. 

.q '" '1, 7
2"",:" 
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Author(s) 

S H. Choi. S K 
Green. D R. Lee. 
IY Yoon 

S H Choi. b K 

Green D R Lue 


G C J Fenandez. 
H.K Chen 

S K Green, Y Sulyo. 
D E Leseniann 

S.K 	 Green. C Y 

Luo, D R Lee 


S.V 	 Green. D R 

Lee, N M Home 


M Kobayashi, 

I Yamaguchi 

N Mumofusli Y 
Ota. N Takahashi 

C G Kuo, B I Shen, 
H M Chen. H ' 
Chen, R T Opefa 

A 	 Sejrapongse. 

M H WU. Y C Roan 

N S Taleker HR 

Lee. Suharsoio 

N'JS Talekar. H C 
Yang. Y H Lee 

N.S lalekar 

1HH Lee
 

N.S lalekar 

Y H Lee 


N S. Talekar. 

Y H. Lee 

N S Talekar 

Author(s) 

GC J. Fernanouz 
H.K Ch-n 

S.K 	 Green C Y 
Luo, D.R Lee 

S K Greeii, 
C Y Lo 

C G Kuo. H M 
Chen. B.J Shen 

H C. Chen 

JE Yuen 

AVRDC Progress Report 1989 

Table 2. Jrurnal papers published In 1988. 

Title Journal
 
Incompletely dorirnant single resistance Euphytica 40:193-197
 

gene " i peanut stripe virus ii soybean
 
lie AGS 129
 

Linkage relaltornship between two genres Euphytica 4,11273-166
 
'onferrrng ie,,oS larce to peanut stripe virus
 
dlii soybeain fillOdlC 

EIects of temperature arid pholoperrod on J Amer Soc Hort. Sci.
 
reproductive dtevelopmont of reduced 1 14(2):204-209
 
plrotoperi Stosernslve 'runghean genotypes
 

a quaildtatiye Model 

Leaf curl virus on tOaidti laIwIni FAO Plant Protection But 35(2) 62 

Elimination of mycoplasma ike organisrms J,Phytopatho;ogy 126 204 212 
from witches broom infected swetet potato 

Survey for viruses ct soybean, Mirigbean Plant Disease 72(11) 994 
and peanut i, Java Indorlesid 

Flucttiatroro did Io(.flIZdtioof emdogenous Agric Biol Chem. 50(2):
 
gibberelins inrice 1189 l 184 1988
 

Associaliofs between heat tlerLnce, water Euphytica 39 65-73 
consulption, arid morphological characters in 
Chiri-se cibbage 

Effe:t of pilaritng date tn growth and yield HortScience 23(4).698-699 
'f sweet pitdto 

Resittaice of soyOeanI to four defoliator J Econ. Ent 81 1469-1473 
species In Talw-in 

Morphological and physiological traits J. Econ Ent 81 1352 1358 
associated with agromyzrd (Diptera: 
Agromyzidae) resislance in mungbean 

Response of soybean to foliage loss in Taiwan J. Econ. Ent 81.1363.168 

Biology of Ophiomyia centrosernabs (D:ptera: Ann. Ent Soc Amev. 81:938-942 
Agrornvzidaej, a pest of soybean 

Procedure for niass-rearig of beanfly J. Econ Ent 81.316-318
 
(Diptera Agromyiidae)
 

CharacteristiLs kf Melanagromyza sojae J. Econ Ent 89i584-588
 
(Diptera AgrOrlyidae) damage in soybean
 

Table 3. Journal papers prepared In 1988. 

Title Publication 

Implications of genotype x environmental J Amer Soc. Hort Sci 
interactions in murrglean yielh trials 

ElIfmination of ,weet potato itent virus J Phytopathology 
from Nicotrara betithunana with nibaviinn ROC Plant Prot Bul 

Elimination if sweet potato yellow dwarf virus J Plant Disease 
(SPYDV) by menistern tip culture arid by heat and Protection 

Relationship between hormoial levels in pistils J Plant Growth 
and tomato set in hot arid wet seasons Regulation 

Partial resistance to Pernospora parasitica in Plant Disease 
Cf ",n cabbage 
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Table 4. Symposlum/workshop presentations In 1988.
 
Author(s) 1itle 

L C Chang Seed produc!ion techniques of self-
incompatible crops 

L.CChang Varietal imProvernuit of peppers 

J.1. Cher Genaetic imptvenirtt of Irsbri market 
toilraltoe, 

J T Chren, lr,'eodiig tor (1lowU'' lt:slrtcince arid 
R I Operla ,Jdltad ll, of proce-i,S g torlatoes 

S K, Green SVc ltpotato ori_- (Illiltlull anid vliiis 
InCexing it A\'RDC 

C G K00 Ii N1 Rvrrosu ot roillto to high teriperdtures 
Cheri. H C plrohhtn! aind )rspurlcts of adaptation 
Chell iesuart ch 

S H Lai eed productront'lonitlqres of solairaceots 
vegetible" 

S H I al. lurrderri:y of Taiwan processing toniato 
H I.Hwang 

S t [ai. I I S Tlie COnttlbrtiin of AvRDC toilatuoes irl 
Isa. SC S lalwari 
soi, H Iihm 

G A Marlowe Veget-tille iesear,ll it AV[PC Achlievenenits 
drildfuture tlils5t 

G A Mariowe 1fic potential role of AVRDC for Lollaborative 

vegetable research iirSoutheast Asia 

R IOpec,a Conceptual framework of the workshop 

R.T Opena Boosting the egetablu Industry of Southeast 
Asia areas for further researcll fnd 
(evelopment 

R 1 Open<r. Genetic improvemenlt of tomato adaptability 
S K Green. to tIre tropics Progress arid future prospects 
N S falekar. 
JT S Tsoti, 
A I Tschanz. 
J t Chlein 

YOta Organic tarrng ir Japan 

Y Ota Role of tire hill in the riperisi g of tire rice 
plant 

Y Ota. Effect of choline on yield of sweet potatoes 
A Sajaporlgse (lporronodabatatas I ) Lain ) 

A Sajjapiigse, Ive5tigatIor (l1the effect of U ie clinatic 
M ItWii lttlors Oil Sweett potato yiell 

A Sallapoirgse, Suormeoibpects of i;iltiuial irariageneirt of 
Y Ota, Y C tomato at AVRDC 
Roan, C.L Wu 

Symposium/workshop 

Symposium oP Seed and Seedling 
Production and Marketing Techniques 
of Horticulture Crops, PDAF, Taichung, 
Taiwan 

Symposiunl or-. Vegetable Breedilng, DAIS, 
Taitung, Taiwan, 25-27 February 

SyniposUon on Vegetable Breeding, DAIS, 
Taitung, Taiwan. 25.27 February 

Report of Vegetable Crops Iiproverireilt 
Series V-VI, PDAF. Taiclung. la ,an 

Gerirplaslm Health of Yarn, Cocoyair dnd 
Sweet Potato. FAO. IBPGR. DGIS, 
Wageringen, 14-18 November 

lit. Synip. oilTomnato adi Pepper 
Producton irrth, Tropics. Tairiari. 
Taiwan. AVRDC, 22.25 Marchr 

Symilposiulm on Soe ,ind Seedling 
Production aid Marketin g eChin1lieS 
of Horticultural Crops, PDA-, dicttlig 

.yrnpOsiulm oilVegetale Breedirg, DAIS, 
Tating, 25-2 / February 

Int.Syiip. on Tomato and Pe-pp.; 
Production in 'he Tropics. AVRDC 
Talnan, Taiwan, 22-25 March 

Vegetable Research irr SOULtheatt Asia 
Workshop. ADB AVRDC Tirlai. raiwan, 
1-6 August 

Vegetable Research it, SoUtheast Asia 

Workshop. ADB-AVRDC, ainan, Taiwan, 
1-6 August 

Vegetable Research in Southeast Asia 
Workshop. ADB-AVRDC. Tainan, Taiwan, 
1-6 August 

SymposIuM or Vegetable Production and 
Marketing; Asian Productivity Organirza 
tion. Tokyo, Japan, 18-25 October 

Int. Symp on Tonato and Pepper 
Pioduction in the Tropics. AVRDC, 
Tainan, Taiwan. 22 25 March 

SyMposIurM on Organic Fdarmlng. DAIS. 
Taichung. Taiwan. 27-29 October 

SymposiUM on Rice Quality, DAIS, 
Taichurng, Taiwan, 7-9 April 

Eighth Synp of the Int.Society of 
Tropical Root Crops. Bangkok, 
Thailand, 30 Oct-5 November 

Eighth Syrup of the lirt Society of 
Tropical Root Crops, Bangkok, 
Thailand. 30 Oct -5 November 

Int. Synip ol Toirato arid Pepper 
Production in the Tropics, AVRDC, 
Tainan, Taiwan, 22 25 March 
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Table 4. Continued. 

J.T.S. Tsay 

Author(s) Title 
DC,S.,_Tay Genetic resources-of tomato and pepper 

at AVRDC 

S.CS. Tsou Digestibility of sweet potato starch 

S.C.S. Tsou, Vegetable research in Southeast Asia 

S. Shanmugasun- AVRDC grain legume program
daram 

S.Shanmugasun. AVRDC experiences with maximum yield
daram, H. Imal, research on soybean 
S.C.S. Tsou 

NSTalekar Integrated control of sweetpotato weevil 

N.S. Talekar, Prospects of diamondback moth control 
J.C. Yang in Southeast Asia 

N.S. Talekar Development and testing of an integrated
pest management technique to control 
sweetpotato weevil 

C.Y. 	Yang Cultivation and production of tomato and 
pepper in China 

J,Y. Yoon Country report summaries 

J.Y. Yoon, Pepper improvement for the tropics:
S.K. Green, 
A.T. Tschanz, 
S.C.S. Tsou, 
L.C. Chang 

Author 
J.Y. Yoon, R.T, 

Opefia, L.C. Chang 
D.C.S, Tay 

D.C.S.Tay 
D.C.S.Tay, YK, 

Huang 
D.C.S, Tay 

D.C.S.Tay, Y.K. 
Huang 

S.Shanmugasundaram 

S. Sakamoto, H. 
Takagi, CG. Kuo 

Symposium/workshop 
Int. Symp.- on Tomato and Pepper -...... 

Production in tile Tropics, AVRDC, 
Tainan, Taiwan, 22-25 March 

Sweet Potato Improvement in Asia, 
Trivandrum, India, 24-28 October 

Vegetable Research in Southeast Asia 
Workshop, ADB-AVRDC, Tainan, Taiwan, 
1.6 August 

Food Legume Coordinating Meeting,

IDRC-ACIAR, Bangkok, Thailand,
 
30 April-I May
 

Asian Maximum Yield Symposium,
New, Delhi, India, October 

Eighth Symp. of the Int. Society of 
Tropical Root Crops, Bangkok, Thailand, 
30 Oct,-5 November 

Workshop on Vegetable Pest Control, 
Honduras, June 

Sweet Potato Improvement in Asia,
Trivandrum, India, 24-28 October 

Int. Symp. on Tomato and Pepper
Production In the Tropics, AVRDC, 
Tainan, Taiwan, 22-25 March 

Vegetable Research in Southeast Asia 
Workshop, ADB-AVRDC, Tainan, Taiwan,
1-6 August 

Int. Symp. on Tomato and Pepper
Production in the Tropics, AVRDC,
Tainan, Taiwan, 22-25 March 

Table 5. Other articles published In 1988. 
Title 

Evaluation of radish-derived cytoplasmic male sterility 
for use in tropical heading Chinese cabbage

Utilization of the mungbean collection at AVRDC 

Flood tolerant amaranth 
Mungbean genetic resources at AVRDC 

Improvement on germplasm distribution at AVRDC 

The Importance of plant genetic resources 

Glyclne max (L.) Merrill 

Ipomoea batatas (L.) Lam, 

Publication
 
Cruciferae Newsletter
 

IBPGR/FAO Plant Genetic 
Resources Newsletter 

Amaranth Newsletter 
IBPGR/FAO Plant Genetic 

Resources Newsletter
 
IBPGR/FAO Plant Genetic
 

Resources Newsletter
 
Know-You Seed Company

20th Anniversary 
Special Issue 

Section In Pulses of 
PROSEA, Wageningen 

Section of PROSEA, 
Wageningen 
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Copublication Activities 

The French edition of AVRDC's Sweet Potato Proceedings was copublished with the Technical 
Center for Agricultural and Rural Action (CTA) and the Agence de cooperation culturelle et technique 
(ACCT). through a special project funded by CTA and ACCT. A total of 300 copies were provided 
at no cost to AVRDC. Half' of these copies were sent by CTA to addresses provided by AVRDC. 

Ain agreciment was realized between AVRDC and Wiley Eastern. Itd., of New I)elhi to copublish 
N.S. Talekar's monograph entitled ,gronuyzid /it's of Food lee'uimes in the Tropics. 

Public Awareness 

AVRI)(C issued two press releases: one announcing the upcomiing International Symposium o 
Integrated Management Practices fIOr Tomato anid Pepper Production in the Tropics and the other 
annunCing the release o sever; l new cu tltivars by China, Thailand and Western Samoa whiclh utilized 
AVRI)C- impoved materials. 

l'he pros,: rccaC on the Pepp.'r,T"oliato Symposiun in 19X8 subsequently appeared in the March 
issue (number '51 ol I)ilcrvit"v.a nlc.",s journal for tlhe plant genetic resources comnllunity. The one 
On n1ewl', releacaed AVR I m)'-proved ',cgelables appcared in an article in the Seed World. aC(1111mercial 
seed industr laga;zilic In the USA 

)IS ilet ,vith journalists froi Bahrain. India. :ndon,:sia. the Federal Republic of Germany and 
Taiwv:i (uring 1988. 

()IS prepared hundreds of briefing kits and ran the slide show in the auditoriulm fOr 96 groups 
of visitors to lhe Center. 

Public Awareness Association 

AVRI)C. represented t y OIS, attended the first meeting of the Public Awareness Asociation 
for tnterv,::. nia Agricultural Research held at CIMMYT fioin 22-24 June. 

In the meeting. a (i, uian journalist was provided with information which could be of intelest 
to her target audience: the (German public. As a result of this press tour, a series of articles, mostly 
AVRlI)C--related vegetable production technologies, appeared in the major German press around the 
line of tie CGIAR's midyear session in Berlin. 

Data Bases 

Mailing List 

The mailing list data base contains the curient address, telephone and telex numbers, and commodity 
interest for each entry and forms the basis for AVRDC's external institutional contacts. The mailing 
list presently contains about 5,157 subscribers, 415 of which are libraries and 427 are VIPs. 

The coding of the addressees into general, director, library and VIPs permits wide categories 
to be identified. The VIP list is further broken down into 14 subgroups, which altuws specific 
identification f inf'ornation. 

The malling list is also used to identify and communicate with target groups whose opiniops are 
sought flOr planning purposes. It is also used to help develop specialized data bases such as the Vegetable 
International Professimal Service (VIPS) or published data bases such as the Directory ol"Chinese 
Cahba.ge Researchers. 

During the year, the library addrsses were updated and an auxiliary library data base was 
constrticted.It contains specific iniformation on library information requirements which now permits 
selective dissemination of publications (SDP). As a result of this updating, 158 library addresses were 
deleted. 

http:constrticted.It
http:Cahba.ge
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Photo Services 

About 19,300 photographic rccc'ds of the scientific work in progress during the year were takenin over 1,125 separate photo sessions in the fields, laboratories and studio. A total of 7,197 of theseblack and white prints and blue slides were developed in the OIS darkroom. 

Art Services 

About 127 requests for art work which involved the preparation of 496 figures, tables, posters,hook covers, etc. were met. Of these were the fina, drawing of draft illust.'ations for the VegetableResearch in Southeast Asia. tihe 1986 P ogress Repwot4 and the Second hIternational Mungbealr
Swnlosniolv'In. 

Distribution 

Considering that all libraries receive complimentary copies of AVRDC publications, aquestionnairewas sent to all libraries which participate(] in the depository scheme in the third quarter of 1987. The
questionnaire was designed to determine the libraries' perceived va!ue on the different t)pes ofpublication:; the availability and use by readers of previously-deposited AVRDC publications, thepublication(s) AVRDC ;'ceives in exchange, and the libraries' willingness and ability to purchase
AVRDC publications in the future. 

Follow-up quiestiolnnaires were sent twice to solit it responses front delinquent libraries after whichthey were informed that no further complimentary distribution would be carried out unless theyrecsponded. Of the 571 libraries, 415 (7317c) responded. It was assumed that any library which wasunahle/unwilling to respond to the survey, despite three queries, was not interested to receive AVRDCpublications. A savings in postal charges of IJS$1.263 was made in 1988 by not distributing any material 
to these delinquent libraries. 

Full Utilization of Postal Tariffs 

The utilization of consolidated mailings is a postage-saving technique. Because of the prevailingtariff structitre, it costs the sunic amount to send to the Philippines a single copy of the 40-page TechnicalBulletin No. 16, which weighs I10 g, as the 106-page 1987 Progress Report Summaries, which weighs240 g. OIS continued to implement measures in 1988 to design individual AVRDC publications toremain within the upper limit of the tariff utilized and utilize consolidated mailings to substantiallyreduce postage costs over ,he former practice of distributing each publication individually. 

Custom designing AVRDC publications. The slight reduction in paper weight from 100lb to 80 lb and space-saving typesetting and layout practices kept the overall weight of publicationswithin the upper limits of a lower-weight tariff category. This practice perniitted a substantial savings
of from 29% to 45 % in post;tge charges for individual mailings. 

Consolidated mailings. OIS consolidated its entire automatic complimentary distributionin 1988 in three mailings. Consolidated mailings in combination with the selective dissemination ofpublications (SDP) provides AVRDC with the maximum cost efficiency which the existing tariff 
structure pernits. 

Increased Sales 

Total sales of AVRDC publications in 1988 were over 25% more than the total sales in 1987 
(Table 6). 
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Table 6. Sales of publications, 1988. 

Source Sales (US$) 

Headquarters 5,274
 
- Pepper/Tomato Sym. Display 1,056
 
- Promotional campaigns 1,694
 

Subtotal 8,024
 

Distributors 
- Germany (Europe) 70 
- Indonesia 495 
- Japan 180 
- Malaysia 97 
- Taiwan 487 
- Thailand 13 
- USA (North America) 1,073 

Subtotal 2.415 
Grand total 10,439 

Distributor network. During the year distributors in the Philippines and Singapore were 
enlisted and expected to generate sales ir. 1989. The new Indonesian distributor, the ESCAP-CGPRT 
Centre, proved to be an extremely go.4 outlet for AVRDC publications. It undertook many promotional 
activities such as advertising AVRDC's publications in its newsletter and publication catalog. 

Promotional activities. Behind the many .;ales of AVRDC publica,:ons were the solid 
promotional campaigns. OIS systematically pr-oared announcements of forthcoming major publications 
for the appropriate journals/publications and offered complimentary review copies for eventual book 
reviews. 

OIS systematically conducted two direct promotional campaigns which have led to US$ 1,694 
sales in 1988. The ProgressReport Summaries was offered at a discounted price to readers in developed 
countries to whom AVRDC was unable to provide complimentary copies. In 1988, a total of 319 
copies of the 1985, 1986 and 1987 Summaries were sold. 



Publications Available 

How to Order 

All publications herein listed can be ordered from the Office ol Information Services (OIS), AVRDC,
P.O. Box 205, Taipei 10099. The following list of distributors in the highly developed countries (HDC)
and less developed countries (LDC) have many of these publications available for sale in local currency.

The prices quoted below include surface postage. If airmail delivery is required the additional
postal charges will be added to the invoice. Al; charges should be paid with d US dollar chock (payable
by a bank In the USA) made out to AVRDC, or with Unesco 'nupons. 

HDC Distributors 

Select Books Pte, Ltd.
 
19 Tanglin Rd. 
 Publishers International Corp.
Singapore 1024 2nd Floor, Newfield Building

Republic of Singapore 
 42-3 Ontsuka 3-chome 

Bunkvo-ku, Tokyo 112 
Japan 

TRIOPS. Tropical Scientific Books INFO-LINE
 
Toeche-Mittler Distribution 
 GPO Box 506
 
6100 Darmstadt 
 Sydney, N.S.W. 2001
 
Hindenburgstr, 33 
 Australia
 
Fed. Rep of Germany (Orders for Europe) (Orders for Oceania)
 

AgriLookstore
 
1611 N. Kent Street, Suite 600
 
Arlington, VA 22209
 
USA (Orders for North America) 

LDC Distributors 

World Universities Press University of Malaya Co-Operative
B-5/132, Safdarjung Enclave Bookshop, Ltd. 
New Delhi - 110 029, India P.O. Box 1127 

Jalan Pantai Baru, 59.700 
Ktiala Lumpur, Malaysia

Afr-ca Book Services, Ltd. 
Quran House INDEX, Book Promotion & 
Mfangano Street Service, Ltd. 
P.O. Box. 45245 Ploenchit Road, Pathumwan 
Nairobi, Kenya Bangkok 10500, Thailand 

Publications Section 
CGPRT Centre 
Jalan Merdeka 99 
Bogor 16111, Indonesia 
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Annual Progress Reports 

1983 Progress Report. 444 p.
 
1984 Progress Report, 480 p.
 
1985 Progress Report. 471 p.

1986 Progress Report. 541 p.
 
1987 Progress Report. 482 p.

(All issues of Progress Reports cost HDC $20.00; LDC $15.00)
 

Progress Report Summaries 

1985 Progress Report Summaries. 96 p.

1986 Progress Report Summaries. 94 p.

1987 Progress Report Summaries. 98 p.
 
1988 Progress Report Summaries. 100 p.
 
(All issues of Progress Report Summaries cost HDC $7.50; LDC $4.00)
 

Symposium Proceedings 

AVRDC. 1977. Vegetable Technology inAsia. Proceedings of the Workshop on Pre- and Post-harvest. 
156 p. (HDC $12.00; LDC $8.00) 

Cowell, R.(ed.). 1978. Tropical tomato: Proceedings of the First International Symposium. 290 p. 
(HDC $18.00; LDC $10.00) 

Talekar, N. S. and T.D.Grlggs (eds.). 1981. Chinese cabbage: Proceedings of the First Interratlonal 
Symposium. 489 p. (HDC $25.00; LDC $15.00) 

Villareal, R. L. and T. D.Griggs (eds.). 1982. Sweet potato: Proceedings of the First International 
Symposium. 481 p. (HDC $28.00: LDC $15.00) 

Shanmugasundaram, S., E.Sulzberger and B.T. McLean (eds.). 1986. Soybean in Tropical and 
Subtropical Cropping Systems, Revised ed. 485 p. (HDC $25.00; LDC $18.00) 

Talekar, N. S. and T.D.Griggs (eds.). 1986. Diamondback Moth Management: Proceedings. 483 p. 
(HDC $25.00 LDC $18.00) 

Shanmugasundaram, S., P. Lastimosa and N.Llemit (eds.). 1987. Soybean Varietal Improvement:
Proceedings of the International Workshop. 93 p. (HDC $7.50; LDC $4.00) 

Lastimosa, Pura J.and N.V. Llemit (eds.). 1987. Gardening Nutritious Vegetables; Proceedings of the 
Vegetable Improvement Gardening Workshop. 136 p. (HDC $10.00; LDC $6.00). 

Sapin and Grange (trans.). 1988. La Patate Douce: Actes du premier symposium international. CTA, 
ACCT and AVRDC, Belgium. p. 483. (From the original Sweet Potato: Proceedings of the First 
International Symposium. R.L. Villareal and T.D. Griggs (eds.) AVRDC, 451 p.(HDC $28.00; LDC $15.00). 

B.T. McLean (ed.). 1988. Vegetable Research in Southeast Asia. 242 p.(HDC $17.50; LDC $10.00) 

S. Shanmugasundaram and B.T. McLean (eds.). 1988. Mungbean: Proceedings of the Second 
International Symposium. 750 p. (HDC $40,00; LDC $25.00) 

Technical Bulletins 

TB 1 	 Menegay, M. R. 1975. Taiwan's specialized vegetable production areas: An integrated 
approach. 17 p. (HDG $4.00; LOG $3.00) 

TB 2 	 Menegay, M.R1976. Farm management research on cropping systems. 19 p. (HDC $4.00; 
LOG $3.00) 
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TB 3 Calkins, P, H. 1976. Four approaches to risk and uncertainty for use in farm managementextension. 18 p. (HDC $4.00: LDC $3.00) 
TB 4 Calkins, F. H. 1977. Farmers' viewpoint of sweet potato production in Taiwan. 44 p. (HDC$5.00; LDC $3.50) 
IB 5 Calkins, P. H. 1978. Vegetable consumption in five cities of Taiwan. 24 p. (HDC $4.00; LDC$3.00) 
TB 6 Huarig, S.Y.and P.H.Calkins. 1978. Summer tomato production in Taiwan. 29 p.(HDC $5.00;

LDC $3.50) 

IB 7 Huang. K. R.and P.H.Calkins. 1978. Vegetable production inTaiwan; A survey of 300 farmers.36 p. (HDC $5.00; [DC $3.50) 
lB 8 Calkins, P. H. 1978. Why farn,,.rs plant what they do: A study of vegetable productiontechnology in Taiwan. 92 D. (HDC $7.50; LDC $4.00)

113 9 Calkins, P.H. and H.M. Wang. 1978. Improving the marketing of perishable commodities:A case study of selected vegetables in Taiwan. 65 p. (HDC $6.00; LDC $3.50) 
rB 10 Calkins, P.H and S. H.Tu. 1978. White potato production in Taiwan: A farm survey. 29 p.(HDC $4.00; LDC $3.00) 
TB 11 Calkins, P.H. 1978. Soybean production in Taiwan: A farm survey. 28 p. (HDC $4.00; LDC$3.00) 
TB 12 Riley, J.J. 1978. Evaluation of environmental parameters in the humid tropics for cropscheduling purposes. 31 p. (HDC $4.00, LDC $3.00) 
TB 13 Shanmugasrndarani, S. 1979. Varietal development and germplasm utilization in soybeans.36 p. (HDC $5.00; LDC $3.501
 
[B 14 Caldwell, JS. and 
 D.W. Newsom. 1984. Vegetable consumption and productionmunicipalities in Ilocos Norte. Philippines. 24 p. (HDC $4.00; LDC $3.00) 

in two 

'lB 15 Green, S. K. 1984. Guidelines for diagrostic work inplant virology. 43 p. (HDC $5.00; LDC$3.50) 
IB 16 Caldwell, J.S. 1987. Assessing rainy season vegetable production alternatives: A case studyin 'upstream' farming systems research. 50 p. (HDC $5.00: [DC $3.50) 
lB 17 
 Opeia, R1., C.G. Kuo and J.Y. Yoon. 1988. Breeding and seed production of Chinese cabbage
in the tropics and subtropics. 92 p. (HDC $7.50: LDC $4.00) 

Bibliographies 
Talekar, N. S., H.C.Yang, S.T. Lee, B.S.Chen and L.Y Sun (comps.). 1985. Annotated Bibliography
of Diamondback Moth. 469 p. (Gratis, limited stock distributed selectively.)
 
Hwang, P. L., 
 F. C.Chen and C.C. Wei (comps.), Saadaoui, M., A. T.Tschanz and J. W. Soderiund(eds.). 1987. Soybean Rust Bihliography. 103 p. (HDC $7.50; LDC $5.00) 
AVRDC. 1988. Disease and Insect Pests of Mungbean and Black Gram: A Bibliography. 254 p. (HDC$17.50; LDC $10.00) 

Directories 
Yoon, Jin-Young. 1988. Directory of Chinese Cabbage Researchers. 62 p. (HDC $6.00; LDC $3.50) 
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Shanmugasundaram, S. 1989. Directory of Mungbean and Soybean Researchers. 140 p. (HDC $12.00; 
LDC $8.00) 

Monographs 

Bressani, R. 1982. World needs for nutrition and the role of vegetables and legumes. 22 p. (HDC 
$4.00: LDC $3.00) 

Chandler, R.F. 1983 The potential for breeding heat tolerant vegetables for the tropics. 10 p. (HDC 
$3 00 LDC $2.00) 

Choudury, B. 1984. Vegetables arid the quality of life in the year 2000. 7 p. (HDC $3.00: LDC $2.00) 

Innes. N. I. 1983 Breedilg field vegetables. 34 p. (HDC $5.00: LDC 3.50) 

Liu. M. S and , t*,'a 1983. Postharvest problems of vegetables and fruits in the tropics arid 
subtropics 14 p (I-DC $3.00 LDC 2.00) 

Wittwer, S.H 1983. Frontiers for science and technology invegetable production. 19 p. (HDC $4.00; 
LDC $3.00) 

Miscellaneous 

Van der Goot, P. 1930 [translated 19841. Agromyzid Flies of Some Native Legume Crops in Java. 
102 p. (HDC $7.50, LDC $4.50) 

Franssen, C. J. H. 1934 Itranslated 19871. Insect Pests of Sweet Potato Crop in Java. 24 p. (HDC 
$4.00: LDC $3.00) 

Shannugasundaram. S., 1. S. Toung and L. F. Chen. 1985. AVRDC Soybean Evaluation Trial (ASET) 
1980 & 1981. 62 p. (Gratis, limited stock distributed selectively.) 

Ahn, C.S., J.H. Chen and H.K. Chen. 1985. International Mungbean Nursery (IMN) 1981 & 1983. 86 
p. (Gratis, limited stock distributed selectively.) 

S'anmugasundaram. S. 1988. A Catalog of Mungbean Cultivars Released Around the World. 20 p. 
(HDC $4.00: LDC $3.00) 

International Guide Sheets 

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

78-64 Park, H.G. 1978. Procedures for mungbean evaluation trials. 4 p. (Gratis) 

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

78-66 Riley, .'ar res J. 1978. AVRDC crop environment. 2 p. (Gratis) 

18-101 Villareal, Ruben L. arid S.H. Lai. 1978. Procedures for tomato evaluation trials. 4 p. (Gratis) 

79-112 Shanmurgasundaram, S. 1979. Suggested cultural practices for soybean. 2 p. (Grais) 

79-121 Hubbell, J.N. and M.Y. Chiang. 1979. Suggested cultural practices for sweet potato
 
experiments. 2 p. (Gratis)
 

79-125 Shanmugasundaram, S. 1979. Evaluating AVRDC soybeans. 4 p. (Gratis)
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79-127 Kuo. C.G. and S H. Lai 1979 Sugg>-ted cultural practices for tomato. 3 p. (Gratis) 

80-134 Villareal, R L.and H F. Lo 1980 Pr, cedures Icr sweet potato evaluation trials. 4 p. (Grats) 
80 144 Opena. R T. and S. H Lo 1980 Procedure!, for Chinese cabbage evaluation trials. 
6 p (Gratis) 

85-234 Kuo. G.C 1985. Handling of ;weet potat')germplasni. 2 p (Gratis)
 
85-238 Kuo. G.C. 
 S. Lin arid S.K Gieen. 198b. Sweet potato germplasm for international cooperators.
3 p (Gratis) 

8' 272 Yoon. J.Y.. R.T. Opea and I C Ciiang. 1987. Cultural practices for Chinese cabbage at AVRDC.
6 p. (Gratis) 

88 292 Talekar. N S 1988 How to Control Sweetpotato Weevil: A practical IPM approach. 6 p. (Gratis)
Chinese edition also available. 

Newsletters 
Centerpoint - This newsletter of AVRDC provides up-to date information on research, training,
publications, etc (Gratis) 

TVIS News - This journal was preoared by the Tropical Vegetable Information Service (TVIS) throughAVRDC. It provided a platform of exchange of information for scientists working with mungbean.soybean and Chinese cabbage (HDC $4 00/issue, LDC $2.00/issue)
 
Vol I . Nos 1 2. Vol 2 N, I Vol. 3. Nos. 1. 2
 

Soybean rust newsletter - This annual newsletter is published by the International Working Groupon Soybean Rust through AVRDC (HDC US$5 00/issue, LDC US$2,00/issue) 

Journal Paper Reprints 
JP 1 Mackenzie, D. R. L. Ho, T. D Liu, Henry B. F Wu and E B. Oyer. 1975. Photoperiodisrn ofmungbean and four related species HortScience 10(5):486-487
 

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

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

JP 6 
 Mew, T.W. and W.C. Ho. 1976. Varietal resistance to bacterial wilt in tomato. Plant Dis. Repti.
60:264-268. 

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

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

JP 13 Opeha, R.T. and S.H. Lo. 1978. Derivation of matroclinal diploids in Chinese cabbage andevaluation of their significance in breeding. J. Amer. Soc. Hort. Sci. 103(6):820-823. 

JP 15 Shanmugasundaram, S. arid S.C.S. Tsou. 1978 Photoperiod and critical duration for flower
induction in soybean. Crop Sci. 18: 598-601. 
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JP 17 	 Kuo, C.0. and JS. Tsay. 1977. Propagating Chinese cabbage by axillary bud culture. 
HortSc nce 12(5)1-456-457. 

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

JP 27 	 Kuo, C.G., M. C.H. Jung and S.C.S. Tsou. 1978. Translocation of 14C-photosynthate in 
n'ungbean during the reproductive period. HortScience 13:(5):580.581. 

JP 29 	 Lim, W.L., S.H. Wang and 0.C.Ng. 1978. Resistance in Chinese cabbage to turnip mosaic 
virus. Plant Dis. Reptr. 62:660.662. 

JP 31 	 Villareal, R.L. 1979. Use of sweet potato (Ipomoea batatas) leaf tips as vegetables. Expl. Agric., 

15(2):113.127. 

JP 33 	 Villareal, R.L. Observations on multiple cropping InTaiwan. Philipp. J.Crop Sci. 1(3):129-136. 

JP 34 	 Villareal, R.L. 1976. The philosophy in the tomato and sweet potato breeding programs of 
the Asian Vegetable Research and Development Center. Phillpp. J. Crop Sci. Jan. - March 
1976:32-35. 

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

JP 38 	 He,L. 1976. Some aspects of seed production and distribution In Asia. Seed Technology 
in the Tropics. p. 179.205. 

JP 39 	 Villareal R.L., S.K. Lin and S.H. Lai. 1979. Variations in the yielding ability of sweet potato 
under drought stress and minimum input conditions. HortSclence 14(1):31-32. 

JP 40 	 Villareal, R..., S.C. Tsou, S.H. Lai and S.L. Chiu. 1979. Selection criteria for eating quality 
in steamed sweet potato roots. J. Amer. Soc. Hort. Sci. 104(1):31-33. 

JP 41 	 Yang, CY.1977, Past and present studies of soybean rust Incited by Phakopsora pachyrhz 
Syd. Bull Inst. Trop. Agr. Kyushu Univ., Japan. 2:78.94. 

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

JP 45 	 Opeha, R.T. and SH. Lo. 1979. Genetics of heat tolerance in heading Chinese cabbage. 
HortSclence 14(1):33-34. 

JP 46 	 Shanmugasundaram, S.1979. Variation Inthe photoperlodlc response of several characters 
in soybean, Glycine max (L.) Merrill. Euphytica 28:495-507. 

JP 47 	 Talekar, '!S. 1980. Search for host plant resistance to major insect pests InChinese cabbage. 
In! Proceedings of the symposium on the production and insect control of cruclferous 
vegetables in Taiwan. April 17.18, 1980. Pit. Prot. Center, Taichung, Taiwan. 

JP 48 	 Riley, J.J. and M.R. Menegay. 1978. Intensive agricultural practices in Asia. J. Food Proc. 
and Pres. 2:197-203. 

JP 49 	 Villareal, R.L., S.K. Lin, L.S. Chang and S.H. Lai. 1979. Use of sweet potato (Ipomoea batatas) 
leaf tips as vegetables. Expl. Agric.15:113-116. 

JP 50 	 Hubbell, John N., Jr. 1980. The germplasm accession Information system at the Asian 
Vegetable Research and Development Center (AVRDC), HortSclence 15(1):17-21. 

JP 51 	 Tschanz, A.T. and T,C. Wang, 1980. Soybean rust development and apparent infection rates 
at five locations In Taiwan, Prot. Ecol., 2,247.250. 
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JP 52 	 Shanmugasundararn S. and M.S. Lee. 1980. Influences of night temperature on the floweringof the photoperiod sensitive and day-neutral soybeans. In: Proceedings of legumes in thetropics. Faculty of Agriculture. Universati Pertanian Malaysia, Serdang, Selangor, Malaysia.
p. 53-66. 

JP 54 	 Kuo, C.G, J.S. Tsay, CL Tsai arid Rj.Chen. 1981 Tipburn of Chinese cabbage in relationto calcium nu'rition arid distribution Scientia 	Hortic. 14:131-138. 

JP 55 	 ShanniugasUndaram. S. and M.S. Lee 1981 Flowerinducing potency of different kinds ofleaves in soybean, Glycine max (L.) Merr. Bot. Gaz. 142(1).36-39, 
JP 57 	 Riley, J.J and J C. Moornaw. 1979. Vegetahl1 production in tropical Asia. The Conferenceon Tropical Foods Chemistry and Nutrition Honolulu, Hawaii, March 28-30. 1979. 
JP 58 	 Kuo, C.G., F.H. Hsu, J.S. Tsay and HG. Park 1980. Variation in specific leaf weight andRuDPCase activity in mungbean. Can J. Plant Sci 60:1059-1062. 

JP 59 Chiang, H.S. and N.S. Talekar. 1980. Identification of sources of resistance to the beanflyand two other agromyzid flies in soybean and mungbean. J. Econ, Entorn. 73(2):197-199. 
JP 60 Kuo, C.G., J.S. Peng and J.S. Tsay 1981 Effect of high temperature on pollen graingermination, pollen tube growth, and seed yield of Chinese cabbage. HortScience 16(1):67-68. 
JP 61 	 Inouye J. and C.G. Kuo. 1981. Flower initiation of Brassica species under total darkness.

HortScience 16(2): 192- 193. 

JP 62 Villareal, R.L. and S.H. Lai 1981. Cultivar responses of tomatoes to relay cropping. HortScience 
16(4):552-953. 

JP 63 Kuo, C.G., M.H. Chou and H.G. Park. 1981. Effect of Chinese cabbage residue on mungbean.
PIt. and 	Soil 61-473-477. 

JP 64 Talekar, N.S. and Yuo Hwa Lin. lt;1. Two souri.es with differing modes of resistance toCallosobruchuschinensis in mungbean J. Econ. 	Entom. 74(5):639-642. 
JP 65 Shanmugasundaram. S. 1981. Varietal differences and genetic behavior for the photoperiodicresponses in soybeans. Bull. Inst. Trop. Agr. Kyushu Univ. 4:1-61. 

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

JP 67 	 Shanmugasundaram, S., C.R. Yen and T.S. Toung. 1982. Genotypic response to maximum
and minimum input in soybean. In: Proc. or 
 the Plant Breeding Symp., ROC Reg. Soc. ofSABRAO 	 and the Agric. Asscc. of China. 

JP 68 Kuo, C.G. and R.S. Huang. 1.982. Effect of vesicular-arbuscular mycorrhizae on the growthand yield of rice-stubble cultured soybeans. Plant and Soil 64:325-330. 
JP 69 
 Talekar, N.S. 1982. [ffec-ts of sweet potato weevil (Coleoptera: Curculionidae) infestation
on sweet potato root yields. J. Econ. Entom. 75(6):1042-1044. 

JP 70 Talekar, N.S. 1983. Iniestation of sweet potato weevil (Coleoptera: Curculionidae) as influencedby pest management techniques. J. Econ. Entom. 76(2):342-344. 
JP 71 	 Tsay, J.S., W.L. Kuo and C.G. Kuo. 1983. Enzymes involved in starch synthesis in thedeveloping miingbean seed. Phytochemistry 22(7): 1573-1576. 
JP 72 Talekar, N.S., J.S. Chen and H.T. Kao. 1983. Long-term persistence of selected insecticidesin subtropical soil: Their abF'orption by crop plants. J. Econ. Entom. 76:207-214. 
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JP 73 	 Talekar, N.S., J.S. Chen and H.T. Kao. 1983. Persistence of fenvalerate in subtropical soil 
after repeated biweekly applications over two years. J. Econ. Entom. 76:711-716. 

JP 74 	 Talekar, N.S., H.T. Kao and J.S. Chen. 1983. Persistence of selected insecticides in subtropical 
soil after repeated biweekly applications over two years. J. Econ. Entorn. 75:7 11-716. 

JP 75 	 Sajjapongse. A. and Y C. Roan 1983. Effect of shading and leaf-tying on summer Chinese 
cabbage. HortScieice 18(4):464-465 

JP 76 	 Talekar. N.S. and B.S. Chen. 1983. Seasonality of insect pests of soybean and mungbean 
in Taiwan J Econ Enton. 76 34-37. 

JP 77 	 Talekar, N.S. arid B.S. Chen. 1983. Identication of sources of resistance to limabean podborer 
(Lepidoptera Pyralidae) in soybean. J. Econ. Entom. 76:38-39. 

JP 78 	 Ruelo, J.S. 1983. Integrated control of Meloidogyne incognita on tomato using organic 
amendments, marigolds, and a nematicide. PIt. Dis. 67:671-673. 

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

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

JP 83 	 N.S. Talekar and S.T. Lee. 1985. Seasonality of insect pests of Chinese cabbage in Taiwan. 
Plant Prot. Bull. 27(1):47-52. 

JP 84 	 Green, S.K. 1985. Turnip mosaic virus strains in cruciferous hosts in Taiwan. PIt. Dis. 
69(1):28-3 1. 

.IP87 	 Kuo, C.G., H.M. Chen and L.H. Ma. 1985. Effect of high temperature on proline content in 
tomato floral buds and leaves. J. Amer. Soc. Hort. Sci. 111(5):746-750. 

JP 88 	 Selleck. G.W. and R.T. Opeha. 1985. National Programs: the need for increased emphasis 
on the development of vegetables and legumes. FFTC Book Series No. 30, p. 54-66. 

JP 89 	 Talekar N.S. 1987. Host plant resistance to insects attacking soybean and mungbean in the 
tropics. Insect Sci. Applic. 8(4/5/6):777-782. 

JP 90 	 Talekar, N.S. 1987. Influence of cultural pest management techniques on the infestation 
of sweetpotato weevil. Insect Sci. Applic 8(4/5/6):809-814. 

JP 91 	 Talekar, N.S. 1987. Resistance in sweet potato to sweetpotato weevil. Insect Sci. Applic. 
8(4/5/6):819 

JP 92 	 Talekar, N.S. 1987. Feasibility of the use of resistant cultivars in sweetpotato weevil control. 
Insect Sci. Applic. 8(4/5/6): 815-817. 

JP 93 	 Green, S.K., D.R. Lee, H.J. vetten and D.E. Lesemann. 1986. Occurrence of an unidentified 
potyvirus of soybean in Taiwan. In: Tropical Agriculture Research Series No. 19. p. 108-114 

JP 94 	 Green, S.K. 1986. Virus diseases of tomato and Chinese cabbage in Taiwan and sources 
of resistance In: Plant Virus Diseases of Horticultural Crops in the Tropics and Subtropics, 
FFTC Book Series No. 33. 

JP 95 	 Kuo, C.G., B.J. Shen, H.M. Chen, H.C. Chen and R.T. Operha. 1988. Associations between 
heat tolcrance, water consumption, and morphological characters in Chinese cabbage. 
Euphytica 39:65-73 
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JP 96 	 Green, SK., Y.J. Kuo and D.R. Lee. 1988, Uneven distribution of two potyviruses (feathery
mottle virus and sweet potato latent virus) in sweet potato plants and its implications on
virus indexing of meristem derived plants. Tropical Pest Mgt. 34(3):298-302. 

JP 97 	 Green, S.K, L.L. Hwang and Y.J. Kuo. 1987. Epidemiology of tomato mosaic virus in Taiwanand Identification of strains. Journal of Plant Diseases and Protection 94(4):386-397. 

JP 98 	 Kratky, B.A. and Y.C. Roan. 1987. A steel reinforced, concrete filled PVC pipe shelter for
vegetable seedlings. p. 140.145. In: Hemphill, D.D. Jr. and N.S. Mansour, eds. Proceedings
of the Twentieth National Agricultural Plastics Congress. 

JP 99 	 Talekar, N.S. and H.R. Lee. 1988. Response of soybean to foliage loss in Taiwan. J, Econ. 
Entomol. 81(5):1363-1368 

JP 100 	 Talekar, NS., H.C. Yang and Y.H. Lee. 1988. Morphological and physiological traits associatedwith agromyzid (Diptera: Agromizidae) resistance in mungbean. J. Econ. Entomol. 81(5):
1352-1358. 

JP 101 	 Talekar. NS. 1988. Resistance of soybean to four defoliator species in Taiwan. J. Econ. 
Entomol. 81(5):1469-1473. 

JP 102 Yoon, J.Y. 1987. Peppers and Chinese cabbage adaptation to the tropics. Span 30(2):64.66. 

JP 103 N.S. Talekar. 1989. Characteristics of Melanagromyza sojae (Diptera: Agromyzidae) damage 
in soybean. J. Econ, Entomol, 82(2):584-588. 

JP 104 Ota, Yasuo, 1988. Introduction to the Asian Vegetable Research and Development Center. 
Agriculture Techniques 43(2):29.32. (In Japanese.) 

JP 10-5 Imai, H., C.H. Ma, JS. Tsay and S.Shaomugasundaram. 1987. Soybean yields over 4.5 mt/ha 
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JP 106 Talekar, N.S. and Y.H Lee. 1989. Procedure for mass.rearing of bean fly (Diptera:
Agromyzldae), J. Econ. Entomol, 82(1):316.318. 

JP 107 Talekar, N.S. and Y.H. Lee. 1988. Biology of Ophlomyla centroseinatis (Diptera: Agromyzidae), 
a pest of soybean. Ann. Entomol, So, Am. 81(6):938.942 

JP 108 Sajjapongse, A., M.H. Wu and Y.C. Roan, 1988. Effect of planting date on growth and yield
of sweet potatoes. HortSclence 23(4):698.699. 
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Lien-chung Chang, B.S., Assistant Specialist 

Breeding, Soybean 

S. Shanmugasundaram, Ph.D., Plant Breeder 
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Chih-pin Lin, B.S., Senior Research Assistant
 
Chi-chung Huang, B.S., 
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Ching-hong Yang, M.S., Principal Researci, Assistant t
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Crop Management 
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Subijanto, Ph.D., Director, Central Research Institute for Horticulture, Jalan Ragunan 29,
 
Pasar Minggu, Jakarta, Indonesia 

Malaysia MARDI/AVRDC Vegetable Research Program 
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James Sedlacek, Ph.D., Training Associatet 
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Sinances
 

AVRDC's projected budget for 1988 was US$6,700,000 compared with an actual 
income of US$8,047,373 and total expenditures of US$7,371,887. In 1988 AVRDC received 
support from the following governments: 

* 	 the Republic of China 
• 	 the United States of America 
o 	Japan
 

the Federal Republic of Germany
 
* 	 the Kingdom of Thailand 
• 	 the Republic of Koea 
* 	 the French Republic 
* 	 the Commonwealth of Australia 

Grants arid rtiier forms of assistance were also received from: the Japan Shipbuilding 
Inidustry Foundation (JSIF), the ROC Council of Agriculture (COA), the United States Agency 
for International Development 1USAID), the Asian Development Bank (ADB), the International 
Development Rcsear ch Centre (IDRC) of Canada, the United States Department of Agriculture 
'USDA), the German Ministry for Economic Cooperation (BMZ), the German Agency for 
Technical Cooperation (GTZ) and the Technical Centre for Agricultural and Rural Co-operation 
(CTA). 
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* Asian Vegetable Research and Deve. opment Center (AVRDC)
* Centro Internacional de Agricultura" Tropical (SlIAT)
* Centro Internacional de Ia Papa (CIP)
* Centro Internacional de Mejoranijento de Maiz y'Trigo (CIMMYT)
* International Board for Plant Genetic Resources (iBPGR)
* International Board for Soil Research and Management (IBSRAM)
* International Center for Agricultural Research in the Dry Areas (ICARDA)
* International Centre of Insect Physiology and Ecology (ICIPE)
* International Centre for Integrated Mountain Development (ICIMOD)
* International Center for Living Aquatic Resources Management (ICLARM)
* International Council for Research in Agroforestry (ICRAF)
* International Crops Research Institute for tile Semi-Arid Tropics (ICRISAT)
* International Fertilizer Development Center (IFDC)
* International Food Policy Research Institute (IFPRI)
* International Institute of Tropical Agriculture (IITA)
* International Irrigation Management Institute (IIMI)
* International Laboratory for Research on Animal Diseases (ILRAD)
• International Livestock Centr'e for Africa (ILCA) 
* International Rice Research Institute (IRRI)
* International Service for National Agricultural Research (ISNAR)
* West Africa Rice Development Association (WARDA)
* Winrock International Institute for Agricultural Development (WINROCK INTERNA-

TIONAL)
 


